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PREFACE

The purpose dheFailure to Actreport seriess to provide an objective analysis of
the economic implications for the United Stadégs continued underinvestment in
infrastructureThe four reportén the seriesvill assesgheimplicationsof the present
trends in infrastructure investmdnot the productivity of industries, national
competitiveness, arttie costs fohouseholds.

Everyfour yearsthe American Society of Civil Engineers (ASQOgLblishes
The Report Car astricture whichgeadedie audrent state o6f 15
national infrastructure categories on a scale tirAugh FA S CE 6 s Repabt0 9
Cardg a v e t h wasteveater andnnkisg-waterinfrastructureaDi. The present
reportanswes the questiorof how theconditionof the U.S.infrastructure system
affectseconomic performancén other words, how does @ @ffectAme r i ca 6 s
economic future?

The focus of this report is on the pipes, treatment plpotapingstations, and
other infrastructure that make then at i on 6 s p-watel ancwastawater k i n g
systems. Most public water and wastewater systems are owned and operated by local
or regional government agencies. Drinkiwgter systems may also be privately
owned and operated under contract with publenagesin accordance with the
definitions used by th®.S. Environmental Protection Agency (EPA),the pages that
follow we consider both types of systenso b e . @ p Mio Irthesoepastr |,
analyzegwo typesof infrastructure needs:

1. buildingnew infrastructure to service increasing populations and expanded

economic activityand
2. maintainingor rebuilding existing infrastructure that needs repair or
replacement.

This is the s e cKaiutoAadspriesThe fiistmepotSCE O s
Failure to Act: The Economic Impact of Current Investment Trends in Surface
Transportation Infrastructureencompassdsighways, bridges, raiand transit.
Subsequent reports will addresgergytransmissionas well asirports andmarine
ports.
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Executive Summary

EXECUTIVE SUMM ARY

Of all the infrastructure types, water is the most fundamental (ahigis
irreplaceable for drinking, cooking, and bathikgrms in many regions cannot grow
crops without irrigationGovernment offices, hospitals, restaurants, hpaeld other
commercial establishments cannot operate without clean Wébeeover,many
industrie® food and chemical manufacturing and power plants, for ex@mmeld
not operate withouheclean watethat is a component éhished products athat is
usedfor industrial processegr cooling Drinking-water systems collect source water
from rivers and lakes, remove pollutants, and distribute safe Wesstewater
systems collect used water and sewage, remove contaminants, and discharge clean
water back intdhe nat o mivers and lakes for future usé/et weather investments
such as sanitary sewer overfloywsevent various types of pollutants like sewage,
heavy metals, or fertilizer frotawns fromever reachinghewaterways.

However, hedelivery of water intie United Statess decentralizednd
strained Nearly 170,000 public drinkinrgvater systems atecatedacross théJ.S. Of
thesesystems54,000 are community water systems that collectively serve more than
264 million peopleThe remaining 114,008re nai community watesystemssuch
asthose forcampgroundsindschools Significantly, more than half of public
drinking-water systems senfewerthan 500 people.

As theU.S.population has increased, thercentagserved by publievater
systems haalsoincreasedEach year new water lines are constru¢tecbnnect more
distant dwellers to centralized systerosntinuing to add users to aging systems
Althoughnew pipes are being added to expand service ateaking-watersystems
degrade over time, Wi the useful life otomponent parts ranging from 1536 years.

Particularyi n t he countryds dankicgevaterci t i es,
infrastructure is old and in need of replacemEatlures indrinking-water
infrastructure can result in water diptions, impediments to emergency response, and
damage to other types e$sentiainfrastructureln extreme situationsaused by
failing infrastructure or droughtvater shortagemay result in unsanitary conditions,
increasing the likelihood gdublic halthissues

TheUnited State$asfar fewer public wastewater systems tttimking-water
system8 approximatelyl4,780 wastewater treatment facilities d8j739 wastewater
pipe systemas of 2008.In 2002, 98 percent of publicly owned treatmsygtems
were municipally owned Althoughaccess to centralizéteatmensystemss
widespread, the condition of many of these systerals@gpoor, withagingpipesand
inadequate capacity leading to the discharge of an estimated 900 billion gallons of
untreatel sewage each yedr.

The EPA estimate the cost othe capital investmenthat isrequired to

YEPA 2010.
2EPA 2002.
3 EPA 2004, as cited by ASCE 2009.
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Executive Summary

maintain and upgradgrinking-water and wastewater treatment systems across the
U.S. in 2010 as $91 billiotHowever, only$36 billion of this$91 billion neededvas
funded ,leaving a capital funding gap of nearly $55 billion.
Water infrastructure in thenited Statess clearly aging, and investment is not
able to keep up with the neéthiss t udy 6 s f i thdtinvesgment needs wik at e
continue to escala. As shown inTable 1,if current trends persist, the investment
required will amount to $126 billion by 2020, and the anticipated capital funding gap
will be $84 billion.Moreover, by 2040heneeds for capital investment will amount to
$195 billion aml the funding gap will have escalated to $144 billion, unless strategies
to address the gap are implementeth@intervening years to altéhesetrends.

