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Executive Summary

Introduction

The District Department of Environment (DDOE) is required to develop a Consolidated Total Maximum
Daily Load (TMDL) Implementation Plan (IP) as established in its Municipal Separate Storm Sewer
System (MS4) permit. This Comprehensive Baseline Analysis Report describes a series of critical steps
toward that end, including:

e Organizing the various TMDLs studies, waste load allocation (WLA) and nonpoint source load
allocation (LA) requirements that need to be met.

e Developing an IP Modeling Tool to examine both pollutant runoff and load reductions with best
management practices (BMPs).

e Determining the baseline pollutant load condition at the time when the TMDL studies were
carried out (roughly 2000 to 2004) and the current condition that reflects the presence of BMPs
implemented in recent years.

¢ Determining the level of implementation, or “gap,” remaining to meet MS4 WLAs.

The analysis described in this report provides the District with a framework and tools needed to address
stormwater management needs with respect to TMDLSs in a comprehensive and coordinated manner.

Overview of TMDLs

A total of 26 TMDL studies were developed for impaired waters in the District - 15 for waterbodies in the
Anacostia watershed, six (6) for waterbodies in the Potomac watershed, three (3) for waterbodies in the
Rock Creek watershed, and two (2) that encompass impaired waters in both the Anacostia and the
Potomac watersheds. Altogether, these TMDL studies provide allocations for 23 different pollutants in 45
different waterbody segments. The TMDL studies include 518 individual MS4 WLAs, including annual,
seasonal, monthly, and daily WLAs. Subsequent re-sampling for PAHs, PCBs, pesticides and metals
resulted in updated 303(d) listings that moved many of these TMDLs into Category 3, which includes
waterbodies for which there is insufficient available data and/or information to make a use support
determination. Based on discussions with EPA Region 3 regarding the original impairment listings and
TMDLs and the updated sampling results, DDOE concluded that the need for MS4 WLAs for these
waterbodies was no longer supported by the data. Therefore, these MS4 WLAs are no longer applicable
and the Consolidated TMDL IP will not include further implementation plans to achieve the WLAs.

Review of TMDL documentation confirmed that varied approaches were used to establish the TMDLs in
the District. This often led to using different sewershed and watershed areas, characterization of MS4 and
non-MS4 areas, models, precipitation records (climate periods), and event mean concentrations (EMCs).
The review also revealed that documentation for the many of the TMDL studies was limited and often
incomplete. In addition, a number of issues and inconsistencies regarding the cause of impairment,
implementation expectations and redundant TMDL studies were identified. Many of these issues are
currently unresolved.

Faced with the charge to develop a Consolidated TMDL IP for all of the TMDLSs, the District developed a
new IP Modeling Tool that could be applied consistently across the city. This IP Modeling Tool utilizes
technology and data that was not available when the TMDLs were developed. This includes better geo-
spatial information (GIS coverages), an inventory of BMPs, and a record of MS4 outfall monitoring data.

w‘ page | ES-1
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Development of the IP Modeling Tool

The IP Modeling Tool tracks and accounts for pollutant load generation and load reduction across the
District for all of the pollutants of interest that have MS4 WLAs. It consists of three parts:

e Runoff Module: calculates the runoff volume using the Modified Version of the Simple Method
(CWP and CSN, 2008).

e Pollutant Load Module: calculates the pollutant loads using event mean concentrations (EMCs),
stream bank erosion calculations, and/or trash load rates in conjunction with runoff volume from
the runoff module described above.

e BMP Module: consists of the current BMP inventory and the assumed BMP pollutant load
reduction efficiencies in order to calculate load and runoff reductions provided by the BMPs.

BMPs implemented by DDOE, DDOT, DC Water, one federal agency (GSA), and other public and private
sector entities are included in the IP Modeling Tool, and more BMPs will be added as they are constructed
and additional information is gathered. The categories of approved structural BMPs incorporated into the
IP Modeling Tool are:

e Green Roofs e Open Channel Systems

e Impervious Surface Disconnect e Wetlands

e Bioretention e Proprietary Practices

e Infiltration e Rainwater Harvesting

e Ponds e Permeable Pavement Systems
e Storage Practices e Filtering Systems

e Tree Planting and Preservation e Trash Traps

Non-structural BMPs consist of programmatic, operational, and restoration practices that help prevent or
minimize pollutant loading or runoff generation. The non-structural BMPs included or planned for future
inclusion in the IP Modeling Tool are:

Stream Restoration

Street Sweeping

Catch Basin Cleaning

Pet Waste Removal

Illicit Discharge Detection and Elimination
Impervious Surface Reduction
Coal Tar Sealant Ban
Phosphorus Fertilizer Ban
Trash Skimmer Boats

Plastic Bag Law

Trash Cleanup Events

Application of the IP Modeling Tool provides a consistent method to track the achievement of TMDLs in a
consistent manner for all pollutants and all TMDLs.

Development of the Baseline and Current Conditions and Gap Analysis

The IP Modeling Tool was applied to develop the baseline and current conditions, and to assess the
remaining gap in load reduction that is required to attain the WLAs defined by the TMDL.

The baseline condition establishes a starting point for the evaluation of the number, type and distribution
of BMPs and other stormwater management practices required to meet WLAs and LAs. For the purposes
of this analysis, the baseline condition includes the stormwater loads in place when the majority of
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TMDLs were developed (circa 2000 to 2004). A separate baseline condition was established for each of
the WLAs and LAs.

The current condition includes current stormwater pollutant loads in the District that are influenced and
reduced by existing BMPs and other storm water management practices that are in place. This includes
structural and non-structural BMPs installed and put into operation prior to 2014. Runoff and pollutant
loads are reduced in areas where treatment by BMPs is provided.

The gap represents the difference between the current stormwater pollutant loads and the individual
WLAs. A gap analysis was undertaken to quantify this difference in terms of pollutant load reduction (e.qg.,
Ibs) that is needed to meet the established MS4 WLA targets. Quantification of the gap in this manner
establishes the amount of pollution reduction that remains to be achieved in order to meet WLASs across
the District, and demonstrates the degree to which existing BMPs have reduced pollutant load in regard to
the WLAs. Major findings and implications are summarized in the next section.

Findings and Implications
The major findings of the Comprehensive Baseline Analysis are as follows:

e The use of GIS technology greatly improved the District’s understanding of the MS4 system with
respect to sewershed drainage areas and the land use and land cover makeup of sewersheds.

e The MS4 outfall monitoring program data collected by the District during 2001 through 2013
provided a body of wet weather observations that was applicable for the development of updated
EMCs for conventional pollutants and metals.

e The IP Modeling Tool was developed to approximate stormwater runoff, pollutant load
generation, and pollutant load reduction in a consistent manner for the entire MS4 area in the
District. This tool serves as an accounting framework for tracking MS4 pollutant loads, load
reduction, and progress toward attainment of the MS4 WLA targets.

e The IP Modeling Tool produced baseline pollutant loadings that differed from the baseline loads
reported in the TMDL studies. This was largely attributable to a combination of the use of a
consistent runoff calculation for all TMDLs, the re-delineation of sewershed areas, and the use of
updated EMCs. This resulted in approximately three-fourths of individual TMDL segments for
which there are MS4 WLAs having larger baseline loads than previously reported, and one-fourth
having lower baseline loads.

e The inventory of existing BMPs was useful in determining a current condition that shows the load
reduction achieved by these BMPs. In general, the existing BMPs have a very minor impact on
reducing pollutant loads across the District. Trash presents an exception, where current control
programs remove roughly 65 to 90 percent of the trash load.

e The lack of necessary tracking data for non-structural BMPs such as catch basin cleaning, illicit
discharge detection and elimination, and pet waste control makes it difficult to include the
pollutant removal capabilities of these practices in the analysis of current conditions.

e A summary of the remaining pollutant load reduction required is presented in Figure ES-1. This
figure shows the status of each of the 406 MS4 WLAs in regard to the relative amount of BMP
implementation and load reduction that is required to achieve loading levels that attain the MS4
WLAs.
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Figure ES - 1: Gap Expressed as Percent Reduction Needed to Meet WLA

The gap analysis revealed that 29 MS4 TMDL WLAs have been attained.

The gap analysis also confirmed that a very large amount of stormwater volume and pollutant
load reduction will be needed to meet MS4 WLA targets. A total of 76 MS4 TMDL WLAs will
require more than a 50 percent reduction in current loads, and 73 of these require reduction that
is 90 percent or greater.

The pollutant load reduction gaps for individual TMDL segments for which there are MS4 WLAs
vary substantially in magnitude, and no distinctive spatial patterns were found.

Bacteria and organic substances are the controlling pollutants that require the greatest amount of
stormwater control. These pollutants also makeup the majority of MS4 TMDL WLAs.

The major implications of these finding for the Consolidated TMDL IP are as follows:

Pollutant load reduction gaps for nearly all of the MS4 TMDL WLAs are substantial. Achieving
the WLAs for the majority of the pollutants will require extremely high levels of stormwater
management and control.

The existing inventory of BMPs represents a start, but on average achieves less than 3 percent of
the pollutant load reduction that is needed per WLA.

A requirement to retain 1.2 inches of runoff volume (the standard required by DC'’s new
stormwater regulations), even if applied to the entire MS4 drainage area (not just to new
development and redevelopment), would not achieve the prescribed load reduction for nearly 45
percent of the MS4 TMDL WLAs.

The MS4 area is largely residential (39 percent) and, beyond the RiverSmart programs, there is
little incentive for home owners in residential neighborhoods to retrofit stormwater BMPs on
their properties.
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The public right of way including streets, sidewalks and alleys represent a very large percentage of
the impervious surfaces within the MS4 area (27 percent). Developing a comprehensive program
to implement street-side bioretention and use permeable pavement products in the public right of
way would likely be very advantageous to the ultimate success of DDOE’s Consolidated TMDL IP.

The cost of meeting the MS4 TMDL WLAs will be exceptionally high. For contextual purposes, the
MS4 runoff reduction volumes required to meet the MS4 TMDL WLAs for bacteria across the
District are compared in Table ES - 1 with the combined sewer overflow (CSO) volumes
controlled under DC Water’s CSO Long Term Control Plan (DC WASA, 2002). As shown, the MS4
volumes are greater than the CSO volumes covered in DC Water’s control program — a program
that will cost approximately $2 billion to implement. The use of bacteria as the driving pollutant
is used in this comparison because the required level of CSO control is essentially based on
meeting the water quality standards for bacteria, and is represented in the bacteria TMDLs as a
CSO WLA.

Managing large volumes of stormwater to meet MS4 WLAs is further complicated because BMPs,
the traditional approach to stormwater and nonpoint source control, have their own inherent
limits as volume control practices. Furthermore, opportunities to successfully implement BMPs
will also be limited.

Table ES - 1: Comparison of Stormwater Volume Reductions Needed to Meet WLAs in the CSO and

MS4

CSO Volume CSO Control as a MS4 Volume to be MS4 Control as a
Watershed Controlled (MG) Percent Controlled (MG) Percent
Anacostia 2,088 97.5 2,895 76.4
Potomac 984 92.5 962 30.8
Rock Creek 44 90.0 1,569 91.3
Total 3,116 5,426

e Given the required level of control and the volume control limits associated with BMPs, this
analysis suggests that an approach focused solely or even primarily on distributed
implementation of BMPs will not be sufficient to attain MS4 WLAs in the near-term.

In light of this analysis, while implementation is underway it will also be prudent to re-examine
the scientific basis of the TMDLs and MS4 WLAs. Many of the TMDLs are based on data, analysis
and modeling that was performed 10 to 15 years ago. The re-examination could be accomplished
with targeted outfall and receiving water monitoring, and overseen by a Scientific Advisory Board.
Revisiting the scientific basis of the TMDLs and MS4 WLAs during the early phase of
implementation over the next NPDES permit cycle would not slow down implementation, and it
would verify the level of control needed.
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1. Introduction

The District Department of Environment (DDOE) is required to develop a Consolidated Total Maximum
Daily Load (TMDL) Implementation Plan (IP) as established in the District’s Municipal Separate Storm
Sewer System (MS4) National Pollutant Discharge Elimination System (NPDES) permit (U. S. EPA 2011
and U. S. EPA 2012). The IP will define and organize a multi-year process centered on reducing pollutant
loads originating within the District MS4. The level of pollutant control will be based on past TMDL
studies performed to protect impaired water bodies in the District. The IP will include a summary of the
regulatory compliance strategy to satisfy TMDL-related permit requirements, a summary of data and
methods used to develop the IP, specific prioritized recommendations for stormwater control measures, a
schedule for implementation and attainment of Waste Load Allocations (WLAS), and a method for
tracking progress. Substantial public involvement will be sought in plan development.

This Final Comprehensive Baseline Analysis summarizes a critical step in the process to establish
the IP. It describes and documents the development of an IP Modeling Tool and its application to quantify
“pbaseline loads.” Baseline loads represent the stormwater loads in the District that are not influenced or
reduced by BMPs or other storm water management practices. For the purposes of this analysis, baseline
loads refer to the stormwater loads occurring (circa 2000 to 2004) when the majority of TMDLSs were
developed. This standardizes inputs such as land use and precipitation in the IP Modeling Tool, although
it also means that the inputs to the IP Modeling Tool are not exactly the same as those used to develop the
TMDL baseline loads.

The Final Comprehensive Baseline Analysis documents the number, type and location of existing
structural and non-structural BMPs used to control runoff and MS4 pollutant loads in the District. A
current loads condition representing the pollutant loading situation in 2013-2014 is quantified by
including these BMPs and their performance characteristics in the IP Modeling Tool.

The Final Comprehensive Baseline Analysis establishes the remaining MS4 pollutant loads to be reduced
for each of the TMDLs. Referred to as “the Gap”, this evaluation of the amount of remaining pollutant
load reduction that needs to be accomplished is based on a comparison of current loads and individual
MS4 WLAs. The Gap provides the all-important pollutant load reduction targets for the IP.

The Final Comprehensive Baseline Analysis also addresses progress made to date with respect to the
following:

e An analysis of BMPs that have been implemented since WLAs were first established. This
analysis is described in Section 3 under Data Collection and Analysis.

e Ananalysis of pollutant load reductions that have been achieved by those implemented BMPs.
This analysis is described in Section 5 under Results.

e Adjusted pollutant loads reductions remaining that are necessary to achieve WLAs. This analysis
is described in Section 5 under Results.

e Anevaluation of the development of TMDLs and the District’s water quality monitoring record to
determine if TMDL WLAs have been achieved. This evaluation is described in Appendix E:
Review of MS4 Outfall Monitoring and Ambient Water Quality Conditions to Assess MS4 WLAs
and TMDLs

e Ananalysis of pollutant load increases that have occurred since WLAs were first established. This
analysis is described in Appendix E: Review of MS4 Qutfall Monitoring and Ambient Water
Quality Conditions to Assess MS4 WLAs and TMDLs
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The remainder of this Final Comprehensive Baseline Analysis is organized to provide relevant information
on the following topics:

e Overview of TMDLs

e Data Collection

e Development of the MS4 Modeling Tool

e Baseline Condition, Current Condition, Gap Analysis, and Results
o Next Steps

Detailed technical information that supports the Final Comprehensive Baseline Analysis is provided in a
series of six topical Technical Memoranda that are appended to this report.

The information compiled in this Final Comprehensive Baseline Analysis provides a framework for the
estimation and tracking of storm water runoff, pollutant loads and pollutant loads reduction in a
consistent manner across the District. Looking ahead, this framework will be applied to evaluate
implementation scenarios with various combinations of structural and non-structural BMPs targeted to
reduce “The Gap” of remaining pollutant loads for each MS4 WLA. The end point of this evaluation is an
IP for the District that describes and schedules the additional investment in storm water control that is
necessary within MS4 areas in order to achieve the WLAs prescribed in the TMDL studies.
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2. Overview of TMDLs

2.1 Inventory

A total of 26 TMDL studies have been developed for impaired waters in the District — 15 for waterbodies
in the Anacostia watershed, six (6) for waterbodies in the Potomac watershed, three (3) for waterbodies in
the Rock Creek watershed, and two (2) that encompass impaired waters in both the Anacostia and the
Potomac watersheds. Altogether, these TMDL studies provide allocations for 23 different pollutants in 45
different waterbody segments. The TMDL studies include 518 individual MS4 WLAs. A summary of these
TMDL studies is provided in Table 2 - 1.

The first TMDL studies were completed in 1998 by the District Department of Health (DOH)
Environmental Health Administration. This agency continued to develop TMDLs in the District through
2004, by which time 21 of 26 TMDL studies were completed. Additional TMDL studies for TSS, nutrients
and BOD, and trash in the Anacostia River watershed were completed jointly by DDOE and the Maryland
Department of the Environment (MDE) between 2007 and 2010. In 2007, the Interstate Commission on
the Potomac River Basin (ICPRB) released the Tidal Potomac and Anacostia PCB TMDL on behalf of
DDOE, MDE, and the Virginia Department of Environmental Quality. U.S. EPA Region 3 also finalized
the Chesapeake Bay TMDL in 2010.

Table 2 - 1: Inventory of TMDL Studies

TMDL Study Waterbody

Hickey Run PCB, Oil and Grease, Chlordane — 1998 Anacostia

Anacostia BOD —2001* Anacostia

Anacostia TSS — 2002* Anacostia

Anacostia & Tributaries Bacteria - 2003 Anacostia

Anacostia & Tributaries Metals/ Organics —2003 Anacostia

Anacostia Oil & Grease - 2003 Anacostia

Fort Davis BOD - 2003 Anacostia

Watts Branch TSS 2003 Anacostia

Kingman Lake Bacteria (2003) Anacostia

Kingman Lake Organics and Metals (2003) Anacostia

Kingman Lake TSS, Qil and Grease, BOD (2003) Anacostia

Anacostia TSS — 2007 Anacostia

Anacostia Nutrients/BOD — 2008 Anacostia

Anacostia Trash - 2010 Anacostia

Potomac and Anacostia Tidal PCB - 2007 Potomac and Anacostia
Chesapeake Bay TMDL Potomac and Anacostia
Potomac & Tributaries Bacteria -2004 Potomac

Potomac Tributaries Organics and Metals - 2004 Potomac

Tidal Basin and Ship Channel Bacteria - 2004 Potomac
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Table 2 - 1: Inventory of TMDL Studies

TMDL Study Waterbody
Tidal Basin and Ship Channel Organics -2004 Potomac
Oxon Run Organics, Metals, and Bacteria - 2004 Potomac
Ship Channel pH - 2004 Potomac
Chesapeake and Ohio Canal Bacteria - 2004 Potomac
Rock Creek Metals -2004 Rock Creek
Rock Creek Bacteria -2004 Rock Creek
Rock Creek Tributary Metals - 2004 Rock Creek
*Replaced by the Anacostia watershed TMDLs in 2007 and 2008

2.2 Review of TMDLs

Once compiled, the documentation for each TMDL within the District was reviewed in order to
understand the approaches and inputs used as part of its development. This review identified several
topics (discussed below and in more detail in Section 2.3) that were important to understand as
development of the IP Modeling Tool began. Combined, the review and better understanding of these
topics helped guide decision-making during the development of the IP Modeling Tool.

The large number of TMDL studies completed over a 12 year period by the five different agencies cited
above, along with differences in available datasets, modeling approaches, and documentation,
complicates the task of developing a consolidated planning approach to achieving MS4 WLAs. In addition,
the bulk of TMDLs were prepared during 2003 and 2004, the timeframe when EPA was clarifying its
regulatory requirements for establishing WLAs for stormwater discharges in TMDLs!. Consequently,
many of the older TMDL studies did not differentiate between stormwater loads from the MS4 system and
areas that drained directly to the waterbodies (direct drainage areas). While EPA’s Decision Rationale
documents, which are part of the TMDL approval process, typically divide stormwater loads into MS4
WLAs and direct drainage LAs, this is not always the case. Some District TMDLs have MS4 and direct
drainage loads expressed as an aggregated LA, and in the case of one TMDL, the MS4 load is aggregated
with the combined sewer overflow (CSO) load. Finally, multiple TMDLs were also developed for the same
pollutant in the same watershed at different times (e.g., TMDLs for TSS in the Anacostia in 2007 and
Chesapeake Bay TMDL requirements for TSS in the Anacostia) as new information was developed or the
needs for TMDLs changed, but the old TMDLSs were not officially replaced by the new TMDLSs, meaning
that multiple TMDLs are in effect for the same waterbody/pollutant combination.

Furthermore, the approach to TMDL development and modeling differed depending on the type of
waterbody for which the TMDL was developed. TMDL studies have been completed for four different
types of waterbodies in the District:

e Mainstem waterbodies (the Anacostia and Potomac Rivers and Rock Creek).

e Small tributaries to the mainstems (e.g., Hickey Run, Texas Avenue Tributary, and other small
tributaries in the Anacostia watershed; Battery Kemble Creek, Dalecarlia Tributary, and Foundry

'EPA Memorandum Establishing Total Maximum Daily Load (TMDL) Wasteload Allocations (WLAs) for Storm Water
Sources and NPDES Permit Requirements Based on Those WLAs, from Robert H. Wayland, IlI, Director, Office of
Wetlands, Oceans and Watersheds, and James A. Hanlon, Director, Office of Wastewater Management, to Water
Division Directors, Regions 1 - 10, dated November 22, 2002.
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Branch in the Potomac watershed; and Soapstone Creek, Klingle Valley, and other small
tributaries in the Rock Creek watershed).

e Other waterbodies that are not small tributaries but which are hydraulically connected to the
mainstems (e.g., Tidal Basin and Ship Channel; the C&O Canal; and Kingman Lake).

e Chesapeake Bay segment-sheds (a set of four segments representing Potomac and Anacostia
drainage areas in the District).

Under these circumstances, there were multiple drainage area delineations and varying representations of
MS4 areas vs. non-MS4 areas even within the same waterbody, depending on the TMDL.

Refinements over time in GIS technology have led to improved delineation of current sewershed and
watershed boundaries, and better identification of impervious surfaces (streets, alleys, sidewalks, parking
lots, etc.). This information was not available at the time that many of the TMDL studies were undertaken.
In addition, the review and analysis of stormwater outfall monitoring data collected under DDOE’s
NPDES permit has allowed the use of current data to develop revisions to event mean concentrations
(EMCs) used to describe the discharge of pollutants from the MS4 system. Use of these improved datasets
in a Consolidated IP Modeling Tool strengthens confidence in the application of load estimates and the
reliability of modeling results.

Water quality standards, impairment evaluations and the need for TMDLs and MS4 WLAs continue to
evolve over time. For example, as part of the response to the Friends of the Earth vs. the Environmental
Protection Agency, 446 F.3d 140, 144 court ruling that required the development of daily limits for
TMDLs in the District, additional sampling was done for many District waterbodies to fill data gaps with
current information in preparation of converting existing TMDLs for these waterbodies to daily loads. In
light of concerns regarding the data used in the original impairment listings, a complimentary goal of this
work was to use the data to either verify impairment of these waterbodies, or to indicate the need for
additional data to determine the impairment status. Subsequent re-sampling for PAHs, PCBs, pesticides
and metals resulted in updated 303(d) listings that moved many of these TMDLs into Category 3, which
includes waterbodies for which there is insufficient available data and/or information to make a use
support determination. Based on discussions with EPA Region 3 regarding the original impairment
listings and TMDLs and the updated sampling results, DDOE concluded that the need for MS4 WLAs for
these waterbodies was no longer supported by the data. Therefore, these MS4 WLASs are no longer
applicable and the Consolidated TMDL IP will not include further implementation plans to achieve the
WLAs. In addition, in 2005, the fecal coliform water quality standard was changed to E. coli. Therefore,
all of the original bacteria TMDLs, which had included allocations for fecal coliform, were updated to
include E. coli allocations to reflect the new E. coli water quality standard. Thus the analyses conducted
for this report reflect the use of most up-to-date inventory of applicable MS4 WLAs.

2.3 Specific Variation in Load Estimate Modeling

The TMDL studies used a variety of methods to calculate runoff and pollutant load. Because multiple
models and methods were used in the different TMDL studies, it is not the intent of a consolidated IP
Modeling Tool to replicate original TMDL results. The differences in these methods, however, are
important to understand when developing and applying a single modeling tool to be used on a city-wide
basis for load estimation and reduction purposes in the IP. Examples for runoff estimation, rainfall
conditions and load estimation are presented below to illustrate the differences between the original
TMDLs and the updated data and methods to be used in the IP Modeling Tool which is described further
in Section 4.
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2.3.1 Runoff Estimation

A variety of models were used in the existing TMDLSs to estimate runoff from the MS4 and non-MS4 areas
in the District. Each represents applicable hydrological processes with different degrees of complexity,
and each has its own distinct equations and algorithms. These include:

e The Danish Hydraulic Institute MOUSE Model

e The District of Columbia Small Tributary Model

e The Simple Method

e The EPA BASINS (Better Assessment Science Integrating Point & Non-point Sources) modeling
framework.

e The EPA Storm Water Management Model (SWMM) in combination with BASINS

e The EPA Chesapeake Bay Watershed Model (HSPF — Hydrologic Simulation Program FORTRAN)

Additional documentation on where the specific models were used is included in Appendix A, Technical
Memorandum: Model Selection and Justification of this document. The use of different models and
other runoff estimation methods to develop TMDLs is understandable given the variety of agencies and
contractors involved, and the needs of each individual TMDL when it was developed.

2.3.2 Rainfall Conditions

A variety of rainfall conditions were used to drive the hydrologic and pollutant loading models in the
estimation of runoff and load. These included:

e 1985101994
e 1988 1t0 1990
e 1991 to 2002
e 1995t0 1997
e 1994 to 2005

The use of different time periods for assessing runoff and pollutant loads was necessary because these
distinct rainfall periods were identified for specific planning needs (e.g., DC Water’s CSO LTCP,
Chesapeake Bay Program modeling, etc.).

2.3.3 EMCs

Event Mean Concentrations (EMCs) are considered to be the flow-weighted concentration of a given
pollutant parameter during storm events. EMCs are calculated as the total mass of a pollutant in the
runoff divided by the total runoff volume. The evaluation and selection of EMCs for the TMDL studies
incorporated the applicable research and end-of-pipe stormwater data that was available at the time of
TMDL development. Upon review, substantially different EMCs were often used to characterize the same
pollutant in different TMDL studies. Ranges of EMCs used in the District’'s TMDL studies, for a subset of
pollutants, are presented in Table 2 - 2 to exhibit this point.

Table 2 - 2: Representative Ranges of EMCs

Pollutant EMC Units
Fecal Coliform 17,000 to 28,265 MPN/100 mL
TSS 35to 227 mg/L
Copper 50to 78 ug/L
Zinc 104 to 183 ug/L
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More detailed discussion of EMCs used in existing TMDLs is discussed further in subsequent sections of
this document, as well as in Appendix D, Technical Memorandum: Selection of Event Mean
Concentrations (EMCs).

2.4 Discussion

Review of TMDL documentation confirmed that a variety of modeling approaches, drainage areas,
precipitation data and EMCs were used within and between the multiple TMDLs in the District. In
addition, changes to the MS4 WLA inventory over time reflect updated water quality sampling,
impairment listings, and water quality standards. Newer MS4 outfall monitoring datasets and land use
GIS coverages are also presently available and relevant to a quality IP modeling effort moving forward.
Because of all of these factors, it is deemed appropriate to develop and apply a consistent load estimation
methodology and consolidated modeling tool that develops baseline loads (i.e., stormwater loads) in place
when the majority of TMDLs were developed (circa 2000 to 2004) using the best information currently
available. Understandably, these results may well differ from values developed for each TMDL. However,
DDOE is required to develop and test implementation scenarios on a city wide level, and the fact that
established WLAs remain unchanged, the use of a consistent modeling approach and (often improved)
dataset is deemed in line with the needs of the Consolidated TMDL IP.
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3. Data Collection and Analysis

3.1 Literature Reviews

Literature reviews and research were conducted for several tasks during the development of the baseline
conditions, including the selection of the modeling framework, the development of the EMCs, and the
identification of the methodology for accounting for in-stream erosion. In each case, the goal was to
identify the best science that had been developed on the topic, and to evaluate the feasibility for
implementing, adopting, or integrating literature-based data and methods. Literature reviews were
conducted using on-line databases, internet searches, review of professional journals, and contacts with
experts in the field. For each individual topic, the literature was reviewed and pertinent data and methods
were compiled. Particular emphasis was placed on understanding how the various data and methods were
developed so that the feasibility/validity of using the data or method could be assessed. A short summary
of the literature review undertaken for each of the major topic areas is provided below.

3.1.1 Modeling Framework

A literature review was performed on the capabilities of each of the existing models used in the District’s
TMDLs, as well as of other publically available models, to determine if any of these models should be
chosen for the IP development. The literature review included evaluations of models used in the existing
TMDLs, including the HSPF, SWMM, and MOUSE/Mike Urban models, as well as calculator tools such as
the Spreadsheet Tool for Estimating Pollutant Load and the Watershed Treatment Model. The literature
review included evaluations of information such as the runoff method used, the method for calculating
pollutant load, the different types of pollutants that can be accommodated, etc. Evaluation of each model
through the literature review supported the recommendation to use the Modified Version of the Simple
Method as the runoff and load calculator in the IP Modeling Tool, discussed in more depth in Section 4.

A complete summary of the review of potential modeling frameworks is provided in Appendix A,
Technical Memorandum: Model Selection and Justification.

3.1.2 EMCs

EMCs used in the original TMDLs were developed from various sources; however, a literature review of
EMC data was undertaken to determine if literature-based EMCs might be usable to better represent
different aspects of runoff in the District — specifically different land use types. The literature review was
thus undertaken to determine if usable, representative EMC values could be determined for each type of
land use in the District.

The literature review consisted of evaluation of peer-reviewed research papers and technical reports that
were published by federal, state, or local agencies, or through scientific journals. The review was
geographically comprehensive and included data from international, national, and regional sources.
Regional values reviewed included published data specific to the District, Virginia, and Maryland. Much of
the regional data originated from local technical reports, watershed implementation plans (WIPs), and
TMDL reports, which made the data particularly relevant to the District’s IP.

End-of-pipe MS4 monitoring data were also reviewed to determine if sufficient data existed to develop
updated EMCs that could be (1) used in the IP Modeling Tool and (2) compared to the original EMCs used
in the District’s TMDLs. Sufficient end-of-pipe data was available to calculate EMCs for most
conventional pollutants (TN, TP, TSS, bacteria, oil and grease, BOD) and some metals (copper, lead,

w Page | 9



Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

arsenic, and zinc), but data were insufficient to calculate EMCs for the remaining metals and for the toxic
pollutants (e.g., mercury, PAHSs, pesticides, PCBs). Note that fecal coliform EMCs were translated into E.
coli EMCs using the DC Bacteria Translator using the statistical relationship between paired fecal coliform
and E. coli data collected in the District’s waters (LimnoTech 2011 and 2012)2.

A summary discussion of the EMCs chosen for use in the Consolidated TMDL IP and the IP Modeling
Tool is provided in the Section 4.2.2.d. A complete summary of the EMC evaluation process is provided in
Appendix D, Technical Memorandum: Selection of Event Mean Concentrations (EMCs).

3.1.3 In-stream Erosion

In-stream erosion can be an important source of sediment and nutrient load into District waterbodies. A
consistent method to account for in-stream erosion within a broad variety of stream conditions that are
present in the District is deemed necessary for the consolidated IP modeling effort. A review of how in-
stream erosion was accounted for in the existing TSS TMDLs was undertaken to better understand the
historical precedent. A literature review was also conducted to identify potential approaches for
estimating the rate of stream erosion. The literature review included review of direct measurement
studies, theoretical calculation methods such as the Bank Assessment for Non-point source Consequences
of Sediment (BANCS) Method and the Penn State MapShed Method, as well as a review of empirical
methods. A literature review was also conducted to review applicable sediment delivery ratios. Sediment
delivery ratios represent the fraction of the eroded soils that contribute to the in-stream sediment load. A
complete summary of the evaluation of stream erosion is provided in Appendix C, Technical
Memorandum: Stream Erosion Methodology.

3.1.4 BMPs

A review of structural and non-structural BMP information was undertaken to help develop load
reduction methods for the various BMPs that either exist or are planned for use in the District. For
structural BMPs, standard load reduction methods include the load reduction efficiency and the volume
reduction efficiency approaches.

The literature review for the volume reduction efficiency approach was primarily focused on the volume
reduction efficiencies documented in “Recommendations of the Expert Panel to Define Removal Rates for
New State Stormwater Performance Standards” developed by Schueler and Lane (2012) for the
Chesapeake Bay Program’s Urban Stormwater Work Group (CBP Work Group). The CBP Work Group
approach developed nutrient and sediment removal rates for these composite categories of BMPs based
on the amount of runoff treated or reduced. The removal rates are presented as BMP removal rate
adjustor curves based on runoff depth managed (i.e., treated or reduced) per impervious acre.

The literature review for the load reduction efficiency approach consisted of first evaluating the
International Stormwater BMP Database (2013) to determine if it could be used to develop pollutant
percent removals. Linear regression analysis of both local and national paired BMP data for inflow and
outflow concentrations returned extremely poor fits, and thus this data source was not usable for the
intended purpose. Additional literature review was undertaken to identify peer reviewed journals and
previously approved Watershed Implementation Plans (WIPs) that studied the pollutant removal
efficiency of structural BMPs. Data was abundant for some pollutants (e.g., nutrients, TSS, fecal coliform),
less abundant for other pollutants (e.g., copper, lead, zinc, BOD), and minimal to non-existent for the

> Documentation related to development of the DC Bacteria Translator is in LimnoTech’s 2011 Memorandum,
Final Memo Summarizing DC Bacteria Data and Recommending a DC Bacteria Translator (Task 2) and LimnoTech’s
2012 Memorandum, Update on Development of DC Bacteria Translators.
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remaining pollutants (arsenic, mercury, organic toxics). Based on this data gap for organics, additional
research was undertaken to identify literature that focused on using TSS as a surrogate for organics,
particularly to identify papers or reports that show a correlation between TSS loads and loads of the listed
organic compounds.

A literature review was also conducted to help develop load reduction methodologies for non-structural
BMPs. The literature review focused on identifying non-structural BMPs for which load reduction impacts
could be quantified, either directly or indirectly. The literature review consisted of research of primary
and secondary literature (i.e., review of other literature reviews), and, in many cases, follow up
communications with the authors of the primary literature.

A complete summary of the various load reduction methods and literature review is provided in Appendix
F, Technical Memorandum: BMPs and BMP Implementation.

3.2 BMP Data Compilation

Both structural and non-structural BMPs were compiled into comprehensive databases for use in the IP
Modeling Tool. The BMP databases includes information on BMPs (BMP type, spatial locations,
ownership, information on area treated and/or volume managed, and other data) that provides input data
for the IP Modeling Tool and is used to calculate load reductions or inform future implementation
scenarios. Data on existing BMPs was used to calculate existing load reductions to help determine current
status relative to achieving WLAs.

In order to develop a comprehensive database of existing BMPs in the District, existing BMP data was
compiled from multiple sources used for internal and external tracking and reporting, including the
existing DDOE BMP Tracking Database; RiverSmart Communities and RiverSmart Homes spreadsheets;
Green Roofs spreadsheet; data reported by federal agencies including GSA, the District of Columbia Army
National Guard, U.S. Army Installation Management Command, National Park Service, and National
Zoological Park; data from the DC Water Clean Rivers Project (DCCR); and a dataset that includes all
BMPs operated by the District Department of Transportation (DDOT).

Data from these sources exist in multiple formats, use different schema, and have variable degrees of
completeness and accuracy. Therefore, rigorous QA/QC was performed on the data from these different
sources to ensure that the required database fields were populated with consistent data. Critical data
tracked in the database includes BMP identification information, BMP type, drainage area controlled,
build date, and locational information. Data were reviewed to remove duplicate records and evaluate the
reliability/accuracy of information for each record. Questions regarding whether individual BMPs
included in the database had actually been built, as well as issues with reported drainage areas, were
resolved through specific QA/QC steps. In particular, issues regarding reported drainage areas were
resolved through a GIS analysis that led to recommended modifications to reported drainage areas for
some BMPs (for more information on this issue and the recommendations, see Appendix F, Technical
Memorandum: BMPs and BMP Implementation). Any missing spatial location data for individual BMPs
was also researched and updated through the use of several methods, including the District’s Master
Address Repository (MAR) geocoder, a list of previously researched locations from internal DDOE
documentation, and a manual geocoding process. A full discussion of the development of the BMP
database is provided in Appendix F, Technical Memorandum: BMPs and BMP Implementation. (Note:
efforts are planned with the goal of verifying and improving information on existing BMPs. This should
allow better characterization of the current conditions for future iterations of the BMP modeling.)

w Page | 11



Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

Page intentionally left blank to facilitate double-sided printing.

w. Page | 12



Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

4. Development of IP Modeling Tool

4.1 Overview

The IP Modeling Tool is used to calculate loads and load reductions for use in the development of the
baseline and current conditions, and the determination of the “gap” between current conditions and the
WLA for an individual pollutant. It will also be used to develop implementation scenarios for use in the
Consolidated TMDL IP. The Tool consists of three parts:

¢ Runoff Module: calculates the runoff volume using the Modified Version of the Simple Method

e Pollutant Load Module: calculates the pollutant loads using event mean concentrations (EMCs),
stream bank erosion calculations, and/or trash load rates in conjunction with runoff volume from
the runoff module described above

e BMP Module: consists of the current BMP inventory and the BMP pollutant load reduction
efficiencies in order to calculate load and runoff reductions provided by the BMPs

Runoff
Module

IP
Modeling
Tool

Pollutant
Load
Module

BMP
Module

Figure 4 - 1: IP Modeling Tool Components

The development and application of each part is described in the following sections. Additional detail is
also provided in various appendices as indicated in the text below.

4.2 Runoff and Pollutant Load Modules

While the Runoff and Pollutant Load Modules are separate components of the IP Modeling Tool, they are
discussed together in this section because data from the Runoff Module feeds directly into the Pollutant
Load Module to calculate loads.
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4.2.1 Model Selection

The Modified Version of the Simple Method was selected for the IP Modeling Tool to calculate runoff and
pollutant loads from land-based sources. This decision followed a detailed review and evaluation of
modeling needs and requirements. The Modified Version of the Simple Method was developed by the
Center for Watershed Protection and the Chesapeake Stormwater Network to account for the differential
impact of turf and forest cover in generating runoff from a site (CWP and CSN, 2008). The Modified
Version of the Simple Method only accounts for surface flows, it does not account for subsurface flow and
loads. A wide variety of other models were also evaluated in this process, including many of the models
used to develop TMDLs in the District. In fact, the Simple Method was amongst the set of models applied
to generate stormwater loads and, in particular, direct drainage loads in several of the District TMDL
studies.

The Modified Version of the Simple Method is designed to calculate annual or seasonal runoff volumes
and loads in urbanized areas and small watersheds. It has been broadly applied in the greater Chesapeake
Bay area to support MS4 and TMDL planning studies. Many states, including Maryland, Virginia, New
York and New Hampshire, recommend use of the Simple Method or the Modified Version of the Simple
Method for stormwater management purposes.

For this effort, the Modified Version of the Simple Method was found to be very well suited to calculate
annual or seasonal runoff volumes and loads to support development of a Consolidated TMDL IP for the
District. Only wet-weather surface flows and loads will be modeled to support the TMDL IP.

More information on the selection and justification of the Modified Version of the Simple Method can be
found in Appendix A, Technical Memorandum: Model Selection and Justification.

In addition to using the Modified Version of the Simple Method, a methodology was developed to
estimate the load contribution of sediment and nutrients from in-stream erosion. More information on
the selection and justification of the in-stream erosion methodology can be found in Appendix C,
Technical Memorandum: Stream Erosion Methodology.

Lastly, to calculate the trash load generated in the MS4, a separate calculation method was applied that is
based on land use (i.e.: commercial, residential, forested, etc.) and trash loading rates (Ibs/acre). These
three methods are further described below.

4.2.2 Description of the Modified Version of the Simple Method

The Simple Method was originally developed at the Metropolitan Washington Council of Governments by
Schueler (1987) using local (metropolitan Washington area) stormwater data collected under EPA’s
Nationwide Urban Runoff Program, or NURP. The Modified Version of the Simple Method was developed
by the Center for Watershed Protection (CWP) and the Chesapeake Stormwater Network (CSN) in order
to specifically incorporate the runoff characteristics of turf and forest cover, as well as hydrologic soil
groups, into the modeling (CWP and CSN, 2008). The Modified Version of the Simple Method also
accommodates the calculation of the daily load expression for TMDLs.

The Modified Version of the Simple Method is described by the following two equations:

_ PXPjXxRyc
12

R X A )

L=RXCXx272 (2)

Where:
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R = Runoff volume, typically expressed in acre-feet

P = Precipitation, typically expressed in inches

P; = Precipitation correction factor, typically 0.9

Rvc = Composite runoff coefficient

A = Area of the catchment, typically expressed in acres

L = pollutant load, typically expressed in pounds

C = Flow-weighted mean pollutant concentration, typically expressed in mg/I|

A unit conversion factor of 12 is used for inches for precipitation, and 2.72 is used for the
combination of acres for area and mg/1 for pollutant concentration (Note: a separate
conversion factor of 1.03E-3 MPN is used for bacteria concentrations).

The four main inputs to the Modified Version of the Simple Method are rainfall, runoff coefficients,
drainage areas and EMCs. Each is discussed separately in the following sub-sections.

4.2.2.a Rainfall

Rainfall drives the generation of runoff and pollutant loads. The calculation of runoff and pollutant loads
with the Modified Version of the Simple Method is typically based on annual rainfall totals. The use of
alternative annual rainfall amounts to assess different planning conditions or global climate change is
accommodated in the Modified Version of the Simple Method by simple replacement of rainfall depth in
the runoff equation.

The DC WLAs and LAs are typically expressed as annual loading. The baseline loads developed and
described in this report use the average annual rainfall amount observed and recorded at Washington
National Airport over the entire period of record. The average rainfall of 40 inches was used in the runoff
equation to represent the average rainfall condition in the District.

A small set of TMDLs in the District have a seasonal load, which is based on the growing season for
aquatic plants (defined as April 1st through October 31st). The rainfall data for this 7-month period was
obtained from the rain gage at Washington National Airport, and averaged over the entire period of
record. The seasonal rainfall of 25 inches was used in the runoff equation to represent the seasonal
rainfall condition in the District.

In addition, several TMDLs in the District have a “daily load expression” to represent a critical condition
that is protective of water quality on a daily basis (as opposed to an annual basis). To convert the annual
loads to daily loads, the annual load was multiplied by the ratio of the daily WLA to the annual WLA
expressed in these TMDLSs.

4.2.2.b Runoff Coefficient

The runoff coefficient is a composite value that represents the fraction of rainfall that is converted to
runoff for the area being modeled. The recommended reference runoff coefficients for use in the Modified
Version of the Simple Method are summarized in Table 4 - 1. As shown, all impervious areas have a high
runoff coefficient of 0.95. This reflects the fact that most rainfall that falls on impervious surfaces
becomes runoff. On the other hand, turf and forest areas tend to have much lower runoff coefficients, and
generate less runoff. The under lying hydrologic soil group (HSG) for turf and forest areas has a strong
influence on runoff generation, and is differentiated accordingly.
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Table 4 - 1: Reference Runoff Coefficients

Soil Group Impervious Turf Forest
HSG A Soils 0.95 0.15 0.02
HSG B Soils 0.95 0.20 0.03
HSG C Soils 0.95 0.22 0.04
HSG D Soils 0.95 0.25 0.05

The GIS data used to identify the runoff coefficients for each area modeled is as follows:

e The impervious area is a layer from DC OCTO (known as “ImperviousSurfacePly”) and includes
roads, driveways, alleys, highways, rooftops, parking lots, sidewalks, and any other impervious
cover. This impervious area GIS layer characterizes the total impervious area in the MS4 area.
This layer does not characterize the effective impervious area, which is the impervious area that is
directly connected to stream channels. However, since the MS4 is heavenly urbanized and
serviced by a dense network of storm sewers, it is assumed for the purposes of this project that all
impervious areas in the MS4 are essentially directly connected to stream channels.

e The forested area is a layer from DC OCTO (known as “Wooded Area”). This layer includes parks,
protected easements, conservation areas, and other wooded areas.

e The turf area was created for use in the IP Modeling Tool. Any area not included in DC OCTO'’s
impervious or wooded layer was considered to be turf area. Turf is considered to be open land
with no impervious surface. This area includes fields, yards, grassed areas, and rights-of-way.

e The soil type is a layer from DC OCTO (known as “SoilPly”), although the original source behind
this layer is actually the Soil Survey Geography (SSURGO) database. Additional information on
how to assign the hydrologic soil group was obtained from the USDA NRCS.

The composite runoff coefficients for each area modeled are developed based on weighting the relative
presence of each soil and land cover type, and the appropriate runoff coefficient. In the MS4 area, the
runoff coefficients for the TMDL waterbodies range from 0.43 to 0.86. In the direct drainage areas, which
are predominantly parkland areas, the runoff coefficients for the TMDL waterbodies range from 0.06 to
0.47.

4.2.2.c Drainage Areas

Drainage area in the Modified Version of the Simple Method describes the physical extent of the
sewershed or watershed included in the runoff and pollutant load calculation. For the purposes of this
Baseline Conditions Report, the applicable areas are the MS4 and direct drainage areas that are assigned
WLAs or LAs in the TMDL studies.

The delineation of drainage areas was largely based on DC OCTO GIS coverages (topography and stream-
lines) and a DC Water geodatabase that includes sewer pipes and outfalls. Instead of using automated
Digital Elevation Model (DEM) techniques, delineation was done manually in order to account for the
complexities of delineation in an urban landscape. Other GIS coverages and aerial imagery were used
where needed to support delineation. Detailed information on the delineation methodology can be found
in Appendix B, Technical Memorandum: Sewershed and Watershed Delineations.

All land areas within the District were included in the delineation. The major categories of drainage area
delineations needed to categorize land within the District and to match established WLAs and LAs are:

e MS4 Areas: These areas represent land in the District that drains to the separate storm sewers.
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e CSS Areas: These areas represent land that drains to the combined sewer system (CSS) that
borders the MS4 area. While it is important to note the existence of the CSS areas, these areas will
not be included in the IP Modeling Tool since they are not included under the MS4 permit
requirements.

o Direct Drainage (DD) Areas: These areas represent areas that are not served by the MS4 or
CSS systems. These areas are typically parks that border streams and rivers.

Figure 4-2 shows the delineation of these three major areas.

Additional delineations of the MS4 and direct drainage (DD) areas were necessary in order to establish
the areas that currently have an established TMDL. These areas are typically referred to as TMDL
waterbodies, and they exist at various spatial scales, including:

e Chesapeake Bay Watershed Segments: These areas represent the areas that have a WLA under the
Chesapeake Bay TMDL. This represents the coarsest level of delineation for the District. A map of
the Chesapeake Bay Segments is presented in Figure 4-3.

e Mainstem Watersheds: These areas represent the watersheds draining to the Anacostia, Rock
Creek and Potomac River. These major watersheds at typically divided into upper and lower
segments, and a middle segment for the Potomac River. This is shown in Figure 4-4.

e Tributary and Other Small Waterbody Watersheds: These areas represent the watersheds
draining to the small tributaries that have TMDLs, as well as other small waterbodies (such as the
Washington Ship Channel and Kingman Lake) that are not tributaries but which also have
TMDLs. This is shown in Figure 4-5.

Note that these delineations include both MS4 and direct drainage areas.

The drainage areas associated with the TMDL studies are summarized in Table 4 - 2.

Table 4 - 2: Delineated Drainage Areas

MS4/WLA DD/LA Area MS4/WLA DD/LA Area
Name Name
Area (acres) (acres) Area (acres) (acres)

Anacostia 8679 2827 Nash Run 297 12

Anacostia Lower 1567 632 Normanstone 166 51
Creek

Anacostia Upper 7112 2,195 Northwest Branch 1,976 12

ANATF_DC 6893 2,952 Oxon Run 1,800 344

ANATF_MD 2522 106 Pinehurst Branch 246 201

Battery Kemble 92 140 Piney Branch 45 55

Creek

Broad Branch 900 245 Pope Branch 172 65

C&O Canal 490 97 Portal Branch 62 9

Dalecarlia 977 114 Potomac Lower 3,552 346

Tributary

Dumbarton Oaks 12 124 Potomac Middle 783 679

Fenwick Branch 162 57 Potomac Upper 2,692 931

Fort Chaplin 132 21 POTTF_DC 9,190 4019

Tributary
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Table 4 - 2: Delineated Drainage Areas

MS4/WLA DD/LA Area MS4/WLA DD/LA Area
Name Name
Area (acres) (acres) Area (acres) (acres)
Fort Davis 60 44 POTTF_MD 1,133 150
Tributary
Fort Dupont 50 382 Rock Creek Lower 1,010 688
Tributary
Fort Stanton 29 92 Rock Creek Upper 3,022 1756
Tributary
Foundry Branch 90 106 Soapstone Creek 411 104
Hickey Run 826 269 Texas Avenue 74 44
Tributary
Kingman Lake 296 296 Tidal Basin 247 54
Klingle Valley Run 125 46 Washington Ship 440 176
Channel
Lower Beaverdam 2 29 Watts Branch 1,019 231
Creek
Luzon Branch 590 53 Watts Branch - 261 145
Lower
Melvin Hazen 109 65 Watts Branch - 758 86
Valley Branch Upper
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4.2.2.d EMCs

EMCs are used in conjunction with runoff calculations to develop pollutant load estimates. Several
parallel lines of investigation were used to identify the appropriate set of EMCs to support application of
the IP Modeling Tool. These included:

e Areview of the EMCs used to develop TMDLs in the District.
e Areview of EMCs reported in literature for various land use classes.
e An evaluation of District MS4 monitoring data to develop District-specific EMCs.

The full report on the investigation of EMCs can be found in Appendix D, Technical Memorandum:
Selection of Event Mean Concentrations (EMCs).

It was established in the review of the existing District TMDLs that a wide variety of EMCs were used to
develop the TMDLs for conventional pollutants (TSS, bacteria, etc.). This fact implies that different EMCs
are applicable for different parts of the District, but this is not necessarily the case. Instead, differences in
EMCs were largely due to the use of different datasets and different methods of EMC development.

It was further determined following the literature review and subsequent analysis and comparison of land
use based EMCs to current outfall monitoring data that the use of land use based EMCs from the
literature could not be justified. The stormwater outfall concentrations did not match well with the land
use based EMCs because the stormwater outfall concentrations are substantially influenced by other
factors beyond land use including rainfall intensity, activities such as construction, watershed
characteristics such as slope, and sampling protocol.

Evaluation of the District MS4 outfall monitoring data, however, offered promise as a way to establish
EMCs for conventional pollutants and metals based on local District data. One reason for this is that the
average concentration of the pooled MS4 outfall monitoring data compared well with the EMCs used in
District TMDL studies. Statistical analysis was undertaken to determine whether city-wide or watershed
specific EMCs should be used for further modeling. The MS4 outfall monitoring data was grouped
according to monitoring station location (i.e., Anacostia, Potomac or Rock Creek watershed). Standard
EMC summary statistics and median values were calculated for each watershed. Analysis of variance
(ANOVA) at the 0.05 significance level (significant differences at the 0.05 level or lower means that there
is >95% confidence that the watershed EMCs are truly different and that this difference is not due to
chance) was used to examine differences in means of data collected in the three different watersheds.
These results show that a significant difference in EMCs at the watershed level was determined for four
parameters: BOD, Oil & Grease, TSS and Zinc. No significant difference was found at the watershed level
for the other parameters. These results are shown in Table 4 - 3.

Table 4 - 3: Summary of ANOVA Analysis

Parameter Transformation F-Statistic Pr (>F) Result
Arsenic N/A N/A N/A No Difference

i i Significant Difference at the
Biological Oxygen Log 3426 | 003463 |
Demand 0.05 Level
Copper Log 1.895 0.1530 No Difference
Fecal Coliform Log 1.259 0.2878 No Difference
Lead N/A N/A N/A No Difference
Total Nitrogen 0.5454 0.036 0.9641 No Difference

. Significant Difference at the
Oil & Grease -0.5858 4.379 0.0142

0.05 Level
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Table 4 - 3: Summary of ANOVA Analysis

Parameter Transformation F-Statistic Pr (>F) Result

Total Phosphorus 0.3434 1.681 0.1889 | No Difference

Total Suspended Significant Difference at the

Solids Log 6.315 0.0022 0.01 Level

Zinc 0.4646 3.804 0.0238 Significant Difference at the
0.05 Level

Notes:

N/A indicates that no appropriate transformation was identified and the ANOVA was not run. Best
professional judgment was used to determine difference. Numbers (e.g.: Total Nitrogen A=0.5454)
indicate a power transformation. These transformations were identified using Box-Cox transformation
methods. Refer to Appendix D, Technical Memorandum: Selection of Event Mean Concentrations
(EMCs) for additional information on transformations.

Because the goal of the EMC analysis is to make the best representation of current conditions, it was
determined that EMCs derived from MS4 monitoring data should be used whenever these data were of
sufficient quality to do so. This decision was made because MS4 monitoring data sets (and EMCs derived
from these data sets) could be tailored to specific watersheds/basins and because there are more than ten
years of MS4 monitoring data to draw from to develop the EMCs. In contrast, the TMDL EMCs were
derived from sampling data that was not as extensive, nor was it always specific to the District. Therefore,
based on the analyses described above, the following logic was used to identify EMCs for use in the IP
Modeling Tool: 1) where there were significant differences in EMCs between watersheds according to the
ANOVA analysis, watershed-specific EMCs are used; 2) , where there were not significant differences in
EMCs between watersheds according to the ANOVA analysis, District-wide EMCs are used; and 3) for
those parameters where it was not possible to calculate updated EMCs due to lack of data, the TMDL EMC
values will be used. Key aspects of this summary of revised EMCs are as follows:

e District-level EMCs are recommended for TN, TP, bacteria, copper, arsenic, and lead.
e Watershed-level EMCs are recommended for BOD, Oil & Grease, TSS and zinc.

e EMCs developed for the original TMDLs are recommended for mercury and all organic
compounds.

Note that at the time most bacteria TMDLs were done, the bacteria water quality standard for the District
was expressed in fecal coliform colonies. However, in 2005, the fecal coliform water quality standard was
changed to E. coli. Therefore, all of the bacteria TMDLs were updated to reflect the new E. coli water
quality standard. To support the TMDL revisions, EPA and DDOE developed a DC Bacteria Translator
using the statistical relationship between paired fecal coliform and E. coli data collected in the District’s
waters (LimnoTech 2011 and 20123). The DC Bacteria Translator is representative of ambient and
stormwater bacteria concentrations and was used to convert the fecal coliform EMC to E. coli EMC values.

A listing of the EMCs used to establish baseline loads is presented in Table 4 - 4.

® Documentation related to development of the DC Bacteria Translator is in LimnoTech’s 2011 Memorandum, Final
Memo Summarizing DC Bacteria Data and Recommending a DC Bacteria Translator (Task 2) and LimnoTech’s 2012
Memorandum, Update on Development of DC Bacteria Translators.
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Table 4 - 4: EMCs Used to Establish the Baseline

05/08/2015

Pollutant Units EMC Value Source of EMC
Total Nitrogen mg/| 3.32 From monitoring data
Total Phosphorus mg/I 0.38 From monitoring data
Total Suspended Solids (Anacostia) mg/| 73 From monitoring data
Total Suspended Solids (Rock Creek) mg/I 60 From monitoring data
Total Suspended Solids (Potomac) mg/| 42 From monitoring data
Fecal Coliform MPN/100ml 13,639 From monitoring data
E. coli MPN/100ml 5,474 From DC Bacteria Translator
Biological Oxygen Demand (Anacostia) mg/| 35.93 From monitoring data
Biological Oxygen Demand (Rock Creek) mg/| 23.67 From monitoring data
Biological Oxygen Demand (Potomac) mg/| 28.08 From monitoring data
Oil & Grease (Anacostia) mg/| 3.65 From monitoring data
Oil & Grease (Rock Creek) mg/I 4.15 From monitoring data
Oil & Grease (Potomac) mg/| 3.35 From monitoring data
Arsenic ug/I 1.54 From monitoring data
Copper ug/I 52.88 From monitoring data
Lead ug/l 15.94 From monitoring data
Mercury ug/I 0.19 From TMDL

Zinc (Anacostia) ug/l 120.92 From monitoring data
Zinc (Rock Creek) ug/| 101.73 From monitoring data
Zinc (Potomac) ug/I 100.90 From monitoring data
Chlordane ug/| 0.00983 From TMDL

DDD ug/I 0.003 From TMDL

DDE ug/| 0.0133 From TMDL

DDT ug/I 0.0342 From TMDL

Dieldrin ug/I 0.00029 From TMDL
Heptachlor Epoxide ug/l 0.000957 | From TMDL

PAH1 ug/l 0.6585 From TMDL

PAH2 ug/| 4.1595 From TMDL

PAH3 ug/| 2.682 From TMDL

TPCB ug/| 0.0806 From TMDL

4.2.3 In-Stream Erosion Load Methodology Estimator

Stream erosion is common in urban environments. It occurs when the balance between stream flow and
stream bank conditions becomes poor due to excess stormwater runoff. The net amount of sediment
eroded from native bed and bank material and accumulated sediments contributes to the TSS load. The
District TMDLs do not account for stream erosion in a consistent manner, and it is not accounted for at all
in some TMDLs. Nevertheless, stream erosion can represent a substantial fraction of the TSS (and

335
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nutrient) load generated in urban waters such as those in the District. Because of this, stream erosion
should be included in a consistent manner in the IP Modeling Tool and in the development of baseline
loads. The stream erosion calculations done for the IP Modeling Tool include not only TSS, but also the
fraction of the nutrients nitrogen and phosphorus associated with the TSS load due to stream erosion.

