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FOREWORD

The Environmental Protection Agency was created because of increasing
public and government concern about the dangers of pollution to the health
and welfare of the American people. Noxious air, foul water, and spoiled
land are tragic testimnies to the deterioration of our natural. environnent.
The conplexity of that environment and interplay anong 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 inpact, and searching for solu-
tions. The Minicipal Environnental Research Laboratory devel ops new and
i nproved technol ogy and systenms (1) to prevent, treat, and manage wastewater,
solid and hazardous waste, and pollutant discharges from municipal 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 conmmunications |ink between the researcher and user comunity.

The Safe Drinking Water Act of 1974 establishes primary, health-related
standards and secondary, aesthetic-related but nonenforceable guidelines for
drinking water supplies. These standards will bring about fundanental changes
inthe way water is handled before it is delivered to the consuner. Many of
t hese changes will have an econom c 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
i ndi vidual supplies, data are aggregated to provide projections of the
relative inpact of various strategies that mght be undertaken to satisfy
the Act's requirenents. These data and associated anal yses are presented in
two volumes. Volume | is a sumary of selected data fromthe study together
with its analysis. Volume Il contains detailed, in-depth information for
each utility studied.

Francis T. Mayo
Director
Mini ci pal Environnental Research Laboratory



ABSTRACT

A study of 12 selected water utilities was undertaken to determne the
econom cs of water delivery. Data were collected fromat |east one class A
water utility (revenues greater than $500,00Q year) in each of the US
Environmental Protection Agency's 10 regions. Volume | provides sumary
information and in-depth anal yses of five of the 12 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 hypothetica
impact of the Safe Drinking Water Act in 1980.

Volume |1 contains the basic data fromeach of the 12 utilities studied.
Services of each utility were divided into five functional areas comon to
all water supply delivery systens -- support services, acquisition, treatnent
or purification, distribution, and power and punping. These areas provided
a comon basis for collecting and conparing data. Costs were categorized as
operating or capital expenditures.

This report was submtted in fulfillment of Contract No. 68-03-2071 by
ACT Systens, Inc., under the sponsorship of the U S. Environmental Protection
Agency. The report covers the period July 1974 to July 1976, and work was
conpl eted as of Septenber 1977
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SECTION 1
EXECUTI VE  SUMVARY

A two-year study of 12 selected water utilities was undertaken to
determne the economcs of water delivery. Data were collected fromat |east
one class A water utility (revenues greater than $500, 000/ year) in each of
U S. Environnental Protection Agency's (EPA) 10 regions. The finished water
fromall utilities selected neets the 1962 Public Health Service Drinking
Water Standards. Volume | of this report provides in-depth analyses for five
of the 12 utilities studied: GCncinnati, Cnhio; 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 anal ysis 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 might be used to satisfy requirements of
the Safe Drinking Water Act.

Vol ume Il contains the basic data fromeach of the 12 utilities studied.
They represent many institutional arrangenents, physically different water
supply systems, and different conditions faced by water utilities across the
United States. For exanple, Cncinnati and Kansas City are single-source
utilities distributing water to far-flung distribution areas. Qhers, such
as the Dallas Water Wility 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 Conpany and New Haven Wter Conpany, 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 o and Kenton County were the smallest utilities studied. Seattle has
made extensive investnents in controlled source protection, and Orlando 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, treatment, power and punping, and transm ssion and
distribution. Capital costs were divided 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 al
cost calcul ations because it represents the basis on which utilities
obtain their operating revenues, and provides the real basis for conparing
productivity and costs between systenms. Systems vary in the proportion of
wat er sold, meaning that uncertainties are introduced in the conparison of
unit cost and productivity over tine for a single utility. To convert to a



basis of water produced, a sinple conversion based on the ratio of water sold
to water produced can be used. The inpact of operating expenditures, increas-
ing labor costs, and increasing |abor productivity on total water production
costs were exam ned

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

I ndi vidual and conparative analyses reveal certain trends. Labor cost is
a significant 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 nodel s have been devel oped that relate |abor cost ($/ man-
hour), productivity (man-hours/mllion gallons (M3, and production (revenue-
producing water) to annual operating costs. Another npbdel has been devel oped
for annual capital costs incorporating revenue-produci ng water and deprecia-
tion.

Extrapol ati ons have been nmade with historical data for future water costs.
Estinmates for neeting the Safe Drinking Water Act's organic standards have
been superinposed on these costs. Bet ween 1975 and 1980, and using data
fromthis study, it is estimated that the price of water will have increased
by 36% as a result of normal inflation and increased demands. For those few
utilities required by the Safe Drinking Water Act to install the npst expen-
sive control technology (granular activated carbon), costs will increase an
additional 24% above the expected 1980 |evels.

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 utili-
ties are reported separately. Table 1 also contains the name and average
distribution for the utilities studied so that in using this docunment one can
exam ne the data for a specific utility as contained in Volume Il

W hope these data will provide useful information on water supply costs
fromvarious utility systenms and an exanple of the means by which data can be
collected from water supplies to provide conparative information. Wth the
advent of the Safe Drinking Water Act, regulatory agencies, utility managers,
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.



TABLE 1.

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

Cost categories ($ml gal)
Uility Revenue- pr oduci ng Support
wat er services Acquisition Treatnent Distribution Interest Tota
(m1 gal/day)

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*
Fai rfax 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 zabeth 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
Ci nci nnat i 38, 104 85 17 36 139 18 295

* Includes $179 taxes.

+ Includes $76 taxes.



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 from
inflation and demand, as well as the effects of add-on technol ogi es.



TABLE 2. EXPECTED | NCREASE I N COSTS FOR 1980
Based on Data from Study

1980 costs
wi th add-on technol ogi es
Expect ed

Cost cost GAC - GAC - nedia Chl orine
[tem in 1975 in 1980 contactors repl acenent di oxi de
Treatment operating cost
($/yr in nillions) 1.10 1.50 2.97 4,17 2. 17
Treatment capital cost
($/yr in nmllions) 0.48 0.60 3.34 1.33 0.73
Total operating cost
($/yr in nmllions) 8. 85 12. 40 13. 87 15. 07 13.07
Total capital cost
($/yr in nmllions) 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 ogal) 412.00 480. 00 596. 47 574.06 504. 90




SECTION 2
| NTRODUCT| ON

The Safe Drinking Water Act of 1974 will bring about a fundamental exam -
nation of the way drinking water is handled before it is delivered to
consumers. The Act establishes primary health-related standards and secondary
or aesthetic-related, but nonenforceable, guidelines for drinking water sup-
plies. Throughout the Act, enphasis is placed on the need to consider the
econom cs of water deliverv.

In response to this need, a two-year study of selected water utilities
was undertaken in which data were collected fromat |east one class A water
utility (revenues greater than $500,00Q yr) in each of the U S. Environ-
mental Protection Agency's (EPA) 10 regions. 3 Figure 1 shows the locations of
utilities studied. Twelve utilities were selected for investigation -- one
inregions I, I, I, V, VI, VIl, VIIl, and X and two in regions IV and I X
The study, which ran from 1974 through 1976, was conducted in two phases, with
a special study in Gncinnati, Chio. Data were collected so that costs coul d
be easily conpared anong utilities.

Each utility's services were divided into the functional areas of
acquisition, treatnent or purification, and distribution. These functiona
areas or subsystens are common to all water supply delivery systems and can
therefore provide a conmon basis for data collection. Anot her category
common to all water utilities is the managenent or adm nistrative function,
whi ch conpletes the framework of the institution for insuring an adequate
supply of safe drinking water. This institution is nmost conmonly called a
water supply utility.

Costs were categorized as either operating or capital expenditures.
Qperating costs have been assigned to the follow ng functional areas: acquis-
ition, treatnent, power and punping, transm ssion and distribution (including
storage), and support services. The first four functional areas are related
to the physical delivery of water, and the fifth, support services, is
related to the overall integrative responsibility of utility management.
Qperating costs include operating |abor, maintenance, and materials. For
exanple, if the utility has a treatnment division, |aboratory personnel costs
are included in the treatment cost category, but managenent costs for the
division are included in the support services category. Support services
include, therefore, all of the admnistrative 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
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Capital costs are assuned 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
1930s and 40s. Interest costs are the dollars the utilities nmust pay for
their bonds or other noney-raising mechanisns.

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 some of
the broader aspects of elasticity of demand and optimal pricing policies of
wat er supply.4 Al costs reported are based on revenue-produci ng water
punped by the utilities for a 10-year period from 1965 through 1974.
Revenue- produci ng water was used for all cost calcul ations because it represents
the basis on which utilities obtain their operating revenues and provides the
real basis for conparing productivity and costs between systens. Systens
vary in the proportion of water sold, meaning that uncertainties are introduced
in the conparison of unit cost and productivity over time for a single utility.
To convert to a basis of water produced, a sinple conversion based on the ratio
of water sold to water produced can be used

The finished water fromall of the utilities selected for the study neets
the 1962 Public Health Service Drinking Water Standards. Although efficiency
of renoval and the raw water source quality influence the cost of treatnent,
these factors were not explicitly considered as part of the data collection
effort. An equation has been devel oped, however, that relates chenical costs
to the quality of source water. Because all of the utilities meet with 1962
standards it can be assuned that any changes required to nmeet SDWA standards
will be increnental and will not involve construction of an entirely new
treat nent conpl ex

The report has been prepared in two volunmes. Volume | contains sunmmary
infornmation and an analysis of the factors that affect the cost of water
sup?ly, and Volune Il contains the basic data fromeach of the sel ected
utilities



SECTION 3

CONCLUSI ONS

In Volune | of this report, five of 12 utilities have been selected for
in-depth analysis. System and cost data have been summarized for each
utility individually, and some individual conparisons have been made. These
data indicate a general increasing trend in demand for revenue-producing
water, increasing |abor wage rates, and the other operating and capital expen-
ses associated with water supply. The systens evaluations for Kansas City
and Cincinnati indicate increasing unit costs with increasing distance from
the treatment plant. This analysis inplies that there are definite limta-
tions to the efficient size of a water supply system Using a ratio of unit
costs to the Consuner Price Index, however, it is shown that if not for infla-
tion unit costs would have risen less rapidly or perhaps declined over tine.

A nat henati cal nmodel has been devel oped that relates operating cost to
| abor wage rate, |abor productivity, and revenue-producing water. O her
nodel s have been devel oped to relate capital cost to unit depreciation and
revenue-produci ng water and to denponstrate decreasing returns to distance of
transmssion. A relationship between interest and depreciation has al so been
devel oped.

Finally, the data and associ ated anal yses presented here are used to
eval uate the hypothetical inpact of the safe Drinking Water Act in 1980.
These data show the cost of water will increase by 36% between 1975 and
1980 as a result of normal demand and inflationary pressures. |f expensive
add-on technol ogy, such as granular activated carbon, is required by the Safe
Drinking Water Act, water costs will increase by another 24%

These data will be useful for planners, designers, and decision nmakers
in planning for the inplenentation of the Safe Drinking Water Act. Appendix A
sunmari zes the slopes of the various cost curves for each utility and for the
average of all wutilities, and will provide useful information on the variations
in costs associated with each utility.



SECTION 4

DATA ANALYSI S FROM SELECTED WATER UTI LI TI ES

Data fromfive selected utilities will be analyzed in detail in this
section. Each featured utility has sonme aspect that nmakes it representative
of many other utilities across the country. The Kansas City water system
which will be exanmined first, is relatively sinple and provi des sone useful
insights into the cost of distributing water; it represents a no-growh
situation. The G ncinnati water supply systemis simlar to that of Kansas
City, but sonewhat nore cogplex. A depreciation analysis has been made of
Cincinnati's total system The Dallas, Texas, water utility is supplying
water to a rapidly growing area. Its dist$ibution systemis conpl ex, includ-
ing reservoirs and three treatment plants. Fairfax County Water Authority is
a regional water utility of recent origin that illustrates the econoni es of
scale that mght result froma group of utilities banding together. The
El i zabet ht own Water Conpany is a private utility that denmonstrates sone of
the problens associated with private sector water supplies.

KANSAS CI TY, M SSOUR

The Kansas City Water Uility serves its netropolitan area with a popu-
lation of nearly 500,000 and a land area of 400 square mles. The utility's
total service population is approxi mately 600,000, which includes severa
smal l er surrounding cities. The total population of the metropolitan area is
greater than 1 mllion

Figure 2 shows the total revenue-producing water punped by the utility
during the 10 years of analysis. Note that the abscissa is in integer
nunmber of years. This was done to facilitate |later conparisons Year 1 is
1965 and year 10 is 1974. Table 3 contains the cost data collected during
the 10-year period. The analysis for unit costs has been based on revenue-
produci ng water rather than on total water punped. Because the utility draws
its water froma free-flowing river and little punping is required, acquisi-
tion costs are snmall. It can be seen that the total operating cost of water
supply has increased during the period of analysis from$6.7 million to
$11.6 nillion. Support services has increased from$1.8 nmllion to $3.8
mllion (Figure 3). The unit operating cost of water supply increased from
$176.56/mllion gallons (m| gal) to $331.45/m| gal, with the greatest
i ncrease occurring under support services -- from $70.11/m | gal to $140.99/
ml| gal (Figure 4). Figure 5 shows that as a percent of total cost, support
services increased from 39.71% to 42.54%
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TABLE 3.

