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Introduction 

At the time of writing, thousands of warriors are camping out and protecting their rights 

to water at Standing Rock Reservation in South Dakota. They have reorganized their lives and 

their communities for the purpose of protecting their water supply. Why? Because water is life. 

All of the water that is on this planet has always been here, in one form another, and will always 

be here. All human, animal, and plant life depends on equitable access to water resources. There 

are many lenses with which to view humans’ shared responsibility toward protecting water and 

this creative project seeks to address practical issues of implementing stormwater projects for 

municipal separate storm sewer systems (MS4s) that meet federal, state, and local regulations, 

particularly for small and rural communities.   

 The purpose of this project is to outline a history of stormwater in the United States, 

including the trajectory of human intervention in natural drainage systems and waste 

management, as well as the contemporary issues in stormwater management, including federal, 

state, and local regulations. This project also introduces the reader to some basic watershed 

concepts and contemporary stormwater best management practices. These earlier chapters can be 

used as reference to supplement materials in Part II.  

 The second part of this project is a guidebook. This guidebook is meant to help 

community leaders charged with operating MS4s to understand what local, state, and federal 

regulations they are required to follow in order to comply. This guidebook also offers ideas that 

communities implement to help go above and beyond the minimum standards to better improve 

water quality, as well as quality of place and life in their communities. One major component of 

this project also reviews funding opportunities to help implement various projects and/or 

programs to help relieve community flooding issues.  
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Chapter 1 : A History of Stormwater 

Since the mid-nineteenth century, the US has been urbanizing at rates which have altered 

the natural environment in devastating ways. This trend has modified the landscape 

tremendously, and, among other issues, has exasperated flooding and degraded water quality. 

These actions have left contemporary communities in the 21st century to correct and manage very 

serious problems which face human settlements. One such problem is water quality and water 

quantity in our cities, town, villages, and rural areas. A number of factors has led to these 

problems, many of which will be addressed through this paper.  

A Brief History of Stormwater 

 Western history of stormwater is very much intertwined with waste and sewage history. 

Early recordings of sewers include information about both stormwater, wastewater, and sewage, 

in part because human settlements were small, resources were scarce, and generally humans did 

not have a concept of germs and bacteria. Even until the early twentieth century in the US, most 

sanitary and stormwater systems shared the same conveyance systems (Schladweiler, 2016).  

The Roman Empire had basic understandings of sanitation, aqueducts, and engineered 

water systems. However, much of this knowledge was lost with the fall of the Roman Empire. 

The historical record shows very little progress in sewer system management from this point 

until the early nineteenth century. This can be seen during The Dark Ages, roughly 6th Century 

CE-14th Century CE, in Europe, in which water and waste flowed through major human 

settlements and caused human suffering, like the plague and cholera. Written record shows that 

people were very open about relieving themselves wherever they may be (Schladweiler, 2016).  

In the mid-1800s, engineers designed and constructed Berlin, Germany’s first central 

waterworks and transmission system. Sewage generated in the city was transported to farms 
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surrounding the City. In cities like Berlin and Paris, natural streams were also the sewer systems. 

Human waste, as well as natural floodwaters and snowmelt would flow through natural and 

human-made ditches and streams. The earliest record of a natural drain being structurally 

covered in in 1370 in Paris (Schladweiler, 2016). In today’s U.S. American society, it is not 

unusual for men to walk on the street-side of a sidewalk. This courtesy originates from the 

evolution of stormwater systems. Chamber pots were emptied from homes and apartments into 

city streets, often just tossed out the window. Men, while escorting ladies, positioned themselves 

closer to the street, so that the trajectory of waste would more likely splatter them than the ladies 

they were escorting (Schladweiler, 2016).  

 In the 1830s in Paris, a series of cholera epidemics broke out, reawakening people within 

the city to tackle their sewer system once again. By 1870, about 300 miles of sewer systems were 

either in service or under construction. These systems carried both stormwater as well as sewage, 

and was one of the first recorded European combined systems. These systems all drained to the 

nearby rivers, where sludge was pushed onto barges and transported to various places of 

disposal.  

 In mid-nineteenth century England, Dr. Snow made the connection between human 

wastes and water supplies in the Broad Street Neighborhood in London. At the same time, Louis 

Pasture proved that disease could be caused by germs. These two important discoveries would 

begin to change sewer system management throughout the West (Schladweiler, 2016). 

 In the United States, colonial sewer systems where developed in an ad-hoc fashion, 

without regard to existing Native American structures or regional forethought. Drainage ditches 

served human and animal wastes, and also carried rain water and snowmelt. Early American 

drainage systems were modeled after European water systems, and were designed to cope with 
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single-family and extended-family settlements. Again, all of these waters drained to local 

waterbodies and were maintained by private individuals or companies, and were not public 

utilities (Schladweiler, 2016).  

 Philadelphia was perhaps one of the first cities to realize the need for a unified and 

publicly owned & operated sewer system. In 1857, Chief Engineer of Department of Sewerage 

for Philadelphia, Strickland Kreass, noted the need for every household to deliver their waste 

into underground channels, with the purpose of moving filth out of city centers. This was the 

beginning of the terminology known as house lateral or building lateral, which moved human 

refuge into a uniform city sewer system. This system was, at the same time, still collecting 

stormwater as well (Schladweiler, 2016).  

 These early years of combined sewer systems began to illustrate the shortcomings of the 

system. Many of the early systems were designed and constructed based on very little and 

unreliable information. As populations and density increased in these areas, the increased water 

flows would exceed the capacity of the pipes during rain events. Stormwater mixed with sewage 

would back up into basements and pipes that were connected into homes. Engineers recognized 

the flaws in these designs and began to consider alternatives, circulated through papers and 

organizations such as the American Society of Civil Engineers (Schladweiler, 2016).   

Case Study: Chicago Illinois 

 Chicago, Illinois, is the largest urban area that sits on the Great Lakes. During the mid-

nineteenth century, the City’s population boomed and many city administrators knew they 

needed a better way to deal with the residents’ wastewater. Engineers chose to build a 

comprehensive combined sewer system which would drain to the Chicago River, then to Lake 

Michigan, which was also the main source of drinking water for the City (Schladweiler, 2016).  
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 Chicago’s topography also happens to be particularly flat, so sewage systems had to have 

a 10 to 15 feet raise on them in order for gravity to transport the water down to the river. The 

drinking water intake was further out in the lake than the outlet point for the sewage, which 

caused no major problems for the city most of the time. However, in 1885, an exceptionally 

heavy storm overloaded the sewage system, forcing the sewage system out past the drinking 

water intake points. Cholera and typhoid soon broke out all over the city, killing between 11 and 

13% of the city’s population. It was one of the greatest combined sewage disasters in modern 

history (Schladweiler, 2016).  

 A few years later, the city constructed what was called The Sanitary and Ship Canal, 

which served two purposes. First, the canal allowed for ships to better navigate the area, and 

secondly, the canal would allow the city’s sewage to be transported elsewhere. The Canal 

reversed the Chicago River’s direction of flow, so now the city’s sewage was discharged into the 

now westward-flowing Chicago River and down to the Des Plaines River, the Illinois River, and 

on to the Mississippi River, all away from Lake Michigan. This project was the largest municipal 

earth-moving project at the time, and information learned here helped to make the Panama Canal 

possible decades later (Schladweiler, 2016).  

 Most cities and towns throughout the U.S. from the 1850 until well into the mid-twentieth 

century had combined sewer systems. These combined conveyance systems were made of open 

or closed ditches and underground pipes. Waste water was pumped to sanitary sewer systems 

and all waters were treated before they were transported to local waterbodies or back into the 

water supply (Schladweiler, 2016).  

 These combined systems were designed in such a way that when rain events would meet 

the capacity of the system delivering the water to the sewage treatment plant, solids would sink 
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to the lower pipes, and water carrying fewer solids would flow into the rivers. The waste water 

carrying the solids would flow to the sewage treatment where they would be treated. Figures 1-1, 

1-2, 1-3, and1-4 illustrate the combined sewer system process.  

 

 

Figure 1-1:       Figure 1-2: 

Dry Weather Combined Sewer System   Wet Weather Combined Sewer System 

 

Source: Henderson, Kentucky Water Utility. 
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Figure 1-3       Figure 1-4 

How stormwater and wastewater interact in dry conditions (Figure 1-3) and in wet conditions 

(Figure 1-4) 

Source: Wallingford Neighborhood, Washington, 2016.  

Broad overview of early 20th Century Issues  

Land clearing and development in central Indiana over the past century and a half has 

altered the drainage networks on regional and local scales. In order to meet the human demands 

for agriculture, infrastructure, housing, and commercial and industrial needs, humans have 

decreased the drainage density through the creation and/or expansion of first-order drains. First-

order streams are those bodies of flowing water which start from a source point, and lead to a 

second-order stream, and so on. High drainage density shortens concentration times; the distance 

that water must travel is reduced. The water either organically creates channels, or is funneled 

through human-made channels. Compared to the natural streams that form with little or no 

human intervention, channel flow is much faster. Discharges are also much faster because the 

amount of time that water is concentrated decreases as a rainstorm intensifies. Therefore, the 
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frequency of large flows increases, and towns flood more often, more intensely. Channels erode, 

sediment moves and water quality declines (Marsh, 2010, p. 196-197).  

In other words, in an attempt to create towns and agricultural fields which sustain human 

settlements, humans have altered the landscape in many ways. Watersheds and drainage systems 

have been impacted tremendously, leaving us the flooded streets and basements, businesses and 

parks, and with bodies of water which are unsafe for drinking and recreation. The task for town 

officials, planners, community organizers, designers, engineers and architects, is to implement 

systematic strategies that help mitigate these problems. By using best practices that are holistic in 

their approach, the frequency and intensity of town flooding and improve water quality can be 

significantly reduced.  

Conventional thought has always been to move as much water as possible, as quickly as 

possible, as far away as practical, in order to relieve human settlements of flooding issues. Such 

conventional thought disrupts so many natural processes, and is ultimately harmful to humans, 

wildlife, and plant life. New trends in research show that it is much better to slow it down, clean 

it up, and soak it in. Green infrastructure which is synchronizes with natural processes allows for 

a better response to rain events and snow melts.  

More about Storm Sewers 

Storm sewers are pipes laid underground that move stormwater from streets, buildings, 

parking lots and other facilities to nearby streams and rivers. These pipes are laid by crews of 

workers, and gravity takes care of the water that enters them. Stormwater pipes are typically 

made of concrete, but can also be constructed from other materials like plastic and ceramic. The 

pipes should be sized for the area they serve, but budgetary limitations and unforeseen growth or 

population decline can render them the wrong dimensions. They can move water up to four times 
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that of a natural channel, and sometimes much faster than that under a major rain event. In some 

cases, flood flows increase as much as six times (Marsh, 2010, p. 197).  

 

Figure 1-5 illustrates how stormwater functions in an urban setting with common impervious 

surfaces and services vis-à-vis natural water processes.  

Source: Ohio Environmental Protection Agency, N.D. 

Urban & Rural Stormwater Issues 

So much of today’s focus on watersheds and stormwater focuses on urban areas. 

However, in large regions of the Midwest, and Indiana in particular, agricultural drainage 

contributes tremendously to water quality and flood occurrences. Drainage tiles are perforated 

pipes buried beneath the plowing surface of farmland. When originally laid in the mid to late 19 th 

century, these pipes were made of ceramic. Later, pipes would be made of or repaired with 
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plastics. Water seeps into the soil and is then collected by the ceramic drainage tile, which then 

flows rapidly to a swale, pond, or open channel.  

 The major issues that localities deal with now in efforts to mitigate flooding is a lack of 

data. First, experts and professionals have not extensively studies the effects of agricultural 

drainage tile systems on streamflow. Despite the lack of research, agricultural tiles and drainage 

intuitively effect stormflow and water quality (the latter of which has been more extensively 

studied). Secondly, the location of most agricultural drain tiles in a particular area is largely 

unknown. Because many of these pipes were laid over 100 years ago, it is not certain where they 

are, how big they are, their condition, and the completeness of the network. Because the tiles are 

located below the earth’s surface, they cannot be seen, and only surface water behavior above 

ground can help illustrate their location. 

 An MS4 is a designation by the EPA that stands for the entity that oversees the municipal 

separate storm sewer system, or MS4. An MS4 is the drainage system owned by a jurisdiction 

that carries only surface runoff (rainwater or snowmelt) to a receiving stream. (Town of Porter, 

Indiana, N.D.). However, it’s imperative that owners of agricultural land, farmers, and MS4 

operator work in sync with one another to ensure water quality improvements. These 

partnerships are crucial because MS4 operators need to meet certain water quality standards. 

Surrounding waters from agricultural lands often run through MS4 areas and one way or another, 

the conveyance systems can meet up. Therefore, the water quality from surrounding farmlands, 

though not regulated, affects water quality within nearby MS4s. If the agricultural sector does 

not want to become regulated, it will need to be cautious to work with neighboring MS4s.  

 Contemporary storm sewers have their history embedded in the early days of Europe.  

Storm sewers and waste water sewers were one in the same for thousands of years. As 



Stormwater and Small Communities 

15 
 

populations grew within certain areas, archaic systems could no longer handle the amount of 

waste, and new systems were implemented. In many ways, the early invention of combined 

sewer systems, and later advent of separate sewer systems, were both a response to public health 

issues plaguing urban areas and areas near major waterways. Next, this paper will cover 

regulatory responses to water pollution throughout the United States.  
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Chapter 2: Stormwater Regulations and Permitting 

History of EPA’s Clean Water Act, MS4 Designations, and NPDES 

 The history of federal water regulations as they exist today begin primarily with the 1948 

passage of The Federal Water Pollution Control Act (FWCPA). The FWCPA was the first major 

law that Congress enacted to address the United States’ water pollution problems. During the 

first half of the century, Congress attempted to pass over 100 bills related to water pollution, but 

none of the bills were successful. Much of the water pollution at that time was a result of the 

industrial and urban growth that was fueled by the war effort in response to World War II. These 

urban and industrial wastes often led to notoriously polluted water. Congress had to act. And 

while the result was the FWCPA, the act did not provide authority to any agencies and was very 

poorly designed, making and pollution prevention action and enforcement extremely 

cumbersome (Powers, n.d.).  

 The Act gained more traction in 1972, when the FWPCA was amended and reorganized. 

At this time, the Act became more commonly known as the Clean Water Act, or CWA. The 1972 

amendment allowed the act to be more useful in a number of ways. First, the amendments 

provided a framework that allowed agencies to regulate pollutant discharges into waters of the 

United States, which includes most every water body, including, ditches, streams, rivers, lakes, 

ponds, and the like.) The 1972 amendment also finally gave regulatory power to the EPA so that 

it could establish and implement pollution control standards for industrial and municipal 

wastewater (Powers, n.d.).  