A comparative evaluation of three methods to account for stream erosion was performed. The methods
were:

e Direct measurement of in-stream erosion
e Theoretical calculation of in-stream erosion
e Empirical calculation of in-stream erosion

A full report on the evaluation of the three methods is available in Appendix C, Technical Memorandum:
Stream Erosion Methodology.

Based upon the relative simplicity and compatibility with available data, the empirical calculation of in-
stream erosion method is currently incorporated into the IP Modeling Tool. This method combines
empirical data or equations developed by the Center for Watershed Protection (CWP) and the Maryland
Department of the Environment (MDE). In the CWP’s Watershed Treatment Model (WTM), the sediment
load from in-stream (channel) erosion (LCE) is expressed as a fraction of the total watershed load. Thus
the equation is as follows:

LCE = LOS/(100/CE%-1)

where:
LCE = Sediment load from in-stream (channel) erosion (Ib/year)
LOS = Sediment load from other urban sources (Ib/year)
CE (%) = In-stream (channel) erosion as a percent of the total urban watershed load

Furthermore, MDE developed a relationship correlating watershed imperviousness to percent in-stream
erosion as a function of total watershed load. This relationship was further refined to also correlate in-
stream erosion to potential stream degradation. A graph depicting this relationship is provided in Figure
4 -6.
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SBE (as a percent of total TSS load) as a Function of
Imperviousness and Stream Degradation Potential
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Figure 4 - 6: SBE (as a Percent of Total TSS Load) as a Function of Imperviousness and Stream
Degradation Potential

These curves along with the equation above are used in the IP Modeling Tool to calculate the sediment
load from in-stream erosion. It is important to recognize that the gross in-stream erosion is not the same
as the net export of sediment. In-stream soil erosion represents the amount of soil that is eroded from the
banks and beds of stream. Only a fraction of the eroded soil contributes to the sediment yield, while the
rest is deposited in downstream water channels. The amount that contributes to the sediment yield can be
guantified using a sediment delivery ratio (SDR), expressed as a fraction of gross erosion that is delivered
to a particular point in the drainage system. It is recommended that a SDR of 0.175 be applied to estimate
the amount of in-stream erosion that is counted towards the Chesapeake Bay WLAs, and that a SDR of
0.23 be applied to estimate the amount of in-stream erosion that is counted towards the District WLAs.

To translate sediment loading to nitrogen and phosphorus loading, the following CBP-approved
conversion rates were used for the District (CWP and CSN, 2014):

e 1.05 pounds P/ton sediment
e 2.28 pounds N/ton sediment

4.2.4 Trash Load Methodology

A Trash TMDL was developed by Maryland and the District for the Anacostia Watershed. The IP
Modeling Tool accounts for trash generation in the Upper and Lower Anacostia using factors developed
for this TMDL. The calculation of the trash load in any given watershed or subwatershed requires
information on land use and stream length. Both land use and stream length were obtained from DC
OCTO GIS coverages, with the latter a derivative of the stream line coverage.

MS4 loadings in the District are calculated based on land use and the loading rates described in the Trash
TMDL report. The various land use categories and their loading rates are described in Table 4 - 5.
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Table 4 - 5: Baseline Trash Loading Rates (lbs/acre/year) for
the District MS4

Land use/Landcover Category Loading Rate

Alleys 6.84
Commerecial 22.08
Federal public 12.78
High Density Residential 7.93
Industrial 18.9

Institutional 25.45
Local public 25.45
Low Density Residential 4.52
Low-Medium Density Residential 3.96
Medium Density Residential 13.84
Mixed Use 13.84
Parking 6.84
Parks and Open Spaces 0.32
Public, Quasi-Public, Institutional 25.45
Roads 31.12
Transport, Communications, Utilities 31.12
Transportation right of way 13.84
Undetermined 0.32

05/08/2015

Nonpoint source loadings from direct drainage in the District are calculated based on linear stream
distance and the loading rates described in the Trash TMDL report. The various streams and their trash

loading rates are described in Table 4 - 6.

Table 4 - 6: Baseline Trash Loading Rates for Nonpoint

Source Direct Drainage for the District (Ibs/1000 feet/year)

River Segment lbs/1000ft/yr
Anacostia Lower Mainstem 52.822
Anacostia Lower Unnamed Tributaries 129.099
Anacostia Upper Mainstem 52.822
Anacostia Upper Unnamed Tributaries 129.099
Fort Chaplin Tributary 181.861
Fort Davis Tributary 62.813
Fort Dupont Tributary 39.938
Fort Stanton Tributary 46.392
Hickey Run 129.099
Kingman Lake 61.768
Lower Beaverdam Creek 129.099

23

Page | 25



Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

Table 4 - 6: Baseline Trash Loading Rates for Nonpoint

Source Direct Drainage for the District (Ibs/1000 feet/year)

River Segment Ibs/1000ft/yr
Nash Run 297.463
Pope Branch 59.118
Texas Avenue Tributary 57.356
Watts Branch 354.141

4.3 BMP Module

The BMP Module of the IP Modeling Tool integrates the current inventory of BMPs and assigns a
reduction efficiency to each BMP in order to calculate the runoff volume and pollutant load removed on
an annual or seasonal basis.

4.3.1 BMP Inventory

The development of the BMP database inventory has captured all of the necessary information on existing
structural and non-structural BMPs, including the type of BMP and its location. For structural BMPs,
other important information includes the drainage area that the BMP controls, while for non-structural
BMPs, other information is used to indicate the extent of the BMP’s impact. The BMP database allows an
analysis of the extent of current BMP implementation. A full description of the BMP inventory is
described in Appendix F, Technical Memorandum: BMPs and BMP Implementation.

4.3.2 BMP Efficiencies

Extensive research was conducted to develop pollutant removal rates for both structural and non-
structural BMPs. This involved analysis of the International Stormwater BMP database, as well as other
literature, to review existing data on pollutant removal percent efficiency rates, as well as development of
curves that relate runoff retention to load reduction. Finally, because of the paucity of research on the
removal rates for toxics and some metals, partition coefficients were applied that relate the removal of
particle bound pollutants such as metals and toxics to the removal of TSS. This research provides
information that can be used to evaluate how individual BMPs remove pollutants.

The decision tree depicted in Figure 4 - below is used to determine the approach for modeling load
reductions from any individual structural or non-structural BMP. The first step is to determine if the BMP
retention volume is known. If the retention volume is known, then the next step is to determine if the
BMP is a rain barrel or a new tree (trees are considered BMPs because they help retain runoff). If the BMP
is a rain barrel or a new tree, the lumped average annual reduction is used for the rain barrel or tree,
respectively. The lumped average annual volume reduction was determined through an analysis of the
canopy size and stormwater interception capacity of typical trees in DC, and, for rain barrels, an analysis
of typical barrel size and usage (including how often rain barrels are drained)..

If the BMP is not a rain barrel or a new tree, then the runoff reduction curves are applied. Runoff
reduction curves were developed for the major categories of retention-based BMPs, including
bioretention, permeable pavement, infiltration trenches, cisterns, and green roofs. The efficiency of these
BMPs is commensurate with the amount of runoff volume that can be retained by the BMP. For example,
a BMP designed to retain runoff from a 0.5-inch storm provides less annual volume reduction than a BMP
designed to retain runoff from a 1-inch storm.
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The BMP retention volume is not known for many of the existing BMPs because historically this was not
an attribute that was typically documented during the permitting process. The BMP retention volume is
therefore not known for many of the BMPs implemented before 2013, which is the year during which the
new stormwater regulations came into effect and when retention volume was required to be reported as
part of the permit application. Additionally, some BMPs such as filters and wet ponds do not provide
runoff retention capacity, but rather provide load reductions only. If the BMP treatment volume is not
known, then the next step is to determine if the BMP has a prescribed load removal, and if so, to apply
this load reduction. A prescribed load removal refers to a load reduction methodology that is based on the
design parameters of the BMP. This type of load removal applies to stream restoration, street sweeping,
catch basin cleaning, impervious surface removal, and trash reduction strategies, which require
information such as the length or area of restoration to calculate the appropriate annual load removal. If
the BMP does not have a prescribed removal load, then the percent reduction efficiency values are applied
for that BMP. Percent reduction efficiencies were researched for each of the 13 BMP categories and for all
22 pollutants. The result of this research is a lookup matrix with an efficiency value for each BMP and
pollutant combination. The percent reduction efficiencies apply uniformly to each BMP category,
regardless of how a BMP was designed. As a result, they are regarded as being the least precise in terms of
annual load removal estimates.

BMP retention
volume known?

yes

Does BMP have
prescribed load
removal?

Rain barrel or new
tree?

Yes I no I ves

Apply average Apply runoff Apply average
annual load

reduction

Apply % load

reduction curves o
efficiencies

efficiencies * EMC

annual volume
reduction * EMC

Figure 4 - 7: BMP Load Reduction Method Selection

The existing BMPs and the load reduction methodology will be applied in the IP Modeling Tool to
calculate the load reduction from existing BMPs. Since each BMP is spatially located within the MS4, the
reductions provided by each BMP can be aggregated by TMDL watershed. Individual pollutant reductions
will be summed by TMDL watershed and subtracted from the baseline load to determine the existing load.
The existing load can then be compared to the MS4 WLA to provide the basis for the “gap analysis” and
show the additional load reduction necessary to achieve each MS4 WLA.

A full description of the BMP efficiencies is described in Appendix F, Technical Memorandum: BMPs
and BMP Implementation.
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4.4 Application of the IP Modeling Tool

The current version of the IP Modeling Tool is a spreadsheet calculator populated with all of the
information required to quantify baseline loads. It requires inputs from GIS such as drainage areas and
stream lengths. All other inputs discussed in the previous sections, such as precipitation, runoff
coefficients, EMC values, BMP inventory, and BMP efficiencies are accessed through look-up tables. The
calculator produces several results tables, including runoff volumes (in acre-ft), pollutant loads from the
MS4 and direct drainage (DD) areas (expressed in pounds/yr for all pollutants except for bacteria which
are expressed in billion MPN/yr), and pollutant loads from stream erosion (expressed in pounds/yr). In
addition, it also presents results for the runoff volume and pollutant load reductions provided by the
existing BMPs. The IP Modeling Tool displays all these results on an annual basis per TMDL waterbody
and, where appropriate, also displays results as a daily or seasonal expression. Note that the calculator
produces results only for the TMDL waterbodies that currently have a WLA or LA.

It is expected that, by May 2015, the IP Modeling Tool will be completely converted from an Excel based
tool to a more integrated coded tool supported by databases.
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5. Baseline Condition, Current Condition, and Gap
Analysis

5.1 Overview

The load reduction needed to meet an individual WLA includes analyzing the baseline load (the load
without BMPs), the current load (which includes load reductions from BMPs and other stormwater
management practices that are currently in place), and the WLA, and establishing the gap between the
current load and the WLA. For this analysis, the baseline load establishes a starting point from which load
reductions from existing and future BMPs and other stormwater management practices can be evaluated
for meeting WLAs and LAs. Next, the current load includes the load reductions that have already been
achieved by existing BMPs. Finally, the WLA is the allowable load from the MS4 source that is established
directly in the TMDL. The gap between the current load and the WLA for any individual pollutant/
waterbody combination quantifies the load reduction to be included in the Consolidated TMDL IP. Figure
5- 1 provides a conceptual depiction of these components.

GAP = AMOUNT TO
BE REDUCED

> THROUGH
ADDITIONAL BMP
IMPLEMENTATION

Baseline Load Current Load WLA
(no BMPs) (with BMPs)

Figure 5 - 2: Loads and Gap Analysis

Analyses of the baseline and current conditions, as well as a discussion of the gap analysis, are presented
in separate sub-sections below.

5.2 Methodology

5.2.1 Baseline Condition

The baseline condition includes the baseline loads and establishes a starting point for the subsequent
evaluation of the number, type and distribution of BMPs and other stormwater management practices
required to meet WLAs and LAs. Baseline loads represent the stormwater loads in the District that are not
influenced or reduced by BMPs or other storm water management practices. For the purposes of this
analysis, baseline loads refer to the stormwater loads (modeled by the IP Modeling Tool) in place when
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the majority of TMDLs were developed (circa 2000 to 2004). This standardizes inputs such as land use
and precipitation in the IP Modeling Tool, although it also means that the inputs to the IP Modeling Tool
are not exactly the same as those used to develop the TMDL baseline loads. A full description of inputs
used to develop the baseline loads can be found in Appendix A, Technical Memorandum: Model Selection
and Justification.

As discussed above, the goal of the Consolidated TMDL IP modeling is to use a single, consistent
modeling approach for all of the analyses, and the baseline condition and the baseline loads are the result
of that consistent modeling approach. The baseline condition is computed with the IP Modeling Tool
using the best GIS and monitoring data available, including EMCs, TMDL drainage areas, runoff, and
loads that have been updated compared to the original TMDLs. The application of this consistent
modeling approach makes the tracking of pollutant loads consistent, reflective of current conditions,
transparent, and easy to understand. It should be noted that the baseline condition is not an attempt to
reproduce the original baseline loads from each TMDL study, nor was that deemed necessary for this
project.

Full discussions of the updated EMCs, TMDL drainage areas, and runoff and load calculations are
provided in Section 4 above. Results of the baseline condition analysis are included with the results of the
current condition analysis in Section 5.3 below.

5.2.2 Current Condition

In contrast to the baseline condition, the current condition and the current loads represent the
stormwater loads in the District that are influenced and reduced by BMPs and other storm water
management practices currently in place. This includes structural and non-structural BMPs installed and
put into operation prior to 2014.

The current condition builds upon the baseline condition, and is calculated by adding BMPs to the city-
wide estimation of runoff and pollutant load generation within the IP Modeling Tool. Runoff and
pollutant loads are reduced in areas where treatment by BMPs is provided.

The remainder of this section defines the BMPs currently in place in the District, describes how they are
incorporated into the IP Modeling Tool, and documents the runoff and pollutant load reductions that are
achieved with these BMPs. Further evaluation of the current condition to address the effectiveness of
existing BMPs is provided at the end of the section.

5.2.2.a Structural BMPs

DDOE’s Stormwater Management Guidebook (2013b) has identified 13 acceptable groups of structural
BMPs that can be used to meet the stormwater retention volume and/or peak flow criteria included in the
2013 revisions to the District’s 1988 stormwater management regulations. The Stormwater Management
Guidebook provides guidance on each of these BMPs that will allow design engineers to review, verify,
and select the appropriate BMPs to meet individual project needs in the District. Therefore, these BMP
groups have been retained for use in the Consolidated TMDL IP and the IP Modeling Tool to maintain
consistency with District regulations and other District planning efforts.

The groups of BMPs described in the Stormwater Management Guidebook include:

Green Roofs

Green roofs are practices that capture and store rainfall in an engineered growing media that is designed
to support plant growth. A portion of the captured rainfall evaporates or is taken up by plants, which
helps reduce runoff volumes, peak runoff rates, and pollutant loads on development sites.
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Rainwater Harvesting

Rainwater harvesting systems store rainfall and release it for future use. Rainwater that falls on a rooftop
or other impervious surface is collected and conveyed into an above- or below-ground tank (also referred
to as a cistern), where it is stored for non-potable uses or for on-site disposal or infiltration as stormwater.
Cisterns can be sized for commercial as well as residential purposes. Residential cisterns are commonly
called rain barrels.

Impervious Surface Disconnection

Impervious surface disconnection involves managing runoff close to its source by intercepting,
infiltrating, filtering, treating or reusing it as it moves from an impervious surface to the drainage system.
Disconnection practices can be used to reduce the volume of runoff that enters the combined or separate
sewer systems. Two kinds of disconnection are allowed: (1) simple disconnection, whereby rooftops
and/or on-lot residential impervious surfaces are directed to pervious areas (compacted cover),
conservation areas (natural cover), or soil amended filter paths; and (2) disconnection leading to an
alternative retention practice(s) adjacent to the roof.

Permeable Pavement Systems

Permeable pavement systems are paving systems that capture and temporarily store the Stormwater
Retention Volume (SWRVv) by filtering runoff through voids in an alternative pavement surface into an
underlying stone reservoir. Filtered runoff may be collected and returned to the conveyance system, or
allowed to partially (or fully) infiltrate into the soil.

Bioretention

Bioretention consists of practices that capture and store stormwater runoff and pass it through a filter bed
of engineered soil media composed of sand, soil, and organic matter. Filtered runoff may be collected and
returned to the conveyance system, or allowed to infiltrate into the soil.

Filtering Systems

Filtering system practices capture and temporarily store the design storm volume and pass it through a
filter bed of sand media. Filtered runoff may be collected and returned to the conveyance system or
allowed to partially infiltrate into the soil.

Infiltration

Infiltration practices capture and temporarily store the design storm volume before allowing it to infiltrate

into the soil.

Open Channel Systems

Open channel systems consist of vegetated open channels that are designed to capture and treat or convey
the design storm volume.

Ponds

Stormwater ponds are stormwater storage practices that consist of a combination of a permanent pool,
micropool, or shallow marsh that promote a good environment for gravitational settling, biological uptake
and microbial activity. Ponds are widely applicable for most land uses and are best suited for larger
drainage areas. Runoff from each new storm enters the pond and partially displaces pool water from
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previous storms. The pool also acts as a barrier to re-suspension of sediments and other pollutants
deposited during prior storms. When sized properly, stormwater ponds have a residence time that ranges
from many days to several weeks, which allows numerous pollutant removal mechanisms to operate.
Stormwater ponds can also provide storage above the permanent pool to help meet stormwater
management requirements for larger storms.

Wetlands

Wetlands create shallow marsh areas to treat urban stormwater which often incorporate small permanent
pools and/or extended detention storage. Stormwater wetlands are explicitly designed to provide
stormwater detention for larger storms (2-year, 15-year or flood control events) above the design storm.

Storage Practices

Storage practices are explicitly designed to provide stormwater detention (2-year, 15-year, and/or flood
control). Design variants include underground detention vaults and tanks, dry detention ponds, rooftop
storage, or stone storage under permeable pavement or other BMPs.

Proprietary Practices

Proprietary practices are manufactured stormwater treatment practices that utilize settling, filtration,
absorptive/adsorptive materials, vortex separation, vegetative components, and/or other appropriate
technology to manage the impacts stormwater runoff.

Proprietary practices may be used to achieve treatment compliance, provided they have been approved by
the District and meet the performance criteria outlined in this specification. Historically, proprietary
practices do not provide retention volume. Proprietary practices will not be valued for retention volume
unless the practice can demonstrate the occurrence of retention processes.

Tree Planting and Preservation

This practice consists of either preserving existing trees or planting new trees. Tree canopy can intercept a
significant amount of rainfall before it becomes runoff, particularly if the tree canopy covers impervious
surface, such as in the case of street trees. Through the processes of evapotranspiration and nutrient
uptake, trees located on a development site have the capacity to reduce stormwater runoff volumes and
improve water quality. Further, through root growth, trees can improve the infiltration capacity of the
soils in which they grow. The IP Modeling Tool tracks load and volume reductions provided by planting
new trees but does not track the preservation of existing trees, since the effect of existing trees on
pollutant loads and load reductions are assumed to be accounted for in the selection of EMC values and
runoff coefficients.

5.2.2.b Non-structural BMPs

DDOE’s Stormwater Management Guidebook defines a nonstructural BMP as “a land use, development,
or management strategy to minimize the impact of stormwater runoff, including conservation of natural
cover, or disconnection of impervious surface.” Non-structural BMPs consist of programmatic,
operational, and restoration practices that help prevent or minimize pollutant loading or runoff
generation. Non-structural BMPs to be included in the IP Modeling Tool include stream restoration,
street sweeping, catch basin cleaning, pet waste removal, illicit discharge detection and elimination
(IDDE), impervious surface reduction, coal tar pavement (sealant) removal, and phosphorus fertilizer
ban.
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Stream Restoration

Stream restoration is the practice of re-establishing pre-disturbance aquatic functions and related
physical, chemical, and biological characteristics to a degraded stream. Stream restoration is a widely-
used BMP because it focuses on directly rehabilitating the impacted resource. Stream restoration
decreases in-stream erosion, thereby reducing loading of TSS and nutrients. The practice also creates
ancillary benefits in addition to load reduction, including improved wildlife habitat, potential increases in
public accessibility/use, and upgraded aesthetics. Multiple stream restoration projects have been
conducted or are planned for District waterbodies, including Watts Branch (completed), Nash Run
(planned), Springhouse Run (planned), Pope Branch (planned), and Broad Branch (planned). The stream
restoration projects that have already been completed in the District are included in the current
conditions analysis.

Street Sweeping

Street sweeping removes dirt, debris, and trash that have accumulated on streets. Pollutants known to
accumulate in street dirt include TSS, nutrients, metals, hydrocarbons, bacteria, pesticides,
organochlorine and other toxics. Street sweeping results in direct removal of these potential pollutants
from the environment, thereby reducing the pollutants that are available to accumulate in runoff and be
discharged to District waterbodies.

The District has also identified street sweeping as an important BMP for removing trash and meeting the
Trash TMDL in the Anacostia watershed.

The District currently conducts street sweeping, so this BMP is included in the current conditions
analysis.

Catch Basin Cleaning

Storm drain catch basin/inlet cleaning is designed to remove pollutants that have been washed off streets
and into storm drains. The material retained in catch basins can vary widely based on multiple factors,
including the design of the catch basin, the land use of the surrounding area, and the frequency of street
sweeping in the catchment, among other factors. While the District currently conducts catch basin
cleaning, it does not collect the information required to include this BMP in the IP Modeling Tool.
Therefore, this BMP is not included in the current conditions analysis.

Pet Waste Removal

The pet waste removal BMP focuses on changing the behavior of pet owners to increase the number of
owners who clean up after their pets, thereby reducing the amount of pet waste that can be washed off
into waterways. While public education is a primary means of changing pet owner behavior, these types of
behavior changes are difficult to measure directly. Therefore, the impact of this BMP is often measured
indirectly. For the purposes of the Consolidated TMDL IP and the IP Modeling Tool, this BMP focuses on
tracking changes in dog owners who use dog parks; specifically, it attempts to measure the increase in the
percentage of pet owners who clean up after their dogs when they use dog parks. However, the District
does not currently collect the information required to include this BMP in the IP Modeling Tool.
Therefore, this BMP is not included in the current conditions analysis.

IDDE

IDDE is a standard MS4 NPDES permit requirement that requires MS4 permittees to do annual,
systematic field investigations of their MS4 system to find and eliminate illicit/illegal discharges. These
illicit discharges can be sources of pollutants to receiving waters, and thus by eliminating these
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discharges, the permittee eliminates pollutant loads to streams. While the District is currently
implementing its required IDDE program, it is not currently collecting the additional data that will be
necessary to calculate load reductions from this BMP. Therefore, no load reductions from this BMP are
included in the current conditions analysis.

Impervious Surface Reduction

Impervious surface removal is the practice of removing impervious surfaces and restoring the area to a
more natural state. This is a practice that has been used, for example, by DDOT to convert impervious
median lane dividers into grassy or planted median dividers. Impervious surface reduction typically
requires not only for the impervious surface to be removed, but also for the underlying soil to be amended
and restored to a less compacted form, and then planted with hardy, sometimes native, plants. Removing
impervious surfaces results in less runoff generated from that surface, and as a result this BMP reduces
the loads from all pollutants that are typically found in urban runoff. The District currently conducts
street sweeping, so this BMP is included in the current conditions analysis.

Coal Tar Pavement (Sealant) Removal

Under the Comprehensive Stormwater Management Enhancement Amendment Act of 2008, effective
July 1, 2009, it is illegal to sell, use, or permit the use of coal tar pavement products in the District. As of
December 2014, over 430,000 sq. ft. (approximately 10 acres) of coal tar had been removed over a 3 year
period from 13 locations throughout the District, including the MS4. Pollutants associated with coal tar
pavement include PAHSs. The removal of coal tar pavement results in a reduction of PAHs from the
environment, thereby reducing the concentration of PAHSs in runoff and District waterbodies. This BMP is
included in the current conditions analysis.

Phosphorus Fertilizer Ban

Fertilizers can be important sources of nutrients in an urban environment. Management of fertilizers in
the District was implemented through the Sustainable DC Act of 2012, specifically Subtitle 11(A) —
Anacostia River Clean Up and Protection Fertilizer Act of 2012. This subtitle restricts the application of
fertilizers, implements a public education program, imposes specific labeling requirements on
manufacturers, and establishes a fine structure for violations. The District set a 2015 milestone of 18,595
acres subject to total phosphorus reduction based on the District’s Urban Phosphorus Legislation.
Phosphorus legislation is an approved Chesapeake Bay BMP, and the district’s 2013 reported progress on
meeting this milestone was 17,211 acres. This BMP is included in the current conditions analysis.

5.2.2.c BMPs Currently in Place

The BMP databases described in Section 3.2 (and discussed in more detail in Appendix F, Technical
Memorandum: BMPs and BMP Implementation) was used to identify the BMPs currently in place in the
District. For the structural BMPS, 3,193 BMPs, excluding “new” trees, were originally identified, of which
2,226 (approximately 70%) were retained after QA/QC to remove duplicates, correctly assign drainage
areas and physical locations, and other QA/QC procedures. These remaining structural BMPs treat over
15 million square feet, or approximately 364.6 acres within the District’'s MS4 area (note: because of the
way BMPs were accounted, the 2,226 BMPs also include 58 BMPs that are in direct drainage areas. These
58 BMPs are in watersheds with TMDLs, and thus they were included in the count because they
contribute to load reduction in TMDL watersheds. But for consistency, the list of BMPs will be described
as “within the District's MS4 area”). This represents about 1.4 percent of the MS4 area.

Table 5 - 1 summarizes the current set of structural BMPs in place by watershed and Table 5 - 2 shows
each BMP type and the amount of area it controls in each watershed — both in actual area and also as a
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percent of the watershed. These tables show that some BMPs are few in number but control large areas
(e.g., ponds and wetlands are few in number but control large drainage areas), while other BMPs are high
in number but control less area (e.g., rainwater harvesting makes up 53% of the total number of practices,
but makes up only 3 percent of the controlled drainage area). Note that ponds, wetlands, and impervious
surface disconnect each represent <1% of the total number of practices, and so they are shown as “0” in
Table 5 - 1.

Table 5 - 1: Current Condition: Number and Distribution of MS4 Area BMPs by

Watershed

. Number in Number in Number in

BMP Ng?:fr?:tm Anacostia Potomac Rock Creek
Watershed Watershed Watershed

Bioretention 353 185 73 95
Filtering Systems 55 25 20 10
Green Roof 75 26 30 19
Impervious Surface Disconnect 4 1 3 0
Infiltration 208 74 86 48
Open Channel Systems 47 14 17 16
Permeable Pavement Systems 53 30 11 12
Ponds 3 2 1 0
Proprietary Practices 214 103 84 27
Rainwater Harvesting 1,186 573 245 368
Storage Practices 17 7 4 6
Tree Planting and Preservation® 16,773 7,900 5,281 3,592
Wetland 11 9 2 0
Stream Restoration 4
Street Sweeping 42.3 miles 32.1 miles 8.4 miles 1.8 miles
Impervious Surface Reduction 1 1 0 0]
Coal Tar Pavement Removal 5 2 0 3
Phosphorus Fertilizer Ban Applies to entire city

* The numbers indicated in this category only show the new trees that have been planted since 2005.
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Table 5 - 2: Area Controlled by BMPs in Each Watershed

BMP Percent of BMP Percent of BMP Percent of
. Watershed . Watershed . Watershed
BMP Drainage Drainage Drainage
Area (sq. ft.) Controlled Area (sq. ft.) Controlled e ] Controlled
a1 (%) a- 7 (%) a- (%)
Anacostia Watershed Potomac Watershed Rock Creek Watershed
Bioretention 1,109,238 0.22% 312,534 0.08% 81,016 0.03%
Filtering Systems 88,462 0.02% 90,965 0.02% 67,131 0.02%
Green Roof 732,281 0.15% 435,918 0.11% 118,689 0.04%
Impervious
Surface 9,852 <0.01% 11,235 <0.01% 0 0.00%
Disconnect
Infiltration 325,807 0.06% 453,759 0.12% 309,610 0.11%
Open Channel 164,668 0.03% 74,362 0.02% 165,322 0.06%
Systems
Permeable
Pavement 218,615 0.04% 23,296 0.01% 104,659 0.04%
Systems
Ponds 4,236,355 0.85% 8,973 <0.01% 0 0.00%
P iet
roprietary 1,163,410 0.23% 498,183 0.13% 188,202 0.07%
Practices
Rainwater 243,141 0.05% 122,899 0.03% 181,919 0.06%
Harvesting
St
orage 181,859 0.04% 20,128 0.01% 19,336 0.01%
Practices
Tree Planting
and 3,871,000 0.77% 2,587,690 0.66% 1,760,080 0.62%
Preservation’
Wetland 4,116,420 0.82% 5,708 0.00% 0 0.00%
Street Sweeping 1,695,298 0.33% 443,654 0.12% 96,933 0.03%
Impervious 3,432 <0.01% 0 0.00% 0 0.00%
Surface
Reduction
Coal Tar 63,584 0.01% 0 0.00% 59,958 0.02%
Pavement
Removal
Phosphorus 178,958,039 35% 145,790,366 37% 89,766,494 32%

Fertilizer Ban

> The numbers indicated in this category only show the drainage areas provided by new trees that have been
planted since 2005.
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5.2.3 Gap Analysis

The gap analysis is an evaluation of the remaining MS4 pollutant loads to be reduced for each of the
TMDLs. Referred to as “the Gap”, this evaluation of the amount of remaining pollutant load reduction is
based on a comparison of current loads and individual MS4 WLAs. The Gap provides the pollutant load
reduction targets for the IP.

The current loads determined through the application of the IP Modeling Tool provide the bases for the
gap analysis, as shown in the equation below.

Gap = Current Load — TMDL WLA

Results of the Gap Analysis are included in Section 5.3 below.

5.3 Results

5.3.1 Introduction

The following sections present the Baseline and Current Condition results from the IP Modeling Tool.
Section 5.3.2 and 5.3.3 compare two key input variables, EMCs and area, and show how they are
represented differently in the IP Modeling Tool versus the TMDL models. The comparison of runoff
volumes and pollutant loads are described and presented in Section 5.3.4 and 5.3.5, respectively.

5.3.2 EMC Comparison

The use of EMCs in the IP Modeling Tool is addressed in Section 4, and a full discussion on the selection
of EMCs is found in Appendix D, Technical Memorandum: Selection of Event Mean Concentration. Table
5 - 3 below shows the selected EMCs used in the IP Modeling Tool and compares them with the EMCs
used to develop the TMDLs. A few observations are worth noting:

e About half of the pollutants had updated EMCs calculated based on recent monitoring data. These
updated EMCs are generally lower than the comparable TMDL EMCs.

e The selected nutrient EMCs are higher than what was applied to develop the Chesapeake Bay
TMDL. The TN EMC is higher by 66% while the TP EMC is higher by 41%. The impact of this is
seen in the comparison of baseline loads for nutrients in the Chesapeake Bay segments, as shown
in Baseline Attachment Table 4 (which can be found after Section 6).

e The selected EMCs for organics, toxics, and mercury are the same as those used to develop the
TMDLs. The monitoring data could not be used to develop EMCs for these pollutants because the
detection limits used during the laboratory analysis were not sufficient to detect the pollutants in
the samples provided.

e The E. coli EMC was calculated using the DC Bacteria Translator to convert the fecal coliform
EMC to E. coli EMC values.
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Table 5 - 3: Selected EMCs for Use in the Implementation Plan Modeling Tool

05/08/2015

Pollutant Units EMC v?lue used in [P EMC value used in TMDL
Modeling Tool
. 34.67 (Kingman); 60 (Watts
Total Suspended me/l 2?) E:Q:E%Sr:zb Branch); ~80 (Chesapeake Bay
Solids & TMDL)®; 94 (Mainstem); 227
42 (Potomac) . .
(Some Tributaries)
) 3.7 (DC TMDLs)
Total Nitrogen mg/I 3.32
2 (Chesapeake Bay TMDL)
0.5 (DC TMDLs)
Total Phosphorus mg/| 0.38
0.27 (Chesapeake Bay TMDL)
. 28,265 (Mainstem)
Fecal Coliform MPN/100ml | 13,639 . .
17,300 (Tributaries)
E. coli MPN/100ml | 5,474 -
35.93 (Anacostia) 27 (Kingman)
BOD mg/I 23.67 (Rock Creek) 42.9 (all oth
28.08 (Potomac) -9 (all other)
3.65 (Anacostia) .
3.65 (Kingman
Oil & Grease mg/| 4.15 (Rock Creek) 10 fl i )
3.35 (Potomac) (all other)
Arsenic ug/I 1.54 1.4
78 (Rock Creek Mainstem)
Copper ug/I 52.88 57 (all others)
36 (Rock Creek Mainstem)
Lead ug/l 15.94
29 (all others)
Mercury ug/l 0.19 0.19 (Rock Creek Mainstem)
. AP L e 183 (Rock Creek Mainstem)
Zinc ug/I 101.73 (Rock Creek) 173 (all others)
100.90 (Potomac)
Chlordane ug/l 0.00983 0.00983
DDD ug/l 0.003 0.003
DDE ug/I 0.0133 0.0133
DDT ug/l 0.0342 0.0342
Dieldrin ug/I 0.00029 0.00029
Heptachlor
EDeE ug/I 0.000957 0.000957
PAH1 ug/I 0.6585 0.6585
PAH2 ug/I 4.1595 4.1595
PAH3 ug/I 2.682 2.682
TPCB ug/I 0.0806 0.0806

® Exact value could not be found in the Chesapeake Bay TMDL literature.
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5.3.3 Area Comparison

A full discussion on the delineation of TMDL drainage areas can be found in Appendix B, Technical
Memorandum: Sewershed and Watershed Delineations. Table 5 - 4 below shows the drainage areas of
the TMDL waterbodies that are used in the IP Modeling Tool (IPMT) and compares them with the
drainage areas used to develop the TMDLs. Note that the drainage areas were not always reported in the
TMDL documentation, so a comparison could not always be made.

The reasons for the discrepancies between the areas are explained in Appendix B, Technical
Memorandum: Sewershed and Watershed Delineations. Note that the impact of some of the larger area
discrepancies is seen in the comparison of the baseline loads with the TMDL baseline loads. While the
discrepancy between areas for individual water body segments can vary from -51% to +62%, the
aggregated difference in area for all water segments for which the drainage areas are known is
approximately +1%. This suggests that the total area is accounted for but that the distribution of the area
across various waterbodies is different than documented in the TMDL studies.

Table 5 - 4: Comparison of Area (acres)

Ms4 Direct Drainage (DD) All (MS4 + DD)

WATERBODY

IPMT TMDL % Diff | IPMT TMDL % Diff | IPMT TMDL %Diff.
Anacostia Lower 1,567 7,401 17% 632 2523 12% 2,199 9,924 16%
Anacostia Upper 7,112 2,195 9,308
ANATF_DC 6,893 | Not found - 2,952 | Not found - 9,845 11,096 -11%
ANATF_MD 2,522 | Not found - 106 | Not found - 2,628 1,888 39%
Battery Kemble Creek 92 Not found - 140 | Not found - 232 239 -3%
Broad Branch 900 | Not found - 245 | Not found - 1,145 1,129 1%
C&O Canal 490 426 15% 97 Not found - 587 Not found -
Dalecarlia Tributary 977 | Not found - 114 | Not found - 1,091 1,111 -2%
Dumbarton Oaks 12 Not found - 124 | Not found - 136 168 -19%
Fenwick Branch 162 | Not found - 57 Not found - 219 203 8%
Fort Chaplin Tributary 132 | Not found - 21 Not found - 153 204 -25%
Fort Davis Tributary 60 Not found - 44 Not found - 104 72 45%
Fort Dupont Tributary 50 Not found - 382 | Not found - 432 474 -9%
Fort Stanton Tributary 29 Not found - 92 Not found - 122 125 -3%
Foundry Branch 90 Not found - 106 | Not found - 196 168 17%
Hickey Run 826 | Not found - 269 | Not found - 1,094 1,081 1%
Kingman Lake 296 | Not found - 296 | Not found - 591 Not found -
Klingle Valley Run 125 | Not found - 46 Not found - 172 354 -51%
I(.:c::;ir Beaverdam 2 Not found = 29 | Not found = 31 Not found =
Luzon Branch 590 | Not found - 53 Not found - 643 648 -1%
Melvin Hazen Valley 109 | Not found - 65 Not found - 174 184 -5%
Nash Run 297 | Not found - 12 Not found - 309 286 8%
Normanstone Creek 166 | Not found - 51 Not found - 217 249 -13%
Northwest Branch 1,976 | Not found - 12 Not found - 1,988 | Not found -
Oxon Run 1,800 | Not found - 344 | Not found - 2,144 | Not found -
Pinehurst Branch 246 | Not found - 201 | Not found - 446 443 1%
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Table 5 - 4: Comparison of Area (acres)

Ms4 Direct Drainage (DD) All (MS4 + DD)
WATERBODY
IPMT TMDL % Diff | IPMT TMDL % Diff | IPMT TMDL %Diff.

Piney Branch 45 Not found - 55 Not found - 100 61 62%
Pope Branch 172 | Not found - 65 Not found - 237 232 2%
Portal Branch 62 Not found - 9 Not found - 71 73 -3%
Potomac Lower 3,552 | Not found - 346 | Not found - 3,898
Potomac Middle 783 | Not found - 679 | Not found - 1,462 9,161 -2%
Potomac Upper 2,692 | Not found - 931 | Not found - 3,622
POTTF_DC 9,190 | Not found - 4,019 | Not found - 13,210 12,396 7%
POTTF_MD 1,133 | Not found - 150 | Not found - 1,283 1,311 -2%
Rock Creek Lower 1,010 826 22% 688 2707 10% 1,699 6,131 6%
Rock Creek Upper 3,022 2,598 16% | 1,756 4,778
Soapstone Creek 411 | Not found - 104 | Not found - 514 520 -1%
Texas Avenue 74 Not found - 44 Not found - 119 176 -33%
Tidal Basin 247 | Not found - 54 Not found - 301 Not found -
Washington Ship 440 | Not found - 176 | Not found - 616 Not found -
Watts Branch 1,019 1,134 -10% 231 | Not found - 1,250 1,161 8%
Watts Branch - Lower 261 | Not found - 145 | Not found - 406

1,062 18%
Watts Branch - Upper 758 | Not found - 86 Not found - 844

5.3.4 Runoff Results and Comparison

A full discussion on the application of the Modified Version of the Simple Method to calculate runoff
volumes is found in Appendix A, Technical Memorandum: Model Selection and Justification. Table 5 -5
below shows the runoff volumes that were calculated using the IP Modeling Tool (IPMT) for each TMDL
waterbody and compares them with the runoff volumes that were calculated in the TMDLs. Note that the
runoff volumes were not always included in the TMDL documentation, so a comparison cannot always be
made. The difference in runoff volumes between the IP Modeling Tool and TMDL results, for individual
water body segments, can vary from -35% to +223%. The aggregated difference in runoff volumes
between the IP Modeling Tool and TMDL results for all water segments for which the runoff volumes are
known is approximately 18%. This confirms the observation outlined in Appendix A, Technical
Memorandum: Model Selection and Justification, that the Modified Version of the Simple Method
provides a conservative estimate of the total runoff volume.

Table 5 - 5: Comparison of Runoff Volume (acre-ft/yr)

Ms4 Direct Drainage (DD) All (MS4 + DD)

WATERBODY
IPMT TMDL % Diff IPMT | TMDL | % Diff IPMT TMDL %Diff.
Anacostia Lower 2,326 888 3,214
11,579 17% 5,414 -56% 16,993 -6%

Anacostia Upper 11,203 1,520 12,723

Not Not Not
ANATF_DC 11,215 found - 2,594 found - 13,809 found -
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Table 5 - 5: Comparison of Runoff Volume (acre-ft/yr)

Ms4 Direct Drainage (DD) All (MS4 + DD)
WATERBODY
IPMT TMDL % Diff IPMT | TMDL % Diff IPMT TMDL %Diff.
Not Not Not
ANATF_MD 3,732 found - 79 found - 3,811 found -
Battery Kemble Not Not 0
Creek 124 found e found 212 = S
Not Not
Broad Branch 1,361 - 110 - 1,471 831 77%
found found
Not Not Not
C&O Canal 647 found - 100 found - 747 found -
Dalecarlia Not Not o
Tributary 1,450 found ) >9 found : 1,509 889 o
Dumbarton Oaks 26 Not - 109 | Mot - 135 170 21%
found found
Fenwick Branch 229 Not ; ag | NO - 277 128 117%
found found
Fort Chaplin Not Not 0
Tributary 193 found i ? found i 203 114 78%
Fort Davis Not Not o
Tributary 92 found i 2 found i 101 35 i
Fort Dupont Not Not o
Tributary 78 found 135 found 213 187 14%
Fort Stanton Not Not 0
Tributary >6 found i 61 found i 117 77 S
Foundry Branch 164 Not - 150 | Mot - 314 161 94%
found found
Hickey Run 1,477 | Nt ; 181 | Mot - 1,658 1,128 47%
found found

. Not Not Not
Kingman Lake 530 found - 261 found - 791 found -

. Not Not o
Klingle Valley Run 193 found - 31 found - 223 343 -35%
Lower 5 Not ) 19 Not ) 24 Not )
Beaverdam Creek found found found
Luzon Branch 1,034 | Nt ; 31 | Not - 1,064 610 75%

found found
Melvin Hazen Not Not 0
Valley Branch 158 found i 36 found i 193 172 12%
Nash Run 501 Not - 12 | Not - 513 261 97%
found found
Normanstone Not Not o
Creek 255 found ) 28 found i 283 219 2
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Table 5 - 5: Comparison of Runoff Volume (acre-ft/yr)

Ms4 Direct Drainage (DD) All (MS4 + DD)
WATERBODY
IPMT TMDL % Diff IPMT | TMDL | % Diff IPMT TMDL %Diff.
Northwest Not Not Not
Branch 2,935 found ) 12 found : 2,947 found )
Not Not Not
Oxon Run 2,938 found - 193 found - 3,131 found -
Pinehurst Branch | 355 Not ; 69 | N - 425 249 70%
found found
. Not Not o
Piney Branch 63 found - 15 found - 78 24 223%
Not Not o
Pope Branch 221 found - 35 found - 256 138 85%
Portal Branch 87 Not - 2 Not - 89 45 96%
found found
Not Not Not
Potomac Lower 5,658 found - 193 found - 5,851 found -
. Not Not Not
Potomac Middle 1,519 found - 651 found - 2,169 found -
Not Not Not
Potomac Upper 3,969 found - 614 found - 4,584 found -
Not Not Not
POTTF_DC 14,129 found - 2,205 found - 16,334 found -
Not Not Not
POTTF_MD 1,737 found - 96 found - 1,833 found -
Rock Creek Lower | 1,572 1,067 47% 460 110 319% 2,031 1,177 73%
Rock Creek Upper | 4,566 3,307 38% 649 215 202% 5,215 3,521 48%
Soapstone Creek 705 Not - 83 Not - 787 557 41%
found found
Texas Avenue Not Not 0
Tributary 9 found i 18 found i 117 118 1%
. . Not Not Not
Tidal Basin 380 found - 58 found - 438 found -
Washington Ship Not Not Not
Channel 965 found ) 207 found : 1172 found )
Not Not Not
Watts Branch 1,672 found - 191 found - 1,863 found -
Watts Branch - Not Not Not
Lower 414 found ) 106 found : >20 found )
Watts Branch - Not Not Not
Upper 2t found i o found i 125 found i
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5.3.5 Load Results and Comparison

Loads are calculated using the methodology described in Section 4.2 above. Summaries of the baseline
pollutant loads calculated with the IP Modeling Tool , the baseline pollutant loads from the TMDL
studies, the current load removed through existing BMPs, and the WLAs are tabulated in Baseline
Attachment Tables 1-23, which are included after Section 6. These tables and sub-sections are organized
by TMDL study document for clarity, and each table includes separate sub-sections for WLAs and LAs.
The following sections provide a high-level summary of the baseline and current loads, as well as the gap
analysis. Gap analysis results shown below are summarized for the 293 WLAs that are modeled in the IP
Modeling Tool. The gap analysis excludes results for WLAs that were removed from the 303d list, that
require only source control (e.g.: PCBs), or that were superseded.

5.3.5.a Evaluation of IP Modeling Tool Baseline Loads vs TMDL Baseline Loads

Baseline pollutant loads calculated using the IP Modeling Tool were compared with the baseline loads
reported in the TMDL documentation reports in order to assess how differences due to model selection
and inputs impact baseline load results. Direct comparison could not always be made because baseline
loads were not always included in the TMDL documentation reports. Of the 207 MS4 WLAs that were
modeled using the IP Modeling Tool, only 72 of those had MS4 baseline loads reported in the TMDL
documentation. This occurred for several reasons, including:

e Baseline loads were not specifically broken out by source (e.g., baseline loads are reported as the
sum of MS4 and direct drainage loads).

o Baseline loads were not specifically broken out by watershed segments (e.g., baseline loads are
reported for the entire Upper Anacostia, rather than by individual segments like Northwest
Branch, Watts Branch, etc.).

e Baseline loads were not reported at all, only WLASs were reported.

No load comparisons are included for TMDLs that did not have numeric MS4 WLAs (e.g., Fort Davis BOD
TMDL; Hickey Run TMDLs for Oil and Grease, PCB, and Chlordane).

The results of this comparison for each individual pollutant are presented in Table 5 - 6. For the 72 MS4
baseline loads that were reported, approximately one-fourth of the IP Modeling Tool results are less than
the original baseline TMDL results and three-fourths are greater. In the case of the organic pollutants, the
IP Modeling Tool baseline results are almost always greater than the TMDL baseline results. Since the
EMC values for organic pollutants do not change between the two models (see Table 5 - 3), the differences
in loads are largely due to use of different runoff methods or updates to area delineations. For the other
pollutants, the differences in results can be attributed to a variety of factors, as shown in Table 5 - 7.

Table 5 - 6: Annual Baseline Load Comparison

TMDL Baseline Greater | IPMT Baseline Greater

CONVENTIONALS

Nitrogen 1 3
Phosphorus 0 4
TSS 3 1
Bacteria’ - -
BOD 1 1
Trash 1 1
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Table 5 - 6: Annual Baseline Load Comparison

05/08/2015

TMDL Baseline Greater | IPMT Baseline Greater

METALS

Arsenic 0 1
Copper 0 2
Lead 1 3
Mercury 0 2
Zinc 0 2
ORGANICS

Chlordane 0 7
DDD 2 0
DDE 0 2
DDT 0 4
Dieldrin 9 2
Heptachlor Epoxide 2 8
PAH1 0 3
PAH2 0 3
PAH3 0 3
TOTAL 20 52

1 Fecal Coliform Bacteria baseline loads from the TMDL studies were not translated.

Table 5 - 7: Reasons for Differences in Baseline Pollutant Loads

Differences in modeling
approaches

Reason for differences

Effect of difference

Different runoff method

Needed consistent method to
determine runoff volumes in
MS4 and for BMPs

Significant effect. Simple method typically
produces slightly higher runoff volumes compared
to gaged flow volumes

Different precipitation

Needed consistent value to apply
across MS4 and BMPs

Minor effect

Different drainage areas

Better GIS data for delineations

Significant effect if new drainage area is very
different. Could result in higher/lower runoff
volumes and pollutant loads

Different MS4
characterization

Better GIS data to characterize
MS4

Minor effect

Different stream bank
erosion method

Understanding of SBE has
evolved

Significant effect. Generally results in additional
load from SBE

Different EMC

Better/more data to draw from

Significant effect. Could result in higher/lower
pollutant loads

5.3.5.b Evaluation of Current Loads

The current condition represents stormwater loads in the District that are influenced and reduced by
BMPs and other storm water management practices that are in place. The current pollutant loads are

23
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calculated by subtracting the load reductions provided by the current BMPs from the baseline pollutant
loads as follows:

Current load = baseline load — current BMP load removed

A summary of load reductions achieved by existing BMPs is presented below to provide background
information prior to discussing the gap analysis, which is presented in the next section.

The current BMP load removed provided by the aggregate of all current BMPs for each pollutant is
summarized in Table 5 - 8. The summary table shows that trash is removed at the highest rate.
Management strategies that reduce trash in the MS4 include trash traps, community cleanup days,
skimmer boats, the plastic bag law, and street sweeping. The summary table also shows that the current
BMP inventory results in only minor reductions for all other pollutants. This summary table suggests that
the current inventory of BMPs is insufficient in numbers to significantly reduce the majority of pollutants.

Table 5 - 8: Range of Percent Load Reduction Provided by Existing
BMPs Across all MS4 TMDL Segments

Pollutant Range of Load Reduction Provided
by all BMPs

N <1%-3%
TP 5%-11%
TSS <1%-7%
BOD <1%-12%
Arsenic <1%-27%
Copper 1%-11%
Lead <1%-9%
Mercury <1%-1%
Zinc 1%-2%
Chlordane <1%-2%
DDD 1%-7%
DDE <1%-6%
DDT <1%-6%
Dieldrin <1%-7%
Heptachlor Epoxide <1%-3%
PAH1 <1%-2%
PAH2 <1%-2%
PAH3 <1%-5%
E. coli <1%-17%
Trash 66-90%

5.3.5.c Gap Analysis

The current loads determined through the application of the IP Modeling Tool provide the basis for the
gap analysis. The gap analysis is an evaluation of the difference between the current load and the
individual WLAs, as shown in the equation and Figure 5 - 2 below.
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Gap = Current Load — TMDL WLA

GAP = AMOUNT TO
BE REDUCED

> THROUGH
ADDITIONAL BMP
IMPLEMENTATION

Baseline Load Current Load WLA
(no BMPs) (with BMPs)

Figure 5 - 3: Graphical Representation of the Gap

Because of the large number of pollutants and impaired water segments in the District, there are many
gaps to evaluate. This includes 206 annual, 7 seasonal, 1 monthly, and 79 daily gaps. The baseline loads,
current loads, WLAs, and gaps for each of these pollutant/impaired waters segment combinations are
tabulated in the Baseline Attachment Tables 1-24 which are included after Section 6. This section of the
report provides a few key observations on the annual gaps.

The gap can be expressed as:

e An absolute load (for example, expressed as pounds of total nitrogen to be removed per year),

e A percent reduction from the current load (for example, expressed as a 70% reduction of the
current annual load), or

¢ Arunoff volume (as explained in the next section).

Gap Expressed as an Absolute Load

Expressions of the gap as an absolute load are included in Baseline Attachment Tables 1-23, which are
included at the end of Section 6. The absolute load reductions of different TMDLSs vary in magnitude
depending on the pollutant and TMDL segment. It is difficult to provide a comparative assessment of
absolute loads for different pollutants since, for example, one pound of total suspended sediment cannot
be compared to one pound of arsenic. The next sections express the gaps as percent load reductions and
as volume reductions, both of which are expressions of the gaps that are better suited for a comparative
analysis of all the various WLAs.

Gap Expressed as a Percent Load Reduction

As an alternative to evaluating the gap as an absolute load reduction, the percent reduction approach
provides a simple way to convey the relative amount of additional load reduction needed to meet WLAs.
Figure 5 - 3 below shows the percent reduction needed to meet WLAs and ranks them in ascending order.
This analysis shows that 29 of the current annual loads show compliance with the WLAs, 28 current
annual loads need up to a 50% reduction to be in compliance, 76 current annual loads need between 50
and 90% reduction in to be in compliance, and 73 current annual loads need more than a 90% reduction
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to meet the WLAs. There are also 200 annual WLAs that are not evaluated with the IP Modeling Tool.
Each of these categories is explained in more detail below.
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Figure 5 - 4: Gap Expressed as Percent Reduction Needed to Meet WLA

Current Loads that are in Compliance with WLAs

There are currently 29 WLAs that have been met. The current loads that are in compliance with WLAs
encompass a variety of pollutants, both conventional and non-conventional, and include loads from
across the MS4 area. Pollutants/WLAs included in this category include:

e 10 for organics (out of a total of 105 organic WLAS)
e 11 for metals (out of a total of 46 metal WLAS)

o 3 for nutrients (out of a total of 18 nutrient WLAS)
o 2 for bacteria (out of a total of 20 bacteria WLAS)

e 3 for TSS (out of a total of 11 TSS WLAS)

The reason that these pollutant loads meet WLAs is not specifically because of load reductions from BMP
implementation, but rather primarily because of the assumptions underlying model inputs. For example,
the analysis shows that most zinc WLAs have been met because the EMC value for zinc used in the IP
Modeling Tool is on the order of 30 to 40% less (depending on the water segment) than the zinc EMC
value used to develop the original TMDLs. Lower EMCs in the updated modeling lead to lower current
loads and thus a smaller gap — and in these cases, no gap at all. As described previously, the EMCs are
based on current monitoring data and are thus deemed more representative of the current conditions
than the EMCs used in the original TMDLs. Other WLAs have been met because updated drainage areas
are smaller than drainage areas included in the original TMDLs. As with lower EMCs, smaller drainage
areas in the updated modeling lead to lower current loads and thus a smaller (or zero) gap. As described
earlier, the updated drainage areas were based on better GIS data and are thus deemed more
representative of the current conditions than the drainage areas used in the original TMDLs. It should be
noted that when a drainage area is updated and becomes smaller than in the original TMDL, an adjacent

w Page | 47



Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

drainage area must necessarily become larger because all land/drainage area is conserved within the IP
Modeling Tool.

Current Loads that Need up to 50% Additional Reduction to be in Compliance with WLAs

There are 28 current loads that need up to a 50% reduction to meet their WLAs. These include a variety of
pollutants, both conventional and non-conventional, and include loads from across the MS4 area.
Pollutants/WLAs included in this category include:

e 9 fororganics (out of a total of 105 organic WLAS)
e 11 for metals (out of a total of 46 metal WLAS)

e 2 for nutrients (out of a total of 18 nutrient WLAS)
e 2 for bacteria (out of a total of 20 bacteria WLAS)
e 2 fortrash (out of a total of 2 trash WLAS)

e 1for TSS (out of a total of 11 TSS WLAS)

e 1for BOD (out of a total of 5 BOD WLAS)

The loads that require the smallest percent reduction (less than 10%) include:

e Nitrogen in the POTTF_MD segment e Leadin the Fort Chaplin Tributary

e Dieldrin in the Upper Anacostia e Leadin the Nash Run Tributary

e Dieldrin in the Upper Watts Branch Tributary e Arsenicin the Texas Avenue Tributary
e Trash in Upper Anacostia

Current Loads that Need between 50 and 90% Additional Reduction to be in Compliance with
WLAs

There are 76 current loads that need between a 50% and 90% reduction to meet their WLAs. These
include a variety of pollutants, both conventional and non-conventional, and include loads from across
the MS4 area. Pollutants/WLAs included in this category include:

e 40 for organics (out of a total of 105 organic WLAS)
e 16 for metals (out of a total of 46 metal WLAS)

e 11 for nutrients (out of a total of 18 nutrient WLAS)
e 2 for bacteria (out of a total of 20 bacteria WLAS)

e 5for TSS (out of a total of 11 TSS WLAS)

e 2 for BOD (out of a total of 5 BOD WLAS)

Current Loads that Need More than 90% Additional Reduction to be in Compliance with WLAs

There are 73 current loads that need more than a 90% reduction to meet their WLAs. These include a
variety of pollutants, both conventional and non-conventional, and include loads from across the MS4
area. Pollutants/TMDLs included in this category include:

e 46 for organics (out of a total of 105 organic WLAS)
o 6 for metals (out of a total of 46 metal WLAS)

e 3 for nutrients (out of a total of 18 nutrient WLAS)
e 14 for bacteria (out of a total of 20 bacteria WLAS)
e 2 for TSS (out of a total of 11 TSS WLAS)

e 2 for BOD (out of a total of 5 BOD WLAS)
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Loads that are removed from 303(d) List

There are 136 WLAs that were placed into Category 3 of the 2014 303(d) list based on sampling that was
conducted in 2014. Based on discussions with EPA Region 3 regarding the original impairment listings,
TMDLs, and the updated sampling results, DDOE has concluded that the need for these 136 MS4 WLAs
was no longer supported by the data. This group contains 118 organic WLAs and 18 metal WLASs covering
the Anacostia, Potomac, and Rock Creek tributaries.

