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Urban Wastewater M anagement
In the United States:
Past, Present, and Future

Steven J. Burian, Stephan J. Nix, Robert E. Pitt,
and S. Rocky Durrans

INCE 1800 there have been several urban wastewater man-
ement strategies and technologies implemented in the
nited States. Themanagement strategi escan becategorized
as either centralized, where al the wastewater is collected and
conveyedtoacentral locationfor treatment or disposal, or decentral -
ized, wherethewastewater isprimarily treated or disposed of on-site
or near thesource. Historically, municipalities, consulting engineers,
and individuals have had the option of centralized or decentralized
wastewater management and could have chosen from a variety of
collection and disposal technol ogiesto implement the management
strategy. Although these options were available, the mgority of
engineers, publichealth officials, policy makers, and membersof the
publictypically preferred onemanagement strategy and onetechnol -
ogy totheothers. Thereasonsfor aparticular preferencewere based
on a combination of cost, urban development patterns, accepted
scientific theories, tradition, religious attitudes, prevailing public
opinion on sanitation, the contemporary political environment, and
many other factors.
The devel opment of urban wastewater management strategies
and technologies from the early nineteenth century to the present
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exhibited a cyclical tendency. During the middle of the nineteenth
century, the centralized water-carriage sewer system replaced the
ailing decentralized privy vault-cesspool system. Fromtheend of the
nineteenth century to the present day, centralized management has
remained the preferred urban wastewater management method,
although the implemented technol ogy has changed. During the past
few decades, however, renewed interest in previously discarded
decentralized management aternatives has been spurred by urban
devel opment patternsthat havechanged wastewater management needs.

The objectives of thispaper areto (1) review the devel opment
of wastewater management strategiesand technol ogy choicesinthe
United Statessincethe early nineteenth century and (2) discusshow
recent trendssuggest potential futureurbanwastewater management
directions. Thefirst part of thepaper reviewstheprimary factorsthat
contributed to the paradigm shift from decentralized management in
the early nineteenth century to centralized management in the late
nineteenth century. The second part of the paper describes the late
nineteenth-century debate between the advocates of the two basic
centralized technol ogi es. the combined-sewer system and the sepa-
rate-sewer system. Thethird part of the paper touchesonthechanges
in urban wastewater management caused by changing urban devel-
opment patternsduringthefirst half of thetwentieth century. Thefinal
part identifies decentralized wastewater management, wastewater
reuse, and wet-weather flow management as three key wastewater
management i ssuestoday and di scussestheminthecontext of future
urban wastewater management in the United States.

Introduction of Centralized Wastewater M anagement

Residentia wastewater management in seventeenth-century colonial
Americaconsisted primarily of aprivy with theoutlet constructed at
ground level, usually discharging into the yard, street, gutter, or an
open channel serving asasewer. Because popul ation densitieswere
low, priviesconstructedinthisway did not create sanitation problems
or unbearable nuisancesin colonial cities(e.g., New York City inthe
eighteenth century), but aspopul ationsincreased, sodid thesanitation
problems and nuisances. The majority of residents accepted the
sanitation problems and nuisance conditions as a necessary part of
urban life, except during epidemics or following adisease outbreak
when sanitation was given considerable attention. To alleviate the
nuisanceconditionscaused by thedischargeof priviesintostreetsand
gutters, residentswould construct avault or tub beneath the privy, or
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woulddischargewastewater intoanearby cesspool. Privy vaultsand
cesspool s were meant to store the wastewater until it either soaked
into theground or could be manually removed and disposed of away
fromtheresidence.

One aternative to the privy vaults and cesspools used in the
United Stateswasthedry sewage system. Dry sewage systemsinthe
nineteenth century (e.g., pail systems) entailed placing containers
beneath the seats of privies to collect human excrement. Once the
containerswerefull, thehomeowner or other responsibleparty would
transport the excrement to a convenient disposal location near the
residence. Comparedtotheprivy vault, dry collection of humanwaste
requiredadiligent effort onthepart of thehomeowner tomaintainthe
system in asanitary state. The prime advantages of the dry sewage
systemwerethe quick removal of wastesfrom theresidenceand the
potential use of the waste asfertilizer on nearby farmland. Munici-
palities often contracted workers to remove the wastes from resi-
dencesand deposittheminsuitabledisposal |ocationsoutsidethecity
limits. But the crews hired to perform these duties did not perform
adequately, leading to accumulated wastes, nuisances, and public
health problems.

Decentralized dry sewage systems were more common in
Europe and Asiathan in the United States because Europeans and
Asianshad moreexperienceusing human excrement asfertilizer and
doingsocost effectively. Inadditiontotherel uctancetoeffectively use
humanexcrementintheUnited States, residentswerenot enthusiastic
about maintaining or cleaning dry sewage systems. Despite the
simplicity of the dry sewage systems, the prevailing opinion during
the mid-nineteenth century in Europe and the United States was
againsttheir useinurban areas, assuggested by thefoll owing excerpt
froman 1876 report by acommittee appointed by the Local Govern-
ment Board of England:

“...noneof theso-called dry-earth or pail systems, orimproved
privies, can be approved, other than as palliations for cesspit
middens, because the excretaisliable to be anuisance during
the period of its retention, and a cause of nuisance in its
removal; and, moreover, when removed, leaves the crude
sewage, unlessotherwisedealt with by filtration throughland,
topolluteany watercourseor river intowhich such sewagemay
flow. We have no desire to condemn the dry-earth or pail
system for detached houses, or for public institutions in the
country, or for villages, provided the system adopted is care-
fully carried out.”
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Anearly attempt at centralized wastewater management inthe
United States was the construction of public and private sewersto
transport thecumul ativewastesfromacity block or from several city
blocksto anearby water body. Therewerefewer public sewersthan
private in the early nineteenth century, and most were constructed
primarily for thepurposeof removing stormwater. Sewerswerebuilt
both below ground as underground conduits and above ground as
open channels. Typically, underground sewer conduits and open
sewersran along the center of astreet or thesidesof astreet. Sewers
constructed before the 1850s were not planned, designed, or con-
structed by trained engineers because sewerswere not perceived as
technically complex systems requiring the services of an engineer.
Another shortcoming of the early sewersin the United States was
caused by the contemporary urban decision mechanismsthat forced
sewer construction to proceed piecemeal. Consequently, few public
or privatesawersconstructedintheearly nineteenth century achieved
thegoal of ameliorating sanitation problems.

Dry sewage systems and public and private sewers were
commonly usedin EuropeandtheUnited States, but the predominant
wastewater management technol ogy inthefirst half of thenineteenth
century wastheprivy vault-cesspool system operated inadecentral -
ized manner. Privy vaults and cesspoolswere basically holesin the
ground, occasionally lined, constructed in cellars, beneath resi-
dences, or within closeproximity toresidences. They weredesigned
todrainmuch of thewastewater intothesurrounding soil, but they still
required periodiccleaning. Theunplanned and uncontrolled drainage
of wastewater from privy vaultsand cesspool scontaminated soilsand
groundwater, and that occasionaly led to contaminated drinking
water and disease outbreaks. Benjamin Latrobe noted that
Philadel phia’ smainwater supply in 1798 wasal soitsgreatest source
of diseasedueto groundwater contamination fromincreasing popu-
lation and inadequate wastewater management. Another exampleis
Baltimore, where the City Health Commissioner reported in 1879
that of the 71 wellsand springssurveyed, 33werefilthy, 10werebad,
22 were suspicious, and only six were good.

