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CHAPTER I !

INTRODUCTION

This paper has been written in view of the growing belief that
regionalization is a key solution of American water supply (and waste-
water treatment) problems. It is written not only because so many
state and federal agencies are suggesting regionalization projects, but
also because so many local communities have rejected regionalization
plans. This mismatch of thinking between state and federal and local
governments may be defeating, or at least deferring, the benefits which
many describe regionalization to offer. In fact, these costs are implicit.

Explicitly, the mismatch directly costs thousands, maybe millions of dollars,

in incalculable monies spent on planning for regionalization and on educa-
tion and advertising campaigns to insure its success. If regional plans
are warranted, then we should reinvest these planning funds and try again.
Better research information and educational techniques may proselytize local
communities so that they may one day see the benefits to be had. If
regional plans are unwarranted, however, the money spent is double damned--
spent without success and on a worthless idea.

We believe that too little research has been devoted to the real
questions of regionalization. We don't know enough basic information to
be sure that proposed regionalization plans are beneficial. Existing work
on regionalization is not extensive and lacks generalization in technical,
engineering-economic functions on which regionalization would be founded.
In this work,we examine earlier literature applying our ideas to case
studies, but we also present generalizations whenever possible.

We find that the evidence on advantages of regionalization is not




overwhelming, that regionalization is not always the solution. There are,
however, sufficient benefits from regionalization to warrant its considera-
tion as a policy solution of numerous problems. The study reaches no

clear-cut conclusion, no broad conceptual position. The study provides

methodological background for anyone considering regionalization in practice.




CHAPTER II

BASIS FOR THE STUDY OF REGIONALIZATION

Contemplation of regionalization of water supply and the poor record
of implementing it in this country provokes thought about root causes of
the problem. Regionalization failure may stem from growing provincialism
in which we each irrationally protect our own regional resources to the
exclusion of others. If such is the case, then we should bury our dead
democratic idealism on which our country previously flourished. We choose
not to evaluate this possibility in this report and turn instead to other

explanations.

2.1. Experience With Regionalization Planning

Regionalization failure is a rational outcome of individual decisions
if, in spite of painstaking analysis of the benefits of regionalizationm,
such benefits as estimated do not, in fact, exist. This would be disturbing

evidence that we systematically miscalculate benefit/cost data for water

regionalization projects even though we have had a long history and exper-
ience with cost/benefit analysis in other water resource projects.
Regionalization failure is also a rational decision outcome if a
project is beneficial to the sum of a group of individuals but not separately i
to a majority (or politically powerful minority) of its members. While a
regionalization project may produce more total benefits than costs, it may
distribute them in such a way that few get many of the benefits and little
of the costs and many get few of the benefits and much of the costs. 1In
this case, planners proposing such programs act as good engineers, producing

good and technically beneficial plans, but they act as poor economists,

producing plans that very unevenly distribute benefits and costs.




We have little opportunity to evaluate which of these possible causes
accounts for existing regionalization failure because regionalization's
success has been so limited that there are too few implemented cases,
especially in humid areas, that we cannot calculate the actual level and
distribution of resultant benefits and costs. Regionalization advocates
point to the success in regionalizing the water industry in Great Britain
where the number of water planning districts was recently greatly reduced.
This show piece, however, has had a significant impact only on administra-
tion and regulation of the English water delivery system, and has had not
much effect on integration of the actual operations of local systems.
English regionalization has been set back at the same time, by the evidence
presented by Warford (1968). He analyzes the implicit regional subsidiza-
tion of rural areas and, considering costs of other public services and
moving costs, he suggests that it is more efficient to relocate individuals
from smaller or scattered developments into denser clusters than to integrate
their water systems. This form of regionalization is clearly not what
American water authorities have advocated, but it usefully distinguishes
between regionalization, moving people to water, and regionalization, moving
water to people. The latter takes population locations as given. We must
be careful in defining regionalization and associated economies of scale on
which regionalization is based. Economies of scale, reported generally
throughout the water supply literature, are encountered, as Warford
rightfully demonstrates, by increasing the population within a given
residential district (holding area constant). To generalize from these
findings of scale economies to recommendations of regionalization is

dangerous. Regionalization of existing communities increases the service




area and presents the difficulty, of course, that we simultaneously change
two variables. That economies of scale hold for regionalizing existing
communities is problematic, and needs more study.

There has been regionalization in the United States. Modesto and the
Chino Basin in Califormia and Seattle-Metro in Washingcon are regionalization
examples, but these have involved water quality as well as water quantity
and there is difficulty in separating the two issues. The Chino Basin and
Modesto projects were voted upon by residents. Analysis of differential
voter response among sub-regions comparing estimated benefit/cost information,
stratified by sub-region, would yield fruitful information. This has been
done elsewhere by Abt Associates (1971), Radosevich (1975), and the Advisory
Commission on Intergovernmental Relations (1965), and was considered here,
but the findings would be highly specific to the case study and would yield
little generalization about regionalization in other areas. The Seattle-
Metro project in particular, however, supports a hypothesis that regionaliza-
tion failed because of distributional inequity. Seattle regionalization
was once rejected and subsequently passed under conditions substantively
changed only with regard to distribution, making the second project more
beneficial to the outside central city areas and less (relatively) to the
central city.

We find in other areas of this country that regionalization has failed
through institutional rigidities. Birmingham, Alabama, for example, has
for a number of years considered regionalization, and the Birmingham Water
Works, in fact, is serving somewhat in the capacity of a regional supplier.
It does so, however, only with financial constraints which limit its

optimal size. This is typical throughout Alabama and we consequently find




over 1,400 different suppliers operating in the State. This is far fewer
than ideal. The operational and institutional constraint in Alabama is a
law requiring forfeiture of capital facilities constructed outside the
primary jurisdiction boundaries whenever capital indebtedness on facilities
outside the primary jurisdiction is retired. Regionalization occurs but
not at full efficiency because systems which regionalize over-capitalize
and over-amortize capital so as to avoid capital forfeiture. Like Seattle,
this is frequently a central city/suburb confrontation.

The same is true in other areas of the country. New York, a prime
focus of the Corps NEWS program, has hesitated on regionalization because
it does not want to give up (perceived) previous automony. Yet, needing

the water, the City feels ambivalent. The New York Times editorial, "Thirsty

Metropolis" (March 18, 1975) chides:

Bearing this possibility (of drought) in mind, New Yorkers
must heed the latest recommendations of the Temporary State
Commission on the Water Supply Needs of Southeastern New York.
Just one year ago, the commission proposed creation of a new
regional authority to develop and manage water supplies for
the Southeastern area of the state. That sensible proposal
was rebuffed by Mayor Beame and other city officials as an
infringement on '"home rule" and an alleged attempt to
"confiscate'" the city's own highly developed water system.

A common feature to both (regionalization) plans is a
requirement that the city install universal metering, which
the commission estimates would result in a 15 percent saving,
or about 240 million gallons per day. New Yorkers, who have
been rejecting metering for a century, must recognize that
they are not going to gain access to necessary new sources of
water supply under any schemes as long as upstate communities
where new facilities would be located are convinced -- and
justly so -- that the city is wasting the water it already
has.




Residents outside the center city region see New York City demands for
their water as a means of capitalizing on fortuitous natural resource
endowments. They also see these demands as threatening. An upstate

editorial from the Middletown Times Herald-Record, "Involuntary Servitude"

of March 28, 1975, argues for regionalization primarily as a means of

reinstituting upstate's lost equity:

Too many of this region's natural resources -- water, land,
scenery -- have been indentured to metropolitan New York. We
have been given no say during the systematic seizure.

We expect to share some of the grueling problems of New
York City by sharing our resources, but we also have -- or
should have -- the right to help determine if, how and when
our resources are to be tapped.

With that in mind, we unhesitatingly choose regional con-
trol of southeastern New York's water supply. A temporary
state commission has presented the two choices to the state
Legislature.

The regional plan, as we see it, would give this region
control over water resources, including those earmarked for
New York City. Such control has been lacking for too long.

The proposal could lead to mandatory water metering in
the city, shamefully avoided for decades. And it would remedy
the disgraceful plundering of the Neversink and Delaware
rivers by establishing release requirements from waters further
upstate.

The state agency idea, on the other hand, would change
little, leaving New York in command of this region's water supply.

Michigan presents the same type of problem in a water supply-related
project, the Corps' water treatment sludge disposal project at Raisinville,
Those who have resources protect them because they are (or at least feel
they are) inadequately reimbursed. On Sixty Mintues, "Here Comes the Sludge,"
CBS correspondent Morley Safer, speaking for the rural residents, converses

with the Monroe, Michigan city spokesman, City Director, Leonard Leis:




SAFER: I get the feeling a lot of country people - not only
here, but in other parts of the country - (feel) about this stuff,
that sludge, rubbish, garbage, that's a city problem, that's an
urban mess that they make themselves: Don't dump it on us. Why
dump it on us?

LEONARD LEIS: Well, I can't agree with them at all, because
many people on the farms are coming into town now and making their
livelihood here. Many in the same mills that are having the prob-
lem with this sludge disposal right here in the city of Monroe,

and the rural people are going to have to accept their responsi-
bility in the disposal of sludge.

New Jersey has so recognized the impacts of regionalized water programs --
especially sewcrage projects constructing interceptor sewer lines -- that they

have stated:

Today, outside of the general economy, sewers are the critical
ingredient and the guiding force for growth in New Jersey. As the
cost of land and construction rises, more townhouses and multi-
tamily units will be built in proportion to single family homes.
Sewers are essential for this higher density construction. As a
result, the role of sewers as a growth determinant will become
even stronger in the future.

One of the most important impacts of regional sewer development is its
effects on land values. Other benefits of public sewerage are paid by user
charges, but the land value benefits are traditionally uncompensated with
any kind of cost to the user. This occurs because property taxes are
generally insensitive and unresponsive to the magnitude of the property
value changes. The New Jersey study suggests that these land value changes

are unanticipated, windfall gains.




