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from the editor’s Desk

We decided to tackle one of the most 
difficult topics first, since most water-
shed and stormwater professionals will 
have to deal with total maximum daily 
loads (TMDLs) in some way, shape, or 
form, given that at least half of our coun-
try’s waters are impaired. We quickly 
learned that, because TMDLs are so 
complex and because they address 
watershed issues, it is nearly impossible 
for one person to be an “expert” in all 
things TMDL. So we’ve pulled together 
an issue that represents the collective 
expertise in topics such as modeling, 
monitoring, best management practice 
(BMP) design, TMDL policy, watershed 
planning, stormwater permitting, stake-
holder outreach, and more. The Bulle-
tin content is tailored to its unique audi-
ence—which includes a range of folks 
from academics to advocates—and 
contains both peer-reviewed research 
papers and case studies as well as 
short “vignettes” to highlight innova-
tive aspects of some TMDL programs 
that can be transferred to other com-
munities. Perspectives from profession-
als having extensive experience with  
TMDLs provide additional context on 
both the history and the future of TMDLs. 

While not applicable for all TMDLs, we 
at the Center believe strongly in taking 
a watershed approach to water re-
source management issues; therefore, 
we are always seeking opportunities 
to use watershed planning to meet 
TMDL implementation goals in order 
to reduce costs and duplication of ef-

fort and to provide other benefits. In its 
2008 draft Handbook for Developing 
Watershed TMDLs, the US Environ-
mental Protection Agency (USEPA) lists 
such benefits as: the ability to prevent 
future impairments that necessitate the 
development of new TMDLs, a quan-
titative linkage between on-the-ground 
actions and the attainment of water 
quality standards, and the provision 
of a framework for implementing other 
watershed-based source controls, such 
as watershed-based permitting and 
water quality trading. 

In developing this issue, we found that 
many questions related to TMDLs spark 
healthy (and sometimes heated) debate 
in the watershed community. Below is 
a selection of the two most pertinent 
questions and how they are addressed 
by the enclosed articles and vignettes. 

How can we address the 
challenges of developing 
TMDLs for urban 
watersheds?
Stormwater discharges from municipal 
separate storm sewer systems (MS4s) 
are treated as point sources in the con-
text of a TMDL, yet this approach does 
not reflect the variety and number of ur-
ban pollution sources, the variety of pol-
lutants associated with these sources, 
and the complex interactions among 
watershed variables that ultimately de-
termine water quality at the outfall. This 
also causes difficulty with translating 
numeric water quality–based waste-

load allocations into National Pollutant 
Discharge Elimination System (NPDES) 
permit requirements.  A second chal-
lenge is that many urban streams are 
impaired by runoff from portions of the 
watershed that are not regulated un-
der NPDES permits, making it difficult 
to enforce implementation. Third, the 
specific causes of impairment in many 
urban streams are unknown, and the 
sources of impairment are biological 
instead of pollutant-specific, making 
TMDL development more challenging. 
Fourth, the TMDL and NPDES storm-
water programs have very different 
structures and political boundaries. 
Lastly, because states are not explicitly 
required to account for future urban 
growth in the TMDL (a symptom of the 
broader disconnect between land use 
control and environmental mandates 
such as TMDLs), it is unknown whether 
communities will be able to meet the 
required load reductions under their 
planned growth scenarios. 

Papers by Arnold et al. and Hubbart 
et al. in this issue describe TMDLs that 
use impervious cover and flow, respec-
tively, as surrogates for specific pollut-
ants when the sources of impairment 
are unknown. In both cases, TMDL 
implementation involves reducing run-
off in the watershed to a certain extent 
and measuring progress toward im-
provements by evaluating the instream 
biological community. Lindow et al. 
provide an example of how one com-
munity is using its MS4 permit to help 

Welcome to the inaugural issue of the Watershed Science Bulletin! This journal has been a 
long time coming, as we at the Center for Watershed Protection have ruminated for years about reviving our well-received 
journal Watershed Protection Techniques. We decided to launch a new journal that differs substantially from Techniques by 
featuring peer-reviewed content from researchers and professionals in the watershed and stormwater discipline, rather than 
using primarily Center-generated content. We strive to find and feature the best work from our colleagues to appeal to a 
broad range of people who are working or volunteering to protect and improve our watersheds. The Bulletin also serves 
the members of the Center’s newly formed Association of Watershed and Stormwater Professionals, who look to the Center 
to help translate the research and require easy access to this information.
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meet its TMDL requirements. Owen 
et al. also discuss the integration of 
TMDLs and NPDES, focusing on a 
collective permitting approach to the 
problem of meeting TMDL goals in a 
watershed with urban sources of im-
pairment that are primarily unregulated 
under NPDES. Similarly, Thermal Load 
Trading in the Tualatin River Basin: A 
Watershed-based NPDES Permit de-
scribes an example in which the MS4 
permit provides a mechanism to restore 
riparian areas throughout both the ur-
ban and rural areas of a watershed, 
as the loss of shade in these areas has 
significantly contributed to the river’s 
impairment. 

What basic level of 
modeling and monitoring 
is needed to develop and 
implement a TMDL?
This is one of the top questions asked 
by state and local governments and 
consultants who are tasked with devel-
oping and/or implementing TMDLs. 
Additionally, results with high certainty 
and low cost are key. Uncertainty exists 
at all levels of TMDL development and 
implementation as a result of modeling 
assumptions and parameter limitations 
as well as gaps in the data on BMP 
performance, pollutant loads, and the 
cumulative effects of implementation on 
stream health. Little consistency can be 
found in the type or extent of model-
ing used in the TMDL process. This is 
evident from a quick glance through 
USEPA’s 2007 report, TMDLs with 
Stormwater Sources: A Summary of 17 
TMDLs. The report lists 30 unique mod-
els that were used to develop the 17 
TMDLs reviewed in the study; 1 TMDL 
alone used 7 different models. 

An adaptive approach to TMDLs (as 
recommended by the National Re-
search Council’s 2001 report Assessing 
the TMDL Approach to Water Quality 

Management) has been touted as one 
way to address the uncertainty inherent 
in TMDLs in a cost-effective and timely 
manner. In theory, an effective adap-
tive implementation approach—some-
times called adaptive management 
(AM)—allows local governments to 
immediately begin implementing pollut-
ant reduction measures (usually focus-
ing on measures with known benefits, 
low cost, and/or high public accep-
tance), even in the face of uncertainty. 
Concurrent with implementation, ad-
ditional data are collected to improve 
understanding about the causes of 
impairment and the appropriateness 
of the TMDL targets and to determine 
whether the TMDL goals are being 
met. The results are then used to revise 
the TMDL if needed or to make adjust-
ments to the implementation plan. An 
AM approach to TMDL implementation 
in the Lake Tahoe region is described 
by Grismer et al., while Lake Clarity 
Crediting Program for Lake Tahoe: An 
Adaptive Management Approach for 
Water Quality Credits highlights how 
the data being collected inform how 
credits are awarded for restoration ac-
tions. One critical piece of the AM ap-
proach is to clarify up front what addi-
tional information will be collected and 
how it will be collected and used to 
revise the TMDL process. 

While complex models are often used 
to develop TMDLs, it may not be prac-
tical for many local governments to 
extend the use of these models to sup-
port implementation decision-making 
and tracking because of their cost and 
complexity. In addition, most models 
used for TMDL development are not 
designed to track pollutant reductions 
associated with the wide range of ac-
tivities that may be recommended as 
part of a TMDL (e.g., street sweeping 
or education programs). Smith et al. 
and Lindow et al. describe the use of a 
simple spreadsheet model for tracking 

TMDL implementation that is easy and 
inexpensive for local governments to 
use; this model also accounts for load 
reductions associated with nonstructur-
al BMPs. Another modeling approach 
that supports decision-making for TMDL 
implementation and emphasizes cost-
effectiveness is illustrated in Optimiz-
ing Resources to Achieve Pollutant 
Reductions in Wisconsin. This vignette 
describes the use of an optimization 
model to identify the optimal combina-
tion of load reduction strategies for the 
Lower Fox River and Green Bay. 

In urban watersheds where surrogates, 
such as impervious cover or flow, are 
used as TMDL targets in lieu of spe-
cific pollutants, supporting data are re-
quired to establish the links among the 
surrogate metric, pollutants, and stream 
conditions. Hubbart et al. describe a 
monitoring approach to collecting data 
that can be used to support and refine 
a flow-based TMDL. To make the most 
of limited resources, this monitoring ap-
proach was designed to collect data 
that are scalable and transferable. Re-
ducing DDT and Sediment Loads in the 
Yakima River: A Success Story also il-
lustrates good use of limited monitoring 
resources, as the parties involved used 
sediment as a surrogate for DDT based 
on an established correlation between 
the two pollutants and the significant-
ly lower cost of monitoring sediment. 
This example also shows that we are 
indeed making progress, as an 80% 
reduction in daily sediment loads was 
measured after the first four years, al-
lowing the state department of health 
to lift the fish consumption advisory. 
We anticipate having a future issue of 
the Bulletin dedicated to the ongoing 
discussion about watershed modeling 
and monitoring. 

We hope you enjoy this issue. Thanks 
for reading!

–Karen Cappiella, Editor-in-Chief
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TMDL Basics 

Section 303(d) of the Clean Water Act (CWA) requires 
each state, territory, and authorized tribe to develop water 
quality standards for all water bodies under its jurisdiction. 
This process includes the identification of designated uses 
(e.g., fishing, swimming, or water supply) for each water 
body, the definition of numeric or narrative water quality 
criteria that correspond to these designated uses, and the 
establishment of provisions to maintain and protect the uses. 
These jurisdictions must then monitor their waters to identify 
water bodies or water body segments that are impaired, 
meaning that they are too polluted or otherwise degraded 
to meet the water quality standards. The cause(s) of each 
impairment must also be included in the listing. The CWA 
requires that these jurisdictions develop total maximum daily 
loads (TMDLs) for their impaired waters (Figure 1). A TMDL, 
often described as a pollution budget, is “a calculation of 
the maximum amount of a pollutant that a waterbody can 
receive and still safely meet water quality standards,” ac-
cording to the US Environmental Protection Agency (USEPA 
n.d.[b]), who administers the TMDL program.

Figure 1. Water quality–based approach of the CWA. 
(Source: USEPA n.d.[b]) LA, load allocation; MOS, margin 
of safety; NPDES, National Pollutant Discharge Elimination 
System; WLA, wasteload allocation.

A TMDL, which also describes how pollutant loads coming 
from various sources must be reduced to meet the water 
quality standards, is usually based on modeling, monitoring 
data, or a combination of both. Each TMDL includes three 
major components:

1. Wasteload allocations from point sources

2. Load allocations (LAs) from nonpoint sources and natural 
background conditions

3. A margin of safety (MOS) to account for uncertainty in 
the various aspects of TMDL development

Typically, a TMDL is developed for a single impaired stream 
segment. USEPA recently published guidance for the devel-
opment of watershed TMDLs such that multiple impaired seg-
ments within the same watershed can be addressed within 
a single TMDL. As noted in USEPA (2008, 3), “watershed 
TMDLs can help states to reduce their per-TMDL costs and 
address more pollutant–waterbody combinations with the 
given resources while recognizing a number of environmen-
tal and programmatic benefits.”

TMDL implementation plans are not specifically required un-
der the CWA, although they are often developed by states 
as part of the TMDL or as a separate document. TMDL imple-
mentation plans describe more specifically the actions need-
ed to meet the required point source and nonpoint source 
reductions. These actions include a wide range of best 
management practices as well as the enforcement of more 
stringent permit requirements for industrial and wastewater 
discharges, which can be met using enhanced treatment 
technologies. Typically, implementation falls to the counties, 
cities, and other municipalities located within the TMDL wa-
tershed since these entities are primarily responsible for local 
land use regulation and implementation of National Pollutant 
Discharge Elimination System (NPDES) permits. 

USEPA encourages the use of water quality trading for cer-
tain pollutants where it can help achieve CWA goals. In 
water quality trading, one entity compensates another entity 
to reduce a defined amount of pollution. Such trading costs 
less than the implementation of pollution control measures 
by the original entity itself and provides the same or greater 

overview: The abCs of TMDls

A TMDL is a calculation of the maximum amount of a pollutant that a waterbody can receive and still 
safely meet water quality standards.

 (US Environmental Protection Agency n.d.[b])

	   Adopt	  Water	  Quality	  Standards	  

Monitor	  and	  Assess	  Waters	  

Trading	  

Manage	  Nonpoint	  Sources	  

through	  Grants,	  Partnerships,	  
and	  Voluntary	  Programs	  

Control	  Point	  Sources	  via	  
NPDES	  Permits	  

Develop	  TMDLs	  
(TMDL	  =	  WLA+LA+MOS)	  

List	  Impaired	  &	  Threatened	  

Waters	  

Define	  the	  water	  
quality	  goal	  

Compile	  data/information	  

and	  assess	  water	  body	  
condition	  

303(d)	  Program	  
40	  CFR	  130.7	  

Implementation	  
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51%	  

5%	  

44%	  

Nonpoint	  Source,	  Point	  Source	  and	  
Mixed	  TMDLs	  

Nonpoint	  Source	  

Point	  Source	  

Combination	  of	  Point	  and	  
Nonpoint	  Sources	  

Table 1. TMDLs: Who’s responsible?

Entity Responsibilities

USEPA

• Approve or disapprove impaired waters lists and TMDLs
• Develop impaired waters lists and TMDLs if states/territories/

tribes are unable to do so
• Enforce TMDL program

States, territories,  
authorized tribes

• Set water quality standards
• Monitor water bodies
• Develop impaired waters lists
• Develop TMDLs
• Develop TMDL implementation plan 

Municipalities • Implement TMDLs

Figure 2. Map of impaired waters in the conterminous 
United States. (Source: USEPA n.d.[a])

Figure 3. Breakdown of TMDLs by type of pollutant source. 
(Source: USEPA 2009d)

water quality benefit. Point source facilities with NPDES 
permits that receive more stringent discharge limits as a 
result of a TMDL are motivated to seek lower-cost, environ-
mentally equivalent pollutant reductions (USEPA 2004). 
Thus, trading may be appealing to such facilities.

USEPA is primarily responsible for ensuring that states, 
territories, and tribes are meeting their TMDL requirements 
(Table 1). However, enforcement actions undertaken by 
USEPA are generally limited to those related to regulated 
point sources because these are pollution sources over 
which the agency has clear authority under the CWA. 
Examples of potential enforcement actions by USEPA 
include taking over state permitting programs, adjusting 
individual permits or taking state grant funds, limiting or 
prohibiting new or expanded discharges of pollutants, 
and making NPDES discharge permits significantly more 
stringent. 

Facts and Figures
According to the latest national summary of state informa-
tion contained in USEPA’s Watershed, Assessment, Track-
ing and Environmental ResultS database, at least half of 
our nation’s assessed streams, rivers, lakes, reservoirs, 
ponds, bays, estuaries, oceans, and near-coastal waters 
are threatened or impaired (USEPA n.d.[a]; Figure 2).

As of mid-2009, the national list encompassed over 
43,000 impaired waters with more than 73,000 impair-
ments (USEPA 2009a). Table 2 provides more detail on 
the percentage of assessed waters that are threatened 
or impaired and the top five impairments and probable 
causes of impairment for the major water body types in 
the United States (excluding the Great Lakes).

To begin to address these impairments, more than 
37,000 TMDLs have been developed, according to 
data collected through EPA’s TMDL Program Results Analy-
sis Project (USEPA 2009d). Of these TMDLs, 51% were 
developed for nonpoint pollution sources, 5% for point 
sources, and the remaining 44% to address a combina-
tion of both types of sources (Figure 3; USEPA 2009d). 
A review of 100 TMDL documents from across the coun-
try generated some additional knowledge about TMDL 
trends (USEPA 2009c):

• 76% were written to numerical standards, and 24% to 
narrative standards

• 41% provided significant opportunities for stakeholder 
involvement
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• 66% included some form of an implementation plan, but 
only 34% had a plan with specific targets and milestones

• 79% mentioned follow-up monitoring specific to the 
watershed

• 43% used models of low complexity, 24% used models 
of medium complexity, and 22% used highly complex 
models

• Only 6% allocated for future growth

The number of TMDLs that have been implemented, either 
fully or in part, is not known. To gain insights on implementa-
tion, USEPA conducted a sample-based analysis of TMDL 
implementation rates and characteristics in five states: Illi-
nois, Indiana, Michigan, Minnesota, Ohio, and Wiscon-
sin. This assessment demonstrated that an estimated 80% 

of TMDLs in this region were at least partially implemented 
(USEPA 2009b). Full implementation was uncommon. The 
assessment found no implementation in approximately 20% 
of the sample (USEPA 2009b). Verification of TMDL imple-
mentation at the national, or even state, level can be very 
difficult because of the diffuse nature of nonpoint source con-
trol practices and the often myriad agencies and organiza-
tions responsible for managing them.

Evolution of the TMDL Program 
Although TMDLs have been required by the CWA since 
1972, the program was largely overlooked during the 
1970s and 1980s as states focused on reducing point 
sources of pollution by issuing permits under the NPDES 
program. During the 1980s and 1990s, citizen organiza-

Table 2. Facts and figures on US impaired waters.

Water Body Type Threatened or Impaired Waters 
 (% of Assessed) Top Five Impairments Top Five Probable Sources Contributing 

 to Impairment

Rivers & Streams (miles) 50%

• Pathogens
• Sediment
• Nutrients
• Organic enrichment/oxygen depletion
• Habitat alterations

• Agriculture
• Unknown
• Atmospheric deposition
• Hydro-modification
• Natural/wildlife

Lakes, Reservoirs, & Ponds 
(acres)

66%

• Mercury
• PCBs
• Nutrients
• Organic enrichment/oxygen depletion
• Metals (other than mercury)

• Atmospheric deposition
• Unknown
• Agriculture
• Natural/wildlife
• Hydro-modification

Bays & Estuaries (square 
miles)

64%

• Organic enrichment/oxygen depletion
• PCBs
• Pathogens
• Mercury
• Noxious aquatic plants

• Municipal discharges/sewage
• Atmospheric deposition
• Unknown
• Natural/wildlife
• Industrial

Coastal Shoreline (miles) 38%

• Mercury
• Pathogens
• Metals (other than mercury)
• Turbidity
• Pesticides

• Unspecified nonpoint source pollution
• Natural/wildlife
• Urban runoff
• Municipal discharges/sewage
• Industrial

Ocean & Near-Coastal 
(square miles) 82%

• Mercury
• PCBs
• Organic enrichment/oxygen depletion
• Pesticides
• Pathogens

• Unknown
• Atmospheric deposition
• Municipal discharges/sewage
• Recreational boating and marinas
• Hydro-modification

Wetlands (acres) 36%

• Organic enrichment/oxygen depletion
• Mercury
• Metals (other than mercury)
• Habitat alterations
• Nutrients 

• Agriculture
• Unknown
• Atmospheric deposition
• Industrial
• Natural/wildlife

Notes: Top five based on size—for example, mercury is the top impairment for coastal shoreline based on shoreline 
miles. PCBs, polychlorinated biphenyls.
Source: USEPA n.d.[a]
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tions began bringing legal actions against USEPA, seeking 
the listing of waters and the development of TMDLs. This 
forced USEPA to develop guidance for the TMDL program 
and, in 1985, the agency issued TMDL regulations that 
included provisions for nonpoint sources and LAs. The 
agency also began to take a more aggressive approach 
towards the program as a result of this litigation.

In 1992, USEPA revised the TMDL regulations to require 
that states submit their listings of impaired waters to USEPA 
every two years. In 1999, USEPA proposed regulatory 
revisions to strengthen the TMDL program, based in part 
on recommendations from a USEPA federal advisory com-
mittee. These highly controversial proposed regulations 
generated more than 34,000 comments during the public 
input process. USEPA published the final rule in 2000 but 
later withdrew it. 

In 2000, a General Accounting Office report raised con-
cerns about a lack of available data on which to base 
water quality standards, impaired waters listings, and TM-
DLs. In response to this report and the 1999 proposed 
regulations, Congress commissioned a National Research 
Council (NRC) study to assess the scientific basis of the 
TMDL program. The NRC panel found that adequate data 
were available to move forward with the TMDL program 
but made more than 20 recommendations for improving 
its foundation. 

Today, the TMDL program continues to operate under the 
1992 regulations and agreements reached by litigation. 
Environmental groups have filed lawsuits against USEPA 
and, in many states, the agency is required by court order 
or consent decree to ensure that TMDLs are established. 
Nevertheless, states and other jurisdictions responsible for 
TMDL development are beginning to change how they 
approach TMDLs based on some of the recommendations 
in the NRC study.

–Karen Cappiella, 
Center for Watershed Protection
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Responding to the first Impervious Cover–based TMDl  
in the nation
Chester L. Arnold,a* Christopher J. Bellucci,b Kelly Collins,c and Rich Claytord

Abstract
In 2007, the Connecticut Department of Environmental Pro-
tection promulgated the first total maximum daily load (TMDL) 
in the country based on impervious cover. This TMDL, devel-
oped as a way to deal with streams impaired by poorly 
understood urbanization-related impacts, is for Eagleville 
Brook, a small watershed that drains much of the Univer-
sity of Connecticut campus. What is an impervious cover 
TMDL? This article reviews the status and findings of an 
ongoing project designed to devise an effective and prag-
matic response to this new approach. Using the language in 
the TMDL itself as a starting point, the project team focused 
on impervious cover disconnection and the related goal of 
reducing stormwater runoff volume. However, the “bottom 
line” of improving biota-based indicators of stream health 
will also require approaches beyond what would result from 
a strict focus on impervious cover. Based on geospatial data 
analysis followed by extensive field work, the project team 
has identified 51 retrofit opportunities, including a “Top Ten” 
list that attempts to maximize both the environmental and 
social or educational impacts of the response. Although the 
watershed plan has not yet been written, considerable prog-
ress has been made on campus, including the replacement 
of conventional parking lots with pervious materials and 
changes to plans for upcoming construction. The team’s pre-
liminary conclusion is that combining the simple framework 
of impervious cover with the force and accounting rigor of 
a TMDL can be an effective way to catalyze communities 
to plan and implement actions to remediate stormwater 
problems.