OPERATI NG AND CAPI TAL COSTS FOR KANSAS CITY, M SSOURI

Year
[tem 1 2 3 4 5 6 7 8 9 10
OPERATI NG COSTS:
Support services:
$, in mllions 1.837 2.062 2. 145 2. 651 3. 148 3. 417 3. 566 3.580 3.815 3.786
% of total 39.71 41. 63 40. 10 43. 96 45,74 44. 92 44.78 43. 24 43.78 42.54
$/ml gal 70. 11 76. 43 76. 43 97.68 113.09 118.29 129.99 124.61 135.43 140.99
Acqui sition:
$, in mllions 0. 233 0. 230 0. 251 0. 277 0. 307 0. 318 0. 337 0. 350 0. 365 0.374
% of total 5. 04 4.64 4. 69 4.59 4. 46 4,16 4.23 4,23 4.19 4.20
$/ml gal 8.90 8.52 8.94 10. 20 11.03 10. 97 12. 28 12.19 12. 96 13.92
Tr eat ment :
$, in mllions 1.018 1.086 1.195 1.196 1.291 1.535 1.562 1.716 1.883 1.999
% of total 22.00 21.92 22.33 19. 84 18. 74 19. 70 19. 62 20. 73 21.61 22. 45
$/ml gal 36. 84 40. 25 42.57 44. 08 46. 33 51. 87 56. 96 59.73 66. 84 74.42
Power and punpi ng:
$, in mllions 0. 955 0. 946 1.030 1.138 1. 260 1. 306 1.384 1.438 1.500 1.537
% of total 20. 64 19. 10 19. 26 18. 87 18. 31 17.09 17.38 17. 38 17.21 17. 27
$/ml gal 36. 44 35. 07 36.71 41. 93 45, 27 45, 05 50. 45 50. 09 53. 24 57. 24
Transm ssi on and
di stribution:
$, in nmllions 0.584 0.629 0.729 0.769 0.878 1. 068 1.113 1.196 1.152 1. 205
% of total 12.61 12. 71 13. 63 12.75 12.76 14. 03 13.98 14. 44 13.21 13. 54
$/ml gal 22.27 23.33 25.98 28.32 31.55 36. 95 40. 58 41. 62 40. 88 44, 87
Total operating costs:
$, inmllions 4.627 4.954 5. 349 6. 031 6. 883 7. 644 7.962 8. 280 8.716 8.902
$/ml gal 176.56 183.60 190.61 222.20 247.23 263.61 290.27 288.18 309.37 331.45



TABLE 3 (Continued). OPERATING AND CAPI TAL COSTS FOR KANSAS CI TY, M SSOURI

Year
l'tem 1 2 3 4 5 6 7 8 9 10
CAPI TAL COSTS
Depreci ati on
($, in mllions) 1.009 1.043 1.056 1.065 1.098 1.118 1.157 1.202 1.264 1.315
| nt erest
($, innllions) 1.064 1.067 0.981 0.940 1.061 1.207 1.519 1.45 1.407 1.351
Total capital costs
($, in mllions) 2.073 2.110 2.037 2.006 2.159 2.325 2.676 2.658 2.671 2.666
TOTAL OPERATI NG AND CAPI TAL
= OO8TS
$, innllions 6.700 7.064 7.386 8.037 9.042 9.968 10.639 10.938 11.387 11.567

$/ml gal 255.65 241.15 263.21 296.10 324.84 345.03 387.82 380.71 404.18 430.74
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Figure 6 shows the shift in operating expenditures relative to capita
expenditures. The utility is beconming |less capital intensive on a historica
cost basis over the 10-year period

Figure 7 shows the total operating and capital expenditures over tine.
The sl ope of the operating cost curve is nuch steeper than capital cost.

Figures 8 and 9 show total and unit costs, respectively. Each expendi-
ture category has been corrected by the CPlI assumi ng 1965 as the base year
The slopes of the total and unit costs are nmuch flatter than for the historica
costs. Corrected unit costs have increased slightly over tine.

The data presented in the previous section can be used to devel op
i nsights int e ways that the cost of water varies throughout the distribu--
tion system ™’ Figure 10 is a schematic diagram of the utility service area.
Water is taken into the systemat the intake (denoted by | in the diagram,
passed through the Treatment plant (T), and punped north through a high head
system (P..) and south by a | ow head system (P,). To the south, the water
passed through a tunnel/flow line to a set of reservoirs and repunping
stations (RPSl and RPS,) and then to another set of reservoirs and repunping
stations (RPS and TFE%). Stations RPS. and RPS, serve the distribution area
denoted as zone 3 on the schenatic drag}anl and Stations RPS, and RPS, serve
zone 4. The high head punping station PN is designed so that it can serve
zone 2 directly as well as punp water to the reservoir and punping station
denoted by RPN

The costs shown in Figure 10 were derived fromthe current depreciation
and operating cost for each conmponent. Once derived, the costs can be
di vided by the anmpunt of revenue-producing water passing through the facility
or transmssion line, yielding a cost for that given conponent in dollars per
mllion gallons ($/ml| gal). Transmission costs shown in Table 4 are derived
this way. As water noves fromone facility to another, the unit costs are
added. Table 4 shows the cost per million gallons for water transmtted from

T to RSP, and RSP, is $9.12/m | gal

17
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TABLE 4. TRANSM SSI ON COSTS BETWEEN FACILITIES I N SERVI CE
AREA ($/m | gal)

To

RPS1 RP83

and and
From Py RPN RPS, RPS,
T 10. 69 .- 9.12 o
PN — 13.21 —_— _—
RPS1 and
RP82 .- .- .- 13. 27

Each zone represents a consuner service area and a demand point for
delivered water. For purposes of this analysis, an attenpt was nade to
discrimnate between the water transnmtted fromone distribution area to
anot her

Using data for the nost recent year, the capital and operating costs for
each facility were conputed as shown in Figure 10. Wen a unit of water
moves through one facility to another distribution zone, the unit costs of
moving the water fromone facility to another are added, thereby creating the
unit costs for distribution interest, and overhead to yield a total average
unit cost to serve each zone

Distribution costs are obtained by dividing the total operating and
capital (depreciation) costs associated with the distribution systemby the
total revenue-producing water, and the assunmption is made that the cost of a
distribution system is essentially constant throughout the system

Costs for interest and support services are calculated in this same
manner.  Some argunent coul d be nmade that the interest cost should be propor-
tional to the capital cost for a facility and that support services costs
will vary, depending on consunption. However, the burden and difficulty of
maki ng these allocations proved to beyond the scope of the study.

To illustrate how the costs in Table 5 are obtained, we can work through
the followi ng exanple. Increnental costs for zone 3 are obtained by adding
the costs in $/m| gal for the intake facility, the treatment plant, the
facility costs for the punping station (PS). the facility costs for the

23
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TABLE 5. | NCREMENTAL COST FOR SERVI CE ZONES

($/m1 gal)
Zone | ncrenent al Di stribution I nt erest Support services  Total Met er ed Revenue
number cost costs costs costs costs consunption recover ed
(ml gal/yr)
1 205. 40 61. 05 50. 32 144,52 461. 33 458 211, 289
2 146. 36 61. 05 50. 32 144.52 402. 25 2,072 833, 462
3 163. 19 61. 05 50. 32 144,52 419. 43 17, 383 7,290, 952

4 208. 45 61.05 50. 32 144,52 464. 34 6, 942 3,223, 448




tunnel /flow line, the facility costs for RPS. and RPS,, and the transm ssion
costs fromT to RPS, and RPS,. To this incrémental cst we add the constant
distribution cost, Mt er est gost, and support services cost, yielding a tota
of $419.43/m| gal. Table 5 gives the cost for each zone in $/ml gal and
the netered consunption in each zone (ml gal/year). The last colum in
Table 5 is revenue generated fromeach zone. The total revenue calculated in
this manner is close to the revenue required to cover costs for the |atest
wat er year (Table 3).

The costs for each zone, plotted in Figure 11, are described by a step
function. As water is punped and noved to a new zone, the costs take a
definable junp. This step function suggests that disecononies of scale may
result as the network for delivering water increases in size. Dajani and
Gemmel | confirmthis observation in their study of the cost of treatment and
transportation systens for wast ewat er . 9 They believe that a number of
smal l er and sinpler networks nmay be nmore economcal than a | arge envel oping
system and that a multiple plant treatnment systemmay be called for. Follow
ing this logic, we mght hypothesize a situation in which an extension of the
service area beyond zone 1 (to the north) is contenplated, thereby creating
a new zone, la. Figure 12 shows the costs for zones 1 and 2 north of the
treatnment plant and the assumed cost for the new zone la, given that addition-
al punping and storage facilities and possibly expanded plant capacity are
required to service the area. This cost curve is represented by a dotted
line and assunes that the additional cost to serve zone la is approximtely
$32/mil gal.

If the option of building another plant were available (and in this study
area it is), and if the plant could be operated in such a way as to achieve
reasonabl e econonies of scale, then the cost curve for zone la m ght | ook
like the solid line in Figure 12. In this case, the cost savings resulting
fromthe new plant's construction woul d be represented by the area forned by
the dotted and solid lines in zone la, as shown in Figure 12.

The step functions that represent the cost curves are only approxi mations
to the actual costs. However, the curves serve a useful purpose for approxi-
mating the costs to a given service zone, and they illustrate the difference
in costs as a function of distance for transporting water to the consuner's
tap.

Because of the sinplicity of the Kansas City distribution system (one
treatment plant), it represents an ideal case study area for relating the
cost of water supply to distance transported

CI NCI NNATI - WATER WORKS

The Gincinnati Water Wrks' service area lies alnost entirely within
Ham [ ton County, Chio, with fringe extensions into three adjoining counties.
Al though for the most part they are surrounded by the Cincinnati Water Wrks
service area, a nunber of comunities maintain their own systenms. Energency
service is provided to nost of them but as long as their source of supply can
be maintained, nost of the conmunities will not change their present status.
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The current source of supply is the Chio River. Water is punped from
the river to two presettling reservoirs on a municipal golf course near the
river, and is then punped to a single treatnent plant with a capacity of 235
mllion gallons per day (MD). In 1974 the plant treated an average of 136
MD. To the north and west, water passes through two gravity tunnels and two
punp stations into a large reservoir; it is then repunped into outlying
service areas.

Cost Anal ysi s

Figure 13 shows the treated water and netered (revenue-producing) water
punped by the utility during the period of analysis. Al cost data are based
on revenue-producing water. Figure 13 shows the total water punped exceeded
revenue-producing water by nearly 13 billion gallons during the final year of
anal ysi s.

Table 6 contains the total operating cost for each of the previously
mentioned categories. Support services includes all operating costs that
support but are not directly chargeable to the production of water --
general admnistration, accounting and collection, and meter reading, for
exanple. Treatnent includes costs related to operating the |aboratory,
| abor involved in the treatment function, chemcals for purifying the water,
and maintenance of the treatnment plant. Power and punping includes costs
related to operating l|abor, maintenance, and power and punping water through-
out the service area. The transm ssion and distribution category includes
the operating |abor and maintenance costs associated with supplying water to
the consuner.

Costs for support services have nore than doubled in the 10-year period
(see Table 6 and Figure 14). Athough all of the other cost categories
increased during this period, their rate of increase was |ess than that of
support services. Total operating costs increased by about 65%

Table 6 al so contains the average unit operating costs for each major
category based on the nunber of revenue-producing gallons punped in a given
year. As shown, all cost categories ($/ml gal) increased by a factor of
less than two. Unit operating costs increased by about 40% (Figure 15).

Each cost category is presented as a percent of total operating cost.
Support services accounted for a significant portion of the utility's budget,
increasing from approximately 26% to 31.5% The other cost categories either
decreased or renmined constant (Figure 16).

Depreciation and interest are defined as the capital expenses for the
water works system  These capital expenses renained essentially constant,
but operating expenses increased by approxinmately 65% (Figure 17). Table 6
shows the percent of expenditures allocated to capital decreased from approx-
imately 27% to 22% during the period of analysis.
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TABLE 6. OPERATI NG AND CAPI TAL COSTS FOR CI NCI NNATI WATER WORKS
Year
ltem 1 2 3 4 5 6 7 8 9 10
OPERATI NG COSTS:
Support services:
$, in nillions 1.360 1.331 1.413 1.499 1.616 2.109 2.081 2.371 2.633 2.766
% of total 25.6 25.2 25.2 24.9 26.1 29.9 28.6 29.1 30.7 31.5
$/ml gal 42.41  40.24 41.90 43.87 46.55 58.25 56.06 62.20 69.43 72.60
Acqui sition:
g, in mllions 0.395 0.369 0.3724 0.372 0.380 0.405 0.427 0.496 0.480 0.485
% of total 7.4 7.0 6.7 6.2 6.1 5.8 5.9 6.1 5.6 5.5
$/ml gal 12.25 11.15 11.10 10.90 10.94 11.19 11.50 13.02 12.66 12.73
Treat nent:
$, inmllions 0.913 0.906 0.934 1.005 1.012 1.041 1.065 1.165 1.240 1.210
% of total 17.2 17.2 16.6 16. 7 16. 4 14.8 14.6 14.3 14.4 13.8
$/ml gal 28.48 27.42 27.69 29.41 29.14 28.76 28.69 30.54 32.70 31.75
Power and punpi ng:
$, in nillions 1.086 1.115 1.182 1.256 1.247 1.412 1.382 1.638 1.635 1.667
% of total 20.5 21.1 21.0 20.9 20. 2 20.0 19.0 20.0 19.0 19.0
$/ml gal 33.88 33.74 3507 36.77 3592 39.01 37.23 42.97 43.10 43.75
Transni ssi on and
di stribution:
¢ in mllions 1.558 1.554 1.711 1.885 1.928 2.084 2.323 2.487 2.606 2.654
% of total 29.3 29.5 30.5 31.3 31.2 29.5 31.9 30.5 30.3 30. 2
$/nml gal 48.60 47.00 50.74 55.19 55.52 57.57 62.58 65.23 68.72  69.65
Total operaing costs:
$, in nillions 5,310 5.275 5.615 6.017 6.183 7.051 7.277 8.158 8.595 8.782

165. 62 159.55 166.50 176.14 178.07 194.78 196.06 213.96 226.61 230. 48



TABLE 6 (Continued). OPERATING AND CAPI TAL COSTS FOR CI NCI NNATI WATER WORKS

Year
1 2 3 4 5 6 7 8 9 10
CAPI TAL COSTS:
Depreci ation
($, in mllions) 1.177 1.230 1.422 1.550 1.605 1.634 1.632 1.657 1.699 1.771
I nterest
($, inmllions) 0.826 0.947 0.927 0.877 0.887 0.887 0.793 0.802 0.711 0.669
Total capital costs
($, in mllions) 2.003 2.177 2.349 2.427 2.492 2,521 < 2.425 2.459 2.410 2.440
w  TOTAL OPERATI NG AND CAPI TAL
= COSTS:
$, inmllions 7.314 7.452  7.964 8.444 8.665 9.571 9.702 10.617 11.005 11.223

$/ml ogal 228.10 225.41 236.14 247.19 249.56 264.41 261.39 278.45 290.14 294.54
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Figure 18 depicts the expenditures for capital and operations and
mai nt enance over the 10-year period. Figure 19 shows the total expenditures
(historical and corrected) over the period of analysis. The corrected val ues
have been conputed using the CPl, assunming 1965 as the base year. On a
corrected basis, expenditures remmined constant. Figure 20 shows the actua
and corrected expenditures, based on time. Figure 20 shows that the unit
cost of water supply (corrected) has actually decreased in G ncinnati.