The expenditure of vast amounts of public funds has resulted
in the windfall benefits to landowners in the form of increases
in property value. At the same time, the public does not recoupe
this unearned increment of value obtained at its expense.

These represent distributional inequities of the system; few indivi-
duals fall heir to the windfall profits and most pay user costs equal to
their own full benefits. Regardless of the total relative benefits and
costs, it is no wonder individuals reject schemes that embody so little
equity.

The report of Urban Systems Research and Engineering, Inc. to EPA
shows further that interregional competitiveness to obtain interceptor
sewer development funds (so as to gain regional economic development
capital) has led many projects to anticipate more than 2,000 years of
population growth. This result is clearly unwarranted with any reasonable
discount rate but results, in part, from lack of consideration of equity

in funding and financing sewer systems. The Council on Environmental

Quality made this comment, suggesting further that the impacts of large

regional projects greatly affect urban, suburban and rural populations

differentially:

The location and rate of extension of interceptor sewer lines
through previously undeveloped areas seem to have more impact on
land use than any other set of decisions on wastewater facilities . . .

A related land use impact caused by large interceptor sewers
is their tendency to be designed to run for long distances between
existing towns before reaching the treatment plant. Such lines
open up large areas of what may have been previously undeveloped
land between the towns. While this may be in line with overall
regional land use planning, it could also run counter to desir-
able development patterns, particularly if sewers are placed only
with an eye toward wastewater treatment efficiency.




In one recent case, a proposed interceptor was slated to run
through a large undeveloped coastal area of Delaware that was on
the state plan for eventual purchase as recreational land. The
proposal would have used public funds to build a sewer that would
have substantially raised the purchase cost of the land to the

public.

We may ultimately come to view regionalization failure as a result of
urban/suburban jealousy, disparities and inequities that have long been

with us.

2.2. Efficiency and Equity; Integration and Extension

The observations of section 2.1 together with some amount of intro-
spection suggest that we divide our attention throughout the remainder of
this report between the issues of efficiency and equity. We expect that
regionalization is sometimes rejected in practice because it is not
cfficient, that it does not provide cost savings relative to individual,
independent systems. We expect regionalization, at other times, has
been rejected because it was not equitable enough to attract a sufficient
number of supporters to gain success. We begin with these possibilities
as our study hypotheses but we believe that lack of equitability is more
often at fault when regionalization provides new community growth (service
extension) than when regionalization integratec existing systems. We do
justify the contention, in fact, that extension regionalization is more
efficient, ceteris paribus, than integration regionalization (section 3.4.6,
below). This is a basis for limiting our analysis of extension to equity.

In fact, efficiency and equity are not as easily separable as traditional

theory suggests, the latter calling for the separation of the efficiency
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(allocation) and equity (distribution) functions of government.* Society
may approve inefficient plans when the few existing net benefits are
inequitably distributed to the politically powerful. Perfectly efficient
and equitable plans may be rejected precisely because they impose fair
distributions. We cannot evaluate regionalization proposals first for
efficiency and second for equity. Both simultaneously affect social
acceptance. Nevertheless, we do limit analysis primarily to efficiency in

regional integration and to equity in regional extension.

2.3. What Lies Ahead

With the rationale and limitations of the scope of this report set,
we proceed to the tasks at hand. Chapter III takes up regional integration,
evaluating small, rural suppliers. Enmeshed in this chapter, section
3.4.6 shows that regional extension is more efficient than regional integra-
tion, a result already noted. Chapter IV evaluates regional integration
under water shortage costs, hydrologic risk and uncertainty. This is a
stronger motivation for regionalization than those noted in Chapter
III but, given high correlations of intrabasin hydrologic flows over time,
only few areas will find such regionalization attractive. Chapter V
analyzes large scale interbasin transfer and provides a clear motivation
for (Eastern) regional integration. Lack of interbasin hydrologic varia-
tion weakens the overall significance of such transfer.

Chqpter VI evaluates the impacts of regional extension, taking water

supply and sewerage service simultaneously because these services are

*See Musgrave (1959) for a general treatment and with specific reference to
regional and water problems see also Mera (1967) and (1973), Krouse (1972),
and Fritz (1976) and (1976),
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otherwise difficult to separate. Chapter VI focuses on the housing
market, for reasons explained there, and justifies wide variation in
measured property value changes -- a common malady of many early studies.
The material in Chapter VI shows distributional inequity to be a source of
regionalization failure. Chapter VII summarizes and concludes the report.
It offers some abbreviated policy prescriptions for establishing successful

regionalization.
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CHAPTER III

REGIONALIZATION OF EXISTING SYSTEMS

Before starting a study on the feasibility of regionalization of
water supply or waste disposal systems, the question must be answered:
Who is promoting regionalization and for what reason?

In the first place, plans to encourage regionalization of any
system of utilities originate at federal and state regulating agencies.
Clearly it is much simpler for a state department of Environmental
Resources to supervise a few dozen utilities than several hundreds or
thousands.

Secondly, the push for system integration between several neighboring
communities usually comes from the largest of the towns. Whether this
tendency to expand really has economic reasons or political ones is hard
to say, often the mere existence of a small village muddling along
independently inside a metropolitan area is a particularly sore thorn in
the eye of big brother without really constituting any economic threat or
disbenefit.

Whatever the reasons of a state regulating agency or a larger community
may be for proposing regionalization of utilities, they per se are not likely to
have a postively persuasive effect on the smaller communities to be annexed.
Small authorities are likely to give up their autonomy only when visible
benefits or savings through regionalization can be demonstrated. These
benefits could in a few cases consist of improved water quality or better
sewage treatment, but in most cases money speaks in a much more convincing

tone. Thus, an old dilapidated water supply system in dire need for a

13
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complete overhaul may find the offer of connecting to a nearby regional
system highly attractive, or a State Health Department ordinance requiring
a sophisticated water filtration may absolutely force the smaller com-
munities into regionalization.

Finally, in areas prone to water shortages, it may be found that
only a regional system has the political and financial strength to secure
the additional water resources needed to satisfy the growing demand.

3.1. Principle of Economies of Scale

Economies of scale are probably the prime argument offered in favor
of regionalization. The old saying that 'two people can live cheaper than
one" is rephrased as "2 mgd of water can be collected, treated and delivered
at a cost less than twice the cost of 1 mgd".

Gotzmer (1976), in a thesis submitted as interim report of this
project, presented a thorough description of short and long run cost
curves and the theory of economies of scale. In Figure 3.1a,a hypothetical
curve of total variable cost TC is shown, increasing at a decreasing rate
up to the point of inflection, beyond which it increases at an increasing
rate. The total cost can be expressed as the sum of total fixed cost TFC
and total variable cost TVC.

Figure 3.1b introduces the concepts of the average total cost, average
variable cost and marginal cost corresponding to the total cost curves in
Figure 3.la. These latter terms are preferred by the economist as measures
of cost effectiveness of incremental investments.

Figure 3.la and Figure 3.1lb, together, show a relationship known as

the total-marginal relationship. '"When a total curve is increasing at

an increasing rate, its corresponding marginal curve is rising; when a
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total curve is increasing at a decreasing rate, its corresponding marginal
curve is falling; and when a total curve is increasing at a zero rate, as
occurs when it is at its maximum, its corresponding marginal curve is
zero." At the point of inflection on the TC curve, the MC curve is at
a minimum. The MC and the ATC are equal at the output where the ATC
curve is at a minimum point. The corresponding point on the TC curve
is the point of tangency on the TC curve of the ray through the origin.
Figure 3.2 could be used to describe to a community the edvantages
of utility expansion, provided the costs follow the curved line traced
from point a through b to c¢ and continuing. Clearly a system originally
scaled to provide 2 units of water (or any other consumable good) at a

cost Y would benefit if it could expand to deliver, say 5 units. The

average costs Yl/X1 of the expanded system are considerably lowerlthan
the original average cost Y/X. Even lower is the marginal cost %I_§—§-of
the expansion. If the supply system expansion is due to the regional
integration of several neighboring communities, the low marginal cost
would constitute the benefit to the region.

If the managers of the original system were really eager to persuade
neighboring communities to join, they could offer the three additional
units at a price equal to the marginal cost. Such an arrangement would
however be unfair to the consumers of the original system which would
continue to pay the high average price Y/X and not benefit from the
expansion. Such a scheme could also, in spite of the strong enticement,
delay the regionalization process if several neighboring consumers are
involved in the negotiation, because each consumer would know thkat the

last one to join the regional system would be charged the lowest marginal

cost.




A more equitable scheme, which would allow early and late joiners

equal benefits of the regionalization effort, is one in which all con-
sumers are charged a price equal to average costs, which would decrease
every time a new consumer joins the system, until a point is reached at
which the marginal costs exceed the average costs.

3.1.1 Average and Marginal Cost Pricing

This pricing by average costs is realistic of current practice, but it,
of course, ignores the optimal pricing of marginal cost in which case each
community, would be charged an equal price equivalent to the common
marginal cost (abstracting from differentials in costs among systems).
Under this type of pricing, each community would profit from system expan-
sion only up to the point where marginal costs were minimized, and not as
above where existing communities press for expansion to minimum average
costs. At the different optima, with average cost pricing the ultimate
solution, given sufficient forces for regionalization to push total quantity
to minimum average cost, more approximates a perfectly competitive solution
than does the marginal cost solution. The average cost pricing solution

mimics the perfectly competitive solution in setting output at the minimum

cost quantity, putting price equal to both marginal and average costs because

of the equality of the latter two at minimum average cost, and leading to
normal profit levels since average costs and revenues would also be equal.
Thus, despite the usual disclaimers that average cost pricing is suboptimal,

in this case it is well warranted.