Introduction
Watershed professionals have long recognized that impervi-
ous cover is a useful indicator of the impact of watershed 
land use on the health of the receiving water body (Schueler 
2003; Brabec et al. 2002). This relationship integrates a 
complex web of impacts resulting from urbanization. As an 
indicator, impervious cover has the potential to be widely 
applied to various land use planning and design scenarios 

(Arnold and Gibbons 1996)—an approach that has earned 
both praise and criticism for its simplicity. The total maximum 
daily load (TMDL) program mandated by the Clean Water 
Act, on the other hand, can be said to take quite the oppo-
site approach. It is very site-specific and can be implement-
ed with confidence only when scientific understanding of a 
particular water body and the fate and transport of specific 
pollutants within that system is sufficiently comprehensive. 
This approach, too, has both fans and detractors.

Can these two approaches be wedded successfully? The 
ongoing Eagleville Brook Impervious Cover TMDL Project, a 
partnership of the Connecticut Department of Environmental 
Protection (CTDEP), the University of Connecticut, and the 
Town of Mansfield, aims to answer this question. This article 
summarizes the project’s progress to date, focusing on proj-
ect approach and methods rather than technical results.

The Genesis of the Impervious Cover 
TMDL
Connecticut is an urbanizing state. During the 21-year pe-
riod from 1985 to 2006, the state added approximately 
616 km2 of land comprising the development footprint, as 
determined by remote sensing land cover data. This repre-
sents almost 5% of the entire area of the state (Center for 
Land Use Education and Research [CLEAR], University of 
Connecticut n.d.). As might be expected, urbanization is a 
major cause of water quality impairment in the state. Of the 
105 impaired stream segments listed by CTDEP in 2006 as 
not meeting water quality standards, CTDEP attributed this 
status to urbanization for at least 58%; for another 40%, the 
agency attributed it to unknown causes (Bellucci 2007). 

Under Section 303(d) of the federal Clean Water Act, Con-
necticut is required to develop TMDLs for these 105 stream 
segments. But as a practical matter, how does one apply 
the data-intensive TMDL program to so many water bodies, 
most of which are suffering from what has been called urban 
stream syndrome, a complex and synergistic combination of 
hydrologic alteration and multiple pollutant stressors (Walsh 
et al. 2005)? As Bellucci (2007) notes:
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Developing TMDLs for “urbanization” presents an 
enormous challenge for Connecticut because of the 
number of impairments and the complicated nature 
of urban stream syndrome … Often, there is insuf-
ficient information that indicates any specific pollut-
ant is causing or contributing to an exceedance of 
a particular water quality criterion. Rather, given the 
variability in types and concentrations of pollutants 
associated with stormwater, and the range in magni-
tude of storm events, a surrogate approach that ag-
gregates the effects of multiple stressor syndrome is 
perhaps a more appropriate measure of impact.

To investigate this hypothesis, in 2005–2006, CTDEP con-
ducted statewide research comparing stream health, as indi-
cated by metrics for benthic macroinvertebrate populations, 
to watershed impervious cover estimates provided by CLEAR 
models based on 30-m remotely sensed data (Chabaeva 
et al. 2007). A total of 125 stream segments were stud-
ied, and the results were compelling, if widely in keeping 
with the literature on the impacts of impervious cover: no 
stream with over 12% impervious cover in its immediate up-
stream catchment area met the state’s aquatic life criteria for 
a healthy stream (Bellucci 2007; Figure 1). 

Figure 1. Scatter plot of the percentage of total impervious 
cover and macroinvertebrate multimetric index (MMI) for 
125 stream monitoring locations in Connecticut. The MMI 
score is the average score of seven metrics and ranges 
from 0 to 100, with higher values representing the least 
stressed sites. Sites that plot above the horizontal line meet 
Connecticut’s water quality criterion to support aquatic life.
 
Based on this result, and the need for a pragmatic regulatory 
response to urban stream syndrome in the face of insufficient 
local data, CTDEP developed the nation’s first impervious 
cover TMDL for the Eagleville Brook watershed in Mansfield, 
Connecticut. The US Environmental Protection Agency ap-
proved this TMDL in 2007.

Eagleville Brook is typical of urban stream syndrome—it is 
included on the 2006 list of Connecticut waterbodies not 
meeting water quality standards  (CTDEP, 2006) based on 
very low aquatic life use support scores, the causes of which 
are cited as “unknown.” The brook has a 6.2-km2 drain-
age area and is tributary to an impoundment of the Wil-
limantic River, a tributary of the Thames River basin, which 
encompasses much of the eastern third of the state (Figure 
2). The Eagleville watershed drains a large portion of the 
University of Connecticut (hereafter, “the University”), and for 
long stretches in the upper part of the watershed the brook 
is piped underground beneath the campus. The watershed 
surficial material is predominantly glacial till. Rainfall in the 
region is typical of the state, which has a long-term average 
of about 114 cm per year, distributed fairly evenly through-
out the year (Miller et al. 2002).

Figure 2. The Eagleville Brook watershed and its location 
(inset) within the state and within the Thames River major 
basin. Black lines depict the boundaries of the watershed 
and subwatersheds, blue lines represent water, and red 
areas depict impervious cover digitized from 2008 high-
resolution imagery, that comprises the map background. 
The University of Connecticut campus can be seen as the 
concentration of impervious cover in the upper watershed.
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Based on the statewide research, CTDEP set the TMDL target 
at 12% impervious cover (CTDEP, 2007). Applying a mar-
gin of safety factor—and noting that, for this analysis, “it is 
not feasible to draw a clear distinction between stormwater 
originating from [National Pollutant Discharge Elimination 
System (NPDES)]-regulated point sources and non-NPDES 
regulated sources (point and nonpoint)”—CTDEP (2007, 8) 
set both the wasteload allocation and the load allocation 
for this TMDL at 11% impervious cover for the entire basin. 
Based on the statewide modeling estimates, the three sub-
basins of the brook varied in impervious coverage from 5% 
in the lower watershed to 27% in the upper (campus) area 
(CTDEP 2007). 

Interpreting the Impervious Cover 
TMDL’s Bottom Line
Does the impervious cover TMDL constitute a mandate to 
get out the jackhammers? Not necessarily. The TMDL specifi-
cally states that the goal is to have the watershed ecosystem 
look and act as if the watershed were no more than 11% 
impervious, and it takes pains to remind the regulated com-
munity that the bottom line is ultimately not land cover, but 
stream biology: 

…[impervious cover] is being used in this TMDL as 
a surrogate for the impacts that pollutants and oth-
er stressors from stormwater have on aquatic life in 
streams. The goal of the TMDL is to reduce impacts 
from stormwater on the aquatic life in Eagleville 
Brook. In the absence of actual [impervious cover] 
reduction, stormwater management techniques that 
offset the negative effect of [impervious cover] should 
be implemented in the Eagleville Brook watershed. 
Meeting the TMDL will be assessed by measuring the 
aquatic life directly. Tracking the [impervious cover] 
elimination/disconnection or equivalent [impervious 
cover] reduction in the watershed during BMP imple-
mentation may be used as an interim measure to as-
sess progress. (CTDEP 2007)

Thus, the language of the TMDL itself makes clear that this 
is not a strict acre-by-acre accounting exercise. In fact, we 
would argue that it lends itself to flexible solutions more 
readily than does a conventional TMDL. In addition, this 
approach is in keeping with several strong and emergent 
themes in watershed management. First, it recognizes the 
growing consensus that it is effective or connected impervi-
ous cover that should be the focus of remediation efforts, 
rather than total impervious cover (Booth and Jackson 1997; 

Brabec 2002). Although the research providing the tech-
nical basis for the impervious cover TMDL uses estimates 
of total impervious cover—the only feasible method given 
that it was a statewide study—implementation must focus 
on impervious cover disconnection, and for that, detailed 
site-level work is necessary. In a recent watershed study, Roy 
and Shuster (2009) conclude that on-site assessments are 
necessary to accurately tease apart total impervious cover 
from directly connected impervious cover, and that parcel-
scale field work is needed for the management of suburban 
and urban watersheds. Our project team’s experience cor-
roborates this (see next section).

Second, the impervious cover TMDL can also be seen as 
taking a runoff reduction approach (Hirschman et al. 2008), 
which places a high degree of emphasis on volume-based 
hydrologic mitigation as a major method of watershed man-
agement (Reese 2009). In Connecticut, the importance of 
runoff reduction was a key lesson of the Jordan Cove proj-
ect, a long-term nonpoint source monitoring project com-
paring runoff quantity and quality before, during, and after 
construction in paired low-impact development (LID) and 
conventional watersheds. Notably, that project concluded 
that the lower pollutant load in the LID watershed, versus 
that in the conventional watershed, was mainly due to the 
dramatically lower runoff volume in the LID watershed (Dietz 
and Clausen 2008).

The Project
Subsequent to the issuance of this unique TMDL, a partner-
ship was formed to determine the overall framework and 
specific elements of a response. The objectives of this proj-
ect are twofold: (1) develop a plan for the University and 
the town to respond to the TMDL and (2) in the process, 
evaluate the feasibility of the impervious cover TMDL con-
cept and document a general methodology by which others 
can implement a similar program. 

Key elements of the project include: (1) geospatial data 
gathering and mapping; (2) field work to further refine the 
mapped information and to identify stormwater retrofit op-
portunities; and (3) educational and technical assistance to 
the Town of Mansfield, as well as more general educational 
efforts intended to help other communities navigate the im-
pervious cover TMDL process. The project team includes the 
University of Connecticut’s CLEAR Nonpoint Education for 
Municipal Officials Program, the Center for Watershed Pro-
tection (CWP), and the Horsley Witten Group.
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Data and Mapping

During the winter of 2008–2009, the project team collect-
ed all potentially relevant geospatial data. Both the Town of 
Mansfield and the University have fairly detailed data sets 
on drainage, roads, and other infrastructure. CLEAR used 
2008 high-resolution color imagery to update and correct 
previously digitized information on impervious cover and its 
component parts (e.g., roads, rooftops, parking lots, and 
walkways) on campus, and to digitize impervious cover for 
the noncampus portion of the watershed (Figure 2). Since the 
original TMDL estimate was based on a model using 30-m 
resolution data from 2002,it is not surprising that updated 
data show an increase in the amount of impervious cover 
in the watershed (Table 1). In addition, the team used the 
imagery to update and correct the location of storm drains 
on campus. The project team used these data not only to 
refine the original CTDEP estimates of impervious cover, but 
to formulate preliminary ideas on retrofit opportunities and 
to help plan the field analysis. All data were placed on an 
internet geographic information system mapping site, using 

ArcGISServer® software, to make them easily accessible to 
the team and, eventually, to the public.

Field Verification and Analysis

In July 2009, the project team conducted a four-day field 
analysis of the watershed. Field work identified important 
features that could not be determined from the mapping ex-
ercise alone. First, the team identified discrepancies in the 
original watershed boundary as contained in the state hy-
drography data layer; the revised watershed boundary was 
about 0.11 km2 (26 acres) less than the original. Second, 
the team estimated that about 0.21 km2 (51 acres) of the 
impervious cover in the watershed were effectively discon-
nected via sheet flow to a large forested area, undetected 
diversion to another watershed, or through treatment by a re-
cently constructed stormwater practice (Table 1). In addition, 
although the drain locations had been updated, the data on 
the location of the pipes themselves were not always up-to-
date. In many cases, drainage patterns had been altered 
multiple times and did not necessarily follow what might be 
assumed from topography and drain locations. 

Table 1. Existing conditions in Eagleville Brook. The original estimates were based on modeling using 2002 land cover 
data with 30-m resolution. 

Eagleville Brook Watershed
Existing Conditions

TMDL Estimated Adjusted and Updated with 
Imagerya Field-Adjustedb

Watershed drainage area, km2 (acres) 4.96 (1,225) 4.96 (1,225) 4.85 (1,199)

Watershed impervious cover, km2 (acres) 0.59 (145) 0.87 (216) 0.67 (165)

Watershed impervious cover , % 11.8 17.6 13.8

11% impervious cover TMDL target, km2 (acres) 0.55 (135) 0.55 (135) 0.53 (132)

Impervious cover to disconnect/manage to reach target, km2 (acres) 0.04 (10) 0.33 (81) 0.13 (33)

a The middle column shows additional impervious cover resulting from updates and improvements using 2008 high-
resolution satellite imagery. b The far right column includes field adjustments that decreased the watershed area by 0.11 
km2, and “removed” 0.21 km2 of disconnected impervious cover.
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Retrofit Opportunities 

The project team assessed potential stormwater retrofit op-
portunities at 51 project sites in the Eagleville Brook water-
shed, using methods identified by Schueler et al. (2007). 
Sites were almost entirely located on the University campus, 
where the dominant fraction of the watershed’s impervious 
cover is found. The Town of Mansfield portion of the water-
shed is largely rural residential, representing a small amount 
of the total impervious cover and composed mostly of rel-
atively narrow secondary roads and private rooftops and 
driveways (see Figure 2). For the town section of the wa-
tershed, the focus will be on future development rather than 
retrofits, emphasizing 
proactive LID ap-
proaches and chang-
es to road standards 
and maintenance.

The 51 retrofit op-
portunities include a 
variety of stormwater 
management practic-
es, including rain gar-
dens, bioretention, 
downspout discon-
nection, green roofs, 
swale enhancement, 
soil amendments, dry 
swales, porous pave-
ment, cisterns, sand 
filters, constructed 
wetlands, floodplain 
reconnection, imper-
vious cover removal, 
tree plantings, pervi-
ous area restoration, 
and stormwater planters. CWP and Horsley Witten evalu-
ated each of these opportunities using professional judgment 
and the following technical factors: impervious area treated, 
pollutant removal capability, runoff reduction estimates, cost, 
and maintenance requirements. 

The project team as a whole then reviewed the 51 sites 
with respect to nontechnical factors such as feasibility, edu-
cational or demonstration potential, and opportunity (e.g., 
upcoming plans to repave a parking lot). Out of these dis-
cussions came a “Top Ten” list of priority retrofits based on 
both technical and nontechnical factors (the number ten was 
determined not by analysis but by the limitations of the work 

plan). The list does not necessarily reflect the ten retrofits that 
would remove or disconnect the maximum amount of imper-
vious cover, but rather the projects that, as a package, would 
have a large impact while creating the greatest momentum 
on campus for further change. Thus, the list includes a range 
of retrofit types, geographically spread about campus and 
applied to different types of land use and impervious cover 
patterns (e.g., dormitories, academic buildings, and park-
ing lots). As per the project plan, the team created 25% 
design conceptual drawings for the Top Ten. We do not nec-
essarily assume that these practices will be built exactly as 
designed; rather, as construction, renovation, and landscap-
ing take place on a project-by-project basis in the future, 

they will provide ideas 
and guidance that will 
foster creative TMDL 
implementation.

Project 
Status and 
Implementation
At the time of this writ-
ing, the project is in 
transition from the tech-
nical phase of the work 
to the plan writing, 
outreach, and imple-
mentation phase. The 
retrofit technical report 
is complete. Work with 
the Town of Mansfield 
on land use regulation 
review and changes 
will begin during fall 
2010 and will be on-

going. The project team will develop educational materials 
in late 2010, using the project website as a repository for 
all project information. For instance, Figure 3, taken from the 
project website, shows a Google Earth–based display of 
a portion of the 51 retrofit sites, each of which is linked to 
technical documents, photos, and other information.

At this early stage, much remains to be worked out in terms of 
implementation strategies. However, three simple but impor-
tant concepts have emerged. First, implementation will take 
place during the course of ongoing University and Town of 
Mansfield activities, as opportunities occur during the design 
process at the site level. Second, there is general agree-

Figure 3. A Google Earth “mashup” from the project website, showing 
most of the University campus and a portion of the 51 retrofit loca-
tions; Top Ten sites are in blue. The markers can be linked to maps, 
drawings, documents, photos, or other content and will be populated 
as the project proceeds. IC, impervious cover.
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ment that the impervious cover TMDL approach will extend 
beyond the boundaries of the Eagleville watershed to other 
portions of the town and campus. Finally, University and 
town officials increasingly recognize the enormous role that 
the maintenance of these practices will play in the ultimate 
success of the effort. The University has already contracted 
to develop maintenance manuals for pervious pavements 
and has purchased new vacuum equipment. Similar manu-
als for the operation and maintenance of other LID practices 
will be developed as these practices are put into place.

Implementation will be ongoing for the foreseeable future 
and has, in fact, already begun even before the issuance of 
the project’s final report or the formal TMDL response. In sum-
mer 2009, the University repaved two parking lots—one 
with permeable concrete, and one with permeable asphalt 
(believed to be the first permeable asphalt parking lot in the 
state). Plans for extensive remodeling to upgrade the safety 
sprinkler system of an off-campus graduate housing unit now 
include plans for pervious parking stalls and rain gardens re-
ceiving both road and rooftop runoff. Plans for the construc-
tion of a new building in the heart of campus will include a 
green roof, bioswales, and pervious paving. Although these 
projects were conceived prior to the determination of the 
Top Ten, they can be directly attributed to the University’s 
desire to respond to the TMDL.

The consonance of the impervious cover TMDL practices 
with separate but parallel efforts on campus offers enormous 
potential. Promising coordination has taken place between 
the TMDL team and the team developing a landscape mas-
ter plan for the campus; these plans have many areas of 
agreement on the use of vegetation, specifically trees, as 
both aesthetic and stormwater amenities. And in 2007, the 
University established a sustainable design and construction 
policy that requires that all new construction and renovation 
projects costing over $5 million attain a Leadership in En-
ergy and Environmental Design “silver” rating as a minimum 
standard (US Green Building Council n.d.).

Tracking Progress
One thing yet to be worked out in detail is the project ac-
counting process. Ultimately, the ability to measure progress 
is a major factor that separates the impervious cover TMDL 
approach from a simple urban retrofit analysis. Based on 
the guidance contained in the TMDL language itself and the 
project team’s experience to date, the team envisions that 
progress will be measured in three tiers: 

The amount of impervious cover removed or disconnected. 
This seems relatively straightforward, and our current es-
timates show that the 11% goal is more than achievable 
(Table 2). However, complexities still must be worked out. 
As one might expect on a large college campus, the results 
of soil compaction tests performed on many of the pervious 
areas, particularly large quads and greens, were closer to 
those of concrete than turf. While the project implementa-
tion plan is expected to address this issue (in concert with a 
campus landscape master plan), to date these areas have 
not been accounted for in any quantitative tracking system. 
In addition, no provision yet exists in Connecticut for as-
signing certain retrofit practices (e.g., pervious paver areas) 
with partial credit toward disconnection, as has been done 
in several states (North Carolina Division of Water Quality 
2007). Finally, the 11% target was set for the entire wa-
tershed, while most of the impervious cover (about 75% of 
the total acreage) is in one subwatershed containing the 
campus. Discussions are under way about means of tracking 
progress at both the watershed and subwatershed levels; 
this would serve to focus even more attention on the Univer-
sity portion of the watershed.

Improvements in reestablishing a more natural hydrologic 
regime in Eagleville Brook. The project team has renovated 
and reactivated an abandoned research weir located on the 
brook just downstream of the campus portion of the upper 
watershed, for the purpose of conducting long-term monitor-
ing of streamflow as the TMDL is implemented. In addition, 
the University has provided funds for monitoring of the runoff 
from, and flow through, the two new pervious parking lots. 
Project partners are discussing the value of modeling the 
runoff reduction effects of the recommended LID practices, 
both as a predictive tool and to compare to the weir data.

The health of the stream, as indicated by the macroinverte-
brate and fish sampling conducted by CTDEP. This ultimate 
objective is a reminder that, while volume reduction is the 
primary concern, it should not be the sole focus of the imper-
vious cover TMDL. Thus, the final report and management 
plan also will include (1) source reduction strategies for likely 

... the growing consensus that it is 

effective or connected impervious cover 

that should be the focus of remediation 

efforts, rather than total impervious cover
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“hot spot” areas, like the motor pool; (2) innovative water 
quality practices, like a gravel wetland; and (3) projects 
focused on wetlands and/or riparian restoration.

Is It Working?
Based on our experience to date, we believe that the im-
pervious cover TMDL is on its way to success. In the minds 
of project team members, the acid test is this: does the im-
pervious cover TMDL make it easier, or more difficult, for a 
regulated community to develop and implement a response 
to a TMDL that is likely to improve the health of the water 
body in question?

We believe that the impervious cover TMDL makes a re-
sponse easier, primarily because impervious cover provides 
a framework that communities can use to assess the problem 
and make decisions (Arnold and Gibbons 1996). Coupling 
the impervious cover framework with the regulatory driver of 
a TMDL provides an approach well-suited to catalyze local 
action. Certainly, a town manager asked to reduce the ef-
fective amount of impervious cover may more easily develop 
next steps than one who is asked to reduce bacterial con-
centrations from a to b and zinc concentrations from x to y. 
Although not yet quantifiable, the progress made to date in 
Eagleville Brook supports this view.

