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Tracking Watershed Restoration  
in Montgomery County, Maryland
Nick L. Lindow,a* Steven P. Shofar,b and Meosotis C. Curtisc

Abstract
To track its ongoing effort to treat impervious cover and re-
duce pollutants in its surface waterways, the Montgomery 
County (Maryland) Department of Environmental Protection 
(MCDEP) applied the Watershed Treatment Model (WTM) 
to inventory the baseline status and forecast the results of 
watershed restoration practice implementation. The county-
wide watershed restoration modeling effort required con-
sistency across the complicated regulatory environment in 
Montgomery County and a flexible countywide pollutant 
load estimation and progress tracking tool. The model used 
event mean concentration and discretized urban land use 
from geographic information system data to track total maxi-
mum daily loads (TMDLs), which included those for nutrients, 
sediment, bacteria, and trash, depending on the watershed. 
The modeling assumptions for Montgomery County’s water-
shed restoration implementation plan were consistent with 
the Chesapeake Bay Program and with state and federal 
regulations for pollutant loading and removal estimates. The 
WTM proved to be an accurate modeling framework that es-
timated the baseline bacterial loading to Rock Creek within 
10% of the measured load for the TMDL. Meeting bacterial 
loading limits set forth in the Rock Creek TMDL proved to be 
a challenging task, despite the focus in the restoration plan 
on implementing state-of-the-art structural stormwater man-
agement practices to all suitable public and private areas 
in the watershed. Results of the initial analysis illustrated that 
a pet waste education program could provide cost-effective 
pollutant removal and better targeting than structural storm-
water management and land conversion practices.

Introduction
Montgomery County, Maryland, covers approximately 
1,295 km2 (500 mi2) in central Maryland and has a popu-
lation of 940,000 people; in terms of the average number 
of people per square kilometer, Montgomery County is sec-
ond only to Baltimore City within Maryland. Overall, the 
county has 12% impervious cover and drains to the Potomac 
and Patuxent Rivers, which drain to the Chesapeake Bay. 

The county’s location in Maryland and in the Chesapeake 
Bay watershed places it in a unique situation vis-à-vis a num-
ber of recent policy and programmatic changes in Mary-
land: the state permitting authority (Maryland Department of 
the Environment [MDE]) has issued new 2010 stormwater 
regulations requiring environmental site design (ESD), the 
governor has established a Bay restoration program with 
two-year and 2020 milestones, and the federal government 
has issued an executive order to improve the Bay’s water 
quality under the authority of the US Environmental Protec-
tion Agency (USEPA). In addition, as of June 2010, USEPA 
had approved ten total maximum daily load (TMDL) limits in 
the county, in seven different water bodies, regulating sedi-
ment, nutrients, and bacteria. TMDLs for additional water 
bodies and pollutants are planned for approval in the future, 
including a Chesapeake Bay TMDL, which will include a 
wasteload allocation (WLA) for nutrients and sediment in 
the Potomac and Patuxent Rivers and will cover the entire 
county. MDE is also currently in the final public commenting 
phase of a trash TMDL for the Anacostia River.

MDE issued the county’s current National Pollutant Discharge 
Elimination System (NPDES) municipal separate storm sewer 
system (MS4) stormwater permit on February 16, 2010—
the first of its kind in Maryland to require the use of ESD and 
low-impact development (LID) to capture stormwater. These 
changes were made in conjunction with the improvement of 
the county’s stormwater management regulations and modi-
fication of the county’s planning and zoning codes. The per-
mit includes the following major new components:

•	Watershed restoration 
•	TMDLs
•	Trash and litter
•	Pollutant reduction estimating and tracking 

In this article, we describe efforts by the MCDEP to accom-
plish these four permit goals by developing a countywide 
watershed restoration implementation plan. We also present 
some challenges and lessons learned from this process.  

a Water Resources Engineer, Biohabitats, Inc., Baltimore, MD, nlindow@biohabitats.com 
b �Division Chief, Watershed Management Division, Montgomery County (MD) Department of 

Environmental Protection

c �Manager, Watershed Planning and Monitoring, Montgomery County (MD) Department of 
Environmental Protection

