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CHAPTER ONE
SUMMARY AND CONCLUSIONS

SCOPE OF STUDY

This report describes an assessment of a set of fourteen
alternate rate-making policies which have been specifically
formulated for consideration by the Washington Subusban
Sanitary Commission (WSSC). These alternate policies include
proposals for spatially differentiated prices, seasonal prices,
changes in the relative role of fixed charges and prices, adop-
tion of a flat rate charge system for sewer service, and an
increasing-block rate structure, The rate-making policy actual-
ly implemented by the WSSC has major implications for the
cost of water and sewer service to the WSSC’s customers, the
guantities of water and sewage which must be processed, and
the required capital investment. The purpose of this report is
to describe thie probable impact of each rate-making policy
alternative on various classes of customers and on the WSSC.
The information thus obtained is offered to the Commission
to guide it in-considering possible modifications to its current
rate-making policy.

Estimates of the impact of various policy alternatives have
heen obtained through a computer simulation of the operation
of the WSSC over the period 1972-200l. To perform such a
stmulation, a large number of assumptions must be made re-
garding such variables as the behavior of individual customers
and groups of customers, the behavior of the WSSC, patterns
and rates of growth in the WSSC service area, etc. The be-

havioral assumptions, which have been drawn from studies of
" other water and water/sewer utilities operating in similar
service areas, are embedded in the simulation model described
in Appendix B to this report. The descriptive data and growth
assumpiions required for the simulation are discussed in
Chapter III and in Appendix A.

It must be emphasized that these assumptions do not
represent predictions of the future state of events. The pur-
pose of this report has been to prepare assumptions which
seem to the anthors to be reasonable and consistent. All results
from the simulations described in this report should be treated
as conditional, being based upon the validity of the assump-
tions. Since these assumptions are consistent and uniform,

valid comparisons can be made between individual rate-making i

policies, but the results of any single simulation cannot be
treated as a reliable forecast of any of the parameters.

We feel certain that the techniques used to develop.the
assumptions will be of interest to the WSSC. These techniques
have been outlined and are discussed in Chapter III as well as
in Appendix A. The explicit nature of the required assump-
tions suggests another use for the simulation model: that of
testing the sensitivity of operating and fiscal variables fo
various types of behavior and growth trends. This application
appears to have considerable potential as a planning technique
(see Appendix C for a detailed discussion).

One of the mosti noticeable effects of vardation in rate-
making policy is the shift in the quantity of water demanded
and the quantity of sewer flow produced. In an era of decreas-
ing clean water sources and heavy demands on the environ-

ment’s capability to serve as a waste sink, the importance of
these considerations should exceed their fiscal impact on the
utility. In fact, the WSSC is currently pursuing a comprehen-
sive program to reduce water use and associated sewer flows
through customer education and plumbing code modification.
To the extent that such a program is successful, it has impor-
tant implications for the formulation of rate-making policy.
The basic assumptions made in this study are dependent upon
bhoth the availability of plumbing fixtures and water-using
appliances, and customer behavior, The relationship between
water-saving programs and rate-making policy evaluation is
discussed in Appendix D.

An important consideration in the evaluation of any rate-
making policy is the cost of implementing that policy. This
can best be illustrated by considering the proposal, analyzed in
this report, to adopt seasonal prices. At the present time, the
WSSC’s meter reading organization operates year-round: meter
routes are billed on a continuing schedule--some in January,
some in February, etc. If a seasonal rate scheme should be
adopted, all meters would have to be read within, at the most,
a two-month period. This step would approximately triple the
number of meter readers required during the meter reading
peried, as well as introduce the problem of finding useful
employment for the meter readers dusing the rest of the year.
Additional costs may also be incurred in the process of con-
centrating the billing, collection and complaint adjustment
activities within such a short time span.

The assessments reported here do not consider implementa-
tion cost, except parenthetically. A full analysis of this
important cost aspect requires a thorough study of the WSSC’s
operations and, at this early stage of evaluation, is not justi-
fied. Should any of the policies described herein seem worthy
of further investigation, the costs of implementation must be
determined before any final decision can be reached.

CONCLUSIONS

A detailed simulation and analysis of the effects of fourteen
alternate rate-making policies has been carried out for the
WSSC. The major policy issues underlying these rate structures
are:

Spatial differentiation of prices

Seasonal prices

Increasing-block prices

Average variable cost prices

Flat rate sewer service charges
Chapters II and HI of the report describe the formulation of
the policy alternatives, the assumptions used and the simula-
tion procedure. Chapter IV presents the results of the analyses
of the fourteen alternatives with discussion of these results in
the context of the policy issues listed above.

Spatial Differentiation of Prices

Water and sewage system demands were found quite insen-



sitive to price differentiation based on an arbitrary allocation
of costs between counties. The prices actually required in the
two counties were very similar and investment requirements
essentially unchanged. If the service area is disaggregated on
the basis of the eight meter-reading districts now in existence,
and costs are allocated in a suitable manner, the following
effects are produced. The largest districts require price levels
similar to those which are required under uniform pricing, but
the smaller districts require substantially higher or lower
prices, according to the existence of a high or low rate of
growth, respectively. Maximum water demands and sewer
flows are reduced about three percent and investment require-
ments are about one and one-half percent lower. In general,
the results appear sensitive to spatial disaggregations on the
basis of service area characteristics (by districts), and insensi-
tive to disaggregations where characteristics are similar (by
counties).

Seasonal Prices

The practice of seasonal pricing requires that capital costs
be recovered from those users who create the capacity require-
ment; in this case, the summer users of the water supply sys-
tem. Sewer systems have not been assumed to be significantly
seasonal in operation. The simulation disclosed that the imple-
mentation of seasonal pricing can be expecied to create sea-
sonal sewer flows, with the maximum flows occurring in the
winter. This phenomenon creates an increased requirement for
sewer facilities which more than offsets-in investment cost-
the reduced requirement for water supply facilities. The over-
all result is that the seasonal pricing alternative, admittedly
difficult to implement, confers no particular advantage except
where water supply considerations are of overwhelming im-
portance.

increasing-Blocl¢ Prices

An alternative to seasonal pricing is the implementation of
an increasing block rate schedule-in this case for residential
customers only. The effect of such a policy cannot be simu-
lated with the existing model; however, it was estimated
through manual analysis. Since the second, higher-priced block
of water usage includes only the highest fraction of residential
demand, it can be assumed to consist largely of water used for
lawn irrigation and other high-elasticity seasonal uses. Because
of the specificity of the second block price, maximum day
water demands can be reduced without the necessity of large
increases in sewer flow, as with seasonal prices. For this rea-
son, increasing-block rate schedules hold some promise for a
rate-making policy which reduces investment requirements
without unduly penalizing consumers.

Average Variahle Cost Prices

A policy of recovering all capital cosis through fixed
charges--basing the commodity charge on average variable costs
only (operating and maintenance costs)- results in several
marked shifts in operating parameters. Water demands increase
substantially, as a result of the lower price levels; required
investment in main facilities is considerably higher. The total
cost of water to individual consumers will also rise, aithough
more water will be used and more sewage flow produced. In

the absence of a need to stimulate greater use of water, this
alternative appears to have little merit.

Flat-Rate Sewer Service Charges

Another possible rate-making practice is the use of fixed
charges (flat-rate charges) to recover the costs of sewerage
service. This would result in a much lower commodity charge
for water service, and higher total fixed charges. The simula-
tion indicated that it would also result in substantially higher
water demands, sewer flows and investment requirements,
compatable to those associated with average variable cost pric-
ing. The total cost of water to individual consumers rises
noticeably, when both fixed and variable charges are con-
sidered. As before, if there is no requirement for stimulating
higher water and sewage flows, this alternative offers no
advantage.

RECOMMENDATIONS

If the objective of the Commission is to provide a fair and
equitable rate schedule which recovers the full cost of opera-
fions while providing inducements to customers for efficient
use of the water and sewerage systems, the rate-making policy
now in use is an effective one. Continued use of this palicy
would not appear to create any particular problems other than
those necessitated by the sharply rising costs now predicted by
the WSSC.

Several possible improvements to this policy should be
considered by the Commission, however. This study has shown
that improvement in efficiency of the system is possible
through a properly conceived system of district rates. To
evaluate this possibility fully, a study should be made of the
cost of implementing such a scheme, including the rather
faborious - task of allocating costs rationally among the dis-
tricts. It appears that the effect of such a policy would be
lower rates for residents of densely-settled, slowly-changing
districts near the District of Columbia boundary, and highér
rates for the less dense, rapidly-growing areas along the outer
edges of the sanitary district. The overall effect of this policy
should be slightly lower water demands, lower sewer flows
and lower investment requirements than would otherwise be
expected, On the other hand, this alternative is likely to have
the highest implementation cost of any of the options studied.

A second area proposed for further investigation concerns
the use of an increasing-block rate schedule. This rather in-
novative measure appears to hold promise for reducing water
supply costs without unreasonably penalizing any group of
customers. It is suggested that the increasing-block structure
be applied only to single-family residences, and that the limit
of the first block be set at a level somewhat higher than the
normal winter demand of residential customers. The first
block price should be slightly lower than the uniform price in
effect for other customers, and the second block price con-
siderably higher. The prices can be manipulated to produce
about the samc total cost of water/sewer service that would
occur with uniform pricing, while retaining a strong incentive
to minimize summer uses. A special sinmlation of this specific
policy could produce the guidelines required to set appropriate
price levels, as well as providing predictions of the overall im-
pact of such a policy.



Based on the assumptions made in this study, and the simu-
lation model chosen, the other policy issues--seasonal prices,
average variable cost prices, and flat-rate sewer service charges--
appear to offer no advantage to the WSSC or its customers.
The present rate-making policy is an effective one, but rising

costs will place a heavy burden on the WSSC’s customers.
Continued investigation of the two policy lssues described
above is recommended, particularly since their implementation
may minimize the impact of rising costs on those customers
who have the smallest role in creating them.



CHAPTER TWO.
RATE-MAKING POLICY ALTERNATIVES

THE NATURE OF RATE-MAKING

Public water supply and wastewater disposal in urban areas
is provided by government agencies; special government cor-
porations; or by investor-owned, regulated utilities, The cost
of water and sewerage services is usually covered, in whole or
for the most part, by a number of special-purpose charges,
levies, and/or taxes. Self-sustaining government corporations,
such as the Washington Suburban Sanitary Commission, are
required to adopt a system of charges, levies, and taxes to
produce revenues at least equal to the full cost of services
provided, which, when actually implemented together with
attendant terms, conditions, exceptions, elc,, constitutes the
rate structure of the utility. The conventions, guidelines and
procedures used by the utility to determine the nature and
level of the charge system comprise the rate-making policy of
the utility.

A water/sewer utility rate structure may contain many dif-
ferent elements, depending upon local conditions and policies.
Table I} lsts some of the more commonly employed cate-
gories of rate structure elements. Rate-making policy is con-
cerned with several fundamental questions:

a. Which rate structure elements are to be employed?

b. What are the terms of application of each?

c. What portion of the required revenue will be derived from
each element?

These considerations can be iilustrated by briefly consider-
ing the rate structure now in effect within the WSSC sanitary
district.

The Commission’s current rate-making policy considers
most of the rate structure elements listed on Table II-l. Cus-
tomers are billed at regular intervals (serni-annually, except for
large accounts which are on a monthly basis) for water and

Table -1
Typical Rate Structure Elements

RATE STRUCTURE £LEMENT BASIS OF LEVY METHOD OF COLLECTION

Periodic bilking
Periedic bil¥ing

Per Unit of water use
Per Unit of water use

Hater use commodity charges. (price)
Sewer use commodity charges {price}

Periedic b11ting
Perladic billing
Periodic billing

Seryice charges
Readiness-to-serve charges
Hinimum charges

Fixed charges
Fixed charges
Fixed charges
Water benefit assessments Property Front footage Arnual assessment
Annual assessmeni
Annual assessment
Annual assessment

Property Front footage
Property value
Fixed charges

Sewer benefit assessments
Ad valorem taxes
Fixed assessments or taxes

One-time charges
One-iima charges
One-time charges

Hater/sewer connections
Fixed charges
Fixed chayges

Connection charges
Capital contributions

Miscetlanaous charges for
spagial serviges

sewer commodity charges, including service charges for certain
customer classes. Front-foot benefit assessments and connec-
tion charges are used to provide the remainder of the required
revenue,

The water and sewer use charges currently in effect are
uniform for all quantities of water used; these total $0.95 per
thousand gallons of water used (for customers with both water
and sewer service). Front-foot benefit assessments are levied
for twenty years after the construction of water andfor sewer
lateral lines; the rate of assessment is determined by the
system-wide unit cost of lateral construction during the year
preceding the original levy.

The commodity charges and service charges, together with
certain minor miscellaneous charges for specific services, are
intended to recover the full cost of operating and maintaining
the Conunission’s water and sewer systems, as well as the capi-
tal costs of certain major components of these systems (“basic
main facilities;” e.g., treatment plants, storage and pumping
facilities, water n:ains 16 inches in diameter or larger, sewers 15
inches in diamefer or larger, etc.). The smaller water and sewer
lines are financed by the front-foot benefit assessments; cus-
tomer connections are funded directly by connection charges.
The Commission also levies ad valorem taxes, but the pro-
ceeds of these are restricted to the capital costs of certain
storm drainage facilities at the present time.

Given these decisions and criteria, rate-making consists of
periodic review of costs and revenues and an occasional adjust-
ment of the various charge levels to insure that total costs are
covered and that specific charges maintain the desired relation-
ships with various components of cost. In recent years, this
process has resulted in regular increases in the commodity
charges for water and sewer use, with minor adjustments in
other charges. Commission projections of costs and demands
indicate that the commodity charges will continue to rise
rapidly throughout the next five years, provided that the cur-
rent rate-making policy is retained.

Of the rate structure elements now in use by the WSSC, the
water and sewer commodity charges (prices) and the front-
foot benefit assessments are currently the most important
from the standpoint of total revenue, While other types of
charges have an important place in an effective rate structure
and must be carefully selected and designed, they tend to be
marginal in their impact on either the consumer or the utility,
The front-foot benefit assessment, on the other hand, has a
significant impact on many consumers. A customer who in
1971 built a new home within a subdivision served by water
and sewer, is required to pay $148.00 in froni-foot benefit
assessment (based on 100 feet of assessable (rontage) each year
for the next twenty years. This can be compared to his ex-
pected water and sewer commodity charges--approximately
$110.00 during the fiscal year 1973.

Although important, front-foot benefit assessments are
seldom reexamined in the rate-making process. In most cases,
the water and sewer line construction costs to which they are



dedicated have been funded by revenue bonds. The terms of
sale of these bonds may obligate the utility to specific assess-
ment practices throughout the life of the bonds. Even where
these constraints are not present, a major change in the
method of recovering general construction costs invotves diffi-
cult questions of equity between beneficiaries of new construc-
tion and persons who have wholly or partially retired previous
assessments.

The commodity charges set for water and sewer use are the
most commen subject of review during rate-making. When the
rate-making policy itself is reviewed, consideration may be
given to such policy adjustments as changing that portion of
total cost recovered through commodity charges; adopting
uniform, decreasing-block, or increasing-block charge strue-
tures; using seasonal prices; etc. All of these alternatives have
important implications for the operation and growth of the
utility, since price plays a unique role in influencing customer
behavior.

THE ROLE OF PRICE.

In analyzing the production and consumption of goods and
services, economists often speak of the “law of demand”. This
term refers to the observed fact that, except in a very few
special circumstances, a negative functional relationship always
exists between price and quantity demanded. If the price of a
good or service tises, other things being equal, consumers will
demand lesser quantities. Conversely, if the price falls, the
quantity demanded can be expected to rise. Since supply costs
are related, to some degree, to the quantity of good or service
produced, the possible existence of a relationship between
price and quantity demanded has important implications for
rate-making.

A number of investigators have analyzed quantity-price
relationships for urban water systems. A recent report re-
viewed ten previous studies, all concluding that a significant
negative functional relationship exists (Hittman Associates,
1970). The most complete detailed set of demand data avail-
able is that collected by members of the Residential Water Use
Research Project at The Johns Hopkins University (Lina-
weaver, Geyer and Wolff, 1966). These data have been
analyzed by Howe and Linaweaver (1967), producing the most
informative description to date of the behavior of urban water
users in response to price. Four of the 41 field areas studied in
this research are located within the WSSC sanitary district.

All of these studies, based on many of the largest water
utitities in the United States, have concluded that a negative
relationship does exist between the price of water and sewer
services and the quantity of water (and sewer flow) demanded.
The nature of this relationship is often specified by reference
to the “price elasticity of demand.” This can be defined as
follows:

the percentage change in quantity demanded resulting from

a one percent increase in price.

A price elasticity of zero implies no relationship between
demand and price. Price elasticities less than zero (negative
elasticities) imply the negative relationship which has been ob-
served.

The explanation of such a negative relationship is the exis-
tence of substitutions for use of public water supply systems,
These substitutes need not be alternate commodities, but may
take the form of benefits or amenities foregone. Samuelson
offers a hypothetical example:

5

When water is very dear, I demand only enocugh of it to
drink. Then when its price drops, | buy some to wash with.
At still lower prices, I resort to other uses; finally, when it
is really very cheap, I water flowers and use it lavishly for
any possible purpose (Samuelson, 1967).
In most parts of the United States, consumers of municipal
water find themselves at the latter extreme of Samuelson’s
example-water is indeed very cheap by comparison to other
goods and services required for everyday life and it is used, by
many standards, extravagantly. If the price of water rises sig-
nificantly, consumers may elect to have brown lawns, increase
their attention to plumbing repair, adopt less wasteful washing
and cleaning techniques, etc.

Howe and Linaweaver (1967) found that the use of munici-
pal water for sprinkling purposes is relatively elastic with
respect to price--a one percent increase in price can be ex-
pected to produce a greater than one percent decrease in quan-
tity demanded. Domestic uses (i.e., all water used within the
home for ordinary domestic purposes) are much less elastic,
reflecting the limited range of substitutions available for such
uses at current price levels, This marked divergence in behavior
for two components of residential water use leads to proposals
for seasonal or increasing-block rate structures designed to rec-
ognize the greater elasticity of seasonal (sprinkling) demands.
Many commercial, industrial and institutional water users also
have ‘seasonal components in their demand; indirect evidence
indicates some spread in the elasticities associated with sea-
sonal and year-round uses, perhaps less pronounced than that
measured for residential users, ;

The formulation and implementation of rate-making policy
should take account of the price elasticity of water/sewer de-
mands, both with respect to the overall effect and the diversity
of elasticities among different categories of users-and purposes.
The rate structure chosen influences the level and pattern of
demand because of these relationships and, therefore, the costs
and capacity requirements of the system as well. Knowledge of
such effects is important not only for the rate-making process
itself, but in managing and operating the utility in general.