Privy vaults and cesspools were lined to prevent leaching of
wastes into the soil, but lining increased the required frequency of
cleaning. Similar to dry collection of wastes, the cleaning of privy
vaultsand cesspool swasinconsi stent and inadequate. \Wastes accu-
mulatedtill priviesand cesspool soverflowed and produced nuisance
conditionsand potential public health problems. In most cases, both
linedand unlined privy vaultsand cesspool sproved unableto manage
urban wastewater effectively during the mid-nineteenth century
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because the lined ones required too frequent cleaning to be cost
effectiveover alongterm, and theunlined onescontaminated ground-
water and the surrounding soil.

Noneof thecentralized or decentralized management technol o-
gies implemented during the early nineteenth century consistently
prevented contamination of nearby surfacewater or groundwater. By
themid-nineteenth century, engineers, publichealthofficials,andthe
general public were searching for alternative wastewater manage-
ment options. One solution that was promoted in Europe and the
United States was a centralized management strategy using water-
carriage waste removal. The new concept of centralized water-
carriage waste removal entailed planning a coordinated system of
conduitsand channel sthat used water to convey thewastesaway from
the sources to a central disposal location. The centralized water-
carriage sewer system gained favor, especially in Europe, following
thesuccessof thefirst modern-day system constructed for Hamburg,
Germany in 1843.

Tarr et al ., found acombinati on of demographi candtechnol ogi-
cal factors to have caused the decentralized management options
(e.g., privy vault-cesspool system, dry sewage system) to become
overwhelmedinurbanareas. Inadditiontothefactorsthat contributed
to the failing of decentralized management, several other factors
aidedinthegradual changeto centralized management that occurred
inthemid-nineteenth century. Building uponthethorough discussion
by Tarr etal., wewill now briefly describesix factorsthat contributed
tothechangefrom decentralized to centralized wastewater manage-
ment: (1) failureto keep pace with population growth; (2) construc-
tion of public water supplies and water closets; (3) public health
concerns; (4) limitedtechnol ogy transfer; (5) socioeconomic consid-
erations; and (6) alack of alternative solutions.

Population Growth

During thenineteenth century, therewasconsiderabl e urban popul a-
tion growth in the United States. In 1820, lessthan 5 percent of all
Americanslived in urban areas (citieswith apopul ation larger than
8,000), but by 1860 the percentage increased to 16 percent and by
1880 had risento 22.5 percent. From 1820t0 1880, most major cities
inthe United States experienced considerabl e growth. For example,
during thistime Boston’s population increased eightfold, New York
City’stenfold, Philadel phia sthirteen fold, and Washington, D.C.’s
fivefold. As aresult of thisincreased population density in urban
areas, the decentralized privy vault-cesspool wastewater manage-
ment systems became overtaxed. Mitigation measures included
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increasing the cleaning frequency and constructing additional privy
vaults and cesspools. The improvements, however, only slightly
reduced the periodic overflows and devel opment of nuisance condi-
tions. The privy vault-cesspool system, as it existed then, was
inadequate to handle the increased amount of wastewater. The
centralized water-carriage sewer system, on the other hand, was
being promoted as the management alternative for urban areaswith
increasing popul ations.

Public Water Supplies and Water Closets

Another major cause of the abandonment of the decentralized privy
vault-cesspool system was the increased construction of piped-in
water-supply systems. More and more during the middie of the
nineteenth century, potable water supplies were being piped in
because local water sources were contaminated, frequent disease
outbreaks were occurring, and water quantities above what was
available locally were needed for fire fighting and street flushing.
Water-supply systems were constructed in most of the major U.S.
cities in the early to mid-nineteenth century, and by 1860, the 16
largest citiesin the nation had waterworks.

Piped-inwater suppliesinfluenced wastewater managementin
two ways. First, water-carriage waste removal required a copious
supply of water, and theintroduction of apiped-inwater supply made
water-carriage sewer systems viable. And second, the improved
standard of livingfor urban dwellersinthenineteenth century coupled
with the availability of water led to the implementation of modern
plumbing fixturesand aconcomitant increaseinwastewater produc-
tion. The water closet probably had the most significant effect on
wastewater management compared to the other plumbing fixtures
because it increased not only wastewater quantity, but also the
guantity of fecal matter in discharges. The high level of fecal matter
being discharged with the wastewater heightened therisk of disease
transfer and outbreak, but thiswas not understood at the time.

Theincreased wastewater level soverwhelmed the privy vault-
cesspool system, but few municipalities planned for, or constructed,
additional wastewater management infrastructure. Residentshad two
ways of addressing the increased wastewater being produced: (1)
continue to discharge to an existing privy vault or cesspool, or (2)
create an illegal connection to a storm sewer or street gutter. Both
choices were ineffective solutions because neither the privy vault-
cesspool system nor the storm-sewer system were designed to
accommodatetheincreased wastewater. | nstead of addressinginfra-
structure needs, municipalitiesimplemented ordinancesto mitigate
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the problems created by the increased wastewater quantities. One
such ordinancewasinstituted in Boston during 1844 that prohibited
thetaking of bathswithout adoctor’sorder. Municipalitiesasotried
to prohibit the discharge of fecal matter to the sewer system. Bans
suchasthesewereineffectin Bostonuntil 1833, inPhiladel phiauntil
1850, andinNew York until 1854, at whichtimesanitary connections
to sewersbecamerequired. Theenforcement of imposed wastewater
dischargelimitsandtheprevention of illegal sanitary connectionsto
thestorm-sewer systemwasdifficult for amunicipality. Privy vaults
and cesspools continued to overflow, while the connections to the
storm-sewer system also resulted in sanitation problems. In most
cases, neither the privy vault-cesspool system nor the uncoordinated
sewer systemwereableto handletheincreased quantity of wastewa-
ter. Inmany Americancities(e.g., New York City), physicians, public
healthofficia s, andthegeneral public demanded actionto addressthe
wastewater management problems created by theinflux of piped-in
water, and most supported theimplementation of centralized water-
carriage sewer systems.