The amendment also gave the EPA the authority to set water quality standards for surface 

water pollutants, and also made it unlawful for any entity to discharge any pollutants from a 

point source into the waters of the US without permit. Those entities or persons who wished to 
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discharge pollutants would have to obtain a permit from the federal government (Environmental 

Protection Agency, 2016b). The amendments also provided grant funding to localities to 

construct sewage treatment plans. Perhaps most relevant to urban planning, the 1972 amendment 

acknowledged the important role that planning plays in addressing the critical problems that 

nonpoint source pollution plays in communities. This final 1972 amendment was critical in 

setting the state for environmental planning and the rules that would finally be handed down to 

states and local governments to be implemented throughout the county (Environmental 

Protection Agency, 2016b). 

“From 1978-1983, the EPA funded a series of studies and projects collectively known as 

the Nationwide Urban Runoff Program (NURP)” (EnviroCert, 2010, p. 2-2), with the goal to 

identify the characteristics of the stormwater that was discharged through municipal separated 

storm sewer systems. The NURP evaluated residential, commercial, and toxic pollutants 

"regulated from process outfalls and POTWs," and often in very high quantities" (EnviroCert, 

2010, p. 2-2). "Other studies during the same period showed that many storm drain systems were 

impacted by illicit connections that allowed polluted waste waters to discharge unregulated 

through the storm drain system" (EnviroCert, 2010, p. 2-2). 

In the mid-1980s, after analyzing NURP and other related studies, the EPA came under 

pressure from groups like the Natural Resources Defense Council & other activist non-profits to 

use the authority it had from the CWA to issues NPDES permits for all stormwater discharges 

(EnviroCert, 2010). The EPA recognized that undertaking a full permitting effort nation-wide at 

a single time would have been overwhelming, both to the agency, as well as all local 

governments.  
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Quite importantly, in 1977, Congress again amended the CWA and gave express 

authority to execute the requirements, prohibitions, and programs set forth in the Act. The 1977 

act established a number of requirements, prohibitions, and programs to achieve this end and 

established the Environmental Protection Agency (EPA) as the agency having regulatory 

authority to execute the CWA (EnviroCert, 2010; Environmental Protection Agency, 2016b). 

 A few years later in 1981, Congress would pass another amendment clarifying earlier 

language and revising the construction grant program. This amendment improved the capabilities 

of water treatment plans that were framed under the CWA’s provision. Later on that decade, in 

1987, the EPA phased on the construction grants program, replacing it with the State Water 

Pollution Control revolving fund. The funding strategy had two major impacts for the EPA. First, 

the new strategy alleviated some of the increasingly bureaucratic federal processes involved in 

granting funds to communities to build sewage treatment plants. By reorganizing to direct-action 

funding strategies, the EPA also fostered state-level EPA partnerships. Also during the 1980s, 

the EPA continued to conduct nation research and gather data to ensure that the programs the 

EPA was promoting had positive effects on water quality throughout the country (EnviroCert, 

2010).  

In 1987, Congress passed an amendment to the CWA which enabled the EPA to issue 

permits for stormwater discharges, but allowed the EPA to focus on the most contaminated and 

polluting waters first. The 1987 amendment included a section devoted stormwater permitting. 

This section, 402(p), laid out five categories of stormwater discharge that were considered to be 

the most significant sources of pollution and were subject to immediate permitting. These five 

categories are known as Phase I facilities and include the following:  

• Facilities that were already covered by an NPDES permit 
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• Facilities that engage in industrial activity (including heavy manufacturing, facilities, large 

construction sites, and transportation facilities)  
• Large (>250,000 population) MS4s 

• Medium (100K-250K population) MS4s 
• Facilities that the EPA administrator determines to have storm water discharges contributing to a 

violation of water quality, or that are significant contributors of pollutants to waters of the US 

(EnviroCert, 2010).  
 

After the mandates in the 1987 amendment, the EPA began developing the rules that 

would guide those entities most immediately subject to permitting. "After several lengthy delays 

in promulgating the initial permitting regulations, the federal district court in Oregon" 

(EnviroCert, 2010, p. 2-3), issued a schedule for the EPA to roll out the new rule.  

"In the fall 1992, EPA issued two baseline general permits—one for industrial discharges 

and one for construction activities— [which] established general permit requirements for 

facilities in states where the EPA implements the stormwater program” (EnviroCert, 2010, p. 2-

3). In other states, the state environmental department implements the program, but these 

requirements must be at least as stringent as those established by the EPA.  

By 1994, the EPA and state environmental agencies began issuing permits to large and 

medium MS4s that are subject to NPDES permitting individual permits are intended for 

municipalities and industrial facilities that are unable to meet the conditions outlined in the 

baseline general permit (EnviroCert, 2010, p. 2-4). Also, in 1994, the EPA issued the Combined 

Sewer Overflow (CSO) Control Policy, which established the framework for controlling CSOs 

through the NPDES program. This policy required communities to dramatically reduce or all 

together eliminate their CSOs. Many communities chose to eliminate their systems by installing 

two conveyance systems—one for wastewater, and the other for stormwater. Throughout the 

country, most communities have undergone this process. The EPA estimates that 750-1000 cities 

throughout the country still have combined sewer systems, the rest have been separated. The 
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majority of the combined systems are concentrated in the Upper-Midwest. According to an EPA 

report to Congress in 2004, these CSO problems annually result in an estimated 850 billion 

gallons of untreated waste and storm water being discharged into waters of the U.S. Such 

statistics represent an improvement over those presented in a similar 2001 EPA report which 

indicated that nearly 1.3 trillion gallons of untreated waste and storm water were entering 

waterbodies. (Tibbetts, 2005). While these numbers are still staggering, and must be quickly 

addressed, the tremendous decrease in untreated waters entering waters of the U.S. points to the 

effectiveness of separated sewer systems.  

 Separated sewer systems most certainly have their health benefits for communities and 

for water quality in the United States, but separate sewer systems don’t correct for every single 

pollutant. While storm waters in separated systems no longer enter the wastewater system, now 

none of the water, even during light rain events, is treated before it is discharged into receiving 

waterbodies. And this is highly problematic because surface waters pick up pollutants along 

overland flow, and transport them directly to the waters of the U.S. And this is why the EPA 

along with state regulatory agencies have developed rules and regulations to help mitigate the 

effects of pollution generated by separate storm sewer systems.  
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Chapter 3: Basic Water Science Concepts 

There are a few basic concepts which one should be familiar with before tackling the 

sometimes confusing world of stormwater permitting and green infrastructure. These concepts 

are explored below. Generally, one should be familiar with the hydrologic cycle, basic watershed 

behavior and characteristics like erosion and sediment control, and pollutants common to certain 

land uses, such as industrial, urban, or agricultural. Having a basic knowledge of these ideas will 

help stormwater coordinators and town officials understand the importance of stormwater 

programs and to be able to better respond to public concerns.  

The Hydrologic Cycle 

Figure 2-1 illustrates the hydrologic cycle important to understanding how stormwater works in 

urban and rural environments. 

Source: NASA Earth Observatory, 2010. 
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To describe the hydrologic cycle, one should begin with evaporation, a familiar concept 

to most people. As moist air is lifted from the surface of the earth, it cools and water vapor 

condenses, forming clouds. Through jet streams powered by the ocean, clouds circle the globe 

and eventually, precipitation falls—what we witness as rain. The precipitation, or rainfall, 

process of the water cycle is particularly important for this project because rainfall is the largest 

contributor to stormwater.  

When rainfall reaches the ground, a number of things typically happen. Some water may 

evaporate back into the atmosphere, circulating the globe again. Under natural circumstances, 

some of this water will percolate into the ground and replenish aquifers, which provide much of 

our drinking water. Some of this groundwater will be captured through plant uptake. But perhaps 

the most important to the topic of stormwater is surface flow. Surface flow is defined as the flow 

of water (from stormwater or snow melt) that occurs when excess precipitation flows over the 

Earth’s surface. So, broadly, stormwater or snowmelt could be any water that is moving of the 

surface, and not being absorbed into the ground.  

The most common reasons that water because surface flow rather than infil trating and 

percolating into the ground is because of impervious surface or because of ground saturation. 

Impervious surface is any surface that is covered by impenetrable materials that prevent water 

from seeping into it. Typically, this includes materials like asphalt, concrete, brick, stone, 

concrete, and cement. Parking lots, roadways, rooftops, driveways, and sidewalks are all 

examples of artificial impervious surface. However, highly compacted soils in urban and 

suburban areas also constitute impervious surfaces. The second most common reason that water 

becomes surface flow rather than infiltrating into the ground is because the ground is already 
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saturated. This can happen during flash floods, prolonged periods of rain, during snow melt 

events, and in areas where the ground is naturally waterlogged, such as wetlands. 

 Infiltration is critical to the hydrologic cycle, and the presence of impervious surface 

significantly alters the 

…natural hydrology of the land by increasing the volume, velocity, and temperature of runoff and 

by decreasing its infiltration capacity. Increasing the volume and velocity of stormwater runoff 

can cause severe stream bank erosion, flooding, and degrade the biological habitat of these streams. 

Reducing infiltration can lower ground water levels and affect drinking water supplies,” 

(Environmental Protection Agency, 2007b). 

 

 

Figure 2-2 illustrates the Effects of Impervious Surface 

Source: Environmental Protection Agency, 1999.  



Stormwater and Small Communities 

24 
 

Watershed Characteristics 

 It can be helpful to understand some basic watershed concepts when tackling MS4 

permitting rules, as so many of these rules are intended to work within watersheds, and overall 

programs work best when implemented on a regional or watershed scale, rather than piecemeal. 

As such, MS4s should work with neighboring MS4 operators. Understanding how watersheds 

work is the starting point for implementing a successful program.  

The discussion begins with this central question: What is a watershed? Very simply, a 

watershed is an area of land of which the waters drain to a single point. Most often, that common 

point is a lake, a river outlet, or another point within a river system. Any area that drains water to 

a single location, whether talking about two small ditches coming together at an outfall at a 

larger ditch, or an outfall as large is the Mississippi River. Very rarely do watersheds fall neatly 

within city, county, or even state boundaries which can make watershed management difficult 

and complicated. Changes to terrain, including shifting land uses and various types of 

development, can and do affect watersheds as well as the quality and quantity of resources that 

they provide to humans, plants, and animals. Land development and impervious surface in 

particular dramatically affects watersheds because it alters the way that rain and snow melt move 

throughout the watershed. This can have rippling effects like erosion and downstream flooding 

(White River Alliance, n.d.).  
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Figure 2-3 illustrates how watersheds work in a variety of land uses.  

Source: White River Alliance, n.d.  

How Watersheds Work 

In order to address the rising frequency and intensity of flooding in the US, the US Army 

Corps of Engineers began a massive project in the 1930s to engineer and build new reservoirs, 

levees, channels, and other diversions in order to eliminate or reduce the impact of flooding from 

rain events. Engineering efforts alone cannot fix these problems (Marsh, 2010, p. 210). Other 

solutions, ones that repeat pre-development landscapes, must also be included when designing 

towns.  



Stormwater and Small Communities 

26 
 

Four Sources 

Streamflow, or discharge, is the amount of water carried by a stream. This is measured in 

volumetric units, as the amount of water passing a single point over time. In the United States, 

this is measured in cubic feet/second. There are four main sources of water that contribute to 

streamflow.  Rain, also called channel precipitation, is defined as the moisture that falls on a 

streams surface, so could also include the raindrops that fall from trees, or the water that is 

directly pumped into the water from a point source by humans (usually, this is illegal). Though it 

may be the most visible, channel precipitation actually accounts for very little discharge. 

Groundwater, on the other hand, provides the steady supply of water on base flow throughout all 

seasons. Groundwater enters the streambed where the channel intersects the water table. 

Interflow is water that infiltrates soils and moves laterally into streams. It flows above the water 

table, but below the surface which we see. In heavily forested areas especially, inflow is the 

second most important source of streamflow. Overland flow is essentially stormwater and 

snowmelt. This is the water that can be seen on our streets, in our gutters. The more urbanized, 

dry, and cultivated the land is, the move important overland flow becomes to local stream 

systems. Usually, overland flow is what we think of having to manage during major rain events 

in our towns. 

In order to create better solutions to flood mitigation, engineers have relied on various 

methods of forecasting streamflow. They come up short for a variety of reasons. Perhaps the 

most important reason is that one can't "engineer the threat away" (Marsh, 2010, p. 210). 

Excellent engineering along with strategies from other fields must be combined in order to 

effectively address the issues of flooding, especially in our smaller towns with limited budgets 

and funding opportunities. It does not make sense, for example, to reconstruct entirely new storm 
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sewer pipe networks every 20-40 years as they break or towns expand in response to 

development. So, while engineering alone cannot solve all the problems, there are important 

limitations that one must take into account when one considers its capabilities.  

Engineers can project runoff and streamflow by calculating rainfall & time. The unit 

hydrograph method involves graphing rainstorm discharge of a given size plotted over time, 

usually a few hours or days (Marsh, 2010, p. 213). So, researchers will observe to see how long, 

for example, it takes a river to crest in response to a rain event. This data can be projected onto 

other storms. However, it is still a projection. It is imperfect, and does not account for variable 

such as ground saturation prior to the rainfall.  

One can also look to recorded discharge rates for a particular watershed. The trouble with 

this method is that, as land uses change and areas become more developed, those records can be 

rendered invalid. For example, 100-year flood plains are inaccurate by today's standards because 

there are more impervious surfaces today than there were when flood plain standards were set in 

the 1950s. Additionally, climate change and other external factors continue to render our records 

incomplete and/or inaccurate.  

Pollutants  

There are pollutants which are more common to certain types of land uses based on the 

wastes and activities that take place on that land. The matrix below demonstrates which types of 

pollutants may be common for various land uses.  
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Chapter 4: Green Infrastructure Solutions to Stormwater  

 Experts in the field generally agree that green infrastructure is the key to stormwater 

management (Environmental Protection Agency, 2016a). This is evident in many community 

plans, especially for those cities leading the field in green infrastructure (GI) management, such 

as Washington, D.C., Seattle, Portland, New York City, Philadelphia, and even many smaller 

communities throughout the Chesapeake Bay region.  

 Projects in these cities demonstrate that GI practices allow for better management of 

stormwater. This does not, however, help to quell the fears of many practitioners of “grey 

infrastructure,” practices of pipes and concrete. Some fear that these new technologies will not 

work as effectively and/or are too costly to implement. GI practices offer a different approach 

and improved solutions to stormwater better than traditional grey infrastructure, and initial 

capital improvement costs are much less. GI requires more maintenance than traditional design. 

However, through training, local jobs are created and opportunities for community engagement 

abound. In this way, GI is not solely about the bottom line, but instead has a deep effect on 

communities.  

 The purpose of this project is not to deeply examine how GI works, to introduce the 

reader to all potential options for implementing GI into stormwater projects and programs, nor 

even to convince the reader that it is a critical practice, but rather to provide a brief introduction 

to some of the most common and useful practices so that readers can become familiar with 

certain best management practice (BMPs) that are referenced throughout the guide. Summarized 

below some basic green infrastructure practices that can be implemented in municipal projects.  

Site-based BMPs 
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Figure 4-1: Example of a riparian & stream site-based BMP.  

Source: United States Department of Agriculture, N.D. Conservation Buffers 
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Structural BMPs 

Stormwater Retention or Detention BMPs 

Retention or detention basins allow stormwater to gather and be slowly released back into 

receiving waters. This slow release helps to mitigate erosion problems and also removes certain 

pollutants and sediments from runoff before it becomes part of the stream.  

