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Preface 

A , ccording to experts from the Environmental Protection Agency and various nonfed- 
eral groups, the nation's drinking water and wastewater systems face increasing challenges over 
the next several decades in maintaining and replacing their pipes, treatment plants, and other 
infrastructure. But there is neither consensus on the size and timing of future investment costs 
nor agreement on the impact of those costs on households and other water ratepayers. 

The Congressional Budget Office (CBO) has analyzed those issues at the request of the Chair- 
men and Ranking Members of the Subcommittee on Water Resources and Environment of 
the House Committee on Transportation and Infrastructure and the Subcommittee on Envi- 
ronment and Hazardous Materials of the House Committee on Energy and Commerce. This 
study provides background information on the nation's water systems, presents CBO's 
estimates of future costs for water infrastructure under two scenarios—a low-cost case and a 
high-cost case—and discusses broad policy options for the federal government. In keeping 
with CBO's mandate to provide objective, impartial analysis, this report makes no recommen- 

dations. 

The study was written by Perry Beider and Natalie Tawil of CBO's Microeconomic and 
Financial Studies Division, under the supervision of David Moore and Roger Hitchner. 
Many people within CBO and outside it provided valuable assistance; they are acknowledged 

in Appendix D. 

A£V 
Dan L. Crippen 
Director 

November 2002 

This study and other CBO publications 
are available at CBO's Web site: 

www.cbo.gov 
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Summary 

w W/  Wat ater industry authorities and analysts believe 
that maintaining the nation's high-quality drinking water 
and wastewater services will require a substantial increase 
in spending over the next two decades. They point to 
many types of problems with existing water infrastruc- 
ture, including the collapsed storm sewers in various 
cities, the 1.2 trillion gallons of water that overflows every 
year from sewer systems that commingle stormwater and 
wastewater, and the estimated 20 percent loss from leak- 
age in many drinking water systems. 

But the amount of money needed for future investment 
in water infrastructure is a matter of some debate, and 
various estimates have been developed. The "needs sur- 
veys" of drinking water and wastewater systems con- 
ducted periodically by the Environmental Protection 
Agency (EPA) provide one measure of potential invest- 
ment costs. Others are offered by groups such as the 
Water Infrastructure Network (WIN) and the American 
Water Works Association. The Congressional Budget 
Office (CBO) has also analyzed future costs for water 
infrastructure and presents its estimates here as low-cost 
and high-cost scenarios, illustrating the large amount of 
uncertainty surrounding those future costs. 

In the debate about future investment in water systems, 
both the amount of money that will be needed and the 
source of those funds are at issue. Advocates of more 
federal spending have argued that estimates of the differ- 
ence between future costs and some measure of recent 
spending —the "funding gap"—justify increased federal 
support. However, higher future costs could be funded 
from many sources and are not necessarily a federal 
responsibility. 

The federal government currently supports investment 
in water systems through several programs. They include 
state revolving funds (SRFs) for wastewater and drinking 
water, which receive capitalization grants through appro- 
priations to EPA; loan and grant programs of the Depart- 
ment of Agriculture's Rural Utilities Service; and the 
Community Development Block Grants administered by 
the Department of Housing and Urban Development. 
Notwithstanding those and various smaller programs, the 
large majority of the funding for drinking water and 
wastewater services in the United States today comes from 

local ratepayers and local taxpayers. 

Ultimately, society as a whole pays 100 percent of the 
costs of water services, whether through ratepayers' bills 
or through federal, state, or local taxes. Federal subsidies 
for investment in water infrastructure can redistribute the 
burden of water costs from some households to others. 
However, subsidies run the risk of undermining the in- 
centives that managers and consumers have to make cost- 
effective decisions, thereby retarding beneficial change in 
the water industry and raising total costs to the nation as 
a whole. 

CBO's Estimates of Future Costs 
for Water Infrastructure 
CBO estimates that for the years 2000 to 2019, annual 
costs for investment will average between $11.6 billion 
and $20.1 billion for drinking water systems and between 
$13.0 billion and $20.9 billion for wastewater systems 
(see Summary Figure 1). 
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Summary Figure 1. 

CBO's Estimates of Annual 
Investment Costs for Water 
Infrastructure 
(Billions of 200 Idollars) 
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Source: Congressional Budget Office. 

a. Average annual costs for the 2000 to 2019 period. 

CBO also projects that annual costs over the period for 

operations and maintenance (O&M), which are not eli- 

gible for aid under current federal programs, will average 

between $25.7 billion and $31.8 billion for drinking 

water systems and between $20.3 billion and $25.2 bil- 

lion for wastewater systems. (Unless otherwise noted, all 

costs in this study are in 2001 dollars.) For its estimates, 

CBO chose the 2000 to 2019 period to simplify compari- 

sons with earlier estimates developed by the Water Infra- 

structure Network, a coalition of groups representing ser- 

vice providers, elected officials, engineers, construction 

companies, and environmentalists. Data on actual spend- 

ing in 2000 and 2001 are not yet available. 

CBO's estimates of future investment and O&M spend- 

ing under two different scenarios—a low-cost case and 

a high-cost case—are intended to span the most likely 

possibilities that could occur. The range of estimates re- 

flects the limited information available at the national 

level about existing water infrastructure. For example, 

there is no accessible inventory of the age and condition 

of pipes, even for the relatively few large systems that 

serve most of the country's households. That lack of 

adequate system-specific data compounds the uncertainty 

inherent in projecting costs two decades into the future. 

Indeed, given the limitations of the data and the uncer- 

tainty about how future technological, regulatory, and 

economic factors might affect water systems, CBO does 

not rule out the possibility that the actual level of invest- 

ment required could lie outside of the range it has esti- 

mated. 

Under each scenario, the estimates are intended to repre- 

sent the minimum amount that water systems must spend 

(given the scenario's specific assumptions) to maintain 

desired levels of service to customers, meet standards for 

water quality, and maintain and replace their assets cost- 

effectively. However, the estimates exclude certain cate- 

gories of investment. Because water systems are still devel- 

oping estimates of the costs for increasing security in the 

wake of the September 11 attacks, the estimates do not 

include those expenses—but preliminary reports suggest 

that security costs will be relatively small compared with 

the other costs for investment in infrastructure. Also ex- 

cluded from the estimates is investment by drinking water 

systems to serve new or future customers. Such projects 

are generally not eligible for assistance from the SRFs and, 

hence, are not covered in EPA's needs survey. 

CBO's estimates measure investment spending in costs 

as financed rather than in current resource costs, the 

yardstick that economists typically use. Costs as financed 

comprise the full capital costs of investments made out 

of funds on hand—that is, on a pay-as-you-go basis— 

during the time period being analyzed and the debt ser- 

vice (principal and interest) paid in those years on new 

and prior investments that were financed through bor- 

rowing. In contrast, current resource costs include the 

investments' capital costs, regardless of how they are paid 

for, and exclude payments on past investments. Current 

resource costs are more suitable than other measures of 

investment for analyzing whether society is allocating 

resources efficiently—for example, in assessing the costs 

and benefits of water-quality regulations. But CBO's 

present analysis takes goals for water quality and services 

as a given and focuses on the financial impact of meeting 

those goals. For that purpose, measuring costs as financed 

is more useful than measuring current resource costs 

because the former better indicates the burden facing 

water systems and their ratepayers at a given time. 
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Summary Table 1. 

15.0 5.0 

Assumptions Used in CBO's Low-Cost and High-Cost Cases  
Low-Cost Case     High-Cost Case 

Capital Factors 

Savings from Increased Efficiency by Drinking Water and Wastewater Systems (Percent) 
Drinking Water Systems 

Annual percentage of pipes replaced 
Average annual cost for regulations not yet proposed (Billions of 2001 dollars) 

Wastewater Systems 
Annual percentage depreciation 
Share of investments in EPA's needs survey for replacing existing capital (Percent) 
Average annual cost for abating combined sewer overflows (Billions of 2001 dollars) 

Financing Factors 

Real (Inflation-Adjusted) Interest Rate (Percent) 
Repayment Period 
Pay-As-You-Go Share of Total Investment (Percent) 

0.6 1.0 
0 0.53 

2.7 3.3 
25.0 15.0 
2.6 5.4 

3.0 4.0 
30 years 25 years 

15.0 30.0 

Source: Congressional Budget Office. 

How CBO Derived Its Estimates 
CBO derived its estimates of investment following the 
basic approach—including the major sources of data and 
supplementary models—used by WIN, which projected 
costs for both physical capital and interest on loans and 
bonds. Within that approach, CBO's two cases differ in 
the values for six assumptions about physical capital re- 
quirements and for three assumptions about financing 
costs (see Summary Table 1). The assumptions most 
responsible for the difference in the two scenarios' esti- 
mated costs are those about the rate at which drinking 
water pipes are replaced, the savings associated with im- 
proved efficiency, the costs of controlling what are termed 
combined sewer overflows (CSOs), and the repayment 
period.1 (Summary Box 1 discusses how CBO derived its 
estimates of O&M costs and compares them with WIN's 

estimates.) 

A "combined" sewer system is one that commingles stormwater 

with household and industrial wastewater. About 5 percent of 

publicly owned wastewater systems have combined sewers; the 

rest have separate "sanitary" sewers. Both types of systems can 

overflow, particularly during a period of heavy rainfall, discharg- 

ing the excess flow directly into receiving waters. 

To estimate physical capital requirements for drinking 
water and wastewater systems, CBO started with data col- 
lected by EPA in its needs surveys and—because the sur- 
veys do not adequately cover the full 20-year period— 
supplemented them with estimates derived from simple 
models. According to EPA, many drinking water systems 
have responded to the surveys on the basis of planning 
documents covering just one to five years, and many 
wastewater systems plan their investments over a time 
span of five or 10 years. 

The methods CBO used to supplement EPA's survey data 
differed for drinking water and wastewater systems. For 
drinking water systems, CBO replaced EPA's data on in- 
vestments in pipe networks with larger estimates based 
on a study by Stratus Consulting for the American Water 
Works Association (AWWA). The Stratus study esti- 
mated the need for replacing pipes on the basis of some 
national-level data and assumptions about the number 
of drinking water systems nationwide (classified by size 
andregion), the miles ofpipe per system, the distribution 
of pipe mileage by pipe size, the replacement cost of pipes 
of each size, and the replacement rate. 
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Summary Box 1. 

Estimates of Costs for Water Systems' Future Operations and Maintenance 
The Congressional Budget Office (CBO) used rela- 
tively simple methods to estimate water systems' future 
spending on operations and maintenance (O&M). For 

both drinking water and wastewater systems' O&M in 
the high-cost case, CBO extrapolated a linear trend 
from real (inflation-adjusted) spending on O&M over 
the 1980-1998 period. For the low-cost case, it started 
with that same linear trend but adjusted it downward 

to reflect savings from improved efficiency phased in 

over 10 years, beginning at 2 percent in 1995 and 
reaching 20 percent by 2004. Thus, only one factor dis- 
tinguishes the estimates under the two scenarios— 
which, as a result, probably do not capture as much of 
the uncertainty surrounding future O&M costs as do 
CBO's more-detailed models of capital investment. 

Estimates of annual O&M costs by the Water Infra- 
structure Network (WIN)—$29 billion for drinking 
water and $24 billion for wastewater—are roughly in 
the middle of the ranges spanned by CBO's two cases. 
Because CBO and WIN used the same basic approach 

of extrapolating a future trend from existing data on 

O&M spending, and both WIN's analysis and CBO's 
low-cost case assume savings of 20 percent from effi- 
ciency gains, one might expect the two sets of estimates 
to be similar. However, WIN used different spans of 
data for extrapolation than CBO did (from 1985 to 
1994 for drinking water and from 1972 to 1996 for 

wastewater); used a construction cost index (which 
might not correspond well to the types of expenditures 

associated with O&M) to convert the data to real 
dollars instead of the more general price index for gross 

domestic product that CBO used; and phased in the 
efficiency savings two years later. Moreover, for waste- 
water, WIN extrapolated its trend not from data on 
O&M spending itself but rather from data on O&M 
spending per dollar of net capital stock. Although a 
water system's capital stock is plausibly related to its 
O&M costs, there is no clear reason for associating 
each additional dollar of capital stock with an increas- 
ing (rather than a steady) amount of additional O&M 
spending. 

In analyzing capital costs for wastewater systems, CBO 
distinguished between projects to replace existing infra- 
structure and other investments. It estimated replacement 
costs for each year of the 2000-2019 period by multiply- 
ing the estimated net capital stock in that year by a 
constant rate of depreciation. CBO assumed that the cost 
of other investments in each year equals the average an- 
nual amount reported in EPA's needs survey, with two 
adjustments. One adjustment substituted EPA's more 
recent estimate of the costs of correcting sanitary sewer 
overflows (SSOs) for the survey's reported needs for re- 
pairing and replacing sewers. Because some unidentified 
portion of the needs reported in the survey and in the 
later analysis of SSO costs represented amounts to replace 
existing infrastructure, the second adjustment reduced the 
sum of those needs to avoid double-counting. 

CBO calculated interest costs for investments made dur- 
ing the 2000-2019 period using assumptions about inter- 
est rates, borrowing terms, and the share of investments 

paid for through borrowing rather than on a pay-as-you- 
go basis. However, much of the principal and interest on 
investments financed during the period will not be paid 
until after 2019. To measure investments from 2000 to 
2019 in costs as financed, CBO focused only on the debt 
service paid during the period, whether on newly built 
projects or on those built before 2000. (As discussed later, 
that approach differs from WIN's.) 

Within the basic approach, CBO selected contrasting 
assumptions for its low-cost and high-cost cases (shown 
in Summary Table 1 on page xi) by examining analyses 
by other estimators and consulting with industry experts. 
For example, the assumptions used for the costs of con- 
trolling CSOs reflect views from EPA and the CSO Part- 
nership, a coalition of communities that have such over- 
flows and firms that design such controls. In particular, 
the low-cost case uses EPA's estimate of the cost of con- 
trolling 85 percent of rainwater and snowmelt, whereas 
the high-cost case reflects the CSO Partnership's belief 
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that costs will be roughly twice as high unless states revise 
standards addressing water quality to allow less expensive 

controls. Similarly, the values assumed in the two sce- 
narios for the pay-as-you-go share of investment are based 
on CBO's expectation that systems will increase their use 
of borrowing as they try to restrain rates in the face of 
rising investment costs, but they reflect different views 
among experts about how much and how quickly the use 
of pay-as-you-go financing will decline. 

Comparing Current Spending 
and Future Costs 
As noted earlier, part of the policy debate on investment 
in water infrastructure has focused on the difference be- 
tween current spending and future costs and on how that 
difference could affect household ratepayers. However, 
the available data on current spending, collected for the 
Census Bureau's Survey of State and Local Government 
Finances, shed limited light on the issue because they do 
not measure spending in costs as financed. The census 
data identify the current interest payments only of drink- 
ing water systems and not of wastewater systems. Further, 
the data include the capital costs of all investment in a 
given year—whether the burden of those projects falls on 
ratepayers in that year or is being deferred through bor- 
rowing—and exclude the principal being repaid on previ- 
ous borrowing. 

For 1999, the latest year for which information is avail- 
able, CBO's best estimates of investment spending are 
$11.8 billion for drinking water and $9.8 billion for 
wastewater, measured in costs as financed. To develop 
those estimates, CBO had to make many assumptions— 
for example, about the extent to which water systems had 
borrowed to finance investments over the previous 20 
years. Different assumptions could have increased or de- 
creased the results, perhaps by 20 percent. 

The difference between those estimates of 1999 invest- 
ment spending and projected average annual investment 
from 2000 to 2019 under the low-cost case is close to 
zero for drinking water systems and is $3.2 billion for 
wastewater systems. Together, the future costs for both 
types of systems represent growth of 14 percent from the 
1999 levels. That result contradicts the conventional 

wisdom that the nation's water systems will soon be 
straining to fund a large increase in investment. Never- 
theless, CBO considers that result reasonable, given the 
uncertainty about the condition of the existing infrastruc- 
ture, the prospects for cost savings from improved effi- 
ciency, and the possibility that water systems will fund 
more of their investment through borrowing and will 
borrow for longer terms. Under the high-cost case, the 
estimated increases average $8.3 billion per year for 
drinking water and $11.1 billion for wastewater, together 
representing growth of about 90 percent over the esti- 

mated levels for 1999. 

Comparing CBO's Estimates 
with Those of Others 
When measured in comparable terms, WIN's estimates 
are similar to those of CBO's high-cost case. In contrast, 
estimates obtained from "bottom-up" studies (those that 
derive national totals from data on individual systems) 
are even lower than the ones CBO projects in its low-cost 

Comparing CBO's and WIN's Estimates 
CBO's estimates of future investment in water infrastruc- 
ture are not directly comparable with those of the coali- 
tion because the latter are not measured in costs as fi- 
nanced. WIN's published estimates comprise total capital 
costs associated with all investments—whether funded 
on a pay-as-you-go basis or through debt—during the 
2000-2019 period and all interest paid over time on those 
investments. Thus, they differ from costs-as-financed 
estimates because they include debt service (principal and 
interest) paid after 2019 on investments during the two 
decades instead of debt service paid during that time on 
pre-2000 investments. That difference is important 
because the amounts of investment that were financed 
yearly from 1980 through 1999, and that continue to be 
paid off from 2000 to 2019, are smaller than the new 
amounts that the analyses project will be financed during 
the latter period. 

An additional factor complicates comparing CBO's and 
WIN's estimates. WIN's measure of current spending 
differs from its measure of future costs, so its estimates 
of the increased costs are inconsistent. In particular, 
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Summary Table 2. 

Estimates of Average Annual Costs for Investment in Water Systems, 
Including Financing, 2000 to 2019  
(In billions of 2001 dollars) 

Drinking Water Wastewater 

CBOa 

Water Infrastructure Network 
As published 
In costs as financed 

Increase in Investment Above Recent Level 
CBO (Using a 1999 baseline)' 
Water Infrastructure Network 

As published6 

In costs as financed0 

11.6 to 20.1 

26.3 
21.4 

-0.2 to 8.3 

12.2 
9.4 

13.0 to 20.9 

24.2 

18.9 

3.2 to 11.1 

13.5 
9-2 

Total 

24.6 to 41.0 

50.5 
40.3 

3.0 to 19.4 

25.7 
18.6 

Sources: Congressional Budget Office; Water Infrastructure Network, Clean and Safe Water for the 21st Century: A Renewed National Commitment to Waterand 
Wastewater Infrastructure (Washington, D.C.: WIN, April 2000). 

a. Ranges are defined by CBO's low-cost and high-cost scenarios. 
b. Relative to a 1996 baseline. 
c. CBO's approximation of WIN's results using a 1999 baseline. 

WIN's measure of current spending includes the interest 

paid in the current year on past investments in drinking 

water infrastructure and does not include interest on in- 

vestments in wastewater infrastructure. Again, however, 

its measure of costs for future years includes all subse- 

quent interest payments on investments made in each 

such year. 

Using more-detailed results provided by WIN's analysts, 

CBO found that measuring future investment in costs as 

financed reduces WIN's estimates of average annual needs 

from $26.3 billion to $21.4 billion for drinking water 

and from $24.2 billion to $18.9 billion for wastewater— 

an overall reduction of 20 percent (see Summary Table 

2)? CBO also recalculated the coalition's estimates of the 

difference between current spending and average annual 

2. Those comparisons express all costs in 2001 dollars. As orig- 

inally published, WIN's annual estimates of future spending 

were in 1997 dollars and totaled $24 billion for drinking water 

systems and $22 billion for wastewater systems. See Water In- 

frastructure Network, Clean and Safe Water for the21st Century: 

A Renewed National Commitment to Water and Wastewater In- 

frastructure (Washington, D.C.: WIN, April 2000). 

future needs—the so-called funding gap—in costs as 

financed. (To do so, however, CBO had to approximate 

WIN's estimate of current debt service, a key component 

of current spending in costs as financed, because not 

enough information was available to calculate it directly.) 

Again, the revised estimates are lower—$9.4 billion in- 

stead of $12.2 billion for drinking water and $9.2 billion 

instead of $13.5 billion for wastewater, for a combined 

reduction of 25 percent. 

The reductions that result from measuring investment 

volume in costs as financed bring WIN's estimates close 

to those of CBO's high-cost case: the coalition's figures 

are somewhat higher for drinking water and a little lower 

for wastewater. The similarity in the two sets of estimates 

is not surprising, given that CBO and WIN used the 

same basic modeling approach and that the specific as- 

sumptions used in CBO's high-cost scenario either dupli- 

cate those in WIN's analysis—both assume that 1 percent 

of drinking water pipes and 3.3 percent of wastewater 

capital will be replaced annually—or differ in ways that 

tend to offset each other. Thus, CBO's high-cost case 

does not provide independent support for WIN's esti- 
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Summary Table 3. 

Estimates of Average Annual Costs for Investment in Water Systems, 
Measured as Capital Resource Costs, 2000 to 2019  
(In billions of 2001 dollars) 

CBOa 

Water Infrastructure Network 
Environmental Protection Agency 

Clean Water Needs Surveyb 

As published 
Adjusted for more recent estimate of costs to control 

sanitary sewer overflows 
Drinking Water Infrastructure Needs Survey0 

As published 
Adjusted for underreporting 

American Water Works Associationd 

Sources: Congressional Budget Office; Environmental Protection Agency, Office of Water, 1996Clean Water Needs Survey: Report to Congress, EPA 832-R-97-003 

(September 1997); Environmental Protection Agency, Office of Water, Drinking Water Infrastructure Needs Survey: Second Report to Congress,VPA816-R- 
01-004 (February 2001); American Water Works Association, Reinvesting in Drinking Water Infrastructure: Dawn of the Replacement Era (Denver, 
Colo.: AWWA, May 2001); Water Infrastructure Network, Clean and Safe Water for the 21st Century: A Renewed National Commitment to Waterand 

Wastewater Infrastructure (Washington, D.C.: WIN, April 2000). 

Note: n.a. = not applicable. 

a. Ranges reflect CBO's low-cost and high-cost cases. 
b. Estimate for 1996 through 2015. 
c. Estimate for 1999 through 2018. 
d. Estimate for 2000 through 2029. 

Drinking Water Wastewater Total 

12.0 to 20.5 14.9 to 22.3 26.9 to 42.7 
20.9 19.2 40.1 

n.a. 7.3 n.a. 

n.a. 11.4 n.a. 

8.0 n.a. n.a. 
11.1 n.a. n.a. 
8.5 n.a. n.a. 

mates but instead suggests that to obtain estimates ofthat 

magnitude requires making relatively pessimistic assump- 

tions. 

Comparing CBO's Estimates and 
Estimates from Bottom-Up Studies 
Support for lower estimates of investment costs comes 

from bottom-up studies by EPA and the AWWA. Those 

studies measure investment in current resource costs— 

again, total capital costs regardless of financing but 

without including interest costs. So comparing their 

estimates with CBO's and WIN's projections requires 

that those projections also be expressed in terms of re- 

source costs. 

When the results are measured comparably, the estimates 

from CBO's low-cost case are above those from EPA's 

and AWWA's studies, even after some (perhaps incom- 

plete) adjustments to EPA's estimates to try to correct for 

the surveys' limitations in capturing investments over the 

full 20-year horizon {see Summary Table 3). 

• EPA's latest available wastewater survey, conducted in 

1996 and published in 1997, estimated that average 

annual needs were $7.3 billion per year.3 Substituting 

EPA's later projection of costs for controlling sanitary 

sewer overflows raises the estimate to $ 11.4 billion. 

• For drinking water, EPA's 1999 needs survey (pub- 

lished in 2001) estimated average annual needs of $8.0 

3. Environmental Protection Agency, Office of Water, 1996 Clean 
Water Needs Survey: Report to Congress, EPA 832-R-97-003 

(September 1997). 
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billion; if the amount of underreporting in that survey 
equals the amount that EPA found in follow-up visits 
to 200 medium-sized and large systems after the 
initial 1995 needs survey, then the estimate of $8.0 
billion can be scaled up to $ 11.1 billion.4 

• The AWWA conducted a detailed engineering analy- 
sis of the needs of 20 medium-sized and large drink- 

ing water systems; extrapolating from that admittedly 
small base to national totals, the association estimated 
that average annual needs cost $8.5 billion.5 

Water Costs in Household Budgets 
How might future costs of investment in water infrastruc- 
ture and of operations and maintenance affect household 

budgets? CBO estimates that in the late 1990s, total 
household bills for drinking water and wastewater services 
combined represented 0.5 percent of household income 
nationwide. By 2019, CBO projects, household water 
bills will account for 0.6 percent of national household 
income under the low-cost scenario and 0.9 percent 
under the high-cost scenario. According to the best avail- 
able international data, such shares would not be high 
compared with the income shares devoted to household 
water bills in many other industrialized countries.6 

CBO's estimates assume steady levels of support financed 
by taxpayers and constant shares of water costs paid by 
household and nonhousehold ratepayers. Any changes in 
those levels or shares would shift the form of the impact 
on household budgets but would not change the average 
impact nationwide, since households ultimately pay 100 

4. Environmental Protection Agency, Office of Water, Drinking 

Water Infrastructure Needs Survey: Second Report to Congress, 

EPA816-R-01-004 (February 2001). 

5. American Water Works Association, Reinvesting in Drinking 

Water Infrastructure: Dawn of the Replacement Era (Denver, 

Colo.: AWWA, May 2001). 

6. International data are limited to average direct billing costs for 

typical levels of water use. See Organization for Economic Co- 

operation and Development, Environment Directorate, Envi- 

ronment Policy Committee, Household Water Pricing in OECD 

Countries, ENV/EPOC/GEEI(98)12/FINAL (Paris: OECD, 

1999). 

percent of water costs, whether through water bills, taxes 
or the costs of other goods and services produced using or 

water. 

National shares, however, can obscure important differ- 
ences among households; thus, they shed only limited 
light on the argument, made by advocates of boosting 
federal aid for water infrastructure, that water bills will 
otherwise become "unafFordable" for many households. 
Accordingly, CBO went beyond national averages to 
examine the current distribution of household water bills 
relative to income and to project future distributions. 