Annual Capital Gap for Water Infrastructure in 2010, 2020,

.
wate ] * o040 (billions of 2010 dollars)

YEAR SPENDING NEED GAP
2010 36.4 01.2 54.8
2020 41.5 125.9 84.4
2040 517 195.4 1437

SOURCES Needs calculated from EPA (1997a, 1997b, 2001, 2003, 2005, 2008, 2009, 2010). Spending caleulated from CEO (2010)
and USCE (2011a, 2011b).

Effects on Expenses

Even with increasedonservation and costfective development of other efiency
methodsthe growing gap betwearapitalneeds to maintaidrinking-waterand
wastewater treatment infrastructure and investments to meet those ned#slwvill
result in unreliable water service and inadequate wastewater treatment.

Becauseapitd spending has not been keeping pace with needs, the resulting
gap will only widen through 2040. As a result, pipes will ldghlk, construction of the
new facilities required to meet stringent environmesii@hdardsvill be delayed,
addressing the gap Whecome increasingly moexpensive, and waters will be
polluted.

This analysis assumésat themounting cats tobusinesses arftbuseholds
will take the form of:

Doing nothing and living with water shortagasd higher rates (rationing
throughprice ircreases)majoroutlays by businesses and househotdsuding
expenditures incurred by moving to where infrastructure is still relipblehasing
and installing equipment to conserve water or recycle waelincreasing reliance on
seltsupplied wateand/or wastewater treatment (i.e., installing individual wells and
septic waste systems when municipal facilities and services are not available options);
and

Incurringincreased medical costs to address increases in-b@tee illnesses
due to unreliale delivery and wastewater treatment services
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Executive Summary

These responses to failing public infrastructure will vary by location,
household characteristics, and size and type of busigsenditures due to moving,
or frominstalling and operating new capital equigmbfor i s eupply0 areestimated
for households, commercial establishmeatsl manufactureryhesecostsare
estimated at $35,000 per household and $500,000a@liBdn for businesses
depending on size and water requirement, and are amortized@Gyears. Although
these expenditures are basedlmosts associated with safipply, the costs are
used to represent outlays by some households and businesses in response to unreliable
water delivery and wastewater treatment servitas study doesot assume that
companies or households move outside of the multistate region where they are now
located. However, movement across regional boundaries and relocation of businesses
outside of the U.S. is certainly a response that may be triggered bysilegrea
reliability of public water and sewer systerhluseholds and businesses thanhot
self-supply are assumed to absthb higher costs that are a consequence of
disruptions in water delivery and wastewater treatment due to worsening
infrastructureThe assumption for this category is that these households and
businesses will pay the $84 billion associated with the 2020 capital gap ($144 billion
by 2040) in terms of higher rate costs over and above thénegsmjected rates for
water and wastewaté&neatment.

Waterborneillnesseswill exacta price in additional household medical
expenditures and labor productivity due to sick time uSkd.EPA and th€enters
for Disease Contrand Prevention haveackedthe 30Gyear incidence of watdsorne
il nessescross the U.S., categorized the type of illnessas developed a monetary
burdenfor thosecasesThat burden is distributegohrtiallyto households (29 percent
as outof-pocket fees for doctor or emergency room visits, and other Hhedsisl
expenses leaving less for a household to spend on other purchasaajrdntb
employers (71 percentdue to lost labor productivity resulting from absenteeiEne.
monetary burden from contamination affecting the pyptavision systems over the
historical interval was $25hillion.

Overall summary of costs.The sum okstimated expenses to households and
businesses due to unreliable water delivery and wastewater tre&raleotvnin
Table 2.

Estimated Costs for U.S. Households and Businesses due to
Unreliable Water and Wastewater Infrastructure (billions of 2010 dollars)

TABLE () *

SECTOR COSTS, 2011-20 COSTS, 2021-40 COSTS, 2011-40
CUMULATIVE ANMNUAL CUMULATIVE ANNUAL CUMULATIVE ANNUAL

Households $59 36 3557 28 $616 $21
Businesses $147 $15 $1.487 $74 $1,634 $54
TOTALS $206 %21 $2,044 $£102 2,250 875

KOTE Numbers may not add due to rounding.

SOURCES EDR Group based on interviews, establishment counts, and sizes by sector from County Business Patterns, population forecasts

of the 1.5, Census, and forecasts of establishments and households provided by the INFORUM Group of the University of Maryland,

I—
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Executive Summary

Effects on the National Economy

By 202(Q thepredicteddeficit for sustaining water delivgand wastewater treatment
infrastructurewill be $84 billion.This may lead to $206 billion in increased costs for
businesses and househobddween now and 202 a worst case scenario, the U.S.
will lose nearly 70@00 jobs by 2020. Unless the infrastructure deficit is addressed by
2040, 1.4 million jobs will be at risk in addition to what is otherwise anticipated for
that year.