Loads Requiring Management Actions

There are 37 WLAs that require management actions as opposed to tracking of numeric load reductions
through modeling. These include:

e 30 PCB WLAs, for which reduction in loads will be assessed through source control rather than
through conventional modeling;

e Three WLAs from the 1998 Hickey Run oil and grease, PCB and chlordane TMDL that require
management plans for implementation;

e Two E. coli allocations (Nash Run, Watts Branch) that are not modeled because no District-
specific WLA was calculated (both Nash Run and Watts Branch have segments in the District and
in Maryland, but the allocations in the updated TMDL are for the entire waterbody and aren’t
broken out into District- and Maryland-specific MS4 WLAS); and

e Two copper WLASs (one each for the Upper and Lower Anacostia segments) where the WLAs are
incorrect in the original TMDLSs (the copper WLAs are exactly the same as the lead MS4 WLAs,
thus indicating that there was a transcription error in the original TMDL).

Loads Requiring No Action

There are 27 WLAs that require no action, including 24 Fecal Coliform WLAs that were replaced by E.coli
WLASs; one BOD WLA for Fort Davis that is deemed “not an impairment” according to the TMDL; and two
WLAs for Kingman Lake (BOD and TSS) which “no longer require a TMDL” according to the TMDL
documentation.

The percent load reductions needed to meet the annual WLAs are also displayed qualitatively for each
segment and pollutant in Figure 5 - 4. The larger and greener the bubble, the larger the percent reduction
required (note that the size and color of the bubbles use sliding scales). Empty squares indicate that the
WLA has been achieved. If there is no square, then there is no WLA for that pollutant/waterbody
combination.

Figure 5 - 4 shows that, in addition to being abundant, the WLAs for bacteria and organic pollutants
require the greatest amount of load reductions. The figure also shows that the Anacostia has the greatest
number of WLAs of all watersheds, and that all tributaries, regardless of their location in the MS4, have a
multitude of WLAs.

The percent load reductions required to meet annual WLAs can also be displayed spatially for each
pollutant. For example, Figure 5 - 5 shows the percent load reduction needed to meet the WLAs for TSS at
the different segment levels for which there are MS4 WLAs. Figures for all 20 pollutants are appended to
the results table after Section 6 of this report (Baseline Attachment Figures 1 through 20).
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Gap Expressed as a Depth of Stormwater Volume Retention Needed

The gap can also be calculated in terms of stormwater runoff volume that needs to be retained by BMPs in
order to meet the WLA, because, for a given EMC, pollutant load is directly proportional to stormwater
volume. Expressing the gap in this way allows a direct comparison to the stormwater volume retention
standard required by DC’s new stormwater regulations, which (in general) specify that 1.2 inches of
stormwater runoff volume must be managed on-site at all development or redevelopment that disturbs
more than 5,000 square feet (DDOE 2013b)".

This analysis is carried out on the specific MS4 area within the tributary or TMDL segment under
consideration, and the resulting depth of stormwater volume retention needed is spread across the entire
MS4 area within that tributary/TMDL segment. This process involved the following steps:

1. Convert the load gap to a volume gap

2. If the BMP is non-retention based (BMPs that reduce the pollutant load but not the volume of
runoff), convert the load reductions to an “equivalent” volume reduction. This conversion takes
the EMC and BMP load reduction and converts it to an “equivalent” volume for analysis.

3. Convert the volume gap and “equivalent” volume reduction into a percent stormwater volume
reduction needed.

Each of these steps if further explained below.

Convert the load gap to a volume gap
To convert the load gap to a volume gap, the following conversion is applied:

load
oa gap><

EMC 0.89

volume reduction gap =

Where:
Volume reduction gap is expressed in million gallons/yr
Load gap is expressed in Ibs/yr or in billion MPN/yr
EMC is expressed in mg/l or in MPN/100ml
0.89 is used as a conversion factor for the combination of acres for area and mg/I for pollutant
concentration (Note: a separate conversion factor of 0.004 is used for bacteria concentrations).
Convert non-retention loads to an “equivalent” volume reduction

The calculation of required volume reductions become complicated when evaluating non-retention based
BMPs, because they reduce the pollutant load but do not reduce the volume of runoff. To convert the
structural and nonstructural BMP load reductions to an “equivalent” volume reduction (i.e. the volume
reduction required after consideration of non-retention based BMPs), the following conversion is applied:

BMP load reduction
BMP volume reduction = EMC x 0.89

Where:

" For a full description of the stormwater retention standards, please consult the stormwater management rules
and guidebook available at http://ddoe.dc.gov/swregs.
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BMP volume reduction is expressed in million gallons/yr

BMP load reduction is expressed in Ibs/yr or in billion MPN/yr

EMC is expressed in mg/l or in MPN/100ml

0.89 is used as a conversion factor for the combination of acres for area and mg/I for pollutant

concentration (Note: a separate conversion factor of 0.004 is used for bacteria concentrations).
Express volume gap as a percent stormwater volume reduction needed

Once the volume reduction gap and BMP volume reduction are calculated, that current gap can be
expressed as a percent stormwater volume reduction needed by applying the following equation:

volume reduction gap

Percent stormwater volume reduction = - -
baseline volume — BMP volume reduction

Where:
Percent stormwater volume reduction is expressed as a percent
Volume reduction gap is expressed in million gallons/yr
Baseline volume is expressed in million gallons/yr
BMP volume reduction is expressed in million gallons/yr

This percent stormwater volume reduction needed can then be converted into an equivalent depth of
runoff retention. This is accomplished using the runoff retention curve for an infiltration-based BMP,
which correlates annual runoff reduction efficiency to the design runoff retention depth of a BMP. Figure
5 - 6 below shows how intersection on the runoff retention curve would be used to translate, for example,
a 70% annual runoff volume reduction to a runoff retention depth of 0.8 inches. Because it is not known
ahead of time what type of BMP (i.e., bioretention, permeable pavement, infiltration trench, or other)
would provide the retention, this analysis uses the representative enhanced bioretention runoff retention
curve for this purpose. The percent reduction associated with 1.2inches of runoff treatment by an
enhanced bioretention practice is approximately 83.5%.

Expressing the gap as a retention depth is based on three major assumptions:

1. Load reductions will only occur through stormwater volume management. It does not take into
account load reductions through source control.

2. The runoff reduction curve used for this analysis was chosen to represent the average efficiencies
for retention-based BMPs.

3. The concentration of pollutants, represented by the EMC, is assumed to be constant over the
length of the rain event. In other words, the pollutant load found in stormwater is assumed to be
the same from the beginning of a storm to the end of the storm.
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Annual Runoff Reduction Efficiency for Enhanced Bioretention
(with underdrain)
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Figure 5 - 7: Summary of Depth of Runoff Retention Needed to Meet Annual WLAs

Despite the need to use several assumptions in developing this analysis, depicting the gap in terms of
retention depth provides a useful way to assess implementation needs. As the hypothetical runoff
retention depth is increased over the MS4 area, an increasing number of individual WLAs are expected to
be met, as shown in Figure 5- 7 below (note that the two trash WLAs are not included in this figure
because trash removal is not related to stormwater retention. Thus the figure depicts 204 annual WLAS).
Multiple observations can be made from the figure. First, the figure shows that 29 WLASs require zero
retention depth; this reflects the 29 WLAs that have already been met. Next, the yellow bar shows a
retention depth of 0.003 inches; this is a best estimate of the current level of runoff retention depth that is
provided by the aggregate of the existing retention-based BMPs in the MS4 area. This bar shows that no
additional WLAs (i.e., no additional WLAs other than the ones that have already been met) have been
achieved by the retention depth provided by the existing retention-based BMPs in the MS4 area. The bar
depicting 1.2 inches shows that if 1.2 inches of runoff is retained over the entire MS4 area - a scenario that
would require substantial retrofitting of BMPs on most properties - a total of 113 WLAs will be met.
Meeting all WLAs would require up to 2 inches of retention depth, as is shown in the right-most bar in
Figure 5- 7. Note that 2 inches of runoff retention would not be required in all subwatersheds to achieve
WLAS; in some subwatersheds, less retention depth is required to meet WLAs. This is illustrated in Figure
5-9, which shows the spatial variation in the BMP retention depth required to meet MS4 WLAs over the
MS4 area. For example, as shown in the figure, the Middle Potomac watershed requires 1.4 inches of
retention before it meets all of its annual WLAs, whereas all the subwatersheds in the Anacostia
watershed require two inches of retention until they meet all of their WLAs.
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Figure 5 - 8: Projected WLAs Achieved with Incremental Increase in Runoff Retention Depth

Provided?8

¥ Note that this figure shows results for 204 out of the 206 total modeled annual WLAs. The 2 trash WLAs are
independent of the runoff retention depth and therefore are not included in this figure.
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BMP Retention Depth
0.8 inches
1.0 inches
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B 2.0 inches

Figure 5 - 9: Spatial Representation of the Required BMP Retention Depth over the MS4 to Meet all
Annual MS4 WLAs
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5.3.5.d Findings and Implications

The major findings of the Comprehensive Baseline Analysis are as follows:

The use of GIS technology greatly improved the District’s understanding of the MS4 system with
respect to sewershed drainage areas and the land use and land cover makeup of sewersheds.

The MS4 outfall monitoring program carried out by the District during 2001 through 2013
provided a body of wet weather observations that was applicable for the development of updated
EMCs for conventional pollutants and metals.

The IP Modeling Tool was developed to approximate stormwater runoff, pollutant load
generation, and pollutant load reduction in a consistent manner for the entire MS4 area in the
District. This tool serves as an accounting framework for tracking MS4 pollutant loads, load
reduction, and progress toward attainment of the MS4 WLA targets.

The IP Modeling Tool produced baseline pollutant loadings that differed from the baseline loads
reported in the TMDL studies. This was largely attributable to a combination of the use of a
different runoff calculation, the re-delineation of sewershed areas, and the use of updated EMCs.
This resulted in approximately three-fourths of the individual load allocations across the TMDL
segments having larger baseline loads than previously reported, and one third having lower
baseline loads.

The inventory of existing BMPs was useful in determining a current condition that shows the load
reduction achieved by these BMPs. In general, the existing BMPs have a very minor impact on
reducing pollutant loads across the District. Trash presents an exception, where current control
programs remove roughly 65 to 90 percent of the required trash WLA.

The lack of necessary data for some non-structural BMPs such as catch basin cleaning, illicit
discharge detection and elimination, and pet waste control makes it difficult to include the
pollutant removal capabilities of these practices in the analysis of current conditions.

The pollutant load reduction gaps for individual TMDL segments vary substantially in magnitude,
and no distinctive spatial patterns were found.

Bacteria and organic substances are the controlling pollutants that require the greatest amount of
stormwater control. These pollutants also makeup the majority of MS4 TMDL WLAs.

The gap analysis revealed that 29 MS4 TMDL WLAs have been attained, primarily because of the
choice of model framework and inputs.

The gap analysis also revealed that meeting the MS4 WLA targets for most of the remaining
TMDLs will require a very large amount of stormwater volume and pollutant load reduction. A
total of 149 MS4 TMDL WLAs will require more than a 50 percent reduction in current loads, and
73 of these require reduction that is 90 percent or greater.

The major implications of these finding for the Consolidated TMDL IP are as follows:

The pollutant load reduction gaps for nearly all of the MS4 TMDL WLAs are substantial.
Achieving the WLAs for the majority of the pollutants will require extremely high levels of
stormwater management and control.

The existing inventory of BMPs represents a start, but generally achieves less than 5 percent of
the pollutant load reduction that is needed, except for trash which achieves 65% to 90% of the
required load reduction.
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e The requirement to retain 1.2 inches of runoff volume, even if applied to the entire MS4 drainage
area (not just to new development and redevelopment), would still not achieve the prescribed
load reduction for nearly 45 percent of the MS4 TMDL WLAs.

e The MS4 area is largely residential (39 percent) and, beyond the RiverSmart programs, there is
little incentive for home owners in residential neighborhoods to retrofit stormwater BMPs on
their properties.

e The public right of way including streets, sidewalks, and alleys represent a very large percentage
of the impervious area in the MS4 area (27 percent). Developing a comprehensive program to
implement street-side bioretention and use permeable pavement products in the public right of
way would likely be very advantageous to the ultimate success of DDOE’s Consolidated TMDL IP.

e While not addressed in the baseline, it is expected that the cost of meeting the MS4 TMDL WLAs
will be exceptionally high. To put this cost in context, the MS4 runoff reduction volumes
necessary to meet the MS4 TMDL WLAs for bacteria across the District are compared in Table 5 -
9 with the combined sewer overflow (CSO) volumes controlled under DC Water’s CSO Long Term
Control Plan (DC WASA, 2002). As shown, the MS4 volumes are greater than the CSO volumes
covered in DC Water’s control program — a program that will cost approximately $2 billion to
implement. The use of bacteria as the driving pollutant is used in this comparison because the
level of CSO control was essentially based on meeting the water quality standards for bacteria,
and is represented in the bacteria TMDLs as a CSO WLA.

Table 5 - 9: Comparison of Stormwater Volume Reductions Needed to Meet WLAs in the CSO and MS4

CSO Volume CSO Control as a MS4 Volume to be MS4 Control as a
Watershed Controlled (MG) Percent Controlled (MG) Percent
Anacostia 2,088 97.5 2,895 76.4
Potomac 984 92.5 962 30.8
Rock Creek 44 90.0 1,569 91.3
Total 3,116 5,426

¢ Managing large volumes of stormwater to meet MS4 WLAs is further complicated because BMPs,
the traditional approach to stormwater and nonpoint source control, have their own inherent
limits as volume control practices. Furthermore, opportunities to successfully implement BMPs
will also be limited.

e Given the required level of control and the volume control limits associated with BMPs, this
analysis suggests that an approach focused solely or even primarily on distributed
implementation of BMPs will not be sufficient to attain MS4 WLAs in the near-term.

¢ In light of this analysis, while implementation is underway it will also be prudent to re-examine
the scientific basis of the TMDLs and MS4 WLAs. Many of the TMDLs are based on data, analysis
and modeling that was performed 10 to 15 years ago. The re-examination could be accomplished
with targeted outfall and receiving water monitoring, and overseen by a Scientific Advisory Board.
Revisiting the scientific basis of the TMDLs and MS4 WLAs during the early phase of
implementation over the next NPDES permit cycle would not slow down implementation, and it
would verify the level of control needed.
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6. Next Steps

This Final Comprehensive Baseline Analysis provides:

e Anevaluation of the development of TMDLs and the District’s water quality monitoring record to
determine if TMDL WLAs have been achieved.

e Ananalysis of any pollutant load increases that have occurred since WLAs were first established.
e An analysis of BMPs that have been implemented since WLAs were first established.

e Ananalysis of pollutant load reductions that have been achieved by those implemented BMPs.

e A calculation of pollutant loads reductions remaining that are necessary to achieve WLAs.

The next steps to be taken to prepare a Consolidated TMDL Implementation Plan and a Revised
Monitoring Framework are outlined separately below.

Consolidated TMDL Implementation Plan

The next step in the development of the Consolidated TMDL Implementation Plan is to identify specific
management scenarios and model those scenarios with the IP Modeling Tool to examine storm water and
pollutant removal occurring through:

o Development and redevelopment activity, and implementation of the District’'s stormwater
management regulations.

e Projects known to be planned or implemented by District Agencies.
e Potential projects identified in District Watershed Implementation Plans.

Wherever possible, scenarios will project change over time in five year increments, and results for
individual pollutants will be compared with load reductions needed to achieve the MS4 WLAs at the
TMDL segment level.

A Final Scenario Analysis Report will be prepared in May of 2015.

In addition to examining the level of stormwater and pollutant control achieved with implementation
scenarios, parallel efforts will be made to:

e Continue stakeholder involvement and public outreach.
e Integrate the IP planning with other watershed planning efforts.
e Quantify costs and explore funding options for the Consolidated TMDL Implementation Plan.

A Consolidated TMDL Implementation Plan will be finalized in May 2015.

Revised Monitoring Framework
The next steps in developing the Revised Monitoring Framework are:

e Finalization of the Crosswalk Comparison of Monitoring Needs and Existing Monitoring
Components to support the development of the Revised Monitoring Program required by the
DDOE’s NPDES MS4 permit.

o Assessment of DDOE's existing outfall and ambient monitoring locations.

e Establishment of monitoring protocols to ensure that data is “statistically significant and
interpretable.”
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e Evaluation of monitoring objectives with an Interdepartmental Monitoring Work Group.

o Development of a Final Revised Monitoring Program by May 2015 that addresses programmatic
objectives, wet weather monitoring, ambient monitoring, dry weather screening, and program

evaluation.
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Baseline Attachment Table 1: TMDL for Sediment/TSS for the Anacostia River Basin, Montgomery and Prince George's Counties, MD and the District of

Columbia (2007)

WLA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap WLA
Anacostia Lower TSS - Annual Ibs/yr Not found 463,963 24,784 346,379 92,800
Anacostia Lower TSS - Seasonal Ibs/growing season Not found 289,977 15,437 207,340 67,200
Anacostia Lower TSS - Daily Ibs/day Not found 102,392 5,470 76,442 20,480
Anacostia Upper TSS - Annual Ibs/yr Not found 2,234,484 13,544 2,051,740 169,200
Anacostia Upper TSS - Seasonal Ibs/growing season Not found 1,396,552 8,200 1,267,552 120,800
Anacostia Upper TSS - Daily Ibs/day Not found 484,666 2,938 445,029 36,700
Lower Beaverdam Creek TSS - Annual lbs/yr Not found 959 17 0 1,200
Lower Beaverdam Creek TSS - Seasonal Ibs/growing season Not found 600 10 0 800
Lower Beaverdam Creek TSS - Daily Ibs/day Not found 149 3 0 186
Northwest Branch TSS - Annual Ibs/yr Not found 585,312 2,639 530,273 52,400
Northwest Branch TSS - Seasonal Ibs/growing season Not found 365,820 1,574 322,846 41,400
Watts Branch TSS - Annual Ibs/yr Not found 333,496 3,158 282,138 48,200
Watts Branch TSS - Seasonal Ibs/growing season Not found 208,435 1,940 175,495 31,000
Watts Branch TSS - Daily Ibs/day Not found 47,199 447 39,931 6,822
LA
Tributary/Segment Pollutant Units I(':’:;L Baseline LMo:SIEI Baseline :::Zr:’te:oad Gap LA
Anacostia Lower TSS - Annual lbs/yr Not found 179,063 901 136,762 41,400
Anacostia Lower TSS - Daily Ibs/day Not found 39,100 197 29,863 9,040
Anacostia Upper TSS - Annual lbs/yr Not found 490,337 206,769 223,967 59,600
Anacostia Upper TSS - Daily Ibs/day Not found 104,155 43,921 47,574 12,660
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Baseline Attachment Table 2: Chesapeake Bay TMDL for Nitrogen, Phosphorus, and Sediment (2010)

WLA
Tributary/Segment Pollutant Units I:lalzl- Baseline LM;::IEI Baseline ::xzr‘llte:oad Gap WLA
ANATF_DC TSS Ibs/yr 2,429,170 2,248,361 39,125 526,767 1,682,470
ANATF_DC Phosphorus Ibs/yr 8,958 11,597 583 4,516 6,498
ANATF_DC Nitrogen Ibs/yr 47,130 101,285 593 59,175 41,517
ANATF_MD TSS Ibs/yr 572,918 744,473 1,011 429,040 314,421
ANATF_MD Phosphorus Ibs/yr 2,549 3,858 183 2,231 1,444
ANATF_MD Nitrogen Ibs/yr 12,617 33,706 30 23,252 10,424
POTTF_DC TSS Ibs/yr 4,904,197 2,153,124 184,532 0 3,843,848
POTTF_DC Phosphorus Ibs/yr 3,736 14,709 777 10,958 2,975
POTTF_DC Nitrogen Ibs/yr 42,011 127,818 473 87,918 39,427
POTTF_MD TSS Ibs/yr 560,577 228,866 307 0 363,762
POTTF_MD Phosphorus Ibs/yr 753 1,811 83 1,192 536
POTTF_MD Nitrogen Ibs/yr 18,288 15,716 16 681 15,019

LA

Tributary/Segment Pollutant Units I::’;IZL Baseline LMOZgEI Baseline ;::::’L:'joad Gap LA
ANATF_DC TSS Ibs/yr 751,133 517,479 20,258 148,677 348,544
ANATF_DC Phosphorus Ibs/yr 2,770 2,682 299 923 1,459
ANATF_DC Nitrogen Ibs/yr 14,573 23,429 343 11,792 11,293
ANATF_MD TSS Ibs/yr 35,675 15,726 41 5,623 10,062
ANATF_MD Phosphorus Ibs/yr 159 81 5 35 41
ANATF_MD Nitrogen Ibs/yr 786 712 1 95 616
POTTF_DC TSS Ibs/yr 2,908,086 304,587 2,272 0 1,582,051
POTTF_DC Phosphorus Ibs/yr 2,215 2,279 187 728 1,365
POTTF_DC Nitrogen Ibs/yr 24,912 19,914 114 0 20,156
POTTF_MD TSS Ibs/yr 54,146 11,039 13 0 36,900
POTTF_MD Phosphorus Ibs/yr 73 100 8 50 42
POTTF_MD Nitrogen Ibs/yr 1,766 871 1 0 2,481
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Baseline Attachment Table 3: DC Final TMDL for Metals in Rock Creek (2004)

WLA
Tributary/Segment Pollutant Units I:)\:\IZL Baseline LMO(;ZEI Baseline ;::;i:te:oad Gap WLA
Rock Creek Lower Copper Ibs/yr 149.67 226.04 1.22 82.63 142.19
Rock Creek Lower Lead Ibs/yr 69.08 68.15 0.41 58.55 9.19
Rock Creek Lower Mercury Ibs/yr 0.36 0.81 0.00 0.76 0.05
Rock Creek Lower Zinc Ibs/yr 351.14 434.89 2.49 98.82 333.58
Rock Creek Upper Copper Ibs/yr 155.60 656.66 2.99 505.84 147.82
Rock Creek Upper Lead Ibs/yr 71.82 197.97 1.01 187.42 9.55
Rock Creek Upper Mercury Ibs/yr 0.38 2.36 0.01 2.30 0.05
Rock Creek Upper Zinc Ibs/yr 365.04 1,263.37 6.08 910.50 346.79
LA

Tributary/Segment Pollutant Units I:)\:\IZL Baseline LMO(;ZEI Baseline ;::;i:te:oad Gap LA
Rock Creek Lower Copper Ibs/yr Not found 66.09 0.04 64.82 1.24
Rock Creek Lower Lead Ibs/yr Not found 19.93 0.01 19.83 0.08
Rock Creek Lower Mercury Ibs/yr Not found 0.24 0.00 0.24 0.00
Rock Creek Lower Zinc Ibs/yr Not found 127.16 0.07 124.17 2.91
Rock Creek Upper Copper Ibs/yr Not found 93.31 0.66 90.99 1.66
Rock Creek Upper Lead Ibs/yr Not found 28.13 0.26 27.76 0.11
Rock Creek Upper Mercury Ibs/yr Not found 0.34 0.00 0.33 0.00
Rock Creek Upper Zinc Ibs/yr Not found 179.52 1.46 174.19 3.88
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Baseline Attachment Table 4: DC Final TMDL for Fecal Coliform Bacteria in Upper Potomac River, Middle Potomac River, Lower Potomac River, Battery

Kemble Creek, Foundry Branch, and Dalecarlia Tributary (2004)

WLA
Tributary/Segment Pollutant Units I:;’:;L Baseline LMOC;:eI Baseline ::xzr:’te:oad Gap WLA
Potomac Lower E. coli Billion MPN/yr Not translated 13,096.18 58.31 0.00 377,000.00
Potomac Middle E. coli Billion MPN/yr Not translated 44,053.03 298.08 0.00 137,000.00
Potomac Upper E. coli Billion MPN/yr Not translated 41,605.53 163.77 0.00 110,000.00
Battery Kemble Creek E. coli Billion MPN/yr Not translated 5,928.61 67.88 5,858.22 2.50
Dalecarlia Tributary E. coli Billion MPN/yr Not translated 4,005.05 7.28 3,997.77 0.00
Foundry Branch E. coli Billion MPN/yr Not translated 10,161.28 0.00 10,155.46 5.82

LA

Tributary/Segment Pollutant Units I::gzl' Baseline LMozc;el Baseline ::zzr\n;:oad Gap LA
Potomac Lower E. coli Billion MPN/yr Not translated 13,096.18 58.31 0.00 377,000.00
Potomac Middle E. coli Billion MPN/yr Not translated 44,053.03 298.08 0.00 137,000.00
Potomac Upper E. coli Billion MPN/yr Not translated 41,605.53 163.77 0.00 110,000.00
Battery Kemble Creek E. coli Billion MPN/yr Not translated 5,928.61 67.88 5,858.22 2.50
Dalecarlia Tributary E. coli Billion MPN/yr Not translated 4,005.05 7.28 3,997.77 0.00
Foundry Branch E. coli Billion MPN/yr Not translated 10,161.28 0.00 10,155.46 5.82
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Baseline Attachment Table 5: DC Final TMDL for Oil and Grease in the Anacostia River (2003)

WLA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap WLA
Anacostia Lower Oil and Grease Ibs/day - 63 1 200
Anacostia Upper Qil and Grease Ibs/day - 305 1 366

LA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap LA
Anacostia Lower Oil and Grease Ibs/day - - - -
Anacostia Upper Oil and Grease Ibs/day - - - -
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Baseline Attachment Table 6: DC Final TMDL 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 Soapstone Creek (2004)

WLA

Tributary/Segment Pollutant Units I:;’:;L Baseline LMo::EI Baseline :::;Z:te:oad Gap WLA

Broad Branch Chlordane Ibs/yr 0.01895 0.03639 0.00016 0.03342 0.00281
Broad Branch DDD Ibs/yr 0.01390 0.01111 0.00006 0.00966 0.00138
Broad Branch DDE Ibs/yr 0.03059 0.04924 0.00030 0.04651 0.00242
Broad Branch DDT Ibs/yr 0.08271 0.12661 0.00075 0.12340 0.00246
Broad Branch Dieldrin Ibs/yr 0.00171 0.00107 0.00000 0.00073 0.00034
Broad Branch Heptachlor Epoxide Ibs/yr 0.00288 0.00354 0.00001 0.00324 0.00028
Broad Branch PAH1 Ibs/yr 1.30300 2.43778 0.00932 1.13797 1.29049
Broad Branch PAH2 Ibs/yr 7.66450 15.39852 0.07235 15.17440 0.15177
Broad Branch PAH3 Ibs/yr 4.87660 9.92880 0.06572 9.76651 0.09656
Broad Branch PCBs Ibs/yr 0.12748 - - - 0.00013
Dumbarton Oaks Chlordane Ibs/yr 0.00042 0.00069 0.00000 0.00063 0.00006
Dumbarton Oaks DDD Ibs/yr - - - - Category 3
Dumbarton Oaks DDE Ibs/yr - - - - Category 3
Dumbarton Oaks DDT Ibs/yr - - - - Category 3
Dumbarton Oaks Dieldrin Ibs/yr 0.00003 0.00002 0.00000 0.00001 0.00001
Dumbarton Oaks Heptachlor Epoxide Ibs/yr 0.00006 0.00007 0.00000 0.00006 0.00001
Dumbarton Oaks PAH1 Ibs/yr - - - - Category 3
Dumbarton Oaks PAH2 Ibs/yr - - - - Category 3
Dumbarton Oaks PAH3 Ibs/yr - - - - Category 3
Dumbarton Oaks PCBs Ibs/yr 0.00274 - - - 0.00000
Fenwick Branch Chlordane Ibs/yr - - - - Category 3
Fenwick Branch DDD Ibs/yr - - - - Category 3
Fenwick Branch DDE Ibs/yr - - - - Category 3
Fenwick Branch DDT Ibs/yr 0.01511 0.02131 0.00010 0.02075 0.00045
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Baseline Attachment Table 6: DC Final TMDL 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 Soapstone Creek (2004)
WLA

Tributary/Segment

Pollutant

Units

TMDL Baseline

Model Baseline

Current Load

Gap

WLA

Load Load Removed
Fenwick Branch Dieldrin Ibs/yr 0.00034 0.00018 0.00000 0.00011 0.00007
Fenwick Branch Heptachlor Epoxide Ibs/yr 0.00054 0.00060 0.00000 0.00054 0.00005
Fenwick Branch PAH1 Ibs/yr - - - - Category 3
Fenwick Branch PAH2 Ibs/yr - - - - Category 3
Fenwick Branch PAH3 Ibs/yr - - - - Category 3
Fenwick Branch PCBs Ibs/yr 0.02275 - - - 0.00002
Klingle Valley Run Chlordane Ibs/yr - - - - Category 3
Klingle Valley Run DDD Ibs/yr - - - - Category 3
Klingle Valley Run DDE Ibs/yr - - - - Category 3
Klingle Valley Run DDT Ibs/yr - - - - Category 3
Klingle Valley Run Dieldrin Ibs/yr 0.00066 0.00015 0.00000 0.00002 0.00013
Klingle Valley Run Heptachlor Epoxide Ibs/yr 0.00124 0.00050 0.00000 0.00038 0.00012
Klingle Valley Run PAH1 Ibs/yr - - - - Category 3
Klingle Valley Run PAH2 Ibs/yr - - - - Category 3
Klingle Valley Run PAH3 Ibs/yr - - - - Category 3
Klingle Valley Run PCBs Ibs/yr 0.06045 - - - 0.00006
Luzon Branch Chlordane Ibs/yr 0.00320 0.02763 0.00007 0.02709 0.00048
Luzon Branch DDD Ibs/yr - - - - Category 3
Luzon Branch DDE Ibs/yr - - - - Category 3
Luzon Branch DDT Ibs/yr - - - - Category 3
Luzon Branch Dieldrin Ibs/yr 0.00024 0.00082 0.00000 0.00077 0.00005
Luzon Branch Heptachlor Epoxide Ibs/yr 0.00044 0.00269 0.00002 0.00263 0.00004
Luzon Branch PAH1 Ibs/yr - - - - Category 3
Luzon Branch PAH2 Ibs/yr - - - - Category 3
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WLA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap WLA

Luzon Branch PAH3 Ibs/yr - - - - Category 3
Luzon Branch PCBs Ibs/yr 0.02100 - - - 0.00002
Melvin Hazen Valley Branch | Chlordane Ibs/yr = = - = Category 3
Melvin Hazen Valley Branch | DDD Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | DDE Ibs/yr = = - = Category 3
Melvin Hazen Valley Branch | DDT Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | Dieldrin Ibs/yr 0.00026 0.00012 0.00000 0.00007 0.00005
Melvin Hazen Valley Branch | Heptachlor Epoxide Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | PAH1 Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | PAH2 Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | PAH3 Ibs/yr = = - = Category 3
Melvin Hazen Valley Branch | PCBs Ibs/yr 0.02355 - - - 0.00002
Normanstone Creek Chlordane Ibs/yr 0.00523 0.00681 0.00003 0.00600 0.00078
Normanstone Creek DDD Ibs/yr 0.00336 0.00208 0.00001 0.00173 0.00033
Normanstone Creek DDE Ibs/yr 0.00815 0.00922 0.00007 0.00850 0.00065
Normanstone Creek DDT Ibs/yr 0.02180 0.02370 0.00018 0.02287 0.00065
Normanstone Creek Dieldrin Ibs/yr 0.00040 0.00020 0.00000 0.00012 0.00008
Normanstone Creek Heptachlor Epoxide Ibs/yr 0.00073 0.00066 0.00000 0.00059 0.00007
Normanstone Creek PAH1 Ibs/yr 0.35780 0.45636 0.00179 0.10026 0.35431
Normanstone Creek PAH2 Ibs/yr 2.13700 2.88268 0.01553 2.82483 0.04232
Normanstone Creek PAH3 Ibs/yr 1.36000 1.85872 0.01615 1.81557 0.02701
Normanstone Creek PCBs Ibs/yr 0.03457 - - - 0.00003
Pinehurst Branch Chlordane Ibs/yr - - - - Category 3
Pinehurst Branch DDD Ibs/yr - - - - Category 3
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WLA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap WLA
Pinehurst Branch DDE Ibs/yr - - - - Category 3
Pinehurst Branch DDT Ibs/yr - - - - Category 3
Pinehurst Branch Dieldrin Ibs/yr 0.00050 0.00028 0.00000 0.00018 0.00010
Pinehurst Branch Heptachlor Epoxide Ibs/yr 0.00076 0.00092 0.00000 0.00085 0.00008
Pinehurst Branch PAH1 Ibs/yr - - - - Category 3
Pinehurst Branch PAH2 Ibs/yr - - - - Category 3
Pinehurst Branch PAH3 Ibs/yr - - - - Category 3
Pinehurst Branch PCBs Ibs/yr 0.03080 - - - 0.00003
Piney Branch Arsenic Ibs/yr - - - - Category 3
Piney Branch Chlordane Ibs/yr 0.00027 0.00169 0.00001 0.00163 0.00005
Piney Branch Copper Ibs/yr = = - = Category 3
Piney Branch DDD Ibs/yr - - - - Category 3
Piney Branch DDE Ibs/yr - - - - Category 3
Piney Branch DDT Ibs/yr - - - - Category 3
Piney Branch Dieldrin Ibs/yr 0.00004 0.00005 0.00000 0.00004 0.00001
Piney Branch Heptachlor Epoxide Ibs/yr 0.00006 0.00016 0.00000 0.00016 0.00001
Piney Branch Lead Ibs/yr 0.68400 2.74797 0.01024 2.56832 0.16941
Piney Branch PAH1 Ibs/yr - - - - Category 3
Piney Branch PAH2 Ibs/yr - - - - Category 3
Piney Branch PAH3 Ibs/yr - - - - Category 3
Piney Branch PCBs Ibs/yr 0.00243 = - = 0.00000
Piney Branch Zinc Ibs/yr - - - - Category 3
Portal Branch Chlordane Ibs/yr - - - - Category 3
Portal Branch DDD Ibs/yr - - - - Category 3
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WLA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap WLA

Portal Branch DDE Ibs/yr - - - - Category 3
Portal Branch DDT Ibs/yr - - - - Category 3
Portal Branch Dieldrin Ibs/yr 0.00013 0.00007 0.00000 0.00004 0.00003
Portal Branch Heptachlor Epoxide Ibs/yr 0.00020 0.00023 0.00000 0.00021 0.00002
Portal Branch PAH1 Ibs/yr - - - - Category 3
Portal Branch PAH2 Ibs/yr - - - - Category 3
Portal Branch PAH3 Ibs/yr - - - - Category 3
Portal Branch PCBs Ibs/yr 0.00890 - - - 0.00001
Soapstone Creek Chlordane Ibs/yr 0.01323 0.01884 0.00005 0.01683 0.00197
Soapstone Creek DDD Ibs/yr - - - - Category 3
Soapstone Creek DDE Ibs/yr - - - - Category 3
Soapstone Creek DDT Ibs/yr - - - - Category 3
Soapstone Creek Dieldrin Ibs/yr 0.00086 0.00056 0.00000 0.00038 0.00017
Soapstone Creek Heptachlor Epoxide Ibs/yr 0.00170 0.00183 0.00000 0.00166 0.00017
Soapstone Creek PAH1 Ibs/yr - - - - Category 3
Soapstone Creek PAH2 Ibs/yr - - - - Category 3
Soapstone Creek PAH3 Ibs/yr - - - - Category 3
Soapstone Creek PCBs Ibs/yr 0.08579 - - - 0.00009
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LA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap LA

Broad Branch Chlordane Ibs/yr Not found 0.00293 0.00001 0.00210 0.00083
Broad Branch DDD Ibs/yr Not found 0.00089 0.00001 0.00048 0.00040
Broad Branch DDE Ibs/yr Not found 0.00397 0.00005 0.00321 0.00071
Broad Branch DDT Ibs/yr Not found 0.01020 0.00012 0.00937 0.00072
Broad Branch Dieldrin Ibs/yr Not found 0.00009 0.00000 0.00000 0.00010
Broad Branch Heptachlor Epoxide Ibs/yr Not found 0.00029 0.00000 0.00020 0.00008
Broad Branch PAH1 Ibs/yr Not found 0.19644 0.00018 0.00000 0.37840
Broad Branch PAH2 Ibs/yr Not found 1.24085 0.00640 1.18994 0.04451
Broad Branch PAH3 Ibs/yr Not found 0.80009 0.01168 0.76458 0.02382
Broad Branch PCBs Ibs/yr Not found - - N/A N/A
Dumbarton Oaks Chlordane Ibs/yr Not found 0.00291 0.00000 0.00226 0.00066
Dumbarton Oaks DDD Ibs/yr - - - - Category 3
Dumbarton Oaks DDE Ibs/yr - - - - Category 3
Dumbarton Oaks DDT Ibs/yr - - - - Category 3
Dumbarton Oaks Dieldrin Ibs/yr Not found 0.00009 0.00000 0.00003 0.00006
Dumbarton Oaks Heptachlor Epoxide Ibs/yr Not found 0.00028 0.00000 0.00023 0.00006
Dumbarton Oaks PAH1 Ibs/yr - - - - Category 3
Dumbarton Oaks PAH2 Ibs/yr - - - - Category 3
Dumbarton Oaks PAH3 Ibs/yr - - - - Category 3
Dumbarton Oaks PCBs Ibs/yr Not found - - N/A N/A
Fenwick Branch Chlordane Ibs/yr - - - - Category 3
Fenwick Branch DDD Ibs/yr - - - - Category 3
Fenwick Branch DDE Ibs/yr - - - - Category 3
Fenwick Branch DDT Ibs/yr Not found 0.00443 0.00033 0.00402 0.00008
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LA

Tributary/Segment

Pollutant

Units

TMDL Baseline

Model Baseline

Current Load

Gap

LA

Load Removed

Fenwick Branch Dieldrin Ibs/yr Not found 0.00004 0.00000 0.00003 0.00001
Fenwick Branch Heptachlor Epoxide Ibs/yr Not found 0.00012 0.00000 0.00011 0.00001
Fenwick Branch PAH1 Ibs/yr - - - - Category 3
Fenwick Branch PAH2 Ibs/yr - - - - Category 3
Fenwick Branch PAH3 Ibs/yr - - - - Category 3
Fenwick Branch PCBs Ibs/yr Not found - - N/A N/A
Klingle Valley Run Chlordane Ibs/yr - - - - Category 3
Klingle Valley Run DDD Ibs/yr - - - - Category 3
Klingle Valley Run DDE Ibs/yr - - - - Category 3
Klingle Valley Run DDT Ibs/yr - - - - Category 3
Klingle Valley Run Dieldrin Ibs/yr Not found 0.00002 0.00000 0.00002 0.00001
Klingle Valley Run Heptachlor Epoxide Ibs/yr Not found 0.00008 0.00000 0.00007 0.00001
Klingle Valley Run PAH1 Ibs/yr - - - - Category 3
Klingle Valley Run PAH2 Ibs/yr - - - - Category 3
Klingle Valley Run PAH3 Ibs/yr - - - - Category 3
Klingle Valley Run PCBs Ibs/yr Not found - - N/A N/A
Luzon Branch Chlordane Ibs/yr Not found 0.00082 0.00000 0.00000 0.00211
Luzon Branch DDD Ibs/yr - - - - Category 3
Luzon Branch DDE Ibs/yr - - - - Category 3
Luzon Branch DDT Ibs/yr - - - - Category 3
Luzon Branch Dieldrin Ibs/yr Not found 0.00002 0.00000 0.00000 0.00021
Luzon Branch Heptachlor Epoxide Ibs/yr Not found 0.00008 0.00000 0.00000 0.00019
Luzon Branch PAH1 Ibs/yr - - - - Category 3
Luzon Branch PAH2 Ibs/yr - - - - Category 3
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LA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap LA

Luzon Branch PAH3 Ibs/yr - - - - Category 3
Luzon Branch PCBs Ibs/yr Not found - - N/A N/A
Melvin Hazen Valley Branch | Chlordane Ibs/yr = - = = Category 3
Melvin Hazen Valley Branch | DDD Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | DDE Ibs/yr = - = = Category 3
Melvin Hazen Valley Branch | DDT Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | Dieldrin Ibs/yr Not found 0.00003 0.00000 0.00001 0.00002
Melvin Hazen Valley Branch | Heptachlor Epoxide Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | PAH1 Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | PAH2 Ibs/yr - - - - Category 3
Melvin Hazen Valley Branch | PAH3 Ibs/yr = - = = Category 3
Melvin Hazen Valley Branch | PCBs Ibs/yr Not found - - N/A N/A
Normanstone Creek Chlordane Ibs/yr Not found 0.00075 0.00000 0.00058 0.00016
Normanstone Creek DDD Ibs/yr Not found 0.00023 0.00000 0.00016 0.00007
Normanstone Creek DDE Ibs/yr Not found 0.00101 0.00000 0.00088 0.00014
Normanstone Creek DDT Ibs/yr Not found 0.00260 0.00000 0.00246 0.00014
Normanstone Creek Dieldrin Ibs/yr Not found 0.00002 0.00000 0.00001 0.00002
Normanstone Creek Heptachlor Epoxide Ibs/yr Not found 0.00007 0.00000 0.00006 0.00002
Normanstone Creek PAH1 Ibs/yr Not found 0.05005 0.00002 0.00000 0.07437
Normanstone Creek PAH2 Ibs/yr Not found 0.31616 0.00011 0.30717 0.00888
Normanstone Creek PAH3 Ibs/yr Not found 0.20386 0.00007 0.19812 0.00567
Normanstone Creek PCBs Ibs/yr Not found - - N/A N/A
Pinehurst Branch Chlordane Ibs/yr - - - - Category 3
Pinehurst Branch DDD Ibs/yr - - - - Category 3
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LA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap LA
Pinehurst Branch DDE Ibs/yr - - - - Category 3
Pinehurst Branch DDT Ibs/yr - - - - Category 3
Pinehurst Branch Dieldrin Ibs/yr Not found 0.00005 0.00000 0.00000 0.00007
Pinehurst Branch Heptachlor Epoxide Ibs/yr Not found 0.00018 0.00000 0.00013 0.00005
Pinehurst Branch PAH1 Ibs/yr - - - - Category 3
Pinehurst Branch PAH2 Ibs/yr - - - - Category 3
Pinehurst Branch PAH3 Ibs/yr - - - - Category 3
Pinehurst Branch PCBs Ibs/yr Not found - - N/A N/A
Piney Branch Arsenic Ibs/yr - - - - Category 3
Piney Branch Chlordane Ibs/yr Not found 0.00040 0.00000 0.00029 0.00010
Piney Branch Copper Ibs/yr = - = = Category 3
Piney Branch DDD Ibs/yr - - - - Category 3
Piney Branch DDE Ibs/yr - - - - Category 3
Piney Branch DDT Ibs/yr - - - - Category 3
Piney Branch Dieldrin Ibs/yr Not found 0.00001 0.00000 0.00000 0.00002
Piney Branch Heptachlor Epoxide Ibs/yr Not found 0.00004 0.00000 0.00002 0.00002
Piney Branch Lead Ibs/yr Not found 0.64622 0.00070 0.32002 0.32550
Piney Branch PAH1 Ibs/yr - - - - Category 3
Piney Branch PAH2 Ibs/yr - - - - Category 3
Piney Branch PAH3 Ibs/yr - - - - Category 3
Piney Branch PCBs Ibs/yr Not found - - N/A N/A
Piney Branch Zinc Ibs/yr - - - - Category 3
Portal Branch Chlordane Ibs/yr - - - - Category 3
Portal Branch DDD Ibs/yr - - - - Category 3
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LA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap LA

Portal Branch DDE Ibs/yr - - - - Category 3
Portal Branch DDT Ibs/yr - - - - Category 3
Portal Branch Dieldrin Ibs/yr Not found 0.00000 0.00000 0.00000 0.00000
Portal Branch Heptachlor Epoxide Ibs/yr Not found 0.00000 0.00000 0.00000 0.00000
Portal Branch PAH1 Ibs/yr - - - - Category 3
Portal Branch PAH2 Ibs/yr - - - - Category 3
Portal Branch PAH3 Ibs/yr - - - - Category 3
Portal Branch PCBs Ibs/yr Not found - - N/A N/A
Soapstone Creek Chlordane Ibs/yr Not found 0.00221 0.00000 0.00184 0.00037
Soapstone Creek DDD Ibs/yr - - - - Category 3
Soapstone Creek DDE Ibs/yr - - - - Category 3
Soapstone Creek DDT Ibs/yr - - - - Category 3
Soapstone Creek Dieldrin Ibs/yr Not found 0.00007 0.00000 0.00003 0.00003
Soapstone Creek Heptachlor Epoxide Ibs/yr Not found 0.00022 0.00000 0.00018 0.00003
Soapstone Creek PAH1 Ibs/yr - - - - Category 3
Soapstone Creek PAH2 Ibs/yr - - - - Category 3
Soapstone Creek PAH3 Ibs/yr - - - - Category 3
Soapstone Creek PCBs Ibs/yr Not found - - N/A N/A
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WLA

Tributary/Segment Pollutant Units I(I;,alzL Baseline LMo::EI Baseline ::xzr:’te:oad Gap WLA

Tidal Basin Chlordane Ibs/yr - - - Category 3
Tidal Basin DDD lbs/yr - - - Category 3
Tidal Basin DDE Ibs/yr - - - Category 3
Tidal Basin DDT lbs/yr - - - Category 3
Tidal Basin Dieldrin Ibs/yr - - - Category 3
Tidal Basin Heptachlor Epoxide lbs/yr - - - Category 3
Tidal Basin PAH1 lbs/yr - - - Category 3
Tidal Basin PAH2 Ibs/yr - - - Category 3
Tidal Basin PAH3 lbs/yr - - - Category 3
Tidal Basin PCBs lbs/yr 0.1007 - - 0.0003
Washington Ship Channel Chlordane Ibs/yr = = - = Category 3
Washington Ship Channel DDD Ibs/yr - - - - Category 3
Washington Ship Channel DDE Ibs/yr = = - = Category 3
Washington Ship Channel DDT Ibs/yr - - - - Category 3
Washington Ship Channel Dieldrin lbs/yr - - - - Category 3
Washington Ship Channel Heptachlor Epoxide Ibs/yr - - - - Category 3
Washington Ship Channel PAH1 lbs/yr - - - - Category 3
Washington Ship Channel PAH2 Ibs/yr - - - - Category 3
Washington Ship Channel PAH3 Ibs/yr = = - = Category 3
Washington Ship Channel PCBs Ibs/yr 0.3327 - - - 0.0002
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LA

Tributary/Segment Pollutant Units I(I;,alzL Baseline LMo::EI Baseline ::xzr:’te:oad Gap LA