Operating expenditures are always reported in inflated or current
dol I ars, whereas capital expenditures are depreciated in historical dollars
over a long period of time. Problens related to the depreciation of capita
will be discussed later. Since the support services category, which is |abor
intensive, plays an inportant role in the cost of water supply, |abor and
manpower costs will be analyzed in the foll owing section

Labor Cost Analysis --

One neans of evaluating the inpact of |abor costs on operation costs for
water supply is to exanmine the payroll of the water utility (Table 7).
Labor costs accounted for 64% of the utility's operating costs in year 1, and
the nunber of man-hours/mil| gal of netered consunption decreased by 23% The
bottomline in the table shows a decreasing capital/labor cost ratio.
Al t hough econonies of scale were achieved with respect to the nunber of nman-
hours used to produce water, the effect on cost was nullified by wage
increases. The table therefore illustrates the inportance of |abor in what
is typically presuned to be a capital intensive industry.

Depreciation Analysis --

As nentioned earlier, capital expenditures make up a |arge portion of
the cost of water supply. Depreciation reflects historical costs and not
the current cost of replacing a capital facility. Hi storical costs refer to
the original construction cost of a capital facility, whereas reproduction
costs reflect the capital expenditures necessary to build an identical plant
t oday. Hi storical cost is exact, but reproduction cost is based on the
original investment nodified by an appropriate index. A conparison between
hi storical and reproduction costs indicates the inpact of inflation

Using historical costs, a reproduction cost was cal cul ated using the
Engi neering News Record (ENR) Buil ding Cost Index (1913 = 100) for buildings
and equa ment and the ENR Construction Cost Index (1903 = 100) for pipes and
val ves. (A skilled labor cost factor is used to conpute the Building Cost
I ndex, and a common | abor cost factor is used to conpute the Construction Cost
I ndex.) After weighing these capital expenditures with the proper indices,
a reproduction cost of $459 mllion was found for the current plant-in-service,
which represents a 311% i ncrease over the historical value. These capital
expendi tures do not include the capital investnent in a new treatment plant
(Geat Mam), which is operational. Derivation of a reproduction value
illustrates the inpact of inflation on capital cost and the current worth of
capital's contribution to output. The conputations discussed in this section
are summarized in Table 8.
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TABLE 7. MANPOMER OCSTS FOR CINCINNATI  WATER WORKS
Year
[tem I 2 3 ! 5 b T 8 9 10

Total payroll ($) 3,393,575 3,399,082 3,664,567 3,946,864 4,085 948 4,446,863 4,467,360 4,979,657 5 261,055 5,474,585
Total hours

on payroll 1,110,032 1,116,220 1,102,892 1,120,980 1,148,588 1,141,448 1,115,744 1,094,229 1,071,476 1,046,824
Metered consunp-

tion (ml gal) 32,063 33, 061 33,725 34,160 34,722 36, 199 37,117 38,128 37,928 38, 104
Total payroll

($/ml gal) 105. 84 102. 81 108. 66 115. 54 117. 68 122. 84 120. 36 130. 60 138.71 143. 68
Total hours/

ml gal 34.62 33.76 32.70 32.81 33.08 31.53 30. 06 28.70 28.25 27.47
Average cost/

man hour 3.06 3.04 3.32 3.52 3.56 3.89 4.00 4.55 4.91 5.23
Capital/l abor

cost ratio 0.60 0. 64 0.64 0.61 0.61 0.57 0.54 0.49 0.46 0.45




TABLE 8. H STORI CAL AND REPRODUCTI ON COSTS OF PLANT-I1N-SERVI CE FOR

ClI NCI NNATI WATER WORKS

Capi t al H stori cal Reproduction
facility cost cost (1974 dollars)
Pl ant $ 42,649, 160 $ 146,981, 272
Pi pe 54, 848, 943 296, 771, 626
Msc, plant* 14,202, 213 15, 237, 389
Tot al 111, 700, 315 458, 990, 286

* Capital expenditures that are not specifically identified.
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System Eval uation

Using the cost data for the various functional areas discussed earlier,
costs were allocated to specific treatnent, transm ssion, storage, and punp-
ing facilities in the system (Figure 21). A general cost was determined for
distribution, interest, and overhead.

The facilities in the schematic diagram (Figure 21) can be related to
cost zones, as in Kansas City. For exanple, the acquisition cost of water
fromthe Chio River, including depreciation of the facility and operating
costs, is $16.70/m| gal. As a unit of water (ml gal) moves through one
facility to another, the unit cost of nmoving water through the first is
added to the cost of getting water to the second, thereby creating incremental
costs. The facility and transmi ssion costs are added to the costs of distri-
bution, interest, and overhead to yield an average unit cost to serve that
area. A service zone represents a custoner service area and a demand point
for water. For purposes of the distribution cost analysis, an attenpt was
made to discrimnate between the water demanded in a given distribution area
and the water transmtted through the area into the next service zone.

To illustrate how cost changes from one service area to another, we can
exanmine the Bl and B2 cost areas (Figure 22). The cost/m| gal for area Bl
is conmposed of acquisition cost ($16.70), treatnment cost ($60.26), distribu-
tion cost ($50.52), interest cost ($17.57), and overhead cost ($85.22). This
yields a total cost of $336.86/nmil gal. For the B2 area, the punping and
storage costs ($80.45) and the transmi ssion costs ($60.26) nust be added to
the Bl costs, which yield $477.60/m| gal. These values are plotted in
Figure 23. The costs in each zone are described by a step function. The
cost of water punped fromthe treatnent plant through the Bl is assuned
constant; however, as water is repunped into the B2 zone, the costs take a
definable junp, yielding a step function

The step function suggests the possibility that as additional service
zones are added to the periphery of the utility service area, the cost
functions will continually increase. A conparison of this cost analysis to
the prices actually charged in the utility service area is useful. Figure 24
shows all of the cost zones listed in Figure 21 that make up the G ncinnat
Water Works service area. Table 9 conpares revenues received fromthe 10
| argest users in the service area and the actual cost of service.

The cost colum was cal cul ated as shown in Figure 22. Adjusted cost was
figured by allocating support services on a service per customer basis.
Table 9 shows that in many cases, the major users have not net the cost of
supplying water to them

DALLAS WATER UTILITY

The Dallas Water Uility serves 5he city of Dallas, which lies within
Dal l as County in north central Texas. The city has a popul ation of
942,467, and the county's population is 1.5 mllion, based on the 1970 census.
Dal l as' annual growth rate of 3.1% has many inplications for urban services

42



£y

(55.37) (80.48)
(829) | . (36.86) o | = B B2 f———
. 0.31 ; 120.30
(37.50) e e (0.31) | Gravity - A ___L____)__
Tunnel
(3143) 1 c3p |Wd4638) | 30 |
(65.01) cab  fa!3321) Cha | (3ei_os)
Treatment
A
(16.70)
|
Acquisition

FIG. 21 SCHEMATIC DIAGRAM OF FACILITY COSTS IN CINCINNATI WATER
WORKS SYSTEM. *

* (COSTS IN $/MIL GAL OF REVENUE PRODUCING WATER)



7%

|
B1 ' B2
SERVICE AREA : SERVICE AREA
|
(55.37) (80.48)
(75.43) N B1 B2
PUMPS (60.26) | PUMP
& TANK & TANK
TREATMENT '
PLANT :
(36.05) l
|
ACQUISITION :
(16.70) |

FIG. 22 SCHEMATIC DIAGRAM OF INCREMENTAL COSTS FOR B1l AND
B2 SERVICE AREAS *

*(COST IN $/MIL GAL OF REVENUE PRODUCING WATER)



S

COST CURVE

B1 B2
SERVICE AREA SERVICE AREA

FIG. 23 Step function cost curve for B1 and B2 service areas.



9%

|—-—

i
/_._..______.__._.___._._._r S

. TEN LARGEST USERS

(i 2,
3,

4,
5,
6.
7.
8.
9.

|
l
;

!

B

s T L L L L

1.

,\ 10,

|
/| \

|

\

CITY OF NORWOOD

HILTON DAVIS

SUN CHEMICAL

PRAGTOR AND GAMBLE

DAVISON CHEMICAL

METROPOLITAN SEWER DISTRICT
CINCINNATHE MILAGRON

KROGER COMPANYKSUBURB (SUBURB)
KROGER COMPANY

E. KAHN'S AND SON’S

”~

B,

\
|
|

A

--l‘

|

FIG. 24 MAJOR USERS IN CINCINNATI WATER WORKS SERVICE AREA



TABLE 9. ACTUAL CHARCE VERSUS REAL COST FOR TEN MAJOR USERS | N Cl NCI NNATI

WATER WORKS
($/ml gal)
+ . +
User Revenue* Cost Adjusted cost
Nor wood $ 294.12 $ 272.80 $ 243.52
H lton Davis 168. 83 262.99 233.71
175. 67
Sun Chemi cal 169. 87 275.54 246. 26
175. 44
Procter & Ganble 308. 70 275.54 246. 26
321.12
Davi son Chenmi cal 87.54 272.80 243.57
180. 26
Metropol i tan Sewer 175.19 264. 56 235. 28
185. 44
Cncinnati  Mlacron 175. 07 272. 80 243.52
187. 95
Kroger Cbrgiany 313. 54 262.99 233.71
( Subur b) 328. 26
Kroger Conpany 181.90 264. 56 235. 28
197.73
E. Kahn's Sons 181. 67 264. 56 235. 28
195. 17

* \Werever two values are presented, one represents the high and the other
the low bill in $/ml gal for 1973-74.

+ These val ues were calculated on an average cost basis and as such do not
reflect potential econom es of scale that result fromhaving |arge users
in the system

¥ suburban users are charged at a higher rate to allow for expansion into
Hanmi I ton County.
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such as water supply. The Dallas Water Wility provides water on a retai
basis to all classes of custoners within the city of Dallas, and provides
whol esal e water to 16 other conmunities within the county.

Organi zationally, the Dallas Water Uility conbines both water supply
and wastewater treatnent functions. It is conposed of three sections
engi neering and pl anning, operations, and business.

Raw water comes fromfive major reservoirs and is treated in three
separate treatnent plants in the northwest, central, and southeastern
sections of the city. The treatment plants are generally located in the |ow
lying areas of the city, thus requiring that water be punped up to residences
and businesses at higher elevations

The placenment of the treatnment plants represents an interesting exanple
of decentralization to mnimze the cost of delivering water to the consumer
Figure 25 shows the locations of plants and punping facilities relative to
the service area. The Elm Fork, Bachman, and East Side treatnment plants ring
the service area, thereby reducing the increnental cost of supplying water to
the service area

Figure 26 illustrates the substantial growh in consumer demand for water
over the 10-year period of analysis.

Cost Anal ysi s

Operating costs were categorized as follows: acquisition, treatment,
transm ssion and distribution, power and punping, and support services.
Tabl e 10 summarizes the historic costs in these areas for the study period.
During these 10 years, the actual accounting system changed three times, nmak-
ing it difficult to track some of the specific cost itens.

Tabl e 10 shows that the total operating cost of water has increased from
$5.7 mllion to $12.5 million (see also Figure 27). The cost of support
services has increased at a faster rate, from $1.4 nillion to $4.7 mllion.

Oh a unit basis, the total operating cost of water supply has increased from
$144.80/m| gal to $198.76/nmi| gal, with the greatest increase occurring in
support services -- from $34.51/nm| gal to $74.57/nil gal in 1973-74 (Fig-
ure 28). Table 10 al so shows each operating cost category as a percent of
total operating cost, thus making it possible to identify where shifts have
occurred in the proportion of nmoney conmmitted to a given task. Figure 29
gives a graphic representation of these shifts.

The unit operating cost in Dallas has not increased as fast as tota
cost over the 10-year period. Also, the cost/m| gal fluctuates based on the
actual anmount of water required in any given year. This fluctuation results
fromthe ability of a given work force to produce a variable amunt of water.
Thus, if the demand is heavier during the year because of an unusual drought,
wat er consunption wll be higher without a proportional increase in cost.
The reverse is also true. |If the water usage is |ow because of unusua
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EF Elm Fork (458 ft.) B Beltwood {622 #t.)
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LJ Lake June {504 ft.)
SC Southcliff (586 ft.)
S Sunset (607 jft.)