* Corresponding author.
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Working within the Regulatory 
Framework
The countywide watershed restoration modeling effort re-
quired consistency across the complicated regulatory envi-
ronment in Montgomery County as well as a flexible county-
wide pollutant load estimation and progress tracking tool. 
The permit requires MCDEP to provide an estimating and 
accounting framework, which (a) should include information 
on the types of stormwater management practices imple-
mented, pollutant reduction tracking conducted, and total 
area treated to the maximum extent practicable (MEP) and 
(b) can be used to estimate pollutant reductions from varying 
scenarios of watershed restoration implementation. A sys-
tem that provides for geographically referenced calculation 
and accounting was necessary for proper accounting and 
estimating since field verification was not possible. MCDEP 
used the Watershed Treatment Model (WTM; Caraco 
2001) to develop an innovative tracking and accounting 
tool, incorporating pollutant load, structural stormwater man-
agement, and municipal programmatic practice modeling 
within a single framework. The WTM is a spreadsheet mod-
eling approach using output from a geographic information 
system (GIS) for land use and stormwater BMPs. In addition, 
the WTM is able to explicitly model the volume reduction 
benefits of ESD practices.

The current stormwater permit requires the implementation, 
over the next five years, of restoration on 20% of the impervi-
ous surfaces not currently controlled to the MEP, in addition 
to the 10% restoration requirement from the previous per-
mit cycle. This goal requires runoff control for an additional 
16.6 km2 (6.4 mi2) of impervious surface countywide. The 
MEP definition includes structural best management prac-
tices (BMPs), nonstructural BMPs, programmatic practices, 
and stream restoration projects. The structural restoration 
program includes BMPs for ESD and LID—a decentralized, 
distributed stormwater management approach. The county’s 
stormwater permit also requires the implementation of proj-

ects to make progress toward achieving the WLAs of the 
TMDL. 

The last major piece of the stormwater permit includes a 
requirement to complete a trash and litter reduction strategy 
as set forth in the Trash Free Potomac Watershed Initiative 
2006 Action Agreement. The agreement, signed by 105 
elected officials, pledges their commitment to a trash-free 
Potomac by 2013 and their agreement to (a) work with re-
gional leaders, businesses, government agencies, nonprof-
its, and communities to implement strategies aimed at reduc-
ing trash and increasing recycling; (b) increase education 
and awareness of the trash issue; and (c) reconvene annu-
ally to discuss and evaluate measures and actions address-
ing trash reduction. In addition, regulatory limits on trash are 
being developed by MDE for the Anacostia River. For the 
Anacostia watershed, MCDEP is working to establish a trash 
pollution baseline, implement a trash abatement program, 
expand education to citizens, and monitor trash loading to 
the Potomac. 

We present two case studies below describing MCDEP’s ef-
fort to develop a coordinated implementation plan and track 
progress using the WTM. These include a summary, issues, 
and lessons learned from tracking implementation and from 
targeting practices to meet bacterial loading limits. 

Tracking Implementation Case Study
MCDEP staff applied the WTM (v3.1) to inventory the 
baseline status and forecast the pollutant load reductions 
associated with implementing the watershed restoration 
plan.  MCDEP staff initially tested the WTM in the Rock 
Creek watershed, using event mean concentration (EMC) 
and discretized urban land use from GIS data to track the 
baseline stormwater pollutant load. An EMC is a method 
for characterizing pollutant concentrations in receiving water 
from a runoff event. The value is determined by compositing 
(in proportion to flow rate) a set of samples, taken at various 
points in time during a runoff event, into a single sample 
for analysis (Natural Resources Defense Council 1999). The 
project team estimated the existing level of stormwater man-
agement within the model by categorizing BMPs from the 
county’s current inventory of urban BMPs according to their 
historic performance criteria, a national comparative review 
of pollutant removal and runoff reduction performance crite-
ria (Center for Watershed Protection [CWP] 2007; CWP 
and Chesapeake Stormwater Network 2008), and perfor-
mance studies on individual practices (Schueler, 1998a; 
and Schueler, 1998b).  MCDEP staff then used the WTM to 
test a suite of future ESD practices on suitable public and pri-

The countywide watershed restoration 

modeling effort required consistency 

across the complicated regulatory 

environment in Montgomery County as 

well as a flexible countywide pollutant 

load estimation and progress tracking tool
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vate properties within the county and predicted the resulting 
reduction in nutrient, sediment, bacterial, and trash loads. 