Tidal Basin Chlordane lbs/yr - - - Category 3
Tidal Basin DDD Ibs/yr - - - Category 3
Tidal Basin DDE Ibs/yr - - - Category 3
Tidal Basin DDT lbs/yr - - - Category 3
Tidal Basin Dieldrin Ibs/yr - - - Category 3
Tidal Basin Heptachlor Epoxide lbs/yr - - - Category 3
Tidal Basin PAH1 lbs/yr - - - Category 3
Tidal Basin PAH2 lbs/yr - - - Category 3
Tidal Basin PAH3 lbs/yr - - - Category 3
Tidal Basin PCBs Ibs/yr 0.0816 - - 0.0003
Washington Ship Channel Chlordane Ibs/yr = = - = Category 3
Washington Ship Channel DDD Ibs/yr - - - - Category 3
Washington Ship Channel DDE Ibs/yr = = - = Category 3
Washington Ship Channel DDT Ibs/yr - - - - Category 3
Washington Ship Channel Dieldrin Ibs/yr = = - = Category 3
Washington Ship Channel Heptachlor Epoxide Ibs/yr - - - - Category 3
Washington Ship Channel PAH1 lbs/yr - - - - Category 3
Washington Ship Channel PAH2 Ibs/yr - - - - Category 3
Washington Ship Channel PAH3 lbs/yr - - - - Category 3
Washington Ship Channel PCBs Ibs/yr 0.1397 - - - 0.0002
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WLA
Tributary/Segment Pollutant Units I:;’;zL Baseline ILV(I)::eI Baseline ;:::)r‘llte:oad Gap WLA
Anacostia Lower Arsenic Ibs/yr Not found 9.74 0.34 6.00 3.41
Anacostia Lower Copper Ibs/yr - - - - Category 3
Anacostia Lower Lead Ibs/yr Not found 100.86 4.83 0.00 219.20
Anacostia Lower Zinc Ibs/yr Not found 765.07 33.12 0.00 1,338.90
Anacostia Lower Chlordane Ibs/yr Not found 0.0622 0.0010 0.0534 0.0078
Anacostia Lower DDD Ibs/yr Not found 0.0190 0.0007 0.0095 0.0087
Anacostia Lower DDE lbs/yr Not found 0.0841 0.0038 0.0593 0.0211
Anacostia Lower DDT Ibs/yr Not found 0.2164 0.0092 0.1502 0.0570
Anacostia Lower Dieldrin lbs/yr Not found 0.0018 0.0000 0.0000 0.0035
Anacostia Lower Heptachlor Epoxide Ibs/yr Not found 0.0061 0.0000 0.0040 0.0020
Anacostia Lower PAH1 Ibs/yr Not found 4.1664 0.0304 4.0299 0.1060
Anacostia Lower PAH2 Ibs/yr Not found 26.3174 0.6023 25.0741 0.6410
Anacostia Lower PAH3 Ibs/yr Not found 16.9692 0.8685 15.6917 0.4090
Anacostia Lower PCBs Ibs/yr Not found - - N/A N/A
Anacostia Upper Arsenic lbs/yr Not found 46.93 0.23 45.26 1.44
Anacostia Upper Copper Ibs/yr - - - - Category 3
Anacostia Upper Lead lbs/yr Not found 485.76 2.77 95.39 387.60
Anacostia Upper Zinc Ibs/yr Not found 3,684.63 19.92 1,279.41 2,385.30
Anacostia Upper Chlordane Ibs/yr Not found 0.2995 0.0011 0.2843 0.0141
Anacostia Upper DDD Ibs/yr Not found 0.0914 0.0005 0.0857 0.0052
Anacostia Upper DDE Ibs/yr Not found 0.4053 0.0022 0.3903 0.0127
Anacostia Upper DDT Ibs/yr Not found 1.0421 0.0055 1.0026 0.0340
Anacostia Upper Dieldrin lbs/yr Not found 0.0088 0.0000 0.0006 0.0082
Anacostia Upper Heptachlor Epoxide Ibs/yr Not found 0.0292 0.0004 0.0247 0.0041
Anacostia Upper PAH1 lbs/yr Not found 20.07 0.07 19.80 0.19
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WLA
Tributary/Segment Pollutant Units I:;’;zL Baseline ILV(I)::eI Baseline ;::‘:zr‘llte:oad Gap WLA
Anacostia Upper PAH2 Ibs/yr Not found 126.75 0.56 125.04 1.14
Anacostia Upper PAH3 lbs/yr Not found 81.72 0.51 80.48 0.73
Anacostia Upper PCBs Ibs/yr Not found - - N/A N/A
Fort Chaplin Tributary Arsenic lbs/yr Not found 0.81 0.01 0.42 0.38
Fort Chaplin Tributary Copper Ibs/yr Not found 27.79 0.21 9.28 18.29
Fort Chaplin Tributary Lead Ibs/yr Not found 8.38 0.06 0.64 7.67
Fort Chaplin Tributary Zinc Ibs/yr Not found 63.55 0.49 0.00 135.20
Fort Davis Tributary Arsenic Ibs/yr Not found 0.39 0.00 0.28 0.10
Fort Davis Tributary Copper Ibs/yr Not found 13.28 0.12 8.43 4.73
Fort Davis Tributary Lead lbs/yr Not found 4.00 0.04 2.02 1.95
Fort Davis Tributary Zinc Ibs/yr Not found 30.38 0.29 0.00 42.40
Fort Dupont Tributary Arsenic lbs/yr Not found 0.33 0.00 0.16 0.17
Fort Dupont Tributary Copper Ibs/yr - - - - Category 3
Fort Dupont Tributary Lead Ibs/yr Not found 3.38 0.01 0.00 3.56
Fort Dupont Tributary Zinc Ibs/yr - - - - Category 3
Fort Stanton Tributary Arsenic Ibs/yr Not found 0.24 0.00 0.18 0.05
Fort Stanton Tributary Copper Ibs/yr Not found 8.10 0.04 5.57 2.48
Fort Stanton Tributary Lead Ibs/yr Not found 2.44 0.01 1.38 1.05
Fort Stanton Tributary Zinc Ibs/yr Not found 18.51 0.10 0.00 91.10
Fort Stanton Tributary Chlordane lbs/yr Not found 0.0015 0.0000 0.0013 0.0002
Fort Stanton Tributary DDD Ibs/yr Not found 0.0005 0.0000 0.0004 0.0001
Fort Stanton Tributary DDE lbs/yr Not found 0.0020 0.0000 0.0019 0.0001
Fort Stanton Tributary DDT Ibs/yr Not found 0.0052 0.0000 0.0051 0.0002
Fort Stanton Tributary Dieldrin Ibs/yr Not found 0.0000 0.0000 0.0000 0.0000
Fort Stanton Tributary Heptachlor Epoxide Ibs/yr Not found 0.0001 0.0000 0.0001 0.0000
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WLA
Tributary/Segment Pollutant Units I:;’;zL Baseline ILV(I)::eI Baseline ;::‘:zr‘llte:oad Gap WLA
Fort Stanton Tributary PAH1 Ibs/yr Not found 0.1008 0.0004 0.0224 0.0780
Fort Stanton Tributary PAH2 Ibs/yr Not found 0.6368 0.0028 0.6250 0.0090
Fort Stanton Tributary PAH3 Ibs/yr Not found 0.4106 0.0023 0.4023 0.0060
Fort Stanton Tributary PCBs Ibs/yr Not found - - N/A N/A
Hickey Run Chlordane Ibs/yr Not found 0.0395 0.0001 0.0252 0.0142
Hickey Run DDD Ibs/yr - - - - Category 3
Hickey Run DDE lbs/yr Not found 0.0534 0.0002 0.0464 0.0069
Hickey Run DDT Ibs/yr - - - - Category 3
Hickey Run Dieldrin lbs/yr - - - - Category 3
Hickey Run Heptachlor Epoxide Ibs/yr - - - - Category 3
Hickey Run PAH1 Ibs/yr Not found 2.64 0.01 0.00 3.88
Hickey Run PAH2 Ibs/yr Not found 16.71 0.06 16.17 0.47
Hickey Run PAH3 Ibs/yr Not found 10.77 0.05 10.42 0.30
Hickey Run PCBs Ibs/yr Not found - - N/A N/A
Nash Run Arsenic lbs/yr Not found 2.10 0.01 1.23 0.86
Nash Run Copper Ibs/yr - - - - Category 3
Nash Run Lead lbs/yr Not found 21.74 0.12 1.97 19.65
Nash Run Zinc Ibs/yr - - - - Category 3
Nash Run Chlordane Ibs/yr Not found 0.0134 0.0000 0.0102 0.0032
Nash Run DDD Ibs/yr - - - - Category 3
Nash Run DDE Ibs/yr - - - - Category 3
Nash Run DDT Ibs/yr - - - - Category 3
Nash Run Dieldrin lbs/yr Not found 0.0004 0.0000 0.0001 0.0003
Nash Run Heptachlor Epoxide Ibs/yr Not found 0.0013 0.0000 0.0010 0.0003
Nash Run PAH1 lbs/yr Not found 0.90 0.00 0.00 1.59
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WLA
Tributary/Segment Pollutant Units I(I;,alzL Baseline ILV(I)::eI Baseline ;::‘:zr‘llte:oad Gap WLA
Nash Run PAH2 Ibs/yr Not found 5.67 0.02 5.46 0.19
Nash Run PAH3 lbs/yr Not found 3.66 0.02 3.51 0.12
Nash Run PCBs Ibs/yr Not found - - N/A N/A
Pope Branch Arsenic lbs/yr - - - - Category 3
Pope Branch Copper Ibs/yr - - - - Category 3
Pope Branch Lead Ibs/yr Not found 9.60 0.06 0.00 10.82
Pope Branch Zinc Ibs/yr - - - - Category 3
Pope Branch Chlordane Ibs/yr Not found 0.0059 0.0000 0.0042 0.0017
Pope Branch DDD Ibs/yr - - - - Category 3
Pope Branch DDE lbs/yr Not found 0.0080 0.0000 0.0064 0.0016
Pope Branch DDT Ibs/yr - - - - Category 3
Pope Branch Dieldrin lbs/yr - - - - Category 3
Pope Branch Heptachlor Epoxide Ibs/yr Not found 0.0006 0.0000 0.0004 0.0002
Pope Branch PAH1 Ibs/yr Not found 0.40 0.00 0.00 0.80
Pope Branch PAH2 Ibs/yr Not found 2.50 0.01 2.40 0.09
Pope Branch PAH3 Ibs/yr Not found 1.61 0.01 1.54 0.06
Pope Branch PCBs Ibs/yr Not found - - N/A N/A
Texas Avenue Tributary Arsenic Ibs/yr Not found 0.41 0.00 0.01 0.40
Texas Avenue Tributary Copper Ibs/yr Not found 14.20 0.13 0.00 19.78
Texas Avenue Tributary Lead lbs/yr Not found 4.28 0.04 0.00 8.31
Texas Avenue Tributary Zinc Ibs/yr Not found 32.47 0.31 0.00 138.20
Texas Avenue Tributary Chlordane lbs/yr Not found 0.0026 0.0000 0.0013 0.0013
Texas Avenue Tributary DDD Ibs/yr Not found 0.0008 0.0000 0.0000 0.0070
Texas Avenue Tributary DDE Ibs/yr Not found 0.0036 0.0000 0.0023 0.0012
Texas Avenue Tributary DDT Ibs/yr Not found 0.0092 0.0001 0.0000 0.0401
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WLA
Tributary/Segment Pollutant Units I:;’;zL Baseline ILV(I)::eI Baseline ;::‘:zr‘llte:oad Gap WLA
Texas Avenue Tributary Dieldrin Ibs/yr Not found 0.0001 0.0000 0.0000 0.0002
Texas Avenue Tributary Heptachlor Epoxide Ibs/yr Not found 0.0003 0.0000 0.0001 0.0001
Texas Avenue Tributary PAH1 Ibs/yr Not found 0.1768 0.0011 0.0000 0.6130
Texas Avenue Tributary PAH2 Ibs/yr Not found 1.1169 0.0084 1.0374 0.0710
Texas Avenue Tributary PAH3 Ibs/yr Not found 0.7201 0.0074 0.6677 0.0450
Texas Avenue Tributary PCBs Ibs/yr Not found - - N/A N/A
Watts Branch PCBs lbs/yr Not found - - N/A N/A
Watts Branch - Lower Chlordane Ibs/yr Not found 0.0111 0.0000 0.0073 0.0037
Watts Branch - Lower DDD lbs/yr - - - - Category 3
Watts Branch - Lower DDE Ibs/yr - - - - Category 3
Watts Branch - Lower DDT Ibs/yr - - - - Category 3
Watts Branch - Lower Dieldrin Ibs/yr Not found 0.0003 0.0000 0.0000 0.0004
Watts Branch - Lower Heptachlor Epoxide Ibs/yr - - - - Category 3
Watts Branch - Lower PAH1 Ibs/yr - - - - Category 3
Watts Branch - Lower PAH2 lbs/yr - - - - Category 3
Watts Branch - Lower PAH3 Ibs/yr - - - - Category 3
Watts Branch - Upper Chlordane lbs/yr Not found 0.0336 0.0002 0.0239 0.0096
Watts Branch - Upper DDD Ibs/yr - - - - Category 3
Watts Branch - Upper DDE Ibs/yr - - - - Category 3
Watts Branch - Upper DDT Ibs/yr - - - - Category 3
Watts Branch - Upper Dieldrin Ibs/yr Not found 0.0010 0.0000 0.0000 0.0009
Watts Branch - Upper Heptachlor Epoxide Ibs/yr - - - - Category 3
Watts Branch - Upper PAH1 lbs/yr - - - - Category 3
Watts Branch - Upper PAH2 Ibs/yr - - - - Category 3
Watts Branch - Upper PAH3 lbs/yr - - - - Category 3
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LA
Tributary/Segment Pollutant Units I:lalzl. Baseline LMo::el Baseline ;:gi:/te:oad Gap LA
Anacostia Lower Arsenic Ibs/yr Not found 3.7191 0.0119 3.5972 0.1100
Anacostia Lower Copper Ibs/yr - - - - Category 3
Anacostia Lower Lead Ibs/yr Not found 38.4980 0.1751 31.1229 7.2000
Anacostia Lower Zinc Ibs/yr Not found 292.0201 1.1845 246.8355 44.0000
Anacostia Lower Chlordane lbs/yr Not found 0.0237 0.0000 0.0234 0.0003
Anacostia Lower DDD Ibs/yr Not found 0.0072 0.0000 0.0069 0.0003
Anacostia Lower DDE lbs/yr Not found 0.0321 0.0001 0.0313 0.0007
Anacostia Lower DDT Ibs/yr Not found 0.0826 0.0003 0.0803 0.0020
Anacostia Lower Dieldrin Ibs/yr Not found 0.0007 0.0000 0.0006 0.0001
Anacostia Lower Heptachlor Epoxide Ibs/yr Not found 0.0023 0.0000 0.0022 0.0001
Anacostia Lower PAH1 Ibs/yr Not found 1.5903 0.0007 1.5865 0.0030
Anacostia Lower PAH2 Ibs/yr Not found 10.0451 0.0205 10.0037 0.0210
Anacostia Lower PAH3 lbs/yr Not found 6.4770 0.0316 6.4324 0.0130
Anacostia Lower PCBs Ibs/yr Not found - - N/A N/A
Anacostia Upper Arsenic lbs/yr Not found 6.3683 0.2496 6.0788 0.0400
Anacostia Upper Copper Ibs/yr - - - - Category 3
Anacostia Upper Lead Ibs/yr Not found 65.9216 3.7820 52.4395 9.7000
Anacostia Upper Zinc Ibs/yr Not found 500.0372 25.4961 414.8410 59.7000
Anacostia Upper Chlordane Ibs/yr Not found 0.0406 0.0006 0.0397 0.0004
Anacostia Upper DDD Ibs/yr Not found 0.0124 0.0006 0.0117 0.0001
Anacostia Upper DDE Ibs/yr Not found 0.0550 0.0029 0.0518 0.0003
Anacostia Upper DDT Ibs/yr Not found 0.1414 0.0071 0.1334 0.0010
Anacostia Upper Dieldrin lbs/yr Not found 0.0012 0.0000 0.0010 0.0002
Anacostia Upper Heptachlor Epoxide Ibs/yr Not found 0.0040 0.0000 0.0039 0.0001
Anacostia Upper PAH1 lbs/yr Not found 2.7231 0.0048 2.7132 0.0050
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LA
Tributary/Segment Pollutant Units I:lalzl. Baseline LMo::el Baseline ;:gi:/te:oad Gap LA
Anacostia Upper PAH2 Ibs/yr Not found 17.2007 0.3981 16.7736 0.0290
Anacostia Upper PAH3 lbs/yr Not found 11.0908 0.6848 10.3880 0.0180
Anacostia Upper PCBs Ibs/yr Not found - - N/A N/A
Fort Chaplin Tributary Arsenic Ibs/yr Not found 0.0390 0.0001 0.0000 0.1000
Fort Chaplin Tributary Copper Ibs/yr Not found 1.3393 0.0035 0.0000 4.6700
Fort Chaplin Tributary Lead Ibs/yr Not found 0.4038 0.0011 0.0000 1.9600
Fort Chaplin Tributary Zinc Ibs/yr Not found 3.0628 0.0080 0.0000 34.5000
Fort Davis Tributary Arsenic Ibs/yr Not found 0.0361 0.0007 0.0000 0.0500
Fort Davis Tributary Copper Ibs/yr Not found 1.2383 0.0252 0.0000 2.5700
Fort Davis Tributary Lead lbs/yr Not found 0.3733 0.0081 0.0000 1.0600
Fort Davis Tributary Zinc Ibs/yr Not found 2.8317 0.0601 0.0000 10.8000
Fort Dupont Tributary Arsenic lbs/yr Not found 0.5664 0.0007 0.0000 0.6800
Fort Dupont Tributary Copper Ibs/yr - - - - Category 3
Fort Dupont Tributary Lead Ibs/yr Not found 5.8628 0.0075 0.0000 14.7500
Fort Dupont Tributary Zinc Ibs/yr - - - - Category 3
Fort Stanton Tributary Arsenic Ibs/yr Not found 0.2550 0.0004 0.0000 0.2600
Fort Stanton Tributary Copper Ibs/yr Not found 8.7539 0.0137 0.0000 12.9400
Fort Stanton Tributary Lead lbs/yr Not found 2.6392 0.0042 0.0000 5.4700
Fort Stanton Tributary Zinc Ibs/yr Not found 20.0191 0.0317 0.0000 23.3000
Fort Stanton Tributary Chlordane lbs/yr Not found 0.0016 0.0000 0.0007 0.0009
Fort Stanton Tributary DDD Ibs/yr Not found 0.0005 0.0000 0.0000 0.0005
Fort Stanton Tributary DDE Ibs/yr Not found 0.0022 0.0000 0.0014 0.0008
Fort Stanton Tributary DDT lbs/yr Not found 0.0057 0.0000 0.0049 0.0008
Fort Stanton Tributary Dieldrin Ibs/yr Not found 0.0000 0.0000 0.0000 0.0001
Fort Stanton Tributary Heptachlor Epoxide lbs/yr Not found 0.0002 0.0000 0.0001 0.0001
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LA
Tributary/Segment Pollutant Units I:lalzl. Baseline LMo::el Baseline ;:gi:/te:oad Gap LA
Fort Stanton Tributary PAH1 Ibs/yr Not found 0.1090 0.0002 0.0000 0.4040
Fort Stanton Tributary PAH2 lbs/yr Not found 0.6886 0.0010 0.6406 0.0470
Fort Stanton Tributary PAH3 Ibs/yr Not found 0.4440 0.0007 0.4133 0.0300
Fort Stanton Tributary PCBs Ibs/yr Not found - - N/A N/A
Hickey Run Chlordane lbs/yr Not found 0.0048 0.0000 0.0048 0.0000
Hickey Run DDD Ibs/yr - - - - Category 3
Hickey Run DDE lbs/yr Not found 0.0066 0.0000 0.0020 0.0046
Hickey Run DDT Ibs/yr - - - - Category 3
Hickey Run Dieldrin Ibs/yr - - - - Category 3
Hickey Run Heptachlor Epoxide Ibs/yr - - - - Category 3
Hickey Run PAH1 Ibs/yr Not found 0.3245 0.0000 0.0000 2.5770
Hickey Run PAH2 Ibs/yr Not found 2.0499 0.0005 1.7373 0.3120
Hickey Run PAH3 lbs/yr Not found 1.3217 0.0009 1.1218 0.1990
Hickey Run PCBs Ibs/yr Not found - - N/A N/A
Nash Run Arsenic lbs/yr Not found 0.0499 0.0000 0.0398 0.0100
Nash Run Copper Ibs/yr - - - - Category 3
Nash Run Lead Ibs/yr Not found 0.5163 0.0005 0.2658 0.2500
Nash Run Zinc Ibs/yr - - - - Category 3
Nash Run Chlordane Ibs/yr Not found 0.0003 0.0000 0.0003 0.0000
Nash Run DDD Ibs/yr - - - - Category 3
Nash Run DDE Ibs/yr - - - - Category 3
Nash Run DDT Ibs/yr - - - - Category 3
Nash Run Dieldrin lbs/yr Not found 0.0000 0.0000 0.0000 0.0000
Nash Run Heptachlor Epoxide Ibs/yr Not found 0.0000 0.0000 0.0000 0.0000
Nash Run PAH1 lbs/yr Not found 0.0213 0.0000 0.0003 0.0210
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LA
Tributary/Segment Pollutant Units I:lalzl- Baseline LMo::el Baseline gzzir\‘,te:oad Gap LA
Nash Run PAH2 Ibs/yr Not found 0.1347 0.0001 0.1326 0.0020
Nash Run PAH3 lbs/yr Not found 0.0869 0.0001 0.0848 0.0020
Nash Run PCBs Ibs/yr Not found - - N/A N/A
Pope Branch Arsenic Ibs/yr - - - - Category 3
Pope Branch Copper Ibs/yr - - - - Category 3
Pope Branch Lead Ibs/yr Not found 1.4985 0.0403 0.6282 0.8300
Pope Branch Zinc Ibs/yr - - - - Category 3
Pope Branch Chlordane Ibs/yr Not found 0.0009 0.0000 0.0008 0.0001
Pope Branch DDD Ibs/yr - - - - Category 3
Pope Branch DDE lbs/yr Not found 0.0013 0.0000 0.0011 0.0001
Pope Branch DDT Ibs/yr - - - - Category 3
Pope Branch Dieldrin lbs/yr - - - - Category 3
Pope Branch Heptachlor Epoxide Ibs/yr Not found 0.0001 0.0000 0.0001 0.0000
Pope Branch PAH1 Ibs/yr Not found 0.0619 0.0003 0.0000 0.0620
Pope Branch PAH2 Ibs/yr Not found 0.3910 0.0050 0.3790 0.0070
Pope Branch PAH3 Ibs/yr Not found 0.2521 0.0073 0.2398 0.0050
Pope Branch PCBs Ibs/yr Not found - - N/A N/A
Texas Avenue Tributary Arsenic lbs/yr Not found 0.0768 0.0002 0.0066 0.0700
Texas Avenue Tributary Copper Ibs/yr Not found 2.6379 0.0068 0.0000 3.5600
Texas Avenue Tributary Lead lbs/yr Not found 0.7953 0.0020 0.0000 1.5000
Texas Avenue Tributary Zinc Ibs/yr Not found 6.0325 0.0155 0.0000 35.3000
Texas Avenue Tributary Chlordane Ibs/yr Not found 0.0005 0.0000 0.0003 0.0002
Texas Avenue Tributary DDD Ibs/yr Not found 0.0001 0.0000 0.0000 0.0013
Texas Avenue Tributary DDE Ibs/yr Not found 0.0007 0.0000 0.0005 0.0002
Texas Avenue Tributary DDT Ibs/yr Not found 0.0017 0.0000 0.0000 0.0072
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LA
Tributary/Segment Pollutant Units I:lalzl. Baseline LMo::el Baseline ;::‘:ir;te:oad Gap LA
Texas Avenue Tributary Dieldrin Ibs/yr Not found 0.0000 0.0000 0.0000 0.0000
Texas Avenue Tributary Heptachlor Epoxide Ibs/yr Not found 0.0000 0.0000 0.0000 0.0000
Texas Avenue Tributary PAH1 Ibs/yr Not found 0.0329 0.0001 0.0000 0.1100
Texas Avenue Tributary PAH2 Ibs/yr Not found 0.2075 0.0005 0.1940 0.0130
Texas Avenue Tributary PAH3 lbs/yr Not found 0.1338 0.0003 0.1255 0.0080
Texas Avenue Tributary PCBs Ibs/yr Not found - - N/A N/A
Watts Branch PCBs lbs/yr Not found - - N/A N/A
Watts Branch - Lower Chlordane Ibs/yr Not found 0.0028 0.0000 0.0027 0.0001
Watts Branch - Lower DDD Ibs/yr - - - - Category 3
Watts Branch - Lower DDE Ibs/yr - - - - Category 3
Watts Branch - Lower DDT Ibs/yr - - - - Category 3
Watts Branch - Lower Dieldrin Ibs/yr Not found 0.0001 0.0000 0.0001 0.0000
Watts Branch - Lower Heptachlor Epoxide lbs/yr - - - - Category 3
Watts Branch - Lower PAH1 Ibs/yr - - - - Category 3
Watts Branch - Lower PAH2 lbs/yr - - - - Category 3
Watts Branch - Lower PAH3 Ibs/yr - - - - Category 3
Watts Branch - Upper Chlordane Ibs/yr Not found 0.0023 0.0000 0.0021 0.0002
Watts Branch - Upper DDD Ibs/yr - - - - Category 3
Watts Branch - Upper DDE Ibs/yr - - - - Category 3
Watts Branch - Upper DDT Ibs/yr - - - - Category 3
Watts Branch - Upper Dieldrin Ibs/yr Not found 0.0001 0.0000 0.0000 0.0000
Watts Branch - Upper Heptachlor Epoxide Ibs/yr - - - - Category 3
Watts Branch - Upper PAH1 lbs/yr - - - - Category 3
Watts Branch - Upper PAH2 Ibs/yr - - - - Category 3
Watts Branch - Upper PAH3 lbs/yr - - - - Category 3
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WLA
Tributary/Segment Pollutant Units IzgzL Baseline LMOZ:IEI Baseline ;::::;:oad Gap WLA
Oxon Run E. coli Billion MPN/yr Not translated 198,920 1,253 197,668 9,520
Oxon Run Arsenic Ibs/yr - - - - Category 3
Oxon Run Copper Ibs/yr - - - - Category 3
Oxon Run Chlordane Ibs/yr - - - - Category 3
Oxon Run Lead lbs/yr Not found 127.38 0.87 103.81 22.70
Oxon Run Zinc Ibs/yr - - - - Category 3
Oxon Run DDT lbs/yr - - - - Category 3
Oxon Run Dieldrin Ibs/yr Not found 0.0023 0.0000 0.0016 0.0007
Oxon Run Heptachlor Epoxide Ibs/yr - - - - Category 3
Oxon Run PAH1 Ibs/yr - - - - Category 3
Oxon Run PAH2 Ibs/yr - - - - Category 3
Oxon Run PAH3 Ibs/yr - - - - Category 3
Oxon Run PCBs lbs/yr Not found - - - 0.0024

LA

Tributary/Segment Pollutant Units I:;’:ZL Baseline LMO(;:eI Baseline ::;ir:;:oad Gap LA
Oxon Run E. coli Billion MPN/yr Not translated 13,063.01 58.31 12,004.69 1,000.00
Oxon Run Arsenic Ibs/yr - - - - Category 3
Oxon Run Copper Ibs/yr - - - - Category 3
Oxon Run Chlordane lbs/yr - - - - Category 3
Oxon Run Lead Ibs/yr Not found 8.37 0.04 5.93 2.40
Oxon Run Zinc lbs/yr - - - - Category 3
Oxon Run DDT Ibs/yr - - - - Category 3
Oxon Run Dieldrin Ibs/yr Not found 0.0002 0.0000 0.0000 0.0002
Oxon Run Heptachlor Epoxide Ibs/yr - - - - Category 3
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LA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap LA

Oxon Run PAH1 Ibs/yr - - - - Category 3
Oxon Run PAH2 lbs/yr - - - - Category 3
Oxon Run PAH3 Ibs/yr - - - - Category 3
Oxon Run PCBs lbs/yr Not found - - - 0.0005

Baseline Attachment Table

10: District of Columbia Final TMDL for Bacteria in the Chesapeake and Ohio Canal (2004)

WLA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap WLA
C&O0 Canal E. coli Billion MPN/yr Not translated 43,788 354 43,338 96
LA
. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap LA
C&O Canal E. coli Billion MPN/yr Not translated 6,783 47 6,591 145

Baseline Attachment Table

11: District of Columbia Final TMDL for Bacteria in the Tidal Basin and the Washington Ship Channel (2004)

WLA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap WLA
Tidal Basin E. coli Billion MPN/yr Not translated 25,703 34 55,300
Washington Ship Channel E. coli Billion MPN/yr Not translated 65,337 267 0 183,000

LA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap LA
Tidal Basin E. coli Billion MPN/yr Not translated 3,943 0 455,800
Washington Ship Channel E. coli Billion MPN/yr Not translated 14,007 1 241,700
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WLA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap WLA
Kingman Lake E. coli Billion MPN/yr Not translated - - - -

LA

. ) TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap LA
Kingman Lake E. coli Billion MPN/yr Not translated - - - -

Baseline Attachment Table 13: District of Columbia Final TMDL for Fecal Coliform Bacteria in Rock Creek (2004)

WLA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap WLA
Rock Creek Lower E. coli Billion MPN/yr Not translated 106,419 609 95,710 10,100
Rock Creek Upper E. coli Billion MPN/yr Not translated 309,154 1,486 278,968 28,700

LA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap LA
Rock Creek Lower E. coli Billion MPN/yr Not translated 31,116 18 10,798 20,300
Rock Creek Upper E. coli Billion MPN/yr Not translated 43,930 356 42,023 1,550
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Baseline Attachment Table 14: District of Columbia Final TMDL for Fecal Coliform Bacteria in Upper Anacostia River, Lower Anacostia River, Watts

Branch, Fort Dupont Creek, Fort Chaplin Tributary, Fort Davis Tributary, Fort Stanton Tributary, Hickey Run, Nash Run, Popes Branch, Texas Avenue

Tributary (2003)

WLA
Tributary/Segment Pollutant Units I::’:;L Baseline LMo:::eI Baseline gzzir\‘,te:oad Gap WLA
Anacostia E. coli Billion MPN/yr Not translated 916,059 10,961 905,097 230,000
Anacostia Lower E. coli Billion MPN/yr - - - - -
Anacostia Upper E. coli Billion MPN/yr - - - - -
Fort Chaplin Tributary E. coli Billion MPN/yr Not translated 13,082 101 12,981 0.0013
Fort Davis Tributary E. coli Billion MPN/yr Not translated 6,254 60 6,194 0.0008
Fort Dupont Tributary E. coli Billion MPN/yr Not translated 5,276 12 5,265 0.0023
Fort Stanton Tributary E. coli Billion MPN/yr Not translated 3,811 20 3,791 0.0011
Hickey Run E. coli Billion MPN/yr Not translated 99,979 282 99,697 0.0063
Nash Run E. coli Billion MPN/yr Not translated - - - -
Pope Branch E. coli Billion MPN/yr Not translated 14,984 93 14,892 0.0017
Texas Avenue Tributary E. coli Billion MPN/yr Not translated 6,684 64 6,620 0.0014
Watts Branch E. coli Billion MPN/yr Not translated - - - -

LA

Tributary/Segment Pollutant Units LI)V:ZL Baseline LMQ:(;Q' Baseline E:zt::’z:oad Gap LA
Anacostia Lower Fecal Coliform Bacteria | Billion MPN/yr Not Translated - - - -
Anacostia Upper Fecal Coliform Bacteria | Billion MPN/yr 0 - - - -
Fort Chaplin Tributary Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -
Fort Davis Tributary Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -
Fort Dupont Tributary Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -
Fort Stanton Tributary Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -
Hickey Run Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -
Nash Run Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -

Page | 91




Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

Baseline Attachment Table 15: District of Columbia Final TMDL for Fecal Coliform Bacteria in Upper Anacostia River, Lower Anacostia River, Watts

Branch, Fort Dupont Creek, Fort Chaplin Tributary, Fort Davis Tributary, Fort Stanton Tributary, Hickey Run, Nash Run, Popes Branch, Texas Avenue
Tributary (2003)

LA
Tributary/Segment Pollutant Units I::’;ZL Baseline ILV(I)::eI Baseline ;:::‘ir‘l’te:oad Gap LA
Pope Branch Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -
Texas Avenue Tributary Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -
Watts Branch - Lower Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -
Watts Branch - Upper Fecal Coliform Bacteria | Billion MPN/yr Not found - - - -

Baseline Attachment Table 16: District of Columbia Final TMIDL for Organics and Metals in Battery Kemble Creek, Foundry Branch, and the Dalecarlia

Tributary (2004)

WLA
Tributary/Segment Pollutant Units I:’:;L Baseline LMO(:;eI Baseline :::(;r‘llte:oad Gap WLA
Battery Kemble Creek Arsenic Ibs/yr - - - - Category 3
Battery Kemble Creek Copper Ibs/yr - - - - Category 3
Battery Kemble Creek Lead Ibs/yr Not found 5.39 0.02 1.73 3.63
Battery Kemble Creek Zinc Ibs/yr - - - - Category 3
Dalecarlia Tributary Chlordane lbs/yr - - - - Category 3
Dalecarlia Tributary DDD Ibs/yr - - - - Category 3
Dalecarlia Tributary DDE lbs/yr - - - - Category 3
Dalecarlia Tributary DDT Ibs/yr - - - - Category 3
Dalecarlia Tributary Dieldrin Ibs/yr Not found 0.0011 0.0000 0.0007 0.0004
Dalecarlia Tributary Heptachlor Epoxide Ibs/yr Not found 0.0038 0.0000 0.0034 0.0003
Dalecarlia Tributary PAH1 Ibs/yr - - - - Category 3
Dalecarlia Tributary PAH2 Ibs/yr - - - - Category 3
Dalecarlia Tributary PAH3 lbs/yr - - - - Category 3
Dalecarlia Tributary PCBs Ibs/yr Not found - - N/A N/A

Page | 92




Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

Baseline Attachment Table 15: District of Columbia Final TMDL for Organics and Metals in Battery Kemble Creek, Foundry Branch, and the Dalecarlia

Tributary (2004)

WLA
Tributary/Segment Pollutant Units I:lalzl. Baseline LMogc;el Baseline :::zr‘llte:oad Gap WLA
Foundry Branch Arsenic lbs/yr Not found 0.69 0.00 0.52 0.17
Foundry Branch Copper Ibs/yr Not found 23.55 0.09 13.14 10.33
Foundry Branch Lead lbs/yr Not found 7.10 0.03 3.24 3.83
Foundry Branch Zinc Ibs/yr Not found 44.95 0.17 0.00 77.38

LA

Tributary/Segment Pollutant Units IZ_:\I;L Baseline LMOC;:EI Baseline ;::::;:oad Gap LA
Battery Kemble Creek Arsenic Ibs/yr - - - - Category 3
Battery Kemble Creek Copper Ibs/yr - - - - Category 3
Battery Kemble Creek Lead lbs/yr Not found 3.80 0.05 3.62 0.13
Battery Kemble Creek Zinc Ibs/yr - - - - Category 3
Dalecarlia Tributary Chlordane lbs/yr - - - - Category 3
Dalecarlia Tributary DDD Ibs/yr - - - - Category 3
Dalecarlia Tributary DDE lbs/yr - - - - Category 3
Dalecarlia Tributary DDT Ibs/yr - - - - Category 3
Dalecarlia Tributary Dieldrin lbs/yr Not found 0.0000 0.0000 0.0000 0.0000
Dalecarlia Tributary Heptachlor Epoxide Ibs/yr Not found 0.0002 0.0000 0.0001 0.0000
Dalecarlia Tributary PAH1 Ibs/yr - - - - Category 3
Dalecarlia Tributary PAH2 Ibs/yr - - - - Category 3
Dalecarlia Tributary PAH3 Ibs/yr - - - - Category 3
Dalecarlia Tributary PCBs Ibs/yr Not found - - N/A N/A
Foundry Branch Arsenic Ibs/yr Not found 0.63 0.00 0.63 0.00
Foundry Branch Copper Ibs/yr Not found 21.58 0.00 21.58 0.00
Foundry Branch Lead Ibs/yr Not found 6.51 0.00 6.51 0.00
Foundry Branch Zinc Ibs/yr Not found 41.19 0.00 41.19 0.00
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17: District of Columbia Final TMDL for Organics and Metals in Kingman Lake (2003)
WLA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap WLA
Kingman Lake Arsenic Ibs/yr 0.27 2.22 0.01 2.17 0.04
Kingman Lake Copper Ibs/yr - - - - Category 3
Kingman Lake Lead Ibs/yr 4.87 22.99 0.18 17.94 4.87
Kingman Lake Zinc Ibs/yr - - - - Category 3
Kingman Lake Chlordane Ibs/yr 0.0018 0.0142 0.0000 0.0139 0.0002
Kingman Lake DDD Ibs/yr - - - - Category 3
Kingman Lake DDE lbs/yr - - - - Category 3
Kingman Lake DDT Ibs/yr 0.0078 0.0493 0.0003 0.0412 0.0078
Kingman Lake Dieldrin lbs/yr - - - - Category 3
Kingman Lake Heptachlor Epoxide Ibs/yr - - - - Category 3
Kingman Lake PAH1 Ibs/yr 0.1226 0.9495 0.0022 0.8273 0.1200
Kingman Lake PAH2 Ibs/yr 0.7200 5.9977 0.0268 0.0000 7.0800
Kingman Lake PAH3 Ibs/yr 0.4590 3.8672 0.0321 3.3851 0.4500
Kingman Lake PCBs Ibs/yr Not found - - N/A N/A

LA
Tributary/Segment Pollutant Units Isz Baseline LMO::EI Baseline :::;Z:te:;oad Gap LA
Kingman Lake Arsenic Ibs/yr Not found 1.09 0.11 0.96 0.03
Kingman Lake Copper Ibs/yr - - - - Category 3
Kingman Lake Lead Ibs/yr Not found 11.32 1.71 6.49 3.12
Kingman Lake Zinc Ibs/yr - - - - Category 3
Kingman Lake Chlordane Ibs/yr Not found 0.0070 0.0003 0.0066 0.0001
Kingman Lake DDD Ibs/yr - - - - Category 3
Kingman Lake DDE Ibs/yr - - - - Category 3
Kingman Lake DDT Ibs/yr Not found 0.0243 0.0032 0.0161 0.0050
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Baseline Attachment Table 16 District of Columbia Final TMDL for Organics and Metals in Kingman Lake (2003)

LA
Tributary/Segment Pollutant Units TMDII.-:::eIine Model-loia:jseline Cl:;:?:vf:d Gap LA
Kingman Lake Dieldrin Ibs/yr = = - = Category 3
Kingman Lake Heptachlor Epoxide Ibs/yr - - - - Category 3
Kingman Lake PAH1 Ibs/yr Not found 0.4675 0.0014 0.0000 0.7680
Kingman Lake PAH2 Ibs/yr Not found 2.9531 0.1775 0.0000 4.5200
Kingman Lake PAH3 lbs/yr Not found 1.9041 0.3100 1.3061 0.2880

Baseline Attachment Table 18: District of Columbia Final TMIDL for Total Suspended Solids in Watts Branch (2003)

WLA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap WLA
Watts Branch - Lower TSS - Annual Ibs/yr Not found 82,517 177 71,140 11,200
Watts Branch - Lower TSS - Seasonal Ibs/growing season Not found 51,573 106 44,067 7,400
Watts Branch - Upper TSS - Annual Ibs/yr Not found 250,979 2,981 218,398 29,600
Watts Branch - Upper TSS - Seasonal Ibs/growing season Not found 156,862 1,834 135,228 19,800

LA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load Load Removed Gap LA
Watts Branch - Lower TSS - Annual Ibs/yr Not found 76,087 4 68,483 7,600
Watts Branch - Lower TSS - Seasonal Ibs/growing season Not found 47,554 2 42,552 5,000
Watts Branch - Upper TSS - Annual Ibs/yr Not found 230,978 214,224 0 19,800
Watts Branch - Upper TSS - Seasonal Ibs/growing season Not found 144,361 133,889 0 12,200
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Baseline Attachment Table 19: District of Columbia Final TMDL for TSS, Oil &Grease, BOD in Kingman Lake (2003)

WLA

TMDL Baseline

Model Baseline

Current Load

Tributary/Segment Pollutant Units Load Load Removed Gap WLA
Kingman Lake BOD - - - - N/A N/A
Kingman Lake Oil and Grease - Daily Ibs/day - 14.42 0.18 0.00 1,278.35
Kingman Lake TSS - - - - N/A N/A
LA
Tributary/Segment Pollutant Units ngl' Baseline LMOg:eI Baseline ;:zil:;:oad Gap LA
Kingman Lake BOD - - - - N/A N/A
Kingman Lake Oil and Grease - Daily Ibs/day - - - - -
Kingman Lake TSS - - - - N/A N/A
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Baseline Attachment Table 20: TMDL for PCBs for Tidal Portions of the Potomac and Anacostia Rivers in DC, MD, and VA (2007)

WLA
Tributary/Segment Pollutant Units I:;’;zL Baseline LMO::EI Baseline :::;Z:te:;oad Gap WLA
Anacostia Lower PCBs - Annual Ibs/yr Not found - - 0.0013
Anacostia Lower PCBs - Daily Ibs/day - - - -
Anacostia Upper PCBs - Annual Ibs/yr Not found - - 0.0039
Anacostia Upper PCBs - Daily Ibs/day - - - -
Potomac Lower PCBs - Annual Ibs/yr Not found - - 0.0119
Potomac Lower PCBs - Daily Ibs/day - - - -
Potomac Middle PCBs - Annual lbs/yr Not found - - 0.0164
Potomac Middle PCBs - Daily Ibs/day - - - -
Potomac Upper PCBs - Annual lbs/yr Not found - - 0.0032
Potomac Upper PCBs - Daily Ibs/day - - - -
Oxon Run PCBs - Annual Ibs/yr Not found - - 0.0024
Washington Ship Channel PCBs - Annual Ibs/yr 0.33 - - 0.0002

LA

Tributary/Segment Pollutant Units IZ_:\I;L Baseline LMOC;:EI Baseline ;::‘]:zr\\;;oad Gap LA
Anacostia Lower PCBs lbs/yr Not found - - 0.0004
Anacostia Upper PCBs Ibs/yr Not found - - 0.0006
Potomac Lower PCBs lbs/yr Not found - - 0.0020
Potomac Middle PCBs Ibs/yr Not found - - 0.0019
Potomac Upper PCBs Ibs/yr Not found - - 0.0003
Oxon Run PCBs Ibs/yr Not found - - 0.0005
Washington Ship Channel PCBs Ibs/yr 0.1397 = - 0.0002
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Baseline Attachment Table 21: TMDL of Nutrients/BOD for the Anacostia River Basin, Montgomery and Prince George's Counties, MD and the District of

Columbia (2008)

WLA
Tributary/Segment Pollutant Units I::’;IZL Baseline LMOZgEI Baseline ;:z«::,z;oad Gap WLA
Anacostia Lower BOD - Annual Ibs/yr 342,519 227,331 1,717 127,179 98,435
Anacostia Lower Nitrogen - Annual Ibs/yr Not found 21,006 549 15,285 5,172
Anacostia Lower Phosphorus - Annual Ibs/yr Not found 2,404 199 1,696 509
Anacostia Lower BOD - Daily Ibs/day 33,363 22,143 167 12,388 9,588
Anacostia Lower Nitrogen - Daily Ibs/day Not found 1,759 46 1,280 433
Anacostia Lower Phosphorus - Daily Ibs/day Not found 225 19 159 48
Anacostia Upper BOD - Annual lbs/yr 648,576 1,094,845 3,857 909,147 181,841
Anacostia Upper Nitrogen - Annual Ibs/yr Not found 101,166 504 90,169 10,493
Anacostia Upper Phosphorus - Annual Ibs/yr Not found 11,579 562 10,051 966
Anacostia Upper BOD - Daily Ibs/day 65,378 110,363 389 91,644 18,330
Anacostia Upper Nitrogen - Daily Ibs/day Not found 9,294 46 8,284 964
Anacostia Upper Phosphorus - Daily Ibs/day Not found 1,249 61 1,084 104
Lower Beaverdam Creek BOD - Annual lbs/yr Not found 470 8 59 403
Lower Beaverdam Creek Nitrogen - Annual Ibs/yr Not found 43 1 0 45
Lower Beaverdam Creek Phosphorus - Annual lbs/yr Not found 5 0 0 6
Northwest Branch BOD - Annual Ibs/yr Not found 286,790 973 271,396 14,421
Northwest Branch Nitrogen - Annual Ibs/yr Not found 26,500 106 24,439 1,955
Northwest Branch Phosphorus - Annual Ibs/yr Not found 3,033 153 2,718 162
Watts Branch BOD - Annual Ibs/yr Not found 163,405 540 148,613 14,252
Watts Branch Nitrogen - Annual Ibs/yr Not found 15,099 95 13,273 1,731
Watts Branch Phosphorus - Annual lbs/yr Not found 1,728 93 1,387 248
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Baseline Attachment Table 20: TMDL of Nutrients/BOD for the Anacostia River Basin, Montgomery and Prince George's Counties, MD and the District of

Columbia (2008)

LA
Tributary/Segment Pollutant Units Ile' Baseline LMO(;jeI Baseline ;:zi?ltezoad Gap LA
Anacostia Lower BOD - Annual Ibs/yr - 86,770 269 56,797 29,704
Anacostia Lower Nitrogen - Annual lbs/yr Not found 8,020 20 6,132 1,868
Anacostia Lower Phosphorus - Annual Ibs/yr Not found 919 50 706 162
Anacostia Lower BOD - Daily Ibs/day - 7,724 197 0 9,040
Anacostia Lower Nitrogen - Daily Ibs/day Not found 605 2 463 141
Anacostia Lower Phosphorus - Daily Ibs/day Not found 179 10 138 32
Anacostia Upper BOD - Annual Ibs/yr - 148,580 9,201 72,831 66,548
Anacostia Upper Nitrogen - Annual Ibs/yr Not found 13,942 550 9,270 4,123
Anacostia Upper Phosphorus - Annual Ibs/yr Not found 1,670 327 982 361
Anacostia Upper BOD - Daily Ibs/day - 13,869 43,921 0 12,660
Anacostia Upper Nitrogen - Daily Ibs/day Not found 1,129 45 751 334
Anacostia Upper Phosphorus - Daily Ibs/day Not found 63 12 37 14
Lower Beaverdam Creek BOD - Annual Ibs/yr Not found 1,860 0 995 865
Lower Beaverdam Creek Nitrogen - Annual Ibs/yr Not found 172 0 118 54
Lower Beaverdam Creek Phosphorus - Annual Ibs/yr Not found 20 2 13 5
Northwest Branch BOD - Annual Ibs/yr Not found 1,186 9 844 333
Northwest Branch Nitrogen - Annual Ibs/yr Not found 110 1 88 21
Northwest Branch Phosphorus - Annual lbs/yr Not found 13 1 10 2
Watts Branch BOD - Annual Ibs/yr Not found 18,624 12 11,623 6,988
Watts Branch Nitrogen - Annual lbs/yr Not found 2,023 305 1,285 433
Watts Branch Phosphorus - Annual Ibs/yr Not found 336 163 135 38
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Baseline Attachment Table 22: TMDL of Trash for the Anacostia River Watershed, Montgomery and Prince George's Counties, MD and the District of

Columbia (2010)

WLA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load + 5% MOS Load Removed Gap WLA
Anacostia Lower Trash Ibs/yr 24,480 23,985 15,651 0 24,480
Anacostia Lower Trash Ibs/day 67 66 43 0 67
Anacostia Upper Trash Ibs/yr 83,868 99,220 75,820 0 83,868
Anacostia Upper Trash Ibs/day 230 272 208 0 230

LA

. . TMDL Baseline Model Baseline Current Load
Tributary/Segment Pollutant Units Load + 5% MOS Load Removed Gap LA
Anacostia Lower Trash lbs/yr 1,790 2,017 0 227 1,790
Anacostia Lower Trash Ibs/day 5 6 0 1 5
Anacostia Upper Trash Ibs/yr 19,260 18,352 0 19,260
Anacostia Upper Trash Ibs/day 53 50 0 53
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Baseline Attachment Table 23: TMDL Upper Anacostia River Lower Anacostia River District of Columbia BOD (2001)

WLA
Tributary/Segment Pollutant Units I::’;IZL Baseline LMozjel Baseline :::::I::oad Gap WLA
Anacostia Lower BOD Ibs/yr 342,519 227,331 1,717 N/A N/A
Anacostia Lower Nitrogen Ibs/yr Not found 21,006 549 N/A N/A
Anacostia Lower Phosphorus Ibs/yr Not found 2,404 199 N/A N/A
Anacostia Upper BOD Ibs/yr 648,576 1,094,845 3,857 N/A N/A
Anacostia Upper Nitrogen Ibs/yr Not found 101,166 504 N/A N/A
Anacostia Upper Phosphorus Ibs/yr Not found 11,579 562 N/A N/A

LA

Tributary/Segment Pollutant Units I(I;,alzL Baseline LMo::EI Baseline ::xzr:’te:oad Gap LA
Anacostia Lower BOD lbs/yr - 86,770 269 56,797 29,704
Anacostia Lower Nitrogen Ibs/yr Not found 8,020 20 6,132 1,868
Anacostia Lower Phosphorus Ibs/yr Not found 919 50 706 162
Anacostia Upper BOD Ibs/yr - 148,580 9,201 72,831 66,548
Anacostia Upper Nitrogen Ibs/yr Not found 13,942 550 9,270 4,123
Anacostia Upper Phosphorus Ibs/yr Not found 1,670 327 982 361
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Baseline Attachment Table 24: TMDL for Total Suspended Solids in the Upper and Lower Anacostia River, District of Columbia (2002)

WLA
Tributary/Segment Pollutant Units I:::IZL Baseline LMOZZEI Baseline ;::;Z:Z:oad Gap WLA
Anacostia Lower TSS Ibs/growing season Not found 289,977 15,437 N/A N/A
Anacostia Lower TSS Ibs/day Not found 102,392 5,470 N/A N/A
Anacostia Upper TSS Ibs/growing season Not found 1,396,552 8,200 N/A N/A
Anacostia Upper TSS Ibs/day Not found 484,666 2,938 N/A N/A

LA

Tributary/Segment Pollutant Units I(':g:l' Baseline LMo:SIEI Baseline ::xzr:’te:oad Gap LA
Anacostia Lower TSS Ibs/growing season Not found 179,063 901 136,762 41,400
Anacostia Lower TSS Ibs/day Not found 179,063 901 136,762 41,400
Anacostia Upper TSS Ibs/growing season Not found 490,337 206,769 223,967 59,600
Anacostia Upper TSS Ibs/day Not found 490,337 206,769 223,967 59,600
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Baseline Attachment Figure 1: TN Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 2: TP Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 3: TSS Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 4: E. coli Percent Load Reduction Needed to Meet Annual
WLASs
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Baseline Attachment Figure 5: BOD Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 6: Trash Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 7: Arsenic Percent Load Reduction Needed to Meet Annual
WLAS
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Baseline Attachment Figure 8: Copper Percent Load Reduction Needed to Meet Annual

WLAs
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Baseline Attachment Figure 9: Lead Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 10: Mercury Percent Load Reduction Needed to Meet Annual

WLAs
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Baseline Attachment Figure 11: Zinc Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 12: Chlordane Percent Load Reduction Needed to Meet Annual

WLASs
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Baseline Attachment Figure 13: DDD Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 14: DDE Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 15: DDT Percent Load Reduction Needed to Meet Annual WLAs
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Baseline Attachment Figure 16: Dieldrin Percent Load Reduction Needed to Meet Annual
WLASs
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Baseline Attachment Figure 17: Heptachlor Percent Load Reduction Needed to Meet Annual

WLAs
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Baseline Attachment Figure 18: PAH1 Percent Load Reduction Needed to Meet Annual

WLAs
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Baseline Attachment Figure 19: PAH2 Percent Load Reduction Needed to Meet Annual
WLAS
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Baseline Attachment Figure 20: PAH3 Percent Load Reduction Needed to Meet Annual
WLAS

Mainstem
Segments

Chesapeake Bay
Segments

>\ DISTRICTOF {
| T . COLUMBIA

ANATF_DC

VIRGINIA VIRGINIA

MARYLAND MARYLAND

Tributary
Segments

Subtributary
Segments

('g
3
&

DISTRICT OF

St DISTRICT OF
COLUMBIA

COLUMEIA
VIRGINIA

VIRGINIA

MARYLAND MARYLAND

DISTRICT OF COLUMBIA 9
PAH3 Percent Reduction Required (%)
>0% - 20% >40% -60% [ >80% - 100% [ | No WLA

0051 2 3 4
>20% - 40% [ >60% - 80% WLA Met R — Viilos




Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

References

CWP and CSN. 2008. Technical Support for the Baywide Runoff Reduction Method. Baltimore, MD
www.chesapeakestormwater.net

CWP and Chesapeake Stormwater Network (CSN). 2014. Recommendations of the Expert Panel to Define Removal
Rates for Individual Stream Restoration Projects.

District of Columbia Water and Sewer Authority. 2002. Combined Sewer System Long Term Control Plan.

District Department of Environment. 2013a. 2013 Stormwater Management, and Soil Erosion and Sediment Control.
Online at
http://ddoe.dc.gov/sites/default/files/dc/sites/ddoe/page content/attachments/2013%20SW%20Rule.pdf,
accessed July 2014,

District Department of Environment. 2013b. 2013 Stormwater Management Guidebook. Online at
http://ddoe.dc.gov/node/610622, accessed July 2014.

International Stormwater BMP Database. 2013. http://www.bmpdatabase.org/

Schueler, T. 1987. Controlling urban runoff: a manual for planning and designing urban stormwater best management
practices. Metropolitan Washington Council of Governments. Washington, DC.

Schueler, 2009. The Reformulated Impervious Cover Model. http://chesapeakestormwater.net/2009/11/the-
reformulated-impervious-cover-model/, accessed April 2014,

Schueler, T., and Lane, C. Chesapeake Stormwater Network. 2012. Recommendations of the Expert Panel to Define
Removal Rates for New State Stormwater Performance Standards.

U.S. EPA. 2011. Authorization to Discharge under the National Pollutant Discharge Elimination System Municipal
Separate Storm Sewer System Permit. NPDES Permit No. DC0000221.

U.S. EPA. 2012. Authorization to Discharge under the National Pollutant Discharge Elimination System Municipal
Separate Storm Sewer System Permit. NPDES Permit No. DC0O000221. Modification #1.

,’ﬁ, Page | 123


http://www.chesapeakestormwater.net/
http://ddoe.dc.gov/sites/default/files/dc/sites/ddoe/page_content/attachments/2013%20SW%20Rule.pdf
http://ddoe.dc.gov/node/610622
http://chesapeakestormwater.net/2009/11/the-reformulated-impervious-cover-model/
http://chesapeakestormwater.net/2009/11/the-reformulated-impervious-cover-model/

Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

Page intentionally left blank to facilitate double-sided printing.

”ﬁ Page | 124



Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

Appendices

Appendix A, Technical Memorandum: Model Selection and Justification

Appendix B, Technical Memorandum: Sewershed and Watershed Delineations
Appendix C, Technical Memorandum: Stream Erosion Methodology

Appendix D, Technical Memorandum: Selection of Event Mean Concentrations (EMCs)

Appendix E, Technical Memorandum: Review of MS4 Outfall Monitoring and Water
Quality Conditions to Assess MS4 WLAs and TMDLs

Appendix F, Technical Memorandum: BMPs and BMP Implementation

Page | 125



Consolidated TMDL Implementation Plan - Final Comprehensive Baseline Analysis  05/08/2015

Page intentionally left blank to facilitate double-sided printing.

Page | 126



Appendix A

Technical Memorandum

Model Selection and Justification

Table of Contents

O 011 (oo 1§ o1 £ o] o EP TSSO PSPPSR 1
A 1 1o 1TSS 1
1C T =Tod ] [ Tor= 1 7AYo o] {07 Ul o 1TSS 2
4. ReSUILS aNd DISCUSSION .....coviiiiiiieii et 15
RETEIEINCES ... s 17
ATLACIIMENTS ...t e r e b e reere e 19

Consolidated TMDL Implementation Plan — Comprehensive Baseline Analysis

May 08, 2015



Appendix A, Technical Memorandum: Model Selection and Justification

List of Tables

Table 1: Modeling Approach used in Mainstem Waterbodies for MS4 Areas .........cccccoeeieeiieniiieenie e 4
Table 2: Modeling Approach used in Tributary Waterbodies for MS4 Areas.........ccccovcvevieevieesieessieenieens 4
Table 3: Modeling Approach used in Other Waterbodies for MS4 Areas ..........cccoveeeiieeiieeniie e 5
Table 4: Results of Statistical Analysis of Precipitation Data at DCA, 1948-2013.........cccceccvevveeerveerveennne 12
Table 5: Typical Precipitation Depths (inChes) @t DCA ... e 12
Table 7: Reference Runoff Coefficients from Schueler (1987) ......cooev v 13

List of Figures

Figure 1: Main Categories of District TMDL Waterbodies.........cooueiaiiiiiieiie et 3
Figure 2: Model FrameworK DIagram .........coccveiieiiie e st e seessteeesee e saeesaeesteeenseeesneeesseeesnsesaneeenneeesnsessnees 9
Figure 3: DCA ANNUAl RAINTAIL .........oii e s b e e sae e e e e eneeenes 11

ii|Page



Appendix A, Technical Memorandum: Model Selection and Justification

1. Introduction

The District Department of Environment (DDOE) is required to develop a Consolidated Total Maximum
Daily Load (TMDL) Implementation Plan (IP) as established in the District of Columbia’s (District’s)
Municipal Separate Storm Sewer System (MS4) National Pollutant Discharge Elimination System
(NPDES) permit (U. S. EPA 2011 and U. S. EPA 2012). The IP will define and organize a multi-year
process centered on reducing pollutant loads originating within the District MS4. The level of pollutant
control will be based on past TMDL studies performed to protect impaired water bodies in the District.
The IP will include a summary of the regulatory compliance strategy to satisfy TMDL-related permit
requirements, a summary of data and methods used to develop the IP, specific prioritized
recommendations for stormwater control measures, a schedule for implementation and attainment of
Waste Load Allocations (WLASs), and a method for tracking progress. Substantial public involvement will
be sought in plan development.

This Technical Memorandum on Model Selection and Justification is one in a series of technical
memoranda that provide detailed information on research, analysis, programs and procedures that
support development of the Consolidated TMDL IP.

2. Purpose

Pollutant load estimation models are used extensively to develop TMDLs and to support municipal
stormwater management programs. A variety of models have been used in the District for these purposes.
These models use mathematical calculations to simulate rainfall generated runoff across a sewershed or
watershed. Pollutant mass or load is subsequently produced by multiplying the runoff flow volume by a
pollutant concentration, usually an event mean concentration (EMC). Pollution reduction is achieved by
taking into consideration the effect that various best management practices (BMPs) and non-structural
practices have on runoff generation or pollutant concentration.

The requirement to develop a Consolidated TMDL IP for the District includes a provision to identify and
apply a model to support pollutant load estimation and pollutant reduction, and to track progress in
achieving WLAs. In particular, the main requirements for developing a modeling tool specify that the
model will:

e estimate baseline and current pollutant loads;

e tabulate loads on an annual basis;

e estimate pollutant load reductions achievable via various BMP implementation scenarios; and
e be able to represent the daily expression of the TMDL.

This Technical Memorandum documents the selection, justification, and description of the model
(henceforth called the “IP Modeling Tool” or “IPMT?”) that will be used to help develop the Consolidated
TMDL IP. This Technical Memorandum also provides information on the IP Modeling Tool inputs and
comparison to other models, and includes a Technical Approach that addresses:

e review of previous modeling studies of the MS4 Area,;

e review of publically available modeling tools and calculators;
e model needs;

e model selection and justification;

e model description and requirements;

e model comparisons; and

e model limitations.

335
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It also includes a Results and Discussion section that presents and discusses the model selection and
model comparisons in the context of the Consolidated TMDL IP.

3. Technical Approach

3.1 Review of Previous Modeling Studies of the MS4 Area

The District has completed 26 TMDL studies for various 303(d)-list impaired waterbodies. TMDL studies
typically consist of multiple related individual TMDLs, such as TMDLs for related pollutants in a single
waterbody (e.g., TMDLs for multiple metal species in a waterbody) or TMDLs for related waterbodies
(e.g., a TMDL for a specific pollutant for a mainstem waterbody and its tributaries). The 26 TMDL studies
vary in complexity with respect to both the modeling performed to establish loads and also in the
assignment of MS4 WLAs. This section provides an overview of the modeling approaches used in the
TMDL studies. It summarizes the key differences between the various TMDL models with respect to how
loads are developed and describes how the MS4 WLAs are calculated and expressed for each TMDL. This
section also summarizes the information used to delineate the MS4 drainage areas and describes the data
and methods used to compute runoff from these areas, because this information is integral to the
modeling of MS4 loads. A full explanation of all the models and model inputs that were used to develop
the TMDLs is provided in Attachment A.1.

3.1.a District Waterbody Characterization for TMDL Modeling

As described above, there are three major types of waterbodies in the District: mainstem waterbodies;

tributary waterbodies; and other waterbodies that are connected to a mainstem but are not tributaries,

such as the Tidal Basin (see Figure 1). The following sections describe each waterbody type and provide
some basic information on how the waterbodies are modeled.
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District TMDL
Waterbodies

Mainstem Rivers Tributaries Other Waterbodies
AnacostiaRiver -
PotomacRiver 23 Small Tributaries K'ggg?;:’;e
Rock Creek Tidal Basin
Anacostia Tribs Rock Ck Tributaries Potomac Tributaries Washington Channel
Fort Chaplin Broad Branch Battery Kemble Ck Oxon Run
Fort Davis Dumbarton Oaks Dalecarlia Tributary
Fort Dupont Fenwick Branch Foundry Branch
Fort Stanton Klingle Valley Creek
Hickey Run Luzon Branch
Nash Run Melvin Hazen Viy Br
Popes Branch Mormanstone Creek
Texas Avenue Trib Pinehurst Branch
Watts Branch Piney Branch
Portal Branch
Soapstone Creek
TMDLs basedon | Y J
complexmodels TMDLs basedona
accounting for different TMDLs based on DC Small Tributaries variety of different
sources and processes model (except for 3 TMDLs) models

Figure 1: Main Categories of District TMDL Waterbodies

3.1.b Mainstem TMDL Models

There are 12 TMDL studies for the mainstem waterbodies in the District. Table A-1 below shows the list of
TMDL studies for mainstem waterbodies and the main modeling approach used to calculate runoff from
the respective MS4 drainage areas in each study. Modeling approaches for the mainstem included use of
an HSPF model originally developed for Watts Branch, and the MOUSE model used for the CSO LTCP.

The Watts Branch HSPF model was originally developed by ICPRB in 2000 to help provide flow inputs for
other Anacostia models because Watts Branch is the only stream in the District with a long term record of
stream discharge. In the Watts Branch HSPF model framework, all land areas are categorized into one of
three land use types: Impervious, Urban Pervious, and Forested Pervious. For each land use type, the
model predicts the daily flow volume per unit area of base flow and surface runoff (storm flow) during a
simulation period. Because many of the small water and sewersheds in the District were assumed to be
hydrologically similar to Watts Branch, the Watts Branch model was applied to these sub-drainage areas
to calculate runoff by first categorizing the land use types in the sub-drainage areas according to land use
types, and then by using the runoff calculations in the model.

Several TMDLs also use the land model based on DHI's MOUSE that was developed for the Long Term
Control Plan (LTCP). The District of Columbia Water and Sewer Authority (DC Water) built a complex
hydrologic and hydraulic model of the DC sewer system as part of its development of the LTCP for the
combined sewer system. The MOUSE (now known as Mike Urban) software was used to develop the LTCP
model. As part of the LTCP process, the separate storm sewer area was also studied to characterize the
storm runoff generated throughout the city. The LTCP model was calibrated for flow at various key points
within the CSO sewer system, which allowed the runoff inputs to be calibrated as well. The runoff

335
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component of the model is simulated using Horton’s equation, which requires inputs such as
precipitation, imperviousness, soil infiltration rates and recovery, surface slopes, and surface depression
volume. The LTCP model has not only been used to simulate the combined sewer system and overflows,
but has also been applied to model surface flooding issues across the city, including in the MS4 area. As
noted previously, the LTCP model was also applied to develop some of the Rock Creek and Potomac
TMDLs.