POLICY ALTERNATIVES STUDIED

One method of reviewing the effectiveness of a rate-making
policy is to formulate a number of alternate policies, then
compare the predicted effects of each to those predicted for
the actual policy in use. If the alternate policies are properly
selected, and the prediction methodology for probable effects
sufficiently reliable, this type of review can provide consider-
able insight into the strengths and weaknesses of alternate poli-
cies and assist in making rational choices among alternatives.
In the case of the present study, fourteen alternate rate-
making policies were proposed. Their probable effects were
analyzed with the aid of a computerized simulation model.
The simulation process is described in Chapter IH and Appen-
dix B gives additional details of the model itself.

In the development of policy alternatives, it has been as-
sumed that revisions in the practices of levying benefit assess-
ments, ad valorem taxes, and special and one-time- charges are
either not feasible or not appropriate at this time. According-
ly, the discussion of rate-making policy which follows is lim-
ited to the section of the rate structure which affects the
semi-annual and monthly billings; the portion of total costs
which is related to system operation, maintenance, and admin-
istration; and the capital costs of the “basic main facilities.”



This simplification limits policy alternatives to variations in
the practices of levying water and sewer commodity charges,
and fixed service charges. The major variations considered are
related to geographical variation in prices, seasonal price fluc-
tuation, and increasing-block prices, as well as changes in the
portion of costs recovered through the commodity charges.
The policy alternatives studied are listed in Table II-2. The
probable effects of the use of each of these alternate policies
were predicted by simulating the operation of the water-sewer
system for thirty years, as described in Chapter III. The results
of these simulations are presented and discussed in Chapter IV,

ALTERNATIVE

Table 1§-2
Rate-Making Policy Alternatives Studied

DESCRIPTEON

A

Existing Policy: Uniform rates throughout year, uniform rates through-
eut sanitary district, uniform rates for all quantities of. water, com-
modity charges recover all operating and maintenance costs as well as
86 percent of annual capital cost of basic main facllities, service
charges recovar 14 parcent of annual capital cost of basic main faei-
Tities.*

Same as Alternmative A, except that comn'bdlty and service charges are
sepayately calculated for Montgomery and Prince Georges counties, v

Same as Alternative A, except that comedity and service charges are
separately calculated for afght separate service areas,™*

Separate seasonal commedity charges. Summer rates cover proportionate
share of operating and maintenance costs and B6 percent of the annua)
capital cost of basic main facflities; winter rates cover proporticnate
share of operatfng and maintenance costs only. Unifarm rates through-
out sanitary district, unifarm rates during eack season for all quan-
tities of water, service charges recover 14 percent of annual capital
post of basic matn facilitles.

Same as Altermative D, except that summer and winter commodity and
service charges are separately calculated for Montgomery and Prince
Georges counties,

Seme as Atternative D, except that summer and winter commodity and
service charges are separately calculated for efght separate service
areas, ¥

Uniform rates threughout year, uniform rates throughcut sanitary
district, unfform rates for all quantities of water, commodity charges
recover operating and maintenance costs only, service charges recover
100 percent of annual capital cost of basic main facilities.

Same as Alternat{ve G, except that commodity and service charges are
separately calculated for Montgomery and Prince Georges tountfes,**

Tatile I1+2 (continued)

DEfCRIPT[ON

ALTERNATIVE

I

Uniform rates throughout year, uniform rates throughout sanitary
dfstrict, uniform rates for all quantities of water, commodity charges
recover operating and maintenance costs of water system as well as

86 percent of the annual cost of basic main water facilities, service
charges recover operating and mafntenance costs of sewer system,

100 percent of annual capital cost of basfc main sewer faciiities and
14 percent of annual capital cost of basic main water facilities.

Same as Alternative I, except that commodity and service charges are
separately calculated for Montgomery and Prince Georges counties, ¥

Sama as Alternative I, except that separate seasonal commodity charges
are ysed, Summer rates cover a proportionate share of operating and
maintenance costs of water system and 86 percént of annual capital
cast of basic maln water facilities; winter rates cover a propor-
tionate share of operating and mainterance costs of water system onty.

Same as Alternative X, except that summer and winter commedity and
service charges are separately caleulated for Montgomery and Prince
Georges counties.¥*

Uniform rates throughout year, uniform rates throughout sanitary
district, uniform rates for a11 quantities of water except residential
cqstorners Tving 1n single-family dwellings; their rates are set at
less than the reqular commodity charge for all guantities pur-

chased up to some set number of gallons per six months. and at

& level higher than the regular commedity charge for additional
gquantities. Commodity charges yecover all aperating and mainte-
nansce costs as weld as 86 percent of annual capital cost of basic
main facilities; service charges recover 14 percent eof annual capi-
tal cost of basic main facitities,

Same as M, except commodity and service charqes are separately
calculated for Montqomery and Prince Georges counties,**

HOTES: * Allocation of costs of basic main facilities to commodity and servige charges
is merely a convention; service charges are aot dedicated to any specific

purpose.

They are credited to an operating fund from which basic main faci-

lities costs are debited.

** The simulation of policy alternatives invelving geographical divisiots is
based on an arbitrary allocation of capital and ogerating costs to the

service araas involved.

Inplenentation of these policies would require a

major study of costs to permit a more meanfrgful allocation.



CHAPTER THREE
SIMULATION METHOD

WATER/SEWER UTILITY SIMULATION MODEL

The probable effects of the rate-making policy alternatives
listed in Table I1-2 have been predicted with the aid of a
computerized simulation model, This model is intended to re-
flect, in a simplified way, the response of the utility to chang.
ing demands and customer behavior, Its principal features are
described in Appendix B. Briefly, the model begins with esti-
mates of demands, costs, and revenue for the current year, The
expected surplus or deficit is calculated and the demands,
costs, and revenue are estimated for the next year, This pro-

" cess continues for thirty years, Whenever rates must be re-
vised--based on specified criteria-the new rate structure is cal-
culated for the next year and estimates of demands costs, and
revenue are updated accordingly.

At the end of the simulation, thirty-year forecasts of most
parameters are available, including average water use, maxi-
mum day water use, average sewer flow, capital cost, operating
cost, revenue, price, etc. These forecasts are based on the spe-
cific rate-making policy assumed for that simulation. Other
assumptions produce other simulations for comparison in or-
der to reveal the probable effect of each variation in policy.
All of these results are, in turn, dependent upon assumptions
regarding customer behavior and the nature of demand growth
within the uvtility’s service area. The following sections outline
the data collection effort required to support these assump-
tions and to operate the model.

DATA COLLECTION
Existing Water Use Patterns

Demand Sectors

The Water/Sewer Utility Simulation Model permits separate
treatment of up to six categories of water use, excluding
unmetered public/unaccounted uses. This disaggregation per-
mits the simulation to account for variation in customer
behavior, growth rates, and pricing which might be associated
with different use sectors. Table I lists and describes the
watler use sectors which were specifically employed in the
WSSC study.

Since the residential use of water for lawn sprinkling is
known to have a much higher price elasticity of demand than
residential use for domestic purposes, it is helpful to specify
sprinkling use as a separate sector, In this way, the response of
cottsumers to various kinds of seasonal and block pricing struc-
tures can be estimated. Little is known of the nature of sea-
sonal water demands within other sectors; therefore, no fur-
ther distinctions of this type are possible. The separation of
apartment uses into garden and high-rise sectors recognizes
several differences in water use patterns, including the much
higher incidence of central, water-cooled airconditioning units
in the relatively more modern high-rise units. As older, non-
airconditioned walk-up apartment units are replaced by new

Table 111-1
Water Demand Sectors

Sector

Humber  Sector Hame Description

Water used for lawa irrigation and other
putside, seasonal wses by single-family
residences.

1 Residential, sprinkling

Water used within siagle-family residence
for ordinary, non-seasonal, demestic pur-
poses; ingluding cleaning, laundyy and
sanitary uses.

2 Residential, domestic

Water used within apartment complexes not
more then three flocrs high, for both
domestic and seasonal purposes.

3 Apartment, garden

Water used within apartment complexes which
are more than three Fleors high [elevator
apartments), for both domestic and seascnal
pUTPOSES .

4 Apartment, high-rise

Water used for all purposes within commer-
cial (retzil, wholesale, service, recrea-
tiona? activities) and {ndustrial (manufac-
turing, conversien, and processing activi-
ties) establishments.

g Commercial/Industrial

Water used for all purposes within Federal,
State and local government installatiens,
charitable and non-profit institutions,
and cther establishments such as

schools, hespltals, etc.

[ Institutional

facilities, there may be less need to divide apartments into two
sectors.

The combined sector of Commercial/Industrial water use is
justified by the very low incidence in the WSSC service area of
process-water-using industry. As a suburban area containing a
high proportion of commuter households, the service area has
relatively little local industry; it consists largely of “clean”
industry, e.g., laboratories, publishers, bottling plants, bak-
eries, etc. These activities use only small amounts of water for
cleaning, sanitary uses, airconditioning, and lawn irrigation;
only a few industries in the bi-county service area (Montgom-
ery and Prince Georges counties) are known to produce indus-
trial wastes which differ significantly from domestic sewage.
Except for these few, industry does not differ appreciably in
water use and wastewater production characteristics from
commercial enterprises (retail, wholesale, service, and recrea-
tional activities) which make up the bulk of this combined
sector,

Another unique feature of the WSSC service area is the
major role played by institutional water users. Among the
major Federal installations served by the WSSC are the Nation-
al Institutes of Health, NASA, the U.S, Bureau of the Census,
the National Bureau of Standards, the Atomic Energy Com-
mission and the National Ordnance Laboratory. The service
area also includes the University of Maryland and numerous
other schools, hospitals, government offices and public facili-
ties. This concentration of Federal, state, local, and private
institutions is the basis for selecting a separate water use sector

for these activities.
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Analysis of Existing Use

The simulation model requires estimates of existing water
use in each sector for each season, as well as estimates of the
number of customer connections as of December 31 in each
category. This information was obtained by analysis of the
Commission’s billing records for the period July 1971 through
June 1972 (approximate). The required information was ob-
tained for each of the eight service districts described in Table
II-2. This geographical division is facilitated by the organiza-
tion of the Commission’s meter books into these eight divi-
sions, Districts Number 10, 50, and 60 lie within Prince
Georges County, while Number 20, 30, 40, 70 and 80 are
located in Montgomery County.

Table 1H-2
Service Districts

District

Number* Communities**

10 Mount Rainier

20 Takoma Park

30 Silver Spring

40 Glen Echo, Chevy Chase, Bethesda

50 Brentweod, Bladenshurg, Bowie, Seat Pleasant, etc.

60 Fort Washington, Riverdale, College Park, Laurel,
Hyattsvitlie

70 Kensington, Viers Mill Village, Randolph Hills,
Derwood

80 Galthershurg, Germantown, Damascus

NOTES: *District boundaries established by WSSC meter routes.

**Place names asseciated with WSSC districts.

Computer listings were obtained of billing information for
each customer account during the I971-1972 period. The list-
ings for the 204,832 accounts hilled semi-annually were ana-
lyzed by the Commission’s data processing staff; the remaining
2,68 accounts billed monthly were reviewed manually. In
each case the accounts were separated into the demand sec-
tors, as listed on Table III-, and the following information for
each district obtained: average summer use per connection,
average winter use per connection, and number of connec-
tions. In addition, variances were computed for the sectors in
the semi-annually billed category. “Summer” is defined as the
period of April through September, inclusive; “winter” is the
remaining six months. Only a small portion of the semi-annual
accounts are billed at a time which permits identifying the
seasonal uses. The remainder were estimated by extrapolation
from the data available. This procedure overlooks the possibili-
ty of significant variation in seasonal water use ratios among
the districts, but it is the only feasible alternative using the
available data. “Residential, sprinkling” is taken as the differ-
ence between summer and winter residential use; domestic use
is assumed constant over the year. This convention was devel-
oped by Linaweaver ef al. (Linaweaver, Gever, and Wolff,
1966).

Commercial uses were separated from the semi-annual
accounts by two methods: (1) districis with the highest vari-
ances were assumed to contain a relatively large proportion of
commercial accounts and were manually reviewed to separate
these uses, and (2) the remaining districts were estimated from

the results of the manual analyses. All “Residential, sprin-
kling” data were normalized to weather conditions similar to
the years 19611963, an adjustment based on previous work
which established a linear relationship between actual sprin-
kling use and the theorctical sprinkling requirement--the differ-
ence between summer potential evapotranspiration and six-
tenths summer precipitation (Linaweaver, Geyer and Wolff,
1966). Summer evapotranspiration in the WSSC service area for
the year 1971, computed by a modified Thomthwaite method,
was 25.51 inches, The difference between potential evapotrans-
piration and six-tenths precipitation is 25.51 - 0.6 (30.92), or
6,96 inches. The comparable figure for 19611963 is 17.09
inches, a level more typical of recent decades. Based on these
chimatic measures, sprinkling use in 1971 was estimated at 41
percent of that experienced ten years earlier {other variables
held constant). This result was used to adjusi all measured
“Residential, sprinkling” uses to normalized “Residential,
sprinkling” uses, Forecasts based on these normalized levels
should provide “normal” estimates of sprinkling use; actual
levels can, of course, be expected to excecd the forecast in dry
years and to fall short in wet years,

The average annual water use observed during 19711972 for
each sector and each district is reported on Table I11-3. These
data are given in terms of gallons/connection/day for the en-
tire year, The unmetered sector of use~the public/unac-
counted category--does not appear on this table. The uses
shown comprise the metered water sales of the utility, which
have historically made up about 90 percent of the total water
produced. Public/unaccounted uses are estimated at approxi-
mately 10 percent of total water production, or 11.1 percent of
metered water sales, Table 1114 lists the number of customer
connections in each user sector and each district.

The ratio of summer water use to winter water use fs re-
ported in Table III-5 for each sector, except residential; and
each district. The residential sectors are not included since the
summer-winter separation is implicit in the computation of

Table i1i-3
Average Water Use Data — 1971-1972

lise Service Districts

Sector - 10 20 30 40 5¢ 60 70
Residential, sprinkling** 55 8 76 80 78 71 82
Residential, domestic 201 246 276 291 282 259 246
Apartment, garden B80S 1363 21243 12113 20121 15297 20769
Apartment, high-pise 23286 22162 25389 36011 33540 26581 43048
Commarcial/Induscrial 3234 2925 3531 4243 4436 2ay 4168
Institutiona) -0- 12600 39849 137645 36012 B736) 151483

lise Service Districts {continued)

Sector 80
Residential, sprinkling** 54
Residential, domestic 232
Apartnent, garden 28493
Apartment, high-rise 32616
Comerciai/Industrial 5082
Institutional 336297

HOTES:  * Water use expressed as gallons fconnection/day, annual average.

** Residential sprinkling water use is normalized to 1961-1963 weather
conditions.



Tabtle I11-4
Customer Connections — 1971-1972

Service Districts
Use
Sector 19 0 30 40 50 60 7o 80 Totals

Residential,

Single-family 1360 2610 48556 16588 69279 40744 1B146 5049 202332
Apartment,
Garden 13 45 110 64 457 450 100 14 1293
Apartment,
High-Rise 1 kL % 34 33 40 26 k] 252
Commercial/
fndustrial 47 49 554 515 849 614 232 169 3029
Institutionatl -0- 3 n 8 15 39 15 3 94
TGTALS 1421 2741 49306 17209 70679 41887 18539 5238 207006

sprinkiing uses as a separate sector. Although actual ratios
were available for all monthly accounts, they could not be
measured for most semi-annual customers; these ratios were
estimated, based on those observed for similar uses. No nor-
malization was attempted for sectors other than residential,
since little is known of the nature of seasonal uses in these
sectors. If they respond to climate in a manner similar to
single-family residential sprinkling use, the ratios given may be
underestimated. In the context of this study, such an estima-
tion tends to understate the differences between alternate rate
structures; i.e., producing a conservative assumption.

Finally, Table III-6 presenis the average and maximum day
‘water use estimates implied by data given on Tables I11-3, 1114
and HI-5, These figures include public/funaccounted uses and
are given in millions of gallons per day (MGD). The annual
average is the simple mean of the winter and summer averages,
since in this model the seasons have the same length, Maxi-
mum day uses are calculated as 1,67 times the annual average
use. These estimates are subsequently revised by the simula-
tion model, as described in Appendix B. Since the actual maxi-
mum day is related to a number of factors which are not
included in the model (e.g., length of most extreme dry spell,
maximum day evapotranspiration, coincidence of extreme
weather conditions with weekend or holiday, etc.), maximum
day estimates are at the mid-point of a range of possible maxi-
mum day use levels. Montgomery and Prince Georges counties’
figures were obtained by combining the appropriate service
districts, as described above,

Water Use Forecasts
Connection Forecasts

The simulation model requires a base forecast of water use;
ie., estimates of future levels of water use which would be
expected if there is no change in the real price of water/sewer
services, These estimates can be stated as the product of two
components: (I) the expected number of cusiomer connec-
tions in each sector, and (2} the expected average water use
per connection, The number of connections expected at any
future time varies in response to development patierns and
changing service area characteristics, while average water use
per connection reflects trends in life-style, technology, and
existing incentives for greater or less water use (including
price). When combined, these factors produce an estimate of
future water use which embodies all such considerations,

Table [il-b
Summer/Winter Use Ratios

Use Service Districts
Sector 10 20 30 40 50 60 70 8¢

Apartment,
Garden .05 1.0 132 1.3 1.7 1.06 1.20 1.05

Apartment,
High-Rise 1.1 e 110 113 1.39 1.13 0 1.2 1.06

Commercial/
Industrial 1.18 1.0 1.27 145 1.6 1.10 1.45 1.05

Institutiopal 1.70 0.85 1.05 1.5 1.26 1.02 1.25 1,10

Tabhle 1i1-6
Estimated Water Production
by District — 1971-1972

District Minter Average Summer Average Annual Average Maximum Day

10 0.58 0.78 0.68 1.13
20 2.21 2.79 2.50 4.17
klig 21.80 31.00 26.40 44.00
L1 10.40 15.10 12.70 21.20
50 37.60 52.50 45.10 75.10
60 26.10 33.50 29.80 49.70
70 12.30 17.20 14.80 24.60
BO 3.84 4,74 4.2% 7.18
Prince 64.30 86.9 75.60 126,00
Georges
County
Montgom- 50.50 69.8 60.10 100.20
ery
County
TOTAL** 114.80 157.4 136.10 226.80

NOTES: * All figures in million gallons per day.
** Columns may not add to total because of rounding errors.