Our modeling approach used land use categories as the 
primary source to estimate pollutant loads of total nitrogen 
(TN), total phosphorus (TP), total suspended sediment (TSS), 
fecal coliforms (FC), and trash in stormwater runoff. The 
land use–based EMCs are well documented for TN and 
TP. However, the method is more difficult for FC, because of 
the lack of data, and for TSS, because of the differences in 
land-based sediment load, instream loads, and delivery fac-
tors. For bacteria, the baseline load and WLA in the TMDLs 
are from direct instream measurements, and are not based 
on land use distribution. Bacterial loads are typically from 
dispersed, mobile sources such as sanitary sewer overflows 
(SSOs), failed septic systems, wildlife, domestic pet waste, 
and livestock. However, the model produced acceptable re-
sults for Rock Creek, within 10% of the MDE baseline load. 
The EMCs used in the WTM were based on the National 
Stormwater Quality Database (Pitt 2008). And importantly, 
for the purposes of the TMDL, human and livestock sources 
were allocated to the nonpoint source load, which is not 
included in the county MS4 WLA.

We used the WTM to calculate reductions in pollutant load-
ing from planned BMPs. Any BMPs approved prior to the 
data collection period for the TMDL were applied to the 
watershed to calculate a baseline load and were compared 
to the TMDL baseline load. BMPs approved after the TMDL 
data collection period, as well as any planned stormwater 
ponds and LID retrofits from the Capital Improvement Project 
(CIP) inventory, were applied to the model to track pollutant 
load reductions toward meeting the WLA. MDE has tenta-
tively approved this method as an acceptable procedure. 
In addition, we used the model to test scenarios of pollutant 
load reductions beyond the planned CIP inventory, including 
reductions from retrofits of other public sites, nonstructural 
BMPs, and programmatic practices. We compared the re-
sults to the required reductions needed to meet the WLA of 
the TMDL. 

The strategy required very detailed GIS data, including BMP 
types and locations with individual drainage areas delineat-
ed and impervious cover captured. Many drainage areas 
included multiple BMPs, requiring the project team to attach 
unique identifiers—called sequence numbers—to individual 
BMPs to appropriately assign pollutant removal and effec-
tively automate the procedure to create reproducible results. 
We grouped the BMPs into five categories:

ESD practices: BMPs that maximize runoff reduction and 
pollutant mass reduction, such as bioretention, dry swales, 
working infiltration, and vegetated swales.

Effective practices: BMPs with limited runoff reduction capa-
bilities but moderate to high pollutant removal, and which 
tend to have large drainage areas. Examples include wet 
ponds, extended detention, wetlands, sand filters, and infil-
tration practices. 

Underperforming practices: BMPs with moderate to large 
drainage areas, no runoff reduction, and low to moderate 
pollutant removal capability. These BMPs have high retrofit 
potential and include infiltration basins and dry ponds with 
quality control.

Nonperforming BMPs: Practices that provide detention and 
peak discharge control but marginal pollutant or runoff vol-
ume reduction. These practices, which include dry detention 
ponds and underground detention, are ideal candidates for 
retrofits.

Pretreatment practices: This class of BMPs includes flow 
splitters, oil-grit separators, and plunge pools, which were 
never intended to provide significant pollutant removal or 

Learn more at www.imbriumsystems.com or contact us at:
US:                                 888-279-8826
CAD & International:    800-565-4801

Providing industry leading, field tested and
performance proven stormwater quality
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volume reduction and were, instead, designed to protect 
the function of a downstream practice.  However, in certain 
situations, MCDEP staff installed these BMPs as standalone 
practices and provides intensive maintenance for them; thus, 
they provide limited pollutant removal and volume reduction.

These categories were developed to calculate treatment effi-
ciencies across the watershed and to track retrofit opportuni-
ties (Table 1). Tracking retrofits also required using sequence 
numbers so that when a BMP was targeted for retrofit, the 
drainage area treated and pollutant removal efficiency 
could be incrementally increased and not double-counted.

Table 1. Pollutant removal efficiencies used in developing 
the implementation plan. 

Performance
Category

RR
(%)

Discount
Factor

TSS
(%)

TN
(%)

TP
(%)

FC
(%)

Pretreatment BMPs 5 0.15 20 5 5 10

Nonperforming BMPs 0 0.05 5 0 0 0

Underperforming 
BMPs 5 0.15 20 5 5 10

Effective BMPs 10 0.75 80 40 50 65

ESD Practices 60 1.0 90 65 65 75

Notes: Discount factor, fraction of contributing impervious 
acres effectively treated to the water quality volume, used 
to rate BMP treatability; FC, fecal coliform removal rate; 
RR, percentage annual reduction in post-development run-
off volume for storms; TN, total nitrogen removal rate; TP, 
total phosphorus removal rate; TSS, sediment removal rate.
Source: Schueler 2010, Appendix B.