WC Walcrest (627 ft.)
CV Casa View {562 ft.)
WH Walnut Hill

FIG. 25 TREATMENT PLANTS AND PUMP STATIONS IN
DALLAS UTILITIES SERVICE AREA
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TABLE 10. SUMVARY OF OPERATI NG AND CAPI TAL EXPENDI TURES FOR 1965- 74 FOR DALLAS WATER UTILITY

Year
ltem 1 2 3 4 5 6 7 8 9 10
OPERATI NG COSTS
Support services:
$, inmllions 1.355 1.450 1.664 1.873 2.285 2.670 3.492 3.764 4.403 4.700
% of total 23.83 24.13 25.61 27.19 29.16 30.86 35.28 34.67 35.53 37.54
$/ml gal 34.51 36.82 38.57 41.27 42.76 47.29 61.75 62.02 78.63 74.57
Acqui sition:
$, inmllions 524 .538 . 597 .515 . 495 .501 . 578 .533 . 756 . 688
% of total 9.22 8.95 9.20 7.48 6. 32 5.79 5.83 4.91 6.10 5.49
$/ml gal 13.35 13.65 13.85 11.35 9.26 8.87 10.21 8.79 13.50 10.92
Treat ment :
$, inmllions 1.377 1.449 1.448 1.510 1.759 1.902 2.206 2.307 2.573 2.788
% of total 24.23  24.09 22,29 21.92 22.44 21.97 22.27 21.24 20.76 22.25
$/ml gal 35.07 36.76 33.57 33.27 32.90 33.67 39.01 38.01 45.95 44.24
Power and punpi ng:
$, inmllions .999 1.003 1.094 1.143 1.336 1.404 1.521 1.781 1.908 1.806
% of total 17.57 16.69 16.84 16.59 17.04 16.22 15.36 16.40 15.40 14.41
$/ml gal 25.44 25.46 25.36 25.19 24.98 24.86 26.89 29.34 34.07 28.66
Transm ssion and
di stribution:
$, in mllions 1.431 1.572 1.692 1.847 1.963 2.179 2.104 2.473 2.751  2.545
% of total 25.16  26.15 26.05 26.81 25.04 25.17 21.24 22.77 22.20 20.32
$/ml gal 36.43 39.90 39.24 40.70 36.71 38.57 37.20 40.73 49.13  40.37
Total operating costs:
. in mllions 5.686 6.012 6.496 6.887 7.838 8.656 9.901 10.859 12.390 12.528
$/ml gal 144.80 152.59 150.29 151.78 146.61 153.26 175.06 178.89 221.28 198.76
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TABLE 10 (Continued)

SUMMARY OF OPERATI NG AND CAPI TAL EXPENDI TURES FOR 1965- 74 FOR DALLAS WATER

UTILITY
Year
[tem 1 2 3 4 5 6 7 8 9 10
CAPI TAL COSTS:
Depr eci ati on
($, in mllions) 2. 979 3.176  3.339 3. 494 3.688 3.815 3.986  4.407 4.752 5.135
[ nterest
($, inmllions) 1.918 1.951  2.088 2.246  2.196  2.804 2.193 2. 509 3.425  3.638
Total capital costs
($, in mllions) 4.397 5.127 5. 427 5.740 5.884 5. 899 6.179 6.916  8.176  8.773
TOTAL OPERATI NG AND
CAPI TAL COSTS
$, in mllions 10.583 11.140 11.924 12.627 13.722 14.555 16.079 17.775 20.567 21.301
$/nml gal 269.46 282.70 276.42 278.30 256.72 257.72 284.31 292.83 367.29 337.94
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condi tions, such as excessive rain, the water consunption will be reduced

wi t hout a corresponding reduction in operating cost. This principle was
illustrated in the latest study year when the water consunption significantly
decreased and caused an increase in unit operating costs.

The total cost for support services has significantly increased.
Tabl e 10 shows that the proportion of the total operating cost devoted to
support services increased from24%in 1964 to 38%in 1973. Cost in each year
must total 100% therefore this increase in the support services category
must reflect a decrease in sonme of the other operating cost categories. For
acqui sition, which is primarily associated with the operation of reservoirs,
the cost as a percent of total cost decreased from9.2%to 5.4%

To determne the total cost of producing water, it is necessary to
calculate capital expenditures. As discussed earlier in this report, the
met hod chosen is to depreciate the net plant in service, based on origina
purchase price, on a straight line basis, over the estimated |ife of the
facility. The cost of borrow ng noney is considered to be the actua
interest paid by the utility when noney is borrowed.

For the purpose of this report, the total cost of producing water is
consi dered to be operating expenses plus depreciation of capital equiprent
and facilities, plus the interest paid on borrowed noney. The total cost in
Dal las for producing water increased fromapproximtely $10.5 mllion in
year 1 to approximately $21.3 nillion in year 10 -- an increase of 102%in
total expenditures (Figure 30). During that sane tine period, however, the
cost of producing a ml| gal of water increased only 25% Table 10 shows that
in the latest year of record, the Dallas Water Utility expended $337.94 for
each mllion gallons sold that year

As with the Kansas Gty and Cncinnati water supplies, the capital costs,
operating costs, and total expenditures over time are illustrated (Figures
31 through 33). Unit costs have decreased on a corrected basis using the
Consuner Price Index with 1965 as the base year.

System Eval uation

Figure 25 shows the locations of treatnent facilities in the Dallas
service area. Because the facilities ring the service area, relating cost
to distance is difficult. Figure 34 is a schematic diagramof the Dallas
treatment facilities and the capital and operating expenses they incur
Costs assigned to the facilities and to the other cost categories that make
up the total cost for each service zone are shown in Table 11. Figure 35
illustrates the cost increases that are incurred fromthe East Fork treat-
ment plant to the Cosa Crest service area. This is sinply another illustra-
tion of the way in which costs can be seen to vary with distance fromthe
treatment plant.
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TABLE 11. COST ELEMENTS FOR SERVI CE ZONES
Cost I ncrement al Distribution I nt er est Over head Tot al Metered
zone cost cost cost cost cost consunpti on Revenue
($/nmil gal) ($/m!| gal) ($/ml gal) ($/ml gal) ($/ml gal) (ml gal)
1A $ 70.90 $ 67.33 $ 57.72 $ 83.46 $279. 41 16, 766 $ 4,684, 588.06
B 132. 25 67.33 57.72 83. 46 340. 76 16, 323 5,562, 225. 48
C 193. 60 67.33 57.72 83. 46 402. 11 334 89. 670, . 53
2 A 104. 66 67.33 57.72 83. 46 313. 16 872 2,465, 274. 24
B 166. 01 67.33 57.72 83. 46 374.52 854 2,566, 960. 08
3A 153. 04 67.33 57.72 83. 46 361.55 4,212 1,522, 848. 60
B 214. 39 67.33 57.72 83. 46 422.90 5, 936 2,933, 234. 40
C 275. 74 67.33 57.72 83. 46 484. 25 87 623, 299. 75
3D 129. 96 67.33 57.72 83. 46 333. 88 557 853, 731. 16
337.96 63, 030 21,301, 762. 30
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ELI ZABETHTOAN WATER COVPANY

The Elizabethtown Water Conpany provides water to five counties in New
Jersey -- Union, Summerset, Mercer, Mddlesex, and Hunterden. The service
popul ati on, which was 507,836 in the last year of analysis, has renained
relatively stable, but water consunption has increased by 30% over the |ast
three years.

This utility is investor-owned and as such has some different character-
istics conpared to the publicly-owned utilities mentioned earlier. One
difference is a liability for real estate tax incurred by the Elizabethtown
Water Conmpany but not by public utilities.

Organi zationally, the utility is controlled by a board of directors and
consists of four organizational entities: operations, controller, business,
and legal. The president reports directly to the chairperson of the board.

Raw wat er cones from both surface and ground sources. Approxinately
77% of the source water is from surface water, and 23%is from the ground

Figure 36 illustrates consunmer demand for water over the 10-year period.
Treated water is that punped fromwells, treated in one of the four treatment
plants, or purchased. Revenue-producing water is that water that is metered
and paid for by wholesale and retail custoners of the Elizabet htown Water
Company.

Cost Eval uation

Operating costs were categorized into acquisition, treatment, trans-
m ssion and distribution, power and punping, and support services. Table 12
summarizes historic costs for 10 years.

Operating costs were divided by millions of gallons of revenue-producing
water to provide unit operating costs. The patterns of expenditure are
simlar to those of other utilities discussed. Table 12 shows that the
utility's tax burden is significant. Taxes have increased from $2.646 mllion
in 1965 to $3.935 mllion in 1974.

Fi gures 37 through 40 show t he changes that have occurred in operating
costs with respect to total cost, unit cost, percentage of total cost, and
changes in O&M and capital cost. Total operating and capital costs over tineg,
corrected by the CPl assuming 1965 as the base year are shown in Figures 41
t hrough 43.

System Eval uation

The water distribution and treatment systemfor the Elizabet ht own Water
Conpany is conpl ex because of the different acquisition points for water
supply. Volune Il contains a detailed evaluation of the system
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TABLE 12. SUWARY OF CPERATI NG AND CAPI TAL EXPENDI TURES FOR ELI ZABETHTOMN WATER UTI LI TY

Year
ltem 1 2 3 4 5 6 7 8 9 10
OPERATI NG COSTS:
Support Services:
$, inmllions 1.192 1.305 1.392 1.449 1.766 2.108 2.277 2.351 2.677 3.028
% of total 32.15 30.07 30.74 30.08 32.24 35.57 34.39 33.59 34.18 31.38
$/ml gal 40.61 37.77 43.89 45.11 52.17 61.26 65.38 68.57 73.19 79.18
Acqui sition:
$, in mllions 0.485 0.748 0.979 1.048 1.093 1.175 1.226 1.492 1.478 1.502
% of total 13.08 17.23 21.63 21.05 19.94 19.83 18.52 21.32 18.88 15.56
$/ml gal 16.52 21.64 30.88 31.55 32.27 34.15 35.21 43.52 40.42 39.28
Power and Punpi ng:
$, innllions 0.964 1.079 1.043 1.104 1.161 1.132 1.408 1.412 1.818 2.710
% of total 26.00 24.86 23.02 22.16 21.20 19.09 21.28 20.18 23.21 28.09
$/ml gal 32.85 31.23 32.87 33.23 34.30 32.89 40.44 41.19 49.73  70.89
Transm ssion and
Di stribution:
$, inmllions 0.619 0.644 0.703 0.813 0.879 0.918 1.017 1.020 1.069 1.294
% of total 16. 70 14. 83 15.51 16. 31 16. 04 15. 49 15. 37 14. 56 13. 65 13.41
$/ml gal 21.09 18.63 22.15 24.46 25.96 26.68 29.21 29.73 29.23 33.84
Treat ment :
$, innllions 0.448 0.565 0.412 0.519 0.579 0.593 0.691 0.725 0.790 1.116
% of total 12.07 13.01 09.10 10.40 10.58 10.02 10.44 10.35 10.08 11.56
$/ml gal 15.25 16.34 13.00 15.60 17.11 17.25 19.85 21.14 21.59 29.18
Total QOperating Costs:
$, in mllions 3.707 4.341 4,529 4.983 5.479 5,927 6.619 7.001 7.832 9.649
$/ml gal 126.32 125.61 142.79 149.95 161.81 172.23 190.09 204.15 214.16 252.37
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TABLE 12 (Continued).

SUMVARY OF OPERATI NG AND CAPI TAL EXPENDI TURES FOR ELI ZABETHTOMN WATER UTI LI TY

Year
ltem 1 2 3 4 5 6 7 8 9 10
CAPI TAL COSTS

Depreci ation;
($, in mllions) 0.915 1.004 1.079 1.145 1.200 1.297 1.352 1.418 1.521 1.693
I nterest:
($, inmllions) 1.039 1.345 1.577 1.872 2.508 2.927 2.819 2.908 3.373 4.327
Total capital cost:
($, in mllions) 1.954 2.349 2.656 3.017 3.708 4.224 4.171 4.326 4.894  6.020
Total operating and
capital cost:

$, in mllions 5.661 6.690 7.185 8.000 9.187 10.187 10.790 11.327 12.726 15.669

$/ml gal 192.89 193.55 226.58 240.70 271.31 296.05 309.86 330.32 347.97 409.81
Taxes ($, in mllions) 2.646 2.658 2.324 2,559 3.561 3.392 3.210 3.030 4.617 3.935
Total Cost:

$, inmllions 8.307 9.348 9.509 10.559 12.748 13.543 14.000 14.357 17.343 19.604

$/ml gal 283.04 270.45 299.86 317.70 376.47 393.58 402.04 418.68 474.22 512.72
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FAI RFAX COUNTY AUTHORITY

The Fairfax County Water Authority, headquartered in Annandale, Virginia
was created under the Virginia Water and Sewage Authority Act of 1950 to
supply and distribute water to Fairfax County. The Authority's charter was
anended to allow it to provide sewerage services both in and outside of the
county, but it cannot |evy any taxes or assessnents, nor do the obligations
of the Authority become obligations of Fairfax County.

Beginning in 1959, the Authority acquired 15 water conpani es and 22
separate water systens. The Al exandria Water Conpany, acquired in 1967,
serves 70 percent of the Authority's custoners -- nearly two-thirds of the
popul ation of Fairfax County (364,000), including small areas adjacent to the
county. The service area enconpasses approximately 400 square miles.

Cost Anal ysi s

Figure 44 illustrates the growth in consunmer demand for water over the
10-year period. Rapid growh in billed consunption resulted fromthe acquis-
ition of new custonmers. Because accounting problens make it difficult to
identify costs according to the functional cost categories nentioned earlier
expenses for the first four years are reported on a total cost basis. From
the fifth through the tenth year, costs are identified according to the
standardi zed categories shown in Table 13. Figures 45 through 48 show t he
changes that have taken place in the operating and capital costs over the
period of analysis. Total operating and capital costs over time, corrected
by the CPl, are shown in Figures 49 through 51

Note that unit costs dropped significantly in 1968 with the addition of
the Alexandria Water Conpany to the Authority. This drop in cost reflects
some of the economes of scale that may take place when water supplies exist-
ing in close proxinity band together in a regional water system The
decline in unit prices associated with the addition of Al exander Water Conpany
is due to the averaging into the total cost a systemwhose operating costs are
relatively |ow due to higher population density.

Systens Anal ysis

As with the Elizabethtown Water Conpany, the Fairfax County Water Auth-
ority is extrenely conplex. The systemis described in detail in Volume II.