The impacts of these infrastructinedated job losses will be spread throughout
the ecoomy in lowwage middlewageand highwage jobsin 202Q almost500,000
jobs will be threatened isectors that have been traditional employers of people
without extensive formal educations or enteyel workers' Conversely, in generally
accepted higlend sectors of the economy, 184,000 jaliisbe at risk® Unless the
infrastructure gap is addressed, by 2@d@mpacts will put at risk almost 118illion
jobswithin basic sectotswhile a relatively stableet amounof 192,000 jobs in
knowledgebasedndustries may be jeopardizdd.this latter grouping, approximately
415,000 jobsill be threatened; howevemedical services are expected to grow
between 2020 and 2040 duednoreasingoutlays tofight waterborne illnesses.

The impacts on jobs aeeresult ofcoststo businesseand households
managing unreliable water delivery and wastewater treatment seAgcssow in
Table 3 between now and 2020, the cumulative loss in business sales will be $734
billion and the cumulative losstothenatié s economy wi | | be $416
Impacts are expected to continue to worsen. In the year 2040 alone, the impact will be
$481 billion in lost business sales and $252 billion in lost GBBreover the
situation is expected to worsen as the gap éetvwneeds and investment continues to
grow over timeAverage anual losses in GDP are estimated to be $42 billion from
2011 to 2020 and $185 million from 2021 to 2040.

4 Agriculture and food products, restaurants, laers hotels, transportation services, retail trade;
wholesale trade, utilities, construction, mining, and refining, other services and entertainment, and other
manufacturing.

® Transportation equipment manufacturing, knowledge sector services, media@semad technology
and instrument manufacturing.

® Assigning industries to high education dependent or no education dependent is, of course, a
generalization. Retail and wholesale operations include MBAs and computer programmers, while
hospitals includerderlies and technology companies employ janitors. Observations of the discussion
above were made on the basis of a preponderance of occupations in industries that drive the industries
and the nature of the product or service that is produced.

"®Buss nseasl esd® is being used to represent economic
including businesses sales, production added to inventory or destroyed, and budget expenditures for
nonprofit and public sector @thgeononicadttvitesitet [ GDPO

occur in the U.S. and is a better indication of domestic productivity. For example, a car assembled and
sold in the U.S. might include parts manufactured in Europe or Asia. In this example, the cost of foreign
made parts anthe transportation costs to transport those parts to the U.S. are part of the price of the car
and would be included in the sale price of the car (business sales). However, GDP includes only the
domestic assembly, whatever parts are manufactured in thettdr$portation costs that originate in

the U.S., and activities associated with the sale (or consignment to inventory/demolition) of the car.
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Executive Summary

TABLE 3 4 Effects on Total U.S. Business Sales and GDP due to Declining Water
Delivery and Wastewater Treatment Infrastructure Systems, 2011-40
(billions of 2010 dollars unless noted)
YEAR BUSINESS SALES GDP
Losses in the Year 2020 —$140 -$81
Losses in the Year 2040 - 5481 -$252
Average Annual Losses 2011-2020 -§73 -$42
| Average Annual Losses 2011-2040 - %251 -$137
‘ Cumulative Losses 2011-2020 - %734 —$416
| Cumulative Losses 2011-2040 -%7.5 Trillion - $4.1 Trillion
WOTE Losses in business sales and GDP reflect impacts in a given year against total national business sales and GDP in that year.
These measures do not indicate declines from 2010 levels.
SOURCES EDR Group and LIFT model, University of Maryland, INFORUM Group, 2011
L

The Role ofSustainable Practices

In all likelihood, businesses and households Wélforced to adjust to unreliable water
delivery and wastewater treatment service by strengthenstginable practices
employed in production and daily water uShe ®lutionsalready being put forward
and implemented in thenited Statesind abroad iciude voluntary limitations or
imposed regulationgoverningthedemand for water, as well s&hnologies that
recycle water fomdustrialandresidential purposgg.g.,using recycled shower water
for watering lawns These types gbolicies have redwethedemand for water and
wastewater, andhereforenave lessenettheimpacts on existing infrastructuréhe
most recent Clean Watersheds Needs Survey (EPA 2010) incorporates new
technologies and approaches highlighted for wastewater and stormwaercedi
treatment, reclaimed wastewater, and green infrastrud¢tucentrast, the most recent
Drinking Water Needs Survey (EPA 2009) does not include new technologies and
approaches, such as separate potabl@anplotablevater and increasing efficiensie
American businesses and househadlalige been using water more efficiently
and they can continue to improve their efficiency during the coming dedssles
shown infigure 1,though the U.S. population has continued to grow steadily since the
mid-1970s total water use has been lev@verall,U.S.per capita water use peaked in
the mid1970s, with current levels being the lowest sitmee1950sThis trend is due
to increases ithe efficiency of industrial and agricultural water use and is refleicted
an increase in the economic productivity of w&t€hese trends in industrial water use
can beexplained by a number of factoor example, several watattensive
industriessuch as primary metal manufacturing and paper manufacthang
declinedin the U.S.thereby reducing water withdrawa@therindustrieshavefaced

8 pacific Institute (2009).
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Executive Summary

more stringentvater quality standards under the Clean Water Act, which may have led
to the implementation of technologies or practices that save Water.

