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 Why Is This Important to Local Practitioners? 

 Stormwater infrastructure policy and practice have come full circle in the 
new millennium. Stormwater infrastructure was originally designed to 

address fl ooding in urban areas, but during the past two decades the 
emphasis has been on addressing pollutants from stormwater runoff. Federal 
regulations have required large-scale “gray” infrastructure solutions to retain 
stormwater at or close to the central treatment plant until pollutants have been 
removed. Now leading-edge cities are looking at the costs of this massive 
infrastructure and are promoting green infrastructure options and resilient city 
developments to slow down the path of stormwater. The new vision for storm-
water infrastructure is also due to global warming, which causes more severe 
storms, higher ocean levels and potentially serious damage to existing urban 
settlements. In drought areas, a fresh look is being taken at stormwater as an 
urban water source. These factors have brought together hazard mitigation, 
pollution control, and water supply professionals in search of a more decentral-
ized approach that involves urban design, zoning, and building regulations 
and emergency response planning as well as distributed and natural approaches 
to stormwater control. Adaptation planning in response to increased and more 
severe weather events ties into the “one-water” paradigm described in the pre-
vious chapters. 

 This chapter begins with the history of stormwater infrastructure and 
then moves to more detail about the current issues. The elements of the 
stormwater system are outlined before moving to the regulatory and institu-
tion environment. Best practices of the new approach to stormwater are 
addressed before stormwater infrastructure fi nancing is touched on.   
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ENVIRONMENTAL SYSTEMS326

 History of Stormwater Infrastructure  

 Early Responses to Rainfall, Storms, and Flooding 

 Civilizations have been designing systems to collect and control stormwater 
for thousands of years. In many civilizations, the stormwater was collected for 
eventual use in agriculture or as drinking water. The Nabotaean civilization of 
present-day Jordan built an elaborate gutter system that channeled rainwater 
into cisterns located throughout the city. However, as cities became larger and 
denser, systems purely for the purpose of draining stormwater developed. 
Greek houses had gutters that emptied into drainpipes that in turn emptied 
into channels in the street. The Romans followed suit with the Cloaca Maxima, 
which is a 600-meter-long tunnel that drains the Forum in Rome. It was built 
in 600  BC  and is still in use today. Yet, although some streets and areas were 
paved in these communities, hydrologically speaking, large amounts of pervi-
ous surface were also available and infi ltration of stormwater into the ground-
water table was not a problem. In Europe, it was not until the Middle Ages 
that cities had primitive sewer systems. 1    

 Industrial Era Stormwater Management 

 Stormwater infrastructure was initially designed to address the volume or 
sudden quantities of runoff and to move it as quickly as possible away from 
where it could do damage. The in-migration to cities caused by the Industrial 
Revolution resulted in covering natural pervious surfaces with buildings, and 
paved streets of asphalt and concrete. Major cities fi lled in their wetlands and 
fl oodplains for development. The groundwater table dropped in many cities 
because of the lack of recharge by precipitation, and because of sump pumps 
draining away water so that basements, foundations, underground garages, 
and the like could be built. Urban streams were straightened, lined, and 
ultimately covered to reduce fl ooding. 2  

 In the post-World War II era, often stormwater infrastructure was built only 
after fl ooding occurred. An underground drainage system of pipes and catch 
basins became common in the USA to transport storm fl ow downstream. 
Frequently, however, cities and developers employed these devices without 
regard to the cumulative downstream effect, which was frequently disastrous. 3  

 Floods are one of the most common hazards in the United States. Flood 
effects can be local, impacting a neighborhood or community, or very large, 
affecting entire river basins and multiple states. Most fl ood control has 
been viewed primarily as a local matter with federal fl ood control efforts 
focused on the large-scale infrastructure such as the dams and levees built by 
the Army Corps of Engineers. Until recently, the focus was on volume control 
not pollution.    
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c h a p t e r  18 • Stormwater and Flooding 327

 End-of-the-Pipe Controls 

 Pollution is another consequence of stormwater runoff. This issue reached a 
critical mass in the United States at the end of the 1980s. Since then the same 
“large-scale collection and treatment at the end of the pipe” paradigm that 
was used for sanitary sewage has been applied to stormwater discharged into 
receiving water bodies. Called “non-point pollution” to distinguish it from 
pollution coming from wastewater treatment plants, this approach calls for 
localities to use detention basins, ponds, or tunnels both at the site level and 
at the end of the stormwater pipe to sequester the storm fl ows until they 
could be treated, or discharged harmlessly. The culmination of this approach 
is the so-called “deep tunnel” concept. The Chicago Tunnel and Reservoir 
Plan (TARP) facility has a length of 109 miles and 33 feet in diameter and cost 
$3 billion in 1990 dollars. The deep tunnel in Milwaukee, Wisconsin, was built 
at a cost of $1 billion in 1990 dollars, and is 46 kilometers long but even that 
did not prevent a serious outbreak of disease following a storm in the 1990s. 
Currently, there are more than 47 tunnel projects in the United States and 
overseas. Large tunnel projects in operation in the United States include 
Austin, Boston, Cleveland, Houston, Detroit, Los Angeles, Portland, New 
York, Minneapolis, and San Francisco.   

 The Fifth Paradigm and Stormwater 

 Concern about the cost, energy, and carbon emissions impacts of the deep tunnel 
“gray infrastructure” requirements intersected with the call by environmentalists 
to maintain or restore the natural hydrology of the watershed and to reduce 
pollutant loads in water bodies. The result has been a transformation in the 
national regulatory environment to permit decentralized stormwater manage-
ment solutions. Called variously, “green infrastructure” or low impact develop-
ment (LID) in the United States, or SUDS (Sustainable Urban Drainage System) in 
Australia, natural stormwater solutions are an integral part of the “Fifth Paradigm”, 
in which water management is integrated into the design of the city. 4     

 Elements of the Stormwater System 

 Stormwater is water or snowmelt that comes from precipitation. When it rains, 
or when snow melts, some water is absorbed by the ground but the rest forms 
puddles or makes its way to rivers, lakes, and other surface waters, carrying 
elements it has picked up on its journey. This is called surface runoff. Forests, 
wetlands, and grasslands trap rainwater and snowmelt and allow it to slowly 
fi lter into the ground (infi ltration). In these natural situations, runoff reaches 
surface waterways gradually and is usually stripped of many of the foreign 
substances it had been carrying (Figure  18.1  ). As discussed further in the 
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ENVIRONMENTAL SYSTEMS328

chapter, urbanization has caused this natural cycle to be disrupted. Urbanization 
has also required stormwater infrastructure to protect citizens and property 
from the adverse effects of storms and fl ooding. 

