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 Why Is This Important to Local Practitioners? 

 The construction of wastewater collection systems and treatment plants in 
the United States was one of the great public health success stories of the 

millennium. Today, however, many question the ability of the current system 
to meet the challenges of climate change, urban growth and replacement 
needs, and the prospects of global disease transmission. This model uses 
vast quantities of clean water as transport, does a poor job of reusing nutri-
ents, is increasingly energy-intensive, disperses contaminants, and disrupts 
natural ecological cycles. Solutions to these problems are now possible given 
recent technological advances in treatment and remote sensing technolo-
gies, but the exact form and institutional confi guration are under develop-
ment. In the past, sanitary sewers were called the skeleton of the city, with 
one author noting that “[t]he planning process, operating through a profes-
sional planning staff and/or a citizen-based planning and zoning board, 
should direct the laying of the [sewer] pipe; if it does not, the laying of the 
pipe is likely to direct the planning of the community.” 1   The “next genera-
tion” of wastewater technology still has major implications both for land use 
and development patterns and for building design.

 This chapter begins with a history of sewers and wastewater treatment 
and the current issues. It then describes the elements of existing centralized 
systems and their institutions and regulations. New directions for sanitary 
sewer infrastructure are addressed. The chapter concludes with a discussion 
of fees and fi nancing.    
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ENVIRONMENTAL SYSTEMS296

 History of Wastewater Collection and Treatment  

 Early Sewers 

 As long as humans began congregating in large settlements, the collection 
and disposal of human waste have been a concern. Many cultures had per-
sons whose job it was to collect and dispose of human waste. Others devised 
passive infrastructure systems to carry away “night soil,” while the elites in 
many pre-industrial societies had sophisticated systems for carrying away 
human waste. For example, in 2100  BC , the Minoan civilization of Crete had a 
sewer system that rivals many of the most advanced systems today. The early 
plumbing engineers took advantage of the steep grades on this island to 
devise a drainage system with lavatories, sinks, and manholes. The king’s 
palace at Knossos had a main sewer constructed of masonry that linked four 
large stone shafts arriving from upper fl oors. The drainage system consisted 
of terracotta pipes, about 4–6 inches in diameter. Rainwater from the roofs 
and the courts and the overfl ows from the cisterns were carried down into 
buried drains of pottery pipe. The pipes had tapered connections, which 
caused a jetting action and prevented the accumulation of sediment. 

 The collection and disposal of sanitary sewage for urban dwellings using 
pipes is relatively new concept. Prior to 1800, human wastes were collected in 
cesspools and privy vaults, the environmental solution. Prior to 1833, there 
were no water closets in the United States, but once running water became 
available in private dwellings, this modern convenience became indispensa-
ble. This in turn led to an increase in the production of sewage. In Boston, a 
city of 180,000, there were over 14,000 water closets in 1864. By 1880, over 
one-third of urban households nationwide had water closets. 2  

 Many cities had storm sewer systems, but local laws prohibited their use 
for human waste. At fi rst, the increased fl ow from water closets went into the 
existing on-site cesspools and privy vaults, but they did not have the capacity 
for large amounts of water. Overfl ows were common. In the 1830s, Edwin 
Chadwick, an English lawyer-turned-sanitarian, developed the idea of “water 
carriage” of human waste to avoid this problem. Chadwick promoted the use 
of what he called “an arterial-venous system” to bring potable water into the 
house which was then used to carry human waste, or “liquid manure,” through 
public sewer lines out to agricultural fi elds. 3    

 Wastewater in the United States 

 It took 40 years for the idea to catch on in England and longer to cross the 
Atlantic, but by the 1880s, most U.S. policy-makers had endorsed Chadwick’s 
innovation. Between 1870 and 1920, the percentage of the urban population 
in the United States with sewerage increased from 50 to almost 90, while the 
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c h a p t e r  17 • Wastewater and New Paradigms 297

number of communities with some sort of sewer system increased from 
100 to 3,000 in the same period. 4  Two obstacles stood in the way of univer-
sal sewer installation. The fi rst was the cost.   Like water supply services, 
wastewater is very capital-intensive. Costs to lay the networks of sewer pipes 
for private entrepreneurs were prohibitive. In addition, sewer systems were 
seen as instruments of public health, which was a government responsibility. 
Therefore, the wastewater industry developed almost entirely as a public 
enterprise. 

 The second obstacle concerned the debate between combined sewers 
and separate sewers. A combined sewer carries both stormwater and sanitary 
sewage in the same pipe. A separate system has two pipes, often running in 
parallel, that carry stormwater and sanitary sewage to the point of disposal. 
Combined sewers arose naturally as private citizens made connections to 
existing storm sewers to empty their water closets. However, as noted above, 
these ad hoc combined sewers worked poorly, so in Europe, many cities 
installed new sanitary systems and let the old storm sewers revert to their 
original purpose. 5  

 American municipalities, however, did not have the resources to install 
parallel systems, so combined sewers became the accepted method. 
Memphis, Tennessee, was the fi rst major city in the United States to install a 
separate system for sanitary sewage. After several epidemics of yellow fever 
in 1873, 1878, and in 1870, in which over 7,000 people died, national public 
health and engineering experts pioneered a separate sewer system for sani-
tary waste in this town. This concept soon caught on in small towns, where 
surface drainage of stormwater was possible. In larger built-up areas in the 
Northeast and Great Lakes regions, combined sewers remained the preferred 
system. A few older West Coast cities such as San Francisco and Seattle also 
have combined sewer systems. 6    

 The Rise of Wastewater Treatment Facilities 

 Until the end of the nineteenth century, wastewater was still dumped untreated 
into local water bodies since it was thought that running water purifi ed itself. 
Later, cost factors were an issue. As a water supply expert said in 1914: 

 It is … cheaper and more effective to purify the water and to allow the 

sewage to be discharged without treatment, so far as there are not other 

reasons for keeping it out of rivers … $1 spent in purifying the water would 

do as much as $10 spent in sewage purifi cation … The water works 

man therefore must, and rightly should, accept a certain amount of sewage 

pollution in river water, and make the best of it. 7    
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ENVIRONMENTAL SYSTEMS298

 Dilution was not a permanent solution. Many cities found their water sources 
increasingly contaminated due to this practice. But by the early 1900s, down-
stream cities that drew their water from rivers where upstream cities dumped 
their sewage saw rising typhoid death rates in the 1880s and 1890s. At fi rst, it 
was considered cheaper to treat the incoming water than the outgoing 
sewage. 8  In Chicago, the water intake “cribs” in Lake Michigan which were 
built in the mid-to-late nineteenth century became contaminated from sewage 
discharging from the Chicago River. As a result, the fl ow of the river was 
reversed, a project that was completed in 1900. 

 Even with the rise of primary and secondary treatment, throughout the 
fi rst part of the twentieth century, surface water sources around urban areas 
remained polluted with municipal and industrial sewage. For example, 
Manhattan’s West Side sent 300 million gallons of raw sewage a day into the 
Hudson River in the 1960s. And by 1965, as a history written later by the 
EPA notes: 

 Lake Erie was dying. The Potomac River was clogged with blue-green algae 

blooms that were a nuisance and a threat to public health. Many of the 

nation’s rivers were little more than open sewers and sewage frequently 

washed up on shore. Fish kills were a common sight. Wetlands were 

disappearing at a rapid rate. 9    

 Accordingly, federal legislation was passed in 1972 and again in 1987 to 
address these problems.    

 The Institutions of Wastewater  

 Who Regulates Wastewater? 