Public Health

By themid-nineteenth century, engineers, publichealthofficials, and
thegenera publicweresearchingfor alternativewastewater manage-
ment options that would effectively implement principles being
espoused by thegrowing sanitary reformmovement. Sanitary reform
during the nineteenth century waslargely predicated upon the mias-
mic theory of disease etiology. The miasmic theory held that an
invisible noxious gas emanating from putrefying organic material
caused some diseases. Cleaning urban areas by removing human
wastes expeditiously (commonly believed to be within two to three
days) would, therefore, prevent thedevel opment and thetransmission
of disease. The contagionist theory of diseaseetiology differedfrom
themiasmic, or anticontagionist, theory. The contagi oni stsproposed
that some diseases were transmitted by direct and indirect contact
withadiseased personor carrier through microscopicorganisms. The
supportersof theanti contagioni st theory promoted street cleaningand
the cleansing and ventilation of residences (especially tenements).
The supporters of the contagionist theory viewed gquarantine mea-
suresandtheproper management of wastesfromdiseasedindividuals
astheproper strategiesto prevent diseasetransmission. Boththeories
contributed to anumber of laws, regulations, and ordinances passed
in response to disease outbreaks. Although contagionists and
anticontagionists differed in their opinions of disease etiology, the
majority of both eventually supported water-carriage removal of
human wastes from urban areas.
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Londonisanexampleof aEuropean city that devel oped awater-
carriage sewer system partly in response to disease outbreaks. A
cholera epidemic struck London in 1848 causing 14,600 deaths by
1849. Cholera again erupted in 1854 causing 10,675 deaths. Many
scientistsand doctorsstudied these outbreaksto understand thecause
and modes of transmission, but Dr. John Snow was the first to
formul ateatheory consistent with present-day scientific understand-
ing and to verify it with evidence. Dr. Snow wrote a short pamphlet
in 1849 titled On the Mode of Communication of Cholerainwhich
he argued that cholerawas a contagious disease caused by apoison
reproducing itself in the bodies of itsvictims. The pamphlet did not
convincemany, but Snow wasabletotest histheory scientifically with
the outbreak of cholerain 1854. Dr. Snow recorded the location of
outbreaksduring the epidemic and charted thedrinking water source
of infectedindividuals. Hewasableto show statistically that cholera
victimsdrew their drinking water from asewage-contaminated part
of the River Thames, while those who remained healthy drew their
water from anuncontaminated part. Besidesthisevidence, Snow aso
established a connection between chol eraoutbreaks and a contami-
nated water supply at theBroad Street publicwell. Prodded by public
outcry, bacteriological discoveries by Pasteur and Koch, and by the
findings of studies by Snow and Budd that linked sewage-polluted
water with disease, Parliament passed an act in 1855 to improvethe
waste management of the metropolis. Thisact provided thefounda-
tionfor thedevel opment of London’scomprehensivewater-carriage
sewer system eventually designed by Joseph W. Bazal gette.

In the United States, repeated cholera epidemics and other
disease outbreaks gradually influenced municipalities to improve
sanitation practices. Between 1832 and 1873, numerous American
cities were afflicted with major outbreaks of disease, including
cholerain 1832, 1849, and 1866 and typhoid in 1848. The causes of
the outbreaks were attributed to a variety of reasons including
unsanitary conditions and punishment from God. The experience
gainedfromtheepidemi csimprovedtheunderstanding of choleraand
other diseasesand their corresponding etiol ogy. A chol eraoutbreak,
following the Civil War, provided a chance to practice some of the
prevention techniques based on improving sanitary conditions and
disinfecting thewaste products of infected individuals. Therelative
successof thosemeasuresindicated that the effectivemanagement of
human wastes was an important component in protecting public
health. Thesearchfor an effectivemethod of protecting publichealth
by managing humanwastesinvariably encouraged theconstruction of
water-carriage sewer systems.
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Technology Transfer

The planning and design of wastewater management systems in
European and American citieswasusually based ontheexperienceof
thedesignengineersbecausethetransfer of technol ogy wass ow, and
standardized wastewater management procedureswerenot yet widely
published. During thenineteenth century, junior engineersfrom most
disciplines would learn engineering skills on the job from senior
engineers. Thenewnessof wastewater management meant that there
were few experienced engineers available in the United States.
Conseguently, the first coordinated U.S. wastewater management
efforts followed practices established in Europe. European cities
were constructing large-scal e centralized water-carriage sewer sys-
tems and proving them successful for removing wastewater from
urbanareas. U.S. engineersoften consulted with thedesignersof the
successful European systems when designing their own systems.
Thus, through person-to-persontechnol ogy transfer, European engi-
neers promoted the use of centralized sewerage technology in the
United States.

Socioeconomic Considerations

Therearetwo basi c socioeconomic reasonswhy theimplementation
of centralized water-carriagesewer systemswasfavored over decen-
tralized privy vault-cesspool systems. First, water-carriage sewer
systems were believed to be more cost effective over the long term
than privy vaultsand cesspools. Experiencein England showed that
the cost of a water supply and water-carriage sewer system, with
interest, divided over aperiod of thirty yearswould be lessthan the
cost of keeping privy vaults and cesspools clean. Similarly in the
United States, centralized sewer system advocates pointed out that
the capital and maintenance costs of sewer systemswould represent
asavingover theannual cost of collectionand cleaningwiththeprivy
vault-cesspool system. Based onthiseconomicreasoning, city coun-
cils, sanitary engineers, and healthgroupsa most unanimously agreed
that water-carriagesewer systemsprovided themost benefitsand the
lowest |ong-term costscomparedto other disposal options, aswasthe
casefor New York City. The second socioeconomic reason was the
public opinioninfavor of sewer system implementation because of
thepotential advantagesit offered, most notably, convenience. Water-
carriage sewer systems eliminated most maintenance work by the
homeowner and permitted wastesto be collected and disposed of in
the least obtrusive and offensive manner. Public opinion could not
directly secure funds for the construction of a centralized water-
carriage sewer system, but itsinfluence over elected officials could
indirectly securefunds.
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Lack of Alternatives
The final reason why the centralized water-carriage sewer system
replaced the decentralized privy vault-cesspool system wasbecause
noalternativeswerementioned asreplacementsfor, orimprovements
to, the decentralized privy vault-cesspool system. Society often
supportsideas, technologies, or political candidatessimply because
they present a change from the status quo. In the case of urban
wastewater management, nuisances and sanitary problems were
obvious, changewasdesired, andtheonly alternativesolutionknown
to be available was the centralized water-carriage sewer system.
During the second half of the nineteenth century, there was
growing publicdemandtoreplacedecentralized privy vault-cesspool
systemswith centralized water-carriage sewer systems. Proponents
of centralized sewer systemsoutlinedthreereasonsfor municipalities
to construct sewers:

1. The capital and maintenance costs would be lower than the
annual costsassociated withthecollectionfromand cleaning of
decentralized privy vault-cesspool systems.

2. The public’s health would improve and result in lowered
morbidity and mortality frominfectiousdisease.

3. Morepeopleandindustrieswoul d beattracted tothesecleaner,
healthier cities.

The opponents of centralized sewer systems argued that:

1. Human wastethat might be used for fertilizer would now belost.

2. There would be an increased danger of contamination of the
subsoil by leakage, pollution of the waterwayswith threatsto
drinking water supplies and shellfish, and the generation of
disease-bearing sewer gas.

3. A heavy tax burden would be created on the current generation
or, if financed with bonds, the burden would be placed on
futuregenerations.

Thereasonsoffered by either sideweredifficult to substantiate
except under thesimplest conditions. Andasthesecond point against
water-carriage systemsindicates, thereasonswere sometimeshbased
oninaccurate scientificinformation. Nevertheless, due primarily to
the reasons already discussed, centralized management becamethe
favored management option over the failing decentralized privy
vault-cesspool system. The introduction of new technologies to
implement water-carriage waste removal and the establishment of
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new muni cipal management mechani smspermittedtheplanning, design,
and construction of coordinated networks of water-carriage sewer sys-
temsduringthelast haf of thenineteenth century. Thenext sectionof this
paper discusses the period in the devel opment of wastewater manage-
ment in the United States when the debate switched from centralized
versusdecentralized to combined- or separate-sewer systems.