Forecasts of customer connections depend upon a number
of assumptions. One of the most important ones concerns the
relationship between the nature of service area development
and the operating policies of the water/sewer utility. The utili-
ty’s water and sewer main extension practices, for example,
influence the rate of growth of the area as a whole, as well as
land use patterns within the area. In the case of Montgomery
and Prince Georges counties, the rapid growth of apartment
units within the Commission’s service area is almost certainly
related to the availability of public water and sewerage. Many
types of commercial and industrial activities are strongly influ-
enced in their locational decisions by this consideration. The
availability of these services may also affect the pattern of
growth of single-family dwellings, certainly with respect to
density.

The same line of reasoning may be used to predict that
growth patterns and rates will also be affected both by the
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cost of water and sewer services and by the rate-making policy
adopted by the utility. This effect, although present, is usually
considered to be quite small due to the insignificant portion of
average lhiousehold or commercial activity budget allocated to
water and sewer taxes, assessments and rates. Only certain
types of manufacturing industries use water and sewer services
in quantities which require special consideration of cast, In
general, this type of industry is not found in the WSSC service
area,

In preparing the connection forecasts described here, three
assumptions have been made: (1) that present extension poli-
cies of the WSSC will be continued, (2) that rate-making poli-
cy selected by the WSSC will have no significant effect on the
development of the service area, and (3) that no major change
in the present boundaries of the service area will occur, Fore-
casts of residential, garden apartment and high-rise apartment

connections were based on the predicted resident population
in the service area and assumptions regarding the changing mix
of housing stock. The forecast methodology is detailed in Ap-
pendix A to this report, Commercial/industrial and institution-
al connections were forecast by extrapolating past trends while
adjusting for overall rates ol growth in each district. The as-
signment of population growth and other trends to various
districts was. of necessity, somewhat arbitrary. It was assumed
that areas closer to the District of Columbia will experience
little expansion of single-family dwelling growth, significant
increases in apartment units and relatively mild rates of overall
population growth. The major share of growth in population
and in number of single-family units is expected to occur in
outlying districts where tracts of undeveloped land remain.
The forecasts of connections, disaggregated by water use
sector and by district, are presented as Table [1I-7. The actual

Table 111-7: Connection Forecasts by Sector and District — 1972-2007

District Counties
Sector Use Year 10 20 30 0 50 60 70 80 P.G.Cty. Mo.Cty. TOTALS
RESIDENTIAL, 1972 1360 2610 48556 16558 69279 40744  1B146 5049 111383 90949 202332
SINGLE-FAMILY 1977 1376 2641 54844 18717 81580 48009 22696 10747 130965 109645 240610
. 1982 1389 2662 61132 20876 93896 55274 26449 15342 150559 126461 277020
1987 1397 2671 67410 23039 106089 62535 30040 18245 170021 141405 311426
1692 1409 2678 73689  2B203 118282 69796 33640 21332 189487 156542 346029
1997 1442 2676 79980 27381 130444 77080 37229 24134 208986 171400 380386
2002 1475 2654 B6276 29560 142606 84364 40823 27264 228445 186577 415022
2007 1510 2700 92638 31530 158803 91682 44450 29900 251995 2012318 453213
APARTMENT, 1972 13 45 110 64 497 450 100 14 360 333 1293
GARDEN 1977 14 48 138 67 608 517 130 24 1139 407 1546
1982 14 50 166 70 719 584 139 27 1317 452 1769
1987 15 49 204 72 Bg6 630 132 29 1531 486 2017
1992 15 51 242 74 1083 677 119 30 1745 516 2261
1997 15 53 290 74 1218 692 110 3 1925 558 2483
2002 15 58 338 74 1382 707 102 33 2104 605 2709
2007 15 57 385 74 1541 722 97 34 2278 647 2925
APARTMENT, 1872 1 34 75 34 39 40 26 3 80 172 252
HIGH-RISE 1977 1 36 95 38 74 64 37 ) 139 210 349
1982 1 38 116 42 108 88 43 5 197 244 a4
1987 1 38 140 45 160 m a7 5 272 275 547
1992, 2 405 174 48 2N 135 48 6 348 316 664
1997 2 43 214 50 278 156 48 6 436 351 797
2002 3 46 254 52 345 177 49 7 525 408 933
2007 3 47 295 54 413 198 49 7 614 452 1066
COMMERCIAL / 1972 47 49 554 515 849 614 232 169 1510 1519 3029
INDUSTRIAL 1977 48 50 644 599 1003 725 290 242 1776 1825 3601
1982 49 51 735 683 1157 B37 339 304 2043 212 4155
1987 50 51 806 749 1311 947 389 366 2308 2361 466%
1992 51 52 878 816 1464 1058 i4 427 2573 2614 5187
1997 B2 52 946 879 1617 1169 497 489 2838 2863 5701
2002 53 52 1015 943 1770 1281 556 550 3104 3116 §220
2007 55 53 1127 1006 1935 1390 612 615 3380 3413 6793
INSTITUTIONAL 1972 -0~ 3 11 8 15 39 15 3 54 40 94
1977 -0~ 3 15 11 17 45 15 3 63 47 10
1982 ] 3 .19 15 20 53 16 3 74 56 130
1987 1 3 22 17 22 59 17 4 g2 63 145
1992 2 4 25 19 25 65 17 4 92 69 161
1997 z 4 28 21 27 71 18 4 100 75 175
2002 3 4 31 23 30 78 19 5 111 g2 193
2007 3 4 34 25 32 84 20 5 119 B8 207
Totals 1872 1421 2741 49306 17179 70679 41887 18519 5238 113987 93013 207000
1977 1439 2778 55736 19432 83282 49361 23168 11020 134082 112134 246216
1982 1454 2804 62168 21686 95900 56836 26986 15681 154190 129325 283515
1987 1464 2812 68582 23922 108468 64282 30625 18649 174214 144590 318845
1992 1479 2825 75008 26160 121635 71731 34265 21799 194245 160057 354302
1997 1513 2828 B145B 28405 133584 79168 37902 24664 214285 175257 389542
2002 1549 2814 87914 30652 146133 BB607 41549 27859 234289 190788 425077
2007 1586 2861 94479 32689 162724 94076 45228 30561 258386 205818 454204



increases in number of apartment units are understated by
these figures since the average number of units per apartment
complex is assumed to be increasing concurrently; e.g., in Dis-
trict 60 the average size of garden apartment complexes is now
75 units and by 2007, it is expected to be 1O units. Where
current apartment stock is dominated by a few very large com-
plexes, the average size is expected to diminish over time. The
overall trend, however, appears to be a moderate increase in
average size as older, smaller units are replaced by modein,
large-scale multiple-building complexes. As required by the
simulation model, forecasts are presented for five-year inter-
vals over a total time span of 35 years.

Forecasts of Use Per Connection

Estimates of future water use per connection in a particutar
sector must include many variables, In-the “residential, domes-
tic” sector, average water use per connection is related to aver-
age number of persons per household, life-style, availability of
water-using fixtures and appliances, price of water and any
restrictions or constraints on water use that may be in exis-
tence; e.g., the “Residential, sprinkling” water use sector results
from the existence of irrigable lawns and gardens, seasonal
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weather conditions and such variables as price of water. Water
used in apartments, whether high-rise or garden type, depends
largely on these same factors, but also on number of apart-
ment units per connection. Commercialfindustrial water use
per connection is related to types and sizes of
commercial/industrial establishments, as well as the nature of
water use within each one. An increase in averagé size of a
retail store, for example, might result in sharply rising quantity
of water used per connection without any actual change in
water use practices. Institutional water uses are similarly de-
pendent upon size of institutional establishments as well as on
the level and nature of their water-using activities.

The base forecast of water use required by the simulation
program comnsists of future use estimates within each sector
assuming static real price of water and sewer services. The
influence of price on water use per connection may, therefore,
be neglected. The remaining considerations were reduced to
assumptions regarding rate of growth in use per connection,
Various growth rates were selected for the individual sectors
and districts based on expectations of changes in the mix and
size of apartment, commercial{industrial, or institutional es-
tablishments, as well as trends in water use practices. The fore-
casts used in the simulation are displayed on Table I11-8. Pre-

Table 1-8; Average Water Use per Connection by Sector and District — 1872-2007

{water useoin gal/connection/day}

istricts Counties

Sector Use Year 10 20 30 40 50 60 70 80 P.G.Cty. Mo.Cty. TOTALS
RESIDENTIAL, = 1972 256 377 352 371 360 330 378 296 348 358 352
SINGLE-FAMILY 1977 263 386 361 380 369 338 384 306 357 364 360
1982 269 396 370 390 378 347 391 316 366 372 369

1987 276 406 379 400 388 356 396 327 375 380 377

1992 283" 416 389 410 398 365 403 337 385 389 387

1997 290 427 399 420 408 374 410 349 395 398 396

2002 298 437 409 431 418 383 416 360 404 307, 405

2007 305 449 41¢ 442 429 393 423 373 415 817 416

APARTMENT , 1972 6805 7363 21243 12713 20121 15297 20769 28493 17679 17890 17733
GARDEN 1977 7575 7549 21997 13034 20732 15683 21296 29216 18279 19019 18474
1982 7961 7960 22778 15186 21362 17152 22047 29955 19353 20167 19561

1987 8686 8841 23587 15569 22010 18684 23453 31130 20511 21326 20707

1992 9129 9762 24424 17550 21648 20293 24269 34017 21015 22694 21398

1997 9595 10723 25291 18002 22306 21950 25776 36591 22079 23664 22435

2002 10084 11727 26189 20135 21881 23689 26662 37967 22406 24784 22937

2007 10515 12020 27119 20644 22553 26716 28500 41159 23793 25993 24280

APARTMENT , 1972 23285 22162 25399 36011 33640 26587 43048 32616 29984 29651 29757
HIGH-RISE 1977 23300 22732 26695 36921 35356 27531 44140 33443 31666 31068 31306
1982 23400 24601 28056 29685 35470 28508 45257 34290 32299 32679 32509

1987 23500 25222 29487 40687 35505 30504 46402 35157 33420 33724 33573

1992 23500 29125 30092 44924 35450 31587 47576 36047 33883 35487 34646

1997 25000 31256 32572 46059 35297 32708 48779 36959 34323 36511 35314

2002 25000 34334 34234 63968 35037 34962 50013 37894 34954 38718 36600

2007 27000 35200 35980 65331 34658 36203 51300 38845 35119 39916 37153

COMMERCIAL/ 1972 3234 2925 3531 4243 4436 3287 4168 5082 3931 4023 3977
INDUSTRIAL 1977 3571 3024 3717 4459 4662 3455 4310 5211 4140 4232 4187
1982 3942 3127 3900 4687 4900 3631 4456 5343 4357 4433 4396

1987 4353 3233 4099 4926 5150 3816 4607 5478 4585 4640 4613

1992 4805 3343 4308 5177 5413 4011 4763 5616 4824 4851 4838

1997 5306 3456 4528 5441 5689 4215 4924 5759 5075 5068 5071

2002 5858 3574 4759 5719 5979 4430 5091 5905 5338 5291 5314

2007 6366 3696 5002 6011 6284 4894 5265 6053 5714 5516 5615

INSTITUTIONAL 1972 50000 12600 39839 137645 36012 B7361 151463 336297 73097 109550 93674
1977 50000 13028 41264 141122 37290 9n462 159220 344826 76114 119855 94803

1982 50000 13470 42728 144687 38614 93674 167341 353550 78203 120726 96521

1987 50000 13927 44245 148341 39985 96999 175875 362495 81129 126616 100892

1992 51000 14400 45816 152089 41405 100443 184844 371666 83325 126401 101786

1997 56000 14889 47443 155930 42874 104008 194272 381069 86542 128115 104788

2002 61000 15395 49127 159869 44396 107701 204180 390710 89329 135298 108860

2007 15916 50871 163907 45972 111524 214500 400463 92749 138446 112176

66000
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dictions are made at five-year intervals over 35 years. Data
reported for 1972 are calculated from actual water use infor-
mation.

Elasticity Assumptions

Each individual water user can be expected to respond dif-
ferently to any change in the price of water, the response
being related to quantity of water used, the value placed by
the user on the service, the relative cost of water compared to
other commodities and services which he purchases, etc. In
order to estimate the effect of price changes on total water
use, it is necessary to aggregate individual users with others
likely to exhibit similar behavior. The water demand sectors
described in Table I represent one possible classification of
water uses. Within each sector, response to price changes by
users varies-some making considerable changes in quantity of
water demanded, while others do not alter use patterns at all.

The overall effect of these actions can be described as a
negative functional relationship between the price of water
and the quantity demanded within any one sector: as price
rises, the quantity demanded falls. This relationship is mea-
sured by the price elasticity of demand; as defined eatlier, this
182

the percentage change in quantity demanded resulting from

a one percent increase in price.

Price elasticities were measured for several demand sectors
by Howe and Linaweaver (1967): residential, sprinkling; resi-
dential, domestic; and residential, maximum day sprinkling,
Their estimates are: -1.6, -0,2 and 4.3, respectively; i.e., a one
percent increase in price can be expected to reduce average
sprinkling uses 1.6 percent, domestic uses 0.2 percent, etc. The
separate estimate for maximum day sprinkling uses recognizes
that extreme behavior (the behavior of residential water users
on the day of their maximum use of water during any year) is
likely to be less responsive to price than overall behavior.

Estimates of elasticities in other sectors have been proposed
by various investigators; a limited amount of research has been
undertaken to verify these estimates (Hittman Associates,
1970}, In general, it can be assumed that the elasticity of do-
mestic uses within apartment vnits is somewhat less than that
measured for domestic use in single-family dwellings. This is
due to the fact that apartment dwellers normally pay the wa-
ter bill only indirectly (via the rent payment) and are likely to
be less conscious of the impact of higher price. The seasonal
uses associated with apartments are composed mainly of lawn
irrigation and airconditioning, which are under the control of
the building management. These uses can be expected to re-
spond appreciably to price changes, although perhaps not as
strongly as single-family residential sprinkling uses,

Commercial, industrial and institutional water uses are not
expected to exhibit high elasticities. Since little process water
is used in the WSSC service area, substitutions for water use in
these sectors are limited and the cost of water and sewer ser-
vice is an Insignificant item in the budget of the average retail
store, office, or institution. Institutions, in particular, are ex-
pected to be relatively insensitive to price changes, even with
respect to seasonal uses. This follows from government owner-
ship of many of these establishments and the associated bu-
reaucracy which provides little incentive for cost-saving. The
seasonal component of commercial and industrial water use
may be somewhat more sensitive to price, since uses such as
lawn irrigation and airconditioning have many possible substi-
tutions, The price elasticities of demand assumed for each wa-

ter use sector, including maximum day residential sprinkling
uses, are listed in Table III-9, These estimates are intended to
refer to establishments and water uses now in existence.

An additional problem is presented by the prospect of
further construction and development in the service area, As
new residences, apartments and commercial establishments are
designed and built, choices must be made regarding plumbing
fixtures, water-using applances, and such factors as the acre-
age of irrigable lawn. If water and sewer services continue to
become more expensive and if public awareness of water sup-
ply problems is maintained or increased, it is reasonable to
assume that more attention during planning will be given to
the water-using potential of new facilities, The effect of this
attention will be to provide more substitutions for water use,
permitting individual users 10 make larger reductions in water
use in response to increasing price, without sacrificing impor-
tant values or conveniences, Stated another way, water use in
new structures and facilities will probably exhibit a somewhat
higher price elasticity of demand than comparable use in exist-
ing factlities, Table FIH-10 lists the elasticity assumptions made
for water use associated with new or remodeled structures.

To develop estimates of price elasticity for each district and
sector, the expected mix of new and previously existing strue-
tures must be estimated. Elasticities at the present time are
those shown on Table I11-9, These will steadily increase as new
buildings are added to the total stock. Unfortunately, the
simulation program, at its present stage of development, does
not permit elasticities to vary over time. Instead, the elastici-
ties estimated to be in effect on the tenth year of the simula-
tion (1982) were employed over the entire thirty years. This
approximation serves the central purpose of revealing the dif-
ferences between the varlous districts, and of predicting the

Table 111-9
Price Elasticity of Demand
Assumptions — Existing Structures
Summer Season

Sector Use Winter Season

1 Residential, sprinkling

{average day) ] n.a. ~1.6
[maximun day) n.a. -1.3

2 Residential, domestic -0.2 ; =0.2
3 Apartrent, garden -0.1 -0.14
4 Apartment, high-rise -0.1 : 0.7
5 Commercial/Endustrial -0.2 i -0,2%

[ Institutionat =3,3 -0,
i} g/Q(IVﬁ\

g
Table 1H-10

Price Elasticity of Demand Assumptions
~ New or Remodeled Structures
Summer Season

Sector Use Winter Season

I Residential, sprinkiing

{average day} n.a. } -1.7

(maximum day} n.a. -1.4
2 Residential, domestic -¢.4 -0.4
3 Apartment, garden -0.3 «0.3
4 Apartment, high-rise (.3 -0,.33
5 Commercial/Industrial -G.4 ~3.43
6 Institutional -0.3 ~0.3



Table 111-11: Price Elasticity of Demand Assumptions by Sector, Season and District
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Districts Coﬁnties

Sector Use Season 10 20 30 40 50 60 70 80 P.G.Cty iM.Cty,- TOTAL
1 Residential, sprinkling

(average day) Winter | n.a.} n.a.| n.a.| n.a.| n.a.} n.a.| n.a.{ n.a. n.a. n.a. n.a.

Summer |-1.60]-1.60|-1.62|-1.62(-1.63]-1.63}{-1.63{-1.67] -1.63 -1.63 -1.63

{maximum day) Winter n.a.| n.a.0 n.a.} n.a.| n.a.| n.a.{ n.a.| n.a. n.a. n.a. n.a.