 The U.S. Environmental Protection Agency (EPA) and its Offi ce of Wastewater 
Management have the responsibility for ensuring compliance with the 1972 
Clean Water Act and its amendments. The EPA has delegated responsibility 
for implementing the National Pollutant Discharge Elimination System 
(NPDES) program and permits to all but a few states. 10  

 The NPDES program was one of the central features of the 1972 Act. The 
purpose of this permitting program was to regulate point source pollution 
into surface waters in the United States. Point source pollution is that which is 
discharged from a specifi c single source, such as a wastewater treatment 
plant, or an industrial plant. These facilities are required by the 1972 Act to 
obtain a permit (the NPDES permit) that specifi es both the quantity and con-
centration of regulated pollutants. The Act was modifi ed in 1987 to cover 
non-point sources which are a problem during storms. This is discussed fur-
ther in Chapter 18 on stormwater. More than 200,000 wastewater sources are 
regulated under the NPDES program. 
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c h a p t e r  17 • Wastewater and New Paradigms 299

 The bulk of the enforcement of the 1972 Act has been delegated to the 
state level. Most states have a Department of Environmental Quality or a 
Division within a larger natural resources agency that is responsible for imple-
menting this program. Many states also have a health department that may 
share enforcement powers with regard to water quality.   

 Who Provides Wastewater Collection and Treatment Services? 

 In the United States, there are more than 15,000 public wastewater treatment 
facilities and 23,000 privately owned treatment facilities. The latter are primar-
ily used for treating wastewater from industrial plants and commercial opera-
tions. Organizational arrangements are myriad, refl ecting the decentralized 
way in which local governments addressed the need to protect human health 
and then the natural systems. Many water supply agencies are also full service 
wastewater agencies. If the wastewater agency is a part of the local general 
purpose government, the agency is likely responsible for the wastewater 
treatment plant and the interceptors and the laterals. However, if the waste-
water agency is a special district, perhaps at the county or regional level, then 
it may only be responsible for the treatment plant and the major interceptors. 
Local general purpose governments are usually responsible for the wastewater 
collection systems in their jurisdiction that connect to the interceptors. 

 Local governments also play a key role in local land use and building 
regulations for sewers. Private property owners are generally individually 
responsible for their own pipes.    

 The Elements of Municipal Wastewater Systems 

 A municipal sewer system is essentially a water distribution system in reverse. 
Although advances have been made in the treatment of sewage over the past 
150 years, the basic system design for capital facilities has remained virtually 
unchanged for 4,000 years. Today’s centralized municipal wastewater system 
consists of a network of buried pipes for collecting sanitary sewage from 
households and businesses, pipes for collecting stormwater, and a treatment 
plant 11  (Figure  17.1  ). 

 This system is designed to ensure that waterborne substances—pollut-
ants—from residences, industry, and agriculture that may negatively affect 
humans and the environment do not get into surface or groundwater sources. 
Pollutants are defi ned by the EPA as: 12  

 •    Conventional pollutants.  These include human wastes, food wastes 
from a garbage disposal, and gray water such as laundry and shower 
water. These kinds of pollutants are usually carried away from a home, 
business, or industry by the sanitary sewer. They are biodegradable. 
A pollutant that can cause disease in humans is called a pathogen.  
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ENVIRONMENTAL SYSTEMS300

 •    Toxic pollutants . One hundred toxic substances have 
been defi ned by the EPA as harmful to animal or 
plant life. These are organics (pesticides, solvents, 
polychlorinated biphenyls—PCBS, and dioxins) and 
metals (lead, silver, mercury, copper, chromium, zinc, 
nickel, and cadmium). Toxic pollutants can come 
from households, government, and industry. They 
are usually regulated with pre-treatment programs 
and not discharged into the sewer system.  

 •    Nonconventional pollutants . These are anything 
else that requires regulation, and may include 
nitrogen/nitrates and phosphorus, which in small 
amounts are benefi cial but in large doses lead to 
disruption of aquatic plant and animal life. Thermal 
pollution may fall into this category.     

 Wastewater Collection Systems 

 Wastewater collection systems are underground pipes for 
sanitary waste and stormwater. As noted earlier, these sys-
tems of pipes can be separate or combined. The pipes 
leading from individual houses or buildings are called later-
als (Figure  17.2  ). These connect to sub-mains, which gener-
ally run down the street. These in turn connect to trunk lines 
or  interceptors , which are large lines that terminate at the 
wastewater treatment plant. Laterals are usually 6 inches in 

   Figure 17.1  
     Sewer system conceptual 

schematic  
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   Figure 17.2  
     Building sewer system connection detail  

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



c h a p t e r  17 • Wastewater and New Paradigms 301

diameter and made of clay, concrete, or PVC. Sub-mains are usually 
8, 10, or 12 inches in diameter. Trunk lines range from 15 to over 
27 inches in diameter. 

 Sewer systems have been designed to fl ow by gravity wherever 
possible. Furthermore, sewer lines are designed to fl ow half-full to 
ensure ventilation. These two facts make the physical confi guration 
of sewer lines important. Whereas pressurized water lines can have 
any alignment, sewer lines need to have a specifi c slope, usually 
about 0.5–2 percent. Engineers indicate that fl ows within sewer lines 
need a velocity of between 2 and 10 feet per second, fast enough so 
that solids are not deposited, but slow enough that grit in the water 
does not scour the pipes and cause leaks. 

  Manholes , also called  utility access ports  (UAPs), are located at 
any changes in direction, pipe size, or slope, or any time two lines 
intersect. For sub-mains, manholes are usually located about every 
400 feet.      

 Sometimes, gravity alone is insuffi cient to carry the sewage. 
This occurs when the interceptor must traverse a great distance, or 
when the topography prohibits it. In this case, a pressurized sewer 
line called a force main is used. Sewage fl ows into what is called a lift 
station where pressure is added. Lift stations are prone to failure, 
particularly during storms. However, sometimes they are necessary in 
areas where elevation changes abound (Figure  17.3  ).   

 Wastewater Treatment 

 The wastewater treatment plant (WWTP) is where the sewer pipes 
converge. This is a centralized facility, usually located near a large 
body of water, where the sewage is treated before being discharged 
into the receiving water bodies. This process removes disease-carrying 
organisms, harmful chemicals, and excess minerals.           

  
  

      Artistic manhole covers  
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   Figure 17.3  
     Sewer system lift station detail  

          The Crescent City water pollution 
control facility, a complex of three 
wastewater treatment buildings  
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ENVIRONMENTAL SYSTEMS302

 There are two basic stages in the treat-
ment of wastewater: primary and secondary. 
In the primary stage, solids are allowed to 
settle out of the water in what is really a physi-
cal process. In the secondary stage, biologi-
cal processes actually attack the pathogens in 
the water. The two most common secondary 
treatment techniques are the trickling fi lter 
and the activated sludge process. Regardless 
of which process is used, treatment is not 
complete until the treated wastewater has 
been disinfected with chlorine. Chlorine is fed 
into the water to kill whatever bacteria are 
left, and to reduce odor. Done properly, chlo-
rination will kill more than 99 percent of the 
harmful bacteria in the effl uent. However, 
since after treatment the wastewater is 
dumped into a natural body of water, where it 
becomes harmful to wildlife, many states now 
require the removal of excess chlorine before 
discharge to natural waters in a process called 
dechlorination. Alternatively, some treatment 
plants use ultraviolet light or ozone instead of 
chlorine for disinfection. 13        

 Tertiary treatment.   Some treatment 
plants are also doing tertiary treatment. 
Tertiary treatment is a general term for any 
process that removes wastewater constitu-
ents that are not removed in primary or 
secondary treatment. Usually, these con-
stituents are location-specifi c chemicals 
that the local community has chosen to 
remove or is required to remove. For 
example, a certain industrial practice might 
introduce high levels of mercury into local 
wastewater. The wastewater treatment 
plant could then use a tertiary treatment 
process to remove the mercury. 14    

 Pre-treatment.   Publicly owned sewage 
treatment plants are generally designed to 
treat domestic sewage. Many industrial 

          Sewage treatment plant  
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and other non-residential uses have wastewater that is toxic and where a 
discharge of this sort into the sewers would interfere with the biological 
processes at the treatment plant or make it impossible for the plant to 
recycle its used water and solids. Other impacts are more dramatic. In 
Louisville, Kentucky, hexane was discharged into the public sewers, 
resulting in an explosion in 1981 that destroyed 3 miles of sewers and 
caused $20 million in damage.     