Table 1: Modeling Approach used in Mainstem Waterbodies for MS4 Areas

TMDL Stud Mainstem Hydrologic Model for Source of MS4 Drainage Area
v Waterbody District MS4 Runoff used in TMDL
Anacostia BOD - 2001 Anacostia River Watts Branch HSPF MWCOG sub-shed delineations
Anacostia TSS — 2002 Anacostia River Watts Branch HSPF MWCOG sub-shed delineations
Anaco§t|a & Tributaries Anacostia River Watts Branch HSPF MWCOG sub-shed delineations
Bacteria - 2003
Anacostia & Tributaries o . .
Metals/ Organics 2003 Anacostia River Watts Branch HSPF MWCOG sub-shed delineations
,’zkgggostla Oil & Grease - Anacostia River Watts Branch HSPF MWCOG sub-shed delineations
Anacostia TSS — 2007 Anacostia River Watts Branch HSPF MWCOG sub-shed delineations
,’zkgg;ostla Nutrients/BOD — Anacostia River Watts Branch HSPF MWCOG sub-shed delineations
. o None (monitoring data
Anacostia Trash - 2010 Anacostia River Ve 2005 land use data used
Potomac & Anacostia Tidal | Potomac and . . . .
PCB - 2007 Anacostia River Not reviewed in full Not reviewed in full
LTCP land model using . .

Rock Creek Metals -2004 Rock Creek DHI’'s MOUSE LTCP sewershed delineations

. LTCP land model using . .
Rock Creek Bacteria -2004 | Rock Creek DHI’s MOUSE LTCP sewershed delineations
Potomac & Tributaries . LTCP land model using . .
Bacteria -2004 Potomac River DHI’s MOUSE LTCP sewershed delineations

3.1.c Tributary TMDL Models

There are eight tributary TMDL studies in the District, of which five use the DC Small Tributaries (DCST)
model to calculate loads. The five TMDLSs that use the DCST model cover multiple tributaries of a
mainstem and therefore establish TMDLs on multiple tributary waterbodies. Table 2 shows the list of
tributary TMDLs and the model used for each to establish pollutant loads.

Table 2: Modeling Approach used in Tributary Waterbodies for MS4 Areas

Tributary TMDL TMDL Model

Hickey Run PCB, Qil and Grease, Chlordane - 1998 Monitoring data used (no modeling)
Anacostia and Tributaries Bacteria - 2003 DC Small Tributaries Model
Anacostia and Tributaries Metals and Organics — 2003 DC Small Tributaries Model

Fort Davis BOD - 2003 Monitoring data used (no modeling)

4|Page
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Table 2: Modeling Approach used in Tributary Waterbodies for MS4 Areas

Tributary TMDL TMDL Model

Watts Branch TSS 2003 SWMM (inflows) and HEC-6 (erosion)
Potomac and Tributaries Bacteria - 2004 DC Small Tributaries Model

Potomac and Tributaries Metals and Organics — 2004 DC Small Tributaries Model

Rock Creek Tributary Metals - 2004 DC Small Tributaries Model

The DCST model is simpler compared to mainstem TMDL models, in part because it does not account for
in-stream processes. The input loads to the DCST model are considered fully mixed in the stream and are
used directly to calculate TMDL allocations. However, the model used for the Watts Branch TSS TMDL
does have added complexity relative to the DCST model because it includes stream bank erosion among
the sources of total TSS load in the stream. There are also two key differences between tributary models
and mainstem models that pertain to input flow and load establishment in TMDLs. These are:

e Tributary models only establish the flow from the tributary drainage area, as that is the only
source of pollutant loads that needs to be identified. This load is split between WLA and LA based
on the sewered and unsewered areas within the drainage area. In contrast, mainstems have varied
sources of input, such as upstream flow, major tributary flows, and sub-drainage area flows.

e Tributary models are concerned only with the daylighted portion of a tributary and therefore
delineate the drainage area only up to the last daylighted point of a tributary stream. Any
downstream piped sections are not considered as part of the tributary drainage area. Therefore,
for those tributaries that have significant piped sections, tributary drainage areas do not match
the sub-drainage area mapped for that same tributary in the mainstem model because mainstem
sub-drainage areas were delineated up to the pipe outfall on the mainstem. This issue primarily
impacts the Anacostia tidal watershed, in which many of the tributaries are piped before they flow
into the river.

The Fort Davis BOD and the Hickey Run PCB, Oil and Grease, and Chlordane TMDLs do not use
modeling to establish flows or allocations. The Fort Davis TMDL used monitoring data to establish that
the stream is no longer impaired for BOD and therefore that a TMDL was no longer required. The Hickey
Run TMDL uses monitoring data to set a TMDL allocation for each pollutant. For oil and grease it is set at
that level which will not cause a sheen, and for PCB and chlordane, no discharges are allowed into the
stream. Therefore, no models are developed for these TMDLs.

3.1.d Other Waterbodies

There are four waterbodies that fall into the “other waterbody” category. Table 3 shows the different
TMDLs issued for these waterbodies and the modeling approach used in the development of the TMDLs.

Table 3: Modeling Approach used in Other Waterbodies for MS4 Areas

TMDL In-stream Model Drainage Area Runoff Estimation

Tidal Basin and Ship Channel Environmental Fluid Dynamics Using precipitation, infiltration loss
Bacteria (2004) Model (EFDC) percentage, and drainage area

Tidal Basin and Ship Channel EFDC Using precipitation, infiltration loss
Organics (2004) percentage, and drainage area

Ship Channel pH (2004) No numerical modeling Monitoring data used to estimate loads
Kingman Lake Bacteria (2003) No numerical modeling Based on flow to TAM/WASP segments

15-19 of the Anacostia River

5|Page
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Table 3: Modeling Approach used in Other Waterbodies for MS4 Areas

TMDL In-stream Model Drainage Area Runoff Estimation

Based on flow to TAM/WASP segments

Kingman Lake Organics and Metals No numerical modeling

(2003) 15-19 of the Anacostia River

Kingman Lake TSS, Oil and Grease, . . . .

BOD (2003) No numerical modeling Based on a simple hydrologic model
Oxon Run Organics, Metals, and Watts Branch HSPF Model used in the DC

No numerical modeling

Bacteria (2004) Small Tributaries Model

Chesapeake and Ohio Canal No numerical modelin An HSPF Model is used with two land use
Bacteria 2004 & categories: forested and urban lands

3.1.e Bacteria Modeling and Translation of E. coli from Fecal Coliform

At the time most bacteria TMDLs were done, the bacteria water quality standard for the District was
expressed in fecal coliform colonies. However, in 2005, the fecal coliform water quality standard was
changed to E. coli. Therefore, all of the bacteria TMDLSs were updated to reflect the new E. coli water
quality standard. To support the TMDL revisions, EPA and DDOE developed a DC Bacteria translator
using the statistical relationship between paired fecal coliform and E. coli data collected in the
District’s waters (LimnoTech 2011 and 20121). The DC Bacteria translator is representative of ambient
and stormwater bacteria concentrations and was used to convert the original fecal coliform TMDL
allocations into E. coli allocations.

3.2 Review of Publically Available Modeling Tools and Calculators

As described in the previous section, a variety of models have been used in the District to calculate
stormwater runoff volumes and pollutant loads. These models were considered in the selection of a
calculator for the IP Modeling Tool. In addition, a broader suite of calculators and models was also
reviewed. These included:

e Spreadsheet Tool for Estimating Pollutant Load (STEPL) (EPA, 2007)

e Watershed Treatment Model (WTM) (CWP, 2013)

¢ VA Runoff Reduction Model (CWP, 2011)

e EPA National Stormwater Calculator (U. S. EPA, 2013)

e GRTS Load Reduction Tool (DDOE, date unknown)

e Green Values Stormwater Management Calculator (CNT, 2004)

e Pollutant Load Reduction Model (USACE, 2000)

e PLOAD (EPA, 2011)

e Long-Term Hydrologic Impact Assessment (L-THIA) (Purdue, date unknown)

A comparison of these models was undertaken to examine:

e the intended use of the calculators and models;

e the hydrologic runoff method used;

e the method of calculating pollutant load;

o the different types of pollutants that can be accommodated,;

o the different sources of pollution that can be input into the model (i.e. land use, roads, etc.);

! Documentation related to development of the DC Bacteria translator is in LimnoTech’s 2011 Memorandum, Final
Memo Summarizing DC Bacteria Data and Recommending a DC Bacteria Translator (Task 2) and LimnoTech’s 2012
Memorandum, Update on Development of DC Bacteria Translators.

335
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e the graphical user interface (GUI) capabilities;
e the BMP types that can be used in the model;

e the method for applying BMP reductions;

e the ability to account for overlapping BMPs; and
e the ability to account for BMPs in series.

The results of the review are included in Attachment A.2.

3.3 Model Needs

As described earlier, many models currently exist to simulate runoff and loads for various parts of the
District, and each of these models was designed with a specific purpose. The Consolidated TMDL IP
requires a model that can be applied across the entire District, not just sections of it, in order to provide a
consistent and consolidated approach to calculate runoff and pollutant load in the MS4 and direct
drainage areas. Several other additional needs and requirements for the IPMT are summarized in the
following paragraphs.

3.3.a The model will estimate baseline and current pollutant loads

Baseline loads represent the stormwater loads in the District that are not influenced or reduced by BMPs
or other stormwater management practices. For the purposes of this analysis, baseline loads refer to the
stormwater loads in place (circa 2000 to 2004) when the majority of TMDLs were developed. Current
loads represent the present existing condition across the District, and take into consideration all of the
BMPs and other non-structural practices implemented in the years up to and including 2013. The
difference between the current condition and the WLA represents the “gap” or the amount of pollution
reduction required to achieve WLAs.

3.3.b The model will tabulate and account for loads on an annual basis

A primary requirement for the IPMT is that is must be able to track pollutant reduction to achieve WLA
targets that are expressed in units of Ibs/year, tons/year, etc. The IPMT must also be able to tabulate and
account for seasonal WLAs expressed over a period of months (e.g., the chlorophyll a growing season).

3.3.c The model will be able to represent the daily load expression of the TMDL

In addition to longer term annual and seasonal WLAs, TMDLs may also be developed with daily load
expressions. “Daily load expressions” are defined as a single static daily load value (e.g., Ibs/day) that is
expected to be protective of water quality criteria. This value is usually identified or extracted from an
annual or seasonal time series (a daily load data set) used to develop WLAs. Replication of a daily load
expression of a given TMDL by the model will be needed to assess the ability of implementation scenarios
to achieve this load reduction target.

3.3.d The model will estimate pollutant load reductions achievable via various BMP implementation
scenarios

The most important use of the model is to guide development of the Consolidated TMDL IP with respect
to an appropriate mix of BMPs and non-structural practices and the implementation schedule. The model
must therefore properly account for pollution load reduction that is associated with various BMPs and
non-structural practices in a reliable manner.
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3.3.e The model will estimate and track runoff volume as well as pollutant load

This capability is aligned with the need to track reductions in stormwater volume, as this is a requirement
of District stormwater regulations and programs.

3.3.f Other important considerations

Other important model requirements include the ability to:

calculate and track pollutant loads and reductions spatially and temporally by watershed,
catchment (a defined MS4 drainage area), pollutant, or other specification;

account for site-specific characteristics of watersheds and catchments such as land use, land
cover, and soil type;

guantify pollutant load reductions associated with various IP scenarios, including the
implementation of the District stormwater management regulations over defined time periods;
incorporate spatial changes over time to the District’s land use/land cover and BMP
implementation and their effect on pollutant loads and reductions;

support quantification of the cost of various implementation scenarios;

evaluate progress towards WLA compliance by enabling comparison of current and future
condition pollutant loads with benchmarks and milestones;

screen, rank, and prioritize catchments suitable for specific BMP implementation (“opportunity
areas”);

screen and rank potential BMPs to address pollutants in the opportunity areas;

utilize a GIS component to allow spatial visualization of modeling scenarios;

be user-friendly and not require expert knowledge of modeling concepts to run the modeling tool
and understand the output;

be adaptive so that future information can be incorporated into the tool as knowledge and data
sources improve; and

be linked directly with input data sources (such as the BMP database) to allow for continuous or
periodic updates as sources are updated.

3.3.g Conceptual Model Framework

Given the model needs and other considerations listed in the previous section, a conceptual model
framework for the IP Modeling Tool was crafted and is presented in Figure 2. In this framework, various
databases, GIS and a runoff/load calculator are combined in a GUI and linked to post processing
programs to tabulate, display, and compare model results. The calculator is a critical component of the
modeling framework - the part that produces the runoff and pollutant loads needed for IP planning and
implementation.
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Database
Stores all relevant data
needed to run the
modeling tool (e.g., BMPs,
land use, soils, etc.)

N

ArcGIS Graphical User Interface Post-Processor
Displays data, pre- User-defined queries and Reports, maps, and tables
processes input data for scenario manipulation 5 summarizing results of
the calculator, uses < using GIS and menus selected model scenario

calculator output data to
create results maps

I/

Calculator
Calculates runoff volumes,
pollutant loads, and
pollutant load reductions

Figure 2: Model Framework Diagram

3.4 Model Selection and Justification

Based upon extensive review and comparison with regard to model needs, including evaluation of the
models used in the original TMDLs and the calculators reviewed, the Modified Version of the Simple
Method was selected as the calculator of choice in the IP Modeling Tool. The original Simple Method was
developed at the Metropolitan Washington Council of Governments by Schueler (1987) using local
(metropolitan Washington area) stormwater data collected under EPA’s Nationwide Urban Runoff
Program, or NURP. The Simple Method is a lumped-parameter empirical model used to estimate
stormwater pollutant loadings under conditions of limited data availability (EPA, 2008). Because itis a
lumped approach, it assumes the physical characteristics for land units within a subwatershed are
homogeneous, thereby simplifying the physical representation of the subwatershed.

The Modified Version of the Simple Method was developed by the Center for Watershed Protection (CWP)
and the Chesapeake Stormwater Network (CSN) in order to specifically incorporate the runoff
characteristics of turf and forest cover as well as hydrologic soil groups into the modeling (CWP and CSN,
2008). This model is very well suited to calculate annual or seasonal runoff volumes and loads in
urbanized areas and small watersheds. It also accommodates the calculation of daily values associated
with a particular rainfall amount or design storm.

Many states, including Maryland, Virginia, New York and New Hampshire, recommend use of the Simple
Method or the Modified Version of the Simple Method for stormwater management purposes. In his
review and comparison of simple and complex pollutant load models, Ohrel (1996) found strong
agreement in comparisons of annual stormwater nutrient loads between the Simple Method and the
HSPF model, which remains the basic core of the Chesapeake Bay Watershed Model.

The key reasons for selection of the Modified Version of the Simple Method include:
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e Appropriate for assessing and comparing relative stormflow pollutant load changes of different
land use and stormwater management scenarios. Provides a general planning estimate of likely
storm pollutant export from areas at the scale of a catchment or subwatershed (SMRC, date
unknown)

e Appropriate for the limited data available to characterize the MS4 area. Available data includes
land use, landcover, soil type, precipitation, and wet-weather water quality data. The lack of
monitored MS4 flow data precludes the use of more complex continuous simulation models such
as SWMM or HSPF that require detailed flow data for calibration purposes.

e Simple approach but reasonably accurate and widely applied regionally as well as across the
United States

o Endorsed for use to address load allocations under the Chesapeake Bay TMDL (CSN, 2011)

e Amongst the set of models applied to generate stormwater loads and in particular LAs in several
of the TMDL studies.

e Can easily be transferred to DDOE without licensing issues or requirement for extensive
knowledge of model operations.

e Does not require a much time to set up and run, so aligns with the tight deadline for delivering
the Consolidated TMDL IP.
3.5 Model Description and Required Inputs

The Modified Version of the Simple Method estimates stormwater runoff volume and pollutant loads for
urban areas and is described by the following two equations:

_ PXPjXxRyc
12

R X A )

L=RXCXx272 2)

Where:
R = Runoff volume, typically expressed in acre-feet
P = Precipitation, typically expressed in inches
P; = Precipitation correction factor
Rvc = Composite runoff coefficient
A = Area of the catchment, typically expressed in acres
L = pollutant load, typically expressed in pounds
C = Flow-weighted mean pollutant concentration, typically expressed in mg/I|

12 and 2.72 are unit conversion factors if the units used are inches for precipitation, acres
for area, and mg/I for the pollutant concentration.

The model inputs are explained in further detail below.

3.5.a Precipitation (P)

The precipitation values applied in the Modified Version of the Simple Method are typically annual values,
but could also be seasonal (e.g., growing season). Official rainfall and other meteorological records for
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Washington, DC are observed at Ronald Reagan National Airport (DCA) by the National Weather Service,
and recorded by the National Climate Data Center (NCDC, 2014). Observations at DCA have been kept
continuously since 1948. The airport is located on the Virginia (western) bank of the Potomac River,
approximately 3 miles south of the White House and downtown Washington, DC, and adjacent to the
confluence of the Potomac and Anacostia Rivers. Continuous records of hourly and daily rainfall amounts
are available in electronic format from the NCDC from 1948 to the present.

A variety of rainfall conditions were used to drive the development of the DC TMDLs. These included:

e 1985101994
e 1988101990
e 1991 to 2002
e 1995t0 1997
e 1994 to 2005

The use of different time periods for assessing runoff and pollutant loads was necessary because these
distinct rainfall periods were identified for specific planning needs (e.g., DC Water’s CSO LTCP,
Chesapeake Bay Program modeling, etc.).

Most TMDL WLAs were typically developed using either daily rainfall data from 1988-1990 or from 1995-
1997. Those time periods include three years each, and each year represents either a typical “dry” year, a
typical “wet” year, or a typical “average” year. These three representative years are used to determine
pollutant loads under a variety of rainfall conditions in the District, to better represent the range of annual
predicted loads. Figure 3 shows the annual rainfall depths at the DCA gage over the entire period of
record (1948-2013). The green columns show the rainfall data for 1988 through 1990 whereas the orange
columns show the rainfall data for 1995 through 1997.

DCA Annual Rainfall
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Figure 3: DCA Annual Rainfall

A statistical analysis over the entire period of record was conducted to define the typical dry, average, and
wet year. A typical dry year is determined as the average of the lower quartile of the entire record of
precipitation, a typical average year is the average of second and third quartiles of the entire record of
precipitation, and a typical wet year is the average of the upper quartile of the entire record of
precipitation. The quartiles are shown in Table 4.
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Table 4: Results of Statistical Analysis of Precipitation Data at DCA, 1948-2013

Quartile 1 < 35.0inches
Quartile 2 35.0 - 38.8 inches
Quartile 3 38.8 - 44.3 inches
Quartile 4 > 44.3 inches

Table 5 summarizes the precipitation information for the long term record.

Table 5: Typical Precipitation Depths (inches) at DCA

1948-2013
Typical “Dry” Year 31.6”
Typical “Average” Year 39.6"
Typical “Wet” Year 49.0”
Average over entire time period (1948-2013) 40.0”

For the purposes of the application of the Simple Method, the long term record (1948-2013) annual
average rainfall depth (40.0 inches) will be used to calculate the average runoff and pollutant loads.

The use of alternative annual rainfall amounts to assess different planning conditions or global climate
change is accommodated in the Modified Version of the Simple Method by simple replacement of rainfall
depth in the runoff equation.

A small set of TMDLs in the District have a “daily load expression” to represent a critical condition that is
protective of water quality on a daily basis (as opposed to an annual basis). The daily expression of load is
often derived from an annual dataset (time series) of daily loads, with each day associated with a
particular rainfall amount. To express annual loads into daily loads, the ratio of the daily WLA to the
annual WLA was applied to the annual load calculations. This is represented in the equation below.

Daily WLA

. _ X
Daily Load = Annual Load X -~ 7~

This approach will be applied as the District goes through the process to develop additional daily load
expressions for TMDLs that do not currently have daily expressions.

3.5.b Correction factor (P;)

The Pj factor is used to account for the fraction of the annual rainfall that does not produce any
measurable runoff. Many of the storms that occur during the year are so minor that all of the rainfall is
stored in surface depressions and eventually evaporates. As a consequence, no runoff is produced. An
analysis conducted by the Maryland Department of the Environment of regional rainfall/runoff patterns
indicates that only 90% of the annual rainfall volume produces any runoff at all (MDE, 2003). Therefore,
Pj is set at 0.9. This is also the standard value recommended in the Modified Version of the Simple
Method model documentation (CSN, 2008).

3.5.c¢ Runoff coefficient (R,c)

The runoff coefficient is a measure of the site’s likelihood of producing runoff. A site with a high degree of
imperviousness will produce more runoff compared to a site that is pervious (e.g., forested land). The
runoff coefficient is calculated for each site using information to represent the site’s soil type and land
cover. The equation for the composite runoff coefficient is as follows:

335
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Rye = A;* Ry + Aepy * Rypq + Agp * Ryp + Arc * Ryee + Aep * Ryep + Apg * Rypa + App * Rypp + Agc
* Ryrc + Afp * Rygp

Where:

Rvi = runoff coefficient, impervious cover Ai = Impervious Area

Ruvta = runoff coefficient, turf cover, HSG A A= Turf area, HSG A

Rvis = runoff coefficient, turf cover, HSG B A = Turf area, HSG B

Rvic = runoff coefficient, turf cover, HSG C At = Turfarea, HSG C

Rvio = runoff coefficient, turf cover, HSG D Awp = Turf area, HSG D

Rvia = runoff coefficient, forest cover, HSG A At = Forested area, HSG A

Rvis = runoff coefficient, forest cover, HSG B Ars = Forested area, HSG B

Rvic = runoff coefficient, forest cover, HSG C Asc = Forested area, HSG C
Rvio = runoff coefficient, forest cover, HSG D A = Forested area, HSG D

Representations of impervious, turf, and forested cover, as well as soil type, are available from GIS layers
published by the DC Office of the Chief Technology Officer (OCTO) as follows:

The impervious area is a layer from DC OCTO (known as “ImperviousSurfacePly”) and includes
roads, driveways, alleys, highways, rooftops, parking lots, sidewalks, and any other impervious
cover.

The forested area is a layer from DC OCTO (known as “Wooded Area”). This layer includes
parks, protected easements, conservation areas, and other wooded areas.

The turf area was created for use in the IP Modeling Tool. Any area not included in DC OCTO’s
impervious or wooded layer was considered to be turf area. Turf is considered to be open land
with no impervious surface. This area includes fields, yards, grassed areas, and rights-of-way.

The soil type is a layer from DC OCTO (known as “SoilPly”), although the original source behind
this layer is actually the Soil Survey Geography (SSURGO) database. Additional information on
how to assign the hydrologic soil group was obtained from the USDA NRCS.

As described in the beginning of this Section, the runoff coefficients used in the Modified Version of the
Simple Method differ from those used in the standard Simple Method. The runoff coefficients for the
Modified Version of the Simple Method are published through the Chesapeake Stormwater Network
(CSN, 2008) and are shown in Table 7.

Table 6: Reference Runoff Coefficients from Schueler (1987)

Impervious Turf Forest
HSG A Soils 0.95 0.15 0.02
HSG B Soils 0.95 0.20 0.03
HSG C Soils 0.95 0.22 0.04
HSG D Soils 0.95 0.25 0.05

The composite runoff coefficients for each area modeled are developed based on weighting the relative
presence of each soil and land cover type, and the appropriate runoff coefficient. In the MS4 area, the
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runoff coefficients for the TMDL waterbodies range from 0.43 to 0.86. In the direct drainage areas, which
are predominantly parkland areas, the runoff coefficients for the TMDL waterbodies range from 0.06 to
0.47.

3.5.d Area (A)

Drainage area in the Modified Version of the Simple Method describes the physical extent of the
sewershed or watershed included in the runoff and pollutant load calculation. For the purposes of this
Baseline Conditions Report, the applicable areas are the MS4 and direct drainage areas that are assigned
WLAs or LAs in the TMDL studies. The delineation of drainage areas was largely based on DC OCTO GIS
coverages (topography and stream-lines) and a DC Water geodatabase that includes sewer pipes and
outfalls. Instead of using automated Digital Elevation Model (DEM) techniques, delineation was done
manually in order to account for the complexities of delineation in an urban landscape. Other GIS
coverages and aerial imagery were used where needed to support delineation. A full description of this
delineation can be found in Appendix B: Technical Memorandum: Sewershed and Watershed
Delineations.

The Modified Version of the Simple Method model limitations state that the model was designed for use
on the level of a subwatershed or smaller. It should be noted that 19 out of the 43 TMDL water segments
are larger than the recommended size. These include all of the mainstem reaches and some of the larger
tributary areas. However, these larger areas will be subdivided into smaller catchments with areas that are
commensurate with the recommendations of the Modified Version of the Simple Method. Loads from
these smaller areas will be summed by TMDL waterbody for reporting purposes and to compare to the
TMDL waterbody WLA.

3.5.e Flow-weighted mean pollutant concentration (C)

EMCs are used in conjunction with runoff calculations to develop pollutant load estimates. Several
parallel lines of investigation were used to identify the appropriate set of EMCs to support application of
the IP Modeling Tool. These included:

o Areview of the EMCs used to develop TMDLs in the District.
e Areview of EMCs reported in literature for various land use classes.
e Anevaluation of District MS4 monitoring data to develop District-specific EMCs.

The full report on the investigation of EMCs can be found in Appendix D, Technical Memorandum:
Selection of Event Mean Concentrations (EMCs).

3.6 Model Comparisons

The Modified Version of the Simple Method has been used widely across the region and nationally, and is
generally regarded as a model that can simulate runoff volumes and pollutant loads to an acceptable
degree of confidence. To provide an additional level of comfort with selecting and applying the Modified
Version of the Simple Method, model results were compared to storm flows measured by USGS gages in
the Washington, DC area. Modeled runoff volumes were also compared to those calculated during the
development of various TMDLSs that used more complex models such as HSPF and the LTCP model.

The full methodology and results of the model comparisons process are explained in Attachment A.3. The
results comparisons show that:

e The Modified Version of the Simple Method, on average, overestimates the runoff volumes
compared to wet-weather flows measured by in-stream gages. In this sense, the Modified Version
of the Simple Method provides a conservative estimate of the total runoff volume.
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e Ingeneral, the Modified Version of the Simple Method can replicate runoff volumes better when
the contributing drainage area is smaller and easier to characterize. This is consistent with the
known limitations of the Modified Version of the Simple Method, as further explained in section
3.7.

This additional comparison step provides the necessary degree of confidence to use the Modified Version
of the Simple Method for the runoff volume and load calculations in the IP Modeling Tool.

3.7 Model Limitations

The Modified Version of the Simple Method has several limitations that must be considered when the
model is applied (SMRC, date unknown). These include:

e The Modified Version of the Simple Method provides estimates of storm pollutant export that are
expected to be probably close to the “true” but unknown value for the site of interest. It is
important that the precision of the results are not overemphasized.

e Because the precision of results should not be overemphasized, it would be inappropriate to
compare runoff or pollutant loads from relatively similar development scenarios (e.g.: 34% vs
36% impervious cover) using the Modified Version of the Simple Method.

e The Modified Version of the Simple Method works best at the level of development sites,
catchments, or subwatersheds. It becomes less reliable when the area exceeds 1 square mile. As
the area of interest gets larger, the physical characteristics and rainfall distributions becomes less
homogeneous, and the Modified Version of the Simple Method’s “lumped approach” becomes less
reliable.

e The Modified Version of the Simple Method, by virtue of both its lumped approach and use of
more current datasets to describe the TMDL areas (e.g., delineations, watershed-based EMCs,
etc.), will not reproduce the pollutant loads generated by the models used to develop the TMDL.

4. Results and Discussion

One of the main objectives of the Consolidated TMDL Implementation Plan is to determine the extent of
BMP implementation necessary in order to achieve the WLAs prescribed by each TMDL. In order to do so,
a modeling tool is needed to determine the baseline (no BMPs), existing (with current BMPSs), and future
loads (with additional BMP implementation). Section 3 discusses the technical approach used to select
the Modified Version of the Simple Method as the model of choice to calculate the runoff and pollutant
loads. As noted throughout the document, the Modified Version of the Simple Method has been used
extensively throughout the region to assess the impact of various management strategies such as BMP
implementation to reduce pollutant loads. The Modified Version of the Simple Method is easy to apply,
requires limited data, and yet can predict pollutant loads with reasonable accuracy. The ease with which
the Modified Version of the Simple Method can be applied makes it an ideal model to simulate and screen
the multitude of predicted management scenarios.

As part of this project, predictions by the Modified Version of the Simple Method were compared with
wet-weather data from USGS gages and with runoff volume results predicted by a few of the more
complex models that were used to develop the TMDLs. This evaluation demonstrated that the Modified
Version of the Simple Method is conservative in terms of the runoff volumes predicted, but predicts flows
more closely in areas that are smaller in size and possess good land use/land cover data to characterize
the drainage area.

It should be noted that the Modified Version of the Simple Method will not reproduce the original TMDL
loads that were developed with other models. It is not the intent of the IP Modeling Tool to provide a
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precise reproduction of TMDL results. Rather, the intent is to provide a modeling tool that can be used as
a planning tool by DDOE to estimate in a reasonable way the expected load reductions from BMP
implementation and assess whether WLAs have been met.

The Modified Version of the Simple Method model limitations state that the model was designed for use
on the level of a subwatershed or smaller. It should be noted that 19 out of the 43 TMDL water segments
are larger than the recommended size. These include all of the mainstem reaches and some of the larger
tributary areas. However, the assessment of BMP implementation will be done on a smaller catchment
level, commensurate with the recommended area noted by the Modified Version of the Simple Method.
Loads from these smaller areas will continue to be summed by TMDL waterbody for reporting purposes
and to compare to the TMDL waterbody WLA.

Another limitation of the Modified Version of the Simple Method is that it should not be used to assess
conditions that are very similar to each other (e.g.: assess the change in loads from at 34% impervious
cover to a 36% impervious cover). This limitation should not be an issue for the IP Modeling Tool since
the predicted management scenarios will likely be very different from the baseline and current conditions,
especially with a time horizon that may potentially project decades into the future.

Given the careful review and assessment of both its advantages and disadvantages, it is recommended
that the Modified Version of the Simple Method be used to calculate the runoff volume and pollutant load
for the IP Modeling Tool.
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Attachment 1: DC TMDL Modeling Approach for
Mainstems and Tributaries

The District of Columbia (District) has completed 26 TMDL studies for various 303(d) impaired
waterbodies. TMDL studies typically consist of multiple related individual TMDLs, such as TMDLs for
related pollutants in a single waterbody (e.g., TMDLs for multiple different metals in a waterbody) or
TMDLs for related waterbodies (e.g., a TMDL for a specific pollutant for a mainstem waterbody and its
tributaries). The 26 TMDL studies vary in complexity with respect to both the modeling performed to
establish loads and also in the assignment of MS4 Wasteload Allocations (WLAS). This memorandum
provides an overview of the modeling approaches used in the TMDL studies. It summarizes the key
differences between the various TMDL models with respect to how loads are developed and describes how
the MS4 WLAs are calculated and expressed for each TMDL. The memorandum also summarizes the
information used to delineate the MS4 drainage areas and describes the data and methods used to
compute runoff from these areas, because this information is integral to the modeling of MS4 loads.

One of the primary goals of the memo is to evaluate the TMDL modeling to determine whether the MS4
WLAs for mainstems include or exclude the tributary areas. This has very important ramifications for
TMDL implementation, because if the mainstem WLAs include the tributary areas, then any load
reduction achieved in the tributary areas can be applied to the load reduction needed to meet the
mainstem WLA, as well as towards meeting any load reductions needed to meet a tributary WLA. In
contrast, if the mainstem WLAs do not include the tributary areas, then any work done in the tributaries
can only be applied to meeting the load reductions required in the tributaries, but not towards any load
reductions required in the mainstem.

For the purpose of this memorandum, the waterbodies in the District are divided into three broad
categories: mainstem waterbodies; tributary waterbodies; and ‘other waterbodies’ that are connected to a
mainstem but are not tributaries, such as the Tidal Basin. This division helps to explain the structure of
the TMDL modeling in the District and the relationships of specific waterbody MS4 WLAs to each other
(i.e., the relationship of MS4 WLAs for tributaries to MS4 WLAs for mainstems). Generally for the
mainstem waterbodies, such as the Potomac River or Anacostia River, the TMDL studies use multiple
numerical models. Typically, one model simulates the in-stream processes while other models simulate
the runoff and loads to the stream from different sources. This contrasts with modeling done for the
tributary waterbodies, where typically only one model is used to simulate runoff and loads, and no in-
stream processes are modeled (fully mixed conditions assumed in the receiving water).

Because this memorandum specifically addresses the models used to establish MS4 loads and how they
are incorporated within a watebody’s TMDL, any TMDL-related models that are not used to generate MS4
loads (i.e., the models used to evaluate in-stream conditions for the mainstems) are discussed only as
necessary to understand the MS4 load models.

Of the 26 TMDL studies, all except the Chesapeake Bay TMDL (2010) (the Bay TMDL) are reviewed in
this memorandum. The Bay TMDL modeling was not reviewed because the MS4 WLAs stemming from
the Bay TMDL are applied at a large scale (the Bay segment-shed scale) and there are no questions about
whether these WLAs include or exclude certain tributary areas, as they are for the other TMDLSs in the
District.
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District Waterbody Characterization for TMDL Modeling

As described above, there are three major types of waterbodies in the District: mainstem waterbodies;
tributary waterbodies; and other waterbodies that are connected to a mainstem but are not tributaries,
such as the Tidal Basin (see Figure 1). The following sections describe each waterbody type and provide
some basic information on how impairments are assessed for each class of waterbody, and how the
waterbodies are modeled and MS4 WLAs are assigned. More specific information on the methods for
modeling each type of waterbody is provided in the following sections of this memo.

District TMDL
Waterbodies

Mainstem Rivers Tributaries Other Waterbodies
Anacostia River -
PotomacRiver 23 small Tributaries K'ggtrgir;lr“a;:e
Rock Creek Tidal Basin
Anacostia Tribs Rock Ck Tributaries Potomac Tributaries Washington Channel
Fort Chaplin Broad Branch Battery Kemble Ck Oxon Run
Fort Davis Dumbarton Oaks Dalecarlia Tributary
Fort Dupont Fenwick Branch Foundry Branch
Fort Stanton Klingle Valley Creek
Hickey Run Luzon Branch
Nash Run Melvin Hazen Viy Br
Popes Branch Mormanstone Creek
Texas Avenue Trib Pinehurst Branch
Watts Branch Piney Branch
Portal Branch
Soapstone Creek
TMDLs basedon L Y J
complexmodels TMDLs basedona
accounting for different TMDLs based on DC Small Tributaries variety of different
sources and processes model {except for 3 TMDLs) models

Figure 1: Main Categories of District TMDL Waterbodies

Mainstem Waterbodies and Their Representation in TMDL Modeling

Mainstem waterbodies (see Figure 1) are the large scale waterbodies in the District to which all District
waters flow. There are three mainstem waterbodies in the District: the Potomac and Anacostia Rivers and
Rock Creek, each of which also have tributaries. All three mainstems are modeled in much more detail
than their tributaries, primarily because significantly more monitoring data is available on the mainstems
than on the tributaries.

With respect to TMDLs, mainstems and their tributaries are assessed for impairments separately and any
impairment listings for the mainstems and the tributaries are therefore independent of each other. In
addition, depending on how the mainstem TMDL is developed, TMDLs assigned to a mainstem may or
may not include the tributary area loads. This can cause confusion with respect to where the TMDLs apply
within the mainstem watershed (i.e., do mainstem MS4 WLAs apply to the entire mainstem MS4 area or
only to the MS4 area that drains directly to the mainstem and not any areas that drain to the mainstem
from its tributaries). Therefore, much of the mainstem modeling evaluation was focused on resolving this
issue for each mainstem TMDL.
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All mainstem TMDL models establish the overall contributing drainage area to the portion of the
mainstem that is within the District boundaries. These areas are further delineated into “sub-drainage
areas” based on locations of the tributaries and major pipe outfalls. The sub-drainage areas include both
tributary watersheds (drainage areas of tributaries to the mainstem) and sewersheds (drainage areas of
separate storm [MS4] or combined sewer [CSQO] systems that do not involve tributaries). When sub-
drainage areas extend significantly beyond the District boundaries, as in Watts Branch drainage area, the
ratio of drainage area in the District is used to calculate the District contribution of the total sub-drainage
area load. In addition to these sub-drainage areas, all mainstems also receive direct overland runoff
(direct drainage), which is delineated as a separate sub-drainage area. Together, the tributary, sewershed,
and direct drainage sub-drainage areas make up the total drainage area from the District to the mainstem.

Mainstem input flows used in the TMDL models include upstream flows delivered to the upstream
District boundary, sewershed flows (both MS4 and CSO), tributary flows, point source discharges (e.g.,
wastewater treatment plants), and direct drainage flows. While all mainstem TMDLs account for these
flows (to the extent that each type of flow occurs to that mainstem) and resulting pollutant loads, there are
differences in how MS4 flows are represented for different mainstem TMDLs. The complex drainage
pattern of the mainstem waterbodies, in general, complicates how the MS4 drainage areas and loads are
represented in their TMDLs. Many mainstem TMDLSs aggregate the MS4 loads from small tributaries
along with the MS4 loads discharged directly to the mainstem (sewershed loads) and use these loads to
calculate an aggregated MS4 WLA that encompasses both the smaller tributaries and non-tributary
sewershed areas, but others separate out the small tributary loads and assign the mainstem MS4 WLA
only to the non-tributary sewershed areas. While this methodology of generating an aggregated MS4 WLA
on the mainstem applies to the small tributary flow and load contributions, individual allocations are
typically generated for larger tributaries (such as Watts Branch on the Anacostia River or Rock Creek on
the Potomac River). Because these types of diverse drainage inputs do not exist for the tributary and the
other waterbody categories, these types of flow and allocation differentiations do not occur for these
waterbodies.

Tributary Waterbodies and Their Representation in TMDL Modeling

Tributary waterbodies are the smaller waterbodies in the District that flow to a mainstem waterbody.
Thus, all tributary drainage areas are included within the drainage area of their mainstem river. For the
District's TMDLs, modeling approaches used in the tributaries are independent of the mainstem
modeling. Thus in cases where a mainstem TMDL exists for the same pollutant as does a tributary TMDL,
MS4 WLAs calculated for the tributaries are separate and independent of the MS4 WLAs calculated for
the respective mainstem waterbody. In most cases the tributaries are modeled using the DC Small
Tributaries model (see Figure 1), which is explained in more detail in a subsequent section of this
memorandum.

Other Waterbodies and Their Representation in TMDL Modeling

There are several other small waterbodies in the District which do not fall into the tributaries category.
These waterbodies are:

e Tidal Basin and Ship Channel — Part of the Potomac River watershed that acts as a parallel
channel and is contained entirely within the District.

¢ Kingman Lake — Part of the Anacostia River watershed. It is part of a parallel channel to the river
and is contained entirely within the District.

e Oxon Run — A tributary of Potomac River that has a majority of its watershed and its confluence
in Maryland.
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e Chesapeake and Ohio Canal — Part of the Potomac River watershed that acts as a parallel channel
and extends upstream beyond the District border.

With the exception of Oxon Run, the waterbodies noted above fall within the District’s portion of their
mainstem drainage areas, and load contributions from these waterbodies are accounted for in the
mainstem loads for the District. In contrast, Oxon Run load contributions are not accounted as District
loads in the mainstem Potomac River TMDLs. Since Oxon Run has its confluence with the Potomac River
in Maryland, and since only approximately a quarter of its drainage area is within the District, Oxon Run
loads are either entirely allocated to Maryland (e.g., Potomac River Bacteria TMDL) or are simply
allocated as a separate MS4 WLA (e.g., Potomac and Anacostia PCB TMDL). In the latter case, the TMDL
notes that the waterbody is in both Maryland and the District without assigning specific load numbers to
either jurisdiction (Note: the discussion above relates only to how Oxon Run flows and loads are handled
in the mainstem Potomac TMDLs; the District’s portion of Oxon Run also has its own TMDLs for which
the District is responsible).

Different TMDL models are used to calculate the loads for these “other waterbodies.” Only the Kingman
Lake TMDLs use a model that is derived from its mainstem TMDL model. The other three waterbodies
are modeled using different TMDL models that are unrelated to their mainstem models. However, all of
the models used to model these “other waterbodies” are simpler than the mainstem models.

TMDL Modeling

The waterbody categorization described above helps to elucidate how TMDLs are done and how
allocations are made for the different waterbodies in the District. While review of the relationship
between mainstem and tributary and other waterbody models demonstrates that mainstem MS4 WLAs
are exclusive of the MS4 WLAs for the tributaries and the other waterbodies, the question of whether the
mainstem MS4 WLAs include or exclude the tributary and other waterbody areas is not directly answered
by this evaluation. In order to answer this question, the actual TMDL modeling must be reviewed. The
following sections explain in more detail how the different TMDL models assign MS4 drainage areas,
describe the data and models used to generate loads, and discuss how MS4 WLAs are calculated and
presented for each of the mainstem, tributary and other waterbody TMDLSs.

Mainstem TMDL Models

There are 12 TMDL studies for the mainstem waterbodies in the District. Table 1 below shows the list of
TMDL studies for mainstem waterbodies and the main modeling approach used to calculate runoff from
the respective MS4 drainage areas in each study.

Table 1: Modeling Approach used in Mainstem Waterbodies for MS4 Areas

TMDL Stud Mainstem Hydrologic Model for Source of MS4 Drainage Area
v Waterbody District MS4 Runoff used in TMDL

Anacostia BOD - 2001 Anacostia River Watts Branch HSPF MWCOG sub-shed delineations

Anacostia TSS — 2002 Anacostia River Watts Branch HSPF MWCOG sub-shed delineations

Anaco§t|a & Tributaries Anacostia River Watts Branch HSPF MWCOG sub-shed delineations

Bacteria - 2003

Anacostia & Tributaries L. . .

Metals/ Organics 2003 Anacostia River Watts Branch HSPF MWCOG sub-shed delineations

,:(r)\ggostla Oil & Grease - Anacostia River Watts Branch HSPF MWCOG sub-shed delineations

Anacostia TSS — 2007 Anacostia River Watts Branch HSPF MWCOG sub-shed delineations
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Table 1: Modeling Approach used in Mainstem Waterbodies for MS4 Areas

TMDL Study

Mainstem
Waterbody

Hydrologic Model for
District MS4 Runoff

Source of MS4 Drainage Area
used in TMDL

Anacostia Nutrients/BOD —

Anacostia River

Watts Branch HSPF

MWCOG sub-shed delineations

2008

None (monitoring data

Anacostia Trash - 2010
used)

Anacostia River 2005 land use data used

Potomac and
Anacostia River

Potomac and Anacostia

Tidal PCB - 2007 Not reviewed in full

Not reviewed in full

LTCP land model using

Rock Creek Metals -2004 DHI’'s MOUSE

Rock Creek LTCP sewershed delineations

LTCP land model using

Rock Creek Bacteria -2004 DHI’s MOUSE

Rock Creek LTCP sewershed delineations

Potomac & Tributaries
Bacteria -2004

LTCP land model using

DHI’'s MOUSE LTCP sewershed delineations

Potomac River

The sections below describe more specifically the modeling done for each mainstem waterbody.
Anacostia Mainstem

District TMDL models for the Anacostia River are set up for the entire tidal portion of the river, which
extends upstream from the District border to the Town of Bladensburg in Maryland. While tidal influence
extends into the Northeast and Northwest Branches upstream of the District boundary, the modeling
done for the District TMDLs generally assumes the confluence of the branches as the limit of tidal
influence. Therefore, the Anacostia River reach modeled for the District TMDLs extends from its mouth at
the Potomac River to the confluence of the Northeast and Northwest branches. Approximately 84% of the
drainage area to the tidal reach is within the District, with the remainder falling within Maryland.

A total of nine TMDL studies have been completed to date for the mainstem Anacostia River in the
District. Of these, seven TMDL studies use versions of an MWCOG model called Tidal Anacostia
Model/Water Analysis Simulation Program (TAM/WASP) that has been revised by ICPRB and others;
one TMDL study uses the Chesapeake Watershed Model; and one TMDL study does not use a numerical
model. Table 2 below outlines the different TMDL models used in these studies and the drainage areas of
the mainstem used in each model.

Table 2: Models used in Anacostia Mainstem TMDLs

Tidal Drainage Area, excluding CSO, and
major tributaries (Lower Beaverdam
Creek & Watts Branch)

TMDLs Mainstem Model

TAM/WASP (simulation period

Anacostia BOD - 2001 1988-1990)

No drainage area or runoff provided

Anacostia TSS — 2002, )
TAM/WASP Version 2.1

i i i ia - 1 1 ff=2 2 .
Anacostia and Tributaries Bacteria (simulation period 1988-1990) 0,501 ac (runo 0,952,000 cu.m)
2003
Anacostia and Tributaries Metals & TAM/WASP Version 2.3

. ersion 2.
Organics — 2003 = .
g > (simulation period 1988-1990) 10,501 ac (runoff = 20,952,000 cu. m)
Anacostia Oil & Grease - 2003
Al-5|Page
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Table 2: Models used in Anacostia Mainstem TMDLs

Tidal Drainage Area, excluding CSO, and
TMDLs Mainstem Model major tributaries (Lower Beaverdam
Creek & Watts Branch)

Anacostia Sediment/TSS — 2007 TAM/WASP Version 3

. . . 12,375 ac (runoff not provided
Anacostia Nutrients/BOD — 2008 (simulation period 1995-1997) ( P )

Chesapeake Bay Watershed
Model Version 5 (simulation No drainage area or runoff provided
period 2005)

Potomac and Anacostia Tidal PCB -
2007

Anacostia Trash - 2010 No Numerical model No drainage area or runoff provided

As noted above, with the exception of the Potomac and Anacostia PCB TMDL and the Anacostia Trash
TMDL, most mainstem Anacostia TMDLs use some version of the TAM/WASP framework. In contrast,
the Potomac and Anacostia PCB TMDL was developed for both the tidal Potomac River and the Anacostia
River and the documentation in the TMDL is limited in how the drainage area delineation was performed
for the mainstem waterbodies. The model used in this TMDL is therefore not reviewed further here. The
Trash TMDL does not use a numerical model to establish loads on the Anacostia River. It is based on
monitoring data and 2005 land use data and uses this information to establish an annual trash loading
rate for each land use type. MS4 pipe outfall monitoring data was used to calculate the point source loads
and in stream monitoring data was used to calculate the non-point source loads.

Drainage Areas, Flow Estimates, and Allocation Development in the TAM/WASP Models

The TAM/WASP models are complex models that simulate an array of physical processes that occur in the
tidal Anacostia River. The TAM framework simulates the hydrodynamic processes and the WASP
framework models the water quality processes. The TAM/WASP models were reviewed in this
memorandum only as far as determining how the input loads are allocated towards the District MS4 load
contributions.

While there are some differences in how the different TAM model versions assign flows, in general, they
include input flows and loads to the tidal Anacostia River from the following sources:

e Upstream flow from the Northeast and Northwest Branches
e Combined sewer system flows (all CSOs are in DC)
e Major tributary flows
0 Lower Beaverdam Creek (LBC)
o Watts Branch
e Separate sewer system flows and minor tributary flows
e Direct drainage (overland direct runoff)

Based on the above categorization of input flows/loads, all tributaries of the tidal Anacostia River except
for Watts Branch and Lower Beaverdam Creek are classified as “minor.” Watts Branch and Lower
Beaverdam Creek are considered major tributaries and are modeled using different methods from those
used on the minor tributaries. The input flows and loads for separate sewer system and minor tributaries,
CSO, and direct drainage are developed from sub-drainage area delineations performed for the tidal
Anacostia River. The TAM models refer to the separate sewer system and minor tributary sub-drainage
areas as “SSTrib” areas and this abbreviation is used in this memorandum for brevity.

Sub-drainage areas for the SSTrib areas and CSO outfalls are based on a delineation of sub-drainage areas
of the tidal drainage area developed by MWCOG in 2000. The MWCOG study refers to these areas as
“sub-sheds” as they are a combination of minor tributary drainage areas (watersheds) and MS4/CSO
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outfall drainage areas (sewersheds). Thirty sub-drainage areas were delineated based on the major pipe
outfalls and on the minor tributary confluences along the tidal Anacostia River (there are a total of 32 sub-
drainage areas when the two major tributaries — Watts Branch and Lower Beaverdam Creek — are
included). The identification of sub-drainage areas associated with sewer outfalls was made by ICPRB
using best engineering judgment based on GIS layers for the District developed by LimnoTech in 1995 and
on the DC sewerage system maps. Sub-drainage areas for minor tributaries which are piped before
flowing into the Anacostia include both the upstream (“open channel”) tributary drainage area and the
downstream MS4 pipe drainage area. In these instances, the piped and the open channel areas of the
minor tributary were aggregated into one flow input to the TAM/WASP model. This was done, in part,
due to the prevalence of piped minor tributaries where the downstream pipe flow includes both the
tributary flow and the storm sewer flow. Only two minor tributaries — Nash Run and Hickey Run - have
open channels up to the mainstem.

Delineations of the two major tributary watersheds (Watts Branch and Lower Beaverdam Creek) were not
made by MWCOG, but were instead obtained from other sources, as they have significant drainage areas
in Maryland. Table 3 shows the 30 sub-sheds, plus the two major tributaries.

Table 3: Sub-Drainage Areas used in Anacostia TAM Model

Sub-shed ID Name Type1
1 Fort Lincoln SSTrib
2 Hickey Run SSTrib
3 Langston North SSTrib
4 Langston South SSTrib
5 Spingam High School SSTrib
6 Oklahoma Avenue SSTrib
7 RFK Stadium SSTrib
8 NE Boundary Sewer CSsoO
9 Barney Circle Cso
10 Area North of Navy Yard CSO
11 6" Street Area SSTrib
12 B Street/New Jersey Avenue/Tiber Creek CSO
13 First Street SSTrib
14 Buzzard Point SSTrib
15 Nash Run via Kenilworth SSTrib
16 Watts Branch Major Tributary
17 Clay Street SSTrib
18 Piney Run Area SSTrib
19 Ely’s Run SSTrib
20 Fort Dupont SSTrib
21 Pope Branch SSTrib
22 Texas Avenue Tributary SSTrib
23 Pennsylvania Avenue SSTrib
24 22" Street Area SSTrib
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Table 3: Sub-Drainage Areas used in Anacostia TAM Model

Sub-shed ID Name Type1
25 Naylor Road Area SSTrib
26 Fort Stanton SSTrib
27 Old Anacostia Cso
28 Suitland/Stickfoot SSTrib
29 Poplar Point/Howard CSo
30 I-295/St. Elizabeth’s Hospital (South) SSTrib
33 Lower Beaverdam Creek Major Tributary
35 Dueling Creek SSTrib
'SSTrib = separate storm sewer system and minor tributaries
CSO = Combined Sewer Overflow
Major Tributary — major tributaries that are designated separately from minor
tributaries

In addition to the sub-drainage areas in Table 3, the area surrounding the mainstem that drains directly
to the River (i.e. not via pipes or tributaries) was delineated by ICPRB as the direct drainage area. The
direct drainage area flows represent the nonpoint source flows to the mainstem. For the purposes of
TMDL modeling, the direct drainage area for the tidal Anacostia River extends beyond the District
boundary to the Town of Bladensburg in Maryland.

Flows for the SSTrib sub-drainage areas were computed using the drainage area delineation described
above and an HSPF model for Watts Branch developed by ICPRB in 2000. The Watts Branch HSPF model
was originally constructed to help provide flow inputs for the Anacostia models because Watts Branch is
the only stream in the District with a long term record of stream discharge. In the Watts Branch HSPF
model, all land within the Watts Branch watershed is categorized into one of three land use types:
Impervious, Urban Pervious, and Forested Pervious. For each land use type, the model predicts the daily
flow volume per unit area of base flow and surface runoff (storm flow) during a simulation period.
Because the SSTrib sub-drainage areas in Table 3 are hydrologically similar to Watts Branch, the Watts
Branch model was applied to these sub-drainage areas to calculate runoff by first categorizing the land use
types in the sub-drainage areas according to the Watts Branch land use types, and then by using the
runoff calculations in the model.

Once flows and pollutant loads were generated for the different input sources, including the SSTrib sub-
drainage areas, loads were fed into the TAM/WASP model. The output from the TAM/WASP model was
then used to assign “allowable loads” for the TMDLs, and load reductions were assigned to meet water
quality standards. While the individual SSTrib sub-drainage area data exist in the model documentation,
the TMDLs do not typically include separate loads and load reductions for each SSTrib sub-drainage area.
Rather, aggregated loads and load reductions were made for all SSTrib and all CSO sub-drainage areas.
While all CSO sub-drainage areas are in the District, approximately 84.1% of the SSTrib sub-drainage
areas are in the District. The remaining SSTrib areas fall within Maryland (Note: while not all SSTrib
areas fall within the District, some TMDLs assign all SSTrib loads to the District [e.g., Anacostia BOD
2001], while some divide the loads between the District and Maryland [e.g., Anacostia TSS 2002].

While the above framework was used in most of the Anacostia mainstem TMDLs (the exceptions being the
Potomac and Anacostia PCB TMDL and the Anacostia Trash TMDL as described in Table 2) to develop
flows and load assignments for the different sources to the Anacostia River, the TMDLs differ in how the
loads are allocated towards the District MS4 load contributions, and in how they refer to these loads. With
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respect to how MS4 loads are referenced, different TMDLSs refer to the MS4 loads using different
terminology, such as “Storm Water” or “Sub-watersheds”. With respect to how MS4 loads were allocated,
for the most part, the year the TMDL was developed determined how the MS4 loads were assigned. Some
of the earlier TMDLs did not separate out the MS4 Waste Load Allocations (WLA) from the direct
drainage Load Allocations (LA) and this step was carried out by EPA in the TMDL Decision Rationale.
These differences in the TMDLs add a layer of confusion to understanding how the MS4 assignments are
made. Table 4 shows how MS4 loads were allocated in the various Anacostia River TMDLs that use
TAM/WASP models.