SUMVARY

The five utilities that were selected for analysis are uni que, but
they illustrate trends or conditions that are typical of many nunicipal water
systems. Kansas City is a classic water system drawing its water fromthe
river, punmping it through one treatnent plant, and distributing it to a w de-
spread service area. Because of the systemconfiguration, it is possible to
study cost changes as they occur fromthe treatment plant to the ends of the
system Kansas City is also fairly stable in water production, with very
little increase in revenue-producing water over the 10-year period
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TABLE 13. OPERATI NG AND CAPI TAL EXPENDI TURES FOR FAI RFAX COUNTY WATER AUTHORI TY
Year
ltem 1 2 3 4 5 6 7 8 9 10
OPERATI NG COSTS
Support services:
$, in mllions - - - 0.673 1.000 1.253 1.232 1.406 1.548
% of total - - - - 29.05 34.60 38.82 35.66 3572 34.94
$/ml gal - - - - 45.29 62.43 73.51 70.03 76.00 80.53
Acqui sition:
$, inmllions - - - - 0.150 0.206 0.250 0.289 0.243 0.387
% of total - - - - 6.48 7.11 7.73 8. 36 6. 19 8.74
$/ml gal - - - 10.11 12.84 14.64 16.42 13.15 10.15
Power and punpi ng:
$, in mllions - - - - 0.330 0.384 0.409 0.463 0.528 0.526
% of total - - - - 14.23 13.28 12.65 13.39 13.41 11.87
$/ml gal - - - -~ 22.18 23.97 23.97 26.29 28.53 27.36
Transm ssi on and
di stribution:
$, in mllions - 0.702 0.737 0.743 0.918 1.174 1.386
% of total - - - - 30.29 25.49 23.01 26.55 29.82 31.26
$/nml gal - - - ~ 47.22  46.00 43.57 52.16 63.45 72.05
Treat ment :
$, inmllions - - - - 0.462 0.564 0.574 0.555 0.586 0.584
% of total - - - - 19.93 19.51 17.79 16.04 14.89 13.18
$/nml gal - - - -~ 31.07 35.21 33.69 31.51 31.67  30.37
Total Qperating Costs:
$, in mllions 0.708 0.834 1.096 1.345 2,317 2.891 3.229 3.456 3.938 4.432

$/ml ga

397.92 402.22 451.57 340.57 155.87 180. 45

189. 38 196.38 212.80 230. 46
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TABLE 13 (Conti nued).

CPERATI NG AND CAPI TAL EXPENDI TURES FOR FAI RFAX COUNTY WATER AUTHORI TY

Year
ltem 1 2 3 4 5 6 7 8 9 10
CAPI TAL COSTS
Depreci ati on
($, inmllions) 0.234 0.234 0.241 0.912 1.584 1.584 1.584 1.584 1.584 1.587
| nt erest
($, inmllions) 0.608 0.663 0.663 0.663 4.800 3.401 4.935 4.105 4.060 4.011
Total capital cost
($, inmllions) 0.842 0.897 0.904 1.575 6.384 4.985 6.519 5.689 5.644  5.598
Total operating and
capital cost:
$, inmllions 1.550 1.782 2.000 2.921 8.701 7.876 9.748 9.146 9.581 10.030
$/ml gal 871.48 810.36 823.90 739.41 585.29 491.64 571.73 516.74 517.79 521.55
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Inflationary pressures have caused the unit costs, even when corrected for
time by the CPl, to exhibit steady increases.

Cincinnati's distribution systemis simlar to Kansas GCity's and all ows
for a cost versus distance analysis. In Cncinnati, water production has
increased steadily, resulting in stabilized unit costs for water. Corrected
costs have even decreased slightly. The utility has extensive records for
capital investment, and a reproduction cost can be calculated for the water-
works facilities. Results of this analysis demonstrate that over the life of
the utility, the value of its capital facilities have increased fivefold.

A labor cost and productivity analysis reflects that the increase in |abor
costs has not been conpletely bal anced by increases in |abor productivity.

Dallas is a rapidly growing conmunity with an extensive reservoir system
By continuously expanding the acquisition systemand ringing the city with
treatment facilities, water shortages have been elimnated, and water costs
have been held down.

The Elizabethtown Water Conpany is an investor-owned utility and as
such has a totally different set of problens as conpared to publicly-owned
utilities. For exanple, in the |ast year of analysis, the Elizabethtown
utility paid $4.6 mllion in real property taxes, or 27%of its total costs.

The Fairfax County Water Authority is rapidly growing by acquiring new
custoners through the purchase of existing utilities. It represents extrene
econonmies of scale in its capital investnments program Interest costs are
much nore significant for Fairfax County than for the other utilities because
of their recent acquisition of facilities. In the followi ng section, conpar-
isons of these itens will be made in nore detail
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SECTION 5
UTI LI TY COST COVPARI SONS

In this section, cost trends anong the various utilities are exam ned
si mul t aneousl y.

Figure 52 illustrates the steady increase in revenue-produci ng water
over the 10-year period for the five utilities. The average yearly increase
was approximately 5%  Consunmption for the G ncinnati, Elizabethtown Water
Conpany, and Kansas City utilities had a lower growh rate than did the
consunption for Dallas and the Fairfax County Water Authority.

Dal las' growth is due to demand by the small comunities [ocated within
Dal las County but outside the city. Should this demand |evel off, Dallas'
wat er production will probably be simlar to that of the Cncinnati, Elizabeth-
town, and Kansas Gty utilities.

Water production by the Fairfax County Water Authority has had four-
and five-year periods of slightly greater than average growth, separated by
a one-year period of very rapid growh because of acquisition of the
Al exandria Water Conpany's source of supply, treatnent facilities on
Cccoquan Creek, and the associated service area. This acquisition occurred
during the fourth year of the data analysis period. Gowh during the other
years is due to snaller additions to the system

cost of Supply

Figure 53 shows unit costs for five utilities. Four of the utilities
(Gncinnati, Elizabethtown Water Co., Dallas, and Kansas City) exhibit
increases in cost of about 5% a year because of increased prices for power,
| abor, chemicals, and other items. The Fairfax County Authority unit costs
have decreased as a result of the rapid expansion in consunption (Figure 52).
Heavy investments in capital in a short time span conbined with a rapid
expansion in production has reduced costs sharply. Despite these reductions
the cost of Fairfax County water is higher than that of any of the other
four utilities.

Figure 54 shows that Elizabethtown Water Co., G ncinnati, and Kansas City
have rel atively constant operating expenditures as a percent of total cost.
For the entire 10-year period, operating cost has been 75%to 85% of tota
cost. Dallas and Fairfax have namintained | ower percentages. |In Dallas, 60%
to 65% of the costs are operating expenses. In Fairfax, 32% of the expendi -
tures are operating costs. These wide variations occurred as a result of
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the different characteristics of the utilities studied. Elizabethtown Water
Co., Cincinnati, and Kansas City are stable utilities with either no increase
or small steady increases in demand for water. Capital investment is
primarily utilized for capital inprovenments of the existing systemwth
limted investnent in new facilities. Dallas is a nore rapidly grow ng
utility, and Fairfax is a smaller utility that has dramatically increased its
wat er production in 10 years. In order to increase water production at these
rates, rapid investment in capital is required thereby reducing the operating
expenditures as a percent of total cost. As Dallas and Fairfax County util-
ities achieve stabilization, their expenditure patterns will be simlar to
those of the other older utilities.

Figure 55 shows unit costs for treatnment. Kansas City, with the highest
treatment cost, has al so experienced the nost rapid increase in unit cost
over the 10-year period. Kansas City's treatnment plant draws water fromthe
Mssouri River. Details of the treatment process, including |inme softening,
are described in Volume I1. Mst of the rapid rise in cost is due to
increases in chemcal and labor costs. Figure 55 shows that Dallas and Eliza-
abet ht own have al so had substantial increases in treatnent costs.

Labor - Rel at ed Costs

Figures 56, 57, and 58 illustrate |abor cost trends for the five water
utilities. Labor rates (Figure 56) have increased by about 8% a year. The
nunber of man-hours/m| gal of revenue-producing water (Figure 57) has
decreased about 2% a year. Productivity rates vary wi dely; the Elizabethtown
Wat er Conpany produces water with fewer than 15 man-hours/nml gal, and the
Fairfax County Authority produces water with 22 to 27 man-hours/m | gal
the other utilities require nmore total nan-hours/nil gal

Figure 58, total payroll costs/ml gal, is a function of the labor rate
and productivity. Cincinnati, Elizabethtown, Dallas, and Kansas City show an
increase of approxinmately 6% year. Fairfax County experienced a sharp
decrease during the two years when revenue-produci ng water increased drasti-
cally

Figure 59 shows support services as a percent of total operating cost,
including all admnistrative, accounting, neter reading and billing, and
engi neering functions. These costs range from23%to 45%

First and Last Year Cost Conparisons

Figures 60 and 61 show sharp contrasts in allocation of costs to support
services, acquisition, treatnment, power and punping, and transm ssion and
distribution. Fairfax County is not included in these figures because cost
data were not available for the full 10-year period

Figure 60 shows the total dollars increased in every category, with the
greatest increase occurring in support services. Figure 61 shows the same
breakdown of operating cost categories as a percent of total operating cost.
Support services increased as a percent of total, acquisition remained the
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same, and the other three categories (treatnent, power and punping, and
transm ssion and distribution) decreased over the 10-year peri od.

Sunmary of Results

As the data fromthese five utilities show, water supply costs are
increasing as a result of labor and material cost increases. A noderating
effect is due to increased productivity. Mny of the increases are related
to increased demand for water. The followi ng section analyzes these costs in

aggregate.
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SECTION 6
AGGREGATE ANALYSI S

As the previous linted data anal ysis shows, certain key variables
exhibit trends that can and should be analyzed. Therefore, averages of the
data fromall 12 utilities for specific variables have been constructed.

The variables considered are as follows: revenue-producing water in billions
of gallons, total operating cost, total capital cost, interest paid/year
depreci ation/year, support services, acquisition, treatnent, power and punp-
ing, distribution, chem cal cost, man-hours, man-hours/ml gal, payroll

dol I ars/ man-hour, wunit operating costs, unit capital cost, and total unit

cost for production of water.

Tabl e 14 sunmarizes the average costs associated with operating and
capital expenditures over the 10-year period for all the utilities studied.
Aver age expenditures increased by 110% over the period, but unit costs
increased by only 25%

Figure 62 shows the average revenue-produci ng water over the 10-year
period. There has been a continuous upward trend in revenue-produci ng water,
increasing from23 billion gallons in 1965 to 32.1 billion gallons in 1974,

Figure 63 shows that the average operating expenditures have increased
more rapidly than have capital expenditures. Qperating costs increased by
127% while capital costs increased by 78%

Figure 64 shows the increases that have taken place in support services,
acquisition, and treatment costs. Figure 65 shows the cost increases for
transm ssion and distribution, and power and punping over the period of
analysis.  Support services costs are obviously increasing at a nuch faster
rate than other categories, although the increases in cost for power and
punping from 1972 through 1974 have been dramatic.

Figure 66 shows the increases over time for energy and chem cal costs,
and Figure 67 shows the sanme variables versus revenue-producing water. The
rel ationship assumed in these two figures is linear, but it can be seen that
energy costs are going up at a nearly exponential rate in recent years
Energy costs are increasing faster than chemcal costs. Because support
services is labor intensive, it is worthwhile to exam ne the |abor portion
of the costs. Mnpower costs and |abor productivity are therefore sumarized
in Table 15. The relationship between payroll and operating costs is shown
in Figure 68. Figure 69 shows the relationship between | abor wage rate and
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TABLE 14. AVERAGE OPERATI NG AND CAPI TAL COSTS FOR ALL FI'VE UTILITIES OVER THE 10- YEAR STUDY PERI CD
Year s
ltem 1 2 3 4 5 6 7 8 9 10
OPERATI NG COSTS:
Support services:
$, innmllions 1.126 1.198 1.474 1.560 1.837 2,031 2.268 2.437 2.705 3.127
% of total 26.0 26. 4 29.7 30.2 31.6 32.4 31.6 31.5 31.7 31.1
$/ml gal 55.29 54.60 62.51 61.89 71.66 76.19 79.35 83.49 91.72  89.98
Acqui si tion:
$, inmllions 0.981 1.007 0.978 1.062 1.231 1.289 1.537 1.770 1.990 2.356
% of total 22.7 22.2 19.7 20. 6 21.2 20.5 21. 4 22.9 23.3 23.5
$/ml gal 48.27 45.91 41.46  42.22 48.08 48.20 53.75 60.69 67.42  67.43
Treat ment :
$, inmllions 0.539 0.577 0.617 0.630 0.701 0.783 1.013 0.913 0.998 1.212
% of total 12.5 12.7 12. 4 12.2 12.1 12.5 14.1 11.8 11.7 12.1
$/nml gal 26.58 26.27  26.10 25.0 27.44 29.39 35.41 29.63 33.85 35.01
Power and punpi ng
$, inmllions 0.789 0.830 0.922 0.870 0.933 0.955 1.042 1.172 1.294 1.805
% of total 18.2 18.3 18.5 16. 8 16.1 15.2 14.5 15.2 15.2 18.0
$/nml gal 38.70 37.85 38.94 34.43 36.51 35.74 36.42 40.29 43.98 52.08
Transm ssi on and
di stribution:
$, inmllions 0.890 0.927 0.978 1.044 1.108 1.213 1.320 1.439 1.548 1.541
% of total 20.6 20. 4 19.7 20. 2 19.1 19.3 18.4 18.6 18.1 15.3
$/ml gal 43.81 42.19 41.46 41.40 43.32 45.38 46.21 49.30 52.37 44.27
Total operating cost:
$, inmllions 4.074 4.272 4.579 5030 5.830 6.285 6.934 7.593 8.431 9.262

$/ml ga

212. 65 206.82 210.47 204.95 226.78 235.14 251.15 265.04 289.34 286. 95
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TABLE 14 (Continued).

