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 In the Chesapeake Bay, stream restoration is being hotly 
debated. The outcome of this debate could have some big 
implications for how widely stream restoration is used by 
communities to clean up local streams, rivers, lakes, and other 
water bodies. There are several critical issues in this debate, but 
at the heart of it, the question is just how beneficial is stream 
restoration, especially since the costs to implement this practice 
can be tremendous.

 For a time, the stormwater world seemed unilaterally focused 
on rain gardens and bioretention, so the debate is a welcome one.1 
The reality is that rain gardens alone won’t get our nation’s water 
clean enough to swim, fish, and drink from, even if money was no 
object. Rain gardens will certainly always be part of the picture, 
but that’s just it. There is a big, broad landscape of practices to 
choose from, and sometimes the hardest job is figuring out the 
right mix for each and every community, and oh yeah– figuring 
out who does what and how.

 A friend has told me on several occasions, “It’s hard to know 
what you don’t know.” A big part of the problem of not knowing 
the full benefits of stream restoration is that a case needs to be 
made for why some of these tools are not as well touted under the 
umbrella of green infrastructure.

 Enter stream restoration, illicit discharge elimination, gross 
solids abatement, and pet waste reduction. All very different 
practices, but potential pieces of the puzzle.

 Stream restoration is probably the most well-known for 
its benefits. In fact, Issue 24 of Sustain, Spring/Summer 2011, 

was dedicated to stream restoration. The articles in that issue 
addressed a wide range of trials, tribulations, benefits, and 
successes of stream restoration projects around the country.2

 Stony Run, a section of stream in the Roland Park region of 
Baltimore City, should be added to that list of inspirational and 
beautiful stream restoration projects. (This may be biased since I 
grew up in Baltimore.) This controversial project was led by then 
Baltimore City’s Chief of Surface Water Management Division, 
Bill Stack (in full disclosure, Bill now works for the Center for 
Watershed Protection), and the stream heralded some of the 
worst features—steep eroding banks, exposed sanitary lines, 
and sediment and nutrients ending up in the Inner Harbor and, 
ultimately, the Chesapeake Bay. This project went beyond your 
typical stream restoration by repairing sanitary infrastructure to 
reduce sewer leaks and wet weather overflows.

 Despite initial opposition from some community members, 
they eventually came around, and the end result is a stream with 
stabilized banks, a functional stream corridor, reduced pollutants 
and bacteria from sewage, and even the addition of blacknose 
dace, a species of fish usually found in only the most pristine 
streams. 

 Bill’s response to critics that argued for a focus on watershed 
practices like rain gardens and bioretention instead of restoration 
was, “You have to put out the fire first, and this project will 
stop the massive loads of sediment and nutrients from eroding 
stream banks,” (personal communication, September 29, 2014). 
Implementing enough watershed controls to stop the erosive 
stream flows could take generations and have an unaffordable 

The Beauty of Stream Restoration 
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price tag. The Stony Run was dumping an estimated 1,805 tons of 
sediment and 2,500 pounds of nitrogen every year. By improving 
5,000 linear feet projected at a cost of $5.4 million ($363,000 
annually, amortized over 20 years at 3% interest), this project 
reduced the sediment washing down stream by approximately 
45 dump trucks a year. (Yes, the big ones that can carry 25 tons). 
This project used Protocol 1 of the Chesapeake Bay Program 
expert panel report “Recommendations of the Expert Panel 
to Define Removal Rates for Individual Stream Restoration 
Projects” finalized in 2014.3

 In comparison, reducing that much sediment and nitrogen 
using rain gardens would take roughly 3,500 acres and 350 acres, 
respectively (treating one inch of runoff at 30% impervious), 
with a cost of $8 million and $813,000 per year, respectively 
(assuming EPA Chesapeake Bay Program retrofit reduction 
efficiencies of 75% annual sediment reduction and 60% annual 
nitrogen reduction for Baltimore City, MD).

 Of course, a project of this magnitude requires making a case 
beyond cost per pound of pollutants removed. Choices have to be 
made about the type of specific in-stream and riparian practices, 
project location and feasibility, and funding. But for the folks 
who care about water quality, the cost per pounds removed is one 
of the leading drivers for determining feasibility of a project. 

 Hopefully, the debate occurring in the Chesapeake Bay will 
answer questions such as “Just how many pounds of pollution 
can be claimed with each stream restoration project?” and 
“How much sediment originates from the stream channel versus 
the watershed?” Although the EPA Chesapeake Bay Program 
has already substantially changed protocols for estimating 
sediment and nutrient load reductions for stream restoration, 
more data is needed to improve the accuracy of techniques and 
to help communities choose the most effective methods for 
implementing these practices. The implications of this debate and 
the implementation of subsequent projects could be tremendous, 
potentially spawning a new suite of stream restoration projects 
in the Chesapeake Bay and, hopefully, setting the precedence for 
change in Kentucky and other areas of the country. 

 Bill Stack is quick to point out that community residents in 
the Stony Run area had other concerns. Issues like the disruption 
from construction equipment during barbeque season and cutting 
down trees were raised. Bill notes, “I got challenged a lot about 
the project, questions about its value and the expenses. I had one 
answer to that—the Clean Water Act” (personal communication, 
September 24, 2014).

 Bill, of course, is talking about the fact that Baltimore is 
mandated to take certain measures to clean up its water and 
substantially reduce its pollutant loads. Under the Clean Water 
Act, Baltimore City, like many urban areas, must meet specific 
standards for pollutant load reduction. In addition, the City is 
under a consent decree requiring a comprehensive wastewater 
collection system evaluation and rehabilitation program, which 
is why the stream restoration project was combined with a 

sewer rehabilitation project. The program specifically requires 
“addressing sources of sewage located in the storm system,” 
which is ironic given that the stormwater and sewer system were 
designed to be separate systems unlike other communities where 
stormwater and sewage are in combined systems.4

 Kentucky is no stranger to these clean water requirements. 
Approximately 100 communities in Kentucky are bound by 
federal and state regulations under the Clean Water Act to take 
specific actions that will make these waters swimmable, fishable, 
and/or drinkable.5 Rain gardens and stream restoration should be 
part of the solution, but so should illicit discharge elimination 
(such as sewage), gross solids abatement, and pet waste reduction. 

 Some may argue the beauty of stream restoration is a lot 
easier to sell than the other relatively unknown practices that are 
critical to attaining swimming, fishing, and drinking water goals. 
While this is true to an extent, for those of you who care about 
clean water there should be some concern about the absence of 
these powerful practices in the stormwater lexicon. 

 Starting with dry weather discharges, which can have a 
much greater impact to receiving waters than wet weather 
overflows of separate and combined sewer systems. Although 
these are one type of discharge, they include all discharges from 
pipes that are not permitted. Field studies have found that these 
illicit discharges, especially in dry weather, can be persistent in 
many older urban areas.6, 7, 8, 9, 10, 11, 12 Alarmingly, these pipes, 
whether intentionally or unintentionally plumbed to the stream, 
are steadily spewing raw sewage and other pollutants. Both 
the detection and fixing can be elusive, since tracking requires 

Dry weather discharge in the Stony Run.
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field work. The detection requires a combination of looking for 
the signs of illicit discharges by smell and sight, and verifying 
through collection and quick analysis, both in the field and lab. 
Research has shown that pipes that leak during dry weather can 
be a substantial component of pollution loads to local streams.6, 7, 

8, 9, 10, 11, 12 For example, a study of the Inner Harbor in Baltimore 
City found that eliminating these dry weather flows could make 
the Inner Harbor suitable for human contact recreation at least for 
part of the year.11

 Aside from the obvious problem of raw sewage, the hindrances 
to implementing effective illicit discharge programs are many. To 
start, the regulations and guidance need updating. At the time the 
regulations were written, they were very focused on industrial 
wastes, missing the dry weather sewage and misconnections 
that have been found in the field. More specifically, the program 
doesn’t address pipe sizes less than 36”.13 Field studies have 
shown that many of the pipes that are flowing illicit discharges 
are less than 36”.14 Furthermore, basic testing for bacteria 
and other indicators of sewage are not currently required in 
the regulations. The guidance on detection itself sorely needs 
updating as new information has been found during the 30+ years 
since the original regulations were published.

 As a result, the subsequent consent decrees issued to various 
jurisdictions also lack this specificity. For example, in Louisville 
and Jefferson County, the consent decree for the Metropolitan 
Sewer District mandates that overflows can only exist in 
combined sewer communities during wet weather. However, the 
amended document doesn’t address directly the issues of dry 
flows from separated storm sewer systems.15 Separated systems 
constitute about 77% of the systems for these jurisdictions.

 These regulatory issues combined with the complexities 
of whether illicit discharges should be managed by stormwater 
or sewer districts further complicate the matter. Some of the 

questions the issues raise include: Are the illicit discharges a 
sewer problem or a stormwater problem? Who should fix them? 
Who has the resources to fix them? How big of a problem is it 
relative to other larger sewer problems? How does one detect 
them? And, finally, are there potential incentives or disincentives 
to detect them?