We used the WTM to track pollutant load reductions due 
to BMP implementation from urban land. This assumption 
follows the protocol proposed by the typical TMDL, which 
uses urban land (residential and commercial areas) to allo-
cate loading to the county MS4. To properly allocate load-
ing between jurisdictions, the team excluded loading from 
other MS4 permitting entities, state and federal properties, 
Maryland–National Capital Park and Planning Commission 
property, and rural areas. However, the Maryland Depart-
ment of Planning 2002 GIS data used in the model included 
some rural and forested areas within the county’s MS4 area. 

These nonurban areas have an associated pollutant loading 
from wildlife sources, but the WTM only applies load reduc-
tions from stormwater BMPs to urban land use categories. 
For Rock Creek, the WTM predicted a bacterial load asso-
ciated with forest and rural areas (wildlife sources) that was 
actually slightly higher than the WLA. Because it includes 
some of the wildlife sources, the WLA could not be met even 
if the entire urban area were treated to the MEP. This result 
was consistent with MDE’s analysis of the MEP for the TMDL. 
Since the bacterial load attributed to wildlife in Rock Creek 
was a significant component, the reductions may be beyond 
practical limits (MDE 2007).  

Each TMDL, whether the targeted pollutant is nutrients, sedi-
ment, bacteria, or trash, requires unique considerations. To 
target the pollutant of concern and properly track progress, 
the WTM allows the incorporation of programmatic restora-
tion techniques such as pet waste education, SSO repair, 
septic system education, and cooperative riparian reforesta-
tion. The modeling assumptions are highly reliant on various 
subjective factors, including an awareness of message fac-
tor and a participation factor, but the model provides default 
values based on extensive survey data. For the purposes of 
tracking the pollutant load reductions associated with pet 
waste education, we assumed 80% awareness and 90% 
participation to calculate the source load eliminated by an 
applicable program. These are high percentages based 
on the default WTM values for education campaigns, but 
MCDEP is assuming an aggressive homeowner targeting 
strategy and enforcement policy.

Targeting Strategy: Bacteria Case Study
The strategy employed by the individual watershed imple-
mentation plans was intended to match the practices with 
the combination of watershed restoration and TMDL goals. 
Because of competition for county resources, the project 
team had to prioritize restoration efforts to allow for the al-
location of staff and resources. The county budget had to 
be balanced across watersheds to properly meet compet-
ing TMDL, watershed restoration, and trash goals. For the 
Rock Creek bacteria TMDL, targeting programmatic prac-
tices such as pet waste education were far more cost-effec-
tive in reducing bacteria than new ESD retrofits or riparian 
reforestation. 

Stormwater management in general only targets overland 
flow sources of bacteria, such as domestic pets and wildlife. 
MDE determined that the bacterial loading to Rock Creek 
was derived from a distribution of sources, including do-
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mestic animals, human waste, livestock, and wildlife, based 
on bacterial source tracking. The distribution of bacterial 
sources depended on location and flow, with the highest 
contribution of bacterial loading generally coming from wild-
life, followed by livestock, domestic animals, and human 
sources. MDE allocated human, livestock, and a portion of 
the wildlife loads to the load allocation (LA), or nonpoint 
source loads within the watershed; therefore, this portion is 
not attributed to the county MS4 load. Results from WTM 
modeling showed only a moderate reduction in bacterial 
loading using structural stormwater BMPs, including ESD 
and LID practices and retrofits. In general, the maximum per-
centage of bacterial removal attributable to ESD practices is 
75%, which will not achieve the 96% reduction required by 
the TMDL. Even riparian reforestation—which helps buffer 
streams from overland flow, removes potential source areas, 
and reduces runoff volume—only marginally reduces bacte-
rial loading. A much more suitable approach was to target 
programmatic practices, including pet waste education. 

Issues and Lessons Learned
Comparing the county GIS data with the TMDL results in-
volved balancing the differences in baseline year for land 
cover and BMPs. MDE used land use data from different 
years to develop the various county TMDLs. The data sourc-
es differed in land use categories, and it was difficult to 
calibrate the model to a baseline LA and determine when to 
set the cut-off year for BMP approval. In addition, all of the 
individual watershed plans had to fit into the larger county-
wide implementation plan, which is why we aimed for a 
single land use data set.