 The stormwater infrastructure system is composed of two subsystems: 
minor and major elements. The minor elements are designed to remove 
stormwater from areas where people walk, bike, or drive. They include curbs, 
gutters, street inlets, underground culverts, ditches, channels, and swales 
(a grassed depression). Municipal stormwater sewers as well as combined 
sewers are part of this system (discussed further below). Storm sewer systems 
follow a pipe hierarchy similar to that for sanitary sewers. Lateral connections 
often drain the stormwater from a roof and property to either a separate storm 
sewer, or in the case of older and larger cities, a combined sanitary and storm-
water sewer. To collect the stormwater from the streets, storm sewers have 
inlets, which are the grated openings often found at street corners. These 
lead to sub-mains in the street, which in turn lead to trunk lines. However, 
there are other kinds of sewer systems in use.     

 Municipal separate storm sewer systems (MS4).   MS4s are sewer 
systems where the pipes carry only stormwater and not sewage, and are 

   Figure 18.1  
     Components of 

a watershed  
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c h a p t e r  18 • Stormwater and Flooding 329

“separate“ from the sanitary sewers. 
EPA regulations apply to them since they 
often carry polluted stormwater runoff 
that is discharged into local water bodies. 
They are built to carry runoff from the 5- to 
10-year storm runoff. In a city with sepa-
rate systems for storm and sewage, the 
stormwater sewers discharge directly into 
surface water bodies.    

 Combined sewer systems (CSS).  
 Combined sewers are remnants of the 
nation’s early infrastructure and are typi-
cally found in older communities. Com-
bined sewer systems serve over 880 
communities and more than 43 million 
people in the United States. A combined 
system carries domestic, commercial, and 
industrial wastewaters and stormwater 
runoff through a single pipe system to the 
treatment plant, where it is treated and 
discharged into the surface water. Com-
bined sewer systems can have large stor-
age facilities (the “deep tunnels” referred 
to above are one type of storage facility) 
to store sewage until plant capacity is 
restored. Combined sanitary and storm 
sewers have a capacity of six times the 
fl ow in dry weather.  

 On-site storage and small detention 
facilities may also be parts of the minor 
element of a stormwater system. It can 
also include parking lots and anything 
that transmits water from the site, includ-
ing culverts and drainage ditches. Street 
gutters and drains are typically designed 
for 10-year peak fl ows, while fl oodways 
and ponds are designed for the 50-year or 
100-year peak fl ow. 5  

 The major elements of a system serve 
fl ood needs and emergency fl ows. They 
include creeks and rivers, lakes, ponds,           A stormwater culvert under construction  

          Lowering a drainage pipe at Sandlake Galloway Road Project  

          Drainage pipes at Sandlake Galloway Road Project  
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ENVIRONMENTAL SYSTEMS330

marshes, estuaries, and the ocean. They are evaluated in terms of fairly infre-
quent events, such as a 100-year storm. (This has a 1 percent chance of occur-
ring in any given year, a 5-year storm has a 20 percent chance, and a 2-year storm 
a 50 percent chance.) The major element is referred to as the receiving water 
component.        

 Wetlands.   Wetlands are natural elements of the stormwater control 
function that have only been appreciated within the past few decades. Wet-
lands are natural sponges that trap and slowly release surface water, rain, 
snowmelt, groundwater, and fl ood waters over the fl oodplain. The combined 
storage and slowing of the fl ow lower fl ood heights and reduce erosion. Pre-
serving and restoring wetlands, together with other water retention, can often 
provide the level of fl ood control otherwise provided by expensive dredge 
operations and levees. 6  Wetlands also sequester carbon.     

 The Institutions of Stormwater Infrastructure 

 Stormwater management has historically been a local government responsi-
bility. Today, however, both the federal and state governments are involved. 
The following begins at the federal level.  

 The Federal Level 

 The U.S. Army Corps of Engineers is one of the oldest actors in the stormwater 
arena. It has the responsibility for federal fl ood protection. It builds and repairs 
dams and levees, keeps major streams and waterways clear, and supports 
state and local agencies in addressing fl ood management. In 1968 the 
National Flood Insurance Program also became involved. As a condition of 
the insurance, localities were required to map their fl ood plains and to adopt 
hazard mitigation policies, such as restricting building on fl ood plains. The 
Federal Emergency Management Agency (FEMA) was then created in 1979 to 
coordinate federal disaster-related programs. It currently also manages the 
fl ood insurance program which today has a community rating system (CRS) 
program which is a voluntary program for localities that go beyond minimum 
requirements. In return, there are discounted insurance rates. Finally, the 
Agriculture Department’s National Resources Conservation Service funds 
some fl ood control projects that affect watersheds.   

 The Role of the EPA 

 The Environmental Protection Agency (EPA) has the bulk of the federal respon-
sibility for regulating state and local stormwater programs. The NPDES per-
mitting program (discussed in Chapter 17 as it applied to discharges from 
municipal wastewater treatment facilities) was expanded by Section 319 of 
the Water Quality Act of 1987 to cover non-point source pollution that 
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c h a p t e r  18 • Stormwater and Flooding 331

often occurs as part of stormwater runoff. This section requires states and 
local governments to monitor and control pollution from diffuse sources. 
Section 402(p) of this Act expands the scope of the NPDES permit to include 
discharges from stormwater systems, as well as construction and industrial 
discharges. 

 Combined sewers systems (CSS) have been subject to EPA regulations 
and required to obtain an NPDES permit since the 1972 Act was passed. This 
is to prevent illicit discharges and pollution from entering receiving water 
bodies. They fall under the “point source” category since CSS carries sewage 
and stormwater to the centralized treatment plant. Municipal Separate Storm 
Sewer Systems (MS4) have only been required to obtain an NPDES permit for 
their discharges since 1990. Utilities in Phase I operators (for medium and 
large cities and some counties) were required at that time to prepare a storm-
water management plan (SWMP) as part of the permitting process. As of 
1999, utilities in Phase II cities (smaller MS4s in urbanized areas), were also 
required to develop a plan and obtain a permit. 

 Requirements for stormwater programs as part of the SWMP include: 
public education and outreach; public participation and involvement; illicit 
discharge detection and elimination; construction site runoff control; pollu-
tion prevention; and pollution remediation (or “treatment”). 