Combined- Versus Separ ate-Sewer System Technology

Combined-sewer systems (CSSs) by design use a single conduit to
transport stormwater and other household andindustrial wastewater
toadesignated disposal | ocation. Hamburg, Germany isoftencited as
thefirst city inthemodern erato comprehensively plan, design, and
construct aCSS. Theevolution of the CSSin the United Statesfrom
sanitary connectionsto stormsewersinto aplanned network of large-
diameter sewersoccurred duringthelatenineteenth century. Thefirst
combined systems followed the tradition of the first sewers and
discharged their contents into the nearest waterway. The relatively
high flow rate in the urban waterways compared to the wastewater
discharges prevented, to some degree, the devel opment of nuisance
conditions until later when urban populations increased and the
wastewater discharges became overwhelming.

The first comprehensively planned CSSsin the United States
were constructed in Chicago and Brooklyn in the late 1850s. The
designsof the Chicago systemby E.S. ChesbroughandtheBrooklyn
system by JW. Adams were both heavily influenced by European
experiences. Chesbrough and Adams both reviewed the plans of
severa Europeancities, e.g., Londonand Paris, whileformulatingthe
plans for their respective cities. As the first CSSs were being
constructed in Europe and the United States, several authorities on
wastewater were advocating a separate-sewer system (SSS). The
concept underlying the SSSwasto manage stormwater and sanitary
wastewater separately. The first SSS design incorporated two con-
duits, oneto convey the sanitary wastewater to a specified disposal
location and another to transport the storm water to the nearest
receiving body of water. Two originators and staunch supporters of
the SSS concept were the Englishmen Edwin Chadwick and John
Phillips. Chadwick wasstrongly infavor of sanitary reform practices,
and heviewed water-carriage sewage removal asanecessary aspect
of proper urban sanitary management. Phillipshad similar viewsand
hadtheforesight to proposeacentralized SSSfor Londonin 1849, but
afew years later Joseph Bazalgette’s interceptor concept for com-

MetcalfandEddy 1928 Dined sewers was implemented.
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Despitehavingachoi cebetween acombined or separatesystem
in the late nineteenth century, most of the centralized systems con-
structed in the United States were combined because: (1) therewas
no European precedent for successful SSSs; (2) therewasabelief that
CSSswerecheaper to build than acompl ete separate system; and (3)
engineerswerenot convinced that agricultural useof separate-sewer
sanitary wastewater wasviabl e. Of thesethree, theprimary deterrent
to the acceptance of atwo-conduit separate system wascost. It was
less expensive to remove storm water and sanitary wastewater in a
singleconduit thanto planand construct two separate conduits. SSSs
later became economically attractive when a system design was
introduced that omitted underground storm-water removal.

The first step in the acceptance of the SSS concept was the
introduction of vitrified clay pipe. Clay pipes could be constructed
withsmaller diametersandin different shapesthantraditional wood,
brick, or stone sewers. Clay pipes had economic advantages over
traditional brick pipes because their smaller size reduced material
costs and their ability to be delivered precast reduced labor costs.
Clay pipes also had sanitary and performance advantages over the
larger combined-sewer conduits. Clay pipesweremuch moreimper-
vious than brick pipes, retarding the leakage of sewage into the
surrounding soil. Theimproved performanceof clay pipeswasdueto
the much smoother interior of the clay versus the brick and mortar
interiorsof most combined sewers. Thecost advantage of CSSsover
SSSsdiminished with the devel opment of smaller diameter clay pipes.

GeorgeE. Waring, Jr. furthered theacceptance of the SSSinthe
United Statesduring thelate nineteenth century. Waring was outspo-
ken about the economic advantages of hisversion of the SSS, which
incorporated smaller diameter clay pipesanddid notincludeaconduit
for storm-water removal. Those characteristics made it much less
expensivecomparedtothetraditional combined system. Waring al so
argued persuasively in favor of his separate system in terms of the
sanitary advantageit provided compared with the combined system.
He subscribed to the anticontagionist theory and believed the rapid
removal of wasteswasimperativeto prevent thecreation of disease-
bearing gases in the sewer system. Waring's separate system re-
moved wastes rapidly compared to the traditional CSS that often
needed the aid of arainstorm to flush the system.

Waring constructed hisfirst separatesystemintheUnited States
in 1875 for the small Massachusetts community of Lenox. He went
on to design many other systems, but the system he constructed in
Memphis, Tennesseein 1880 is probably the best known. Inthelate
1870s, Memphisexperienced several outbreaksof yellow fever. Not
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yet aware of the connection of mosquitoes to that disease, officials
were desperate to improve sanitary conditions. Waring's proposed
separatesystemwasby far theleast expensiveof theseveral sewerage
systems proposed. After the system was compl eted, sanitary condi-
tionsimproved noticeably, and, coincidentally, theincidence of yel-
low fever decreased. The apparent success of this system further
promoted the SSS concept. Waring experienced early success, but
other engineers were critical of his SSS design and the methods he
used to promote his product and company. It took several years, but
eventually evidencewas gathered that suggested the Waring system
had significant shortcomings, eventhesystem constructedinMemphis.
With the success of the Waring SSS design, two centralized
water-carriage technologies (combined and separate) were firmly
establishedinthelatenineteenth century, but therewaslittleguidance
to help select the proper technol ogy for aparticul ar city. Inanattempt
to remedy this situation, the U.S. National Board of Health sent
Rudol ph Hering, an American engineer, to Europein 1880toinves-
tigate European sewerage practices. In his report, he suggested a
model for the choice between centralized combined- and separate-
sewer systems. Hering’smodel recommended using CSSsin exten-
siveand closely built-up districts(generally largeor rapidly growing
cities), while using SSSsfor areas where rainwater did not need to be
removed underground. Ultimately, Hering concluded that the final
decision should hingeon loca conditionsand financia considerations
because neither system had asignificant sanitary advantage.
Duringthelate nineteenth century, engineershadidentified the
basi cinformation needed to successfully planand design centralized
sewer systems: (1) surface topography, (2) average and extreme
rainfal, (3) thephysical characteristicsof thesoil andthecharacter of
thesurface, (4) popul ationdensity anditsfuture prospectsof growth,
(5) thedisposal of rainfall, and how much, if any, should betakeninto
sewers, and (6) the ultimate disposal of the sewageitself. However,
no standardized set of proceduresexistedfor planning and designing
thesystem and thenewnessof thetechnol ogy preventedthedevel op-
ment of a standardized decision process to choose between a com-
bined- or separate-sewer system. Joel A. Tarr argues that a simple
design choice between two clearly defined technologies (e.g., com-
bined- or separate-sewer system) should be madebased onarationa
model of engineering choice(e.g., cost-benefit cal culations). Thelack
of standardi zationinthedecision mechanismand design procedures,
however, prevented arational model from being devel oped.
Thedebate over seweragetechnol ogy choice continued during
the 1880s despite Hering's report and the acceptance of its recom-
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mendations by many engineers, public health officials, and sanitar-
ians. By the1890s, most engi neershad accepted Hering' srecommen-
dationsfor sewer technology choice. The general thought prevailed
that neither the combined- or separate-sewer system had significant
sanitary advantages. The choice for implementation was instead
based uponlocal needsand system costs. Indenseurban areas, storm
water had to be considered in the wastewater management plans.
CSSsrequired only one conduit and werethusless costly than afull
separate system that required two conduits, one for the removal of
household wastewater and another for storm water. Therefore, the
perceived cost benefits of CSSs made them the primary system
constructedinurban areasinthe 1890s. Beforetheend of thecentury,
however, many began to reevaluate the SSS because it was more
compatible with the growing trend of wastewater treatment imple-
mentation. Thisideaisdiscussed in the next section.