Summer |-1.30{-1.30{-1.38}-1.32[-1.33|-1.33|-1.33{-1.37} -1.33 -1.33 -1.33

2 Residential, domestic Winter !-0.20{-0.20}-0.24|-0.34|-0.25{-0.25/-0.26]-0.33] -0.25 -0.25 -0.25

Summer | -0.20|-0.20]-9.24]-0.34{-0.25|-0.25]-0.26}-0.33| -0.25 -0.25 -0.25

3 Apartment, qarden Winter |{-0.10{-0.13|-0.17]-0.12|-0.16{-0.14(-0.16}|-0.20| ~0.15 -0.15 -0.15

Summer |-0.10(-0.12{-0.19|-0.15|-0.19{-0.18}-0.19{-0.22; -0.19 -0.18 -0.19

4 Apartment, high-rise Winter [-0.10{-0.12]-0.17}-0.14|-0.23|-0.21}{-0.18]-0.18] -0.22 -0.16 -0.19

Summer |-0,20{-0.19(-0.23|-0.20{-0.27|-0.26{-0.23|-0.23] -0.27 -0.22 -0.24

5 Commercial/Industrial Winter [-0.20(-0.21}-0.25(-0.25|-n.25}-0.25|-0.26}-0.29| -0.25 -0.26 ~-0.25

Summer |-0.30(-0.28(-0.32{-0.32]-0.33|-0.33}-0.33]-0.35} -0.33 -0.33 ~0.33

6 Institutional Winter |-0.301-0.30(-0.30,-0.30|-0.30}-0.301-0.30{-0.30{ -0.30 ~0.30 -0.30

' Suymmer |-9.30(-0.30(-0.30(-0.30]-0.30{-0.30(-0.30}-0.30| -0.30 -0.30 -0.30

general effect of price changes without excessive error at either
end of the study period. The price elasticity of demand as-
sumptions used for each sector and district are displayed on
Table III-11.

'Capital Cost Forecast

To provide public water and sewer service requires a sub-
stantial investment in physical facilities. Many utilities recover
a portion of this investment through the variable and fixed
charges that appear on the periodic bill received by utility
customers. The WSSC finances its “basic main facilities (treat-
ment plants, pumping and storage facilities, and transmission
mains)” in this manner. As the size of the service area and the
quantities of water and wastewater processed increase, the
investment in physical facilities must keep apace, Further-
more, as existing facilities deteriorate or become obsolete,
they must be replaced and the cost of those replacements
recovered. _

To estimate capital costs associated with future levels of
water use and wastewater production, the Water/Sewer Utility
Simulation Model requires a base forecast of capital costs for
both water and sewer “basic main facilities.” These capital
charges are expressed on an annualized basis, so that the cost
of any particular component is spread over its probable uscful
life. A pumping station costing $100,000 with an expected life
of 50 years is considered to represent an annual capital cost of
$6,344 (assuming an interest rate of 6 percent). This annual
cost is the amount required each year to repay a loan of
$100,000 at 6 percent in 50 years. The pumping station could
then be replaced, a new loan negotiated, and the payments
would continue.

Waterfsewer utilities are more accustomed to the terms and
repayment conditions of municipal-type general obligation and
revenue bonds, which, almost universalty, fund major con-
struction activities. In the case of the WSSC the annual debt
gervice (interest plus principal repayment) required by the Wa-
ter Supply and Trunk Sewer bonds is an adequate approxima-

tion of the annualized capital cost of water and sewer “basic
main facilities,”” A forecast of capital cost for water and sewer
facilities can be prepared by predicting the annual total debt
service requirements for these classes of bonds,

The base forecasts of capital cost must correspond to the
base forecasts of water use, Water capital costs are assumed to
be primarily related to the maximum day water demand, al-
though they are clearly affected by other considerations,
Sewer capital costs are more difficult to correlate with demand
predictions, The major sewer facilities-treatment plants,
pumping station and major interceptors-must be sized to ac-
commodate peak flows. Peak flows can be reasonably corre-
lated with maximum day flows, but these are not clearly relat-
ed to water use patterns, Considerable ground water and sur-
face runoff are known to enter most sewerage systems, The
WSSC’s system is no exception. Total monthly flows frequent-
ly reach a peak during February, a month characterized by
high ground water tables and frequent freeze-thaw cycles. Win-
ter sewage flows are generally higher than summer flows, ak-
though the quantity of Commission-supplied water returning
through the sewer is probably lower in the winter, under uni-
form prices. !

The sewage arriving at the treatment works can be consid-
ered to have two components: (I} the contribution to the
sewerage system of the homes and businesses connected to the
littes, and (2) the ground and surface water entering the system
at other points. The first component is slightly seasonal, reach-
ing a minimum in the winter; the second is highly non-uni.
form, appatently peaking during the winter. To produce esti-
mates of sewer capital costs, the average winter day water
demand was used as a proxy for sewer flows. Examination of
the results suggests that this assumption does not lead to signi-
ficant errors. A more careful evaluation would require that
before the capital cost of sewer facilities is estimated, each
year’s predicted sewer flow contribution be studied in detail
and combined with estimates of infiltration volumes and sea-
sonal patterns.

The forecasts of water and sewer capital costs associated
with maximum day water demand and average winter day wa-
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ter demand, respectively, are shown as Table I11-12, These were
prepared by analyzing the Ten-Year Water and Sewerage Plan
and the Six-Year Capital Improvements Program of the WSSC,
making suitable adjustment for such technology shifis as the
introduction of advanced waste treatment and extrapolating
facility construction trends for thirty years. The major in.
crease in sewer capital cost occurring between 1973 and 1976 is
intended to reflect the construction of additional sewage treat-
ment capacity and the provision of advanced treatment.

Table 11§12
Base Forecast of Water and Sewer
Capital Costs — Total Area

Year Water Sewer
1972 8,612 4,159
1973 9,100 5,900
1974 14,400 21,400
1975 16,000 32,700
1976 17,500 39,100
1977 18,000 43,100
1978 18,600 45,200
1879 19,250 47,300
1980 - 19,800 49,000
1981 20,600 50,800
1982 21,300 52,500
1983 21,800 54,000
1984 22,400 56,000
1985 23,000 57,800
1986 23,600 59,500
1587 24,300 61,500
1988 24,8060 62,500
1989 25,500 65,000
1990 26,100 66,500
1991 26,600 68,000
1992 27,250 70,000
1693 ‘ 27,800 72,000
1994 28,500 73,800
1995 29,000 75,000
1596 29,600 17,500
1997 30,100 79,000
1998 30,800 80,500
1999 31,300 82,500
2000 32,000 84,000
2001 32,500 86,000
2002 33,000 88,000

*Dollars spent per annum.

The costs shown apply to the entire service area of the
WSSC. No estimates are available for smaller areas because of
the joint nature of almost all major capital costs. The process
of allocating the cost of a treatment plant or transmission
main among several districts or jurisdictions was not attempted
due to its complexity and the time required, To perform dis-
trict and county simulations, a completely arbitrary allocation
was made: each capital cost estimate was divided among the
districts in proportion to the total number of connections in
cach. As with other assumptions described above, this one was
found to have a minor impact on the results of the study, but
it should be carefully re-examined before more detailed studies
are attempted.

Other Data Requirements

Operating and Maintenance Costs
The other major category of costs recovered through vari-

able and fixed charges for water and sewer service includes the
cost of operating, maintaining and administrating the utility,
This category of cost has been studied by Hittman Associates
(1970) in 46 randomly selected water and water/sewer utilities,
who found that operating and malntenance costs vary with
such factors as the average water demand (sewer flow), the
maximum day water demand, the service area population, and
the number of customer connections served. Although the in-
fluence of these factors showed substantial similarity from
utility to utility, the overall level of costs varied considerably
as a result of local conditions,

Operating and maintenance cost forecasts for the WSSC
were made by use of a cost model, that described in Appendix
B, which contains the various terms known to influence these
costs. The model includes a constant which sets the overall
price level. This constant was computed to duplicate fiscal
year 1972 costs, given the levels of the other variables in 1972,
The simulation program was arranged to increase the value of
the constant by 50 percent prior to the year 1974, an increase
which approximates the upward shift in operating cost pri-
marily related to the installation of advanced wastewater treat-
ment facilities which the WSSC prajects for that year. Operat-
ing costs are allowed to remain at the high level throughout
the simulation, varying in response to shifts in demand, popu-
lation, and number of connections.

Rate Review Trigger Points

The simulation model is arranged to review the level of the
water and sewer rates automatically every five years, unless
triggered at an earlier time, The trigger points are related to
the level of the cumulative surplus or deficit resulting from
rate structures in effect. When a maximum permissible surplus
or a maximum permissible deficit is exceeded, the rate review
process is initiated. The maximum levels of surplus and deficit
were set at about one-sixth and one-third of the total capital
cost expected in the first year (1972), respectively. This specifi-
cation is arbitrary, but it does not appear to affect the results
of the study in any measurable way. For the total area, the
maximum cumulative surplus permitted without rate review is
$2,000,600; the maximum cumulative deficit permitted is
$4,000,000. Proportionate limits were set for the counties and
districts.

Population Foracasts

A forecast of service area population must be provided for
each district simulated. These forecasts were obtained by dis-
aggregating a population forecast for the total service area, The
source of this total forecast is discussed in Appendix A. Dis-
aggregation began with estimates of 1972 population in each
district, described in Appendix A, and employed assumptions
regarding differential growth rates. These assumptions were
similar to those employed in the preparation of connection
forecasts, discussed above. The population forecasts for the
districts, counties and the total area are listed on Table III-13.

Base Year Prices

The simulation program begins with the price of combined
water and sewer service in the base year, maintaining that price



Table 111-13
Popufation Forecasts by Sector
and District — 1972-2007

br. Geor. Hortgom.

Year 30 20 3 4 50 _6 _Jo _B80  County Lounty  Total
1972 7.62 1%.52 243.6 60.% 4363 260.8  88.1 25.2 705 566 12N
1977 7.82 20,08 278.9  91.5 528.0 309.8 124.4 52,2 :L13 567 1413
1982 7.89 20,84 N43 1021 517.6  363.6 146.5 733 §89 657 1,646
1987 8.6 20,91 35L5 1128 7215 416.2 160.5 86,5 1.146 732 1,878
1992 8,39  22.26 3%0.6 1232 814,94 469.3 176.2 1009 1,292 812 2,104

1997 B.60 23.38 4121 1313.3 912.9 51,5 1367 113.8 1,444 an 2,338
2002 24,95 24,88 4737 1446 1,007.3 567.3 2059 i23.2 t,584 977 2,581
2008 9.0 25.46 507.2 §52.6 1,100.0 6i1.3 2.7 1380 1.721 1.042 2,763

*A51 popurtatien figures in 1,000's.

for as long as possible, then recomputing futuxe prices. The
base year price in effect in the WSSC service area was $0.385
per thousand gallons for water service and $0.28 per thousand
gallons for sewer service, totalling $0.665 per thousand gal-
lons. Since the WSSC now employs uniform pricing over all
demand sectors and use quantities, this price applies to all
customers.

SPECIAL INSTRUCTIONS

The Water/Sewer Simulation Model predicts the probable
effect of twelve alternate rate-making policies, based on data
collected for the WSSC service area. These policies are de-
seribed in Chapter II, Table 1I-2, Alternatives A through L. In
addition, the two policy alternatives M and N in Table 1I-2
were reviewed by comparison to simulation model results
without actually simulating them. For purpeses of predicting
the effect of each policy, the simulation model requires the
basic data described above, as well as special instructions
which characterize the rate-making policy under consideration.
Alternatives are briefly reviewed here,

Alternatives A, B and C

Alternative A, the existing rate-making policy of the WSSC,
is simulated by providing the data for the total service area,
setting the FF variable (fraction of fixed costs recovered
through fixed charges) equal to 0.4, and specifying uniform
prices. Alternative B employs the same instructions, except
that the program is run twice, once with data from each coun-
ty. These results are combined to produce estimates for the
total service area. Alternative C employs district data, and the
simulation model must be run eight times, once for each dis-
trict, The combined results are then comparable to those from
Alternatives A and B.

Alternatives D, Eand F
These alternatives are simulated exactly as the alternatives
A, Band C, except that seasonal prices are specified.
Alternatives G and H

 Alternatives G and H provide for average variable cost pric-
ing; all operating and maintenance costs are recovered through
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the commodity charge, while fixed charges are levied sufficient
to recover capital costs. The FF variable is, therefore, set equal
to 1.,0. Alternative G uses data for the total service area and
uniform prices are specified. Alternative H uses county data,
and the results are combined for comparison to G. Seasonal
prices have no application under these assumptions, since capi-
tal costs are always recovered through fixed charges and never
enter into commodity charge computations.

Alternatives i, J, K and L

These alternatives assume that the commodity charge is
used to recover the operating and maintenance cost of water
supply only, as well as 86 percent of the capital cost of water
facilities. Fixed charges are levied to recover the total costs of
sewer service, as well as the remaining 14 percent of water
capital costs. This corresponds to the practice of many munici-
palities of charging a flat rate for sewer service orincluding it
in the general tax bill. All four alternatives require that the
computer program be modified to reflect this rate-setting log-
ic. After these modifications are made, the FF variable is set at
0.4; data from the total service area is used for Alternative I,
data from the counties is used for Alternative J, and the uni-
form pricing model is specified. Alternatives K and L are iden-
tical, except that the seasonal pricing model is employed.

Alternatives M and N

The Impact of seasonal prices can be approximated by cre-
ating a suitable increasing-block rate structure. As contem-
plated here, this structure employs uniform rates derived ex-
actly as those in Alternatives A or B for all customers except
single-family residences. This group of customers would face a
two-part rate structure: the first block would cover all water
used per six months up to a quantity approximating the aver-
age winter use; and the second includes all additional water use
in any six-month period. The price of water in the first block
is less than that paid by other users, and the price for the
second is greater. By suitable adjustment of the block sizes and
the price levels, the average price of water sold to single-family
residences may be equal to that purchased by other customers,

A computer simulation program which accurately reflects
the behavior of consumers under an increasing-block rate

. structure must be more detailed than the program now in use.

Furthermore, the size of such a program is not suitable to the
teletype-terminal/time-sharing mode of computer operation
now employed. As an example of the necessary complexity, if
the first block size is set at or near the average winter use of
residential customers, some number of customers will never
exceed this level, while others will exceed it only in summer,
and still others will exceed it at all times. Each group of cus-
tomers must be separately accounted for. The present simula-
tion deals with average behavior within a given sector, but this
simplification is not acceptable for an increasing-block simula-
tion. The fact that this requirement only applies to one class
of customers further increases the complexity, since some
method must be provided to deal with the other sectors.

Accordingly, the increasing-block policy option was not
simulated, but was analyzed manually and contrasted to the
alternatives which were successfully simulated. These results
are presented and discussed in Chapter IV.




CHAPTER FOUR
SIMULATION RESULTS

METHOD OF COMPARISON

The Water/Sewer Utility Simulation Model was used to
simulate the effects of twelve alternate rate-making policies
over the years 1972-2001, inclusive. The policy alternatives
studied are described in Chapter IT of this report. For policies
involving separate prices in Montgomery and Prince Georges
counties, Alternatives B, E, H, J and L, each county was simu-
lated separately, and the results combined. Alternatives C and
F required that each district be simulated, and the éight dis-
tricts combined. A total of 3! computer simulations were re-
quired to analyze the twelve alternatives,

For each alternate rate-making policy, the following para-
meters were estimated for each year:

Average day water demand
Average winter water demand, by sector, and total
Average summer water demand, by sector, and total
Maximum day water demand
Average winter contribution to sewer flow
Operating and maintenance cost
Capital cost
Total cost
Revenue from commodity charges
Revenue from fixed charges
Total revenue
Surplus (deficit) on operations
Price in effect for each sector and season
In addition, the cumulative surplus or deficit at the end of the
thirty-year simulation period is estimated,

In order to present useful comparisons between alterna-
tives, the discussion that follows is organized around specific
rate-making policy issues: spatial differentiation of prices, sea-
sonal prices, etc. As each issue is discussed the parameters
which best illustrate the features of various policies will be
presented. These include the following:

Average day water demand

Maximum day water demand

Average winter contribution to sewer flow

Capital cost
The capital cost time stream is expressed as a present value,
rather than attempting comparisons between various invest-
ment patterns. The present value of a stream of future costs is
simply the amount of money which, if invested now at a given
interest rate, would fully fund all required future outlays, The
present values given here assume an interest rate of six percent,
Other interest rates ranging up to eight percent were tested,
and found not to change the comparisons in any substantive
way. Water demands and sewer flows are presented graphical-
ly. Other parameters are discussed as required to illustrate
specific issues.

The result of this analysis is a good understanding of the
sensitivity of major operating parameters to changes in rate-
making policy. Specific rate-making issues can be related to
their role in determining the levels of water demands, sewer

flows, and investment requirements. In this way a policy can
be devised which is consistent with the long-term policy objec-
tives of the utility, but also satisfies short-term revenue re-
quirements,

SPATIAL DIFFERENTIATION OF PRICES

To examine the effect of differentiating prices between cus-
tomers living in different parts of the WSSC service area, two
spatial disaggregations were simulated and compared to the
total service area. The first divides the service area into the two
constituent counties, Montgomery and Prince Georges. The
counties have similar populations and characteristics, although
Prince Georges County has experienced lower personal income
and higher rates of growth. A second level of disaggregation
was obtained by simulating each of eight districts, three of
them located in Prince Georges County and the remaining five
in Montgomery County.

Figure 1Vl displays the forecasts of average day water de-
mand under rate-making policy Alternatives A, B and C. All
three policies, as described in Table I1-2, utilize uniform prices
for all demand sectors, and both seasons. In Alternative A, the
prices are uniform over the entire service area; in Alternative
B, they are set individually for the two counties; and in Alter-
native C they are set individually for each district. Average day

Figure V-1
Average Day Water Demand for
Spatially Differentiated Prices
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demand under all three alternatives rises slightly for 1973, then
falls significantly to its 1974 level before resuming the upward
trend. This reflects an abrupt rise in price level, occasioned by
the shift to advanced waste treatment scheduled to occur at
about that time, Cost assumptions are described in Chapter II1.
After 1975, the average day water demands associated with
Alternatives A and B are indistinguishable; those associated
with C are only slightly lower.

The seasonal price model was simulated with the same two
levels of disaggregation, forming Alternatives D, E and F, and
the same results were noted; disaggregation by county made
no perceptible change in average day demand, and disaggrega-
tion by district caused a slight reduction. The county disag-
gregation was simulated for the average variable cost pricing
Alternatives G and H; the uniform price, flat-rate sewer Alter-
natives I and J; and the seasonal price, flat-rate sewer Alterna-
tives K and L. In each case no significant difference in average
day water demand was found.

Figure 1V-2 displays the forecasts of maximum day water
demand obtained for Alternatives A, B and C. As before, no
perceptible difference results from disaggregation by county
(Alternative B). Setting prices by district succeeds in reducing
maximum day demand somewhat, generally less than four per-
cent, Edentical results were obtained from disaggregation under
other rate-making policies. As before, the downward trend in
demand between vears 1973 and 1974 is due to the sudden
increase in costs, and therefore, in prices, in 1974. Maximum
day water demands are of particular interest since they gener-
ally determine the level of capital investment in major water
supply facilities.