 Current Issues 

 Signifi cant challenges face the current system. Surface water still suffers from 
serious pollution from known sources, while emerging contaminants in both 
surface and ground water are of deep concern. The urban sanitary sewer 
infrastructure is old and suffers from spills and overfl ows into surface waters. 
Although progress has been made in addressing rural sanitary sewer needs, 
untreated sewage from failing septic tanks affects the watersheds and water-
ways for all. Finally, climate change concerns and rising energy prices focus 
new attention on sewage collection and treatment systems.  

 Emerging Contaminants in Surface and Groundwater 

 Wastewater treatment systems were originally designed to ensure that patho-
gens capable of spreading infectious diseases were removed from the waste 
stream before being discharged into the surface water. However, as society 
has begun to use more and more chemicals, a wider variety of contaminants 
are being found in waste streams and in both ground and surface water sup-
plies. One researcher found that of the 30,000 chemicals used commercially 
in the United States and Canada, about 400 are not broken down in the 
environment, and 75 percent of them have not even been studied. 10  These 
are called “emerging” contaminants because their health effects are only now 
being assessed. Some of these substances include industrial solvent stabiliz-
ers, fuel oxygenates (MTBE and TBA), disinfection byproducts, other pharma-
ceuticals (antibiotics/drugs), personal care products, pesticides/herbicides, 
and fl ame-retardant chemicals. Researchers have found concentrations of 
the latter, used for plastics and fabrics, in human breast milk, and have also 
determined that their concentrations have doubled every fi ve years for the 
past quarter century. 

 Some of the emerging contaminants can come from wastewater treatment 
plants, which do not remove substances such as estrogen excreted in urine 
from birth control pills, anti-depressants, pain killers, antibiotics, steroids, and 
fragrances. Other types of chemicals can make their way into the water supply 
through agricultural and urban runoff, and from untreated sewage leaks from 
deteriorated pipes. Low impact development practices such as rainwater 
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ENVIRONMENTAL SYSTEMS304

harvesting and the deliberate infi ltration of stormwater and 
rainwater back into groundwater supplies without treatment 
may also result in increased concentrations of heavy metals. 16  
Although technologies exist to remove many of these contami-
nants, they can be expensive and the risk to the public must be 
balanced against the cost.   

 Sewer Systems Overfl ows 

 In times of little or no precipitation, most sewers work well. The 
contents of the sewers, both combined and separate, are mostly 
sanitary sewage and the water required to transport it to the 
treatment plant. But during a storm, the total volume of waste-
water arriving at the treatment plant may exceed its capacity 
and can be discharged untreated into surface water bodies such 
as lakes, rivers, estuaries, or coastal water. This is known as 
either a combined or separate sewer overfl ow (CSO or SSO). 17  

 The EPA estimates that there are between 23,000 and 
75,000 SSO events a year, discharging anywhere from 3–10 bil-
lion gallons annually. They estimated that it would take $41.2 bil-
lion in 1995 dollars to abate CSOs. Local fi gures are somewhat 
higher. Planners in Fort Wayne, Indiana, estimated that local 
communities would need to spend a total of $1 billion over 
15 years to solve the CSO problem in the Maumee River Basin. 18  
Atlanta estimates that it will take $3 billion to solve its CSO 
problem. 19  These are only two of the many CSO communities. 
(See Figure  17.4   for a map of sewer overfl ows in the United 
States. 20 ) 

 The 2004 Report to Congress on CSOs by the EPA indi-
cates that almost 60 percent of the CSO communities with per-
mits have implemented the required measures and that CSO 
discharges of untreated wastewater had dropped to 850 billion 
gallons from more than a trillion gallons in 1994 when the CSO 
policies were put into effect. 21  

 During an SSO or CSO, untreated sewage is released from 
manholes onto city streets and sometimes onto private proper-
ties (Figure  17.5  ). Untreated sewage can also back up into base-
ments, causing property damage and threats to public health. 
Ultimately it can make its way into surface water used for drink-
ing and recreation. 22  Because sewer overfl ows contain untreated 
human and industrial wastes as well as surface runoff, many 
pollutants may end up in surface water. These may adversely 

   Figure 17.4  
     Map of U.S. sanitary sewer overfl ows  

   Figure 17.5  
     Sewer overfl ow, Rhode Island  
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affect drinking water and aquatic habitats, resulting in 
shellfi sh harvesting restrictions, beach closures, and the 
death of fi sh. 

 In 1998, more than 1,300 residents of the Brushy Creek 
area of Austin, Texas, were infected with cryptosporidia 
parvum after 167,000 gallons of untreated sewage spilled into 
the creek in the summer of that year. 23  SSOs have a variety of 
causes, such as severe weather, poor system operation and 
maintenance, and vandalism.   

 Infi ltration and Infl ow 

 A problem related to SSOs is called “infi ltration and infl ow.” 
When sewer lines crack or break, sewage leaks out. Another 
problem occurs when stormwater enters the sewer pipes 
either from the ground—called infi ltration—or water is dis-
charged into the pipes from other sources—infl ow. Infl ow 
and infi ltration (I/I) drive peaks in sewage fl ows, and therefore 
are determinants of infrastructure size and cost. Infi ltration 
can be caused by damaged pipes, joints, or connections, or 
leakage of manhole walls. Infl ow can be caused by roof lead-
ers, cellar, yard, or other area drains, including sump pumps 
being connected to the sanitary system. It can also be caused 
by cross-connections from storm sewers and combined 
sewers or by illicit connections. 

 The EPA notes that some cities attribute 60 percent of 
their sanitary sewer overfl ows to problems from the laterals 
(Figure  17.6  ). The service lines or laterals that connect the 
home to the public sewers are generally the responsibility 
of the homeowner, depending upon local rules about the 
portion in the public right-of-way. 24  

 The EPA found that over 80 percent of sanitary sewer 
overfl ows could be improved by such measures as periodic 
sewer line cleaning (see Figure  17.7  , a vactor truck pumping 
out obstructions in the city’s sewer) and repair or by reduc-
ing the amount of infl ow and infi ltration to reduce the peak 
fl ows during storms. This was confi rmed in 2008 by a study 
done in the State of Washington that compared I/I practices 
between four counties. Data showed that more than 90 per-
cent of I/I occur on homeowner properties, manholes as 
well as trunk, lateral, and side sewers. Those counties that 
addressed all four reported 80 percent reductions in I/I. 