 The complexity doesn’t end with the regulations. Field 
studies have shown that many communities have not updated 
or mapped their sewer systems, making implementation of any 
program difficult. Lack of this critical data is prohibitive to 
actually figuring out both how to detect the issues and fix the 
problems. 

 There are other questions and issues that are also related and 
aren’t necessarily incentives for communities to do something 
about this issue. For example, if the elimination of sewage 
discharges is mandated, should the associated reductions in 
nitrogen, phosphorus, or bacteria reduction be credited towards 
meeting local TMDLs since communities should be fixing these 
discharges anyway?

 Not allowing communities to get pollutant removal credits for 
something that is known as a potentially rampant problem seems 
short-sighted, especially since the magnitude of the problem has 
been unknown up to this point. By providing incentives to fix the 
problem, which has a low cost per pound of pollution reduced, 
communities can substantially eliminate a big source of pollution.

 For some communities, other not-so-obvious choices in 
practices exist. Gross solids (large debris such as leaf litter and 
trash) abatement, which can be addressed through composting/
collection programs and street sweeping, is another practice that 
can significantly reduce pollution loads. Studies show that when 
you look at what’s on the streets, it’s organic matter like leaf 
litter and grass clippings that can be the most significant sources 
of nutrient pollution.16 That’s not to say we should cut down our 
trees, as some may deduce from those findings. The data on the 
benefits of trees has long been documented and a fight to cut trees 
would be a difficult uphill battle with few proponents. However, 
urban environments do not have the benefit of the forest floor 
to recycle nutrients from leaf matter. Instead, leaves and other 
organic debris are effectively transported to the nearest stream 
via the gutter and storm drain system. So while trees and other 
vegetation are beneficial, in urban environments leaves and other 
organic solids need to be managed through a collection or street 
sweeping program.

 As an example, the Eastern Shore of Maryland is using some 
unique nets, attached to culverts to capture their gross solids. The 
devices traps leaves and other debris from flowing downstream. 
Though the material itself has a relatively low concentration of 
nitrogen and phosphorus, the sheer mass of material, nitrogen, 
and phosphorus reductions add up.

 And last, but certainly not least on the radar, should be pet 
waste programs. Although it’s illegal to not pick up after your 

Fish sampling in the Stony Run.
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Cost-Effectiveness of Urban Stormwater BMPs*12 

BMP 
Cost Effectiveness ($/lb) 
TN  TP  TSS  

Bioretention (new - suburban), A/B soils, no underdrain 339.00 2,934.83 5.82 
Bioretention (new - suburban), A/B soils, underdrain 387.43 3,326.14 6.55 
Bioretention (new - suburban), C/D soils, underdrain 1,084.81 5,543.56 9.53 
Bioretention (retrofit, highly urban C soils) 2,078.97 12,500.51 22.25 
Bioswale (new) 309.13 2,653.91 5.23 
Dry Detention Ponds (new) 4,597.20 21,143.16 44.43 
Dry Extended Detention Ponds (new) 1,149.30 10,571.58 7.41 
Filtering Practices (sand, above ground) 979.43 4,541.97 6.47 
Filtering Practices (sand, below ground) 1,065.38 4,940.56 7.04 
Forest Buffers 150.86 1,851.00 7.66 
Hydrodynamic Structures (new) 7,146.10 32,865.88 69.06 
Illicit discharges- correction of cross-connections 17.70 70.79 6.69 
Illicit discharges- sewer repair 8.86 35.43 0.89 
Impervious Urban Surface Reduction 2,439.05 7,354.09 11.96 
Infiltration Practices w/ Sand, Veg. (new) 488.64 3,398.98 5.78 
Infiltration Practices w/o Sand, Veg. (new) 496.65 3,251.47 5.53 
Permeable Pavement w/ Sand, Veg. (new), A/B soils, no underdrain 2,528.09 17,585.50 31.45 
Permeable Pavement w/ Sand, Veg. (new), A/B soils, underdrain 4,044.94 28,136.81 38.19 
Permeable Pavement w/ Sand, Veg. (new), C/D soils, underdrain 10,112.36 70,342.02 48.61 
Permeable Pavement w/o Sand, Veg. (new), A/B soils no underdrain 1,926.47 12,563.10 22.47 
Permeable Pavement w/o Sand, Veg. (new), A/B soils, underdrain 3,210.79 20,100.97 27.28 
Permeable Pavement w/o Sand, Veg. (new), C/D soils underdrain 14,448.56 50,242.42 34.72 
Pet waste program 0.44 3.36 N/A 
Retrofit of Existing Dry Pond (conversion to wet pond or wetland) 565.52 2,311.92 3.64 
Street Sweeping – Mass Loading Method 1,389.99 3,474.98 11.58 
Street Sweeping – Street Lane Method 2,259.29 15,715.71 9.95 
Tree Planting 657.58 9,621.48 46.23 
Urban Growth Reduction 246.60 1,383.85 2.64 
Urban nutrient management (recommended efficiencies) 476.59 2,378.97 N/A 
Urban Stream Restoration (original efficiencies) 2,613.21 17,421.41 26.13 
Urban Stream Restoration (recommended interim efficiencies) 261.32 768.59 0.96 
Vegetated Open Channels, A/B soils, no underdrain 289.61 2,663.93 3.60 
Vegetated Open Channels, C/D soils, no underdrain 1,303.25 11,987.68 5.04 
Wet Ponds and Wetlands (new) 696.63 2,847.91 4.49 
Wetlands (retrofit) 1,160.28 6,670.36 10.99 

 
                                                             
* Cost-effectiveness values were used to group each BMP into categories of High, Moderate and Low cost-effectiveness for each 
of the three pollutants, as depicted by the green (High), yellow (Moderate), and orange (Low) shading in Table 2. Cutoff values 
between groups were based on natural breaks in the data. 
 

Table 1: Comparison of Cost per Pound Remove for IDDE/ Pet Waste/ Gross Solids/ Bioretention/Stream 
RestorationCost-Effectiveness of Urban Stormwater BMPs*12 

BMP 
Cost Effectiveness ($/lb) 
TN  TP  TSS  

Bioretention (new - suburban), A/B soils, no underdrain 339.00 2,934.83 5.82 
Bioretention (new - suburban), A/B soils, underdrain 387.43 3,326.14 6.55 
Bioretention (new - suburban), C/D soils, underdrain 1,084.81 5,543.56 9.53 
Bioretention (retrofit, highly urban C soils) 2,078.97 12,500.51 22.25 
Bioswale (new) 309.13 2,653.91 5.23 
Dry Detention Ponds (new) 4,597.20 21,143.16 44.43 
Dry Extended Detention Ponds (new) 1,149.30 10,571.58 7.41 
Filtering Practices (sand, above ground) 979.43 4,541.97 6.47 
Filtering Practices (sand, below ground) 1,065.38 4,940.56 7.04 
Forest Buffers 150.86 1,851.00 7.66 
Hydrodynamic Structures (new) 7,146.10 32,865.88 69.06 
Illicit discharges- correction of cross-connections 17.70 70.79 6.69 
Illicit discharges- sewer repair 8.86 35.43 0.89 
Impervious Urban Surface Reduction 2,439.05 7,354.09 11.96 
Infiltration Practices w/ Sand, Veg. (new) 488.64 3,398.98 5.78 
Infiltration Practices w/o Sand, Veg. (new) 496.65 3,251.47 5.53 
Permeable Pavement w/ Sand, Veg. (new), A/B soils, no underdrain 2,528.09 17,585.50 31.45 
Permeable Pavement w/ Sand, Veg. (new), A/B soils, underdrain 4,044.94 28,136.81 38.19 
Permeable Pavement w/ Sand, Veg. (new), C/D soils, underdrain 10,112.36 70,342.02 48.61 
Permeable Pavement w/o Sand, Veg. (new), A/B soils no underdrain 1,926.47 12,563.10 22.47 
Permeable Pavement w/o Sand, Veg. (new), A/B soils, underdrain 3,210.79 20,100.97 27.28 
Permeable Pavement w/o Sand, Veg. (new), C/D soils underdrain 14,448.56 50,242.42 34.72 
Pet waste program 0.44 3.36 N/A 
Retrofit of Existing Dry Pond (conversion to wet pond or wetland) 565.52 2,311.92 3.64 
Street Sweeping – Mass Loading Method 1,389.99 3,474.98 11.58 
Street Sweeping – Street Lane Method 2,259.29 15,715.71 9.95 
Tree Planting 657.58 9,621.48 46.23 
Urban Growth Reduction 246.60 1,383.85 2.64 
Urban nutrient management (recommended efficiencies) 476.59 2,378.97 N/A 
Urban Stream Restoration (original efficiencies) 2,613.21 17,421.41 26.13 
Urban Stream Restoration (recommended interim efficiencies) 261.32 768.59 0.96 
Vegetated Open Channels, A/B soils, no underdrain 289.61 2,663.93 3.60 
Vegetated Open Channels, C/D soils, no underdrain 1,303.25 11,987.68 5.04 
Wet Ponds and Wetlands (new) 696.63 2,847.91 4.49 
Wetlands (retrofit) 1,160.28 6,670.36 10.99 

 
                                                             
* Cost-effectiveness values were used to group each BMP into categories of High, Moderate and Low cost-effectiveness for each 
of the three pollutants, as depicted by the green (High), yellow (Moderate), and orange (Low) shading in Table 2. Cutoff values 
between groups were based on natural breaks in the data. 
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dog and the subject of fecal matter can be both comical and gross, 
the fact is that dog feces is a large component of bacteria and 
nutrient problems in many streams. So while dog “poop” isn’t 
so beautiful, a combination of public education, signs, “poop” 
stations, and enforcement can significantly curb this problem, 
making the solution a beautiful option in the mix of practices. 