AVERAGE DAY WATER DEMAND (MGD)

Figure 1V-2
Maximum Day Water Demand for
Spatially Differentiated Prices
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Capital investment in major sewerage facilities is a function
of maximum sewer flows, which are determined, in part, by
the quantity of supplied water which enters the sewer system
in the winter, the time of maximum flows. This contribution
to sewer flow was estimated by the simulation program, and
forecasts are shown as Figure IV-3. Results are nearly identical
to those for water demand; total service area prices and county
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Figure 1V-3
Average Winter Contribution to
Sewer Flow for Spatially

0] Differentiated Prices
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prices give nearly identical results, and district prices produce
slightly lower flows. E

Each of the policy alternatives compared above implies a
particular stream of capital investment. The level of capital
cost for each year of each simulation is determined by the
required capacity of the water supply system (related to maxi-
mum day water demands) and the sewage collection and dis-
posal system (related to average winter contribution to sewer
flow). Each thirty-year forecast of capital cost can be replaced
by its present value for purposes of comparison. The present
value of a stream of future costs is that sum of money which,
invested now at a given discount (interest) rate, will yield fu-
ture proceeds just sufficient to cover each cost as it comes due.
The use of present values allows dissimilar streamns of future
costs to be compared on a consistent basis.

Table 1Vl lists present values of capital cost streams for
various alternatives, based on a discount rate of six percent. -
Policy Alternatives B and E (county prices) result in slightly
higher capital costs than do Alternatives A and D (total service
area prices). Alternatives C and F (district prices) require sig-
nificantly lower capital investments, a result of the lower
water demands and sewer flows. In the case of average variable
cost pricing, where increased capital cost is not passed on to
the customer in the form of higher prices, the difference
between county prices and total service area prices (Alterna-
tives H and G) was magnified somewhat, The flat-rate sewer
Alternatives 1, J, K and L resulted in slightly lower capital
costs associated with county prices,

The price levels forecast by the simulation model are pre-
sented graphically on Figures IV-4, IV-5 and IV-6, Figure IV4
shows the price level forecast for Alternative A, uniform pric-
ing over the entire service area, as contrasted to the price level
forecast prepared by the WSSC and published in the Ten-Year
Water and Sewerage Plan. Both forecasts rise sharply through
19775, The simulation forecast is unsteady from 1975 through
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Table IV-1
Present Values of Capital
Cost Forecasts

Rate-Making Policy Alternative Present ¥Yalue #+
Uniform Prices, Total Service Area A 715,567,000
Uniform Prices, Each County B 718,274,000
Uniform Prices, Each District C 704,593,000
Seasonal Prices, Total Service Area D 723,996,000
Seasonal Prices, Each County E 725,500,000
Seasonal Prices, Each District F 715,000,000
Average Variable Cost Prices,

Total Service Area G 833,205,000
Average Variable Cost Prices,

Each County H 850,599,000
Flat Rate Sewer, Uniform Prices,

Total Area 1 829,855,000
flat Rate Sewer, Uniform Prices,

Each County ¢ 793,084,000
Flat Rate Sewer, Seasonal Prices,

Total Area K 824,460,000
Flat Rate Sewer, Seasonal Prices,

Each County i 783,250,000

*Al1 present values computed at discount rate of six percent.

**Expressed in dollars.

Figure V-4
Existing Rate-Making Policy Price
Forecast vs, WSSC Forecast
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1979, inclusive, where it approaches $1.60 per 1000 gallons,
falling slowly to about $1.50 per 1000 gallons by 200l. The
WSSC forecast continues to rise after 1975, reaching a peak in
1977 and falling to a level very close to that of the simulation
forecast by 1982,

The results of separate county prices can be seen in Figure
IV-5 which illustrates the price forecasts associated with Alter-
native B, Prince Georges County prices are slightly higher than
those of Montgomery County for the first fifteen years of the
simulation period, but their relative positions are reversed for
the last fifteen years. When district prices are employed, a
much more complicated pattern emerges, as shown on Figure

Figure 1V-5
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and Prince Georges Counties
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1V-6, Districts 10, 30 and 80 have generally higher prices than
others, with District 80 reaching the highest level of almost
$2.00 per 1000 gallons. The rate of growth in total connec-
tions assumed for District 80 is the highest of the districts.
Districts 40, 50, 60, and 70-dargest in terms of number of
connections--have prices relatively close to those calculated for
the total area. District 20, a small area with an assumed low
growth rate, has consistently lower price levels throughout the
period.

In summary, spatial differentiation of prices, when per-

 formed at a county level, produces very small changes in water

demands, sewer flows, and price levels, When spatial differenti-



ation by counties accompanies uniform pricing practices simi-
lar to those now in use by the WSSC, or when it accompanies
seasonal prices, capital costs are not significantly different
from total service area pricing, When average variable cost pric-
ing is practiced, spatial differentiation by counties produces a
stream of capital cost having a present value $17 million higher
than that associated with total service area pricing. When a flat
rate is used to recover sewerage costs, the present value of
capital cost is lower: the uniform pricing policy reduces this
value by $37 million and the seasonal policy causes a §4l
mtillion reduction.

Spatial differentiation of prices at a district level was inves-
tigated for uniform pricing practices similar to those now in
use, and for seasonal prices. In both cases water demands and
sewer flows were reduced slightly (3 to 4 percent) by setting
prices independently for eight districts, The price levels result-
ing from this policy varied widely, ranging froni $1.20 per 1000
gallons for small areas with low growth rates, to almost $2.00
per 1000 gallons for small areas with high growth rates. The
larger districts tended to have prices similar to those calculated
for the total service area, District prices reduced present values
of capital costs by $9 million (seasonal prices) or 311 million
(uniform prices},

SEASONAL PRICES

Water supply systems in the United States experience their
heaviest demands during the summer months, This characteris-
tic results from the use of water to irrigate lawns and gardens,
particularly in suburban areas. The supply woiks, treatment
plants, major pumping stations and certain of the larger trans-
mission mains must be sized to meet the daily demand at its
maximum level for the year even though this level may not be
approached during the winter months. Since the capital cost of
the water system is largely determined by the customers who
contribute to the maximum day demand (largely individuals
irrigating residential lawns), a number of schemes have been
proposed to discourage high levels of summertime use.

One of these schemes is seasonal, or peak-load pricing. As
analyzed here, seasonal pricing is based on two six-month sea-
sons: “winter” and “summer.” The commodity charge for
water and sewer service during the winter is set equal to the
average variable cost of providing the service (operating and
mainienance costs), During the summer, however, the price
equals the average variable cost plus a proportionate share of
the capital cost. In this way only summer customers are re-
quired to pay the capital cost of the system, and winter cus-
tomers, who normally do not press on capacity, are not re-
quired to contribute to this cost. In some cases the application
of this rule leads to a “shifting-peak™ problem: winter cus-
tomers receive such a low price that they begin to demand
more water than summer customers, This situation requires
that some of the capital cost be shifted back to winter con-
sumers until their demand is equal to, or just less than, that of
the summer consumers. When this pricing rule was applied to
the WSSC, the shifting-peak correction was required in almost
every instance,

Seasonal pricing policies were tested for the total service
area, for Montgomery and Prince Georges counties separately,
and for the eight districts individually. Figure IV-7 illustrates
the impact of the policy on average day water demands when
applied on a total area basis. The water demand associated
with seasonal pricing (Alternative D} remained very close to

AVERABE DAY WATER DEMAND (MGD)
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Figure IV-7
Average Day Water Demand for
Rate-Making Policy Alternatives
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that associated with uniform pricing (Alternative A), tending
to be slightly higher during the last fifteen years of the simula-
tion. In the case of maximum day water demands, shown on
Figure IV-8, seasonal pricing produced noticeably lower de-
mand levels. Afier the first five years, maximum day demands
were generally about five percent lower for seasonal pricing,
implying lower capital costs for the water supply system,

The result described above may be contrasted to the impact
of the winter contribution to sewer flow. In this case, due to
the lower winter prices, sewer flows increased as much as ten

Figure 1V-8
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percent, as shown on Figure IV-9. This implies higher sewer
capital costs, which may offset the savings indicated for the
water supply system, Table V-] indicates that this is true. The
present value of the capital cost stream for seasonal prices
applied to the total area (Alternative D) is more than $8 mil-
lion higher than that associated with the comparable uniform
pricing policy. Similar refationships appear to hold for the two
levels of spatial disaggregation tested, The price levels forecast
on the assumption of a seasonal pricing rule are shown on
Figure IV-10, They are generally symmetrical around the com-
parable uniform pricing levels with the summer price remain-
ing about $0.30 per 1000 gallons higher and the winter price
$0.30 per 1000 gallons lower.

Figure [V-9
Average Winter Contribution to Sewer
Flow for Rate-Making Policy Alternatives
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Seasonal prices, when applied in the generally recom-
mended manner, offer lower maximum water demands at the
expense of higher maximum sewer flows, In the case of the
WSSC, the net effect was increased capital costs with little
change in the average price of water/sewer service to the aver-
age customer. Individuals who have very low seasonal demands
(little need of water for sprinkling, etc.) will experience a re-
duced average price; those who have relatively larger seasonal
demands will pay a higher price. The overall quantity of water
used is affected only stightly by this policy.

The impact of seasonal prices upon individual residential
customers is partially illustrated by Table 1V-2 which lists the
expected annual water bills for “average™ residential con-
sumers in 1977 under four different rate-making policies. It
can be seen that seasonal prices affect the total bill only slight-
ly, causing a small reduction in the total quantity of water
used. This results in an increase in the average unit cost of
water purchased, yet little change in the household budget. As
noted above, individual customers’ demands and cosis may
differ significantly from this “average” consumer.

The present investigation has highlighted a result of sea-
sonal prices which has apparently escaped notice in the litera-
ture on this subject to date: seasonal prices create seasonality
in sewer flows. Since the higher flows occur in the winter,
which is often the time of the highest levels of infiltration
from ground and surface water, they almost certainly increase
the hydraulic capacity requirement of the sewerage system.
This leads to higher capital costs which may, as in the WSSC
simulation, more than offset the savings in water system costs.

Peak-load pricing theory offers a solution to this problem,
once it has been identified. Since sewer flows are now sea-
sonal, the capital cost of the sewerage system must be treated
separately, and in the same manner as, the capital cost of the
water system. Summer prices should include, in addition to
average variable cost of water/sewer service, the full capital
cost of the water supply system. Winter prices are based on
average variable cost of water/sewer service plus the full capital
cost of the sewerage system. The result of this computation
would evidently be a set of prices which are almost uniform,
thus explaining the generally superior performance of uniform
pricing. Since proper application of peak-load pricing princi-
ples offers real advantages in terms of efficiency and equity,
this subject seems worthy of further investigation. The simula-
tion exercise performed in this study merely suggests that
these principles have been proposed without full under-
standing of the behavior of public sewerage systems and its
implications for pricing policy. It is also apparent that the
existing uniform pricing policy is a reasonable approximation
of an efficient policy.

INCREASING-BLOCK PRICES

Another approach to reducing summertime water demands
is the use of increasing-block rate structures. In its simplest
form, each customer is faced with two price levels for water/
sewer service, The first, the lower level, applies to all quantities
of water used during a billing period up to some specified
level. All water used beyond this level is billed at the second,
higher price level. The effect of this two-block arrangement is
a uniform low price for water up to the limit of the first block,
followed by rising average price as usage expands beyond that
point, If the limit of the first block corresponds to normal
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Table 1V-2
Expected Annual Water/Sewer Bills
for Typical Residential Customers — 1977

Charge Description Unit

Total Quantity of Water Billed {gal/year)

Annuatl Cost: Commodity Charges {$/year)
Fixed Charges *** {$/year)
Total {$/year)

Average Unit Cost of Water ($/1000 gal)

Rate-Making Policy Alternatives**

A D o 1
94,000 92,000 100,000 109,000
131.60 132.36 69. 30 56.83

11.20 n.27 81.38 100.62
142.80 143.63 150.68 157.45

1.52 1.56 1.51 1.4

*Typical residential customers are those individual households whose water use pattern corresponds
exactly to the average behavior of the residential sectors. '

**Alternative A = Uniform Prices
Alternative D = Seasonal Prices

Alternative G = Average Variable Cost Prices

Alternative I = Flat Rate Sewer

**%Fixed charges shown are proportionate shares of total fixed charges--the exact amount levied on

any residential customer depends on the particular fixed charge structure chosen.

At the pre-

sent time residential customers pay no fixed charges, they are levied entirely on commercial,’

industrial and institutional accounts.

Atternatives G and I, however, would almost certainly

require residential fixed charges in amounts close to those shown,

winter water usage, the increasing-block rate structure tends to
discourage seasonal uses, -

The Water/Sewer Utility Simulation Model, as presently
conceived, is not capable of analyzing this policy alternative.
Within any demand sector, there exists a wide range of individ-
ual demands. Each customer will respond to the increasing-
block rates in accordance with his individuat level of usage:
some will never exceed the first block; some will exceed it
only in the summer season; others will always exceed it. The
response to price change depends upon the price level associ-
ated with each customer’s marginal unit of demand; no general
relationships can be formulated for an entire sector, The best
approximation which can be devised to represent this behavior
is based upon subdividing each sector into a number of cus-
tomer classes, assumed homogeneous, then treating each class
separately. Such a change would require a complete revision of
the simulation model used in this study,

Although the increasing-block policy was not simulated, its
general characteristics can be predicted with the aid of the
results already obtained. Since the objective of the policy is to
discourage summer sprinkling demands associated with single-
family residences, the rate structure can be simplified greatly
by using uniform prices for all sectors except single-family
residences. These uniform prices could be the same as those
" calculated for the uniform pricing policy, Alternative A, and
the contributions of apartment, commercial, industrial and
institutional users to water and sewer demands would remain
unchanged.

The first block size for the affected customers (single-
family residential customers) should approximate the normal
winter usage for that class of customers. For example, the

winter residential demand in 1977, under a uniform price of
$1.40 per 1000 gallons, is forecast at 235 gallons per day per
connection, or about 43,000 gallons per six-month billing peri-
od, If the first-block price is less than the uniform price, for
example, $1.30 per 1000 gallons, the winter demand would rise
slightly to about 240 gallons per day per connection, or almost
44,000 gallons per a six-month period. The second-block price
can then be set at a level which will provide the desired incen-
tive for water-saving. A second-block price of $2.00 per 1000
gallons would reduce sprinkling usage from 8400 gallons per
year to 4700 gallons, and would reduce the average residential
water bill by about $6.00 per year, The overall impact of this
arrangement, again based on the year 1977, is a 1.9 percent
decrease in summer usage and in maximum day demand, and a
0.8 percent increase in the winter contribution to sewer flow.
Total water usage is reduced approximately 1.3 percent,

This analysis refers only to customers who purchase water
and sewer services at levels very close to the average for the
sector, Those who use less water will be affected only slightly,
if at all, by the block rate structure described, Customers who
use large quantities of sprinkling water will be faced with large
increases in their total bills unless they reduce consumption
significantly.

It is impossible to trace the total impact of such a policy
without detailed simulation of the type described above. The
only conclusion which can be drawn in the absence of such an
analysis is that the effect of an increasing-block rate structure
applied to residential customers is similar to that of seasonal
pricing, with two exceptions: (1) the impact of winter contri-
butions to sewer flow is less marked since only the residential
sector of customers is involved, and (2) the impact on maxi-
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mum day demands can be increased without encountering seri-
ous equity problems because of the specificity of the higher
rate (i.e., it affects only the upper fraction of residential use).
An overall assessment of this alternative indicates that, pend-
ing further investigation, it appears to retain the claimed ad-
vantages of seasonal pricing (lower water capital costs), while
avolding a portion of the disadvantages noted in the previous
section (higher sewer capital costs). The increasing-block poli-
cy has the further advantage of avoiding major implementation
costs, such as those associated with seasonal pricing.

AVERAGE VARIABLE COST PRICING

The rate-making policy now used by the WSSC provides for
the recovery of most costs associated with *basic main facili-
ties” through the commodity charge, or price. This cost cate-
gory makes up more than one-third of the revenue require-
ment now met through commodity charges, An alternative
policy, one used by many utilities, is to base the commodity
charge on the variable costs of providing water and sewer ser-
vice {operating and maintenance costs) and recover capital
costs through higher fixed service charges or assessments. The
implementation of such a policy would result in substantiaily
lower price levels, and corresponding higher demands,

Figures IV-7, IV-8 and 1V-9 demonstrate the effect of aver-
age variable cost pricing on water demands and sewer flows, In
the first two cases, average variable cost pricing (Alternative G)
substantially increases average day water demands and maxi-
musmn day demands. The average winter contribution to sewer
flow is also markedly increased. These effects result in a large
increase in capital costs, shown in Table IVl as a $118 million
increase in present value over that associated with the existing
policy, The price levels required by this policy are plotted on
Figure IV-10 where they remain much below those forecast on
the basis of existing policy.

The overall impact of average variable cost pricing can best
be illustrated in Table IV-2. Average residential customers will,

under average variable cost pricing in year 1977, tend to use
gbout 6,5 percent more water and will pay a total water bill
(for the year) which is 5.5 percent higher. This result is ac-
companied by higher water demands, higher sewer flows, and
substantially increased investment requirements.

FLAT-RATE SEWER SERVICE CHARGES

Another rate-making policy in common use throughout the
United States is the practice of recovering all costs associated
with sewerage service through a fixed charge. The commodity
charge, under this scheme, would be used to recover the op-
erating and maintenance costs of the water supply systent, as
well as the major share of water capital costs. As in the case of
the average variable cost pricing alternative, this policy results
in substantlally lower commodity charges and higher fixed
charges.

Figures IV-7, IV-8 and IV.9 illustrate the increased average
day water demands, maximum day water demands, and aver-
age winter contributions to sewer flow which result from a
system of flat-rate sewer service charges (Alternative 1), These
increases are generally slightly less than those associated with
the average variable cost pricing alternative, The price level, as
shown on Figure IV-10, remains somewhat less, or approxi-
mately equal to that required for average variable cost pricing.
The present value of the capital investment stream required by
this policy rises more than $114 million over the value asso-
ciated with the existing rate-making policy (see Table IV-1).