Table 4: TAM/WASP based TMDL MS4 Load Assignments

TMDL TMDL Model Anacostia MS4 load assignment in MS4 Load Assignment in EPA
Loads TMDL Report Decision Rationale Report
- Upstream loads (assigned
to Maryland; includes all of
LBC load plus 53% of Watts
Branch load) MS4.I<-)ads aTre nqt- . MS4 loads are included as “SW” for
specifically identified in a M n
BOD ) . Upper and as “DC SW” for Lower
DC Upper Anacostia SW WHLA. Instead, they are . .
(2001) . o . ek Anacostia. These loads are assigned
(includes 47% of Watts included in “SW” loads for LAs. No WLAs assighed
Branch load) Upper and Lower Anacostia. : gnea.
- DC Lower Anacostia SW
- DC Lower Anacostia CSO
- Upstream loads (assigned MS4 loads are not
to Maryland; includes specifically identified in a
15.9% of the small tribs, WLA. Instead, they are Loads are based on the 1989 growing
LBC and 53% of Watts included in the “Small Tribs” | season only. MS4 loads are included
TS5 (2002) Branch) designation in the TMDL, as part of the “SW” designation,
- 84.1% of Small Tributaries | Which in turnis based on the | which also includes direct drainage
Ioa.ds SSTrib drainage area. The and is assigned a LA. No WLAs
A7% of W : h load Small Tribs designation also assigned.
) AL LD G ULBEDEE includes the direct drainage
- €SO loads area loads.
- Upstream Ioaf:Is (assigned MS4 loads are included in CSO and Tributary Storm Water loads
. to Maryland; includes LBC) | "™ ” are reported as WLA and Direct Storm
Bacteria Di Tributary Storm Water
- Direct Storm Runoff . . . Runoff loads are reported as LA.
(2003) . designation, which is based .
- Tributary Storm Water . Separate MS4 WLAs are provided for
on the SSTrib loads. .
- CSO the Upper and Lower Anacostia.
- Upstream loads (assigned -
to Maryland; includes LBC, _D'St”Ct M54 loads are
53% of Watts Branch and w:!cl;(:se:e:sil]zajsl;,ssi ned MS4 loads are included in the “Storm
Metals/ 15.9% of Sub watershed o 8 Water” designation and are assigned
. loads) to the District. “Sub
Organics watersheds” load is based on WLAs for the Upper and Lower
(2003) - 84.1% of Sub watershed ) . Anacostia. Direct drainage loads are
the SSTrib drainage area and .
loads . . . assigned LAs.
includes the direct drainage
- 47% of Watts Branch loads area
- CSO loads

P

Al9|Page




Appendix A, Technical Memorandum: Model Selection and Justification

Table 4: TAM/WASP based TMDL MS4 Load Assignments

TMDL TMDL Model Anacostia MS4 load assignment in MS4 Load Assignment in EPA
Loads TMDL Report Decision Rationale Report
“Stormwater” and CSO loads are
- Upstream loads (assigned reported as WLA and “Upstream”
to MD) load is reported as LA. The document
also indicates that areas still subject
Oil & i Stormwatgr (separate “ e to stormwater runoff that are not
Grease values assigned to l-Jpper Stqrmwater includes the covered by the MS4 such as forested
and Lower Anacostia) SSTrib areas.
(2003) areas would not be expected as
) CSQ (separate values sources of this pollutant. This
assigned to Upper and indicates that non-MS4 direct
Lower Anacostia) drainage areas are not included in this
TMDL.
- Upstream loads (assigned
to MD, including Watts
Branch and LBC) MS4 WLA consists of the
- MS4 (separate values SSTrib loads. MS4 WLAs are
assigned to Upper and provided separately for
Lower Anacostia) Upper and Lower Anacostia.
Sediment/ | - CSO (separate values The District’s portions of .
TSS (2007) assigned to Upper and Watts Branch and LBC are R L et
Lower Anacostia) included in Upper Anacostia
- Point sources MS4 WLA. Permitted point
- Nonpoint sources source loads are listed as
(separate values assigned separate WLAs.
to Upper and Lower
Anacostia)
- Upstream loads (assigned
to MD, including Watts
Branch and LBC) MS4 WLA consists of the
- MS4 (separate values SSTrib loads. MS4 WLAs are
assigned to Upper and provided separately for
. Lower Anacostia) Upper and Lower Anacostia.
Nutrients/ L .
BOD - CSO (separate values The District’s portions of Reported similarly to TMDL report.
(2008) assigned to Upper and Watts Branch and LBC are
Lower Anacostia) included in Upper Anacostia
- Point sources MS4 WLA. Permitted point
- Nonpoint sources source loads are listed as
(separate values assigned separate WLAs.
to Upper and Lower
Anacostia)

Tidal Drainage Area Differences between Version 2 and Version 3 of the TAM/WASP Models

There are four versions of TAM/WASP models used by the different TMDLSs as shown in Table 2. While all
versions indicate that they use the same sub-drainage area delineations performed by MWCOG, Table 2
also shows that there is a difference in the calculation of the tidal drainage area between Versions 2.1 and
2.3 and Version 3. TMDLs that use Version 3 report a drainage area of 12,375 acres as the tidal drainage
area (excluding Watts Branch and Lower Beaverdam Creek and CSOs). The TMDLs using Versions 2.1
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and 2.3 report this area as 10,501 acres, or approximately 1,900 acres less than what is used in Version 3.
Since only the TMDLs that use Versions 2.1 and 2.3 provides only main tributary drainage areas and
upstream (Maryland) drainage areas, but it does not provide a full breakdown of the various sub-shed
drainage areas, it is not possible to explain the difference in areas between the different TAM versions
precisely. However, Version 3 lists smaller drainage areas for Lower Beaverdam Creek and Watts Branch
than do Versions 2.1 and 2.3. Thus, it is likely that areas of Lower Beaverdam Creek and Watts Branch,
along with areas in the Bladensburg area of Maryland, were included in the tidal drainage area in TAM
Version 3, thus resulting in an increase in the reported tidal drainage area compared to TAM Version 2.
This is one plausible explanation; however, more information will be needed to validate this conclusion.

Rock Creek Mainstem

District TMDL models of the mainstem Rock Creek extend from the confluence with the Potomac River to
the upstream limit in the District. The watershed consists of the mainstem Rock Creek plus 11 tributaries.
All tributaries to Rock Creek in the District are open channel streams. The tributaries receive MS4
drainage from the surrounding separate storm sewer areas; in addition, one tributary (Piney Branch) also
receives CSO flows as well.

There are two TMDLs for the mainstem Rock Creek. These are:

e Rock Creek Mainstem Metals (2004)
e Rock Creek Mainstem Bacteria (2004)

Both TMDLs use a similar modeling approach, which includes two main components. A land model
component (rainfall-runoff model) was used to generate loads from the Rock Creek drainage area within
the District and convey them through drainage systems to the receiving waters, and a stream model
component was used to simulate the in-stream processes using EPA’s Storm Water Management Model
(SWMM) model.

The land model was formulated as part of the DC Water’'s CSO Long Term Control Plan (LTCP) study and
includes two separate models - one for the combined sewer system and another for the separate storm
sewer system. The models generate runoff based on various hydrologic input parameters from the
drainage basin, including precipitation, land use, and soil characteristics. For the CSO areas, the model
also routes the runoff through the collection system. These models were calibrated and verified using data
collected for the LTCP between October 1999 and June 2000. The models were run for a three year period
from 1988 to 1990 and outputs were entered as input to the Rock Creek SWMM model.

Drainage Areas, Flow Estimates, and Allocation Development
The following sources of input flow are defined in the Rock Creek SWMM model:

e Upstream flow data from Maryland — based on the USGS gage at Sherrill Drive

e (CSO and stormwater flow data —from LTCP models

¢ Direct drainage — The Simple Method was used to calculate flows from parklands along the Creek
and its tributaries that do not enter the sewer system but drain directly into the channel

The LTCP study identified the pipe outfalls on Rock Creek and the pipe outfalls on its tributaries and
calculated the contributing drainage area for each outfall (sewersheds). Based on hydrologic parameters,
the LTCP study calculates a runoff value at each outfall using the DHI MOUSE program. Loads are then
calculated by multiplying EMCs by the runoff values. Loads from each sewershed are applied to the
mainstem in the segment of the mainstem to which their outfall discharges; for sewershed loads from the
tributaries, loads are applied to the mainstem at the tributary confluence Areas outside of these
sewersheds consist primarily of parklands that flank Rock Creek and its tributaries. These areas
contribute direct runoff to the Rock Creek and are assigned as direct drainage areas in the TMDL studies.
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Similar to the Anacostia models, all separate stormwater loads to the tributaries and to the mainstem are
aggregated together and assigned as one MS4 WLA to the mainstem Rock Creek. There is one subtle
difference between the Anacostia TAM models and the Rock Creek models regarding calculating direct
drainage areas. In contrast to the Anacostia mainstem TAM model, which includes direct drainage only
from those areas that contribute direct runoff to the mainstem, the Rock Creek mainstem models also
include the direct drainage areas to the tributaries in addition to the direct drainage areas to the
mainstem.

Specific MS4 drainage areas are not available from the Rock Creek TMDL documents. Therefore, a
breakdown of the different sub-drainage areas used for the mainstem Rock Creek TMDLs is not provided
here. This information is most likely available in the LTCP related study documents.

Potomac Mainstem

District TMDL models of the mainstem Potomac extend from the downstream boundary at the Wilson
Bridge to the upstream boundary at the District line past Chain Bridge. There are two TMDLSs for the
mainstem Potomac River. These are:

e Potomac and Tributaries Bacteria (2004)
e Potomac and Anacostia Tidal PCB (2007)

The PCB TMDL was developed for both the tidal Potomac River and the Anacostia River, and the
documentation in the TMDL is limited regarding how the drainage area delineation was performed. This
model is therefore not reviewed further in this memorandum. The Bacteria TMDL includes two main
components: a land component and a stream component. The land model component (rainfall-runoff
model) was used to generate loads from the Potomac drainage area within the District and convey them
through drainage systems to the receiving waters. The stream model component was used to simulate the
in-stream process using EPA’s Dynamic Estuary Model (DEM) model.

The land model used for the Potomac River is the same model that was used in the Rock Creek TMDLSs.
Details of this model can be found in the Section 2.3 above.

Drainage Areas, Flow Estimates, and Allocation Development
The following sources of input flow are defined in the Potomac River DEM model:

e Upstream flow/load data from Maryland — based on the USGS gage at the Little Falls pumping
station.

e Storm water from the District’s storm sewers and CSO discharges- from the DC WASA LTCP
models. These storm water flows include stormwater from three small tributaries in the District
(Battery Kemble Creek, Foundry Branch and Dalecarlia Tributary).

e Lateral flow from overland runoff (from DC, MD, and VA) - Flows that drain directly to the River.
A variation of the rational equation is used to generate these flows.

e Potomac River tributaries — these consist of five medium streams with drainage areas greater
than 10 square miles (Cameron Run, Four Mile Run, and Pimmit Run in Virginia; and Henson
Creek and Oxon Run in Maryland), plus Rock Creek and Anacostia River. Flows and loads from
the five medium streams are assigned to Virginia or Maryland, depending on the location of the
waterbody, and flows and loads from Rock Creek and Anacostia River are assigned to the
respective waterbody.

e Blue Plains and Virginia's wastewater treatment plants- flows and loads are assigned based on
discharge monitoring reports and future projections calculated by MWCOG using the Regional
Wastewater Flow Forecast Model
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The LTCP study identified the pipe outfalls on the Potomac and its tributaries in the District and
calculated the contributing drainage area for each outfall (sewersheds). The sewershed contributions from
the three small tributaries for the Potomac River in the District (Battery Kemble Creek, Foundry Branch
and Dalecarlia Tributary) were also calculated in the LTCP study.

Loads for each input flow are calculated by multiplying the runoff values for each specific input flow by
EMCs for that input flow. The DEM was then used to determined allowable loads that would allow the
mainstem to meet water quality standards. These allowable loads were then allocated to each individual
source/input flow. Rock Creek and the Anacostia River were given their own allocations, as were
Maryland and Virginia. Similar to other mainstem studies, all separate stormwater loads were aggregated
together and are assigned as one MS4 WLA. Also similarly to the Rock Creek mainstem models, the
Potomac Bacteria model includes direct drainage areas, which are defined as those areas that contribute
direct runoff to either the mainstem or its small tributaries.

Specific MS4 drainage areas are not available from the Bacteria TMDL document. Therefore, a breakdown
of the different sub-drainage areas used for the mainstem Potomac River is not provided here. This
information is most likely available in the LTCP study documents.

Tributary TMDL Models

There are eight tributary TMDL studies in the District, of which five use the DC Small Tributaries (DCST)
model to calculate loads. The five TMDLs that use the DCST model cover multiple tributaries of a
mainstem and therefore establish TMDLs on multiple tributary waterbodies. Table 5 shows the list of
tributary TMDLs and the model used on each one to establish pollutant loads.

Table 5: Tributary TMDLs

Tributary TMDL TMDL Model

Hickey Run PCB, Oil and Grease, Chlordane - 1998 Monitoring data used (no modeling)
Anacostia and Tributaries Bacteria - 2003 DC Small Tributaries Model
Anacostia and Tributaries Metals and Organics — 2003 DC Small Tributaries Model

Fort Davis BOD - 2003 Monitoring data used (no modeling)
Watts Branch TSS 2003 SWMM (inflows) and HEC-6 (erosion)
Potomac and Tributaries Bacteria - 2004 DC Small Tributaries Model

Potomac and Tributaries Metals and Organics — 2004 DC Small Tributaries Model

Rock Creek Tributary Metals - 2004 DC Small Tributaries Model

The DCST model is simpler compared to mainstem TMDL models, in part because it does not account for
in-stream processes. The input loads are considered fully mixed in the stream and are used directly to
calculate TMDL allocations. However, the model used for the Watts Branch TSS TMDL does have added
complexity relative to the DCST model because it includes stream bank erosion among the sources of total
TSS load in the stream. There are also two key differences between tributary models and mainstem
models that pertain to input flow and load establishment in TMDLs. These are:

e Tributary models only establish the flow from the tributary drainage area, as that is the only
source of pollutant loads that needs to be identified. This load is split between WLA and LA based
on the sewered and unsewered areas within the drainage area. In contrast, mainstems have varied
sources of input, such as upstream flow, major tributary flows, and sub-drainage area flows.

Al-13 |Page

335



Appendix A, Technical Memorandum: Model Selection and Justification

e Tributary models are concerned only with the daylighted portion of a tributary and therefore
delineate the drainage area only up to the last daylighted point of a tributary stream. Any
downstream piped sections are not considered as part of the tributary drainage area. Therefore,
for those tributaries that have significant piped sections, tributary drainage areas do not match
the sub-drainage area mapped for that same tributary in the mainstem model because mainstem
sub-drainage areas were delineated up to the pipe outfall on the mainstem. This issue primarily
impacts the Anacostia tidal watershed, in which has many of the tributaries are piped before they
flow into the river.

The Fort Davis BOD and the Hickey Run PCB, Oil and Grease, and Chlordane TMDLSs do not use
modeling to establish flows or allocations. The Fort Davis TMDL used monitoring data to establish that
the stream is no longer impaired for BOD and therefore that a TMDL was no longer required. The Hickey
Run TMDL uses monitoring data to set a TMDL allocation for each pollutant. For oil and grease it is set at
that level which will not cause a sheen, and for PCB and chlordane, no discharges are allowed into the
stream. Therefore, no models are developed for these TMDLs. The DCST model and the Watts Branch
TMDL model for TSS used for the remaining tributary TMDLs are described in more detail below.

DC Small Tributaries Model

The DC Small Tributaries Model was used to model the 23 tributaries of the mainstem waterbodies in the
District (i.e., the Anacostia and Potomac Rivers and Rock Creek). The tributaries modeled in the DCST are
summarized in Table 6. The DCST is composed of three sub-models: an organic sub-model for chlordane,
dieldrin, heptachlor epoxide, DDT, PAHs, PCBs; an inorganic chemicals sub-model for zinc, lead, copper,
arsenic; and a fecal coliform bacteria sub-model. Therefore, all tributary TMDLSs for these pollutants use
the DCST model with the exception of the Hickey Run TMDL for chlordane, which predates the DCST
study.

Table 6: Tributaries in DCST Model

Tributary Receiving Water MS4/ €SO Drainage Area -
Component? acres

Fort Davis Anacostia River MS4 72
Fort Chaplin Anacostia River MS4 204
Fort Dupont Anacostia River MS4 474
Fort Stanton Anacostia River Ms4 125
Hickey Run Anacostia River MS4 1081
Nash Run Anacostia River MS4 465
Popes Branch Anacostia River MS4 232
Texas Avenue Tributary Anacostia River MS4 176
Watts Branch Anacostia River MS4 2470
Battery Kemble/Fletcher’s Run Potomac River MS4 239
Dalecarlia Tributary Potomac River MS4 1111
Foundry Branch Potomac River MS4 168
Broad Branch Rock Creek Ms4 1129
Dumbarton Oaks Rock Creek MS4 168
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Table 6: Tributaries in DCST Model

Tributary Receiving Water MS4/ €SO Drainage Area -
Component? acres
Fenwick Branch Rock Creek Ms4 203
Klingle Valley Rock Creek MS4 354
Luzon Creek Rock Creek Ms4 648
Melvin Hazen Valley Creek Rock Creek MS4 184
Normanstone Creek Rock Creek Ms4 249
Piney Branch Rock Creek MS4 and CSO 61 (MS4 only)
Pinehurst Branch Rock Creek Ms4 443
Portal Branch Rock Creek MS4 73
Soapstone Creek Rock Creek MS4 520

The DCST model is a simple mass balance model run on MS ACCESS that predicts daily concentrations of
the modeled pollutants, while accounting for both surface runoff and base flow. Estimates of base flow
and storm flow volumes discharging into each tributary were made using the Watts Branch HSPF model.
The 1988 to 1990 precipitation period was used to generate daily flows for use in the development of
TMDLs. As described in Section 2.2.1 in the paragraph discussing the Watts Branch HSPF model, a land
use analysis was done for each of the tributary sub-watersheds to classify land uses in each tributary
according to the three categories in the Watts Branch HSPF model. District land use data circa 2000
provided by MWCOG was used, along with delineations performed by ICPRB based on Quad map
topographic information, sewer outfalls and associated drainage areas provided by LimnoTech and best
engineering judgment. For those streams that outfall to a mainstem waterbody via a pipe, the DCST
model delineated the drainage area of the tributary upstream of the last conduit before the tributary
enters the MS4 system.

The DCST model also includes estimated EMC values for storm flows and base flows that are based on
multiple sets of monitoring data (some from within the District and some from outside the District).
Using the daily flow values and the EMC values, the model calculated pollutant loads and allocations for
each pollutant.

Watts Branch TSS Model

The Watts Branch model was used to develop the TSS TMDL for Watts Branch. The model uses a drainage
area of 2259 acres for Watts Branch, of which 47% is in the District. Stormwater runoff from the Watts
Branch drainage area is modeled at seven local tributaries and inflow points using SWMM. The drainage
areas and inflow amounts are based on topographic maps, storm drain maps, and 2002 land use/ land
cover data. The model simulation period was for the water years 1993 and 1997 (October to September).
The model also uses USACE’s HEC-6 to model the in-stream bed and bank erosion, which are additional
sources of TSS. The model assigns loads and allocations to the MS4 system in Watts Branch.

Other Waterbodies

There are four waterbodies that fall into the “other waterbody” category. Table 7 shows the different
TMDLs issued for these waterbodies and the modeling approach used in the development of the TMDLSs.
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Table 7: Other Waterbodies TMDLs

TMDL In-stream Model Drainage Area Runoff Estimation

Tidal Basin and Ship Channel Environmental Fluid Using precipitation, infiltration loss percentage,
Bacteria (2004) Dynamics Model (EFDC) and drainage area

Tidal Basin and Ship Channel Environmental Fluid Using precipitation, infiltration loss percentage,
Organics (2004) Dynamics Model (EFDC) and drainage area

Ship Channel pH (2004) No numerical modeling Monitoring data used to estimate loads

Based on flow to TAM/WASP segments 15-19 of

Kingman Lake Bacteria (2003) | No numerical modeling the Anacostia River

Based on flow to TAM/WASP segments 15-19 of
the Anacostia River

Kingman Lake Organics and

Metals (2003) No numerical modeling

Kingman Lake TSS, Oil and

Grease, BOD (2003) No numerical modeling Based on a simple hydrologic model

Oxon Run Organics, Metals, No numerical modelin Watts Branch HSPF Model used in the DC Small
and Bacteria (2004) & Tributaries Model

Chesapeake and Ohio Canal No numerical modelin An HSPF Model is used with two land use
Bacteria 2004 & categories: forested and urban lands

Tidal Basin and Ship Channel TMDLs

The Tidal Basin and Ship Channel fall within the Potomac River watershed and are connected to the
River. These two waterbodies have three combined TMDLSs as shown in Table 7. Both the Bacteria and
Organics TMDLs use the EFDC model which is a three-dimensional model capable of simulating
hydrodynamics, sediment transport and water quality using a curvilinear-orthogonal grid for a
waterbody. Inputs to the EFDC model include runoff from the separate storm water system, direct runoff,
and, in the case of bacteria, direct deposition from waterfowl. Drainage area runoff is estimated using the
precipitation amounts during 1988 to 1990 and multiplying by the infiltration loss percentage and the
drainage area. Neither the total drainage area nor the infiltration loss percentage used is available from
the TMDL documentation. Table 8 below shows the land use categories in the Tidal Basin and Ship
Channel drainage areas.

Table 8: Drainage Area Descriptions

Category Tidal Basin Ship Channel

Land use 27% commercial/government 53% commercial/government/residential
43% parklands/grass area 22% parklands/grass area
30% Basin itself 25% Channel itself

MS4 area 150 acres drained via 6 storm pipe outfalls | 445 acres drained via 9 storm pipe outfalls

In both the Bacteria and Organics TMDLSs, the calculated runoff volumes are multiplied by EMC values to
establish annual loads. Based on the MS4 and direct drainage areas, the calculated loads are divided into
separate storm loads and direct deposit loads, and the model is then used to assign MS4 WLAs for the
pollutants.

The pH TMDL for the Ship Channel does not include numerical modeling and is based on monitoring
data. Monitoring data for Chlorophyll A and a developed relationship between Chlorophyll A and pH is
used to determine the pH load in the Channel. The pH value in the Channel was found to not exceed the
established Water Quality Criterion, and so no further action was required to allocate loads to different
sources.

335

Al-16 |Page



Appendix A, Technical Memorandum: Model Selection and Justification

Kingman Lake TMDLs

Kingman Lake falls within the Anacostia River watershed and is included as a separate segment of the
River in the Anacostia River TAM/WASP models. In the TAM/WASP Version 2.3 model, the Anacostia
River was segmented into different portions and Kingman Lake was modeled as a parallel segment to the
mainstem segments. The model also established the sub drainage areas (called sub-sheds) that contribute
to the Kingman Lake segment. All three TMDLSs for Kingman Lake (shown in Table 8) use the drainage
areas calculated in the TAM/WASP model for Kingman Lake. The drainage area of Kingman Lake is
reported as 368 acres, of which 50% is parkland/golf course, 25% is RFK stadium/parking lot, and 25% is
residential. However, the TMDL documentation does not provide information on which sub-drainage
areas (sub-sheds) of the TAM/WASP model are used in the Kingman Lake drainage area.

Both the Bacteria and the Organics and Metals TMDLs use the Watts Branch HSPF model to calculate
runoff from the Kingman Lake drainage area. Using EMC values established for the Anacostia minor
tributaries, the TMDLs calculate average annual loads based on runoff. The model is then used to assign
MS4 WLAs for the pollutants.

The TSS, Qil and Grease, and BOD TMDL uses the percent imperviousness of each of the three land use
categories (residential, park/grass, stadium) and multiplies the percent imperviousness value by the area
of each land use and a one-inch rainfall to establish a runoff value. EMC values are based on monitoring
data, except for oil and grease, which uses a Water Quality Criterion. Using the EMC values and runoff,
loads are established for Kingman Lake. Load analysis indicated that allocations to specific sources were
not required for either pollutant.

Oxon Run TMDL

Oxon Run is a tributary of the Potomac River. It originates in Maryland and flows into the District briefly
before entering Maryland again prior to its confluence with the Potomac. Only 26% of the 12.4 sq. mile
Oxon Run watershed falls within the District. Oxon Run has one TMDL.: Organics, Metals and Bacteria
TMDL (2004). The DCST model described earlier is used to model the pollutant loads and concentrations
for the District’s portion of Oxon Run. The hydrologic modeling component uses the Watts Branch HSPF
model with land use classified as forest land, pervious urban land, and impervious land. The simulation
period for the Oxon Run TMDL is from 1988 to 1990. Based on GIS data for the District, 85% of the
District’s Oxon Run watershed is located in areas covered by MS4 storm sewers. The TMDL assigns MS4
WLAs to Oxon Run for organics, metals and bacteria.

Oxon Run has also been included in two mainstem Potomac TMDLs (the Potomac River mainstem
bacteria TMDL and the Potomac and Anacostia PCB TMDL). It was treated differently in the two
mainstem Potomac TMDLs, with one TMDL (the Potomac River mainstem Bacteria TMDL) assigning all
of Oxon Run’s loads to Maryland and the other (the Potomac and Anacostia PCB TMDL) assigning a
combined load for Oxon Run to the District and Maryland.

Chesapeake and Ohio Canal TMDLs

The segment of the Chesapeake and Ohio Canal (C&0O Canal) within the District receives most of its water
from the main stem Potomac River via intakes, but it also receives water from upstream flows in
Maryland, stormwater discharge, and direct runoff from its bank areas. The District portion of the C&O
Canal begins at its mouth at Rock Creek and extends 5 miles to the Maryland State line. Within the
District, the C&O Canal has only one TMDL: the C&O Bacteria TMDL in 2004. Based on District
sewershed GIS data, an estimated 426 acres of area discharges to the Canal via the MS4 pipe system.
Runoff volumes are generated using an HSPF model that estimates wet weather flows for two land uses:
forested and urban lands. Loads are calculated using EMC values from the DCST model and the HSPF
runoff values. Average annual loads are based on a five year simulation period from 1995 to 1999. The
TMDL assighs MS4 WLAs to the C&O Canal for bacteria.
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Attachment 2: Review of Publically Available
Calculator Tools to Estimate Pollutant Loads

As described in the section 3.2, a broad suite of publically available calculators were reviewed to assess
their applicability for use in the IP Modeling Tool. Each model was reviewed in order to answer the
following questions:

e Whatis its intended use?

e Does it include a graphical user interface?

¢ What method is used to calculate runoff?

e What sources of pollution are included?

e What types of pollutants are included?

e What method is used to calculate pollutant load?

e What types of BMPs are included?

e What method is used to calculate BMP load reductions?

Table 1 shows the results of the review. As can be seen from the table, many of the calculator tools do not
include the full suite of pollutants for which there is a TMDL, and many do not have the full suite of BMPs
that are currently used by DDOE. Many of the calculators also do not track BMP volume reduction, which
is a valuable metric that DDOE would like to have integrated in the IP Modeling Tool.

The review demonstrated that the publically available or calculator tools would not fulfill the
requirements of the IP Modeling Tool without significant revisions or edits. It was therefore decided to
not use an existing calculator, but instead build a custom built calculator tool that will satisfy all the
requirements of the IP Modeling Tool as outlined in section 3.
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Table 1: Review of Publically Available Calculator Tools

Model Developer Intended use
STEPL TetraTech/EPA To calculate nutrient and sediment loads and reduction in
loads as result of BMPs
Calculates annual pollutant loads and runoff volumes,
Center for Watershed p .
WTM . accounts for benefits of a full suite of stormwater treatment
Protection .
practices and programs
VA Runoff Reduction Center for Watershed
. Calculates pollutant load and BMPs necessary to reach goal
Method Protection
m mall site hydrol im rmwater
National Stormwater Computes small site hyd Qogy, estimates sto ate
Calculator EPA runoff generated under different development and control
scenarios over a long time record.
Green Values SW CNT Designed to give approximation of hydrologic benefits of LID
Management Calculator practices and financial costs of practices
Pollutant Load Reduction NHC/others Evaluating and comparing pollutant load for storm water
Model quality improvement projects. Geared toward Lake Tahoe.
GRTS DC Gov Determine pollutant load reduction from BMPs in rock
creek watershed
PLOAD EPA Estimate point and non-point source loads in small urban or
rural watersheds
LTHIA Purdue Used t.o quantify t-he impact of land use change on water
quantity and quality
Facilitate prioritization, and selection of BMP project
opportunities in urban watersheds and quantify benefits,
SBPAT Geosyntec .. s . .
¥ costs, uncertainties, and potential risks associated with
stormwater quality projects
Screening tool for water resources managers and planners
to screen potential water management options in
WMOST EPA potential w & ptions |

watershed or jurisdiction for cost-effectiveness as well and
environmental and economic sustainability.
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Table 1: Review of Publically Available Calculator Tools (continued) ‘

Model GUI Runoff method used Sources of pollution
Yes, spatial NRCS Curve Number Method Urban, agriculture, livestock
STEPL conlq znent and Universal Soil Loss se tic; guII and s,tream ero,sion
P Equation (USLE) ptics, gully

Urban and non-urban land, stream
channel contribution, septics, SSOs,

WTM No Simple method CSOs, illicit connections, channel
erosion, livestock, marinas, road
sanding

VA Runoff Reduction No simple method !Eorest Qpen space, managed turf,

Method impervious cover

National Stormwater Yes, spatial SWMM 4.0 Engine - Green- Doesn't calculate pollutant loads

Calculator component Ampt from land uses

Green Values SW
Management Calculator

Yes, web based.

Curve number for runoff
volume, Rational formula for
peak discharge

Doesn't calculate pollutant loads
from land uses

Pollutant Load

SWMM 5 Engine - Green-

Pollutant loads from land uses and

runoff

Reduction Model Yes Ampt roads
Urb in Rock Creek
GRTS No Simple method roan areas in Rock Lree
watershed
. SWMM is linked to Basins, .
PLOAD Yes, via BASINS uses SWMM algorithms Various land uses
LTHIA Yes, spatial NRCS Curve Number Various land uses
component
SBPAT Yes, spatial EPA-SWMM engine Various land uses
component
None. Requires user to enter .
WMOST No None, does not simulate pollutants
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Table 1: Review of Publically Available Calculator Tools (continued)

Model Pollutants Included Load Calculation Method

STEPL N|tr.ogen, phosphorus, BOD, EMC for various land uses
sediment, septic

WTM N|troger1, phosphorus, sediments, EMC for various land uses
fecal coliform

:\//I/_\eshu;(;ff Reduction Nitrogen and phosphorus EMC (no land use differentiation)

National Stormwater
Calculator

No pollutants

None

Green Values SW
Management Calculator

No pollutants

None

Pollutant Load Reduction
Model

TSS, FSP, TP, SRP, TN, DIN

EMC for various land uses

Chlordane, DDD, DDE, DDT, Dieldrin,

GRTS EMC land diffi tiati
HeptachlorEpoxide, PAH, TPCB (no land use differentiation)
PLOAD TS5, TDS, BOD, €OD, mtroggn, EMC for various land uses
phosphorus, metals, bacteria
N, P, SS, Lead, Copper, Zinc,
LTHIA Cadmium, Chromium, Nickel, BOD, EMC for various land uses
COD, Fecal Coliform, Fecal Strep
SBPAT trash, ngtrlents, metals, bacteria, EMC for various land uses
and sediment
WMOST N/A None
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Table 1: Review of Publically Available Calculator Tools (continued)

Type and approximate number of

Model BMPs included BMP load reduction method
Agricultural, urban, and non- BMP efficiencies are used. Percent

STEPL structural BMPs. Land Management reduction method ’
Practices. Over 20 BMPs available. )
Agricultural, urban, and non- .

WTM structural BMPs. Land Management ?:gﬂ;:::?;ﬁzgre UEEE, [Pt
Practices. Over 20 BMPs available. ’

VA Runoff Reduction Urban and non-structural BMPs. Over | BMP efficiencies are used. Percent

Method 15 BMPs available. reduction method.

National Stormwater
Calculator

Disconnection, rain harvesting, rain
gardens, green roofs, street planters,
infiltration basins, porous pavement

SWMM BMP reduction method. Each
BMP has its own parameters which detail
the amount of runoff captured as result of
design parameters.

Green Values SW
Management Calculator

Urban BMPs. Over 10 BMPs available.

Hydrologic benefits are calculated by
changes in runoff coefficient and curve
numbers

Pollutant Load Reduction
Model

Urban and non-structural BMPs. Over
10 BMPs available

SWMM BMP reduction method. Percent
reduction method.

Urban and non-structural BMPs. Land

BMP efficiencies are used. Percent

available

GRTS management practices. Over 15 .
. reduction method.
BMPs available.
PLOAD No BMPs N/A
Urban and non-structural BMPs. Over | Hydrologic benefits are calculated by
LTHIA . .
10 BMPs available changes in curve numbers
SWMM BMP reduction method with
SBPAT Urban and non-structural BMPs. customized Monte Carlo Simulation
Includes over 10 BMPs. model. Volume based reduction method
used.
WMOST Non-structural BMPs. Over 5 BMPs N/A
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Attachment 3: Comparison of the Modified Version
of the Simple Method to USGS Gage Data and
Models Used in DC TMDL Development

Introduction

The Modified Version of the Simple Method is recommended for use by many states and it is widely
applied across the region and nationally to support storm water management planning. Although
calibration and validation of the Modified Version of the Simple Method is not required or often
undertaken, a comparative assessment was undertaken to independently test its ability to reproduce
gaged stormwater at the watershed level. This was accomplished by applying the Modified Version of the
Simple Method to observed discharge measured by USGS gages in the Washington, DC area. Modeled
runoff volumes were also compared to those calculated during the development of various TMDLSs that
used more complex models such as HSPF and the LTCP model.

Approach

The following gages were used to compare to the Modified Version of the Simple Method. A map with
these gages is shown in Figure A3-1:

e USGS 01651800 Watts Branch

e USGS 01651770 Hickey Run at National Arboretum
e USGS 01652500 Four Mile Run at Alexandria, VA

e USGS 01650800 Sligo Creek near Takoma Park, MD

These four gages represent watersheds that are the closest in nature to the Districts MS4 area. Only the
Hickey Run gage measures flow that is entirely generated in the District's MS4 area. The Watts Branch
gage is located in the MS4 area but measures flow that is generated in both the District and Maryland
(Prince George’s County). The other two gages are entirely out of the District and measure flow from areas
that are much more suburban in nature than the District's MS4 area.

In addition, the following models were also used for further comparison:

e Runoff results from the LTCP model (which uses DHI's MOUSE to simulate runoff)
e Runoff results from the DC Small Tributary Model (which uses HSPF to simulate runoff)

The methodology and results for the comparison for each set of data is provided in the next two sections.
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Figure 1: Location of USGS gages used for comparison of runoff volumes
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Comparison to USGS Gaged Flow Data

Introduction

Flow from the USGS gages represents both baseflow (dry-weather flow) and stormflows. In order to
compare the runoff volume predicted by the Modified Version of the Simple Method to the flows
measured by the gages, the gaged flow must first be separated into its respective baseflow and stormflow
components. The stormflows must then be summed on an annual basis to calculate a yearly runoff volume
that can be compared to the runoff volume predicted by the Modified Version of the Simple Method. The
runoff volume predicted by the Modified Version of the Simple Method were calculated based on the
drainage area of each gage, the drainage area characteristics (landcover and soils) that will define the
runoff coefficient, and annual precipitation data from Ronald Reagan National Airport (DCA).

Calculation of Runoff Volume Using the USGS Gage Data

USGS gage daily flow data was downloaded directly from the USGS website. A hydrograph separation was
then performed on each flow data set to separate the baseflow and stormflow. The stormflow is
equivalent to the stormwater runoff from the Modified Version of the Simple Method. The USGS HYSEP
(Sloto, 1996) computer program was used to perform the hydrograph separation and HYSEP’s local-
minimum method separation technique was used to define the baseflow. The local minimum method
checks flow data on a daily time step to determine if it is the lowest discharge in one half the interval
minus 1 day before and after the day being considered. The base flow values for each day between local
minimums are estimated by linear interpolation. A schematic of the low minimum method is shown in
Figure 2.
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Figure 2: USGS HYSEP Local Minimum Method (USGS 1996)
The only input to HYSEP is the gage’s mean daily discharge. The program outputs a base flow value for

each day; the stormflow is determined by simply subtracting the baseflow from the mean daily discharge

The stormflows were then converted to daily runoff volumes and summed by year to calculate an annual
runoff volume.
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Calculation of Runoff Volumes using the Modified Version of the Simple Method

The runoff volume predicted by the Modified Version of the Simple Method was calculated based on the
drainage area of each gage, the drainage area characteristics (landcover and soils) that define the runoff
coefficient, and annual precipitation data from DCA Airport. The gage’s drainage area was determined
using topography and, when possible, the stormwater conduit network. The drainage area landcover in
the District was determined using the DC OCTO GIS layers as described in Section 3.5.c. The drainage
area landcovers for Maryland and Virginia were determined using the National Land Cover Database
2006 (NLCD 2006). Precipitation depths were obtained from official rainfall records observed at DCA) by
the National Weather Service, and recorded by the National Climate Data Center (NCDC, 2014).

Results of comparison with USGS gages

Hickey Run Comparison

The Hickey Run gage is a relatively new gage. It has data only from October 2012 through December 2013.
Since this gage has a limited amount of data, stormwater volumes were calculated on a monthly basis
rather than an annual basis. Note that the stormwater volumes for December 2013 were not included in
the analysis because of incomplete flow records for that month. The Modified Version of the Simple
Method was applied for the same months to determine the predicted monthly stormwater volumes. Table
1 and Figure 3 show the results of the comparison. The results show that, on average, the Modified
Version of the Simple Method over predicts the stormwater volume by 8 percent compared to the gaged

storm flows.

Table 1: Comparison of Hickey Run Gaged and Simple Method Runoff Volumes

Total Gaged Gaged - Modeled Difference
Month -Year Volume Stormwater Precipitation Stormwater between gaged
Volume Volume and modeled
acre-ft acre-ft inches acre-ft %
Oct-12 220 207.6 5.81 170 -17.92%
Nov-12 30 121 0.60 18 45.46%
Dec-12 123 103.5 3.01 88 -14.66%
Jan-13 82 64.8 2.54 74 14.97%
Feb-13 57 29.7 1.67 49 64.64%
Mar-13 142 119.7 2.80 82 -31.30%
Apr-13 42 25.6 2.76 81 216.75%
May-13 35 20.9 2.82 83 294.79%
Jun-13 364 336.5 9.97 292 -13.10%
Jul-13 56 29.6 4.43 130 337.79%
Aug-13 116 99.8 1.35 39 -60.43%
Sep-13 36 23.7 1.22 36 51.39%
Oct-13 196 175.4 6.25 183 4.55%
Nov-13 77 62.6 2.92 86 36.94%
TOTAL 1,575 1,311 48.15 1,412 7.69%
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Hickey Run:
Stormwater Volume vs Precipitation (Monthly, 2012-2013)
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Figure 3: Comparison of Hickey Run Gaged and Simple Method Runoff Volumes

Watts Branch Comparison

The Watts Branch gaged stormwater volumes were calculated for the years 1993 through 2013. The
Modified Version of the Simple Method was also applied for those same years to determine the predicted
stormwater volumes. Table 2 and Figure 4 show the results of the comparison. The results show that, on
average, the Modified Version of the Simple Method over predicts the stormwater volume by 18 percent
compared to the gaged storm flows.

Table 2: Comparison of Watts Branch Gaged and Simple Method Runoff Volumes

Year TOTAL Gaged gtaog::water Precipitation gltlgf:llvev:ter E;f:;;een: :aged
Volume Volume Volume and modeled
acre-ft acre-ft inches acre-ft %

1993 3,438 2,075 41.41 2,492 20.10%

1994 3,673 2,060 37.57 2,261 9.77%

1995 2,862 1,887 39.81 2,396 26.98%

1996 4,392 2,629 51.00 3,070 16.75%

1997 2,706 1,533 33.82 2,036 32.77%

1998 3,408 2,064 35.94 2,163 4.81%

1999 3,113 2,007 40.19 2,419 20.51%

2000 2,761 1,637 40.63 2,446 49.36%

2001 2,536 1,529 29.95 1,803 17.89%

2002 1,977 1,404 34.30 2,064 47.03%
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Table 2: Comparison of Watts Branch Gaged and Simple Method Runoff Volumes

Year ;gLAmL:iaged gtigr(:water Precipitation gltlgfsv?l:ter Etl:::vreeen: Zaged
Volume Volume and modeled
acre-ft acre-ft inches acre-ft %
2003 5,537 3,546 60.75 3,656 3.09%
2004 3,860 2,205 42.43 2,554 15.81%
2005 3,460 2,239 44.35 2,669 19.20%
2006 3,401 2,342 47.71 2,872 22.64%
2007 3,164 2,113 32.89 1,980 -6.33%
2008 4,212 2,916 46.45 2,796 -4.13%
2009 3,567 2,361 46.83 2,819 19.39%
2010 3,514 1,713 34.76 2,092 22.15%
2011 4,320 2,813 46.85 2,820 0.24%
2012 2,294 1,265 3241 1,951 54.21%
2013 3,187 1,649 44.26 2,664 61.51%
TOTAL 71,381 43,988 864.31 52,020 18.26%
Watts Branch:
Stormwater Volume vs Precipitation (1993-2013)
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Figure 4: Comparison of Watts Branch Gaged and Simple Method Runoff Volumes
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Sligo Creek Comparison

The Sligo Creek gaged stormwater volumes were calculated for the years 2009 through 2013. The
Modified Version of the Simple Method was also applied for those same years to determine the predicted
stormwater volumes. Table 3 and Figure 5 show the results of the comparison. The results show that, on
average, the Modified Version of the Simple Method over predicts the stormwater volume by 23 percent
compared to the gaged storm flows.

Table 3: Comparison of Sligo Creek Gaged and Simple Method Runoff Volumes

Gaged Modeled Difference
Total Gaged T
Year Stormwater Precipitation Stormwater between gaged
Volume
Volume Volume and modeled
acre-ft acre-ft inches acre-ft %
2009 6,727 4,304 46.83 5,512 28.07%
2010 6,145 3,684 34.76 4,092 11.07%
2011 6,282 4,360 46.85 5,514 26.46%
2012 4,977 3,397 32.41 3,815 12.32%
2013 5,763 3,954 44.26 5,210 31.74%
TOTAL 29,895 19,699 24,142 22.55%
Sligo Creek:
Stormwater Volume vs Precipitation (2009-2013)
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Figure 5: Comparison of Sligo Creek Gaged and Simple Method Runoff Volumes
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Four Mile Run Comparison

The Four Mile Run gaged stormwater volumes were calculated for the years 1999 through 2013. The

Modified Version of the Simple Method was also applied for those same years to determine the predicted
stormwater volumes. Table 4 and Figure 6 show the results of the comparison. The results show that, on
average, the Modified Version of the Simple Method under predicts the stormwater volume by 9 percent
compared to the gaged storm flows.

Table 4: Comparison of Four Mile Run Gaged and Simple Method Runoff Volumes

Modeled Difference
Year Total Gaged Gaged Stormwater Precipitation Stormwater between
Volume Volume Volume gaged and
modeled
acre-ft acre-ft inches acre-ft %
1999 18,700 14,234 40.19 11,332 -20.39%
2000 17,660 13,171 40.63 11,457 -13.01%
2001 13,809 10,050 29.95 8,445 -15.97%
2002 13,268 9,509 34.30 9,672 1.71%
2003 29,568 21,313 60.75 17,128 -19.63%
2004 16,207 10,863 42.43 11,963 10.13%
2005 20,748 15,248 44.35 12,505 -17.99%
2006 21,940 16,358 47.71 13,454 -17.75%
2007 13,883 7,900 32.89 9,274 17.39%
2008 19,886 13,221 46.45 13,098 -0.93%
2009 19,736 13,149 46.83 13,204 0.42%
2010 16,218 10,125 34.76 9,801 -3.19%
2011 22,290 16,876 46.85 13,209 -21.73%
2012 13,610 9,870 3241 9,139 -7.41%
2013 16,437 12,339 44.26 12,480 1.14%
TOTAL 273,960 194,226 625 176,160 -9.30%
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Four Mile Run:
Stormwater Volume vs Precipitation (1999-2013)
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Figure 6: Comparison of Four Mile Run Gaged and Simple Method Runoff Volumes

Methodology for Comparison to Hydrology Models

Introduction

A variety of models were used to develop the DC TMDLs, as explained in Section 3.1. Of all those models,
runoff output data was readily available only from the LTCP model and the DC Small Tributary Model.
Therefore, the runoff output from those two models was used to compare with runoff volumes predicted
by the Modified Version of the Simple Method.

Determination of Runoff Volume using TMDL Models

Modeled flows from the LTCP Model and the DCSTM Model were obtained from the model runoff output
files. Several representative subsheds were selected from each model to use in the comparison. The
modeled flow time series were summed on a yearly basis to obtain annual runoff volumes.

Calculation of Runoff Volumes using the Modified Version of the Simple Method

The runoff volume predicted by the Modified Version of the Simple Method was calculated using the same
characterization (area, landcover, soils, Rv, etc.) of the drainage areas as was used in the LTCP and
DCSTM models, including the annual precipitation.

Results of comparison with Other Models

Table 5 compares the calculated runoff volumes from the DCSTM and Modified Version of the Simple
Method. The results show that, on average, the Modified Version of the Simple Method over predicts the
stormwater volume by 26% to 82%. It is interesting to note that the modeled runoff volumes from the
impervious areas are much more aligned (difference of only 16%) than from the pervious area (differences

R 2

A3-9|Page




Appendix A, Technical Memorandum: Model Selection and Justification

are more than 200%). This indicates that the DCSTM assumes that less runoff is generated by the
pervious areas than what is calculated by the Modified Version of the Simple Method.

Table 5: Results of Comparison Between the DCSTM model and the Modified Version of the Simple

Method

3:::;2 Broad Hickey | Luzon Piney Soapstone | Watts

Creek Branch | Run Creek | Branch | Creek Branch

Runoff Volume from Simple Method 212 1,211 1,504 833 44 738 2,880

Impervious Area 121 820 1,195 634 19 592 2,208
Pervious Area 91 391 310 199 25 146 657
Forested Area 0 0 0 0 0 0 14
Runoff Volume from DCSTM 134 831 1,128 610 24 557 2,292
Impervious Area 105 706 1,029 546 16 510 1,903
Pervious Area 29 125 99 63 8 47 209
Forested Area 0 0 0 0 0 0 16

% Difference 59% 46% 33% 37% 82% 33% 26%
Impervious Area 16% 16% 16% 16% 16% 16% 16%
Pervious Area 214% 214% 214% 214% 214% 214% 214%
Forested Area - - - - - - -12%

Table 6 compares the calculated runoff volumes from the LTCP Model and Modified Version of the Simple
Method. The results show that, on average, the Modified Version of the Simple Method matches the
stormwater volumes from the LTCP model very well. This indicates that the Modified Version of the
Simple Method uses assumptions to characterize runoff generation in the District that are similar to the
assumptions used in the LTCP Model.

Table 6: Results of Comparison Between the DCSTM model and the Modified Version of the Simple

Method

CSO 005-c | CSO 019-ad8 | CSO 020-e | CSO 024-c | CSO 049-a-WWEF

Runoff Volume From Simple Method 53 31 210 188 1,368
Runoff Volume From LTCP Model 54 35 224 186 1,334
% difference -2% -9% -7% 1% 3%

Discussion of Results

The results of the comparison of the Modified Version of the Simple Method to the USGS gage flow data
and to the TMDL models show that:

o The Modified Version of the Simple Method, on average, overestimates the runoff volumes
compared to wet-weather flows measured by in-stream gages. In this sense, the Modified Version
of the Simple Method provides a conservative estimate of the total runoff volume.

e Ingeneral, the Modified Version of the Simple Method can replicate runoff volumes better when
the contributing drainage area is smaller and easier to characterize. This is demonstrated by the
results from the gaged data at Hickey Run and the modeled data from the LTCP model. This is
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consistent with the known limitations of the Modified Version of the Simple Method, as explained
in section 3.7.

It should be noted that additional review will be undertaken of the calibration procedure used to develop
the runoff flows for the DCSTM, in order to better understand the differences in runoff generation,
particularly from the pervious cover areas.
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1 Introduction

The District Department of Environment (DDOE) is required to develop a Consolidated Total Maximum
Daily Load (TMDL) Implementation Plan (IP) as established in the District’s Municipal Separate Storm
Sewer System (MS4) National Pollutant Discharge Elimination System (NPDES) permit (U. S. EPA 2011
and U. S. EPA 2012). The IP will define and organize a multi-year process centered on reducing pollutant
loads originating within the District MS4. The level of pollutant control will be based on past TMDL
studies performed to protect impaired water bodies in the District. The IP will include a summary of the
regulatory compliance strategy to satisfy TMDL-related permit requirements, a summary of data and
methods used to develop the IP, specific prioritized recommendations for stormwater control measures,
a schedule for implementation and attainment of Waste Load Allocations (WLAs), and a method for
tracking progress. Substantial public involvement will be sought in plan development.

This Technical Memorandum on Sewershed and Watershed Delineations is one in a series of technical
memoranda that provide detailed information on research, analysis, programs and procedures that
support development of the Consolidated TMDL IP.

2 Purpose

The delineation of watersheds and sewersheds is critical to identifying where MS4 WLAs and nonpoint
source LAs apply on the ground. By identifying the spatial extent of each TMDL watershed and
sewershed, it is possible to calculate the current pollutant loads being generated, plan for the
implementation of BMPs in specific locations, track the load reduction from BMP implementation, and
evaluate load reduction to track progress towards meeting applicable MS4 WLAs and LAs.

The methods for delineating MS4 and nonpoint source direct drainage areas, assigning WLAs and LAs to
GIS polygons based on those delineations, and performing QA/QC on the delineations and assignments,
are discussed under Technical Approach below. The Results and Discussion section presents the
results of the delineations and assignment of WLAs and LAs and the ramifications of these results on
load calculations, load reduction tracking, and development and implementation of the Consolidated
TMDL IP.

3 Technical Approach

3.1 Initial Delineation of MS4 and Mainstem Direct Drainage Areas

DDOE performed an initial delineation of watersheds and subsheds (including both subwatersheds and
subsewersheds) that were divided into distinct categories. District GIS data was the primary source of
information for the manual delineation of subsheds using 2-foot contour lines. Manual delineation —
instead of a DEM-based automated delineation — was chosen in order to account for the complexities of
delineation in an urban environment. The other significant source that was consulted was a sewer
infrastructure geodatabase owned and maintained by DC Water, which included networks of sanitary
sewer, combined sewer system (CSS), and MS4 pipes as well as and CSS and MS4 outfalls.

The categories of watersheds and sewersheds delineated by DDOE included:

e TMDL Subsheds: Subsheds representing drainage areas to each TMDL waterbody. These
subsheds were delineated based on topography and include both MS4 and direct-drainage
overland flow components.
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e Direct Drain Overland: Areas that have no contributions from the MS4 or CSS service areas.
Flow from these areas terminates directly into a mainstem water body, and are not part of a
TMDL subshed. This data set also includes overland flow along the DC-Maryland border that
drains into Maryland, and areas with indeterminate (MS4 or overland) drainage sources.

e Direct Drain Sewersheds: Subsheds that represent MS4 area delineations, by MS4 outfall,
that drain directly to a mainstem water body, and are not part of a TMDL subshed.

e CSS Subsheds: Subsheds representing drainage areas of the CSS that were delineated based on
topography and the DC Water sewers geodatabase.

e All Merge: An amalgamation of TMDL subsheds, direct drain overland, direct drain
sewersheds, and CSS subsheds layers.

All categories were represented by two different data sets, one with water bodies included and one
representing land area only. MS4-related delineation included any area with flow that was ultimately
served by MS4 infrastructure, even if there was an overland-flow component upstream of the MS4
portion.

3.2 Additional Delineation of Small Tributaries - Open and Closed Channels and
Direct Drainage

As described above, the initial delineation separated the District into TMDL subwatersheds, direct
drainage areas flowing to main stem waterbodies, and CSS service areas. Parallel to this initial
delineation effort, drainage areas used in the original TMDL modeling were researched. Comparison of
the initial delineation to the subsheds used in the modeling revealed that the initial delineation required
further refinement. In order to model the watersheds appropriately, the delineation needed to
differentiate between open and closed channel (i.e., piped) streams. It also needed to separate direct
drainage from sewered flow at the subwatershed scale.

According to the TMDL documentation for organics and metals in the Anacostia River and tributaries,
the assessment at the subwatershed level (e.g., Texas Avenue Tributary, Hickey Run, etc.) included areas
that drain to the tributaries and excluded downstream areas that drain to a closed pipe system with an
outfall on the Anacostia River (Figure 1). To delineate the closed channel and open channel areas, a
combination of aerial imagery, topography, pipe networks, and stream lines were used. Each
subwatershed was reviewed to identify the furthest downstream point where a stream is day lighted. The
final inlet to the piped system was then used as a pour point for delineation purposes.

Next, it was necessary to distinguish between the direct drainage and sewered areas of the open channel
stream segments. To accomplish this task, MS4 catchment areas were intersected with the TMDL
subwatershed level. The direct drainage to an open channel stream was then hand delineated (See Figure
1 for an example).
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Figure 1: lllustration of delineation for open and closed channels and direct drainage
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The additional delineation lead to the development of 727 features in the watershed delineation feature
class. Each feature represented the finest level of detail needed for all of the TMDLs being consolidated.

Tables 1 through 3 and Figures 2 through 4 show the mainstem subsheds, the tributary and sewershed
subsheds, and the Chesapeake Bay subsheds, respectively, as delineated by this process. The tables
include summaries of the areas of the MS4 system, the direct drainage, and the CSS area in each
subshed. Table 1 for the tributary and sewershed subsheds also shows the MS4 portion and the direct
drainage of the open channel areas, as well as the closed channel parts of the MS4 system.