To be compatible with the larger Chesapeake Bay TMDL in 
development, the BMP types and percentage removal effi-
ciencies had to be compatible with the MDE assumptions for 
tracking purposes. We used the best science and literature 
values for setting BMP efficiency according to practice type. 
However, the Chesapeake Bay Program has developed 
a Chesapeake Bay Watershed Model, which is used to 
estimate the delivery of nutrients and sediments to the Bay 
and set tributary allocation caps. The Bay model uses BMP 
installation date to set the efficiency, with no pollutant re-
moval credit for BMPs constructed prior to 1986 (before full 
implementation of the Maryland Stormwater law of 1984), 
an increased removal credit for BMPs constructed between 
1986 and 2002, and the highest pollutant removal credit 
for BMPs constructed after 2002 (after the more stringent 
2000 Maryland Stormwater Design Manual went into ef-

fect; see Table 2). The Bay model currently does not give 
credit for bacterial removal, give recommendations for treat-
ability factors, or provide removal credit for ESD practices. It 
was for these reasons and the greater definition of removal 
efficiencies by BMP type that the categorization strategy in 
Table 1 was adopted for the county implementation plan. 
However, it was important that our strategy remain consistent 
within the larger Chesapeake Bay context.

Table 2. The Chesapeake Bay Program’s Chesapeake Bay 
Watershed Model stormwater management efficiency, by 
era.

Development 
Era Description  TSS

(%)
TN
(%)

TP
(%)

Prior to 1986 No stormwater regulations 0 0 0

1986–2002 1984 Maryland Stormwater 
Management Act 50 20 30

2002–2010 2000 Maryland Stormwater Design 
Manual 80 30 40

Post-2010 ESD to the MEP required TBD TBD TBD

Retrofits Retrofits of pre-2002 BMPs 65 25 35

Notes: TBD, to be determined; TN, total nitrogen removal 
rate; TP, total phosphorus removal rate; TSS, sediment 
removal rate.

Before pollutant reduction estimates can be made, an accu-
rate baseline condition for the watersheds must be set using 
a method compatible with federal guidelines. The simple 
method provides a simple way to calculate runoff and pol-
lutant loads based on impervious cover, rainfall, and EMC 
data for various water quality parameters. The assumptions 
for EMCs used in the WTM’s land use–based loading model 
tracked well with the Anacostia River model of the US Army 
Corps of Engineers (ACOE) and the county’s NPDES sam-
pling results model for TN and TP. The EMCs by land use are 
well documented by Pitt (2008). Table 3 shows the compari-
son among EMCs. We have found some difficulty justifying 
suitable EMCs for TSS because of the differences in upland-
based sediment load, instream loads, and delivery factors. 
Current research-based EMCs yielded a baseline sediment 
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load of roughly 50% of the total sediment load modeled 
by the TMDLs. We attributed this to the additional instream 
sources of sediment from stream bank erosion, which are 
not picked up by a primary source, land use–based model. 
The difference in a watershed’s wash load, which is pri-
marily from the upland areas, is significantly different from 
suspended loads and bed loads, which are hydraulically 
controlled and difficult to model in a land use–based ap-
proach. Literature values of land use–based sediment EMCs 
are roughly 50% of those in the ACOE Anacostia model 
and NPDES samples.

Table 3. EMCs used in the WTM compared to ICPRB 
2007 Anacostia model (Montgomery County and Prince 
George’s County data) and Montgomery County NPDES 
stormwater sampling.

Land Use 
Designation

TN 
(mg/L)

TP 
(mg/L)

TSS 
(mg/L) Source

Residential

2.3 0.35 139 ICPRB, 2007

1.9 0.24 116.94 MCDEP, 2006

2 0.3 59 WTM; Pitt 2008

Commercial

3.5 0.2 132 ICPRB, 2007

3.64 0.17 55.35 MCDEP, 2006

2.2 0.22 55 WTM; Pitt 2008

Industrial

2.1 0.24 218 ICPRB, 2007

2.21 0.21 256.63 MCDEP, 2006

2.1 0.26 73 WTM; Pitt 2008

Municipal

1.3 0.11 125 MC in-stream Anacostia

— — — MCDEP, 2006

1.8 0.22 18 WTM; Pitt 2008

Notes: Highlighted rows were used in the WTM modeling 
effort; MC: Montgomery County, MD.