Figure 4-2: Example of a detention pond. Permanently holds water, and in wet weather times, 

slowly releases overflow into an outlet.  

Source: City of Knoxville, TN, 2007.  

 

 



Stormwater and Small Communities 

32 
 

  

Figure 4-3: Example of a retention pond. Retention ponds hold water indefinitely. When water 

levels rise above a certain level that would contribute to local flooding, water will enter into the 

stormwater system through the inlet.  

Source: Jacksonville Shell Club, N.D. 
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Infiltration BMPs 

 Very simply, infiltration BMPs help runoff percolate through the soil and into the ground 

water. So, rather than being overland flow, runoff takes part in its natural process of percolation 

and infiltration, and the quantity of runoff is reduced. Some examples of infiltration BMPs 

include basins, trenches, dry wells, and porous pavement.  

  

Figure 4-4       Figure 4-5 

Infiltration Basins. On the left, a dry basin; on the right, a similar basin after a rain event. Also 

known as a recharge basin, infiltration basins allow for water to gather and slowly infiltrate into 

the soil after a rain event, rather than becoming overland flow. 

Source: Stromwater Partners, N.D. 
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Figure 4-6: An infiltration trench is lined with rocks or other permeable filter fabric that receives 

stormwater runoff. The runoff usually passes through a filter strip, such as a grass filter, pictured 

above. Excess runoff is stored in the spaces between the rocks and is slowly released into the 

soil. The release process into the soil allows for pollutant removal.  
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Photo Source: Ken Eulie, 2010.  

Figure 4-7: Stormwater Dry Well. In this BMP, a perforated container is buried underground. 

Drains are piped to the container, and water is slowly released into the ground. This particular 

example is tied to a downspout connection.  

Source: Ross Northwest Watergardens, 2016. 

Vegetative BMPs 

 Vegetative BMPs are landscaping tools that remove pollutants, help water percolate into 

the ground, and slow runoff. Vegetative BMPs help to maintain the natural hydrologic cycle 

within a site, promoting healthy habitats. With such BMPs, pollutants from runoff are not 

transported into receiving water bodies. Instead, such chemical pollutants also seep into the 

ground and in most cases, are scrubbed through the plant process which break down the harmful 

chemicals. Another bonus of vegetative BMPs is that they can make the landscape look nicer. 



Stormwater and Small Communities 

36 
 

Some examples of vegetative BMPs include grassy swales, filter strips, rain gardens and 

artificial wetlands.  

 

 

Figure 4-8: Filter strip example. Here, water is directed to a low point, sediment is collected 

through vegetative filter strips. A grass-lined stream slows and holds water. The water slowly 

releases into the soil and is also diverted to a nearby stream.  

Source: United States Department of Agriculture, N.D. Conservation Buffer.  
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Chapter 5: Public Financing of Stormwater Projects 

 MS4 operators often field questions from the public regarding stormwater project 

financing. Fortunately, there are several types of funding mechanisms that communities can 

implement, or grants that can be applied for, to help pay for their programs. Most states, through 

the federal government, have funding available to help communities fund their stormwater 

projects. Some communities, especially those throughout the Chesapeake Bay area have been 

able to experiment with public-private partnerships. Covered below are various federal grants 

available, as well as Indiana-specific grants. Most states have similar programs and financing 

strategies. 

 The EPA as well as other public and private entities and individuals have spent much 

time researching and collaborating to develop different mechanisms for funding stormwater 

projects, including project planning, construction, and maintenance as well as local, regional, and 

state programming. Many plans include emphasize green infrastructure (GI) as one critical 

solution to solving stormwater flooding and pollution. This section will review some of the most 

common sources of funding for stormwater and GI funding opportunities.  

Grants 

Grants are monies which are applied for, usually through a competitive process do not 

need to be repaid. Typically, granting agencies often have certain requirements, including public 

acknowledgement and reporting. Entities that are likely to support stormwater projects include 

federal, state, and even county or municipal agencies, as well as large, private foundations. 

Generally, federal grants have one deadline each year. Most state programs are similar, however, 

some types of applications may be accepted monthly or bi-annually. It’s important to check 

deadlines and work ahead. Foundations which grant money usually have one or more application 
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rounds each year and give priority to particular program areas or project types. Check with each 

foundation for details.  

 Another funding source to consider are local community foundations at the municipal or 

county level. These local community foundations grant funds in each county, and their giving 

levels can vary based on available funds. This is always a great place to start with funding and 

grants because these foundations are plugged in to what is happening on the local level and are 

very accessible (Conover, 2015). Local foundation funds are likely too limited in dollar amounts 

as well as incongruent with foundation priorities to fund large construction projects. However, 

they may be very willing to help fund other public programming and education on the topic of 

stormwater. More about public education and outreach can be found in MCMs 1 & 2 of the 

guide.  

The Clean Water State Revolving Fund (CWSRF) 

About 

“The CWSRF was established by the 1987 amendments to the Clean Water Act (CWA) 

as a financial assistance program for a wide range of water infrastructure projects, under 33 U.S. 

Code §1383. The program is a powerful partnership between EPA and the states that replaced 

EPA's Construction Grants program. States have the flexibility to fund a range of projects that 

address their highest priority water quality needs. The program was amended in 2014 by the 

Water Resources Reform and Development Act.” 

(https://www.epa.gov/cwsrf/learn-about-clean-water-state-revolving-fund-cwsrf) 

Eligible projects 

• municipal wastewater facilities project 

• nonpoint sources of pollution control projects 

https://www.epa.gov/cwsrf/learn-about-clean-water-state-revolving-fund-cwsrf
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• building decentralized wastewater treatment systems 

• creating green infrastructure projects 

• estuary protection projects 

• other water quality projects, as identified by states 

Types of CWSRF Assistance 

CWSRF assists communities in a number of ways—through interest-free or low-interest loans, 

purchasing debt or refinancing, guarantees and insurance, guarantee SRF revenue debt, loan 

guarantees, and other subsidies.  

References & Other Resources 

In the State of Indiana, the CWSRF is administered more simply as the State Revolving 

Fund, or SRF. These loans primarily are dedicated to wastewater and drinking water. You can 

learn more about this state opportunity here at the Indiana Finance Authority website.  

Clean Water Act Section 319(H) Grants 

About 

Section 319(H) of the CWA provides funding for various types of projects that work to reduce 

water pollution in communities. These funds can be used on a number of projects, including the 

following:  

• Conducting assessments 

• Develop and implement watershed management plans and TMDLs 

• Providing technical assistances 

• Demonstrating new technologies 

• Providing education and outreach 
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Most projects range from two to three years. IDEM project managers work with project 

sponsors to ensure that the project runs smoothly and meets the stated goals. Applicants are 

typically municipal or county agencies, public facilities such as soil and water conservation 

districts, universities, and other MS4 entities.  

The available annual allocation varies each year, as do award minimums and maximums. 

There were $2million available for FY 2017, and with that, about ten projects were funded. 

Section 319 grants require 40% matching non-federal funds.  

There is one grant cycle each year. The best way to stay informed about this funding 

opportunity and to find the application packet and additional information is to periodically refer 

to the IDEM website for this opportunity, found here: http://www.in.gov/idem/nps/2524.htm. In 

some instances, small communities have limited resources and technical expertise to complete 

complicated grant applications. In such cases, it is often very useful to hire a consulting firm or a 

grant administrator to help complete the grant application and oversee project compliance.  

Clean Water Act Section 205(J) Grants 

About 

Section 205(J) of the CWA provides funding for water quality management planning. Priorities 

for this project are as follows:  

• “Identifying the most cost effective and locally acceptable facility and non-point source 

measures to meet and maintain water quality standards; 

• “Developing an implementation plan to obtain state and local financial and regulatory 

commitments to implement measures developed under subparagraph A; 

• Determining the nature, extent, and cause of water quality problems in various areas of the state.  

http://www.in.gov/idem/nps/2524.htm
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“The Section 205(j) program provides for projects that gather and map information on nonpoint 

and point source water pollution, develop recommendations for increasing the involvement of 

environmental and civic organizations in watershed planning and implementation activities, and 

develop and implement watershed management plans,” (IDEM, 2016, Section 205). 

Applicants for Section 205 grants include municipal governments, county governments, 

regional planning commissions, and other public organizations. Grant cycles for this funding 

opportunity are sporadic. The best way to stay informed about this funding opportunity and to 

find the application packet and additional information is to periodically refer to the IDEM 

website for this opportunity, found here: http://www.in.gov/idem/nps/2525.htm. In some 

instances, small communities have limited resources and technical expertise to complete 

complicated grant applications. In such cases, it is often very useful to hire a consulting firm or a 

grant administrator to help complete the grant application and oversee project compliance.  

Stormwater Improvement Program (SIP) 

The Indiana Office of Community and Rural Affairs (OCRA) administers dollars given to 

it by the Housing and Urban Development (HUD) authority federal agency. These dollars are 

allocated to the state’s Community Development Block Grant (CDBG) program. CDBG helps 

communities with various types of projects from housing to economic revitalization to 

downtown beautification. Under the SIP program, OCRA uses CDBG dollars to help 

communities whose residents experience consistently flooded property and sewer backups due to 

inadequate stormwater management. SIP goals are to reduce flooding, cut stormwater treatment 

and energy costs, protect lakes, rivers, and vital landscape, and to generate jobs and spur 

economic revitalization.  

http://www.in.gov/idem/nps/2525.htm
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Eligible projects should be a part of the community’s overall strategy, are subject to Low-

to-Moderate Income (LMI) percentage and beneficiary requirements, and “must meet a national 

objective, be an eligible activity under the CDBG program, and comply with applicable state and 

federal laws and regulations,” (Office of Community and Rural Affairs, 2016).  The amount of 

CDBG funds granted will be based on a $5,000 cost per project beneficiary. The maximum grant 

award for the Stormwater Improvements Program is $500,000. Additionally, all CDBG grants 

require local match of at least 10% or more.  

 In 2016, nearly $3.5 million was available to communities through SIP. Seven 

communities were awarded about $500,000 for their projects. Grant opportunity announcements 

are typically made in late spring or early summer, the letter of intent to submit applications are 

due mid-summer, and final applications are due late-summer. It’s best to stay apprised of the 

grant through the website, here: http://www.in.gov/ocra/2698.htm. Also, see the fact sheet, 

published here: http://www.in.gov/ocra/files/2.26.16_Storm_Water_Improvements.pdf. In the 

state of Indiana, all CDBG and OCRA funds must be managed by a certified grant administrator. 

Administrator costs are expenses which are allowed to be paid through the grant. A list of 

certified grant administrators can be found on OCRA’s website, here: 

http://www.in.gov/ocra/2536.htm.  

Planning Grants 

 The Indiana Office of Community and Rural Affairs (OCRA) administers dollars given to 

it by the Housing and Urban Development (HUD) authority federal agency. These dollars are 

allocated to the state’s Community Development Block Grant (CDBG) program. CDBG helps 

communities with various types of projects from housing to economic revitalization to 

downtown beautification. The goal of the planning grant program is to encourage long-term 

http://www.in.gov/ocra/2698.htm
http://www.in.gov/ocra/files/2.26.16_Storm_Water_Improvements.pdf
http://www.in.gov/ocra/2536.htm
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community development planning. Planning grants support planning for various projects, 

including infrastructure (stormwater), downtown revitalization, and community facilities.  

 Planning grant applications are accepted at the end of each month. Planning grants range 

from $35,000 to $50,000, depending on the utilities being planned for. Each planning grant 

project has its own technical standards that it must meet. More details for specific project can be 

found at the Planning Grant website, here: http://www.in.gov/ocra/2371.htm.   

 In the state of Indiana, all CDBG and OCRA funds must be managed by a certified grant 

administrator. Administrator costs are expenses which are allowed to be paid through the grant. 

A list of certified grant administrators can be found on OCRA’s website, here: 

http://www.in.gov/ocra/2536.htm.  

Water Infrastructure and Resiliency Finance Center 

 The Water Infrastructure and Resiliency Finance Center was established in 2015 by the 

EPA to help identify financing approaches to help communities make good decisions on drinking 

water, wastewater, and stormwater infrastructure. The Center states that its goals are to 

“accelerate and improve the quality of water infrastructure by promoting effective use of federal 

funding programs; leading edge financing solutions; innovative procurement and partnership 

strategies; collaborative financial guidance and technical assistance efforts; and data and learning 

clearinghouses that support effective decision-making” (Environmental Protection Agency, 

2016c). The Center is a clearinghouse of information and forum for information-sharing. While 

there are no direct sources of funding available as of yet, participants and members have cutting-

edge ideas and practical experience within their communities.  

 

http://www.in.gov/ocra/2371.htm
http://www.in.gov/ocra/2536.htm
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Guidebook for Stormwater Projects in Indiana 

If you’re reading this guidebook, you’re likely faced with implementing a stormwater 

project or projects, or are trying to comply with federal or state requirement for your MS4. This 

can sometimes seem overwhelming, so this guidebook is designed to help you answer the 

questions you might have about what rules you need to follow and how you can get there in your 

smaller jurisdiction. The earlier half of this document contains supplemental historical information 

as well as basic water science concepts which may help you understand where these rules have 

come from, and can be used as reference. You don’t need to read this guidebook from cover to 

cover, but instead can feel free to flip to certain parts that are most relevant to you and your 

projects. This guidebook helps to break down some of the technical language for a non-technical 

audience about minimum control measures that MS4s must meet and implement in order to satisfy 

federal rules at a local level. This guidebook begins with a quick overview about why this issues in 

important, then breaks down some technical language, and further explains how federal standards 

can be met.  

Why is stormwater so important? 

Since the 1970s, the federal government has worked with various agencies and universities 

to research water quality in the United States. What researchers have found is that water that 

comes from urban areas and flows into waterbodies such as streams and rivers have high levels of 

pollutants. Water becomes polluted when it flows over surfaces and picks up contaminants, then 

flows into nearby waterways. Pollutants that might be picked up include oil from parking lots and 

roadways, cigarette butts, animal waste from dogs and geese, litter and trash which hasn’t been 

properly disposed, leaves and grass clippings, and any other debris or chemicals that are not 

contained.  
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Impervious surfaces are the biggest cause of stormwater runoff. Any paved surface, roofs, 

or highly compacted soil and dirt are impervious, meaning that the water cannot percolate or seep 

into the ground. As such, these pollutants get washed to local waterways during rain or snow melt. 

The first inch of rain or melting snow usually results in what is call the first flush, and is when the 

majority of pollutants are washed away. In a natural setting, water has a chance to soak into the 

ground where it is treated through the soil and ends up in an aquifer, or it is slowed down and 

cleaned through other natural processes such as evapotranspiration or evaporation. When these 

natural surfaces are replaced with impervious surface, water does not have a chance to slow down 

or get cleaned, so rains result in flooding and unhealthy water ways.  Figure G-1 illustrates how 

stormwater runoff responds to different amounts of impervious surfaces. 
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Figure G-1. Water interacts differently with various degrees of impervious surface. 

Source: Environmental Protection Agency, 1999. 

What is an MS4? 