  Failure of Sanitary Sewer 
System in Milwaukee 

 Massive and persistent dumping of 
untreated sewage into Lake Michigan 

by the Milwaukee sewer agency during a 
series of storms in May and June of 2004 
gave it the ranking of the worst sewage pol-
luter in the Great Lakes Region. Although 
Milwaukee has a deep tunnel for a storage 
area, it was already 65 percent full when the 
storms hit that year. 1

Note
1.  Steve Schultze and Marie Rohde, “Sewer Fixes 

Costly and Complex, EPA Says,”  Milwaukee Journal 
Sentinel  (June 4, 2004), available at:  www.jsonline.
com/news/metro  (accessed December 19, 2004).  
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   Figure 17.6  
     Estimated occurrence of sanitary sewer 
overfl ows by cause  
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One county that focused on manholes only achieved just 23 percent reduc-
tion in comparison. 25    

 Wastewater System Replacement Needs 

 The amount of funds needed during the next 20 years to replace the aging 
“legacy” wastewater systems and to upgrade them to meet regulatory stand-
ards ranges from $331–450 billion or, if fi nancing is included, from $402–
719 billion in 2000 dollars. This is the equivalent of anywhere from $16–25 
billion annually. These fi gures include pipe replacement and the rehabilitation 
of treatment plants. 26  One offi cial estimates that the entire network of sewer 
pipes valued at $1 trillion will need to be replaced over the next 30 years. 27  
These fi gures do not include the costs of providing new facilities for popula-
tion growth, which is an additional 25–30 percent. They also do not include 
new requirements for stormwater.  

 Aging pipes.   The age and quality of sewer pipes currently in the ground 
vary substantially at the local level. For example, parts of the St. Louis system 
were built before the Civil War. There is no national inventory of the amount 
or age of sewer pipe for wastewater systems. 28  Most of the pipe construction 
followed increases in population and suburbanization, with an 1890s boom, a 
World War I boom, and a Roaring Twenties boom, although most of today’s 
wastewater pipes were installed after the World War II. If replacement does 

            

   Figure 17.7  
     Vactor pump truck keeps sewer lines pumped out  
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not occur, deterioration projections indicate that 44 percent 
of the nation’s sewer pipes will be in poor or very poor condi-
tion by 2020. 29        

 Treatment plants.   Most wastewater treatment plants 
were renovated or built in the 1970s. In the next two decades 
about 22 percent of the plants will need upgrading or replace-
ment, the rest will come due after 2020. The beginning of this 
replacement wave will occur at the same time that many of 
the post-WWII pipes will need replacement. As the EPA Gap 
Analysis stated, “The typical system could experience a very 
signifi cant bump in expenditures over a very short period of 
time to accommodate replacement of old pipes, new pipes, 
and plant structures.” 30  Wastewater needs over the next 
20 years are generally agreed to be substantially larger than 
those for water. 31        

 Infi ll need.   The smart growth emphasis on infi ll devel-
opment will accelerate the need to upsize or replace existing 
pipes and increase the capacity of treatment plants. Replace-
ment needs will cause increases in fees. In some East Coast 
cities, pipe replacement costs will fall on a smaller and poorer 
population and progressive fee schedules may need consid-
eration. In some older cities, the per-capita replacement value 
of mains is more than three times higher than in the newer 
areas because of population declines. Although the cost of 
collecting and treating wastewater for a residence is only a 
fraction of that spent for other utilities, the need to triple or 
even increase the rates by as much as eight times in some 
jurisdictions will focus attention on these decisions. 32     

 Rural On-site Treatment 

 Twenty-one percent of the population in the United States is 
not connected to a centralized treatment facility and instead 
use septic tanks or package units, with 95 percent of these 
being septic systems. EPA estimates that annually 10–30 percent 
of all septic tanks fail. When this occurs, pathogens may leach 
into surface and groundwater and lead to viral and bacterial 
illness. Industrial facilities may also have an on-site treatment 
unit specially designed for their particular discharges. See 
Figure  17.1   for a schematic of a septic tank and leach fi eld. 33  

 Many states have passed ordinances restricting the use 
of septic tanks in new developments, and have required local 

  Alligators and Sewers 

 A persistent piece of folklore is that 
New York’s sewers are home to alliga-

tors. The story goes that baby alligators 
were brought home from Florida by return-
ing tourists and were dumped down the 
toilet when their owners tired of their new 
pets. The tale further goes on to say that 
some of these alligators are blind albinos 
who have lost their sight due to the dark-
ness. Herpetologists, however, agree that 
NYC sewers are too cold and full of bacte-
ria for alligators to survive. The source of 
this urban legend appears to be the docu-
mented capture of an 8-foot alligator 
down an East Harlem manhole in 1935, 
but even at the time it was thought the 
reptile had come from the Everglades and 
had been dumped in the sewer shortly 
before it was “found.”1 

Note
1.  About.com, “Alligators in the Sewer: An Urban 

Legend,” (2004), available at: urbanlegends.
about.com.  

  Useful Life of Components 
of the Wastewater System 

 Collection Pipes 80–100 years 
 Treatment Plants 

(concrete structure) 50 years 
 Treatment Plants 

(mechanical and 
electrical) 15–25 years 

 Force Mains 25 years 
 Pumping Stations 

(concrete structure) 50 years 
 Pumping Stations 

(mechanical and 
electrical) 15 years 

 Interceptors 90–100 years 

 U.S. Environmental Protection Agency,  The Clean 
Water and Drinking Water Infrastructure Gap 
Analysis  (Washington, DC: U.S. Environmental 
Protection Agency, 2002).  
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sewer agencies to develop programs to phase them out or restrict their use. 
One former planning director recommends that group septic tanks be used so 
that there are enough funds to pay for a dedicated maintenance contract. 34    

 Eutrophication and Peak Phosphorus 

 Phosphorus is an essential nutrient for all plants and animals and critical for 
the world’s food supply. It is a component (along with nitrogen and potas-
sium) of commercial fertilizers. Over the past 50 years, over half a billion tons 
of phosphorus has been mined globally for fertilizer. Although these fertilizers 
have made possible the Green Revolution that met the need for food as a 
result of population growth, fertilizer waste products have ended up in oceans, 
streams, and lakes around the world, causing algal blooms, eutrophication, 
and dead zones. 

 World phosphorus supplies are fi nite and are being depleted. Experts 
predict “Peak Phosphorus” by 2030, after which the demand will exceed the 
supply. Five countries control 90 percent of the world’s phosphate rock 
reserves. The largest are found in China, the United States, and Morocco/the 
Western Sahara. The U.S. Geological Survey estimates that the U.S. reserves 
will last for 50 years at the current rate of extraction, which is increasing at 
2 percent per year. At a rate of 3 percent increase (which has been exceeded 
in recent years), they will last less than 45 years. 35  

 There is no substitute for phosphorus in the food chain, but unlike oil, it 
can be recaptured and reused. In addition, there are many opportunities for 

SOURCE SEPTIC TANK LEACHING FIELD

   Figure 17.8  
     Private septic system schematic  
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effi ciencies. During the process of mining, fertilizer and food production, and 
consumption, 80 percent of the phosphorus is lost. For example, worldwide, 
around 3 million tons of phosphorus is produced every year in human feces. 
More than half is generated in cities and most ends up in receiving water 
bodies. Similarly, almost half the phosphorus in harvested crops is lost in food 
processing or food waste. These are areas where effi ciencies can occur. In 
addition, recovering phosphorus (and nitrogen) from wastewater/feces is 
important not only for phosphorus recovery but also to reduce eutrophica-
tion. Changing eating habits towards a more plant-based diet will assist, as will 
food and organic waste recovery. 36  See Figure  17.9   which shows the increasing 
use of mined phosphates from 1900 to the present and then models the impact 
of alternative courses of action. 