Conclusion
An impervious cover TMDL does require detailed, and often 
painstakingly acquired, information as its basis. However, 

one could argue that digitizing parking lots, evaluating storm 
drains, and conducting soil testing (for example) are more 
easily understood and achieved than modeling and moni-
toring a suite of pollutants. So, for those who can marshal 
the wherewithal to do the field work required, an impervi-
ous cover TMDL seems like a viable alternative for urban 
or urbanizing watersheds. Urban stream syndrome is wide-
spread, and the resources needed to take the traditional, 
data-intensive, pollutant-by-pollutant TMDL approach are 
limited. Based on our experience in Eagleville Brook, com-
bining an integrative indicator like impervious cover with an 
accounting system like a TMDL provides a promising ap-
proach for helping communities move in positive directions 
regarding land use planning and design that is protective of 
water resources. 

More information is available at the project website:

http://clear.uconn.edu/eagleville/Eagleville_TMDL/
Home.html
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Table 2. Estimated progress toward the TMDL target of 11% impervious cover if the recommended retrofits were 
implemented.  

Estimated Result of Retrofit Implementation

Sites
Drainage Area 
Treated, km2

(acres)

Impervious Area 
Treated, km2

(acres)

Watershed IC after 
Implementation 

km2 (acres)

Target IC (11% of 
watershed), km2 

(acres)

Watershed IC after 
Implementation 

(%)

Estimated Cost
($)

Top Ten Retrofit Sites 0.30 (74) 0.13 (32) 0.54 (133) 0.53 (132) 11.1% $1,350,000

All 51 Retrofit Sites 0.47 (115) 0.25 (61) 0.42 (104) 0.53 (132) 8.7% $5,800,000

Notes: The Top Ten retrofits bring the watershed to 11.1% impervious cover, essentially in compliance with the target; 
implementing all 51 retrofits would far exceed the target, reducing impervious cover to just over 3%. These estimates do 
not factor in new impervious cover added with additional building or renovations. IC, impervious cover.
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TMDls: Improving stakeholder acceptance  
with science-based allocations
Jason A. Hubbart,a* John Holmes,b and Georganne Bowmanc

Abstract
Although mitigating water quality impairment through total 
maximum daily load (TMDL) implementation can sustain 
natural resource commodities and development practices, it 
is challenging. Research-based land use planning can sub-
stantially reduce or eliminate error in TMDL decision-making 
processes while improving stakeholder acceptance. To ad-
dress water quality issues in the central United States, the 
Hinkson Creek watershed was equipped with state-of-the-art 
monitoring instrumentation in 2008. Results from this and 
similar studies will support future urban development by vali-
dating engineering strategies that may overlook land use, 
topography, and site-specific development constraints. 

Introduction
Pollution of streams, lakes, and other surface waters is a 
greater issue for society than ever before. The successful res-
toration of water quality in impaired watersheds requires an 
understanding of the interconnections between hydrology, 
climate, land use, water quality, ecology, and socioeconom-
ics. Current understanding of these interactions is limited pri-
marily by a lack of innovation, investment, and interdisciplin-
ary collaboration. Pollution from diffuse sources is most often 
driven by meteorological events (i.e., precipitation). Pollutant 
loadings from a given watershed are correlated with rainfall 
volume, infiltration, runoff, and storage characteristics (No-
votny and Olem 1994). Hydrologic modification resulting 
from development can increase or decrease diffuse pollu-
tion loads, illustrating the need to quantify the pollutant-trans-
porting mechanism(s) and consider the various pathways by 
which contaminants may travel from source areas to receiv-
ing water bodies. In Missouri, more than 150 water bodies 
have been identified as impaired or limited for a variety of 
beneficial uses since 2000. This figure is 15% higher than 
the national average of 25% freshwater impairment in a 
given state. This is particularly important considering that 
Missouri is one of nine central US states that contribute more 
than 75% of upland nitrogen and phosphorus to the Gulf of 
Mexico (Alexander et al. 2008).

Given the complexity of climate stochasticity and land-

scape interactions, not surprisingly, meeting water quality 
goals such as total maximum daily loads (TMDLs) is a chal-
lenge, particularly in rapidly urbanizing watersheds where 
jurisdictions must also meet the US Environmental Protection 
Agency’s (USEPA) National Pollutant Discharge Elimination 
System (NPDES) requirements. Often, the information neces-
sary to accurately estimate and model rainfall and runoff 
relationships and to calculate accurate stormwater flow is 
not available, making it difficult for stormwater managers to 
make the best management decisions. Faced with the lack 
of information and the scope of NPDES program require-
ments, stormwater managers struggle to predict the effect 
of local ordinances on water quality and receiving water 
bodies. While scientifically validated TMDLs can energize 
a community, the opposite may be true in watersheds imple-
menting mandated TMDLs that lack substantive information, 
data, and validation. Unfortunately, states under pressure 
from federal mandates and limited by staff expertise are in-
stituting such incomplete TMDLs. With these complications 
in mind, this article supplies a possible avenue forward (i.e. 
science-based decision making) towards ameliorating com-
plex contemporary TMDL allocations. 

A common strategy for estimating TMDL allocations for ur-
ban watersheds is to use flow as a pollutant surrogate. One 
method used to calculate a flow-based TMDL, flow dura-
tion analysis, is generally intended to set stormwater volume 
reductions for the impaired stream by estimating predevel-
opment flow conditions (USEPA 2007a). Unfortunately, the 
method often fails to account for many local watershed pro-
cess interactions among topography, soils, development, im-
perviousness, and legacy effects persisting from previous ag-
riculture and/or development. Addressing such interactions 
is critical to the quantifiable validation of land use effects on 
runoff processes (Hibbert 1966; Stednick 1996; Hubbart et 
al. 2007). As a result of the disconnect, instead of working 
toward a common objective, state and federal regulators 
and municipalities vehemently debate the efficacy of volume 
reductions to achieve water quality standards, the cost of 
implementation, and the potential harm that single flow cri-
teria could exact on watershed form and function. Recently, 
the Vermont Department of Environmental Conservation (VT-
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DEC) established a TMDL wasteload volume reduction re-
quirement of 16% for high flows and an increase of 11.2% 
for base flow for Potash Brook, an 18.47-km2 watershed 
in Vermont (VTDEC 2006). Current estimates to achieve a 
16% and 11.2% flow altera-
tion include extensive retrofits 
at a cost of $25.5 million 
(VTDEC 2010). Consider-
ing the amount of taxpayer 
investment in TMDL man-
dates such as Potash Brook, 
demand is increasing for 
the thorough evaluation and 
validation of TMDL estimates 
prior to implementation. A 
viable solution lies in formal 
research methods that result 
in accurate hydrographs that 
better reflect local watershed 
process interactions and thus 
produce more accurate flow 
duration estimates. 

Hydrograph analysis is one 
of many methods for analyz-
ing land use, surface runoff 
and flow relationships (Viess-
man and Lewis 2003). Meth-
ods of hydrograph estimation 
range from direct measure-
ment (i.e., automated or man-
ual streamflow measurements 
over time), to model-gener-
ated hydrographs (USEPA 
2007b) and unit hydrograph 
methods (Sherman 1932), 
which synthesize hydro-
graphs from rainfall. Seminal 
hydrograph work by Seaburn 
(1969) demonstrated dramatic alterations in urban settings, 
where runoff was as much as 4.6 times greater than runoff 
prior to urbanization. Deriving methodologies of hydrograph 
estimation and synthesis is beyond the scope of this article. 
However, it is worth noting that direct measurement will 
almost always result in the most accurate TMDL estimates. 
While direct measurement is expensive in terms of instru-
mentation and labor, if a study is designed correctly (e.g., 
nested-scale and paired watershed study designs; Clausen 
and Spooner 1993; Hewlett and Pienaar 1973), results 

are often scalable and transferrable. It is therefore critical to 
support properly designed regionally representative water-
shed studies and to avoid scattered investments in various 
landscapes (i.e., a “shotgun” approach), which can cost mil-

lions of taxpayer dollars 
but never supply the data 
sets necessary to estimate 
an accurate TMDL. Pro-
jected future increases in 
urbanization necessitate 
research investigations 
to better understand de-
velopment impacts at the 
watershed scale (Nowak 
and Walton 2005; Wolf 
and Kruger 2010).

An Emerging 
Case Study: The 
Hinkson Creek 
Watershed 
The Hinkson Creek wa-
tershed (HCW), located 
within the Lower Mis-
souri–Moreau River basin 
(LMMRB) in central Mis-
souri (Figure 1), encom-
passes approximately 
231 km2, ultimately 
draining to the Missouri 
River. Urban areas are 
primarily residential with 
progressive commercial 
expansion from the city 
of Columbia (population 
90,000). Land use in 
the watershed is approxi-
mately 34% forest, 38% 

pasture or cropland, and 25% urban area. The remaining 
land area is wetland, open, or shrub/grassland areas (Ta-
ble 1). 

The Missouri Department of Natural Resources (MDNR) tar-
geted a portion of the LMMRB as critical for controlling ero-
sion and nonpoint source pollution in 1998 (MDNR 2006). 
Watershed restoration efforts in the LMMRB were acceler-
ated by mandates of the Clean Water Act (CWA) and sub-
sequent lawsuits. HCW is representative of the LMMRB with 
respect to hydrologic processes, water quality, climate, and 

Figure 1. Locations of gauge sites (where #4 includes the 
USGS gauging station) in the Hinkson Creek watershed in 
central Missouri, USA. The 16 classes of 30-m resolution land 
use/land cover defined in the National Land Cover Database 
(NLCD) 2001 were combined to form the five generalized 
classes shown here. NLCD 2001 is based on Landsat The-
matic Mapper imagery dating from 2001 and was produced 
by the Multi-Resolution Land Characteristics Consortium, a col-
laboration among multiple US federal agencies (NLCD 2001).
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land use and was one of the first water bodies in Missouri 
to be placed on the CWA 303(d) list. The impaired use for 
Hinkson Creek is “protection of warm water aquatic life” 
from unknown pollutants with the source attributed to urban 
runoff (MDNR 2006, 4). In such cases, it is not uncommon 
to calculate a reduction in stormwater runoff as a surrogate 
for any pollutants of concern. USEPA has approved this ap-
proach for many states, as supported by the federal rule for 
TMDL development, 40 CFR 130.2(i). Estimating a TMDL is 
therefore a reasonable goal in the HCW. However, translat-
ing pollutant loading to specific land uses to validate the 
assumption that reducing flow will reduce pollutants is a diffi-
cult task without understanding water and pollutant transport 
at multiple locations throughout the watershed (Tim and Jolly 
1994; Frankenberger et al. 1999). Furthermore, relating 
aquatic biological health to pollutant loading adds an ad-
ditional layer of complexity to the task of resolving potential 
water quality impairment. 

To generate data that address these uncertainties while pro-
viding a scientific basis for developing the TMDL target, the 
watershed was equipped with state-of-the-art instrumentation 

in fall 2008. The project is designed to supply quantifiably 
validated scalable and transferrable results. Instrumentation 
is complemented by a US Geological Survey gauging sta-
tion (USGS-06910230) that has collected data intermit-
tently since 1966. Five fully equipped hydroclimate stations, 
including the USGS station, are co-located along Hinkson 
Creek following a nested-scale watershed study design (Fig-
ure 1). Each fully automated gauging station monitors water 
depth, suspended sediment (using laser-based, in situ par-
ticle analyzers), and a complete suite of climate variables. 
Water samples are collected for analyses of total nitrogen 
(nitrate, nitrite, and ammonia), phosphorus, chloride, pH, 
and many other constituents. The project, currently in its sec-
ond successful year, will soon begin to generate the informa-
tion necessary to produce validated TMDL estimates of the 
above-listed constituents. With as little as four years of data 
collection, it is anticipated that the project will generate the 
information necessary to quantify cumulative effects as well 
as comparisons of land use types. This information will be 
used by policy-makers to improve current and future TMDL 
efforts in the watershed. 

Table 1. Cumulative contributing area and corresponding land use areas for each of five hydroclimate gauging sites 
located in the Hinkson Creek watershed in central Missouri, USA.

Component Sub-
Watersheds Total Area (km2)

Wetland/Open 
Water 

(% Area)

Urban 
(% Area)

Forest 
(% Area)

Shrub/Grassland 
(% Area)

Pasture/Crop (% 
Area)

Site 1 77 2 5 36 2 55

Site 2 101 2 6 36 2 54

Site 3 114 2 11 36 2 49

Site 4 180 2 16 36 1 44

Site 5 206 2 23 34 1 39

Entire HCW 231 2 25 34 1 38

Discussion
Volume-based approaches, a current trend of stormwater 
management and stream corridor protection, are encour-
aged by USEPA and the National Research Council (2008) 
for the mitigation of problems with water quality, instream 
biota, low flow, groundwater recharge, stream temperature, 
and channel stability. Volume-based approaches can be 
more effective than traditional peak flow–based detention 
because they do not create the extended durations of elevat-
ed flow that are typical with traditional detention. However, 
some of these problems can be exacerbated by poorly de-
signed volume-based solutions. For example, if streamflow 
during moderately sized events is reduced by increased re-

tention but pollutant loading is not, an increase in pollutant 
concentration could result. Likewise, if volume reductions are 
so successful that some stream reaches support flow only 
during large events, streams could become clogged with 
debris and sediment. 

In a complex watershed such as the HCW, where signifi-
cant fractions of the watershed have been influenced by 
agriculture for a century, urbanization for half a century, and 
ongoing development, it is difficult to predict the extent of 
stream system adaptations to previous impacts. Although in-
dications of reductions in stream health in highly urbanized 
HCW subcatchments are clear (MDNR 2006, 2010), no 
mitigation strategy yet found is likely to restore the health of 
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such streams (Booth et al. 2004). Previous studies indicate 
that it is not uncommon for streams to have adapted to ur-
banization that occurred more than 20 years ago (Finken-
bine et al. 2000; Henshaw and Booth 2000). Thus, stream 
systems of the Midwest could have adapted to agricultural 
activities that have been ongoing for the past century. In that 
case, reversion of the hydrologic regime to predevelopment 
conditions could destabilize the stream. Whether this is a 
wise strategy in contemporary watersheds is worthy of sub-
stantial investigation.

In addition, it remains unclear whether a one-size-fits-all flow 
reduction solution is possible. Some authors (e.g., Brown 
2010; McCuen and Davis 2010) have asserted recently 
that returning to predevelopment runoff conditions to meet 
TMDL objectives is not as simple as one might assume. Previ-
ous studies showed that much can be learned from replicated 
gauging sites with complementary long-term time series data 
about land use effects on the hydrologic regime (Hibbert 
1966; Stednick 1996; Hubbart et al. 2007). Therefore, 
the establishment of an urban experimental watershed like 
the HCW, which encompasses the majority of land uses, 
will help us to better understand, quantifiably, how urban 
development is changing the flow regime. 

A volume reduction target of approximately 50% was re-
cently set for the HCW in the wasteload allocation (WLA; 
MDNR 2010). The WLA runoff reduction is required to 
come from existing urban and developed areas, and the 
load allocation must come from agricultural and open areas. 
Although the extent of agricultural and open areas in the 
basin is more than twice that of urban and developed areas, 
each type of area is required to contribute approximately 
half of the total reduction. This is not an unusual approach 
in developing urban watersheds. Given this scenario, if poli-
cies disallowed increased runoff from future development, 
municipalities would need to find a way to reduce runoff 
from the existing developed area by 50% to meet the WLA. 
Therefore, to meet the TMDL requirements, the municipality 
will need to encourage landowners to retrofit existing devel-
opment to capture 50% of current runoff volumes. Notably, 
the 50% volume reduction target for the HCW was set using 
USGS data alone. The current study is collecting data at 
multiple sites simultaneously; researchers of the Interdisciplin-
ary Hydrology Laboratory (IHL) of the University of Missouri 
will use these data to validate and refine the current TMDL 
target. Published study results will be used by MDNR, Boone 
County, and the City of Columbia to revise TMDL policy. 

Current local (city and county) policies require that devel-
oped areas undergoing redevelopment must address storm-

water quality and peak flow for newly added impervious 
area plus a proportion of existing impervious area. Design 
challenges in reducing runoff include stormwater storage 
space allocations (i.e., retention facility space), conveyance 
to treatment facilities, stormwater release rates and timing, 
maintenance, and design and regulation conflict resolu-
tion. These challenges exist both for newly developed sites 
and for retrofitted sites but are intensified on retrofit projects 
where constraints are generally more stringent. The National 
Research Council (2008) recently found that redevelopment 
primarily occurs in areas that are (a) already challenged by 
medium to high levels of imperviousness, (b) space limited, 
and (c) high-value properties. These complexities drive up 
the costs of stormwater runoff mitigation. It may therefore be 
argued that holding developers in high-development areas 
to standards equal to those of greenfield (i.e., previously un-
developed) developments is a financial disincentive for rede-
velopment. Ultimately, without careful planning, stormwater 
and volume-based reduction requirements may discourage 
redevelopment in areas where it should be occurring—in 
already developed urban areas. 

Another design challenge is that not all development situa-
tions are appropriate for infiltration mitigation. For example, 
many of the soils in the HCW and in northern Missouri gen-
erally have a relatively strong shrink and swell potential, as 
shown through an analysis by the Boone County Soil Survey 
(US Department of Agriculture 1997) and the University of 
Missouri’s Center for Applied Research and Environmental 
Systems (CARES) watershed evaluation tool (CARES n.d.) for 
the HCW (HU 1030010206). These sources indicate that 
84% of the soils in the HCW are classified as moderate to 
very limited for use as building sites because of the shrink 
and swell potential. Therefore, it would be inappropriate to 
intentionally introduce water into these soils if they are serv-
ing as the base for pavement. Based on research reported 
by North Carolina State University (Hunt and Collins 2008), 
USEPA (n.d.) acknowledged the need to use an imperme-
able liner when placing permeable pavement on soils with 
shrink and swell potential. In general, soils with limited in-
filtration capacity or a need for impermeable liners could 

...much can be learned from replicated 

gauging sites with complementary long-

term time series data about land use 

effects on the hydrologic regime
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be problematic for flow reduction regulations that assume 
increased groundwater recharge with increased detention. 

Stormwater storage for later use is currently a preferred meth-
od for reducing runoff volume. Although this method can 
be effective, it presents other challenges that limit its appli-
cability to existing development. Challenges include water 
conveyance to storage and reuse areas, space allocations, 
and management of the storage volume to maximize the 
availability of useable water while ensuring that the storage 
volume is available when a storm event occurs. The chal-
lenges are often not insurmountable but, at a policy-making 
level, the realities of accomplishing significant reductions in 
stormwater volume are often overlooked. For example, to 
store the excess stormwater runoff from a water quality de-
sign storm of 3.3 cm (1.3 in) for a typical 186-m2 (2,000-ft2) 
home in central Missouri, 22 standard 55-gallon rain barrels 
would be required. A more reasonable solution might be to 
use four rain barrels, one at each corner of the house; this 
setup would allow storage of the excess runoff from a 0.94-
cm (0.37-in) storm. This is a worthwhile approach but would 
not come close to meeting a typical requirement to manage 
90% of annual runoff. Ultimately, lacking incentive, relatively 
few homeowners are likely to install four rain barrels, the 
barrels may be partially full when storm events occur, and 
the distribution systems will be far from perfect. Regardless, 
policy-makers contend that rain barrels will make a signifi-
cant contribution to achieving a volume-based TMDL. How 
this would be incentivized has not been resolved. 

Problems such as those discussed here are not isolated to the 
HCW, Missouri, or the United States; instead, they speak to 
the general potential for excessive optimism regarding the 
applicability of volume-based flow reduction among policy-
makers. Given difficulties in site assessments, development, 
and flow processes, it is conceivable that inadequately ad-
ministered TMDLs could result in as many (or more) problems 
as those that they were created to solve. This further empha-
sizes the value of properly conducted studies leading to sci-

ence-based TMDL allocations. The investment in such studies 
is easily justified by the potential to save millions of taxpayer 
dollars that might otherwise be wasted on misinformed, un-
evaluated, and thus ineffective management strategies.

Conclusions 
Watershed studies, such as the HCW, using established 
study design protocols (i.e., nested-scale design) can pro-
vide validated data on the relationships between land use, 
runoff, and water quality to lend support for volume-based 
TMDLs. Through this and similar studies, state and federal 
agencies will justify the appropriateness of applying a single 
volume criterion to an entire watershed or of setting expecta-
tions for a return to predevelopment conditions. By means 
of extensive watershed-scale studies conducted in regionally 
representative watersheds, scientists can conclusively deter-
mine the appropriateness of volume-based approaches and 
true TMDL pollutant allocations. Because many watersheds 
have been extensively altered since pre-urban settlement, 
many urban water bodies have probably experienced a shift 
in the average magnitude and frequency of high-flow events 
and pollutant flushing, possibly achieving or approaching 
new flow and transport equilibria. In watersheds the size of 
Hinkson Creek, it is imperative that a comprehensive man-
agement approach be undertaken to examine not only the 
volume of water causing impairments, but also the variable-
use landscape and the pollution load being transported. In 
the HCW, this work is timely given the legal mandate to 
provide quantifiable TMDLs in the watershed. Additional 
studies will be implemented in the HCW to investigate fu-
ture management and climate change scenarios. The study 
is encouraging cooperation, trust, and innovation among 
watershed stakeholders to reach a common goal of improv-
ing and sustaining water quality. In this manner, the HCW 
serves as a model urban watershed for similar studies. 
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Collaboration, Clean Water act Residual Designation 
authority, and Collective Permitting: a Case study  
of long Creek
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Abstract
Water quality degradation in urban watersheds is a per-
vasive problem, and many urban waterways fail to attain 
water quality standards set pursuant to the Clean Water 
Act. Finding mechanisms to close this gap has proven dif-
ficult. As traditionally implemented, none of the Clean Wa-
ter Act’s primary mechanisms for addressing urban water 
quality has offered consistent and effective solutions. This 
article discusses an innovative effort to develop an alterna-
tive approach. To address degradation of Long Creek, a 
small urban stream in southern Maine, regulators used the 
residual designation authority created by Section 402(p) 
of the Clean Water Act to substantially expand the number 
of landowners required to obtain stormwater permits. Con-
currently, regulators, local governments, local businesses, 
and other participants in a collaborative planning process 
developed a collective permitting approach, which should 
substantially reduce the economic cost of fulfilling the new 
permit obligations. The initiative holds promise as a model 
for restoration of other urban watersheds.