Shift to Centralized Separ ate-Sewer System Technology

At the end of the nineteenth century, the basic techniques of urban
wastewater collectionwereestablished, the sewer technol ogieswere
mostly developed, and the necessary construction materials and
eguipment were available. By that time, most mgjor U.S. cities had
also constructed some form of asewer system. In 1909, citieswith
popul ationsover 30,000 had approximately 24,972 milesof sewers,
of which 18,361 miles were combined sewers, 5,258 miles were
separate sanitary sewers, and 1,352 miles were storm sewers. In
larger cities (popul ations over 100,000), therewere 17,068 miles of
sewers, of which 14,240 mileswere combined sewers, 2,194 miles
wereseparatesanitary sewers, and 634 mileswerestormsewers. The
CSS was clearly the predominant wastewater management choice
over the SSSin urban areas, especially the larger cities. But, gradu-
ally, ashift from the CSSto the SSSasthe centralized technol ogy of
choiceoccurredintheearly twentieth century. Several factorscontrib-
uted to the shift, but three stand out as vital: (1) the growing urban
popul ationand shifting devel opment patterns, (2) thechanging char-
acteristics of wastewater quantity and quality, and (3) the eventual
requirement of wastewater treatment.

Duringtheearly twentieth century, theincreasing popul ationin
urban areaswas creating increased wastewater dischargesto receiv-
ing waters. Thepopulationinthe United States surged over fourfold
from 185010 1920. Thispopulationincreasewasaccompanied by an
increaseinthenumber of citieswith popul ationsgreater than 50,000
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(from392t02,722). During thesametimeperiod, thepercent of total
U.S. population in urban areas increased from 12.5 percent to 51
percent. Sewer systems constructed in the late nineteenth century
were not planned for this magnitude of population increase and the
correspondingincreaseinwastewater discharged. Therapidindustri-
alization of American cities further changed the characteristics of
wastewater being discharged by introducing a variety of new con-
taminants into the waste stream. In addition, industries typically
selected an area to open operations that was close to a cheap labor
force, atransportation corridor, and awastedisposal site. Thispattern
of industrial development helpedtoincreasethepopul ationdensity in
urban areasand theamount of wastesdischargedto urbanwaterways.

A centralized CSS discharging to nearby waterways without
wastewater treatment was unabl e to adjust to the augmented waste-
water characteristicsintheearly twentieth century. Combined-sew-
ers merely were transferring the nuisances and public health risks
from the urban area to adjacent waterways and to downstream
riparian residents. The water quality issue that attracted the most
attention in thelate nineteenth and early twentieth centurieswasthe
concernfor protecting drinking water suppliesfrom sewagecontami-
nation. The relationship between sewage-polluted waterways and
diseasetransmission had beenclearly defined. Theneedfor wastewa-
ter treatment and water treatment to protect public health wasbeing
discussed. The construction of both wastewater and water treatment
facilities, however, wasaheavy financial burdenandfew municipali-
tiescould afford to construct theinfrastructure for water and waste-
water treatment. A debateevol ved between thosewhothought it was
inthebest interest of public health to construct both wastewater and
water treatment facilities and those who believed providing only
water treatment was more cost effective and provided comparable
protection of public health.

Bothwastewater and water treatment werelimited at theturn of
thecentury. Thefour most common wastewater treatment technol o-
gies were dilution, land application and irrigation of farmlands
(wastewater farming), filtration, and chemical precipitation, andthey
were all more conducive to treating the smaller and more easily
controlled separate wastewater flows. Combined wastewater treat-
ment methods targeted dry-weather flow (DWF). An intercepting
sewer would be constructed to transport approximately twice the
mean daily DWFto atreatment facility or suitabledisposal location.
Economiclimitationsconstrained thesizeof thesewersand wastewa-
ter treatment facilities to below the size needed to manage the
potential highflow ratesduring wet weather. Stormoverflow devices
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hadtobeconstructedto providerelief whenflowsexceeded capacity,
which resulted in periodic overflowsof diluted raw sewage directly
to the receiving water. Few wastewater treatment facilities were
constructedinthelateni neteenth century totreat combined wastewa-
ter because of the associated difficulties. For example, of 27 U.S.
cities with wastewater treatment works by 1892, 26 had SSSs (21
used land application methodsand six used chemical precipitation).

Water treatment facilities were not built for combined-sewer
systems because those facilities limited capacity to treat combined
wastewater duringwet weather and becausemany felt that thediluted
combined wastewater wasnot harmful toreceivingwaters, believing
that thenatural dilution and self-purifying capacity of thereceiving-
water body would be sufficient to treat combined wastewater. Scien-
tific studies indicated that chemical and biological resources of a
water body could stabilize wastes through natural purification, and
theassimilative capacity of thewater body could minimizedegrada-
tion. Both combined- and separate-sewer systemswere planned and
designed to discharge the maximum amount that thereceiving water
could dilute (e.g., an average of 6 ft¥/s of stream flow per 1,000
persons). As cities grew and more cities started discharging
wastesto riversand streams, however, thedilution capacitieswere
being exceeded and the need for wastewater treatment became
more apparent.

The state of water treatment in the | ate nineteenth century was
dightly better than the state of wastewater treatment. Filtration was
thefirstwater treatment processeffectively employedin England and
elsewhere in Europe prior to 1829, but was not used in the United
Statesuntil 1871 followingthe1869 publicationof JamesKirkwood's
Report on the Filtration of Waters. Research conducted at the
Lawrence Experiment Stationin Massachusetts produced scientific
evidencedemonstratingtheeffectivenessof water filtrationtoremove
germs (e.g., typhoid) from water supplies. The results instilled
confidenceinfiltrationtechnology, justifyingtherelatively high cost
of constructing water treatment facilities. During the 1890s, approxi-
mately 20 U.S. municipalities constructed water filtration facilities.
Theintroduction of disinfectiontechnol ogieswasthenext significant
advanceinwater treatment. Intheearly twentieth century, chlorine
compounds and eventually chlorineitself wereintroduced to water
supplies to kill disease-causing bacteria. Disinfection was simple,
cost effective, and successful in preventing diseasetransmissionvia
drinking water. Prior to the widespread use of disinfection, munici-
palitieswould eitherinstall wastewater treatment facilities, drinking
water filtration facilities, or acombination of thetwoto protect their
drinkingwater.
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The arguments for wastewater treatment included the need to
improve or maintain the aesthetic appearance of water bodies, to
prevent theexposureof the publictodisease-carrying sewage, andto
improvetheefficiency of water treatment facilitiesby having acleaner
source of water. The argument against the need for wastewater
treatment when drinking water supplieswere treated were twofold.
First, theneed for wastewater treatment to prevent disease outbreaks
was in question if filtration and disinfection were used to treat
drinkingwater prior todistribution. And second, thedevel opment of
nuisance conditions could be eliminated with prudent planning that
prevented recei vingwatersfrom becoming overwhelmedwithwaste-
water. The argument over the need for wastewater treatment in
addition to water treatment usually pitted state and local boards of
health, often composed mostly of physicians, against municipalities
andtheir consulting engineers. Theboardsof healthweregeneralyin
favor of both wastewater and water treatment for sanitary reasons,
whileconsulting engineersand municipalitiesgenerally favored the
implementation of only water treatment for economic reasons. The
prevailing opinion of noted engineers(e.g., Allen Hazen) during the
early twentieth century was against the need for wastewater treat-
ment. Thisopinionwasdisplayedinan editorial publishedina1903
issue of Engineering Record:

“... it is often more equitable to all concerned for an upper
riparian city to dischargeits sewageinto astream and alower
ripariancity tofilter thewater of thesamestreamfor adomestic
supply, thanfor theformer city tobeforcedto putinwastewater
treatment works.”