 Until recently, wastewater treatment plants that process domestic sewage 
in the United States have not been required to divert phosphorus and nitro-
gen from the waste stream. Additionally, agricultural runoff, a major source of 
phosphorus and nitrogen, is not regulated in the United States. (In Europe, all 
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   Figure 17.9  
     Global sources of phosphorus over time and alternatives to avoid peak phosphorus  
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discharges of nitrogen and phosphorus are regulated. 37 ) However, this is 
changing, and many wastewater treatment plants (WTTPs) today are under 
pressure to reduce these discharges.   

 Carbon Emissions and Energy Use 

 Wastewater treatment plants also use 21 billion kilowatt hours annually, and 
this is anticipated to increase as the need to treat emerging contaminants 
becomes more of an issue. Energy is used throughout the wastewater treat-
ment process with pumping and aeration operations taking the largest share. 
Stricter standards for the treatment of biosolids as well as aging wastewater 
collection systems which require higher pumping and treatment costs at the 
central plant will also require more energy and hence carbon emissions. 38  

 Wastewater treatment processes also produces greenhouse gases. At 
the plant, anthropogenic CH 4  (methane) is produced and when the effl uent is 
discharged into surface water, N 2 O (nitrous oxide) is also produced. Septic 
tanks also produce methane as a byproduct of their process. Both emissions 
are more powerful than CO 2  (carbon dioxide). 39  

 The Water Environment Research Foundation notes that the energy 
contained in wastewater and biosolids is ten times greater than the energy 
needed for treatment. They have set a goal of assisting wastewater utilities to 
become energy-neutral, and even energy-producing. 40     

 New Directions for Sanitation 

 There is an emerging consensus among wastewater experts that we need 
to rethink our defi nition of waste. Indeed, “wastewater” consists of valuable 
resources including water, carbon, nutrients, and trace metals useful for indus-
trial processes. This new defi nition implies 

 a commitment to use solid and liquid waste to create energy, reduce green-

house gas emissions, conserve water and recover nutrients … [and requires] 

… shifts in technology and in social processes … [including] … regulatory, 

institutional, and fi nancial arrangements to shift behaviors of all players, 

from water authorities to consumers. 41    

 At the same time, architects and designers are coming at this problem from a 
site- or project-specifi c perspective. The result is a cornucopia of innovations 
by utilities at the system level and by architects at the site and building level, 
some of which are detailed below.  

 Water Reuse or Reclamation 42  

 If properly treated, municipal wastewater can be recycled and the water 
reused for a wide variety of potable and non-potable uses. The use depends 
upon the degree of treatment. Wastewater that has undergone primary 
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treatment is suitable for surface irrigation on orchards and 
some crops. Secondarily treated wastewater can be used 
for groundwater recharge of non-potable aquifers, indus-
trial cooling processes, wetland habitat, and a wider vari-
ety of crop and on-contact irrigation such as median 
strips. Finally, tertiary-treated water can be used for appli-
cations that involve bodily contact such as golf course 
and park irrigation, or fountains and decorative lakes. 

 Recycled and treated water can also be used for 
direct or indirect potable reuse. Indirect potable reuse 
(IPR) is recycled water that is purposely discharged into 
either groundwater or surface water that ultimately sup-
plies a public drinking water system. IPR projects include 
groundwater spreading, where recycled water is released 
into open basins and the water seeps into the groundwa-
ter basin; groundwater injection where recycled water is 
pumped directly into the ground water; and reservoir aug-
mentation where treated recycled water is added directly 
to a water reservoir. Direct potable reuse refers to water 
used for drinking immediately after treatment.   

 Centralized Water Reclamation 

 Most water reuse in the United States in urban areas is 
associated with a centralized wastewater treatment plant 
that delivers using a second set of pipes for reclaimed 
water. The City of Irvine, California, has been delivering 
recycled water to commercial buildings for over a decade 
with “purple pipes.” The water can be used for toilet 
fl ushing and other non-potable uses. The City of San 
Francisco has recently established a requirement for all 
new development to have a second set of pipes to be 
able to use recycled water. 

 The Orange County Groundwater Replenishment 
System (GWRS) is a state-of-the-art facility that takes the 
treated effl uent from the local wastewater treatment 
plant, treats it again with a three-step advanced process 
of microfi ltration, reverse osmosis, and ultraviolet light 
with hydrogen peroxide, a process that destroys bacteria, 
protozoa, viruses, pharmaceuticals, and any trace organ-
ics and inorganics so that it is potable. The potable water 
is then percolated back into the groundwater table, where 

          Orange County’s groundwater replenishment system  

        Orange County staff check out the reverse osmosis 
connections for the GWRS  
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it is withdrawn by 19 local water departments and special 
districts before it is blended with imported water sup-
plies, treated with chlorine, and distributed for potable 
purposes. The Water Reuse Foundation estimates that 
municipal wastewater recycling is growing at a rate of 
15 percent a year.                            

 Centralized Biosolid (Sludge) Reuse 

 “Biosolid” is another name for treated sewage that can 
be used to amend local soils and sometimes as an energy 
source. In the U.S. there are 16,583 wastewater treat-
ment facilities producing over 64 pounds of sludge per 
person, every year, which is about 6.5 million metric tons 
of “dry solids”—sewage sludge with the water squeezed 
out of it—annually. Sludge management can account for 
about 30 percent to half of the operating cost of a util-
ity. 43  The Water Environmental Research Foundation 
notes that wastewater treatment plants consume 21 bil-
lion kilowatt hours annually, but that sewage contains ten 
times the energy needed to treat it. The technology 
exists to recover that energy and thereby reduce the 
agency’s dependence on conventional electricity. 

 Currently, 45 percent of sludge produced by waste-
water treatment plants is incinerated or goes to landfi lls, 
49 percent is treated and used in land applications, and 
only 6 percent is reused for other purposes—such as 
energy production. The King County Wastewater Agency, 
which serves the Seattle, Washington, area, treats a por-
tion of its effl uent so that it can be used on-site for land-
scape irrigation. In addition, biosolids and digester gas 
are recycled for fertilizer and power generation. The 
agency has set up agreements with local farmers who use 
the biosolids as fertilizer, and currently the demand 
exceeds the supply.   

 Energy and Wastewater 

 One of the most exciting efforts in the wastewater fi eld 
today is the use of the heat in sanitary wastewater for 
energy. The premier example of this is the False Creek 
Energy Center in Vancouver, Washington, which is linked 
to a wastewater pumping station. Solids are fi ltered out. 

        Close-up of a rack of microfi ltration membranes  

          Cutaway of microfi ltration 
membranes  

          It tastes like water 
because it is water  

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



c h a p t e r  17 • Wastewater and New Paradigms 313

Heat pumps transfer the heat energy from the wastewater to a hot-water dis-
tribution system. After the heat is recovered, the water and solids are recom-
bined and pumped to the WWTP. The ratio of sewage to heating and cooling 
is 3:1—sewage from 300 apartments provides 90 percent of the heating and 
cooling for these units 44  (Figure  17.10  ). 

 Other wastewater utilities are also experimenting with innovative energy 
production schemes involving biogas. The East Bay Municipal Utility District 
powers its recycled water treatment plant by incinerating sludge and food 
scraps from the local solid waste program. The development of Hammarby in 
Stockholm uses wastewater to produce methane gas that is used to power 
city buses. Similarly in Finland, municipal outdoor toilets provide feces that 
also produce methane for local buses.   