Introduction
According to a growing body of scientific research, urban1 
waterways are pervasively degraded (National Research 
Council 2008). Particularly in small watersheds, a conflu-
ence of stressors typically elevates pollutant concentrations, 
increases variation in flows and temperatures, changes 
stream morphology, and reduces native biodiversity—a 
combination of symptoms often referred to as urban stream 
syndrome (Walsh et al. 2005). Many of those stressors are 
ultimately traceable to the movement of stormwater across 
urban landscapes, and the development of impervious sur-
faces—roads, parking lots, and roofs, primarily—appears 
to play a particularly important role. Even sparse develop-
ment adversely affects waterways. Suburban-fringe devel-
opment densities commonly correspond with watershed 
impairment and, at higher densities, degradation is almost 

always present. Consequently, most, if not nearly all, urban 
streams have impaired water quality, and many larger wa-
ter bodies are similarly impacted (National Research Coun-
cil 2008; Center for Watershed Protection 2003).

This pervasive impairment of urban waterways creates le-
gal challenges. The Clean Water Act requires states to set 
water quality standards for all waterways, and most states’ 
standards are stringent enough to support fishing and con-
tact recreational use (Shabman et al. 2007). But few urban 
streams actually meet those standards. And while the Clean 
Water Act ostensibly requires the attainment of water qual-
ity standards, regulators and watershed groups have often 
struggled to find effective mechanisms for moving beyond 
problem identification and actually achieving watershed 
protection and restoration (Owen forthcoming).

This article discusses one innovative effort to address those 
challenges. To spur the restoration of Long Creek, a small 
urban stream in southern Maine, the Conservation Law 
Foundation (CLF), a New England–based environmental 
advocacy organization, invoked a previously obscure provi-
sion of the Clean Water Act. CLF argued, and the US Envi-
ronmental Protection Agency (USEPA) agreed, that the act’s 
residual designation authority provision requires permitting 
for any landowner with an acre or more of impervious cover 
in the watershed (CLF 2008; USEPA 2008). In response to 
CLF’s petition, regulators, local communities, and businesses 
developed a collective permitting program that should al-
low for compliance with the Clean Water Act’s requirements 
and restoration of the stream at a fraction of the cost of 
individual permits. The actual physical restoration process 
is now just beginning, but participants hope that they are 
creating a model approach to stormwater discharge permit-
ting and ultimately to urban stream restoration.

The Long Creek Process
Long Creek is a small, sandy-bottomed stream that flows 
through coastal southern Maine (Figure 1). The creek’s main-
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stem is just over 6 km long, with sev-
eral smaller tributaries. The total wa-
tershed area is approximately 9 km2 
(FB Environmental Associates 2009). 
Long Creek discharges to Clark’s 
Pond, a small impoundment, then into 
the Fore River, a tidal estuary, and 
ultimately into Casco Bay. Four cit-
ies—Portland, South Portland, Scar-
borough, and Westbrook—share the 
watershed.

Pollution Problems

Fifty years ago, the Long Creek wa-
tershed was lightly developed, and 
water quality was high enough to 
support contact recreational use. 
Longtime South Portland residents still 
recall swimming in Clarks Pond and 
fishing for trout in the stream (Owen 
forthcoming). In the late 1960s, how-
ever, a development boom began, 
and the result was the kind of com-
mercial development (residences are 
almost completely absent) that recurs across much of the 
American suburban landscape. The watershed now hosts 
many shopping centers, several office buildings, a few in-
dustrial facilities, part of an airport, and a network of road-
ways, including a portion of Interstate 95. Impervious sur-
faces now cover approximately 28% of the watershed, with 
much higher percentages in two of the lower subwatersheds 
(Figure 1; FB Environmental Associates 2009). Despite all 
of this development, no industrial effluent pipes, wastewater 
treatment plants, or combined sewer overflows can be found 
in the watershed. While portions of the upper watershed 
remain lightly developed, the watershed includes no farms. 

Studies conducted by the Maine Department of Environmen-
tal Protection (DEP; Varricchione 2002) and USEPA (2007a) 
documented nonattainment of water quality standards 
throughout much of the watershed. The studies found low-
ered dissolved oxygen levels, elevated temperatures, high 
suspended solid levels and metals concentrations, and re-
duced populations of native macroinvertebrates. Brook trout 
were entirely absent, in contrast to an adjacent, lightly de-
veloped watershed that still hosts a robust population. Both 
Maine DEP and USEPA identified the watershed’s impervi-
ous cover as a root cause of impairment. Long Creek, in 
short, was a classic example of an urban impaired stream.

Traditional Responses
For almost four decades, Americans have turned primarily 
to the Clean Water Act to restore polluted waterways. But 
for Long Creek and many streams like it, traditional methods 
of Clean Water Act implementation have provided poor 
solutions.

The Clean Water Act’s primary mechanism for addressing 
water quality problems has been the National Pollutant Dis-
charge Elimination System (NPDES), a permitting program 
that applies to point sources of pollution. For some pollutant 
sources, like wastewater treatment plant effluent or indus-
trial outfalls, the NPDES program has been quite effective. 
And, as discussed below, the program could still spur ma-
jor improvements in urban water quality. But as traditionally 
applied, the program has not been particularly effective at 
addressing urban stormwater (National Research Council 
2008; Wagner 2006).

The NPDES program’s limitations stem partly from statutory 
definitions. Some urban runoff flows overland without pass-
ing through any sort of discrete conveyance, and those 
flows therefore do not qualify as point source discharges 
and are not subject to NPDES permitting. 33 USC §§ 
1311(a), 1362(12). Additionally, under USEPA’s interpreta-
tion of 1987 amendments to the Clean Water Act, only a 

Figure 1. Map of the study area showing the acreage and percentage im-
pervious cover (IC) for each subwatershed. Reprinted with permission from FB 
Environmental Associates (2009).
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subset of urban stormwater point sources2 is covered. Indus-
trial and most municipal discharges are regulated, as are 
larger construction sites. But under USEPA’s current interpreta-
tion of the act, private, nonindustrial point sources, including 
postconstruction discharges from commercial development, 
can discharge without permits unless state or federal NPDES 
regulators affirmatively establish permitting requirements. 
33 USC § 1342(p); Conservation Law Foundation v. Han-
naford Bros. Co., 327 F. Supp. 2d 325 (D. Vt. 2004).3 
Even for the sources that are covered, permitting require-
ments typically focus on a subset of the stressors that impact 
urban waterways, with little attention to many of the stressors 
associated with impervious cover. Monitoring of compliance 
with those requirements also is uneven. Consequently, where 
development patterns are a root cause of watershed impair-
ment, the NPDES program, as traditionally implemented, 
provides only a partial remedy (Owen forthcoming). For 
the Long Creek watershed, that traditional approach held 
particularly little promise. Only a few industrial properties 
were covered by NPDES stormwater permits, and most of 
the watershed lay outside of areas covered under municipal 
permits. For NPDES purposes, the watershed was essentially 
unregulated.

The Clean Water Act also includes a backup approach. 
Section 303(d) requires states to create pollution budgets, 
or total maximum daily loads (TMDLs), for water bodies not 
expected to attain water quality standards solely through the 
application of traditional technology-based standards. For 
two reasons, however, the TMDL approach has fallen well 
short of comprehensively addressing impaired urban water-
sheds. First, writing TMDLs for urban waterways is a chal-
lenge. Section 303(d) requires states to identify a maximum 
allowable daily load of each individual pollutant affecting 
the watershed. But urban waterways like Long Creek typical-
ly are impacted by the combined effects of many stressors, 
some of which do not meet the Clean Water Act’s definition 
of pollutant. TMDLs that treat each pollutant separately, there-

fore, are difficult to write and, if completed, address only 
a subset of the sources of impairment (Owen forthcoming). 

Second, while TMDLs do provide pollution budgets, the 
Clean Water Act provides only a partial mandate and 
method for turning those budgets into controls on individual 
sources. Under both the act itself and USEPA’s implementing 
regulations, permits for sources already covered under the 
NPDES program should be consistent with TMDL require-
ments. But in urban watersheds, the sources already covered 
typically include only a small subset of the stressors, so this 
requirement alone is rarely sufficient to compel comprehen-
sive restoration efforts. States also are obligated to create 
a budget for loading from noncovered sources, but neither 
the Clean Water Act nor USEPA’s regulations provide much 
guidance on translating that overall budget into source-
specific controls. Finally, states should generate watershed 
restoration plans, but the act does not establish specific re-
quirements or guidance for the content of those plans, and 
states have no obligation to actually put them into effect.4 
As one federal court put it: “States must implement TMDLs 
only to the extent that they seek to avoid losing federal grant 
money; there is no pertinent statutory provision otherwise re-
quiring implementation of § 303 plans or providing for their 
enforcement.” Pronsolino v. Nastri, 291 F.3d 1123 (9th Cir. 
2002). Consequently, TMDLs are likely to generate actual 
water quality improvements only to the extent that states—
many of which were highly resistant to drafting TMDLs in the 
first instance—and local governments are highly motivated 
to use the TMDLs to achieve water quality improvements. As 
longtime observers of the TMDL program have noted, such 
motivation often is absent (Houck 2002).

Innovations
Because of these limitations, neither traditional NPDES per-
mitting nor traditional TMDLs offered full solutions to Long 
Creek’s problems.5 If the watershed was to be restored, 
some other mechanism was necessary. 

2  Studies sometimes refer to all urban runoff as nonpoint source pollution. Legally, this is incorrect. The Clean Water Act defines a point source to include discrete manmade conveyances, and the 

discharge pipes through which most stormwater flows clearly meet that definition. 33 USC § 1362(14).

3 If private dischargers convey their stormwater into municipal systems, the municipal permittee may impose some regulatory requirements. But municipal officials may be reluctant to pass stringent 

regulatory requirements on to private property holders (Owen forthcoming). And some privately developed areas—particularly areas with commercial development, where impervious cover may 

be abundant but the residential population is sparse—do not meet the census-based criteria for inclusion in the traditional regulatory program, even if a municipal stormwater system exists (Owen 

forthcoming). Most of the Long Creek watershed, for example, was not covered by any municipal separate storm sewer system (MS4) permit.

4 If states do want to give regulatory effect to TMDLs, a variety of mechanisms, such as watershed planning, the integration of TMDL load limits into existing permitting schemes, and the enactment of 

new legislation, are available. 

5  In fact, Maine DEP never did draft a TMDL for Long Creek. It instead took the view, which no one has yet disputed, that with detailed studies of the watershed already completed and a collaborative 

planning process underway, it had a more thorough diagnosis of the watershed’s problems and a better process for planning restoration efforts than a TMDL would provide. 



WatershedscienceBULLETIN28

aRTICle

Residual Designation Authority

In 2006, CLF activated one key legal mechanism when it in-
formed Maine DEP and the City of South Portland that it was 
considering filing a residual designation authority petition 
for the Long Creek watershed. Residual designations are 
mandated by Clean Water Act Section 402(p)(2)(E), which 
requires NPDES permitting for any stormwater discharge 
that “the Administrator or [a state with delegated NPDES 
permitting authority] determines … contributes to a violation 
of a water quality standard or is a significant contributor of 
pollutants to waters of the United States,” even if the source 
does not fall within the categories of traditionally regulated 
stormwater sources. USEPA’s implementing regulations ex-
tend this authority to categories of dischargers within specific 
geographic areas, such as watersheds. They also allow any 
interested person to petition USEPA or a state with NPDES 
authority to exercise this authority. 40 CFR §§ 122.26(a)
(9)(i)(C), 122.26(f)(2). USEPA and Maine DEP studies, CLF 
argued, demonstrated that violations of water quality stan-
dards existed in the watershed, and that landowners with 
point source stormwater discharges from impervious surfaces 
constituted the category of dischargers contributing to those 
violations (CLF 2008).

Though the Clean Water Act’s residual designation author-
ity provision had existed for two decades by the time the 
Long Creek process began, it was still quite obscure. USEPA 
and the states had hardly ever invoked it, and agency and 
academic discussions of the Clean Water Act essentially 
ignored the provision’s existence. In 2003, however, CLF 
had filed a similar petition in Vermont—the first such peti-
tion ever filed—which also focused on watersheds contain-
ing heavy commercial development. The Vermont Agency 

of Natural Resources and development interests fought the 
petition, ultimately unsuccessfully, through years of litigation. 
In re Stormwater NPDES Petition, 180 Vt. 261, 910 A.2d. 
824 (Vt. 2006). In Maine, however, USEPA and the state 
DEP decided against resistance. By the time CLF filed its 
petition addressing Long Creek, DEP and local governments 
already had begun a collaborative watershed restoration 
planning process. When CLF did file its petition, USEPA 
granted it, requiring NDPES permits from any landowner 
with over an acre (4,047 m2) of impervious cover and asso-
ciated point source stormwater discharges (USEPA 2008).6 
No one sued to challenge USEPA’s decision. Consequently, 
where previously only a few landowners were covered by 
NPDES permits, and the permits’ requirements were focused 
on only a subset of the stressors impacting Long Creek, 120 
landowners now were subject to potentially rigorous new 
permitting requirements.7

Collective Permitting

If USEPA’s residual designation had merely increased the 
number of individual NPDES permit holders in the Long 
Creek watershed, a successful cleanup process still would 
have been unlikely. In Maine, as in most other states, the 
costs of administering the existing NPDES program stretch 
administrative capacities, and assimilating 120 new permit-
tees into the program would not have been easy. Compli-
ance with individual permits would have been expensive, 
at least if the permits were sufficiently stringent to restore the 
watershed, and landowners might have fought to delay any 
regulatory requirement. The process also would have been 
hard to repeat. Even a sparsely populated state like Maine 
has dozens of impaired urban waterways, and individually 
permitting every landowner with an acre or more of impervi-
ous cover in every one of those waterways could create a 
crushing administrative burden (Owen forthcoming).

To address these problems, local government entities and 
Maine DEP obtained a grant under Section 319 of the 
Clean Water Act, and they and local businesses used the 
funding to initiate a multiyear, professionally facilitated col-
laborative watershed management planning process. That 
collaborative process generated a promising alternative per-
mitting approach. Instead of allowing only individual per-
mitting, Maine DEP has issued a collective general permit 

... under USEPA’s interpretation of  

1987 amendments to the Clean Water 

Act, only a subset of urban stormwater 

point sources is covered

6  USEPA reserved its ability to require permitting from smaller landowners.

7  The change in regulatory coverage was particularly dramatic because the Long Creek watershed was largely outside the area of any MS4 permit. But even in areas with MS4 coverage, residual 

designation authority could change the regulatory approach by creating direct state or federal regulation of private dischargers (Owen forthcoming).
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to cover a newly created entity known as the Long Creek 
Watershed Management District.8 That district will enter into 
contracts with any landowners, municipalities, and highway 
agencies that elect to participate in the implementation of 
the Long Creek Watershed Management Plan (hereinafter 
“the Plan”). Outside of the collaborative process, Maine DEP 
also created a stringent individual permitting approach that 
will require landowners not participating in the collective 
approach to meet cleanup objectives on their own—which 
may mean eliminating their discharge—and within a much 
shorter timeframe than if they participate in the collective 
process. This individual permitting backstop ensures ultimate 
compliance with the Clean Water Act and provides a pow-
erful incentive for dischargers to participate in the collective 
approach.

In several ways, that collective approach can facilitate 
a more effective restoration effort. First, one of the Plan’s 
core elements is a mechanism by which to pool restoration 
funding. Rather than separately funding work on his or her 
own property, each participant will pay annual fees to the 
management district. The fees will be proportional to the 
amount of impervious cover on the landowner’s property, 
with discounts given for stormwater control work already 
completed, and will be set at a level collectively sufficient 
to cover the overall cost of the Plan. Project participants an-
ticipate typical annual fees ranging from $2,000–$3,000 
per impervious acre (FB Environmental Associates 2009),9 
though the amounts could change if monitoring reveals that 
a different amount of work is necessary to attain water qual-
ity standards.

The Plan also creates mechanisms for working across prop-
erty boundaries. Through months of negotiations, project 
participants developed a standard contract under which 
each participating landowner will allow the district to per-
form restoration work on the landowner’s property.10 Thus, 
rather than working only on public property or on a few 
private parcels where it can negotiate access, the district 
will be able to pursue restoration efforts on any participat-

ing parcel, or on the areas—often underused—that straddle 
parcel boundaries. It therefore will be able to select projects 
primarily on the basis of financial cost and environmental 
benefit rather than feasibility of legal access.

To make those selections, environmental consultants used 
aerial photographs, storm sewer infrastructure maps, and 
field inventories to identify more than 150 potential structural 
stormwater retrofit projects. As in any watershed, some of 
these projects are likely to be more cost-effective than others 
(Figure 2). Projects that are built on underused landscape or 
setback areas or that can piggyback on existing stormwater 
infrastructure are particularly attractive, for example, as are 
projects that focus on “hot spot” areas with high levels of ve-
hicle traffic. Rather than propose projects on every regulated 
parcel, as might be required under an individual permitting 
approach, the consultants identified a subset of projects ex-
pected to have particularly attractive cost–benefit ratios. 

Figure 2. Varying cost-effectiveness of identified structural 
stormwater retrofits in the Long Creek watershed. 

The final plan selects nine highly developed, directly con-
nected impervious catchment areas to be remediated 
through a tiered adaptive management approach. The first 
two tiers of implementation include stormwater management 
retrofits with the highest anticipated cost–benefit ratios. The 
final tier, which would be implemented only after the first two 
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8 Under Maine law, the district is technically a “non-capital stock nonprofit corporation and quasi-municipal special purpose district” (Long Creek Watershed Management District 2010, Exhibit A at 

1). In lay terms, that means that it has a nonprofit corporation’s organizational structure and that it exercises governmental responsibilities delegated by the participating municipalities. Much of the 

planning process was devoted to defining this organization’s responsibilities and to creating the contracts and other legal instruments that would allow it to function.

9 This funding mechanism is somewhat analogous to that employed by a stormwater utility, which typically charges all served properties a fee and uses the revenue to fund stormwater management 

work. But there are important differences. A detailed discussion is beyond the scope of this article but, in short, the contractual/permitting approach used in Long Creek allows enforcement under 

contract law or under the Clean Water Act itself, creates broader access to private properties, and focuses the financial burdens on a subset of property owners.

10  The agreement is available at http://www.restorelongcreek.org/docs/landowner_agreement/pla_final.pdf.
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tiers are completed and only if monitoring reveals that the 
stream still does not meet water quality standards, includes 
projects for which cost–benefit ratios are less promising. In 
total, participants anticipate retrofitting roughly 150 acres 
of impervious cover over the next ten years and will devote 
most of the project funds to these efforts (FB Environmental 
Associates 2009).

In addition to structural restoration measures, project partici-
pants also will implement pollution prevention, monitoring, 
planning and policy, and streamside habitat restoration ac-
tions. Here as well, the collective approach creates benefits. 
Some control measures, like pavement sweeping and other 
pollution prevention operations efforts, are much more cost-
effective if coordinated across multiple properties. Other key 
measures, like riparian habitat restoration, probably could 
not be compelled under a traditional regulatory approach, 
and even if compelled could be difficult to coordinate across 
property boundaries. Because it allows managers greater 
flexibility in selecting monitoring points, the coordinated 
monitoring program should produce more meaningful data 
at lower cost than a property-by-property approach. Finally, 
the planning and policy initiatives should facilitate com-
munication and innovation. Participants already anticipate 
creating technical subcommittees for Plan implementation 
elements ranging from targeted commercial landscaper out-
reach to winter deicer workgroups. 

The collective effect of these measures should be to produce 
better environmental outcomes than a traditional individual 
permitting approach, and to do so at lower cost. Though 
subject to some uncertainty, the differences are potentially 
dramatic. According to preliminary estimates prepared by 
one of us (C.B.), the overall cost of a collective approach 
should be at least 60% less than the cost of an approach 
based solely on individual permitting.

Collective permitting also improves some of the institutional 
dynamics of watershed restoration. Normally, one might 
expect landowners to actively resist any expansion in the 
NPDES program. But by presenting landowners with the 
possibility of a cost-effective alternative permitting approach, 
the Long Creek process participants defused some of the 
potential opposition to USEPA’s designation and created an 
incentive for landowners to help the process succeed. Many 
businesses responded strongly to that incentive, and so far 
none has sought to undermine the process (Owen forthcom-
ing). Commentators often lament the barriers created by 
common mismatches between watershed boundaries and 
political and jurisdictional lines (e.g., Arnold 2006). But 

by creating a new authority whose jurisdiction corresponds 
to the geographic extent of the watershed, the collective 
approach facilitates cooperation across those lines. Com-
mentators also commonly stress the importance of adaptive 
management to watershed restoration, but adapting is hard 
when monitoring data are sparsely available and any shift 
requires amending dozens of individual permits. A collective 
approach cannot make adaptive management easy, but by 
creating a coordinated monitoring program and empower-
ing a centralized entity to set, and shift, priorities, it can 
make adaptation somewhat less difficult. 