Table IV-2 illustrates the effect of flat-rate sewer charges on
the individual “average™ residential customer. The cost each
year of the quantity of water purchased falls from $131.60 to
$56.83, although the quantity rises from 94,000 gallons to
109,000 gallons. The average fixed charge, however, rises from
$11.20 per year to $100.62 per year. This results in a total
anmuat water bill which is almost ten percent higher than that
expected under existing policy.
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_ APPENDIX A :
PREPARATION OF BASE FORCASTS OF POPULATION AND HOUSING STOCK

INTRODUCTION

Chapter ITI of the accompanying report describes the data
and assumptions required to operate the Water/Sewer Utility
Simulation Model. Among these requirements are base fore-
casts of population and of customer connections. The connec-
tion forecast must be disaggregated by the type of customer:
single-family residential, garden apartment, high-rise apart-
ment, commercial/industiial, and institutional. The connection
forecast is combined with a forecast of water use per connec-
tion to prepare a base forecast of water demand, given a siatic
rate schedule. Since the preparation of detailed forecasts of
the number of residential connections is not usually a step in
the conventional development of demand forecasts, this
Appendix has been prepared to outline the methodology em-
ployed.

Briefly, a method was developed for estimating the number

" of residents per housing unit in single-family dwellings and in

apartments. Forecasts were prepared of future population and
of the proportionate mix of housing stock. These were com-
bined with the resident-pér-dwelling estimates to produce fore-
casts of housing units, which were then converted to base
forecasts of residential connections.

RESIDENTS PER HOUSING UNIT

Residents of the portions of Montgomery and Prince
Georges counties served by the WSSC live in at least four types
of housing units: single-family dwellings (detached, semi-
detached and row-type); multiple-family dwellings smaller
than garden apartments {converted single-family dwellings,
flats, etc.); garden apartments (walk-up apartment buildings of
not more than three flooss); high-rise apartments (apartment
buildings of more than three floors, usually elevator
equipped). :

The second type of housing unit, multiple-family dwellings,
is difficult to define precisely; available data suggest that at
this time it represents an insignificant fraction of the housing
stock of the WSSC service area. The classification, for purposes
of preparing base forecasts, was, therefore, reduced to three
main types: the single-family residence, the garden apartment,
and the high-rise apartment. In the analysis of population per
dwelling unit, no distinction was made between the types of
apartments, resulting in two categories of dwelling units to be
analyzed: single-family residences and apartments in the gen-
eral sense.

The only source of detailed housing data for the study area
is the U.S. Census of Housing, conducted decenially, Data on
total population figures, total number of housing units, and
fraction of total housing units which are apartments, are avail-
able for many of the population centers within the study area
for the years 1940, 1950, 1960 and 1970 (in part). Tables A-l
and A-2 list these data according to service area district. The
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- Table A-1
Average Population per Dwelling
Unit — 1940-1970

Area 1980 1950 1% 1970
District 10 4.0 .30 2.7 n,a.
District 50 fn.a.¥* n.a. 3.5 3.4
District 60 4.0 R.d. 3.5 3.2
Prince Georges County 4.2 3.6 3.7 n.a
District 20 3.6 3.2 3.0 2.6
District 30 n.a. n.a. 3.3 2.7
District 40 n.a. n.a. 3.5 343
District 70 n.a. n.a.r‘ n.a 3.1
District 80 n.a. n.a. 3.4 n.a.
Montgomery County 3.9 3.5 3.6 n.a
TOTAL SERVICE AREA 4.0 3.6 3.6_ ) 3.3

*Data were gbtained by dividing appropriate U. S. Census count
of resident population by total number of dwelling.units in
area. C

**n.a. = Population, housing count, or both, were unavailable
for consistent areas,

Table A-2
Fraction of Total Housing Units
Which Are Apartments — 1940-1970

Area 1940 1950 1960 1970

District 10 A7 .33 .75 - N
MHstrict 50 n.a. % .36 W37 .43
District 60 .21 .31 .28 .44
Prince Georges County .16 .36 .35 .43
District 20 .40 .43 .52 .59
District 30 n.a. n.a. .30 .45
District 40 n.a. n.a. .21 .24
District 70 n.a. n.4. n.a. .43
District 80 n.a. n.a. .37 .30
Montgomery County .14 .20 .20 .30

*Data were obtained by dividing appropriate U. 5. Census count
of number of apartment units by total number of housing units
for each area,

*%n.a, = Data unavailable for same area.
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count for each disirict was obtained by combining data for all
population centers listed in the Census which fall in that dis-
trict. In some cases no census data were available for particular
districts. The county data, where used, refer to the entire
counties,

A linear regression model provided estimates of the average
number of persons per dwelling unit, by type of unit, for each
of the districts and counties. Reliable estimates were obtained
for both counties and for one district (District 20}, These are
given in Table A-3. Further testing revealed that the average
number of persons residing in each category of dwelling unit
has evidently not changed significantly in the thirty-year
period analyzed. The falling overall average number of persons
per dwelling unit shown on Table A-l is fully accounted for by
the rise in the fraction of total units which are apartments,
shown on Table A-2. The estimates presented in Table A-3,
then, appear suitable for projections of these parameters, since
they have not changed noticeably during the last three
decades.

Table A-3
Estimates of Population per Housing
Unit By Type of Unit

Population per Poputation per

Area Single-family unit Apartment unit
Prince Georges County 5.80 1.64

Montgomery County, except
District 20 (Takoma Park) 4,44 1.05

District 20 {Takoma Park) 4,87 1.47

POPULATION FORECASTS

Population forecasts for each of the study areas were ob-
tained in the following way. WSSC records were used to esti-
mate the total number of residential connections for 1970 and
U.8. Census Bureau data to estimate: {I) the fraction of these
connections that are single-family residential, and (2) the aver-
age size of the apartment complexes (units per complex)
connected. This produced estimates of single-family units and
apartment units. The unit population figures given in Table
A-3 were then used to estimate the 1970 population for each
area,

U.S. Census Bureau data provided the total population
figures for Montgomery and Prince Georges counties for the
years 1940, 1950, 1960 and 1970. These data were employed to
prepare growth rate forecasts for each of the areas under
study. These growth rates were applied to the 1970 estimates
described above in order to obtain population forecasts for
each area (see Table 11143 in the main text of this report). In
the case of the smaller districts, the aflocation of growth
among districts was relatively arbitrary. The larger districts
wetre assumed to follow the growth patterns of the county.

HOUSING MIX

Based on the historical growth trends in single-family/
apartment mix, as shown in Table A-2, these fractions were
projected into the future. The current mix of high-rise/garden
apartments was estimated from WSSC billing records, and
assumptions were made concerning the trend of this ratio into
the future. In general, denser areas are assumed to have refa-
tively high growth rates for high-rise apartments, while less
dense areas are expected to maintain high growth rates for
garden apartments.

These two forecasts were combined to develop a forecast of
the fraction of all housing units that will fall into each of the
three categories, The population forecasts and unit population
estimates (Table A-3) were the base for preparing forecasts of
the number of housing units expected within each category for
each area each year.

RESIDENTIAL CONNECTION FORECASTS

The final step in the forecasting procedure is to prepare
assumptions regarding the average number of units in each
type of apartment complex. As larger and more modern com-
plexes gradually replace older, smaller facilities, this average
size can be expected to rise, In a few cases, a district is already
dominated by some very large complexes; future average size
may be approximately constant, or may decrease. Separate
assumptions were made for each type of apartment and for
each area, then combined with the forecast number of housing
units by type of housing to create a base forecast of residential
connections by area and by type of dwelling unit (see Table
[11-7 in the main text).



APPENDIX B
A WATER/SEWER UTILITY SIMULATION MODEL

STATEMENT OF THE PROBLEM

The development of an appropriate rate-making policy fora
public water/sewer utility is a complex task. An effective poli-
cy must assure that costs will be recovered in the long run,
without excessive short-run surpluses or deficits, and it must
be relatively straightforward in implementation. The prices
determined under such a policy must not appear arbitrary or
capricious, and price differentials existing between various
groups of consumers must, in general, appear reasonable to
members of those groups, Beyond these requirements for feasi-
“bility, it might be hoped that the rate-making policy be one
which produces the “right” prices— those which result in ef-
ficient utilization of the water resource. Policy development
techniques and criterda currently in use do not permit full
assessment of the economic implications of alternative rate-
making policies, so whether or not one produces a “better”
price than another cannot be known in advance. This Appen-
“dix describes a method of evaluating rate-making policies,
using computer simulation, which yields quantitative compari-
sons of a variety of price-related effects.

A rate-making policy consists, in its simplest form, of that
set of criteria, conventions, or guidelines which are used by a
utility to decide when rates are to be changed and what the
structure and level of the new rates will be, In most cases,
existing policy includes provision for a two-part rate structure
(usually made up of a variety of fixed charges, assessments,
taxes, efc.,, and a commodity charge), a set of conventions
which determine those portions of the total cost to be re-
covered through fixed charges and through commodity
chatges, specific criteria which trigger a rate review, and a
standard calculus for setting new rates.

Alternative rate-making policies may be constructed by
altering these considerations in several ways. Fixed charges
may be eliminated entirely, or the fraction of total cost re-
covered through them can be changed. Decreasing-block, in-
creasing-block, or uniform rate structures may be used, Rate
reviews can be initiated at more or less frequent intervals, The
rate-setting calculus can be modified to provide for average
.cost pricing, marginal cost pricing, zoned prices, or seasonal
prices. Each of these possibilities can be implemented in vari-
ous ways. Any complete set of such options comprises a dis-
tinct rate-making policy, which can be expected to produce
effects on demand, cost, and revenue unique to that policy.

THE SIMULATION MODEL

The operation of the simulation model can be flustrated
with the aid of Figure B-1, a simplified flow diagram. Starting
with the present time, water demands, costs and revenues are
forecast for each year, based on the rate structures now in
effect. Simulated rate reviews are conducted as required, and
the rate structure is recalculated in accordance with the rate-
making policy assumed to be in use. The actual operation of

25

THITIAL | CONRETTONS

L

FORECAST
DEMARD

»
FORECAST {0515

FORECAST
REVEHUES

‘ ADJUST  RATES 1
[ REPEAT DEHAND FORECAST!

ADJUST RATES

REPEAY
STHULATEON

ESTIHATE
URPLUS{DEFICIT)

£RROR
EXCESSIVE
T
o

ESTINATE

CUMULATTVE
BURPLUS{DEFLCIT FIVE-YEAR COST
FORECAST

¥Es ] !
: RECALCULATE
o — M

PROCEED I

TO  HEXT
YEAR

[ ]

FIVE-YEAR DEMAND
FORECAST

AATE-HAKING
POLICY

Figure B-1
Flow Chart of Simulation Model

the model rests on a number of structural and behavioral
assumptions concerning water/sewer utilities and their custom-
ers, The principal assumptions are reviewed here. Variable
names used in this discussion are generally the same as those
actuatly used in the computer program, but occasionally they
differ in the interest of clarity.

Demand Forecasts

The simulation model begins with a base forecast of average
and maximum day water demands, Average demands are dis-
aggregated into seven sectors: single-family residential sprin-
kling, single-family residential domestic, garden apartments,
high-tise apartments, commercialf/industrial, institutional, and
public/unaccounted; as well as two seasors: winter and sum-
mer, These base forecasts reflect increasing population growth
and changing tastes, but not price change. The current rate
structure is implicit throughout the forecast period. So long as
the rate structure is unchanged, the base forecast is taken as
the final forecast.
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After the first price change occurs, the following method is
used to adjust average water demands:

i) (B-1)

forecast axférage water demand for season i,
sector j (MGD)

where: QA(ij) =

QT(ij) = base forecast of average water demand for
season 1, sector j (MGD)
PM(ij) = price in effect for water and sewer in season
i, sector j ($/1000 gal.)
-PM(1j) = price implicit in base forecast for season |,
e sector j ($/1000 gal.)
" EBL(i§) = price elasticity of demand assumption for

season i, sector j

Maximum day water demands are calculated for each year as
follows:

QM(k) = 1.55 % QC(k) 1012 (B-2)

where: QM(k)= forecast maximum day demand for year k
(MGD)
{QC(k) = sum of forecast average demands for year k
S (MGD)

The expected contribution to sewer flows can be estimated
from the disaggregated water demand forecasts. This is done
by making appropriate assumptions regarding the fraction of
each sector and seasonal water use which is returned to the
Sewer,

Cost Forecasts

Costs are estimated separately in two categories: operation,
maintenance and administration costs, also known as variable
costs; and capital, or capacity costs, Operation, maintenance
and administration costs include all those cost items which
vary with the quantity of water actually sold, the quantity of
sewage removed, or the number of customers actually serviced.
Capital costs, on the other hand, are related to the capability
to provide water and sewer service, and are treated as fixed
costs in the short run. They consist almost entirely of the cost
of physical plant.

Variable costs are estimated each year as a function of the
average and maximum day demands experienced that ycar, as
well as the population served and the average number of
persons served per customer account. The following estimating
model is used:

1112

CV(k)=1.267%* k)it

CV(K) D) | -
' *QM(k)'3489 *6 SP(k)'614 *SC-4233

where: CV(k) = operation, maintenance and administration

costs for year k ($/MG)
CF = <Cofiservation factor to adjust cost model to
ot ey =" ocal conditions
1QD(k) = sum of forecast average demands for year k
(MGD)
SP(k)= Service area population in year k
SC = average number of persons per service

connection

Capital costs are derived from base forecasts prepared of
anticipated capital expenditures for water and sewer facilities.
These forecasts are converted to annual charges by estimating
a nominal life for each facility and amortizing the investment
over that period. One method of accomplishing this would be
to use the mean service life of the facility, taking the opportu-
nity cost of capital to the utility as a discount rate. In order to
conform more closely to actual rate-setting practices, data
used in a simulation might be based on time horizons and
discount rates implicit in municipal bonding practices. This
overstates somewhat the magnitude of the capital charges dur-
ing perdod of growth. Since this treatment is uniform for all
policy alternatives analyzed, it should not affect the results in
any substantive way,

The amortization procedure results in separate time streams
of annual capital charges for the water and sewer facilities,
respectively, These base forecasts are assumed to be implicitly
related to the base forecasts of maximmum day water demand,
in the case of water costs; and of average day water demand in
the case of sewer costs. As the base forecasts of demand are
altered, the table of capital charges is interpolated to obtain
revised capital costs appropriate to the new demands. Capital
investment is assumed to be sufficiently divisible at this level
of aggrepation to permit such a procedure. One constraint
placed on the interpolation is that annual capital charges are
never permitted to fall below the level of the most recent year,
This condition follows from the long-run nature of these costs.

Total costs for each year can be derived as follows:
CX(k) = CO(k) + [CV(K) * QD(k) * 0.36525] (B-4)

where: CX(k)=
CC(k) =

Total costs for year k {$1000)

annual capital charges for water plus annual
capital charges for sewer, both for year k
{$1000)

Revenue Forecasts

Two categories of revenues are employed: fixed revenues
(derived from all non-commodity charges) and variable
revenues, Variable revenues are those obtained from
commodity charges levied on each unit of water sold or sewage
collected. The method of calculating revenues is as follows:

RF(k} = FF *CC(k) (B-5)
where: RF(k)= estimated fixed revenue for year k ($1000)
FF = fraction of fixed costs recovered through

fixed charges of all types

RV(i,j} = PM(i}) * QA(i,)) * 182,625 (B-6)

where: RV(ij)= variable revenue for season i, sector j
($1000)

RX(k) = RF(K) + ?RV(i,j) (B-7)

where: RX(k)= total revenue for vear k ($1000)

The use of a fixed factor for estimating fixed revenues reflects
the customary practice of levying fixed charges to fully
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recover specific categories of capital cost, such as distributior/

water mains, collecting sewers, and individual connections, A
implicit assumption is that these categories remain
essentially constant fraction of total capital cost. It should be
noted that FF = 0.0 corresponds to long-run marginal cost
(LRMC), or average longrun cost pricing, and that FF¥=1,0is
equivalent to average variable cost pricing, Jurisdictions which
extract a surplus from utility operations may have FF<0.0,
and in certain heavily subsidized operations, it is possible that
FF >1.0. Proper choice of this variable appears to be an
adequate means of describing a utility’s policy toward cost
recovery, even if in a relatively simplistic manner.

Surplus (Deficit) Estimates

The calculation of surplus for each year is straightforward:

SX(k) = Rx(k) — CX(K) (B-8)

where: SX(k)= surplus (deflcit is negative) for year k

($1000)

It should be noted that this definition of surplus does not
include any surplus or deficit considered a normal part of the
cost recovery policy by the utility. Situations of this kind
sometimes arise where local governments operate the
waterfsewer utility and either subsidize them from general tax
revenues or expect them to return surpluses to the general
fund. In these cases, the desired performance is simulated by
propet choice of the varlable FF, described above, and the
surpluses obtained by Equation B-8 are excess quantities
beyond those considered normal,

A cumulative surplus is also computed, beginning with the
base year, adding all surpluses and subtracting all deficits as
they appear. This quantity is used to determine trigger points
for rate review,

Rate Adjustments

The simulation model provides for two types of rate
adjustment outside the normal rate review procedure. These
adjustments are related to shifting peak demands and to
excessive errors in calculated rates. The first case arises when
scasonal prices are employed: the normal rate review process
produces a relatively large change in price. Under some
conditions, the summer price may be sufficiently high, and the
winter price sufficiently low; the forecast demands, then,

| exhibit a shifting peak with winter demands exceeding

\
\

summer demands. In such a case, peak-load pricing theory
requires that summer prices be reduced and winter prices
increased until seasonal demands are equal, or summer
demands just exceed winter demands. In the simalation model,
prices are adjusted by a small increment until this condition is
obtained. Such an adjustment can ordinarily be expected to
occur in the first year following a major adjustment of
seasonal rates.

The second type of adjustment is employed whenever the
surplus or deficit generated in a single year exceeds some
pre-set limit, In the present formulation, the surplus (deficit) is
not permitted to exceed 15 percent of the annual capital cost
in any given year, This constraint is imposed to reflect the
heuristic nature of actual rate-setting processes—utility
managers can be expected to exercise sufficient judgment to

27

avoid gross errors in rates, even when strict application of
rate-setting formulae might lead to such errors. Should the
simulation program produce a rate structure which causes
surplus (deficit) to exceed the limit, the rate is adjusted
iteratively, by small increments, until the constraint is no
longer violated. The simulation then proceeds using the
adjusted price rather than the one originally caleulated.

These adjustment procedures are not intended to be
essential components of the model, but merely to help avoid
specific circumstances leading to unrealistic results. In

-practice, they seldom are required in the absence of large and

abrupt changes in costs or demands, or other conditions which
contribute to model instability.