Table 1: MS4, Direct Drainage, and CSS Areas of Mainstem Segments ‘

Mainstem Segment | MS4 Area (acres) 2:;?;32::;&‘% CSS Area (acres) Grand Total (acres)
Anacostia Lower® 1567.5 631.8 2199.3
Anacostia Upper 7112.7 2195.3 9308.0
Potomac Lower 3561.4 348.0 3909.3
Potomac Middle 783.4 679.0 1462.3
Potomac Upper 2692.2 931.2 36234
Rock Creek Lower 1010.2 688.5 1698.7
Rock Creek Upper 3022.6 1756.5 4779.1
CSS 12218.1 12218.1
Grand Total 19750.0 7230.2 12218.1 39198.3

MS4 Area - MS4 Area — Open Mainstem
Main- Closed Open Channel | Channel Direct CSS Grand
stem Subshed Channel (acres) Direct Drainage | Area Total
Segment T Drainage Area (acres) (acres)
Area (acres) (acres)
695 SE 6.9 6.9
Buzzard
Point SW 785 78.5
Fairlawn SE 26.1 26.1
Anacostia | Fort Stanton
Lower Tributary 156.2 29.5 92.1 277.8
Historic
Anacostia SE 29.0 29.0
Nationals
Park SE 252 25.2

! Note that an additional mainstem segment was created for the entire Anacostia in October of 2014. The
Anacostia mainstem segment is the equivalent of the sum of the upper and lower Anacostia mainstem segments.
A segment for the entire Anacostia was created in order to perform the load calculations for newly published E.
coli TMDL. Only one E. coli WLA value was provided for the entire Anacostia MS4 area, as opposed to the two
fecal coliform WLA values that were previously provided for the upper and lower Anacostia MS4 areas.
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Table 2: MS4, Direct Drainage, and CSS Areas of Tributary and Sewershed Segments ‘

MS4 Area - MS4 Area — Open Mainstem
Main- Closed Open Channel | Channel Direct CSS Grand
stem Subshed Channel (acres) Direct Drainage | Area Total
Segment Drainage Area (acres) (acres)
(acres)
Area (acres) (acres)
Navy Yard 24.4 24.4
Naylor 131.0 131.0
Suitland- 1060.8 16.3 1077.0
Stickfoot
Mainstem
Direct 523.4 523.4
Drainage
Anacostia Lower (Total) 1567.5 29.5 108.4 523.4 2199.3
Benning- 898.7 898.7
ecap
DC Jail SE 19.0 19.0
Fairlawn SE 10.7 10.7
Fort Chaplin 140.3 132.2 205 293.0
Tributary
Fort Davis 130.3 59.7 44.1 234.1
Tributary
Fort Dupont 49.8 382.1 431.9
Tributary
Fort Lincoln
NE 222.9 222.9
Hickey Run 825.6 268.6 1094.2
Anacostia | Kingman 295.6 295.5 591.2
Lake
Upper
Lower
Beaverdam 1.9 28.8 30.6
Creek
Nash Run 296.7 12.3 309.0
Northwest 1976.4 117 1988.1
Branch
Pope Branch 43.6 171.9 64.9 280.5
Ridge 127.5 127.5
Sligo Creek 240.6 240.6
Texas
Avenue 130.7 74.2 44.4 249.3
Tributary
ToMb = 238.6 238.6
Anacostia
5|Page
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Table 2: MS4, Direct Drainage, and CSS Areas of Tributary and Sewershed Segments ‘

335

MS4 Area - MS4 Area — Open Mainstem
Main- Closed Open Channel Channel Direct CSS Grand
stem Subshed Channel (acres) Direct Drainage Area Total
Segment Drainage Area (acres) (acres)
(acres)
Area (acres) (acres)
US National
Arboretum
at New York 6.6 6.6
Ave NE
Watts 1019.2 231.1 1250.3
Branch
Mainstem
Direct 791.3 791.3
Drainage
Anacostia Upper (Total) 7112.7 4903.2 1404.0 791.3 9308.0
295 at
Overlook 102.8 102.8
Ave SW
295 SW 37.7 37.7
Blue Plains 26.2 26.2
Oxon Cove 60.6 60.6
Potomac Oxon Run 1808.9 345.9 2154.7
Lower
Shepherd
Parkway SE 321.5 321.5
Mainstem
Direct 2.1 2.1
Drainage
DC Water- 1203.5 1203.5
Bolling
Potomac Lower (Total) 3561.4 1808.9 345.9 2.1 3909.3
East
Potomac 19.0 19.0
Park
George-
town at 0.9 0.9
30th Street
Potomac George-
Middle town at
Water 4.9 4.9
Street
Kennedy 30.8 30.8
Center
Lincoln 413 413
Memorial
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Table 2: MS4, Direct Drainage, and CSS Areas of Tributary and Sewershed Segments

MS4 Area - MS4 Area — Open Mainstem
Main- Closed Open Channel | Channel Direct CSS Grand
stem Subshed Channel (acres) Direct Drainage | Area Total
Segment Drainage Area (acres) (acres)
(acres)
Area (acres) (acres)
Tidal Basin 247.0 54.5 301.4
Washington
Ship 439.6 176.2 615.8
Channel
Mainstem
Direct 448.3 448.3
Drainage
Potomac Middle (Total) 783.4 686.6 230.7 448.3 1462.3
Arizona Ave
NW 157.4 157.4
Battery
Kemble 92.0 139.6 231.6
Creek
C&O Canal 490.0 97.2 587.2
Potomac | Dalecarlia 977.8 114.0 1091.8
Tributary
Upper
Foundry 595.1 217.1 322.0 1134.2
Branch
To Little 162.9 162.9
Falls
Mainstem
Direct 258.5 258.5
Drainage
Potomac Upper (Total) 2692.2 1776.9 672.7 258.5 3623.4
Adams
Morgan at
4, 4.
Belmont 8 8
Road NW
Cleveland
Park NW 247.9 247.9
Rock Dumbarton 12.1 123.9 136.1
Creek Oaks
Lower Dupont
Circle NW 33 33
Foggy
Bottom NW S S
Georgetown
at Q Street 2.0 2.0
NW
7|Page
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Table 2: MS4, Direct Drainage, and CSS Areas of Tributary and Sewershed Segments

MS4 Area - MS4 Area — Open Mainstem
Main- Closed Open Channel | Channel Direct CSS Grand
stem Subshed Channel (acres) Direct Drainage | Area Total
Segment Drainage Area (acres) (acres)
(acres)
Area (acres) (acres)
Kalorama
NW 15.5 15.5
Klingle Road
7.1 7.1
NW
Klingle
vy o 125.5 46.3 171.7
Mass Ave
Heights NW 34.1 34.1
Melvin
Hazen Valley 109.0 65.3 174.3
Branch
Mt. Pleasant
NW 9.3 9.3
Norman- 165.6 513 216.8
stone Creek
Piney 44.7 55.1 99.6
Branch
Tilden St
NW 61.1 61.1
US Naval
Observatory 48.9 48.9
NW
Woodley
Park at
Beach Dr 15.8 15.8
NW
Woodley
Park NW 93.9 93.9
Mainstem
Direct 346.6 346.6
Drainage
Rock Creek Lower (Total) 1010.2 456.8 341.8 346.6 1698.7
16th Street
. 8.5 8.5
Heights
Rock Beach Drive
Creek NW in Rock 16.8 16.8
Upper Creek Park
Bingham 85.7 80.4 166.2
Run
8|Page
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Table 2: MS4, Direct Drainage, and CSS Areas of Tributary and Sewershed Segments

MS4 Area - MS4 Area — Open Mainstem
Main- Closed Open Channel | Channel Direct CSS Grand
stem Subshed Channel (acres) Direct Drainage | Area Total
Segment Drainage Area (acres) (acres)
(acres)
Area (acres) (acres)
Blagden Run 193.7 10.2 203.9
Broad 899.9 244.7 1144.6
Branch
Colonial 445 44.5
Village
Crestwood
NW 12.5 12.5
Fenwick 161.7 57.5 219.1
Branch
Luzon 590.6 52.9 643.4
Branch
Military
Road NW 87.8 87.8
Milkhouse 25.4 40.6 66.1
Run
Pinehurst 246.0 200.6 446.6
Branch
Portal 62.0 8.8 70.8
Branch
Shepherd
Park NW 99.9 99.9
Soapstone 410.8 103.6 514.4
Creek
Walter Reed
Army
Medical 37.6 37.6
Center
Western
Ave Near 39.3 39.3
32nd Street
Mainstem
Direct 957.1 957.1
Drainage
Rock Creek Upper (Total) 3022.6 2675.7 799.4 957.1 4779.1
CSS 12218.1 12218.1
Grand Total 19750.0 3902.8 3327.4 12218.1 39198.3
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Table 3: MS4, Direct Drainage, and CSS Areas of Chesapeake Bay Segments ‘

g:::?ep:take Bay MS4 Area (acres) 2:;?:5:2:;51@ CSS Area (acres) Grand Total (acres)
ANATF_DC 6893.2 2952.0 9845.2
ANATF_MD 2522.2 105.8 2628.0
POTTF_DC 9200.8 4021.9 13222.7
POTTF_MD 1133.8 150.5 1284.4
CSS 12218.1 12218.1
Grand Total 19750.0 7230.2 12218.1 39198.3
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Figure 2: Mainstem Segment Delineation
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3.3 Assigning WLAs and LAs to GIS Polygons

After finalizing the delineation, all MS4 WLAs and nonpoint source LAs were assigned to GIS polygons
that represented where these WLAs and LAs actually applied on the ground. A hierarchical
categorization of the GIS polygons was developed in order to make these assignments. This hierarchical
categorization of GIS polygons was necessary because of the different scales at which the District’s
TMDLs assign WLAs and LAs. These “scales” included:

e Small tributaries and other minor waterbodies like Kingman Lake, the Washington Ship Channel
and the C&O Canal

e Large mainstems that contain small tributary areas

e Chesapeake Bay TMDL segment-shed level, which represented a more “jurisdictional” approach
rather than a strict watershed approach (i.e., polygons were assigned based on a combination of
political and watershed boundaries rather than on solely watershed boundaries)

Thus, polygons representing tributary-scale areas needed to be “rolled up” and included as part of
mainstem-scale areas. For example, the polygons representing the Anacostia small tributaries (e.g.,
Texas Avenue Tributary, Hickey Run, Fort Davis, Fort Chaplin, etc.) needed to be included when
developing the polygons for the Anacostia (Figure 5).
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Figure 5: TMDL area assignment rollup. Map A is the subwatershed scale. Map B is the mainstem scale.

15|Page

DASTRICT
CEPSETWENT
OF THi
ENVIRORIMENT



Appendix B, Technical Memorandum: Sewershed and Watershed Delineations

As described in the previous section, separate polygons were created for the open channel portion of
tributary MS4 subsheds, the entirety (open and closed channel) of tributary MS4 subsheds, tributary
direct drainage subsheds, mainstem MS4 subsheds, and mainstem direct drainage subsheds. MS4 WLAs
and nonpoint source LAs were then assigned to various combinations of GIS polygons to represent where
the various “scales” of MS4 WLAs and nonpoint source LAs applied on the ground. The finest scale
TMDLs (TMDLs for small tributaries and other minor waterbodies) could be assigned to individual
polygons (e.g., the Klingle Valley WLAs could be assigned to the Klingle Valley open channel MS4
polygon and the Klingle Valley LAs could be assigned to the Klingle Valley direct drainage polygon); but
the larger scale TMDLs (e.g., TMDLs for the Upper and Lower Anacostia) needed to be assigned to a
large polygon constructed from multiple smaller polygons consisting of tributary MS4 subsheds,
tributary direct drainage subsheds, mainstem MS4 subsheds, and mainstem direct drainage subsheds in
that watershed. In order to develop the correct larger polygon from multiple smaller polygons, a
hierarchical categorization of polygons was utilized.

The hierarchical classification designed to assign the WLAs and LAs consisted of five “Watershed” and
two “Sewer Type” classifications. These are described below:

WatershedLl1

These are the three major basins in the District (Anacostia, Potomac, and Rock Creek). Every polygon
was assigned to one of these three major basins.

WatershedL?2

This classification consists of subdivisions of the three major basins in the District. The classification
includes Upper and Lower Anacostia, (entire) Anacostia, Upper and Lower Rock Creek, and Upper,
Middle and Lower Potomac. Every polygon in the District was assigned to one of these Watershed L2
classifications. This was the scale to which the District’s mainstem TMDLs were assigned.

WatershedlL3

This is the primary classification level for individual polygons, and it consists of MS4 sewersheds, small
tributaries, and other delineated areas. There are 82 distinct classifications at this level.

WatershedlL4

A fourth watershed level was necessary to address TMDLs in the Watts Branch subwatershed. In several
TMDLs the watershed was broken into Upper and Lower components. However, other TMDLs assigned
MS4 WLAs to Watts Branch as a whole at the Watershed L3 classification level. The WatershedL4
classification level allows for TMDLSs to be assigned at both scales.

WatershedL5

The WatershedL5 level is used for further sub-classification of small waterbody (WatershedL3) polygons
as being open channel or closed pipe. This allows the assignment of WLAs for small tributaries, because
the DC Small Tributaries model (DCST) assigns WLASs to only the open channel areas of the small
tributaries.

SewerTypell

Every polygon was classified as either “MS4,” “CSS,” or “None (direct drainage).” This classification was
used to determine if the polygon should be assigned a WLA or an LA. Polygons classified as “MS4” were
assigned MS4 WLAs; polygons classified as “None (direct drainage)” were assigned nonpoint source LAS;
and polygons classified as “CSS” were not considered for further analysis because they represented
combined sewer areas, which are not covered under DDOE’s MS4 NPDES permit, and thus are not part
of the Consolidated TMDL IP requirement.

335
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SewerTypelL2

The SewerTypelL 2 level is a further sub-classification of the polygons in the MS4. This classification
assigns polygons in the MS4 area as either “MS4 direct drainage” or “MS4 closed pipe.” This allows
WatershedL5 areas to be assigned to WatershedL3 (mainstem) allocations. Areas with a WatershedL5
designation of “MS4 closed pipe” are assigned to WatershedL3 mainstem WLAs and areas with a
WatershedL5 designation of “MS4 direct drainage” are assigned to WatershedL3 (mainstem) LAs.

These various classifications were used in a series of GIS queries to assign WLAs and LAs from the
individual TMDLs to the GIS polygons. The GIS queries functioned as a type of “logical matrix” whereby
individual conditions were set among the various classification categories to assign WLAs and LAs to
various combinations of individual polygons (and thereby to mainstem and tributary waterbodies)
according to the various rules under which the original TMDLs were done. Because the polygons were
established at the scale of the smallest waterbody for which there are TMDLs (the WatershedL3
tributary/small waterbody scale), WLAs and LAs from individual TMDLSs may be assigned to one or
more polygons depending on the scale of the original TMDL (i.e., loads from the small tributary TMDLs
would be assigned to less total polygons than would the loads from a mainstem waterbody TMDL). For
example, the WLA for a mainstem TMDL would be assigned to all of the polygons representing the
tributaries to that mainstem, whereas the WLA for a tributary TMDL would only be assigned to the one
polygon that represents the MS4 area of that tributary. GIS can then be used to track progress in
reducing loads, because load reductions achieved by BMPs implemented in any of the polygons which
are assigned as part of a WLA or a LA can be applied to the WLA or LA.

Small Tributary Load Assignments

As described above, the WatershedL 3 level is the classification level for tributary and other waterbody
TMDLs. For each of the polygons with a WatershedL3 classification corresponding to one of the tributary
or other waterbody TMDLs (e.g., Klingle Valley, Hickey Run, Foundry Branch, etc.), MS4 WLAs and LAs
are assigned according to the following logic. First, all of the WatershedL3 tributary or other waterbody
polygons are assigned as MS4 area under the SewerTypeL1 classification because all of these tributaries
and other waterbodies are at least partially served by the MS4 system. Next, the WatershedL5
classification is reviewed. If the WatershedL5 classification is “Open,” that means that the polygon is an
open channel section of the waterbody, which is the area used for small tributaries modeled by the DCST.
Subsequently, if the SewerTypeL 2 classification for this open channel section of the waterbody is “MS4
closed pipe,” that means that the open channel area is served by the MS4 system, and thus that the
polygon should be assigned to the WLA for that TMDL. In contrast, if the SewerTypelL 2 classification for
this open channel section of the waterbody is “Direct Drainage,” that means that the open channel area is
not served by the MS4 system (i.e., it is overland flow direct drainage into the tributary), and thus that
the polygon should be assigned to the LA for that TMDL. In contrast to polygons with WatershedL5
classifications of “Open,” if the WatershedL5 classification of a polygon is “Closed,” that means that the
polygon represents a section of the waterbody that is completely piped (e.g., no open channel). By
definition, the DCST, which defines all small tributary WLAs, does not include closed channel areas as
part of the WLA. Therefore, this area is not included anywhere in the small tributary allocations.

This decision matrix is shown in Table 4 below:
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Table 4: Decision Matrix for Assigning Polygons for WLAs and LAs for Small Tributaries

WatershedL3 SewerTypel1l WatershedL5 Sewertypel2 Result
All Sheds MS4 Open MS4 closed pipe WLA
All Sheds MS4 Open Direct Drainage LA

All Sheds MS4 Closed MS4 closed pipe Null

Watts Branch Load Assignments

For several TMDLs (Anacostia and Tributaries Metals and Organics [2003]; Anacostia and Tributaries
Bacteria [2003] and Watts Branch TSS [2003]), Watts Branch was broken into Upper and Lower
components and different loads were assigned to Upper and Lower Watts Branch. Since the entire Watts
Branch subwatershed was also assigned loads in other TMDLs, Watts Branch as a whole was classified at
the WatershedL3 level. Therefore, in order to accommodate loads for Upper and Lower Watts Branch,
these classifications were assigned to Watts Branch at the WatershedL4 level. Once that was
accomplished, the load assignments for Upper and Lower Watts Branch were assigned following the
same logic as described above for small tributaries.

Mainstem Load Assignments

As described above, the WatershedL2 level is the classification level for mainstem waterbody TMDLs.
For each unique WatershedL?2 value (Upper and Lower Anacostia, (entire) Anacostia, Upper and Lower
Rock Creek, and Upper, Middle and Lower Potomac), the combination of SewerTypelL1, WatershedL5,
and SewerTypel 2 are queried. SewerTypelL1l data can be “MS4,” “CSS,” or “None (direct drainage).” If
SewerType L1 is “None (direct drainage),” the polygon is not served by the MS4 system, and is assigned
to the LA of the mainstem TMDL. If the SewerTypeL1 classification is “MS4”, the polygon is in the MS4
area, and the data from the remainder of the query is used to help assign the load. If the WatershedL5
data shows that the area is “Closed” and the SewerTypelL 2 indicates “MS4 closed pipe,” that means that
the polygon represents a section of the waterbody that is served by a completely piped MS4 system (e.g.,
the MS4 system does not first flow into an open channel tributary and then into the mainstem).
Therefore, this area is assigned to the WLA for the mainstem. In contrast, if the WatershedL5 data
indicates that the area is an open channel (“Open”), additional information from the SewerTypelL2
classification is required. If the SewerTypelL 2 data shows that the areas is served by “MS4 closed pipe,”
then it is assigned to the WLA. If the SewerTypelL 2 field shows that the area is MS4 direct drainage (i.e.,
it is direct overland flow to the waterbody), it is assigned to the LA. This is also how the assignments of
these areas were made for the original Rock Creek and Potomac TMDLs. However, due to the differences
in the way that the Potomac, Anacostia, and Rock Creek were modeled in the original TMDLSs, this area
was not included at all for the original Anacostia mainstem TMDLs (see Attachment 1 [DC TMDL
Modeling Approach for Mainstems and Tributaries] to Appendix A, Technical Memorandum: Model
Selection and Justification, for a discussion of the modeling of mainstem waterbodies and how this
impacted the assignment of WLAs and LAS).

The logic behind these queries is shown in Table 5 below:
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Table 5: Decision Matrix for Assigning Polygons for WLAs and LAs for Mainstems

WatershedL2 SewerTypel1l WatershedL5 SewerTypel2 Result
All Sheds None (direct drainage) | N/A N/A LA

All Sheds MS4 Closed MS4 closed pipe WLA
All Sheds MS4 Open MS4 direct drainage LA

All Sheds MS4 Open MS4 closed pipe WLA

3.4 QA/QC of Delineations and Assignment of WLAs and LAs

After initial delineations and assignments of WLAs and LAs to specific GIS polygons were completed, a
series of QA/QC steps were taken to ensure that the delineations were both accurate relative to current
information on the extent of the MS4 system, but that they were also able to reflect the sewer and
watersheds as they were originally delineated in the TMDL studies. QA/QC included tabulation of areas
from the original TMDLs (either through evaluation of model input files on sewer/watershed areas or
tables of these areas in TMDL-related documents) and comparison of these areas to areas of the updated
delineations from the geodatabase. QA/QC also included visual comparison of the watershed and
sewershed boundaries between maps from the TMDL documents, GIS files from the original TMDL
modeling, and current delineations. In several cases, discrepancies were found between the sewershed
and watershed delineations completed for the original TMDLs and the delineations based on updated
data. These discrepancies were resolved through further research into the original TMDL data, review of
topography and other outside mapping data, and engineering judgment. Corrections to delineations were
made where necessary. In general, delineations were made to conform to the most current data on MS4
drainage areas. By utilizing the most updated information on MS4 areas, the modeling will reflect
current loads from MS4 areas and load reductions from implementation of BMPs that can help meet
MS4 WLAs. However, in some cases (particularly in cases where it was unclear whether TMDLSs were
supposed to apply to an entire watershed or only parts of a watershed), delineations and/or polygon
assignments were changed to reflect what was in the original TMDL. In all cases where changes were
made to delineations, notes were made in the geodatabase to identify the changes. Keeping notes on the
changes will help allow for flexibility in how the watershed and sewershed data can be used. For example,
if there is a need to compare loads modeled with the IP modeling tool to loads from the original TMDLs,
delineations can be changed to reflect the delineations in the original TMDL studies.

Another QA/QC check involved the comparison of areas from the current geodatabase with areas in the
original TMDLs (see Table 6). In general, areas agreed within + 20 percent, which was deemed to be
acceptable for this type of exercise with multiple delineations. However, several subsheds, including
seven (7) small tributaries and the ANATF-MD Chesapeake Bay segment shed, had discrepancies of
more than 20 percent. These are summarized in Table 6 below, along with a discussion of how the
discrepancies were resolved.
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Table 6: Comparison of Watershed Areas Between Original and Updated Watershed and Sewershed

Delineations Geodatabase

Area (acre)

WATERBODY MS4 Direct Drainage All (MS4 + DD) :
IPMT | TMDL % Diff | IPMT | TMDL % Diff IPMT | TMDL %Diff

Anacostia Lower 1,567 | Not found - 632 110 476.44% | 2,199 | Not found -
Anacostia Upper 7,112 | Not found - 2,195 215 922.68% | 9,308 | Not found =
ANATF_DC 6,893 | Not found - 2,952 | Not found - 9,845 11,096 -11.27%
ANATF_MD 2,522 | Not found - 106 Not found - 2,628 1,888 39.16%
Battery Kemble Creek 92 Not found - 140 | Not found - 232 239 -3.03%
Broad Branch 900 | Not found - 245 | Not found - 1,145 1,129 1.37%
C&O Canal 490 426 15.03% 97 Not found = 587 Not found =
Dalecarlia Tributary 977 | Not found - 114 | Not found - 1,091 1,111 -1.83%
Dumbarton Oaks 12 Not found - 124 | Not found - 136 168 -18.96%
Fenwick Branch 162 | Not found - 57 Not found = 219 203 7.68%
Fort Chaplin Tributary 132 Not found - 21 Not found - 153 204 -24.98%
Fort Davis Tributary 60 Not found - 44 Not found - 104 72 44.84%
Fort Dupont Tributary 50 Not found - 382 Not found - 432 474 -8.94%
Fort Stanton Tributary 29 Not found - 92 Not found - 122 125 -2.50%
Foundry Branch 90 Not found - 106 Not found - 196 168 17.11%
Hickey Run 826 Not found - 269 Not found = 1,094 1,081 1.25%
Kingman Lake 296 | Not found - 296 | Not found = 591 Not found =
Klingle Valley Run 125 | Not found - 46 Not found - 172 354 -51.46%
Lower Beaverdam Creek 2 Not found - 29 Not found = 31 Not found =
Luzon Branch 590 | Not found - 53 Not found - 643 648 -0.78%
Melvin Hazen Valley Branch 109 Not found - 65 Not found - 174 184 -5.32%
Nash Run 297 Not found - 12 Not found = 309 286 8.02%
Normanstone Creek 166 | Not found - 51 Not found - 217 249 -13.01%
Northwest Branch 1,976 | Not found - 12 Not found = 1,988 | Not found =
Oxon Run 1,800 | Not found - 344 | Not found = 2,144 | Not found =
Pinehurst Branch 246 | Not found - 201 | Not found = 446 443 0.83%
Piney Branch 45 Not found - 55 Not found - 100 61 62.13%
Pope Branch 172 | Not found - 65 Not found = 237 232 2.25%
Portal Branch 62 Not found - 9 Not found - 71 73 -2.98%
Potomac Lower 3,552 | Not found - 346 | Not found = 3,898 | Not found =
Potomac Middle 783 | Not found - 679 | Not found = 1,462 | Not found =
Potomac Upper 2,692 | Not found - 931 | Not found = 3,622 | Not found =
POTTF_DC 9,190 | Not found - 4,019 | Not found = 13,210 12,396 6.56%
POTTF_MD 1,133 | Not found - 150 Not found - 1,283 1,311 -2.12%
Rock Creek Lower 1,010 826 22.32% | 688 1,699

2,707 -9.70% 6,131 5.64%
Rock Creek Upper 3,022 2,598 16.32% | 1,756 4,778
Soapstone Creek 411 Not found - 104 Not found - 514 520 -1.09%
Texas Avenue Tributary 74 Not found - 44 Not found - 119 176 -32.54%
Tidal Basin 247 | Not found - 54 Not found = 301 Not found =
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Table 6: Comparison of Watershed Areas Between Original and Updated Watershed and Sewershed

Delineations Geodatabase

Area (acre)
WATERBODY MS4 Direct Drainage All (MS4 + DD)
IPMT | TMDL % Diff IPMT | TMDL % Diff IPMT TMDL %Diff.
Washington Ship Channel 440 | Not found - 176 | Not found = 616 Not found =
Watts Branch 1,019 | Not found - 231 | Not found - 1,250 1,161 7.69%
Watts Branch - Lower 261 | Not found - 145 | Not found - 406 Not found =
Watts Branch - Upper 758 | Not found - 86 Not found = 844 Not found =

Table 7: Review and Resolutions of Major Discrepancies in Watershed Area Between Small Tributary

and Geodatabase

TMDL
Watershed

Calculated
Area (from
Geodatabase)
(acres)

Reference
Area (from
Input Files to
DCST or Other
Sources)
(acres)

Percent
Difference
(%)

Discussion

Dalecarlia
Tributary

270

1,111

-75.73

The reference area and GIS shapefiles for this
watershed indicate that the DCST used the “Mill
Creek” watershed, in addition to the Dalecarlia
Tributary drainage area, to calculate loads for the
Dalecarlia Tributary. Therefore, the current
database was modified to include the Mill Creek
drainage area within the Dalecarlia Tributary
watershed.

Fort Chaplin
Tributary

153

204

-24.98

The DCST included area that was “closed pipe”
(and therefore should not have been included in
the watershed area). The current geodatabase
correctly excludes this area from the Fort Chaplin
TMDLs.

Fort Davis
Tributary

104

72

44.84

The DCST assigned a portion of the Fort Davis
Tributary watershed to Texas Avenue, accounting
for the discrepancy in areas. The current
delineation correctly assigns this area to the Fort
Davis Tributary.

Foundry
Branch

539

168

221.65

DCST assigns MS4 WLA only to the upper part of
the Foundry Branch watershed. Therefore, the
delineation in the current database was modified
to include only the upper part of the watershed
for Foundry Branch TMDLs.
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Table 7: Review and Resolutions of Major Discrepancies in Watershed Area Between Small Tributary

and Geodatabase

Reference
Calculated Area (from Percent
TMDL Area (from Input Files to Difference | Discussion
Watershed Geodatabase) | DCST or Other
(%)
(acres) Sources)
(acres)

The DCST included several areas that actually
discharge directly to Upper Rock Creek (and not

Klingle into the Klingle Valley Tributary) in the Klingle

Valley Run 172 354 -51.46 Valley shapefile. Therefore, the DCST was
incorrect and there is no need to change the
delineations.
Updated delineation of this watershed had
assigned some area as MS4 that was potentially

Piney Branch | 114 61 85.63 in the CSS. Additional review concluded that this
area should be re-classified from MS4 to CSS
area, thereby resolving the discrepancy.

Texas

Avenue 119 176 -32.54 See note for Fort Davis Tributary

Tributary
Chesapeake Bay Program incorrectly assigned a
large area of Northeast DC (~740 acres) to
ANATF_DC that should have been assigned to

ANATE_MD 2628 1,888 39.16 ANATF_MD.'This 'error was c'orrected in the
updated delineation. No reciprocal error flag
occurred in ANATF_DC because ANATF_DCis a
much larger area, and so this discrepancy was
less than 20% of the total ANATF_DC area

4 Results and Discussion

The delineation of TMDL watersheds and sewersheds using the most current data on the MS4 system,
including the sewer geodatabase, resulted in several changes to watersheds and sewersheds relative to
those used to develop the original TMDLs. Some of these changes were due to an updated understanding
of the sewer system and of where flows discharge (for example, see the discussions of Fort Davis, Klingle
Valley Run, Piney Branch and Texas Avenue in Table 7 above). In other cases, errors in the original
assignment of areas to watersheds and sewersheds were corrected (for example, see discussion of Fort
Chaplin in Table 7 above). Finally, in several cases, the logic for assigning WLAs and LAs to specific
polygons was modified to accommodate the way that WLAs and LAs were assigned in the original

TMDLs (for example, see the discussion of Dalecarlia and Foundry Branch in Table 7 above).

As described in the Purpose section above, the delineation of watersheds and sewersheds is critical to
identifying where MS4 WLAs and nonpoint source LAs apply on the ground. Because of the complexity
of the original TMDL modeling, different TMDL studies used different logic for determining the areas to
which that TMDL’s MS4 WLAs, and nonpoint source LAs apply. The differences in modeling and
consequent identification of MS4 and nonpoint source areas included in the TMDLs are particularly
important with respect to mainstems versus small tributaries and other waterbodies. Therefore,
understanding the delineation and extent of watersheds and sewersheds from the original TMDLSs is of
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critical importance. It is also important to understand the most updated information on the MS4
sewersheds, because the current MS4 delineations do not always match up exactly with the delineations
used in the original TMDLs. One reason for this is that the writers of the original TMDLSs did not have
access to the sewers geodatabase that has subsequently been developed to help track the MS4 and CSS
areas in the District. The sewers geodatabase has been critical in the development of updated MS4 and
unsewered areas delineations.

One ramification of the differences between the watershed and sewershed delineations in the original
TMDLs and the updated watershed and sewershed delineations is that loads calculated from these
updated areas will not match the loads calculated for the original TMDLs. Because load is a function of
runoff, which in turn is dependent on the contributing drainage area, changes in area inherently impact
loads. However, any changes in loads due to changes in land areas delineated for the TMDLSs reflect the
actual current conditions in that watershed/sewershed using the most updated data. This greatly
increases confidence in the IP and its ability to affect changes in the watersheds and sewersheds that will
lead to meeting applicable MS4s and improving water quality in District waterbodies. Any changes that
are made to the sewersheds and watersheds relative to what was used in the original TMDLs will be
documented and tracked so that comparisons can be made to the original data. For example, if
boundaries of a specific sewershed have been updated from the original TMDL boundaries, these original
boundaries will be documented so that current loads based on the updated load calculation methodology
(See Appendix A, Model Selection, Justification and Validation, for a discussion of the load calculation
methodology used in the IP) can be calculated for the old sewershed boundaries, and compared to the
original TMDL loads to determine the similarity of the loads. This can serve as a method for validating
the load calculation methodology.

In conclusion, the updated watershed and sewershed delineations and the assignment of WLAs and LAs
to appropriate GIS polygons will be instrumental in the development of a defensible Consolidated TMDL
IP that is based on the most up-to-date understanding of MS4 areas, but also considers the intent of the
original TMDLs.

23| Page



Appendix B, Technical Memorandum: Sewershed and Watershed Delineations

References

U.S. EPA. 2011. Authorization to Discharge under the National Pollutant Discharge Elimination System
Municipal Separate Storm Sewer System Permit. NPDES Permit No. DCO000221.

U.S. EPA. 2012. Authorization to Discharge under the National Pollutant Discharge Elimination
System Municipal Separate Storm Sewer System Permit. NPDES Permit No. DC0O000221.
Modification #1.

24 |Page



Appendix C

Technical Memorandum

Stream Erosion Methodology

Table of Contents

N a1 oo [0 ox AT o TP TT PP 1
2 P UK DOSE ..ttt ettt ettt e e e kbt e e e e b bt e e e aa b e e e e e R be e e e e Rbe e e e anbreeeaanbeeeeanneeeane 1
1T I=Tod T g Tor=1 2N o] o] o - U] o [N ST 1
4 ReSUILS aNd DISCUSSION ......ceiieiiiiiiitieieerenre e nre e enens 8
RETEIEINCES ...ttt ettt et e bt e e kb e e eab e e et e e e be e e neeennneesnnes 9
ATLACNIMENTS ..o r e r e e r e e 11

Consolidated TMDL Implementation Plan — Comprehensive Baseline Analysis

May 08, 2015



Appendix C, Technical Memorandum: Stream Erosion Methodology

List of Tables
Table 1: Measured Rate of In-stream Erosion in District Streams
Table 2: WTM In-Stream Erosion Relationships
Table 3: Comparison of In-Stream Erosion Load Calculation Methods for Hickey Run.............cccccceeieene 6
Table 4: Proposed Scaling Factors
Table 5: Comparison of in-stream erosion loads

List of Figures
Figure 1: Empirical equation established by MDE to correlate percent watershed impervious and percent

Y A =r= gl =T ] =T o1 o] o S 5
Figure 2: SBE (as a percent of total TSS load) as a Function of Imperviousness and Stream Degradation
0] (=1 o1 - USRS 7

ii|Page



Appendix C, Technical Memorandum: Stream Erosion Methodology

1 Introduction

The District Department of Environment (DDOE) is required to develop a Consolidated Total Maximum
Daily Load (TMDL) Implementation Plan (IP) as established in the District’s Municipal Separate Storm
Sewer System (MS4) National Pollutant Discharge Elimination System (NPDES) permit (U. S. EPA 2011
and U. S. EPA 2012). The IP will define and organize a multi-year process centered on reducing pollutant
loads originating within the District MS4. The level of pollutant control will be based on past TMDL
studies performed to protect impaired water bodies in the District. The IP will include a summary of the
regulatory compliance strategy to satisfy TMDL-related permit requirements, a summary of data and
methods used to develop the IP, specific prioritized recommendations for stormwater control measures,
a schedule for implementation and attainment of Waste Load Allocations (WLAs), and a method for
tracking progress. Substantial public involvement will be sought in plan development.

This Technical Memorandum on the methodology for estimating pollutant loads associated with in-
stream erosion is one in a series of technical memoranda that provide detailed information on research,
analysis, programs and procedures that support development of the Consolidated TMDL IP.

2 Purpose

There are two primary generators of pollutant loads applicable to the District’'s MS4 area: runoff loads
associated with the build-up and wash-off of pollutants from the surrounding watershed, and in-stream
loads associated with erosion of native bed and bank material and accumulated legacy sediments.
Runoff loads are discussed further in separate technical memoranda. In-stream erosion loads are the
topic of this Technical Memorandum.

The purpose of this Technical Memorandum is to document the selection of the method used to calculate
in-stream erosion loads. The Technical Approach employed includes:

e Areview of accounting for and calculating in-stream erosion loads in District TMDL
development.

e Aliterature review of in-stream erosion load calculation methods.

e Anevaluation of in-stream erosion load calculation methods and the selection of a method to
apply in the IP Modeling Tool.

e Areview of applicable sediment delivery ratios.

The Results section of this Technical Memorandum presents the selected in-stream erosion load
calculation method and provides commentary on the rationale for the method’s selection and use in the
IP.

3 Technical Approach

3.1 Review of In-Stream Erosion in the District TMDLs

An evaluation of documentation from the various District TMDLs was conducted to determine if and
how in-stream erosion was calculated in the development of each TMDL, and whether the in-stream
erosion load is considered a point source or a non-point source. This evaluation was used to determine
whether and how in-stream erosion should be accounted for in the baseline pollutant load modeling
required to support development of the Consolidated TMDL IP. A full review of how in-stream erosion is
handled in each of the TMDLSs is presented in Attachment A.

There are five TSS TMDLs for the District, and each addresses in-stream erosion to some extent. These
include:
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1. 2002 TMDL for TSS for the Upper and Lower Anacostia — This TMDL implicitly accounts for in-
stream erosion by applying a high TSS EMC value for “open channel” tributaries (i.e., tributaries
that do not have piped sections — which include Watts Branch, Popes Branch, Fort Dupont, and
Nash Run) that are thought to have significant in-stream erosion. This high TSS EMC represents
TSS contributions from in-stream erosion as well as from land-based sources. All stormwater
loads, including loads from in-stream erosion, are considered a non-point source and are
accounted for under the Load Allocation (LA).

2. 2003 TMDL for Total Suspended Solids in Watts Branch — This TMDL back-calculates the
individual TSS contribution from land sources and in-stream erosion using the total Watts
Branch TSS load estimated in the 2002 Anacostia TMDL. The contribution of TSS from in-
stream erosion was estimated to be 52 tons/yr. The loads from in-stream erosion are considered
a non-point source and are accounted for under the LA.

3. 2007 TMDL of Sediment/Total Suspended Solids for the Anacostia River Basin — This TMDL
calculates in-stream erosion explicitly, but only for Watts Branch within the District (in-stream
erosion is calculated for other water bodies in Maryland). The contribution of TSS from in-
stream erosion in Watts Branch was estimated to be 67 tons/yr. The TMDL does not calculate in-
stream erosion for other DC tributaries. The Watts Branch in-stream erosion load is considered a
point source and is accounted for under the MS4 WLA.

4. 2010 Chesapeake Bay TSS TMDL — The Bay TMDL documentation implies that in-stream
erosion is implicitly accounted for through model calibration. The documentation also implies
that loads from in-stream erosion are considered a point source and are accounted for under the
MS4 WLA.

The inconsistency in accounting for in-stream erosion in the TMDLSs is partly due to the fact that EPA,
over time, has evolved a policy of specifying that in-stream sediment loads in urban areas are to be
assigned to the MS4. This evolving policy in turn affected where it is accounted for in the TMDL IP
baseline load modeling. Several factors ultimately informed the decision to include in-stream erosion in
the MS4 baseline load modeling for addressing the Chesapeake Bay TMDL, and in the direct drainage
baseline modeling for local TMDLs. These factors include the following:

e The Chesapeake Bay Program (CBP) gives credit towards MS4 WLAs for stream restoration. A
significant component of the credit accounting for stream restoration relates to the control of in-
stream erosion (CWP/CSN 2014). This implies that the CBP links in-stream erosion at least in
part to MS4 flows. Therefore, in-stream erosion will be included as part of the MS4 baseline load
when accounting for the loads for the Chesapeake Bay TMDL.

e Thelocal TMDLs are inconsistent in allocating the loads from in-stream erosion to the MS4 or
direct drainage areas. In addition, the local TMDLs do not calculate in-stream erosion for all DC
tributaries even though all tributaries are known to have varying degrees of in-stream erosion.
Because of these inconsistencies, in-stream erosion will be included as part of the direct drainage
baseline load, until a future time when the TMDLSs can revisit the issue of in-stream erosion.

3.2 Review of In-Stream Erosion Load Calculation Method

The mechanisms of in-stream erosion are complex and often very location-specific. Stream erosion is
dependent upon a number of variables, including extent and composition of development within the
stream drainage area, channel geomorphology and geometry, presence and orientation of piped
drainage, number of outfalls, and condition of riparian vegetation. In addition, eroded soils can be
deposited at downstream “sinks” within the stream, and are not necessarily exported to the larger-order
streams further downstream. Therefore, it is important to recognize that the gross in-stream erosion is
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not the same as the net export of sediment. While in-stream erosion occurs naturally in unaltered
watersheds, it is primarily driven by changes in land use (e.g., increases in unmanaged impervious cover,
alteration of, or decreases in, riparian vegetation). From a review of literature, a number of approaches
were identified for estimating the rate of sediment load from in-stream erosion, and the portion of the in-
stream erosion that contributes to the downstream sediment yield. These are explained in the following
subsections.

3.2.a Direct Measurement

The most reliable method of determining gross in-stream erosion loads is through direct measurement.
This could include estimation of lateral erosion rates from temporally varied aerial photos or strategically
placed bank pins coupled with field measurement of bank heights. Direct measurement of in-stream
erosion is not widely available for District water bodies and requires considerable field effort over many
years. The U.S. Fish and Wildlife Service has conducted studies to estimate in-stream erosion in Hickey
Run, Watts Branch, and Oxon Run. In addition, DDOE conducted measurements of in-stream erosion in
Nash Run. A summary of the measured rates of erosion are presented in Table 1.

Table 1: Measured Rate of In-stream Erosion in District Streams

Rate of Erosi
Name of Study Stream ate ot trosion Measurement Method
(tons/yr)
2005 U.S. Fish and Wildlife Service. Hickey Run,
Washington DC, Watershed and Stream Hickey Run 1,031 Bank pins
Assessment
2002 U.S. Fish and Wildlife Service. Watts
Branch, Washington DC, Watershed and Stream | Watts Branch 705 Bank pins
Assessment
2003 U.S. Fish and Wildlife Service. Oxon Run,
Washington DC, Watershed and Stream Oxon Run 1,032 Bank pins
Assessment
;(érl;rliDOE Nash Run Restoration Final Design Nash Run 33.5 Berilk s

Note that the rate of erosion in Watts Branch is more than 10 times higher than the estimated rate of
erosion shown in the 2007 Anacostia Sediment TMDL (705 tons/yr vs 67 tons/yr). This is likely due to
the fact that the direct measurements provide an estimate of gross rates of erosion and the TMDL
provides an estimate of the net rate of erosion. Because direct measurements of stream bank erosion
don't exist for every tributary in the MS4, this method of estimating sediment load contribution from soil
bank erosion (SBE) is not readily applicable to integrate into the IP Modeling Tool.

3.2.b Theoretical Calculation Methods

Theoretical calculation methods exist to prediction bank erosion rates from a variety of dependent
variables. These methods require detailed information on the stream characteristics in order to calculate
the sediment load due to in-stream erosion. Two examples of these methods include the Bank
Assessment for Non-point source Consequences of Sediment (BANCS) Method and the Penn State
Mapshed Method. Both of these methods are described in detail in Attachment 2. Most of the
information needed to apply these two methods, such as a Bank Erosion Hazard Index (BEHI)
assessment or Near Bank Stress (NBS) rating, is not available for many of the streams in the District.
Therefore these methods are not readily applicable to estimate the sediment load contribution from SBE.
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3.2.c Empirical Methods

Two studies were identified that used empirical data to develop an equation to estimate the sediment
contribution from in-stream erosion. The first method was develop by the Center for Watershed
Protection (CWP) and applied in the Watershed Treatment Model (WTM). The following description is
mainly taken from the WTM model documentation (Caraco, 2013). The WTM is a simple spreadsheet
planning model developed by CWP to evaluate pollutant loads from a wide range of sources. The WTM
utilizes a simplified relationship, which is based on an analysis of ten years’ worth of data from streams
in southern California (Trimble 1997) to establish a simplified relationship between general watershed
and stream condition and total watershed sediment loading and in-stream erosion, using the percentages
identified in Table 2.

Table 2: WTM In-Stream Erosion Relationships

Stream Degradation Rating | In-Stream Erosion as a Fraction of Total
Watershed Sediment Loads (CE%)

High 67%
Medium 50%
Low 25%
No degradation 0%

In the WTM, the sediment load from in-stream (channel) erosion (LCE) is a fraction of the total
watershed load. Thus the equation is as follows:

LCE = LOS/(100/CE%-1)

where:

LCE = Sediment load from in-stream (channel) erosion (Ib/year)

LOS = Sediment load from other urban sources (Ib/year)

CE (%) = In-stream (channel) erosion as a percent of the total urban watershed load

WTM documentation does not provide any guidance on approaches for rating the condition of the
stream channels other than to say that the ratings should be based on “stream channel surveys or
observations.”

The second method was developed by the Maryland Department of Environment (MDE) and has been
applied in numerous Maryland TMDL applications. The following description is taken primarily from the
2009 “TMDL of Sediment in the Gwynns Falls Watershed, Baltimore City and Baltimore County, MD”
(MDE, 2009). This TMDL uses an equation to estimate stream bank erosion based on impervious area in
a watershed. The method is described as follows:

Using CBP P5 urban sediment EOF target values, MDE developed a formula for estimating the percent
of erosional sediment resultant from streambank erosion (i.e., that portion of the total urban sediment
load attributed to stream bank erosion) based on the amount of impervious land within a watershed.
The equation uses the urban sediment loading factors to estimate the proportion of the urban sediment
load from stream bank erosion. The assumption is that as impervious surfaces increase, the upland
sources decrease, flow increases, and the change in sediment load results from increased streambank
erosion. While this formula only represents an empirical approximation, it is consistent with results
from the Anacostia River Sediment TMDL and recognizes that stream bank erosion can be a significant
portion of the total sediment load. (MDE, 2009)

The equation developed by MDE is represented graphically by Figure 1 below (MDE, 2009).
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Figure 1: Empirical equation established by MDE to correlate percent watershed impervious and
percent stream bank erosion

The MDE empirical method is not entirely consistent with the application of the Simple Method. The
Simple Method assumes that the sediment load from land-based sources increase as the percent
impervious increases. The MDE method assumes that as the percent impervious increases, the land-
based sources become less prominent and the in-stream erosion becomes the dominant source of overall
watershed sediment load. This inconsistency and how to address it is further explained in section 3.3.

3.2.d Application of the Sediment Delivery Ratio

As noted in the Introduction, eroded soils can be deposited at downstream “sinks” within the stream, and
are not necessarily exported to the larger-order streams further downstream. It is important, therefore,
to recognize that the gross in-stream erosion is not the same as the net export of sediment. In-stream soil
erosion represents the amount of soil that is eroded from the banks and beds of stream. Only a fraction
of the eroded soil contributes to the sediment yield, while the rest is deposited in downstream water
channels. The amount that contributes to the sediment yield can be quantified using a sediment delivery
ratio (SDR), expressed as a fraction of gross erosion that is delivered to a particular point in the drainage
system. The Chesapeake Bay Model uses an SDR to estimate the amount of sediment that is delivered to
the Bay from upstream sources. This value is 0.181 for non-coastal plain streams and 0.061 for coastal
plain streams (CWP/CSN, 2014), and is based on the ratio of the Edge of Field (EoF) load to the Edge of
Stream (EoS) load. The 2007 Anacostia TMDL also uses an SDR to estimate the amount of sediment that
is delivered to the Anacostia from upstream sources. The TMDL provides different SDRs for different
drainage areas of the Anacostia Watershed. An SDR of 0.23 represents the sediment yield delivered from
the Anacostia tributaries to the Anacostia mainstem. Additionally, an SDR of 0.77 was used to represent
the sediment yield within Watts Branch.

3.3 Evaluation and Selection of In-Stream Erosion Load Calculation Method for
Inclusion in the IP Modeling Tool

A comparison of each of the results from each of the methods discussed in Section 3.2 is presented for
Hickey Run in Table 3 below. For Hickey Run, the BANCS method yields similar gross in-stream erosion
loads as the direct measurement method. This is due in part because it relates actual stream bank
conditions and stresses to erosion rates and because it is calibrated to a District dataset that includes
Hickey Run. The Mapshed, CWP and MDE methods estimate less in-stream erosion and rely on more
generalized relationships with watershed conditions that were developed in other parts of the country

335
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(namely Pennsylvania and California). While it may be more reliable, the drawback with the BANCS
method is that it is requires detailed data that is not currently available for many of the streams in the
District.

Table 3: Comparison of In-Stream Erosion Load Calculation Methods for Hickey Run

Method ::;itsr/e:erzrl)irosion Source

Measured (2005) 1,031 See USFWS, 2005, p. 46

BANCS prediction 1,349 See CWP and CSN, 2014, p. B-10 and B-11
MapShed prediction 90 Application of equations shown in Attachment 2
WTM prediction 167 Application of percentages shown in Table 1
MDE prediction 655 Application of curve shown in Figure 1

Because of the current lack of data that would allow a detailed assessment of each stream’s rate of in-
stream erosion, a more simplified method is needed to estimate the in-stream erosion. The two
simplified methods identified previously include the CWP and MDE methods.

The MDE method was applied to Watts Branch in the District to determine if it could reproduce the same
loads as those estimated in the 2007 Anacostia TMDL. The DC portion of Watts Branch is approximately
39% impervious, which means approximately 79% of the total load is attributable to in-stream erosion.
The land-based sources of TSS for Watts Branch are currently estimated at 168 tons/yr, so the in-stream
erosion loads would be approximately 636 tons/yr (79% of the 804 Ib total TSS load). This is much larger
than the 67 tons/yr estimated in the 2007 Anacostia TMDL, and slightly lower than the 705 tons/yr
estimated by FWS.

Since it is not known why there is such a large discrepancy between the loads measured in Watts Branch
and the loads estimated by the TMDL for Watts Branch, it is difficult to determine if the MDE method
could be applied to District streams with confidence. However, since the TMDL is the driving force
behind the creation of the IP Modeling Tool, it was decided that the method for estimating the load from
in-stream erosion should be more biased to the SBE loads identified in the TMDL. To aligh the MDE
method with the Simple Method (see discussion in section 3.2.¢) it was decided to scale the MDE curve
to represent various different “stream degradation potential” ratings. In other words, the curve
developed by MDE represents a “worst case” scenario of in-stream erosion that could be applied to
streams that have a great probability of stream degradation. Using the CWP method for estimating in-
stream erosion based on the stream degradation potential, and assuming that the percent of SBE are
applicable to watersheds with a median percent imperviousness for the District from Figure 1, the
following scaling factors were developed based on stream degradation potential:

Table 4: Proposed Scaling Factors

Median Percent Impervious in the MS4 35 Scaling Factor
Applied to
SBE as a percent of total watershed load based on MDE curve 78 VITBE auve

SBE as a percent of total watershed load based on CWP stream

rating of “high degradation potential” 67 ErjnE= 053

SBE as a percent of total watershed load based on CWP stream

rating of “medium degradation potential” >0 S0y = 0

SBE as a percent of total watershed load based on CWP stream

rating of “low degradation potential” 25 AR
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These scaling factors were then applied to each ordinate on the MDE curve to produce three additional
curves that represent the three different stream degradation potentials, as shown in Figure 2.
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Figure 2: SBE (as a percent of total TSS load) as a Function of Imperviousness and Stream
Degradation Potential

In order to more closely align the estimates of in-stream erosion loads with the values published in the
TMDL, all streams in the District were assigned a “medium degradation potential.” As additional field
verification of the streams is completed in the future, the stream degradation potential can be adjusted to
better reflect actual conditions. Table 5 below shows the in-stream erosion loads for several DC streams
that were calculated using the medium degradation potential curve, and compares it to the load
estimated by either the TMDL or by field monitoring.

Table 5: Comparison of in-stream erosion loads

Stream Name SBE calculated with the medium | SBE estimated by | SBE estimated by
degradation potential curve field monitoring the TMDL

Watts Branch 172 705 67

Nash Run 58 33.5 0

Hickey Run 162 1,031 0

Oxon Run 178 1,032 No sediment TMDL

In addition, it is recommended that a SDR of 0.181 and 0.061 is applied to estimate the amount of in-
stream erosion that is delivered to the Bay for non-coastal plain and coastal plain streams respectively,
that a SDR of 0.23 is applied to estimate the amount of in-stream erosion that is delivered to the
mainstem rivers of the District, and that a SDR of 0.77 is applied to estimate the amount of in-stream
erosion to Watts Branch. No SDR is used to quantify the sediment yield within each smaller-ordered,
minor, tributary. The Sediment Delivery Ratio is only applied to in-stream sediment loads but not to the
land-based sediment loads. It is assumed that the TSS EMCs selected to represent the land-based
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sediment loads implicitly account for any deposition that occurs within the watershed and MS4 pipe
system.

In-stream erosion contributes to the overall sediment, nitrogen, and phosphorus loads. To translate
sediment loading to nitrogen and phosphorus loading, the following CBP -approved conversion rates
were used for the District (CWP/CSN, 2014):

e 1.05 pounds P/ton sediment
e 2.28 pounds N/ton sediment

4 Results and Discussion

As noted in Section 3, in-stream erosion can be estimated using different methods. The resultant TSS
load using these methods does not agree with the estimated TSS load from in-stream erosion that are
documented in the TSS TMDLs. In addition, the TSS TMDLs are not always in agreement on whether in-
stream erosion should be a point source or a non-point source. This has implications on the accounting
of loads for meeting WLAs or LAs. Because of the conflicting information on in-stream erosion, several
recommendations are made, including:

e When calculating sediment loads and sediment load reductions for meeting the Chesapeake Bay
TMDL, in-stream erosion will be included as part of the MS4 load.

e When calculating sediment loads and sediment load reductions for meeting the local TMDLs, in-
stream erosion will be included as part of the direct drainage load.

e Calculate the in-stream erosion sediment load using the empirical equation developed by MDE
that correlates in-stream erosion to imperviousness, but scale the equation to allow for an
assessment of the stream degradation potential developed by CWP.

o Apply a sediment delivery ratio to estimate the sediment yield from upland in-stream erosion
sources to the mainstem rivers and the Chesapeake Bay.

In conclusion, the method to account for and calculate in-stream erosion is limited due to a lack of data
and conflicting information. As additional data on in-stream erosion is collected and more clarity on
accounting for in-stream erosion is provided by the regulatory agencies, it may be possible to establish
better methodologies to account for and calculate the loads from in-stream erosion. Until such time
though, it is recommended that the accounting and calculation methods set forth in this document will
be utilized in the IP Modeling Tool.
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Attachment 1: Review of In-Stream Erosion
Calculations in the District TMDLs

2002 Anacostia TSS TMDL

This TMDL does not mention streambank erosion specifically. All stormwater is considered a nonpoint
source and is counted towards the LA. The Anacostia TMDL modeled the sediment loads in Watts
Branch, Popes Branch, Fort Dupont, and Nash Run using a TSS EMC of 227mg/L. This EMC is based on
in-stream monitoring at Popes Branch and implicitly includes the contribution of both in-stream erosion
and land-based stormwater loads. Data from this TMDL was used in the subsequent Watts Branch TSS
TMDL (see below), and the total TSS load for Watts Branch implicitly includes streambank erosion. No
EMC specific to Watts Branch was available at the time that this TMDL was developed. Note that loads in
this TMDL are typically expressed on a seasonal rather than an annual basis, so this must be kept in
mind when comparing the TMDL loads to annual loads.

Total WB TSS existing load = 212 tons/season or 363 tons/yr.

2003 Watts Branch TSS TMDL

The Watts Branch TSS TMDL is based on the sediment loads calculated in the 2002 Anacostia TSS
TMDL. The Watts Branch TMDL further broke out the TSS loads of Watts Branch between Maryland and
the District, between the upper and lower sections of Watts Branch in the District, and between
stormwater, streambank erosion, and baseflow loads. All stormwater and streambank erosion is
considered a nonpoint source and is counted towards the LA. The portion of TSS load from stream bank
erosion was broken out of the total Watts Branch TSS load based on a regression curve that relates peak
flows and sediment discharge, and an estimate of the number of peak flows per year. The methodology
and assumptions used to back-calculate the stream bank erosion are not explained in detail.

Table 1: Existing Loads (from page 21 of 2003 TMDL report) ‘

Watts Branch (all) Watts Branch DC Watts Branch MD
Tons/yr Tons/yr Tons/yr
Streambank erosion 250 117 132
Stormwater 111 52 59
Baseflow 4 2 2
TOTAL 363 171 192

Note there are some rounding errors in the TMDL report

Note that a study by USFWS estimates streambank erosion in Watts Branch to be 1500 tons/yr or 6
times higher than the TMDL. However, the USFWS study only looks at gross streambank erosion; it
doesn’t provide an assessment of how much of the eroded soils is deposited downstream. In other words,
not all of the eroded sediment is ultimately exported. Some of the eroded sediment is deposited in
downstream areas, known as aggrading stream sections. A good example of this is the lower section of

Watts Branch, which is known to be a sediment sink.

The load allocations for Watts Branch assume a 54% reduction in stormwater load and a 90% reduction
in streambank erosion load. Annual LA for the District section of Watts Branch= 38 tons/yr.

3-3%
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Note that loads in this TMDL are typically expressed on a seasonal rather than an annual basis, so
caution must be used when comparing the TMDL loads to annual loads.

2007 Anacostia TSS TMDL

The TMDL points out that streambank erosion is the biggest source of TSS pollution. It is listed under
nonpoint sources, BUT it is allocated as part of the WLA.

From section 4.3.1 of the TMDL:

Loads for Watts Branch were obtained directly from HSPF output [Note: This load explicitly includes
loads from streambank erosion. Lower Beaverdam Creek loads were also obtained from HSPF output
but no stream bank erosion is assumed to occur in the District portion of Lower Beaverdam Creek].
Loads from the remaining portion of the watershed, the “tidal drainage area,” were computed using
daily Watts Branch loads per land use type per unit area, with streambank erosion assumed to be
negligible for all tributaries (except for Watts Branch and Lower Beaverdam Creek).

This explanation is slightly contradictory from the explanation provided in Section 4.5 of the TMDL.:

“Because it results primarily from the altered hydrology associated with urban impervious surfaces
connected directly to storm sewer systems, the estimated streambank erosion load is included in the
MS4-WLA. Loads from forest and agricultural lands were calculated based on standard loading
factors, loads from developed land were calculated based on the monitoring data from MS4 permits,
and point source discharges were calculated from required monitoring. Streambank erosion was
determined by subtracting these loads from the monitored total load. [Note: This is interpreted to
mean that streambank erosion was their “fudge factor.” All sources that could be estimated (MS4, CSO)
were added), and this load was compared to the monitored TSS loads, and the difference is assumed to
be the load from streambank erosion]. Thus, the estimated streambank erosion load includes legacy
sediment, current erosion and background loads. At this time, these components cannot be determined
separately. As data generated by assessments of stream restoration projects and other monitoring
efforts produce more refined estimates of streambank loads in the future, MDE may determine to
calculate the TMDL or reallocate loads within the TMDL.”

Streambank erosion for Watts Branch up to the USGS gage (segment 150 in HSPF), was determined to
be 187 tons/year. Note that a study by USFWS estimates streambank erosion in Watts Branch to be 1500
tons/yr or 8 times higher than the TMDL. However, the USFWS study only looks at gross streambank
erosion; it doesn’t provide an assessment of how much of the eroded soils is deposited downstream. In
other words, not all of the eroded sediment is ultimately exported. Some of the eroded sediment is
deposited in downstream areas, known as aggrading stream sections. A good example of this is the lower
section of Watts Branch, which is known to be a sediment sink.

Table 2: Existing Loads for Watts Branch

:IJVSagtsngr:;:)h (up to the Watts Branch DC Watts Branch MD
Tons/yr Tons/yr Tons/yr
Streambank erosion 186 67 119
Urban Loads 255 138 117
Forest Loads 5 0 5
TOTAL 446 205 241
Al-2 |Page
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Table 3: Existing Loads for Main Stem Anacostia, in DC ‘

DC Streambank Erosion DC Urban Loads DC Total
Tons/yr Tons/yr Tons/yr
Northwest Branch, DC 0 175 175
Lower Beaverdam Creek, DC 0 4 4
Watts Branch, DC 67 138 205
Tidal Anacostia, DC 0 1,210 1,210
TOTAL 67 1,527 1,594

2010 Chesapeake Bay TSS TMDL

e Stream erosion is explicitly accounted for in large rivers (>100cfs)

0 Mean flow of the Potomac is ~10,800 cfs, so erosion was explicitly accounted for (but
not reported as a separate load in the baseline loads or in the WLA/LA)

o0 Mean flow of the Anacostia is 138 cfs, so erosion was explicitly accounted for (but also
not reported as a separate load)

e Stream erosion is implicitly accounted for all smaller rivers (Rock Creek, Watts Branch, etc.)
since the model is calibrated to in-stream TSS data. This means SBE is reflected in the loading
rates.

e Stream erosion is likely included in both the existing loads reported for the MS4 WLA and for
the Direct Drainage LA.

e Stream restoration credits can be applied toward the MS4-WLA.
Additional References:
From the TMDL report (p. 4-42) ...

“Because sediment monitoring stations in the watershed collect all the sediment loads passing the
station, including both land erosion and bank erosion sources, the stream bank load is accounted for,
ultimately, both in the Chesapeake Bay watershed monitoring network and in the Bay Watershed Model,
at least as part of the total combination of sediment from land and riverine sources. In the same way,
streambank loads are also accounted for in tracking sediment load reductions from stream restoration
actions and through reductions of nitrogen, phosphorus, and sediment tracked in the jurisdictions’
WIPs.”