 Recently, the EPA has begun to recognize the need to plan on a holistic 
basis for wastewater and stormwater. 7  In a draft strategy, 8  the EPA notes that 
integrated planning will help localities to make better infrastructure investments, 
and will also “facilitate the use of sustainable and comprehensive solutions, 
including green infrastructure.” The objective of this approach is to integrate the 
NPDES permitting process for these functions, regardless of the actual agency 
administering the program; and to involve all stakeholders in the process. 

 The 1972 Clean Water Act also requires all states to specify total maximum 
daily loads (TMDLs) for each pollutant for water bodies within their jurisdic-
tions that do not meet quality standards. Implementing regulations were not 
written until 1985 and again in 1992. They were modifi ed again in 2000, but 
Congress prohibited the EPA from spending money to implement them. 
Current EPA regulations on TMDLs still call for states to submit lists of impaired 
and threatened water-bodies and to develop TMDLs for them. 9  States are cur-
rently completing their TMDLs and putting into effect those that have been 
completed. 

 A TMDL is the maximum amount of a single pollutant that a water body 
can receive and still meet water quality standards. The TMDL will include allo-
cations of pollutants from point sources and non-point sources, as well 
as from natural background conditions. It also considers seasonal variations. 
The TMDL approach steps away from saying that a particular level of effl uent 
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ENVIRONMENTAL SYSTEMS332

is acceptable and instead focuses on the pollutant loads that 
will not impair the water body, given its particular characteris-
tics and ecology. The TMDLs are critical in watershed plan-
ning since they are a tangible goal or criteria that can be used 
for assessing alternate programs. 10    

 Local Governments 

 Local government agencies are generally responsible for 
stormwater management and fl ood control. Many states 
require that the land use element of the plan must identify 
areas that are subject to fl ooding, and that it must be coordi-
nated with other local agencies that deal with water or fl ooding. 
As part of the general plan requirements, the land use ele-
ment of the plan must identify areas that are subject to fl ood-
ing and this should be coordinated with other local agencies 
involved with water or fl ooding or reclaimed land. 

 There is no general pattern across the country for which 
particular agency has the responsibility for fl ood management. 
County fl ood control districts and county water agencies often 
are the principal agencies but in many areas this responsibility 
rests with cities, counties, reclamation districts, levee districts, 
drainage districts, resource conservation districts, and com-
munity service districts. Construction and maintenance of 
the “minor system” are often the responsibility of the local 
general purpose government (GPG) because they are also 
responsible for the streets. 

 A stormwater utility usually is set up as a special assess-
ment district so that it can generate funding for its infrastruc-
ture expenses. Users within the district pay a fee for drainage 
plans, maintenance and upgrading of existing storm drain 
systems, fl ood control measures, and sometimes capital 
construction projects. In 2003, the American Public Works 
Association (APWA) estimated that about 500 communities 
had established a stormwater utility, with many concentrated 
in Florida, Washington, California, and Oregon. 11  Some estimate 
that by 2010 there will be more than 2,500 such entities. 12  
Other localities use development impact fees to pay for the 
cost of the stormwater management facilities. 13  

 Many of the smaller Phase II MS4 communities referred 
to above have been aggressive in establishing stormwater 
utilities so they could pay for federal requirements. Early 

  Santa Barbara County’s Flood 
Plain Management Program 

 Through Santa Barbara’s Flood Plain 
Management program, the County 

reviews proposed subdivisions and single 
building permit applications for elevation 
above the 100-year fl ood level. Proposed 
development is checked for confor-
mance with the Flood Plain Management 
Ordinances, setback from major water-
courses, adequacy of drainage plans, 
regional drainage planning, and protec-
tion of existing development. This review 
is intended to prevent future fl ood hazards 
from being created in developing areas 
and to eliminate the need for constructing 
future expensive fl ood control facilities. 
 Individuals within the unincorporated 
areas of the County receive a discount 
on their fl ood insurance rates. Benefi ts 
include the prevention of losses in fl ood-
prone areas and reduced need for public 
emergency response during storm activity. 
The fl oodplain maps developed by the 
Federal Emergency Management Agency 
for Santa Barbara County and the seven 
cities are a valuable tool in regulating 
development in fl oodplain areas. 

 Adapted from Santa Barbara County’s Flood Plain 
Management Program.  
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adopters in Florida and California saw local elections for stormwater utility 
districts going down to defeat and many attribute the passage of a measure 
in California in the mid-1990s that required voter approval before assessing 
fees in general to rapid increases in stormwater fees. However, the use of a 
dedicated enterprise or utility supported by fees for stormwater programs is 
now becoming more accepted throughout the U.S.   

 Current Issues   

   Stormwater Runoff 

Stormwater runoff was not considered a serious issue for many years. Today, 
there are two main concerns. First, both urban and agricultural runoff, primar-
ily as a result of rainfall and storms, is the major cause of pollution for 40 per-
cent of water bodies in the United States that have quality problems. 14  (See 
Table  18.1  .) Second, uncontrolled stormwater runoff can cause fl ooding, 
threats to the built environment, and waterway erosion, which in turn results 
in more pollution and destruction of the natural environment. Agricultural and 

mining runoff are also issues.        
 Faster and more intense runoff.   Stormwater runoff in urban areas 

causes changes to the pattern of water runoff. In urban areas, the slow and 
natural process does not occur. Much of the urban landscape such as roofs, 
streets, and parking lots are impermeable, and they do not let the rainfall or 
snowmelt slowly percolate into the ground. Water remains above the surface 
and runs off in large amounts. Storm sewer systems that collect and channel 
the runoff result in higher hydraulic effi ciency, that is to say, increased speed 
of the runoff reaching the water body. (Hydraulic effi ciency refers to the rate 
of energy loss in the water as it travels through the stormwater system.) These 
factors combine to increase peak fl ows—they become “fl ashier.” Creeks that 
would normally see a certain level of storm fl ow every two years experience 
the same fl ow several times in one year. 

 Table 18.1   
 Causes of pollution in different types of surface water bodies 

Rank in order of severity* Rivers and streams Lakes, ponds, and reservoirs Estuaries

Area 3.7 million miles 65,625 mi 2 90,000 mi 2 
Polluted (%) 35 45 44
1 Agricultural runoff Agricultural runoff Municipal point source
2 Hydromodifi cation** Hydromodifi cation** Urban runoff

3 Urban runoff Urban runoff Atmospheric deposition

 Note: * Severity is evaluated by percent of area polluted.
** This includes the heating of water through receiving plant cooling water, elimination of bank shading, as well as frequent changes or reductions 
in the fl ow from irrigation or climate change. 
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ENVIRONMENTAL SYSTEMS334

 In addition, because not as much water is percolating into the ground, 
dry water fl ows are also decreased. The net result is lower water depths during 
nonstorm periods, higher-than-normal water levels during wet weather peri-
ods, increased sediment loads both on site and further downstream, and 
higher water temperatures. Stream banks erode and widen and streamside 
vegetation is damaged. 15  (See Figure  18.2  .)   