Specifically, CBO analyzed the current distribution using 

a national sample of annualized water bills reported by 
approximately 2,800 households; those households parti- 

cipated for a year in the Consumer Expenditure Interview 
Survey some time between the third quarter of 1997 and 
the first quarter of 1999. CBO's analysis of the data 
included imputing expenditures for the 39 percent of 
respondents who did not report their own bills by using 
data from households with comparable incomes.7 To 
project the distributions forward to 2019, CBO scaled 
up the individual water bills to reflect estimated costs in 
the two scenarios and extrapolated household income to 
reflect growth in real income and population. 

The results of CBO's analysis can be characterized in sev- 
eral ways, with different measures highlighting different 
features of the distributions. One summary measure that 
has received significant attention in discussions of future 
water costs is the proportion of households whose water 
bills exceed 4 percent of their income. But 4 percent has 
no economic significance as the point at which household 
water bills become "unafFordable," so the measure is no 
better (or worse) than many others. 

In terms ofthat particular measure, CBO estimates that 
in the late 1990s, 7 percent of U.S. households spent 
more than 4 percent of their income on water bills. An 

7. That imputation may overstate water costs since most non- 

reporting households are likely to be apartment dwellers (who 

do not receive separate water bills), and water use per capita is 

generally lower in multifamily units than in single-family 

homes. 
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additional 16 percent of U.S. households had expendi- 
tures greater than 2 percent of their income; 25 percent 
were spending less than 2 percent but more than 1 per- 
cent, and 51 percent were spending no more than 1 per- 
cent (see Summary Figure 2). If the additional burdens 
associated with CBO's low-cost and high-cost estimates 
led to uniform percentage increases in ratepayers' bills, 
10 percent to 20 percent of U.S. households might be 
spending more than 4 percent of their income on water 
bills in 2019; an additional 19 percent to 23 percent 
might be spending more than 2 percent. 

In the WIN coalition's estimates, water bills account for 
a much larger share of household budgets, both now and 
in the future. In 1997, WIN estimates, 18 percent of 
households spent more than 4 percent of their income on 
water services; it foresees 22 percent of households having 
bills at that level by 2009 (halfway through the 2000- 
2019 period) and a third or more of the population ex- 
periencing such costs as rates continue to rise.8 

Apparently, the discrepancy between WIN's estimate of 
18 percent for 1997 and CBO's estimate of 7 percent for 
the late 1990s derives primarily from the use of different 
data on household water costs. CBO analyzed actual bills 
based on water use by households; WIN, however, calcu- 
lated household water bills using data on charges in 1997 
among systems in Ohio for 250 gallons per day. WIN 
chose to use those charges because, according to the 1990 
census, Ohio households' drinking water bills relative to 
their income matched well those for U.S. households as 
a whole. (The 1990 census did not have data on house- 
hold wastewater expenditures.) However, if household 
water bills nationally cannot be accurately characterized 
on that basis, then WIN's results may not be representa- 
tive. If, for example, low-income households tend to use 
less than 250 gallons per day, then, other things being 
equal, WIN's estimates overstate the number of house- 
holds with water bills claiming more than 4 percent of 
their income. 

8.   Water Infrastructure Network, Clean and Safe Water for the 21st 

Century, pp. 3-4 and 3-5. 

Rationales for Federal Involvement 
in Water Services 
Economic principles suggest that the federal govern- 
ment's intervention in drinking water and wastewater 
markets may be able to increase the cost-effectiveness of 
providing and using water when state and local govern- 
ments and water systems do not have adequate incentives 
to account for effects that their practices may have on 
third parties. This CBO study focuses onfederal financial 
support; of course, the federal government also intervenes 
in water markets through its role in establishing water- 
quality standards under the Clean Water and Safe Drink- 
ing Water Acts. Whether current standards promote the 
economically efficient use of society's resources is an im- 
portant question but is not addressed here. 

One opportunity for federal funding to improve cost- 
effectiveness may be by supporting research and develop- 
ment (R&D). Nonfederal entities measure potential 
R&D expenditures only against the benefits that they 
themselves could realize, ignoring gains that might accrue 
to others. Without federal involvement, therefore, fund- 
ing for the development of new technologies is likely to 
be lower than is optimal. But determining the right level 
of federal support in practice is a challenge. It depends 
on the returns to investment in R&D, which are typically 
difficult to predict, and the extent to which nonfederal 
entities reduce their R&D expenditures in response to 
federal funding. 

A similar case might also be made in favor of federal sup- 
port for disseminating "best management practices." The 
argument is not simply that such practices can help water 
systems reduce their costs, although that appears to be 
true. (On the basis of 136 assessments of water systems 
since 1997, the consulting firm EMA Associates found 
that adherence to best practices could reduce operational 
costs by an average of 18 percent.) Rather, the crux of the 
argument is the possibility that federal costs for gathering 
and disseminating information about widely applicable 
practices would be lower than the total costs that individ- 
ual system managers would incur in seeking out relevant 
information. If so, then taxpayer-funded support might 
yield cost savings. 



XViii FUTURE INVESTMENT IN DRINKING WATER AND WASTEWATER INFRASTRUCTURE 

Summary Figure 2. 

Water Bills as a Share of Household Income 
(Percentage of U.S. households) 
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Summary Box 2. 

Options to Expand Federal Aid for Private Water Systems 
Half of all community drinking water systems in the 
United States are privately owned, as are roughly 20 
percent of the wastewater systems that treat household 
sewage. However, those systems serve only a small share 
of households: private drinking water systems reach 
only about 15 percent of households—excluding those 
using individual wells—and private wastewater systems 
reach only about 3 percent of sewered households. 

Giving private systems access to federal funds on equal 
footing with public systems may or may not improve 
cost-effectiveness because of two opposing effects. On 
the one hand, balanced treatment could result in some 
cost savings if private ownership can reduce a system's 
costs in some cases and local decisionmakers can cor- 
rectly identify those cases. On the other hand, in- 
creasing federal aid tends to increase investment costs. 

To help equalize federal support, the Congress could 
modify the Clean Water Act to make private systems 
eligible for loans from the state revolving funds. On the 
tax preference side, it could alter policies related to tax- 
exempt private activity bonds (PABs). Specific options 
publicized by the Environmental Protection Agency's 
Environmental Financial Advisory Board include: 

• Exempting bonds issued for water systems from 
the federal limits on the amount of PABs issued in 
each state; 

• Exempting interest earned on those PABs from the 
individual alternative minimum tax (AMT) and 
partially exempt it from the corporate AMT; 

• Increasing opportunities for PAB issuers to benefit 
from arbitrage profits—those earned by investing 
PAB proceeds at a rate above the bond's own yield 
—by allowing issuers a full two years to spend their 
bond proceeds; and 

• Allowing one-time refinancing of PABs up to 90 
days before redemption of the original debt. 

One argument for providing private water systems with 
equal access to federal aid is that it would treat cus- 
tomers of private and public systems equally. Con- 
versely, one argument against equal access is that it 
would give private water systems unique advantages 
relative to other types of privately owned firms. Under 
current law, privately managed enterprises such as 
airports and solid-waste facilities can be exempt from 
the PAB limits, but only if they are publicly owned. 

1. Environmental Protection Agency, Environmental Financial 

Advisory Board, Incentives for Environmental Investment: 

Changing Behavior and Building Capital (August 1991). 

However, other types of federal support for water services 
(such as the current spending programs and tax prefer- 
ences that help fund investment) distort prices and thus 
undermine incentives for cost-effective actions by water 
systems and ratepayers. Eliminating those distortions 
could lower total national costs: for example, system man- 
agers might reduce investment costs by undertaking more 
preventive maintenance and improving the design of their 
pipe networks, and households might cut water use by 
fixing leaks and watering lawns less often. 

The clearest argument for current policies to subsidize 
investment in water infrastructure is to shift the costs of 
water services from ratepayers served by high-cost systems 
(such as those in small and rural communities) to those 
served by low-cost systems, or from low-income to high- 
income households. (Most federal support goes to pub- 
licly owned systems, but some goes to privately owned 
ones; see Summary Box 2 for options to expand aid to pri- 

vate systems.) 
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In evaluating the case for subsidizing water services, it is 
important to recognize that the level and form of the 

subsidies influence not only the distributional effects but 
also the extent to which support undermines incentives 
for cost-effective actions. To preserve those incentives for 
both water systems and users, the Congress could pursue 
policies that redistribute income rather than those that 
distort the price of water. 

Implications of Federal Support 
for Infrastructure Investment 
Federal support for water systems can have unintended 

consequences. For example, an analysis of the federal 
wastewater construction grants program under the Clean 

Water Act concluded that it reduced other contributions 
to capital spending. Thus, total investment in water infra- 
structure increased only 33 cents for each dollar of federal 
support; the other 67 cents effectively reduced state and 
local taxes or was spent on other uses.9 

Federal support for investment projects also undermines 
the cost-effective provision of water services by distorting 
the price signals that systems face and thus affecting 
managers' choices in many areas, such as preventive main- 
tenance, construction methods, treatment technology, 
pipe materials, and excess capacity. The resulting losses 
can be significant, particularly if the subsidies are large. 
For example, a statistical analysis done for a 1985 CBO 
study of the wastewater construction grants program esti- 
mated that setting the federal cost share at 75 percent 
initially rather than 55 percent (the reduced level that 
went into effect that year) raised plant construction costs 
about 40 percent, on average.10 

9. James Jondrow and Robert A. Levy, "The Displacement of 

Local Spending for Pollution Control by Federal Construction 

Grants," American Economic Review, vol. 74, no. 2 (May 1984), 

pp. 174-178. The displacement of state and local spending per 

dollar of federal funds might have been less had the federal share 

been smaller than 75 percent, its statutory level during the pe- 

riod the authors studied. 

10. Congressional Budget Office, Efficient Investments in Waste- 

water Treatment Plants Qune 1985). 

One way to reduce the distorting effects of federal sub- 
sidies might be to target increased aid to fewer systems— 

those judged most deserving, whether because of high 
costs associated with declining customer bases, federal 
regulations, or simply high levels of anticipated invest- 
ment (or investment and O&M spending) in general. 
However, defining the target group in a way that does not 
reward systems for poor management and past under- 
investment might be difficult. Targeting could even 
undermine cost-effective practices if it encouraged system 
managers to let infrastructure deteriorate in hopes of 
qualifying for aid in the future. 

A variety of spending mechanisms—grants, loan sub- 

sidies, and credit assistance—are available to deliver and 
annually readjust a desired level and pattern of aid for 

water systems, but the design of such programs would 
influence total costs. For example, federal support such 
as partial grants, partial loans, or credit assistance would 
leave investment projects relying on private funds as well, 
and thus could help keep costs down by subjecting water 
systems to more market discipline from lenders and rate- 
payers. Another approach to help system and state au- 
thorities make cost-effective choices would be to allow 
them more flexibility in using the SRFs. That strategy 
might include eliminating floors and ceilings on funding 
for eligible activities in the drinking water program, 
easing restrictions on transferring federal money between 
drinking water and wastewater revolving funds, and 
broadening the funds' range of uses to address issues such 
as nonpoint source pollution. 

The federal government can also use tax preferences to 
aid water systems, but doing so limits its discretion in 
delivering certain levels and patterns of aid. Public water 
systems and the interest paid on municipal bonds issued 
on their behalf are already generally exempt from federal 
taxes. Options for enhancing the tax preferences include 
increasing the span of time during which issuers may keep 
arbitrage profits (earned by investing the proceeds from 
a bond at a rate above the bond's own yield) and elimi- 
nating the partial taxation of interest earned on municipal 
bonds held by corporations that pay the alternative 
minimum tax. Such enhancements would aid medium- 
sized and large water systems; small systems that did not 
have independent access to the municipal bond market 
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could benefit indirectly, through cheaper or more plenti- 
ful SRF loans. The greater year-to-year stability of tax 
preferences (compared to spending programs with annual 
appropriations) would make planning easier for system 
managers, but enhancing the preferences for water sys- 
tems and not for other issuers of municipal bonds would 

make the tax code more complex. 

Implications of Direct Federal 
Support for Ratepayers 
An alternative to subsidizing investment in water systems 
would be to assist low-income households facing high 

water bills. The federal government does not currently 
provide such assistance, but it aids low-income house- 
holds through more general transfer programs and tax 
provisions; it also subsidizes bills for some other utilities. 

Compared with support for investment by water systems, 

support for ratepayers could address concerns about the 
impact of water bills on household budgets more precisely 
and with less loss of efficiency. Unlike investment sub- 
sidies, support for ratepayers would not distort the 
choices confronting system managers; nor would it reduce 
the water prices faced by households not receiving the 
direct subsidies. 



Drinking Water and Wastewater Infrastructure 

D rinking water and wastewater services in the 

United States are very decentralized; there is a strong his- 
tory of local control, and the large majority of funding 
for water services comes from local ratepayers and tax- 
payers. But over the past three decades, the federal govern- 
ment has taken the lead in regulating such systems and 
has provided some funding for investment in water infra- 
structure. Concern over rising needs for such investment 
has led to calls for increased federal funding and for sys- 
tematic reforms to encourage cost-effectiveness in the pro- 
vision of water services. 

An Overview of U.S. Water Systems 
Most U.S. residents are served by drinking water and 
wastewater systems that are eligible for federal support 
through state revolving funds (SRFs). In 1999, roughly 
54,000 publicly or privately owned community drinking 
water systems (defined as those with at least 15 service con- 
nections used by year-round residents or otherwise serving 
atleast 25 year-round residents) provided drinkingwater 
to some 250 million people.' As of 1996,16,000 publicly 
owned treatment works collected and processed the waste- 
water from about 190 million people. 

Though the details vary, water systems generally provide 
the same basic functions: drinking water systems take in, 
treat (in most cases), monitor, and distribute water to 
households and other customers, while wastewater systems 
collect, treat, and typically discharge water after use. 

1. "Noncommunity" systems that are not-for-profit, such as those 
of schools and hospitals, are also eligible for assistance from the 
revolving funds. 

Roughly one-third of the households served by community 
water systems use groundwater, which in some cases does 
not require treatment. Otherwise, drinkingwater under- 
goes one or more of the following processes: flocculation 
and sedimentation (to coagulate small particles into larger 
groups and have them settle out of the water stream), 
filtration (to remove additional particles), ion exchange 
(to treat hard water and remove a variety of inorganic con- 
taminants), and disinfection by chlorine or ozone (to kill 
microbes). Ultimately, the water is distributed through 
a network of pipes; the necessary pressure is supplied by 
gravity, when the water has been pumped up into a storage 
tower, or by direct pumping, when the water is from a 
ground-level storage facility {see Figure 1-1). 

Publicly owned treatment works collect wastewater 
through a network of sewers, then process it using various 
physical, biological, and chemical treatments. So-called 
"primary treatment" uses screens, settling tanks, and other 
physical methods to remove sand, grit, and larger solids; 
it can remove up to 50 percent of the suspended solids 
and biochemical oxygen demand (a measure of organic 
matter, defined by the amount of oxygen that bacteria 
would consume in decomposing it). In 1972, the Clean 
Water Act required publicly owned treatment works to 
adopt "secondary treatment" (which stimulates the growth 
of bacteria to consume the waste materials prior to dis- 
charge) in order to reduce the levels of key pollutants by 
85 percent {see Figure 1-2). In some cases, various types 
of "advanced treatment" may be required to, for example, 
reduce the unconventional pollutants like nitrogen and 
phosphorus (which can promote excessive growth of algae) 
in order to meet quality goals set for specific bodies of 

water. 
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Figure 1-1. 

A Drinking Water Plant 

Flocculation: 
Alum and other chemicals are 
added to the water to coagulate 
dirt and other small particles. 
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The water passes through filters (some 
made of sand, gravel, and charcoal) that 
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The heavy particles (floe) 
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Figure 1-2. 

A Wastewater Treatment Plant 

Primary Treatment:  
Gravity separates grit, suspended 
solids, oils, and greases from the 
wastewater stream. 

Secondary Treatment: 
Microorganisms in aeration 
tanks, trickling filters, or 
lagoons feed on remaining 
solids in the wastewater. 

Final disinfection commonly 
involves chlorination; ozone 
and ultraviolet light are also 
used. 
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1999). 

Assisted by federal funding provided since 1972, public 

wastewater systems have nearly reached the goal of uni- 

versal secondary treatment: as of 1996, only 176 of the 

14,000 public treatment facilities that discharged effluent 

streams were not meeting the requirement—and some of 

those were exempt from it because they discharged to 

sufficiently deep ocean waters or to other facilities that 

in turn provided secondary treatment. As a result, although 

the amount of biochemical oxygen demand arriving at 

treatment facilities rose by more than 25 percent between 

1972 and 1996 (which was consistent with population 

and economic growth), the amount discharged fell about 

40 percent. 

Most water systems are small. For example, 58 percent 

of community drinking water systems serve 500 people 

or fewer, and 85 percent reach no more than 3,300 people 

{see Figure 1-3). Many small wastewater facilities (such 

as household septic units) are privately owned and thus 

excluded from statistics on publicly owned treatment 

works. Even so, 81 percent of the public facilities in op- 

eration in 1996 handled no more than 1 million gallons 

per day (MGD), enough to serve roughly 8,000 people, 

and 41 percent processed no more than 0.1 MGD (seeFig- 

ure 1-4)? 

Though outnumbered by the small systems, the relative 

handful of large systems serve the great majority of people. 
Just 7 percent of community drinking water systems serve 

more than 10,000 people each, but they supply 81 percent 
of those served by such systems; indeed, "very large"sys- 

2. The data in million gallons per day are from Environmental 
Protection Agency, Office of Water, 1996 Clean Water Needs 
Survey: Report to Congress, EPA 832-R-97-003 (September 
1997), p. C-4. The conversion from MGD to persons assumes 
125 gallons per person-day, the low end of a range provided in 
a personal communication from John Flowers of EPA. 
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Figure 1-3. 

Community Water Systems and Population Served by Size of System, 2001 
(Percentage) 
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Source: Environmental Protection Agency, "Factoids: Drinking Water and Ground Water Statistics for 2001" (January 2002). 

Note: The total number of water systems is 53,783. The total number of people served is 264,145,129. 

terns, defined by the Environmental Protection Agency 
(EPA) as ones with more than 100,000 customers, repre- 
sent 1 percent of systems but 44 percent of all people 
served. Similarly, the largest 3 percent of wastewater plants 
handled 68 percent of the total flow processed by all such 
plants nationwide. 

For both drinking water and wastewater, systems owned 
by the public sector—by local governments or special local 
or regional government authorities—serve the large major- 
ity of households. Although community drinking water 
systems owned by the private sector account for over half 
of all such systems, they serve only about 15 percent of 
households; private wastewater systems that treat house- 
hold sewage account for roughly 20 percent of the total, 
but serve few households—perhaps 3 percent.3 In a hybrid 

arrangement, a small but growing number of publicly 
owned systems have contracted with private firms to 
operate and maintain them. 

The U.S. pattern of decentralized, local control of water 
systems is also common abroad, but an increasing number 
of industrialized countries have moved to consolidate 
operations or ownership, and some are emphasizing the 
role of the private sector. In Great Britain, for example, 
just 10 regional private companies provide almost all 
wastewater services and most of the drinking water in 
England and Wales, and fewer than 20 smaller companies 

3. EPA's data show that roughly 4,200 private facilities have per- 

mits to discharge treated household sewage (by comparison, 

there are about 16,000 publicly owned treatment works). Pri- 

vate wastewater systems are not eligible for assistance from SRFs 

(unlike their drinking water counterparts), so they are not in- 

cluded in some of EPA's data-collection efforts, such as the 

Clean Water Needs Survey. Consequendy, precise data on the 

percentage of the population that they serve are not readily 

available; the estimate of 3 percent reflects common thinking in 
the industry. 
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Figure 1-4 

Wastewater Treatment Facilities and Population Served by Size of Facility, 1996. 
(Percentage) 
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Note: The total number of facilities is 15,986; the total daily flow is 32,175 million gallons per day. Totals exclude 38 faculties for which data were unavailable. 

supply most of the remaining drinking water4; three public 

authorities provide the water and sewer services in Scot- 

land.5 Australia, Canada, and Ireland also have regional 

systems that provide both drinking water and wastewater 

services.6 France has 15,500 municipally owned water sys- 

4. Organization for Economic Cooperation and Development, 

Environment Directorate, Working Party on Economic and 

Environmental Policy Integration, Industrial Water Pricing in 

OECD Countries, ENV/EPOC/GEEI(98)10/FINAL (Paris: 

OECD, 1999), pp. 9, 192, 197. 

5. Web site of the North of Scotland Water Authority, www. 

noswa.co.uk. 

6. Organization for Economic Cooperation and Development, 

Industrial Water Pricing, pp. 9 and 27. 

terns, but most of those systems contract out their opera- 
tions to one of a handful of private companies. 

The costs of providing water services can vary widely, de- 
pending on the size of the system, the proximity and 
quality of the local water sources, and other factors. 
Treatment costs in particular are subject to economies of 
scale. For example, EPA's data on the costs of monitoring 
and treatment to comply with the Safe Drinking Water 
Act standards in force as of September 1994 suggest that 
the average cost per household was on the order of $4 per 
year in systems serving more than 500,000 people, but 

Organization for Economic Cooperation and Development, 

Industrial Water Pricing, p. 91; and Liana Moraru-de Loe, "Pri- 

vatizing Water Supply and Sewage Treatment Services in On- 

tario," Water News, vol. 16, no. 1 (March 1997), available at 
www.cwra.org/news/arts/privatisation.html. 
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$300 per year for systems serving no more than 100 
people.8 

The large majority of funding for water services comes 
from local sources, as can be seen in the detailed data 
reported by the Association of Metropolitan Sewerage 
Agencies in its AMSA Financial Survey, 1999. Of the 
revenues reported by 112 medium-sized and large waste- 
water systems, 5 5 percent came from user charges or hook- 
up fees, 15 percent from reserves and interest, 15 percent 
from bond proceeds, 4 percent from property taxes, 3 per- 
cent from SRF loans, 2 percent from federal and state 
grants, and the remainder from various smaller categories.9 

Excluding reserves, interest, and bond and loan proceeds, 
all of which derive or must be repaid from other sources, 
the local funding provided by user charges, hookup fees, 
and property taxes made up 88 percent of the "underlying" 
revenues, while federal and state grants contributed just 
3 percent.,0 However, federal aid plays a larger role in the 
financing of small and rural systems not included in the 
AMSA survey, as discussed below. 

The AMSA's data do not categorize user charges by type 
of customer, but EPA has some information on that sub- 
ject for drinking water systems. Results from the agency's 
1995 Community Water System Survey indicate that resi- 
dential customers accounted for three times the sales vol- 
ume of commercial and industrial customers—55 percent 
versus 18 percent. Another 4 percent of sales were to 
wholesale customers (who in turn sold to final users), and 
23 percent were described as "other," including sales to 
governmental and agricultural customers and sales by sys- 
tems that did not disaggregate by customer type.11 

8. New calculation based on data in Congressional Budget Office, 

The Saft Drinking Water Act: A Case Study of an Unfunded Fed- 

eral Mandate (September 1995), pp. 16-17. 

9. Association of Metropolitan Sewerage Agencies, The AMSA 

Financial Survey, 1999 (Washington, D.C.: AMSA), p. 36. 

10. Those percentages do not account for the federal and state con- 

tributions through subsidized interest rates on SRF loans. 

11. Environmental Protection Agency, Office of Water, Community 

Water System Survey, Volume 1, EPA 815-R-97-001a (January 

1997), pp. 13-14. 

The Federal Role 
Except as a builder of dams and other major public works 
used to supply water, the federal government played a 
relatively minor role in funding or regulating local water 
systems before 1972.12 The Public Health Service had pub- 
lished drinking water standards as early as 1914 and up- 
dated them in 1925,1946, and 1962, but those standards 
were federally enforced only for the water supplies of inter- 
state carriers. Matching grants for 30 percent to 50 percent 
of the cost of constructing wastewater treatment facilities 
became available in 1956, but initially the amount of 
funding was small and there were no federal requirements 
for such facilities. 

With the passage of the Federal Water Pollution Control 
Act Amendments of 1972, later designated the Clean 
Water Act, the Congress adopted the goal of restoring and 
maintaining the chemical, physical, and biological integrity 
of the nation's waters, thereby ensuring that they would 
be fishable and swimmable. Toward that goal, the legisla- 
tion established a requirement that municipal wastewater 
discharged to surface waters be given secondary treatment, 
increased the federal matching share to 75 percent for con- 
structing publicly owned treatment works, and gready ex- 
panded the amount of the available funding. Conse- 
quently, federal oudays for wastewater treatment grants 
rose tenfold in real (inflation-adjusted) terms during the 
1970s, reaching a high of $9.1 billion (in 2001 dollars) 
in 1980.13 

The expansion of aid was seen as a temporary infusion 
of capital to allow publicly owned wastewater systems to 
construct secondary treatment facilities—and, indeed, 
funding has declined sharply since its real peak in 1980. 
In 1981, amendments to the Clean Water Act cut the 
authorization for wastewater grants in half and reduced 
the federal matching share to 5 5 percent for facilities built 
after 1984. Then in 1987, legislation was enacted to phase 
out the construction grant program by 1991 and replace 

12. Issues involving federal water projects and the adequacy of water 

supplies are outside the scope of this study. But see Congressio- 

nal Budget Office, Water Use Conflicts in the West: Implications 

of Reforming the Bureau of Reclamation's Water Supply Policies 

(August 1997). 

13. Congressional Budget Office, Trends in Public Infrastructure 

Spending CBO Paper (May 1999), pp. 102-104. 
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it with a period of grants to capitalize state revolving 
funds, with the states matching 20 percent of each federal 
dollar. The SRFs provide several types of financial support 
—including loans at or below market interest rates, pur- 
chase of existing local debt obligations (bonds), and guar- 
antees for new debt —but they do not make grants. The 
1987 law envisioned that loan repayments would allow 
the SRFs to operate without ongoing federal support and 
authorized contributions only through 1994; however, 
the Congress has continued to appropriate funds each year 
since then, including $ 1.35 billion for 2002.14 In nominal 
dollars, appropriations from 1973 through 2002 have 

totaled $73 billion. 