FIGURE 1 * Water Use and Population in the United States, 1950-2005

WITHDRAWALS
POPULATION

0 0
1950 1955 1960 1965 1970 1875 1980 1985 1990 1985 2000 2005
B Total Withdrawals (billions of gallons per day) B Population (millions)

SOURCE 1.5, Geological Survey.

Nationally,water usan the homehas remained stable since the 1980s.
Efficiency and conservatiogffortshave reduced per capita household congiompn
some states and regiomomestic water use has become more efficient through the
use of new technologies such as wafécient toilets that use onthird of the water
of older toilets. In additiomew technologies and approaches may reduce future water
infrastructure needs. For example, many cities have recently adopted green
infrastructure approaches to wet weather fimermanagement. Green roofs, grassy
swales, and rain gardens, for example, are used to capture and reuse rain to mimic
natural water systems. Such techniques often provide financial savings to
communities.

Nevertheless, demand management and sustaipiauiéces cannot solve the
problem alone. fiese efforts are countered by increasing populations in hot and arid
regions of the countdy including the Southwest, Rocky Mountains, and Far @/est
where there is greater domestic demand for outdoor watef use.

In this study, a second scenario was, mhich assumed thabere would be general
adjustment by businesses and households as the capital gap wdrsémedcenario,
negative economic impacts mount for about 25 yeamsughly 201135, though at a

°Kenny et al. (2009).
19 pacific Institute (2009); USCB (2000, 2010).
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Executive Summary

slower pace than the earlier scenai@nd then abate as increasing numbers of
households and businesses adjust to the reality of deficient infrastrurtiuding net
losses of 538,000 jobs by 2020 and 615008 by 2040.In this scenario, job losses
peakat 800,00G0 830,000 in the years 20682.

In addition, GDP would be expected to fall by $65 billion in 2020 and $115 billion
in 2040. The lowest points in the decline in GDP would be in ZBR9wvhen losses
would exceed $120 billion annually. Afteax personal income losses under this
scenario are $87 billion in 2020 and $141 billion in 2040, which represents a rebound
from $156 billion $160 billionn annual losses in the years 2030.

The Objectives and Limits of This Study

The purpose of this studg limited to presenting the economic consequencekeof
continuing undef nvest ment I n Amer i c aomvet weathérer ,
managemensystems.It does not address the availability or shortages of water as a
natural resourcer the cost of develping ard harnessing new water supplidsining

water delivery and wastewater treatment infrastructure thig¢hcosts of developing

new water supplies is an appropriate and important subject for a more extensive
follow-up study.This report assumes thatetlcurrent regulatory environment will
remain in place and no changes to current regulations will demally, this workis

not intended to propose or imply prescriptive policy chandéswever, many
organizations and interest groups, including ASCE tinae to engage with policy

makers at al | l evel s of gover nment t o
problems.
Conclusion

Well-maintained public drinking water and wastewater infrastructure is critical for
public health, strong businesses, alehn rivers and aquifers. Up to this moment
American households and businesses have never had to contemplate how much they
are willing to pay for water if it becomes hard to obtain.

This report documents that capital spending has not been keeping fraceeus for
water infrastructure, and if these trends continue, the resulting gap will only widen
through 2040. As a result, pipes will leak, new facilities required to meet stringent
environmental goals will be delayed, O&M will become more expensivewaiters
will be polluted.

There are multiple ways to partially offset these negative consequences.
Possible preventive measures include spending more on existing technologies,
investing to develop new technologies and then implementing them, and changing
patterns in where and how we live. All these solutions involve costs. Separately or in
combination, these solutions will require actions on national, regional, or private
levels, and will not occur automatically.
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1: Introduction

1 | NTRODUCTION

The analysis presented img report illustrates how deficiencies in water delivery,
wastewater treatmerdandwet weathemanagemennfrastructure affect the.S.

economy and will continue to do so in the futdrkereportseekdo highlight not

only how deficient watesystemsmpose costs on households and businesses but also
how these costaffectthe productivity and competitiveness of industredsng with

the welltbeing of households he report includes the following topics:

anoverview of water delivery and wastewateratment infrastructure
waterdemand by region arttie segmentation of consumers
theshortfallin infrastructure investment
the regionalmplicationsof this shortfall,
anoverview of the methodology employed to assess economic
performanceand
1 theimplications oftheshortfallin infrastructure investment forational
economic performance

The final sections include conclusions, a discussiappbrtunities fofuture
researchthe sources and methodology used, anknowledgments

The basis for the enomic analysis is documentation provided by the EPA in
studies andlatabasedeveloped from 1995 through 2QX@searclby industry groups
such as the American Water Works Association and the National Association of Water
Companiesandscholarshify and interviews with engineers and other experts on
water ancsewersThe need to maintain the existing water dsty, wastewater
treatmentandrelatedsystems have significant implications for industry
competitiveness and performance, aigb thestandard of living of households.