Collective permitting thus serves as a way to coordinate 
and make feasible the permitting expansion necessitated 
by residual designation authority. But the relationship also 
is reciprocal: residual designation authority helps collective 
permitting actually produce environmental results. For years, 
USEPA has advocated watershed-based permitting, an ap-
proach designed to address all of the key environmental 
stressors within a watershed, prioritize the highest-value proj-
ects, and use innovative funding mechanisms to equitably 
defray the costs of the work (e.g., USEPA 2007b). But for 
watershed-based permitting to succeed, the property own-
ers who control pollution sources need some incentive to 
participate. Under traditional permitting approaches, only 
a few properties have NPDES obligations, and USEPA and 
the states can either use financial carrots—which may not 
be sufficiently available—to buy widespread participation, 
or can simply focus all regulatory attention on a narrow sub-
set of sources. Residual designation authority supplements 
financial carrots with a permitting stick, and thus can help 
create more comprehensive and equitable watershed-based 
restoration programs.

Beyond Long Creek
The Long Creek process is still unfolding and, because of 
the inherent uncertainties of urban watershed restoration, it 
still is too early to guarantee that a promising project design 
will actually translate into improved environmental condi-
tions. But even at this early stage, the process offers several 
lessons, each with applicability to watersheds across the 
country.

Perhaps the most striking feature of the Long Creek process 
is its potential replicability. The Long Creek watershed is not 
unique; similar development patterns recur across the coun-
try. Further, watershed scientists have concluded that many 
urban watersheds have impaired water quality and simi-
lar mechanisms of impairment (National Research Council 
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2008; Center for Watershed Protection 2003). The Clean 
Water Act is a federal law. With some documentation spe-
cific to local conditions11—documentation that could come 
from TMDLs, which states already are obliged to prepare 
for every impaired waterway—similar residual designation 
authority petitions therefore could spur watershed protection 
across much of the nation (Owen forthcoming). And through 
local initiative and, perhaps, some borrowing from the Long 
Creek model, other watersheds could generate similar collec-
tive permitting processes that focus on the implementation of 
community-generated improvement plans. These processes 
would not be cheap; if done well, collaboration takes time 
and money, and even with the efficiencies and economies 
of scale generated by the collective permitting approach, 
the first prioritized actions of the Long Creek cleanup still 
will cost an estimated $14 million (FB Environmental Associ-
ates 2009). But they could help address urban water quality 
problems that often have proven difficult to resolve.

Those costs highlight another question raised by the Long 
Creek process. Is such an intense focus on heavily impaired 
urban watersheds appropriate? According to existing law, 
the answer is clearly yes; the relevant provisions of the Clean 
Water Act function primarily in reaction to, rather than in 
anticipation of, water quality problems, and therefore apply 
with greatest force where watershed problems are at their 
worst (Owen forthcoming). But preventing the degradation 
of a relatively healthy waterway, or even restoring one that 
is impaired but not heavily degraded, is usually much less 
expensive than attempting to restore a heavily urbanized 
stream. Many of the most common techniques for protecting 
developing watersheds—emphasizing the conservation of 
lands, the use of low-impact design, and promoting cluster 
or infill development, for example—can actually raise prop-
erty values, improve community cohesion and aesthetics, 
and reduce some of the other adverse environmental and 
financial impacts associated with urban sprawl (Schueler 
2000). Much of the recent literature on watershed protec-
tion therefore suggests that attempts at full restoration of ur-
ban watersheds like Long Creek, while laudable, involve 
suboptimal allocations of resources, and that more environ-
mental good could be accomplished by shifting effort to 
watersheds at the suburban fringe and by reforming regula-
tory policies to facilitate that reallocation of priorities (Center 

for Watershed Protection 2003; Schueler 2008; National 
Research Council 2008).

The cost of restoring Long Creek highlights the basis for those 
concerns, but the Long Creek process also suggests several 
reasons why focusing on highly urbanized streams may still 
be appropriate. First, because urban streams are typically 
in or adjacent to densely populated areas, many people 
can benefit from the restoration. Along Long Creek, for ex-
ample, a local land trust already has begun developing a 
network of walking trails, and while few people live in the 
watershed, the thousands who work there or live nearby 
could take advantage of those conveniently available recre-
ational opportunities (T. Blake, mayor, City of Portland, ME, 
personal communication). Second, because of the density 
of development and proximity to residential areas and road 
systems, property in the Long Creek watershed is economi-
cally valuable; that value, along with the large number of 
landowners in this urban area, create a much larger pool of 
potential restoration funders than would exist in a sparsely 
developed area. Third, and perhaps most importantly, some 
preliminary evidence suggests that, rather than diverting ef-
fort from the protection of less-impacted streams, the Long 
Creek process will actually motivate proactive protections. 
The process—particularly the emergence of residual des-
ignation authority as a legal lever—has signaled to other 
communities that an impacted urban stream is a potential 
legal problem and financial liability. Those signals already 
have inspired a few communities to take preliminary steps to 
protect other watersheds (Owen forthcoming).

Conclusion
The combination of residual designation authority and col-
lective permitting may not be an optimal response for every 
impaired urban waterway. Heavily residential watersheds, 
for example, may require different sets of responses. But 
across the nation, many watersheds have development pat-
terns and water quality impairment similar to those of Long 
Creek; therefore, many elements of the Long Creek process 
could be imitated elsewhere. That process provides a prom-
ising example of a way to engage a broad group of stake-
holders, combine legal incentives and local initiative, and 
cost-effectively restore an impaired urban stream.

 11  Here, despite their inherent limitations, TMDLs could still play an important role. TMDLs are mandatory for impaired watersheds and, while most TMDLs do not delineate clear paths to watershed 

restoration, they should at least diagnose some of the waterway’s problems. That diagnosis then could provide a basis for a residual designation (Owen forthcoming).
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Summary
Up River: A Novel of Attempted Res-
toration tells the story of one person’s 
attempt to restore a river in a rural set-
ting. The story begins just after Peter 
Bailey is hired by a Washington, DC, 
environmental group, The Global Alli-
ance for River Defense, to restore the 
Akwanee River in southern Appalachia. 
Peter grew up in Charleston, SC, and 
has just finished working on a political 
campaign in Greensboro, NC, so he 
seems to be a perfect fit for this southern 
restoration project. A successful restora-
tion means that Peter needs to be quick 
on his feet to maneuver the small town 
politics and win people over—one per-
son at a time. 

When Peter arrives in a close-knit farm-
ing community he is seen as “an out-

sider” and struggles to figure out not 
only what to do first but also how to 
get people motivated. Peter meets the 
usual rural environmental stakeholders: 
the farmers, the naturalists, the local en-
vironmental activist group, the skeptics, 
the loons, the indifferent individuals, 
and the people who are listening and 
concerned but are waiting for a reason 
to join the effort. His employer’s tenden-
cy to flex its DC legal muscles becomes 
a liability, thwarting Peter’s efforts as he 
struggles to build trust and make a dif-
ference for the river and its resources.

As a first step, Peter purchases a “no-till 
drill” that the farmers share to till cover 
crops and reduce stream sediment and 
pollutant loading. Then he moves to 
smaller efforts, such as river trash pick-
ups, a school tree planting project, and 

efforts to fence cows out of the river. 
Finally, he links up with two local re-
searchers to protect brook trout. This is 
a journey to bring a community together 
around the river as a natural resource 
centerpiece.

Review

The book will be useful as a way to 
introduce undergraduates to an environ-
mental restoration project with expect-
ed and unexpected outside influences. 
The story gives a land steward’s inside 
perspective and shows how important it 
is to identify and frame an objective to 
the community. However, the underde-
veloped and unnecessary subplots can 
be distracting to seasoned practitioners 
working in the midst of these environ-
mental struggles daily. 

Up River: A Novel of Attempted Restoration, by George Ivey. 
Indianapolis, IN: Dog Ear Publishing, 2009. Print (Fiction)

Reviewed by Sadie Drescher, Center for Watershed Protection
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Tetra Tech is leading the way to 
sustainable watershed management
Managing our waters effectively is both a science and an art. At Tetra Tech, 
Inc., we work hard at both. Tetra Tech provides integrated services across all 
three phases of watershed management. 

Characterization—Tetra Tech conducts field monitoring and 
assessment and has the technical expertise to use the collected 
data for both simple and complex GIS and data analysis/
modeling efforts.

Planning—Tetra Tech works closely with watershed plan 
proponents and other stakeholders to develop effective, integrated 
watershed plans with solutions that consider water quality, 
wastewater, drinking water, stormwater, and restoration needs. 

Implementation—Tetra Tech knows that implementation 
is key to the success of any watershed plan. Tetra Tech 
supports implementation through BMP design & construction, 
development of technical manuals, ordinances, time-saving 
software tools, operating protocols, and training/outreach to 
promote BMP adoption. 

Contact: Trevor Clements, Director, Watershed Management Services, 
 919.485.8278 x100; trevor.clements@tetratech.com

www.tetratech.com

aWsPs Photolog Contest Winner

The Association of Watershed and Stormwater Professionals (AWSPs) sponsored a photolog contest as a way to feature the watersheds in which we live, work, and play. 
Semifinalists were selected by the Center for Watershed Protection, Inc. and were featured on the AWSPs website (www.awsps.org). AWSPs members then had the opportunity 
to vote on the winning photo. AWSPs is now accepting entries for the next photolog contest. The winning photo will be featured in the Spring 2011 issue of the Watershed 
Science Bulletin. Deadline for submissions is November 1, 2010. For additional information and to submit your entry, please visit www.awsps.org. 

And the winner is....
By popular vote, Bill Bonner is the winner of the photolog contest for his 
photo of Palouse Falls in Washington State. Palouse Falls is hidden in a 
very secluded canyon in the southeastern corner of Washington State. 
The canyon itself is an amazing site to see, but the falls showcase the 
monstrous power of water. The approximately 180-foot drop can vary 
by as much as 12 feet as the elevation of the plunge pools rises or falls 
with variations in flow. In 2009, the highest flow reading was 8,300 
cubic feet per second. Palouse River terminates four miles downstream, 
where its waters are received by the Snake River; ultimately, it pushes 
its way to the Columbia River and the Pacific. 

The majority of the runoff received by the river consists of the region’s 
fertile soils. Agriculture dominates the region and, in turn, increases the watershed’s sediment loading. The fertilizers and pesticides in the agricultural runoff also introduce 
nitrates and other chemicals to the system, further diminishing the river’s water quality. In recent years, local extension specialists, conservation professionals and advocates 
have promoted soil conservation methods, such as no-till farming and crop rotation. Local, state, and federal agencies will continue these efforts by sponsoring critical outreach 
and education programs focusing on how we can all get involved to keep our waters clean.

K I N G F I S H E R  S P O N S O R
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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
treatment technologies;
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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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Abstract
Sediment is a common pollutant across the United States, 
and determinations of total maximum daily loads (TMDLs) 
for sediment are under development through enforcement of 
the Clean Water Act. In the Lake Tahoe basin, developing 
a TMDL for fine sediment particles (FSPs; <16 mm) is espe-
cially important as a part of efforts to improve declining lake 
clarity as well as to protect and restore other beneficial uses. 
Local regulatory agencies are crafting guidelines directed at 
the determination of implementable strategies that actually 
achieve measurable sediment load reductions. Concurrently, 
adaptive management (AM) in various forms is being pro-
posed as a potential approach to achieving TMDLs or suc-
cess in other projects having environmental impacts. Here, 
we describe an application of the AM process to the de-
termination of daily sediment and FSP loads from an urban 
redevelopment project and a watershed restoration project 
currently underway in the Tahoe basin. Measured upland 
soil treatment effectiveness and measured urban stormwa-
ter quality information is used in relatively simple distributed 
models of runoff and sediment delivery from the two sites. 
Briefly, we demonstrate how monitoring can provide a criti-
cal, potentially overlooked linkage between predicted and 
measured sediment loads and how AM can be used to re-
fine sediment reduction strategies to meet TMDL targets.

Introduction
Section 303(d) of the Clean Water Act requires states to es-
tablish total maximum daily loads (TMDLs) for impaired wa-
ters in an effort to restore and maintain their chemical, physi-
cal, biological, and aesthetic integrity. Perhaps the two most 
challenging dimensions of the TMDL process are (a) the es-
tablishment of scientifically credible water quality standards 
necessary to protect beneficial uses, fisheries, and riparian 
habitat and (b) the development of proven stormwater best 
management practices (BMPs) that achieve the load reduc-
tions deemed necessary to meet the targeted water qual-
ity goals. Herein, we focus on the latter challenge applied 
to the Lake Tahoe basin, where an effort is underway to 
develop a TMDL crediting and tracking program designed 

to assist implementers in achieving the sediment and fine 
sediment particle (FSP; < 16 mm) load reductions desired 
to restore the famed clarity of Lake Tahoe. FSPs in the Lake 
Tahoe basin are of particular concern because of their light-
scattering effects while in suspension and their propensity to 
transport nutrients (e.g., total phosphorus). 

TMDL implementation programs vary widely, but because 
of hydrologic variability and system complexity, hydrologic 
models are often used to predict possible load reductions 
associated with the different load reduction methods de-
ployed. However, after the generation of model predictions 
and project implementation, robust follow-up monitoring to 
evaluate project effectiveness—or whether anticipated load 
reductions were actually achieved—may be lacking. With-
out such monitoring, TMDL credits granted for the project 
cannot be verified.

Every TMDL program is faced with the task of linking the per-
formance of site-specific stormwater BMPs and erosion con-
trol BMPs (e.g., straw sediment basins or vaults, disturbed 
soils restoration, or bioswales) to local site- or watershed-
scale daily load reductions such that regulatory agencies 
can apply the proper TMDL credits. For sediment or FSP 
TMDLs, this is especially difficult since the quantitative fac-
tors controlling soil erosion and hydrologic processes—as 
well as changes associated with treatment efforts necessary 
for the credible prediction of streamflows and loads—may 
be unavailable, or inadequately quantified. Because urban 
stormwater is more readily collected and likely represents 
one of the greatest opportunities to resolve the lake clar-
ity problem, Nevada Division of Environmental Protection 
(NDEP) and the Lahontan Regional Water Quality Control 
Board (Lahontan Board) developed the Lake Clarity Credit-
ing program. One core piece of this program is the Pollutant 
Load Reduction Model that can be used to estimate average 
annual decreased sediment loads associated with various 
BMPs deployed by local entities to obtain “clarity credits” to-
wards meeting TMDL goals. Several rapid assessment tools 
have been developed to annually assess the condition of 
specific treatment BMPs as a proxy for BMP performance 
or load reduction effectiveness. These annual condition as-
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sessments for specific BMPs determine the number of clar-
ity credits awarded for a project each year. Many explicit 
assumptions built into the Lake Clarity Crediting Program 
provide opportunities for hypothesis testing and the use of 
applied adaptive management (AM) in the TMDL program. 

While we have measured soil restoration or treatment effec-
tiveness at the plot (1 m2) and, to a lesser extent, hillslope (1 
ha) scales in the Tahoe basin, these results are difficult to link 
directly to watershed-scale sed-
iment-loading response without 
appropriate scaling (Grismer et 
al. 2008; Grismer, forthcoming 
[a]). Moreover, changes in dai-
ly loads are very difficult to attri-
bute to specific land use condi-
tions or treatment actions across 
the watershed because treated 
areas are often small relative to 
the overall watershed, and in-
stream channel sediment trans-
port variability can be large. 
Similarly, in urban settings, re-
searchers often do not evaluate 
the performance of stormwater 
treatment trains (i.e., the use of 
BMPs in series) in terms of actu-
al daily or annual sediment load 
reductions following implemen-
tation. In both cases, modeling 
efforts are required to organize 
the information, predict future 
performance (load reductions), 
and form testable hypotheses 
after project implementation. 
In practice, however, research-
ers often do not verify some of the model’s critical assump-
tions and/or hydrologic and erosion factors with direct field 
measurements. 

Nowhere is this observation truer than at Lake Tahoe, a sub-
alpine lake whose basin straddles the border of California 
and Nevada in the Sierra Nevada. The lake is losing its 
famed clarity because of excess FSP and nutrient loading. 
Based on modeled estimates of historic lake loading rates, 
the NDEP and Lahontan Board have indicated that a 65% 
decrease in FSP loads will be needed to restore lake clarity 
(California Water Boards and Nevada Division of Environ-
mental Protection, 2008). The Lake Tahoe TMDL program 
has also set an interim (20-year) transparency goal that will 

require a 32% reduction in FSP loads (California Water 
Boards and Nevada Division of Environmental Protection, 
2010). We are in the process of evaluating critical assump-
tions about the sources and magnitudes of FSP loads and the 
load reduction effectiveness of various treatment approaches 
in the current TMDL program. 

AM represents a promising framework for testing modeling 
assumptions and BMP effectiveness, addressing information 

gaps, and supporting ef-
fective TMDL implemen-
tation in conditions of 
substantial uncertainty, 
while simultaneously im-
plementing these strate-
gies to begin load reduc-
tions. The use of AM as 
a resource management 
technique began in the 
1970s (Holling 1978), 
with various definitions 
evolving in the literature 
(e.g., Walters 1986; 
Parma et al. 1998; Shea 
et al. 1998; Callicott et 
al. 1999). Perhaps one 
of the most notable ap-
plications of AM was 
related to the successful 
maintenance of fisher-
ies stocks in the Pacific 
Northwest (Gunderson, 
1999).

Though definitions vary, 
the basic AM concepts 
remain simple and ap-

pealing (see Figure 1). AM begins with a clarification of 
goals and objectives, followed by the incorporation of all 
stakeholder and other available knowledge as well as the 
identification of knowledge gaps. Recognizing the informa-
tion shortcomings, AM suggests the development of a proj-
ect plan that includes monitoring designed to advance the 
information needed both to improve future modeling and 
implementation and to determine the relative success of the 
current implementation. Project goals and objectives (e.g., 
TMDL targets or fish stock quantities) are translated into 
measurable success criteria, which serve as triggers for pos-
sible corrective management actions (determined a priori) 
or project reevaluation. Success criteria and management 

Figure 1. Illustration of the AM cycle as it may be applied 
to TMDL projects.
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responses are viewed not only as a means to achieve the ini-
tial objectives, but also as a process for learning more about 
the system(s) being managed and thereby improving future 
treatment efforts. Monitoring and development of applicable 
(quantitative) knowledge is included in project costs and is 
an inherent objective and foundational element of AM (Elz-
inga et al. 1998). In other words, the AM process repre-
sents a paradigm shift toward hypothesis-driven approaches 
in which initial outcomes affect future management actions 
and away from those that limit future inquiry by deploying 
unverified “solutions” on the basis of an assumed outcome.

To address the challenges inherent to both the determination 
and the implementation of sediment TMDLs, we advocate 
use of the AM model (see Hogan and Drake 2009, for 
sediment source control) for developing and evaluating load 
reduction methods at the project scale in the Tahoe basin. 
Herein, we follow the AM approach in describing two case 
studies, reflecting restoration projects currently underway, to 
discuss how monitoring can be used to help set TMDLs, 
evaluate relative success in achieving load reductions, and 
provide information that can guide the improvement of sedi-
ment reduction strategies and hydrologic model predictions.

Adaptive Management Case Studies: 
Modeling Approach and Linkage to 
Future Monitoring
Our objectives in this section are to: (a) demonstrate the use 
of a modeling approach that is based on several years of 
data collection to predict daily sediment loads and possible 
reductions from the Boulder Bay (BB) urban redevelopment 
area on Lake Tahoe’s north shore and the Homewood Creek 
(HMR) watershed on the lake’s west shore and (b) illustrate 
how AM can be applied on a site or program scale to 
measure, track, and support more effective implementation 
of sediment TMDLs. We will incorporate the modeling results 
from both projects into a field-based assessment whereby 
predictions are treated as hypotheses as well as targets for 
performance monitoring.

Part of the basic information needs in the AM process is the 
determination of existing and proposed land use type areas 
and related hydrologic conditions necessary for modeling. 
By way of example, Tables 1 and 2 summarize the pertinent 
land use information for the BB and HMR project areas, 
respectively. The largely forested HMR project involves the 
restoration of dirt roads and degraded ski runs, while the 
BB project involves the redevelopment and restoration of a 
combined impervious and degraded building site to be con-
verted into a park area. 

Table 1. Boulder Bay project area land uses (6.58 ha total 
on granitic soils)

LSPC Land Use Area (m2) Percentage of Project

Utility—Pervious 3,948 6.0

Utility— Impervious 30,270 46.0

Roads—Paved 9,344 14.2

Park 22,259 33.8

Note: LSPC, Loading Simulation Program in C++.

Table 2. Homewood Creek watershed characteristics and 
land uses (260.9 ha total, 89% volcanic soils).