 Decentralized and Distributed Wastewater Management Systems 

 A variety of new technologies have appeared on the scene in the past several 
years that make possible on-site or decentralized and satellite systems. These 
include the use of watertight butt-welded plastic piping, small-diameter effl u-
ent collection systems, and collection of source-separated waste streams. In 
addition, new techniques have been developed to repair and rehabilitate 
existing collection system infrastructure that do not require digging up the 
streets. New technologies for remote control and monitoring permit centralized 
management of distributed systems. Finally, the decreasing size of treatment 

False Creek Buildings

Energy
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to Iona Island
sewage treatment plant

Heated water to buildings

Heat pump

Cooler water returns to energy center
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Sewer

   Figure 17.10  
     False Creek Energy Center diagram  
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facilities as well as costs have been made possible by techno-
logical advances in membrane bioreactors (MBRs), an alterna-
tive for the treatment train described earlier in the chapter. 
(See sidebar on MBRs.)      

 Distributed or satellite systems are used typically for ser-
vicing dispersed small wastewater fl ows and small community-
scale systems independent of a centralized wastewater system. 
The wastewater is collected, treated, and reused at or near the 
point of generation. Recently the term has come into vogue 
with both the environmental and the engineering community 
because decentralized systems are considered to be both 
more cost-effective and environmentally friendly, although 
proper operations and maintenance can be an issue. 45  

 In urban areas, distributed or satellite systems refer to 
smaller-scale treatment facilities built as part of a larger cen-
tralized system of treatment and collection. They are generally 
built to minimize transport costs of sewage and stormwater. 
Package units make this type of system possible. A package 
unit is a small, all-in-one, turnkey unit, installation of which 
requires only a concrete slab, a power source, and a connec-
tion to the wastewater stream. A package unit performs all the 
functions of a municipal wastewater treatment plant, but on 
a much smaller scale. The units are typically about the size of 
a standardized shipping container, and can serve about 
500–1,000 people (or about 150–350 homes). They can also 
be linked together to serve large populations. They require 
active (though not necessarily skilled) maintenance, and can 
be quite expensive to both purchase and operate. 46  The 
advances in MBRs now make possible either satellite treat-
ment plants, or on-site treatment. See Figure  17.11   for a sche-
matic for a distributed wastewater recycling system.   

 Zero Emissions Wastewater 

 Attempts have been underway in Europe and Asia for the past 
decade to develop “zero emissions” technology for waste-
water that can be used on-site or on a highly decentralized 
basis. This concept considers water and waste as a system 
that can provide high quality recycled water, safe fertilizers, 
and energy. 47  This is called variously “resources management,” 
“Eco-San,” DESAR (Decentralized Sanitation and Reuse), eco-
logical waste management, or sustainable sanitation. The aim 

  Membrane Bioreactors and 
Package Plants 

 Membrane bioreactors (MBRs) is a 
technology that was fi rst developed 

to process wastewater on cruise ships. 
MBRs are capable of fi ltering out patho-
gens, viruses, and other contaminants that 
conventional wastewater treatments do 
not. They have a smaller footprint than 
conventional methods because they com-
bine biological treatment with fi ltration 
and often do not require separate primary 
treatment. MBR systems are simple to 
operate and take up very little space. 
Decentralized and on-site wastewater 
recycling in urban areas becomes feasible 
with this technology—both for the devel-
oped and developing worlds. 1

 Certain high value buildings in the United 
States have begun to use MBRs in small-
scale package plants to recycle gray water 
on-site, such as the Frank Lloyd Wright 
Fallingwater Home in Chicago, the Bank 
of America Tower, and the Solaire building 
in New York City. 

Note
1.  S. Judd,  The MBR Book: Principles and 

Applications of Membrane Bioreactors for 
Water and Wastewater Treatment  (Oxford: 
Elsevier, 2006).  

          Membrane bioreactor side stream configuration  

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



c h a p t e r  17 • Wastewater and New Paradigms 315

of these efforts is to mimic the natural water and wastewater cycle. 48  These 
efforts use source separation of the wastewater into black, gray, and yellow 
wastewater to recapture and reuse the water and nutrients. Treatment 
processes are targeted therefore more precisely to the type of wastewater 
(Figure  17.12  ). 

 Wastewater can be characterized as black water (usually defi ned as 
water from toilets and the kitchen), gray water (from showers, baths, and 
washing machines), and yellow water (urine) (Figure  17.13  ). The health danger 
of wastewater comes primarily from fecal matter, while urine contains most of 

Development on urban
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   Figure 17.11  
     Schematic for a distributed wastewater recycling system  
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the nutrients excreted in sewage: 80 percent of the nitrogen, 50 percent of 
the phosphorus, and 70 percent of the potassium. 49  One component of some 
of the pilot efforts in Europe is separation toilets (also called no-mix toilets, 
sorting toilets, or separating toilets). These separate black water from the 
urine (Figure  17.14  ). 
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   Figure 17.12  
     The ideal Carbon–
Phosphorus–Nitrogen–
Potassium cycle as 
promoted by Eco-San  

   Figure 17.13  
     Household wastewater 
types  
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 Gray water can be reused on-site for irrigation and toilet fl ushing. 50  Black 
water, including food wastes, is used for biogas and energy production or for 
soil amendments. Urine is used as fertilizer. The low tech solutions rely on 
natural processes. The advanced system pilots use membrane bioreactors 
(MBRs). Pilot schemes in Switzerland, Germany, the Netherlands, and China 
range from a fourplex to an eco-town of 430,000 where black water and food 
waste are combined to produce biogas.   

 Natural Treatment Systems 

 Natural treatment systems are both an old and a new approach to wastewater 
treatment. These include the Swedish “ecological villages” of Toar and the 
Ostra Tom secondary school. 51  In addition to the DESAR source separation 
approach noted above, these projects use oxidation ditches, aerobic ponds, 
and both open and underground wetlands. This is an area of considerable 
interest today both in the United States and abroad because of wetlands’ 
important role in carbon sequestration and their ability to naturally treat 
wastewater. Constructed wetlands can be designed for storm or sanitary 
wastewater treatment, and for surface or subsurface fl ows. They are attractive 
in rural areas where land costs are low because they can provide secondary or 
tertiary wastewater treatment with low energy costs. In urban areas of the 
United States, where land costs are higher, they are more useful for tertiary 

   Figure 17.14  
     Three types of urine-diverting toilets  
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treatment and to act as buffers for wet weather effl uent fl ows both from storm 
sewers or from combined sanitary and stormwater sewers. 52  

 Source separation of urine from gray and black water in the United States 
has not occurred except with the use of waterless urinals. However, the urine 
has not been reused. Schools in California recycle gray water for irrigation. 
On-site black and yellow water reuse in urban U.S. areas using natural pro-
cesses is rare. The Living Machine@, ECO Machines, and Solar Aquatic 
Systems are some exceptions but they are used primarily for small-scale 
developments and individual buildings.    

 Planning for Wastewater  

 Wastewater Planning and Land Use 

 Many wastewater departments and agencies are becoming quite sophisti-
cated in their planning activities. Whereas a decade ago, planning for sewer 
treatment and collection facilities was driven primarily by engineering stand-
ards, today a new generation of wastewater planners are engaging in public 
participation processes and actively seek to link facilities to land use plans and 
community values. In addition, conservation and pollution prevention are 
becoming mainstream in the fi eld of sanitary engineering. 