1.1 The Objectivesand Limits of this Study

The purpose of this study is limited to presenting the economic consequences of
continuingtrend ofunder nve st ment i nandastewatecsgstesl. wat er
does not address tlwailability or shortages of water as a natural resoarcéecost

of developing and harnessing new water suppliesjtashot intended to propose or

imply prescriptive policy changes.

Water and wastewater capital spending by federal, state, @ddjtmvernments
has increased consistently since 196& difficult to predict future levels of capital
spending because a wide range of factors will exert an influence over the coming
decadesSpending will be impacted by the degree to which infragtracactually
fails, or is predicted to fajilin the near futuren addition, capital spending will rise to
meet requirements from new laws and regulati®egional growth differences in
future population and economic activity will also impact the atiooeof future
capital spendingAdditionally, funding trends are strongly influenced by political will.
Without attempting to model the numerous complicated factors listed above, a linear

E N g E
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1: Introduction

projectionbased on historical dapaovides a reasonable lotgrmtrend that is
consistent with past patterns.

The most important challenge assessing the economic consequences of
unreliable water and wastewater serugcthat economic data and tools to manipulate
thosedata are not readily availab@iven thislimited information assumptionare
required to weigh the responses of businesses and households when faced with
deteriorating water and sewer service due to failing infrastructure.

Alternativesfaced by consuming households and businesses are not feasible
a nationalevel. One or more of thesaternativesnay be viable for individual
companies or householdiependingnthelocation and scale of services needed.
Thesealternativesare, however, unrealistic as leversalter system capacity and
reliability issuesnationwide.Today,alternativesare summarized by:

1 Adopting furthersustainable practiceésroughchanges in activity

processes, or installation of new equipnient

1 Doing nothing and living with watedelivery disruptionsnd increaseg
incidenceof contaminatiordue to unreliable delivery and wastewater
treatment services and higher rates (ratiotilmgughprice increases)

1 Significantly increasing reliance dgselfs u p pfdr wader supply and/or
wastewater treatment (i.e., building individualis and septic waste
systems when municipal facilities and services are not available options);
and

1 Moving to where water and wastewater services are not hindered by failing
infrastructure or move to an area where sslfpply is permitted and
practicable

The effectiveness of these responses to failing public infrastructure will vary
by location, sizeand type of businesBor example, private well and septic
installations are notery likely to occur in citiesdue to environmental and regulatory
factors. Moreover,water supplyconditionsvary widelyby location.For example, in
most of California it is virtually impossible &eli-supplywater, but it is possible to
selfsupply wastewater treatmei.additiontot oday és t echnochhogy, co
address a portion dhesupplyproblem, buby itselfit is not a societal solution to the
broader problem adiging andhedecliningperformance omunicipalinfrastructure.

All these options, however, generatddedcosts for households and business
estdlishmentsFor the purposes of this study, the cost of-sefiply is estimated for
households, commercial establishmeatsl manufacturers, and is usela basis to

1 Overall, pe capita water use is already down in the U.S. It had peaked in the9m@s$, and current

levels are now the lowest since the 1950s. This trend is due to increases in the efficiency of industrial

and agricultural water use and is reflected by an incieabe economic productivity of water (Pacific

Institute 2009). In contrast, per capita water use in the home has remained stable since the 1980s (Kenny
et al. 2009). Efficiency and conservation have reduced per capita household consumption in some states
and regions, but these efforts have been countered by increasing populations in hot and arid regions of
the country including the Southwest, Rocky Mountains, and Far Wedtere there is greater

domestic demand for outdoor water use (Pacific Institute 208€B 2000, 2010).
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1: Introduction

estimate the range of addeaiststhat might be incurred by any of these other
alternaives

Households and businesses twatld or couldnot self-supply (or move, or
obtain watetconserving equipment) are assumed to abdwrbigher costs that are a
consequence of disruptions in water delivery and wastewater treatment due to
worsening ifrastructureThese costs are assumed to be the size of the capital funding
gap, which under present investment trends is expected to reach $144 billion by 2040
unless it is addressed earli€he underlying assumption for this cost is thatghees
of water and wastewater treatment will increase as services need to be rationed to
stretch the effectiveness of the infrastructure in overcoming the capitalgjag.the
gap to reflect higher costs reflects the concept of rationing by. price

Summary data ahexpert interviews were used to construct national and
multistateregional estimates of costsey sources includanalyses conducted by the
EPA andother researcto estimate the capital funding gap and demand by sector and
region;theAmerican WaterWac s Associ ationb6s 2010 Water
Survey, which is a sampling of utility data by size and user class; and interviews to
broadly approximatée capital ancperations and maintenancests of private
systems.