Land Use Category Area (m2) Percentage of 
Basin

Slope 
(%)

Utility—Pervious 7,082 

0.45

10.6

Utility—Impervious 4,768 17.9

Paved Roads 15,013 0.57 18.5

Dirt Roads 84,497 3.24 49.3

Ski Areas 439,173 21.2 49.6

Forests 19,130,000 73.3 47.3

Residential Areas 31,451 1.21 14.0

The modeling of watershed or stormwater runoff processes 
facilitates the organization of quantitative knowledge, the 
ready identification of information shortcomings, and the de-
velopment of testable predictions. As suggested by Merritt 
et al. (2003), to inform land management decisions based 
on load (sediment and nutrient) allocations for the HMR wa-
tershed case study, we employed the US Environmental Pro-
tection Agency (USEPA) semi-distributed watershed model, 
Loading Simulation Program in C++ (LSPC; California Wa-
ter Boards and Nevada Division of Environmental Protection 
2008). Using annualized averaging from the 1994–2005 
water year (WY) period, we first used LSPC to estimate ap-
propriate TMDLs for each of the 182 catchments composing 
the Lake Tahoe basin. With precipitation (rain or snow) as 
the input driver and land use, soils, slope, and drainage 
channel network as the playing field, the model explicitly 
integrates the simulation of land and soil contaminant runoff 
with instream processes. That is, from the perspective of land 
allocation of sediment and nutrient loading, LSPC enables 
the linkage of instream water quality directly to point and 
nonpoint source loads. 
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We applied the LSPC model on a daily (rather than an-
nualized) basis to determine the daily sediment loads for 
HMR based on the different land uses and associated runoff-
dependent, upscaled sediment yield functions. These func-
tions relate sediment load per unit runoff to soil type, slope, 
and FSP fraction at the 1-m2 scale; we determined them 
from adaptively managed field rainfall simulation (RS) tests 
of progressively modified soil restoration strategies (Grismer 
and Hogan 2004, 2005a, 2005b; Grismer et al. 2008, 
2009) across the basin. Use of the sediment yield functions 
reduced parameterization concerns because a daily time-
step is deployed, upscaling factors were small, and plot-
wise variability is averaged across the hillslope to watershed 
scales (Grismer, forthcoming [a]). For example, in the HMR 
watershed, the upscaling multiplier for 1 mm of runoff is 
0.1917, indicating that RS plot-scale loads were approxi-
mately five times that needed to represent the watershed 
sediment loading. 

A similar, though simpler, approach was used to model daily 
runoff and sediment loads from BB. For BB, the site drainage 
design routes all stormwater runoff after filling limited storage 
in low-impact development (LID) approaches, such as green 
roof and pervious pavement technologies, into tanks, infiltra-
tion galleries, and detention basins. In this case, the best 
available land use–dependent sediment yield information 
was determined from a recent stormwater runoff monitoring 
study (Heyvaert et al. 2008) at the existing site; we then 
used this information for the proposed BB project area. 

Modeling uncertainties in both cases reflected a lack of 
field-derived knowledge of the actual performance of the 
various BMP, LID, or soil restoration strategies at the site or 
watershed scales. At HMR, uncertainty remains about the 
upscaling factors estimated from modeling comparisons with 
streamflow and loading data; these factors require further 
verification, which is currently underway. Similarly, at the 
BB site, factors that remain uncertain include the actual post-
project BMP, LID, and soil restoration sediment yields as well 
as the performance parameters of the tanks, detention ba-
sins, and infiltration galleries with respect to sediment and 
FSP removal at the site scale.

AM Hypothesis Testing
Our approach to evaluating the successful achievement of 
TMDL targets (e.g., the overall 65% FSP load reduction at 
Tahoe) involves a determination of daily accumulated sedi-
ment loads from dry and wet year hydrology under existing 
and proposed project conditions followed by a reanalysis of 
this loading after project implementation (e.g., soil restora-

tion and/or the installation of stormwater BMPs) and subse-
quent comparison. Though the original system designs were 
based in part on standard engineering design storms, the 
use of actual precipitation data to determine sediment loads 
enables (a) the incorporation of changing soil moisture con-
ditions resulting from successive storms rather than a simple 
evaluation of possible loads from a single design storm, (b) 
load determination for actual runoff events that are likely to 
recur such that post-implementation performance can be 
evaluated, and (c) the determination of accumulated annual 
loading for the watershed or project area such that targeted 
reductions can be identified or determined for downstream 
water bodies. 

With the pre-project predicted and post-project measured 
accumulated load comparisons, we will test several hypoth-
eses of concern to TMDL crediting; the specific hypotheses 
to be tested will continue to evolve as outlet (HMR, or BB site 
drainage culverts) monitoring data are developed. Possible 
hypotheses to be tested include the following:

• How critical is antecedent moisture (soil or rain) toward 
the evaluation of infiltration-type stormwater treatment 
performance?

• Must a minimum antecedent moisture threshold be ex-
ceeded prior to sediment discharge from infiltration-type 
systems?

• Are sediment and FSP removal rates in all systems rain 
intensity–dependent? 

• Does upslope soil restoration actually increase site- or wa-
tershed-scale infiltration capacity and FSP capture while 
decreasing sediment yields from treated areas? 

We underscore that the paradigm shift toward inquiry in 
the AM process is somewhat similar to the design, build, 
and testing process common to engineering practice. For 
stormwater runoff, real reductions in sediment, FSP, or nutri-
ent loads from either the urban or forested land uses rely on 
a reduction in surface runoff (infiltration or capture), a reduc-
tion in sediment or nutrient yields per unit of runoff (soil res-
toration or stormwater treatment), or a combination thereof. 

Treating model predictions as hypotheses 

to be tested is a critical step toward 

developing an accurate understanding  

of actual treatment outcome
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In both case studies here, we consider daily loading results 
in the context of accumulated sediment load (kg) for an ex-
ample wet (1995 WY) and dry water year (1994 WY) 
to illustrate how the AM approach can be used both to 
refine project design and to inform future monitoring results. 
Considering pre- and post-project sediment loads first for 
the BB site, Figure 2 illustrates the accumulated sediment 
loads determined for pre-project installation of 20-year de-
sign storm BMPs only and proposed project conditions dur-
ing the 1994 and 1995 (dry and wet, respectively) water 
years. Based on very limited stormwater sampling, we an-
ticipate that the FSP fraction of the sediment load will be 
about 90% of the total sediment load from this urban set-
ting. Note that in Figure 2(a), the predicted sediment load 
from the proposed project during the dry water year is zero 
with only two events leading to sediment discharge from the 
minimum 20-year design BMPs, but considerable sediment 
loads from the site under current conditions are predicted. 
In Figure 2(b), sediment loads from current conditions are 
not shown as they are only slightly greater than that from the 
20-year BMP design (13,300 vs. 10,060 kg/year) and far 
greater than the predicted project load of 2,610 kg/year. 
Overall, model predictions suggest that proposed project 
storage will be capable of containing all stormwater during 
low-precipitation years, and that from all but six storm events 
during a very wet water year. Such a conclusion will be test-
ed with post-project monitoring and, if it is not achieved, ad-
ditional treatments or BMPs will be installed to ensure that no 
discharge occurs during similar dry water years. In contrast, 
considerable sediment loading occurs under current condi-
tions in dry and wet water years but could be contained by 
the 20-year BMP design in dry years and only partially con-
tained during a very wet water year. Thus, regulators and 
project designers should then convene to determine whether 
such a “20-year” design capacity is adequate for project 
implementation, TMDL targets, and sufficient TMDL credits to 
proceed with project permitting.

For the HMR watershed, we developed sediment load 
graphs similar to those outlined here for the BB site (not 
shown). In the HMR example, we considered levels of sus-
tained restoration efforts for the more disturbed, erodible 
land uses (e.g., dirt roads and ski runs) such that watershed 
soil functionality was improved. The RS test plot data used to 
develop the plot-scale sediment yield functions indicated that 
the FSP fraction of the sediment loads from the slightly dis-
turbed soils of HMR are expected to range from 40% to 55% 
of the total compared to 90% from urban areas. However 
in this case, hydrologic variability casts hypothesis testing in 
terms of confidence levels (single-tailed t-distribution tests) by 

which streamflow and load measurements can indicate suc-
cessful improvements in soil functionality that were registered 
at the watershed scale (Grismer, forthcoming [b]). At this 
point, we are measuring HMR flows and sediment concen-
trations during the spring snowmelt periods in 2009 and 
2010, following partial watershed restoration in 2008 and 
2009, as a means of determining soil restoration impacts 
at the watershed scale prior to full project implementation.

Importance of Monitoring and Results 
Assessment to the AM Process
As described above, the AM process requires project perfor-
mance monitoring after installation to test hypotheses and im-
prove model parameters and, we hope, future implementa-
tions. In the case of Lake Tahoe, monitoring costs are largely 
shouldered by the developer as they are built into the permit 
process. Using the data in Figure 2, regulators can advise 
the redevelopment project as to the design level sufficient to 
meet TMDL goals. Moreover, if pre-project TMDL crediting 
for the achievement of load reductions is considered part 
of project implementation, monitoring should be required to 
verify model-predicted loads as well as possible redesign 
and implementation to ensure the attainment of prescribed 
load reductions. Similarly, in the HMR watershed, though 
complicated by hydrologic variability, substantial dirt road 
restoration (50% by area, or 1.6% of the HMR catchment) 
results in model-predicted reductions of mean daily sediment 
loads by 12–30 kg for average daily flows of 99–804 L/
second (3.5–28.4 ft3/second) in the 1994–2005 water 
years. Such reductions require further verification with moni-
toring data that are currently being collected. Other mod-
el results suggest that monitoring for specific time periods 
(spring snowmelt) and flowrates may enable the detection of 

For stormwater runoff, real reductions 

in sediment, FSP, or nutrient loads from 

either the urban or forested land uses 

rely on a reduction in surface runoff 

(infiltration or capture), a reduction in 

sediment or nutrient yields per unit of 

runoff (soil restoration or stormwater 

treatment), or a combination thereof.
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load reductions associated with restoration in less than five 
years (Grismer, forthcoming [b]). At this time, proponents of 
both project (and local government entities, such as counties 
installing new stormwater treatment or BMP projects) will be 
committed to monitoring for several years so as to be able 
to include dry and wet year effects on system performance. 
Such monitoring information is necessary to (a) allow ap-
propriate project crediting by the Tahoe Regional Planning 
Agency, the bi-state regulatory agency charged with TMDL 
implementation for the Lake Tahoe basin; (b) determine 
whether such predicted load reductions are even possible; 
and (c) improve the knowledge base needed for the site or 

watershed modeling required to estimate loads under the 
range of conditions found across the basin.

Closure
To effectively implement and accurately assess the progress 
and outcomes of TMDL efforts, we suggest that it is neces-
sary to base initial modeling efforts on directly measured 
runoff, water quality, and climate data and to link modeling 
assumptions to a clearly articulated AM implementation pro-
cess supported by this quantitative performance monitoring. 
Treating model predictions as hypotheses to be tested is a 

Figure 2. Predicted accumulated 
sediment loads from the Boulder Bay 
site under pre-project and 20-year 
BMP design (flow/load is zero 
under project design) in 1994 WY 
(a) and under 20-year BMP and 
project conditions in 1995 WY (b). 
TC, Tahoe City. 
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critical step toward developing an accurate understanding 
of actual treatment outcomes. 

We have attempted to show how an AM approach and 
post-project performance monitoring can be used to assess 
actual project outcomes and refine treatment strategies. Em-
ploying such an approach provides a real-time feedback 
loop that will enable land managers, regulatory personnel, 
and other stakeholders to develop an increasing understand-
ing of sediment and FSP reduction strategies related to TMDL 
crediting in the Tahoe basin. We suggest that the most cost-

effective approach to TMDL implementation is based on the 
development of an accurate understanding of treatment and 
BMP effectiveness through field measurements at the project 
scale, rather than a reliance solely on modeled predictions. 
Those field measurements should be used to further calibrate 
and/or parameterize the models employed so that their pre-
dictive power is increased and load reduction technologies 
improved. This monitoring effort is included as part of the 
project permitting process to ensure that future monitoring 
costs are considered in the initial planning.
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Monroe County, new York, field Tests 
the Watershed Treatment Model 2010 beta edition
Paula Smith,a Andy Sansone,b* and Deb Caracoc

The Center for Watershed Protection is continually seeking to test new tools or new applications of tools and incorporate 
them into our watershed analysis and planning process. We also encourage partner organizations and communities to 
test the tools that we develop. In this issue of the Bulletin, our first brave volunteers, Andy Sansone and Paula Smith of the 
Monroe County Environmental Services, tested the Watershed Treatment Model (WTM) in Shipbuilders Creek (SC), a small 
watershed draining directly to Lake Ontario. Originally released in 2003, we recently updated the WTM, and Andy and 
Paula have tested the revised version, referred to as the WTM 2010 beta edition. This article describes the WTM 2010 
beta edition, details Paula and Andy’s bold adventure, and recounts some important lessons learned.

What Is the WTM and How Can I Use It 
in My (Total Maximum Daily) Life?
The WTM (Caraco, 2002) is a spreadsheet-based, deci-
sion-making and pollutant-accounting tool that calculates 
annual runoff volumes and pol-
lutant loads (including total sus-
pended solids, total nitrogen, 
bacteria, and total phosphorus) 
in small watersheds. Since the 
WTM is a simple modeling tool 
(i.e., it is not physically based 
and it calculates on an annual 
basis), watershed practitioners 
need to consider when to ap-
ply it in a total maximum daily 
load (TMDL) watershed, and 
when other, more complex, 
models may be appropriate. 

When the practices needed 
to meet the requirements of a 
TMDL will be costly or wide-
spread, an intense modeling 
and monitoring effort may save 
money in the long term. Since 
the WTM is not a physically based model, it does not have 
the ability to produce hydrographs that reflect watershed 
processes and does not reflect seasonal variability. As a 
result, the WTM may not be the best tool for developing TM-
DLs in these cases. On the other hand, TMDLs increasingly 
must be developed and implemented rapidly, particularly in 
small urban or urbanizing watersheds where changing land 
use requires immediate action. In some cases, even simple 
surrogates, such as impervious cover (see Arnold et al., this 

issue), have been used to develop TMDLs. The WTM offers 
another alternative in these watersheds, allowing the water-
shed manager to focus in some detail on particular pollut-
ants and to compare a range of treatment options quickly. 

Another role for the WTM is as 
a tracking tool. Even for TM-
DLs that warrant more complex 
modeling, implementation ulti-
mately happens at the local 
level. For example, the require-
ments of a TMDL may be inte-
grated into a municipal sepa-
rate storm sewer system (MS4) 
permit. With rare exceptions, 
local governments are facing 
tight budgets and need tools 
that they can implement with 
existing staff resources. Since 
the WTM is a spreadsheet, 
local government staff can 
maintain it and can update it 
over time without hiring an out-
side consultant. One potential 
application is to populate the 

WTM with data from an initial monitoring effort, such as 
pollutant loads and practice efficiencies, then use the WTM 
to track practice implementation over time.

Some Details about the WTM
The WTM is structured to answer three questions (Figure 1): 

• What is the current pollutant load and runoff volume in 
the watershed? 

Primary 
Sources 

Step 1.  Calculate Existing Pollutant Loads 

+ Secondary 
Sources - 

Existing 
Management 

Practices 
= Existing 

Loads 

Step 2.  Apply “Future” Management Practices 

Future 
Management 

Practices 
- 

Existing 
Loads = 

Loads with Future 
Management 

Practices 

Step 3.  Account for Future Growth 

+ New 
Development = Loads with 

Future Growth 

Retrofit 
Worksheet 

Loads with Future 
Management 

Practices 

Future 
Land Use 

Figure 1. Model structure of the WTM. Note that the 
purple boxes refer to loads, including both pollutant 
loads and runoff volumes. The oval shapes are “sup-
port” worksheets of the WTM that provide input to 
another calculation sheet.
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• What is the load or volume with future (i.e., proposed) 
management practices?

• What is the load or volume after growth occurs in the 
watershed? 

Each component of the figure represents one Excel work-
sheet that calculates the total load or load reduction. 

The major inputs to the WTM (shown in green in Figure 
1) include primary pollutant sources, secondary pollutant 
sources, and management practices (current and future). 
Primary sources include any pollutant source that can be 
determined by land use alone, while secondary sources 
require additional data (Table 1). Many of the secondary 
sources are individual point sources (such as National Pollut-
ant Discharge Elimination System [NPDES] dischargers), but 
others are more diffuse, and include sources such as illicit 
discharges or septic systems.

Table 1. WTM pollutant sources.

Primary Sources

Residential Land (various densities)
Commercial Land
Industrial Land

Roadway

Open Water
Active Construction

Rural Land (includes cropland and pasture)
Other Land Uses (User-Defined)

Secondary Sources

Septic Systems
SSOs
CSOs

Illicit Connections
Channel Erosion

Livestock
Marinas

Road Sanding
NPDES Dischargers

Notes: CSO, combined sewer overflow; SSO, sanitary 
sewer overflow.

The WTM accounts for the benefits of management practic-
es in both the “current” and “future” conditions. The WTM is 
unique in both the range of practices it characterizes and the 
techniques it uses to estimate their effectiveness. The wide 
range of practices encompasses nonstructural as well as 
structural practices, including programmatic measures such 
as lawn care education (Table 2). 

Since ideal (i.e., literature value) load reductions can rarely 
be achieved with any management practice, the WTM 
accounts for these deficiencies using a series of discount 
factors to reflect practice implementation. For structural 
practices, these factors reflect a lack of space or poor main-
tenance and can hamper practice effectiveness over time. 
For programmatic practices, they reflect incomplete adop-
tion of the practice by watershed residents. In both of these 

cases, specific design features (in the case of the structural 
practices), or outreach techniques (in the case of an educa-
tion program) can make the practice more or less effective.

Table 2. Management practices in the WTM.

Structural Practices

Stormwater Treatment Practices  
(e.g., Ponds and Infiltration)

Stormwater Retrofits
Channel Protection

Nonstructural and Programmatic Practices

Lawn Care Practices 
Street Sweeping 
Riparian Buffers

Catch Basin Cleanouts

Marina Pumpouts
Illicit Connection Removal

CSO Repair
Septic System Inspection/Repair

Erosion and Sediment Control
Lawn Care Education
Pet Waste Education

Septic System Education
Land Conversion

Redevelopment with Improvements

Notes: CSO, combined sewer overflow.

The WTM accounts for the effects of future growth on pollut-
ant loads, using future land use data (derived from a zoning 
map or other build-out projection) and applying programs 
that will be in place to control runoff from new development. 
The resulting load from new development is then added to 
the “load with future management practices” to calculate the 
load including growth. 

New Updates for the WTM 2010 Beta Edition

Updates to the WTM 2010 beta edition, which we tested 
for this article, include (1) the incorporation of runoff reduc-
tion, (2) a description of the influence of turf and septic 
systems in more detail, and (3) the addition of a “retrofit 
worksheet” that allows model users to describe individual 
stormwater retrofit practices. Accounting for runoff reduc-
tion is a critical modification to the WTM because it brings 
to light the advantages of many low-impact development 
practices, which would otherwise receive very little credit. 
Assumptions for calculating runoff reduction were taken from 
Hirschman et al. (2008). 

Example Application: Shipbuilders Creek 
in Monroe County, New York
Background 

Shipbuilders Creek (SC) lies east of the City of Rochester, 
New York, originating in the town of Penfield and ultimately 
discharging to the Rochester Embayment of Lake Ontario 
(Figure 2). SC was elevated to the New York State 303(d) 
list of impaired waters in 2008, with impairments including 
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high dissolved oxygen demand, phosphorus, pathogens, 
and silt/sediment. The list notes industrial, municipal, on-
site/septic systems, construction, and urban/storm runoff as 
possible pollution sources. 

Figure 2. Shipbuilders Creek watershed, which drains 
directly to Lake Ontario.

While no TMDL has been developed for SC, New York 
State’s 2010 MS4 permit states that “…if a small MS4 
discharges a stormwater pollutant of concern (POC) to im-
paired waters…the permittee must ensure no net increase in 
its discharge of the listed POC to that water. By January 8, 
2013, permittees must assess their progress and evaluate 
their stormwater management program with respect to the 
MS4’s effectiveness in ensuring no net increase…” (New 
York State DEC, 10). In anticipation of this requirement and 
as a part of a larger master planning effort to improve water 
quality within the county, a project team that included staff 
from the Monroe County Department of Environmental Ser-
vices and the Monroe County Soil and Water Conservation 
District Monroe County selected the WTM as a modeling 
tool. The modeling effort described in this article focused on 
quantifying the benefits of specific management practices 
in this urban watershed and thus uses steps one and two 
illustrated in Figure 1.

Developing Model Inputs

A geographic information system (GIS) is an invaluable tool 
in developing the input data for the WTM, and we were 
fortunate to have high-quality data layers as well as a GIS 
unit and well-trained staff. Below, we describe the methods 
used to develop the model inputs using GIS data layers.

Land Use

The WTM characterizes land use into categories, such as 
“single-family residential” (at various densities), “commer-
cial,” or “forest,” and assigns default values of impervious 
cover and turf cover (as a percentage) for each land use 
category. While this portion of the model appears simple, 
the project team found that developing the layers accurately 
required a multistep process to develop inputs that accu-
rately reflected the watershed.

In the first step, clips were created from GIS layers—such as 
parcels, soils, roads, sewers, and waterways—to the wa-
tershed boundary.  The parcel layer included data regard-
ing the property class and parcel size. The property class 
gave a very accurate description of how the land was being 
used, allowing us to distinguish the areas of single-family 
residential from multifamily residential parcels as well as 
various types of commercial property (Figure 3). Residential 
parcels were further subdivided into various densities (e.g., 
high-density versus low-density) based on the parcel size. 

Figure 3. Land use data derived from Monroe County’s 
parcel layer.
 
 The Monroe County Department of Environmental Services 
also maintains a very high–quality land use/land cover data 
layer developed from a model using remotely sensed data 
created from four band ortho imagery and using IDRIS An-
des software. The data were extremely helpful, but at first 
seemed at odds with the land use information derived from 
the parcel layers. While the imagery data indicated that 
approximately 30% of the SC watershed was forested, the 
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data developed using WTM standard assumptions and the 
parcel layer indicated a far lower forest cover. This discrep-
ancy resulted because a number of parcels in the low-density 
residential category (< 1 dwelling/acre) in the watershed 
are heavily forested. To resolve this discrepancy, we modi-
fied the WTM default of 70% turf cover to 44% turf to provide 
a more realistic characterization of this land use category.