Theargumentsagai nst wastewater treatment weresuccessful in
the early twentieth century. By 1905, more than 95 percent of the
urban population discharged their wastewater untreated to water-
ways. Little changed over thefirst quarter of the twentieth century,
and in 1924 more than 88 percent of the population in cities of over
100,000 continued to disposeof their wastewater directly towaterways.

Intheearly twentieth century, several factorsbrought theuseof
wastewater treatment into favor. First, therewasagrowing sense of
thedesirability of resourceconservation. TheProgressiveM ovement
inthe United States from 1900-1914 was advocating the protection
of natural resources and was decidedly in favor of protecting water
quality. Second, lawsand regul ationswere being passed at |ocal and
statelevel swiththegoal of protectingwater quality fromdevel oping
nuisance conditions. Thenew set of lawsandregulationsintheearly
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twentieth century provided more power to protect water quality than
thelaws enacted in the late nineteenth century. Third, following the
passage of the more protective legislation, the attitude of the state
courtsevolvedtofavor stricter enforcement. Several caseswereruled
infavor of downstream municipalitiesif thedischargeof wastewater
by upstream municipalities had caused a nuisance condition or
property damage. In these cases, the downstream municipality was
often awarded compensatory damages, but damages were often not
awardedincasesinvolvingtheidentification of sourcesof waterborne
disease because of the relatively poor understanding of the science
behind diseasetransmission. Occasionally, thefineslevied against a
municipality encouraged the construction of wastewater treatment
facilities. Fourth, opinions expressed by business groups, public
health groups, and mediarepresentativeswereinfavor of wastewater
treatment facility construction.

Astherequirement for wastewater treatment washbeing defined
in the early twentieth century by legislation and public opinion,
wastewater treatment technology was aso improving. The U.S.
Public Health Service, its predecessor organizations, and related
organizations (e.g., Lawrence Experiment Station) studied stream
pollution, water treatment, and wastewater treatment extensively. In
the 1890s, studies increased the understanding of the cause-effect
relationship between wastewater discharges and disease transmis-
sion (e.g., sewage-polluted waterways and typhoid fever). These
findings supported the implementation of wastewater treatment to
prevent stream pollution. In the twentieth century, the research
focused on cost-effective methodsto treat wastewater and drinking
water. Probably the most influential wastewater treatment devel op-
ment wasthe demonstration of the cost-effective use of theactivated
sludge processto treat large quantities of wastewater.

Theavailability of cost-effectivetreatment techniques, coupled
with the growing requirement for wastewater treatment, eventually
ledtowider implementation of wastewater treatment inthemiddl eof
the twentieth century. The consequence of increased wastewater
treatment was the need for a more consistent and manageable
wastewater flow. The SSS provided a much more constant and
treatable flow compared to the CSS. For this reason, SSSs were
favored for newly urbanizing areaswherewastewater treatment was
needed or would possibly be needed inthefuture. SSSsal so became
favored in areas not requiring wastewater treatment because of
perceived sanitary and cost advantages compared to CSSs.

By theend of the 1930s, support for SSSshad gathered enough
strength so that municipalitieswereaugmenting CSSstofunctionas
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separate or partially separate systems or were completely replacing
themwith new separate systems. CSSs, however, werestill required
under specific circumstances, and the decision of which centralized
technol ogy to implement was based on several factorsincluding:

* \Wasthereanexisting sewer systemservingthepopulationinthe
area; and if so, was it a separate, combined, or partially
separate system?

* Wasthereawaterway nearby and what wasthe capacity of that
waterway to dilute wastewater?

* \Was pumping a possible requirement?

In some cities, conditions dictated amixture of combined and
separate sewer conduits. This could result from extending a com-
bined systeminto anewly urbanizing areaby constructing aseparate
system or replacing a combined system with a separate system by
using the previously combined conduit as the storm-water conduit
and constructing anew sanitary wastewater conduit. Theuseof both
combined and separate technology in a single city was termed
“compound system.” Compound systems were usually difficult to
manage and often evolved into combined systems.

Continued Changesin Urban Wastewater M anagement

A review of the first half of the twentieth century suggests that
progress in collection systems consisted more of new construction
andtheextensionorimprovement of old systemsthaninthedevel op-
ment of new techniques. Progress in wastewater treatment
technologies, on the other hand, involved theintroduction and dem-
onstration of many new techniques, most notably the construction of
large-scal e activated sludge treatment facilities. Inthe middle of the
twentieth century, suburban migration, increased industrialization,
prosperity, and economic expansion continued to create new prob-
lems for traditional urban wastewater management efforts in the
United States. In the nineteenth century, urban areas contained an
integrated mixture of residential, commercial, and industrial land
uses with high building density. Rural development, conversely,
consisted primarily of farmsteads and low-density residential land
use. Wastewater management requirements(e.g., storm-water man-
agement) were clearly defined for urban development and rural
development. Throughout thenineteenth century, butintensifyingin
thefirsthalf of thetwentieth century, migrationtothesuburbsclouded
the differences between urban and rural development.
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During the beginning and middle of the twentieth century,
suburban migration continued to changethemethodsof urban waste-
water management. | ncreased mobility provided by theautomobile,
efficient roadway systems, and improved public transportation en-
abledpeopletolivefurther fromtheir placeof employment. Suburban
areas could spread further out into rural regions, which forced the
extension of municipal services designed for high-density urban
centers out into low-density suburban areas. Furthermore, mixed
urban devel opment wanedinfavor of theisol ated suburban neighbor-
hood with nearby commercia and industrial districts. The urban
sprawl pattern of devel opment required an adjustment to wastewater
management methodsthat had been developed in adifferent era.

The post-World War 11 industrial and economic expansion
presented additional problemsfor traditional urbanwastewater man-
agement methods. Industrial discharges were composed of myriad
toxic chemicals, complex organic compounds, and other substances
that were previously not considered in wastewater treatment. These
complex mixturespresented acutehuman health risksal so previously
not considered. Thepost-war economic expansi on created aprosper-
ous society, and the increase in the standard of living increased the
consumption of water and the production of wastewater. Recall that
asimilar increasein prosperity during the middle of the nineteenth
century also increased the volume and complexity of wastewater
flows, which contributed to the shift from the decentralized privy
vault-cesspool system to the centralized sewer systems. The new
plumbing fixturesintroduced inthemiddl e of the nineteenth century
includedthewater closet, whilethenew plumbingfixturesintroduced
inthemiddleof thetwentieth century included showers, dishwashers,
clothes washing machines, and food-waste disposal units. The new
fixtures again increased the volume of wastewater discharged to
sewer systems and changed the composition of wastewater. The
augmented wastewater characteristicsrequired changesinwastewa-
ter collection and treatment.