 Urban runoff pollution.   Sediments and solids constitute the largest 
volume of pollutant loads to surface waters in urban areas. These include 
sediment from development and new construction; oil, grease, and toxic 
chemicals from automobiles; nutrients and pesticides from lawns and gar-
dens; and road salts from de-icing. When runoff enters storm drains, it carries 
many of these pollutants with it. This polluted runoff is often released 
directly into the water without any form of treatment. Dissolved metals may 
also negatively impact aquatic life. 16  In addition, during wet weather, conven-
tional pollutants contained in municipal wastewater may also overfl ow into 
the surface water.   

Predevelopment

Post-development

Floodplain limit

Floodplain limit

Summer stream low-flow level

Summer stream low-flow level

   Figure 18.2  
     Development effects on river fl ow  
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 Agricultural pollution.   In rural areas, animal feeding operations (AFOs) 
are signifi cant producers of polluted water. There are 450,000 animal feeding 
operations in the United States, such as hog, cattle, and poultry farms. 
A smaller number are classifi ed as CAFOs (concentrated animal feeding oper-
ations) where the animals are confi ned, and therefore their waste products 
become concentrated. If not managed, animal waste can cause serious 
water pollution, including nutrient enrichment of surface waters, fi sh kills, and 
contaminated drinking water. 

 Many “factory farms” do not have adequate plans for storing and dis-
posing of large volumes of animal waste. Hog farms may use open-air lagoons 
and spray-fi elds to store manure that can contaminate groundwater and 
streams. 17  The CAFOs are classifi ed as point sources under the NPDES pro-
gram and must apply for a permit. However, as of 1998, fewer than 25 percent 
of the 6,600 CAFOs had a permit. 18  In addition, farming that relies extensively 
on irrigation and fertilizers can lead to signifi cant nitrate problems in groundwa-
ter as well as salting problems in the soil. 19    

 Mining.   Current and past mining activities also produce acid mine drain-
age wastewater, particularly in northern Appalachia. EPA estimates that there 
are 200,000 abandoned mines nationwide, with between 2,000 and 10,000 
active mines. Some of these produce acid mine wastewater as well as heavy 
metal discharges into local streams and waterways. Runoff from inactive and 
active mines is more diffi cult to control since mining is regulated by many dif-
ferent state and federal agencies. Recent efforts have focused on a watershed 
approach for mining. 20     

 Climate Change and Flooding 

 Climate change has had and will continue to have a signifi cant impact on 
stormwater infrastructure needs. It has altered weather patterns so that some 
areas will suffer from more severe and more frequent weather events, includ-
ing fl ooding. Climate change is resulting in rising coastal waters as well as 
more extreme weather events that exacerbate the pollution and water volume 
runoffs and which also are threats to the built environment. 

 Sea levels are predicted to rise as polar icepacks melt. Current predic-
tions project an annual increase of 10–40 percent in river runoff in some areas, 
with a decrease of 10–30 percent in dry areas. 21  This means that most treat-
ment plants will be at risk of fl ooding; that wastewater infrastructure must be 
sized to account for more severe events. The cost to adapt water and waste-
water infrastructure has been estimated at $448 billion to $944 billion. 22  
Wetlands, which sequester carbon and process methane, carbon dioxide, 
nitrogen, and sulfur, will also suffer. Ocean warming, caused by climate 
change, has resulted in an increase in hurricane intensity and destructiveness 
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over the past three decades. 23  See Figure  18.3  , which shows the 
rise in Category 4 and 5 hurricanes around the world since 1975. 

 In the United States, the past several decades have seen 
an overall increase in rainfall and extreme weather events. 
From 1958 through 2008 on average, precipitation has 
increased 5 percent, with signifi cant subnational variations. 
For example, average precipitation declined by over 40 per-
cent in southern Arizona, and by 15 percent in Georgia, and 
by 20 percent in Southern Carolina. During that same period, 
rainfall increased by over 20 percent in North and South 
Dakota, and by 15 percent in Minnesota and New York. 
Decreases in annual precipitation have occurred in the 
Southeast except during the fall season, and in the Southwest 
except in the spring 24  (Figure  18.4  ). 

 Big storms are also becoming a problem in the Midwest, 
which results in major fl oods. This is the area’s most expensive 
regularly occurring natural disaster. Between 1961 and 2011 
in the Midwest (Illinois, Indiana, Iowa, Michigan, Minnesota, 
Missouri, Ohio, and Wisconsin), the largest storms (consid-
ered as 3 inches of rain or more in one day) have increased by 
103 percent. Less severe storms (ranging between 2–3 inches 
of rain in one day) have increased by 81 percent, and moder-
ate storms (1–2 inches per day) increased by 34 percent. 25  
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   Figure 18.3  
     Change in number of Category 4 and 5 

hurricanes by ocean basin for the 15-year 
periods, 1975–1989 and 1990–2004  

While U.S. annual average precipitation has increased about 5 percent over the past 50 years,
some regions have seen decreases of anywhere from give to forty percent in this fifty year period.

Decrease Increase

   Figure 18.4  
     Observed change in annual av-
erage precipitation, 1958–2008  
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c h a p t e r  18 • Stormwater and Flooding 337

 At the same time, there has been and will continue to be an increase in 
both the frequency and intensity of extreme weather events. Northern areas 
generally will become wetter, while southern areas will become drier. From 
1958 through 2008, there was a substantial increase in the heaviest 1 percent 
of all daily events across the United States. The highest rate of increase, 
67 percent was in the Northeast, with the smallest in the Southwest at 
9 percent. 26  This means that regional and inland fl ooding will continue to be 
an issue for stormwater planning. During the twentieth century, inland fl ood-
ing caused billions of dollars of property damage, hundreds of deaths, and 
untold damage to ecological systems. 27  For example, in 1993, $20 billion 
in damage occurred in the Mississippi River Basin due to a long period of 
excessive rainfall.   