The federal government's primary involvement with 
drinking water began with the Safe Drinking Water Act 
in 1974. Among the factors leading to its passage were 
concerns that the Public Health Service's drinking water 
standards were based on inadequate and obsolete data, 
that state and local officials were not adequately monitor- 
ing water systems, and that pollutants found in drinking 
water were carcinogenic. EPA issued few standards for 
drinking water contaminants in the law's first decade, and 
the Congress amended it in 1986 to require the agency 
to develop standards for 83 specified contaminants and 
for 25 others every three years. As amended, the law called 
for the standards, deemed "maximum contaminant levels," 
to be set as close as feasible to levels at which no adverse 
health effects were known or anticipated—taking cost into 
consideration in defining feasibility. EPA considers a 
standard feasible if the cost of meeting it is "reasonable" 

for large water systems.15 

Neither the original Safe Drinking Water Act nor the 
1986 amendments authorized federal funding, but as the 
number of standards and the costs of meeting them grew, 
so did support for providing drinking water systems with 
financial assistance. Thus, a key provision of the law's 

14. In addition, for 2002 the Congress earmarked $344 million in 

grants for wastewater and drinking water projects. 

15. See, for example, Environmental Protection Agency, "National 

Primary Drinking Water Regulations: Arsenic and Clarifications 

to Compliance and New Source Contaminants Monitoring, 

Final Rule," Federal Register, vol. 66, no. 14 (January 22, 2001), 

p. 6981. 

1996 amendments created a program of drinking water 
SRFs modeled after the existing wastewater program and 
authorized $9.6 billion through fiscal year 2003 in capi- 
talization grants, again requiring a 20 percent state match. 
(Appropriations through fiscal year 2002 for the drinking 
water funds have totaled $5.3 billion.) Other major provi- 
sions revoked the requirement that EPA regulate an addi- 
tional 25 contaminants every three years, authorized the 
agency to adopt less stringent contaminant standards if 
necessary to keep costs from exceeding benefits, and re- 
quired it to identify "variance technologies" that could 
be approved for use by small systems judged unable to af- 
ford to comply with the relevant standards. The amend- 
ments also called on states to establish programs to certify 
and develop the technical, financial, and managerial capa- 
city of drinking water systems to comply with all federal 

requirements. 

Federal spending programs outside of EPA also provide 
financial support for investments in water infrastructure. 
The Rural Utilities Service of the Department of Agricul- 
ture provides a mix of loans and grants for water and waste 
disposal projects in communities with fewer than 10,000 
people; the program received $647 million in 2002. 
Drinking water and wastewater projects may also receive 
funding through the Public Works and Development 
Facilities Program (administered by the Economic Devel- 
opment Administration in the Commerce Department) 
or the Community Development Block Grants program 
(administered by the Department of Housing and Urban 
Development) if they meet the relevant criteria: the former 
program focuses on job creation and the latter on com- 
munity development that benefits low- and moderate- 
income people. Still other programs focus on assistance 
to specific groups or locations, such as Indian tribes, native 
Alaskan villages, Appalachia, and unincorporated colonias 

on the U.S.-Mexico border. 

The federal government also supports water infrastructure 
indirecdy, through tax preferences. Because the interest 
paid on state and local bonds is generally excludable from 
taxable income, municipalities and other public water 
authorities can issue bonds at lower rates than they would 
otherwise have to pay. Also, bonds issued for privately 
owned drinking water and wastewater systems are consid- 
ered "qualified private activity bonds" eligible for tax- 
exempt status; however, the federal government limits the 
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volume of tax-exempt private bonds that each state can 
issue annually. Issues of municipal and tax-exempt private 

bonds for municipal utilities—primarily drinking water 
and wastewater systems but also some solid and hazardous 
waste facilities—totaled $14.0 billion in 2000 and $29.3 
billion in 2001.'6 The Joint Committee on Taxation esti- 
mates that the exemption will save bondholders $0.6 bil- 
lion in fiscal year 2002.'7 

The Need for Increased Investment 
Dramatic incidents in recent years have called attention 

to the importance of water infrastructure. In 1993, con- 
tamination of the Milwaukee water supply by crypto- 

sporidium caused 400,000 cases of gastrointestinal illness 
and an estimated 50 to 100 deaths. That same year, two 

people in Atlanta were killed by falling into a sinkhole 
created by the collapse of a storm sewer. Baltimore had 
two sinkholes of 30 feet or more in 1997, and a Manhat- 
tan sinkhole caused millions of dollars in damage in 1998. 

Less catastrophic failures demonstrate the widespread 
nature of the problems. According to EPA's data, 880 
publicly owned treatment works receive flows from "com- 
bined sewer systems" which commingle stormwater with 
household and industrial wastewater and frequently over- 
load during heavy rain or snowmelt. EPA estimates that 
such overflows discharge 1.2 trillion gallons of stormwater 
and untreated sewage every year. Even "sanitary" systems 
with separate sewers for wastewater can overflow or leak 
because of pipe blockages, pump failures, inadequate 
maintenance, or excessive demands. According to a draft 
EPA report, overflows from sanitary sewers alone result 
in a million illnesses each year.18  Moreover, according 

16. Personal communication from Amy Resnick, editor, The Bond 

Buyer, citing data from Thomson Financial. 

17. Joint Committee on Taxation, Estimates of Federal Tax Expendi- 

tures for Fiscal Years 2002-2006, JCS-1-02 (January 17, 2002), 
p. 21. 

18. Environomics, Inc., and Parsons Engineering Science, Inc., 

Economic Analysis of Proposed Regulations Addressing NPDES 

Permit Requirements for Municipal Sanitary Sewer Collection 

Systems and Sanitary Sewer Overflows (draft prepared for the 

Environmental Protection Agency, March 24, 2000), p. 3-1. 

to industry experts, many urban and rural drinkingwater 
systems lose 20 percent or more of the water they produce 
through leaks in their pipe networks.19 

In part, those problems result from the aging of the na- 
tion's water infrastructure, particularly its pipes. Though 
less visible than treatment facilities, pipes actually account 
for the majority of both drinking water and wastewater 
systems' assets.20 According to estimates, drinking water 
systems have 800,000 miles of pipes, and sewer lines cover 
more than 500,000 miles.21 The rule of thumb is that a 
sewer pipe lasts 50 years (although actual useful lifetimes 

can be significantly longer, depending on maintenance 
and local conditions), and a 1998 survey of 42 municipal 

sewer systems found that existing pipes averaged 33 years 
old, suggesting that many are, or soon will be, in need of 

replacement.22 Similarly, a study by the American Water 
Works Association that analyzed 20 medium-sized and 
large drinking water systems concluded that the need to 

19. Personal communications from John Young, Vice President for 

Engineering, American Water Works Services Company, and 

Buzz Teter, Research and Development Specialist, American 

Leak Detection. 

20. For example, a recent study of 20 medium-sized and large 

drinking water systems found that water mains accounted for 

more than 60 percent of the current value of the systems' capital 

stock. American Watet Works Association, Reinvesting in 

Drinking Water Infrastructure: Dawn of the Replacement Era 

(May 2001), p. 11, available at www.awwa.org/govtaff/infra- 

structure.pdf. 

21. American Society of Civil Engineers, Drinking Water, Issue 

Brief (no date); Parsons Engineering Science, Inc., Metcalf and 

Eddy, and Limno-Tech, Inc., Sanitary Sewer Overflow (SSO) 

Needs Report (prepared for the Environmental Protection 

Agency, Office of Wastewater Management, May 2000), p. 2-2. 

The estimate for sewer lines is for systems with separate sanitary 

sewers; given the same assumptions, systems that combine sani- 

tary wastewater and stormwater add roughly 140,000 more 

miles to the overall total. 

22. American Society of Civil Engineers, Optimization of Collection 

System Maintenance Frequencies and System Performance (pre- 

pared for the Environmental Protection Agency, November 
1998). 
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replace pipes will rise sharply over the next 30 years as pre- 
vious generations wear out.23 

Although treatment plants represent a smaller share of 
water systems' assets than pipes do, they too are aging. 
Equipment in many plants built under the Clean Water 
Act and Safe Drinking Water Act will need to be replaced 
in the next decade or two. Moreover, many drinking water 

23. American Water Works Association, Reinvesting in Drinking 

Water Infrastructure. 

systems will have to make additional investments in treat- 
ment equipment to satisfy forthcoming regulations under 

the Safe Drinking Water Act. 

In short, costs to construct, operate, and maintain the 
nation's water infrastructure can be expected to rise sig- 
nificantly in the future. Less clear, however, are the 
amount and timing of the increases. Estimates of future 
costs and the uncertainties surrounding them are discussed 
in Chapter 2; sources of funding to pay those costs are 

considered in Chapter 3. 



Estimates of Future Investment Costs 
and Their Implications 

A ny estimate of costs for future investment in 
water systems reflects not only the current state and future 
depreciation of the existing infrastructure but also the 
goals—such as the regulatory requirements and the levels 
of customer satisfaction—that water systems seek to 
achieve and the efficiency with which they pursue those 
goals. An underlying assumption, about which there ap- 
pears to be general consensus, is that customers will con- 
tinue to expect high-quality service. Less consensus exists, 
however, regarding the future costs of regulatory require- 
ments and potential efficiency savings. 

Given the limitations of the available data, which begin 
with uncertainties about even the amount and condition 
of the current infrastructure, in this study the Congres- 
sional Budget Office (CBO) does not provide a single 
point estimate of 20-year investment costs. Instead, it 
discusses estimates for two scenarios—a low-cost case and 
a high-cost case—that it believes span the most likely pos- 
sibilities. CBO derived those estimates by applying specific 
new assumptions to the same modeling framework that 
the Water Infrastructure Network (WIN)—a coalition 
of groups representing water systems, elected officials, 
engineers, construction companies, and environmentalists 
—used to develop its own estimates. Like WIN's analysis, 
CBO's scenarios cover the years 2000 to 2019; data on 
actual investment in 2000 and 2001 are not yet available. 

The two scenarios yield estimates of average annual invest- 
ment costs ranging from $11.6 billion to $20.1 billion 
for drinking water systems and from $13.0 billion to 

$20.9 billion for wastewater systems.1 Those estimates 
measure investment volume in 2001 dollars (as do all other 
dollar figures in this chapter not identified otherwise) and 
in terms of costs as financed, taking into account the use 
of borrowing to spread the investment burden over time. 
In particular, the estimates reflect the full capital costs of 
investments made each year on a pay-as-you-go basis and 
the debt service (principal and interest) paid on prior 
financed investments. Costs as financed are particularly 
relevant to policy debates about affordability because they 
reflect the current burden on water systems. (One could 
also measure investment volume in terms of economic 
resource costs; see Box 2-1.) 

By comparison, spending on investment in states' 1998- 
1999 fiscal year (calculated using similar assumptions to 
the ones underlying the projections of future investment) 
was $ 11.8 billion for drinking water and $9.8 billion for 
wastewater. Thus, the projected overall shortfall between 
current spending and future costs is $3.0 billion per year 
in the low-cost case (-$0.2 billion for drinking water and 
$3.2 billion for wastewater) and $ 19.4 billion in the high- 
cost case ($8.3 billion for drinking water and $11.1 billion 

for wastewater). 

1. The estimates for drinking water and wastewater are not strictly 

comparable because the methods CBO used to derive them 

were not identical, as discussed below. 
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CBO has also analyzed the impact of those projected 
increases on household budgets. Assuming for simplicity 
that both the level of taxpayer-financed support and the 
distribution of costs between household and other water 

ratepayers remained constant, CBO estimates that by 

Box 2-1. 

2019, average bills for drinking water and wastewater 
services combined would account for 0.6 percent of 
average household income under the low-cost case and 
0.9 percent under the high-cost case, up from 0.5 percent 
in the late 1990s. Of course, many households would pay 

Alternative Measures of Investment Spending 
This study measures investments in water systems in 
terms of costs as financed because that measure best 
reflects the impact on water rates and hence on the 

affordability of household water bills. The alternative 
and more common measure is economic costs—the 

quantity of real economic resources required by the 
investments. 

In particular, economic costs reflect the capital costs of 
all investments, whether financed by bonds or loans or 
paid for from funds on hand; that measure omits inter- 
est payments on bonds and loans, which represent mere 
transfers of funds. Thus, it differs in two ways from the 
measure describing costs as financed: by excluding 
interest costs and by focusing on the full capital costs 
of new financed investments rather than the current 
principal payments on previous financed investments 
(see the table). Although less relevant than costs as fi- 
nanced for judging the affordability of water services, 
economic costs are the preferred measure for policy 
questions that focus on the efficient use of society's 
resources, such as questions about the costs and benefits 
of water-quality regulations. 

Costs Included in Measures of Investment Spending 

Capital Costs of Current Pay-As-You-Go Investments 

Current Principal for Old Financed Investments 

Total Future Principal for Current Financed Investments 

Current Interest on Old Financed Investments 

Total Future Interest on Current Financed Investments 

Source: Congressional Budget Office. 

The Water Infrastructure Network's (WIN's) estimates 
reflect neither economic costs nor costs as financed. For 

each of the 20 years analyzed, the estimates combine 
the capital costs for all investments made that year— 
that is, the economic costs—and the sum (in real dol- 

lars) of all future interest costs for the portion of the 
investments financed by borrowing. In other words, 
each year's estimate adds the cost ofthat year's pay-as- 
you-go investments and the total debt service (principal 
plus interest) to be paid in later years for the new fi- 
nanced investments. Thus, whereas costs as financed 
include the current debt service paid on past invest- 
ments, WIN's estimates include future debt service on 
current investments. The impact of that difference is 
discussed in Box 2-3 on page 19. 

Note that the distinction between the two measures of 
cost does not apply to spending on operations and 
maintenance (O&M). Since O&M is paid for from 
current funds, the real resource costs to the economy 
are the same as the immediate burden on water systems 
and their ratepayers. 

s Finance d      Economic Costs WIN' 5 Estimates" 

yes yes yes 

yes no no 

no yes yes 

yes no no 

no no yes 

a. As published. Elsewhere in this study, CBO has converted WIN's estimates to costs as financed, using detailed results from WIN's analysis to include and 

exclude component costs, as needed. 
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less than those averages, and many others would pay 

more. For example, in CBO's two cases an estimated 10 

percent to 20 percent of households would be paying 

more than 4 percent of their income for water services by 

2019, compared with 7 percent doing so in the late 

1990s. 

CBO's estimates of future investment costs appear to be 

significantly below those published in the WIN report; 

however, the two are not directly comparable because 

WIN's estimates do not reflect costs as financed. When 

expressed in comparable terms, the estimates from CBO s 

high-cost case and WIN's analysis are similar. That simi- 

larity is not surprising because CBO used WIN's basic 

modeling approach and, in the high-cost case, similar 

assumptions. Thus, CBO's high-cost case does not lend 

independent support for WIN's estimates; rather it sug- 

gests that estimates ofthat magnitude require relatively 

pessimistic assumptions. Studies that project national in- 

vestment costs by aggregating data from individual water 

systems have yielded estimates that are lower than those 

of CBO's low-cost case. 

CBO's estimates do not include the costs of additional 

investments in infrastructure security prompted by the 

September 2001 attacks on the World Trade Center and 

the Pentagon. As this report was written, the drinking 

water and wastewater industries were in the early stages 

of assessing their vulnerabilities (see Box 2-2). Preliminary 

indications are that capital costs for security will not add 

much to the investment costs described here. CBO's esti- 

mates also exclude investments in drinking water systems 

that serve only future growth; such investments are not 

eligible for funding under the state revolving fund pro- 

Bottom-Up and Top-Down Estimates 
of Investment in Water Systems 
To interpret CBO's scenarios and estimates, it is useful 

to understand the basic approaches underlying previous 

estimates of investment in water systems—particularly 

those used in WIN's analysis, which CBO adapted. The 

approaches can be divided into two categories: bottom-up 

estimates reflect assessments of the needs of individual 

systems—either all systems nationwide or a sample of sys- 

tems—whereas top-down estimates are based on analyses 

of aggregate national data. Top-down studies are simpler 

and less expensive, but their results are sensitive to a num- 

ber of assumptions required because of the limitations of 

the aggregate data—particularly the lack of a national in- 

ventory of pipes' age and condition. 

Bottom-Up Estimates 
EPA's periodic needs surveys provide the most compre- 

hensive bottom-up estimates.2 The 1999 drinking water 

survey, published in February 2001, estimates total in- 

vestment costs from 1999 to 2018 to be $159.5 billion 

(see Table 2-1)? The agency's latest available wastewater 

survey estimates 20-year costs to be $147.0 billion, if 

$ 13.2 billion for projects not involving infrastructure per 

se is excluded.4 Expressed as average annual costs, those 

estimates are $8.0 billion for drinking water systems and 

$7.3 billion for wastewater systems; both estimates reflect 

capital costs alone, excluding financing. 

One key limitation of both surveys, acknowledged in 

EPA's reports, is that many respondents may have been 

unable to supply adequate documentation for investments 

later in the 20-year survey period because they relied on 

2. Some of the estimates identified here as "bottom-up" contain 
minor top-down components and vice versa. 

3. Environmental Protection Agency, Office of Water, Drinking 
Water Infrastructure Needs Survey: Second Report to Congress, 
EPA 816-R-01-004 (February 2001), p. 12. The report ex- 
pressed the estimate as $150.9 billion in January 1999 dollars. 
The survey included on-site analyses at 599 small systems (serv- 
ing up to 3,300 people) randomly selected from the roughly 
45,000 such systems and questionnaires mailed to all of the 
1,111 systems serving more than 40,000 people and a random 
sample of 2,556 of the 7,759 systems serving 3,301 to 40,000 
people. The return rate on the questionnaires was 96 percent. 
Ibid., pp. 18-19. 

4. The original figures, in January 1996 dollars, were $128.0 bil- 
lion and $11.5 billion; EPA derived the national totals after re- 
viewing documentation submitted by the states. Environmental 
Protection Agency, Office of Water, 7596' Clean Water Needs 
Survey: Report to Congress, EPA 832-R-97-003 (September 
1997), pp. 1-2, 20. The excluded categories cover projects ad- 
dressing nonpoint source pollution involving agriculture and 
silviculture; urban runoff; and groundwater, estuaries, and wet- 
lands. 
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Box 2-2. 

Security Investments for Water Systems 
Although utility, government, and academic experts 
can identify generally what measures are needed to safe- 
guard water services, a reliable assessment of the total 
potential costs of addressing those needs is not yet 
available. 

Environmental Protection Agency officials and outside 
security experts generally view a terrorist attack on phy- 

sical infrastructure (dams, treatment plants, pipes, and 

computer systems) as the scenario warranting the most 
attention. In some cases, successful attacks, such as one 

that would destroy any of the 93,000 "high hazard" 

dams, could not only disrupt service but also immedi- 
ately cause human deaths. Contamination of drinking 
water at a reservoir or treatment plant is considered 
relatively unlikely to cause a large-scale health problem 
because of the volume of contaminants needed and be- 
cause of the screening involved in treatment.' Contam- 
ination of the water once it was in the distribution 
system would be more direct but would affect fewer 
people. 

In the short term, water systems are focusing on secur- 
ing or eliminating toxic chemical stockpiles at treat- 
ment plants; installing basic surveillance and security 
equipment such as fencing, lighting, motion sensors, 
closed-circuit television, locks, and alarms; and con- 
ducting background checks and security training pro- 
grams. Also, the water industry's Information Sharing 

I. For a contrary view, see www.amsa-cleanwater.org/advocacy/ 

security/articles.cfm, which cites an article from the November 

17, 2001, St. LouisPost Dispatch quoting two government offi- 

cials who believe that the potential risk from bacterial contami- 
nation is high. 

and Analysis Center (ISAC)—a Web-based tool pro- 
viding threat alerts, a mechanism for systems to report 
incidents, and training resources—is scheduled to be 
launched in December 2002. The ISAC will help water 
systems, law enforcement agencies, and emergency re- 
sponse organizations share information. 

For longer-term improvements in security, the nation's 

water systems are working to finish vulnerability assess- 
ments and to adapt their emergency response plans to 

include terrorist acts. Moreover, research and develop- 

ment is under way to identify ways to combat physical 

vulnerabilities and contamination (chemical, biological, 
or radiological) and to identify the interconnections 
with other critical services such as those of the energy, 
telecommunications, and transportation sectors and 
emergency services. 

As the vulnerability assessments and research projects 
are completed, investment needs will become clearer, 
and perhaps much larger than those identified today. 
Nonetheless, on the basis of conversations with indus- 
try experts, CBO anticipates that those needs will be 
small compared with the widespread needs to replace 
and improve the water infrastructure. For example, the 
American Water Works Association has estimated na- 
tional costs of $450 million to complete vulnerability 
assessments for all systems serving more than 3,300 
people and $1.6 billion for initial security improve- 
ments (access controls such as fences, lighting, cameras, 
and alarms). Combined, those one-time amounts repre- 
sent less than 1 percent of CBO's estimates of the 20- 
year capital costs of investment in drinking water 
systems. 

planning documents covering one to 10 years.5 The re- 
port on wastewater also argues that the survey under- 
reports future investments to correct problems with sani- 

5. Environmental Protection Agency, Drinking Water Infrastruc- 

ture Needs Survey, p. 43; and 1996 Clean Water Needs Survey, 

p. 7. 

tary sewer overflows (SSOs).6 Indeed, a subsequent top- 
down report placed the investment costs of controlling 
SSOs at $92.4 billion, well above the figures found in the 

6.   Environmental Protection Agency,  1996 Clean Water Needs 

Survey, p. 7. 
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Table 2-1. 

Summary of Estimates of Investment Costs for Water Systems 
(In billions of 2001 dollars) 

Drinking Water Wastewater Total 
As                  Per 

Published          Year 
As 

Published 
Per 

Year 
As 

Published 
Per 

Year 

Environmental Protection Agency 
Clean Water Needs Survey 
Drinking Water Infrastructure 

Needs Survey 

Bottom-Up Estimates 

n.a.                n.a.      147.0 over 20 years 

159.5 over 20 years       8.0                n.a. 

7.3 

n.a. 

n.a. 

n.a. 

n.a. 

n.a. 

American Water Works Association 255 over 30 years       8.5 n.a. n.a. n.a. n.a. 

Stratus Consulting (Investments 
in distribution systems only) 

Top-Down Estimates 

348.3 over 20 years     17.4                n.a. n.a. n.a. n.a. 

Water Infrastructure Network 
Capital only 
Capital and financing 

20.9 per year         20.9 
26.3 per year         263 

19.2 per year 
24.2 per year 

19.2 
24.2 

40.1 per year 
50.5 per year 

40.1 
50.5 

Source: Congressional Budget Office based on Environmental Protection Agency, Office of Water, 1996Clean Water Needs Survey: Report to Congress, EPA 832-R-97-003 
(September 1997); Environmental Protection Agency, Office of Vlvam,Drinking WaterInfrastructureNeedsSurvey:SecondReporttoCongress,WA8l6-R-01- 
004 (February 2001); American Water Works Association, Reinvesting in Drinking Water Infrastructure: Dawn of the Replacement Era (Denver, Colo.: 
AWWA, May 2001); Stratus Consulting, Inc., Infrastructure Needs for the Public Water Supply Sector (unpublished report for the American Water Works 
Association, December 22,1998); and Water Infrastructure Network, Clean and Safe Water for the 21st Century: A Renewed National Commitment to 
Water and Wastewater Infrastructure (Washington, D.C.: WIN, April 2000). 

Note:    n.a. = not applicable. 

corresponding categories of the survey.7 Replacing those 

figures reported in the survey with the top-down estimate 

raises total costs from $147.0 billion to $198.2 billion. 

The perceived shortcomings of EPA's surveys helped spur 

the American Water Works Association (AWWA) to con- 

duct an in-depth analysis of 20 large and medium-sized 

drinking water systems. On the basis of the actual age 

and estimated lifetimes of the pipes, treatment plants, and 

other assets, the analysis found that the 20 systems would 

need to spend about $6 billion (in 2000 dollars) above 

7. Parsons Engineering Science, Inc., Metcalf and Eddy, and 

Limno-Tech, Inc., Sanitary Sewer Overflow (SSO) Needs Report 

(prepared for the Environmental Protection Agency, Office of 

Wastewater Management, May 2000), pp. 1-7, 5-3. As pre- 

sented in the report, the estimate was $87.3 billion in Decem- 

ber 1998 dollars. 

their current levels over the next 30 years.8 The corre- 

sponding annual costs per household ranged from about 

$18 to $77. On the basis of those 20 systems, the report 

extrapolated a national total of $255 billion over 30 years, 

implying an annual average of $8.5 billion (in 2001 dol- 

lars)—very similar to the $8.0 billion average reported 

in EPA's drinking water survey. 

Top-Down Estimates 
The top-down estimates reviewed for this study are larger 

than the bottom-up estimates {see Table 2-1). The dif- 

ferences could reflect incomplete coverage of costs over 

the 20-year period and other limitations of the existing 

bottom-up studies, inaccurate assumptions in the top- 

down studies, or both. 

8. American Water Works Association, Reinvesting in Drinking 

Water Infrastructure: Dawn of the Replacement Era (Washington, 

D.C.: AWWA, May 2001), p. 18. 
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A top-down study done by Stratus Consulting for the 
AWWA (not to be confused with the association's recent 
20-system study) estimated 20-year costs for investments 
in drinking water distribution systems to be $348.3 
billion, roughly four times the amount reported in EPA's 
survey.9 The total from the Stratus study translates to 

average annual costs of $5.1 billion for large systems and 
$9.9 billion for medium-sized systems, reflecting point 

estimates or probability distributions for five factors: the 
number of systems nationwide (classified by size and 
region), the miles of pipe per system, the distribution of 
pipe mileage by size category, the replacement cost of 
pipes in each size category, and the average annual rate 

of replacement.I0 Many uncertainties surround those fac- 
tors. For example, two databases cited in the study 

yielded estimates of 828 miles and 713 miles of pipe in 

the average large system." Simply using the lower figure 

instead of the higher would have reduced estimated in- 
vestment costs for large systems by 14 percent, or $15 
billion over 20 years. And major uncertainty accompa- 
nied the assumptions regarding future replacement rates, 
as discussed in the next section. 