As this study is limited to theconomic consequences of current investment
trends, it does not include the potential economic impacts and benefits of construction
to close the gap between trends and identified néedanalysis that includes the
economic impacts of construction and hogw investment will affect economic
performance will vary depending on the mix of solutions that are implemented.
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2: Overview of Water Infrastructure

2 OVERVIEW OF WATER
| NFRASTRUCTURE

2.1 Drinking -Water

Nearly 170,000 publidrinking-watersystems are found across the Unitéatés Of
these, 54,000 are community water systems that collectively serve more than 264
million people.Community water systems are those that serve more than 25 people a
day,all year roundThe remaining 114,000 systems areirc@mmunity water
systemssuch aghose forcampgroundsindschoolsOnly 43percentof community
water systems are publicly owne38 percentareprivate, and the balanege
maintained by entities whose primary purpose is something other than water provision
(EPA 2002).

As shownin figure 3,the number of people who supply their own water using
domestic wells and springs has remained steady since H86®ver, as the
population has increased, thercentagef the population served by public systems
has increasedhis increasevas about dercentper five years from 195 1965, but
since the publicly supplied population reacheg8frentthe increase has slowed to
aboutl percentper five years.
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2: Overview of Water Infrastructure

FIGURE 2 & U.S. Population Served by Public Drinking-Water
and by Self-Supply, 1950-2005 (millions)
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SOURCES MacKichan (1951, 1957); MacKichan and Kammerer (1961); Murray (1968); Murray and Reeves (1972, 1977); Solley, Chase,
and Mann (1983); Solley, Merk, and Pierce (1988); Solley, Pierce, and Perlman (1993, 1998); Hutson et al. (2004); Kenny et al, (2009),

This trend is largely explained by a migration to céi¢ke rural population
was 36percentof the total in 1950 but dropped to aiércentoy 2010.Additionally,
each year new water lines are constructed, connecting more distant dwellers to
centralized systems.

Althoughnew pipes are being added to expand service ateaking-water
systems degrade over time, with the useful life of component parts ranging ftom 15
95 yearqTabled).Especi ally in the coudrinhkingwaer ol der
infrastructure is old anith need of replacemerftailures indrinking-water
infrastructure can result in water disruptions, impediments to emergency response, and
damage to other types of infrastructure (ASCE 2008 extreme situations, water
shortages, whether caused by failing infrastructure or by drought, may result in
unsanitary conditions, leading to public health conceBrsken water mains can
damage roadways and structures and hindecéirgrol efforts.Unscheduled repair
work to address emergency pifaluresmay cause additiondisruptionsto
transportation andommerce.
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TABLE 4: * The Useful Lives of Drinking-Water System Components

COMPOMNENT USEFUL LIFE (YEARS)
Reservoirs and dams 50-80
Treatment plants—conecrete structures 60-70
Treatment plants—mechanical and electrical 15-25
Trunk mains 65-95
Pumping stations—concrete structures 6070
Pumping stations—mechanical and electrical 25
Distribution 60-95

SOUREE EPA (2002, table 2-1).

2.2 \Wastewater

There are fewer public wastewater systems tharking-watersystemsin 2008,
14,780 wastewater treatment facilities and 19,739 wastewater pipe systems were
operational across the U.&£RA 2010).In 2002, 98oercentof publicly owned
treatment works were municipally owndelRA 2002).

Althoughaccess to centralized treatment is widesp(Eaglre 3, the
condition of many of these systems is poor, wiingpipesand inadequate capacity
leading to the discharge of an estinda®®0 billion gallons of untreated sewage each
year EPA 2004 as citedoy ASCE 2009).
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FIGURE 3 & U.S. Population Served byl Publicly Owned Water Treatment

Works, 1940-2008 (millions)
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KOTE In addition to the population served by publicly owned treatment works, this figure also shows population with raw sewage
digcharges. This figure does not show population served by onsite wastewater treatment systems.

SOURCES EPA 2010, figure ES-2, which references U.S. Public Health Service and EPA Clean Watersheds Needs Surveys.

Beforeabout 1950, it was a common practice to construct systemdirbetied
wet weatherunoff into combined sewer systems, mixutigcharges known asget
weathe overflows (WWOs)with sanitary sewagélany of these combined systems
are still in use todayWhen aggravated by heavy rain and snowmelt, increased runoff
overwhelms the sewer system, resulting in the release of the combined sewage and
stormwater direcyl into streams througWOs. In addition, WWOsalso result in the
discharge of untreated sewaget due to aging infrastructure rather than by design
During wet weatheMVWOs allow groundwater to seep into pipes, potentially causing
a system overload\s more systems approach and surpass their effective life spans
(Table 5, WWO events become more common.
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TABLE 5 * The Useful Lives of Wastewater System Components

COMPONENT USEFUL LIFE (YEARS)
Collections 80-100
Treatment plants—concrete structures 50
Treatment plants—mechanical and electrical 15-25
Force mains 25
Pumping stations—concrete structures 50
Pumping stations-mechanical and electrical 15
Interceptors 90-100

SOURCE EPA (2002, table 2-1).
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THE OVERALL WATER AND
WASTEWATER |NFRASTRUCTURE
GAP

