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FOREWORD

The Environmental Protection Agency was created because of increasing
public and governnent concern about the dangers of pollution to the health
and welfare of the Anerican people. Noxious air, foul water, and spoiled
land are tragic testinonies to the deterioration of our natural environnent.
The conplexity of that environment and the interplay anmpbng its conponents
require a concentrated and integrated attack on the problem

Research and devel opnent is that first step in problemsolution, and it
i nvol ves defining the problem neasuring its inmpact, and searching for sol u-
tions. The Municipal Environnental Research Laboratory devel ops new and im
proved technology and systens (1) to prevent, treat, and manage wastewater,
solid and hazardous waste, and pollutant discharges from rmunicipal and com
munity sources, (2) to preserve and treat public drinking water supplies, and
(3) to mnimze the adverse economc, social, health, and aesthetic effects
of pollution. This publication is a product of that research and is a nost
vital comrunications |ink between the researcher and user community.

The Safe Drinking Water Act of 1974 establishes primary, health-related
standards and secondary, aesthetic-related but nonenforceabl e guidelines for
drinking water supplies. These standards will bring about fundanenta
changes in the way water is handl ed before it is delivered to the consuner.
Many of these changes will have an econonic inpact on the affected water
utilities. This report provides detailed information on the current costs
of water supply for 12 selected water utilities. [In addition to providing
information on the individual supplies, data are aggregated to provide pro-
jections of the relative inpact of various strategies that mght be under-
taken to satisfy the Act's requirenments. These data and associ ated anal yses
are presented in two volunmes. Volune | is a summary of selected data from
the study together with its analysis. Volune Il contains detailed, in-depth
information for each utility studied

Francis T. Myo
Director
Muni ci pal Environmental Research Laboratory



ABSTRACT

A study of 12 selected water utilities was undertaken to determnine
the economics of water delivery. Data were collected fromat |east one O ass
A water utility (revenues greater than $500, 000 year) in each of the U S
Envi ronnental Protection Agency's 10 regions. Volune | provides summary in-
formati on and in-depth analyses of five of the utilities studied. Al the
utilities are analyzed in aggregate, and factors affecting the cost of water
supply are examned. Also provided is an evaluation of the hypothetical im
pact of the Safe Drinking Water Act in 1980.

Volune |1 contains the basic data fromeach of the 12 utilities
studied. Services of each utility were divided into three functional areas
common to all water supply delivery systens--acquisition, treatnent or puri-
fication, and distribution. These areas provided a cormon basis for collect-
ing and conparing data. Costs were categorized either as operating or as
capital expenditures.

This report was submitted in fulfillnment of Contract No. 68-03-2071
by ACT Systens, Inc., under the sponsorship of the U S, Environnental Pro-
tection Agency. This report covers the period June 20, 1974 to March 20
1976.
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CPl

Maxi mum day/
maxi num hour

M1 gal

MGD

Price

Retail service area

Revenue- produci ng
wat er (RPW

Treat ed water

SVBA
Source water

English Units

1 foot
1nmle
1sqm

1 ml gal
1 $/ml ga

ABBREVI ATI ONS AND DEFI NI TI ONS

- expense of water production
- Consuner price index

- maxi mum day flow for the year in M3 maxi mum
hour flow for the year in M

- mllion gallons

- mllion gallons per day

- anmount charged user

- area in which water is retailed by the utility

- the water measured as metered consunption and
paid for by wholesale and retail customers
within the service area

- the anount of water treated through the water
departnent's treatnment plant

- standard netropolitan statistical area

- raw water fromground or surface supply

METRI C CONVERSI ON TABLE

Metric Equival ents

0.305 neters

1.61 kiloneters
2.5~ sq kiloneters
3.79 thou cu neters

0.26 $/thou cu neters
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SECTI ON |

EXECUTI VE SUMVARY

A two-year study of 12 selected water utilities was undertaken to
determ ne the econom cs of water delivery. Data were collected fromat [east
one class A water utility (revenues greater than $500, 000/ year) in each of
U S. Environmental Protection Agency's (EPA) 10 regions. The finished water
fromall utilities selected meets the 1962 Public Health Service Drinking
Water Standards, Volune | of this report provides in-depth analyses for five
of the 12 utilities studied: G ncinnati, Chio; Kansas Cty, Mssouri
Fairfax County Water Authority in Fairfax, Virginia; Dallas, Texas; and the
El i zabet ht own Water Conpany in Elizabeth, New Jersey. Aggregate analysis of
data fromall the utilities is also provided in Volune I, along with an
eval uation of factors affecting the cost of water supply and a consideration
of the inpact of technologies that mght be used to satisfy requirenents of
the Safe Drinking Water Act.