WIN's April 2000 report combined data and estimates 
from existing sources with a new top-down analysis.'2 For 

9. Stratus Consulting, Inc., Infrastructure Needs fir the Public Wa- 

ter Supply Sector (unpublished report for the American Water 

Works Association, December 22, 1998). The study estimated 

costs only for large and medium-sized systems; for small sys- 

tems, it adopted the estimate from EPA's 1997 needs survey. 

10. The report provided 80 percent confidence intervals—that is, 

the ranges that cover the central 80 percent of the possible out- 

comes, omitting only the bottom 10 percent and the top 10 

percent. For large systems, the 80 percent confidence interval 

(in 1998 dollars) covered $0.9 billion to $9.7 billion. For 

medium-sized systems, the distribution was somewhat less dif- 

fuse, spanning $5.8 billion to $13.6 billion. Ibid., p. 3-10. 

11. Ibid., p. 3-2. 

12. Water Infrastructure Network, Clean and Safe Water for the 21st 

Century: A Renewed National Commitment to Water and Waste- 

water Infrastructure (Washington, D.C.: WIN, April 2000), 

available at wwvt.win-water.org. The following description of 

WIN's methods comes from an unpublished appendix to the 

report and from several sets of oral or written statements from 

Kenneth Rubin, PA Consulting, who served as lead analyst 
developing the model for WIN. 

drinking water, WIN borrowed estimates related to water 
distribution from the Stratus study and estimates for all 
other categories (treatment, storage, water sources, and 
"other") from EPA's 1995 needs survey for drinking 
water, the predecessor to the 1999 survey discussed above. 

For wastewater, WIN's approach distinguished invest- 
ments to replace existing infrastructure from all other 
investments, such as those to build new treatment plants 
or new structures to contain stormwater runoff. The 
analysis calculated the cost each year for replacing infra- 
structure as the product of net capital stock in that year 

and a fixed depreciation rate.13 WIN estimated other in- 
vestment costs on the basis of EPA's needs survey, ad- 

justed using the agency's revised estimate for controlling 
sanitary sewer overflows. However, because the survey 

captured some replacement projects also, WIN's analysts 

subtracted a percentage to avoid double-counting. Again, 
some key assumptions, such as those about the deprecia- 
tion rate and the correction factor for double-counting, 
were accompanied by significant uncertainty. 

The WIN report went beyond the studies discussed above 
by also estimating financing costs and operation and 
maintenance (O&M) costs. To estimate financing costs, 
WIN's analysts assumed that water systems would pay for 
25 percent of investment costs from internal funds, with 
the rest financed for 20 years at a real interest rate of 
3 percent. They estimated O&M costs by extrapolating 
a linear trend through data on actual spending: for drink- 
ing water, they used 1985-1994 data on O&M spending 
itself; for wastewater, they used 1972-1996 data on 
O&M spending per dollar of estimated net capital stock. 
Both estimates apparently subtract 20 percent for effi- 
ciency savings, phased in over 10 years. Those approaches 
are discussed in more detail in Appendix A. 

13. WIN constructed its estimate of the capital stock of wastewater 

infrastructure that existed in 1999 from a 1990 estimate pre- 

pared for the Federal Infrastructure Strategy Program of the 

Army Corps of Engineers, information on annual investments 

for 1990 to 1999 obtained or extrapolated from census data, 

and the assumed depreciation rate. That depreciation refers to 

the annual reduction in the useful economic life of an asset, not 

to the related accounting concept of the credit allowed for tax or 
regulatory purposes. 
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Table 2-2. 

CBO's Estimates of the Likely Range of Average Annual Costs 
for Water Systems, 2000 to 2019  
(In billions of 2001 dollars) 

Debt Service on Pre-2000 Investments 
Capital Costs (Paygo + Financed Principal) on New Investments 
Interest on New Financed Investments 

Total Investment 

Operations and Maintenance 

Source: Congressional Budget Office. 

Note: Ranges reflect CBO's low-cost and high-cost cases. 

Drinking Water Wastewater Total 

4.4 to 4.4 4.3 to 4.3 8.7 to 8.7 

5.3 to 12.1 6.5 to 12.9 11.8 to 25.0 

1.9 to 3.6 2.3 to 3.7 4.1 to 7.3 

11.6 to 20.1 13.0 to 20.9 24.6 to 41.0 

25.7 to 31.8 20.3 to 25.2 46.1 to 57.0 

CBO's Estimates of Future Costs 
CBO's two sets of projections of 20-year costs for water 
systems differ significantly. Under its low-cost case, the 
estimate for average annual investment costs for both 
drinking water and wastewater is $24.6 billion ($ 11.6 bil- 
lion for drinking water and $13.0 billion forwastewater 
—see Table 2-2), 40 percent less than its estimate of 
$41.0 billion under the high-cost case ($20.1 billion for 
drinking water and $20.9 billion forwastewater). Again, 
the estimates are measured in terms of costs as financed, 
reflecting the average annual capital costs for pay-as-you- 
go (or more briefly, paygo) investments and the debt ser- 
vice (principal and interest) paid on prior financed invest- 
ments.14 The divergent estimates reflect nine differences 
in the assumptions used in the two scenarios and illustrate 
the uncertainty inherent in top-down analyses of 20-year 

investment needs. 

For operations and maintenance, the range of estimates 
between the two cases is narrower—the smaller total of 
$46.1 billion is just 19 percent below the larger figure of 
$57.0 billion. Those estimates reflect a relatively narrow 

14. As Table 2-2 shows, debt service on pre-2000 projects accounts 

for roughly one-third of total investment costs in the low-cost 

case and one-fifth in the high-cost case. 

range of modeling assumptions and may understate the 

true range of uncertainty. 

CBO's estimates of future investment under its high-cost 
scenario are similar to those from WIN's analysis, when 
the latter are measured in terms of costs as financed {see 
Table 2-3). (WIN's report does not provide costs-as- 
financed estimates, but CBO was able to calculate such 
estimates using more-detailed results provided by WIN's 
analysts; see Box 2-3.) WIN's operations and mainte- 
nance estimates are directly comparable to CBO's and fall 
within the upper half of the range between the two cases. 

Note that because of the nature of the underlying data 
sources, CBO's estimates of future costs, like WIN's, ex- 
clude some investments associated with new customers 
and expansion, at least for drinking water. The estimates 
for investments in drinking water distribution, which are 
based on the analysis by Stratus Consulting, cover only 
the cost of replacing the existing infrastructure and ex- 
clude the effects of any increases (or decreases) in capa- 
city. The estimates for other categories of investments in 
drinking water systems reflect the eligibility criteria used 
in EPA's needs survey and thus include investments to 
serve new customers only if those investments are neces- 
sary to respond to a public health problem (for example, 
bringing service to homes served by contaminated wells) 
or if they represent components of projects triggered by 
the needs of existing customers (such as increased capacity 
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Table 2-3. 

Comparison of CBO's 
(In billions of 2001 dollars) 

and WIN's Estimates of Average Annual Costs, 2000 to 2019 

Drinking Water Wastewater Total 

Investment (Costs as financed) 
CBOa 

WIN (Calculated by CBO) 
11.6 to 20.1 

21.4 
13.0 to 20.9 

18.9 
24.6 to 41.0 

40.3 
Operations and Maintenance 

CBOa 

WIN 
25.7 to 31.8 

29 
20.3 to 25.2 

24 
46.1 to 57.0 

53 

Source: Congressional Budget Office based in part on data from the Water Infrastructure Network. 

Note: CBO recalculated WIN's estimates for investment to convert them to costs as financed, 

a. Ranges reflect CBO's low-cost and high-cost cases. 

of a treatment plant due for replacement anyway).15 

Those exclusions tend to bias estimated future costs 

downward; however, both CBO's and WIN's analyses of 

the impact of future costs on water systems and ratepayers 

also neglect related factors that could increase revenues, 

such as population growth and increased reliance on 

hookup fees and developers' contributions. 

The Low-Cost and High-Cost Scenarios 
CBO's goal in assembling the assumptions for each 

scenario was to choose sets of plausibly (not extremely) 

low and high values that have a reasonable chance of 

occurring together. The resulting low and high estimates 

are thus intended to span most of the distribution of 

possible outcomes but not its extreme tails. 

In total, 11 assumptions distinguish the low-cost and 

high-cost cases from each other or from WIN's analysis 

(see Table 2-4). The three assumptions most responsible 

15. The estimates of investment costs for wastewater systems are 
probably also incomplete, though in a less systematic way. The 
estimates of costs for replacement do not directly include the 
incremental costs of any increases in capacity or capability. In 
principle, those incremental costs could be reflected in the needs 
survey data that underpin the estimates of other costs (because 
wastewater projects to serve new customers are eligible for SRF 
assistance and are thus covered in the needs survey); as ex- 
plained, however, it is doubtful that the survey data capture 
such costs for the full 20-year period. 

for the difference in estimates of investment costs in 

CBO's scenarios are those concerning the rate at which 

drinking water pipes will need to be replaced, the costs 

associated with addressing combined sewer overflows 

(CSOs), and the potential savings in investment costs 

from gains in efficiency. Those assumptions are outlined 

here; a more comprehensive discussion of all 11 assump- 

tions is available in Appendix A. 

Replacement Rate for Drinking Water Pipes. The aging of 

existing water infrastructure is the single largest factor 

driving projected increases in investmentspending.16 But 

how much of the infrastructure will need to be replaced 

over the next 20 years is a difficult question. Again, for 

purposes of this analysis, CBO assumes that managers 

maintain service standards and make efficient choices in 

trading off investment and maintenance; clearly, one 

could reduce replacement costs over a span of 20 years 

by delaying appropriate investments, at the cost of lower 

standards of service, excessive maintenance expenditures 
in the meantime, or both. 

16. Of course, such investments cannot always be assigned a unique 
cause. For example, some replacements of deteriorated sewer 
pipes can be viewed either as triggered by a need to comply with 
regulations on sewer overflows or as ordinary replacements of 
depreciated capital stock. 
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Box 2-3. 

The Water Infrastructure Network's Published Estimates of 
Investment Needs and the "Funding Gap"  

The Water Infrastructure Network's (WIN's) pub- 

lished estimates of total investment needs (capital plus 

financing) do not reflect costs as financed: they include 

total debt service on new investments from 2000 to 

2019, regardless of when those payments occur, rather 

than the debt service (on both pre-2000 and new in- 

vestments) actually paid during the period. The differ- 

ence is important because the investments financed 

from 1980 to 1999 and still being paid off from 2000 

to 2019 are smaller than the investments projected to 

be financed during the latter period. Therefore, as the 

table shows, recalculated to express the costs of invest- 

ment as financed—the true burden facing water sys- 

tems and ratepayers during the 20-year period— 

WIN's results drop by 20 percent: from the published 

annual average of $50.5 billion (in 2001 dollars) for 

both drinking water and wastewater to $40.3 billion. 

Not only do WIN's published estimates not represent 

costs as financed, they also do not measure the same 

things covered by the Census Bureau's data on water 

systems' current spending (discussed below in the text). 

Thus, subtracting the census data from WIN's esti- 

mates, which WIN did to derive what it termed the 

"funding gap," does not yield an internally consistent 

estimate of the difference between current spending 

and future needs. In particular, whereas WIN's projec- 

tions of needs in any year include all interest paid over 

time on that year's investments, the census data for a 

given year include interest payments made in that year 

on preexisting debt for drinking water systems and ex- 

clude interest on debt for wastewater systems. When 

both future investment needs and current spending are 

measured in terms of costs as financed, the estimated 

funding gap that WIN refers to averages $ 18.6 billion 

per year for drinking water and wastewater combined.' 

1. That estimate uses 1999 as the base year for "current" spending, 
whereas WIN's published estimate used 1996. CBO has not 
pursued the data far enough to estimate 1996 spending in terms 
of costs as financed; doing so would require estimating 1996 
debt-service payments on investments going back to 1976 (as- 
suming 20-year borrowing). Nonetheless, it is safe to say that 
the funding gap measured in costs as financed would be similar 
with 1996 as the base year: costs as financed reflect debt service 
on many previous years of investment and thus are a kind of 
moving average that smooths out year-to-year changes in 
investment volume. 

WIN's Estimates, as Published and in Costs as Financed 
(In billions of 2001 dollars) 

Drinking Water Wastewater Total 

WIN's Estimates as Published 
Total investment 
Increase above 1996 level 

WIN's Estimates in Costs as Financed 
(Calculated by CBO) 

Total investment 
Increase above 1999 level 

Memorandum: 
CBO's Range of Estimates 

Total investment 
Increase above 1999 level 

Source: Congressional Budget Office based in part on Water Infrastructure Network, Clean and Safe Water for the 21st Century: A Renewed Commitment to 

Waterand Wastewater Infrastructure (Washington, D.C.: WIN, April 2000). 

26.3 
12.2 

24.2 
13.5 

50.5 
25.7 

21.4 
9.4 

18.9 
9.2 

40.3 
18.6 

11.6 to 20.1 
-0.2 to 8.3 

13.0 to 20.9 
3.2 to 11.1 

24.6 to 41.0 
3.0 to 19.4 
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Table 2-4. 

Assumptions Used in CBO's and WIN's Analyses 
CBO's Assumptions 

WIN's Assumptions Low-Cost Case High-Cost Case 

Capital Factors 
Savings from Increased Efficiency in 
Investment by Drinking Water and 
Wastewater Systems (Percent) 15.0 5.0 0 

Drinking Water Systems 
Annual percentage of pipes replaced 0.6 1.0 1.0 
Average annual cost for regulations 

not yet proposed 
(Billions of 2001 dollars) 0 0.53 0 

Wastewater Systems 
Annual percentage depreciation 2.7 3.3 3.3 
Share of investments in EPA's needs 

survey for replacing existing capital 

(Percent) 25.0 15.0 20.5 
Average annual cost for abating 

combined sewer overflows 
(Billions of 2001 dollars) 2.6 5.4 2.6 

Financing Factors 
Real Interest Rate (Percent) 3.0 4.0 3.0 

Repayment Period 30 years 25 years 20 years 

Pay-As-You-Go Share of Total Investment 
(Percent) 15.0 30.0 25.0 

Average Annual Debt Service on Pre-2000 
Investments (Billions of 2001 dollars) 8.7 8.7 9.5 

Operations and Maintenance Linear extrapolation Linear extrapolation Drinking water: Linear 

of 1980-1998 trend, of 1980-1998 trend extrapolation of 1985- 
less 20 percent 1994 trend, apparently 
efficiency savings less 20 percent 
phased in from efficiency savings 

1995 to 2004 phased in from 
1997 to 2006 

Wastewater: Linear 
extrapolation of 1972- 

1996 trend per unit of 
net capital stock, less 
20 percent efficiency 
savings phased in from 
1997 to 2006 

Source: Congressional Budget Office based in part on data from the Water Infrastructure Network. 
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In the case of drinking water pipes, both of CBO's 
scenarios assume replacement rates drawn from the afore- 
mentioned study by Stratus Consulting, whose findings 
were later incorporated in the WIN coalition's analysis. 
The Stratus study assumed that 1 percent of pipe mileage 
is replaced each year on average, and CBO adopted that 
assumption in its high-cost case.17 However, that study 
also presented a plausible alternative approach in which 
a pipe is replaced when its age reaches its service life, and 
growth in pipe mileage since 1880 has been proportional 
to growth in the U.S. population. On the basis ofthat 
approach, CBO's low-cost case adopted an average an- 
nual replacement rate of 0.6 percent.18 

Abatement of Combined Sewer Overflows. After the deteri- 
oration of existing infrastructure, regulatory requirements 
are probably the second largest factor driving investments 
in water systems. Wastewater systems in particular face 
major investments to reduce the incidence of sewer over- 
flows—from both combined sewers, which commingle 
stormwater with domestic sewage and industrial waste- 
water, and separate sanitary sewers.19 As noted in Chap- 
ter 1, combined sewer systems—found in roughly 900 

17. More precisely, the study assumed a range of annual replace- 

ment rates from 0.5 percent to 1.5 percent, averaging 1.0 per- 

cent. The study used repeated random sampling from that range 

and ranges for other uncertain factors to calculate a probability 

distribution for investment costs. Stratus Consulting, Infrastruc- 

ture Needs for the Public Water Supply Sector, p. 3-9. 

18. Under that simple historical approach, annual replacement rates 

between 2000 and 2019 would average 0.9 percent if pipes last 

50 years, just 0.3 percent if they last 75 years (because it as- 

sumes that relatively few pipes were laid during the Depression 

and World War II, when the population grew slowly), and 

about 0.6 percent if they last 100 years (ibid., p. 3-5). CBO 

averaged those three rates to obtain the 0.6 percent rate assumed 

in its low-cost case. Each of the three rates is well below the 

long-run average set by the inverse of the lifetime (that is, 2.0 

percent for 50 years, 1.3 percent for 75 years, and 1.0 percent 

for 100 years), indicating that pipe networks remain relatively 

young until after 2019. Thus, the approach does not support 

the perception of an imminent crisis in drinking water pipes. 

19. Although investment costs to address sanitary sewer overflows 

are also uncertain, CBO's two scenarios both use EPA's estimate 

of those costs, largely for lack of information to underpin an 

alternative estimate. 

wastewater systems nationwide, about 4 percent of the 
total—frequently exceed their collection and treatment 
capacity during periods of heavy rain or snowmelt, dis- 
charging the excess flow directly into receiving waters. 

The low-cost case assumes that investments to control 
CSOs will total $51.3 billion nationally, as estimated in 
EPA's 1996 Clean Water Needs Survey. That estimate 
comes from a top-down statistical analysis, supplemented 
by communities' documentation of specific plans when 
available. The analysis assumed that communities would 
need to capture and treat 85 percent of their rain and 
snowmelt and calculated the cost of constructing basins 
and disinfection facilities to do so. 

For many communities, however, 85 percent will not be 
enough, given their state's designated uses for water 
bodies and associated quality standards. Thus, analysts 
generally regard EPA's estimate of CSO control costs as 
too low under current standards.20 For example, the CSO 
Partnership—a coalition of communities with combined 
sewer systems and firms expert in designing controls—be- 
lieves that EPA's estimate is a reasonable one only if states 
make wide use of their legal option to revise the standards 
but that meeting current standards could cost on the 
order of $100 billion.21 CBO adopted that figure in its 
high-cost scenario. 

20. In some cases, however, emerging innovative approaches that 

remove stormwater from the centralized sewer system—such as 

decentralized wastewater treatment (which emphasizes reusing 

treated flows where practical) and restorative redevelopment 

(which reintroduces stormwater to the soil and vegetation)— 

might result in costs lower than those reflected in EPA's esti- 

mates. 

21. States are authorized to modify the designated uses of and qual- 

ity standards for their water bodies if they demonstrate that 

meeting the old standards is technically infeasible or would have 

"substantial and widespread economic and social impacts." Ex- 

amples of changes that could reduce costs for addressing CSOs 

include allowing a higher number of days that swimming may 

be suspended because of elevated bacteria levels; allowing less 

stringent standards in the winter when swimming is less popu- 

lar; and applying water quality standards at the site of human 

contact, rather than the site of the discharge from the combined 

sewer system. 
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Efficiency Savings. Many water systems are realizing signi- 
ficant savings in operational and capital costs per unit of 
service by focusing on such things as demand manage- 
ment, labor productivity, system consolidation, asset 
management, and innovative construction contracting {see 
Appendix B).22 However, the amount that systems will 
save from efficiency gains over the next 20 years—or 
could save, if given the right incentives—is uncertain. 

CBO's low-cost and high-cost cases assume that efficiency 
savings reduce future investment by 15 percent and 5 per- 
cent, respectively. Those assumptions reflect several types 
of indirect or anecdotal evidence—data on potential and 

observed savings in O&M costs, estimates of investment 
savings from studies of water systems abroad, and individ- 
ual case studies of domestic systems—and are within the 

range cited by some industry experts.23 

Evidence that water systems are already reaping savings 
in O&M costs and could continue to do so comes from 
comparing a consulting firm's assessments of 97 medium- 
sized and large water utilities conducted through 1997 
with 136 later assessments. In the initial group, potential 
savings in operational costs through the use of six types 
of best practices averaged 25 percent; for the later group, 

22. For examples of the methods systems are using to identify po- 

tential savings, see Terry L. Atherton, "Success Through Mock 

Competition," and Mark Premo, "Rebuilding a Utility with 

Employee Involvement and Peer Input," both in Association of 

Metropolitan Water Agencies, Making Waves: Competitiveness 

Strategies for Public Water Utilities, vol. 1 (Washington, D.C.: 

AMWA, undated). 

23. For example, one expert has testified to the Congress that "The 

cost profiles of the water and wastewater industries suggest the 

potential for cost reductions in the range of five percent or more 

in each of the following areas: efficiency practices (planning, 

management, and operations), integrated resource management 

(supply side and demand side), technological innovation (capital 

and operating), and industry restructuring (consolidation, pri- 

vatization, and market-based approaches)" (emphasis in origi- 

nal). Supplemental answers from Dr. Janice A. Beecher, Bcecher 

Policy Research, Inc., in Senate Committee on Environment 

and Public Works, Subcommittee on Fisheries, Wildlife, and 

Water, Water and Wastewater Infrastructure Needs, Committee 

Print 107-316 (March 27, 2001), p. 95. Of course, some of 

those categories would apply more to operational costs than to 

capital costs. 

the distance from the efficiencies of best practices had 

narrowed, averaging only 18 percent.24 Similarly, a 1996 
report from the Association of Metropolitan Sewerage 
Agencies said that it is "not unusual" for systems that 
undertake efficiency initiatives to reap savings of 20 per- 
cent to 25 percent in operational costs.25 

Fewer data are available on the potential impact of effi- 
ciency savings on investment costs. Some of the best evi- 
dence comes from overseas. One study of urban water 
systems in New South Wales, Australia, estimated poten- 

tial investment savings of 12 percent to 14 percent within 
five years; also, executives from two Australian systems 
report anecdotally that they have already realized savings 

of 30 percent.26 In the United Kingdom, the latest rates 

from the government regulator of water companies as- 

sume capital savings averaging 13 percent over five years, 
on top of savings already achieved in the past decade.27 

Here in the United States, two well-documented exam- 
ples of innovative contracts giving a single firm the re- 
sponsibility to design, build, and operate a treatment 
plant have yielded estimated savings of about 20 percent 
and 40 percent, the latter including discounted O&M 
costs {see Appendix B). 

Comparing CBO's Estimates with Those of Others 
One measure of the importance of the above assumptions 
is the impact each one would have had on the estimate 
of investment costs for drinking water and wastewater 

24. Personal communication with Alan Manning, EMA Associates. 

25. Association of Metropolitan Sewerage Agencies, in collaboration 

with Apogee Research, Inc., Evaluating Privatization: AnAMSA 

Checklist (Washington, D.C.: AMSA,  1996), p. 11. 

26. Halcrow Management Sciences Limited, New South Wales Wa- 

ter Agencies' Review: Summary (December 1999), p. 53, avail- 

able from the Independent Pricing and Regulatory Tribunal at 

www.ipart.nsw.gov.au under "What's New-Updates," January 

28, 2000; and personal communication with Claude Piccinin, 

Deputy Executive Director, Water Services Association of Aus- 
tralia, July 26, 2001. 

27. Office of Water Services, Final Determinations: Future Water 

and Sewerage Charges 2000-05 (undated), p. 98, available at 

www.ofwat.gov.uk/final_determinations.htm. 
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systems if it had been used individually in WIN's analysis. 
For example, if that analysis had used 0.6 percent instead 
of 1.0 percent for the average annual rate of replacement 
for drinking water pipes, as in CBO's low-cost case, 
WIN's estimate in costs as financed would have been 
reduced by $5.4 billion per year {see Table 2-5). Thus, 
that factor alone accounts for more than one-third of the 
total difference between the estimates from WIN's 
analysis and CBO's low-cost case. Conversely, the higher 
costs for abating combined sewer overflows assumed in 
CBO's high-cost case would have raised WIN's estimate 

of average annual costs by $2.2 billion. CBO's assump- 
tions about efficiency would also have had significant 

impacts: the assumed savings of 5 percent to 15 percent 
would have reduced estimated annual costs by $1.5 bil- 
lion to $4.6 billion. 

Despite some different assumptions, CBO's estimate 
from its high-cost case is very close to WIN's because sav- 
ings from a longer borrowing term, on old debt service, 
and from efficiency are almost entirely offset by larger 
costs to address combined sewer overflows, to fund to in- 

Table 2-5. 

Contributions of Individual Assumptions to Differences Between 
CBO's and WIN's Estimates  
(In billions of 2001 dollars per year) 

Low-Cost Case High-Cost Case 

WIN's Estimate (one case) 
CBO's Estimate 
Difference to Be Explained (WIN minus CBO) 

Capital Factors 

Savings from Increased Efficiency by Drinking Water and Wastewater Systems 

Drinking Water Systems 
Annual percentage of pipes replaced 
Average annual cost for regulations not yet proposed 

Wastewater Systems 
Depreciation rate 
Share of investments in EPA's needs survey for replacing existing capital 
Average annual cost to control combined sewer overflows 

Total Savings from Capital Factors 
Total Capital Savings, Including Interactions 

Financing Factors 

Real Interest Rate 
Repayment Period 
Pay-As-You-Go Share of Total Investment 
Average Annual Debt Service on Pre-2000 Investments 

Total Savings from Financing Factors 
Total Financing Savings, Including Interactions 

40.3 
24.6 
15.7 

4.6 

5.4 
n.a. 

0.8 
0.5 
n.a. 

11.4 
10.4 

n.a. 
5.0 
1.2 
0.8 

7.1 
7.8 

40.3 
41.0 
-0.7 

1.5 

n.a. 
-0.4 

n.a. 
-0.6 
-2.2 

-1.7 

-1.7 

-2.0 

3.0 
-0.6 

0.8 

1.3 
1.1 

Source:   Congressional Budget Office. 

Notes: n.a. = not applicable (when assumptions do not differ from WIN's). 

Because of interaction effects, the sum of the dollar impacts from each assumption individually—or from all capital factors and all financing factors—does 
not equal the overall difference between CBO's and WIN's estimates. For example, the impact of investment efficiencies is smaller when the rate of investment 
is reduced by lower rates of depreciation and replacement. 
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Table 2-6. 