 The state-of-the-art publications for wastewater capital and strategic 
planning call for explicit coordination with the local general purpose govern-
ment and many states have mandated such coordination. 

 At the city, county, and regional level, wastewater planning also looks to 
the local land use requirements. The county of Spokane, Washington, devel-
oped a plan in 2002 to protect the Spokane-Rathdrum aquifer, consistent with 
the land use policies of the county’s comprehensive land use plan that called 
for wastewater services only within its Urban Growth Boundary unless neces-
sary to protect the aquifer. To prepare the plan, some of the existing sewer 
service areas designated by the various wastewater utilities had to be changed 
to comply with the land use plan. 53  

 Many local land use plans are not quite as sophisticated with respect to waste-
water planning. However, sewers are powerful determinants of where growth in an 
area will go. They are often called growth shapers because they lower the costs of 
development. Studies have shown that sewered vacant land (“sewered” means 
access to an interceptor or trunkline) in suburban communities is worth from two to 
four times as much as equivalent unsewered land in the same communities. 54  In 
shaping development, a city’s choice of sewer investment can be more important 
than the city’s land use plan. A large interceptor that is run out to the new offi ce 
park south of town will suddenly make all the land it traverses attractive to develop-
ment, even if that land is identifi ed elsewhere as open space or agricultural. 
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c h a p t e r  17 • Wastewater and New Paradigms 319

 The courts have viewed access to sewers as a public health matter rather 
than a local police power or growth management matter, which means with-
out careful planning policy-makers can be limited in their ability to control 
growth by sewer investments. The local general purpose government, how-
ever, has a variety of mechanisms to ensure that sewers are guided by the 
land use vision of the community rather than vice versa. Local policy-makers 
can decide where and, just as importantly, when to expand municipal waste-
water service. See Table  17.1   for some varied land use policies that can be 
used by the local government for sewers. 55    

 Key Steps in Wastewater Planning 

 It is likely that the local agency will hire an engineering fi rm to do the detailed 
wastewater plan. However, the local practitioner will need to set the overall 
policy and objectives for the process. This section highlights some key steps.  

 Content of the wastewater plan.   The areas that must be addressed 
during the planning process are: 

 •   growth and expansion;  

 •   renewal and replacement needs;  

 •   compliance with federal, state, and local regulations;  

 •   community objectives, including water recycling and nutrient re-use;  
 •   fi nancial strategy.    

 Table 17.1   
 Sewer-related land use policies and implementation mechanisms 

Policy Mechanism Governmental level
Time horizon 
for planning

Sewer moratorium Ban or quota on new sewers, connections, building 
permits, subdivision approval, rezonings

State or local Two years or less

Refusal to sewer Refuse to provide sewer to rural fringe Local n/a
Environmental review Use environmental review to highlight sewer impacts All n/a
Facility design Deliberately design facilities to encourage types of land 

use, such as smaller treatment plants
Local, county 20 to 50 years

Facility sizing Limit excess capacity in facilities to preserve future 
land-use options

Local, county 20 to 50 years

Urban services 
boundary

Establish an urban service boundary beyond which no 
sewers will be expanded

County, regional 10 to 20 years

Staging Stage sewer projects to promote certain development 
patterns

Local, county, regional 5 to 10 years

Water reuse Local building code requires dual pipes Local 5 to 10 years

Energy conservation Local policies innovative design Local 5 to 10 years

 Source: Richard D. Tabors, Michael H. Shapiro, and Peter P. Rogers,  Land Use and the Pipe: Planning for Sewerage  (Lexington, MA: Lexington 
Books, 1976). 
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ENVIRONMENTAL SYSTEMS320

 It is important that a high-level strategy framework be put in place to help 
guide the planning process. Is the community committed to looking at waste-
water as a resource? Is the community ready to support adequate mainte-
nance of the system? Is there a balance between the needs for growth and 
the need to replace or renew the existing system? What are the fi nancial 
constraints? What is the 50–100-year picture for the total system? What 
are the regulations that need to be adopted by the local general purpose 
governments to further conservation goals?   

 Wastewater service area defi nition.   Even though wastewater collection 
service areas are constrained by topographic conditions, it is possible to pre-
clude certain areas in the drainage basin from service, and it is also possible 
to accept sewage from an adjacent drainage basin by pumping. Precise delin-
eation of sewer service areas is a signifi cant variable for encouraging, discour-
aging, or shaping growth within a developing community. For example, the 
King County Wastewater Plan for 2000–2030 defi ned the boundaries of its 
service area as the service areas of the 31 local agencies that send their fl ows 
to the county’s wastewater system for treatment (Figure  17.15  ). Spokane, 

   Figure 17.15  
     Regional wastewater services plan, 2000–2030  
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c h a p t e r  17 • Wastewater and New Paradigms 321

Washington, adjusted the boundaries of some of the collection agencies in 
order to stay within the urban growth boundary. 

 A simple method for determining a service area is to draw a line around 
the top of the drainage basin served by the current sewer system. The geo-
graphic area within that line should receive the highest priority for future 
growth. Any system expansion beyond that line will require pumps, new treat-
ment plants, or other capital-intensive solutions. The capacity of the current 
treatment plant must be kept in mind during this process. 56    

 Condition assessment of existing facilities.   The capacity of the 
wastewater treatment plant is the primary determinant of the existing capacity 
of the sanitary sewage system. The capacity of a treatment plant is usually 
expressed in million gallons per day (MGD); one MGD is the amount gener-
ated by about 3,500 households. Sanitary wastewater generation depends 
directly on the amount of water used. About 40–85 percent of water used 
enters the sanitary sewer system, depending on climatic conditions and the 
exact pattern of usage and the condition of the collection pipes. 57  The amount 
of stormwater depends on the climatic conditions of the area. 

 In addition to assessing the capacity of the treatment plant, the condition 
of the collection lines should also be assessed. Infi ltration, illicit connections, 
and sanitary sewage discharges during rainfall periods should be evaluated as 
part of the planning process. This kind of assessment is usually a major project 
and should be linked to an asset management system.   

 Future sewer and treatment plant needs.   Future needs are calcu-
lated based on population and household projections by land use type as 
discussed in Chapter 16. The same methodology can be used for sewage 
fl ows. In addition, today, sophisticated sewer models are available to local 
planners that integrate parcel information and land use information with the 
existing sewer system and a GIS system. They can be used to identify problems 
in existing systems by modeling the impact of storms on the system, and to 
model different sewer confi gurations for new growth areas. 58    

 Location of the wastewater treatment plant.   Wastewater treatment 
plants require careful thought regarding their location. Depending on the 
capacity, they can require 10–20 acres or more. A plant with a capacity of 
50 million gallons per day, which is about the size needed to serve a popula-
tion of 150,000–200,000, needs about 12–13 acres. 

 Since they rely on gravity, they are placed at the lowest point in the ser-
vice area near a body of surface water in which to discharge their effl uent. If 
the receiving body of water also serves as the source of drinking water for the 
community, the wastewater plant should be downstream of the water treat-
ment plant. If recycled water is to become a viable source for landscape irriga-
tion or industrial use, the more that potential “users” are in proximity to the 
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ENVIRONMENTAL SYSTEMS322

plant or outfall lines, the greater the chances of making it cost-effective. These 
include golf courses, industrial parks, major open spaces and parks, and other 
potential recycled water users.     

 Financing Mechanisms 

 Sanitary sewer system capital and operating costs are usually paid for with 
user fees, although in the past two decades, impact and development fees 
have been assessed to pay for new infrastructure.  

