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The North Atlantic Regional Water Resources (NAR) Study ex amined
a wide variety of water and related land resources , needs and dev ices
in formulating a broad , coordinated program to guide future resource
development and management in the North Atlantic Region . The Study
was authorized by the 1965 Water Resources Planning Act (FL 89—80)
and the 1965 Flood Control Act (PL 89—298), and carried out under
guidelines set by the Water Resources Council.

• The recommended program and alternatives developed for the North
Atlantic Region were prepared under the direction of the NAR Study
Coordinating Committee , a par tnersh ip of resource planners represent-
ing some 25 Federal, regional and State agencies. The NAR Study
Report presents this program and the alternatives as a framework for
future action based on a planning period running through 2020 , with
bench ma rk planning years of 1980 and 2000 ,

The planning partners focused on three major objectives — —  Nat-
ional Income , Regional Development and Environmental Quality —— in
developing and documenting the information which decision—makers will
need for managing water and related land resources in the interest of
the people of the North Atlantic Region.

In addition to the NAR Study Main Report and Annexes , there are
the following 22 Appendices :

A0 History of Study
B. Economic Base
C0 Climate , Me teorology and Hydrology

~~~~___. / D. Geology and Ground Water

V E, Flood Damage Reduction and Water
- Managemen t f or Major Rivers and

Coastal Areas

~~; ~~~~~~~ ~ F. Upstream Flood Prevention and
0 Water Management

G. Land Use and Management
H0 Minerals
1. Irrigation
J,, Land Drainage

~ 

K. Navigation
L. Water Quality and Pollution
M. Outdoor Recreation
N. Visual and Cultural Environment
0. Fish and Wildlife
P. Power
Q. Erosion and Sedimentation
R. Water Supply
S. Legal and Institutional Environment
T. Plan Formulation
U. Coastal and Estuarine Areas
V. Health Aspects
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SYLLABUS

While the North Atlantic Region’s 41—inch average annual
precipitation is more than adequate to meet both present and future
water supply needs, there is a definite need for further development
and management of water sources to keep abreast of the increasing de—
mantis of anticipated population growth and urban and industrial develop-
ment.

The potential plight of the Region’s water supp ly situation
was brought into proper, if somewhat startling , perspective during the
five—year drought that ended in 1967. Many sectors of the NAR ex-
perienced critical water supply shortages, and some 14 million people,
about 28% of the Region’s population, were subjected to water—use
restrictions.

That drought is now history , but it provided a stark reminder
that the NAR ’s water supplies are barely adequate to meet present needs
under traditional unlimited or unrestrained use patterns. The urgency
of this situation is magnified when we look into the future. The pop-
ulation of the Region, approximately 50 million, is growing and project-
ed to double by 2020. While the population increases, individual use
of water is also increasing.

The analysis in this Appendix has been divided into two major
categories: public water supply, including all water supplied from
central systems, both public and private; and industrial water supply ,
which includes all water used by the manufacturing industries in the
Region. Summaries of the rural water supply situation and an up—to—date
examination of developing desalting technologies are also included in
the Appendix as separate chapters4.~

Future water supply require\ents have been developed for
the two NAR Study bench mark years——l9~0 and 2000, and for 2020,
the Study target year. These projectec1~ requirements were estimated
at each year for the three Study objectives——Regional Development (1W),
National Efficiency (NE) and Environmental Quality (EQ).

The material in this Appendix has been developed for use
in the formulation of the mixed—objective programs for each of the
21 NAR Areas. Data on projected withdrawal needs will be integrated
into the NAR Supp ly Model analysis of the resource necessary to meet
instream mixed—objective withdrawal and requirements for all purposes.

The Region’s present public water supply needs of 5,523 mil—
• lion gallons per day (m.g.d.), are projected to increase by 2020 to

13,106 m.g.d. under the EQ objective, 15,664 m.g.d. under the NE ob—
jective and 16,058 m.g.d. under the RD objective.



— — — •- - ••...0, ..-•..-- ~~-----,•--- ..- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Additional facilities to satisfy projected future public
water supply requirements , over the entire Study period , are estimated
to cost $3.5 billion under the EQ objective, $4.7 billion under the
NE objective, and $5.5 billion under the RD objective. Proposed
devices include storage, increased treatment plant and intake and

• pumping capacities, diversions and develppment of ground water. In—
• creased treatment plant facilities represent soem 60% of the total

costs, and additional storage capacity of aobut 2.3 million acre—feet
(EQ) , 3.3 million acre—fee t (NE) , and 3.5 million acre—feet (1W) ,
represent approximately 25% of the cos ts .

• Self—supp lied industrial water withdrawal are expected to
increase from the present value of 6 ,701 m.g.d.  to 2020 requirements
of 32 ,005 m .g.d. (EQ) , 36 ,025 m.g.d.  (NE) and 39 ,911 m .g .d .  (1W) .
These figures do not include publicly—supp lied f resh water withdrawals
for industrial use which are included under public water supply. Self—

• supplied fresh water accounts for about 54% of the above figures with
the remainder primarily b rackish water with some waste water.

Meeting self—supp lied industrial water requirements would
involve estimated costs of about $240 million dollars under the EQ
objective, $262 million under the NE objective , and $287 million under
the RD objective. Proposed devices include additional fresh water and
brackish water intake and pumping capacities, ground water development

• and increased use of waste water.

The water to meet the growing needs of the expanding NAR is
availab le. Howeve r , the wate r sources mus t be conserved and the re—
sources harvested to allow for the availability of water when it is
needed and where it is needed , and in suff ic ient  quantities and quality.
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CHAPTER 1. INTRODUCTION

Appendix R contains the methodology and data on water supply,
both present and future, that was an input into the plan formulation
process of the North Atlantic Regional Water Resources (N.A.R.) Study.
The Study will provide a broad comprehensive framework analysis of the
water and related land resources of the Region through the year 2020 to
be used in determining how these resources can best be ut i l ized.

This appendix should not be construed to contain a plan for
water supply. Water supply is an integral and indivisible part of multi-
ple purpose water management and the plans for water supply are part of
the area plans presented in Annex 1 of the Report.

Desalting of seawater and brackish water for water supply is
an advancing technology. Therefore, a report entitled “Desalting as a
Water Supply Source” was prepared by the staff of the U.S. Department
of the Interior’s Office of Saline Water for the North Atlantic Regional
Water Resources Study Coordinating Committee and is included in this
Appendix as Chapter 6.

The NAB Supp ly Model and the mixed objective plan f or mult iple—
purpose use of the Region’s water resources, considers desalting as one
of the ways that water can be supp lied.

However, in the methodology developed in this Appendix, single—
purpose water supply development is guided by extrapolation from existing
practice and includes no desalting.

The requirements for rural water supply, including rural domes-
tic and livestock needs , presented in Chapter 5 were developed by the
U.S. Department of Agriculture.

PURPOSE AND SCOPE

PURPOSE -

The purpose of A~pendix ~ is to present  data on exis t ing
public and industrial waèer supply use in the North Atlantic Region , to
estimate the Region’s future water supply needs and requirements for the
various study objectives , and to develop the extent and cost ot~ addi-
tional facilities and programs necessary to satisfy these needs. While
this Appendix presents water supply from a single—purpose viewpoint , it
is also intended for use in the development of the needs for the NAB
mixed obj ective framework program and in supp lementing related cost and
resource allocation analyses .

R— 1 

~~ --~~~~~~~~~~~~~~ —-~~~~~-~~~~~~~~- •- — -_ .— 
~~~~~~~~ -—- -~~~—— - •-~~~~~~~~ — -~~~ ~~~~~~~~~~



- 
_ _ _  

— V-— --

S COPE

~This Appendix presents the existing average daily public and
industrial water supply in the North Atlantic Region as determined from
available data. The future requirements were based on projection of
population and economic information and are presented as average daily
requirements. The extent of existing facilities that presently furnish
water was obtained from available data. General determinations were
made as to the facilities and programs that would be required to
satisfy future needs, and their costs. This data is categorized by
the three NAB Study objectives, Environmental Quality, National
Efficiency and Regional Development under the Study’s three bench
mark years, 1980, 2000 and 2020, for the Region’s 21 hydrologic Areas.