An MS4 is a designation by the EPA that stands for the entity that oversees the municipal 

separate storm sewer system, or MS4. An MS4 is the drainage system owned by a jurisdiction that 

carries only surface runoff (rainwater or snowmelt) to a receiving stream. (Town of Porter, 

Indiana, N.D.) This designation is something that the EPA developed, but the states administer 

through the environmental regulatory agency. In the state of Indiana, the Indiana Department of 

Environmental Management, or IDEM, regulates the program for smaller jurisdictions such as 

cities, towns, and counties. 
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Typically, when someone says an MS4, they’re referring to the jurisdiction with that 

designation. For example, one might say Anderson is an MS4, or Kosiusko County’s MS4 

program is very strong. The multiple ways that the term is used can be confusing, but know that 

generally it refers to the drainage system within an identified area.  

Who is an MS4? 

The federal language that determines what and MS4 is and who should be included is defined 

here:  

 

 (Environmental Protection Agency, 2012) 

This language is both very broad but also includes a lot of rules. Below, this language is unpacked 

to help you understand more clearly how this all came to be and what MS4 operators are 

responsible for doing.  

Phase I MS4s 

 In the 1990s, the EPA established rules for Phase I of the National Pollutant Discharge 

Elimination System (NPDES) stormwater program and gave states the responsibility of directing 

the program in ways that were most beneficial and responsive to their local communities. These 
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rules were the first steps that the EPA took in order to address the issue of polluted waterways as 

they were happening in urban areas across the nation. Phase I permittees included operators of 

separate storm sewer systems that serve populations of 100,000 people or greater, and were 

considered medium and large MS4s. These Phase I MS4s were required to control the amount and 

quality of water that was being discharged into waterways, which the EPA calls the “waters of the 

state.” In the state of Indiana, only Indianapolis qualified as a Phase I MS4; all other jurisdictions 

came under the Phase II rules (Environmental Protection Agency, 2012). 

Phase II MS4s 

 A Phase II MS4 is any MS4 entity that is not already covered by the Phase I program. The 

EPA designed the Phase II program to cover just about every other jurisdiction not originally 

covered in the Phase I program, so that no conveyance system in the U.S. would go untouched by 

the rule. MS4s may be municipally-owned storm sewer systems, but also include state departments 

of transportation, counties, universities, local sewer districts, hospitals, prisons, and military bases 

(Environmental Protection Agency, 2012). Municipal MS4s are defined using census data that 

categorizes communities into what it calls “urbanized areas,” or UAs. The census bureau considers 

UAs to contain 50,000 or more people. However, the EPA allowed states to designate other areas 

that don’t fall into the UA category as MS4s, as well. Again, this helps to ensure that all 

conveyances systems within the U.S. are subject to the Phase II rules (Environmental Protection 

Agency, 2005g). 

The EPA has set out six minimum control measures for MS4s to accomplish in order for 

Phase II communities to adhere to the federal rules. There are six minimum control measures 

(MCM) which MS4 communities must adhere to. Those 6 MCMs are as follows: 

1. Public Education & Outreach 

2. Public Participation & Involvement 
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3. Illicit Discharge Detection & Elimination 

4. Construction Site Runoff Control 

5. Post-Construction Runoff & Control 

6. Municipal Pollution Prevention & Good Housekeeping 

These minimum control measures will be covered at length below. But before covering each of 

them, there are a few more terms that one should become familiar with in order to understand how 

to implement MCMs.  

What is the National Pollution Detection and Elimination System (NPDES)?  

 The National Pollution Detection and Elimination System (NPDES) has authority from the 

Clean Water Act (CWA). The CWA prohibits any designated body from discharging pollutants 

into the waters of the US unless they have an NPDES permit. This permit contains limits on what 

a designee can discharge, outlines monitoring and reporting requirements, and other rules that 

prevent designees from discharging water that hurts people’s health (Environmental Protection 

Agency, 2015). 

 The NPDES permit tells a designee how much of a particular pollutant they can discharge. 

An example might be bacteria such as E. Coli. Permittees have the ability to choose what 

technologies they can use to achieve these goals. While the states have the latitude to add 

regulations based on their needs, and the flexibility to determine how to implement these 

requirements, there is a certain minimum federal standard which all states are required to meet.  

NPDES Permits 

General permit 

In Indiana, most construction projects are administered through a general permit. A general 

permit is a permit by rule, and as such it is not issued in the same manner as an individual NPDES 

permit would be issued. Rather, 327 IAC 15-5 was conditionally issued to all future "project site 
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owners" at the time that the rule was adopted by the Indiana Water Pollution Control Board. The 

permit conditions within 327 IAC 15-5 applies universally to all project site owners who are 

eligible to operate under the rule. In plain language, this means that the State of Indiana has been 

given one permit by the federal government. The state is then required to give each construction 

project permission to move forward under this single permit. Individual construction project 

operator must report that they’re following the rules of the permit. The state then reports all of its 

projects to the EPA. NPDES requirements are particularly relevant to MCMs 4 & 5, which you 

can learn about below (Indiana Department of Environmental Management, 2016b). 

Since there is only one general permit issued to each state by the EPA, the application for 

individual construction projects is a Notice of Intent, or NOI, because the applicant/project site 

owner is essentially notifying IDEM of its follow the rules while operating their construction 

project. The applicant must follow all guidelines and requirements of the NPDES general permit, 

including the submitting the construction plan and NOI to operate a construction site. The NOI 

will include all relevant fees, a notice of publication, and verification from the review authority 

that the plans meet the requirements of the NPDES rules (Indiana Department of Environmental 

Management, 2016a). 

It sounds like the NPDES program is a permit to pollute. Is that correct? 

 You can certainly read the information about the NPDES program as a permit to pollute. 

But, more importantly, it’s a tool to regulate. The rules and regulation language was written 

broadly enough that over time, the pollutant levels can be changed, making them more stringent 

and flexible enough to respond to various state needs.  
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Do I need an NPDES permit? 

If any construction project that an MS4 operator is conducting disturbs one acre or more of 

land, the project must submit an NOI to IDEM (Indiana Department of Environmental 

Management, 2016a). 

I’m an MS4 entity. What do I need to do? 

 You’ve determined that you’re an MS4 entity and you want to know what to do. Very 

simply put, MS4s need to develop programs that allow them to achieve three basic goals under 

their NPDES permit within their designated areas. Those three goals are as follows:  

1. Reduce the discharge of pollutants to the “maximum extent practicable” (MEP)  

2. Protect water quality 

3. Satisfy the appropriate water quality requirements laid out in the Clean Water Act  

It’s clear that these three general goals are very broad, but luckily the EPA has provided more 

specific guidance to help MS4s meet these comprehensive goals. In order to do this, the EPA has 

established six minimum control measures, or MCMs. The Phase II Rule asserts that when 

implemented at the same time, these six MCMs are expected to significantly reduce the pollutants 

that are discharged into waterbodies. The six MCMs are listed below in summary, and the sections 

that follow will help you to understand more specifically how to implement them through best 

management practices (BMPs). The six MCMs are: 

1. Public Education and Outreach 

2. Public Participation and Involvement 

3. Illicit Discharge Detection and Elimination 

4. Construction Site Runoff Control 

5. Post-Construction Runoff Control 

6. Pollution Prevention & Good Housekeeping (Environmental Protection Agency, 2005g) 
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Program Evaluation and Assessment 

 The EPA requires permittees to evaluate the effectiveness of their BMPs and MCMs to 

ensure that they are reducing the discharge of pollutants into waters of the U.S. to the maximum 

extent practicable. Water quality monitoring is not necessarily required for each MS4, however, 

the state has the authority to require monitoring if it deems it necessary. For example, if the state 

continues to see signs of poor water health, like fish kills or algal blooms, researchers may begin 

to wonder why and start monitoring the water quality to understand what’s going on so that local 

entities can address the issue. MS4s should continually review the effectiveness of their own 

BMPs and MCMs to ensure that they are reducing local pollution. This might include doing 

periodic testing or sampling to see if the programs and initiatives from the MCMs are in fact have 

a positive effect on water quality. Most states require annual reviews and state audit, so each year, 

the permittee can revise its plan and re-submit to the authorizing entity.  

Partnering 

Partnering with other MS4s is a good idea because it allows your municipality to stretch 

limited resources much further. It also enhances efficiency and quality. To illustrate, if a small 

community has one MS4 coordinator whose responsibilities include all aspects of permitting and 

administration (all minimum control measures), they will likely not execute all of these 

responsibilities as efficiently as they might if they were to have just one or two primary jobs that 

cover a larger area. An outreach educator, for example, will be able to deploy their same lessons to 

a broader audience more easily than they would also learning the skills required to coordinate with 

all aspects of city governments. But if these duties were distributed to individuals, respectively, 

efficiency goes up, and the combined town/city budgets of the regional MS4s stretches much 

further. (EnviroCert, 2010; Environmental Protection Agency, 2005e and 2005g). 
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Case Study: Tippecanoe County Partnership for Water Quality (TCPWQ)  

Tippecanoe County Partnership for Water Quality (TCPWQ) 

 Tippecanoe County, Indiana, is perhaps best known as home to Purdue University, located 

in the City of West Lafayette. The grand Wabash River also transverses the county. Tippecanoe 

County also has seven designated MS4s operators— the County, as operated through the 

Surveyor’s Office, Ivy Tech Community College, Purdue University, the Town of Battleground, 

the Town of Dayton, the City of Lafayette, and the City of West Lafayette. These seven entities 

have successfully come together as “co-permittees,” sharing one permit from IDEM as well as 

human, monetary, and physical resources to implement their programs.  

 IDEM encourages such partnership. IDEM understands that this helps entities save time, 

money, and human resources, but also believes that a united message has a greater impact on 

improving water quality. These co-permittees organized a legally-binding inter-local agreement. 

The agreement includes several components, including responsibilities, requirements, and 

designates certain staff positions. Each partner is required to contribute a flat rate just to belong to 

the partnership. This money helps to pay for one-and-a-half public educators/outreach 

coordinators. Other shared projects and responsibilities are charged to each of the partners based 

on their relative population. There are certain components of the MS4 program that each entity is 

responsible for themselves, but having shared resources, like the public educators, allows for a 

more focused message.  

Find out more: http://www.tcpwq.org/  

Case Study: Muncie Sanitary District 

Muncie Sanitary District 

 The Muncie – Delaware County Department of Stormwater Management is co-permittee 

collaborative partnership. The partners include Muncie Sanitary District, Delaware County, Town 

http://www.tcpwq.org/
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of Yorktown & Ivy Tech-Muncie. Muncie, Indiana, is home to Ball State University, and is 

transected by the White River. The Muncie Delaware County partnership is probably most well-

known for its outstanding public education program.,The co-permittee partnership organization 

underlies the effective strategy of cost-sharing responsibilities. Due to the ability to share 

monetary and human resources, the partners have made a tremendous impact on the county and the 

City of Muncie. Aside from the united public awareness, the partnership also boasts a very 

effective and user-friendly website, operates a robust report-a-polluter hotline, provides innovative 

and community-based initiatives in neighborhoods, and also supports other state-wide initiatives.  

Find out more: http://www.munciesanitary.org/departments/general/stormwater-

management/?back=Departments  

 

General Observations and Considerations about Program Implementation 

Public Education & Outreach and Public Participation & Involvement  

Phase I and Phase II MS4 communities have different requirements for implementing 

public education, outreach, participation, and involvement programs. Public outreach programs 

were not detailed as a separate program for Phase I communities they way that they were for Phase 

II. Instead, these outreach requirements were wrapped up in other regulations. Regardless of the 

regulatory language, the educational, outreach, and involvement aspects of MS4 entities is 

instrumental in meeting stormwater goals. Being attentive to education, outreach, public 

participation and involvement will help MS4 entities fulfill MCMs 1 & 2.  

Each MS4 Operator has a lot of latitude in deciding how to comply with their education 

and involvement requirements. In order to most efficiently meet these goals, it is best to have an 

overall strategic plan to clearly outline how these activities are implemented. A strategic plan 

allows an MS4 to identify benchmarks for achievement and also lay out a specific plan of action 

http://www.munciesanitary.org/departments/general/stormwater-management/?back=Departments
http://www.munciesanitary.org/departments/general/stormwater-management/?back=Departments
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(EnviroCert, 2010). Additionally, having a strategic plan gives operators the flexibility to 

demonstrate how they might have combined MCMs, like education & outreach along with 

participation & involvement. This also provides an opportunity to demonstrate that one 

community has collaborated with another MS4 to create a larger area of interest along with a 

unified message and to further stretch limited resources (EnviroCert, 2010). It’s also very 

important for MS4 plans to fit in with other local plans, like your municipal comprehensive plan, 

regional watershed plans, stormwater technical standards, and the like. For the strategic plan, 

consider setting quarterly public outreach goals and develop a system to measure this outreach. 

Examples include the following:  

• Set up a booth at a local fair/bazaar and track the number of fliers that were handed out as well as 

the number of visitors and the quality of conversation (were conversations effective? What did 

people talk about?)  

• Ask individuals to fill out a survey 

• Include messages on utility bills that educate residents on a new topic each month 

• Develop social media and post information there and the town/city/county website 

• Create an awareness campaign. This is where it’s essential to work regionally, so that there is 

uniform messaging and branding 

• Identify other stakeholders and community leaders. Write them down, along with points of contact 

and way to get a hold of them (email, phone number, mailing address). Consider ways that your 

work might overlap. Set up a time to meet with them to tell them about the plan, and ask how you 

might be able to work together to accomplish both groups’ goals (EnviroCert, 2010). 

Purpose of Education Programs 

MS4s are federally required to educate their community about the impacts of stormwater 

discharge into local waterbodies. Education & outreach can help to accomplish this important task. 
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This is not only a requirement, but provides a multiplying effect for the MS4 to accomplish other 

goals. Education & outreach help inform community residents and visitors by increasing their 

knowledge about stormwater issues. Knowing about these issues prompts residents to comply with 

the plan MS4 communities have laid out. An active & involved public provides program support, a 

larger pool of volunteers, and connects neighbors together (EnviroCert, 2010).  

Educational Materials  

After an MS4 has identified its goals and strategies, it can begin to develop educational 

materials. Materials can be used to communicate a number of ideas. Below is a list of different 

information that you can include in marketing materials as well as different media outlets that an 

MS4 could use. 

• Report-a-Polluter Campaign 

o Create a hotline through email and phone in which residents can send/leave messages about 

polluting activities that they may see throughout the community. The MS4 can develop a 

procedure and follow up on leads.  

• Storm drain information (how do they work, where does the water go) 

o Distribute on your website, at public functions on pamphlets, billboards 

• Scoop the Poop (to remove pet waste from the ground) 

o Considering a clever graphic and placing the saying and photo on yard signs; also in public parks 

and other public spaces 

• Incentives for using rain barrels  

o If your community has an established stormwater utility, consider developing an incentives 

program for households and businesses which use various types of stormwater BMPs, like rain 

barrels, rain gardens, etc.  