The 30-year capital needs for maintaining and expandindJtimei t e d wefet at e s 0
delivery systems, wastewater treatment plaartd sanitary and storm sewer systems
range from approximately $91 billion in 20%6 $126 billion in 2020to $195 billion

by 2040.These estimates acensiderabhjhigher than previousne® becausehey
accaintfor escalated costs, previousunderreporting of local needs by commiest
anextension of analysis from 20 3 years of needs, and a more detailed study of the
needs to address raw sewégig dischargettom combined sewage overflows

These edtnates are primarily drawn from the following calculations of B

1 Nationaldrinking-waterneeds (DWNs) ovez0 yeass, which the agency
has updated evedyyears from 1995 through 200Fhe DWNSs are based
on water quality problems, or watgquality-related public health problems
that existedvhen the reports were releasedthat were expected to occur
within the next 20 year&.or example, the needs identified in the 2007
DWN's are those expected from 2007 through 2626.

1 National clean watershedegsover20 years which the agency has
updated every years from 1996 through 200Bhe 20-year need for a
given year refers to the amount required for investment over thdext

21n our analysis, we calculate capital spending separately for federal, state, and local governments and
for privatized systems. Government expenditures are available since 1956; however, privatized capital
expenditures are only avdile starting in 1998. Both are projected into the future using a simple
continuation of past trends, and the sum represents total capital spending for dsiaténg

infrastructure across the U.S. Drinkimgter capital spending by federal, state, andllgogernments

has increased consistently since 1956. Drinkirager capital spending by privatized systems is much
smaller, and averaged between 12 and 16 percent of the total between 1998 and 2007. It is difficult to
predict future levels of capital spend because a wide range of factors will play unpredictable rolls

during the coming decades. Spending will be impacted by the degree to which infrastructure actually
fails or is predicted to fail in the near future. In addition, capital spending willciseet requirements

from new laws and regulations. Demographic changes like population increases, and economic changes
like expanding local economies, will also impact future capital spending in particular regions.
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years.For example, the 2004 value indicates that the capital need in the
years 200423 would total $200 billiort?

As documented by EPA20year capital needs for water distribution have
increased dramatically since 199%%apital stock needs farinking-waterare largely
to address pipes (transmission and distribution linesatment systems, storage, and
source* The pipes thatonstitutethe transmission and distribution netwarkver
more than half the needs falrinking-water infrastructure.EPA (2002) applies a
simple aging modeto pipes (normal distribution) in th&0 cities studied bythe
American Water Works AssociatioAccording to this model, the peak replacement
need percentage will occur between 2030 and 2040.

Clean watershed needs (C\3jNre based on water quality problemsater
quality-related public healthrpblems that existed on January 1 of GheVN sddte, or
that were expected to occur within the n2@t/ears.For example, the needs identified
in the 2008CWNsare those expected from 2008 through 2@ 7the other sectors,
WWOs constitutethe largest paion of the wastewater anvdet weatheneeds; the
need foWWOs has remained relatively constant since 1896ontrast, several types
of needs have increased consideraBbth categories related to the treatment plants
themselved secondary treatment dmdvanced wastewater treatnéeiiave rising
needsThe needs related to the construction of new pipes are also Tibageeds for
wet weathehandling increased dramatically between 2004 and 2008, likely reflecting
the new Phase 2 MS4 requirements begjan to take effect across the country in the
early 2000s

3.1 Capital Needs,201040

Fordrinking-water, wastewater, and storm watégure 7 presents past and projected
spending (blue bars) and the capital gap that is likely to occur should futacBrepe
follow this path.As shown inTable6, the overall capital gap for water

infrastructuré® which includegdrinking-water, wastewater, aneet weathed is
already significant$54.8 billion in 2010If spending increases at the modest but
historically corsistent rate shown iRigure4, the gap will increase to $84.4 billion by
2020 and $143.7 billion by 2040 (in constant 2010 dollars).

13 Thirty-year needs are estimated hyirfig a straighine projection based on historical spending data
and needs data that are documented, and spending ae@20eeds data projected by the EPA.

“The fisourced category includes needs fraw constr uc
water pumping facilities, drilled wells, and spri
category includes raw water reservoirs or dams.
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Overall Annual Capital Gap for Water Infrastructure in 2010, 2020,
and 2040 (2010 dollars in billions)

TABLE 6 *

YEAR SPENDING MEED GAP
2010 36.4 01.2 54.8
2020 41.5 125.9 84.4
2040 51.7 195.4 1437

SOURCES Needs calculated from EPA (1997a, 1997h, 2001, 2003, 2005, 2008, 2009, 2010). Spending calculated from CBO (20100 and
USCE (2011a, 2011b). Consumer price index adjustment from BLS (2011,

Additional factors may result in additional costs in the futat@ch are not
considered in this gap analysi$iese my includethe consequences of climate
changé water shortages, flood damage to infrastructamejinfluxes of saltwater in
nearcoast aquifersand alsahe need to construct and operate more technologically
advanced and energiptensive treatment facilésd wastewater recyclingheremoval
of newly regulated contaminants, and desalination (Anderson 2010).