3.2. Fconomies of Scale in the Real World

After acquainting himself with the economic theory of economies of

scale, Gotzmer proceeded to compile published cost curves and to interview

local officials about their experiences with costs of expanding systems.
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Table 3.1 Ranking Components of a Water Supply System in Order of
Increasing Costs.

Curve
Number

Corresponding Curve Definition

Type of Curve

6b

6a

10

11

Transmission Pipe Line Construction Cost

Treated Water Pumping Station Construction
Cost

Pumping Station Other Than With
Treatment Plant

Pumping Station Integral With Treatment
Plant

Pipe Line Pumping Station Construction Cost

Intake and Pumping Station Construction
Cost

Pumping Power Cost
Well Construction Cost

Pumping Operation and Maintenance Cost
Exclusive of Power

Raw Water Storage Construction Cost

Treatment Plant and Storage Construction
Cost

Water Treatment Operation and Maintenance
Cost

Reservoir Constructjion Cost

Stepped

Straight-Lined

Straight-Lined

Straight-Lined

Straight-Lined

Straight-Lined

Straight-Lined
Straight-Lined

Curved

Straight-Lined

Curved

Curved

Curved
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Table 3.1 and Figure 3.3 do not paint as rosy a picture for regionali-
zation as the study of economic theory might have promised. With the
exception of storage reservoirs (Figure 3.4) and treatment facilities,
little evidence of economies of scale could be found. Particularly the
ground water well and pump system which supplies the majority of the
water for State College, Pennsylvania (the hub of the micro-scale case
study) was reported to have a cost practically proportional to supply
capacity. At least in principle the average operation and maintenance
costs should decrease with increasing number of wells, but we found water
authority officials to suspect, pragmatically, that an expansion of the
system might result in an increased bureaucracy, thus offsetting any gains
achieved through more efficient maintenance.

An even stronger argument against water supply regionalization was
presented by water authority officials in Boalsburg, a 3,000 resident
village near State College, which has been approached repeatedly about
connecting to the State College well field. In this community, the

general maintenance of township roads, traffic signs and lights, snow

plowing and weed mowing as well as the maintenance of the water reservoir,
pipe lines, valves and hydrants was done by a crew of three workmen.
Elimination of the local water system (a small forest stream, an 860,000
gallon reservoir and a 3-mile 10-inch pipeline) would not reduce the

size of the general maintenance crew. Furthermore, a major part of the
computerized accounting and billing service is presently being performed
voluntarily by one of the honorary members of the township water authority.
The present estimated safe yield is roughly 3 times the average consumption.

The only measure to force Boalsburg to join a regional water system would

22
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be a state or federal law mandating a highly sophisticated water treatment
process for all public water supply systems.

3.3. Micro-Scale Case Study

The Centre Region around State College was chosen as the case study
site for the micro-scale study phase. The reason for the site choice and
the entire micro-scale study was to make use of readily accessible data
and information on the problems and prospects of regionalization. This
experience would then provide the investigators with a feel for the real
life problems involved in regionalization efforts on a large scale, which
tend to be treated overly impersonally and analytically.

3.3.1. Description of Centre Region

Centre Region is located in the south-central portion of Centre County
in the northern portion of the Nittany Valley and is approximately at the
geographical center of Pennsylvania (Figure 3.5). Geographically, Centre
Region is a '"'part of the Ridge and Valley Province, a rather unique series
of parallel mountain ranges and valleys running east of the Allegheny Front.
The Region is drained by the Susquehanna River Basin,' (Centre Regional

Planning Commission, 1974).

3.3.2. Communities Selected as Regionalization Candidates

A total of five communities from the municipalities of Centre Region
were selected for consideration in the regionalization study: State
College, The Pennsylvania State University, Boalsburg, Lemont, and Pine
Grove Mills (Figure 3.6). The following is a brief description of the
existing water systems in each of the five communities.

3.3.3. Comparison of Local vs Regionalized Water Supply Systems

Gotzmer (1976), in his M.S. thesis submitted an Interim Report for
this research project, described in detail the present supply systems of
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Table 3.2 Comparison of Regional System Costs to Local System Costs
for Boalsburg

COSTS (dollars)

1970 Demand 1990 Demand
A. Regional System (83.2 mg/yr) (219 mg/yr)
Purchase of Regional Water 43,300 113,900
(Slope of Figure 27)
Pipe Construction 190,300 190,300 é
Pipe O & M & R-0-W 7,400 7,400 ;
Booster Pumps 9,100 9,100
Power and Energy 34,300 54,100
Pump Station, Installed + 0 & M 16,000 16,000
TOTAL: 300,400 390,800

COSTS (dollars)

1970 Demand 1990 Demand
B. Local System (83.2 mg/yr) (219 mg/yr)
Construction Costs:
Reservoir 52,500 138,100
Liner Preparation 12,300 32,300
Liner 4,800 12,600
Modifying Drains 1,100 2,900
Fence 4,000 10,500
Pipes (From Calculated Costs) 190,300 190,300
0 & M Costs 157,400 157,400
TOTAL: 422,900 554,600
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Table 3.3 Comparison of Regional System Costs to Local System Costs
for Lemont

COSTS (dollars)

1970 Demand 1990 Demand
A. Regional System (186.2 mg/yr) (365 mg/yr)
Purchase of Regional Water 96,800 189,800
(Slope of Figure 27)
Pipe Construction 242,700 242,700
Pipe O & M & R-O-W 10,900 10,900
Booster Pumps 6,400 6,400
Power and Energy 29,600 30,100
Pump Station, Installed + 0 & M 16,100 16,100
TOTAL: 402,500 496,400

COSTS (dollars)

1970 Demand 1990 Demand
B. Local System (186.2 mg/yr) (365 mg/yr)
Construction Costs:
Reservoir 23,400 45,900
Well 19,600 38,400
Pumps 6,500 12,700
Treatment 1,400 2,700
Pipes (From Calculated Costs) 22,300 22,300
O & M Costs 230,000 230,000
TOTAL: 303,200 352,000
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the five communities singled out above. Their relative locations and the

potential connecting pipelines are shown in Figure 3.6. The results of
the technical and economic comparison of independent versus regionalized
systems will only be summarized here to avoid duplication with the con-
tent of the interim report.

Present and estimated future water needs were well documented in
everyone of the communities, which made it relatively easy to size the
connecting conveyance lines and the required well field expansion at the
main regional water source. More difficulties arose in the cost estimates.
The communities supplied cost data for their individual systems, but the
costs for the alternative regional systems had to be taken from generalized
cost curves and equations cited by Aron et al. (1974) and Black and Veatch
(1963).

Two of the cost comparisons are summarized in Tables 3.2 and 3.3.
According to these tables, Boalsburg should consider tying up with the
regional system whereas Lemont should not. The fallacy in this conclusion

lies in the fact that the Boalsburg reservoir and the pipeline from the

reservoir to the village are already in place and have thus become an
irreversable fixed cost. Therefore, the conclusion would have to be
revised to read that Boalsburg should consider regionalziation if at

any time thedir present system needs a complete replacement. Further, it
was mentioned in section 3.2 that the operation and maintenance costs,
even though presently charged to the water supply system, could probably
not be eliminated by switching to another water system because the main-

tenance crew also maintains the township roads and yards.
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3.3.4. Public Reactions to Regionalization Proposals in Small Systems
The conclusion of the micro-scale case study was that highly site-
specific and up-to-date cost estimates would be needed to assess realis-

tically the economic net benefits or disbenefits of water supply regionaliza-

tion. It was recognized by all of the small independent water authorities
that if federal or state regulations some day would mandate a sophisticated
water treatment process, centralization into one regional authority would

be the only feasible solution.

The public reaction or attitude toward regionalization of small water

supply and consumption centers is probably more important in the decision
making process than the economic considerations, particularly when the
latter ones include as much arbitrary accounting as tends to be done in
small communities.

The basic reaction by residents and officials of small communities
is one of suspicion and mistrust. The benefits to be gained through
regionalization would have to be extremely convincing to persuade the
smaller communities to agree veluntarily to system integration with a
regional system.

A factor to be explored in the following chapter is the one of a
water shortage threat as an incentive to regionalization. Among small

systems of the humid east, however, it seems to be rather futile to look
for threatening drought conditions. Reservoirs are seldom more than
holding ponds storing 3 to 5 days of water supply, and are more frequently
used when flood conditions in the supply stream result in excessive

turbidity of the natural supply water.
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Thus the importance of reservoir requirements to assure some minimum

safe yields, and the incentive to increase the system size to guard
against the threat of a drought are issues which apply much more to
larger than smaller systems. These items will be dealt with in the
following sections and in Chapter IV.

3.4. Systems Requiring Reservoir Capacities to Firm Up Their Water Supply

As mentioned in the previous section, small demand centers in the
Humid Northeastern United States do not tend to require any substantial
storage capacity to carry them over a dry season. Considering that,
aside from water treatment, reservoir costs are the only ones exhibiting
pronounced economies of scale, it will be necessary to shift to medium

or large systems to find a realistic need for regionalization.

3.4.1. Generalized Reservoir Storage Requirements

The reservoir storage capacities required to assure a community of

a given minimum safe yield depend of course on the particular climatic
character of a region and on the steadiness of the streamflows. Ephereral
Western streams can run completely dry for months, followed by major flood
flows, whereas Eastern streams are mostly perennial and are supported by
a substantial steady baseflow. Reservoir requirements to assure a given
safe yield therefore can be much smaller in the latter regions.

In ¢ ‘der to avoid the need for specific numerical design examples,

and to provide guidelines of more generality, the construction and use of

dimensionless graphs should be encouraged wherever possible. Black and
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Veatch (1963) produced the curve shown in Figure 3.7, a plot of the R/Q

versus C/Q, in which

R is the dependable annual yield required

Q is the average annual streamflow, and

C is the reservoir storage capacity assuring the relative yield R/Q

R/Q is completely dimensionless, whereas C/Q has the dimension of

1 year of time. The volume terms in R, Q and C have to be identical

and could thus be acre-feet, million gallons or billion gallonms.