A

STUDY RELATIONSHIP

The future water supply requirements as developed in this
Appendix will form an essential part of plan formulation , and will also
serve as input to Appendix L, Water Quality and Pollution..Infortnation
from Appendix B, Economic Base; Appendix C, Climate, Meteorology and
Hydrology, and Appendix D , Geology and Ground Water, were used in the
preparation of Appendix R. Water use in the Mineral Industry is shown
in Appendix H, Minerals.

R- 2



CHAPTER 2. METHODOLOGY

PUBLIC WATER

PRESENT USE

For the purposes of the NAB Study, 1965 is considered to be
the base year , or present conditions , for public water supply. An
inventory of all public water supply systems in the Northeastern United
States was prepared for the Northeastern United States Water Suppl y
Study, which is currently being conducted by the North Atlantic Division
of the Corps of Engineers. This inventory provided the basic data for
present public water use and included the following information : name
of the utility , ownership (private or public), county location , water
source (ground or surface), annual water production and population
served. The above information has been aggregated by state and by
county in the inventory.

FUTURE USE

Population and Population Served

Population projections for all the counties in the NAB for
the years 1980, 2000 and 2020 were estimated using the Office of
Business Economics projections in Appendix B, Economic Base, as control
totals. The population figures for 1965 were straight—line interpola-
ted between the 1960 and 1980 figures. The proportion of the total
population served in the base year by central water systems was deter-
mined , and estimates were then made for the population served in each
county for the three bench mark years. It was assumed for these
estimates that the percentage served would rise during the life of the
study , due in part to the anticipated increase in urbanization and
suburban expansion throughout the NAB , coup led with the desire of the
public for the greater degree of reliabili ty for water supp ly o f fe red
by central water systems.

These estimates were made by a member of the NAB Study
engineering staff and were reviewed by the NAR economics staff. The
percentage of the population served ranged from as low as 3% to 4% for
the base year in some of the rural counties in the southern portion of
the Study area, with an anticipated increase to about 10% to 15% by
the year 2020, to a high of 100% for several of the highly urbanized
counties. For the entire NAB, approximately 88% of the total popula-
tion in 1965 was served by central water systems. This percentage is
expected to increase to 92% by the year 2020.

Projected Public Water Requirements

The development of the projected public water supp ly require-
ments was accomplished in two steps —— f i r s t , the s tandard  method of
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app ly ing per cap ita water  use to fu tu re  population ; and then the
ut i l izat ion of a mathematical model.

At the Study ’s inception , before the development of the NAB
Demand Model , the standard approach was used to est imate the fu tu re
public water  supp ly.  Subsequent to the comp letion of the demand mode l ,
it was decided that the versat i l i ty of the mode l would be b e t t e r  sui ted
to thL f ramework concept of the Study . The populations and populations
served developed for  the standard -approach were retained for  use in the
model. The estimated future  public water  supp ly f igures presen ted in
this Appendix were developed from the model.

Standard Approach. A variation of the standard approach to
public water supply projections was made for the MAR Study.  Public
water supp ly can be divided into the following four basic categories :
domestic , commercial , municipal and industr ial .  The f i r s t  three are
interrelated, in that their use is influenced by the same factors ,
such as population and income . Industrial  water  use , howeve r is
af fec ted  primari ly by output , emp loyment and technology . It  was
therefore considered that the portion of the public supp ly that is
furnished to industry should be treated separately.

Accordingly,  when Cornell University prepared a report under
contract on industrial water use in the NAB , it was requested that as
part of that study,  a breakdown be prepared to show what portion of
the total industrial water use was from public supp ly.  The Cornell
Study is discussed in greater detail on page R—l4 of this chapter .
This was done for  every area in the NAB for the base year and for  the
three bench mark years using county data which was aggregated into
basinwide totals.

The present non—industrial water use for 1965 was estimated
by subtracting the publicly—supplied industrial water use from the
total public water use. Per capita use f i gures for  1965 were deter-
mined by dividing the non—industrial public use by the population
served. The projected per capita water uses for the years 1980, 2000
and 2020 were determined from a series of curves developed for the
Ohio River Basin Framework Study, which are shown in Figure R—2.
These curves are based on observed cross—sectional increases in con-
sumption from small towns to cities, and their use entails the assump-
tion that the cross—sectional information is appropriate to our time
series projections . The county per capita use estimates derived for
the bench mark years were applied to the estimated populations served
in each county to obtain the non—industrial public water use. To
these estimates were added the project ions  fo r  the publicly—suppl ied
industr ia l  water use in the bench mark years to obtain the to ta l

-
• publicly—supp lied water  requirement fo r  each county.  These were then

aggregated by the 21 Areas of the NAB.

Where the estimates of publicl y—suppl ied  indus t r i a l  w~t t e r
for  1965 appeared unrea l i s t i c  (e .g . ,  exceeding t o t a l  use , or where
otherwise considered excessive),  the me thod o u t l i n e d  above required

R-4 

~~~~~~
- - -- - -• -----~~~~--~~~~~~~~- •~~~~~~~ - - - - - -- - - - -  



_ _ _ _ _ _ _ _ _ _ _  --- -—-- —----—---— —~~~~~— -—-——~~~~~~--—- - --
~~~~~