An important lesson learned came from the overall targeting 
strategy, the need to balance budgets across watersheds, 
and the ability of CIP projects versus programmatic prac-
tices to reduce specific pollutants for the TMDL. From a cost 

perspective, structural stormwater practices are not the most 
cost-effective strategies for meeting a bacteria TMDL require-
ment. The average ESD practice has approximately 75% 
bacterial removal efficiency. Thus, even extensive ESD imple-
mentation would not provide adequate treatment to meet 
the strict 96% removal requirement of the Rock Creek TMDL. 
Rather, the programmatic practices are more cost-effective 
and result in greater bacterial removal. For instance, Table 4 
illustrates results from Rock Creek bacterial modeling on how 
programmatic practices, such as pet waste education, were 
more cost-effective in reducing bacteria than new ESD ret-
rofits. We assumed various costs for structural BMPs based 
on specific county data on previously installed practices. 
These may become cheaper in the future, given designer 
and contractor familiarity with the newer ESD practices. We 
assumed that riparian reforestation would cost $20,000 per 
acre planted. We estimated the pet waste education pro-
gram at $15 per household and assumed that the program 
would target every household in the county. A similar trend is 
expected for trash TMDLs: the implementation of ESD retrofits 
will not yield the necessary reduction in trash to meet TMDL 
goals. The current county budget includes about $5.7 mil-
lion for a countywide recycling program, household hazard-
ous waste program, illegal dumping prevention and enforce-
ment, right-of-way clean up, and the volunteer programs for 
Adopt-A-Road and storm drain marking.

Table 4. Comparison of the cost-efficiency of structural 
stormwater BMPs, riparian reforestation, and pet waste 
education in bacteria removal. 

Restoration
Strategy

Restoration
Target

Bacteria
Removal
(billion 

MPN/yr)

Cost
(million $)

Efficiency
(billion MPN
/million $)

Structural 
BMPs 3,265 Acres IC 131,262 $211 622

Riparian 
Reforestation 358 Acres 5,700 $7.2 796

Pet Waste 
Education 78,909 53,603 $1.2 45,286

Notes: Bacteria removal from WTM analysis. IC: impervi-
ous cover; MPN: Most Probable Number

The final lesson learned was the importance of flexibility. The 
base version of the WTM does not have an extension for 
calculated trash pollutant loading and reduction strategies. 
However, the model is an open source spreadsheet, and we 
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adjusted it to accommodate trash. A similar land use–based 
load calculation was performed using trash loading rates 
from the draft Anacostia River trash TMDL in development, 
which is expected to be released in 2010. The TMDL in-
cludes a detailed approach to calculate trash sources and 
loading rates from different land uses, so the methodology 
fit well within the framework of the WTM. A spreadsheet-
based modeling approach, rather than more complicated 
proprietary or closed-source programs, was an important 
component to adjust to the changing fields of TMDLs being 
developed.

Conclusion
The county’s location in Maryland and in the Chesapeake 
Bay watershed places it in a unique situation in that the state, 
the federal government, and various regional government en-
tities all have different, and sometimes conflicting, goals and 
guidance. Any restoration strategy must remain balanced 
within the regulatory framework and larger watershed goals. 
The modeling assumptions for Montgomery County’s water-
shed restoration implementation plan were consistent with the 
Chesapeake Bay Program, MDE, and USEPA for pollutant 
loading and removal estimates. The next steps are to create a 
strategy and timeline for implementation that meets the goals 
of both the MS4 permit and the Chesapeake Bay TMDL. 
 

Developing a countywide pollutant load accounting and 
tracking model is a data-intensive endeavor. However, the 
WTM has a robust modeling framework that provided ac-
curate results (with 10% of the measured bacterial load for 
Rock Creek) and a simple data entry interface for rapid 
testing of complex restoration scenarios. The open-source 
spreadsheet format also permitted flexibility in the model, 
allowing us to add a trash loading component to the base 
version of the model.

Bacteria are a difficult pollutant to track and effectively re-
move to meet water quality standards, and domestic pet 
and wildlife sources are dispersed and mobile within the 
watershed. We explored how to target bacteria in the wa-
tershed and the bacterial removal efficiencies of the practic-
es tested. For bacteria TMDLs, programmatic practices such 
as pet waste education and enforcement may be the most 
cost-effective treatment methods. Since the bacterial load 
attributed to wildlife is often a significant component, the 
required reductions to achieve water quality standards may 
be beyond practical limits.
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