 The evidence for illicit discharges, gross solids, and pet 
waste clean-up isn’t just qualitative. The cost/ benefit analysis of 
these practices are staggering, despite their “not appropriate for 
dinner table talk” qualities.

 Part of the problem may be that communities have no idea 
how to select the best combination of tools to use. For those 
wanting to evaluate a broader suite of practices and prioritize 
them based on cost-effectiveness, tools like the Clean Water 
Optimization Tool can be one place to start. This simple tool 
allows users to develop restoration scenarios that optimize 
Better Management Practice (BMP) selection based on cost-
effectiveness for a particular pollutant (Total Nitrogen, Total 
Phosphorus or Total Suspended Solids). It also incorporates 
assumptions about feasibility so that the resulting scenarios are 
actually achievable rather than just a rubber-stamp exercise. The 
tool churns out a priority list of practices and the number of units 
that must be treated as well as the cost and pollutant reduction 
associated with each BMP. Included in the tool is a mixture of 
stormwater retrofits, land use change practices, and municipal 
programs and practices that are not traditionally thought of in the 
mix.

 So if you’ve made it this far in the article, you’re asking, 
“Why aren’t we using them to meet pollution reduction in every 
community?” For one reason or another, the stormwater crowd 
seems to have been distracted from the discussion of a broader 
set of solutions for too long.

 Rain gardens definitely have their place. Green roofs and 
bioretention can also be powerful tools in the mix, but it’s time 
to let the practice catch up with the research and open up the 
discussion of actually meeting the goals set by the Clean Water 
Act with a broader array of tools and practices. Let’s put it all 
on the table—stream restoration, illicit discharge detection and 
elimination, gross solids elimination, and pet waste removal. 
These practices and others should all be considered throughout 
Kentucky and across the country.

 There are likely many more options that are lacking in 
research or have not received the attention that they deserve. With 
the debate happening in the Chesapeake Bay, and the impending 
changes in regulations for some of the practices occurring at 
EPA’s Chesapeake Bay Program, the first train has left the station. 
The question now is who, how, and when will communities 
respond when the train finally arrives at their station? Emptying 
and organizing the toolbox may be a good way to make sure we 
know we actually have what can save us time and money, and get 
us a lot closer to attaining clean water for swimming, fishing, and 
drinking.

 As the Executive Director of the Center for Watershed 
Protection, Hye Yeong’s responsibilities include organizational 
management, fund-raising, and program development. With 
nearly 20 years of experience in nonprofit management and a 
background in biology, Hye Yeong has combined her education 
and training to help lead the Center toward a multi-disciplinary 
strategy to protect and restore watersheds throughout the country. 
Her project experience has included a wide range of subjects, 
including environmentally sensitive site design, watershed 
planning, and consensus building. Hye Yeong has a B.S. in 
Biology, an M.S. in Management, and an MBA. Hye Yeong lives 
in Ellicott City with partner Craig and their kids Cassie, Isa, and 
Rye, enjoying fishing, football, traveling, scuba diving, camping, 
eating good food, and good company when she can.
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 Most people don’t initially think of their furry friend Fido 
when they hear the term “water pollution.” Yet, dogs produce 
a LOT of waste and this waste contains pathogens (such as 
bacteria) and nutrients, two of the most common causes of river 
and stream pollution in the United States (US), based on data 
provided by states to the US Environmental Protection Agency 
(EPA) (USEPA, 2015).  Collectively, the estimated 84 million 
dogs in the US produce upwards of 62.7 million pounds of waste 
every day, most of which ends up in the backyard, according to 
Doody Calls, a national pet waste cleanup company. In addition 
to the mess this creates, dog poop is also a public health issue. 
The EPA considers pet waste to be a source of nonpoint source 
pollution because it contains pathogens such as bacteria, viruses, 
and parasites that can cause disease in humans, and because, if 
left on the ground, these pathogens end up in stormwater runoff 
when it rains (USEPA, 1994). Although a few studies have made 
incremental progress toward improving our understanding of 
pet waste as a pollution source and the potential to reduce this 
source through education and outreach programs, significant gaps 
in research exist, including the role of human behavior and the 
ultimate effect on water pollution.

 Nonpoint sources of water pollution such as pet waste are 
increasingly dealt with through the Clean Water Act’s total 
maximum daily load (TMDL) process, and much emphasis 
is placed on quantification of pollution sources and control 
strategies to assist with TMDL “accounting.” The Chesapeake 
Bay TMDL, the nation’s largest TMDL developed in 2010, 
has spurred further interest and research in quantifying and 
developing pollutant removal “credits” associated with pet 
waste programs. If crediting efforts are successful, this approach 
would treat a municipal program or educational campaign as 
a best management practice (BMP), so that a local jurisdiction 
applying this BMP can receive credit towards their TMDL and/or 
municipal stormwater permit requirements.

 There are two major challenges with quantifying pollutant 
reductions from pet waste programs. The first problem is that not 
enough is known about the contribution of pet waste to bacteria 
and nutrient loads in streams. While pet waste is generally 
identified as a source of water pollution in urban and suburban 
watersheds, most watershed plans or TMDLs that identify it as 
a source are unable to numerically quantify its contribution to 
watershed pollutant loads and the reductions required to achieve 
water quality goals. Exceptions may include those TMDLs 
supported by bacteria source tracking studies (BST) that can be 
used to identify the sources of fecal bacteria in collected water 
samples, as broadly as human versus animal or as specific as the 
species (e.g., cow, dog, goose). There are various BST techniques 
available that range in their reliability, complexity, and expense 
and, although certain technologies are quickly becoming more 
accessible and affordable (e.g., Antibiotic Resistance Analysis), 
results from individual BST studies are generally not transferable 
to other watersheds.

 The second problem is that picking up pet waste is a human 
behavior, which is notoriously difficult to quantify (especially at 
the scale of an entire municipality), and measuring the before-
and-after effects of an outreach program on people’s behavior is 
equally complex. Although many communities across the country 
have adopted “pooper-scooper” laws or developed catchy slogans 
and humorous ads to help raise residents’ awareness of the issue, 
few have built in this type of monitoring to measure the impacts 
of these programs. Before behavior change can be measured, you 
first need a baseline of pet waste-related behaviors from which to 
measure change. One study in the late 1990s surveyed residents 
in the Chesapeake Bay Watershed and asked them if, when, and 
how they cleaned up after their dogs. The survey results show that 
41% of households own a dog, and, of these dog owners, 66% 
regularly walk their dogs (Swann, 1999). Of the dog walkers, 
59% report that they clean up after their dog most or all of the 
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time, which is generally consistent with other study findings 
(Swann, 1999). The survey showed that, of the dog walkers 
who rarely clean up after their dogs, 44% indicated they would 
still refuse to pick up even if confronted by complaints from 
neighbors or fines, or provided with more sanitary and convenient 
options for retrieving and disposing of dog waste (Swann, 1999). 
To date, the survey is one of only a few studies of this nature.

 In 2000, the Center for Watershed Protection (Center) 
incorporated these findings into the Watershed Treatment 
Model, a simple tool for estimating nutrient, sediment and 
bacteria loads from urban watersheds (Caraco, 2002). The model 
incorporates assumptions about pollutant loading from pet waste 
and reductions from pet waste education programs. The limited 
research available on this topic provided the needed values 
for daily waste production per dog (Godfrey, 1992), pollutant 
concentrations in dog waste (Schueler, 1999) and awareness 
factors associated with distribution of educational flyers (Pellegrin 
Research Group, 1998; NSR, 1998). Best professional judgment 
was used to develop a delivery factor for pet waste, since a major 
unknown is how much of the pet waste left on the ground actually 
makes its way into local rivers and streams. While the Watershed 
Treatment Model is the only model that explicitly addresses 
pollutant reductions from pet waste programs, some other tools 
are available for quantifying pollutant loads from pet waste, such 
as Virginia Tech’s Bacteria Source Load Calculator (BSLC). The 
BSLC is a load estimation tool that develops bacterial loads for 
input into HSPF, based on assumptions about the number of pets 
per household and the bacteria load produced per pet each day 
(Zeckoski et al., 2005).