The plot, which reportedly originated from studies by the United States
Geologic Survey, shows large increases in required storage to satisfy a
rise in relative demand R/Q. The curve is useful to demonstrate the
principle of economies of scale, but should not be used in design without
its agreement with the hydrology of the stream chosen as the main water
source.

In the following sections the Black and Veatch yield-capacity curve
will be used in conjunction with the reservoir construction cost curve to
show hypothetical situations in which two demand centers, served by two
streams of different sizes, have the option of developing their separate
sources individually or joining into one regional system.

3.4.2. Complete Integration of Two Supply Systems

The first type of hypothetical example used in the application of
Figures 3.4 and 3.7 involve the case where the complete regionalization

of two communities may take place. Two communities, A and B, were

assumed, each with a given average annual consumption rate. Each drew

water from its respective surface stream, a and b, with average annual
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Each community has its respective required yields,

streamflows Qa and Qb'
Ra and Rb' Stream b was assumed to have the larger flow. Thus complete
regionalization would involve community A as well as B receiving its water
from stream b.

Table 3.4 illustrates a comparison of the individual operation of
the two communities to a combined operation. Comparing. individual opera-
tions, it is obvious from the table that community A would have to provide
for a reservoir with a much larger capacity than community B, even though
B consumes 2.5 times as much water.

Since the average annual flow of stream b is much greater than that
for stream a, it appears worthwhile to consider joining systems A and B,
with stream b supplying the water. As a result, a 14 bg reservoir is
needed on stream b as compared to a 13 bg reservoir on stream a and a 7 bg
reservoir on stream b. The resulting savings to the regional system is
2.95 million dollars, which can be applied against the cost of pipeline
installation.

Various cases, similar to the one above were considered. For example,
with Qa’ Qb’ and R.b held constant, the value of Ra was varied through a
range of required safe yields. Then, a new Rb was assumed, and Ra was
varied again. The values of Qa and Qb were then changed and the above
variations were repeated. The result was a comparison of Ra values to
savings to the system.

Figure 3.8 shows the results of one such case where Qa and Qb were

held constant and Ra and Rb were varied in the method explained above.
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Table 3.4

RESERVOIR COSTS FOR TWO DEMAND CENTERS
UNDER INDIVIDUAL VERSUS COMBINED OPERATION

e =——=—=————————a——= o=

Combined
I II
Community A B A+ B
Source a b b
R, bg/yr 4 10 14
Q, bgl/yr 10 100 100
R/Q 0.4 0.1 0.14
c/Q = £(R/Q), from Figure 3.7 13 0.07 0.14
C, bg 13 7.0 14
Cost, million dollars, from Figure 3.4 4.6 3.2 4.85
Under proportional cost sharing:
Cost to A, million dollars 1.38
Cost to B, million dollars 3.47
Savings to Region:
Asit_xgle = Bsingle =t Bcombined) =
4.60 + 3.20 - "4.85 = 2.95
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Similar computations were made for other combinations of Qa and Qb’ and
several observations were made from these studies:

1. As the value of Ra increases, the savings to the region increases
when considering regionalization as opposed to local system
operation.

2. The lower the Rb value, the larger the savings to the region at
a specific Ra value. However, the savings seem not to be
highly sensitive to variations in Rb’ until it approaches
50 percent of Qb'

3. As Qb approaches Qa’ the potential savings to the region
decrease for specific Ra and Rb values.

In general, it can be said that when a community A is supplied by a
stream whose average flow rate Qa is not significantly larger than
twice the community's consumption rate Ra’ regionalization with a
larger nearby supply system should be considered. Savings in reservoir
cost should then be compared to the pipeline and pumping costs added by
the regional system.

3.4.3. Supplemental Regionalization

A ;econd hypothetical example involves the case where only partial

regionalization of two communities takes place. In this case, it is
assumed that the reservoirs on streams a and b are already in existence.
It is then learned that community A must increase its required yield by
a certain percentage.

Table 3.5 illustrates a comparison of the two alternatives of either

raising the capacity of reservoir A or tapping into reservoir B and

increasing its capacity. The information pertaining to the existing




systems is the same as that found in Table 3.4 under individual
operations.

It is observed from Table 3.5 that, if an increase of 25 percent
in the required yield of A is necessary, then to supply the water to meet
this demand, either reservoir A could increase its capacity by 92.3 per-
cent or reservoir B could increase its capacity by only 22.9 percent.
By becoming partially regionalized, that is, A tapping into B for the
required 25 percent increase in sustained yield, a savings of 1.45 million
dollars to the system is observed over A increasing its own reservoir.

Similar to the example for complete regionalization, Ra’ Rb’ Qa’

Qb’ and the percent increase in Ra were varied. The result was several
similar graphs, one of which is shown here as Figure 3.9. Again, Ra is
plotted against the savings to the region. The sensitivity of the
savings to variations in Ra and Rb is similar to that shown in Figure 3.8
for Complete Regionalization.

3.4.4. Analytically Optimized Regionalization

It is believed that for both complete and partial regionalization,
an analytically optimized regionalization scheme can be found in which
the total cost to the entire system would be at a minimum. Therefore,
each of the communities involved would be expected to contribute some
optimum output to the system. Thus, in relation to the discussion on
impounding reservoirs, an optimum reservoir capacity must exist for
each community. Hence, the combined reservoir costs can be expressed
analytically by using the curves in Figures 3.4 and 3.7.

The curve of Figure 3.7 is a function %- of %- so that if

% = f(g) then reservoir capacity, C, is derived:
Ry = & - -
(Q)f(Q) Q) Q =c (3=1)
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Table 3.5

RESERVOIR COSTS FOR TWO DEMAND CENTERS UNDER
INDIVIDUAL VERSUS PARTIAL INTEGRATION

System

Community A B
Source a b ;
R, bg/yr 4 10
& Q, bg/yr 10 100
Lo
-,3 R/Q 0.4 0.1
=
c/Q 1.3 0.07
C, bg 13 7.0
Cost, million dollars 4.6 3.2
FueERass u e =4 Reservoir Cost Increases ;
Thus, ARa = 1.00 bg/yr :
Expansion at Res A Res B
R, bg/yr 5.0 11.0
R/Q 0.5 0.11
2 c/Q 245 0.086
3
2 C, bg 25.0 8.6
% increase in C 92.3 22.9
Cost, million dollars 6.45 3.6
% increase in cost 40.2 12.5
Total Cost Increase, 1.85 0.40
million dollars
Marginal Savings, 1.45

million dollars/bg/yr
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This curve can be approximated by the following equation for %
values ranging from 0.10 through 0.55:

R C,0.27

== 0.51 - 0. 3~2
Q (Q) 0.15 (3~2)

—) + 0.15
=
R R e (3-3)

The curve in Figure 3.4 is a function of reservoir cost CR to

capacity C, namely

= = R e
cx =8€) =¢g {(Q)f(Q)} (3-4)

This curve can be approximated by the following equation for C values

ranging from 0 bg to 100 bg:

= (C)O.GO (3-5)

Substituting equation (3-3) for C yiélds

&y + 8.15
- (@ { | R (3-6)
Generalizing,
R
o (—) + 0.15
G = I L@y {—L——ﬁ 1 E (3-7)
B v

where n is the total number of communities regionalized.
Because the minimum total reservoir cost, TC, is desired, equation
(3-7) must be minimized. This can be done through the application of

Lagrangian multipliers. The result is
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3.70

R
(6l + 0.15)
n i
= 500, 0.51 <50
i=1
n
+ A €2 R1 = R) (3-8)
i=1
n
where R = L Ri = maximum required yield of the entire system. Finding
i=1

the partial derivatives,

L CANEE B S U RS R O S e
9R ol Q. i
i i
n
C _ v g _r=0 (3-10)
oA 5 i
i=1

Equations (3-9) and (3-10) are the generalized equations used in determining
the analytically optimized Ri value for community 1.

Using the values from Table 3.4, the following example shows the
application of the above equations and the attainment of the optimum
values:

R = 14 bg/yr = maximum required yield for both communities combined

Q, = Q; = 10 bg/yr

Q, = Q

[

100 bg/yr
Substituting into equations (3-9) and (3-10),

3TC 1.22

ﬁ; =1.73 {0.196 R, + 0.294} +A=0 (3-11)
€ - 0.69 {0.0196 R, + 0.294}°%2 4+ 1 = 0 (3-12)
R, 2

9TC

S =R *tRy-16=0 (3-13)

Solving simultaneously (3-11), (3-12), and (3-13),
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R, =14 - R (3-14)

and

22 2

\
1.73 {3.038 - 0.196 Rz}l' - 0.69 {0.0196 R, + 0.294}1'2 =0 (3-15)

which yields

Rl = 0 bg/yr
R, = 14 bg/yr
TC = 4.53 million dollars

This TC is approximately equal to that given in Table 3.4 {TC =
4.85 million dollars). The discrepancy here is probably due to (1) round-
off error in the manipulation of the various equations and (2) the
approximation of the curves of Figures 3.4 and 3.7 bi)equations.

This example shows that the optimal case exists where the entire
required yield comes from the community II source. Hehce, in this case,
the idea of complete regionalization is the most economical. The fact that
R, = 0 in this case brings out the fact that this problem should be subject

i

to the additional inequality constraints R,, R, > 0. This requires use of

Y 2
Kuhn - Tucker conditions under which either R1 or R2 are both positive or one
of R1 and R2 is negative and there is a cost of not permitting expansion of
the other system.