Even though suburbanization, industrialization, and the eco-
nomic expansion in the United States were clearly augmenting
wastewater management needs, thetraditional methodsof wastewa-
ter management werenot significantly changinginresponse. Central -
ized separate-sewer systemsremained thetechnol ogy of choice, but
theuseof decentralized septic systemsinnewly urbanizing areaswith
lower-density population wasincreasing. Decentralized septic sys-
temswereattractivebecausethey eliminated capital expendituresfor
sewer systems and had fewer operation and maintenance costs
comparedtotreatment facilities.
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Theresponseof thefederal government tothedevel opingurban
wastewater management issue was to enact the Water Pollution
Control Act of 1948. The legislation provided for comprehensive
planning, technical services, research, financial assistance, and en-
forcement. The Water Pollution Control Act was extended in 1952
and becamepermanent legislationin 1956. The 1965 amendmentsto
the Water Pollution Control Act werethefirst federal legislation to
strongly addresstheissueof protectingwater quality. Onegoal of the
1965 act wasto enhance the quality and val ue of the water resources
of the United States. The legislation established a uniform set of
water-quality standards. A shift of the fundamental goal of water
pollution control occurred with the passage of the 1965 amendments.
Thetraditional goal of protecting public healthwasstill foremost, but
now preserving the aesthetics of water resources and protecting
aquatic life became additional stated goals.

Despitetheseriesof Water Pollution Control Acts, water quality
wasstill deterioratinginthelate 1960s. Thefederal government made
abold movewiththepassageof the1972Water Pollution Control Act.
Earlier actshad set goalsfor the protection of water quality and had
made funds available to help develop and construct wastewater
collection and treatment facilities. But the 1972 Act set the unprec-
edentedgoal of eliminatingall water pollution by 1985 and authorized
expenditures of $24.6 billion in research and construction grants.
New regulationswereal so established for industrial and agricultural
polluters. Theavailability of massivefederal fundingfor constructing
new or improving existing wastewater collection and treatment
infrastructure lessened the need to search for the most cost-effective
solution. Centralized SSSsand treatment facilitieshad beenthemost
commonly implemented wastewater management infrastructurefor
newly urbanizing areas prior to the passage of the 1972 Water
PollutionControl Act. Thenewly availablefederal constructiongrants
further solidified this standing for the next few decades.

Urban Wastewater Management: The Outlook for the Future

Urban wastewater management isat acritical junctureinthe United
States and elsewhere. Methods must again change in response to
urban development, population growth, and diminishing natural
resources. Based oninformationinrecent literature, currentresearch
focuses, and trends in the engineering and regulatory community,
three aspects of wastewater management are becoming increasingly
important now and will continue to be important in the foreseeable
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future devel opment of wastewater management. The three aspects
are decentralized wastewater management (DWM), wastewater
reclamationand reuse, and heightened attention towet-weather flow
(WWF) management. Currently, consideration of thesethreeaspects
inwastewater management planningisimprovingthefunctionality of
wastewater systems and creating sustainable alternatives to the
traditional centralized SSSs.

The reduction in recent years of federal grant money for the
constructionof wastewater collectionandtreatment systemsrequired
municipalitiesto search for cost-effective wastewater management
aternatives. In addition, federal legislation (e.g., the 1977 amend-
ments to the Clean Water Act) required communities to consider
alternativestotheconventional centralized sewer system, and finan-
cial assistance was made available. The requirement that municipal
andindustrial dischargesidentify cost-effectivewastewater manage-
ment sol utionshascurtailed thesometimesblind sel ection of central -
ized SSSs for newly urbanizing areas. And as stated earlier, since
World War Il newly urbanizing areas have been constructed with
lower density than the historical urban areas for which centralized
sewer systemswereoriginally designed. Theapplicability of central-
ized management conceptsin theseless-densely popul ated urbaniz-
ing areas is questionable. The factors of cost-effectiveness and
appropriateness have contributed to the development of alternative
wastewater management methodsincluding DWM technologies.

Decentralized wastewater management (DWM) is defined as
thecollection, treatment, and reuse of wastewater at or near itssource
of generation. A significantimprovement inthenewer decentralized
technologies compared to the decentralized privy vault-cesspool
system of thenineteenth century istheability tointegrate seamlessly
andeffectively withwater-carriagewasteremoval. Fromthepublic's
perspective, the primary deterrent to implementation of alternative
wastewater management technol ogieshasbeenthefear of alife-style
change. Most individuals desire wastewater management to be
unobtrusive, convenient, and not to require significant maintenance
effortsontheir part. Thenewer decentralized technol ogieshavebeen
developedtointegrate easily with traditional plumbing fixturesand
donotrequireasignificant life-styleadjustment. Essentially, thecore
components of DWM are the same as centralized collection and
treatment systems, but the applied technol ogiesaredifferent. Water-
carriageisstill prevalent, but thewastewater istreated on siteor near
the site and not transported to a central treatment facility.

Decentralized systems currently serve approximately 25 per-
cent of the U.S. population, and approximately 37 percent of new
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development. DWM systems have been shown to save money, to
promote better watershed management, and to be suitable for a
variety of site conditions. Research hasimproved the operation and
management of septictanksand devel opedinnovativeandimproved
on-site treatment technologies, e.g., intermittent and recirculating
packed-bedfiltration. Theresult hasbeentheincreasedimplementa
tionof DWM indevel oping urbanfringeareas, thesameareaswhere
centralized SSSswould likely have been implemented two decades
earlier if federal funding could have been easily secured.

From the policy making and regulatory perspective, the most
prominent concernabout DWM isthelack of abody of authority with
the appropriate powersto operate, manage, and regul ate the system
inthesamemanner asacentralized system. Creating suchamanaging
body wouldrequirechanging thestatusquothat hasexisted for many
years, somethingmany think isnot possible. Theprimary difficulty in
thenear futurefor DWM isanticipated to beovercoming theyearsof
institutional inertiabuilt up in favor of centralized SSSs. One addi-
tional issuehinderingtheimplementation of DWM technol ogiesisthe
l[imited basic designrequirementsavail abl e. Because of thenewness
of thecurrent decentralized technol ogi es, engineering textbooksand
manual sdo not yet have adequate coverageof theconcepts. A period
of several yearsis needed until the necessary information iswidely
availableand theideasbecomeincorporated into standard engineer-
ing practice.