• Stormwater utility credits & subsidies 



Stormwater and Small Communities 

58  

o As construction projects and other developments get implemented, consider reducing developers’ 

fees or other municipal fees if a proportionate amount of stormwater BMPs are integrated into the 

site plan 

• Inform residents of pollutants that are found in common household items  

o Consider door hangers, pamphlets, or direct mailing with this information 

• Inform residents about the reach that common chemicals can have (1 qt of oil pollutes 250,000 

gallons of water) 

o Printed materials, radio time, or even television spots through commercials can be a good venue 

for this information. Many local radio and TV stations will provide public service announcements 

free air or reduced-cost air time 

• Printed or embossed drain markers Show “Drains to River” (EnviroCert, 2010). 

(Medina County, Ohio, N.D.) 

Types of Media 

After determining the message(s) that your MS4 wants to convey, consider how you want 

to convey the message. When deciding on how to convey the message, consider that the MS4 will 

need to demonstrate that it is reaching a diverse audience. Consider multi-lingual materials, where 

appropriate, and how each of these materials will be received by various groups. Below is a list of 

types of media that you can consider using to spread that word about stormwater management.  
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• Door hangers 

• Tri-fold brochures  

• Pamphlets and leaflets 

• Large shop posters for potentially polluting businesses 

• Billboards 

• Other promo items like pencils, pens, cups, plastic oil funnels 

• Website with links 

• Social media (Facebook, Twitter, Instagram, etc.) 

• Public bike shares 

• Infrastructure (bridges, public parks, benches) 

• T-shirts  

MS4 representatives also use other, innovative ways to communicate with residents about 

stormwater. The Muncie Sanitary District sets up a misting booth at their display table. Children 

can play while parents talk to volunteers about stormwater (Envirocert, 2010).  

Reaching a Diverse Audience 

Every five years, MS4s are required to update their permits, and with each subsequent 

permit, they need to demonstrate that they’re meeting their goals (another reason that the strategic 

plan with measurements and deliverables are important). At this time, entities need to be prepared 

to demonstrate that they are reaching a diverse audience, as well as tailored audiences where 

appropriate. For example, if an MS4 has a large population that speaks a language other than 

English, materials will need to be produced to serve that population. Or, the message may need to 

be targeted to specific businesses, like landscaping companies, restaurants, paint/chemical stores, 

dry cleaners & laundromats, and/or golf courses. Each message will be different depending on the 

intended audience. An MS4 may also want to consider targeting a particular type of pollutant. For 
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example, a community may test for very high levels of E. coli. After using the help of a testing 

company, the community traces this pollutant to a nearby apartment complex, in which residents 

are not picking up their animals’ waste. Water runoff heads right to an open water source, causing 

these high levels of E. coli. An educational campaign aimed at a particular audience and a 

particular pollutant could be launched to target this problem.  

Public Notice Requirements 

Each state and sometimes cities, towns, and/or tribes have public notices requirements. The 

reason for this is to make sure that local residents, business owners, public officials and other 

concerned parties are a part of developing, implementing, and reviewing stormwater management 

programs. While public notices for MS4 meetings are required, it’s often hard to get folks to attend 

meetings solely devoted to stormwater.  So, instead, consider wrapping your meeting into other 

ones, like town council, commissioner, neighborhood associations, HOA, drainage board, 

wastewater utility, and other public meetings. The EPA encourages MS4s to involve a diverse 

cross-section of people in the constituency in order to share a multitude of concerns, ideas, and 

connections.  

Measurability  

MS4s should design their program and the strategic plan so that is reflects the needs and 

conditions of the area, and provides information about the successes as well as the shortfalls of the 

program. It is essential, therefore, to first outline your objectives, then to set specific goals to 

achieve them, set forth a plan of action and then be sure to measure those tasks the MS4 has 

completed to work toward individual goals (EnviroCert, 2010). Remember: If it’s not on paper, it 

doesn’t exist/didn’t happen. 
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Challenges 

The EPA has outlined some common pitfalls and challenges the MS4s face when evaluating 

their programs for Public Education & Outreach and Participation & Involvement. This list can be 

found in the EPA’s MS4 Program Evaluation Guidance, but is also summarize below:  

• Setting inappropriate or immeasurable goals for specific activities  

• Not including key target audiences 

• Not customizing materials for the target audience 

• Not developing materials for commonly spoken languages 

• Poor distribution (not using the right methods for particular groups) 

• Inadequately facilitating public involvement in program development, implementation, and 

improvement 

• Poor coordination in promoting events or activities that would shift behaviors or improve water 

quality (EnviroCert, 2010) 

Minimum Control Meausre 1: Public Education and Outreach 

Public education and community outreach is essential to meeting the goals of a good 

stormwater program. It helps with the management of the program in two essential ways, as 

outlined below.  

Support 

 

 Residents of your community must understand why having a stormwater management 

program is necessary and why it is important. Community members will likely be the ones 

contributing funding to projects and programs through fees or taxes. It’s critical that they 

understand what this money is supporting and why that is important to the community. Building a 

base of support will help these projects and programs to succeed and also evade unhappy residents.  

Compliance 
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 Having a constituency that understands how stormwater affects them helps the program 

better meet its goals. It’s important to convey to the public how their actions, behaviors and 

choices affect local water quality.  

MCM 1: Getting There 

 Now that you understand that public education and outreach help your program to generate 

support and comply with the rules, you may be asking more specifically how to get there. To 

begin, you’ll want to develop a public education program. Within this program you will want to 

define specific objectives and then determine goals for getting there, and to track your progress in 

meeting these goals. The EPA requires that MS4 operators distribute educational materials to the 

community and/or conduct outreach activities that teach the public about the impacts that 

stormwater has on local waterbodies and what individuals can do to reduce stormwater pollution. 

MS4 operators must also determine the measurable goals and the BMPs needed to achieve these 

goals.  

BMPs 

 Successful examples of BMPs abound throughout the state as well as the country. Roanoke 

County, Virginia, has made their stormwater management program accessible on the internet. This 

program document lists some of their MCM 1 BMPs. In particular, the document states the 

objective of the BMP, specific goals, responsible parties, schedule for accomplishing each goal, 

criteria and schedule for evaluation, supporting documents, measurable goals, and items to be 

reported in the annual report. An example of a BMP worksheet is below. Roanoke County’s 

Educational BMPs are included in the appendix.  

BMP Name:  Education BMP 1: Educational Programs Review 

Objective Update and distribute a list of current educational materials 
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Responsible Party: Dept. of Community Development 

Schedule & 

Evaluation   

Target Audience   

Supporting 

Document   

Measurable Goals   
Items to be reported 

in the Annual 

Report.    

 

It’s also helpful to include a compliance tracking sheet to help track educational and outreach 

programs. This sheet can be very simple, and include information like date of programming, type 

of program, where, when, audience type & feedback, other tracking options. All completed sheets 

can be stored in a three-ring binder. Instead of tracking by paper, it might also be helpful to track 

programs electronically, through Microsoft Excel or Google Sheets.  Below is a sample of what a 

tracking sheet might look like:  

 

 

Outreach/Educational 

Program General Stormwater Education 

Date 5/6/2016 

Audience 4 7th Grade Classes (about 80 Students) 

Number of Participants 80 

Location Highland, Indiana 

Feedback 
Teachers Submitted online evaluations; see document on 

computer 
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Partners 

As mentioned above, forming formal coalitions with other local MS4 partners to achieve 

goals can strengthen everyone’s program, if you choose to do so. But, it’s also important to 

consider partnering with non-governmental organizations like local environmental, civic, and 

industrial organizations that might already have educational materials and/or programming in 

place. Then you’re able to mesh your programs together (Environmental Protection Agency, 

2005e). For example, a local Boy Scout troop might have to participate in a water activity in order 

to earn a merit badge. You could work with their program to meet your goals, and vice versa.  

As you read through these next few sections, you can begin to see how different 

components of minimum control measures overlap with each other. This is beneficial to 

developing a strong MS4s program because you start to recognize synergy and also find ways to 

be efficient in meeting your goals. You’ll also see ways in which you can minimize duplicating 

efforts.  

Materials & Strategies 

The EPA does not require that you develop your own educational materials. Instead, you 

can use stormwater information provided by the state, your regional EPA office, local 

environmental, public interest, or trade organizations. While this is encouraged and completely 

allowable, MS4s operators need to make sure that the materials they’re distributing respond to 

local issues and concerns. Below is a list of materials that the EPA suggests you can use:  

• “Brochures or fact sheets for general public and specific audiences  

• Recreational guides to educate groups such as golfers, hikers, paddlers, climbers, fishermen, and 

campers 

• Alternative information sources, such as web sites, bumper stickers, refrigerator magnets, posters 

for bus and subway stops, and restaurant placemats 

• A library of educational materials for community and school groups 

• Volunteer citizen educators to staff a public education task force 
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• Event participation with educational displays at home shows and community festivals 

• Educational programs for school-age children 

• Storm drain stenciling of storm drains with messages such as “Do Not Dump - Drains Directly to 

Lake” 

• Stormwater hotlines for information and for citizen reporting of polluters 

• Economic incentives to citizens and businesses (e.g., rebates to homeowners purchasing mulching 

lawnmowers or biodegradable lawn products) 

• Tributary signage to increase public awareness of local water resources” (Environmental 

Protection Agency, 2005e) 

 

This list is not exhaustive and is not a minimum standard, but rather serves as a starting point for 

brainstorming ideas about your own community’s needs and assets 

Reaching Diverse Audiences 

 The EPA requires that whatever messages and materials an MS4 chooses to utilize, the 

message must reach a diverse audience (Environmental Protection Agency, 2005e). This includes 

making sure that programs reach minority and disadvantaged communities, as well as children. 

This might also mean printing your distributed materials in more than one language. Another 

suggestion is to make sure that warning signs are also posted in applicable languages.  

 MS4 operators are also required to make sure that specific industries, commercial 

businesses, and institutions know that they have a responsibility for keeping stormwater clean. To 

accomplish this, consider directing materials toward those specific groups. For example, you could 

educate local restaurants on the effects of grease on drains and the overall water system, or inform 

dry cleaning and laundry facilities how the chemicals that they use can disturb the stormwater 

system (Environmental Protection Agency, 2005e).  

Developing Measurable Goals 

 Developing measurable goals can sound overwhelming, but doesn’t have to be when you 

break it down using a few guiding questions. Keep in mind that measurable goals are supposed to 

do a couple of things: 1) gauge permit compliance and program effectiveness, 2) reflect the needs 
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of the operator and the area that it serves, and 3) address the requirements of the MCM 

(Environmental Protection Agency, 2005e). Goals should be achievable and realistic. Every five 

years, you will have to renew your NPDES permit and you will need to show how the MS4 has 

worked to achieve them. For example, setting a goal of reaching 75% of your population with 

printed materials may be unachievable, but saying that each year, the MS4 will deliver its message 

to 10 youth groups, 15 civic organizations, and 5 minority groups would be achievable. Another 

example is that you may not be able to completely eradicate E.coli contamination in stormwater 

conveyances, but the MS4 could develop an outreach campaign aimed at encouraging dog owners 

to clean up their pets’ waste.  

Schools 

In many cases, MCM 1 finds its way into local school in order to reach the K-12 

population. This can be most effectively done if an MS4 has a designated public educator, perhaps 

with a background in education. Both teachers and public educators find it to be very beneficial if 

the lessons that the MS4 delivers fit within the state teaching standards for science and other 

disciplines. The Tippecanoe County Partnership for Water Quality has been particularly successful 

at this. Each year, already overworked elementary school teachers and count on the TCPWQ 

public educator to supplement their classroom activities and teach students about water quality. 

Both the teachers and the MS4 program benefit from this, which highlights the importance of 

partnering together with community assets.  

Minimum Control Measure 2: Public Participation and Outreach 

The EPA believes that the public has a responsibility in and opportunity to play an active 

role in the development and implementation of a stormwater management program. For these 

reasons, the EPA has developed the second minimum control measure, Public Participation and 

Outreach. An active and engaged community allows for the following features: “broader public 
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support… shorter implementation schedules… broad base of expertise and economic benefits… 

and serves as a conduit to other programs” (Environmental Protection Agency, 2005f).  

Broader Public Support 

 When a community is engaged in the development of and decision making for a program, 

those individuals are more likely to show ownership over the program, because they have a sense 

of ownership and responsibility for the program. Practical benefits of including the public in the 

development and implementation of the program is that there will likely be fewer legal challenges 

to the program, which saves time and money, and also these people will feel a greater 

responsibility to help achieve program goals (Environmental Protection Agency, 2005f).  

Shorter Implementation Schedules 

 As mentioned in the suggestion above, having more of the public involved with the 

development of the program will likely lead to less conflict over the parameters set forth in the 

respective rules. When there is less conflict, you’re able to start implementing the program sooner. 

In the long run, this helps save money in legal fees, as well as avoid fines that the state may place 

upon the permittee for non-compliance (Environmental Protection Agency, 2005f).  When people 

are involved in the development of the rules, they’re likely to feel more at ease with the results, as 

well.  

 A Broader Base of Expertise 

 As you begin to develop your stormwater program, you might find that there are 

individuals both within the agencies you are working directly with as well as members of the 

public who may be particularly invested in the program. The individuals might have insight that 

you didn’t know about (Environmental Protection Agency, 2005f). For example, you might find 

that a local 4H leader who has a knowledge base in soil and water quality is willing to share 
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education materials with you and/or allow you to deliver an educational program to their group, 

which helps you to reach your MCM 1 goal. 

Economic Benefit 

 Just as you might find an intellectual resource in the public, you might also make important 

financial connections with the public. Most communities have philanthropic actors and/or 

foundations that support local initiatives and programs. When you bring your program to the 

public, you might begin to make personal connections with individuals who are in a position to 

help fund parts of your program. You might also find folks who support the program and can 

volunteer their time or expertise that might end up saving you money in the long run 

(Environmental Protection Agency, 2005f). For example, a grant writer in the community may 

volunteer to help you write a grant for an education program or even a construction project, or 

someone with a background in law might help you draft ordinance language, each which would 

save you from having to pay someone. The economic benefits to public participation are endless.  

Conduit to Other Programs 

 Involving others in the development of your stormwater management program provides 

important cross connections. In addition to those listed above, you might also find connections to 

people in other governmental and private entities. This can be particularly beneficial when you’re 

trying to implement a stormwater program on a watershed basis, which is encouraged by the EPA 

(Environmental Protection Agency, 2005f). A watershed approach is always the most effective 

way to achieve goals.  

MCM 2: Getting There 

 Now that you understand the benefits of including the public in the development and 

implementation of your program, there are a few rules that you should be aware of as well as some 

program assessment and planning that you should do (Environmental Protection Agency, 2005f).  
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Public Notice Requirements 

 Certain public outreach initiatives will need a public notice. Each state, tribal, and local 

jurisdiction typically has public notice standards (Environmental Protection Agency, 2005f). 

Oftentimes, these will be the same rules will be the same, but nonetheless are required. Some 

public notices require a 30-day notice, and other require as many as 45 or even 90 days advance 

publication in a newspaper of general circulation. Be sure to check with local officials about public 

notice requirements. 