 In 2011, the Center explored various urban BMPs that are 
the most cost-effective for reducing nitrogen, phosphorus and 
sediment in the James River Basin in Virginia. A secondary goal 
of the study was to evaluate how implementing local bacteria 
TMDLs can also help to meet the Chesapeake Bay-wide nutrient 
and sediment targets. Pet waste programs were included in the 
analysis because of their prevalent use in TMDL implementation 
plans for bacteria TMDLs in Virginia’s urban watersheds (e.g., 
MapTech, 2011). The Center compiled data to estimate the cost 
and the nutrient and sediment removal effectiveness of the most 
common elements of a pet waste program: adoption of a pet 
waste pickup ordinance, educational flyers or mailings, and pet 
waste stations installed in public spaces where people are likely 
to walk their dogs. The results showed that pet waste programs 
are by far the most cost-effective urban management practice for 
reducing nutrients in runoff (CWP, 2013). The cost to remove a 
pound of nitrogen was estimated at just $0.44—700 times more 
cost-effective than a bioswale and 1,200 times more cost effective 
than a pond retrofit (CWP, 2013). The cost to remove a pound 
of phosphorus was estimated at $3.36—680 times more cost 
effective than both bioswales and pond retrofits (CWP, 2013). 
When these values were recently revised to include only the pet 
waste stations, the results still showed it was the second most cost-
effective urban BMP (behind downspout disconnection) at $123/
lb of nitrogen and $945/lb of phosphorus (CWP, unpublished 

data). These preliminary estimates show the potential for pet 
waste programs to play a significant role in reducing the cost of 
local urban stormwater strategies as well as tackle a messy and 
unhealthy neighborhood problem.

 To delve further into the questions of how effectively pet 
waste programs reduce pet waste or improve water quality, the 
Center has ventured into the world of social marketing. Social 
marketing uses marketing strategies to influence the behaviors of 
a target audience for the common or public good—the application 
of social marketing to environmental problems is an emerging area 
of interest. Most pet waste education programs are not designed 
to address the specific barriers and benefits of the target audience, 
which would require finding out why some dog owners don’t 
pick up their dog’s poop and what (if anything) would motivate 
them to change. The Center is working with local partners on a 
social marketing project to help the City of Frederick, Maryland 
identify these barriers and benefits, design a more effective pet 
waste program to increase the number of dog owners who clean 
up after their pets, and be able to better measure the program’s 
effectiveness. The study is still underway but already some 
useful data has been gathered from a focus group comprised of 
dog owners in Maryland who were asked to provide input on 
the City’s current Scoop the Poop pledge form. The focus group 
members view themselves as responsible pet owners but are not 
confident that others will do their part, so they don’t think that 
signing a pledge will make a difference (WWTW, 2014). Given 
this, some suggestions to strengthen the City’s pledge are to offer 
additional rationales for signing the pledge (e.g., disapproval from 
neighbors, damage to lawns, risk of disease) that may be more 
motivating to the target audience than environmental protection 
alone and to identify some stronger incentives and disincentives 
to picking up pet waste (e.g., reminders about fines for violation 
of pet waste regulations, providing greater public recognition for 
those who sign the pledge form). Another meaningful finding was 
that none of the panel members reported that providing a free 
pet waste bag was a particularly meaningful incentive (WWTW, 
2014).

 While social marketing studies begin to delve into the 
psychology of human behavior so that pet waste programs 
can become more effective, other groups are using technology 
to tackle the pet waste problem in new and innovative ways. 
A dog park in Cambridge, Massachusetts is using a methane 
digester to transform dog poop into energy that powers a light 
in the park. The “Park Spark” is located at the Pacific Street 
Park and provides biodegradable bags for dog owners to pick 
up their pet’s poop, deposit it in the methane digester and turn a 
wheel to “feed” the digester: http://parksparkproject.com/home.
html. Another example is the increasing number of apartment 
complex managers around the country who are using DNA 
testing to track down the owners of unclaimed dog poop. In 
this scenario, property managers require all resident dog owners 
to submit a DNA sample so they can maintain a database 
against which to compare the DNA collected from dog waste 
found on the property. Companies that offer the DNA testing 
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service boast resulting reductions in pet waste as high as 75% 
to 100% upon implementing this type of program: http://www.
pooprintspotomac.com/.

 There are many questions on the topic of pet waste that merit 
further research, including: How much pet waste is present in the 
urban and suburban environment and how does it vary by land 
use or density of development? What are the best indicators for 
estimating pollutant loads from pet waste in a watershed? How 
much of this waste is actually delivered to local waterways? And 
the holy grail of all these questions is how effective are pet waste 
programs at changing people’s behaviors over the long term, 
and how does this behavior change affect water quality? Few 
studies have comprehensively examined this last question, and 
one that did— a before-and-after BST study coupled with pet 
waste education in Santa Barbara County, California —showed 
no decrease in fecal indicator bacteria after implementation of 
the education program (Ervin et al., 2014). We need to do more 
of this work and figure out how to improve the education piece 
but also, as they did in Cambridge, to think outside the box to ask 
ourselves if there are ways to put pet waste to good use and stop 
thinking of it as waste.

 Karen Cappiella is the Director of Research at the Center 
for Watershed Protection. Karen has over 13 years of experience 
providing technical assistance and guidance to communities on 
responsible land and water management techniques. She conducts 
applied research on topics related to watersheds and stormwater 
to better understand the influence of land use change on water 
resources and how best to prevent or mitigate these impacts.
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Introduction

 Urban streams were used for recreational activities and as 
centers for education. Because of urbanization, urban streams 
have been neglected and abused by changing the natural 
alignment, installing combined sewer overflows, not controlling 
polluted storm water runoff and more. These factors made urban 
streams polluted and limited their use as recreational spaces. 
Researchers are investigating efficient techniques for increasing 
in-stream water quality. This involves both in-stream and off-
stream techniques for reducing the pollution levels in urban 
stream water. In-stream techniques involve modification of 
channel slope, shape and removal of impervious channel lining, 
which reduces soil erosion, and increases habitat for aquatic life 
and plants, which in turn creates a natural balance for stream 
health. Off-stream techniques involve storm water harvesting 
through the use of rain gardens, pervious pavements, rain barrels 
and infiltration basins.

 Water purification on the other hand involves filtration and 
disinfection. Filtration removes suspended particles in water 
and bacteria. Disinfection involves reducing bacterial and viral 
concentrations in water through the addition of chemicals, 
or passing water through germicidal irradiation. Research is 
showing that using naturally available materials for filtration and 
sunlight as germicidal agents for disinfection makes the treatment 
system sustainable and results in zero disinfection by-products 
release. 

 This project studied the feasibility of using a sustainable 
water treatment concept as off-stream enhancement of stream 
water quality. The authors tested four different filter combinations 
for filtration and an open channel flow concept for solar 
disinfection. The project is installed at the Beargrass Falls, a park 
for public education on water conservation, storm water runoff 

reduction and sustainable power sources. Educational sessions 
are being conducted with students from local schools at all grade 
levels and also to the general public. Beargrass Falls is located at 
Karen Lynch Park, a Jefferson county park located in District 9, 
Louisville, Kentucky.

Pilot Project

 A pilot water treatment project is being tested as an off-stream 
technique for reducing the E. coli concentration in water. This 
project was constructed and operated on the bank of Beargrass 
creek, an urban stream in Louisville metro with a drainage area 
of 60 sq. miles. Water is drawn from Beargrass Creek using a 
solar pump, and then stored in a tank which is constructed to flow 
through filters. A post filtration mechanism exposes the water to 
sunlight by passing it through an open channel setting. The water 
then flows back into the creek through a waterfall. Figure 1 shows 
the project setup with components labelled. The treatment project 
is classified into four categories.

Pumping water into storage tank

 Six solar panels are installed to power the submersible pump 
that is installed in the creek. The pump raises water into a storage 
tank that is 35 feet above the water level of the creek. The over 
flow water is channeled back into the creek through a concrete 
water fall which creates a ripple effect and helps to increase the 
Dissolved Oxygen (DO) concentration in the water. The storage 
tank serves as a settling reservoir to catch sediment in the water. 
Figure 2 shows the PV-panels setup for powering the pump. 

Filtration

 A one foot diameter, 20 foot long schedule 80 PVC pipe was 
cut into four 5 foot long pipes and filled with filter materials in 
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different proportions. Water flows gravitationally into the filters 
and is controlled individually at the inflow of each filter. Figure 3 
shows the Filter arrangement. Filter materials used in this project 
are sand, crushed oyster shells, and activated charcoal. 

Sand - Sand filters are good in reducing the suspended 
particles and bacterial concentrations in water over the 
course of time because of the development of a biofilm 
called Schmutzdecke in the top few millimetres of the 
fine sand layer. Schmutzdecke is formed in the first 
few days of filter operation depending on the flow 
into the filters. It consists of different species ranging 
from bacteria to protozoa (Huisman, L 1974). A fine 
particulate sand is used in this pilot study to reduce as 
much of the total suspended solids (TSS) as possible. 