Rate Review Trigger Points

Two criteria are used to determine whether or not rates will
be reviewed before the next year’s operation is mmuiated
Rates are reviewed when:

a. five years have elapsed since the last review; and
b. the cumulative surplus or deficit exceeds levels set
by the model user.
The second criterion (b) recognizes that, although most
utilities are reluctant to adjust rates frequently because of
adverse customer reaction, they will feel obliged to do so when
an imbalance of costs and revenues reaches a certain size,

When one of these two conditions is satisfied, the
simulation program branches into a rate review procedute.
This resulis in the new rates being calculated, replacing those
previously in use. The main simulation program then proceeds
to the next year, computing demands and revenues on the
basis of the new rates.

Rate Review Procedure

Two major components are used in the rate review process:
five-year forecasts of demands and costs; and a rate-making
rule. The five-year forecasts are obtained by a curve-fitting
technique applied to the original base projection of average
demand. Beginning with the current forecast water demand
(forecast on the basis of current prices), the exponential
growth rate implied by the next five years of the base
projection is used to gemerate a five-year forecast. This
procedure ignores price elasticity of demand, a customary
simplification in such forecasts.

The five-year forecast of average water demand is used to
prepare similar forecasts of costs, using the technigues out-

lined above. These estimates are represented by:

{QAVT-WVe6) = éurrent five-year forecast of average\ §

water demand (MGD)
(Net of public/unaccounted uses)

CFYV = cifent five-year forecast of variable |
costs ($1000)

CFYC =ceurrent “five-year forecast of capltal
costs ($1000)

Two rate-making rules are contained in the model: uniform
pricing and seasonal pricing. The uniform rule operates as fol-
lows:

CFYV + (1,0 - FF) * CFYC - CS

PREQ = = (QAVI-WVE) *365.25 (B9)
where: PREQ = revised average rate ($/1000 gal.)
cs = cumulative surplus (deficit) ($1000)

o
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_ (WV2+WV3) e
PAVE= wvirwvsy aisaezs = (B10)
where: PAVE = actual average rate in year. ($/1000
gal) . N
(WV4+ WV5)=summer plus winler water demards
less publicfunaccounted uses (MGD)
(WV2 + WV3) = total revenue received from commodi-
ty charges iy s
Now: / R

)= pyie* PGi) (1)
In this manner, rates are set to approximately break even over
the next five years, given the forecasts of demands and costs
employed. Furthermore, any cumulative surplus or deficit that
may exist is included in the calculus, so that it may be netted
out within the same time period.

The seasonal rate-making rule operates in a s:mllar manner
except that costs are distributed in a different manner between
seasons. All relevant capacity costs are allocated to the sum-
mer demands, with variable costs spread over both seasons.
The winter seasonal rate is determined as follows:

CFYV - CS .
365.25 * (QAVT - WV6)

revised average winter rate ($/1000

. gal.)
The summer rate requirement is obtained from:

- _ (1.0 = FF) * CFYC
PRQS = PRQW + 133 625 * (QSMT - WV3)
revised average summer rate ($/1000
gal)
(QSMT -WV8) = forecast of average. summer water
demand for year (net of public/un-
accounted uses) (MGD)

PROQW = (B-12)

where: PRQW =

(B-13)

where: PRQS =

Current average rates arc calculated by dividing winter and
summer revenues by winter and summer revenue-producing
demands, respectively. The tatios of PRAW and PRAS to the
winter and summer average rates currently in effect produce

new rates for each season and sector, as shown by Equation

B-11.

The most obvious deﬁ01ency of these rate-setting rules is
the simplistic manner in which they estimate future demands
and costs. The technique selected was not intended to produce
especially accurate results, but to approximate the results ob-

tained by the apphcatlon of conventional rate-setting proce-
dures. These procedures frequently omit explicit consideration
of price elasticity and employ forecasts of demands and costs
which may prove to be rather inaccurate. Conventional prac-
tice possesses the advantages, however, of relative ease of ap-
plication in a variety of circumstances and of avoiding any ap-

s
/ .
pearance of arbitrariness or obscurity, an essential virtue if the
resulting rates are to find public acceptance, If more sophisti-
cated rate-setting techniques could be devised which would
retain these advantages, they could easily replace those given
above, and the simulation model could be used to determine
whether any real advantage could be expected from their use,

STRUCTURE OF THE SIMULATION MODEL
PROGRAM

It is not necessary, in order to use the model, to understand
the details of the program, nor the theory of its operation.
However, a minimal understandmg of the general flow of logic
within the programs will aid in intelligent use of the model.

Two separate computer programs are required to use the
simulation model. The first program should be designed to
receive data from the user and record it in a disk file. The
second program, calied “SIMUL,” reads the data from the disk
file and solves the simulation problem. The only communi-
cation between the two programs is by means of the disk file
written by the first program and read in by “SIMUL.”

The data handling program is designed for each apphcatmn
to take data from a tape or on-line mode and store it in the
designated disk file. Eash data array {e.g., QP)} may be ac-
cepted separately by the program. After each array has been
accepted, the program should print the data array and allow
the user to re-enter the array for corrections if necessary. This
option is useful if the user finds he has made a typing error or
that there has been a data tape transmission error, After all the
data arrays are accepted, the program stores them on the des-
ignated disk files, The dimensions in this program must be
compatible with the dimentions in “SIMUL,” which is current-
ly dimensioned for a simulation study period of 30 years; with
simple manipulations of the dimension statements, wide flexi-
bility in the time horizons being considered is allowed.

“SIMUL” performs the simulation on the problem Speclﬁed
by the data in the disk file and certain control variables added
by the user during operation. Table B-2 is a list of the principal
variables and arrays used in this program, The last section of
this Appendix is a complete listing of the program.

The initial values needed for the simulation program are as
follows:

PM(1,1), PM(1,2), PM(1,3), PM(1,4)
PM(2,1), PM(2,2), PM(2,3), PM(2,4)
QP array

CZ array

CY array

SP array

QT array

CON array

SM

SN

FF

CF

EL array



Table B-2
List of Variables
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VARTABLE DEFIRITION VARIABLE DESCRIPTION
Q{1 ,4) fverage daily water demand far each season i ard sector j (MGD) REVY Aggregate variable revenue requirement for tempdrary five-year
Mk} Forecast maximum day water demand for year k {HGD} forecast - working varfable
EL{1.5) Price elasticity of demand assumption for season 1 and sector GTs{k} Total BVEfzne water demand in ail sectors except public unaccounted
PH{1.]) Price in effect in season 1, sector j ($/1000 gal.) for {fear
aT{i. i) Base forecast of average water demand for season i, sector J (MGD) SHRin) Nor::ng var:a::e
v (k) Operation, maintenance, and administrative costs for year k {$/HG) WTR(n} Marking variable A
QAs(x} Total average water demand in all sectors for year k
CF Cenversion factor to adjust to local conditions .
CoK{q) Total number of seyvice comections in year (5 * {q-1))
SPlk] Service area population in year k HT0{) Temparary forecast of winte ter demand for sector j - working
seik) Mean population per service comnection in year & Vayfamey “ T ater ¢
Co(k) Annual capital charges for water plus annual capital charges for STQ(4) Temporary forecast of surmer water demand for sector j - working
sewer, both for year X {$1000) R variable
FF Fraction of fixed costs recovered through charges of all types
RF{k} Estimated fixed revenue for year k ($1000)
Ak} Total revenue for each year (%/year)
cx{k} Total costs for year k  (41000)
SH (k) Surpius {deficit) for year k ($/year}
SM Haxtmum size of cumulative surplus permitted without rate revision (§)
SH Maximum size of cumulative deficit parmitted without rate revision (-§)
=3 Cumulative surplus NOTE: The simulation program uses a twe-season year [sumer and winter).
C¥{k} Initial projection of water capital costs for year k (4/year) seasons are mumberad sequentially, twe fop each year. For
CZ{k} Initial projectfon of sewar capital costs for year k ($/year) example, the QT matyixn is dimensioned as QT{60,4), wivich means
ap{k} Inftial projection of maximum day demand for year k  {(HGD) that season 9 and 10 represent year 3,
QAVE(M) Average daily water demand for all sectors for each year M used
- in setting rates, temporary working array (M5O
CFYC Aggregate capital costs for temporary five-year forecast
- working variable
CFYY Aggregate vaviable costs for temporary five-year forecast
- working variable
AT Aggregate average demand far temporary five-year foracast
- working varizble
QsHT Aggregate surmer demand for temporary five-year forecast
« warking variable
PROGRAM LISTINGS
ZUSE - SIMUL
10 DIMENSI®N CC(30)
20 DIMENSI@GN CV(30)
30 DIMENSI@N CX(30?
43 DIMENSIAN CY{(31)
50 DIMENSI@N CZ(31)
60 DIMENSION EL(2,7)
70 DIMENSI@ZN QTS(35)
80 DIMENSI@N PM(62,6)
on DIMENSION QAC(T70.7)
100 DIMENSION QAVE(S)
110 DIMENSION aM(35)
120 DIMENSI@N QP(35)
130 DIMENSION QAS{(30)
140 DIMENSION QTC(70,7)
150 DIMENSIGN RF (30
160 DIMENSI@N RX(30)
1706 DIMENSION SP(353)
180 DIMENSION SX(30)
190 DIMENSI@N SWR(S)
200 DIMENSION WTR(S)
210 DIMENSI@N CON(8)
220 DIMENSION S5CC40)
230 DIMENSIBN wTQ{7)»STQ(T)Y .
240 EQUIVALENCE (0AC151)3,8TC(151))

250 WRITE (0.,901)
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260
270
2R0
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
240
470
480
490
500
510
S20
530
540
550
560
570
580
590
600
610
615
620
630
640
650
660
670
680
690
700
710
720
730
740
150
760
770
780
790
800
%10

901 FE@RMATC(1X,'"FIRST FILE NAME'™)
READ (0,903)AA

903 F2RMAT(AS)

902 FORMAT(1X,"SECAND FILE NAME')
WRITE (0,902)

READ (0,903)BB

BPEN 10, FILE=AA

READ (103SPCYsCZsELs ((PMCI+JYsJ=156351=1,23,IND1,JJ1

CLPASE 10

PPEN 11,FILE=BB

READ (113QT,QP,CONSPUR, IND2,JJ2

CL@SE 11

D& 10 IYEAR=1.,35

J=(IYEAR+4)Y /5

ZK=1YEAR=1=(J=1)%5
SCCIYEAR)I=ZK*0 2% (CONC(JI+1)-CONCII I +CANCI)
10 SCCIYEARI=SP{IYEAR)/SC(IYEAR)

30 FPRMATC(1 X,*""MAX. CS PERMITTED")

WRETE (0,830

ACCEPT SM

860 FERMAT(1X,"MIN. CS PERMITTED'")

WRITE (0s860)

ACCEPT SN

890 F@RMATC(IX,"FF')

WRITE (0.,890)

ACCEPT FF

920 FBRMAT(IX,"CF')

930 FORMAT (L X,"CFF')

WRITE (0,920)

ACCEPT CF

WRITE (0,930)

ACCEPT CFF

950 F@RMATCIX,"INDICATER'")

WRITE (0,930)

ACCEPT IND

CYT1=0.0

LL=0

CS=0.0

CZT1=0.0

DP 80 1=1,3S

DB 79 K=zi,6

79 QATSCI)=(QT(2*I-1,KI+QT(2%1,K})/2.+QTSCI)
BO QTS(D)=QTSCI)/(1.+=-PUR)

CORR=0.0

D& 999 L=1,30

ZZ=0.0

IF (L.GE. 3)CF=CFF

IF (L.GE+4)ZZ=2.5

I1S1=2%L-1

1s52=0%L

110 DB 115 K=1.6
WTR(KI=((PMCISt s KY/PM(1,K)I*ELC(1,K)I*QT(IS1-K)
STE(K)=((PMCIS2,K)/PM(2,K))**%EL(2,K))*QT(IS2,K)
115 CONTINUE
STRAC(TI=C(PM(IS2,1)/PM(2,1))%kEL(2,T7))%QT(IS251)
WVE=0.0

WV2=0.0



820 Wv3=0.0

830 DB 120 K=ts6

840 WV1=WVI+WTQ(K)

850 WV2=WV2+STR(K)

860 120 WVY3=WY3+STR(K+1)
861 IF (LL.F@.LYG® T@ 130
870 IF (WV2.GE.WVEIG@ TG 130
B8R0 CORR=CORR+(0.5%CC(L-1))
890 L=L-1

900 1S1=151-2.

910 - 152=152-2.

920 G T@ 337

930 130 CORR=0D.0

931 LL=L

970 QASLI=(WVI+WY2)/(2.% (1 ~PUR)) _
980 WV=(WVI+WU3I/(2.%C(1..-PUR))Y ' !

990 OMIL)=1 5% (WV*%].012) '

1000 CVCLY=(1.267x(QMCLI*%%0.3489)*%(SP(L)**0. 614)*CF)/((SC(L)**O-4233&
IR (QASC(LY*%*1.112))

1010 D2 135 I=1,30

1020 IF (QPC(I)«GT.QMILIIGE TO 140

1030 135 CONTINUE

1040 140 IF (I-1)1455145,150

1050 145 CYT=CY(!)

1060 GG T@ 155

1070 150 CYT=CY(I=-1)+(CYCI) CY(I-]))*(QM(L)-QP(I-!))/(@P(I)-@P(&
I-1))

1080 155 CONTINUE

1090 D@ 165 I=1,30

1100 IF (QTSC(I)«GT«.QAS(LIIGEZ TO 170

1110 165 CONTINUE

1120 170 IF (1=131755,175,180

1130 175 CZT=CZ(1?

1140 GO TO 185 _

1150 180 CZT=CZC(I-1)+(CZCI>~CZCI-1))*(QASCLI-QTSC(I-1))/¢QTS(I)~&
QTSCI=-1))

1160 185 1IF (L.EQ.3)CZT=CZ(3)

1170 IF (L.EQ.4)CZT=CZ(4)

1180 IF (CYT.LT.CYTI1)CYT=CYT!

1190 IF (CZT.LT.CZT1ICZT=CZTI

1200 CCCLI=CYT+CZT

1230 CX(LI=CC(LI+0.36525%WV*CV (L)

1240 RV1=0.0

1250 RV2=0.0

1260 D@ 190 K=1,6

1270 RV1=RVI+PM{ISIKI*WTQ(KI*182.625

1280 190 RVYZ=RV2+PM(IS2,KI%®STQ(KI*]1B2.625

1290 RF(LY=FF*CC(L)

1310 WV=RVI+RV2

1320 RX(L)=WV+RF (L)

1329 DISPLAY L

1330 SX{L)=RX(LY-CX(L)

1331 PP=SX(L)/CCL)

1332 IF (PP.GT.0.15)G0 T2 191

1333 IF (PP.LT.-0.15)G0 T® 192

1334 GB T@ 199

1335 191 PF=-0.05

31
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1336
1337
1338
1339
1340
1341
1343
1344

1345

1344

1347

1348

1349

1350

1360

1370

1380

1390

1400

1410

1420

1430

1440

1450

1460

1470
1480
1490

1500
1510
1520

1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700

Ga 1@ 193

192 PF=0.05

193 D@ 195 K=1.6

PM(IS1 s KI=PM(IS1,K)+PF

195 PMOIS2,KI=PM(IS2,K)+PF

L=L-1

G TR 215

199 CS=C8+Sx (i)

D2 132 K=1,7

BACISIKI)=WTR(K)

132 QACIS2,KI=S5TAC(K)

CYTt=C¥YT

CZT=CZT

IF (CS.GT.SMXGQ T@ 220

IF (L.LE.4GR T8 220

IF (SN.GT.CS5)GO TQ 220

IF (IS1-8X205,205,200 ‘

200 IF (PM(ISts1).EQ.PM(IS1-8,13)G2 TQ® 220
IF (PMCIS2,1).EQ.PM(IS2-8,1)3G@2 T@ 220
205 D@ 210 K=1.,6
PMCIS1+2,K)=PMCIST,K)

210 PMCUIS2+2,KI=PMCIS2,K)

215 CONTINUE

999 CONTINUE

G0 T@ 350

220 Y=0.0

D@ 225 M=LsL+5,1

225 Y=Y+LOG1O(ATS (M)

XY=0.0

D@ 230 MzL+1,L+5S

230 XY=XY+L2GI10(QTS(MII*LAGIO (M-L+1)
Bz(244142%XYY~-1 1 497%Y

D@ 240 M=1,5

QAVE(MI=EASC(LI* CCFLBAT(M+] ) ) %*B)

240 CONTINUE

WV=0.0

DB 245 M=1,5

245 WYsWUH(QAVE (MY %D « 241 1 DR (SP (L+MI%%0Q +514)
CFYU=O-54305*(SC(L)**(-O-4233))*CF*WV
CFYC=0.0

D@ 300 M=1.,5

b 250 I=1,30

IF (QAVEM) -GTS(IX)255,250,250

250 CONTINUE

255 1IF (I-1)260,260,265

260 SWR(MY=CZ (1)

G T@ 270

265 SWRIMI=CZ(I-1)+(CZ(I)=CZ(I-1))*(QAVE(MI~@TSC(1~1))/¢QTS&

(I)~@TS(I-1))

1710
1720
1730
1740
1750
1760
1770
1780

270 WUs (ML) /7QAS (L)) *QAVE (M)

pe 275 1=1,30

IF (WY-QP(I))280,275,275

275 CONTINUE

280 IF (I=-1)285,285,290

2B5 WTR(M)X)=CY (1)

GZ T@ 300

290 WTRIMI=CYC(I=1)+(CYCI)=CYCI-1))%(WV=QPCI=-1))/C(QPCI)~QP (&
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1790 300 CFYC=WTR{M)+SWR(MI+CFYC
1800 RAVT=0.0

1810 WV6=0.0

1820 WvVEB=0.0

1830 DG 305 M=1,5

1840 305 QAVT=RAVT+QAVE (M)

1850 WVAa=0.0

1860 WV5=0.0

1870 D@ 70 K=1,6

1RB0 WV4=WVA4+QACISE KD

1890 70 WVS=WYS+QA(IS2,K)

1900 D? 306 K=L+1.,L+5

1910 Wye=WVa+ (ATSC(KY*PUR)

1920 306 CONTINUE

1930 IF (INDY205,310.325

1940 310 RFYV=CFYV+ (1 =-FF)*CFYC~-ZZ*C53
1950 PAVE=(RVI+RV2)/((WI4+WUSI*] B2.625)
1960 PREQ=RFYV/ ((QAVT-WVAI*365.25)
1970 WVT=PREQ/PAVE