AVERAGE OPERATI NG AND CAPI TAL COSTS FOR ALL FIVE UTILITIES OVER THE 10- YEAR

STUDY PERICD
Years
ltem 1 2 3 4 5 6 7 8 9 10
CAPI TAL COSTS:
Depreciation
($, inmllions) 1.241 1. 296 1. 430 1. 547 1. 604 1. 661 1. 693 1. 828 1.904 2.145
| nt er est
($, inmllions) 0.996 0.920 0.948 1.286 1.267 1.428 1.411 1.488 1.707 1.848
Total capital costs
($, inmllions) 2.238 2.217 2.378 2.833 2.871 3.090 3.104 3.316 3.612  3.993
TOTAL OPERATI NG AND
CAPI TAL COSTS:
$, innmllions 6.313 6.490 6.958 7.864 8.702 9.375 10.039 10.915 12.044 13.256
$/nml gal 332.88 322.45 328.39 327.37 340.26 354.23 370.57 387.88 425.93 416.74
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TABLE 15. MANPOAER COSTS AND PRODUCTI VI TY

Year

Cost item 1 2 3 4 3 3 1 g 9 10
Total payrol| 1,713,806 1,825 217 2,006,525 2,237,453 2,525 527 2,724,751 3,040,661 3,392,529 3,665.588 3,857,361
Total hours on payroll 659, 156 683, 602 716, 616 743, 340 756,145 754,778 787,736 794, 507 816, 389 813,789
lz/bt Ier edI )consurrpt i on 22,193 23,930 24,619 25, 864 27, 456 28, 736 28,904 30, 159 29,857 34,169
ml gal
Total payrol |l netered 77.22 76,27 81.50 86. 51 91.98 94. 82 105. 20 112. 49 122.77 112. 89
($/nil gal)

Total hours netered
consunption (hrs/nil gal) 33.75 32.50 30. 42 29.85 31.17 29.70 30. 32 29.83 30.50 28. 32
Average Cost per man-hour 2.60 2.67 2.80 3.01 3.34 3.61 3. 86 4,27 4.49 4.74

Capital /I abor cost ratio 1.31 1.21 1.18 1.27 1.14 1.13 1.02 0.98 0.99 1.04
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productivity. Figures 70 and 71 sunmarize unit operating and capital costs
as they relate to time and revenue-producing water.

Figures 72 and 73 show average unit costs for the five utilities versus
time and revenue-producing water, both historical and corrected by the CPI

assuming 1965 as the base year.

Table 16 contains the best fit equation for so st the major itens
mentioned in this section. The relationship C = aQEg is used tP show
dependency of cost with both production quantity (Q and tine (eS ) By
virtue of this analysis, one can see the way in which tine influences the
cost of some of these cost categories.

Figures 63 through 73 and Tables 14, 15, and 16 show that water costs
are affected by the sane inflationary costs as the general econony, but that
econonm es of scale and increases in productivity have nanaged to keep unit
costs down. The unit cost of water has actually decreased when corrected by
the CPI.

Figure 68 and Table 15 show that payroll costs account for approxinately
42% of the total operating cost for the 12 utilities. Labor accounts for
only 27% of the operating cost in San Diego so that when San Diego figures
are renoved, |abor costs are 52% of the operating costs for the remaining 11
utilities

Another factor not included in total payroll is fringe benefits. Using
data fromall 12 utilities, it is estimated that fringe benefits would add
approximately 20% to the total payroll costs. Therefore, labor related costs
m ght represent between 50% and 60% of the operating and maintenance costs.
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TABLE 16. O & M AND CAPI TAL COSTS

FOR ALL UTILITIES

Qperating Cost Capital Cost
* *
C~= aQbeSt C~= aQbeSt
[tem a b S r2 a b S r2
Acqui sition 1.4 |1.23 |0.043| .64 2x1078 | 2. 04 0.000]| 0. 67
Tr eat ment 2379.1 ]0.52 |0.063]0.56 32.8 |0.82 |0.066( 0.40
Transmi ssion and
Distribution 211.0 [0.82 [0.052(0.92 178.0 0.89 |0.036] 0.86
Support Services 78.43(0.95 ]0.073 | .95 24.35 | 0.88 [0.044| 0.66
Tot al 360.4 ]0.91 |0.056]0.93 193.8 0.91 [0.043|0.86

* t is relative tine,

starting with year 1 as the first year of

Q is revenue-producing water in ml gal per year.

C is annualized cost in dollars (exclusive of interest).
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SECTION 7

MODEL DEVELOPMENT

Annual Qperating and Capital Costs

Wth data developed in the previous sections, a set of equations can be
derived that relates a selected set of variables to the cost of water supply.
The first relationship to be devel oped using regression analysis is as foll ows:

9 0.54 _0.96 , 2

soc = 20.13 @)% ar )% Q%% = 0.96) (1)
where AOC = annual operating cost

DrTh = $/ man- hour

M = man-hr/m | gal

mg

Q = revenue-producing water for a given year in ml gal/year

Equation 1 denonstrates the inportant relationship that exists between the
vari abl es that describe [abor cost (S/man-hr), productivity (man-hr/ml gal),
revenue- produci ng water, and annual operating cost (AOCC). As can be seen
fromEquation 1, ACC increases nearly linearly with respect to increases in
revenue-producing water if labor cost and productivity are constant. The
previous section indicates that |abor cost has been rising at a faster rate
than productivity, but the increase in productivity (decreasing man-hr/ml
gal) has tended to keep operating costs down. The partial derivatives for
Equation 1 with respect to the independent variables are as foll ows:

3A0C -0.31 0.54 0.96

5. - 13.89 (@ ) (Mmg) (®) (2)
mh
3A0C
= 0.69 -0.46 0.96
BM o = 10.87 (D) M) Q (3)
3A0C  _ 0.69 0.54 _-0.04
Q. = 1932 (@_.) (Mmg) Q (4)
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Equations 2, 3, and 4 denonstrate the relative changes in cost that woul d
take place with changes in |abor cost, productivity, and revenue-producing
wat er, assunming all other variables are constant.

Taking the natural log of Equation 1 yields:

In AOC = 3.00 + 0.69 1In D_, + 0.54 1In Mmg + 0.96 1In Q (5)

mh

It is possible to study the effect of holding the rate of change for
Equation 5 constant.

For example, if 3(ln AOC)/3(ln Dmh) =0 (6)
then 9(1n Mm )
—8_ = 1,28 (7)
3(1n Dmh)

Therefore, if D_, increases, then Mmg must decrease for Equation 6 to hold.

mh

¢y (1) (2) (2), . -
if (Mmg » Do ) and (M.mg , Dmh ) represent two sets of data points
(1 (2) _ (1) (2),-1.28
then Mmg /M.mg = (Dmh /Dmh ) (8)
If M(l) = 28 man-hours/mil gal and Dmh(l) = $4.8/hour and if Dmh(Z)

mg

= $9.6/hour, then the follow ng relationship nust hold

(1)
w @@ By (O ) 9
mg mg )
@ )
(2) _ man-hours
mg = 11.5 mil gal

As shown by Equation 9, the productivity must nmore than double for the cost
to stay constant. Simlar relationships can be derived for the other
variables using partial derivatives. These partials are summarized in
Tabl e 17.
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TABLE 17. PARTI AL DERI VATI VES FOR EQUATION 5

Bx/ay
In Dmh In Mmg In Q
In Dmh —-— -1.28 - 0.72
1n Mmg - 0.78 - - 0.56
In Q - 1.39 -1.78 _—

The Annual Capital Cost is given by the follow ng relationship:

ACC = 25.7 (/%74 o0-84 (? = 0.92) (10
wher e ACC = Annual capital cost

D = Annual depreciation

Q = Annual revenue- produci ng wat er

If, in Equation 10, D’Q = U, then the natural log transform
is as follows:

In ACC = 325+ 0.74 1In U+ 0.84 1n Q (11)

The partials for Equation 11 are shown in Table 18.
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TABLE 18. PARTI AL DERI VATI VES FOR EQUATI ON 10

ox/ dy

In U in Q

In U —-— : - 0.88

In Q =1.14 _—

If one wished to know the relationship between the unit depreciation
and Q one could formulate the follow ng relationship

@ _ 5@ @By
W

U (12)

(1)

and U are 4 x 106 m | gal and $117.65/m | gal, respectively,

If Q
then if Q2 increases to 4.5 x 106, U(2) = 103.01 for ACC to remain constant.

”
Qoviously, if U® increases, then ACC will increase

For the water utilities studied, another relationship can be fornu-
lated that relates interest to depreciation. It is as follows:

I = 104.6 p°: 6> (13)

Equations 1 and 10 can be conbined to yield an annual total cost
equation, as shown bel ow

ATC = 20.13 p_ 089y 0-5% q0-96 5 7 (/Q)

. 0.74 Q0.84
i1l mg

(14)

It can be seen from Equations 1, 5, and 14 that if capacity is
increased, the value for DDQw Il increase accordingly, and ACC will rise
at a nore rapid rate than AOC. Therefore, when capacity is increased sharply
the ratio of ACCto ACCwill drop for a period of tine and then increase
gradual | y.
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Equations 1, 10, and 14 give annual operating, capital, and total costs
for the utilities studied and Table 19 provides a nmechani smfor assigning
cost by individual cost category. For exanple, line 1 of Table 19 shows that
31% of the operating costs are associated wth support services. Assum ng
that this percentage stays constant wth changes in the independent variables,
it can be used to estinate the proportion of annual cost that can be assigned
to support services. Line 2 of Table 19 contains the percentages by cost
category for capital costs.

TABLE 19. UTILITY COSTS BY CATEGORY

Percent of Cost by Category

Suppor t Power & Transm ssion &
ltem Services  Acquisition  Treatnent Punping  Distribution
Qperating
cost 31 22 8 16 19
Capita
cost 9.8 12.6 10.3 - 67.3

Production Rel ated Costs

Anot her inportant cost relationship is between annual operating and
capital costs and revenue-producing water. Table 20 sunmarizes these costs
for acquisition, treatnent, transmssion and distribution, and support
services, using the equation form

y = aQ° (15)

The operating cost data are the annual operating expenditures for a given
cost category corrected to 1974, using the CPl. Capital costs are given as
annual depreciation, also corrected to 1974. For exanple, it can be seen
that both annual capital and operating costs for the utilities studied are
increasing at an increasing rate for acquisition. This result inplies that
as the amount of revenue-producing water increases the utility nust seek
sources farther and farther away fromthe treatment plant, resulting in costs
increasing at an increasing rate with Q The results in Table 20 for treat-
ment capital costs are somewhat different than m ght be expected from

intuition. It is normally assumed that economes of scale exist with
respect to treatment capacity (b < 1).
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TABLE 20. RELATI ONSH P BETWEEN ANNUAL COST AND REVENUE- PRODUCI NG WATER*
(Corrected to 1974)

Qperating Cost** Capital Cost**
C= aQb C-= aQb

[tem a b r2 a b r2
Support services 141 0.95 0.94 3.61 1.06 0.76
Acqui si ti on 2.1 1.23 0.64  2.4x10°8 2.89  0.67
Tr eat nent 4202 0.53 0.53 5.2 1.01 0.52
Transmi ssion and
Di stribution 358 0.82 0.91 25.7 1.06 0.89
Tot al 621 0.91 0.93 28.7 1.09 0.89

* Power and punping costs have been allocated into other cost categories.
** ¢ = annual cost in dollars, a = constant, b = rate of change, Q = revenue-
producing water in ml gal/yr.

The results reported in Table 20 are the annualized cost of capita
(exclusive of interest) corrected to 1974, using the CPl. These costs include
the effects of inf%ation over time. In Table 16 these effects are accounted
for by the term €%  Results from Table 20 confirmby their linearity that
the unit cost of water has renained fairly constant when inflation has been
removed. Two other factors influence the unexpected value for b. One is that
the i ndependent variable is revenue-producing water which is always |ess than
design capacity. The second is that these costs include capital inprovenents
and system add-on which may be nore nearly linear in cost as conpared to
initial investments. As demand increased, it is often net by the addition of
a relatively small facility, building block fashion. Adding increnents of
capacity in this manner over time no doubt elimnates some econonm es of scale
in initial construction.
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Equation 16 is a relationship between total chemical costs, and revenue-

produci ng water and source quality:12

c, =25.50 Q*% (1.9n¥ % = 0.7D) (16)
where Cc = Annual chemical costs corrected to 1974 dollars

Q = Revenue-producing water

X = 1 for poor quality surface source water; 0 for high

quality ground or protected surface source water.

if X = 1, then

c, = 48.6Q"%" an
if X = 0, then

c, = 25.5 ¢+t (18)

Equation 19 shows the rel ationshi p between annual power cost and

revenue- producting water and head:
X X

o = 154.3¢° 77 (130 1 (1.23) 2 (% = 0.90) (19)
where CP = Annual power cost in 1974 dollars
Q = Revenue-producing water

Xl and X2 = Dummy variables such that: X, =1, X, = 1 are
the conditions for high head pumping”above 700 ft.;

Xl =1, X2 = 0 are conditions for medium elevation
pumping 300 - 700 ft; Xl = 0, X2 = 0 are the condi-

tions for low head pumping 0 - 300 ft.

For example, if X1 =1, X, = 1 then

2
¢, = 349.2°7° (20)
if Xl = 1, X2 = 0 then
8
C, = 283.9 Q0'7 (21)
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and if X, =0, X2 = 0 then

c, = 154.3 Q078 (22)

Cincinnati, Ohio, mght provide an exanple of how the equation might be
used. Cincinnati draws water fromthe Chio River which is a poor quality
surface source and water is punped to high elevations. Therefore equations 17
and 20 would be used to estimate chenical and power costs.