Estimates of Average Annual Capital Costs for Investment in Water Systems, 
2000 to 2019  
(In billions of 2001 dollars) 

CBOa 

Water Infrastructure Network 

Environmental Protection Agency 
Clean Water Needs Survey1' 

As published 
Adjusted for more recent estimate of costs to control sanitary sewer overflows 

Drinking Water Infrastructure Needs Survey1 

As published 
Adjusted for estimated underreporting 

American Water Works Associationd 

Drinking Water Wastewater 

12.0 to 20.5 14.9 to 22.3 

20.9 19.2 

n.a. 7.3 
n.a. 11.4 

8.0 n.a. 
11.1 n.a. 

8.5 n.a. 

Sources: Congressional Budget Office; Environmental Protection Agency, Office of Water, 1996 Clean Water Needs Survey: Report to Congress, EPA 832-R-97-003 
(September 1997); Environmental Protection Agency, Office of Water, Drinking Water Infrastructure Needs Survey: Second Report to Congress, EPA 816-R- 
97-003 (February 2001); American Water Works Association, Reinvesting in Drinking Water Infrastructure: Dawn of the Replacement Era (Denver, 
Colo.: AWWA, May 2001); Water Infrastructure Network, Clean and Safe Water for the 21st Century: A Renewed National Commitment to Waterand 
Wastewater Infrastructure (Washington, D.C.: WIN, April 2000). 

Note: n.a. = not applicable. 

a. Ranges reflect CBO's low-cost and high-cost cases. 
b. Estimate for 1996 through 2015. 
c. Estimate for 1999 through 2018. 
d. Estimate for 2000 through 2029. 

vestments in wastewater systems for purposes other than 

replacing existing infrastructure, and to meet drinking 

water standards, along with a higher interest rate and 

larger paygo share. In contrast, CBO's low-cost case dif- 

fers sharply from WIN's largely because of the replace- 

ment rate assumed for drinking water pipes, the assumed 

savings from efficiency, and the longer borrowing term; 

other assumptions, such as a smaller paygo share and 

lower estimate of old debt service, have smaller but still 

significant effects. 

Evidence from the available bottom-up studies—EPA's 

needs surveys and the American Water Works Associa- 

tion's study of 20 systems—does not support estimates 

of the magnitude produced by CBO's high-cost case and 

WIN's analysis. Indeed, estimates from the bottom-up 

studies are well below those from CBO's low-cost case 

(when expressed in comparable terms). Specifically, EPA's 

survey estimated average annual capital (that is, real re- 

source) costs of $8.0 billion for drinking water, and 

AWWA's study put that figure at $8.5 billion. For waste- 

water, EPA's figure was $7.3 billion. By comparison, 

CBO's estimates of real resource costs in the low-cost case 

are $ 12.0 billion for drinking water and $ 14.9 billion for 

wastewater {see Table2-6). The estimates based on EPA's 

surveys remain somewhat lower even after (perhaps in- 

complete) adjustments to better capture investment needs 

over the full 20-year horizon, which raise the figure for 

drinking water to $ 11.1 billion and the figure for waste- 

water to $11.4 billion.28 

28. The adjustment for drinking water systems applies the percent- 
age amount of underreporting that EPA found in follow-up 
visits to 200 medium-sized and large systems after the 1995 
needs survey. The adjustment for wastewater systems substitutes 
EPA's later model-based estimate of costs to address SSOs for 
the estimates from the survey—specifically, those for projects to 
prevent inflows and infiltration and to replace or rehabilitate 
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For O&M costs, the differences between CBO's and 
WIN's estimates involve fewer factors. The approach that 
CBO used in its low-cost case to estimate O&M costs for 
drinking water systems is essentially the same as WIN's, 
differing only in extrapolating from 19 years of data 
instead of 10 and phasing in the assumed 20 percent 
efficiency savings two years sooner. Those factors account 
for a minor part of the difference in the two estimates; 
most appears to reflect differences in data sources.29 For 
wastewater systems, one additional difference between 
CBO's low-cost case and WIN's analysis is that the latter 
extrapolates the trend in the ratio of O&M to capital 
stock, not in O&M itself (see the discussion in Appen- 
dix A). For both drinking water and wastewater, CBO's 
high-cost case estimates exceed WIN's because diey as- 
sume no efficiency savings (beyond those already reflected 

in the 1980-1999 trend). 

Comparing Current Spending 
and Future Costs 
Large future investment costs are relevant to policymakers 
primarily because of the prospect that they will require 
large increases above current investment levels and hence 
large increases in the rates charged to households and 
other water users. WIN's report, EPA officials, and water 
industry representatives have referred to the difference 
between current (or recent) spending and future costs as 
a "funding gap." But the difference does not reflect the 
ability of local water systems to generate additional re- 
sources on their own to pay for increased future invest- 
ment, so it does not reflect a gap that can only be filled 
by federal funds. 

CBO estimates that investment spending in 1999 was 
$11.8 billion for drinking water and $9.8 billion for 
wastewater (in 2001 dollars). Those figures are estimates 
because the available data do not measure spending in 
terms of costs as financed. The most comprehensive data, 
from the Census Bureau's annual surveys of state and 

local government finances, show total capital outlays 
(whether financed through borrowing or paid from funds 
on hand) for both drinking water and wastewater systems 
and interest payments for drinking water systems. Thus, 
the census data do not capture costs as financed because 
they lack information on interest payments for wastewater 
systems (which the survey classifies as municipal depart- 
ments, not utilities) and because they include the capital 
costs for new financed investments rather than the cur- 
rent principal payments made on past investments. 

CBO's estimates of 1999 baseline spending for drinking 
water and wastewater combined include estimates of 
spending on new paygo investments and on debt service 
for earlier investments financed through borrowing. CBO 
calculated the former as an assumed share of all invest- 
ments made in 1999; the latter reflects assumptions re- 
garding interest rates and paygo shares from 1979 
through 1998.30 (CBO used the same approach to esti- 
mate the future costs of debt service on pre-2000 invest- 
ments; see Appendix A for details.) The resulting estimates 
are necessarily somewhat uncertain, given the large num- 
ber of assumptions involved. 

Those estimates of 1999 spending imply that future in- 
vestment costs represent an annual average increase for 
drinking water and wastewater systems combined of $3.0 
billion under the low-cost case and $19.4 billion under 
the high-cost case {see Table 2-7). The former figure 
represents just 14 percent of the current financial burden 
of water investments. That result is contrary to the con- 
ventional wisdom that the nation's water systems will 
soon be straining to fund a large increase in investment, 
but CBO considers it reasonable, given the uncertainty 
about how soon existing infrastructure will need replace- 

29. For example, whereas CBO took the data it used to convert 

nominal O&M spending to 2001 dollars from the GDP price 

deflator, WIN appears to have used the Engineering News- 

Records Construction Cost Index, which both WIN and CBO 

used for capital spending. 

30. CBO's analysis also involved scaling up the census data on in- 

vestments in drinking water systems by 15 percent to capture 

spending on privately owned systems. For lack of information, 

however, CBO did not adjust the data downward to omit in- 

vestments to serve future growth. As noted above, growth- 

related investments are excluded from EPA's needs survey and 

thus from CBO's estimates of future investment costs; conse- 

quently, their inclusion in the census data lends a downward 

bias to CBO's projections of the difference between current 

spending and future costs. WIN's analysis of baseline spending 

made those same choices. 
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Table 2-7. 

Estimates of the Difference Between 1999 Spending and Future Costs 
for Investments in Water Systems 
(In billions of 2001 dollars per year) 

Drinking Water Wastewater Total 

CBOa 

Future costs 
1999 spending 
Difference 

WIN (Costs as financed) 
Future costs 
1999 spending (Approximate) 
Difference 

11.6 to 20.1 
11.8 

- 0.2 to 8.3 

21.4 
12.0 
9.4 

13.0 to 20.9 
9.8 

3.2 to 11.1 

18.9 

9-2 

24.6 to 41.0 
21.6 

3.0 to 19.4 

40.3 
2L2 
18.6 

Source: Congressional Budget Office. 

Note: The Ggures for 1999 spending are estimates, reflecting assumptions about debt service payments on investments from earlier years. For the purpose of comparison, 
CBO recalculated WIN's results in terms of costs as financed and approximated WIN's estimate of 1999 spending. 

a. Ranges reflect CBO's low-cost and high-cost cases. 

ment, the prospects for increased efficiency, and the po- 

tential for water systems to fund more of their investment 

through borrowing and to borrow for longer terms. In 

contrast, the $ 19.4 billion difference estimated under the 

high-cost case, which CBO considers equally possible, 

nearly matches the current financial burden of invest- 

ments in water systems. 

Expressed in costs as financed, WIN's results show a dif- 

ference between 1999 spending and average future costs 

of $9-4 billion for drinking water and $9.2 billion for 

wastewater (see Table2-7)?x Again, the implied estimates 

from WIN's analysis are close to those from the high-cost 

case and much larger than those from the low-cost case 

(while significantly below WIN's published figures, 

shown in Box2-3on page 19). The main novelty here is 

31. CBO did not obtain enough information to directly calculate 

WIN's estimate of 1999 debt service, a key component of base- 

line spending in terms of costs as financed. Instead, CBO ap- 

proximated "WIN's estimate by using a proxy model based on 

WIN's methods and assumptions. To improve the approxima- 

tion, CBO adjusted the proxy model's estimate of 1999 debt 

service in proportion to the difference between WIN's known 

estimate of average annual debt service from 2000 to 2019 and 
the corresponding estimate from the proxy model. 

that subtracting baseline spending makes the differences 

between WIN's estimates and CBO's larger in relative 

terms. 

The Impact of Projected Water Costs 
on Households' Budgets 
Ultimately, individuals bear the costs of investments in 

water systems and expenditures for O&M—directly 

through households'drinking water and wastewater bills 

and indirectly through the prices they face for goods and 

services produced using water and through local, state, 

and federal taxes supporting water systems. The distribu- 

tion of costs among individuals depends on their water 

use, their system's characteristics (including rate struc- 

tures and external funding), their consumption of water- 

intensive goods and services, and their tax bills. 

Given the availability of data on households' water bills, 

but not on indirect expenditures on water through taxes 

and consumption of other goods and services, CBO has 

analyzed the impact that projected levels of investment 

and O&M spending would have on households' budgets 

in the absence of increased support from taxpayers. For 

simplicity, the analysis assumed that all residential, com- 
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Box 2-4. 

CBO's Analysis of Household Water Bills 
CBO's data come from the quarterly responses of ap- 
proximately 2,800 households participating in the 
national Consumer Expenditure Interview Survey, 
carried out by the Bureau of the Census under contract 
with the Bureau of Labor Statistics. Households in 
CBO's sample began their yearlong participation in the 
survey no earlier than the third quarter of 1997 and no 
later than the second quarter of 1998. To obtain 
national-level results, CBO weighted the data to adjust 
for the fact that not all surveyed households partici- 
pated for the full course of a year. 

Participants report "cash" income from all sources, in- 
cluding food stamps. To guard against an overly con- 
servative estimate of the proportion of household in- 
come spent on water bills, CBO incorporated all 
incomes as reported to the Consumer Expenditure 
Survey even though 3 percent of households in the 
sample have an annual income of less than $5,000 and 
a small fraction have large negative incomes. Some 
analysts question the reliability of such reported in- 
comes because expenditures by those households often 
exceed their pretax income.1 

1. Geoffrey D. Paulin and David L. Ferraro, "Imputing Incomes 

in the Consumer Expenditure Survey," Monthly Labor Review, 

vol. 117, no. 12 (December 1994), pp. 23-31. 

Participants also report water expenditures on the basis 
of bills received exclusively for drinking water and 
sewer services. For the 39 percent of respondents not 
reporting their own water bills, CBO imputed their 
expenditures by using the average values of water bills 
from reporting households in comparable income 
classes. Those income classes covered $ 10,000 segments 
up to $100,000; the last income class consisted of 
households earning at least $100,000. Again, that 
imputation errs on the side of overstating the share of 
household income spent on water since most nonre- 
porting households are probably apartment dwellers 
who do not receive separate water bills. Water use per 
capita is generally lower in multifamily units, which, 
compared with single-family homes, tend to have fewer 
water-using appliances and to share landscaping and 
swimming pools.2 

2. Duane D. Baumann, JohnJ. Boland, andW. Michael Haneman, 

Urban Water Demand Management and Planning (New York: 

McGraw-Hill, Inc., 1998). 

mercial, and industrial water customers would face the 
same percentage increase in their bills, notwithstanding 
the fact that investment and O&M requirements vary 
among systems. 

CBO's Estimates 
CBO estimates that total household water bills repre- 
sented 0.5 percent of total household income in the late 
1990s, when customers paid about $58 billion directly 
to water systems {see Box 2-4). To pay for future infra- 
structure expenditures and O&M costs without increased 
support from taxpayers, direct funding from customers 
in 2019 would have to reach $84.7 billion in the low-cost 
case and $121.9 billion in the high-cost case, implying 
average annual rates of increase between 1999 and 2019 
of 1.62 percent and 3.48 percent, respectively. Taking 

into account projected growth in income over that time, 
water bills in 2019 would equal 0.6 percent of national 
household income in the low-cost case and 0.9 percent 
in the high-cost case.32 The best available data suggest 
that such shares would not be high compared with those 
in many other industrialized countries {see Box 2-5). 

32. The percentages reflect a projected 19.2 percent increase in real 

household income between the late 1990s and 2019 on the 

basis of CBO's July 2001 forecast through 2011 for taxable 

personal income for earners age 20 and over (with married cou- 

ples counting as one earner) and the Social Security trustees' 

midrange assumptions for population growth. The simple anal- 

ysis leaves out several factors, including potential changes in the 

spread of the income distribution or in the allocation of water 

costs between household and other users. 
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Box 2-5. 

Water Bills in Various Industrialized Countries 
Compared with households in other countries, U.S. 

households typically enjoy relatively low-cost water 
bills. Without information on household costs associ- 
ated with tax-financed subsidies for water systems, 
international comparisons of drinking water and waste- 
water costs at the household level are limited to ex- 
amining bills that users pay for typical quantities of 
water services. By that measure, U.S. households'water 
bills as a share of personal financial resources, on aver- 

age, currently rank third-lowest among those of 16 in- 

dustrialized countries of the Organization for Eco- 

nomic Cooperation and Development (see the table). 

By 2019, under the Congressional Budget Office's 
high-cost case, U.S. households' average costs (as a per- 
centage of per capita gross domestic product) would 
nearly double if the increases in investment and O&M 
expenditures were passed along entirely to customers 
in their water bills. If households' water bills in other 
countries rose no faster than per capita GDP, the 
United States' ranking would fall from third- to tenth- 
lowest. Even with those assumptions, direct billing for 
water services relative to personal financial resources 
would still be lower in the United States, on average, 
than in France or England. 

Households' Average Bills for Typical Levels of 
Water Consumption in OECD Countries in the Late 

1990s (Percentage of per capita GDP) 

Korea 0.64 
Italy- 0.72 
United States 1.00 
Japan 1.04 
Turkey 1.32 
Belgium 1.44 
Sweden 1.48 
Spain 1.52 
Denmark 1.60 
Australia 1.72 
Finland 2.16 
France 2.20 
England and Wales 2.28 
Netherlands 2.52 
Czech Republic 3.84 
Hungary 6.20 

Note: 

Source: Congressional Budget Office based on Organization for Economic 

Cooperation and Development, Environment Directorate, Environ- 

menlPohcyComsmaee,HouseboUWaterPricinginOECDCoun- 

tries, ENV/EPOC/GEEI(98)12/nNAL (Paris: OECD, May 1999). 

The table reflects the best indicator of households' water bills that 

CBO can construct, given limitations on international data. It draws 

on two data sources that incorporate information from different 

years. The first reports 1996 data on average drinkingwater charges 

for a household using 200 cubic meters of water per year relative 

to per capita GDP; the second reports average drinking water and 

sewer charges per cubic meter for a year between 1994 and 1999, 

depending on the most recent data available for each country. 

However, shares of income nationwide can obscure im- 
portant differences among households and thus shed only 
limited light on the argument, made by advocates of in- 
creased federal aid for investment in water systems, that 
rising costs will make bills unaffordable for some house- 
holds.33 Certainly, households at different income levels 

33. Other summary measures of water costs consider the share of 

income spent by individual households. For example, the 

median share of income spent on water services in the late 

1990s was 0.98 percent, meaning that half of all households spent 

less than that amount and the other half spent more. Another sum- 

mary measure—the average of the individual household shares— 

cannot be calculated in a nonarbitrary way because of the very 

small, zero, and negative incomes reported by some surveyed house- 

holds (see Box 2-4). One arbitrary approach is to cap all shares at 

some maximum level; with a cap of 10.1 percent, the average 

household share becomes 1.6 percent. Another way is to ignore the 

data from all households reporting zero or negative income; under 

that approach, which accepts all small but positive incomes as ac- 

curate, the average share is 4.8 percent. 
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Table 2-8. 

Percentage Shares of Households' Average Expenditures 
in the Late 1990s, by Category  

Annual Household Expenditures (Thousands of dollars) 
Under Over 

10 10 to 20 20 to 30 30 to 40 40 to 90 90 

Water and Sewer 2.49 1.67 1.27 1.09 0.80 0.56 
Other Utilities 10.75 8.62 7.39 6.70 5.24 3.74 

Shelter, Household Operations, and Supplies 34.86 35.05 30.63 28.75 26.48 26.68 

Food 20.97 17.31 15.50 14.59 12.35 10.13 
Health Care 6.70 7.43 5.76 5.52 4.21 3.16 

Other Identified Expenditures3 24.41 29.33 35.65 37.24 41.68 40.41 

Taxes (Nonproperty) -0.19 0.60 3.80 6.11 9.25 15.33 

Total for Identified Expenditures 100 100 100 100 100 100 

Source: Congressional Budget Office based on data from Bureau of the Census, Consumer Expenditure Interview Survey, third quarter 1997 through first quarter 1999- 

a. Apparel and personal care, transportation, personal insurance and pensions, recreation, entertainment, alcohol, smoking, education and reading, and cash contri- 
butions. 

devote different proportions of their total spending to 
water services—as they do to other utilities, food, medical 
care, and housing. For example, households with total ex- 
penditures under $ 10,000 devoted an average of 2.5 per- 
cent to water bills in the late 1990s and thus would gener- 
ally have to adjust more to accommodate rate increases 
than would households with expenditures of, say, over 
$90,000, which devoted an average of just 0.56 percent 
to water bills (see Table 2-8).34 For comparison, the share 

34. To avoid the problems associated with the very low and negative 

income reported by some households in the survey, Table 2-8 

compares spending in each category not to income but to total 

spending. For households that are net savers, water bills repre- 

sent a larger share of spending than of income; for households 

that are net borrowers, the opposite is true. 

Households' adjustments to higher rates would reflect not only 

their income and expenditures but also their potential for reduc- 

ing water use. A 1984 assessment of 50 peer-reviewed studies 

concluded that a 10 percent increase in price, with everything 

else unchanged, would prompt a 2 percent to 4 percent decline 

in residential water demand. John J. Boland, Benedykt 

Dziegielewski, Duane D. Baumann, and Eva M. Opitz, Influ- 

ence of Price and Rate Structures on Municipal and Industrial 

Water Use, Institute for Water Resources Report 84-C-2 (Fort 

Belvoir, Va.: U.S. Army Corps of Engineers, 1984). 

of total spending going to everything other than food, 
housing, medical care, utilities, and taxes averages 22 per- 
cent for the former group and 40 percent for the latter. 

Of course, the share of a household's income spent on 
water bills also depends on its water use and local rates. 
Sorting individual households specifically by the share of 
income going to water bills, CBO found that in the late 
1990s, half of all households spent 1 percent of income 
or less for water services, while others spent significantly 

more (see Figure 2-1) .35 

Distributions such as those CBO found can be charac- 
terized in many ways, emphasizing different features. One 
measure that has received significant attention is the frac- 
tion of households billed more than 4 percent of income 
for their water services—but that is simply one of many 
potential summary measures. Four percent has no par- 
ticular economic significance as the point at which house- 
holds' water bills become "unaffordable." (For the origin 
of the 4 percent measure, see Appendix C.) 

35. The figure treats households that reported zero or negative in- 

come as spending more than 10 percent of their income for 

water. 
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Figure 2-1. 

Water Bills as a Share of Household Income 
(Percentage of U.S. households) 
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However, using that particular measure, CBO estimates 
that in the late 1990s, 7 percent of U.S. households spent 
more than 4 percent of their income on water; an addi- 
tional 16 percent spent more than 2 percent. Twenty-five 
percent spent less than 2 percent but more than 1 per- 
cent, and 51 percent spent no more than 1 percent.36 

The distribution in the late 1990s represents a modest 
shift from the late 1980s, when only 4.7 percent of U.S. 
households were spending over 4 percent of their income 
on water bills. In 2019, given uniform increases in 
charges associated with CBO's low-cost and high-cost 
estimates, 10 percent to 20 percent of U.S. households 
might be spending more than 4 percent of their income 
on bills for the services they now use; an additional 
19 percent to 23 percent might be spending more than 
2 percent. 

Comparing CBO's and WIN's Estimates 
Compared with CBO, WIN found water bills accounting 
for a much larger share of household budgets, both now 
and in the future. The coalition's estimate that 18 percent 
of U.S. households spent more than 4 percent of their 
income on water bills in 1997 is more than twice as high 
as CBO's estimate of 7 percent. "WIN projected that 
22 percent of households would spend over 4 percent of 

36. The distribution appears to be similar for urban and rural areas. 

For example, CBO estimates that 7 percent of urban households 

and 8 percent of rural households were paying more than 4 per- 

cent of their income for water bills. However, the urban-rural 

comparison is hampered by the large share (47 percent) of rural 

households that did not report water bills. Since CBO imputed 

spending for nonreporters using average bills of all rural and 

urban households with similar income, estimated bills for rural 

households may be too low if actual bills for rural nonreporters 

exceeded the imputed averages. Alternatively, estimated bills for 

rural households may be too high if the imputed costs exceeded 

the actual costs—if, for example, many of the rural nonreporters 

used private wells and septic tanks. 

their income on water bills by 2009 (halfway through the 
2000 to 2019 study period) and stated that a third or 
more of the population would have bills reaching that 

level as costs continued to rise.37 

The discrepancy between CBO's estimate for the late 
1990s and WIN's for 1997 apparently exists because 
WIN did not analyze actual bills based on water use by 
individual households as CBO did. Instead, WIN cal- 
culated households' water bills using data on Ohio sys- 
tems' 1997 charges for the equivalent of 250 gallons per 
day.38 (The other possibility would be that WIN's esti- 

mates of household income were lower than CBO's, but 
comparing average income by percentile across WIN's 
and CBO's data sources suggests that household income 
was higher in WIN's analysis.) The accuracy of WIN's 
results rests on the extent to which households' water bills 
nationally can be characterized using only data on charges 
for consumption of 250 gallons per day in Ohio. If, for 
example, low-income households tend to use less water 
than that, then, other things being equal, WIN's esti- 
mates overstate the number of households with water bills 
claiming more than 4 percent of their income.39 

37. Water Infrastructure Network, Clean and Safe Water for the 21st 

Century, pp. 3-4 and 3-5. 

38. Although WIN's Clean and Safe Water for the 21st Century re- 

port states that its analysis is based on "individual fees (not aver- 

age)," it is actually based on the 1997 rates that Ohio house- 

holds would have faced if they used the equivalent of 250 gal- 

lons per day, according to Ken Rubin of PA Consulting. 

39. WIN considered Ohio households' expenditures for drinking 

water and wastewater services (relative to income) as representa- 

tive of such expenses nationwide because in the 1990 census 

such data on spending for drinking water in that state matched 

well with the information for the United States as a whole. (The 

1990 census data do not include wastewater expenditures.) 



Options for Federal Policy 

F, ederal intervention in drinking water and waste- 

water markets may be designed to serve various purposes, 
such as protecting the environment or ensuring that 
drinking water meets certain standards everywhere in the 
country. All such policy objectives can be viewed as efforts 
to increase the cost-effectiveness of providing and using 
water or to achieve a certain distribution of the benefits 

and costs. 

Economic principles suggest that federal action may be 
able to increase cost-effectiveness when other entities do 
not have adequate incentives to account for the extrajuris- 
dictional, or "spillover," effects that their decisions have 
on third parties. For example, standards for wastewater 
treatment may improve cost-effectiveness by reducing costs 
to downstream users by more than the costs of treatment. 
However, whether current standards established under 
the Clean Water and Safe Drinking Water Acts are con- 
sistent with the economically efficient use of society's re- 
sources is an important question that is outside the scope 

of this study. 

A main opportunity for federal involvement that may im- 
prove cost-effectiveness is sponsoring research and devel- 
opment (R&D). Private firms and state governments that 
may fund R&D for water systems have little incentive to 
consider the spillover benefits that would accrue to other 
parties and thus are likely to forgo some research oppor- 
tunities that would be worthwhile from the national 

perspective.1 

Federal intervention in water markets can also be intended 

to serve distributional purposes—to shift costs from people 
who have low income, use a lot of water, or are served by 
high-cost systems to people who have high income, use 
relatively little water, or are served by low-cost systems. 
The drawback of such interventions through federal 
funding and tax preferences, however, is that they generally 
distort prices and thereby undermine incentives for cost- 
effective actions by producers and consumers of water 
services. Eliminating the distortions could lower total 
national costs: without federal support, the prospect of 
rising costs and accountability to ratepayers would give 
managers of water systems strong incentives to look for 
ways to control costs in both their operational and invest- 
ment choices. Similarly, the increased rates themselves, 
better reflecting the true costs of water services, would tend 
to encourage water users to adjust their behavior—for ex- 
ample, to use less water or to pretreat industrial wastewater 
—in order to cut costs. 

Both the distributional effects of subsidies for water ser- 
vices and the extent of their adverse impact on incentives 
for cost-effective actions depend on the subsidies' level 
and form. To preserve incentives for cost-effective actions 
by water systems and users, the Congress could pursue 
policies that redistribute income—such as aid to water 
systems based on a predetermined formula not tied to cur- 
rent investments or direct subsidies to needy households 
for a basic level of water use—rather than policies that dis- 
tort the price of water, such as the present subsidies for 
investment in infrastructure. 