1980 IF (L+EQ.1dWVT=1.42E8%

1990 DB 320 K=1,6

2000 PMCISI+2:K)=PMUIS1K)YXWYT

2010 PMCISZ2+2,K)=PMIIS2,KI¥WV7

2020 320 CONTINUE

2030 GB T 215

2040 325 WV=0.0

2050 D@ 330 M=L+1,L+5

2060 DO 330 K=1.,6

2070 330 WV=WV+QT(2%MsK)

2080 WV=WV/(1.-PUR)

2090 WVUE=PUR*WY

2100 WV1=0.0

2110 D@ 335 N=L+1,L+5

2120 335 WVi=Wyi+@TS(N)

2130 QSMT=(WV/WV] 2*QAVT

21 40 PAVW=RV1/(WVA%182.625)

2150 PAVS=RV2/(WVS5%*1B2.6253

2160 337 CONTINUE

2170 PROQW=(CFYV-ZZ*CS+CORR)/((QAVT-WV6)I*365.25)
2180 PRQS=PRAW+{({) «~FF)*CFYC)~CORR)/ ({QSMT~WVE) *182.625)
2190 WV9=PRAW/PAVYW

2200 WV10=PR@S/PAVS

2210 IF (L+.EQ«1)WYT=1.4285

2220 IF (L.EQ.13WV10=1.4285

2230 D@ 340 K=1s6

2240 PM{IS1+2,KI)=PM{IS1,K)*WY9

2250 340 PM(IS2+2,K)=PM(IS52,K)*WV10
2260 GO T2 215

2270 350 CONTINUE
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2410 625 WRITE (0,606)FF,SM,SN,CF

2420 606 FORMAT(1Xs"FF=", F4e2,2X2""SM=",FB+2,2X,""SN=",F8.2,2X,"CF=",F&
6+2) -
2430 WRITE (€0,607)

2440 607 FGRMAT(IX»"YR“:2X:"QA(1)":4X:"@A(2)":4X:"GA(3)".4X.“QA(4)" &
AX5"QAC5)" 5 AXs DA L6 5 AX5 QA (SN

2450 D@ 650 1=1,30

2460 WUB=0+0

2470 WVA=0.0

2480 J=2%1-1

2490 JK=2%I

2500 D@ 640 K=1,6

2510 WVB=WVB+QA (JK,K)

2520 640 WVA=WVA+QACJIsK)

2530 WUB=WVB/(1.=-PUR)

2540 WYA=WYA/ (1 +-PUR)

2550 WRITE (0-908) I, (QACJKI»K=1,6)sWVA

2560 WRITE (0,909 (QACJIK,K) »K=1,6),WVB

2570 908 FORMAT(1X,12,1Xs7C1XsF8+3))

2580 909 FORMAT(AX»7(1XsF8e3))

2590 650 CONTINUE

2600 652 FORMATC1Xs"YR™24Xs"CY" 58X, " CC" s BXs""CX'"' s BX5""QM™)
2610 653 FORMAT(1X51254(F9+251X35F643)

2620 654 FORMATC1X5"YR'» 4Xs*"RV" 58X 5 "RF "+ 8Xs"'RX"s BX5 " SK")
2630 WRITE (0,652) -
2640 DB 670 I=1,30

2650 670 WRITE (€05653>I,CVCE)sCCCIN»CXCI),AMCI)

2660 WRITE (0, 654)

2670 DB 675 I=1,30

2680 WVA=RX(1)=RF (1)

2685 PP=SX(1)/CC(D)

2690 675 WRITE (0s653)I1,WVAsRF(1),RXCI),SXC1)sPP

2700 WRITE (0,677)

2710 677 FERMATCI X5 YRS 6X, "1 59X 2", 953" 9Xs " 4" s 9X» "S5, 9X, " 6™)
2720 678 FORMAT(1X512,6(1XsF9.3))

2730 679 FORMAT(3X»6(1X,F9.3))

2750 750 DO 760 I=1,30

2760 WRITE (0,678 1,PM(2%I-1,1)

2770 760 WRITE (0,679)PM(2%1,1)

2780 DISPLAY CS

9999 END

ZKEY



APPENDIX C
THE WATER/SEWER UTILITY SIMULATION MODEL AS A

PLANNING TOOL

THE PLANNING PROBLEM

Planning is an important function in any well-managed
organization, In a water/sewer utility which serves a growing
service area, it is particularly important since water/sewer utili-
ties comprise the most capital intensive major industry in the
United States; i.e., the utilities require the highest capital
investment per employee, Total investment typically exceeds
annual revenues by more than five times, and the investment
commitments must often precede actual needs by many years,
The planning of future additions to system capacity (facility
planning) must be accurate and thorough if the system is to be
engineered soundly and be efficient in operation, in order to
meet adequately all demands on that system, At the same
time, the planning of rate-making policy, funding sources,
operations, etc. (financial planning), cannot be neglected if the
utility is to retain the ability to construct needed facilities and
1o operate existing facilities in the most efficient manner.

Although these two planning activities--facilities and finan-
cial-are often conducted separately, they are of course closely
inter-related. The estimates of future system demands, the
most important aspect of facilities planning, are influenced by
the rate-making policy and price levels determined in the
financial planning process. The financial planners, in turn,
must base much of their work upon the capital improvements
program developed by facilities planners. Less obvious, but
perhaps more important, are the many linkages between in-
dividua! planning activities: operating cost forecasts require
assumptions regarding the design of future treatment plants;
programming major improvements requires some knowledge of
capital fund availability, etc. Effective planning, from the
utility’s point of view, requires a high level of communication
between individuals engaged in these two types of planning,

The Water/Sewer Utility Simulation Model has been
designed to trace the effects of any change in rate-making
policy throughout all aspects of utility operation: systems
demands, investment requirements, funding requirements,
revenue availability, ete. It requires many highly explicit
assumptions regarding the characteristics of the utility service
area and the utility itself, For this reason, the same model can
be used to estimate the effect of changing any of the assump-
tions. This capability suggests an additional application of the
model as a planning tool, where it can serve as a communica-
tion link between facility and financial planners. Changes in
the programming of capital improvements, when inserted into
the model in the form of revised estimates of capital costs,
result in changes in total costs, in the prices of water/sewer
service, in the demands for that service, and in facility require-
ments. This provides the financial planners with a preliminary
estimate of the impact of a new improvement program on
existing financial plans., At the same time, it informs facility
planners of the feasibility of the program revisions. Changes in
financial operations may be related to shifting requirements

for system capacity as well, The following sections describe in
more detail several specific uses of the simulation model as a
planning tool.

FACILITY PLANNING APPLICATIONS

The planning of physical facilities in water and sewerage
systems is related to two types of requirements: (1) the
expected levels of water usage and sewer flow which determine
the capacity of major treatment and transmission facilities;
and (2) the spatial pattern of system development which deter-
mines the design of distribution and collection systems. Fore-
casts of water and sewage flows are customarily obtained from
predictions of service area population, which are combined
with assumptions regarding per capita water demand or per
capita sewage generation, producing forecasts of aggregate
water use and sewage flow, Distribution and collection system
additions are normally analyzed on an individual basis, and are
not the subject of generalized forecasting procedures.

The Water/Sewer Utility Simulation Model requires individ-
ual forecasts of customer connections, disaggregated by
demand sector and by geographical location (where possible),
and of expected water use per each type of connection.

Appendix A describes a technique for developing connection

forecasts from population forecasts, The detailed nature of
these forecasts require the planner (o answer many questions
that are normally embedded in the forecasting process, He
must predict the fraction of the population which resides in
single-family dwellings, in garden apartments, and in high-rise
apartments; he must make separate estimates of the number of
commercial/industrial and institutional establishments to be
served. In this way, areas having rapidly changing land-use
patterns will be associated with water and sewer flow forecasts
which reflect these changes. The specification of water use per
connection for each demand sector and at five-year intervals
allows consideration of trends in unit water use, either upward
or downward. Each of these parameters may be investigated
by making several alternate assumptions and noting the overall
impact of each.

Whatever set of assumptions may be employed, it is pos-
sible for the planner to determine the full range of implica-
tions (including facility and investment requirements, resulting
price levels, maximum day water demand and sewer flow esti-
mates, etc.) over a thirty-year period. Since this can be done
for as many subdivisions of the service area as required, the
future behavior of the system can be modeled in considerable
detail. '

FINANCIAL PLANNING APPLICATIONS

A major application of the Water/Sewer Utility Simulation
Model in the financial planning sphere is that described in the
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body of the report--rate-making policy evaluation.
Other potential applications can be described which are of
comparable importance. Two of these are well illustrated by
the current financial planning of the WSSC. The simulations
described in this report were based on an assumption of
sharply increasing capital and operating costs, especially those
associated with the sewerage system, during the next several
years. The abrupt change assumed in these simulations created
a number of instability problems, as seen in the figures in
Chapter IV, which affect the period 19724977 inclusive. The
behavior predicted by the simulation mode! for these years
would not be tolerable in practice; it would be the function of
financial planners to spread the impact of predicted cost in-
creases so that large shifts in demand or customer behavior
would be avoided,

To solve such a problem, planners might re-examine con-
struction schedules which would result in more accurate esti-
mates of the rate of increase of capital cost. The timing of rate
changes could be altered to provide for more gradual transi-
tions to higher levels, Initial assumptions of instantaneous
changes in operating costs are not usually borne out in prac-
tice; more careful study of start-up schedules might result in
modified assumptions. All of these factors can be reflected in
the data provided to the simulation model, and the simulation
repeated unti]l the desired system behavior is obtained. Such
methods have many advantages over conventional approaches
that depend heavily on experience and intuition, one advan-
tage being the direct and quantitative nature of the assump-
tions. As new information becomes available or as operating
experience is accumulated, it can be factored into the planning
process directly without loss of content.

Another application of the simulation model for financial
planning concerns the availability of Federal grants for facility

construction. Most utility planners have struggled with the
fluctuating availability of Federal funds for such purposes as
sewage treaiment plant construction. Forecasts and rate-
making policy based on the availability of such funds often
leave the utility in a difficult position if their availability sud-
denly becomes restricted. On the other hand, if all planning is
based on the assumption that no funds will be forthcoming,
rates would be set too high and fiscal policy would be unneces-
sarily conservative. The simulation model permits the develop-
ment of contingency plans, or financial plans, based on various
possible levels of Federal aid; the utility can adjust rapidly and
smoothly from one level to another, without foreclosing
options prematurely,

CONCLUSIONS

As familiarity with the operation and capability of the
simulation model is obtained, many other applications may
suggest themselves. A general word of caution must be added
regarding the use of models in planning, however. The results
of a simulation of the type described here must never be re-
garded as answers; they are merely estimates which, when
interpreted properly, may provide insight into the nature of
the answers to the problem posed. In this sense, a simulation
model is no different from any other computational aid avail-
able to the planner, In the final analysis, the experience and
judgment of the planner, drawing on all readily obtainable
information, must provide the answers. The simulation mode}
has the capability to organize the data in such a way as to
extend preatly the planner’s ability to utilize the information
in his deliberations,



APPENDIX D

RESIDENTIAL WATER-SAVINGS MEASURES AND THEIR EFFECT ON
RATE-MAKING POLICY

THE POTENTIAL FOR WATER SAVINGS

In October 1971 the Washington Suburban Sanitary Com-
mission published an official statement of policy calling for a
coordinated, aggressive effort to promote water conservation
throughout the Commission’s sanitary district (WSSC, 1971).
Three major reasons have been cited for this action: limited
fresh-water resources; rising cost of water supply and waste-
water disposal services; and the need to minimize wastewater
quantities (WSSC, 1972). An important part of the WSSC’s
water conservation program is the proposed use of the Subur-
ban Maryland Plumbing Code, enforced by the WSSC, to
promote the installation of water-saving plumbing fixtures.
Furthermore, a recent publication of the WSSC, “A Customer
Handbook on Water-Saving and Wastewater-Reduction,” lists
many currently available techniques for reducing water use
within an average home (WSSC, 1972).

The purpose of this bref discussion is to review the litera-
ture on the effectiveness of water-saving measures and the rela-
tionship of their use to rate-making policy formulation. Infor-
mation on the impact of in-house water-saving devices and
techniques is sparse and highly variable in quality. The most
comprehensive and carefully researched study to date is that
recently completed for the National Water Commission by
Charles W. Howe (Howe, 1970), A related report appeared this
year in the Journal of the American Water Works Association
{Howe and Vaughan, 1972). A systems study of water conser-
vation measures performed for the Office of Water Resources
Research by Hittman Associates, Inc., also contains some use-
ful data on the function of specific water-saving devices (Hitt-
man Associates, 1969).

A major deficiency in the daia reported by all investigators
to date is that it refers to isolated uses of specific appliances
and fixtures, but does not reflect actual use conditions, For
example, reducing the water requirement of a toilet from 5 to
3 gallons per flush may be assumed to produce a corre-
sponding decrease in water demand for that particular use. If
the modification required to accomplish this reduction, how-
ever, interferes with the flushing action of the toilet, then the
result may be an increased number of flushes which partially
or completely nullifies the expected savings.

The true effect of fixture innovations related to water-
saving can only be determined by metering individual fixture
units in representative residences as part of a planned research
study on a large-scale. Since no such study has been reported

"to have been undertaken, any claims regarding water savings
for specific fixtures must be regarded as only approximate;
estimates of overall water savings utilizing such approxima-
tions should be made conservatively.

. Bxamination of fixture specifications reveals a wide range
of water requirements. Toilets currently on the market require
between 3.2 and 8 gallons per flush, as received from the
manufacturer. Automatic clothes washers use between 32 and
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59 gallons per 8-pound load. Automatic dishwashers may re-
quire as little as 6 gallons, and as much as 12.9 gallons, per
load, according to some studies. During a review of appliance
specifications in the preparation of the Hittman report (Hitt-
man Associates, 1969), it was noted that the water require-
ments of automatic clothes washers and dishwashers have
tended to rise over the years, as performance standards have
become more stringent and wash cycles more complex,

Howe (Howe, 1970) has suggested that installation of all
currently available water-saving devices might reduce domestic
water use by approximately 32 percent. Such a result implies,
of course, no reduction in the actual or perceived efficiency of
operation of any of the appliances or fixtures. In the latter
instance, the net reduction in water use is more difficult to
predict; however, it should be somewhat less than 32 percent.

WATER SAVINGS AND RATE-MAKING POLICY

Domestic water use reductions of 20 to 30 percent are most
significant to a water/sewer utility which serves a pre-
dominantly residential area. Table D lists the present water
use and sewer flow contribution in the WSSC service area. It
can be verified that a 20 percent reduction in water use--when
applied to domestic residential, garden apartment and high-rise
customers--would result in a 13 percent reduction in water use
and a 15 percent reduction in the contribution made by those
same customers to sewer flow, [The “Residential, domestic,”
“Apartment, garden,” and “Apartment, high-rise” categories
total 86.3 MGD water use and 83.4 MGD sewer flow. A 20
percent saving in each of these totals is 17.3 MGD and 16.7
MGD, or 13 percent of total water use and 15 percent total
sewer flow.]

Table D-1
Water Use and Sewer Flow Contribution
by Use Sector, Washington Suburban
Sanitary Commission, Fiscal Year 1972

CORTRIBUTION £ TOTAL

Water Use Sector  WATER USE* 4 TOTAL USE T0_SEWER FLOW* LONTRIBUTION
-~ Single~-Family
Residential:
DOMESTEC 55.9 41 65.% 51
SPRIRKLING 15.4 11 -0- -0-
Apartments,
22.9 17 21.6 20
Apartments, .
HIGH-RISE 1.5 & 6.9 3
Commercial/

Industrial 12.0 9 10.7 10
Institutional 8.8 6 8.2 7
Pubiic/Unaccounted** 13.6 10 6.8 3

TOTALS 136.1 100 1161 10t

HOTES: * Millions of gallons per day; en a 12 month average.

** Assumed to be 10% of total water use.



38

Such major changes in water use and sewer flow result
through shifts in demand curves for water and sewer services.
Figure D-] illustrates, in greatly simplified form, such a shift.
Curve A-A’ represents the demand curve for water use prior to
the installation of water-saving fixtures. When the price is set
at Level P, the quantity demanded is equal to Q,. It can be
noted that if the price rises, the quantity demanded falls, as
predicted by the “law of demand.” Changes in water price
cause changes in the quantity demanded through the move-
ment along A-A’, but not in the demand function itseif.

Following the installation of water-saving devices, however,
water users find that they can obtain the same service with the
use of a smaller quantity of water. For any given price, users
will now demand a smaller quantity of water. On Figure D,
this phenomenon is represented by a shift from demand curve
A-A’ to demand curve B-B.

The role of water-saving measures in rate-making policy
formulation can be simply illustrated by the following
example:—in—Ei—gure—D~2,—where—éeman—d—e-ufve—A?A’—is—i—p—effect,
price P; will lead a quantity Q,being demanded. Should the
water utility increase the price to level P,, the quantity
demanded will fall to Q,, in accordance with the demand
curve A-A’. This reduction may be the result of water-saving
measures voluntarily implemented by customers to avoid the
effect of higher prices. However, an alternative strategy might
be to require the installation of these devices without increas-
ing the price. Should such regulation succeed in shifting the
demand curve to position B-B’, it can be seen that the effect of
the regulation is to produce a demand for quantity Q, at the
original price, P,.

In cases where the quantity demanded is quite unresponsive
to price (e.g., institutional uses), the demand curves are nearly
vertical on plots similar to D-1 and -2, In such cases, a shift in
the demand curve through regulation is likely to produce
larger reductions in quantity demanded than would normal
changes in price. Water uses with a more horizontal demand
curve (e.g., residential, sprinkling) might respond more readily
to 2 pricing policy than to regulation,

The computer simulation program described in this report
offers a convenient technique for evaluating proposed water-
saving regulations. The impact of the regulations must be esti-
mated in terms of a shift in the base forecast of demand
employed by the simulation program. Once this is done, a
simulation can be made and compared to a similar one which
used the original base forecast. Regulations directed specifical-
ly at areas known to be insensitive to price incentives (e.g.,
rental housing, apartments, institutional uses) can be
expected--after all factors have been considered-to produce
the most favorable results. Differences in the fiscal position of
the utility resulting from the shift in the base forecast can be
compared to the cost of implementation of the proposed
regulations, resulting in useful criteria for selecting or rejecting
specific proposals.

The use of the simulation model permits the simultaneous
consideration of changes in the investment stream, in revenues,
in operating costs, and in the impact on specific groups of

water customers. All of these factors, together with the cost of
implementation of the water-saving proposal and the expected
changes in water use and sewer flow, permit a comprehensive
evaluation of specific water-saving measures which is fully
consistent with the rate-making policy of the utility.

Figure D-1
Shifting Demand Curves
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