Costs as a function of spatial and denographic variables -- A relation-
ship that mght be useful to nany water works nmanagers is one between unit
cost and sel ected physical and/or denographic variables. Colum 2 of Table 21
contains the incremental costs for the G ncinnati cost zones shown in Fig-
ure 24, Treatment, acquisition interest, and support services costs have
been removed. Colum 3 is the straight line distance fromthe treatnent plant
to the centroid of each zone, Colum 4 contains the elevation at the centroid
relative to the treatnment plant, and Columm 5 is the population density in
each zone, Eq 23 expresses the relationship between unit incremental cost,
popul ation density, and distance. The equation is as follows:

0.65 _ 0.20 2

Cu = 122.0 Pd Di (r” = 0.76) (23)
where C, = Unit incremental cost in $/mil gal

Pd = Population density in thousand people/sq mi

Di = Distance to the cost zone centroid in mi

If Pd were constant at fé then the rate of change of incremental cost is
given as shown below: ?

u_ -0.80
5D - X D; (24)

= -0.65
where K1 = 24.4 Pd

As can be seen from Eq 24, unit cost increases at a decreasing rate
with distance, assuming constant population density. If distance were held
constant at Di’ then the rate of change of cost with respect to Pd is as

follows:

€, g p, L6 (25)
39, 2 ¢
d
— .0.20
= -79.3
where K2 (Di)
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TABLE 21. | NCREMENTAL COSTS AND ASSOCI ATED STATI STICS FOR Cl NCI NNAT
WATER WORKS SERVI CE AREA

[ ncrement al Di stance to El evation Popul ati on
Zone Cost Zone Centroid of Centroid Density
($/ml gal)* (m) ** (ft)+ (thou people/sq m)**
A 198. 44 0.5 0.0 , 384
Bl 130. 80 3.7 221. 7 1.324
B2 271. 54 6.2 325.8 . 839
Cla 56. 98 9.7 174.9 2. 656
Clb 238. 83 17.3 338.9 .674
C2 66. 74 12.7 140. 2 4.697
C3a 69. 48 9.6 168.5 6. 730
C3b 140. 36 16.5 339.1 1.896
Cda 58. 50 10. 3 11.5 5. 358
C4b 173. 54 13.9 310.7 2.736

* 1 $/nil gal =0.26 x 10 ~ $/m
** 1 mle = 1610.4 neters
+ 1 ft = 0.91 neters

++ 1 person/sq nmi = 3.874 x 10 ' thou people/m2
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As can be seen from Eq 25, the unit cost decreases at a decreasing rate
with increasing popul ation density. Taking the natural |og transform of
Eq 22 and differentiating and setting each partial differential equal to zero
yields that data in Table 22

TABLE 22. PARTIALS FOR NATURAL LOG TRANSFORM OF EQUATI ON (22)

dy/

oy
x= 1n P in D,
vy = d i
In Pd - 0.31~
1ln D, 3.25 -
1

From Table 22 we see that for the cost to stay constant (acu = “Yu = 0)
oD, oP
the following relationship nust hold: 1 d
1 1 o0.31
b da (26)
D.2 P 2
2 i d 1
If Di is farther away from the treatment plant than Di , then population

3 C,
density must increase in accordance with Eq 26 for 3 D; to remain constant.
Generally, population density decreases with distance from the treatment
plant leading to increases in unit cost due to decreasing density and
increasing distance.

Anot her rel ationship that can be devel oped fromthe data in Table 21
i s shown bel ow

E = 1.8 Di1'4 (£ = 0.60) (27)

where E = Elevation of the cost zone in feet above the treatnent plant
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and Di = Radial distance to the centroid of a cost zone in m
from treatment plant

The general topography of the G ncinnati service area verifies the accuracy
of Egq 26

Eq 26 denonstrates that the increnmental cost of transporting increases with
distance. Assume the follow ng:

Ct = total cost for transporting water (28)
Pd = K (a constant) (29)
Q = aDi (water transmitted increases with distance) (30)

_C
c = t (31)

Q

or C, = EE

oaDi (32)

Substituting eq 29 and 32 into eq 23 and collecting terns yield

1.20
C, = 1220K D (33)

Since 1220¢K i s constant, then Ct increases with Di'

It can also been seen fromEq 26 that, for the Cincinnati utility, unit
cost increases with distance fromthe treatnent plant and decreases with
popul ation density. Neither of the conclusions is surprising, but Egq 22
quantifies this relationship. Eq 27 shows that, for the Cincinnati utility,
el evation tends to increase fairly regularly with distance fromthe treatnent
plant. Eq 23 through 33 lead to the conclusion that there may be definite
limtations of the economically efficient size of a utility service area.
Recogni zed econonmi es of scale are offset by disecononies of scale due to the
di stance water nust be transported. The equations devel oped herein nmay be
useful to define the nost efficient system size. Once costs exceed a given
val ue, managers and planners shoul d consi der establishing a new treatnent
plant if an adequate source is available. These kinds of relationships mnight
al so prove useful to the manager when making pricing decisions.
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SECTION 8

COST OF | MPLEMENTI NG THE SAFE DRI NKI NG WATER ACT

The previous analysis shows that water supply costs are increasing
(see Figures 62 through 73). Sone of these increases are due to pressure
from increased consunmption, and others are the results of inflationary effects
Equation 1 establishes a relationship between $/ man-hour (D.,), nan-hours/
ml gal (hmg), and production of revenue-producing water (éT Costs for D h
are heavily “dependent on inflation, while costs resulting fromincreases ™
in Qare nore nearly related to increases in demand. Productivity in man-
hours/m 1 gal is dependent to a large degree on management policy.

By studying the trends in water supply costs, it is possible to under-
stand some of the economc inpacts of the Safe Drinking Water Act. In the
following section, historic trends will be utilized to estinmate expected
increases in cost. Hypothetical requirenents for the proposed organic regu-
lations in the Safe Drinking Water Act will be superinposed on these expected
increases. It will be possible to separate the expected cost increases from
those associated with the Safe Drinking Water Act.

TRENDS | N WATER SUPPLY

The trends established in the previous sections for a 10-year time
period will be assumed in this analysis. For exanple, Figure 74 shows the
average revenue-producing water punped for all 12 utilities for a 10-year
period ending 1974. This trend has been extrapol ated through 1985.

Revenue- produci ng water in 1974 was 32.8 billion gallons and, according to
the extrapolation, will be 45.0 billion gallons in 1985 -- a 30% i ncrease.
This neans an increase froma 93 m| gal/day systemto a 121 m| gal/day
system Figures 75 through 78 show trends in operating and capital costs for
the functional cost areas discussed earlier.

Tabl e 23 summarizes average 1974 costs and projected average 1984 costs
for all 12 utilities. The changes shown are expected changes, based on denand
and inflationary pressures. Increnental costs above these expected costs
resulting fromthe Safe Drinking Water Act will be analyzed in the follow ng
section.

| MPACT OF THE SAFE DRI NKI NG WATER ACT
Cal cul ations are based on the assunption that Safe Drinking Water Act

control technologies will be installed by 1980. Three types of technol ogy
will be considered: granular activated carbon (GAC) with contactors, GAC
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SET

TABLE 23. CURRENT AND PROJECTED AVERAGE EXPENSES FOR ALL 12 UTILITIES
Cost
ltem 1974 1984 % Change

Total operating cost
($, mllions/year) 8.81 14. 8 + 68
Total capital cost
($, mllions/year) 3.8 5.7 + 50
Total production cost
($, mllions/year) 12.6 20.5 + 63
Total wunit cost
($/m 1 gal) 430 560 + 30
Man- hours/m | gal 29.0 24.8 - 15
$/ Man- hour 4.7 7.2 + 53
Depreci ation
$/ml gal) 63.0 67.5 + 7




replacing sand in the filter shell, and chlorine dioxide. From the previous
anal ysis we learned that by the year 1984 our average utility will produce
120 M. It will therefore be assunmed that any new treatment processes wl |
be designed for a peak capacity of 150 M. Unit costs for each of the three
technol ogi es are shown in Table 24.

Figure 79 shows the CPI for the 10 years of analysis and for an addi-
tional 10 years, extrapolated in two ways. Based on conservative or
straight |ine assunption, the CPI in 1980 is 1.9 (1965 = 1.0). Direct appli-
cation of the conservative CPl to the 1975 unit costs yields the unit costs
shown in the last two colums of Table 24. The new unit costs have been
converted to annual costs and added to the expected treatment operating and
capital costs in 1980, as shown in Figures 80 and 81. Beyond 1980 it is
assumed that these incremental costs will be additive and at the same sl ope
as the expected operating and capital costs. Figures 80 and 81 show that
the adoption of GAC technol ogies will substantially increase treatnment costs
for the average water supply utility. Aggregating treatment costs with tota
capital and operating costs for the conposite utility yields Figures 82 and
83. The percent increase in operating costs is nmuch less than the percent
i ncrease in treatment cost alone. The inpact on total production cost is
shown in Figure 84, and the effect on unit cost is shown in Figure 85.
Table 25 summarizes these cost increases

Tabl e 25 shows that the total production cost of water will increase by
36% bet ween 1974 and 1980 without add-on technology. Wth the nmost expensive
t echnol ogy, total production costs will increase by 24% over those expected
as a result of other pressures. Unit costs will increase by 24%

The | ess conservative assunption regarding the increase in CPl would
increase the add-on technol ogy costs as shown in Figures 86 and 87. The
increase in total water production cost, for example is 32% and there is a
29% increase in unit cost.

The Effect of Time on Rate Structure - Wthout SDWA

As can be seen fromthe previous analysis, operating and maintenance
costs will tend to dom nate the cost of water supply over time due to the
effects of inflation. Using data fromall 12 utilities, we can formulate
the following relationships for &M and capital cost (Table 16)

oc = 360.4 Q071 g0-056t (2 = 0.93) (34)
cc = 193.8 Q091 0-043t (£ = 0.86)
wher e OC = Annual operating cost in dollars

CC = Annual capital cost in dollars

Annual revenue-producing water in ml gal/yr

Q
t

Rel ative time starting with year 1
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LET

TABLE 24. UNIT COSTS FOR CONTRCL TECHNOLOGY AT 150 I\/[-ID*13

Unit cost, 1975 Unit cost, 1980
($/ 1,000 gallons) ($/ 1,000 gallons)
Treat rent Technol ogy Capi tal Operating Capi tal Operating

Chl orine dioxide 0.2 1.0 0.24 1.22
Granul ar activated carbon

(contactors) 4.1 2.2 5.00 2.68
Granul ar activated carbon

(Media repl acenent) 1.1 4.0 1.34 4.88

* Costs are calculated at 70% of capacity.
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TABLE 25. EXPECTED COSTS IN 1980 FOR AN AVERAGE UTILITY

Expected 1980 costs
wi th add-on technol ogi es

Expect ed
Cost cost GAC -- GAC -- nedia Chlorine
[tem in 1975 in 1980 contactors repl acenent di oxi de
Treat nent operating cost
(($/mllions/year) 1.10 1.50 2.97 4.17 2 17
Treatnent capital cost
($, nillions/year) 0.48 0. 60 3.34 1.33 0.73
Total operating cost
($, mllions/year) 8.85 12. 40 13. 87 15. 07 13. 07
Total capital cost
($, mllions/year) 3.80 4.95 7.69 5. 68 5. 08
Total production cost
($, mllions/year) 12.75 17.35 21.56 20. 75 18. 25

Total unit cost
($/nil gal) 412.00 480. 00 596. 47 574. 06 504. 90
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By fornulating the ratio between operating cost and capital cost
(Equations 34 and 35) we see the following:

0C 0.013t
¢ - 186« (36)
From Equation 36 it can be seen that in terms of cost and ultimately the rate
structure, water supply costs will be increasingly dom nated by operating

expendi tures.
The Effect of Time on Rate Structure - Wth SDWA

Assume Equations 31 and 32 are the new capital cost equation and opera-
ting cost equation as shown bel ow.

oc_ = 427.25 Q¥-% &+0°F (37)
cc. = 219.64 Q01O Q0-043¢ (38)
n
Formng the ratio of Equation 37 to Equation 38 yields
oc
n 0.013¢
CCn = 1.95 e (39)

As can be seen from Equations 39 and 36, in a short period of tinme the new
capital requirements resulting fromthe Safe Drinking Water Act will be

insignificant when conpared to total operating expenditures
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APPENDI X

The appendi x contains regression equations for itens of interest for

each of the utilities studied. Tine in the equations is in calendar years

rather than in relative tine.
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APPENDI X

Cost equations are given for individual utilities over time. Both
linear and exponential equations are presented.
TABLE A-1. ANNUAL OPERATING COST VERSUS TI ME
Li near * Exponential+

C=b+mt c = Kebt
Wility b m £ K b | 2
Fai rfax Co. - 2.94 x 107 | 464000 96 1.3 [0.21 |0.86
El i zabet ht own - 4.40 x 107 765000 . 86 29000. 0.08 .92
Kansas City - 2.93 x lo7 521000 .95 29000. 0.08 .92
Puebl o - 6.32 x 106 114000 .76 13000. 0.07 . 86
New Haven - 1.43 x 107 252000 .97 10400. 0.08 .97
Gi nci nnat i - 2.56 x 107 | 472000 96 62500. | 0.07 |0.97
San Diego - 9.38 x 10’ | 1.56 x 10%|0. 88 7700. | 0.11 | 0.92
Ol ando - 1.34 x 107 219000 .90 370. 0.12 .97
Dal | as - 4.94 x 107 836000 .94 10200. 0.10 .97
Kenton Co. - 1.93 x 106 33900 .92 1742. 0.08 .97
Seattle - 2.96 X 107 517000 .97 18300. 0.08 .97
Phoeni x - 4.68 x 107 | 791000 91 9712. | 0.10 | 0.97

* C= annual cost in $/year

b = const ant
m = sl ope
t

= cal endar year
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TABLE A-2. ANNUAL CAPI TAL COST VERSUS TI ME
Li near* Exponential+
C=b+n C = RePt

Wility b m 2 K b £?
Fairfax Co. - 4.33 X 107 690000 0.39 0.07 | 0.26 0. 46
El i zabet ht own 2.44 x 107 404000 0.91 1285. 0.11 0.92
Kansas Gty 3.97 x 106 88000 0.66 | 171000. 0. 04 0. 66
Puebl o - 6.54 X 106 108000 0.51 701. 0.10 0. 66
New Haven - 2.68 x 107 447200 0.91 1695. 0.11 0.94
Gi nci nnat | 994000 20500 | 0.10 |1.31 x 10® |0.01 0.10
San Diego 4.38 x 10° | 18200 | 0.06 |4.70 x 10® |0.01 0. 06
ol ando 5.05 x 10° | 90759 | 0.53| 11400.  |0.07 0.53
Dal | as - 2.52 x 10’ | 448000 | 0.40 | 34200. |0.07 0.23
Kenton Co. 604000 10900 0.30 2037. 0. 06 0.41
Seattle - 3.60 x 106 95900 0.91 | 353000. 0.03 0.93
Phoeni x 1.18 x 107 18100 0.92 | 38300. 0. 06 0.97
* C = annual cost in $/year + C = annual cost in $/year

b = constant K = constant

m = sl ope b = rate of change

t = calendar year. t = calendar vyear.
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TABLE A-3. REVENUE- PRODUCI NG WATER VERSUS TI ME
Li near* Exponential+
C=b +nt C=xre®
Wility b m ? K : 2

Fairfax Co. 150000 2352 0.74 0 0.31 0.69
El i zabet ht own 13200 680 0.52 8395. 0. 02 0.50
Kansas Gty 19400 118 0.03 20500. 0.00 0.03
Puebl o 5902 4.65 | 0.00 5931. 0. 00 0.00
New Haven 7970 135 0.03 9761. 0.01 0. 04
Cincinnat i - 13674 718 0.90 8951. 0.02 0.90
San Diego 94800 1920 0.94 1166. 0. 05 0.95
Ol ando 28000 544 0.82 197. 0.05 0.80
Dal | as 140000 2750 0.81 1080. 0.05 0.80
Kent on Co. 7090 126 1.00 7.98 | 0.08 1.00
Seattle 22800 338 0.01 26600. 0.01 0.02
Phoeni x 141000 2690 0.76 854. 0.06 0.81
* C= annual cost in $/year * €= annual cost in $year

b = constant K= constant

m = sl ope b = rate of change

t = calendar year. t = calendar year.