--—--
~~~ 

-
- • —

20C
1 8G —  

— —

160 — 
_ _ _ _ _ _ _ _ _ _

(40 ~~~~~~~~~~~~~~~~~~ 
—

- —

(20

(00 
— ~~~~—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FIGURE R-2

PROJECTED INCREASE
IN WATER USE (GPCD)

965 1980 2000 2020
YEAR

R-5

_ _ _



modification. This occurred in roughly 12% of the counties in the
NAB, mostly in the southern portion. The methodology was modified as
follows: the total use in 1965 was divided by the population served
to obtain a per capita use figure , and the Ohio River Framework Study
curves were used to develop projected per capita figures, which were
then applied to the estimated populations served to obtain the pro..
jected public water use.

— Mathematical Model Approach. The method just outlined is
essentially a traditional one that has been used by most water supply
planners in the past, and, in general, yields satisfactory results.
It has .ertain drawbacks however, particularly for a study area as
large .‘... the North Atlantic Region. Any change in the assumptions of
population projections or per capita usage for the future would make
the determination of the effect of such changes on the projected water
requirements very difficult. A mathematical model method for deter—
mining public water supply would lend itself easily to variations in
basic assumptions, as well as permit a variety of sensitivity tests to
be made. The use of the model approach also permits the integration
of the public water supply determination into the NAB Study Demand
Model. The demand model is a computerized mathematical model for
estimating all of the withdrawal requirements of the NAB.

A series of regression equations were developed and tested
against the results obtained from the standard method of projecting
water supply requirements to obtain a mathematical expression which
would fit into the demand model. Time series data from the State of
Connecticut for the period 1929 to 1966 were used to obtain estimates
for the parameters to be used in the equations.

A total of nine equations were developed using regression
analysis where the water requirement was a function of one or more
variables. These variables included population served , total income ,
per capita income and time. The standard method results were
considered to be the control projections against which all the equa-
tions were compared to see which one gave the best fit. Four of the
equations included time as one of the variables , and it was found that
the time variable dominated the regression in such a way that there was
very little variation in the projections for the different areas and
that the projections were extremely high when compared to those
derived through the standard method . The next four equations tested
used population served , total income and per capita income as the
variables, either singly , or in combination . These equations yielded
projections that were at great variance with the standard method pro—
jections, ranging as high as several thousand percent in difference ,
with very few Areas within 100%. The final equation , which was adopted
for use in the demand model, involved only population served and per
capita income and produced the following comparisons —— for 1980, 91%
of the 21 Areas were within 15%, and for 2020, 62% were within 15%.
The decline in comparability is to be expected the further along in
time that projections are made. The difference in all three years for
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the entire NAB was 2% or less. The form of the equation used in the
model is:

Q = K (P) 
.825 (Y) .308

Q Public water requirement in
million gallons per day (m.g.d . )

P = Population served in 1000 ’s
Y = Per capita income in dollars
K = Cons tant wh ich varies for each Area and

is determined by conditions in the base
year

The above equation projects total public wat er supply re—
• quirements which include domestic , commercial , municipal and publicly—

supp lied industrial water. It is important to recognize that this
equation represents a curve f i t ted  to observe data. Thus it is only
representative of reality as long the trends observed in the data con—
tinue generally in the same direction . The urb an areas where population
and income is static or on downtrend , none of those are in the NAR,
this equation is not likely to be useful. The demand model , which
projects the total withdrawals for the various industrial , commercial
and municipal uses , estimates the part of the total use that can be
expected to be furnished from public water supplies. This quantity,
subt racted f r om the total public supply, results in the domestic water
use. The domestic water use figures are examined for reasonableness in

- • the model by dividing by the population served to obtain a per cap i ta  use
figure . In ‘everal highly industrialized rural Areas , the per cap ita
use figure developed in this manner is unreasonably low. In these
rural Areas , a f igure of 50 gallons per capita day is conside red to be
good average . Consequently, wheneve r the per capita use falls below
50 , the model automatically assigns a value of 49 gallons per capita
day to be applied to the population served to obtain domestic water use.
The value of 49 is used instead of 50 so as not to af fec t  the operation
of the model. The total public water use is then the sum of the revised
domestic use and the other public water uses. This procedure has been
instituted to try to avoid unreasonable results which sometimes can
occur when an emp irical formula is used.

Alternative Objectives

Another advantage that the model technique offers is the
— capability to project water supply requirements for the d i f f e ren t

Study objectives . This is done by altering or modifying the variables
in such a way as to reflect the specific objective being considered.

National Efficiency. The population projections and per
capita incomes published in Appendix B , Econo mic Base , were used in
the model for the National Eff iciency objective to determine the
projected public water supply requirements. This objective is con—
cerned with middle value estimates of the various GNP determinants,
including animal growth rates of 1.3% for population and 3.0% for produc—
tivity. The population served percentages developed under the standard
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percentages developed under the standard method were retained.

Environmental Quality. It was assumed for this objective
that the economic productivity and population in the Reg ion would be
lower than under the National Efficiency objective. Consequently, a
lover population projection series (1.0% annual growth rate) was
selected from Appendix B. The population served percentages as
previously developed were held constant. This lower population series
was used to determine new lover gross national and regional products.
Revised personal income and per capita income were then developed from
the lowered gross regional product. These lower total population,
population served and per capita income figures were used in the model
to determine the public water supply projections for the Environmental
Quality objective.

Regional Development. The assumptions made for this objec—
tive were that the productivity in the Region would increase, but that
the population would remain the same as that for the National
Efficiency objective. A higher level of productivity (3.2% annual
growth in product per man—hour) was selected from Appendix B to determine
the higher gross national and regional products, which in turn led to
the development of new personal income and per capita income values.
The population served figures from the National Efficiency objective and
the higher per capita income figures were used in the model to determine
the public water supply projections for the Regional Development objective.

DEVICES AND COSTS

Devices

Public water supply needs can be satisfied in two ways. Additional
sources can be developed or the demand can be curtailed. In the past
basically only the first method was used. Demand restrictions were
only used as temporary expediencies, were usually severely critized and
in general had little long term effects. Therefore little information
is available as to the me thods that could be used to reduce demand and
to the direct and indirect costs of these methods. Nevertheless it has
become time that the constant growth of water demand must be checked.
Pricing, re—use, rationing, education for conservation, changes in
building codes and growth restrictions are some of the means available
to accomplish this. The effectiveness and acceptability of these me-
thods of restricting public water supply demands on a systematic and
long term basis is not known and has not been tested in this country .
For this appendix , the re fore , devices we re selected and their costs
estimated that could provide for the needs as projected. Demand reduc-
tion below the projected amounts would reduce the need for  additional
sources and reduce cos t for  each targe t year.

The initial determination of the devices was done in conjunc.-
tion with the standard approach for develop ing fu ture  pu b l i c  wate r
supply needs on a county basis. Existing water use in each county was
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broken down into surface—supp lied and ground water—supp lied , u t i l iz ing
the information contained in the inventory of public water  supply
systems . The ground wa te r  needs will be supp lied from wells (See
Appendix D , Geology and Ground Water) . The devices for  that portion of
the public water  supp ly to be developed from surface sources comb ining
reservoirs, pumping stations, interbasin transfers and treatment plants
are covered in the Area Summaries.

Exist ing surface water faci l i t ies  were obtained from the
“1963 Inventory of Munici pal Water Facilities,” published by the U.S.
Department of Health , Education and Welfare. This publication lists
the source of supply, safe yield and treatment plant capacity of most
of the central water supply systems in the Region.

Initially, two broad assumptions were made : (1.) the
presen t ra t io  of sur face  water to ground water in each county would
remain constan t throughout the Study period ; and (2 . )  the ratio of
present water use of any public system to the total public water  use
in the county where the system is located would remain constant and
would be app lied to the projected public water needs of the county to
determine the fu ture  requirements of that system.

Comparison of the future requirements of each supply system
with the capacity of its existing facilities determined the additional
devices which would be needed , as well as fixing the time frame when
they would be required.

When available from reports or studies, information developed
for specific water supply systems was utilized in the determination of
devices and costs.

Water treatment p lants and pump ing stations were sized for
each bench mark year. Where additional storage was indica ted , i t  was
sized to provide sufficient yield for the entire Study period.
Determinat ions  of yield were based on y ield—storage relationships
developed in Appendix C, using synthetically generated streainflows and
a shortage index of 0.01.

Shortage index is a risk criterion that is proportional to the
number of annual shortages and the square of the shortage quantities.
An index of 0.01 would be equivalent to various combinations in 100
years , such as one 10% shortage , t~o 7% shortages , or one 7~ and three
4.5% shortages. Additional information on this methodology is con-
tained in Appendix C. Comparison of yield information from other
studies w i t h  Appendix C data indicated that  d i f f e rences  were not
si gnificant enough to be cons idered in the analyses of this Appendix .
See Appendix T for  the suppl y model anal ysis of the mixed ob jec t ive
p lan in which cons i s ten t  y ield data fo r  the Reg ion are u t i l i zed .

Devices that  could satis f y p ro jec ted  needs were aggregated
b y the 21 Areas .
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Public water supply needs developed by the mathematical