3.4.5. Reservoir Cost Savings versus Water Conveyance Costs

The savings in reservoir costs achieved through regionalization should
be balanced against pipeline and pumping costs. Through such a comparison

the maximum pipeline length can be found over which regionalization remains

economically feasible.
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The maximum feasible pipe lengths were investigated for the two cases
of complete and partial (or supplemental) regionalization as described in

sections 3.4.2 and 3.4.3. Pipeline and pump costs were obtained from

curves and tables by Black and Veatch (1963), under the assumption of flat
land and a friction loss of about 25 ft per mile of pipe length, which was
described by Black and Veatch as close to an optimal pipe size. The
equations used were the following with R the required pipeflow in billion
gallons per year (bg/yr):

Pipe costs ($ per mile)

C . = 62,000 RO'43 (3-16)
pi

Pump and pump housing costs ($)

c__ = 180,000 RO'90 (3-17)
pu

Pumping power costs, based on 25 ft per mile friction loss, 50 percent
efficiency and 2 cts per KW hr power costs, converted to present worth

(5-5/8 percent interest, 40 yr life) were, in $ per mile, equal to
C = 50,000 R (3-18)
PP

Figures 3.10 and 3.11 show the results of these cost tradeoff studies.
As observed in sections 3.4.2 and 3.4.3, regionalization seems to be a
potentially attractively alternative when the smaller community A operates

at relative consumption rate EE approaching or exceeding the value of 0.5,

Q

a

while excess water (Rb/Qb < 0.5) is available at the source of the larger
community B.
3.4.6. The Role of Sunk Costs and Regionalization

As alluded to above in several places, sunk costs of investment in
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already existing but potential regionalization partners play a crucial role
in deciding whether or not regionalization will occur. The techniques used
in section 3.4.4 above are similar to those used in the economic model of
multiplant monopolists and that is essentially what regionalized partners
become. The difference in technique between 3.4.4 and multiplant monopolist
models is focused on the difference between operating and fixed costs. 1In
the multiplant monopolist case, the key solution is to set aggregate marginal
cost (the horizontal sum of individual plant marginal costs) equal to
marginal revenue and allocate backward the optimal outputs required of the
individual plants so as to equalize marginal costs among plants. This is all
done with regard only to operating (variable) costs. In the model of 3.4.4,
the same principle is applied, but it is done with regard only to the
essentially fixed costs of the reservoir capacities of each regionalizaticn
partner.

The procedures of section 3.4.4 are valid if we are attempting to set
up the optimal scale of operations of each partner as we did there, but under
the restrictive conditions that no previously existing investments in supply
or storage were in place and that operating costs are minor relative to fixed

costs. If we now alter our assumptions so as to recognize the plausibility

of existing investment prior to planning for regionalization, our planning
model would similarly change. The task under the new assumptions is to
minimize the sum of new costs, brought about because of regionalization, with
recognition given to the fact that already existing capacity is available to
b the regionalized system free, that is with no opportunity cost. We are under

no obligation to utilize existing facilities or if they are utilized to use

them to capacity but those decisions will be primarily determined by the

ey
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inter-partner operations costs. On account of the latter factor, we intro-
duce operating costs O(Rl) and 0(R2) for partners one and two, respectively.
We note that existing capacities are given in the two systems as El and 62,
respectively. Our problem is to minimize the sum of operating costs,
discounted over the planning period T at rate d, and capacity costs of

expanding beyond current capacities. Notationally, the problem can be

written as: 3.70
R,
—Q—l + .15 e .60 T -
Ghoose Min TC = © Mex |q. | —t—— e Bl o E B SOUR D)
. i ij=1
R i .51
1

(3-19)

ST. IR, = R and R, > 0
i di—

The importance of the process of equation (3-19) is the observation of
changes in consequences as one varies Ei. It is easy to observe, for example,
that existing capital structure may have the effect of preventing regionaliza-
tion in circumstances where that regionalizaticn would have been beneficial
and warranted had only there existed no previous sunk investment. This would
occur in the following situation. Assume that regionalization would produce
cheaper operating costs by equating partners' marginal operating costs, but
require capacity adjustment in order to obtain the operating cost savings.
Even if the altered capacities cost the same as the existing capacities if
both were to be_newly constructed, regionalization might still not be
warranted. Specifically, it would not be warranted when altering the
capacity (increasing it) of one or more potential partners, causes enough

new construction costs to overbalance the savings on operations.
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Variation of Ei in (3-19) also can prevent optimal regionalization, that

is, equation of partners' marginal costs, even when regionalization is justi-
fied. We are likely to find partners, even after they have successfully
regionalized, failing to equalize long run marginal costs because of the
previous capital investment and reluctance to make new capital investment
while old capacity is made idle. The result in this case is likely to be
some capacity adjustment but not all that would occur in the absence of
previous sunk investments. The resuit will lead to equating of the marginal
costs relevant to the chosen capacities, i.e., short run marginal costs, but
this is not the same as equating long run marginal costs. The difficulty of
the result, of course, would be lessened if reservoir capacity had shorter
life expectancies, or if the population was more mobile and variable over
time. These conditions, however, do not occur with the result that the
beneficiality of regionalization is reduced and is more often insufficient

to entice communities away from the status quo and into regionalization.

3.4.7. Conclusions in Regard to Reservoir Integration
The previous examples have demonstrated that under favorable conditionms,
the regionalization of two water supply systems through combination of
their impoundment reservoirs may yield sufficient savings to offset the
costs of connecting pipelines. However, the exampes were based on the

Black and Veatch curve for reservoir requirements to sustain a given
required safe yield.
In northeastern U.S. watersheds, streamflow is relatively stable and

reservoir requirements may be lower, thus reducing the savings through

regionalization.
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Costs and savings computed in this chapter should be considered
highly generalized and relative because the Black and Veatch curves were
intended for rough cost comparisons rather than rigorous contractor's
cost estimates.

In Chapter IV the feasibility of regionalization will be geared more
specifically to Northeast United States stream conditions. Costs will be
escalated to 1974 price ind’ces and the costs or penalities for water

supply shortages will be evaluated.




CHAPTER IV
THE THREAT OF WATER SHORTAGES AS INCENTIVE FOR
REGIONALTIZATION OR RESERVOIR ENLARGEMENT

During the microscale phase of the study it was established that
regionalization of water supply systems is not only socially unpopular
but in many cases mere expensive than the development or expansion of
individual systems. Three factors were cited as swinging the balance
in favor of regionalization:

a. The need for a sophisticated water treatment plant

b. The need for major storage reservoirs

c. The threat of severe water shortages

The effects of reservoir requirements and specialized water
treatment were given consideration in Chapter III.

4.1 Water Shortage Loss Functions

The threat of water shortages was recognized from the very
beginning of the study as a strong potential factor to encourage water
supply regionalization. The lack of well documented data of water
shortage costs has hampered the efforts of a rigorous analytical treatment
of the problem. Water Resources Engineers (Young et al., 1972) studied
the effects of the 1964~66 drought on several industries in York, Pa.,
but their report only cites some individual economic loss estimates
without relating these to the percent water shortage or even the total
water demand of the particular industries.

Russell, Arey and Kates (1970) presented drought damage figures for
these communities. These authors made a considerable effort separating

losses actually due to water shortages from costs due to emergency
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augmentation of water supplies. They also pointed out the difference
between the shortage losses as seen by a local community in which an
important industry may move, leaving a large void in the local economy,
and losses as seen from a national level, with industrial mobility assumed
and where a new industrial location would benefit from the move. Some
municipalities did not report any losses because a flat rate for water
services was charged, yet the drought must have had some unfavorable
impacts, at least in the form of annoyances and inconveniences. Figure
4.1 illustrates a few strongly varying relationships between expected

per capita losses and the inadequacy ratio o = % in which D and Y are

the demand and safe yield of a community supply. It can be seen from
the figure that loss estimates can vary widely depending on the model
and assumptions used. In our studies the losses from the empirical model,
from the local point of view and with a 20 ‘percent discount rate were
used for a comparison with losses developed from the Hufschmidt-Fiering
(1966) curves.

Hufschmidt and Fiering summarized reported losses from Lehigh, Pa.,
in Figure 4.2. No breakdown of these losses is given in their work, and

it is impossible to judge how widely applicable these shortage costs are.

The Hufschmidt-Fiering loss function was converted by Stottmann (Aron

et al., 1974) to a monthly shortage index

1.63
2 Shi

SIi = —R—i— (4-1)

in which R, and Shi are the water demand and shortage during a month i,

i
respectively. The equation is represented by the single curve in Figure 4.2.
An average annual shortage index can be obtained by adding all monthly

shortage indices found over a period of investigation and dividing the

sum by the number of years.
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From Figure 4.2 the shortage loss, in U.S. Dollars, can be expressed
as

SL = 20+SI-Sh (4-2)

if the shortage Sh is expressed in ac-ft.

To apply the shortage index concept and shortage loss function

usefully, the following transformations and analyses were needed.

1. Transform the loss function into a form in which losses are a
function of shortage index SI and requirement R instead of
shortage Sh.

2. Analyze the firm yield of a number of typical North Atlantic
Region streams to determine the relationship between
relative firm yield R/Q without shortages as a function of C/Q
(the ratio of reservoir capacity to average annual stream flow
volume), as well as the functionality between shortage index
SI and any combination of R/Q and C/Q.

3. Combine the findings in steps 1 and 2 to produce cost curves
which reflect the effects of water shortages on water system
costs.

4.2 Transformation of the Shortage Loss Function

Equations (4-1) and (4~2) can be combined to produce the transformed

equation
20 .. 2°8h.
SL = 2 SITR-
= 10 st % (4-3)
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for R expressed in ac-ft, or
30.7 s19C R (4-4)

when R is expressed in mg (million gallons)

4.3 Firm Yield Analysis

Whereas for the preliminary micro-scale study the Black and Veatch
curve for storage-yield rel#tionships (Figure 3.7) was considered
sufficiently representative to describe conditions under which water
system regionalization would become economically feasible, it was decided
at this point to determine storage yield relationships more specifically
for Northeastern United States streams, which tend to flow with much
more regularity than some mid West streams which may have formed the
basis for the Black and Veatch curve.