1. See Congressional Budget Office, "Investing in Physical Capital 

and Information," in Budget Options (February 2001). Even 

broad-based coalitions may not be able to support the appropri- 
ate level of research through coordinated voluntary contribu- 
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Federal Support for Research and 
Development and Its Implications 
Technical R&D into new pipe materials, construction and 
maintenance methods, and treatment technologies can 
lead to significant savings. One of the many successful in- 
novations that could be cited here is pipe bursting, a 
method for replacing pipes that does not require trenches 
to be cut along the entire length of the replacement. In- 
stead, using a single access point, the construction crew 
sends equipment into a section of pipe to burst it from 
within and feeds a flexible new pipe in to take its place. 

By using pipe bursting, the drinking water system in 
Columbus, Georgia, reduced its costs for replacing water 

mains by an estimated 25 percent.2 A less tested but prom- 
ising technology for wastewater treatment, supercritical 

water oxidation, could achieve superior environmental 
results and reduce operating costs by one-third, according 
to one study. Capital costs could be somewhat higher than 
those for existing technologies but might fall as the 
method is further developed or used at larger scales.3 

Despite the potential for technological progress to provide 
cost savings, the level of R&D spending on drinking water 
and wastewater currently seems low compared with that 
for electrical power according to the limited data available. 
The combined budgets of the American Water Works 
Association Research Foundation (AWWARF) and the 
Water Environment Research Foundation (WERF), the 
main research organizations for the drinking water and 
wastewater industries, are on the order of $25 million per 
year. That amount represents roughly 0.05 percent of cur- 
rent spending for investment in water systems and their 
operations and maintenance. In contrast, spending in 2000 
by the Electric Power Research Institutewas 0.14 percent 
of total electricity sales (which roughly corresponds to 
spendingon investmentand O&M). The Environmental 

Protection Agency funded an additional $7 million of 
R&D in 2002, excluding grants to AWWARF and 

WERF.4 

To try to speed the development and adoption of less 
costly materials and methods, the federal government 

could increase its financial support of technical R&D. The 
increase could take the form of additional research projects 
managed by EPA, larger federal grants to private organi- 
zations such as AWWARF and WERF, or both. One 
specific proposal, advanced by the Water Infrastructure 
Network coalition, calls for federal funding of $250 mil- 

lion per year for a new Institute of Technology and Man- 
agement Excellence.5 As the name suggests, that institute 
would support not only technical R&D but also the dis- 
semination of good management practices. 

While additional federal funding for R&D may have the 
potential to lower total national costs for water services, 
in practice it may be difficult to determine an appropriate 
increase, since the line between a useful response to a 
market failure and a wasteful subsidy is not always clear. 
Federal funding may be subject to various influences not 
related to the cost-effective provision of water services and 
may allow others to reduce their own research funding. 
Thus, a compelling case for increased appropriations for 
water research cannot rest at the theoretical level but must 
include the details of the proposed uses of the additional 
funds and the capabilities of other funders. 

In many cases, the key to improving the cost-effectiveness 
of a particular drinking water or wastewater system may 
lie not in developing new technologies but in improving 
the way system managers deploy existing and emerging 
technologies. Notwithstanding important differences in 
local conditions that are beyond managerial control, it is 
clear that some systems operate less efficiently than others, 
whether because of ignorance, system-level problems (such 

2. Steve Allbee, Environmental Protection Agency, "The Infra- 

structure Investment Gap Facing Drinking Water and Waste- 

water Systems" (speech to the Association of Metropolitan 

Water Agencies, St. Pete Beach, Fla., October 24, 2000). 

3. "New Wastewater Treatment Good for the Environment," 

WaterTechOnline, October 9, 2001, available at www.water 

techonline.com/news.asp?mode=4&N_ID=26205. 

4. Personal communication with Terry Grindstaff, EPA, Septem- 

ber 27, 2002. The figure includes $6.2 million for research on 

drinking water treatment and $0.7 million on wastewater treat- 

ment. 

5. Water Infrastructure Network, Water Infrastructure Now: Rec- 

ommendations for Clean and Safe Water in the 21st Century (un- 

dated), available atwww.win-water.org, p. 12. 
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as poor leadership, featherbedding, or operation on asmall 
scale), or simply a lack of concern over current water costs. 
As noted in Chapter 2, according to recent assessments 
of 136 systems, the industry is becoming more efficient 
but still could reduce operating costs by an average of 
18 percent through more widespread use of "best prac- 

»6 tices. 

Of course, rising costs for investment and O&M can be 
expected to motivate system managers to acquire knowl- 
edge and overcome local constraints in order to reduce 
the pressure for higher rates. So whether federal support 
for the dissemination of information on best practices 
could further improve systems' efficiency is unclear. 

Federal Support for Infrastructure 
Investment and Its Implications 
Through different spending programs, including the state 
revolving funds, federal funds paid for about 11 percent 
of the nationwide investment in water infrastructure in 
1999, and federal tax preferences provided a subsidy equiv- 
alent to perhaps 3 percent more. Again, Congressional 
action to increase such support would affect both the 
national costs for water services and the distribution of 
those costs, but the specific effects would depend on 
choices about the amount of the increase, the degree of 
targeting to particular categories of water systems, and the 
mechanisms used to provide the support. Similarly, the 
effects of cutting back federal assistance would depend 
on the details of the cuts. 

Current Federal Support for Water Systems 
As noted in Chapter 1, the federal government supports 
investment in water infrastructure through a variety of 
spending programs and, to a lesser extent, through tax 
preferences. Small and disadvantaged communities benefit 
disproportionately from the spending, through either ex- 
plicit targeting at the federal level or states' allocations of 
loans from the revolving funds. In contrast, larger com- 
munities (which can access the municipal bond market 
more easily) are the primary beneficiaries of the tax prefer- 
ences. Privately owned water systems have less access to 
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federal support than their publicly owned counterparts 

do (see Box 3-1). 

Federal tax law aids investment in water systems primarily 
through the general exemption of interest on municipal 
bonds, which makes the bonds more attractive to buyers 
and thus reduces the interest rates that water systems must 
offer. The exemption applies to personal and corporate 
income taxes but not to the alternative minimum tax 
(AMT) for corporations; firms that pay the AMT must 
include interest on the bonds in calculating their "adjusted 
current earnings," which effectively makes 75 percent of 
the interest subject to that tax. Two other provisions of 
the federal tax code related to municipal bonds also help 
water systems: bond issuers can keep some arbitrage profits 
(made by reinvesting bond proceeds at a higher interest 
rate) and can refinance the bonds up to 90 days before 
redeeming the original debt.7 The Joint Committee on 
Taxation estimated that the interest exemption and related 
provisions saved bondholders $0.6 billion in 1999 on 
bonds issued for both municipal and privately owned 
water systems and hazardous waste facilities.8 That figure, 
including the unknown but relatively small share associ- 
ated with hazardous waste facilities, corresponds to rough- 
ly 3 percent of the investment in water systems in 1999, 
the latest year for which data are available. 

Federal spending programs support water infrastructure 
in several ways, including direct grants for investment 
projects, capitalization grants to the SRFs, and credit sub- 
sidies in the form of loans and loan guarantees. On the 

6.   Personal communication with Alan Manning, EMA Associates. 

7. To keep any arbitrage profits, systems must spend the bond 

proceeds within four phased deadlines over two years. Also, they 

can use the "advance refunding" option only once for each origi- 

nal bond issue. 

8. Joint Committee on Taxation, Estimates of Federal Tax Expendi- 

tures fir Fiscal Years 1999-2003, staff report JCS-7-98 (Decem- 

ber 14, 1998), p. 16. This figure covers bonds backed by water 

systems' revenues but not municipal "general obligation" bonds. 

Note that the committee's estimate of the "expenditure" associ- 

ated with a tax preference is somewhat larger than the corre- 

sponding estimate of the increased federal revenue associated 

with eliminating it: the former takes the existing level of the 

taxed activity as given and thus does not reflect behavioral ad- 

justments that taxpayers would make if the preference was 

changed. 
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Box 3-1. 

Federal Support of Privately Owned Water Systems 

The large majority of households are served by publicly 
owned, or municipal, drinking water and wastewater 

systems. Although nearly half of all community drinking 
water systems are privately owned, they reach only about 
15 percent of the households served. Roughly 20 percent 
of wastewater systems that treat household sewage are 
privately owned, but they serve only about 3 percent 
of households.1 Various federal and state restrictions 
limit private systems' access to federal aid provided 
through the state revolving fund (SRF) programs and 
to federal tax preferences. 

Private wastewater systems are not eligible for loans from 
SRFs, and although private drinking water systems are 
eligible under federal law, they may be blocked by 

provisions in some states' constitutions. In otherstates, 
private systems' access to SRF loans can be inhibited 
simply because the states leverage their SRF money. If 
enough of the proceeds from bonds issued to leverage 
SRF money are used to make loans to private systems, 
the bonds are considered private activity bonds (PABs), 
which are subject to several restrictions.2 

The most important of those restrictions is the cap on 
each state's annual volume of tax-exempt PABs. Federal 
tax law sets the limits at the greater of $75 per resident 
of the state or $225 million in calendar year 2002, after 
which those figures will be indexed for inflation. To 
date, the limits have restrained the issuance of PABs in 

1. The estimate of 3 percent is commonly cited within the industry, 

but precise data on the households served by private wastewater 

systems are not readily available. 

2. See Environmental Protection Agency, Environmental Financial 

Advisory Board, Funding Privately Owned Water Providers 

Through the Safe Drinking Water Act State Revolving Fund(]u\y 

1998). Private activity bonds are those for which 10 percent or 

more of the proceeds are used directly or indirectly by a non- 

governmental entity and 10 percent or more are secured directly 

or indirectly by property used in a trade or business. Formally, 

the definition applies to both taxable and tax-exempt bonds; 

typically, however, the term "private activity bond" is used to 

refer to the latter. 

most states.3 And within those limits, water systems' 
needs compete for allocations against many other pur- 
poses, such as housing, industrial development, student 
loans, mass commuting facilities, and local electricity 
and gas facilities. Indeed, all "exempt facilities"—the 
subset of eligible facilities or purposes that includes 
water infrastructure—accounted for less than 10 percent 
of PABs in 1999. 

Even when private water systems are allocated a share 
of a state's PABs, three other provisions of federal tax 

law raise their financing costs relative to those of muni- 

cipal systems. First, interest on PABs remains subject 
to the alternative minimum tax (AMT) for both corpo- 
rations and individuals, which reduces the demand for 
such bonds by potential investors who pay the AMT 
and thus raises the interest rate that issuers must offer.4 

(As discussed in the body of this report, interest on 
municipal bonds can be partially taxed under the corpo- 
rate AMT.) Second, privately owned systems must 
spend bond proceeds within six months, whereas public 
systems have four phased deadlines that allow spending 
to occur over two years. The shorter spendout period 
reduces the time during which private systems can earn 
"arbitrage profits" by investing bond proceeds at rates 
above the bond's own yield and may also force them 
to incur higher transaction costs for a phased series of 
smaller bond issues. Third, private systems have some- 
what less flexibility in refinancing bonds to take advan- 
tage of favorable interest rates: PABs cannot be refi- 
nanced with new tax-exempt bonds unless the proceeds 
are used  immediately to retire the original debt, 

3. States may carry forward allowances under the cap for designated 

projects for thtee years. Frequently, a state that appears to have 

not issued PABs up to its limit in a given year will actually be 

using that option to save allowances for a large project or to wait 

for more favorable market conditions. 

4. The impact on PAB rates is estimated to be 15 to 25 basis points 

(that is, 0.15 to 0.25 percentage points). See Environmental 

Protection Agency, Environmental Financial Advisory Board, 

Funding Privately Owned Water Providers. 
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Box 3-1. 

Continued 
whereas governmental bonds can be "advance refunded" 
once, up to 90 days before redemption of the original 
debt. 

The Congress could eliminate most of those provisions 
that place privately owned systems at a disadvantage 
relative to municipal systems—the exception being ob- 
stacles in states' constitutions that disallow aid from 
SRFs.5 For example, it could amend the Clean Water 
Act to allow SRF loans to private wastewater systems. 
It could also reclassify bonds for projects that served 
public needs for water services as governmental bonds 
rather than PABs (thus sidestepping all of the differences 
in tax treatment), or it could partially or fully exempt 
bonds for water systems from the annual caps on PABs. 
There is no precedent for such tax treatment of privately 
owned utilities, however. PABs for airports, docks, 
wharves, solid-waste facilities, and environmental en- 
hancements of hydroelectric generating facilities are 
exempt from the volume caps, as is 75 percent of the 
value of PABs for high-speed intercity rail facilities, but 
only if the facilities are publicly owned, with private 
parties restricted to serving as operators or lessees.6 

A commonly heard argument for equalizing both the 
access to funding and the tax treatment of private and 
municipal water systems is that water users should not 

5. Of course, the Congress could give states incentives to amend 

their constitutions. One proposal for doing so calls for modifying 

the calculation of each state's share of the annual federal ap- 

propriations for drinking water SRFs, which reflect the findings 

of the Environmental Protection Agency's needs survey, to 

exclude the needs for privately owned systems in states that do 

not make loans to such systems. 

6. Moreover, the contract or lease for such a facility is subject to 

several restrictions: it must not allow the private operator to 

claim depreciation or investment tax credits, extend beyond 

80 percent of the useful life of the assets financed by the bonds, 

or allow assets to be sold to the operator for less than fair market 

value; and compensation to the operator must be primarily in 

the form of a fixed periodic payment. Also excluded from the 

volume cap on PABs are bonds for veterans' mortgages and for 

certain nonprofit organizations. Bonds for public educational 

facilities have their own cap, equal to the greater of $10 per 
person or $5 million. 

be denied the benefits of federal aid simply because their 
service comes from a privately owned system. Op- 
ponents of aid to private systems sometimes argue that 
the government should not support private profits; 
however, state regulation of rates charged by private 
utility monopolies such as water systems constrains 
profits and can ensure that most of the gains from fed- 
eral aid flow to customers.7 

The overall cost impact of treating publicly and privately 
owned systems equally is not clear. On the one hand, 
equal treatment could be beneficial to the extent that 
private ownership reduces investment or operating costs 
in at least some cases and that local decisionmakers can 
generally identify the efficient arrangements. On the 
other hand, equalizing the treatment would in all like- 
lihood mean increasing federal aid to private systems 
rather than reducing aid to public systems; thus, as with 
the options to increase aid to water systems in general, 
it could contribute to higher total national costs by 
distorting water companies' own choices—such as 
choices between equity and bond financing and between 
investment and maintenance. 

One final argument sometimes made for equalizing 
treatment—or more broadly, for encouraging or re- 
ducing barriers to direct private investment in water 
systems—is that the private sector can tap large addi- 
tional sources of funding for infrastructure needs. That 
argument is flawed, however, since the funds for both 
publicly and privately owned systems ultimately come 
from the ratepayers (and perhaps taxpayers). A more 
compelling version of the argument is that private 
owners may have access to cheaper financing in some 

7. Small water systems, such as those owned by small housing de- 

velopments, homeowners' associations, resorts, summer camps, 

and trailer parks, are not always subject to rate regulation. Even 

when not regulated, however, many such systems are likely to 

pass the benefits of federal support on to water users, whether 

because of their ownership structure (in the case of homeowners' 

associations) or because of market competition on overall rates 

(in cases such as camps and trailer parks). 
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basis of a mix of data on appropriations, obligations, and 
outlays, the General Accounting Office reported that fed- 

eral support in 2000 included $1.5 billion in project 
grants, nearly $2.2 billion in SRF grants, and $780 million 
in the face value of loans and loan guarantees from the 
Department of Agriculture (USDA).9 Of course, SRF 
grants do not flow directly to water systems but rather to 
state pools from which loans are made, and only a small 
portion of the face value of loans and loan guarantees 
represents a subsidy to the recipient water systems. Taking 
into account the actual volume of SRF loans, the average 
interest rates charged in the SRF program and USDA's 
program, and the market-based rates that borrowers would 

otherwise have to pay, the Congressional Budget Office 
estimates that federal and federally supported spending 
provided a subsidy equivalent to 10.8 percent of the total 
investment in drinking water and wastewater systems in 

1999.'° 

Some federal spending on water infrastructure is targeted 
to particular categories of systems. The drinking water SRF 

program allows states to use up to 30 percent of their capi- 
talization grants to subsidize the loans to systems serving 
disadvantaged communities, as defined by state afford- 
ability criteria, and requires states to give at least 15 per- 
cent of the loan dollars to systems serving no more than 
10,000 people, if enough eligible projects are available. 
Through 2000, systems ofthat size had received 39 per- 
cent of the loan funds (and 74 percent of the loans).11 

USDA's program exclusively aids communities of no more 

than 10,000 people. Under that program, communities 

9. General Accounting Office, Water Infrastructure: Information on 

Federal and State Financial Assistance, GAO-02-134 (November 

2001). The figures are in 2000 dollars. 

10. This calculation of the value of the subsidy received by water 

systems is partly analogous to the calculation of the subsidy 

value under the Federal Credit Reform Act of 1990 for the pur- 

pose of determining the impact on the federal budget. The lat- 

ter would use the federal government's borrowing rate (instead 

of the market rate) and make allowances for default risk. (Nei- 

ther calculation reflects any illiquidiry or undiversifiabiliry asso- 

ciated with the debt.) 

11. Mary Tiemann, Safe Drinking Water Act: State Revolving Fund 

Program, CRS Short Report for Congress 97-677 (Congres- 

sional Research Service, updated January 10, 2002). 

with a lower median household income receive loans 
carrying lower interest rates; eligibility for grant assistance 

is restricted to projects that would otherwise exceed an 
affordability guideline.12 Various smaller federal programs 
target aid on the basis of location (as with grants from the 
Appalachian Regional Commission), local economic 

distress (for example, the Public Works Program of the 
Commerce Department), or other factors. 

In contrast, neither the clean water SRF program nor the 
federal tax preferences draw formal distinctions between 
small and large water systems. Nonetheless, a November 

2000 report noted that states had given wastewater systems 

serving up to 10,000 people 23 percent of the money 
loaned under the SRF program (and 58 percent of the 
loans) since 1990, whereas systems ofthat size accounted 

for 11 percent of the 20-year needs documented in EPA's 
1996 survey.13 Conversely, because many small communi- 
ties have no credit rating and cannot issue their own 
bonds, drinking water and wastewater systems owned by 
such communities cannot directly take advantage of the 
tax preferences; instead, they benefit indirectly to the ex- 
tent that they receive assistance from a state revolving fund 
or other pooling mechanism that taps the bond market. 

General Implications of Federal Investment 
Support for Water Systems 
Federal investment support for water systems can have 
unintended consequences, such as a reduction in compara- 
ble spendi ng by state or local governments. Evidence from 

12. Subject to additional eligibility requirements, projects may re- 

ceive grant funding if the ratio of the median household income 

(MHI) in the service area to the statewide median for non- 

metropolitan areas is no greater than 80 percent and the pro- 

ject's debt service per household would exceed 0.5 percent of 

the local MHI or if the ratio is between 80 percent and 100 per- 

cent and the debt service would exceed 1.0 percent of the local 

MHI. Because that guideline focuses on the debt service associ- 

ated with an individual project rather than local costs in total— 

and on MHI rather than individual household income—it sheds 

little light on the question, discussed in Appendix C, of the frac- 

tion of income above which water bills might be considered 

unaffordable. 

13. Claudia Copeland, Rural Water Supply and Sewer Systems: Back- 

ground Information, CRS Report for Congress 98-64 ENR 

(Congressional Research Service, November 30, 2000). 
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the federal wastewater construction grants program under 
the Clean Water Act suggests that large increases in federal 
aid can lead to significant displacement. Between 1970 
and 1980, federal support for wastewater plants rose by 
$8.2 billion, but state and local funding fell by $ 1.9 bil- 
lion, effectively negating about one-quarter of the federal 
increase. A more detailed analysis, taking into account 
factors that might otherwise have led to increased state 
and local investment, concluded that federal construction 
grants reduced other capital spending by 67 cents on the 
dollar.14 The exact relationship between federal funding 
and displacement of spending by state and local govern- 
ments is not known; for instance, displacement per dollar 
could be smaller at lower levels of federal involvement. 
But to the extent that state and local governments cut their 
funding for water systems, federal support intended for 
water infrastructure benefits state and local taxpayers in- 
stead through increased spending on other services or 
through lower nonfederal taxes. 

A second unintended consequence of federal aid for invest- 
ment projects is that it distorts price signals for system 
managers—and thus affects their decisions about such 
things as preventive maintenance, construction methods, 
treatment technology, pipe materials, and excess capacity 
—and for ratepayers, affecting their decisions about usage. 
The overall effect is to undermine the cost-effective pro- 
vision and use of water services. Evidence from a 1985 
CBO study of wastewater treatment plants indicates that 
the effects can be significant, at least at high levels of sub- 
sidization. Case studies of four plants, financed with 
various levels of governmental assistance, showed that 
higher subsidies led to the selection of more costly treat- 
ment technologies, the construction of significant reserve 
capacity, and longer construction periods.15 

14. James Jondrow and Robert A. Levy, "The Displacement of 

Local Spending for Pollution Control by Federal Construction 

Grants," American Economic Review, vol. 74, no. 2 (May 1984), 

pp. 174-178. 

15. Congressional Budget Office, Efficient Investments in Wastewater 

Treatment Plants (June 1985), pp. xi-xii. According to some 

analysts, another factor responsible for raising costs in the con- 

struction grant program was the industry's inability to design 

and build treatment plants rapidly enough to accommodate the 

sudden, large infusion of additional federal dollars. 

In that same study, a statistical analysis of cost data on 68 
plants indicated that reducing the nonlocal share of 
investment funding from 75 percent to 55 percent, as oc- 
curred in 1985 under the construction grant program, 
would reduce capital costs by an average of roughly 30 per- 
cent. That estimate implies that the federal burden for the 
same number of projects would be almost twice as high 
at 75 percent support as at 55 percent, with more than 
four-fifths of the difference going to cover higher costs 
and less than one-fifth going to reduce the burden on local 
systems.1 Thus, at least for wastewater treatment plants, 
high levels of subsidization appear to be a very inefficient 

way to reduce local investment costs. 

The study was less able to quantify the effects that lower 
subsidy levels would have on cost-effectiveness. It is plausi- 
ble that the impact of an additional dollar of federal aid 
depends on the base level of subsidy—for example, that 
raising the subsidy from 5 percent to 10 percent, with re- 
cipient systems still bearing 90 percent of capital costs, 
would lead to a smaller increase in costs than raising it 
from 50 percent to 55 percent would. But efforts to map 
the relationship between external support and project costs 
in more detail were inconclusive, in part because of the 
small data set. 

One way to reduce the distortions associated with federal 
aid to water systems, of course, would be to reduce the 
aid itself. Doing so would encourage system managers to 
find greater efficiencies in their investment and operations 
and prompt ratepayers to reduce low-priority uses. Conse- 
quently, total nationwide costs for water services would 
be lower than they would if federal support remained 
steady or increased. But despite the savings, total costs 
would probably still rise, given the projected increases in 
replacement and new investment—and a larger share of 
those total costs would be paid more visibly through water 
bills, rather than taxes. Opponents of cutting federal aid 
for water infrastructure also argue that national funding 

16. For example, a treatment plant that cost $10 million to build 

with a 75 percent federal subsidy would have a federal share of 

$7.5 million and a local share of $2.5 million, while a plant that 

cost 30 percent less and had a 55 percent subsidy would entail 

federal costs of $3.85 million and local costs of $3.15 million. 

So the higher subsidy rate raises federal spending by $3.65 mil- 

lion but reduces local spending by only $0.65 million. 
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should continue to help local systems pay for the costs of 
meeting water quality standards set or directed by the fed- 

eral government. 

Another way to reduce the distortions would be to deliver 
the aid to water systems differently—according to some 
formula that does not involve systems' current investments 
or activities and thus does not distort the marginal costs 
seen by system managers. Such a formula could include 
factors related to systems' size (such as miles of pipes and 
investment spending over some fixed historical period), 
investment needs (for example, average age of pipes and 
treatment plants), and local financial capacity (such as the 

population and average income of the service area). By 
leaving marginal costs largely untouched, formula-based 

aid reflecting such independent factors would redistribute 

revenue to water services without undermining managers' 
incentives for cost-effective choices, at least in the short 
run.17 However, it would not address the issue of federal 
support displacing funding from state and local govern- 
ments. 

Targeting Investment Aid for Water Systems 
Still another way to limit the negative incentives of in- 
creased federal support for water systems is to target the 
aid. All things being equal, the fewer systems eligible for 
aid, the smaller the undesired consequences. Aid could 
be given to systems facing high costs (relative to the popu- 
lation served or relative to the aggregate income of the 
population served) for investment (or investment and 
O&M) in general or for narrower categories of costs, such 
as those to comply with federal regulations or to maintain 
or replace investments "stranded" by shifts in population. 
But defining the target group in a way that does not re- 
ward systems for poor management and low spending in 
the past, and does not encourage such laxness in systems 
hoping to qualify for aid in the future, could be difficult. 

Implementation would be another challenge. One of the 
two main choices would be to establish a formula to 

determine the amount of aid to be given to a system with 
certain characteristics; the other would be to specify gen- 
eral criteria and then have systems submit funding appli- 
cations that would be judged against the criteria, allowing 
a system to present whatever information supports its case. 
On the one hand, case-by-case review avoids the use of 
rough proxies and arbitrary thresholds and could allow 
for aid to systems with ongoing weaknesses to be tied to 
specific requirements for improvement. On the other 
hand, the administrative costs of preparing and evaluating 
the applications would be higher, and the lower predict- 

ability would give more systems reason to defer investing 

on their own in hopes of gaining outside funding. 