Best Management Practices (BMPs) 

 Just like there are BMPs for the physical components of stormwater management, so too 

are there BMPs for implementing the outreach component of your stormwater program. The EPA 

suggests the following BMPs as a starting point:  

• Public meetings/citizen panels allow citizens to discuss various viewpoints and provide input 

concerning appropriate stormwater management policies and BMPs 

• Volunteer water quality monitoring gives citizens firsthand knowledge of the quality of local water 

bodies and provides a cost-effective means of collecting water quality data 

• Volunteer educators/speakers who can conduct workshops, encourage public participation, and 

staff special events 

• Storm drain stenciling is an important and simple activity that concerned citizens, especially 

students, can do 

• Community clean-ups along local waterways, beaches, and around storm drains  

• Citizen watch groups can aid local enforcement authorities in the identification of polluters  

• ‘Adopt A Storm Drain’ programs encourage individuals or groups to keep storm drains free  of 

debris and to monitor what is entering local waterways through storm drains (Environmental 

Protection Agency, 2005f), 

 

Developing Measurable Goals 

 Developing measurable goals can sound overwhelming, but doesn’t have to be when you 

break it down using a few guiding questions. Keep in mind that measurable goals are supposed to 

do a couple of things: 1) gauge permit compliance and program effectiveness, 2) reflect the needs 

of the operator and the area that it serves, and 3) address the requirements of the MCM 

(Environmental Protection Agency, 2005f). Goals should be achievable and realistic. Every five 
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years, you will have to renew your NPDES permit and you will need to show how you’ve worked 

to achieve them (Environmental Protection Agency, 2005f). For example, set a goal of having one 

outreach event each quarter, so four throughout the year, in which community members can 

participate in. In cold-weather months you could host a training at a homeowners’ association 

event where you teach about the effects of snowmelt on waterways. In the spring, you could 

partner with other local organizations to host a river, lake, or stream clean up. Be sure to track 

these events and build in room to grow.  

Minimum Control Measure 3: Illicit Discharge Detection and Elimination (IDDE) 

What is an “illicit discharge?” 

 Federal regulations define an illicit discharge as “…any discharge to and MS4 that is not 

composed entirely of stormwater…” There are a just a couple of discharges that are not considered 

“illicit,” including discharges from industrial sources which have their own NPDES permit and 

discharges from firefighting activities (Environmental Protection Agency, 2005b). Illicit 

discharges “have a unique frequency, composition, and mode of entry” (EnviroCert, 2010). These 

discharges often happen because of an interaction or inadvertent cross connection between the 

sanitary system and the separate storm sewer system or are also produced from particular sites. 

MS4 separate storm sewer systems are not designed to accept, process, or discharge illicit non-

stormwater waste (Environmental Protection Agency, 2005b). 

 Some sources of illicit discharge include sanitary wastewater, waste from septic tanks, car 

wash wastewaters, oil and radiator flushing disposal, laundry wastewater, roadway accident spills, 

and improper disposal of auto and household toxins. These items are considered illicit because 

MS4s conveyance systems simply aren’t designed to deal with these discharges (Environmental 

Protection Agency, 2005b).  
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Why is IDDE necessary? 

 Storm sewers are designed to carry only water that is generated through excess 

precipitation. But oftentimes, people dump additional, non-precipitous waste into storm drains, 

and these discharges lead directly to open water sources. These discharges that are not from direct 

precipitation are called dry weather flows, and most contain pollutants. These illicit discharges can 

negate the benefits that other control measures have contributed (Environmental Protection 

Agency, 2005b).  

Different forms of Illicit Discharge 

 Some illicit discharges come from direct connections, and others are from indirect 

connections. Direct connections occur when conveyances carrying other types of discharge are 

either purposefully or accidentally connected to the storm drain. For example, when some 

communities disconnected the storm and waste water systems from one another, one or two 

connections might have gotten missed. In this case, the wastes from the sanitary sewer will enter 

the storm sewer system, completely canceling out the purpose of having separate systems 

(Environmental Protection Agency, 2005b). Another important example, and one that happens 

frequently in rural farming communities, is that agricultural drainage from farm fields will enter 

the storm sewer system.  

 Indirect connections usually happen when there is infiltration from another source that is 

put into the system. Examples of this include overflows from spills and when people dump their 

used paint or oil into the system. All of these discharges, whether direct or indirect, deliberate or 

accidental, result in polluted water with high levels of heavy metals, toxins, nutrients, viruses, and 

bacteria (Environmental Protection Agency, 2005b). The effects of illicit discharge are devastating 

for humans, animals, and plants alike.  
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Developing an IDDE Program 

What is required? 

Under the MCM 3 requirements, MS4 operators must develop, implement, and enforce an IDDE 

program. The basic requirements of program are listed below.  

• “Develop a storm sewer map that shows the location of all outfalls. This map must also include the 

names and locations of all Waters of the US that receive discharges from those outfalls. 

• An ordinance or other regulatory mechanism which prohibits (to the extent allowable under State, 

Tribal, and/or local law) non-stormwater discharges into the MS4. This ordinance or the like must 

include appropriate enforcement procedures and actions  

• A plan to detect and address non-stormwater discharges into the MS4, including all illegal 

dumping 

• To educate public employees, businesses, and the general public about the hazards of illegally 

discharges and disposing of waste 

• To determine the BMPs and measurable goals for MCM 3”  

There are some illicit discharges that the MS4 does not need to address, either because it is 

impractical or outside of the scope of the MS4. Those discharges are listed below (Environmental 

Protection Agency, 2005b):   

• “Water line flushing 

• Landscape irrigation 

• Diverted stream flows 

• Rising ground waters 

• Uncontaminated ground water infiltration 

• Uncontaminated pumped ground water 

• Discharges from potable water sources 

• Foundation drains 

• Air conditioning condensation 

• Irrigation water 

• Springs 

• Water from crawl space pumps 

• Footing drains 

• Lawn watering 

• Individual residential car washing 

• Flows from riparian habitats and wetlands 

• Dechlorinated swimming pool discharges  

• Street wash water 
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Getting There: Illicit Discharge Detection and Elimination 

 The EPA states that the objective for MCM3 is for regulated small MS4 operators to gain a 

thorough awareness of their systems because this allows them to determine the types and sources 

of illicit discharges into the system. This MCM also allows the MS4 to establish legal, technical, 

and educational mechanisms necessary to eliminate the discharges. The EPA believes that there 

are a number of ways that an operator could meet these objectives, but has also published general 

guidance for each of the requirements (Environmental Protection Agency, 2005b). Those 

suggestions are summarized below.  

The Map 

 The MS4 operator should develop a storm sewer map which shows intake and discharge 

areas of the system. This map will help operators understand the how much dry weather flows are 

a problem, possible sources of dry weather flow, and also which water bodies these flows might be 

affecting. The operator will need to display pipes, open ditches, inlets, outfalls, topography, point 

sources, and other underground infrastructure in the map (Environmental Protection Agency, 

2005b). Likely, this will require significant field surveys, and data should to be stored in an 

electronic database, like ArcGIS. For some MS4s, this work may be beyond their resources and/or 

capabilities. In this case, a consulting firm or contractor should be hired.  

 It’s important for MS4s to have a clear understanding of local land use and sites where 

generating discharge would be common. These are important concepts in IDDE programs because 

knowing this will allow the entity to predict where direct and indirect discharges are likely to 

occur. It is also useful because it will help MS4s develop pollution prevention plans that are 

tailored to specific activities and audiences. MS4s should identify priority areas that can later be 

screened in greater detail. Using ArcGIS and the methods laid out below is a good starting point. 
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As a rule, the more information the MS4 can gather about the potential sources of illicit discharge, 

the more effective it can be in eliminating and preventing them (Envirocert, 2010). 

Legal Mechanism & Enforcement 

 The EPA recognizes the difficulty that some permittees may have in establishing authority 

within their local laws and codes, yet encourages the operator to seek out that authority. In 

Indiana, such provisions are given through the county commissioners or the city council 

(Environmental Protection Agency, 2005b).   

The Plan 

 The plan that is developed to detect and address illicit discharges is the most important part 

of MCM 3. The EPA recognizes each entity’s resources will vary by staff size, entity resources, 

and the character of the discharges. As mentioned above, it is sometimes more appropriate to 

contract out some or all components of this plan. But, generally speaking, the main steps of 

implementing MCM 3 are listed below (Environmental Protection Agency2005b):  

1. Locate the Problem Area 

This is, in part, why having a thorough and accurate map is essential. The EPA suggests that 

operators identify priority areas first, based on their likelihood for illicit connections, like areas 

with older sanitary lines. Other methods that can be used to locate problem areas include visual 

screening, water sampling, infrared and thermal photography, public complaints, and cross-

training staff from other departments to recognize and report illicit discharges.  

2. Find the source 

After the operator locates a problem area, it might need to go one step further to determine the 

specific source of illicit discharge. Some methods of detection include dye- or smoke-testing, 

tracing the discharge upstream, inspecting septic systems, and video inspections.  

3. Remove or Correct Illicit Connections 
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Once the operator has identified the source, they should contact the entity responsible for the 

discharge and tell them how to correct the problem. Depending on the issue and how receptive the 

offender is to the charge, the operator will have different options for rectifying the situation.  

4. Document Actions Taken 

There’s a saying in many fields of practice that goes something like this: If it isn’t written down, it 

doesn’t exist. To that end, it’s the operator’s responsibility to document when an illicit discharge 

has been detected, how it was addressed, and the progress made toward eliminating the discharge. 

Annual reports need to include the total number of outfalls that have been screened, complaints 

that were received and how they were corrected, the number of discharges and specific quantities 

of flow that was eliminated, and the number of tests that have been conducted.  

Outreach & IDDE 

 As seen throughout this guidebook, many of the minimum control measures overlap with 

one another. Illicit discharges awareness can be incorporated into the outreach program of MCM 

2. In 2004, the Center for Watershed Protection and researcher Robert Pitt conducted a study that 

looked at the most cost-effective and efficient ways to identify and correct illicit discharges. What 

they found in the particular research area in Maryland is that MS4 staff identified and corrected 

about six illicit discharges per year, but a whopping 185 were reported and corrected because local 

citizens complained that they were happening (Center for Watershed Protection, Pitt, 2004). This 

shows the importance of reaching out to your local residents, using their knowledge, and teaching 

them how to report such incidents. When developing an outreach program, it’s important to 

include information on reporting illicit discharges.                 

 Many communities create a “report a polluter” hotline. For report a polluter programs, 

communities develop an email address and secure a phone number where residents can send or 

leave messages about suspicious pollution activity. An MS4 can also label important outfalls 
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where they exist so that people within the community know what to look for. It’s critical to reach 

out to public employees, businesses, property owners, the general public, students, youth groups, 

and elected officials and educate them on ways to detect and eliminate illicit discharges.  

Regulatory Mechanism 

This is a technical way to say that your municipality needs to establish the authority to 

implement and enforce its IDDE program. In order to do that, MS4s are required to develop and 

adopt an ordinance, resolution, or other regulatory mechanism the clearly prohibits entities from 

illegally discharging or connecting into conveyance systems (EnviroCert, 2010). These ordinances 

also need to provide the MS4 the ability to access and inspect facilities and properties that they 

suspect might be producing illicit discharges, and to address unique conditions or scenarios. These 

ordinances need to address both illicit discharges as well as connections (as these are two different 

things) but should also be flexible enough to allow access and enforcement for special conditions 

(EnviroCert, 2010). Enforcement programs need to include a progressive enforcement policy, 

whereby the fines or legal actions are progressively worse for the offender. This will help to 

ensure that illicit discharge is eliminated. Additionally, it’s important to outline which staff 

members are authorized to enforce these ordinances (EnviroCert, 2010).   

Most stormwater ordinances follow the same basic framework, with subtle differences. 

However, this isn’t necessarily a good thing. Because watersheds are unique, so too should be the 

local responses to managing them. Additionally, most municipalities are very slow to respond to 

good watershed management and as such, their ordinances are rather lackluster. A basic 

framework for good stormwater management could be rather standard, but the substance inside the 

codes should respond to local needs. The EPA has published a number of ordinances as models for 

communities throughout the U.S. More on these ordinances can be found in the appendix.  
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Minimum Control Measure 4: Construction Site Runoff Control  

What is construction site runoff?  

Construction sites produce many potential problems for stormwater runoff because they 

have a variety of potential pollutants. In the State of Indiana, any construction site that disturbs 

more than an acre of land at the very minimum, must apply for a permit for construction and thus 

must follow the rules described here. Certain communities have chosen to make these rules even 

more strict, requiring a half acre of disturbance to file for a permit. Such rules would be found in 

ordinances and city codes.   

Because the ground is exposed, crews of people work there, and because so many 

industrial chemicals and processes take place on construction sites, they are easy contributors to 

polluting discharges. Common pollutants found on construction sites include sediment, usually 

caused simply moving earth and exposing soils, solid and sanitary wastes from people working on 

the project, phosphorous and nitrogen fertilizers, pesticides, oil and grease from the machinery and 

equipment, concrete truck washout, and construction chemicals and debris. This polluted 

stormwater runoff often flows into MS4s and ultimately gets discharged into local waterbodies 

(Environmental Protection Agency, 2007a). Sediment is usually the top concern for construction 

sites, but all of the pollutants listed above are reasons to implement a strong MCM 4 program. 

The statistics are staggering—according to a national water quality inventory study 

conducted in 2000, state and tribal entities reported that sedimentation is the second largest 

contributor to impaired waterbodies, just behind bacteria or pathogens. Sedimentation alone 

impairs a whopping 84,503 rivers and stream miles, which is 12% of the entire rivers and streams 

that were assessed and 31% of all the impaired rivers and streams. Construction, along with 

agriculture, urban runoff, and forestry, are the main culprits behind sedimentation. What’s even 

more astonishing is that sediment runoff rates are 10-20 times greater than agricultural lands and 
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up to 2000 times greats than forests (Environmental Protection Agency, 2007a). During a given 

construction project, a relatively short period of time, construction sites can contribute more 

sediment to streams than the same area of land naturally would over a period of several decades! 

The effects of construction site runoff can cause devastating human and wildlife harm. 

What is required? 

As you can see, construction site runoff is a huge potential problem for MS4s and 

surrounding areas. Due to the fast-acting impacts, it is imperative to take this MCM very seriously. 

There are six measures that small MS4s are required to implement in their programs. Again, these 

measures must be applied to any construction activity that disturbs at the very minimum one acre 

of land. The six measures are listed below (Environmental Protection Agency, 2007a): 

1. Have an ordinance or other regulatory mechanism that requires the construction team to have 

proper erosion and sediment controls, and controls for other wastes, on all applicable sites 

2. Develop a procedure for site plan review of construction plans, particularly considering the 

potential water quality impacts 

3. Develop procedures for site inspection and enforcement of control measures 

4. Develop sanctions and enforcement procedures to ensure compliance (must be laid out in the 

ordinance/regulatory mechanism) 

5. Establish a procedure for reviewing public complaints 

6. Determine BMPs for MCM4 and develop measurable goals 

Getting There: Construction Site Runoff Control 

Regulatory Mechanism 

 Phase II MS4s must develop an ordinance or other regulatory mechanism that establishes 

construction program which controls polluted runoff from construction sites with a land 

disturbance of at least one acre. Some MS4s have developed programs that require site of less than 
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an acre to be controlled, but the state minimum is one acre. Many states have limitations on the 

legal authority they’re able to establish as an MS4 (Environmental Protection Agency, 2007a). 