The stream flows at the Northeast Susquehanna River Basin gages
listed in Table 4.1 were analyzed for firm yield and shortage index. The
period of analysis was 1950 to 1974, only 25 years, but these years
included the 1964-65 drought period, which has been recognized by the
Corp's North Atlantic Water Supply study as a possible 50 to 100 year
drought. Thus, any firm yield or shortage index determined from these
data should be on rather conservative and safe ground. A synthetic
stream flow generation of many years could have been determined, but it
was felt that such a series would mostly have reflected the trend of

flows of the 25-year sample.
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Table 4.1

NORTHEAST SUSQUEHANNA DRAINAGE BASINS USED IN THE
FIRM YIELD AND SHORTAGE INDEX STUDIES

Gage Name

Drainage Basin
Area, sq. mi.

1-5000

1-5005

1-5015

1-5020

1-5050

1-5055

1-5070

1-5080

1-5105

Susquehanna River at Colliersville, NY
Otego Creek near Onconto, NY

Ouleout Creek at East Sidney, NY
Susquehanna River at Unadilla, NY

Sage Brook near So. New Berlin, NY
Butternut Creek at Morris, NY

Chenango River at Sherburne, NY

Canasawacta Creek near So. Plymouth, NY

Chenango River at Green, NY

Shackham Brook near Traxton, NY

Otselic River near Upper Lisle, NY

351

108

103

982

0.7

60

263

58

593

217

H

i

In the firm yield analysis, the dimensionless notation used by Black

and Veatch was adapted, except that the notation for firm yield was

changed from R to Y, because the symbol R was to be left to denote require-

ment which may not always be fully met if the alternative of accepting a

shortage is considered.

For each of the 25-year streamflow sequences of

the 11 streams selected, yield requirements varying between 15 and 50

percent of the long term average streamflow were applied to the recorded

historic flows on a month-to-month basis, and the required reservoir

storage to satisfy these required yields were determined and plotted in

55




Figure 4.3. The best-fitting line through these points fits the
equation

0.733
C} (4-5)

Y: 2o
o g

which should be applicable to the range

0.15 < < < 0.50

o=

or possibly slightly beyond.

In comparison to the Black and Veatch curve it seems that streams
in the humid Eastern U.S. require much less storage for a given firm
yield than those streams analyzed by Black and Veatch.

4.4 Shortage Index a Function of R/Q and C/Q

An extension of the firm yield study was the investigation of
shortages expected when the relative storage capacity C/Q is smaller
than the C/Q needed to fulfill a requirement R/Q. The shortage index,
explained above was computed and plotted in Figure 4.4 as a function of
R/Q and C/Q.

For later analytic treatment the shortage, a general shortage index

function was derived, namely

Y
SI = o % - s} (4-6)

in which the parameters

10(1.8 - 3.5 C/Q)

a:
8 = 0.0075 + 1.25 C/Q
vy = 3.42 (/%L

Thus the shoftage index was expressed entirely as a function of

R/Q and C/Q. It could be argued that the parameter B should be equal to
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the relative firm yield Y/Q from Equation 4-5, determined earlier, to

make the shortage index converge to zero whenever R/Q approaches Y/Q but

it should be noted that Equation 4-5 was derived from a best fitting equation
like in Figure 4.3, which left the possibilities of some shortages in a

few of the streams.

4.5 Tradeoff Between Reservoir Costs and Shortage Losses

Because it was realized that small occasional water shortages cause
only small damages or financial losses to communities, it seemed worth-
while to examine the tradeoff between savings due to reduced reservoir
costs and expected shortage losses.

Black and Veatch presented a reservoir cost curve following the

equation
g =« ghe (4-7)

in which the reservoir cost Cr is expressed in $ 106 and C in bg (109 gal).
In Figure 4.5, the Black and Veatch curve is plotted next to cost data
provided by Russell et al., and the agreement was found to be surprisingly
good. The Black and Veatch cost equation, already used in the micro-
phase study, was used in this study phase likewise, but costs were inflated
by a factor of 2.2 as an adjustment to construction costs between 1962

and 1974. The update reservoir cost equation is then
¢, =.2.2 ¢”8 (4-8)

The Lehigh shortage costs compiled by Hufschmidt and Fiering date
back to sometime between 1960 and 1965, therefore the same inflation

tactor of 2.2 was applied to shortage losses.

To express the expected annual shortage losses in terms of present
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worth, the present worth factor of 15.79 for a 5-5/8 percent interest
rate with a 40 year amatization time was used. Thus, the water shortage

cost Equation 4-4 is modified to:

Cgy = 30.7 x 2.2 x 15.79 si+-90 (4-9)

= 1065 s1°93 g

for CSh in $§, R in mg/yr, or

- 1.63 5
cSh = 1.065 SI R (4-10)

when CSh is expressed in $ 106 and R in bg/yr
The tradeoff cost comparison could not be kept completely dimension-
less because it is dependent on the scale of development. Tradeoff

computations were run for Q varying between 0.5 and 8.0 bg per year, and

over ranges

0.2 < — < 0.7

R

Q
c

and 0.0l < & < 0.4

Figures 4.5 and 4.7 illustrate the combined present worth of costs of water
shortage and reservoir cost. The curves show that for undersized reservoirs
the shortage index, and thus the shortage costs, rise very quickly, whereas
reservoir costs show only a gradual rise.

The shortage index was also plotted into the cost comparison curves
and confirms statements made by Stottmann (Aron et al., 1974) that a
shortage index approaching unity results in exorbitant shortage penalties.
It seems from Figures 4.6 and 4.7 that a shortage index of roughly 0.2

tends to result in minimum total costs. However, unless the water manager
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is very sure of his control of water releases and yields, it seems risky

to play the brinkmanship of planning for occasional shortages. An
unforeseen water loss from the reservoir coupled with a severe drought

and rising water demands, could precipitate the system quickly into a
situation of economically disastrous water shortage. If reservoir space

is indeed so scarce, it would seem preferable to look into the possibility
of backup ground water systems operated under the "preventive pumping role"
advocated by Stottman (Aron et al., 1974).

4.6 Comparison of Shortage Costs Obtained from Hufschmidt-Fiering
and Russell Curves

As one further shortage cost analysis, the shortage losses reported
by Russell et al., (1970), previously shown in Figure 4.1, were adapted
from per capita losses to losses as a function of R/Q and C/Q ratios.
The origin of the loss data was considerably different, and Russell's
data in themselves show a wide variation between the "a priori'" and
"empirical" curves. The empirical curves, which seem to have been con-
structed from data adjusted for double accounting and other questionable
damage claims, was chosen as more applicable, and local damages rather
than rational ones (in which costs by one community are offset by gains
at another community), were chosen.

Russell's empirical cost curve for local damages at 20% discount

factor obeys the equation

4.8
CSh = 0.1o (4-11)

' is equal to the ratio between our

in which «, the "inadequacy index,'
analysis' relative demand R/Q and the relative firm yield Y/Q, which had
been investigated using data from 11 Susquehanna Basin streams.

Making the assumption that per capita water use is roughly 50,000
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gal per year, and using the Susquehanna Basin firm yield relationships
a set of relative shortage cost curves was generated from both
Hufschmidt's and Russell's cost data. These costs expressed in $ per
bg/yr of stream flow and as a function of R/Q and C/Q are illustrated
in Figure 4.8. It will be noted that the costs agree quite well as the

shortages become severe, but that Russell's costs for small shortages are

much higher than Hufschmidt's. This is largely due to the peculiarity

in Russell's equation which shows shortage costs even when the inadequacy
index is unity, at which point there should be no shortage. Overall,
however, considering the difficulty and ambiguity in even defining costs
due to water shortage, the agreement was good enough to continue the

use of the Hufschmidt loss function.

4.7 1Inclusion of Shortage Costs in a Two-Source Regional Supply System

As a continuation of the supplemental regionalization example,
presented in Section 3.4.3, of a system established with a small reservoir
which could choose to either stay with their present system, import part
of their needs from a neighboring, larger system, or join the larger
regional system outright, the shortage losses evaluated in the previous
sections were included in the regionalization alternatives.

To consider the effects of possible shortages, the average streamflows
Q1 and Q2 at the small local and the larger regional source were fixed at
10 and 50 bg/yr (42 and 210 cfs, respectively). The demands were fixed
at Dl =5 bg?yr and D2 = 15 bg/yr and the storage capacity in the local
system was fixed at 1.0 bg in Figure 4.9 and 1.5 bg in Figure 4.10. Left
as variables were the conveyance distance L and the topographic rise AZ
from the regional source to the local demand center, and finally the

supply requirement R1 to be imposed on the local system is left as the
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decision variable to be optimized. The difference D1 - R1 would be

g imported from the regional system.

The shortage costs from the Hufschmidt curves follow the equation

60
Exsr B (4-12)

CSh 1

in which k is a cost factor defined in Section 4.4 as 30.7, to be

multiplied by a factor of 2.2 to account for inflation between 1963 and
1974. Since these costs were taken from a rather broad band of data,
cost factors k of 50 and 100 instead of 30.7 x 2.2 were used to show the
sensitivity of total costs to doubling the shortage penalty.

The annual system costs in Figures 4.9 and 4.10 include the
reservoir expansion in the regional system, pipeline and pumping costs
3 for water conveyance, pump house installation and maintainance, and
naturally shortage losses in the local system.