 Sea Level Rise 

 Climate change is also resulting in sea level rise in most parts of the United 
States (with Alaska and the northern part of the State of Washington being an 
exception). In the past two decades, the annual rate of increase in the sea 
level has doubled. 28  Scientists anticipate that sea levels could rise by as much 
as 6.25 feet by 2100 if greenhouse gas reduction efforts are not effective. 
Satellite measurements taken over the past decade, however, indicate that 
the recent rate of increase is signifi cantly higher than the average rate for the 
twentieth century. Projections suggest that the rate of sea level rise is likely to 
increase during the twenty-fi rst century, although there is considerable con-
troversy about the likely size of the increase due to uncertainty about the 
three main processes responsible for sea level rise: thermal expansion, the 
melting of glaciers and ice caps, and the loss of ice from the Greenland and 
West Antarctic ice sheets (Figure  18.5  ).  
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   Figure 18.5  
     Sea level rise, 1880–2010  
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   Planning for Stormwater 

 In the past three decades, planning for urban stormwater has evolved from 
being primarily concerned with adequate drainage and fl ood control pro-
vided by public works infrastructure to a more integrated approach that has 
added concerns about mitigating stormwater fl ows on-site, treating stormwa-
ter pollutants, and protecting and restoring natural drainage channels. As the 
change in paradigm occurred and strategies expanded to include natural and 
biological methods, so did the actors involved. Originally the purview of engi-
neers, today land use planners and others work together in processes that 
result in behavioral changes by institutions, land owners, and individuals, as 
and the more traditional public works projects. 29   

 Maintaining Pre-Development Stormwater Patterns 

 Most of the programs and “best practices” that seek to mimic pre-development 
stormwater patterns rely on changing the patterns of development and its 
design. The development community has mobilized to produce many  innovative 
and attractive design changes that can be used to ensure that new  development 
minimizes its impact upon water runoff patterns. Many of these practices are 
concerned with reducing the size of the urbanized area and the impermeability 
of the urbanized area and other methods that slow the speed of urban runoff. 
This type of approach is often called “low impact development” or LID. Green 
Infrastructure is a complementary system. Both are discussed further below. 
First, however, we will look at some of the factors that infl uence stormwater 
hydraulics and runoff through an explication of the rational formula.   

 The “Rational Formula” 

 Although the “rational formula” has been criticized for contributing to the con-
struction of oversized drainage systems, the concepts behind it are useful to 
understanding how stormwater runoff impacts the environment. It was used from 
1851 until about 1980 in the design of most drainage systems all over the world. 30  
The rational formula calculates the peak runoff rate from the area of rainfall catch-
ment area, the permeability of the surface, and the intensity of the rainfall. 31  

 The formula is:

  Q  =  CIA ,  

 where:

  Q  = peak runoff rate, in cubic feet per second (cfs). 
  C  =  a dimensionless coeffi cient that captures the permeability 

of the surface. 
  I  = rainfall intensity, in inches per hour. 
  A  = area under consideration, in acres.  
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c h a p t e r  18 • Stormwater and Flooding 339

 The rational formula assumes that rainfall intensity and the coeffi cient C are 
the same over the entire area A. Multiplying Q by the length of the storm 
gives the total runoff volume. 

 The runoff coeffi cient for a watershed (C) is the fraction of rainfall on that 
watershed that becomes stormwater runoff. It has a value between zero and one. 
The factors affecting the value of C for a watershed are the land use, the soil type, 
and the slope of the watershed. (See Figure  18.6   for a graphic representation 
of runoff, evapotranspiration, and infi ltration for three different land use 
categories.) 

 There are many published sources for the values of the runoff coeffi cient, 
C, including local land use agencies. Large areas with permeable soils, fl at 
slopes, and dense vegetation have the lowest C values. Small areas with 
dense soils, impervious surfaces, steep slopes, and little vegetation have the 
highest C values. See Table  18.2   for some sample values. These values differ 
from area to area, and are usually developed for local conditions. 

 In the past, communities would size their facilities to capture the fi rst 
half-inch of runoff, believing that 90 percent of the pollutants would be 
addressed, since pollutants are the most concentrated in the fi rst part of a 
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   Figure 18.6  
     Stormwater runoff by major land use category  
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storm (the fi rst fl ush effect). Studies, however, have shown that this 
was not an accurate method for highly impervious surfaces. Today, 
engineers size storm facilities with the goal of capturing and treat-
ing 80–90 percent of the stormwater pollution, rather than treat-
ing stormwater volume. 32    

 New Development Planning 

 There are two complementary approaches that are being used 
today to manage stormwater runoff with distributed and decen-
tralized controls and designs: LID (low impact development) 
and green infrastructure. LID’s goal is to mimic a site’s predevelop-
ment hydrology by using design techniques that “infi ltrate, 
fi lter, store, evaporate, and detain runoff close to its source,” 
instead of relying solely on large-scale end-of-the-pipe facilities at 
the bottom of the drainage area (Figure  18.7  ). LID addresses 
stormwater through small-scale landscape practices and design 
approaches that preserve natural drainage features and patterns. 
(Figure  18.8  ) 33   

 Green infrastructure.   Green infrastructure runs the gamut 
from green roofs, green walls, rain gardens, and pervious pavers 
at the site and building level to systems of parks and open spaces 

 Table 18.2   
 Runoff coeffi cients for types of land uses and soil in Knox 

County, Tennessee 

Soil Group

A B C D
Slope 2–6% 2–6% 2–6% 2–6%
Rural Forest .11 .14 .16 .20

Meadow .22 .28 .35 .40
Pasture .25 .34 .42 .50
Farmland .18 .21 .25 .29

Residential 1-acre plot .26 .28 .32 .35
½-acre plot .29 .32 .35 .38
1/3-acre plot .32 .35 .38 .40
¼-acre plot .34 .37 .40 .42
1/8-acre plot .37 .39 .42 .45

Urban non-residential Industrial .85 .86 .86 .86
Commercial .88 .89 .89 .89
Streets & ROW .77 .82 .85 .91

Parking Lots .96 .96 .96 .96

 Source: Adapted from  Knox County Tennessee Storm Water Management Manual , section on the Rational 
Method. Available at:  www.brighthub.com  (2010). 

Pre-development
Post-development

Time

D
is

ch
ar

ge
 R

at
e

   Figure 18.7  
     Pre- and post-development hydraulics  
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at the neighborhood, city, or regional level. These are systems 
that address stormwater runoff using plants, soils, and microbes 
and the natural cleansing tools of the environment. On the 
regional scale, green infrastructure consists of open spaces and 
natural areas including forests, wetlands, and fl oodplains. At 
the site scale, green infrastructure is similar to LID and consists 
of site-specifi c management practices to absorb and infi ltrating 
rainfall 34 .   

 Design process.   During the design process for new devel-
opment, the area of developed land in the watershed should be 
limited, since less developed land has lower C values. Zoning for 
higher densities in part of the watershed can reduce the amount 
of paved, impermeable surface in a metropolitan area and in the 
area of new development. Local requirements can also be tailored 
to reduce the area of impermeable surfaces such as parking lots, 
rooftops, and driveways. 