Soils

The WTM requires soils data, including hydrologic soil 
group (groups A, B, C, and D), and depth to groundwater. 
We obtained soil types from existing GIS layers. To deter-
mine both the depth to groundwater and the hydrologic soil 
group, project staff used the US Department of Agriculture 
Natural Resources Conservation Service’s Web Soil Survey, 
an interactive soil mapping site.

Secondary Sources

Secondary sources in SC included storm sewer overflows 
(SSOs), septic systems, illicit connections, and channel 
erosion. The team used known information gathered from 
field analyses to improve the estimates derived from WTM 
model defaults. For example, project team members had 
completed a detailed analysis of illicit connections in the 
watershed and had conducted stream assessments using 
the unified stream assessment (USA) technique (Kitchell and 
Schueler 2005). This integration of known watershed data 
and model defaults allowed project staff to more accurately 
characterize these diffuse sources (Table 3). 

Table 3. Characterizing secondary sources in Shipbuilders 
Creek

Source Model Defaults Supplemental Data or 
Confirmation

Septic Systems

Failure rates and effectiveness 
determined based on soil type, 

density, system type, and 
maintenance.

No modifications to defaults. Input 
data based on known number of 

customers and detailed knowledge 
of maintenance policies.

SSOs Default based on number of 
SSOs per mile of sewer.

Used defaults and confirmed results 
based on wet weather flow at 

WWTPs.

Illicit Connections Default number per household.
Adjusted to reflect known number 
of connections based on IDDE field 

surveys.

Channel Erosion
Monroe County selected a gener-
alized option that characterizes 

erosion as high, medium, or low.

Characterized as “low” based on 
stream surveys using the USA

Notes: IDDE, illicit discharge detection and elimination; 
WWTP, wastewater treatment plant; USA, unified stream 
assessment.

Structural Stormwater Practices

The WTM requires an assessment of existing practices, 
including the area draining to each practice type as well 
as discount factors to reflect practice design, maintenance, 
and design volumes. Monroe County did not have a single 
database of stormwater practices and drainage areas, so 
project staff reviewed aerial photos with storm sewer over-
lays to determine if developed areas were discharging to 
stormwater management practices, the type of the practice, 
the area draining to the practice, and the percentage of 
impervious cover within the drainage area. While this was 
time-consuming, good GIS data made it possible. The dis-
count factors reflected staff knowledge of design and main-
tenance of practices within the watershed.

Residential Turf Management

The WTM estimates loads and runoff volumes from turf 
based on the area of turf and current turf management prac-
tices in the watershed. Some input data include the number 
of new homes, which typically use more fertilizer than older 
homes, the number of “highly managed” lawns, and the 
area of compacted lawns. In addition to accurately calcu-
lating the area of turf in the landscape using LIDAR data, 
we conducted an upland watershed assessment, using tech-
niques similar to the urban site and subwatershed reconnais-
sance described by Wright et al. (2004). Data gathered 
from these assessments allowed staff to accurately character-
ize both the area and the condition of turf throughout in the 
watershed.

Pet Waste Education

The WTM quantifies the effectiveness of pet waste educa-
tion programs using generalized model defaults that charac-
terize the behavior of pet owners. In the SC watershed, an 
active educational program is in place, and three profes-
sional phone surveys have been conducted in the region 
that includes SC to measure and track awareness and be-
havior related to water pollution. Using these survey data, 
team members modified the WTM’s default estimates of 
pet owner behavior to reflect actual conditions in the SC 
watershed.

Results

The WTM 2010 beta edition reports loads to groundwater 
and loads to surface waters separately. The surface loads 
are then further subdivided into storm and nonstorm loads. 
In the SC watershed, managers focused on the load to sur-
face waters, assuming that the loads to groundwater do not 
ultimately reach the receiving water. Table 4 indicates results 
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for phosphorus and bacteria for illustrative purposes. The 
loads from urban land (i.e., stormwater runoff) dominated 
the loads for all pollutants. This result is consistent with wa-
tershed characteristics since about 75% of the land use in 
the watershed is residential. The relatively small pollutant 
loads from active construction reflect the current slow pace 
of construction.

The project team also evaluated future management practic-
es, including a comprehensive stormwater retrofit program, 
coupled with some modest, watershed-wide improvements 
such as increased public educational programs for pet 

waste and lawn care, repairs and removal of some existing 
septic systems, and elimination of some illicit discharges. 
Collectively, these practices would reduce loads of phos-
phorus and bacteria by 13% and 17%, respectively. 

In addition, staff investigated the effectiveness of each prac-
tice (Figure 4). While the retrofit program represents 60% 
of the total load reduction achieved for phosphorus, prac-
tices such as illicit connection removal are much more im-
portant for bacteria. These results indicate that a combined 
approach will be needed to address all POCs in the SC 
watershed.

Table 4.  Surface Surface Water Loads (Phosphorus and Fecal Coliform) Before and After Proposed Management Practices

 
 

Total Phosphorus (kg/year) Fecal Coliform (billion/year)

Load Before Load After Reduction
(%) Load Before Load After Reduction

(%)

Urban Land 2,433 2,054 16% 919,641   742,213  19%

Active Construction 14  8 42%                          -                            -   

SSOs 29 27 8% 291,960                270,063 8%

Channel Erosion 472 463 2% - - -

Rural Land 187 187 0% 22,924 22,924 0%

Livestock 22 22 0% 1,600                   1,600 0%

Open Water 3 3 0% - - -

Illicit Connections 44 0 100% 256,238 - 100%

Septic Systems 62 48 22% 32,906   25,886 21%

Total Storm Load 3,090 2,695 13% 1,090,145 901,769 17%

Total Non-Storm Load  176  118 33% 435,124   160,917 63%

Total Load to Surface Waters 3,266   2,812 14% 1,525,269  1,062,686 30%

Figure 4. Estimated pollutant removal attributable to various management practices for phosphorus (a) and for bacteria (b).
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Next Steps
This initial modeling exercise represents a first step in on-
going watershed planning activities in SC. It also provides 
an effective demonstration toward future efforts to meet 
New York State’s requirements to model and demonstrate 
that future growth will not result in an increase in any POC.  
Along with ensuring no net increase, an additional goal is 
to improve water quality wherever possible in the most cost-
effective manner. Future efforts to support these goals will 
include the following: 

• A detailed build out analysis to examine future growth
• A full retrofit analysis to prioritize and evaluate individual 

retrofit options
• Cost estimations to compare the cost-effectiveness of vari-

ous options
• Ongoing surveys and tracking of implementation and 

land use to continually update the “existing loads” portion 
of the model

Summary and Lessons Learned
To date, the WTM has proven to be an appropriate and 
relatively flexible tool for evaluating stormwater treatment op-
tions in SC. Key lessons learned include the following:

• Model default data are based on research but should 
always be adjusted with local data where available.

• While the mapping data required appear relatively 
simple, the best results are derived from multiple sources 
(e.g., aerial photography and land cover and land use).

• Good GIS data are needed to successfully use the WTM.
• The WTM is designed to be used hand in hand with field 

assessment methods, such as stream and upland surveys, 
and results improve as these data are incorporated.

• One strength of the WTM is that, while data input can be 
time-consuming, the model can be operated by nonmod-
elers and retained as a program tool.

Where To Get a Copy
The WTM is posted on the Center for Watershed Protec-
tion’s website (www.cwp.org) for free download. The WTM 
2010 beta edition reflects the authors’ knowledge of the 
best science and incorporates comments from users. The 
Center is currently incorporating agricultural management 
practices into the model. In the longer term, the Center in-
tends to create (1) a graphical user interface to ease data 
input; (2) an interface to import GIS data for land use inputs; 
and (3) a web-based version of the model to allow for track-
ing and compilation of progress at a national, regional, or 
state level. 

If you would like to use the WTM, or if you have used it and 
have questions or comments, please email Deb Caraco at 
dsc@cwp.org. 
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Reducing DDT and sediment loads in the Yakima River:  
a success story

The Yakima River valley in central Washington State is a ma-
jor agricultural region producing corn, hops, orchard fruits, 
grapes, and mint. Fish sampled in this river in the 1980s 
had some of the nation’s highest concentrations of DDT, a 
pesticide banned in 1972 because of its toxic effects on 
humans and wildlife. As a result, the Washington State De-
partment of Health issued a fish consumption advisory for 
the river. In 1994, the Washington State Department of Ecol-
ogy (Ecology) began work on a total maximum daily load 
(TMDL) for DDT in the lower Yakima River. 

The Yakima River valley is one of the most intensively irrigated 
areas of the nation and, in the mid-1990s, many growers in 
the area used inefficient 
rill and furrow irrigation 
methods. Irrigation re-
turns were laden with sus-
pended eroded soil, and 
legacy pesticides, such 
as DDT from historic ap-
plication, were attached 
to the soil particles. 

Because of the difficulty 
and expense of DDT 
analysis, Ecology found 
a surrogate contaminant 
that could be more easily 
monitored. Ecology scien-
tists found strong correla-
tions between DDT and 
total suspended sediment 
(TSS), and between TSS and turbidity. The 1998 TMDL set 
allocations for DDT, TSS, and turbidity, requiring TSS reduc-
tions of 89% to 98% within ten years. The numeric targets 
were a key component in the success of this reduction effort; 
earlier, less focused attempts to reduce DDT and sediment in 
the basin had failed. 

Two of the valley’s irrigation districts, the Roza and Sunny-
side Valley Irrigation Districts, operating as the Roza Sun-
nyside Board of Joint Control, adopted policies requiring 
farmers to achieve turbidity goals, which became more strin-
gent each year to meet the TMDL allocations’ ten-year time 
frame. The districts established a laboratory to test irrigation 
return waters. Growers whose returns exceeded the turbidity 
goal were required to write short-term and long-term plans 

to address the problem to avoid the penalty of reduced ir-
rigation flow. 

Ecology provided the Roza and Sunnyside Valley Irriga-
tion Districts with $10 million from the Clean Water State 
Revolving Fund for loans to upgrade irrigation systems. It 
also provided staff to the districts to assist with water qual-
ity sampling and to advise farmers in the selection of best 
management practices (BMPs) for remediation plans. The 
Natural Resources Conservation Service, Washington State 
University Extension Service, and the conservation districts 
were also key participants, providing outreach and educa-
tion on the benefits of the BMPs. 

The North Yakima Con-
servation District imple-
mented a demonstration 
project with drip irriga-
tion on hop fields in 
the Moxee Drain. The 
advantages and cost 
savings of this type of 
irrigation became ap-
parent to area growers. 
As a result, 100% of the 
hop fields there were 
converted to permanent 
drip irrigation, leading to 
a 90% decrease in sedi-
ment loading to Moxee 
Drain recorded between 
1998 and 2003. 

In the first four years after the TMDL was adopted, the Roza 
and Sunnyside Valley Irrigation Districts recorded an 80% 
reduction in daily sediment loading. Ecology’s fish tissue 
monitoring in 2006 showed a large reduction of DDT in 
fish tissue, allowing the Department of Health to lift the DDT 
fish consumption advisory (Figure 1). The Yakima River fish 
advisory for DDT is the first in the nation to be removed as a 
result of a TMDL and subsequent reduction measures. 

All of this was done without shutting off a single farmer’s 
water. Leadership on the part of the irrigation districts was 
crucial to success. The Yakima TMDL is a model for DDT 
reduction in areas where soil erosion from agriculture is a 
major source of DDT to streams. 

Figure 1. Decreasing DDE (the most persistent metabolite of DDT) 
in Fish Fillets from the Lower Yakima River
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Thermal load Trading in the Tualatin River basin:
a Watershed-based nPDes Permit
The low-gradient Tualatin River, located primarily in Wash-
ington County just west of Portland, Oregon, is part of the 
larger Willamette River basin. Roughly one-third of the water-
shed has been in agricultural use since the early 20th century, 
and the lower third of the watershed has been significantly 
impacted by urbanization. In particular, water temperatures 
have increased measurably over the past several decades. 
Warm rivers and streams constitute a major limiting factor for 
the recovery of salmonids, many species of which are listed 
in Oregon under the Endangered Species Act. In 2001, the 
Oregon Department of Environmental Quality (DEQ) issued 
a total maximum daily load (TMDL) for temperature in the 
Tualatin River, primarily to address salmonid recovery needs.

Clean Water Services (CWS), a special purpose district util-
ity, provides wastewater collection and treatment and storm-
water management services to over 500,000 residents in 
Washington County. The TMDL included a wasteload al-
location to CWS wastewater treatment facilities that man-
dated a nearly 95% reduction in thermal loads (from 9 x 108 
kcal/day down to 4.4 x 107 kcal/day), requiring the efflu-
ent temperature to decline from 72°F to nearly 62°F.  During 
the summer months, discharged effluent from CWS facilities 
can make up over 50% of the flow in the river. The TMDL 

showed that approximately 40% of the thermal energy input 
into the Tualatin River comes from the sun’s thermal energy 
reaching the river in altered urban and rural landscapes—
essentially a loss of shade. 

CWS estimated capital and operational costs of $150 mil-
lion to install and operate chillers at its wastewater facilities 
to meet the TMDL requirement. At the same time, it recog-
nized the opportunity to deliver greater ecological benefits 
by restoring streams and, with the cooperation of DEQ, 
chose to implement nonstructural methods by developing a 
thermal load trading program (shade credits) coupled with 
the release of stored water from two reservoirs to add cool 
water to the river.

The flexibility to take this approach was provided by CWS’ 
2004 watershed-based National Pollutant Discharge Elimi-
nation System (NPDES) permit, the first in the nation to allow 
temperature trading (point to nonpoint thermal load reduc-
tion credits) to comply with permit requirements. Key ele-
ments of the program include a capital improvement pro-
gram, a Tree-For-All program for cities, and an Enhanced 
Conservation Reserve Program for rural areas. In the latter, 
CWS pays farmers with annual riparian land lease pay-
ments. This allows CWS, working through local soil and 
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water conservation districts, to plant and maintain riparian 
areas on the enrolled land. 

Since 2004, 63 urban and rural projects have planted over 
1.6 million native trees and shrubs and have established 35 
miles of riparian corridor; as of 2007, the riparian part of 
the trading option had cost $4.3 million. At the end of the 
five-year NPDES permit cycle, CWS had developed all of 
its needed credits for permit compliance plus a small surplus 
for future needs.

Several factors have contributed to the success of the pro-
gram, including a focus on the highest priorities in the 
watershed for restoration and water quality improvement, 
regulatory flexibility, the development of important third-party 
partnerships, and the capacity to implement and maintain 
restoration on a large scale.

In response to the strong interest expressed by other utilities 
in the United States and abroad,  Clean Water Services 
established the Clean Water Institute, a nonprofit 501 c3 
organization,  to aid other utilities in the development of 
water quality trading strategies and innovative approaches 
to watershed management.

For more information contact Bruce Roll,  Director of Water-
shed Management, bruce@cleanwaterinstitute.org  
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The ultimate goal for many total maximum daily loads 
(TMDLs) is to implement the load reduction practices and 
strategies that will achieve the TMDL restoration goal in a 
cost-effective manner, while sharing the burden of implemen-
tation equitably. This is easier said than done. However, 
the Wisconsin Department of Natural Resources (WDNR), 
along with its project partners, is steadfastly moving forward 
to implement such an approach to address total suspended 
solids (TSS) and total phosphorus (TP) in the Lower Fox River 
basin (LFRB) and Green Bay.

The TMDL is led by WDNR, which is working in partner-
ship with The Cadmus Group, Inc., US Geological Survey, 
University of Wisconsin–Green Bay, University of Wiscon-
sin–Milwaukee WATER Institute, University of Wisconsin Sea 
Grant, Green Bay Metropolitan Sewerage District, Brown 

County Land and Water Conservation Department, and the 
Oneida Tribe. As part of a pilot project sponsored by the 
US Environmental Protection Agency, The Cadmus Group, 
Inc., designed a watershed-based optimization modeling 
framework, shown in Figure 1. The modeling framework is 
intended to identify cost-effective combinations of best man-
agement practices (BMPs) to target both point and nonpoint 
source pollution and to achieve the load reduction goals set 
by the TMDL. 

An initial pilot application of the optimization model (prior 
to TMDL development) compared agricultural BMPs, along 
with their implementation costs, and identified the optimal 
scenario—that is, the most cost-effective combination of 
BMPs that would achieve the TP load reduction. In addition, 
the pilot application estimated potential TP load reductions 

optimizing Resources To achieve Pollutant Reductions in 
Wisconsin
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and the costs associated with permitted point source facility 
upgrades.

The overall TP load reduction target was initially set at 50% 
for the pilot project. This target, which was not the final 

TMDL goal, was based on the targets defined as part of 
the 1993 Lower Green Bay Remedial Action Plan, a Great 
Lakes clean-up program. Modeling showed that implemen-
tation of the optimal scenario of agricultural BMPs in the 
LFRB would result in an estimated phosphorus load reduc-
tion of about 50,000 kg/year (21%). Point source facility 
upgrades in the LFRB would result in an estimated phospho-
rus load reduction of 45,045 kg/year (19%). Combined, 
these actions would result in an estimated 40% decrease in 
phosphorus loading to Lower Green Bay (from 238,912 to 
143,700 kg/year). The cost estimates for the agricultural 
and point source facility upgrades were $138/kg TP and 
$240/kg TP, respectively. This approach fell short of the 
preliminary TMDL goal for TP by 10%, did not address ur-
ban areas, and did not accurately capture the true costs of 
point source upgrades.  

The final TMDL-targeted load reductions for TP and TSS are 
60% and 56%, respectively. During TMDL development, 
project partners ran the model a second time to identify a 
more cost-effective and equitable strategy by (a) identifying 
a more robust set of agricultural BMPs, (b) exploring a va-
riety of treatment options for point source dischargers, and 
(c) determining costs for municipal separate storm sewer 
systems or regulated urban areas. The project partners will 
need to refine the model during TMDL implementation plan-
ning, possibly on a subwatershed scale, since the suite of 
agricultural BMPs could not meet the load allocations for 
the TMDL. Future model runs will incorporate programmatic 
costs and tailor treatment technologies to individual point 
source dischargers.  

Figure 1. Pollutant load reduction optimization model-
ing framework. SWAT, Soil and Water Assessment Tool; 
WWTF, wastewater treatment facility.

S P A T T E R D O C K  S P O N S O R
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Optimization modeling has provided important informa-
tion regarding the feasibility and costs of meeting the TMDL 
goals to guide local decisions about how to effectively tar-
get implementation funds. Getting the right combination of 
practices and costs, however, is only one part of the imple-
mentation equation. Achieving the restoration goals also 
requires a commitment by individuals and organizations to 
implement practices and change behaviors. The TMDL Out-
reach Team for the LFRB and Green Bay engages in exten-
sive efforts to keep the community informed about the TMDL 
and to provide opportunities for input. Two mail-in surveys 
have helped focus outreach efforts by generating a greater 
understanding of pollutant sources and by developing mes-
saging as part of implementation. The TMDL Outreach Team 
developed the two surveys and mailed them to 600 dairy 
farmers throughout the basin and 640 urban residents in the 
East River subwatershed. The response rate was 58% and 
49% for the farming and urban surveys, respectively. The 
results informed the TMDL Outreach Team that, in general, 
extensive education and outreach is needed to better inform 

the public about the pollutants of concern, their contribut-
ing sources, and practices that could be implemented to 
improve water quality in the LFRB and Green Bay.  

For More Information
For more information, visit http://dnr.wi.gov/org/water/
wm/wqs/303d/FoxRiverTMDL/ or http://basineduca-
tion.uwex.edu/lowerfox/tmdl_outreach.html or contact Ni-
cole Clayton, Water Quality Specialist, Wisconsin Depart-
ment of Natural Resources, at nicole.clayton@wisconsin.
gov, or Laura Blake, Senior Associate, The Cadmus Group, 
Inc. at lblake@cadmusgroup.com.
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lake Clarity Crediting Program for lake Tahoe:  
an adaptive Management approach for Water  
Quality Crediting

Lake Tahoe is prized by both residents and visitors for its re-
markably clear blue water. This famed lake clarity, however, 
has been in decline for decades. The Lake Tahoe total maxi-
mum daily load (TMDL) , currently being adopted, identifies 
urban stormwater as the source of 72% of fine sediment 
(the primary pollutant of concern), 38% of phosphorus, and 
16% of nitrogen pollutant loading (California Water Boards 
and Nevada Division of Environmental Protection, 2010).  
However, after investing some $500 million in water qual-
ity restoration, stormwater managers and regulators do not 
have an understanding of the benefits from the pollutant con-
trols implemented. The Tahoe basin is experiencing what a 
National Research Council (2008, 2) report, Urban Storm-
water in the United States, had found across the nation: “the 
stormwater program has suffered from poor accountability 
and uncertain effectiveness at improving the quality of the 
nation’s waters.”

With this knowledge—and funding from a US Environmental 
Protection Agency Targeted Watershed Initiative Grant—the 
California Water Quality Control Board, Nevada Division 
of Environmental Protection, and Tahoe Regional Planning 
Agency focused on the development of a flexible storm-
water program that rewards prioritization, innovation, and 

multijurisdictional cooperation. The Lake Clarity Crediting 
Program (Crediting Program) establishes the framework that 
connects on-the-ground actions to the goal of restoring Lake 
Tahoe clarity. It defines a comprehensive TMDL accounting 
system to track and report pollutant load reductions using 
Lake Clarity Credits that are a function of the impact of 
fine sediment, phosphorus, and nitrogen on clarity. Annu-
ally increasing credit targets in National Pollutant Discharge 
Elimination System stormwater permits and memoranda of 
agreement are used to define achievable goals and drive 
accountability.