Advocates of maintaining or increasing the current target- 
ing of small systems in any expansion of federal aid point 
to a backlog of requests for USDA's assistance and high 
projected per capita investment costs, at least for drinking 
water systems.I8 Some opponents argue that the states' em- 
phasis on small systems in allocating SRF money makes 
additional federal targeting unnecessary. Moreover, it 
could be ineffective: increasing the statutory targeting 
within the SRF programs would merely codify what many 
states are already doing, and providing increased support 
through other programs (such as USDA's program) might 
lead states to readjust their SRF portfolios to maintain the 
current distribution of aid between small and large sys- 
tems. Some opponents also question whether current pro- 
grams do enough to ensure that small systems do not re- 
main dependent on external Rinding indefinitely. 

Grants, Credit Subsidies, and Tax Preferences 
As noted earlier, subsidies to investments in water systems 
may be delivered through spending on grants or credit 

17. Some factors included in an aid formula could be influenced by 

the choices of system managers over a longer period of time. For 

example, the level of investment activity in a system would af- 

fect the average age of its infrastructure. Even in that case, how- 

ever, the incentives to invest would be only modestly distorted if 

the formula reflected not the current average age of infrastruc- 

ture but, say, the average age five years earlier. 

18. In January 2000, USDA reported a backlog of $3.3 billion in 

requests for water loans and grants. EPA's latest survey of drink- 

ing water needs reported that 20-year needs per household aver- 

aged $3,000 in systems serving up to 3,300 people, nearly four 

times the $790 average for large systems (those serving more 

than 50,000 people). Similarly, for wastewater, EPA has stated 

that the smallest systems lack economies of scale and are likely 

to face the largest percentage increases in user charges and fees; 

however, results from the 1996 Clean Water Needs Survey found 

that small systems accounted for 11 percent of both needs and 

population, implying equal costs per capita. 
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subsidies (such as loans with subsidized interest rates, loan 
guarantees, and bond insurance) and through tax prefer- 
ences. Despite the seeming diversity, each of those ap- 
proaches serves to reduce investment costs to the water 
system, and for a given reduction in the cost of a particular 
project, each is likely to have the same impact on the re- 
cipient. For example, a 10 percent reduction in the local 
cost of a $ 12 million treatment plant that would otherwise 
be financed by 30-year bonds paying 5 percent interest 
could be accomplished by providing a grant of $ 1.2 mil- 
lion, a loan for the full cost of the project at 4.1 percent 
interest, or bond insurance or tax preferences that reduced 

the bond interest rate to that same 4.1 percent. 

But some levels and patterns of federal subsidy may not 
be easily attained through all of the mechanisms. For ex- 
ample, providing large increases in aid to publicly owned 
water systems through tax policy alone would be difficult, 
given that such systems and the interest paid on municipal 
bonds are generally exempt from federal taxes already. 
(Significantly increasing the tax preferences available to 
privately owned systems would be easier; see Box 3-1.) 
Where tax preferences and spending programs are viable 
alternatives to achieve the desired level and pattern of 
support to water systems, the two can be contrasted in sev- 
eral ways. One argument in favor of tax preferences is that 
they provide more year-to-year stability, which can facili- 
tate planning by system managers. However, spending 
programs are more readily reviewed and adjusted by the 
Congress. And changing the tax rules to benefit water 
systems alone could raise questions about the treatment 
of other users of municipal bonds while adding complexity 
to the tax code and increasing administrative costs. 

Federal spending programs also differ from tax preferences 
in that they make it easier for the Congress to specify 
detailed conditions under which the aid is to occur. Such 
conditions can have both positive and negative effects on 
cost-effectiveness. In some cases, incentives or require- 
ments associated with federal funds—"carrots and sticks" 
—may prompt recipients to take cost-effective actions that 
they would not otherwise. But conditions on spending 
that are truly beneficial may be rare: broad, general pro- 
visions may have litde impact, and specific, detailed condi- 
tions may be cost-effective for some systems but not for 
others. Currently, one prominent stick is the requirement 
that drinking water systems receiving SRF assistance 

demonstrate the technical, managerial, and financial capa- 
city to comply with the Safe Drinking Water Act over the 
long term. In keeping with that requirement, some states 
give priority to SRF loans that address capacity problems 
by consolidating two or more systems.19 Various additional 
carrots and sticks have been proposed, such as giving pri- 
ority to systems that adhere to certain best practices or to 
states that have or adopt laws allowing water treatment 
plants to be designed and built using integrated contracts 
(discussed earlier in Box 2-3 on page 19). 

More generally, however, restrictions on the use of federal 
dollars can reduce cost-effectiveness by limiting the recipi- 
ents' flexibility in addressing their goals for water services. 
To increase such flexibility, the Congress could reduce 
the amount of money earmarked for special-purpose 
projects and provide those funds to the SRFs instead. Also, 
the SRFs themselves could be made more flexible by 
eliminating floors and ceilings on funding for eligible 
activities in the drinking water program, allowing states 
to transfer more of their grant money between the drink- 
ing water and the wastewater SRFs, and broadening the 
range of uses—as in a proposal from EPA's Environmental 
Financial Advisory Board to combine the existing SRFs 
into environmental state revolving funds (ESRFs).20 

Designed to address a broad set of issues affecting water 
quality, the ESRFs could fund a wider range of projects 
to control nonpoint source pollution (particularly projects 
on private property) and contamination problems associ- 
ated with landfills, "brownfields," and air pollution.21 

19. Environmental Protection Agency, Office of Water, The Drink- 

ing Water State Revolving Fund: Financing America's Drinking 

Water, EPA-816-R-00-023 (November 2000), p. 7. 

20. Under current law, states may shift up to one-third of each 

year's drinking water SRF grant to the clean water program or 

an equal amount in the other direction. For the proposal to 

create ESRFs, see Environmental Protection Agency, Environ- 

mental Financial Advisory Board, Environmental State Revolving 

Funds: Developing a Model to Expand the Scope of the SRF Qune 

2001). 

21. Of course, allowing greater flexibility in the use of SRF money 

might be said to dilute the original Congressional intent to sup- 

port infrastructure, and some of the gains expected from broad- 

ening the SRF programs may not materialize if the state agencies 

administering the funds lack the technical expertise to accurately 

evaluate new kinds of proposals. 
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Within the set of spending options, the distinctions among 
grants and credit subsidies arguably have less policy signifi- 
cance. Grants are sometimes said to be more appealing 
because they are simpler to explain to local ratepayers. 
Conversely, it is sometimes argued that in comparison to 
grants, credit subsidies have a lower federal cost per dollar 
of support seen by the recipient—that argument, however, 
holds only under the assumption that the government's 
cost should not be measured using a discount rate reflect- 
ing the same risk premiums that private lenders require.22 

Finally, investment projects that rely at least in part on 
private funding can help keep costs down by subjecting 

systems to more market discipline; that argues against 
traditional loans covering 100 percent of capital costs and 

in favor of grants or partial loans or loan guarantees. 

In terms of tax preferences, one approach that could bene- 
fit both municipally owned systems and private systems 
would be to relax the restrictions on arbitrage profits^the 
gains state and local governments make from the difference 
between the tax-free rate of interest that they pay bond- 
holders and the higher rates they can earn on taxable bonds 
and other assets. To avoid encouraging state and local gov- 
ernments to issue bonds simply to take advantage of the 
spread in interest rates, the federal government restricts 
such arbitrage profits. In particular, current rules require 
that systems rebate to the government arbitrage profits 
on bond proceeds not spent on schedule within a two-year 
deadline (or for private systems, a six-month deadline). 
Extending the deadline or otherwise increasing the arbi- 
trage earnings that water systems could keep would reduce 
their net cost of borrowing.23 Another option would be 

22. The argument is that the federal government has a lower dis- 

count rate (based on its lower borrowing cost), which gives the 

same loan repayment stream a higher present value for the Trea- 

sury than for the local system—and thus that the net federal 

cost of making the loan is smaller than the net support it pro- 

vides. Paul K. Marchetti, The Programmatic and Financial Inte- 

gration of Grants and Loans Within the State Revolving Funds, 

Council of Infrastructure Financing Authorities Monograph no. 

11 (September 2001), pp. 11-13. 

23. A variant option would be to maintain the current time limits 

during which proceeds on tax-exempt bonds may earn arbitrage 

profits but extend the period during which the proceeds must 

be spent. That alone could lower investment costs by reducing 

the number of cases in which systems would have to use a 

phased series of smaller bond issues. 

to eliminate the partial taxation of interest on municipal 
bonds held by corporations that pay the alternative mini- 
mum tax. 

Direct Federal Support for 
Ratepayers and Its Implications 
The federal government supports low-income households 
in various ways, notably through income-based welfare 
programs and the earned income tax credit, but does not 
currently provide direct funding to assist households with 

their water bills. Existing payment assistance programs 
for water services are organized locally—some by individ- 

ual utilities, others by local authorities using tax revenues 
for support or by community organizations using donated 

funds—and are much less common than those for home 
energy and telecommunications services.24 The federal 
government does provide some assistance for other utility 
bills. In particular, the Low-Income Home Energy Assis- 
tance Program (LIHEAP), established in 1981, provides 
states with over $ 1 billion in block grants each year to 
subsidize low-income households' heating and cooling 
costs. Also, the Low Income Program of the telecommuni- 
cations Universal Service Fund, authorized in its current 
form in 1996, has used approximately $600 million per 
year (from fees charged to firms that provide interstate 
telecommunications services) to provide eligible house- 
holds with discounts on telephone services. 

Federal aid to households could address distributional 
objectives with more precision and less loss of efficiency 
than can be achieved from aid for investment in water 
systems. A program that aided households directly could 
be more cost-effective in achieving a given distributional 
objective because fewer households would face reduced 
water prices and water system managers would not face 
distorted choices.25 A program designed to defray the 

24. For a comprehensive discussion of payment assistance programs 

for water services, see American Water Works Association Re- 

search Foundation, Water Affordability Programs (Washington, 

D.C.:AWWARF, 1998). 

25. H.R. 3930 and S. 1961 in the 107th Congress would allow 

states to use a certain portion of federal SRF grants to buy down 

the interest rate or otherwise increase the subsidy on SRF loans 

to local water systems, if the systems in turn directed the bene- 
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expense of basic water use—one that provided a dollar 
amount determined by the number of members in the 

household instead of paying benefits as a proportion of 
water bills, for example—would not affect households' 
marginal costs of water consumption, thus preserving in- 
centives for consumers to avoid overusing water services. 
A consumption subsidy could also be designed to support 
conservation measures—for example, by subsidizing re- 
pairs to fix leaky plumbing. However, beneficiaries (and 
others allocating funds on their behalf) are likely to prefer 
direct assistance over conservation measures with even 
moderately long payback periods. 27 

Delegating most implementation responsibilities to sub- 
federal entities and providing the consumption subsidy 
to service providers on behalf of households could mini- 

fits of the additional subsidy to needy households through ad- 

justments in user charges. The increases in the subsidy compo- 

nent of SRF loans should not significantly increase the distort- 

ing effects of federal support for investment itself. From the 

point of view of water systems receiving the loans, the savings in 

repayment costs would be offset by reduced revenues from ben- 

eficiary households. 

26. The Universal Service Fund's Low Income Program illustrates 

that approach: each of its three types of benefits is capped at a 

level essentially unrelated to the volume of service used by a 

particular household. The "Link-Up" benefit subsidizes half of 

the customary connection fee, up to a maximum of $30. "Life- 

line" reduces monthly service bills by $5.25 to $7.85, depend- 

ing on a number of factors, including whether the state has a 

matching program. "Toll Limitation Service" covers the cost to 

providers of allowing consumers to block or set a predetermined 

limit on long-distance (toll) calls. In the case of LIHEAP, under 

which states have significant discretion in determining house- 

hold benefits, questions about inefficient consumption have 

arisen: the Securing America's Future Energy Act of 2001, 

passed by the House, calls for the General Accounting Office to 

determine the extent to which those benefits encourage or dis- 

courage energy conservation and investments in energy effi- 

ciency. It also requests that that agency examine the extent to 

which the goals of conservation and assistance to low-income 

households could be achieved through cash income supplements 

that do not specifically target energy. 

27. Federal rules for LIHEAP allow states to use 15 percent of their 

grants for low-cost residential weatherization or other energy- 

related home repairs. Each year, states may also apply for per- 

mission to raise that share to as much as 25 percent; however, 

on average, only five states have done so in recent years. 

mize the federal government's administrative costs and 
allow more people to be served for a given amount of 
funding. For example, delegating to the states would allow 
for cost-effective variations, taking advantage of existing 
state institutions and programs, in the methods used to 
identify, notify, and deliver benefits to eligible households. 
But some of the federal costs "saved" would be merely 
shifted to nonfederal parties, such as service providers. 

State governments shoulder most of the responsibility for 
administering LIHEAP, and most states exercise their 
authorization to make consolidated payments on behalf 
of households to utility companies and fuel dealers.28 In 
the Low Income Program for telecommunications, all pay- 
ments from the fund go to companies on behalf of the 
households receiving the subsidized services. Administra- 
tive costs for the program are about $1.7 million annually, 
less than one-half percent of the program's fiscal year 2000 
outlays of $553 million (in current dollars). The costs in- 
curred by service providers to identify eligible households 
and apply the appropriate benefits are unknown. 

Concluding Note 
Water pipes and treatment plants last for decades. Conse- 
quently, today's infrastructure represents a cumulation 
of investment choices and maintenance practices over 
many years past, and today's investments will affect oper- 
ating costs and service quality for many years into the fu- 
ture. The magnitude and especially the timing of future 
investments are uncertain, as discussed in Chapter 2, but 
barring major breakthroughs in technology, investment 
costs will certainly rise for decades to come as more and 
more of the existing infrastructure wears out. Although 
this report has focused on the costs of water services 
through 2019, if the drinking water and wastewater indus- 
tries continue to fall short of self-sufficiency, the conse- 
quences for the federal budget may last not two decades, 

but five or 10. 

28. From 1995 through 1999, aggregate state administrative costs 

averaged close to 9 percent of total spending under LIHEAP. 



Assumptions the Congressional Budget Office 
Used In Its Low-Cost and High-Cost Cases 

A , s with all modeling exercises, the Congressional 
Budget Office's (CBO's) analysis of future costs for in- 
vestment in water infrastructure rests on the quality of the 
data used as inputs and the validity of the many 
assumptions used in converting the data into estimates. 
The most readily apparent assumptions are the 11 specific 
numerical values that differ between CBO's low-cost and 
high-cost cases and between those cases and the analysis 
done by the Water Infrastructure Network (WIN). Those 
assumptions include a factor describing savings from im- 
proved efficiency in investment by both wastewater and 
drinking water systems; three factors pertaining to capital 
costs for wastewater systems alone; two specific to capital 
costs for drinking water systems; four involving financing 
costs; and one pertaining to operations and maintenance 
(O&M). The goal in selecting the assumptions was not 
to determine the lowest and highest possible values of 
each one, but to identify reasonably low and high values 
that might realistically occur together in the scenarios. 

Aside from the 11 distinguishing assumptions {see Table2 
on page 20), CBO's scenarios and WIN's analysis have 
much in common, including primary data sources and 
"structural" assumptions about which factors influence 
other factors. The effects of those common elements is 
unknown. For example, CBO cannot quantify the extent 
to which differences in the available data and modeling 
approaches used to analyze investments for drinking 
water and wastewater affected the estimated costs. 

Savings from Increased Efficiency 
in Investment 
Although quantifying the potential impact of improved 
management and better technology on future investment 
is difficult, CBO considers it likely that U.S. systems 
could achieve savings of 10 percent or more, given incen- 
tives to do so. Evidence for that assumption comes from 
Australia and the United Kingdom, where water systems 
have been pressed to become more efficient. Accordingly, 
CBO reduced estimated costs for capital investment in 
both drinking water and wastewater systems by 15 per- 
cent in the low-cost case and by 5 percent in the high-cost 

case. 

Capital Costs for Wastewater Systems 
In light of the limited data available and the resulting 
uncertainty, the two scenarios differ in the depreciation 
rates for wastewater infrastructure, the shares of invest- 
ment for replacing infrastructure that CBO assumed were 

Both scenarios implicitly assume that the data collected in the 

Environmental Protection Agency's needs surveys do not already 

reflect future efficiency savings. The other sources of estimated 

capital costs—the Water Infrastructure Network's analysis of 

investment in wastewater systems for replacing infrastructure 

and Stratus Consul ting's report on investment in drinking water 

distribution—are explicitly based on current prices and valua- 

tions and thus do not reflect potential efficiency gains. 
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included among the needs estimated in the Environmen- 
tal Protection Agency's (EPA's) survey, and the costs for 

dealing with combined sewer overflows (CSOs). The 
costs to address sanitary sewer overflows (SSOs) are also 

uncertain, but CBO used the same estimate of those costs 
for both scenarios, largely for lack of information on 
which to base contrasting estimates. 

WIN's rule-of-thumb assumptions about the lifetimes for 
sewer pipes, treatment plants, and vehicles—50 years, 
20 years, and 5 years—seem reasonably conservative (in 
other words, short). Reflecting those assumptions and the 

relative importance of the three types of capital stock, 
CBO adopted a weighted (economic) depreciation rate 

of 3.3 percent for its high-cost case. Those rules of thumb 
could in principle underestimate replacement costs if 

wastewater systems have built up an investment backlog; 
presumably, however, most overdue investments would 
be affecting service quality and thus would probably be 
included in EPA's needs survey and reflected in WIN's 
estimate of costs for investments besides those for replac- 
ing infrastructure. 

Conversely, some experts have suggested to CBO that 
reasonably optimistic lifetimes for pipes and treatment 
plants would be 75 years and 30 years, respectively. 
Moreover, replacement rates over a period of 20 years 
could fall below the average level implied by those life- 
times, depending on the age of the existing stock. In the 
absence of better data on actual lifetimes and current ages, 
however, the low-cost case assumes lifetimes of only 
60 years for pipes, 25 years for treatment plants, and 
7 years for vehicles, and uses the corresponding weighted 
overall depreciation rate of 2.7 percent.2 

2. Because the modeling framework that WIN developed derives 

its estimate of the value of the existing stock of wastewater infra- 

structure by cumulating past investments and subtracting depre- 

ciation, the lower the rate of depreciation in the past, the larger 

the current capital stock. For consistency, therefore, CBO calcu- 

lated an alternative estimate of the 1999 capital stock for the 

low-cost case, using the lower depreciation rate assumed in that 

scenario. The alternative estimate is 12.3 percent larger, which 

partly offsets the impact of the lower depreciation rate on esti- 

mated future investment. 

Also, CBO's analysis, like WIN's, calculated each year's invest- 

ment for replacing infrastructure by applying the depreciation 

The low-cost and high-cost scenarios assume, respectively, 
that 25 percent and 15 percent of the investments in the 
relevant categories of EPA's needs survey—secondary and 
advanced treatment, new collector and interceptor sewers, 

combined sewer overflows, and stormwater management 
—represent replacement of existing infrastructure. Since 
such investments are captured in the analysis by applying 
the depreciation rate to the total capital stock, that 
15 percent to 25 percent overlap must be subtracted from 
the total in the needs survey to avoid double-counting. 
CBO chose those percentages to illustrate the uncertainty 

surrounding WIN's estimate of 20.5 percent—which was 
derived by assuming that investments to replace existing 
infrastructure represented 50 percent of the investments 

cited in EPA's survey for addressing SSOs and zero per- 
cent of the investments in other survey categories. 

CBO's low-cost case takes its estimate of the costs for 
addressing CSOs from EPA's needs survey. WIN's analy- 
sis uses the same figure, but WIN argues that EPA's esti- 
mate is too low and is a significant source of downward 
bias in its analysis. The CSO Partnership believes that 
EPA's estimate is a reasonable one if states exercise the 
maximum flexibility in reviewing and revising their water 
quality standards, but costs could reach $100 billion if 
states maintain the current standards. Consequently, 
CBO's high-cost case incorporates that latter figure.3 

Capital Costs for Drinking 
Water Systems 
The main factor responsible for the difference between 
the two scenarios' estimates of investment costs for drink- 
ing water is the assumed rate of pipe replacement. The 
Stratus Consulting report that underlies WIN's analysis 

rate to the current net stock of capital, not the gross stock. That 

approach is clearly not a literal description of replacement at the 

level of individual investments: a pipe or treatment plant does 

not cost less to replace simply because it is older and thus has 

depreciated more. Rather, it should be viewed as a way of ap- 

proximating the total amount of replacement needed for a large 

capital stock containing assets of various ages. 

3. The assumptions in both scenarios are "gross" costs—that is, the 

costs before subtracting anything for overlap with investments 

to replace infrastructure or efficiency savings. 
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focused on an average rate of 1.0 percent per year (averag- 
ing over rates randomly selected from a uniform probabil- 

ity distribution from 0.5 percent to 1.5 percent), but it 
also presented an alternative analysis that related historical 
investment in pipes to population growth. CBO's high- 
cost case, like WIN's analysis, adopts Stratus's assump- 
tion of 1.0 percent as a plausible though marked increase 
above recent rates. The low-cost case focuses on the alter- 
native "demographic" analysis and assumes a replacement 
rate of 0.6 percent—the average of the six rates calculated 
for the 2000-2010 and 2010-2020 decades using 50-, 
75-, and 100-year pipe lifetimes.4 Here, as elsewhere in 
its analysis, CBO assumes for simplicity that the relevant 
replacement rate (1.0 percent or 0.6 percent) holds steady 
throughout the 2000-2019 period. In reality, replacement 
is likely to accelerate as existing pipes age, so the rates are 
best viewed as averages over the period. 

The other assumption pertaining to investment for drink- 
ing water concerns the costs associated with future federal 
regulations. EPA's estimates of compliance costs for 
drinking water regulations are frequently controversial, 
with water systems claiming that they are grossly under- 
stated. Often, assumptions about compliance methods 
are at the heart of the controversy. For example, a study 
issued by the American Water Works Association Re- 
search Foundation estimated that national annualized 
costs to comply with an arsenic standard of 10 micro- 
grams per liter could be as low as $230 million, close to 
EPA's estimate of $180 million to $206 million, if each 
system affected by the standard was able to achieve com- 
pliance by using the least costly technology.5 However, 
using professional judgments about the likely perfor- 
mance of various technologies under different conditions, 
the study's "best estimate" of compliance costs was much 

4. One factor that could keep pipe replacement rates low is the use 

of new techniques to identify pipes that are redundant and can 

be abandoned, given existing or potential alternative routes in 

the pipe network. 

5. Michelle M. Frey and others, "Cost Implications of a Lower 

Arsenic MCL," AWWA Research Foundation Project #2635 

(October 2000), p. ES-20, available at www.awwarf.com/ 

exsums/2635.htm. The study does not specify the type (nomi- 

nal or inflation-adjusted) or year of the dollars used in the esti- 

mates. 

higher—$585 million. Conversely, an EPA contractor's 
report looking retrospectively at compliance with regula- 
tions for nitrate and atrazine found that many systems 
used cheaper compliance methods than EPA had assumed 
in its regulatory impact analyses.6 That finding suggests 
that the agency's estimates may overstate costs rather than 
understate them, at least in some cases. 

Even if the estimates in EPA's impact analyses were 
known to be perfectly accurate, uncertainty would still 
remain about the costs of regulations not yet promulgated 
or proposed, for which no such analyses exist. Agency 
sources do not currently anticipate proposing high-cost 
rules beyond those already part of the regulatory agenda, 
but some new development in the next five to 10 years 
could lead to regulations that would have significant cost 
impacts by 2019. In the low-cost case, CBO assumes 
incremental costs of zero for future regulations (as does 
WIN's analysis), on the grounds that those already pro- 
posed or promulgated could reflect most of the compli- 
ance costs that systems will incur through 2019, with 
efficiency savings on those "known" regulations roughly 
balancing any costs during the period for subsequent 
requirements. In the high-cost case, CBO adds $10 bil- 
lion (in January 1999) dollars over the 20-year period 
—the equivalent of $0.53 billion per year in 2001 dol- 
lars—on the assumption that the estimate of compliance 
costs for known regulations expressed in EPA's needs 
survey ($9.3 billion in January 1999 dollars) covers 
roughly half of total costs through 2019 for both known 
and future regulations. That assumption takes into ac- 
count the possibility that costs for the known regulations 
will exceed EPA's estimate as well as the possibility of 
spending on later requirements. Somewhat higher figures 
could also be justified as plausible but would not have a 
major additional impact on total estimated costs. 

Financing 
In consultation with a half-dozen experts from the water 
and municipal bond industries, CBO derived pairs of 

6. Abt Associates, Inc., Predicting Community Water System Com- 

pliance Choices: Lessons from the Past (submitted to the Environ- 

mental Protection Agency, Office of Policy, Economics, and 

Innovation, September 2000). 
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assumptions about future interest rates, borrowing terms, 
and the use of debt financing versus pay-as-you-go (or 
paygo) for capital investment. CBO used related assump- 
tions to estimate the average annual spending to service 
debt on "old" (that is, pre-2000) investments in drinking 
water and wastewater systems; the resulting estimates are 
common to both of CBO's scenarios but somewhat lower 
than those used in WIN's analysis. 

The low-cost case uses a real interest rate of 3 percent (as 
does WIN's analysis), and the high-cost case uses 4 per- 
cent. CBO chose those assumptions on the basis of an 
estimated 3.2 percent weighted average covering market- 
rate bonds and subsidized rates on state revolving fund 

(SRF) loans. The estimate took into account CBO's long- 
run projections for inflation and the nominal interest rate 
on 30-year Treasury bonds, traditional spreads between 
Treasuries and municipal bonds, projections of potential 
assistance from SRFs, and current interest rates on SRF 
loans. That range from 3 percent to 4 percent may under- 
state the true uncertainty about average interest rates over 
the 2000-2019 period; however, once those figures are 
combined with the many other pairs of low-cost and 

high-cost assumptions, CBO believes that they yield suit- 
ably low and high estimates of investment spending. 