Due to the many variables (D, Q, R, L and AZ) involved in a problem
of this nature, it was not possible to generate general design curves.
The curves in Figures 4.9 and 4.10 are specific to the combination of
variables cited, however they do show the rather pronounced effects of
the shortage cost factor k as well as the storage capacity Cl (available

at the local source) on the optimal decision R Increasing pipe length

1°

L and elevation difference AZ would considerably boost total costs but

not appreciably shift the magnitude of the least-cost value of Rl.
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4.8, An Economic Interpretation of Shortage Losses

The methods used in sections of 4.1 and 4.2 of this report as well as
their antecedents, Young et al. (1972) and Huffschmidt and Fiering (1966),
appear to deviate from the traditional economic perspective. In fact,
they do not, but they do make implicit assumptions about the economic world.
If these are laid bare, an interpretation of sections 4.1 and 4.2 is more
accessible to all, allowing us to capitalize not only on the few specific
instances of case studies of water shortage, but also on the broader
literature of water demand analysis, including all the studies summarized
in Chiogioji and Chiogioji (1973), Grima (1972) and Hogarty and Mackey
(forthcoming) .

The use of any economic commodity is evaluated from a welfare perspec-
tive as the integral over quantity consumed of net willingnesses-to-pay

(price paid plus consumers' surplus) minus marginal costs. Notationally,

&)
J [p(q) - mc (qz]dq (4-13)

q=0
where p(q) is the demand function, mc(q) is the marginal cost function, and
g is the equilibrium consumption. This model ignores externalities and
divergences of private from social costs and benefits, but it is the model
that generates the famous marginal cost pricing doctrine of efficiency. Even
if marginal cost pricing is not used in the water market, so that g is cut
off by some other price, this evaluative method, (4-13) is still valid and

can be used to estimate the value of water shortages so long as rationing

during water shortages is done by a technique which approximates a pricing
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solution. Namely, if rationing occurs cutting off the lowest marginal uses

so that the solution can be characterized by inter-consumer equality of

marginal benefits from water, then the integral method works.

The above arguments cause specific practical objections to using the 3
integration method in evaluating water shortages. The first is the problems
presented in working with an aggregate demand function, p(q) when individuals

are typically charged by a municipal pricing schedule (downward step~block

pricing). This presents problems not only in defining an aggregate demand
function because of the lack of a common aggregate price definition, but
also in voiding the assumption that the marginal benefits of consumers'
water use are equalized even initially before the shortage. The second
objection to the integration method of evaluating water shortages is the
typical fact that when shortages occur, there is a differential policy for
each of residential, commercial and industrial users. This can hardly
promote equality of marginal benefit of use of the last units rationed to
each consumer. In fact, however, even if consumers were treated equally
to equal cutbacks (either by percentage or by absolute amounts), the marginal
benefits of use would be unlikely to be constant among users because of
differential, individual demand elasticities. Any of the errors to be
committed will be magnified by the presumed high inelasticity of demand.

On balance, the above suggests that approximating shortage losses with
demand and marginal cost information is likely to be conservative if we use
the low marginal supply prices of water in carrying out the evaluation.
Despite the difficulties and the conservative estimation, we do apply the
integration method to check the shortage index data used above and we carry

this out to obtain an estimate of the implicit price elasticity in sections
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4.1 and 4.2. This provides a check on the accuracy of the shortage index
method.

The social value of shortages is calculated as:
94

f I:Nq) 2 mc(q)] dq (4-14)
a=ay

where Q. is the quantity after rationing and 9y is quantity desired in the
same time. But this differs from private evaluation of shortages because
privately we would be concerned about the integral of willingness-to-pay,
i.e., the demand prices p(q), over the established market price, p(qd),
which is a constant. This should be less than (by its conservatism) or

equal to (4-12) above.

%4 - 1.60
J ]:p(q) + P(qd)_qu = 45.54 SI"""'R (4-15)
9=q=
where R may be interpreted as equivalent to q4- The right hand side is in
units of millions of gallons per year and since it is easier to interpret
the left hand side as thousands of gallons per quarter, we convert the right

to the same units.

q 1.60
d 1.63
- - 25h (4-16)
f p(q)dq - me_(q4-q ) = .1822 [:R :] R
9=q,
4 2.60 1.60
p(a)dq = 1.1044 (q4-q,) a4 +me (9, - q.) (4-17)
9=q,

assuming constant price p(qd) and that the shortage is measured by the
difference between desired output, a4 and rationed output, 9. We note
that attempting to formulate the demand function as p = aqb so that it has

a constant price elasticity of demand (= -1/b), the equation cannot be solved
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for b indicating that the engineering formula is not compatible with a

constant demand price elasticity formulation.
A linear formulation of demand p = a + bq with a and b both
functions of q is necessarily consistant with the engineering model,

because it represents a linear approximation to the unknown demand

specification. As such we can calculate an arc price elasticity. If
we assume b = b(q), and recall that a = a(q) implicitly, we can

reformulate (4-17):

b(q) 2 _ L b)Y 2. . _,2.60 -1.60
aqy + —5- 9y aq_ S 1.1044 (q - q.) q

+ (@ + bla)gy) (a4 - a) (4-18)
x b(q) =2 E 2.60 -1.60
€ay = a Ma + === (g, + q ) = L1044 (g, ~ 9 ) a4
+a+b(adqy (g4 - q)) (4-19)
q 95 * q
bla) = 11044 (1 - HTO [ LT g (4-20)
a4 d
a(a) = p(qy - blw)gy (4-21)
Assuming a ten percent shortage, i.e., q, = .9qd
1 b(qd) = -.5549/qd (4-22)
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It is clear that b(q) does, in fact, vary with changes in quantity, but

it will also vary specifically with both q. and 945 SO the best that

we can calculate is an implied arc price elasticity of a non-linear,

non-constant elasticity demand model. On the basis of reasonable

estimates of q, so that the arc price elasticity is calculated with
d

qq = 800,000 thousand gallons per quarter, then b(q) = -6.936 x 10 .

7§

This is a reasonable estimate, and can be roughly converted into a

price elasticity* if we know the value of the changes in a and b as we

change q. From (4-21) and (4-22), we know that d b(q)/dq = .5549/qd%

and that d a(q)/dq = dp/dq - (d b(q)/dq)q - b(q) = -(db(q)/dq)q. The

price elasticity is calculated as:

58

d 1/b(q)  d(-a(q)/b(q)) J P
P _ 1 1-p =
qa |5 [ dq dq q

p/Ib@ + 2L 4+ o) 2L [ n(@)) @

AT D
= B(q)q  -5549 e

* It also requires that we know the price associated with the equilibrium

quantity, qq° The engineering formula does not offer such information
to us. Further the arc price elasticity uses a demand slope at
some point between 9y and 9. although we evaluate it as if it were at
point q4-
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This is a larger price elasticity than those typically found empirically,
to assume and it raises some doubt about the engineering shortage losses
reported in earlier literature.** We know however, that our estimates
using shortage loss functions will be conservative and since these

provide much of the justification for regionalization, then our justifi-
cation of regionalization will also be conservative. With this additional
justification of the shortage loss formulae, we continue with questions

of regionalization.

4.9. Conclusions
The quantification of shortage losses was a difficult task. Reported
shortage losses can be highly subjective, or in some instances, may have
neglected the effects of inconventiences which could convince established
businesses to leave or potential new business tb settle elsewhere.
Nevertheless, using a range of cost factors and physical conditions,

it was demonstrated that the threat of shortages should be serious enough

to persuade communities to either expand their supply and shortage

facilities, or tie into a larger regional supply system.

** We note, however, that the conservatism which is inherent in using
economic ewvaluation (i.e., the inequality implicit in (4-15)) makes us
overevaluate the implied elasticity. Whether this can make up for

: the discrepancy between elasticities reported in Chiogioji and

Chiogioji and the imputed elasticities calculated here is problematical.
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CHAPTER V

INTERBASIN WATER TRANSFER

Chapters III and IV addressed themselves chiefly to water supply
reglonalization between two or more small communities, and developed tools
for estimating firm yields and expected shortages given a long-term
average streamflow and a specific water demand.

One of the major project objectives was to study the feasibility of
large-scale regionalization projects. Since local water supply sources in
densely developed areas with large water demands are either fully appro-
priated or hopelessly polluted, some form of interbasin water transfer is
often the only solution. The two schemes which will be discussed below
are:

1. Appropriation of an essentially steady water flow, to be
interrupted only during severe droughts on the source stream.

2. Flood skimming, exclusively of flows above a certain flood level.

5.1 The Pros and Cons of Interbasin Water Transfer

Water demand, water supply, and institutional considerations should
ideally determine rather than follow the population growth and economic
activities of a region. This has not been the case, however, because
water supply has been poorly allocated by those who price it. Had pricing
historically been applied so individuals paid full social costs the spatial
distribution of population would more correctly utilize our water
resources. If pricing were flexible, there would never be shortages
because while economics is the subject of scarce resources, no economist

could ever recognize a shortage if he were properly applying flexible
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pricing. This, however, has not been the picture of reality. Prices

have been frozen at low, moralistically "just'" levels and there have

been shortages. Roberts (1971) reports on one example where the

water needs exceeded the water supply. This problem was solved in
Illinois by hauling water via commercial truckers. In 1970 500 year-round
haulers (each traveling an average of 10 miles) supplied 72 million gallons
(mg) of water to 6000 rural dwellers. In the 15-year period, 1955-1970,
truck water-hauling increased 10-fold. This is a feasible but very
primative method of interbasin water transfer. On the other hand,

Quinn (1968) discussed the legal and political restrictions on the
transfer of existing water rights and difficulties for growing cities to
purchase agricultural water supplies. He also cited numerous negative
aspects of water transfer including loss of fast-moving streams for fish,
ecological changes due to a decrease in moisture, and legal problems
associated with transfer of water between states with the intervention of
the Federal Govermment. Hanke and Boland (1971) demonstrated that with an
increase in water rates there was a consistent decrease in water consump-
tion. Both domestic and other sectors of demand were observed to behave
in a similar manner with respect to price. The major implication of these
results was that regional studies on interbasin water transfers must take
explicit account of the effect of price on demand.