Volunme Il contains the basic data fromeach of the 12 utilities studied.
They represent many institutional arrangenents, physically different water
supply systens, and different conditions faced by water utilities across the
United States. For exanple, G ncinnati and Kansas City are single-source
utilities distributing water to far-flung distribution areas. Qhers, such
as the Dallas Water Uility and the Fairfax County Water Authority, are in
rapidly growing areas with capital costs distributed over a fast grow ng,
revenue- produci ng base that keeps water costs low. Two investor-owned utili-
ties, Elizabethtown Water Company and New Haven \Water Company, were included
in the sanple to denonstrate problems associated with investor-owned utili-
ties. The San Diego and Phoenix utilities operate in water-short areas.
Puebl 0 and Kenton County were the smallest utilities studied. Seattle has
made extensive investnents in controlled source protection, and Olando uses
groundwater from a deep aquifer.

Data were collected for 10 years in five operating cost categories and
two capital cost categories. The operating cost categories are support
services, acquisition, treatnent, power and punping, and transnission and
distribution. Capital costs were dived into interest and depreciation. Each
operating cost category was exam ned as to total expenditures, unit costs,
and percent of total cost. Revenue-producing water was used for all unit
cost cal cul ations because it represents the basis on which utilities obtain
their operating revenues. The inpact of operating expenditures, increasing
| abor costs, and increasing |abor productivity on total water production
costs were exam ned.



A systens eval uation was nade for each utility in which the service area
was divided into its conmponents. Schematic diagrans of the system conponents
have been devel oped for each of the utilities studied. For sone utilities,
these diagranms are very detailed, and for others, because of the conplexity
of the system the diagram is sonewhat superficial. By using the systens
di agram and the previous cost categorizations, it was possible to eval uate
the costs associated with delivering water to various subsections of the
distribution systemand to make sone estimates as to how the costs of water
vary throughout the distribution area.

I ndi vidual and conparative anal yses reveal certain trends. Labor cost
is asignificant part of the annual operating costs for all utilities and has
nearly doubled in sone cases over the period of analysis. Mre and nore
dollars are being shifted into support service activities. Exam nation of
wat er delivery costs shows that they increase with the distance fromthe
treatment plant; thus there are definite limts to the efficient size of water
utility service areas.

Mat hemat i cal nmodel s have been devel oped that relate |abor cost ($/ man-
hour), productivity (man-hours/mllion gallons (ml gal)), and production
(revenue-producing water) to annual operating costs. Another nodel has been
devel oped for annual capital costs incorporating revenue-producing water and
depreci ation.

Extrapol ations have been made with historical data for future water
costs. Estimates for meeting the Safe Drinking Water Act's organic standards
have been superinposed on these costs. Between 1974 and 1980, it is esti-
mated that the price of water will have increased by 36%as a result of nornmnal
inflation and increased demands. For those few utilities required, under the
Safe Drinking Water Act, to install the nost expensive control technol ogy
(granular activated carbon), costs will increase an additional 24% above the
expected 1980 | evel

Total costs for each of the 12 utilities during the latest year of data
collection are shown in Table 1. Taxes for the investor-owned utilities are
reported separately. This analysis provides a nechanismfor conparing
utilities.

W hope these data will provide useful information on water supply costs
fromvarious utility systems and an exanple of the neans by which data can be
coll ected fromwater supplies to provide conparative information. Wth the
advent of the Safe Drinking Water Act, regulatory agencies, utility nanagers,
and the public should be able to isolate and understand various cost inpacts
on utilities of inflation and expansi on demand versus regul atory inpacts.