Stormwater managers and maintenance personnel make the 
frontline decisions that prevent pollutants from entering the 
lake. Therefore, the Crediting Program puts an integrated 
set of modeling and condition assessment tools in the hands 
of engineers and field staff. The program awards credits 
to jurisdictions that implement and maintain structural and 
nonstructural pollutant controls where they are most effective. 
It also allows jurisdictions to distribute credits awarded for 
load reductions in specific urban catchments to any other 
jurisdiction in the Lake Tahoe basin, enabling cooperation 
and water quality trading.
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Like typical ecosystem services accounting and water quality 
trading programs, the Crediting Program defines the credit 
by (1) using available scientific information to relate restora-
tion actions to environmental goals and (2) embodying this 
scientific understanding in reasonably easy-to-use tools that 
generate consistent results. The resulting load reduction esti-
mates provide an ideal hypothesis of expected environmen-
tal outcomes that can be tested by monitoring to improve 
the credit definition and the calibration of load reduction 
estimation tools.

In many programs, changing credit definitions and credit 
calculation tools can create regulatory compliance compli-
cations and financial ramifications for regulated entities. This 
uncertainty leads to a reluctance to invest resources in resto-
ration actions and can stifle adaptive management. Without 
active adaptive management, the credit definition does not 
accurately reflect the best understanding of environmental 
reality over time; this ultimately undermines the program 
overall.

The Crediting Program enables adaptive management and 
continual improvement by employing a unique accounting 

and reporting structure and by establishing a transparent 
and predictable management system. A parallel load reduc-
tion and credit accounting structure creates a self-correcting 
mechanism whereby the credit definition and load reduction 
estimation tools can change without immediately changing 
the number of credits awarded for previously verified ac-
tions. The management system defines an annual schedule 
for reporting results, defining scientific and operational im-
provements, and updating tools and protocols. By eliminat-
ing uncertainty related to near-term regulatory compliance, 
stormwater managers and project developers can innovate 
and invest resources to achieve load reductions with confi-
dence, and the Crediting Program can ensure that it is mo-
tivating effective actions to improve lake clarity over time.

The Crediting Program models critical features that should 
be included in any watershed-based ecosystem services or 
water quality accounting program in which (1) science and 
monitoring findings can improve restoration effectiveness, 
(2) significant public or private dollars are being invested, 
(3) innovation and flexibility can reduce costs, and (4) stake-
holder attention requires clear reporting of results. The Lake 
Clarity Crediting Program ensures that credits can be trusted 
to reflect the best understanding of the environmental sys-
tem and inspires conservation, innovation, and investment to 
achieve environmental goals.
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Q:What was your role in the Los Angeles River 
and Ballona Creek trash TMDL process?

A: As chief of the Storm Water Permitting Program, I main-
ly worked with municipal separate storm sewer system 

(MS4) jurisdictions in the Los Angeles region. There had 
been a trash reduction component to the MS4 permits for a 
while before the trash TMDL for Los Angeles River and Bal-
lona Creek was introduced. But many of the harbors were 
still filling with trash, and downstream jurisdictions, like the 
City of Long Beach, were having to spend a lot of money 
cleaning it up. In the late 1990s, both waterways were 
added to the 303(d) impaired waters list for their heavy 
trash content after storm events.

When the trash TMDLs were first developed in 2001, my 
role was to conform the new round of MS4 permits with 
the requirements of the TMDLs, so that the MS4 jurisdictions 
didn’t have two different sets of standards to abide by. The 
target load in that first round of the trash TMDLs required the 
42 regulated cities and the county in the Los Angeles River 
and Ballona Creek watersheds to achieve “zero trash” pollu-
tion in those waterways. That was seen by many as an unat-
tainable goal. As a result, in 2003 several cities, including 
the City of Los Angeles, brought a lawsuit against CalEPA to 
have the structure of the TMDL changed. In response, a new 
technology-based criterion was set for localities to work to-
ward achieving full capture of trash entering their storm drain 

systems by 2015. Our office worked with several other par-
ties to define technical criteria that would be used to attain 
full capture of trash in storm drains. These criteria included 
design specifications on such things as the size of trash 
exclusion screening to be placed at storm drain openings 
and the design storm intensity that would determine trash 
capture device sizing. If localities install certified full capture 
devices in their catch basins, compliance with the TMDL is 
considered automatically achieved. Adding these specific 
technical criteria and connecting compliance directly to the 
implementation of management practices rather than to wa-
ter quality monitoring results has brought the trash TMDLs into 
the realm of technical feasibility.

Q: What strategies seem to be working best for 
reducing trash loads in the watershed? 

A: One approach that seems to be working well for many 
of the Los Angeles region jurisdictions is prioritizing 

those areas that are producing the most trash (like high-den-
sity residential and commercial areas) and focusing their 
catch basin retrofits there. It makes a lot of sense to catch 
and remove trash from those places that are contributing the 
largest mass of it.

Second, product substitution as a form of source control 
seems to be gaining ground and ultimately will provide the 
most significant reductions of harmful trash entering our wa-

HAVE A qUESTION YOU’D LIkE US TO ASk OUR ExPERTS? The upcoming Spring 2011 issue will focus on 

climate change and watersheds. AWSP members and Bulletin subscribers may email their questions to bulletin@awsps.org.

The Bulletin features interviews with experts in the watershed and stormwater professions to discuss the topic of each issue. 

In this issue, three professionals weigh in with diverse perspectives on total maximum daily loads (TMDLs), sharing decades 

of experience with this complex process and providing suggestions for the future. Here is what our experts had to say….

Talking Trash TMDls 
with Xavier swamikannu 
Retired chief of the Stormwater Permitting Program for the Los Angeles Regional  
Water Board

About xavier Swamikannu: Mr. Swamikannu is retired as chief of the Stormwater 
Permitting Program for the Los Angeles Regional Water Board and the California Environ-
mental Protection Agency (CalEPA), where he developed the program over two decades. 
During that time, he worked extensively with municipal stormwater programs in Southern 
California. He also recently served as a member of the National Research Council’s spe-
cial committee on urban stormwater quality management in the United States.
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terways. Some of the major culprits that we see accumu-
lating as trash in rivers, harbors, and beaches are being 
banned or restricted. For example, the City of Santa Monica 
passed an ordinance in 2007 banning restaurants from us-
ing styrofoam food containers. And this year, the California 
State Assembly passed a bill to prohibit stores across the 
state from giving out plastic bags to shoppers. These kinds 
of changes are not easy to come by—they take a long time 
to debate and turn into reality—but in the end, they are the 
changes with the broadest and most effective impact in re-
ducing trash at the source.

Q: How do jurisdictions in the Los Angeles area 
track their improvements? Are reductions in 

trash quantities noticeable yet? 

A: Each locality does it a little differently. Some quantify 
the amount of trash that they pull out of catch basins 

during their regular rounds, or after a rain event. The City of 
Long Beach, which sits at the mouth of the Los Angeles Riv-
er, regularly removes trash from its harbor there. Since much 
of that trash washes down from Los Angeles County, Long 
Beach sends the county a bill to be reimbursed for the costs 
of that cleanup, based on the weight of trash removed. I 
do recall that Long Beach has reported a reduction in the 
amount of trash that the city staff have to scoop out of the 
harbor, so that’s a good sign.

Others don’t actually measure how much trash they remove, 
but rather keep track of the number of catch basin screens 
and retrofits that they install. Right now there is no standard-
ized method for monitoring how much trash exists in the wa-
ter, and there is no requirement to monitor trash that escapes. 
So most localities just track their progress toward retrofitting 
catch basins.

Q: So, how will these jurisdictions know when they 
have achieved the TMDL goals?

A: When they have met the goal of retrofitting 100% of 
their catch basins with trash screens or inserts (by 2015, 

hopefully). The target is based on how many practices are 
implemented, not on monitoring, because some trash will 
always get into the water.

Q: What is the attitude of local governments to-
ward the trash TMDL? 

A: As I mentioned earlier, most were opposed to the origi-
nal target of achieving zero trash load, feeling that it 

was an unachievable goal. But they are all for reducing 

trash, and the public is in full support of that endeavor too. 
That is one of the unique aspects of a trash TMDL—it is easy 
to get public support for efforts to reduce such a visible and 
ugly pollutant. But, of course, the main concern for these 
local governments is cost. Despite this, it seems that city 
and county crews are keeping up well with maintenance. 
In one sense, you even have public enforcement of catch 
basin maintenance because if a street drain somewhere is 
clogged from trash and water is backing up, someone is 
likely to call the Public Works Department and complain.

Q: What lessons learned would you like to share 
with localities or regions with heavy trash loads 

that are considering a trash TMDL? 

A: First, lay out technical standards (e.g., 5-mm screen 
openings to keep out cigarette butts), not just a vague 

goal that seems unachievable such as “zero trash.” And 
those standards need to make sense for the landscape and 
for the situation in the watershed.

Second, provide some money for pilot projects in those lo-
calities that will be working toward meeting the TMDLs so 
they can start getting comfortable with the technologies out 
there. It takes some trial and error to figure out what products 
work best at catching trash and are easiest to maintain.

Finally, increase public awareness about the issues at hand. 
Citizens need to understand where the trash is coming from 
and what can be done about it, and they need to under-
stand how their tax dollars are at work to help solve the 
problem.

Q: TMDLs have a reputation for not being imple-
mented. What would you recommend to boost 

implementation? 

A: We have to be able to go from identifying and as-
sessing the pollutants we see in our receiving waters—

whether they be high loads of phosphorus, sediment, or 
trash—to devising technologically feasible criteria for reduc-
ing those pollutants. This is what public agencies under-
stand. Otherwise they will have no confidence in being 
able to achieve the TMDL. No confidence means no will or 
interest in putting money and energy into solving the prob-
lem at hand.

Q: What are your top two good and bad issues 
with TMDLs? Let’s start with the good.
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Q: How have you worked with TMDLs in the past?

A: My experience has been lengthy. I was introduced to 
TMDLs in the late 1980s as a board member for a 

nonprofit in Oregon. That organization was a plaintiff in 
one of the first successful cases against the US Environmen-
tal Protection Agency (USEPA) to get the TMDL program 
on track. Two years later, I came to work for the Southern 
Environmental Law Center (SELC). In the early 1990s, we 
were discussing how to move TMDLs forward in the south. 
SELC instigated some of the early lawsuits and later filed 
some ourselves. Eventually, there was a groundswell of 
litigation against USEPA. In the late 1990s, the director of 
USEPA’s Office of Water assembled an advisory commit-
tee to straighten out the TMDL program, and I was one of 
the four representatives from environmental organizations to 
serve on that committee.

At about the same time, I was advising watershed advo-
cates on the best way to participate to get state TMDL pro-

grams in the south up and running and was involved in 
lawsuits in Alabama and Tennessee. We found the program 
to be pretty frustrating, as the old rules never required the 
implementation of TMDLs, except perhaps through tighter 
National Pollutant Discharge Elimination System (NPDES) 
permits. As a result, most of the approved TMDLs are sitting 
on the shelf somewhere. More recently, I have been follow-
ing the Chesapeake Bay TMDL very closely and I serve on 
Virginia’s Watershed Implementation Plan Stakeholder Advi-
sory Committee.

Q: What are your top two good and bad issues 
with TMDLs? Let’s start with the good.

A: First, the TMDL program allows for a comprehensive 
look at water quality within a specific geographic 

area—not just from a single pipe, factory, industry, or farm. 
It allows us to look at all of these things in combination and 
figure out how to protect water quality.

An Advocate’s Perspective on TMDLs 
from Rick Parrish
Senior attorney at the Southern Environmental Law Center 

About Rick Parrish:  Mr. Parrish is a Senior Attorney at the Southern Environmental Law 
Center in Charlottesville, VA.  He has worked on TMDL law and policy for over 20 years, 
including serving on the federal advisory committee on TMDLs in the late 1990s.  At SELC, 
Rick works with national, state and local environmental groups on a wide range of water 
resource issues.

A: TMDLs help prioritize cleanup efforts and help create a 
plan for solving a real problem. Also, a TMDL creates 

a sense of urgency that may not exist otherwise.

Q: How about the bad issues?

A: Most TMDLs across the country take a pollutant-by-
pollutant approach to solving water quality problems, 

rather than an integrated approach by which you tackle 
several pollutants in one plan. This becomes quite burden-
some for communities. Regulatory agencies need to provide 
more flexibility for localities to integrate various TMDLs that 
may have many similar, overlapping solutions.

Also, TMDL numbers have a lot of uncertainty associated 
with them, which causes me heartache. Localities are told, 
“Here is your load allocation, now do something.” Well, this 
allocation needs a planning target—some tangible goals. 
As I’ve said, communities are much more willing to invest in 

specific implementation actions that demonstrate progress 
than in some far-off objective way down the road. Unfortu-
nately, I think that most TMDLs have been set up without inte-
grating and emphasizing those intermediate tangible goals.

Q: Where do you think TMDLs are headed in the 
future? 

A: I hope that we can move to a watershed-based inte-
grated approach to developing TMDLs. Action-oriented 

implementation plans are a must. And finally, more research 
needs to be a part of TMDL plans so that communities can 
better understand how their management practices are af-
fecting the health of the water bodies they are trying to 
improve.

–Interviewed by Laurel Woodworth, 
Center for Watershed Protection
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The second good thing is that the program improved the 
assessment of water quality and, importantly, public aware-
ness of that assessment. The early lawsuits came about be-
cause the states weren’t even assembling the 303(d) lists of 
impaired waters, even though this was part of the original 
Clean Water Act (CWA) legislation in 1972. Now, these 
water quality assessments and listings are routine.

Q:How about the bad issues?

A:Well, one could argue that a lot of money has been 
spent on TMDLs that don’t have a prayer of being 

implemented. In some regards, it has become a bean-
counters problem. According to USEPA guidance, states 
are supposed to develop TMDLs within 10 to 12 years of 
a water body’s listing, so most of the motivation to meet this 
deadline is to get the beans counted. In some cases, quality 
is sacrificed in the name of speed.

A related drawback is that TMDLs have heightened the pub-
lic’s expectations that water quality problems will be fixed. 
TMDLs do provide data and information, but fixing the prob-
lem will only occur if there is commitment and follow-up ac-
tion, which require time and money.

Q: Where do you think TMDLs are headed in the 
future?

A: We need more implementation and more accountabil-
ity. TMDLs have to become effective at restoring wa-

ter quality, and two big components that are lacking are 
implementation and accountability. Without those, it is an 
academic exercise. 

Q: How do you think that TMDLs should be linked 
with MS4 permits?

A: MS4s should comply with water quality standards; oth-
erwise, they are a blanket exemption from the rules that 

govern all point source dischargers. However, it will be 
difficult, and the program needs to be realistic about time-
frames—it won’t happen overnight. For many local govern-
ments, these are new duties, and they need technical and 
financial assistance.

At the same time, we need to stop being afraid of requiring 
local constituencies to pay, at least in part, to correct local 
problems. In this regard, stormwater utilities are very posi-
tive. Passing the buck (to state or federal levels) or saying 
that we won’t act until the state or federal government gives 
us money are weak excuses.

Q: What would you recommend to boost the imple-
mentation of TMDLs?

A: I would recommend detailed implementation plans (IPs) 
as part of each TMDL. The Chesapeake Bay TMDL 

will have IPs and measurable milestones in two-year incre-
ments; both concepts are from the 2000 rules. You have 
to be able to tell if you’re making progress. Also, TMDLs 
need to account for and plan for growth. In jurisdictions 
where the population is growing, you can’t assume that if 
you meet the loads, then you are done. This doesn’t mean 
that growth should be stopped, but rather that it should be 
planned for in the TMDL process. This has never been a 
required component of a TMDL, though EPA does recom-
mend it. Most TMDLs—if they are good ones—will have an 
allotment for future growth or will explain the requirement 
for future offsets.

Q: How do you think that USEPA and the states can 
or will enforce nonpermit (unregulated) pollu-

tion sources, such as agriculture and smaller mu-
nicipalities? Do you think that agricultural sources 
should ever be regulated in the context of TMDLs?

A: Since USEPA has no regulatory authority over conven-
tional agriculture, it’s up to the states in the first instance 

to take the necessary steps to rein in runoff from nonpoint 
sources. Smaller municipalities can be designated as MS4s 
through USEPA’s residual designation authority under the 
CWA if necessary findings are made about contributing to 
the Bay’s impairments. But agriculture is a dilemma . . . I 
would love to see voluntary programs succeed, but I’m very 
skeptical. I think that ultimately we will need to impose some 
type of regulations on agricultural sources if we want the 
Bay TMDLs to succeed in restoring water quality. However, 
I suspect that many of the better farming operations are 
already meeting whatever requirements might have to be 
adopted, so the actual impact may not be as burdensome 
as feared.

Q: Anything else?

A: TMDLs are a simple concept, but not an easy one. It 
will continue to be a difficult challenge—one in which 

we all have to work together in pursuit of a common goal 
of restoring and protecting water quality.

–Interviewed by David Hirschman, 
Center for Watershed Protection
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Q: What are your top two good and bad issues 
with TMDLs? Let’s start with the good.

A:On the positive side, TMDLs have helped focus attention 
on pollutants of concern and have forced us to quantify 

the effectiveness of the best management practices (BMPs) 
we’re using. In the past, we have implemented BMPs with-
out looking at their pollutant removal effectiveness. 

Q: How about the bad issues?

A: Under the current system, there is an inequity among tra-
ditional nonpoint stormwater discharges stemming from 

the treatment of MS4 permits in the TMDL allocation. Other 
(non-MS4) nonpoint sources are accounted for in the load 
allocation, which typically brings a softer approach to meet-
ing limits. However, MS4 stormwater discharges are treat-
ed as part of the wasteload allocation and are subject to 
the same numeric limits as traditional point sources in TMDL 
allocations. Therefore, MS4 permit holders are singled out 
among most other stormwater sources and are required to 
meet numeric limits.

Q: Where do you think TMDLs are headed in the 
future? 

A: Lawsuits. 

Q: What are major improvements that the state 
and federal government can make to improve 

TMDLs?

A:Allow for the use of an adaptive management strategy 
that first implements the stormwater management pro-

gram, provides some time for the program to run its course, 
evaluates the program’s effectiveness, and finally provides 

adjustments to improve the program. Also, regulators should 
provide consistent, reasonable tools for assessing program 
effectiveness. Currently, MS4s are generating their own 
methods of assessment that can result in inconsistent report-
ing and results. These MS4s need a broad assessment tool-
box that each municipality in its district can rely on to im-
prove reporting within the MS4 and among MS4s. USEPA 
is working on a tool that aims to meet this need.

Q:How do you think TMDLS should be linked with 
MS4 permits?

A:I’m not sure that they necessarily need to be directly 
linked, at least in terms of meeting numeric reduction 

goals. MS4s work to improve water quality using the maxi-
mum extent practical (MEP) standard (see 40 CFR Section 
122.26), while most NPDES permitted discharges are di-
rectly linked to water quality standards. TMDLs, in effect, 
become a site-specific water quality standard. Therefore, 
a potential conflict is built into the rules if we are going to 
require an MS4 to meet water quality standards set forth in 
a TMDL, when in fact, the standard should be MEP. A soft 
link would be most appropriate for implementing TMDLs 
through MS4 permits. 

Q: What would you do if you were in charge of making 
the rules for TMDLs in the United States?

A: Changing the TMDL equation to account for MS4 dis-
charges under the load allocation instead of the was-

teload allocation would be a really good start. This would 
level the playing field and would help put MS4s on par with 
other nonpoint source dischargers. It would also remove the 
apparent conflict of requiring municipal systems to meet nu-
meric goals required for wasteload allocations under the 
TMDL program (see 40 CFR Section 130.7). 

Connecting the Dots between TMDls and 
Ms4s, a discussion with Michael bateman
Deputy bureau chief, Resource Regulation, Northwest Florida Water Management 
District

About Michael Bateman: Michael Bateman has over 25 years of experience in 
environmental engineering, including over 13 years with the Florida Department of En-
vironmental Protection. He has extensive experience in private practice working in land 
development, civil engineering, and environmental consulting. He is currently involved in 

the development of Florida’s statewide stormwater rule. Mr. Bateman has served on the Florida Stormwater Association’s 
Board of Directors since 2004 and is the current association president. He has also served as administrator of Florida’s 
NPDES Stormwater Program. He is a registered Professional Engineer and a Certified Professional in Stormwater Quality. 
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Q: TMDLs have a reputation for not being implemented. 
What would you recommend to boost implementation?

A: Implementing realistic schedules and realistic expec-
tations through an adaptive management strategy is 

needed. If the MS4s are expected to meet overwhelming 
goals (e.g., zero discharge over the next permit cycle), then 

they may choose to do nothing. We need to better manage 
MS4s and improve water quality through improved goals 
and timetables. We have large systems that have big prob-
lems and we need to address these in a realistic manner.

–Interviewed by Sadie Drescher,  
Center for Watershed Protection

Do you know a watershed or stormwater professional who has demonstrated leadership and dedication to wa-
tershed protection? Consider recognizing that person’s achievements by nominating him or her as a Watershed 
Superstar. The winner will be featured in the next issue of the Watershed Science Bulletin. To submit a nomina-
tion, please send an email to bulletin@awsps.org with “Watershed Superstar” as the subject line and include the 
following information:

• Nominee’s full name
• Professional title
• Affiliation
•  Short (½-page or less) description of why the nominee is a Watershed Superstar
• Name and contact information for the person submitting the nomination
• Name and contact information for two people we may contact as additional references
Nominations will be judged based on their accomplishments in the field of watershed and stormwater protection 
as well as the unique qualities that make up a Watershed Superstar, including ambition, innovation, collabora-
tion, and dedication.

Nominations must be received by Friday, November 12, 2010.

Nominate a “Watershed Superstar”
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