Oyster Shells - Oyster shells are used because of the rich 
calcium content in them where they are being used 
as the calcium supplement in the chicken industry. 
In addition, they are good at reducing the NH3-N 
(Ammonical nitrogen) concentrations in water (Liuin, 
Yao-Xing 2010). Because of their size, commercially 
available oyster shells can also be used as a coarse 
particle in filters eliminating the need for gravel often 
used in filters. Gravel in filters does not have the 
effectiveness in water purification that oyster shells 
do. Replacing a portion of gravel with some material 
of similar particle size and a better water treating 
agent can help in improving the filter performance. 
Total replacement of gravel with oyster shell is not 
recommended due to the reduced performance in 
capturing sediment. Crushed oyster shells can best 
fit in this filter zone 1) the particle size is similar to 
gravel; 2) the price for a 50lb bag of shells is only 
$10; 3) and they are as good at reducing agents of 
NH3-N compounds in water as well as reducing total 
phosphorus concentrations (Liuin, Yao-Xing 2010).

Activated Charcoal - Activated charcoal has been used as 
a filter material for treating odor and taste of potable 
water (EPA). The mechanism involved in activated 
charcoal filtration is absorption. Because of its high 
porosity, it provides a large surface area to which 
contaminants can be trapped. Granular activated 
charcoal, derived from burning of coconut shells was 
used in this project. Early on, activated charcoal was 
used as a filtering material for absorbing a wide range 
of chemicals (EPA), however, research studies show 
that it can also effectively adsorb E. coli bacteria 
depending on the retention time (Katsumi, N 2000). 
In addition, its particle size makes it a perfect match 
to be added to the filter between very coarse and finer 
material.

 American Water Works Association’s manual for designing 
slow sand filtration was used in constructing the slow sand filters 
used in this study. Filters are designed to reduce the suspended 

solids in water so that sunlight can pentrate the water. The 
mechanism involved in setting up a filter is placing coarser 
material in the bottom and gradually decreasing the grain size to 
finer material at the top. This helps to control the finer particles 
entering into the plumbing and clogging it (Hendricks, D., et al., 
1992). 

Solar Disinfection (SODIS)

 Solar disinfection (SODIS) is the process of cleaning water 
by exposing it to sunlight. Two 18 inch diameter, 10 foot long 
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Figure 3. Filter arrangement showing inflow and 
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Table 1 Filter Specifications 

	  

Table 2 Painted Troughs	  

 

	  

	  

Filter Filter Media 

1 Gravel – 11”; Oyster Shells – 7”; Sand – 3.5” 

2 Gravel – 11”; Oyster Shells – 6” Activated Charcoal – 3.5” 

3 Gravel – 11”; Activated Charcoal – 7” 

4 Gravel – 11”; Oyster Shells – 7” 

Trough Paint Purpose 

1 White Best reflector, Cheap reflecting agent 

2 Spray Painted Aluminum 
Finish Better reflector than White but expensive 

3 None Left unpainted for control 

4 Black Absorbs more heat than other materials 
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pvc pipes were cut into two half cylinders then placed in a 
rectangular base with the semi-circular ends open. Each half 
cylinder was painted with different colors, either reflective paint 
or heat absorbing paint. Water moving out of the filters flows into 
separate troughs filled to the desired depth, and flows out through 
the outlet. Table 1 gives details about the painted surfaces and the 
reasons for using them.

Solar Radiation 

 Solar radiation is the electromagnetic radiation emitted by 
the sun. It consists of several bands, however, the significant 
band of radiation used for water purification is divided into five 
regions in ascending order of wavelengths (Naylor, M. F., et al., 
1995). These band regions are UVC (100 – 280 nm), UVB (280 
– 315 nm), UVA (315 – 400 nm), Visible Light (380 – 780 nm), 
IR (700 - 106 nm). Stratospheric oxygen absorbs all the UVC and 
90% of the UVB radiation and 5-10 % of UVA reaching earth’s 
surface allowing UVA and UVB to be effective for disinfection 
(Amaro-Ortiz A., et al., 2014). As we know, the primary cause for 
temperature increase in the atmosphere is infrared radiation. 

 Reflection of solar radiation from ground surfaces, including 
the sea, is normally low (<7%) but is higher for fresh snow (fresh 
snow can reflect up to 80 per cent of incident solar radiation). 
This shows that more than 7% of solar radiation is not reflected 
from the water surface but is absorbed into the water. Penetration 
of solar radiation into water is dependent on the turbidity levels 
in the water. Altitude is another factor that affects solar radiation. 
Each 1 km increase in altitude increases the ultraviolet flux by 
about 6%, meaning that places on the Earth’s surface below sea 
level are relatively poorer in receiving solar radiation than sites 
that are at sea level or at higher elevations (Cutchis, P., 1991). 
The Louisville region’s elevation ranges from a high of about 761 
feet to a low of 382 feet above sea level (elevations and distances 
in the United States, USGS) and so suffices as a suitable location 
for using natural UV irradiance for water disinfection.

Disinfection by Solar Radiation

 Descriptions of solar disinfection of water have existed in 
communities on the Indian sub-continent for nearly 2000 years. 
In the distant past, drinking water was placed outside in open 
containers to be “blessed” by the sun (Baker, M.N.T.M., 1981). 
Downes and Blunt (1877) consequently showing that sunlight is 
effective in reducing or killing bacteria. Disinfection by sunlight 

happens because of the UV radiation and infrared radiation 
present in solar radiation (Mbonimpa, E. G., et al., 2012). 
Inactivation of the bacteria under solar radiation happens due to 
three mechanisms: 1) thermal inactivation, 2) optical inactivation, 
3) combined thermal and optical inactivation. 

Thermal Inactivation - Thermal inactivation is the process 
of destroying bacteria by application of heat. This is 
one of the oldest techniques for water disinfection. 
This significantly improves the microbiological 
quality of water, but does not fully remove the 
potential risk of waterborne pathogens especially if 
water temperatures do not reach the boiling point 
(Rosa et al. 2010). Infrared radiation is not visible 
to the naked eye, but the heat produced by radiation 
in wavelengths beyond 700nm is sensed as heat. The 
infrared radiation absorbed by water is responsible 
for increasing its temperature. Microorganisms are 
sensitive to heat, and water can experience a bacterial 
reduction of 99.9% prior to reaching the boiling point. 
In solar disinfection, water is retained in airtight 

containers to increase the water temperature. 

Optical Inactivation - Optical inactivation of 
bacteria is a process of destroying bacteria by 
application of optical irradiation. UVA, and UVB 
reaching the earth’s surface plays a major role in 
optical inactivation of bacterial populations. 
This concept is good when applied to zero turbid 
water where sunlight can pass to deeper levels 
and effectively reduce the bacterial count.

 The basic mechanism involved in UVB and 
UVC disinfection is formation of pyrimidine dimers. 
When bacterial DNA absorbs UVB or UVC radiation, 
thymine base pairs in genetic sequences bond to each 
other and form pyrimidine dimers. This disrupts the 
structure of the DNA strand, causing reproductive 
enzymes to be unable to copy (Goodsell D.S., 2001). 
Formation of pyrimidine dimers results in making 
the bacteria incapable of reproducing which in turn 
reduces the infection capacity of the bacteria. Unable 
to multiply, pathogens no longer pose a health risk and 
soon die. UVB (wavelength of 280-315 nm) in the 
germicidal range (200-300 nm) is capable of causing 
DNA damage.

 Although the UVA wavelengths (315-400 nm) are 
not sufficiently energetic to directly modify DNA 
bases, they play an important role in the formation 
of reactive oxygen species (ROS) such as singlet 
oxygen, superoxide, hydrogen peroxide, and hydroxyl 
radical (Jagger, J 1981; Eisenstark, A 1987; Lloyd, 
R. E. et. al. 1990; Sammartano, L.J., 1987). Once 
formed, these ROS can also cause damage to DNA. 
Additionally, sunlight can be absorbed by natural 
exogenous photosensitizers present in surface waters 
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(humic acids and chlorophyls), which in turn can react 
with oxygen to produce ROS (Blough,N.V. et al. 1995; 
Schwartzenbach, R.P., et. al., 2003) which exerts a 
disinfecting effect. 

 Several SODIS systems, or reactors, were developed 
considering UVB or UVA radiation and IR. When 
solar radiation is used as the source for disinfection, 
UVA is abundantly available in natural sunlight and is 
able to penetrate deeply into the water(Lee, Z et. al. 
2013).

Combined Thermal and Optical Inactivation - 
Inactivation of bacteria by applying both thermal 
(heat) and optical irradiance is called combined 
thermal and optical inactivation. The Combined 
thermal and optical inactivation is the mechanism 
involved in most solar disinfection systems. These 
systems are effective when used as both solar UV and 
IR for disinfection.

 This research project was developed based on the 
optical inactivation mechanism. To achieve this, 
the system was designed as an open channel flow, 
and because of the materials used in making it 
transparent, this contributed to the elimination of solar 
UV filtration.

Aeration

 Water from the tank over flow and post solar disinfection unit 
flows back into Beargrass Creek through a water fall. This creates 
ripples which puts the water in contact with the atmospheric 
oxygen and results in increased dissolved oxygen concentrations 
in the water. 

Water Sampling and Testing

 Water samples were collected and analysed 
for microbial and physical parameters. Twelve 
samples were collected during each test run. 
Samples pre- and post-filtration and samples 
at the end of SODIS system were collected for 
analysis, and also tested for E. coli concentration. 