TABLE A-4. MAN-HOURS/M L GAL VERSUS TI ME
Li near* Exponential+
C=Db+m C = Kebt
Wility b m £? K b (2

Fairfax Co. - 37.39 0.88 0.24 2.01 0.04 .20
El i zabet ht own 30. 22 0.23 0.46 44,28 0.03 .20
Kansas City 77.70 0.48 0.03 96.04 (- 0.01 .03
Puebl o 14.74 0.39 0. 04 22.10 0.01 .04
New Haven 79. 38 0.56 0.23 106. 30 0.01 .23
Ci nci nnat i 88. 14 0.83 0. 86 200. 35 0.03 .85
San Diego 45. 65 0.30 0.02 54.14 |- 0.01 .01
Ol ando 39. 48 0.03 0.00 38.01 |- 0.00 .00
Dal | as 97.55 0. 86 0.11 169.04 (- 0.02 .09
Kenton Co. 165. 03 1.91 0.75 1849.39 |- 0.06 e
Seattle 14.70 0.09 0.00 15. 40 0. 00 .00
Phoeni x 68. 66 0.68 0. 60 201. 30 0.03 .62
* C = annual cost in $/ year * ¢ = annual cost in $/ year

b = constant K= constant

m = sl ope b = rate of change

t = calendar year. t = calendar year.
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TABLE A-5. DCOLLARS/ MAN- HOUR VERSUS TI ME
Li near* Exponential+
C=b +nt C= k"
Uility b m - K b r?

Fairfax Co. 20. 55 0.35 0.85 0.01 0.08 .81
El i zabet ht own 18. 25 0.33 0.87 .03 0. 07 . 87
Kansas City 14. 67 0.26 0.96 0.01 0.08 .98
Puebl o 8.16 0.16 0.83 .08 0.50 . 84
New Haven 20. 94 0.35 0.97 .01 0.09 . 96
G ncinnat i 14. 47 0.27 0.86 .04 0. 07 .90
San Diego 20. 17 0.35 0.78 .01 0.08 . 86
Ol ando 10. 41 0.18 0.71 0.01 0.08 LT
Dal | as 10.91 0.19 0.85 .00 0.10 .74
Kent on Co. 7.19 0.16 0.34 . 20 0.04 . 34
Seattle - 15.82 0.29 0.93 .04 0. 06 . 96
Phoeni x 19.01 0. 32 0.85 .01 0.09 .90
* C = annual cost in $/year * ¢ = annual cost in $/ year

b = constant K = const ant

m = sl ope b = rate of change

t = calendar year. t = cal endar year.
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TABLE A-6. ANNUAL SUPPORT SERVI CES COSTS VERSUS TI ME (Operating)

Li near* Exponential+
C=b +nt C = Rt
Uility b m r? K b r?
Fai rfax Co. - 9.99 159000 0. 84 35. 0.15 0.73
El i zabet ht own - 1.22 x 107 204000 0.93 1138. 0.11 0.96
Kansas Gty - 1.38 x 107 242000 0. 86 6894. 0.09 0.82
Puebl 0 - 2.50 x 10° | 43200 | 0.91 1289. | 0.08 0. 95
New Haven - 9.09 x lO6 153000 0.96 1173. 0.10 0.99
G nci nnat i - 1.14 x 107 149000 0.93 2006. 0.10 0.94
San Di ego . 1.78 x 107 |296000 | 0.93 | 1404, | 011 0.97
| ando . 5.64 x 10° | 91500 | 0.92 52. | 0.14 0.92
Dal | as . 2.52 x 10’ | 403000 | 0.93 65. | 0.15 0.97
Kent on Co. - 586000 10200 0. 84 355. 0.08 0. 87
Seattle - 1.87 x 107 317000 0.98 3688. 0.10 0.97
Phoeni X - 2.14 x 10’ | 360000 | 0.97 5704. | 0.09 0. 99
* C = annual cost in $/year * ¢ = annual cost in $year
b = constant K= const ant
m = sl ope b= rate of change
t = calendar vyear. t = calendar year.
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TABLE A-7. ANNUAL ACQUI SI TI ON COSTS VERSUS TIME ( Operati ng)
Li near* Exponentia1+
C=b+n C = ket

Uility b m r? K b r?
Fairfax Co. - 2.44 x 10°] 38200 |0.63 47 | 0.15 67
El i zabet ht own - 6.24 x lO6 106000 0. 86 638. 0.11 .71
Kansas City -— - -—
Puebl o - 934000 14200 0.35 0. 00 0.23 .58
New Haven - 592000 14200 0.76 |32000. 0. 04 T
Ci ncinnat | 818000 18000 0.74 |22700. 0.04 .76
San Diego - 6.8 x 10° |[(1.1x10% |0.83 | 1136. 0.13 .88
Ol ando _—
Dal | as - 639000 17400 0.14 |81000. 0.03 13
Kent on Co. - 107000 1818 0.57 27.70 0.09 . 67
Seattle - 1.13 x 106 22000 0.61 1277. 0. 06 .61
Phoeni x - 4.64 X 106 72000 0.95 1.03 0.18 . 88
* C = annual cost in $/year * ¢ = annual cost in $/ year

b = constant K - constant

m = sl ope b = rate of change

t = calendar year. t = calendar year.
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TABLE A-8. ANNUAL TREATMENT COST VERSUS TIME (Qperating)
Li near* Exponential+
C=b +nt C = gePt

Wility b m 2 K b 2
Fairfax Co. 771000 18800 0.32 44144 0.04 .30
El i zabet ht own 3.43 x 106 58700 0.58 1515 0.09 . 66
Kansas Gty 6.28 x 10% | 111000 0. 94 6684 | 0.08 .96
Puebl o 1.29 x 106 24186 0. 86 4839 0. 06 .92
New Haven 744000 14000 0.78 3300 0. 06 .70
Cincinnati 1.8 x 106 41800 0.89 70700 0.04 .91
San Diego 3.4 X 106 59000 0.81 2135 0.08 . 85
Ol ando 4.5 X 106 73100 0.89 66 0.13 .0
Dal | as 9.5 x 106 164000 0.90 5336 0.08 .93
Kenton Co. 587000 10800 0.94 1584 0.07 .97
Seattle 2.9 X 106 47200 0.82 79 0.12 .81
Phoeni x 7.3 X 106 121000 0.95 1138 0.10 .93
* C = annual cost in $/year * ¢ = annual cost in $/ year

b = constant K = const ant

m = sl ope b = rate of change

t = calendar year. t = cal endar year
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TABLE A-9. ANNUAL POAER AND PUNPI NG COST VERSUS TIME ((Qperating)

Li near* Exponentia1+
C=bDb +nt C = gt
Uility b m 2 K b 2
Fai rfax Co. - 2.5 x10° | 42000 | 0.93 445 | 0.10 | 0.9
El i zabet ht own - 8.6 x 10° 143000 0.45 2202 0.09 0.61
Kansas Gty - 4.7 X 106 90000 0. 96 24700 0. 06 0.93
Puebl o - 13500 6470 0.52 75900 0.02 0.53
New Haven - 232000 6606 0.11 30800 0.03 0.11
Cincinnati - 3.7 X 106 74000 0.87 34000 0. 05 0.89
San Diego
Ol ando
Dal | as - 6.3 X 106 110000 0.89 5299 0.08 0.92
Kenton Co.
Seattle
Phoeni - 9.1 x10% |151000 | 0.63 1910 | 0.09 | 0.61
* C= annual cost in $/year * ¢ = annual cost in $/ year
b = constant K = const ant
m = sl ope b = rate of change
t = calendar year. t = calendar vyear.
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TABLE A-10. ANNUAL TRANSM SSI ON AND DI STRIBUTI ON COST VERSUS TI ME
(Qperating)
Li near* Exponential+
C=b+n ¢ =Ke™

Uility b m > K b >
Fairfax Co. - 8.9 x 10° | 140000 | 0.77 37.9 | 0.14 .83
El i zabet ht own - 3.9x10% | 68400 | o0.91 | 4047. 0. 08 .94
Kansas Gity - 4.5 x 10° | 77600 0. 89 1977. 0. 09 .87
Puebl o 7.1 x 10% | 125700 | 0.79 | 8629, 0.07 .89
New Haven 2.7 x 10® | 50600 0. 88 7729, 0. 07 .87
G nci nnat | 7.8 x 10° | 145000 | 0.97 | 17900. 0.07 .96
san Di ego - 4.7 x 10°% | 101000 0.84 | 119000. 0. 04 .86
ol ando - 3.1x10% | 52800 | 0.70 740. 0. 09 82
Dal | as - 7.7 x 10° | 140000 | o0.89 | 15900. 0.07 91
Kenton Co. - 648000 11100 | 0.91 257. 0. 09 .95
Seattle - 6.9 x 10% | 130000 | 0.83 | 29400. 0. 06 .82
Phoeni x - 1.4 x 10° | 219000 | 0.95 164, 0.13 199
* C= annual cost in S year C = annual cost in $/year

b = constant K= const ant

m = sl ope b = rate of change

t = calendar year. t = calendar year.
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TABLE A-11. ANNUAL TOTAL EXPENDI TURES VERSUS TIME
Li near* Exponential+
C=bh +nt C = gePt

Wility b m 2 K b 2
Fairfax Co. 7.28 x 107 | 1.15 x 10® | 0.63 0.57 | 0.23 .58
Kansas Gty 3.48 x 10" |6.33x10° | 093] 7x1073|4 095 91
G nci nnat | 3.75x 107 |6.76 x 10> | 0.63 |2.44 x 10* |0.086 | 0.46
Puebl o 1.20 x 107 |2.078 x 10°> | 0.50 |1.17 x 10* |0.077 | 0.6l
Dal | as 7.04 x 107 |1.23x10% [o0.01 | 1X1073|56 .96
Elizabethtown |- 6.84 x 10 |1.17 x 10° | 0.90 |2.23 x 10* |0.001 | 0. 94
Kenton Co. 2.53 x 10° | 4.48 x 10* | 0.80 [3.16 x 10> |0.075 |0.90
Seattl e 3.32 x 10° [6.13 x 10° | 0.97 |9.41 x 10* |0.066 | 0. 98
'l ando 1.86 x 10’ |3.13 x 10° | 0.86 |2.90 x 10° | 0.10 .94
San Di ego 8.94 x 10’ |1.54 x 10® | 0.88 |4.04 x 10* |0.087 |0.92
New Haven 4.67 x 107 |7.97 x 10° | 0.95 [9.13 x 10° |0.098 |0.96
Phoeni x - 6.07x10" [107x10% |087| 3x103|52 .94
* C = annual cost in $/year C = annual cost in $/year

b = constant K= const ant

m = sl ope b = rate of change

t = calendar year. t = cal endar year.
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TABLE A-12. UNIT COSTS ($/nil gal)
Li near * Exponentia1+
C=b+m C = Re®

Utility b m 2 K b r?
Fairfax Co. .53 X 103 - 42.2 0. 56 5.37 X 10‘l - 0.065 . 56
Kansas Gity 18 x 100 | 218 |0.93 | 314 0.067 |o0.91
G nci nnat | .29 x 10° 8.55 | 0.95 | 26.9 0.033 |0.95
Puebl o . 976 x 103 34.3 0.74 1.38 0. 081 .81
Dal | as .61 x 107 7.94 | 0.21 | 48.6 0.026 |0.21
El i zabet ht own .46 X 103 26.4 0.92 2. 66 0.071 .93
Kenton Co. .87 X 102 0.59 | 0.00 397. - 0.002 .00
Seattle .33 X lO2 12.0 0.74 3.53 0. 058 .74
ol ando 46 x 10° | 137 | 060 | 14.7 0.044 |0.58
San Diego .29 X 102 17.0 0.59 34.7 0. 037 .62
New Haven .25 X lO3 39. 67 0.92 1. 66 0.082 .94
Phoeni x .46 x 10t 5.6 | 0.41 | 79.7 0.019 |0.40
* C = annual cost in $/year * ¢ = annual cost in $/ year

b = constant b = constant

m = sl ope m = sl ope

t = calendar year. t = calendar year.
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