Each MS4 should seek the expertise of a lawyer or consultant to determine the appropriateness of 

their ordinance and develop this MCM to the maximum extent practicable under state, tribal, and 

local law.  

Site Plan Review 

 The MS4 must do at minimum two things to satisfy this component of the MCM. First, the 

MS4 operator must develop appropriate BMPs for construction sites which goals are to control 

erosion, sediment, and other waste at construction sites. Next, the MS4 operator must establish a 

process for reviewing plans that are submitted by the construction site operator to determine if the 

plans comply. This second step must be complete and recorded before any ground is broken 

(Environmental Protection Agency, 2005a).  

 MS4s are required under the NPDES permit to track new construction activities for audits 

and reporting. For this and other reasons, site plan review is important because it helps the MS4 

comply with state laws, and also because it alerts the MS4 operator at the onset of a project how 

the construction site operator plans to use BMPs and allows it track new construction activities 

(Environmental Protection Agency, 2005a). By incorporating site plan review into your outreach 

program, an MS4 allows the public to help ensure that constructions site comply with the rules.  

Inspections and Penalties 

 After a project has passed through the establish site plan review process and ground has 

broken, the construction site operator should have the established BMPs properly installed. This is 

when the MS4 operator should begin to inspect the site, and when necessary, enforce the rules to 

deter the construction site operator from breaking the rules (Environmental Protection Agency, 

2005a).  
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 Since the MS4 will have record of all the construction site activities taking place within 

their jurisdiction, through the site plan review process, the MS4 should prioritize the sites which 

need to be inspected. A list of sites should be reviewed as frequently as possible, and prioritized 

based on construction activity, topography, characteristics of the site’s soils, and receiving water 

quality. Inspections give MS4 operators a chance to guide and educate construction site operators 

to install and properly maintain BMPs, show them ways to improve the site, and issue warnings or 

even penalties (Environmental Protection Agency, 2005a).  

 The EPA established a national workgroup which addresses issues related to the 

construction industry. One of the deliverables for the workgroup is a website listing plain-language 

construction industry compliance resources. The website is www.cicacenter.org and information 

there can help you further understand the requirements and provide this information to 

construction site operators, as well. In order to conserve limited staff resources, an MS4 might 

consider cross-training building and/or health inspectors to also act as MS4 inspectors.  

Information Submitted by the Public 

 Similar to MCM 3 IDDE public input requirement, MCM 4 requires that the MS4 have a 

procedure for accepting, reviewing, and responding to possible construction site violations. This 

can be incorporated into MCM 2, public education and outreach. Not every single report will 

warrant additional inspection, but MS4s are required to at least have a procedure for accepting and 

reviewing such complaints.  

Measurable Goals 

 EPA requires that each MS4 operator have measurable goals for each minimum control 

measure, but does not dictate what those specific objectives should be. Whatever the specific goal 

includes, it must be measured and recorded to meet compliance measures.  

NPDES Phase II Construction Permits 
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 One of the more confusing components of the stormwater runoff and protection programs 

is how Indiana’s Rule 5 and MCM 4 of Rule 13 overlap and yet also differ. This section of the 

guidebook aims to clarify these two measures. The State of Indiana issues NPDES permits under 

its “Rule 5” regulation. It is called “Rule 5” because the language can be found in Indiana 

Administrative Code Chapter 15, Section 5. This rule applies to “all persons who are involved in 

construction activity (which includes clearing, grading, excavation and other land-disturbing 

activities) that results in the disturbance of one (1) acre or more of total land area. If the land-

disturbing activity results in the disturbance of less than one (1) acre of total land area, but is part 

of a larger common plan of development or sale, the project is still subject to storm water 

permitting” (IDEM, 2016a). The EPA gave the state a general permit, and basically, that gives the 

state the authority to allow construction projects to operate under this same permit. However, each 

individual construction site must apply through a Notice of Intent to the state to begin 

construction.  

 Rule 5 applies to every construction project disrupting more than an acre of land, 

regardless of whether that project is part of an MS4 or not. However, if a project is located within 

an MS4, then MCM 4 of Rule 13 is also triggered. And while this may seem like more work, it 

usually is not, because Rule 5 and MCM 4 are often written with nearly the exact same objectives, 

rules, and requirements. In this way, it’s more of a redundancy than more work, but generally, 

both rules can be fulfilled with the same actions and procedures on the part of the MS4 operator.  

 The EPA states that, “Even though all construction sites that disturb more than one acre are 

covered by national NPDES regulations, the construction site runoff control minimum measure for 

the small MS4 program is needed to induce more localized site regulation and enforcement efforts, 

and to enable operators of regulated small MS4s to more effectively control construction site 

discharges into their MS4s” (Environmental Protection Agency, 2005d). The EPA’s final rules for 
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stormwater runoff were written to help streamline cases in which construction site NPDES permits 

overlapped with MS4s. In such cases, if a construction site is located inside of an MS4, then the 

construction site operator’s compliance with the MS4 rules also constitutes compliance with its 

NPDES permit, so long as the MS4 requires a Stormwater Pollution Prevention Plan, or SWPPP 

(more on this below). The EPA set up these two program to reduce confusion between authorizing 

entities, but the EPA reminds operators that the responsibilities for the two programs are still 

separate.  

The Stormwater Pollution Prevention Plan 

 The Stormwater Pollution Prevention Plan, or SWPPP, is a document that is required in 

order for a construction site operator to receive a NPDES permit for stormwater discharges. The 

measures placed in this document are legally binding. A SWPPP is required for all construction 

activities disrupting 1 acre or more of land. It applies to any construction site regardless of whether 

or not the site falls with an MS4’s jurisdiction or not. But since all construction sites within an 

MS4 will necessarily also require a NPDES permit, the MS4 operator should be familiar with this 

document, take part in its development, and to ensure that this BMPs and activities developed 

within the document also meet local codes and ordinance, if different from the minimum standards 

required by the state.  

What’s in a SWPPP? 

 A SWPPP is written for each construction site. It identifies potential sources of stormwater 

pollution within the construction site, describes practices that reduce pollutants that would enter 

the stormwater discharges, and identifies that procedures that the construction site operator will 

implement to comply with the terms and conditions that are outlined in the general permit. Failure 

to develop and follow a SWPPP could result in fines from the EPA and/or state regulating 

agencies, as well as local governments (Environmental Protection Agency, 2007). By now, you 
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likely understand the importance of controlling stormwater, and particularly as it relates to 

construction sites, so you can understand why developing a SWPPP is so important. But actually 

developing and implementing a SWPPP may still be unfamiliar. The EPA has a number of 

resources on their website, which can supplement your knowledge and should be addressed before 

you finalize your plan. But this document will provide a baseline of understanding.  

 An effective SWPPP does not just talk in generalities, but instead is tailored to detail 

pollution prevention practices that will be implemented on the site, as it relates to each phase of 

the plan, each contractor and sub-contractor, and also lists inspection schedules and logs. In the 

case of MS4s, the SWPPP will likely be monitored by the MS4 operator. When violations occur, 

the MS4 has the power to take enforcement actions, including stop work orders for 

noncompliance. 

BMPs in a SWPPP 

 One primary goal of the SWPPP is to control erosion and sediment on a construction site. 

BMPs are typically used to achieve this goal and can be divided into two categories—structural 

and non-structural BMPs. Structural BMPs are physical components, and usually include things 

like silt fences, sediment ponds, erosion control blankets, and seeding. Non-structural BMPs are 

more action-based and include actions like picking up trash and debris, clearing areas of ingress 

and egress of sediment, training crew members on erosion and sediment control practices 

(Environmental Protection Agency, 2007). The SWPPP is a document that the MS4 should 

evaluate as part of the plan review process.  

Minimum Control Measure 5: Post-Construction Runoff Control 

 In many communities, especially those which are rapidly developing and therefore may 

have been designated as an MS4, post-construction project stormwater runoff can become a major 

issue. Post-construction stormwater runoff has been shown to significantly impact water bodies 
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through sedimentation and other chemical washout. Various studies have been conducted in 

partnership with the EPA that show that the most effective way to minimize both pollutants and 

sedimentation is to plan and design construction sites with management in mind. To that end, this 

section will cover ways that a community can implement a successful post-construction runoff 

control program.  

Two Types of Problems: Pollution & Increased Water Flow 

 The bad effects of post-construction stormwater runoff generally takes two forms. The first 

culprit is pollution. As runoff flows over the land that has been altered by construction and 

development, the water picks up harmful sediment as well as chemicals like oil, grease, pesticides, 

heavy metals, nitrogen, and phosphorous. Such pollutants are carried by the runoff to local 

receiving waters, usually lakes, ponds, creeks, and rivers. Once these pollutants are deposited into 

the receiving waters, they can enter the food chain through small aquatic creatures, and ultimately 

make their way into fish and humans. These chemicals then have disastrous effects on people, but 

also alter the health of the local ecosystem (Environmental Protection Agency, 2005d).  

 The second type of post-construction runoff in simply the quantity of water that is 

delivered to receiving bodies during storms. Most development, whether it is residential, 

industrial, or somewhere in between, increases impervious surfaces. Impervious surfaces disrupt 

the natural hydrologic cycle. Instead of percolating back into the ground, runoff is collected from 

surfaces like asphalt, concrete, and densely packed soils, and is re-routed to either local drainage 

systems or becomes overland flow. The runoff is increased and flows quickly to receiving water 

bodies, which causes streambank scouring and downstream flooding. These occurrences lead to a 

loss of aquatic life and property damage. In extreme cases, intense flooding can also cause a loss 

of human life (Environmental Protection Agency, 2005d).  (See Page 19 for more information on 

the hydrologic cycle and page 44 for information about impervious surfaces.) 
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Developing a Post-Construction Program 

What is Required? 

 As with all of the minimum control measures, this rule applies to any project that disturbs 

one acre of land or more. The four requirements are as follows (Environmental Protection Agency, 

2005d):  

• “Develop and implement strategies which include a combination of structural and/or nonstructural 

best management practices (BMPs);  

• Have an ordinance or other regulatory mechanism requiring the implementation of post-

construction runoff controls to the extent allowable under State, Tribal or local law; 

• Ensure adequate long-term operation and maintenance of controls;  

• Determine the appropriate best management practices and measurable goals for this minimum 

control measure” 

 

A Note on Redevelopment 

 The requirements of this MCM apply to new developments as well as to certain 

“redevelopment” projects. The Phase II Final Rule defines redevelopment as projects which alter 

the footprint of an existing site or building in such a way that there is a disturbance of one acre of 

land. It’s critical to have your developer review this rule in accordance with local and state law, 

but there is a lot of flexibility in implementing post-construction controls for redevelopment 

projects because of specific site constraints (Environmental Protection Agency, 2005d) 

Getting There: Developing a Plan for Post- Construction Runoff 

 In many cases, MCMs 4 & 5 are implemented in tandem, because they’re so closely linked 

to one another. As such, please keep in mind while developing a plan for construction site runoff, 

that each MS4 is also responsible for post-construction runoff plans. Both structural and non-

structural BMPs are important to implement for MCM 5.  

Non-Structural BMPs 

Planning Procedures 
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 Many runoff issues can be addressed efficiently by ensuring that local master plans, growth 

plans, or comprehensive plans guide development away from sensitive areas (like impaired waters, 

wetlands, wellheads, etc.), and toward less-sensitive areas. Additionally, compact, dense 

development helps to preserve pervious surfaces and minimize the impacts of impervious surface.  

Site-based BMPs 

 Another measure to minimize disturbance and imperviousness is to preserve buffer strips 

and riparian zones. This also has the added benefit of maximizing open space. Buffer strips are 

areas of land that permanently maintain natural vegetation. Many times, buffer str ips’ primary 

purpose is to intercept pollutants and manage environmental concerns (United States Department 

of Agriculture, N.D. Natural Resources). A riparian zone is the frontier between a stream or river 

and the main land area. It is usually marked by special types of flora and fauna (United States 

Department of Agriculture, N.D. Natural Resources). The benefits of riparian zones and buffer 

strips is that the root systems, help to keep the soils intact. In this way, runoff doesn’t make the 

turn soil into sediment. Additionally, permanent vegetation allows for other natural processes of 

the hydrologic cycle to take place, like transpiration and percolation. For these reasons, site-based 

BMPs are important when planning construction and post-construction projects.  

Measurable Goals 

 Goals for all minimum control measures are legally binding agreements that must be met. 

In order to comply with one’s own community, appropriate goals should be chosen. For example, 

instead of setting a goal that each new development within the MS4 should achieve 100% pre-

development runoff rates, perhaps the operator could aim for a goal that all new developments 

should reduce roadway runoff by 30% by implementing vegetative or structural BMPs. There are 

numerous ways to implement and reach goals, all of which should be unique to the community and 

the development patterns, as well as the overall goals of the MS4 and the comprehensive plan.  
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Minimum Control Measure 6: Pollution Prevention and Good Housekeeping 

What is Pollution Prevention and Good Housekeeping? 

 The other minimum control measures for an MS4 are very active measures for planning 

and education. This last measure helps to ensure that the hard work for MCMs 1-5 does not go to 

waste, but instead helps the MS4 meet its overall goals and objectives. MCM 6 helps the MS4 

operator to review their actions and programs, and where necessary, change the course of action to 

better achieve goals. The goal for MCM 6 is to reduce the amount of pollution that collects on 

streets, parking lots, in open spaces, and in common storage and vehicle maintenance areas that 

would otherwise end up in local water bodies. Secondly, this MCM seeks to reduce the quality and 

quantity of pollution that commonly results from damaging land development and flood 

management and/or the poor maintenance of storm sewer conveyances. While this measure 

primarily seeks to protect receiving water bodies, it can also help save the MS4 money, since 

efficient and correct maintenance can help avoid repair costs caused by damage and neglect 

(Environmental Protection Agency, 2005c).  

Developing a Pollution Prevention and Good Housekeeping Program 

What is Required? 

 The Phase II MS4 rule requires an MS4 operator to complete the following (Environmental 

Protection Agency, 2005c): 

• “Develop and implement an operation and maintenance (O&M) program that prevents or reduces 

pollutant runoff from municipal buildings and operations into the storm sewer system  

• Train employees to include pollution prevention and good housekeeping techniques into their 

regular operations. Training materials from other relevant organizations like the EPA, the state, or 

other applicable non-profits is an acceptable practice.   

• Determine and implement the appropriate best management practices and measurable goals for 

MCM 6,” 
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Getting There: Developing a Plan for Post- Construction Runoff 

 While this measure might seem like a lot of redundant and difficult work, there are ways to 

make this measures seem like second nature and rather easy to implement.  The EPA has 

suggested that MS4 operators consider the following components when developing their MCM 6 

program.  

Develop and record maintenance activities, schedules, and long-term inspection procedures 

 The important thing for this component is to make sure that the MS4 has clearly outlined 

and recorded what maintenance activities it will pursue, how they will be pursued, and how often 

and with what criteria these activities will be inspected. For example, an MS4 may choose to 

inspect their fire department for things like hazardous material storage and washing procedures 

twice a year. The key here to is to write down and record everything. Keep in mind that this is a 

legally-binding document and to achieve goals, the MS4 must record and report all actions. A 

good way to do this is by developing inspection sheets that the inspector(s) take with him/her 

during inspections. This should include the date and standard criteria. The inspection sheets can 

then be placed in a three-ring binder which can be easily accessed for audits.  