model are the needs that are presented in the Area Summaries. These
needs vary slightly from those obtained from the standard method which
were used to determine the size and quantity of the specific water sup-
ply devices that could meet the future requirements. In order to
adjust the devices to match the final needs from the model , it was
assumed that the ratio of the final needs to the ori ginal needs app lied
to the original devices would yield results that would be sufficiently
accurate for a framework study. Water source development devices such
as reservoirs, groundwater developments, diversions or desalting while
estimated here were not used in developing the comprehensive mixed
objective p lan. There they were determined by the supply model (see
Appendix T) as multip le purpose features and existing and estimated
development constraints could be considered in the model.

Costs

The information used to obtain the costs of the various de-
vices proposed was obtained from existing cost data and adapted for use
in this Appendix. The supply model for the NAB, which concerns itself
with the analysis of resource allocation and related costs for the
mixed objective framework plan, utilizes cost data which are more
general than those used for this Appendix. All costs presented in this
Appendix have been adjusted to 1970 price levels.

As in the case of devices, where information was available
from reports or studies it was utilized.

Storage. Average cost curves for reservoir storage were
adapted from information developed by the New England Division, Corps
of Engineers, for larger projects, and the U.S. Department of
Agriculture for upstream projects. Because of the great differences in
project size covered by the two sets of cost data it was necessary to
develop cost information which could be utilized for the NAB Study.
The curves developed for the NAB’s six Sub—Regions are shown on Figure
R—3 and reflect updating to 1970 cost levels.

Water Treatment Plants. A cost curve for water treatment
plants , indicating total costs versus plant capacity was developed
from cost information obtained from The Journal of the American Water
Work s Association, Engineering News—Recor d , and cost data developed by
the New England Division, Corps of Engineers, and private engineering
consultants. The costs were brought up to the 1970 level and the curve
is shown on Figure R—4 .

Pumping Stations. The factors that influence the cost of
pumping stations, such as site conditions, pumping head and intak e
structure requirements, are so variable that developing specific cost
curves would not be practicable. It was felt that a cost relationship
such as $5,400/m.g.d. of required pumping would be adequate and would
yield results compatible with framework study needs.
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The $5,400/m.g.d. relationship was developed in the following
manner:

First, a list of existing river pumping stations in the
Delaware River Basin was compiled f r om info rmation f urnished by the
Delaware River Basin Commission. Only the capacities of these sta-
tions was fu rnished.

Then, in order to determine the horsepower requirements , an
arbitrary pumping head of 30 feet was assigned to each station.

Costs curves of $/Horsepower , prepared by the New England
Division, Corps of Engineers, were used to determine the costs of each
pumping station. The dollar costs included the structure and the
pumping equipment. These pumping station cost curves are shown in
Figure R—5.

Finally, the costs were totalled and divided by the total
pumping capacity to obtain the $5,400/m.g,d. figure. This relationship
was used to determine pumping costs for the 21 areas in the NAB.

Ground Water. Ground water costs were based on cost informa-
tion contained in Appendix D , Geology and Ground Water.

Diversion. Diversion costs were obtained by assuming the
locations of the point of diversion and the point of delivery , and
estimating the costs of the pipelines and pumping stations needed to
accomplish the deliversion. Whenever possible, existing information
was utilized. Other costs which might be imposed on the basin which
serves as the source of supp ly such as diminisEe d fishery resources ,
high waste water treatment costs, reduced economic development opportu-
nities and environmental amenities were not taken into account with
inter—b asin diversions examined in this 8tudy. Therefore, stated diver-
sion costs should be treated as the minimum level of investment required
and not reflective of a comprehensive evaluation of all costs associated
wi th diversions .

Desalting. Costs of desalting are discussed in Chapter 6 of
this appendix and are shown in Figures R— 34 and R— 35 .
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SELF—SUPPLIED INDUSTRIAL WATER

The determination of industrial water use has traditionally
presented a problem to the water supply p lanner because of the lack of
specific published data. The major water—using industries are reluc-
tant to disclose information on the amounts of water used in their
processing, except in a manner that does not permit identification of
the industry with its water use. This di f f i c u l t y  in the determination
of existing industrial water use will , of course , a f f ec t  any projec-
tions of fu ture  use.

Analysis of the present and fu tu re  industr ial  water  use in
the NAB was accomplished in two separate steps . The f i rs t was accom-
plished by the Cornell University Department of Agricultural  Economics
under contract , and the second was comp leted by the NAR Study s t a f f  as
part of the demand model. Both of these studies uti l ized generalized
data on industrial water use presented in various publications of the
Bureau of the Census , including data on emp loyment , water  intake and
discharge , plant size , and number of p lants. Present industrial  water
use data was reconciled with information from exist ing reports or
s tudies and represents 1964 demands . Here , as in the case of de termining
future public water supply requirements , the demand model was not
available at the beginning of the Study. Subsequent to the completion
of the demand model , it was decided that a much more comprehensive
analysis of indus trial water req uiremen ts could be accomplished b y use
of the model. The estimated industrial water use requirements presented
in this Appendix were developed from the model.

THE CORNELL METHOD

Employment in 1963 for 97 four—digit heavy water using in-
dustries (the level of classification in the Bureau of the Bud get ’s
(now Of f i ce  of Management ari d Bud get) Standard Industrial Classification
Manual) , was estimated by county from Census of Manufacturers  data for
1963. These 97 industries were selected from 11 two—di git SIC
categories: food ; textiles; wood products;  pul p and paper;  chemicals;
petroleum ; rubber and p lastics ; lea ther ;  stone , clay and glass; primary
metals , and machinery except electr ical .  Emp loyment est imates fo r
these industries were made using information on the number of p lants
per industry per county in each size group per industry . Employment
for  the remainder of the manufacturing sector outside of the 97 four
di git industries estimated separately was taken as the residual of
county emp loyment according to the census data .

Employment project ions for  the bench mark years were then
made for the 97 four—dig it industries by county,  us ing project ions
given by O f f i c e  of Business Economics (OBE) , Bureau of Commerce , fo r
six two—di git  water  using industries where app licable , and average OBE
rates of increase fo r  all indust ry  exclusive of petroleum and chemicals
fo r  other industries in the group of 97.  Remaining emp loyment a f t e r
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subtract ing estimates for  the 97 industries from OBE employment pro-
jections of NAB Sub—regions by bench mark year is taken as the employ.—
ment in the rest of manufacturing sector . Industrial emp loymen t was
thus controlled by NAB Sub—reg ion by the OBE emp loyment projec tions .

To derive wa ter in take and discharge estima tes for the bench
mark years, a primary estimate was made based on projected output to-
gether with water use coeff icien ts modif ied for each bench mark year
to reflect the (generally) increasing efficiency of water use observed
from 1954 to 1964. To derive this estimate , employment projections
estima ted as descr ibed above were multip lied by OBE output indices;
and 1964 intake and discharge ra tes mod if i ed by trends in the
eff ic iency of water use were app lied.

Two secondary estimates were made. The first was identical
to the primary estimate , except tha t unmod if ied (generall y higher)
1964 water intake and discharge rates were applied to output projec-
tions. This estimate , therefore , assumes no fur the r changes in the
efficiency of water use per unit of output. Another secondary estiin-
ate was made by app lying unmodified 1964 water intake and discharge
rates to employment projections only ,  not multiplied by output indices.
This last secondary estimate assumes that output per employee can in—
crease without requir ing any increase in water use , implying a rela-
tively great increase in the efficiency of water use per unit of out-
put.

To estimate proportions of intake that will be brackish ,
census water use totals of brackish or saline water were allocated to
industries in tidewater counties with a census record of brackish
water use . Other intake was assumed to be f reshwate r .  The es t imates
thus derived were projected to bench mark years .

The above method y ields results for a g iven set of economic
variables . Any change in basic assumptions which would a l ter  the
economic var iables would requ ire a comp lete reworking ~f the method to
obtain new results .  In addition the forma t used in this method cannot
be integrated into the demand model. It was for  these reasons that it
was decided to develop a mathematical model method for determining
industrial water use. The portion of the Cornell method dealing w i t h
the d is t r ibut ion of industr ia l  water use in the NAR was re ta ined and
incorporated into the model.

MATHEMATICAL MODEL APPROACH

Industrial  water  use can be assumed to vary with thc gross
industr ia l  output ; i.e., the higher the output , the gr&~ater t1i~ water
requirements and vice versa. It was felt that a logical method for
determining future industrial water use would be to cst~ib1ish a rela—
tionship be tween the water use and t h e  gross output. ;r~ss output data
fo r  the North A t l a n t i c  Reg ion was ob ta ined  f rom thu Gross N it ional
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eroduct (GNP) p ro jec t ions  in Appendix B.

The gross output  d i s t r ibu t ion  among the various indus t r ies
was developed from the “ Inpu t/ Ou tpu t  S t ruc tu re  of the United  States
Economy .” an art icle wh ich appeared in the November 1969 issue (Vol .
49 , No. 11) of survey of Current Business, published by the U.S.
Department of Commerce.

Regional water use coefficients , which allocate water use by
industry in relation to the industry ’s output , were developed for 19
major water—using industries , utilizing information contaIned In
various publications of the Bureau of the Census. These water use
coefficients presented in gallons of water per dollar of industrial
output were projected into the future. For those industries in wh i ch
water  use is mostly for the sani tary need of their emp loyees , w a t e r
use coeff ic ients  are based on the e s t ima te  of emp loyees in the f u t u r e .
This imp lies a reduction in water use per dol lar  of output  because the
productivi ty per emp loyee is projec ted  to rise. For those indus t r ies
in which water  is a relatively small part  of the m a n u f a c t u r i n g  pro—
cess , such as the machine and e lect r ica l  industries, the water  coeff i -
cients were considered constant. In the six heavy wate r  using indus t r ies
which are of importance in the N.A.R. region , projections of the water
coef f ic ien ts  are based on indus try  estimates of fu tu re  technology . For