The approach suggested here will allow the utility manager to pinpoint areas
where costs are spiraling out of control and allow himto take corrective
action. Table 2 summarizes sone of the expected cost increases resulting
frominflation and demand, as well as the effects of add-on technol ogies.



TABLE 1.

COST ANALYSI'S SUMVARY FOR LATEST YEAR OF RECCRD (1974)

Cost categories ($nl gal)
Revenue- producing  Support
Uility wat er services Acquisition Treatment Distribution Interest Tota
(ml gal)

Kansas City 26, 855 $ 145 $ 15 $ 82 $ 138 $ 50 $ 430
Dal | as 63, 030 83 25 52 120 58 338
San Diego 47,192 96 277 28 106 7 514
New Haven 17,714 113 29 15 106 117 560"
Fairfax Co. 19, 232 88 35 56 134 209 522
Phoeni x 63, 661 91 17 47 112 53 320
Kenton Co. 2,259 82 12 103 124 73 394
Ol ando 12,522 110 42 22 135 85 394
El i zabet h 38, 256 89 67 33 144 113 492+
Puebl o 6, 793 99 38 84 232 164 617
Seattle 45, 967 109 37 13 77 27 263
G ncinnat i 38, 104 85 17 36 139 18 295

* Includes $179 taxes.

+ Includes $76 taxes.



TABLE 2. EXPECTED I NCREASE I N COSTS FOR 1980

1980 costs
wi th add-on technol ogi es
Expect ed
cost cost GAC - GAC - nedia Chlorine

ltem in 1975  in 1980 contractors repl acenent di oxi de
Treatment operating cost
($/yr in mllions) 1.10 1.50 2.97 4,17 2.17
Treatment capital cost
($/yr in mllions) 0.48 0.60 3.34 1.33 0.73
Total operating cost
($/yr in nillions) 8.85 12. 40 13. 07 15. 07 13.07
Total capital cost
($/yr in mllions) 3.80 4. 95 7.69 5. 68 5.08
Total production cost
($/yr in mllions 12.75 17. 35 21.56 20.75 18. 25

Total unit cost
($/ml gal) 412.00 480. 00 596. 47 574.06 504. 90




SECTION 2
| NTRCDUCT! ON

The Safe Drinking Water Act of 1974 will bring about fundanental changes
in the way drinking water is handled before it is delivered to consuners. The
Act establishes primary health-related standards and secondary or aesthetic-
rel ated but nonenforceabl e guidelines for drinking water supplies. Through-
out the Act, enphasis is placed on the need to consider the econom cs of
wat er delivery.

In response to this need, a 2-year study of selected water utilities was
undertaken in which data were collected fromat |east one Class A water util-
ity (revenues greater than $500,000/year) in each of the U S. Environnenta
Protection Agency's 10 regions. Figure 1 shows the |ocation of the utilities
studied. Twelve utilities were selected for investigation--one in regions I,
L, 1, vV, Vi, Vi, VI, and X and two in regions IV and | X. The study,
which ran from 1974 through 1976, was conducted in two phases with a specia
study in CGncinnati, Chio. Data were collected so that costs could be easily
conpared anong utilities.

Each utility's services were divided into the functional areas of acqui-
sition, treatment or purification, and distribution. These functional areas
or subsystens are common to all water supply delivery systems and can there-
fore provide a common basis for data collection. Another category comon to
all water utilities is the management or adm nistrative function which com
pletes the framework of the institution for insuring an adequate supply of
safe drinking water. This institution is most conmonly called a water supply
utility.

Costs were categorized as either operating or capital expenditures.
Operating costs have been assigned to the follow ng functional areas: acqui-
sition, treatnment, power and punping, transmission and distribution (includ-
ing storage),and support services. The first four functional areas are re-
lated to the physical delivery of water, and the fifth, support services, is
related to the overall integrative responsibility of utility managenent.
Operating costs include operating |abor, maintenance, and materials. For ex-
anple, if the utility has a treatment division, |aboratory personnel costs
are included in the treatnment cost category, but management costs for the
division are included in the support services category. Support services in-
clude, therefore, all of the adm nistrative and custoner services that are
required to manage the water utility and collect revenues but that are not
directly related to the physical process of delivering water






Capital costs are assumed as depreciation and interest for the plant-in-
service. Depreciation is based on the historic cost of the facility divided
by its useful life, and not on the costs required to reproduce the facility.
Lower costs will therefore be associated with older utilities. Mst of the
utilities analyzed constructed the najor portion of their facilities in the
1930's and 40's. Interest costs are the dollars the utilities must pay for
their bonds or other noney raising nmechanisns.