The second wastewater management concept that will be im-
portantinthefutureiswastewater reuse. Wastewater reusegenerally
occurson site or at the end of acentralized collection and treatment
operation. The development of local and on-site wastewater reuse
technologieswill further encourage the use of DWM technologies.
DWM, coupledwithwastewater reuse, hasthepotential tobeahighly
cost-effectivewastewater management methodinlessdensely popu-
lated urbanizing areas. Increased reuse of wastewater at theend of a
centralized collectionandtreatment operationwill reducethedemand
for water resources, but will not, in general, promote the use of
alternativewastewater management options. Difficultieswithwaste-
water reuse include public perception of selected uses for the re-
claimed wastewater and the need to find economic usesof reclaimed
wastewater and waste products. Currently, reuse is more attractive
economically intheindustrial setting than in the residential setting.
But with growing populations and the future demands on potable
water inresidential areas, wastewater reusewill likely becomemore
economical inresidential areas.
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M anagingthequantity and quality of wet-weather flow (WWF)
isthefinal issueexpectedtosignificantly influencethedevel opment
of wastewater management inthefuture. Inthe nineteenth and early
twentieth centuries, WWF wasviewed asamechanismto cleansethe
urban area of built-up filth on roadways and in the sewers. WWF
gradually became viewed as wastewater when centralized SSSs
devel opedinto the wastewater management technology of choicein
the early twentieth century. Separate storm-water discharges were
observedto pollutewaterwaysand create nuisance conditions. Even
with some early recognition, it has taken the better part of the
twentieth century for the importance of WWF in water quality
degradation to become thoroughly documented. Currently, all wet-
weather induced discharges(e.g., combined-sewer overflow (CSO),
sanitary-sewer overflow (SSO), and separate storm-water discharges)
are known to have detrimental effects on receiving water.

In the late 1960s and throughout the 1970s, regulations were
enacted in response to the documented effects of WWF on water
guality degradation. The initial step was the 1972 passage of the
Federal Water Pollution Control Act Amendments, whichestablished
policiesfor controlling wastewater dischargesin an effort to protect
water quality and acknowledged storm water as significant. The
extension of the National Pollution Discharge Elimination System
(NPDES) to include municipal separate storm-water dischargesin
the1990sishavingasignificant effect on urban wastewater manage-
ment. The requirement of municipal and industrial storm-water
control andthecurrent direction of combined-sewer overflow (CSO)
and sanitary-sewer overflow (SSO) policies suggest the need to
reconsider past wastewater management methods and technol ogies
that were devel oped before storm-water discharges, CSO, and SSO
werewater quality concerns.

Due to the widespread problems of CSO, there has been a
massive effort to control or eliminate CSOs at the municipal, state,
and federal level. Theimproved understanding of combined-sewer
systems(CSS) hasrenewedtheinterestintheuseof centralized CSSs
intheUnited Statesand el sewhereunder specific conditions. Lessons
learned from past combined system problems have enlightened
current engineersandimproved theoperation of existing systems. For
example, CSSs can be planned for newly urbanizing areas of the
appropriatedensity totakeadvantage of new constructionto provide
adequate inline and offline storage and increased capacity at the
wastewater treatment facility. Inaddition, new construction of waste-
water treatment facilitiescould be coordinated with thenew CSSsto
accommodatetheincreased sludge-handling capacity required. The
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improved storage capacity coupled withimproved storm-water man-
agement would theoretically reduce CSO freguency.

The SSO problem has also come under scrutiny over the past
decade. Most SSOsarearesult of excessivegroundwater infiltration
and storm-water inflow (1/1) causing the sewer system to be over-
whelmed. Overflow structuresprovidethenecessary relief to protect
the integrity of the collection and treatment system, but have an
adverseeffect onthereceivingwater. Duringwet weather, asanitary-
sewer conduit taking on excessive |/l essentially operates as a
combined sewer. Millions of dollarsin fines against amunicipality
can accumulatefor SSO violations. | nvestigationsinto the causes of
the SSO and theimpl ementation of correctiveactionscouldal so cost
millionsof dollars. Thelevel of fundsrequiredto addressand correct
SSO problems suggests the need to reduce wet-weather induced I/1
in future wastewater management methods.

Studiesin the past have compared the performance of central-
ized combined- versusseparate-sewer systems. Theresultsfromthe
studies have shown combined and separate systems to discharge
similar quantities of pollutants over the long term, suggesting that
neither hasenvironmental advantages. Thisissimilar to the conclu-
sionsof Rudolph Hering'sreport to the National Board of Healthin
1880. The need for a careful economic comparison between com-
bined and separate systemsisvital now that sanitary advantagesare
not as apparent. An unbiased comparison of combined and separate
systemshasrenewedtheinterestin CSSs. Heaney et al., for example,
reported that CSSs may discharge a smaller pollutant load to the
recelving water than separate systemsin caseswherethestormwater
isdischarged untreated and the sanitary wastewater istreated effec-
tively. They presented an exampl ein southern Germany where CSSs
werebeing designedwithextensiveinfiltration componentstoreduce
the inflow of storm water to the drainage systems, reducing the
frequency and magnitude of CSO events. CSSs are also used in
Switzerland and Japan with similar results. In the United States,
similar micro-management techniquesarebeing usedtoimprovethe
performance of CSSs. Proper planning of micro-management con-
cepts, especialy localized storm-water detention, will improve the
performanceof new CSSs, makingthemmoreattractiveinthefuture.

Summary

In summary, the history of urban wastewater management in the
United States has an apparently circular tendency. Decentralized
waste management (DWM) concepts (e.g., privy vaults, cesspools,
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dry sewage collection) were predominantly used in urban and rural
areasuptothemiddleof thenineteenth century. During themiddleof
thenineteenth century, thedecentralized privy vault-cesspool system
became inadequate and was gradually replaced with centralized
water-carriagesewer systemsfor several reasons, whichwegrouped
intosix categoriesinthefirst part of the paper. Theuseof centralized
water-carriagehasbeenthepreferred wastewater management strat-
egy intheUnited Statesuptothepresent. Thecentralized technol ogy
of choice, however, has changed since the late nineteenth century.
CSSsweretheoriginal technology of choiceuntil theearly twentieth
century when the wastewater management paradigm shifted to in-
clude wastewater treatment. SSSs then replaced combined systems
asthetechnology of choice.

Centralized SSSs remain the preferred wastewater manage-
ment option in newly urbanizing areas today. However, dueto less
dense urban development patterns, DWM technol ogies have resur-
faced asviablealternatives. A better understanding of thefundamen-
tal treatment processeshasresulted inthedevel opment of innovative
decentralized technol ogies. Furthermore, technol ogiesfromthenine-
teenth century have been improved through the application of new
equipment, e.g., intermittent sandfiltration. Overall, therehavebeen
improvementsintheplanning, design, operation, and maintenanceof
DWM technologies compared to the privy vault and cesspool tech-
nologies of the nineteenth century, resulting in improved perfor-
mance. In addition to the resurgencein DWM, two other important
partsof futureurban wastewater management discussed in the paper
are wastewater reuse and wet-weather flow (WWF) management.
Based onthehistory of wastewater management and especially recent
trends, future urban wastewater management optionswill needto be
anintegrated combination of centralized and decentralized manage-
ment technol ogies with emphasis on reuse and WWF management.
Urbanwastewater management will also haveto continueto adjustto
population growth and distribution trends, changing devel opment
patterns, technological innovations, and many of the other societal
factorsthat haveinfluenced wastewater managementinthepast, that
areinfluencingittoday, andthat will continuetoinfluenceitinthefuture.

Critesand Tchobanoglous
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