 Bio-retention areas such as detention and retention ponds 
are other alternatives. Detention ponds, as the name suggests, 
are basins designed to detain stormwater to gradually release it 
through an outlet in a way that mimics the natural rate of water 
fl ow. This fl attens and spreads the peak stormwater volumes. 
Retention ponds are similar to detention ponds, except they do 
not have a positive outlet. Instead, they rely on evaporation or 

   Figure 18.8  
     Key elements of low impact 
development (LID)  
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infi ltration into the ground to release the water. Often, natural or constructed 
wetlands serve this purpose. Buildings and their sites are increasingly being 
designed to slow down the rush of stormwater. Such efforts include making 
driveways and parking lots more pervious, the use of swales instead of storm 
sewers, rain gardens, and tree planting. 35    

 Local development rule changes.   Measures to increase the permea-
bility of development as part of local development rules. These include use of 
permeable materials and green storage facilities to keep volumes and speeds 
down. For example, using concrete pavers instead of asphalt to pave a park-
ing lot can reduce the C value by as much as 50 percent. Similarly, using grass 
swales—natural or earthen “gutters”—instead of concrete to collect and 
channel stormwater will reduce the C value. Filter strips are level vegetated 
strips of land, whereas swales are concave. 36  The City of Chicago has initiated 
a program to retrofi t its paved alleys with permeable concrete or porous 
asphalt. Stormwater will then fi lter down into the groundwater table instead 
of ending up as polluted runoff.     

 Reducing the Level of Pollutants 

 The ideal strategy for reducing pollutants in stormwater runoff is to prevent 
them from getting into the formal collection system—an approach called 
source control. This requires stronger legislation for producers. However, 
there are many things that local practitioners can do. See Table  18.3   for a 
menu of actions.  

 Automobile-Related Measures 

 One of the biggest sources of urban runoff pollution is the automobile. 
Oil, grease, antifreeze, brake dust, and tire particles all fi nd their way into 
stormwater. In some areas, especially along the U.S. coast, polluted runoff 
from roads and highways may be the largest source of water pollution 
(Figure  18.9  ). For example, about 75 percent of the toxic chemicals that reach 
the Puget Sound in the State of Washington are carried by stormwater that 
runs off paved roads and driveways, rooftops, yards, and other developed 
land. Therefore, any measure that reduces car use will also decrease the pol-
lutant levels. 

 Similarly, road management policies that call for graveling roads instead 
of salting them during winter months will also decrease pollutants. Regular 
and fastidious street sweeping will remove many of the non-point source pol-
lutants before they enter the water. These are, however, generally the larger 
particles. Sweeping does not remove the smaller and dissolved particles. 
Modern street sweepers have new and improved brushes that can pick 
up particulates like asbestos and copper from automobile brake drums. 
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 Table 18.3   
 Planning tools for water quality protection 

Planning tool Function

Comprehensive 
master planning

•   Provides a coordinated approach with consideration of water 
quality protection  

Stream and wetland 
setbacks

•   Places limits on development activities within certain distances 
of streams and wetlands  

•   Maintains natural fl ood- and erosion-control functions  
•   Use protection zones  

 �   Based on public health and safety services  
 �   Establishes minimum setback widths  
 �   Details permitted and prohibited structures and uses  
 �   Allows for nonconforming structures and uses  
 �   Includes variance section to maintain buildability and provide 

fl exibility  
Conservation design •   Allows for partial conservation of natural resources while 

development occurs  
•   Allows homes to be closer together while remainder of 

development area is in open space  
•   Requires understanding of site's soils, topography, and natural 

features  

Distributed 
stormwater 
management

•   Implements stormwater controls at the source of impacts as site 
features  

•   Potentially reduces stormwater infrastructure costs  
•   Promotes public participation and public education in pollution 

prevention and maintenance of stormwater management 
practices  

•   Satisfi es NPDES Phase II stormwater requirements  

•   Application for retrofi t projects  

ATMOSPHERIC DEPOSITION

POLLUTANTS
CARRIED AWAY BY
WIND AND TRAFFIC

RUNOFF

DRAIN TO
RECEIVING

WATER

POLLUTANTS EMITTED
OR DERIVED FROM

FROM MOTOR VEHICLES

CURB

POLLUTANTS
ACCUMULATED

AT ROAD
SURFACE

INDUSTRY

Source: Based on Novotny and Olem, Water Quality: Prevention, Identification, and Management of Diffuse
pollution, 1994.

   Figure 18.9  
     Pollutant accumulation 
on impervious street and 
highway surfaces  
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This program may be implemented in coordination with a parking ban on 
certain days of the month to ensure that street sweepers can get to the gut-
ters on a regular basis to remove the trash. Parking ban programs can often 
require a great deal of public education, however, and they are not always 
popular. 

 Road and highway systems can quickly convey polluted runoff during 
wet weather events to nearby waterways. Road surfaces can carry both land-
adjacent and road-vehicle pollutants including heavy metals from tires, brakes, 
and engine wear, and hydrocarbons from lubricating fl uids. If these pollutants 
are not properly controlled, they can impair waters, causing them to no longer 
support the water’s designated uses and biotic communities. 

 Transportation authorities are responsible for maintaining stormwater 
systems along streets, roads, and highways by managing the quality and 
quantity of stormwater discharging to the waters via those systems. 
Transportation MS4s management differ in signifi cant ways from traditional 
MS4s (e.g., cities and towns). For example, linear transportation systems often 
stretch for many miles, and cross numerous waterways, watersheds, and 
jurisdictions. They also discharge stormwater and associated pollutants 
that originate outside of the transportation right-of-way. There are no local 
ordinances to regulate these discharges.   

 Other Pollution Prevention Strategies  

 Public education.   Schools can conduct education projects that teach stu-
dents how to prevent pollution and keep water clean. In addition, educational 
outreach can target specifi c enterprises, such as service stations, that have 
on-site opportunities to control runoff. Many communities have implemented 
storm drain stenciling programs that discourage people from dumping trash 
directly into storm sewer systems.   

 Reduction in pesticide use.   Ordinances or clauses in covenants can 
be implemented that manage either the amount of lawn or the maintenance 
of lawns in order to reduce pesticide and herbicide use. This applies to the 
maintenance of public space such as parks and cemeteries as well.   

 Managing construction.   Managing construction is important in fi ght-
ing NPS pollution. Construction site runoff is one of the largest sources of 
sediment loading. Many communities have ordinances in place that require 
the control of runoff and erosion during construction.   