CBO assumes the average repayment period on borrowed 
funds to be 30 years in the low-cost case and 25 years in 
the high-cost case; WIN's analysis assumes a shorter 
period of 20 years. Although some (mostly smaller) mu- 
nicipalities continue to borrow at terms as short as 
10 years and loans from state revolving funds must still 
be amortized over no more than 20 years, industry ex- 
perts told CBO that water bond maturities have length- 
ened overall and that 30 years is now the standard term. 
Even within the wastewater SRF program, EPA now 
interprets its regulations to allow SRFs themselves to 
borrow 30-year money and use it to buy local systems' 
debt. As investment programs increase, stretching out 
debt service will be increasingly important as a way to 
contain rate increases; indeed, the Boston-area Massachu- 
setts Water Resources Authority is now borrowing 40- 
year money. Accordingly, CBO considers 30 years a 
cautiously optimistic assumption for the average dollar 
borrowed over the 2000-2019 period and 25 years an 
adequately pessimistic alternative. 

Similarly, keeping rates low in the face of rising invest- 
ments will also mean reducing the use of paygo financing 
in favor of borrowed funds. In two small 1999 surveys 
of drinking water and wastewater systems, indirect data 
appear to suggest average paygo shares of roughly 40 per- 
cent and 50 percent.7 Nonetheless, according to industry 
experts, systems undertaking large amounts of investment 
generally use paygo financing very little (often a share of 
just a few percent), suggesting that the national average 
paygo share will fall as capital spending rises. Reflecting 
the uncertainty about how quickly and how far the aver- 
age will fall through 2019, the high-cost and low-cost 
cases use paygo rates of 30 percent and 15 percent, re- 
spectively. WIN's analysis assumes a paygo share of 
25 percent. 

Assumptions about borrowing terms, paygo shares, and 
interest rates are also relevant in estimating the costs of 
"old" debt service—that is, the financing costs associated 
with previous investments still being paid off during the 
2000-2019 period. For simplicity, CBO uses the same 
assumptions about those costs in both scenarios.8 In 

7. In the one survey, 76 privately owned drinking water systems 

(many belonging to the same parent companies) reported total 

construction expenditures of S846 million and total gross cash 

flow from financing activities (before subtracting debt repay- 

ment and dividends) of $526 million. Presumably, paygo ac- 

counted for the remaining $320 million, or 38 percent, of con- 

struction spending. See National Association of Water Compa- 

nies, 1999 Financial and Operating Data fir Investor-Owned 

Water Utilities (Washington, D.C.: NAWC, 2000). 

In the survey of wastewater systems, bond proceeds and SRF 

loans accounted for 46 percent of capital spending; interest 

earned and other revenue sources provided another 7 percent. 

Depending on the classification of those latter two sources, the 

residual paygo share lay between 47 percent and 54 percent. 

Only 40 to 69 systems provided responses other than zero to the 

survey's questions about capital spending, however, so the sam- 

ple may not have been representative of all medium-sized and 

large wastewater systems. See Association of Metropolitan Sew- 

erage Agencies, The AMSA Financial Survey, 1999: A National 

Survey of Municipal Wastewater Management Financing and 

Trends (Washington, D.C.: AMSA, 1999). 

8. Using two sets of assumptions would have complicated the 

problem of matching assumptions about paygo shares with each 

of CBO's scenarios. Lower paygo shares on new investments 

imply lower up-front costs; conversely, if paygo shares also vary 
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particular, CBO assumes that the repayment period on 
funds borrowed before 2000 is 20 years (shorter than the 

25-year and 30-year periods used going forward) and that 
the assumed paygo shares decline by 1 percent each year, 
from 50 percent in 1980 to 31 percent in 1999. The 
latter assumption is broadly consistent with the theory 

that paygo shares decrease as investment programs in- 
crease; a higher trajectory of paygo rates could have been 
justified by the available (limited) survey data, but would 
have implied larger discontinuities between 1999 and 
2000. Finally, rather than assume a fixed real interest rate, 
CBO's analysis used each year's average nominal rate for 
10-year Treasuries, reduced by spreads ranging from 
5 percent to 15 percent between municipal and Treasury 
bonds. CBO then converted total annual payments for 
debt service to constant dollars using the gross domestic 
product (GDP) deflator. For federal loans through EPA's 
state revolving funds and the U.S. Department of Agricul- 
ture's (USDA's) rural utilities program, the analysis used 
those same interest rates less 2 percent.9 

on previous investments, then lower shares imply higher costs 

for old debt service. Thus, whether lower assumptions about 

past and future paygo shares should be assigned to the low-cost 

or the high-cost case would have been an empirical question, 

subject to changes in those shares or in other, interacting as- 

sumptions. 

9- Data for the analysis came from several sources, including Con- 

gressional Budget Office, Trends in Public Infrastructure Spend- 

ing (May 1999), which in turn drew on the Census Bureau's 

annual surveys of State and Local Government Finances; General 

Accounting Office, Water Infrastructure: Information on Federal 

and State Financial Assistance GAO-02-134 (November 2001); 

and data from EPA on loan volumes and federal outlays for the 

state revolving funds. Data on drinking water systems derived 

from the census survey, which covers only publicly owned sys- 

tems, are scaled up by 15 percent to account for spending by 

privately owned systems. That adjustment roughly reflects the 

population served by privately owned systems; WIN, too, makes 

that adjustment in its analysis. 

For lack of information, however, CBO did not scale the census 

data down by a percentage reflecting investments in drinking 

water infrastructure to serve growth, which are not covered in 

the estimates of future costs. That factor is one of two that tends 

to overstate relevant investment spending in 1999 and future 

debt service on pre-2000 investments. The other is the neglect 

of any refinancing that systems did as interest rates fell in the 

1990s. Two other limitations of the data act in the opposite 

direction: they do not distinguish USDA loans from local sys- 

The estimates of average annual costs for "old" debt ser- 
vice resulting from those assumptions are somewhat lower 
than WIN's: $4.4 billion instead of $5.1 billion for 
drinking water and $4.3 billion instead of $4.4 billion for 
wastewater.10 The differences are primarily attributable 
to CBO's higher paygo shares and differences in data 

sources; the use of variable interest rates and the different 
method of converting to real dollars did not have much 
impact. 

Operations and Maintenance 
Although the focus of this study is on investment costs, 
spending for operations and maintenance is relevant in 
that it contributes to the total financial burden facing 
water systems and their ratepayers. CBO used compara- 
tively simple approaches to model future O&M costs. 
Under the high-cost case, both drinking water and waste- 
water systems' O&M are modeled by extrapolating a 
linear trend through estimated spending (in constant 
dollars) from 1980 through 1998.11 The approach used 
in the low-cost case starts from the same trend lines but 
assumes that increased efficiency yields savings of 20 per- 
cent, phased in 2 percent each year from 1995 to 2004. 

The rationales for those scenarios are straightforward. 
The trend lines for both drinking water and wastewater 
systems' O&M fit the 1980-1998 data extremely well 
(explaining 99 percent of the variation from the means) 
and thus appear to be reasonable bases for extrapolating 
future spending. At the same time, cost savings of 20 per- 
cent seem well in line with the experience of systems that 

terns' spending of their own funds before 1991, and they under- 

state local spending starting in 1992 by an amount equal to the 

federal budget cost (that is, the subsidy value) of those loans. 

10. WIN's analysis used the same assumptions for pre-2000 invest- 

ments as for new investments: a 20-year borrowing term, 25 

percent paygo share, and 3 percent real interest rate. 

11. The estimates were derived from data in the Census Bureau's 

surveys of government finances. CBO averaged data from suc- 

cessive surveys to convert from state fiscal years (typically July 1 

to June 30) to calendar years and used the GDP price index to 

convert from nominal dollars to constant 2001 dollars. Again, 

CBO increased the estimates for drinking water systems by 15 

percent to account for privately owned systems not covered by 

the surveys. 
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have begun to emphasize efficiency and competitiveness 
and also broadly consistent with significant decreases in 
the average annual growth in O&M spending seen in the 
last four years of available data (1995 through 1998). 

The approach CBO took in its low-cost case echoes that 
used in WIN's analysis, which also appears to modify 
linear extrapolations by phasing in 20 percent efficiency 
savings over 10 years.12 For drinking water systems' 
O&M, the low-cost case differs from its WIN counter- 
part only in the data sources: WIN's analysis based its 
extrapolation on data from 1985 to 1994, and, to convert 

from nominal to 1997 dollars, appears to have used the 
Engineering News-Records Construction Cost Index 

(which focuses on only the prices of labor, structural steel 
shapes, cement, and lumber) rather than the more general 
GDP price index. For wastewater systems' O&M, an 
additional factor distinguishes the two approaches: 

12. The documentation available to CBO did not show that effi- 

ciency savings were applied to the trend for drinking water sys- 

tems' O&M; however, by experimenting with the data that 

WIN used, CBO found that including such savings and phasing 

them in over the same 1997-2006 period specified for the sav- 

ings by wastewater systems roughly reproduced WIN's pub- 

lished estimate of average annual costs over the 2000-2019 

period. Although WIN's report said that its model assumed 25 

percent savings, the consultant who led the analysis has con- 

firmed that the correct figure is 20 percent. 

WIN's linear extrapolation (using 1972-1996 data) was 
not on O&M spending itself but on spending per dollar 
of net capital stock. 

Although the size of the capital stock is plausibly related 
to the amount of O&M, CBO did not see a compelling 
case for WIN's more complicated approach. It is not 
obvious that each additional dollar of capital stock should 
be associated with an ever-increasing (rather than a 
steady) amount of additional O&M spending. Specific 
factors that contributed to steady increases in wastewater 
systems' O&M spending (in comparison to capital stock) 

between 1972 and 1996, such as a major increase in the 
use of secondary treatment methods and increased re- 

quirements for handling biosolid residues, may have 
largely played themselves out by now. And the linear 

trend line through the data on spending per dollar of net 
capital stock, while a very good fit, was no better than the 
trend line through the data on O&M spending itself. 

Of course, the simple approaches CBO used could under- 
state the uncertainty surrounding O&M costs by failing 
to capture some ways in which the future could differ 
from the past. For example, tighter effluent standards or 
additional drinking water regulations might raise O&M 
costs faster than projected in the high-cost case, while 
more aggressive efficiency campaigns or faster technologi- 
cal progress might yield savings larger than projected in 
the low-cost scenario. 



Major Sources of Efficiency Savings 

F, aced with increased pressure from ratepayers and 
local government officials to control costs, drinking water 
and wastewater systems around the country are looking 
for ways to improve the efficiency of their investment, 
operations, and maintenance activities. Their efforts have 
identified many sources of efficiency savings, most of 
which are captured under one or more of the categories 
discussed below. 

Demand Management 
Efforts to influence the demand for water services may 
take a variety of forms, including increases in prices to 
better reflect the full costs of water services, rebates for 
purchases of equipment that uses less water, and cam- 
paigns to promote voluntary reductions in water use. 

One important application of demand management is to 
reduce peak usage and thereby postpone expensive in- 
creases in capacity. For example, after determining that 
higher demand for water in the summer, driven primarily 
by residential landscape watering, cost four times as much 
to satisfy as average annual demand ($0.97 versus $0.22 
per hundred cubic feet, in unspecified dollars), Seattle 
Public Utilities implemented several methods—including 
a media campaign, appearances by speakers, demonstra- 
tion gardens, bill inserts, zoning codes, and seasonal rate 
increases ranging from 50 percent to 160 percent—to 
reduce summer watering. According to the utility, the 
measures have cut the maximum amount demanded on 
any one day of the year by almost one-third despite an 
increase of 20 percent in the population served. The 
measures yielded savings of millions of dollars from 
postponed expansions in distribution and supply facilities 

and additional savings in energy and labor costs and 
increased flexibility in routing water through the distribu- 
tion system.1 

On the wastewater side, pricing based on marginal-cost 
principles to reduce cross-subsidies between different 
classes of users can improve efficiency not only by allevi- 
ating pressure for investments in overall capacity but also 
by reducing costs associated with treating particular types 
of wastes—as these examples show: fats, oils, and greases 
(as from restaurants and auto shops) can raise a waste- 
water system's costs for keeping its sewers unclogged; and 
metal contaminants can raise the costs of disposing of 
treated biosolids by making them unfit for application on 
nearby agricultural land.2 By analyzing the cost impacts 
of such wastes and charging accordingly, system managers 
can give users incentives to "pretreat" them on-site or 
avoid creating them whenever the cost of doing so is 
lower than the cost of treating them in the wastewater 
system. 

Labor Productivity 
Labor costs are a major focus of efforts to improve effi- 
ciency because they represent the largest single compo- 

Allan Dietenmann, "A Peek at the Peak: Reducing Seattle's 

Peak Water Demand" (Seattle Public Utilities, Resource Con- 

servation Section, Feburary9, 1998). 

For examples and discussion, see Industrial Economics, Inc., 

Cost Accounting and Budgeting for Improved Wastewater Treat- 

ment (prepared for the Environmental Protection Agency, Of- 

fice of Policy, Planning and Evaluation and Office of Water, 

February 1998). 
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nent of water systems' operational costs. For example, 
according to a 1999 survey of medium-sized and large 
wastewater systems by the Association of Metropolitan 
Sewerage Agencies (AMSA), "in-house" wages and bene- 
fits accounted for 48 percent of operational costs, on 
average. In comparison, services that the wastewater sys- 
tems purchased from other municipal departments or 
private contractors accounted for another 28 percent, and 
electricity and other utilities, chemicals, parts, and sup- 
plies, the remaining 24 percent.3 

But the AMSA survey also shows evidence of the progress 

wastewater systems are making in increasing labor pro- 

ductivity. Responding systems had an average of 4.7 full- 
time-equivalent (FTE) workers per 10,000 people served, 
down from 5.6 FTEs in the 1996 survey and 6.8 FTEs 
in the 1990 survey. Because the set of responding systems 
changes with each survey, however, those figures may 
obscure the actual change over time. A smaller compari- 
son, focusing on the 45 systems that answered both the 
1996 and 1999 surveys, shows FTEs per 10,000 people 
served falling from 5.0 to 4.7 over those three years, a 
reduction of 6 percent.4 

One method that systems are using to improve productiv- 
ity is cross-training to increase the flexibility of their 
workforce—for example, by reducing or eliminating the 
distinction between "operators" and "maintenance staff." 
Another is reducing staffing, particularly for off-peak 
shirts, through more use of automation and communica- 
tion technologies to allow equipment to operate unat- 
tended under normal circumstances.5 

3. Association of Metropolitan Sewerage Agencies, The AMSA 

Financial Survey, 1999: A National Survey of Municipal Waste- 

water Management Financing and Trends (Washington, D.C.: 

AMSA, 1999). 

4. Ibid., pp. 12, 67. An alternative measure of staffing—FTEs per 

million gallons of water treated per day—also fell by roughly 

6 percent, from 3.5 to 3.3, for 41 systems responding in both 

1996 and 1999. 

5. Apogee Research/Hagler Bailly, Inc., and EMA Services, Inc., 

"Thinking, Getting, & Staying Competitive: A Public Sector 

Handbook" (prepared for the Association of Metropolitan Sew- 

erage Agencies and the Association of Metropolitan Water 

Agencies, Washington, D.C., undated), pp. 35-36. Many water 

systems are finding ways to economize on other operational 

Consolidation of Systems 
As discussed in Chapter 1, the large majority of drinking 
water and wastewater systems are small. All things being 
equal, small systems incur much higher unit costs for 
treatment and other functions. For example, the Environ- 
mental Protection Agency's data on the costs of monitor- 
ing and treatment to comply with the Safe Drinking 
Water Act's standards in force as of September 1994 
suggest that the average cost per household was about $4 
per year in systems serving more than 500,000 people but 
about $300 per year for systems serving no more than 
100 people.6 Among the difficulties small systems face 

are a shortage of staff and financial resources to stay cur- 
rent with the latest technologies and management prac- 
tices and the small scale of their purchases of chemical 
supplies and other materials. 

Many small water systems, including roughly half of all 
small drinking water systems, lie within one of the na- 
tion's roughly 275 metropolitan areas (defined using 
census data), and a subset of those may be good candi- 
dates for physical consolidation or merger.7 Some states 
have used SRF assistance as leverage to induce small sys- 
tems to consolidate and to help larger regional systems 
absorb smaller neighbors.8 Alternatively, where the dis- 
tances make physical connections impractical and thereby 
preclude savings from centralized treatment, some effi- 
ciencies may still be obtained through consolidating 

costs, notably those for electricity and chemicals. Some of those 

savings are found through asset management—in particular, 

through the use of life-cycle costing to identify efficient invest- 

ments in improved technology. 

6. Estimates are in 1992 dollars, based on data in Congressional 

Budget Office, The Safe Drinking Water Act: A Case Study of an 

Unfunded Federal Mandate (September 1995), pp. 16-17. 

7. American Water Works Association, Reinvesting in Drinking 

Water Infrastructure: Dawn of the Replacement Era (Washington, 

D.C.: AWWA, May 2001), p. 15. 

8. The drinking water SRF program prohibits assistance to any 

system that cannot demonstrate "the technical, financial, and 

managerial capacity to ensure compliance with the [Safe Drink- 

ing Water Act] over the long-term." Environmental Protection 

Agency, Office of Water, The Drinking Water State Revolving 

Fund: Financing America's Drinking Water, EPA-816-R-00-023 

(November 2000), p. 7. 
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management, staff, and administrative functions. Even 
systems that continue to operate independently may be 

able to cooperate in, for example, hiring a "circuit rider" 
to provide technical expertise on a shared basis. 

Asset Management 
As the words suggest, "asset management" refers to efforts 
to get the maximum benefit from an organization's assets, 
usually its fixed physical assets. For existing assets, the key 
to maximizing the benefits is making efficient choices 
about maintenance and replacement. For new assets, the 
key is to evaluate total life-cycle costs—not only initial 
capital costs but also subsequent operational, mainte- 
nance, and disposal costs—to ensure that the investment 
is optimally cost-effective. 

Active asset management in a large water system is chal- 
lenging; it requires paying attention to the condition of 
equipment and the performance of the system and analyz- 
ing the discounted costs of different investment and 
maintenance strategies. But the potential for managing 
assets efficiendyhas increased with the advent of sophisti- 
cated analytical tools that help optimize the design of 
pipe networks (in some cases, identifying links that can 
be abandoned rather than replaced) and evaluate the 
trade-offs involved in maintaining equipment versus 
replacing it. The payoffs of such effort can be significant, 
by extending the life of equipment, eliminating redun- 
dant equipment, reducing O&M costs by as much as 
40 percent, and improving the reliability of the system 
by roughly 70 percent.9 

bundle the design and construction phases into a single 
contract, awarded on the basis of competitive bids that 
are judged on cost and quality together. Done properly, 
the approach may save time, increase accountability, and 
reduce costs (in part by allowing design firms to incorpo- 
rate more proprietary or specialized methods and technol- 
ogies and by reducing the need to "overdesign" to avoid 
later errors in construction or operation). According to 
EPA's Environmental Financial Advisory Board, some 
DBO contracts have yielded savings of 35 percent to 
40 percent of project costs.10 Savings claims for DB con- 
tracts are commonly around 10 percent or 15 percent. 

Two examples of DBO projects that provide clear evi- 
dence of cost savings are a 120-million-gallon-per-day 
(MGD) filtration plant for drinking water for Seattle, 
Washington, and a 1.2 MGD wastewater treatment plant 
for Washington Borough, New Jersey. In the Seatde case, 
a conventional design was substantially complete by the 
time Seattle Public Utilities decided to switch to the 
DBO approach, and so more information than usual is 
available about the costs of the forgone alternative. On 
the basis of engineering estimates in the conventional 
design, Seattle Public Utilities has calculated that that 
approach would have cost $171 million (in discounted 
present value, using 1998 dollars) for construction and 
25 years of operations, compared with $101 million 
under the DBO contract.11 The savings of 41 percent 
may be somewhat overstated, however, because engineer- 
ing estimates of construction costs do not necessarily 
reflect the lowest qualified bid that will subsequently be 
received.12 

Innovative Construction Contracting 
Some water systems have found that when the time comes 
to construct a new treatment plant (or significantly ex- 
pand or update an old one), they are able to reduce costs 
significantly through the use of "design/build" or "de- 
sign/build/operate" (DB or DBO) contracting. Whereas 
traditional practice involves using one firm (often selected 
without competition) to do the engineering design and 
then competitively awarding the actual construction to 
the lowest bidder, both DB and DBO procurements 

9.   Apogee Research/Hagler Bailly and EMA Services, "Thinking, 

Getting, & Staying Competitive," p. 12. 

10. Environmental Protection Agency, Environmental Financial 

Advisory Board, "Private Sector Initiatives to Improve Efficiency 

in Providing Public-Purpose Environmental Services" (July 

2001). 

11. See "The Solicitation Process" on Seattle's "Project Summary" 

Web page for the Tolt Treatment Facilities, at www.cityof 

seattle.net/util/DW/TOLT/summary.htm. 

12. David Higgens and Frank Mangravite, "Comparison of Design- 

Build-Operate and Conventional Procurements on Washington 

Borough, N.J., Wastewater Treatment Plant," International 

Supplement to RCC's Public Works Financing Quly-August 

1999), p. 1. 
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In the Washington Borough case, the conventional ap- struction costs by between 17 percent and 25 percent and 
proach was taken one step further, and actual construe- lowered annual operating costs by 4.2 percent.13 

tion bids were received. Using alternative assumptions for 
such things as the costs of construction change orders  
under the forgone approach, the borough and its advisers 
estimate that the DBO contract reduced design and con- 13' p' 



The 4 Percent Benchmark for Affordability 

T he Environmental Protection Agency has never 

adopted a measure to indicate how much an individual 
household can pay for water services before they become 
unaffordable. Yet participants in the current debate use 
(and attribute to EPA) the assumption that any house- 
hold with water bills in excess of 4 percent of its income 
is experiencing a hardship. In adopting that notion, they 
mistakenly apply to individual households "affordability 
criteria" that the agency developed for whole water 
systems. 

The distinction is important because EPA's criteria com- 
pare the revenues collected by a water system to the 
median household income (MHI) in a service area, not 
to individual household income. Certainly, average 
household costs that correspond to 4 percent of a com- 
munity's MHI represent an even higher percentage of the 
income of an individual household earning less than the 
median. Thus, EPA's (subjective) judgment that 4 per- 
cent of MHI is a reasonable ceiling on a water system's 
yield does not translate into a judgment that each individ- 
ual household served by that system should pay no more 
than 4 percent of its income for water services. 

The 4 percent benchmark reflects EPA's separate figures 
of 2 percent each for wastewater and drinking water. The 
origins of those individual figures highlight the subjectiv- 
ity inherent in setting affordability criteria. 

EPA's Affordability Criterion 
for Wastewater Systems 
EPA's guidance on the affordability of investment in 
wastewater systems uses an average household rate of 

2 percent of MHI as one assessment factor in conjunction 
with measures of the system's debt, socioeconomic condi- 
tions of the area, and financial management conditions.1 

The focus on affordability at the system level is also re- 
flected in the guidance's reference to a 1988 study exam- 
ining municipal governments' ability to issue revenue 
bonds to finance environmental compliance. EPA as- 
sumed that lending institutions would initially be reluc- 
tant to accept ratios of user fees to income that were 
much above those already in existence in most communi- 
ties, but the agency was clearly not concerned about 
whether individual households could afford higher rates 
—it asserted that as new environmental regulations 
gained wider acceptance, lenders would not be put off by 
higher ratios.2 

1. See Environmental Protection Agency, Office of Water, Office 

of Wastewater Management, "Combined Sewer Overflows— 

Guidance for Financial Capability Assessment and Schedule 

Development," EPA 832-B-97-004 (February 1997). 

2. Financial markets do not use a household-level affordability 

criterion in determining a system's overall financial condition 

and credit capacity. But they do consider whether rates that are 

comparatively low for a region may constrain asset maintenance 

and whether rates that are too high may limit expansion of the 

industrial customer base. Rate assessments allow for timely capi- 

tal improvement plans and rates that reflect the full cost of ser- 

vice. In addition to rates, financial analysts examine the diversity 

and breadth of a system's customer base, the strength of the 

local economy, the system's governance and organizational 

structure, the quality of its management and strategic focus, and 

its liquidity. See Mary Francoeur, Chee Mee Hu, and Thomas 

Paolicelli, Rating Methodology: Analytical Framework for Water 

and Sewer System Ratings (Moody's Investor Service, Municipal 

Credit Research, August 1999). Conversation with Chee Mee 

Hu, December 17,2001. 
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EPA's Affordability Criterion 
for Drinking Water Systems 
EPA was led to establish an affordability criterion for 
drinking water systems by the 1996 Amendments to the 
Safe Drinking Water Act. The amendments specified that 
small public drinking water systems would be allowed to 
use less effective pollutant control technologies when de- 
signated technologies capable of achieving a maximum 
contaminant level for a pollutant or satisfying a treatment 
technique requirement were not "affordable." EPA judged 
that a technology was not affordable for a small system 

if the associated average expense per household served 
exceeded 2 percent of the service area's MHI. 

EPA settled on 2 percent after seeking a value that would 

be "closer to the cost of other utilities, and not signifi- 
cantly less than the cost of specific discretionary items."3 

Consumer expenditures on alcohol and tobacco repre- 
sented 1.5 percent of 1995 pretax MHI, and expenditures 

on energy and fuels accounted for 3.3 percent.4 From that 
range, the agency selected 2 percent, in part because it 
was roughly consistent with the premium that some 
households were choosing to pay when installing a drink- 
ing water treatment device or purchasing bottled water.5 

EPA recently decided to raise the value to 2.5 percent of 
MHI, which highlights the subjective underpinnings of 
the agency's affordability criterion. The change allows 
EPA to designate point-of-use treatment devices as "com- 

pliance technologies" because it ensures that average 
household charges by small systems installing such devices 

would remain below the affordability criterion. In effect, 
the change limits the recourse of small drinking water 

systems to less effective pollutant control technologies. 

3. See International Consultants and others, "National Level 

Affordability Criteria Under the 1996 Amendments to the Safe 

Drinking Water Act (Final Draft Report)," USEPA Contract 

68-C6-0039 (August 1998), pp. 6-2, 4-6; and Environmental 

Protection Agency, Office of Water, "Variance Technology 

Findings for Contaminants Regulated Before 1996," EPA 815- 

R-98-003 (September 1998), p. 19. 

4. Environmental Protection Agency, Office of Water, "Variance 

Technology Findings," p. 45. 

5. International Consultants, "National Level Affordability Crite- 

ria," p. 4-3. 
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