EPA responses to comments on the Bay TMDL regarding erosion include:

“Within the watershed, legacy sediments and other erosion from the river system are inherently included
in the calculation of sediment loads from the watershed in the Phase 5.3 Watershed Model. In simulated
rivers (generally greater than 100 cubic feet per second) erosion and scour are explicitly simulated. Based
on the recommendation of the Chesapeake Bay Program’s Sediment Work Group, the watershed
jurisdictions can get nutrient and sediment credit in their implementation plans for performing in-
stream erosion control practices. Tidal resuspension of sediment is also simulated in the Chesapeake Bay
Water Quality and Sediment Transport Model and there are a series of management practices the
jurisdictions have taken and can continue to take to reduce sediment resuspension in tidal waters. As
underwater bay grass beds continue to expand in the Bay, as they are projected to do under the TMDL
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nutrient and sediment reductions, more sediment will be bound by the grass beds and kept from
resuspension.”

“Within the watershed, erosion from the river systems is included in the calculation of sediment loads
from the watershed in the Phase 5.3 Chesapeake Bay Watershed Model. In simulated rivers which are
generally greater than 100 cubic feet per second, erosion and scour are explicitly simulated and
calibrated to about 130 sediment monitoring stations throughout the watershed. Based on the
recommendation of the Chesapeake Bay Program’s Sediment Work Group, jurisdictions can get nutrient
and sediment credit in their implementation plans for performing in-stream erosion control practices.”

“So-called 'legacy' sediments and other erosion from the river system are inherently included in the
calculation of sediment loads from the watershed in the watershed model. Based on the recommendation
of the Chesapeake Bay Program’s Sediment Work Group, jurisdictions can get nutrient and sediment
credit in their implementation plans for performing in-stream erosion control practices. The sediment
work group is well aware of the research on legacy sediment.

As discussed in the Chesapeake Bay Program Sediment workgroup, the total flux of sediment generally
decreases from sources on the landscape to a point downstream in a river of 4th or 5th order. In other
words, the stream network is net sink of sediment. Of course, there are localized areas where this is not
the case. Stream erosion is implicitly considered in the simulation in that there would be a lot more
reduction of edge-of-stream sediment if there were no stream erosion. In simulated rivers (generally
greater than 100 cubic feet per second) erosion and scour are explicitly simulated, however, "legacy"
issues are generally on streams smaller than this, however.

In addition, “legacy” sediment issue can be addressed in the states’ Watershed Implementation Plans
which receive nutrient and sediment credit for stream erosion control practices.”
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Attachment 2: Theoretical Calculation Methods for
Estimating In-Stream Erosion Rates

Bank Assessment for Non-point source Consequences of Sediment
(BANCS) Method

The first approach evaluated for prediction of in-stream erosion rates is the Bank Assessment for Non-
point source Consequences of Sediment (BANCS) method. This method employs two separate risk rating
tools for estimating bank erodibility: the Bank Erosion Hazard Index (BEHI) and Near Bank Stress
(NBS). The method was developed by Rosgen (2001) and is utilized in the U.S. Environmental
Protection Agency’s (EPA) on-line tool: Watershed Assessment of River Stability & Sediment Supply
(WARSSS) (http://water.epa.gov/scitech/datait/tools/warsss/). The BANCS method is also employed in
the CBP-approved approach for determining stream restoration pollutant reduction credit. The credit
accounting approach is outlined in Recommendations of the Expert Panel to Define Removal Rates for
Individual Stream Restoration Projects (CWP/CSN 2014).

The BANCS method involves evaluating stream bank characteristics using the BEHI tool and stream flow
and channel geomorphological characteristics using the NBS tool. The BEHI tool utilizes the following
parameters to develop a qualitative rating of bank erosion risk for a particular stream reach:

e Bank height/maximum bankfull height
e Root depth/bank height

e Weighted root density

e Bankangle

e Surface protection

The NBS tool presents a number of parameters for estimating near bank stress risk ratings. At least one
of these parameters, listed below, is needed to develop the NBS rating. If more than one parameter is
used, they can serve to verify the rating or to provide an average rating.

e Ratio of radius of curvature to bankfull width

o Ratio of pool slope to average water surface slope

e Ratio of pool slope to riffle slope

e Ratio of near-bank maximum depth to bankfull mean depth
¢ Ratio of near-bank shear stress to bankfull shear stress

e Velocity profiles or velocity gradient

The ratings derived from the BEHI and NBS tools are used in tandem with a plot that relates field
measured annual lateral erosion rates with field derived BEHI and NBS ratings. Such a plot has been
developed for the Hickey Run stream in the District by the USFWS. This District plot is included in the
previously mentioned stream restoration credit accounting approach (CWP/CSN 2013). From this plot,
an annual rate of lateral bank erosion can be determined. This rate is then multiplied by the bank height
and the length of bank in a similar condition to yield an estimate of annual sediment loading, as follows
(CWP/CSN 2013):

S =3(cAR )/2000
where:

3-3%
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S =sediment load (ton/year) for reach or stream

¢ = bulk density of soil (Ibs/ft3), assumed to be 125 Ibs/ft3

R = lateral bank erosion rate (ft/year), calculated from BANCS method
A = eroding bank area (ft?)

The stream restoration credit accounting approach (CWP/CSN 2013) includes a conversion rate to
translate sediment loading to nitrogen and phosphorus loadings, as follows:

e 1.05 pounds P/ton sediment
e 2.28 pounds N/ton sediment

Penn State MapShed Method

Researchers at Penn State have developed a watershed modeling tool called MapShed. This tool is a GIS-
enabled, enhanced version of the Generalized Watershed Loading Function (GWLF) watershed model
originally developed at Cornell University (Haith and Shoemaker 1987). A pre-cursor to MapShed was
called AVGWLF, which was also developed by Penn State (Evans et al 2002).

In addition to numerous other simulated watershed functions, MapShed provides the ability to calculate
the in-stream erosion contribution to overall pollutant loading.

This protocol is based on an approach described by numerous researchers in the field of geomorphology
in which monthly streambank erosion is estimated by first calculating a watershed-specific lateral
erosion rate using some form of the equation:

LER=a*(q06

where:

LER = lateral bank erosion rate (m/month)

a = an empirically-derived constant related to the mass of soil eroded from streambanks
g = monthly stream flow (m3/s)

Evans et al. (2003) determined that the value for the “a” constant was empirically found to range from
about 10-5 to 10-4 for watersheds in Pennsylvania. This constant was statistically related to five
watershed parameters, including animal density, curve number, soil erodibility, mean watershed slope,
and percent of developed land in the watershed, as follows:

a=(0.00147 * PD) + (0.000143 * AD) - (0.000001 * CN) + (0.000425 * KF)
+(0.000001 * MS) - 0.000016

where:

PD = Percent developed land in the watershed

AD = Animal density of the watershed in animal equivalent units (AEUs)
CN = Average curve number value of the watershed

KF = Average soil “k” factor value for the watershed, and

MS = Mean topographic slope (%) of the watershed

A2-2|Page
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It should be noted that the LER is calculated as a monthly erosion rate. Annual rates can be computed
by using either average monthly stream flow values multiplied by 12 or by summing monthly stream flow
values calculated for each month of the year.

As with the BANCS method, once an annual lateral erosion rate is determined, it is multiplied by the
bank height and the length of bank to yield an estimate of annual sediment loading, as follows:

S = 3(c*A*LER )/2000

where:

S =sediment load (ton/year) for reach or stream

¢ = bulk density of soil (Ibs/ft3), assumed to be 125 Ibs/ft3

LER = lateral bank erosion rate (ft/year), calculated from MapShed method

A = eroding bank area (ft?)
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Appendix D, Technical Memorandum: Event Mean Concentrations (EMCs)

1 Introduction

The District Department of Environment (DDOE) is required to develop a Consolidated Total Maximum
Daily Load (TMDL) Implementation Plan (IP) as established in the District’s Municipal Separate Storm
Sewer System (MS4) National Pollutant Discharge Elimination System (NPDES) permit (U. S. EPA 2011
and U. S. EPA 2012). The IP will define and organize a multi-year process centered on reducing pollutant
loads originating within the District MS4. The level of pollutant control will be based on past TMDL
studies performed to protect impaired water bodies in the District. The IP will include a summary of the
regulatory compliance strategy to satisfy TMDL-related permit requirements, a summary of data and
methods used to develop the IP, specific prioritized recommendations for stormwater control measures, a
schedule for implementation and attainment of Waste Load Allocations (WLAs), and a method for
tracking progress. Substantial public involvement will be sought in plan development.

This Technical Memorandum on the selection of event mean concentrations (EMCs) is one in a series of
technical memoranda that provide detailed information on research, analysis, programs and procedures
that support development of the Consolidated TMDL IP.

2 Purpose

EMCs are an essential component of most storm water pollutant load estimation procedures. In practice,
EMCs are considered to be the flow proportional concentration of a given pollutant parameter during
storm events. That is, the total mass discharged divided by the total runoff volume. The multiplication of
observed or model simulated runoff (flow) by an EMC for a particular pollutant generates a pollutant
load.

The selection and application of EMCs was instrumental in the development of TMDLSs in the District.
EMCs were used to estimate pollutant loads for conventional pollutants (e.g., TSS, nutrients, and
bacteria) as well as metals and other toxic substances. In some instances the EMCs were applied to runoff
at stormwater outfalls to develop MS4 stormwater loads. In other instances the EMCs were applied to
runoff in watersheds to develop watershed loads. In addition, substantially dissimilar EMCs were often
used to characterize the same pollutant in different TMDL studies.

The requirement to develop a Consolidated TMDL IP for the District provides an opportunity, if
defensible, to identify and apply a consistent set of EMCs to support modeling of pollutant load
estimations and pollutant reduction with BMPs and other non-structural control practices. In addition,
comparisons of land use-based EMC values compiled from the scientific literature and MS4 outfall
monitoring-derived EMCs to the EMCs used in the original TMDLs allows the evaluation of the feasibility
of using updated EMCs in place of the EMCs used in the original TMDLs. Utilization of land use-based
EMCs would confer the advantage of allowing different land uses to generate different loads, and this
would help with targeting BMP practices to the land use types with the highest loads. Conversely, using
EMCs derived from current MS4 outfall monitoring data would ensure that the EMCs used in the IP
Modeling Tool were reflective of current pollutant concentrations in the District. This would contrast with
the EMCs used in the original TMDLs, which are based on older data, and some of which was not
collected within the District.

The purpose of this Technical Memorandum is to document the process that was used to develop a set of
EMCs that can be applied on a city-wide basis across the District. The Technical Approach employed
includes:

o Areview of the EMCs used to develop TMDLs in the District.
e Areview of EMCs reported in literature for various land use classes.
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e Anevaluation of District MS4 outfall monitoring data to develop DC-specific EMCs.

The Results and Discussion section of this Technical Memorandum presents the EMCs selected with
commentary on the rationale for their selection and use of the EMCs in the IP.

3 Technical Approach

3.1 Review of EMCs used to develop the DC TMDLs

Most of the TMDLs done for the District used EMCs in conjunction with flow data to calculate loads for
different wet weather flow types (i.e., stormwater and CSOs). EMCs used in District TMDLs were typically
developed from local monitoring data, although in a few cases, other data (such as data from Maryland
and/or literature values) were used. Several different sets of EMCs developed at different times for
different purposes were used in the TMDLs. For example, some TMDLs used monitoring data specifically
conducted for use in that TMDL, while others used historical MS4 outfall monitoring data, and still others
used EMCs developed for the DC Water CSO Long Term Control Plan.

Because the EMCs were based on sampling from an entire watershed and they were applied to all flows
from the entire watershed, these EMCs are referred to as “watershed-based EMCs.” This contrasts with
land use-based EMCs, which are derived for specific land use types.

Discussions of the EMCs developed for each pollutant type are presented below. A table summarizing the
various EMCs used for the different TMDLs follows the discussions.

3.1.a Bacteria

Bacteria EMCs used in District TMDLs came from either the LTCP studies or MS4 monitoring data. The
EMCs developed from the MS4 monitoring data was used in the DC Small Tributaries Model. The DC
Small Tributaries Model was used for the Anacostia Tributaries, Oxon Run, C&O Canal, and Potomac
tributaries bacteria TMDLs. Page 10 of the DCST Model Report (DC DOH, July 2003) states that “The
average storm water concentration estimate for fecal coliform bacteria was obtained from District MS4
monitoring data (Nicoline Shelterbrandt [sic], private communication).” The bacteria EMCs developed by
the LTCP studies to characterize separate storm sewer areas were used for the Anacostia, Potomac, and
Rock Creek mainstem bacteria TMDLs, as well as for the Kingman Lake, Washington Ship Channel and
Tidal Basin bacteria TMDLs. This EMC was developed through an analytical review of Nationwide Urban
Runoff Program EMC data (U.S. EPA, 1983), and through the collection of stormwater samples taken at 6
sites by DDOE, and the collection of stormwater samples taken at 2 sites by DC Water. The original
sample results are presented in Study Memorandum LTCP 5-8 (Final), CSS and SSWS Event Mean
Concentrations (DC Water, October 2001), Table F-2.

Beginning in January 1, 2008, the District bacteriological WQS changed from fecal coliform to E. coli. The
current Class A water standards are a geometric mean of 126 MPN. The District-specific bacteria
translator was used to convert fecal coliform EMCs directly to E. coli EMCs (LimnoTech 2011) and 2012)1.
This separate effort to develop a statistically valid bacteria translator involved extensive comparison of
paired fecal coliform and E.Coli samples and development of a regression equation for translation of
bacteria concentrations. No further analysis of District E. coli data is contained in this Technical
Memorandum.

! Documentation related to development of the translator is in LimnoTech’s 2011 Memorandum, Final Memo
Summarizing DC Bacteria Data and Recommending a DC Bacteria Translator (Task 2) and LimnoTech’s 2012
Memorandum, Update on Development of DC Bacteria Translators.
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Paired Metals

The DC Small Tributaries Model was used for all of the metals TMDLs except the Rock Creek mainstem
Metals TMDL. Table 2b in the DCST summarizes baseflow and stormflow EMCs for the Inorganic
Chemicals Sub-Model. Copper, lead and zinc storm flow EMCs were calculated by averaging the DC
WASA LTCP separate sewer system EMCs (DC WASA, 2002) with means of the recent DC MS4
monitoring results. This is explained in more detail in Section 2.2.4, Other Tributaries and Separate
Storm Sewer Loads and Table 2-4 in TAM/WASP Toxics Screening Level Model for the Tidal Portions of
the Anacostia River, Final Report (Behm, et. al., April, 2003). The original sample results for the LTCP
EMCs are presented in Study Memorandum LTCP 5-8 (Final), CSS and SSWS Event Mean
Concentrations (DC Water, October 2001), Table F-1 and consist of four composite samples from Suitland
Parkway taken over four storms from September 1999 to February 200, plus four composites taken over
the same four storms at Hickey Run, plus two additional grab samples from the November 1999 storm
taken at Hickey Run. In contrast to the EMCs for copper, lead and zinc, the EMC for arsenic was based
solely on MS4 monitoring data.

For the Rock Creek mainstem Metals TMDL EMCs, were based on sampling data performed by
LimnoTech at five locations on Rock Creek over two storms in 2003 and sampling performed by DC
Department of Health (DOH) at three locations over three storms in 1994 and 1995 (DC DOH, February
2004.

3.1.b Organics

The DC Small Tributaries Model was used for all of the organics TMDLSs except the Potomac and
Anacostia Tidal PCB TMDL. Table 2a in the DCST summarizes baseflow and stormflow EMCs for the
Organic Chemicals Sub-Model. EMCs for chlordane, heptachlor epoxide and PAHs were calculated from
data from the Northeast and Northwest Branches in Maryland because stormwater monitoring data for
the tidal portion of the Anacostia River were not available and DC MS4 results for these contaminants are
all non-detect (Behm, et.al., April, 2003, p. 143 for chlordane and heptachlor epoxide; p. 125 for PAHS).
For chlordane, the original values for baseflow (which was calculated as the average of six baseflow
samples collected in instream in 1995-1996 at the USGS gages on the Northeast and Northwest Branches)
and stormflow (which was calculated as the average of four composite stormflow samples collected in
instream in 1995-1996 at the USGS gages on the Northeast and Northwest Branches) were multiplied by
1.0 each to develop the individual baseflow and stormflow EMCs (Behm, et.al., April, 2003, Table 3-15;
note that the sampling results summarized in the table do not support the EMC that is supposedly derived
from them) (note that the load adjustment factors were used for each parameter to better calibrate
modeled data to observed data; in the case of chlordane, that load adjustment factor was 1.0). For
heptachlor epoxide, the original baseflow and stormflow values were multiplied by a load adjustment
factor of 0.7 to develop the individual baseflow and stormflow EMCs (Behm, et.al., April, 2003, Table 3-
22). The calibrated model incorporates this load reduction factor of 0.7 for heptachlor epoxide because
bed sediment concentrations for heptachlor epoxide were over-estimated in the original model run
(Behm, et.al., April, 2003, p. 144).

For the PAHs, the original values for baseflow and stormflow were multiplied by 1.5 to develop the
individual baseflow and stormflow EMCs (Behm, et.al., April, 2003, Table 3-15). This 1.5 multiplier was
used in the final calibrated model as a load adjustment factor to provide a better fit to bed sediment data
(Behm, et.al., April, 2003, p. 127).

Dieldrin, DDD, DDE, and DDT EMCs were calculated from District MS4 monitoring data. For dieldrin,
tidal sub-basin tributaries and separate storm sewer system EMCs were estimated at 0.00029 ug/L, based
on MS4 monitoring data (Nicoline Shelterbrandt, private communication) of 20 samples with 18 non-
detects, where non-detects were estimated as half the detection limit (Behm, et.al., April, 2003, p. 155).
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The baseflow EMC for dieldrin for the tidal sub-basin tributaries and separate storm sewer systems was
estimated as the average of the Northeast and Northwest Branch base flows. For DDD, DDE, and DDT,
tidal sub-basin EMCs, including separate storm sewer system, and CSO are based on data from the
District’'s MS4 storm water monitoring program, with an average minimum detection limit of 3E-04 ug/L
(Nicoline Shelterbrandt, private communication) (Behm, et.al., April, 2003, p. 163). For DDD, the original
sampling data value was multiplied by 20; for DDE, the original sampling data value was multiplied by 15;
and for DDT, the original sampling data value was multiplied by 20. These adjustments were made for
both baseflow and storm data.

For PCBs, tidal sub-basin tributaries storm flow, separate storm sewer system, and CSO Total PCB EMCs
are based on data from the District’'s MS4 monitoring (Nicoline Shelterbrandt, private communication),
where non-detects for each classification (PCB1, PCB2, and PCB3) were estimated to be 0.00025 ug/L,
which is approximately half the reported minimum detection limit (Behm, et.al., April, 2003, p. 102). The
baseflow EMC for each classification for the tidal sub-basin tributaries and separate storm sewer systems
was estimated as the average of the Northeast and Northwest Branch base flows. For each PCB
classification in the model, the original sampling data value was multiplied by 3 in order to better
calibrate against observed monitoring data. These adjustments were made for both baseflow and storm
data.

For the Potomac and Anacostia Tidal PCB TMDL, ICPRB looked at TSS vs. PCB regression relationships
to set PCB concentrations, so no PCB EMCs were used.

3.1.c Nutrients

COG supplied the data and the methodology to calculate representative concentrations of nitrogen,
phosphorus, and BODS5 for loads from the smaller tributaries, storm sewers, and the direct drainage to the
tidal Anacostia River for the Anacostia Nutrients and BOD TMDL (2001). The methodology used storm
flow composite samples collected from earlier studies of small urban watersheds in the District of
Columbia. Representative storm flow concentrations were developed for closed systems (storm sewers)
and open systems (watersheds with primarily free-flowing tributaries). For the direct drainage to the tidal
Anacostia River, a weighted average of close and open system concentrations was calculated, depending
on land use. Commercial, industrial, and high and medium density residential land uses were assigned
close-system concentrations; the remaining land uses were assigned open-system concentrations.
Representative stormwater TN and TP concentrations were then calculated for each modeling segment, as
an average, weighted by land use, of the concentrations associated with the direct drainage and
subwatersheds discharging to that model segment. Concentrations ranged from 2.34 to 3.9 mg/L for TN
and 0.36 to 0.77 mg/L for TP. Only storm flow loads are calculated for the smaller tributaries, storm
sewers and direct drainage. No attempt was made to estimate loads in base flow or groundwater discharge
to the tidal Anacostia (Mandel and Schultz, 2000).

For the Anacostia Nutrients and BOD TMDL (2008), EMCs were calculated from monitoring data. For
segments of the drainage area in Maryland, EMCs were calculated by land use type, but in the District,
monitoring stations represented a mix of land use types, so EMCs were not calculated by land use type.
EMCs were calculated for TKN (2.6 mg/L), Nitrate (1.1 mg/L), and TP (0.5 mg/L). The TN EMC can be
calculated as the sum of the TKN and Nitrate EMCs: 2.6 mg/L TKN + 1.1 mg/L Nitrate =3.7 mg/L TN
(Mandel, et. al., 2008, p. 5).

Baseflow EMCs are provided in Table 2.6.3 and were also based on previous sampling data.

The Chesapeake Bay TMDL did not use EMCs for Total Nitrogen and Total Phosphorus because MS4 land
areas are modeled by the Bay Watershed Model, which primarily uses loading rates (e.g.: pounds of
pollutants per acre of land use). However, Chapter 10, pp. 15-16 of the Bay Watershed Model
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documentation (U.S. EPA 2010) discusses development of stormwater loads. Research had shown little
variation in TN and TP between land uses in the Chesapeake Bay region. Therefore, the Phase 5.3 model
used the same values to be reflective of both high and low density residential areas. For calculation of the
developed land expected load, the overall median concentrations of 2.0 mg/L TN and 0.27 mg/L TP are
used.

3.1.d TSS/Sediment

The Anacostia TSS TMDL (2002) used TSS storm concentrations of 227 mg/L to represent open-channel
systems, including Nash Run, Fort Dupont, and Pope Branch. The storm concentration was based on
previous COG sampling of Pope Branch. This TMDL uses storm concentrations of 94 mg/L to represent
closed-channel systems, including Fort Chaplin, Fort Davis, Fort Stanton, Hickey Run, and Texas Avenue
Tributary. Baseflow EMCs were either O or 2 mg/L depending on the specific sub-shed (Schultz, October
2001, revised April 2003, Table 2-5). Because no storm flow monitoring data for TSS is available for
Watts Branch, a storm TSS concentration of 227 mg/L was used, based on the MWCOG Pope Branch
open channel result. A non-storm TSS concentration of 6 mg/L for the Watts Branch was estimated from
available DC DOH routine monitoring data for station TWBOL1 (time period 4/20/82 to 12/9/97) by
computing the median value of the non-storm data (where the criteria for non-storm conditions was no
precipitation recorded at National Airport on the day of and the day preceding the sampling event)
(Schultz, October 2001, revised April 2003, p. 22). Output from the Prince Georges County HSPF model
of Lower Beaverdam Creek was used to generate daily TSS loads from Lower Beaverdam Creek (Schultz,
October 2001, revised April 2003, p. 22).

The Anacostia Sediment and TSS TMDL (2007) does not provide clear information as to the storm and
baseflow EMCs used in the modeling. Therefore, it is assumed that the same storm and baseflow EMCs
used in the 2002 Anacostia TSS TMDL were used in this TMDL.

The Watts Branch TSS TMDL (2003) does not identify overall stormflow EMCs, but it is assumed that the
storm TSS concentration of 227 mg/L was used from the previous Anacostia TSS TMDL (2002) to
calculate the total load, but a storm EMC of 60 mg/L was used after the stream erosion component was
broken out of the equation (Watts Branch TSS TMDL, 2003, p. 20).

The Kingman Lake TSS, Oil & Grease, and BOD TMDL (2003) used data from three samples from the
storm sewer collecting runoff from a residential area tributary to Kingman Lake to calculate EMCs. The
location was selected to be representative of the commercial, industrial, residential, and recreational land
use activities. Samples were collected over three storms (12/17/01; 4/9/02; and 4/18/02) and averaged to
develop the EMCs. The EMC for TSS was 34.67 mg/L. The TMDL also shows a separate TSS EMC of 5.66
mg/L for grassed areas (p. 7).

The Chesapeake Bay TMDL did not use EMCs for TSS because MS4 land areas are modeled by the Bay
Watershed Model, which primarily uses loading rates (e.g.: pounds of pollutants per acre of land use). The
Bay Watershed Model Version 5.3 uses edge-of-field erosion rates for different land use types to establish
loads from different land use types. This is documented in Chapter 9 of the Bay Watershed Model
documentation (U.S. EPA, 2010). As a point of comparison, Maryland has used a TSS EMC of 80 mg/L in
the past when addressing its allocations under the Chesapeake Bay TMDL (MDE, 2009).

3.1.e Other

COG supplied the data and the methodology to calculate representative concentrations of nitrogen,
phosphorus, and BOD5 for loads from the smaller tributaries, storm sewers, and the direct drainage to the
tidal Anacostia River for the Anacostia Nutrients and BOD TMDL (2001). According to Mandel and
Schultz (2000), the methodology used storm flow composite samples collected from earlier studies of
small urban watersheds in the District of Columbia. Representative storm flow concentrations were
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developed for closed systems (storm sewers) and open systems (watersheds with primarily free-flowing
tributaries). For the direct drainage to the tidal Anacostia River, a weighted average of close and open
system concentrations was calculated, depending on land use. Commercial, industrial, and high and
medium density residential land uses were assigned close-system concentrations; the remaining land uses
were assigned open-system concentrations. Representative storm-water BOD5 concentrations were then
calculated for each modeling segment, as an average, weighted by land use, of the concentrations
associated with the direct drainage and subwatersheds discharging to that model segment. However,
while the document indicates that these BOD concentrations are to be found in Table 4.2-8 of Mandel and
Schultz (2000), this table does not contain BOD information, so the actual EMCs are not documented. No
attempt was made to estimate loads in base flow or groundwater discharge to the tidal Anacostia.

For the Anacostia Nutrients and BOD TMDL (2008), EMCs were calculated from monitoring data. For
segments of the drainage area in Maryland, EMCs were calculated by land use type, but in the District,
monitoring stations represented a mix of land use types, so EMCs were not calculated by land use type.
The BOD EMC was calculated 42.9 mg/L (Mandel, et. al., 2008, p. 5). The baseflow EMC for BOD as
provided in Table 2.6.3 is 1.2 mg/L. This EMC was also based on previous sampling data.

The Kingman Lake TSS, Oil & Grease, and BOD TMDL (2003) used data from three samples from the
storm sewer collecting runoff from a residential area tributary to Kingman Lake to calculate EMCs. The
location was selected to be representative of the commercial, industrial, residential, and recreational land
use activities. Samples were collected over three storms (12/17/01; 4/9/02; and 4/18/02) and averaged to
develop the EMCs. The EMC for BOD was 27 mg/L. The EMC for oil and grease was set at the method
detection limit of 5 mg/L. No samples were actually measured over the method detection limit. The TMDL
also shows a separate BOD EMC of 4.41 mg/L for grassed areas (p. 7).

No EMCs were used to model loads for the Anacostia Oil & Grease TMDL (2003), the Fort Davis BOD
TMDL (2003) or the Hickey Run PCB, Qil and Grease, and Chlordane TMDL (1998).

Table 1: Summary of EMCs Used in District TMDLs

Pollutant Units Baseflow EMC | Stormflow EMC | TMDLs
Bacteria
Fecal coliform DC Small Tribs Model: Anacostia
. Number/100 mL 280 17,300 Tributaries; Oxon Run; C&O Canal;
bacteria . .
and Potomac Tributaries
CSO LTCP Approach: Anacostia,
Fecal c_oliform Number/100 mL N/A 28265 Potomac, ahd Rock Creek main.stems,
bacteria as well as Kingman Lake, Washington
Ship Channel and Tidal Basin
Metals
. ug/L (dissolved + All of the metals TMDLs except the
Arsenic particulate) 0.2 14 Rock Creek Mainstem Metals
ug/L (dissolved + All of the metals TMDLs except the
C 3.5 57
opper particulate) Rock Creek Mainstem Metals
Copper ug/L N/A 78 Rock Creek Mainstem Metals
Lead ug/L (d'lssolved + 0.6 29 All of the meta!s TMDLs except the
particulate) Rock Creek Mainstem Metals
Lead ug/L N/A 36 Rock Creek Mainstem Metals
Mercury ug/L N/A 0.19 Rock Creek Mainstem Metals
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Table 1: Summary of EMCs Used in District TMDLs

Pollutant Units Baseflow EMC | Stormflow EMC | TMDLs

Zinc ug/L (d'lssolved + 75 173 All of the meta!s TMDLs except the
particulate) Rock Creek Mainstem Metals

Zinc ug/L N/A 183 Rock Creek Mainstem Metals

Organics

DC Small Tributaries Model: all
Chlordane ug/L 0.000963 0.00983 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
ug/L 0.000641 0.000957 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
PAH1 ug/L 0.0825 0.6585 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
PAH2 ug/L 0.219 4.1595 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
PAH3 ug/L 0.1065 2.682 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
Dieldrin ug/L 0.000641 0.00029 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
DDD ug/L 0.00462 0.003 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
DDE ug/L 0.00393 0.0133 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
DDT ug/L 0.01226 0.0342 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
ug/L 0.00061 0.00171 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

DC Small Tributaries Model: all
Total PCBs ug/L 0.0115 0.0806 organics TMDLs except Potomac and
Anacostia Tidal PCB TMDL

Heptachlor
epoxide

DDT (Watts
Branch)

Nutrients

TN (winter) mg/L 1.918 3.7 Anacostia Nutrients and BOD TMDL
TN (spring) mg/L 1.418 3.7 Anacostia Nutrients and BOD TMDL
TN (summer) mg/L 1.018 3.7 Anacostia Nutrients and BOD TMDL
TN (fall) mg/L 1.318 3.7 Anacostia Nutrients and BOD TMDL
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Table 1: Summary of EMCs Used in District TMDLs

Pollutant Units Baseflow EMC | Stormflow EMC | TMDLs
TKN mg/L 0.418 2.6 Anacostia Nutrients and BOD TMDL
NH4 mg/L 0.018 No Data Anacostia Nutrients and BOD TMDL
NO3 (winter) mg/L 1.5 1.1 Anacostia Nutrients and BOD TMDL
NO3 (spring) mg/L 1.0 1.1 Anacostia Nutrients and BOD TMDL
NO3 (summer) mg/L 0.6 1.1 Anacostia Nutrients and BOD TMDL
NO3 (fall) mg/L 0.9 1.1 Anacostia Nutrients and BOD TMDL
Organic N mg/L 0.4 No Data Anacostia Nutrients and BOD TMDL
TP mg/L 0.055 No Data Anacostia Nutrients and BOD TMDL
Sediment
1SS me/L Oor2 297 Ar_1acost_|a TSS TMDL open channel
tributaries
TSS me/L 0or?2 94 Anacostia TSS TMDL closed channel
sewersheds
TSS mg/L 6 227 Anacostia TSS TMDL, Watts Branch
TSS mg/L No Data 227 Watts Branch TSS TMDL
60 (after
inst
TSS me/L No Data nstream Watts Branch TSS TMDL
erosion was
factored out)
TSS mg/L No Data 167 (|n§tream Watts Branch TSS TMDL
erosion)
34.67
(representative
of the
commercial
) o Kingman Lake TSS, Oil & Grease, and
TSS mg/L No Data |-ndus’-cr|al, BOD TMDL
residential, and
recreational
land use
activities)
5.66 (grassed Kingman Lake TSS, Oil & Grease, and
TS5 mg/L No Data areas) BOD TMDL

3.2 Review of Land Use-Based EMCs Reported in Literature

Different land use types have been shown to have significant variability in pollutant loads (Stein 2008).
Many research institutions have conducted pollutant sampling of different land uses in order to establish
land use-based EMCs (see Attachment 1). This research, along with the knowledge that the District of
Columbia Office of the Chief Technology Officer (DC OCTO) has developed a very detailed GIS layer of
land use and land cover (LULC) for the District, could provide a means to calculate pollutant loads for the
MS4 area. This approach would be beneficial since it would identify areas in the city with higher pollutant
load potential, which would in turn allow for targeted BMP implementation. A literature review was
therefore undertaken to compile land use based EMC values for all of the pollutants which have a TMDL
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in the MS4 area. The following sections describe the methodology used to compile and analyze the EMCs
reported in literature, as well as the results of the literature review.

3.2.a Methodology

The literature review was focused around the 23 pollutants for which DC has TMDLSs. In addition, only
land uses that are most predominant in the DC MS4 area (e.g.: residential, institutional), or land uses that
potentially contribute a large proportion of a certain pollutant (e.g.: golf course, industrial) were targeted
for the literature review. For non-conventional pollutants, such as organics, there was little information
on EMCs by land use type, and published values were often lumped under the category “urban” land use,
so urban was added to the list of land use categories to be researched. The full list of land uses is shown
below.

e Commercial ¢ Residential

e Forest e Residential, Low Density

e Golf Course e Residential, Medium Density
e Highway e Residential, High Density

e Industrial o Residential, Multifamily

e Institutional e Roadway

e Mixed Use e Urban

e Open

The search method for the EMCs comprised of looking at keywords (e.g. EMC, event mean concentration,
etc.). The sources of the literature consisted of peer-reviewed research papers and technical reports that
were published by federal, state, or local agencies, or through scientific journals. The review was
geographically comprehensive and includes data from international, national, and regional sources.
Regional values included published data specific to DC, Virginia, and Maryland. Much of the regional data
originates from local technical reports, watershed implementation plans (WIPs), and TMDL reports. To
the extent possible, we attempted to find the original report and source data. An annotated bibliography is
provided in Attachment 1. Both mean and median EMC values were compiled for further analysis.

3.2.b Results

For conventional pollutants, such as TSS, nutrients, and some metals, a significant amount of EMC data
was found for all or most land use types. For some of the metals and all of the organics and toxics, very
little EMC data was found by land use type. Table 2 provides a general overview of EMC data that was
found for each pollutant and land use category.

After compiling the data into a spreadsheet, a statistical analysis of the data was undertaken to determine
the min, Q1, median, Q3, and max values. The amount of data that was found for each land use and
pollutant combination varied drastically. At least 10 data points per pollutant and land use combination
were deemed necessary to conduct a meaningful statistical analysis. If there were not enough data points
per land use and pollutant category, then similar land uses were lumped together into broader general
land use category. For example, forest and open land uses were combined in some instances. After the
compilation, nine land use categories were formed, including:

e Commercial e Residential, Low Density

e Highway/Roadway ¢ Residential, Medium Density
e Industrial e Residential, High Density

e Open/Forest e Urban

¢ Residential (total)
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The results of the statistical analysis are plotted using box and whisker plots and presented in Figures 1
through 11.
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Table 2: EMC Data by Pollutant and Land Use Category

TSS | TN | TP | BOD | FC | As | Cu | Pb | Hg | zn | O&G | Chlordane | DDD | DDE | DDT | Dieldrin H:‘::;Ci::’r PAH1 | PAH2 | PAH3 | SPAH | TPCB
Commercial X X X X X X X X X X X X
Forest X X X X X X X X
Golf Course X X
Highway X X X X X X X X X X X
Industrial X X X X X X X X X X X X
Institutional X X X X X X X X
Mixed-Use X X X X X X X
Open X X X X X X X X X
Residential X X X X X X X X X X
Residential, LD X X X X X X X X X X X
Residential, MD X X X X
Residential, HD X X X X X X X X X X
Residential,
Multifamily e e XX X X
Roadway X X X X X X X X
Urban X X X X X X X X X X X X X X X X
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Land Use Based TSS EMCs
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Land Use Based BOD EMCs
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Figure 5: Land Use Based BOD EMCs
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Figure 6: Land Use Based Oil and Grease EMCs
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Land Use Based Copper EMCs

1000
The edges of the boxes represent the 25th and 75th percentiles,
The red line within the box represents the median.
The vertical line represents the range of data from min to max
100
—
=
Xe
= §
S G
= = -
g £
g = -
3 —
g%
=
S S8 -~ -
10

n=12
n=28 N=68

n=12

n=9

Commercial Highway/Roadway Industrial Forest/Open Residential-total All LU

Figure 7: Land Use Based Copper EMCs

Land Use Based Lead EMCs
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Figure 8: Land Use Based Lead EMCs

15|Page



Appendix D, Technical Memorandum: Event Mean Concentrations (EMCs)

Land Use Based Zinc EMCs
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Figure 9: Land Use Based Zinc EMCs
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Urban Use Toxics EMCs
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Figure 11: Urban Use Toxics EMCs
3.3 Evaluation of District MS4 Outfall Monitoring Data to Develop EMCs

3.3.a MS4 Monitoring Background

The District has been implementing wet weather monitoring programs in association with its municipal
separate storm sewer (MS4) permit since 2000 when its first permit was issued. Within each watershed,
DDOE has selected outfalls that are representative of the MS4. The outfall monitoring stations used since
2000 are shown in Table 3 and Figures 1-12 below. The District’s 2004 MS4 permit established a
rotating schedule for monitoring wet weather discharges to the Anacostia River, Rock Creek, and the
Potomac River. Monitoring each year occurs only in one of the watersheds so that each watershed is
monitored once every three years. Three wet events are sampled at all locations for the designated
watershed each year. Storm events are chosen given the following criteria: at least 0.1 inch of
precipitation, 72 hours since the last storm, and one month since the last collection at a specific site.
From 2000 through 2011, samples were collected by grab method, except for those that could be
analyzed in the field. From 2012 and on, time-composite samples were collected, except for those that
could be analyzed in the field.
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T

able 3: Stormwater Outfall Monitoring Locations, 2000-2012 (Source: EDC 2006)

A. Anacostia River Sub Watershed Monitoring Sites

[EEN

. Stickfoot Sewer (Suitland Parkway)-2400 block of Martin Luther King, Jr. Ave., SE, near Metro bus entrance.

. O St. Storm Water Pump Station - 125 O St., 125 O SE-just outside front gate at O St. Pump Station

. Anacostia High School/Anacostia Recreation Center - corner of 17th St. and Minnesota Ave. SE

. Gallatin & 14th St., NE-across from the intersection of 14th St. and Gallatin St. in a large outfall

. Varnum and 19th Place,NE-2100 Block of Varnum St.

. Nash Run-intersection of Anacostia Drive and Polk St., NE

. East Capitol St.-200 Block of Oklahoma Ave., NE

. Ft. Lincoln-Newtown BMP-in the brush along the side of New York Ave. West (coming into city) after the bridge

. Hickey run-33rd and V Streets, NE

. Rock Creek Subwatershed Monitoring Sites

. Walter Reed (Fort Stevens Drive)

. Military Road and Beach Drive

. Soapstone Creek (Connecticut Avenue and Albemarle Street)

. Melvin Hazen Valley Branch (Melvin Hazen Park and Quebec Street)

. Klingle Valley Creek (Devonshire Place and 30th Street)

. Normanstone Creek (Normanstone Drive and Normanstone Parkway)

. Portal Dr. and 16" St.

. Broad Branch

. Oregon and Pinehurst

. Potomac River Subwatershed Monitoring Sites

. Battery Kemble Creek-49th and Hawthorne Streets, NW

. Foundary Branch-at Van Ness and Upton Streets, NW in the park

. Dalecarlia Tributary-Van Ness Street and Dalecarlia Parkway

. Oxon Run-Mississippi Avenue and 15th Street, SE

. Tidal Basin-17th Street and Constitution Avenue, NW

. Washington Ship Channel-Washington Marina parking lot, SW

. Cand O Canal-Potomac Avenue and Foxhall Road, NW

. Archbold Parkway
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Table 4 shows the list of parameters that were analyzed from 2000 through 2011. Analytical methods

and hold times are provided in Table 5.

Table 4: Parameters Analyzed Outfall Discharge Monitoring Samples, 2000-2011 (Source: Apex

Companies 2012)

Grab Samples Field Analysis
e VOCs SVOCs e Residual Chlorine
e Cyanide Pesticides and PCBs e Dissolved Oxygen
e Total Phenols Metals e pH
e Oil & Grease Nutrients e Temperature
e Fecal Coliform BODS5, Chlorophyll a e Flow

e Fecal Streptococcus

TSS, TDS, Hardness, TOC

e E-Coli

Dioxin

Table 5: Analytical Methods and Hold Times for MS4 Monitoring 2004-2011 (Source: EDC 2006)

Parameters Analytical Method Hold Times
BOD5 EPA 405.1

Chlorophyll a Chlorophyll-a

CoD EPA410.4

Dioxin EPA 8280

Dissolved Oxygen, pH, Temperature, Flow, Hardness Field

Dissolved phosphorus SM 18 4500 P B + E

Fecal Coliform SM 18 9221 E

Fecal streptococcus SM 18 9230 B

Mercury EPA 245.1

Metals, Cyanide and Phenols EPA 200.8

Nitrite plus nitrate EPA 353.2

Oil & Grease EPA 1664 A

Pesticides and PCBs EPA 608

Residual Chlorine

SVOCs EPA 625

TKN, or total ammonia plus organic nitrogen EPA 351.3

Total dissolved solid EPA 160.1

Total phosphorus EPA 160.1 7 days
TSS EPA 160.2 7 days
VOCs EPA 624 14 days

Starting in 2012, the wet weather discharge monitoring was implemented in a slightly revised format
(the interim program) based on the revised MS4 permit (finalized in 2012). For the interim program, the
sampling protocols changed to include time-composited samples for certain parameters (see Table 7 or

23
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which parameters are collected by each method) and the number of stations monitored was reduced to 2
per watershed (to be monitored each year) for efficiency’s sake while a new monitoring program is being
developed (Tables 6 and-7). Composite samples are taken every 15 minutes from the outfall discharge by
automatic samplers equipped with 2.5 gallon glass jars supplied by the analytical laboratory. Grab
samples are taken by field staff downstream of the outfall with laboratory-provided collection containers
appropriate to the parameter being analyzed. Samples are preserved and packaged according to
laboratory instructions and delivered to the lab within approximately 90 minutes of collection. Analytical
methods are provided in Table 8.

Table 6: Required Interim Monitoring Stations (Source Table 5, MS4 Permit)

A. Anacostia River Sub Watershed Monitoring Sites

1. Gallatin Street & 14th Street N.E. across from the intersection of 14th St. and Gallatin St. in an outfall (MS-2)

2. Anacostia High School/Anacostia Recreation Center — Corner of 17th St and Minnesota Ave SE

B. Rock Creek Subwatershed Monitoring Sites

1. Walter Reed -- Fort Stevens Drive -- 16th Street and Fort Stevens Road, N.W. at an outfall (MS-6)

2. Soapstone Creek -- Connecticut Avenue and Albemarle Street N.W. at an outfall (MS-5)

C. Potomac River Subwatershed Monitoring Sites

1. Battery Kemble Creek-49th and Hawthorne Streets, N.W. at an outfall (MS-4)

2. Oxon Run-Mississippi Avenue and 15th Street, S.E. into Oxon Run via an outfall (MS-1)

Table 7: Parameters Analyzed in Outfall Discharge Monitoring Samples, 2012-2013 (Source: Apex

2012)

GRAB SAMPLES COMPOSITE SAMPLES FIELD ANALYSIS
VOCs SVOCs Residual Chlorine
Cyanide Pesticides/PCBs Dissolved Oxygen
Coliform Metals (As, Cu, Cr, Cd, Ni, Pb, Zn) pH
E. coli, Fecal Coliform, Fecal .

Nutrients Temperature
Streptococcus
Oil and Grease BODS5, Chlorophyll a, COD Flow
Total Phenols TSS, TDS, Hardness, TOC

Dioxin

Table 8: Wet Weather MS4 Sampling Analytical Methods and Hold Times (Source: Apex 2012)

Parameters . q

(to be Analyzed in Wet Weather Samples) Lt s LU TS

E. coli SM (20) 9221E 6 hours

. SM (20) 4500-NO3 E +

Total nitrogen SM 45000rgN 28 days

Total phosphorus EPA 365.1 28 days

Total Suspended Solids SM (2) 2540D 7 days
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Table 8: Wet Weather MS4 Sampling Analytical Methods and Hold Times (Source: Apex 2012)

:,tzr?)?:trwe;ls)/zed in Wet Weather Samples) Method Holding Times
Cadmium EPA 200.7 180 days
Copper EPA 200.7 180 days
Lead EPA 200.7 180 days
Zinc EPA 200.7 180 days
pH SM (20) 4500 H B 15 minutes
Fecal coliform SM (20) 9221 E 6 hours
Dissolved Oxygen SM (20) 4500 O-G 1 day
Hardness SM (20) 2340 C 28 days
Chlorophyll a SM 10200H 2days
Temperature Field Instant

Section 5.1 of DDOE’s revised MS4 permit (first issued in 2011 and modified in 2012) includes the
requirement to design a revised monitoring program. The permit requires a small set of parameters to be
monitored (Table 9). The monitoring sites and protocols are currently in development (to be completed
in 2015).

Table 9: Parameters to be Monitored for Outfall Discharge as

Part of Revised Program, 2015 (Source: MS4 Permit, Table 4)

E. coli Lead Total Suspended Solids
Total nitrogen Zinc Arsenic

Total phosphorus Trash Copper

3.3.b Methodology

Data from various documents and spreadsheets provided by DDOE was consolidated into a database of
all available MS4 monitoring data 2001-13. The following quality control actions were taken with the
data before analysis. First, all dry weather data and fecal coliform samples qualified with ">" were
removed. When units of the minimum detection limit (MDL) and the result did not match, both units
were checked the original sources and corrected. Those samples marked as non-detects (“ND”) or below
guantification limit (“BQL") were estimated to be one half the detection limit for analysis. The
interquartile range (IQR) was established as the difference between the upper (Q3) and lower (Q1) values
for each parameter, where

IQR=Q3—-Q1

Using the Interquartile Rule for the determination of outliers, outliers were identified as data values that
are greater than Q3 + (3.0 * IQR). This analysis was applied o data sets that had sufficient data (i.e., data
sets that did not contain large numbers of non-detects [NDs]), including conventional pollutants and all
metals except mercury, most metals to identify outliers.
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3.3.c Results

Available wet weather data for the years 2001-2013 were analyzed for minimum, maximum, average,
median, number of samples and number of non-detects (NDs) on a city-wide (Table 10) and watershed
basis (Table 11). The following parameters had such a large number of NDs that they are excluded from
this analysis due to lack of meaningful data: mercury, PAHs, PCBs, chlordane, dieldrin, DDT isomers,
and heptachlor epoxide.

Oil
TSS TN TP Fc.ecal BOD and Arsenic | Copper Lead Zinc
Coliform
Grease
. MPN/

Units mg/| mg/| mg/| 100ml mg/| mg/| mg/| mg/| mg/| mg/|
Min 0.50 0.003 | 0.03 8.00 1.00 1.25 0.00013 | 0.00050 | 0.00012 | 0.00075
Max 290 11 1.2 92,000 120 13 0.01 0.23 0.07 0.34
Average 58.94 3.32 0.38 13,639 | 28.34 3.72 0.002 0.05 0.02 0.11
Median 42.5 3.1 0.33 4,600 18.5 2.5 0.001 0.04 0.012 0.0985
n 190 194 198 115 184 149 158 203 191 216
# NDs 5 18 0 1 13 103 109 7 11 7

Table 11: Summary Statistics for Wet Weather MS4 Outfall Monitoring Data by Watershed, 2001-

2013

TSS TN TP C:I?:::m BOD ;Itl:l Arsenic Copper Lead Zinc
Grease
Units mg/| mg/| mg/| :IIY(I)F(,JII\L/I mg/| mg/| mg/| mg/| mg/| mg/|
Anacostia River Watershed
Min 8 0.0025 | 0.025 33 1 1.25 0.000302 | 0.0005 | 0.00012 | 0.0055
Max 290 9.1 1.2 90,000 110 11 0.0048 0.19 0.067 0.29
Average | 73.33 3.39 0.42 12,512 | 35.93 3.65 0.002 0.04 0.02 0.12
Median 60 3.344 0.39 4,600 245 2.5 0.001 0.032 0.013 0.12
n 73 80 81 44 50 53 68 84 83 89
# NDs 0 8 0 0 1 38 45 3 2 0
Rock Creek Watershed

Min 1 0.5 0.076 22 1 2.5 0.001 0.001 0.001 0.01
Max 210 11 1.05 90,000 100 12 0.0054 0.13 0.072 0.294
Average | 59.50 3.24 0.33 16,295 | 23.67 | 4.15 0.00 0.05 0.02 0.10
Median 52 3.265 0.32 6,500 16.5 2.5 0.001 0.043 0.013 0.089
n 53 50 54 42 48 48 50 60 57 60
# NDs 2 4 0 1 9 30 38 1 3 4
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Table 11: Summary Statistics for Wet Weather MS4 Outfall Monitoring Data by Watershed, 2001-

2013

Oil
TSS TN TP F(?cal BOD and Arsenic Copper Lead Zinc
Coliform
Grease
. MPN/
Units mg/| mg/| mg/| 100ml mg/| mg/| mg/| mg/I mg/I mg/I
Potomac River Watershed

Min 0.5 0.0025 | 0.039 8 1 1.25 0.000125 | 0.00075 | 0.000115 | 0.00075
Max 220 9.7 1.06 92,000 120 13 0.004 0.234 0.062 0.344
Average | 42.06 3.28 0.37 11,503 | 28.08 3.35 0.00 0.07 0.01 0.10
Median 33 2.8 0.3 3,000 16.5 2.5 0.001 0.05 0.011 0.083
n 64 64 63 29 40 48 40 59 51 67
# NDs 3 6 0 0 3 35 26 3 6 3

4 Results and Discussion
The review of EMCs in the previous section illustrates the complexity of EMC assignment. In particular,

e There are extremely broad differences in the EMCs used to establish TMDLs in the District, but
these reasons for these differences may have as much to do with the data and sources used to
develop the original EMCs as with actual differences in waterbody EMCs for different pollutants.

e The national and regional body of literature on EMCs is rich but highly variable with regard to
land use classes, and relating these studies to local circumstances in the District is not
straightforward.

e District MS4 outfall monitoring data offer some promise because the data are local and recent,
and because the number of wet weather observations is fairly large for most of the parameters of
interest.

Based upon this review it was determined that further analyses were needed before specific EMCs could
be recommended. One analysis addressed the appropriateness of using land use-based EMCs in the
District (Analysis 1). The second analysis addressed the adequacy of the District MS4 outfall monitoring
data to support the derivation of EMCs (Analysis 2). A third analysis (an offshoot of Analysis 2) was
undertaken to assess development of watershed based EMCs with District MS4 outfall monitoring data
(Analysis 3).

The details of these three analyses are described in the following sub-sections. Conclusions and
recommended EMCs are discussed and presented at the end of the section.

4.1 Analysis 1, Evaluation of Land Use-Based EMCs

The first analysis was to determine if the land use based EMCs from the literature could be used to
predict the monitored EMCs. In other words, are the land use based EMCs from the literature, which are
based on nationwide data, appropriate to characterize the site specific conditions of the District? If the
analysis is favorable, then the land use-based EMC values could be used with a high degree of confidence
to represent local pollutant load conditions.

To do this analysis, a subset of the monitored data was used and average EMCs were calculated for each
pollutant of concern. The subset of District outfall monitoring data selected included the EMC data
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provided by the 2009 Stormwater Management Plan (DDOE, 2009), and the EMC data provided by the
Study Memorandum LTCP 5-8 (Final), CSS and SSWS Event Mean Concentrations (DC Water, October
2001). The reason this subset of data was selected is because it was, at the time of the analysis, readily
available in a useable format, and provided a good selection of monitoring sites across the MS4 area. A
total of 16 sites were included in this subset of data, and each site was sampled during 3 to 5 storms over
the course of a year. The drainage area of each site was delineated and the land use types within the
drainage areas were defined using the 2005 DC OCTO existing land use GIS layer (DC OCTO, 2005).
Then the land use based EMCs were applied and an overall area-weighted land use based EMC was
calculated for each site. This calculated value was subsequently compared to the monitored value. The
full table of comparison for each pollutant is available in Attachment 2. The results of this analysis
showed that:

1. Not enough land use based EMC data exists in the literature for the organics and some of the
metals to make land use based EMC predictions.

2. The calculated EMC values using the average values per land use type identified from the
literature were, in most cases, lower than the monitored value. As a consequence, the average
literature values were increased for each land use type by anywhere from 10% to 400% in order
to produce a larger area-weighted land use based EMC value that was more aligned with the
monitored value. Note that, even after increasing the average value of the individual land use
based EMCs, the increased values were still within the observed ranges reported by the literature
for each land use type.

3. Even after adjusting the average land use based values, it was practically impossible to match the
monitored values in all locations. Only when comparing the calculated and monitored average
and median EMC values for all the sites combined did the calculated values more closely match
the monitored values. But on a site by site basis, the calculated EMCs would sometimes over-
predict, and at other times under-predict the monitored values. No obvious trends in the data
were observed on a site by site basis.

4. The monitored EMCs seem to be dependent on more than just land use, as watersheds with
similar land use types do not always have similar EMC values. This is apparent in the results
table shown in Attachment 2. Other factors that may affect EMC values include rain intensity,
anthropogenic activities such as construction, the sampling protocol used, and other watershed
characteristics such as slope.

5. The variability in the predictions did not provide the level of confidence needed to move forward
with using the land use based EMC values.

4.2 Analysis 2, Updated EMCs from MS4 Monitoring Data

The second analysis that was undertaken was to determine if sufficient monitored EMC data exists to
calculate EMC values for all of the TMDL pollutants. An additional line of inquiry was to compare the
average monitored EMCs to the EMCs used to develop the TMDLs. The full table of comparison is
available in Attachment 3. The results of this analysis showed that:

1. Sufficient monitoring data exists only for sediment, nitrogen, phosphorus, BOD, bacteria, oil and
grease, arsenic, copper, lead, and zinc. For all other pollutants, many non-detects were found in
the data, and this precluded any sort of meaningful interpretation of the monitoring data.

2. The EMCs for pollutants with sufficient data show that they are generally within the same range
as the EMCs used to develop the TMDLs, but are typically slightly lower than the mainstem
EMCs and slightly higher than the tributary and Chesapeake Bay EMCs.
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4.3 Analysis 3, Evaluation of Watershed EMCs

Statistical analysis was undertaken to determine whether city-wide or watershed specific EMCs should
be used for further modeling. The MS4 outfall monitoring data was grouped according to monitoring
station location in either the Anacostia, Potomac or Rock Creek watershed. Standard EMC summary
statistics and median values were calculated for each watershed. Analysis of variance (ANOVA) was used
to examine differences in data collected in the three different watersheds. ANOVA is a standard
statistical method used to test differences between two or more means (in this case EMCs) (See
Attachment 4 for a summary of the ANOVA analysis). The relevant statistics and results are summarized
in Table 12. These results show that a significant difference in EMCs at the watershed level was
determined for four parameters: BOD, Oil & Grease, TSS and Zinc. Significance differences at the 0.05
level or lower mean that there is >95% confidence that the watershed EMCs are truly different and that
this difference is not due to chance. No significant difference was found at the watershed level for the
other parameters.

Table 12: Summary of ANOVA Analysis

Parameter Transformation® | F-Statistic Pr (>F) Result

Arsenic N/A N/A N/A No Difference

Biological Oxygen Demand Log 3.426 0.03463 i(legvrzlflcant Dl EE e

Copper Log 1.895 0.1530 No Difference

Fecal Coliform Log 1.259 0.2878 No Difference

Lead N/A N/A N/A No Difference

Nitrogen 0.5454 0.036 0.9641 No Difference

Oil & Grease -0.5858 4379 0.0142 Significant Difference at the 0.05
Level

Phosphorus 0.3434 1.681 0.1889 No Difference

Total Suspended Solids Log 6.315 0.0022 significant Difference at the 0.01
Level

Zinc 0.4646 3.804 0.0238 f;g\/r;l;‘lcant Difference at the 0.05

! Numbers (ex. A=0.5454) indicate a power transformation identified through a Box-Cox transformation analysis.
N/A indicates that no suitable transformation for normality was identified and best professional judgment was
used for difference analysis.

4.4 Conclusion
The results of the three analyses demonstrated that:

e Literature-derived land use-based EMCs cannot consistently predict EMCs from the monitoring
data.

e District MS4 outfall monitoring data offered promi