Pilot Plant Operation and Results 
Discussion

 The pilot project was operated in two 
phases. In phase 1, the system was operated 
static in which troughs were filled with water 
up to 8 inches and exposed to sunlight for 2.0 
hours, after which the water was released to the 
water fall. The phase 2 system was operated as a 
continuous flow system, where water is allowed 
to flow into troughs until the desired depth is 

achieved in targeted time. In this phase, different scenarios based 
on water depth and exposure time were tested. In one scenario, 
water was tested with a flow rate of 32.43 gal/hr and maintained 
in the troughs for 3.5 hrs to achieve a water depth of 8.0 inches. 
In another, water depth in the troughs is restricted to 3.5 inches 
and the troughs are filled up to 3.5 inches over the period of 5.0 
hrs. The depth is maintained for effective penetration of sunlight 
to the bottom of the troughs. The flow rate into the troughs was 
maintained at 7.3 gal/hr. 

 E. coli reduction was observed in all four troughs and filters. 
As each was observed, all 4 troughs performed satisfactorily, 
however, filter 1 and trough 1 performed better than the rest of 
the three filters and troughs in reducing E. coli concentration.

Conclusion

 NPDES’ 2012 recreational water quality report states that 
an average 30-day E. coli concentration in water should not 
exceed 126 colonies/100ml to access water for recreation. In this 
study, Filter 1 and Trough 1 performed better in reducing E. coli 
concentrations. Filter 1 performance increased gradually over 
a period of time. Filter 1 performed better than the other three 
filters in achieving the limits in 10 occasions out of 18 testing 
events. Table 2 shows the number of testing events per filter and 
number of occasions a filter achieved the NPDES’ limit on E. 
coli concentration for recreational water. Trough 1 had reduced 
bacterial loading because of the sand filter (Filter 1) connected 
to the trough which also helped to improve performance of the 
trough in SODIS in reducing the E. coli concentration. 

Future Work

 This pilot research concluded that a mechanism of this kind 
can reduce the E. coli concentrations in urban streams. Scaling up 
the mechanism will require more hours of testing. The research 
was conducted in the summer and under clear sky conditions. 
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Filter 1 2 3 4 
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Tests will need to be conducted under winter sunny conditions. 
This project used the semi-circular troughs for SODIS. Increasing 
water surface area and decreasing water depth will result in 
increased E. coli reduction. Use of a half elliptical shaped trough 
can increase water surface area exposed to sunlight better than 
the semi-circular trough and reduced water depth which helps 
increase the solar radiation effects at deeper depths. The filters’ 
performance can be enhanced by increasing the retention time of 
water in the filter which is achieved by reducing the inflow and 
outflow.
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Introduction

 How much is a pound of nitrogen worth? The farmer might 
say it runs around $0.52 per pound. Somebody looking to use 
liquid nitrogen for cooling might say $5.50 per pound. When 
you ask somebody involved in reducing urban nitrogen runoff to 
the Chesapeake Bay, the answer will likely range from $100 to 
$10,000 per pound. Removing nitrogen once in our water is no 
small task, as can be inferred from the range in estimated costs, 
but this task, as well as restoring hydrologic function in our urban 
streams, is before us in many areas of the United States.

 The cost per pound of pollutant reduction has become an 
important issue to local jurisdictions (towns, cities, counties, and 
states) since the initiation of stormwater management permits 
and the Total Maximum Daily Load (TMDL) process. Cost 
estimates for implementing stormwater management strategies 
are typically an order of magnitude higher than the cost to reduce 
pollution from other sources, because of the expense associated 
with modifying existing infrastructure, as is often required with 
stormwater retrofits. 

 The suite of urban stormwater retrofits available for use 
seems to grow each year. While providing additional options 
is never a bad thing, comparison between options and proper 
selection become increasingly important. Also, depending on the 
watershed being considered there could be other or additional 
water quality goals such as a reduction in phosphorus or sediment. 
Since each type of stormwater management practice has different 
removal capabilities for various water pollutants, not to mention 
varying costs, selecting appropriate measures becomes a difficult 
process.

 Finally, having proper conditions in your watershed to 
implement the most cost effective stormwater management 
practice to meet all water quality goals is usually unrealistic. For 

example, there is likely not space to install ponds everywhere or 
the proper soil to install infiltration practices, meaning a suite of 
stormwater best management practices (BMPs) will be needed. 
Any actions taken to help select one BMP over another and 
reduce overall costs associated with these BMPs tend to be well 
worth the effort.

The Clean Water Optimization Tool

 In an effort to help those tasked with improving water quality 
in their watershed, The Center for Watershed Protection Inc. 
(CWP) has recently developed the Clean Water Optimization 
Tool (CWOT). This tool focuses on using local knowledge as 
well as general cost trends to help select the most appropriate 
watershed-wide BMPs based on cost effectiveness for a given 
pollutant and watershed goals.

 The initial development of the model was in response to the 
Chesapeake Bay TMDL, which has Watershed Implementation 
Plans (WIPs) as a component. A WIP is a plan set up by the 
states in the Bay Watershed to reduce a defined amount of 
nitrogen, phosphorus, and sediment being delivered to the Bay 
by the stormwater, agricultural, wastewater, septic, and forest 
sectors. Maryland opted to have each county in the state create a 
separate WIP, which was intended to use more local information 
for BMP selection and acceptance. This effort, particularly 
on the stormwater sector side, highlighted the need for proper 
BMP selection since the price tag associated with initially 
developed plans tended to be beyond what county budgets would 
accommodate.

 Because the CWOT is a planning level tool, the intended 
use would be on a watershed or county scale. Detailed inputs 
required by site specific models are not needed due to generalized 
information about watershed/county characteristics, BMP 
functionality, and BMP cost being used. Though the tool is pre-
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populated with Maryland county land use and loading rates for 
nitrogen, phosphorus, and sediment, these are all modifiable, 
making local knowledge about BMP implementation potential a 
powerful component in realistically reducing costs.

 Information included in the CWOT about BMP functionality 
largely came from the various expert panel reports put out by the 
Urban Stormwater Workgroup (A Chesapeake Bay Program entity 
tasked with coming up with urban stormwater recommendations). 
For those BMPs yet to have recommendations, CWP developed 
functionality based on in-house research or literature.

 Cost information primarily came from King and Hagan, 
(2011), which were adjusted for inflation to 2014 dollars. 
Additional assumptions about cost came from CWP (2013). 
Though default costs have been incorporated into the CWOT, 
user overrides are available, and encouraged, to provide scenarios 
as realistic and locally applicable as possible. 

 Since not all stormwater management practices are the same 
in terms of pollutant reduction and cost, opportunities exist to 
optimize implementation. Optimization in the CWOT is based 
on user supplied and/or default information to select the most 
cost effective BMP first. This BMP is fully implemented to the 
maximum practical treatment entered by the user. If pollutant 
reduction goals are met, no other BMPs are added, as they are not 
needed to meet water quality goals. Accurate input, specifically on 
the maximum practical units treated, is critical when considering 
optimization, as this will determine future pollutant reduction as 
well as budgetary requirements. 

 Maximum practical units treated, though sounding complex, 
is a relatively simple concept where for each BMP the user 
enterers the amount of acres (or linear feet, or number of pet 
waste stations) potentially treated by that BMP in the watershed. 
If fully developed, the maximum practical units treated is, by 
far, the hardest component to develop for each BMP. That being 
said, partial development of practical units treated can be done. 
The following examples show partial and full development of 
maximum practical units treated, and how results can be used to 
inform watershed decisions.

As much as possible – given perceived watershed 
constraints

 To illustrate the use of the CWOT, a BMP scenario was 
developed for a hypothetical watershed – Golden Oats. Goals 
for this rural dominated watershed, as defined by a local nutrient 
TMDL, include reductions in urban runoff total nitrogen (TN) of 
40,000 pounds per year and total phosphorus (TP) by 750 pounds 
per year.

 Rather than fully developing the maximum practical units 
treated, the Watershed Planning Department decided to start with 
general knowledge of the watershed they had as a collective and 
only consider BMPs they had experience with. They decided to 
call this scenario “perceived watershed constraints” as inputs 
were primarily subjective. Results indicated goals were NOT 
met, with only 6,200 lbs of annual TN reduction and 490 lbs of 
annual TP reduction at an annual cost of $17.8 million annually; 
however, though little effort went into this initial scenario, the 

Figure 1. Graphic from the Center for Watershed Protection’s Clean Water Optimization Tool showing a) the 
portion of cost associated with each BMP entered into the tool and b) the portion of total nitrogen reduction 
associated with each BMP. The level of implementation for a and b is the same.
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group also noted results were helpful in reconsidering initially 
selected BMPs. For example, Figure 1a shows implementation 
of green roofs constitutes 78% of the total cost of this initial 
scenario. When, subsequently, looking at Figure 1b, which shows 
the relative amount of nitrogen reduction, it is apparent green 
roofs, in this example, provide relatively little nitrogen reduction 
when considering the costs. With this information, it is possible 
to reevaluate the heavy use of green roofs in this watershed.