Macro-scale water resources planning agencies may take a look at
available resoarces and find transfer of excess waters from one basin to
another highly feasible and beneficial from the point of view of overall
national or regional economy. The local communities involved, however,

and particularly the area from where such transfer water is to be taken,
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will invariably generate an amount of opposition so extensive that the
project would be doomed to failure. The reasons for this impasse between
planners and communities and possible compromise solutions which might be
agreeable to all parties were studied.

Schemes involving any diversions of natural water flows from one
region to another raised immediate suspicions in the minds of the
residents of the '"donor'" region that their rights and properties are
infringed upon without due compensation. Experiences are recalled of
political maneuvering in which a community with strong lobbying power has
acquired perpetual water rights with little or no decision power left
to the donor region. Sometimes these suspicions may be unfounded but they
are nevertheless a reality.

Ecological arguments play an important part in most reactions to
schemes of major water transfers. Large water diversions may have the
potential to raise the water table someplace along the canal or pipeline.
Other envirommental effects caused by increases or decreases in the
natural flow will also be cited, particularly when these effects are
adverse in some respect. Environmental effects should be evaluated on an
individual basis and no generalization regarding favorable or adverse
ecological effects of water diversions can or should be made.

A factor applicable with much more regularity to proposed water
transfer schemes, however, is an age-old tradition to consider naturally
flowing water essentially as a free commodity, subject only to state-
mandated constraints of maintenance of a certain minimum downstream flow
release. In the literature review it was found that in most of the proposed
diversion schemes it was considered that as long as that certain minimum

stream flow was released, all other water could be appropriated as
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"excess water,"

essentially to perpetuity. Little or no incentive is
provided to convince the population of the donor region that they are
getting a favorable deal themselves. No wonder these communities find
little enthusiasm for projects in which they can only see water being

taken for somebody else's benefit, and no visible benefits for themselves.

5.1.1 Suggested Compromises to Make Interbasin Water Transfer More

Acceptable

A review of the history of previous interbasin water transfer plans
resulted in the following two principles:

1. A tangible benefit to the donor region, aé the exclusive expense
of the receiving region, should be shown. Such benefits may take the form
of some level of flood control or a low stream flow augmentation, both of
which would require increased dam and reservoir sizes. As an alternative,
cash payments could be made directly to the counties primarily affected
by the diversion. This alternative, however, should be difficult to
administer and could lead to endless litigation because it is virtually
impossible to determine the highly interrelated effects of a diversion
schedule on individual communities.

When the transfer scheme involves only flood skimming, the benefits
to the donor region may be sufficiently convincing themselves. Usually,
however, flood skimming projects are of little benefit to the receiving
region unless a large amount of unused storage is available, because
during flood seasons everyone has more water than he can handle.

2. The diversion agreement should be cancelable by either party with
a reasonably long advance notice. Many regions with a water surplus at
present, may in the future have water requirements in excess of the
present requirements. Whether there are actual plans for such an extensive

expansion or not is immaterial; the inhabitants as well as the planners of
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such a surplus region usually are not eager to agree to a treaty which
would preempt them forever from making use of substantially larger
quantities of water.

A 50- to 100-year original water right treaty with a subsequent 10-
to 20-year advance notice for cancellation of all or part of the diversion
rights would probably make a water transfer scheme from one basin with a
surplus to one with a deficit much more acceptable to both parties.

5.2 Choice of a Macro-Scale Case Study Area

To select an appropriate case study area for a specific interbasin
transfer study, the investigators looked for a major metropolitan area as
the water-shortage region. A region outlined in the Army Engineers North-
eastern United States Water Supply Study (Quirk et. al, 1974) comprising
22 counties including and surrounding New York City, was chosen. The
counties and the presently existing major reservoirs and aqueducts, are
shown in Figures 5.1 and 5.2 respectively. The cross-hatch patterns in
Figure 5.1 classify the counties in various ranges of population density.
Obviously, New York City is the hub of the water demand center, and
practically all of the major aqueducts in the region lead toward this
center. The water demand of New York Metropolitan Area Region is about
2329 mgd at present and is expected to rise to 5200 mgd by 2020. 1900 out
of these 5200 mgd will have to be developed by a new regional program.

The reservoir and aqueduct system is capable of delivering such a quantity
during a normal year, but in the event of a reoccurrence of a drought like
the one of the early 1960's, the shortage could reach disastrous
proportions.

Several alternative solutions to this drought problem have been cited
in the Army Engineers Study. Due to the large demand these solutions or

programs will require between four and nine separate projects. The 14 main

80




“Tw bs/000z Moo [

"Twbs/0000T - 000°C

1w bs/00001 2a0qv EE
NOILV1Nd0d

uaaey MaN zz
(1aed) xasaTpprW T¢
pTaT3aTed 07

INDILOANNOD

1931S9Yyd3IS9M 6T
193sTN 8T
AT03INS /T
pueTyo0y 9T
weuing GT
a3ueiQ %
nesseN €T
ssayoaIng Z1
j}10x maN 3o £3T1D 11

MI0X MIN

uotuf
19sI3WoS
JdTEeSSeg
STII0W
y3jnowuop
X9S3aTPPTH
uopaajunyg
uospny
X9ss3
uagdiag

N ANNTNO N0 OO
—

AdS¥Ar MIN
SATILNAOD

SOTTW UT 9Ted§

/= Lo L3 AJ v

0S

(=)

- —

S

C

Ba2ay Apnig 3I0x maN T°C 2an3Tg

/
<
st

i

T

-4
I
WV

o~

(

S S

81




0 30

[ A | O | V|

Scale in Miles

Figure 5.2 Regional Supply System.

Neversink
Res.

82

Hudson River




projects considered would draw water from such sources as the Hudson,

Housatonic, Raritan or Connecticut Rivers, the Delaware River either
through flood skimming or Tocks Island Reservoir, Susquehanna River water
transfer and ground water from various sources. In this specific case
study, the hydrology and some of the costs of water transfer from the
upper Susquehanna River to the Cannonsville Reservoir are considered under

a few operation schemes.

5.2.1 Population Growth and Density as Indicators of Regional

Water Needs

In the Northeastern United States Water Supply Study the needs of the
21 counties surrounding New York City were estimated and listed, together
with population in the counties. It could be expected that counties with
large populations and a steep increase in population from 1970 to 2020
would also have the largest need for regional water. The regional water
needs listed in Table 5.1 were reduced to gallon per day per capita and
plotted against population density on Figure 5.3, with the percent
increases in population between 1970 and 2020 shown in parenthesis behind
the county names. Even though an eye-fit curve was drawn through the
plotted points, no attempt at any mathematical correlation was made. A
certain trend of regional water need to increase with increasing rates of
population densities seems discernable, but there are too many other
factors, like local availability of ground water or polluted local streams,
which mask any unique correlation.

5.2.2 Physical Description of the Interbasin Transfer Site

Two major river systems, the Susquehanna and Delaware River basins,
are 6 miles (10 kilometers) apart at their closest proximity. Just north
of the Pennsylvania-New York border at approximately N42° 05', W75° 20',

three possible routes for interbasin water transfer were considered.
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Table 5./. Estimated Quantities to be Supplied
by Regional Programs

Million gallons per day

County 1980 2000 2020
NEW JLERSLEY
Bergen 25 75 130
LEssex 10 60 125
Hudson 15 45 80
Hunterdon (1) (1) (1)
Middlesex 20 75 150
Monmouth 0 0 65
Morris 15 5% 105
Passaic 0 5 25
Somerset 15 45 70
Union 20 40 70
Total New Jersey 120 Loo 820
NEW YORK
butchess (1) (1) (1)
Nassau - 52(2) 96(2)
Orange - 31 89
Putnam - 12 23
Rockland - 0 T
Suffolk €1) (1) (1)
Ulster £1) (1) (1)
] Westchester 50 102 178
Upstate New York
Subtotal 50 197 393
City of New York 100 253 Ly7
Total New York 150 450 840
COillil.CTICUT
Fairfield 5 70 160
Middlesex (part) 29 (1) (1)
New Haven 85 30 80
; Total Connecticut 40 100 240
; Total Study Area 310 950 1,900

1. Supplied by local sources.

County.

85

2. Approximately 40 mgd of water used is recovered
by recharging the underground acquifiers in Nassau




The bedrock in this area is of Devonian age composed primarily of the

Genesee and Sonyea Groups. These rocks are siltstones, sandstones, and
shales. The lower reaches of the Susquehanna River basin are primarily
Genesee Group rocks. Butternut Creek, just north has red shales and sand-
stones in its upper reaches and shale, siltstones, and sandstones in the
lower reaches.

Overlying the rocks are Wisconsin and pre-Wisconsin glacial tills,
Valley Heads Moraine of Fairchild. Reaches, as much as 100 miles long,
along the Susquehanna and Chemung River valleys are composed of uniform-
sized sands and gravels suggesting similar source areas (Denny, 1956). The
Valley Heads Moraine of Fairchild consists of thick deposits of drift and
discontinuous patches of moraine. The moraine is commonly at the base of
north-facing escarpments on the adjacent uplands. The common soils in the
better-drained parts of the moraine are gray-brown Podzolic soils. The
till of Valley Heads subage is olive, massive, dense, and very firm; soil
scientists classify it as channery silt loam.

Weather patterns are generally dominated by coastal storms in the
Fall, Canadian fronts in the Winter, and westerly storms in the Spring and
Summer. Average precipitation ranges from 29 to 35 inches per year
(737 to 889 mm/yr.). The average temperature is approximately 48°F; the
highest = 90°; the lowest = -16°.

The dominant drought occurred in 1964, with a slow decline in the
water table within this area starting in the early 1960's. Less severe |
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