the Food , Textile , Petroleum Ref in ing  and the Pr imary Metals industries ,
water  use improvements of 5 per cent were projected for  the 1964 to
1980 period , 10 and 20 per cent respectively for  the 1964 to 2000 and
1964 to 2020 period. For the Paper industry improvements of 10, 30 and
50 per cent and fo r  the Chemical industry improvements of 15, 45 and
75 per cent were projected for  the 1964 to 1980, 1964 to 2000 and 1964
to 2020 periods . The d i s t r ibu t ion  of indus t r ia l  wate r  use in the North
Atlan t i c  Reg ion developed as par t  of the Cornell Study was used to
al locate  industrial water  use throughout 50 Sub—areas of the Region .

Add.itional coefficients were then developed which were used
to divide the to ta l  water  intake for  eac~ industry in each Sub—area
Into fresh , brackish and waste water , and also to determine f resh
consumptive water use. Allocators were then developed which were used
to sp lit the fresh water intake into self—supp lied and pub l ic ly—
supp lied. These coefficients and allocators were also deveL )ped f rom
i n f o r m a t i o n  in the Bureau of the Census publications .

The GNP f i gures in Appendix B were used to de termine  the
present industrial use as well as the National Efficiency objective
needs for the bench mark years of 1980, 2000 and 2020.

For the f u t u r e , indus t r i a l  wa te r  r e q u i r e m e n t s  under  the
Environmenta l  Quali ty object ive , the GNP r es u l t i n g  from the nex t  lower
populat ion series was used. For the Regional Development objective ,
the GNP r e s u l t i n g  from the next hi gher p r o d u c t i v i t y  leve l was used to
determine the f u t u r e  i ndus t r i a l  w a t e r  needs.  (Also see Alternativ e
Objectives on pages R— 7 and R—8) .
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The methodology as outlined above is very general. A more
specific and detailed explanation of the procedures is contained in
Appendix T annexes, which deal with the demand and supply models.

The industrial water supply requirements, both present and
projected, presented in this Appendix represent total intake figures
and do not take into consideration any reuse between plants. Net
industrial demand figures (considering reuse) were used in the N A.R.
supply model to develop mixed objective devices and costs.

DEVICES AND COSTS

Devices

Water supply for industry is generally se’f—supplied and can
be broken down into fresh, brackish and ground water. The breakdown
of industrial water intake into surface and ground water was developed
from information in Bureau of Census publications. The ratio of ground
water to surface water that presently exists was held constant for the
entire Study period. The quantities of brackish water that will be
needed were developed by the mathematical model.

Intakes and pumping stations are the devices that are expec—
ted to be used for both the self—supplied fresh surface water and the
brackish water , and wells will be used for ground water. Storage facil-
ities for self—supp lied industrial water needs were not considered in
this appendix. There is no definitive way of determining individual
p lant size or location for which storage migh t  be needed either for di-
rect use or stream flow augmentation. The flow supply model considers
storage requirements to meet all water withdrawal requirements including
self—supplied industrial water. Treatment plants were not considered for
industrial water supply. The desired quality of process water varies
so greatly it was considered that water treatment, if needed, would be an
internal feature of the particular industry and plant. The proposed
devices were aggregated by the 21 Areas.

Costs

The basis for estimating pumping costs was the same as that
developed for public water supply. Brackish water pumping costs do
not d i f f e r  from fresh water pumping costs . Ground water costs were
determined in a similar fashion to that developed for  public water
supply.
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CHAPTER 3. REGIONAL SUMMARY

The North Atlantic Region includes all the river basins
draining into the Atlantic Ocean north of the Virginia~-North Carolina
border , Chesapeake Bay, Lake Champlain drainage within the United
States, and St. Lawrence River drainage south of the junction of the
St. Lawrence River and the International boundary. All or portions
of thirteen states and the District of Columbia are included in the
Region, which encompasses a land area of about 167,000 square miles.

The Region contains only 5% of the Nation’s land area but
25% of its population, 29% of the personal income and 30% of the manu—
facturing employment. Of the more than 47,000,000 million people in
the Region, some 26,000,000 million live in the five major metropoli-
tan areas of Boston, New York, Philadelphia, Baltimore and Washington,
D.C. Recreation and forestry are the main economic factors in the
northern portion of the Region, and agricultural generally dominates
the southern portion except for some centers of light industry. In
the middle part of the Region are concentrated the centers of industry,
commerce , finance and transportation.

The NAB is generously supplied with water resources. The
annual precipitation averages from 40 to 45 inches and on a total
volume basis, is adequate to satisfy water supply demands. Ground
waters are extensive and in many Areas are relatively undeveloped.
The recent drought in the Northeast (1961—1966) was the longest and
most severe in history of the Region, with precipitation in portions
of the Region averaging one inch a month less than normal for a period
of about four years. The drought emergency demonstrated the inadequacy
of existing facilities to properly utilize the available water re-
sources of the Region with respect to the development of dependable
sources, and the adequacy of conveyance facilities , distribution sys-
tems and treatment plants.

For purposes of the Study, the Region was divided into 21
Areas , which for the most part, are established along hydrologic lines.
The water supply requirements for each of these Areas are presented in
the Area Suimnaries. In order to more easily pinpoint the water supply
needs of the Region , many of the 21 areas were further divided into
sub—areas. In each of the Area summaries, the public water supply and
industrial water supply are examined with respect to present conditions
and projected requirements. Existing conditions in 1965 were designa-
ted as present use, or base year, and are the basis for develop ing the
needs for the bench mark planning years of 1980 and 2000 and the Study
target date of 2020. Future requirements were projected for the three
NAB Study objectives, Environmental Quality, National Efficiency and
Regional Development. Devices proposed to satisfy projected needs,
and the estimated costs of these devices, are also included in the Area
Summaries. The forecasting procedure for the needs, devices and costs
are covered in Chapter 2, Methodology .
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Public water supply was considered to be that water supplied
from a central system, wfthout regard to the size or purpose. Indus-
trial water supply was considered to be the water intake requirements
of 19 major water—using industries.

Rural domestic water needs are based on rural population ,
which is defined for the purposes of this investigation as all those
people who are not connected to central water supp ly systems. Live-
stock water requirements are based on projections of livestock popula-
tions and milk and egg sales. Rural water needs are summarized in
Chapter 5.

PUBLIC WATER

PRESENT USE

Water from public or central water supp ly systems sa t is f ies
many needs —— domestic , industrial, commercial and municipal. As dis-
cussed in Chapter 2, the parameters used to determine fu ture  public
water supply requirements are population served and per capita income.
Table R—l shows the present public water supply use, population ,
population served and per capita income for the Region’s 21 areas.

TABLE R—1
PRESENT PUBLIC WATER SUPPLY BY AREA

TOTAL POPULATION PER CAPITA PUBLIC
AREA POPULATION SERVED INCOME WATER

(l ,000s) (l ,000s) (Dollars) ( m . g .d . )

1 109 38 1, 721 6
2 147 107 2 ,181 11
3 154 117 2 , 216 17
4 163 149 2 ,327 14
5 162 100 2 ,036 13
6 488 399 2,530 50
7 914 858 2 ,857 106
8 1, 679 1,445 2 ,866 191
9 4,939 4,798 2,913 617

10 2 ,062 1,719 3,149 255
11 533 357 2 ,217 51
12 2 , 136 1,557 2 ,811 226
13 l ,083 10 , 708 3 , 521 1,404
14 4 ,387 4 ,124 3,483 513
15 6 , 719 5 ,998 2 ,940 800
16 760 710 3, 018 86
17 3,362 2 ,627 2 ,397 340
18 2,330 1,791 2,817 260
19 3 ,236 2 ,536 3,041 360
20 316 146 2 ,298 18
21 1,698 1,343 2,431 185
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The total population of the Region is 47 ,514,200 , of wh ich
41,770 ,000 people , or approximately 88% , are supp lied wi th  water from
some 1,200 central water supply systems. Present use averages about
5.5 billion gallons per day , ( b . g. d . ) ,  of which 4 .7  b . g . d .  is fo r
domestic use , with the remainder used for industrial, commercial and
municipal purposes.

Surface waters supply approximately 76% of the water used by
the public water supply systems, with the remainder developed from
ground water sources.

FUTURE USE

The Reg ion ’s personal income and population are projected to
increase throughout the study period. General assumptions app li cable
to the projections of growth and a variety of specif ic  assumptions re-
lated to population , labor force , total employment, private employment ,
hours worked and production per man—hour are discussed in Appendix B,
Economic Base. As indicated previously in Chapter 2, projections were
developed for the Environmental Quality and Regional Development objec-
tives by assuming variations of the middle value National Efficiency
estimates. In connection with population growth , it is noted that the
NE and RD annual growth rate of 1.3% and the EQ rate of 1.0% are both
substantial ly below the h is tor ic  regional growth rate  of l . 6Z  for  1950
through 1965. Firther material  on var iants  in projec t ions  is contained
in Appendix T , Plan Formulation.

The anticipated growth of population and income indicate  tha t
the public water supp ly requirements can be expected to increase. The
population served is also expected to increase from the present 88% to
92% by the year 2020. Table R—2 summarized the present and pro jec ted
water  supp ly needs , populations , populations served and the per cap i ta
incomes for  the entire North  A t l an t i c  Region.

The project ions used are based on an ext rapola t ion  of observed
trends including the downtrend in the annual populat ion growth ra te .  If
new data shows tha t  these trends change or g rea t ly accelerate, projections
and the estimates based on these projections must be changed. However ,
even large changes in the growth assumptions wi l l  not g rea t ly change the
water supp ly estimates for  1980 .

With respect to the Nat ional  E f f i c i e n c y  object ive ; the
anticipated public water requirements are expected to be 7,187 m.g.d.
in 1980, 10,592 m.g.d. In 2000, and 15,664 m.g.d. in 2020, almost
three times the present use. Population served has been projected to
increase to 49.3 million in 1980, 62.7 million in 2000, and 79.8
million in 2020, from the present value of 41.8 millIon . Per cap ita
income is expected to increase to $4,551 in 1980 , $7,779 in 2000, and
$13,315 in 2020, about four times the present level.
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TABLE R—2
PUBLIC WATER SUPPLY
NORTH ATLANTIC REGION

TOTAL POPULATION PER CAPITA PUBLIC
OBJECT IVE POPULAT ION SERV ED INCOM E WATER
_________ 

(1,000s) (1,000s) (Dolla r s) (m.g.d.)

Present 47 , 377 41 ,633 3 ,232 5,523

1980
EQ 53 ,805 47,549 4,338 6 ,882
NE 55 ,641 49 ,199 4 ,551 7 ,187
RD 55 ,641 49,199 4,682 7 ,242

2000
63,903 57 ,521 7 ,002 9 ,566

NE 69,613 62,562 7 ,779 10,592
RD 69,613 62,562 8,072 10,925

2020
EQ 73 ,426 67 ,852 11,426 13,106
NE 86,210 79,645 13,315 15,664
RD 86 ,210 79 ,645 14 ,000 16 ,058

TABLE R-3
PUBLIC WATER SUPPLY DEVICES AND COSTS — NAR

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD 

—