Reduce or eliminate pollutant discharge 

 This is as simple as taking inventory of the municipality’s facilities like garages and police 

stations to make sure that cleaners, toxic materials, and excess salts and sands are properly stored. 

This also includes measures like making sure the municipality recycles, reduces pesticide and 

fertilizer use, and properly disposes of wastes. In some ways, this component could be called the 

“common sense control,” because if an MS4 is following the other MCMs, likely these will 

become second nature. The key, of course, is making sure that this is documents, as noted above 

(Environmental Protection Agency, 2005c). 

Develop and maintain procedures for proper waste disposal 
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 In particular, make sure that the waste that is removed from storm sewer systems, 

separation tanks, dredged spoil, retention/detention pond sediment, floatables, and other debris is 

properly disposed of and does not eventually end up back in the runoff system (Environmental 

Protection Agency, 2005c).  

Ensure that new projects assess the impacts on water quality 

 This is a safeguard to make sure that all new municipal projects prioritize water quality 

components. This can also be expanded to reviewing old or existing projects. This could be 

implemented by working closely with other municipal or county-wide project managers, like flood 

plain experts or city or county engineers (Environmental Protection Agency, 2005c).  

Measurable Goals 

 The key to fulfilling this MCM is to choose appropriate goals that both fulfill the measure, 

but are also achievable (Environmental Protection Agency, 2005c). Keep in mind that this MCM is 

a common sense measure, so many of the things that the MS4 already does will probably help 

fulfill this measure. Additionally, these are typically smaller actions that can become second-

nature behavior to staff. For example, keeping dumpster lids closed at all times can prevent rainfall 

from entering the dumpster and seeping out with pollution from the contaminants inside. Routinely 

keeping the landscape clean of litter and animals waste, using less salt or salt alternatives on icy 

roads, applying less fertilizer and pesticides—all are relatively easy and intuitive ways to 

implement good housekeeping and pollution prevention measures. 

Concluding Remarks 

This guide has laid out six important measures for developing an MS4 program that is 

responsive to local needs and also meets federal guidelines. The key is collaboration and 

education. By ensuring that local residents and community leaders know why stormwater 

management is important, your program can gain support. Collaborating with local agencies and 
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entities is critical to the program’s traction. The more concise and clear the  message, and the more 

people the message can reach, the better the outcomes will be.  
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Appendix  

The information in this appendix gives an example of how Roanoke County in Virginia has 

developed their MS4 program and written into a planning document.  

 

 

Roanoke County, Virginia MCM 1 BMPs 

 

Municipal Separate Storm Sewer System (MS4) Program 

Minimum Control Measures for the Roanoke County MS4 Program: 

 

MCM 1:   Public Education and Outreach on Stormwater Impacts MCM 2:  Public Involvement 

and Participation 

MCM 3:   Illicit Discharge Detection and Elimination MCM 4:  Construction Site Stormwater 

Runoff Control 

MCM 5:   Post Construction Stormwater Management in New Development and Redevelopment 

MCM 6:  Pollution Prevention and Good Housekeeping for Municipal Operations 
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MCM 1: Public Education and Outreach on Stormwater Impacts 

 

This minimum control measure is intended to implement a public education program to  distribute 

educational materials to the community and conduct equivalent outreach activities about the 

impacts of stormwater discharges on water bodies and the steps that the public can take to reduce 

pollutants in stormwater runoff. The programs which the County has developed to meet these 

educational and outreach measures are listed below: 

 

• Update and distribute a comprehensive review of existing stormwater educational programs 

available to Roanoke County and the Roanoke Valley area. 

• Develop and distribute a Roanoke County Stormwater Informational Mailer to Roanoke County 

Residents. 

• In cooperation with Virginia Save Our Streams, Roanoke County will provide stream monitoring 

and informational stream seminars for Roanoke County residents. 

• Develop a stormwater educational program for Roanoke County school age children. Different 

programs will target appropriate grade levels. 

• Develop a Stormwater Public Awareness Program that includes the distribution of stormwater 

merchandise, public service announcements, and other high visibility educational media. 

• Maintain and expand a Roanoke County Stormwater webpage that informs the public about water 

quality, community-based outreach and local projects. 

• Develop and maintain a stormwater quality education program for specific commercial businesses 

within the County. 

 

Included with this document is a detailed description of each BMP, the objective, the measurable 

goals and implementation schedules, the responsible parties, and all County supporting documents 

that include: policies, ordinances, schedules, inspection forms, written procedures, or other 

documents necessary for the implementation of the BMP. 
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BMP 1-1: Educational Programs Review 

 

The goal of this BMP is to update and distribute a list of current publications, educational 

programs, websites, videos, maps, and training opportunities that directly address stormwater 

issues such as stormwater management, stormwater quality, flood-plain management, pollution 

prevention, conservation practices and riparian habitat protection. 

 

Responsible Party: Department of Community Development 

 

Schedule and Evaluation: 

During the first permit cycle, Roanoke County successfully implemented a review of 

publications and educational programs that address stormwater issues such as stormwater 

management, stormwater quality, floodplain management, watershed development, pollution 

prevention, and other conservation practices. This database was updated each year and posted to the 

Roanoke County Stormwater website. 

 

Roanoke County proposes to continue to maintain and update this stormwater programs database. 

The database will continue to document educational programs, brochures, pamphlets, videos, maps, 

and training opportunities related to stormwater quality, stormwater management, floodplain 

management, pollution prevention, conservation practices and riparian habitat. The database will 

be made accessible through Roanoke County's website and will include instructions on accessing 

these educational materials. 

 

At the end of each annual period, the County will analyze website usage to determine the most 

effective format in which to distribute the list of programs. In addition, the County will form target 

groups based on website usage to distribute theme specific program lists to libraries, schools, 

or public organizations. The County will submit a copy of this database, documentation of the 

number of visits, and provide the website where stormwater programs database can be found. 

 

Supporting Documents: None 

 

Measurable Goals: 

Success for this BMP will be measured by tracking website usage, and documentation of the 

numbers of program lists distributed. 
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Items to be reported in the Annual Report: 

Evaluation and modifications to this are BMP based on results of analysis of measurable goals. 
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BMP 1-2:  Roanoke County Stormwater Informational Mailer 

 

The goal of this BMP is to create a stormwater informational mailer on an annual basis, which 

will educate residents of the County of Roanoke about local stormwater issues. The mailer will be 

designed as a regional document and will touch on the County's Stormwater Program, general 

stormwater quality education, updates on local impaired water bodies, and TMDL's. The mailer will 

be designed as a regional document based on the unique issues and concerns for the Roanoke 

River Watershed. 

 

Responsible Party: Department of Community Development and Department of Parks, 

Recreation and Tourism 

 

Schedule and Evaluation: 

During the first permit cycle, Roanoke County created a stormwater informational mailer which 

educated residents on the County's Stormwater Program, general stormwater quality education, 

updates on local impaired water bodies and TMDL's. This mailer was included in the County's 

Parks and Recreation catalog for distribution to the entire County population. 

 

For this permit cycle, Roanoke County proposes to continue to educate residents on the County's 

Stormwater Program through an informational mailer. The County will post a version of the 

mailer on the website for additional outreach. 

 

At the end of each annual period, the County will document annual distribution totals and 

number of hits on the website and report numbers in annual report. 

 

Supporting Documents: None 

 

Measurable Goals: 

Success for this BMP will be measured the documentation of the numbers of mailers and 

tracking the rate of website usage. 

 

Items to be reported in the Annual Report: 

Evaluation and modifications to this BMP based on the results of analysis of measurable goals. 
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BMP 1-3:  Stream Monitoring and Education 

 

In cooperation with the local Virginia Save Our Streams chapter, Roanoke County will provide 

stream monitoring and informational stream seminars for Roanoke County residents. The goal of 

this BMP is to educate citizens on the field procedures that have been established to determine water 

quality, in addition to motivating citizens to monitor waterways in their neighborhood and enhance 

grass roots cooperation to promote the importance of a stream monitoring within the County. 

These seminars and monitoring sessions will provide some field exposure to aquatic habitats, 

update citizens on local, state, and federal water quality regulations, and keep citizens updated on 

local stream health. 

 

Responsible Party:  Community Development in cooperation with VASOS. 

 

Schedule and Evaluation: 

 

During the first permit cycle, Roanoke County provided stream school seminars and coordinated a 

monitoring program with Virginia Save Our Streams in different BMPs. After evaluation of these 

BMPs, the County determined that these two BMP's fulfilled similar goals and should be combined 

into one BMP for stream monitoring and education. 

 

Roanoke County proposes to cooperate with the local Virginia Save Our Streams chapter to 

educate citizens by holding stream education seminars and monitoring sessions. Special emphasis 

will be placed on monitoring stream segments with a TMDL designation. The County Save Our 

Streams Program will create a database that will track the number of streams monitored, monitoring 

locations, the number and type of groups participating, and monitoring results.  The database will 

be submitted to DCR in the annual report. 

 

Supporting Documents: None 

 

Measurable Goals: 

Success for this BMP will be measured by tracking the number of streams that are monitored and 

their Benthic Macroinvertebrate monitoring score and the number of attendees present at the 

stream schools. 

 

Items to be reported in the Annual Report: 
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• Number of streams monitored in Roanoke County using the Benthic Macroinvertebrate method. 

• Reported score. 

• Number of stream schools provided. 

• Number of attendees present at each stream school. 

• Modifications to this BMP based upon results of analyses of measurable goals. 
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BMP 1-4:  Stormwater Education Program 

 

Develop a stormwater educational program for Roanoke County school age children. Educators will 

develop and provide programs addressing storm water and related water quality issues. Different 

programs will target appropriate grade levels and will be SOL correlated. 

 

Responsible Party: Community Development in conjunction with Clean Valley Council 

 

Schedule and Evaluation: 

During the first permit cycle, Roanoke County developed and provided a Storm Water Education 

Program for school children which met certain SOL’s for the Roanoke County School System. 

Programs targeted appropriate grade levels. The County believes that this program was successful 

in teaching school age children about storm water issues and the benefits of storm water quality. 

 

Roanoke County proposes to continue this program for the new permit cycle. The Storm Water 

Education Program for school children will be submitted in the Annual Report. The County will 

document how many children within Roanoke County have been educated on stormwater quality by 

tracking the number of programs provided and the number of children reached. 

 

At the end of each annual period, the County will analyze the statistics of how many programs 

were provided and how many children where reached to determine the most effective method. 

 

Supporting Documents:  Clean Valley Council Education Program List 

 

Measurable Goals: 

Success for this BMP will be measured by tracking the number of programs that were provided 

and the number of children that were reached. 

 

Items to be reported in the Annual Report: 

 

• Program statistics for each education program. 

• Evaluation and subsequent modifications to this BMP based on results of analysis of measurable 

goals. 
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BMP 1-5:  Stormwater Public Awareness Program 

 

Roanoke County will develop a Stormwater Public Awareness Program that includes the 

distribution of stormwater merchandise, public service announcements, and other high visibility 

educational media to utilize social mass marketing methods to bring storm water quality issues to the 

attention of the citizens of Roanoke County. 

 

Responsible Party: Department of Community Development 

 

Schedule and Evaluation: 

During the first permit cycle, Roanoke County distributed posters, bumper stickers, flyers, fact 

sheets, and other items promoting the importance of stormwater quality to the citizens of Roanoke 

County. The County also proposed billboard utilization, and a public service announcement 

program to bring stormwater issues into every home in the County. The County did not have success 

with the billboards due to changes in the County zoning regulations. This BMP was discontinued. 

 

The County proposes to combine the promotional merchandise BMP with the public service 

announcement BMP to create a Public Awareness Program that will incorporate the distribution of 

stormwater merchandise, the creation of public service announcements, work with local TV news 

networks to cover stormwater in the news media and other high visibility educational media to 

bring storm water quality issues to the attention of citizens of Roanoke County. 

 

Supporting Documents:  None 

 

Measurable Goals: 

Document the type of public awareness method that was utilized, including the size of the 

audience and any impact indicators that show what effect the method had on behavior. 

 

Items to be reported in the Annual Report: 

 

• Audience statistics. 

• Impact Indicators. 

• Changes over the permit year. 

• Conclusion of effectiveness of BMP and any modifications to this BMP based on the analysis 
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of effectiveness. 
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BMP 1-6: Roanoke County Stormwater Webpage 

 

Maintain and monitor the Roanoke County Stormwater webpage, where citizens can continue to 

get information concerning the County's Stormwater Management Program, ordinances, design 

guidelines, general information, contact information, pollution prevention information, 

educational programs and links to other organizations and sites. The website will also inform the 

citizens about on-going community based projects such as: storm-drain stenciling, Save Our 

Streams monitoring, regional clean-ups, and other local water quality educational programs. 

 

Responsible Party:  Department of Community Development 

Schedule and Evaluation: 

During the first permit cycle, Roanoke County developed a stormwater webpage where citizens 

could specifically get information concerning Roanoke County's Stormwater Management 

Program. The creation of the site was successful and it was expanded to encompass the stormwater 

program, watershed information, floodplain management, and other water quality issues. 

 

Roanoke County proposes to continue to expand and update the website, and document the 

webpage usage, including the annual number of visits to each page. The County will monitor the 

most and least visited page to determine how to best make changes to expand the audience. 

Roanoke County will submit page statistics and intended changes to DCR with annual report. 

Supporting Documents:  None 

Measurable Goals: 

Webpage statistics including the most and least popular material will be analyzed for 

effectiveness of the website. 

 

Items to be reported in the Annual Report: 

 

• Page statistics. 

• Intended changes. 

• Evaluation  and  resulting  modifications  to  this  BMP  based  on  results  of  analysis  of 

measurable goals. 
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The EPA has provided a thorough list of ordinance examples, broken down topically. This 

resource should be used for communities which need to develop stormwater regulations within 

their communities. This resource can be found on the EPA’s website: 

https://www.epa.gov/nps/urban-runoff-model-ordinances-prevent-and-control-nonpoint-source-

pollution.  

 

 
 

List of potential partners for MCMs 

Below is a list of potential partners from various sectors of communities. This list is certainly not 

exhaustive, but is meant as a springboard for brainstorming potential partners in meeting MCM 

goals. Different agencies or entities may be more or less relevant based on where a community is 

in developing its MS4 program.  

 

Schools (From Pre-K to College) 

4H 

Boy Scouts and Girl Scouts of America 

Chambers of Commerce 

City/County Council 

County Commissioners 

Municipal Administrative Offices 

Soil and Water Conservation Districts 

Wastewater Utilities 

Sanitary District 

Home Owners Associations 

Neighborhood Associations 

 

 

https://www.epa.gov/nps/urban-runoff-model-ordinances-prevent-and-control-nonpoint-source-pollution
https://www.epa.gov/nps/urban-runoff-model-ordinances-prevent-and-control-nonpoint-source-pollution