Revenues were not considered in this report. Al of the data reported
are strictly related to the cost of water supply and do not include sonme of
the broader aspects of elasticity of demand and optimal pricing policies of
water supply. Al costs reported are based on revenue-produci ng water (RPW
pumped by the utilities for a 10-year period from 1965 through 1974.

The report has been prepared in two volumes. Volume | contains sunmary
information and an analysis of the factors that affect the cost of water sup-
ply,and Volume Il contains the basic data fromeach of the selected utilities.



SECTION 3

CONCLUSI ONS

Data fromthe 12 utilities studied here are representative of many
utilities in the United States. Distributed across the country, the 12 util-
ities studied reflect differences in wage rates and costs for various itens
throughout the United States. The cost of water supply has been continually
increasing as a result of increased capital and | abor costs, |abor wage rates,
costs of chenmicals and other supplies, and increased demand for water. How
ever, a decrease in the nunber of man-hours required to supply 1 mllion gal-
lons (m| gal) of water has noderated these cost increases. In many cases,
when the unit cost of water is nodified by the Consuner Price Index (CPl),
costs have actually decreased with tinme.

Equations devel oped in Volune 1 show that when water conservation
neasures are adopted, increasing wage rates and other inflationary effects
will increase the cost of water in accordance with other cost increases in
the econony. Such increases are inevitable and shoul d be anti ci pat ed.

The met hodol ogy used for collecting these data can be applied to
water utilities not included in this study. Such an application would pro-
vide for a conparative and standardi zed anal ysis of water supply costs for
all utilities. This effort is intended as a nodel for other related data
collection efforts.



SECTION 4
OVERVI EW AND AGCREGATE DATA ANALYSI S

Revenue- producing water fromall 12 utilities increased by approxi-
mat el y 50% over the 10-year period studied (1965-74) (Figure 2).

Average costs for the five major operating cost categories all showed
substantial increases over time (Table 3). Support services increased from
an average of slightly over $1 nillion/year to nore than $3 nillion/year,
or by nearly 200% The other categories increased by slightly nore than
1002, with the exception of transm ssion and distribution, which increased
by approximately 73%

Unit costs had considerably smaller increases or remained stable dur-
ing the 10-year period (Table 4). Support services unit cost increased
nearly 63% transm ssion and distribution stayed nearly the sane, and tota
expendutires increased by less than 50%

The five operating cost categories varied as a percent of total operat-
ing cost (Table 5). Support services increased from26%to slightly over

31% and treatnent, power and punping, and transm ssion and distribution de-
creased as percents of total operating cost.

Average operating and capital costs for all 12 utilities nmore than
doubl ed during the 10-year period (Table 6). Operating expenditures in-
creased by 127% and capital expenditures increased by 78% Unit costs
increased by only 25%

Average operating and capital expenditures ratios for the 12 utilities
studied are shown in Table 7. Operating expenses increased as a percent of
total cost from64.5%in the first year of analysis to nearly 70% by the
| ast year, whereas capital cost dropped from35.5%in the first year of
analysis to just over 30%in the last year.

The inpact of |abor and operating costs for water supply are shown in
Table 8. Labor costs accounted for 42% of the utilities' operating costs in
the first year of analysis and 42%in the last year. The average cost/man-
hour increased 82% but the ratio of man-hours/m | gal of RPW decreased by
16% Table 8 shows a steady decrease in capital/labor cost ratio. Al though
econom es of scale were in effect with respect to the nunber of nman-hours
used to produce water, this cost reduction was nullified by wage increases
Labor is therefore a very inportant factor in what is typically presuned to
be a capital intensive industry.
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Figure 2. Average annual revenue-producing water for all 12 utilities.