~~~~~
Total Total Total

Quantity Cost Quantity Cost 
~~~~

1980
Storage 607 ,000 246.0 720,000 292.0 750,000 302.0
Treatment Plant 418 310.0 512 368.0 52? 382.0
Intake & Pumping 334 1.8 409 2.2 423 2.3
Diversion 63 26.5 78 32.8 81 34.2
Ground Water 310 12.3 379 15.6 426 15.5

2000
Sto rage 1, 313 ,000 377.8  1 , 707 ,000 561.2 1, 746 ,000 574 .3
Treatment P lan t  1,60 5 856.0 2 , 171 1,033.9 2 .227  l ,080 8
Intake  & Pumping 1,023 5.5 1, 290 7. 0 1, 326 7 . 2
Di version 436 209.6 692 245.6  698 246 .6
G round Water  649 28.0 826 35. 7 852 36.7

2020
Sto rage 400 ,000 175. 9 936 , 000 310 .4 1 ,031 ,000 475.9
Treatment Plant 2 ,508 1 ,018.8 3,526 1 ,402.8 3.914 1 ,445.1
Intake & Pumping 1 .586 8.6 2,410 13.0 2,620 14.1
Diversion 1 ,088 233 .3 1 ,673 382.0 1 ,827 427.0
Ground Water 584 23 .8 798 34.9 873 36.0