 Design approaches.   Grassy swales, pervious materials, and wetlands 
not only reduce the destructive results of higher stormwater fl ows discussed 
above, but they can also provide natural water treatment in less developed 
areas. In built-up areas, sand trenches can be placed along the perimeter of a 
parking area to collect, store, and fi lter the many small storms that compose 
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80 to 90 percent of the storm fl ows. Examples of other source control measures 
include rooftop storage tanks, green roofs, ditches, or small areas that only 
serve a parking lot or neighborhood. 37    

 Stream and creek restoration.   Another component of the water-
energy-nature cycle is stream and creek restoration. This is important in reduc-
ing the speed of stormwater fl ows, promoting infi ltration, along with increasing 
wildlife diversity and the amenity value of the natural waterway. These efforts, 
important to a zero emissions, natural cycle approach, must be thought of at 
a district or city-wide level.   

 Retrofi tting existing storm drains.   Existing storm drains can be 
retrofi tted with a storm drain outlet separator or fi lters that traps and removes 
sediments and hydrocarbons from the stormwater. 38  These resources can also 
be used for discharges from industrial and commercial areas. Some regulators 
are concerned that storm drain fi lters by themselves do not effectively remove 
pollutants.     

 Stormwater Financing 

 Municipal bonds fi nanced by taxes or user fees are the primary way that 
traditional stormwater infrastructure is fi nanced. Only about 1,500–2,000 of 
the roughly 52,000 water utilities in the United States are large enough to 
issue their own bonds, however. 39  These are supplemented by state revolving 
loan funds, or other low interest loan funds at the state and federal levels. 
Green infrastructure solutions, and distributed innovative systems may fi nd 
this more diffi cult and turn to private equity for fi nancing.  

 Local Stormwater Fees 

 Stormwater fees are in their infancy. Many of the major stormwater control 
systems such as detention or retention ponds found in large parking lots are 
paid for by the private sector, either as a direct cost of construction or through 
development impact fees. Some localities pay all or part of stormwater man-
agement costs with general funds. Many of the Phase I communities (the 
larger cities and counties) began with low rates, but the smaller Phase II com-
munities presently coming on line are being aggressive with rate structures 
since many do not have large general fund budgets, and there is also a level 
of understanding about the stormwater requirements that was not present for 
the earlier cities. 40  

 Most stormwater fees are based on the volume of runoff generated 
by different land use types using the rational formula described above. 
Some also calculate the percentage of impervious surface on the parcel. 41  
A survey of 200 utilities indicated that about half of fees are based on impervi-
ous area, one-quarter on a combination of impervious and gross area, and the 
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rest on intensity of development. Advances in information 
technology permit localities to merge land use, customer bill-
ing, and tax assessor data to develop more accurate and tar-
geted fees. Dallas, Texas, determined the runoff coeffi cient 
for each land use type and applied it to the size of the parcel 
in the assessor’s fi les. San Antonio, Texas, calculated the 
impervious areas on each parcel to develop their stormwater 
fees. 42  

 Another approach is emerging that assesses the costs to 
remediate specifi c pollutants produced by different types of 
land uses. This approach develops a loading factor for the six 
pollutants of concern in stormwater (see sidebar on pollutants of 
concern in stormwater) by major land use categories and applies 
them to remediation-specifi c costs. The results are quite differ-
ent from using runoff volumes (however apportioned). Peaking 
factors may also be developed since the treatment plant has to 
be large enough to treat the maximum fl ow. Table  18.4   shows 
the differences in percentages of land use, stormwater volume, 
and pollutant loads for a city of 3,000 acres. It also shows the 
resulting annual square foot fees that were generated, based on 
pollutant loads and remediation costs. Note that the industrial 
and agricultural areas of the city composed 23 percent each of 
the area, but 34 percent and 36 percent of the pollutant loads. 
Single family uses compose 20 percent of the land, but 
account for only 12 percent of pollutant loads. 43  

  Pollutants of Concern in 
Stormwater 

 The six pollutants of concern in urban 
stormwater runoff (listed in the permit 

for the city or county) are: 
•    Trash . Usually associated with 

residential and industrial use.  
•    Hydrocarbons . Oil and grease loads, 

often from streets and parking lots.  
•    Sediments . Soil erosion, particularly 

from agricultural areas.  
•    Nutrients . Fertilizers from landscaped 

and agricultural areas (phosphates, 
ammonia, and nitrates).  

•    Pathogens . Common in fi rst-fl ush 
rainfall events.  

•    Toxics . Heavy metals such as copper 
in brake dust, cadmium, mercury, 
and lead. Loading factors can be 
developed for each one that relates 
fees by land use to its own mitigation 
or remediation program.    

 Grant Hoag, “Developing Equitable Stormwater 
Fees,”  Stormwater , no. 1 (2004).  

 Table 18.4   
 Stormwater fees by land use category for a city of 3,000 acres 

Land use category Parcel area (%) Storm water volume (%) Pollutant loads (%)
Fees per square foot 
(annual)

Multifamily 3 4 4 $1.54
Single family 20 20 12 $6.83 per yr (fl at fee)*
Landscaped 3 4 2 $0.61
Undisturbed 20 12 1 $0.12
Industrial 23 40 34 $2.73
Commercial 3 6 4 $2.38
Institutional 5 9 7 By specifi c type
Agricultural 23 5 36 $0.96

Total (3,000 acres) 100 100 100
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 Stormwater fees and development fees have been subject to a great 
deal of litigation. The case law to date supports the ability of local govern-
ments to assess these fees if they are developed logically, and if costs for past 
and future investments are allocated fairly. As the information technology and 
local databases improve, it is likely that fee methods will become both more 
targeted and more complex. 44    

 Low Cost Loans from the State under the Clean Water State 
Revolving Fund 

 Clean Water State Revolving Fund (CWSRF) programs provided more than 
$5 billion annually in recent years to fund water quality protection projects for 
wastewater treatment, non-point source pollution control, and watershed and 
estuary management. Nationally, interest rates for CWSRF loans average 
2.2 percent, compared to market rates that average 4.5 percent. For a CWSRF 
program offering this rate, a CWSRF-funded project would cost 19 percent 
less than projects funded at the market rate. CWSRFs can fund 100 percent of 
the project cost and provide fl exible repayment terms up to 20 years. 45  