The gap analysis for routirgperationsand maintenance (O&M) needs
indicates that if O&M spending continues to increase at a rate similar to the past,
spending should keep pace with needs, and no gap should daeis. an
unsurprising outcome, given that O&M needs are generally funded through user fees
and rate increasekatareintroducedo cover rising O&M costsThis result is also
consistenwiththeEPAO s gap analysis, which found t he
rates would be generally sufficient to pay for increasing O&M needs 2002).

However, a special burden will be placed on households and businesses in cities that
have experienakpopulation declineduringthe last haHcentury.

O&M expenditures for botdrinking-waterand wastewater treatment
infrastructure have increased steadily over the last several decades, with spending
increasing more rapidly in the recent pd$te American Water Works Association
(AWWA) hasnamedhis the Dawn of the Replacement Era, with the wave of
increased spending predicted to last 30 years or more (AWWA 204 earliest
pipes installed in the latE9thcentury have an averatife spanof about120 years,
but pipes installed after World War Il have a shdliferspar® about 75 years
(AWWA 2001).For this reason, several generations of pipe will reach the end of their
usable life withina coupleof decadeswWater mains must be replaced regardidsbe
number of current users, abhdcaus®©&M needs arefulfilled by taxpayersa smaller
population translates to higher per capita replacemerd ¢dso, small and rural
water utilities will experience highd¢hanaverage per capita replacement costs to
the impact of lack ofeconomies of scale (AWWA 2001).
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FIGURE 4: & Overall Capital Investment Gap for U.S. Water Infrastructure,

1956-2040 (billions of 2010 dollars)
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SOURCES Needs caleulated from EPA (1997a, 1997h, 2001, 2003, 2005, 2008, 2009, 2010). Spending caleulated from CEO (20100 and
USCB (2011a, 2011b). Consumer price index adjustment from BLS (2011}, Projections by Downstream Strategies and EDR Group.

Table 6shows the difference in needs, expected investmamisexpected
gaps fordrinking-waterand wastewater treatment for 2010, 202td 2040Total
needs fodrinking-waterdelivery nfrastructureareestimated to have been $35 billion
in 2010, and escalate to $48 billion2920and $74 billion by 2040 (all valuesein
2010dollarg. Althoughmore than halbf drinking-waterneedsverefunded in 2010
(58 percenbf thetotal need)the dollars expectetd be investedall to under 50
percentof thetotal need by 2020 and to #@rcentoy 204Q In looking atthe
wastewater treatment infrastructure, the estimate of total need in 2010 is $40 billion,
escalating to $78 billion in 2020 @io nearly $122 billion by 204However, in
2010, less than 3fercentof wastewater infrastructure needs were met, and this ratio
of investment to total need is expected to fall tp2&entoy 2020 ando 18 percent
by 2040.

Overall, under present npeumption trends and technologies, the U.S. will need
$126 billionin investmenfor water and wastewater treatment infrastructure by 2020
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and $196 billion by 204However, based on current investment patternky, 33
cents on the dollar will be fundeéa 2020, falling to 26 cents by 2040.

FIGURE 5 * Expected Wastewater Treatment and Drinking-Water Infrastructure

Needs and Investments in the U.S., 2011, 2020 and 2040

(billions of 2010 dollars)
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SOURCES Needs caleulared from EPA (19972, 1997h, 2001, 2003, 2005, 2008, 2009, 2010). Spending caleulated from CEO (2010) and
USCE (2011a, 2011b). Consumer price index adjustment from BLS (2011). Projections by Downstream Strategies and EDR Group.

EPA documents historical capital spending and trends inyear time spans
for water delivery investments (199507) and wastewater treatment infrastructure
(1996 2008).In constant 2010 dollars, historical trershowfederal, stateand local
government investments in water delivery risloiyg64 percentfrom 1995to 2007 and
in wastewater treatmenystems by 43 percefiom 1996to 2008.However giventhe
aging of current infrastructure coupled with nationgbylation growth, total capital
needs increased by §ércenffor drinking-waterand 115percentfor wastewater
treatmentduringthe same periodé&s shownin Table 7 this gap is expected tme
further exacerbateby 2040.

On a trendsextended basis, capl spending for water delivery and wastewater
treatment infrastructure is expected to continually increase from now to12040.
constant 2010 valy¢he data available from the mitB50sshowthat capital spending
for water delivery has grown from $6 limh in 1956 to $21 billion in 2007
Similarly, capital spending for wastewater treatment infrastructure was $4 billion in
1956and $18 billion in 2007These trends implgninvestment of $30 billion for

'% Although data on spending are available from the-h8iB0s, total needs are documented from the
mid-199 0s. The 0 gaipadbalspending]t ot al needs
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drinking-waterand $22 biion for wastewater b2040 Figures6 and7). Although

capital investment in upgraded water and wastewater treatment infrastructure is
expected to increase through 2040, needs, and therefore the capital spending gap is
expected to grow at a faster rate than spending over theg®&0 years.
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