~~~T i ~~i age quantiti e s in icre-fe et; other device s in m .g .d.
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FUTURE DEVICES AND COSTS

In order to satisfy the future public water supply needs of
the Region, additional facilities will be required at different time
frames during the Study period. These facilities include additional
reservoir storage, Intakes and pumping stations, major interbasin ground
water development and water treatment plant capacity .

Table R—3 shows the devices proposed to satisfy the future
needs, their estimated costs and the years in which the devices would
be required.

The devices and costs developed for public water supply were
for a single purpose only and do not necessarily correspond to the
devices and costs resulting from the supply model for the NAR , inas-
much as the supply model concerns itself with the mixed objective for
the Region with respect to all water withdrawals. Device and cost
information will be extracted from this Appendix to be used in the
development of the overall recommended plan for the Region. Cost
figures have been adjusted to 1970 price levels.

SELF—SUPPLIED INDUSTRIAL WATER

PRESENT USE

In this Appendix, self—supplied industrial water Is consid—
ered to be that portion of the total industrial water intake developed
by industries from their own sources which could be fresh, brackish or
waste water. The total industrial water intake for the Region is 7,340
m.g.d., of which 3,836 m.g.d. are self—supplied fresh water, 2,756
m.g.d. are brackish water, 120 m.g.d. are waste water and 628 m.g.d.
are publicly—supplied fresh water. Approximately 17% of the self—
supplied fresh water is developed from ground water. There are 19
water—using industries in the Region which were considered in assessing
the industrial water supply. Table R—4 shows these industries and lists
their total use, self—supplied fresh, publicly—supplied fresh, waste
water, brackish water and fresh consumptive use. Mining and Power Plant
cooling are considered separate in Appendices H Minerals and P Power,
respective ly.

FUTURE USE

The projected economic growth of the Region is reflected in
the anticipated increases In Industrial water requirements. By 2020,
the total industrial intake is expected to be 35,663 m.g.d. (EQ),
40,182 m.g.d. (NE) and 44,561 in.g.d. (ED), of which 17,451 m.g.d.,
19,592 m.g.d. and 21,679 in.g.d., respectively, will be self—supp lied
fresh water. The largest self—supplied fresh water—using industries
in 2020 are shown in Table R—5.
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TABLE R-4
PRESENT INDUSTRIAL WATER WITHDRAWAL S

NORTH ATLANTIC REGION
(in. g . d.)

SELF— PUBLICLY—
INDUSTRY TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
________ 

USE FRESH FRESH WATER WATER USE

Chemicals &
Plastics 2,362 1,039 159 0 1,165 193

Primary
Metals  1,675 770 63 120 722 207

Paper 1,166 1,027 41 0 97 91
Petroleum 740 206 12 0 523 25
Food 392 157 85 0 150 38
Transportation
Equipment 266 196 70 0 0 15

Machine Equip—
ment 142 97 42 0 3 8
Glass & Clay 130 81 10 0 39 34
Fabrics 120 84 25 0 12 13
Electrical
Equipment 97 53 43 0 0 8

Rubber 91 40 13 0 39 7
Metal Products 72 41 31 0 0 5
Scientific
Instruments 40 22 18 0 0 3

Leather 16 7 2 0 6 3
Miscellaneous

Manufac tur ing  13 7 6 0 0 1
Apparel 6 3 3 0 0 1
Tobacco 5 3 2 0 0 0
P r i n t i n g  4 2 2 0 0 0
Furni ture  2 1 1 0 0 0
Wood Products  1 1 0 0 0 0

TOTAL NAR 7 ,340 3,837 628 120 2 , 756 652

Note; Total Use column may not agree as data was rounded by computer .

•

1
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TABLE R—5
2020 INDUSTRIAL SELF—SUPPLIED FRESH WATER REQUIREMENTS — NAR

(m.g.d.)

OBJECTIVE

IN DUSTRY NE RD

Primary Metals  4 ,737 5 , 336 5 ,917
Paper 4 ,093 4 , 611 5 ,113
Chemicals & Plastics 2,316 2 ,609 2 ,893
Petroleum 1,541 1, 735 1,924
Food 1,023 1, 152 1,278
Transportation Equipment 867 976 1,083
Machine Equipment 782 881 977
Glass & Clay 731 823 913
Fabrics 564 635 704
Electrical Equi pment 450 507 562
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Brackish water intake will be mainly for  the prima ry manu-
facturing, petroleum, chemicals and plastics, food and paper indus-
tries. Its use is predicted on an estimate of technological change
that will permit its use instead of fresh water. Similarly waste
water use as a substitute for fresh water is expected to be possible
through the application of a developing technology.

Present and projected industrial water requirements for the
Region are shown in Table R—6.

TABLE R—6
LNDUSTR IAL WATER SUPPLY - NORTH ATLANTIC REGI ON

(in. g . d.)

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE

_________ 
INTAKE FRESH FRESH WATER WATER USE

Present 7 ,308 3 ,819 607 120 2 , 762 628

1980
EQ 13,266 6 ,808 1,025 254 5 ,179 1,149
NE 13,269 6,809 1,028 254 5,178 1,150
RD 13,620 6 ,991 1,050 260 5 ,316 1, 177

2000
EQ 22 ,962 11,491 2 ,055 555 8 ,861 1, 987
NE 24 ,237 12 ,107 2 ,198 585 9 , 347 2 , 105
RD 25 ,836 12 ,884 2 ,373 624 9 ,965 2 , 253

2020
EQ 35 ,635 17 ,451 3 ,630 1,138 13,444 3 , 115
NE 40 ,182 19 ,592 4 ,157 1,282 15,151 3,567
RD 44 ,561 21,679 4 ,650 1,422 16 ,816 3 ,948

FUTURE DEVICES AND COSTS

Self—supplied indus t r i a l  water  needs in the Reg ion are pres-
ently satisfied by river and/or lake intakes , ground water , brackish
sources and waste water. For the most part , it is anticipated that the
future needs will be met in a similar fashion and in approximately the
same proportion. In some of the Areas, particularly in the later
stages of the Study period , the availability of surface water is expec-
ted to be limited so as to preclude development for private use. This
may necessitate a shift of all or a part of the fresh water needs from
self—supp lied to publicly—supp lied, or may require regulation which will
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either limit withdrawals or require a cost sharing by industry of facili—
ties needed to maintain minimum flows in the Region ’s rivers. In addi-
tion, there are some Areas where the projected ground water requirements
are expected to exceed the limit of practical development which
necessitates a shift to surface supplies to meet the fresh water indus-
trial needs. These conditions are discussed in the Area Summaries.