 These funds can be more actively managed at the state level to make 
more money available for infrastructure projects by using a portfolio approach. 46  
Instead of using the revolving loan fund money received from the federal gov-
ernment to make loans directly to water and wastewater utilities, states can 
issue bonds, using the federal money as security—also called “equity.” The 
state bond proceeds can then be loaned to the utilities for infrastructure 
projects. Using general obligation bonds instead of revenue bonds makes it 
possible for the state revolving loan fund managers to invest the “equity” in a 
broader class of assets that can generate more returns to the fund—similar to 
funds managed by educational institutions and government pension funds. 47     

 Conclusion 

 Climate change is resulting in increased precipitation and more intense storm 
events. Our current stormwater infrastructure system was designed to rapidly 
convey water away from urban areas, but this has only resulted in increased 
downstream fl ooding and erosion of natural waterways. Combined and sepa-
rate storm sewers are not sized to meet the increased volumes, but even if 
they were, urban runoff pollution from automobiles and other sources is caus-
ing serious disruption to natural systems. Sewer overfl ows will be increasingly 
common. We need to move from  “fast conveyance infrastructure systems”  for 
stormwater, to decentralized  “storage-oriented, slow release and soft treat-
ment”  systems. 48  Major fl ooding needs to be addressed by these measures, 
but also by systematic land development and redevelopment policy changes 
that integrate stormwater challenges into the design of the city.   
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 Additional Resources  

 Publications  
   American Rivers, the Water Environment Federation, the American Society of Landscape 
Architects and ECONorthwest.    Banking on Green: A Look at How Green Infrastructure Can 
Save Municipalities Money and Provide Economic Benefi ts Community-wide   ( 2012 ).     A report 
on the savings and benefi ts that green infrastructure can provide to municipalities.  

    Blakeley ,    Edward , and  Armando     Carbonell ,    eds.     Resilient Coastal City Regions: Planning for 
Climate Change in the United States and Australia  .  Cambridge, MA :  Lincoln Institute of Land 
Policy ,  2012 . Nine case studies of how high carbon emitter cities, also facing major fl ooding 
risks, have responded proactively.  

    Howe ,    Carol  and  Cynthia     Mitchell ,    eds.     Water Sensitive Cities  .  London :  International Water 
Association Publishing ,  2012 .     A thoughtfully edited group of essays by leading-edge thinkers 
in the water industry that shows the way to integrating water infrastructure planning with other 
city services.  
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their populated deltas in the face of climate change.  

    Sarte ,  S.     Bry  ,   Sustainable Infrastructure: The Guide to Green Engineering and Design  . 
 Hoboken, NJ :  Wiley and Sons ,  2010 .     A guidebook to green design that looks at stormwater 
solutions holistically.  

   U.S. EPA Region IX and the California Dept of Natural Resources.    Climate Change Handbook 
for Regional Water Planning  .  www.water.ca.gov/climatechange/CCHandbook.cfm .     The 
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 Websites 
 American Rivers:  www.americanrivers.org/library/reports-publications/going-green-to-save-
green.html . 

 Environmental Protection Agency’s Stormwater website for Best Practices:  www.epa.gov/
npdes/stormwater/menuofbmps .   A wealth of information for local practitioners. 

 The International Stormwater Best Management Practices (BMP) Database project website fea-
tures a database of over 300 BMP studies, performance analysis results, tools for use in BMP 
performance studies, monitoring guidance, and other study-related publications. 

 Water Environmental Research Association Website for Livable Communities:  www.werf.org/
liveablecommunities/index.htm .   The Water Environmental Research Foundation conducts 
studies on innovative best practices for the wastewater industry. They are leaders in the “one 
water” effort and their case studies of best practices for stormwater address the institutional 
context as well as design issues.    

 Key Federal Regulations 49  
 In Chapter 16, the important federal water regulations were listed. Some of them are relevant 
to sewers and non-point source pollution as well. This section expands on the regulations that 
are important for wastewater.  
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 Rivers and Harbors Act of 1899 
 This Act gives the U.S. Army Corps of Engineers authority over navigable waterways in the 
United States. Of particular importance is Section 13, which prohibits the discharge of refuse 
material into any navigable water without permission. This provision is absolute: polluters are 
liable even if they pollute accidentally or ignorantly. In 1973, the Supreme Court ruled that this 
applies to any foreign substance, regardless of its effect on navigation. This in effect turned the 
Rivers and Harbors Act into a powerful piece of environmental regulation.   

 Federal Water Pollution Control Act of 1948 
 This was the fi rst environmental law passed by Congress. It required states to identify water 
bodies that were polluted beyond tolerable levels, and then to identify the polluters and sup-
press the polluting discharges. It also included a program for interstate exchange of techni-
cal information and formation of multi-state pacts to deal with pollution problems effectively. 
This law was practically impossible to enforce and poorly funded, however, and led to the 
Amendments of 1972.   

 Federal Water Pollution Control Act Amendments of 1972 
 This law set its goal as “to restore and maintain the chemical, physical and biological integrity 
of the Nation’s waters.” This objective translates into two fundamental national goals: “elimi-
nate the discharge of pollutants into the nation’s waters, and achieve water quality levels that 
are fi shable and swimmable”. 50  This law changed the focus of water quality control from regu-
lating the pollutant levels in the water body to regulating the levels in the effl uent at the source 
of the pollution. It established the National Pollutant Discharge Elimination System (NPDES), 
which issues permits to municipalities and industries that discharge wastewater. It included a 
program for construction grants for wastewater treatment facilities. In general, this Act required 
the federal government to take the lead in water pollution control.   

 Clean Water Act of 1977 
 The Federal Water Pollution Control Act was amended again in 1977, and was renamed the 
Clean Water Act (CWA). In general, the CWA delegated permitting, administrative, and en-
forcement aspects of the law to state governments. The law gave the EPA the authority to set 
effl uent standards on an industry basis (technology-based) and continued the requirements to 
set water quality standards for all contaminants in surface waters. The CWA makes it unlawful 
for any person to discharge any pollutant from a point source into navigable waters unless a 
permit (NPDES) has been obtained under the Act.   

 Water Quality Act of 1987 
 The Clean Water Act was reauthorized in 1987 as the Water Quality Act. This Act included 
provisions to address non-point sources of pollution. This Act focused on toxic substances, 
authorized citizen suit provisions, and funded sewage treatment plants (publicly operated 
treatment works, or POTWs) under the Construction Grants Program. Section 319 of the Water 
Quality Act established the Non-point Source Management Program.        

Cop
yri

gh
t T

ay
lor

 &
 Fran

cis
 

Not 
for

 di
str

ibu
tio

n 

Vick
i E

lm
er 

Univ
ers

ity
 of

 O
reg

on