 Financing Sanitary Wastewater  

 Fees.   Most sewer agencies rely upon on-going fees from existing residents 
and businesses to pay for operations, maintenance, and capital replacement 
and upgrades. It is hard to meter sanitary sewage, so generally sewer fees 
are based on a percentage of water use, and they often show up on the 
water bill. 

 Over the past 20 years, EPA guidelines for wastewater charges suggest 
that if sewerage charges exceed 2 percent of median household income, or if 
water and sewerage together are greater than 4 percent of median house-
hold income, this may be a hardship for some families. At the beginning of 
the fee setting process, household income should be projected to obtain an 
envelope of funds that are available for the sewer system. Comparisons of 
existing and projected costs with neighboring or similar jurisdictions should 
be done.   

 Using fees for equity and land use conservation.   Sewer system fees 
can have both land use and equity effects. Research has shown that the costs 
of providing sewer (and water) service are higher in areas that are further away 
from existing centers, and area with larger lot sizes. If water and sewer costs 
are charged to the development, there is an incentive for the developer to 
minimize these costs. In addition, where average cost pricing is used for both 
new development and replacement of existing infrastructure, those in more 
compact areas subsidize the costs of those in less dense areas. Fortunately 
pricing strategies exist to overcome these problems. 59    

 Paying for capital facilities for wastewater.   During the 1970s and 
1980s, the federal government funded a construction grant program that pro-
vided over $60 billion to construct publicly owned and operated wastewater 
treatment projects. The grant program ended in 1987 and was replaced with 
the Clean Water State Revolving Loan Fund (SRF) which consists of seed 
money for states to capitalize state loan funds. In 1998, the program had over 
$26 billion in assets and $3 billion distributed in new loans each year. 60  Today, 
sewer capital investments are generally repaid through development impact 
fees, which are sometimes included in connection fees, the per-dwelling unit 

  The Fee 
Development 

Process 

 The basic process for 
fee development is: 

•   Assess revenue 
requirements.  

•   Conduct cost of service 
analysis.  

•   Develop fee structure.  
•   Recommend, adopt, 

and implement.     
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charge associated with hooking up to the sewer. Sometimes 
these are charged to the developer as a block.   

 Development impact fees.   There are three approaches 
used for development impact fees for wastewater facilities. 
The fi rst is a system buy-in or reimbursement approach for 
new development based on existing facilities and costs. Under 
the second approach, the new development pays for the cost 
of new facilities. The third is a combination of these two. 
All three approaches are used for waste and stormwater 
today, and are guided by the enabling state legislation or 
case law. 61  

 The heart of any fee structure is the documentation of 
the methodology. Optimally this is based on a detailed capital 
improvement plan so that the costs of the infrastructure can 
be allocated to the development. To do this, an indicator is 
selected (often called a scaling measure) to distinguish 
between different classes of users so that customers who are 
larger or use the infrastructure more intensively pay the costs 
of the capacity required to serve them. For water and waste-
water, this data element or indicator can be the water meter 
size, the PFU (the number of plumbing fi xtures), or any other 
measure readily available that is a reasonable surrogate for 
the development’s share of the capital costs. 62        

 Reclaimed water fees.   Reclaimed water rates pose a 
special issue because reclaimed water usually costs more to 
produce than water from conventional sources and it can be 
of lower quality. However, use of reclaimed water reduces the 
demand for potable water and may even help lower costs 
when it is used to recharge groundwater supplies. Reclaimed 
water rates set by water utilities are generally based on some 
percentage of the potable water rate. Some agencies price 
reclaimed water below the potable water rate to encourage 
its use. 63      

 Conclusion 

 One of the most important issues today is the technology of 
sanitary sewers. Just as stormwater runoff has ventured into 
the area of natural processes and away from traditional brick 
and mortar solutions, increasingly the fi eld of sanitary engi-
neering is turning to sustainable solutions. Decentralized 
treatment facilities for sewage will increasingly be important 

  Connection Fees in Boise, 
Idaho 

 The connection fee is made up of the 
trunk fee, the treatment fee, and the 

interceptor fee. Each of these is paid by 
new and existing development at the time 
of connection. 

•    Trunk fee —This fee recovers the cost 
of over-sizing sewers to accommodate 
large geographic areas and to recover 
part of the cost of sewers in existing 
neighborhoods.  

•    Treatment fee —This fee recovers the 
capital costs of the treatment plant.  

•    Interceptor fee —This fee is for 
properties in the Southwest Sewer 
Planning Area and will recover the cost 
of constructing a 42-inch diameter, 
5-mile-long interceptor sewer to the 
West Boise Treatment Facility located 
below Hewlett-Packard. Commercial 
connection fees for unmonitored users 
are calculated per plumbing fi xture 
based on the estimated strength of 
the discharge. Monitored users pay on 
actual production of sewage.    

 Adapted from City of Boise website.  Cop
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alternatives to the traditional treatment at the end of the pipe. Source control, 
source separation, and recycling of urine and feces are issues that need to be 
explored, particularly given the increasing shortage of pollution-free water 
sources for consumption, and the high costs that the United States faces to 
replace the existing system. Local regulations that promote water recycling 
and the reuse of biosolids should be actively promoted by the local practi-
tioners. In addition, the growth-inducing effects of sanitary sewers and treat-
ment facilities should be explicitly addressed in the local land use plans and 
development policies, so that the vision of the community guides the place-
ment of these facilities. 

 Best practices in the water and wastewater fi eld are to plan holistically for 
the entire water cycle, but often professionals are stymied by the myriad of 
local and state agencies that can prevent this. The local practitioner can play 
a pivotal role in requiring and supporting the emergence of a new infrastruc-
ture that looks at wastewater as a resource rather than a nuisance. The stakes 
are high, given the challenge of emerging contaminants and the continuing 
deterioration of the existing pipes and plants.   

 Additional Resources  

 Publications  
    Feiden ,    Wayne   M.  and    Eric     S.   Winkler.     Planning for Onsite and Decentralized Wastewater 
Treatment  .  Planning Advisory Service Report Number 542 .  Chicago, IL :  American Planning 
Association ,  2006 .  

    Melosi ,    Martin   V.     The Sanitary City: Urban Infrastructure in America from Colonial Times to 
the Present   .   Baltimore, MD :  The Johns Hopkins University Press .  2000 .  

    Novotny ,    Vladimir   S. ,    Jack Ahern , and  Paul     Brown.     Water Centric Sustainable Communities: 
Planning, Retrofi tting, and Building the Next Urban Environment  .  Hoboken, NJ :  John Wiley 
& Sons, Inc .,  2010 .  

    Sarte ,  S.     Bry.     Sustainable Infrastructure: The Guide to Green Engineering and Design   .  
 Hoboken, NJ :  John Wiley and Sons .  2010 .     Chapter 8, Integrated Water Management, has 
detailed information on designing that views “waste as a resource, not waste product.”   

 Websites 
 American Public Works Association (APWA):  www.apwa.net/ResourceCenter/Category/
Water-and-Sewers .   This has a good listing of websites that address water and sewer issues. 

 National Association of Clean Water Agencies (NACWA):  www.nacwa.org .   This is one of three 
professional organizations representing sewerage agencies, with concerns about both urban 
and environmental issues. Their website has the latest in policy issues. 

 Water Environmental Research Foundation:  www.werf.org .   This organization recognizes the 
importance of a multidisciplinary approach to wastewater management that integrates the en-
gineering side with that of city offi cials, including planners and developers. They have a wealth 
of resources on their website and a good search engine.        
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