 Though overwhelmed by the price and disappointed by 
the reductions associated with the initial scenario, the group 
decided to reallocate the money spent on green roofs in the initial 
scenario towards more permeable pavement, a residential rain 
garden program, an expansion of a pet waste program, a dry 
swale initiative, and developing a cross sector trading program 
(essentially buying reductions from the agricultural community). 
Portions of this second scenario were based on results from a 
homeowner survey showing acceptance of rain gardens as well as 
responses indicating pet waste stations would be heavily used, if 
placed in the proper locations. Dry swales were suggested due to 
adequate topographic relief in the watershed, cross sector trading 
was considered due to the relatively large amount of agricultural 
land, and permeable pavement was increased as several parking 
lots were slated for repaving in the relatively near future. Now, 
total cost is similar to the initial scenario at $17.5 million annually, 
but reductions for TN and TP are 39,400 lbs/year and 1,650 lbs/
year, respectively. Costs and removals are more balanced in this 
scenario, which implies better cost efficiency (Figure 2a and b). 

More than enough – now let’s get the cost down

 The previous example was showing how a comparison 
tool could be used in the simplest sense – to basically compare 
BMPs. In this example, the same Golden Oats Watershed 
Planning Department decided to fully develop the maximum 
practical implementation of a large suite of BMPs using in-depth 
GIS analysis, watershed-wide survey data, green infrastructure 
connectivity goals (determined by the Natural Resources 
Development Committee), and priority areas for the local land 
conservation group to determine maximum practical units treated 
for the suite of BMPs. The idea was to provide more than 
enough pollutant reduction potential than was needed (not being 
concerned, at this point, with the budget).

 Also taken into account was the standardization of retrofitting 
ditches (ditch enhancement) to provide stormwater filtering 
through the conversion to a dry swale. The standardization effort 
served to decrease the annual practice cost by 60% (to $1,500 
from $3,840 per impervious acre pear year over 20 years). 
Standardization entailed a generic construction detail to allow 
rapid implementation of conversions of ditches to dry swales. 
Along with this effort the Soil Conservation District in the 
watershed agreed to streamline permitting for projects like this, 
as the disturbance was minimal and ditch hydraulics would be 
minimally impacted. 

 The list of BMPs after fully evaluating maximum practical 
units for each across the watershed consisted of 14 practices 

Figure 2. Graphical output from the Center for Watershed Protection’s Clean Water Optimization Tool showing 
a) the cost percentage of each BMP entered into a revised example scenario (compare to Figure 1a) and b) the 
portion of total nitrogen reduction associated with each BMP.
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Table 1. Maximum practical units available and units used for selected best management practices (BMPs) used 
to meet local water quality goals required by a Total Maximum Daily Load (TMDL) associated with the Golden Oats 
watershed.

Figure 3. Graphical output of the Center for Watershed Protection’s Clean Water Optimization Tool showing a) the 
portion of cost associated with each BMP and b) the portion of total nitrogen reduction associated with each BMP 
entered into the Golden Oats watershed example.

1Each BMP in this example has an associated set of assumptions outlining where potential implementation would/could occur.
2Stream restoration is measured in linear feet (lf).
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(Table 1), with an emphasis put on using the extensive ditch 
network in this watershed as prime locations for retrofitting. Also, 
when reviewing previous Natural Resources Development work, 
the group noticed 12,000 linear feet of severely degraded urban 
streams called out in their report, which seemed like a prime 
focus area and was included in the analysis.

 Looking at the results from this effort in Table 1, it is 
apparent the TMDL goals could be met with an optimized subset 
of BMPs. Of course, this result may lead to further refinement 
of BMP selection criteria (and subsequent reallocation of funds). 
Evaluating the cost breakdown (Figure 3) and seeing a large 
portion of the cost (15%) coming from forest buffers, the team 
may suggest investigating a potential alternative BMP (i.e. this 
process could be refined further).

 The annual price for the optimized scenario was $3.9 million 
annually, which suggests effort put into determining how many 
acres could practically be treated with a given BMP could, 
literally, save millions of dollars when compared to the initial 
example at more than $17 million annually.

Concluding Thoughts

 Achieving water quality goals is no small task. When a 
plan is settled on, the associated price tag tends to leave folks 
scratching their heads and feeling a bit like the effort is hopeless. 
Being able to take a hard look at the developed plan and quickly 
evaluate potential alternatives using planning level estimates like 
those provided in the Clean Water Optimization Tool is a critical 
component to responsibly pursuing our water quality goals.

 Reducing costs through continual advances in BMP 
technology (Law, Christianson, Fraley-McNeal, & Hoffmann, 
2014) and development of “smart” BMPs to increase practice 
efficiency will continue and the number of tools in our toolbox 
will grow. Every advance will help; however, there is no real 
substitute for practices on the ground to mitigate the negative 
impacts associated with impervious cover.

 Reid Christianson is a water resources engineer for the 
Center for Watershed Protection. Reid is a professional engineer 
in Iowa and Maryland, has been working in the water resources 
arena for over 10 years, and has a PhD in Biosystems Engineering 
from Oklahoma State University. He works on many types of 
projects from stormwater management design to watershed 
implementation plans.
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 Illicit Discharges are a pervasive, silent pollution source 
that threatens both water resources and human health. These 
discharges are present in communities throughout the nation, 
and can severely impact water quality. This article provides an 
overview of both the impacts and prevention of illicit discharges, 
including a definition and brief background, summary of water 
quality impacts, a description of current regulations in most 
communities, and some promising new trends to better manage 
this pollution source.

What are Illicit Discharges?

 Illicit discharges are defined in the Clean Water Act as 
“Any discharge to the municipal separate storm sewer system 
that is not composed entirely of storm water...” (Note that these 
discharges are only important in communities where the sewer 
and storm drain systems are separate. Combined Sewers, which 
exist in some cities, send both stormwater runoff and wastewater 
to the wastewater treatment plant. These system have a whole 
different set of problems, because sewage overflows during large 
storm events. These are called Combined Sewer Overflows.) 40 
CFR 122.26(b)(2) (1999). There are some exceptions, such as 
firefighting activities and a few other small discharges, but these 
regulations essentially say that stormwater runoff (or rainfall that 
runs off the ground’s surface) is the only substance that is legally 
permitted to enter storm drains or water bodies without being 
treated. 

 Typically, illicit discharges include sewage or industrial 
chemicals, which should be transported by sanitary sewer 
pipes and treated at a wastewater treatment plant. Since these 
discharges can originate from so many different potential sources, 
and there are different solutions to dealing with each one, it is 
helpful to divide them into different groups. A national guidance 
manual on detection and elimination of illicit discharges (Brown 

et al., 2004) divided these discharges into categories based on the 
Frequency of the Discharge and the Chemical Characteristics of 
the Discharge, and also considered the Mode of Entry (i.e., how 
the discharge gets into the stream or storm drain). Each of these 
groupings is described in detail below.

Discharge Frequency (How Often the Discharge Happens)

 The frequency tells us how often a discharge is flowing, 
and they can be “continuous”, “intermittent” or “transitory.” 
Continuous discharges flow all the time, and may include sources 
such as a leaking sewer line. Continuous discharges typically 
contribute the most pollution, and are also the easiest to find, since 
they are always present. Many illicit discharges can be classified 
as intermittent. As the name implies, these discharges come and 
go, typically within a day rather than over the course of a year. 
One example might be wash-down from a business that occurs at 
the end of a work day or shift, or a house cross-connection that 
flows only in the morning and evening. Intermittent discharges 
are more difficult to find than continuous discharges since they 
only flow sometimes, and can be missed by regular monitoring. 
They can also be a significant source of pollution, since they can 
go on for many years undetected. Finally, transitory discharges, 
such as chemical spills, occur very infrequently. These discharges 
are usually obvious and large, and need to be handled differently 
than other discharges.

How do these discharges get into our streams, rivers, lakes and 
estuaries?

 Illicit discharges can originate from an individual property or 
person, or from a community’s sewage pipe infrastructure. And 
while some discharges are intentional, a majority occur either due 
to an error, or ongoing maintenance needs. Some typical causes 
include:

Illicit Discharges of Pollution 
to Our Water Resources

Deb Caraco, P.E.
Center for Watershed Protection, Inc.
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1. Aging or Poorly Maintained Wastewater Infrastructure: 
The condition of wastewater infrastructure in the 
United States is a crisis. The American Society of 
Engineers rated the nation’s wastewater infrastruc-
ture a D on its “2013 Report Card for America’s 
Infrastructure” (ASCE, 2013). According to this 
report, most of the United States’ wastewater mains 
were installed shortly after World War II, and are near-
ing the end of their useful life. Further, it estimates that 
between 80% an 85% of the total investment needed 
to update our wastewater infrastructure is needed to 
repair and upgrade theses pipes, with a much smaller 
fraction needed to upgrade sewage treatment plants.  

 One result of this aging pipe system is cracked or 
leaking sewage pipes that discharge sanitary waste-
water either to the storm drains system (Figure 1), or 
directly to a waterway. In fact, sewers are designed 
with some leakage (called exfiltration), and this can 
increase over time leading to persistent leaky sewers 
in older systems. In addition, sewers need routine 
maintenance to prevent backups caused by tree roots 
or grease build-up. Without this upkeep, sewer pipes 
back up and can overflow, leading to another source 
of illicit discharges.

2. Cross Connections: On occasion, pipes that carry sew-
age, wash water or industrial wastes can mistakenly 
be connected to the storm drain system instead of the 
sanitary sewer. This can happen within a building dur-
ing a renovation, so that either a floor drain or even 
a washing machine is connected to the storm drain 
in error. On occasion, though, cross connections can 
occur during new construction so that an entire build-
ing or home is cross connected. Finally, the cross con-
nections can occur within the pipe network, so that a 
sewer line serving several properties is untreated. This 
typically happens during major public works projects 
such as sewer repairs or upgrades, or separation of 
combined sewers.

3. Poor Housekeeping: Some discharges never make it 
to a sewer pipe, but are caused by ongoing human 
actions. Some examples from businesses include hos-
ing down polluted areas or mishandling chemicals. 
These discharges can also happen on private homes, 
such as by washing cars directly next to a storm drain.

4. Spills or Dumping: These discharges typically occur 
only once, and are either the result of a mistake, such 
as spills occurring during a vehicle or construction 
accident, or the result of deliberate dumping.

Chemical Characteristics 

 Depending on the source, the chemical characteristics of 
illicit discharges can be very different. Some researchers (Pitt, 
2004) have made efforts to create a “chemical fingerprint” 
library that would allow a community to trace a discharge to 
its source based on the chemicals found in the discharge, as 
well as other characteristics such as the odor or color. Although 
these characteristics can be helpful, most communities use a few 
key parameters to distinguish between wastewater (i.e., human 
sanitary sewer) sources versus washwater (e.g., industrial wastes 
or laundry; See Figure 2 for an example).

Water Quality Impacts

 Even though the flow from illicit discharges is small 
compared to the volume of stormwater runoff, illicit discharges 
have very high pollutant loads because they flow for a much 
longer period of time than runoff events (sometimes all day 
for a period of years), and their pollutant concentrations are 
much higher than those in stormwater runoff.  The transitory 
discharges, which are rare events, may not represent a huge 
portion of the total pollution delivered to a waterway, but they 
can create serious problems in a localized area, such as fish kills 
due to high toxicity or rapid oxygen depletion. In addition, since 
illicit discharges flow during both wet and dry weather, they can 
be a serious problem if chronic pollution is an issue. For example, 
some beach closures only occur during days when bacteria levels 
are too high, and often this happens only during rainfall events. In 
these waters, illicit discharges can elevate the amount of bacteria 
in streams so that they are not safe to swim in even during dry 
weather.

 Some studies have also found that illicit discharges of 
sewage are a significant contributor of pollutant loads in some 
water bodies, and that removing these discharges is a very cost-
effective strategy. For example, a recent study of Baltimore 
streams (Kaushal et al., 2011) found that approximately 13.5% of 
the nitrogen load in Baltimore streams is from sewage sources. 
Another study completed by the Center for Watershed Protection 
focused on Western Run, a stream in the City of Baltimore that 
needs to reduce bacteria to meet water quality standards. This 
study found that removing illicit discharges identified during 
a field study of this watershed would get the City half way 
there to meeting these standards (Lily et al., 2012). An analysis 

Figure 1.



Spring/Summer 201524

of data collected from Sligo Creek, a suburban watershed in 
Montgomery County, Maryland compared the cost of removing 
the nitrogen and phosphorus in illicit discharges identified during 
field work, versus removing the same amount of pollution 
(nitrogen and phosphorus) using other practices. It was estimated 
that removing illicit discharges is between five and fifty times 
more cost-effective than removing the same amount of pollution 
using stormwater practices (Figure 3).

Regulations and Programs to Detect and Remove Illicit 
Discharges

 Almost all communities have some law on the books that 
outlaws discharging sewage or “putrescence” to the stream. These 
laws are typically part of the Health Code or Sanitary Code, and 
some states have other overarching regulations. In addition, if a 
community has either a large population, or is within a Census 
Urbanized Area, it is subject to additional regulations under the 
Clean Water Act’s National Pollutant Discharge Elimination 
System (NPDES) regulations for Municipal Separate Storm 
Sewer Systems (MS4s). Under these regulations, the community 
(or “MS4 Operator”) is required to have an Illicit Discharge 
Detection and Elimination (IDDE) program that includes: 1) A 
map of all storm drain outfalls to the stream system 2) A legal 
prohibition of illicit discharges and enforcement authority 3) A 
plan for identifying and addressing the discharges; and 4) Public 
education and outreach.

 The first and third elements of the NPDES regulations, the 
mapping and planning components, focus on the “storm drain 
outfall” (i.e., the location where stormwater pipes discharge 
to a surface water body) as an important management unit for 
tracking down illicit discharges. Most communities that are 
regulated by an NPDES MS4 Permit have a regular outfall 
screening procedure. Outfall screening typically includes a visual 
assessment of each outfall during dry weather conditions, at a 
rate sufficient to visit all outfalls over a 5-year permit cycle. In 
addition, communities track down discharges in response to odor 
or other citizen complaints.

 While this combination of local, state and federal regulations 
starts to address the issue of illicit discharges, it is by no means 
a guarantee that the discharges will be detected or eliminated. 
For example, while federal and state regulations require 
that communities screen their outfalls, typically there is no 
requirement that chemical monitoring is used, which parameters 
are needed, or what size outfalls need to be screened. As a result, 
many communities do not find persistent discharges that may 
not be detectable without a tailored outfall screening program. 
In Sligo Creek in Montgomery County, MD, for example, the 
community had a comprehensive stream assessment program, 
with professional staff walking streams on a regular basis, 
but many discharges were missed simply because chemical 
monitoring for illicit discharges was not used in concert with this 
visual stream assessment. In addition, their intermittent nature 
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makes them difficult to identify even if chemical monitoring is 
used to track them.

Promising Approaches 

 Although illicit discharges remain a problem, some new 
approaches and policies show promise to more effectively 
find and remove illicit discharges. These include innovative 
technologies, crediting approaches at the federal level, and 
cooperative approaches at the local level.

Innovative Technologies

 Techniques for detecting and tracking down illicit discharges 
have improved in the last few years, making detection faster 
and more cost-effective. These changes range from testing more 
cost-effective chemical analysis methodologies (e.g., Irvine et 
al., 2011) to completely new techniques such as sewage-tracking 
canines (Murray et al., 2011). As these methods improve, the 
most challenging aspect of the IDDE program (i.e., tracking 
the discharge to its source) will become simpler and more cost-
effective.

Illicit Discharge “Crediting” in the Chesapeake Bay Watershed

 As a part of the Chesapeake Bay Total Maximum Daily 
Load (TMDL) strategy, states in the Chesapeake Bay Watershed 
need to document programs and practices that reduce nitrogen, 
phosphorus and sediment reaching the Chesapeake Bay. Until 
this year, however, states could not claim credit for removing 

illicit discharges. This gap was primarily because no protocol had 
been established to quantify the benefits of elimination. Some 
key issues to resolve included the amount of monitoring data 
to document the load from a discharge, and required follow-up 
data to confirm discharge removal. An expert panel, led by the 
Chesapeake Stormwater Network (CSN), developed a strategy for 
crediting advanced IDDE programs using a phased-in approach 
(CBP- USWG, 2014). In this approach, communities are first 
granted an interim nutrient removal credit based on implementing 
an “advanced” IDDE program that meets minimum criteria such 
as effective monitoring protocols.  In future years, however, 
pollutant removal credits will only be granted by documenting 
removal of individual discharges, and the guidance defines 
documentation and monitoring methods for different discharge 
types. 

 This change in policy by the Chesapeake Bay Program 
represents a huge shift for state and local governments. Even 
though available data suggest that removing discharges is an 
extremely cost-effective way to reduce nutrient loads, state 
and local governments had no real incentive to implement an 
IDDE program that went beyond the bare minimum without an 
approved method to claim credits for these nutrient reductions. 

Citizen Monitors

 One of the greatest challenges to effectively screening 
outfalls is the sheer time required to do the job effectively, 
particularly since some discharges occur outside of regular 
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business hours. Until recent years, IDDE monitoring was viewed 
as a government function, but citizen monitoring groups have 
taken on (or expanded) this role in some communities. One 
example is, Blue Water Baltimore, which completes regular 
outfall screening and monitoring in the City of Baltimore (Flores, 
2014). A key to effective citizen monitoring for illicit discharges 
is working closely with the local government. While citizens 
can be an excellent asset to help detect discharges at the outfall, 
they will need to be tracked down to pinpoint the source. Source 
tracking typically involves popping manholes within the storm 
drain network, and sometimes requires access to private property. 
Government employees or contractors will be the only workers 
with necessary authority to complete these activities. 

Conclusion

 Illicit discharges are a serious problem for our nation’s 
urban and suburban waterways, and represent a serious threat 
to human health. Although there are rules that ban them in most 
communities, there are still plenty of gaps that can be filled by 
citizens who care about their streams, lakes, rivers and estuaries. 
Collaborative policy approaches at the local, state and federal 
levels can help to improve management of this challenging 
pollution source.
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