Table R—7 indicates devices proposed to satisfy the incre-
mental increases in self—supplied industrial water and the estimated
costs of these facilities.

TABLE R— 7
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - NORTH ATLANTIC REGION

(Quantities in m.g.d.; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity COst Quantity Cost Quantity Cost

1980
Fresh Water

Intake & Pump ing 2 ,487 13.5 2 ,488 13.5 2 ,64 3 14.3
Brackish Water

Intake & Pump ing 2 ,417 13.1 2 ,416 13.1 2 ,554 13.8
Ground Water 502 13.5 502 13.5 532 14.3
Waste Water 134 .7 134 .7 140 .8

2000
Fresh Water
Intake & Pumping 3,886 21.0 4 ,433 23.9 4 ,943 26.7

Brackish Water
Intake & Pumping 3,682 19.9 4 ,169 22 .5  4 ,649 25.1

Groun d Water 797 44.4  866 48.6 950 53.2
Waste Water 301 1.6 331 1.8 364 2 .0

2020
Fresh Water

Intake & Pumping 4,943 26.7 6,497 35.1 7,782 42.0
Brackish Water

Intake & Pumping 4,583 24.7 5,804 31.3 6,851 37.0
Ground Water 1,019 57.9  993 53.9 1,013 53.1
Waste Water 583 3.1 697 3.8 798 4.3
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The devices and costs deve lope d  f~~r i n d u s t r i a l  woter supp ly
were for a single purpose only,  and do not  n eces sa r i ly ~o r r e sp o n d  to
those r e su l t ing  from the NAR Supp ly M o d e l .  Device and cost informa-
t ion wi l l  be ex t rac ted  f rom this  Appendix  Icr use in the  deve lopmen t
of the overall  recommended p lan fo r  the Region . Cos t f i g u r e s  have
been ad jus ted  to 1970 price levels.

DI SCUSSION

While the data for  present  and f u t u r e  w a t e r  supp ly c o n t a i n e d
in this  Appendix is only a p a r t  of the wa te r  management p i c t u r e , ce r-
tain pre liminary conclusions can be drawn and comparisons made to h i gh-
ligh t  f u t u r e  water  supp ly and water  supp ly p lanning problems .

Tab le R—7 A , Water  Supp ly Summary , presents  a p r e l i m i n a ry
comparison between gross needs and resources.  For each area three r e —
source value s are shown : Average Annual R u n o f f , Ex i s t i ng  Resou rc e  and
Total  P rac t i ca l  Development .  Ex i s t ing  Resource  is the 7—day averoge
that  will  be availab le a f t e r  several reservoirs ar e  completed which
are now under  const ruc t ion  or in the f i na l  p lann ing  s t age . Tota l Prac-
t ical  development is tha t  amount that can be made ava i l ab l e  in cccli
basin w it h  f u l l  use of those s torage sites and g r o u n d w a t e r  r e sources
that reasonab ly can be expected to be developed. The needs summarict U
f o r  the 1980 and 2020 time ho r i zon  are gross t o t a l s  fo r  p u b l i c  ~. lte r
sup p lies and fo r  independent  supp lies of 19 ma jo r  \~- c t c r  u~ ing indus-
t r i e s .  Data  in Tab leR— 64 show tha t  in Area 13 the  gross w a t e r  requi re-
ments in 2020 exceed the r u n o f f ;  in Area 14 the 2020 iteeds ore about
equal to  t h e  annual r u n o f f ;  in Areas 9 , 15 and 18, 2020 n eeds exceed
the l imit s  of p rac t i ca l  development ;  and in Areas 8 , 10 , 17 , 19 , 20
and 2 1 , gross needs fo r  2020 exceed the e x i s t i n g  resources .

Three approaches can be used to allow re sources  to  f u l f i l l
needs in cmv of the areas named in the  prev ious  p a r a g r a p h . The n et
w a t e r  demands can be made less than the gross demand th roug h r euse
or l i m i t a t i o n s  on use , development  can take p lace or a c o m b i n a t i o n  01
these two ac t ions  can occur .  A considerable amount of roust c omes
n a t u r a l ly f rom the physical  locations of industries and t owns . U p s t r ea m
users discharge the i r  wa te r  and it is reused downstream . Other r euses
wi l l  have to be encouraged.  The NAR w a t e r  w i thd rawa l  models which are
discussed in Appendix T , Plan Formula t ion , t ak e s  i nt o  c o n s i d e r a t i o n  t h e
f a c t  that  more than one user can w i t h d r a w  the same w a t e r  i t  t h ey  or e
located at d i f f e r e n t  po in t s  on a s t ream . The mode l  also assume s im-
proved technology leading to reduced i n d u s t r i a l  w a t e r  demand.

Framework p l ann ing ,  the purpose of t h e  NAR S tud y is not
s u f f i c i e n t ly de ta i led  to develop p ro j ec t s . Deta i l ed  bas in  or p r o j e c t
p lannIn g  is n eeded .  D e t a i l e d  w a t e r  supp l y i~ l~ius have been prepared  or
are in p rogress  in the NAN as par t  ot the  N o t  I i i  Eas t e r n  Un h t ed  States
W~ i t  e r Supp l v (N I -~W~-~ S tud y , The Do laware Rive r II V is in Comprehens ive P 1 V tO

the ~tis tuehianna River h a s  in Study mid t t i e r  p l a n n i n g  s t  ud i t s  • D i l l  e i n
exist between w a t e r  supp ly da t a  developed in  t hos e  studies and in t h e
NAR S tud y.  V1~h1jS should be expected s in c e  t h e  N A N  m o t h o d o  lo gy  repre sent S
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a regional overview and the other studies represent detailed , sp e c i f i c
location oriented studies incorporating engineering, economic , institu-
tional, social and environmental viewpoints specifically app licable
at each location. Some of the major differences or similarities be-
tween the water supply data of these studies are discussed here .

Preliminary findings in the NEWS study agree with the NAR
results for Area 13 with only small differences in 1980 and 2020 (less
than 10 per cent) due to differential ;rowth rates assumed for each
time period . In Area 14, a detailed NEWS study showed smaller needs
than the NAR results because of the NAR assumption that  indus t r ia l
use be curbed due to lack of resources , costs and crowding . S t a te
estimates for  Area l !+ , however , are closer to NAR results. In Area 19,
needs for water supp ly are very similar. Preliminary findings of the
NEWS Study, howeve r , c~~Ii lor significantl y more storage by 1980 due
to the unusual ly low ~ t or 1ge w i t h i n  the Washington M e t r o p o l i t a n  area
water supp ly systems and the need to  main ta in  low flow s tor  in s t rea m
water  needs.

D i f f e r e n c e s  in wa te r  needs found in the  Susquehanna S tudy  V

and in the NA N Stud y ire based largely on different assumptions in pop-
ulat ion  and economic growth . The Susquehanna Economic Base Stud y ,
comp leted be fo r e  the NAR , assumes a sig n i f i c a n t ly g rea t e r  populat ion
growth , a large r percentage  of peop le l iving in rura l  areas or small
towns and a larger  growth in services and low wate r  using indus t r i es .
The NAR s tud y is based ot~ lower to ta l  popula t ion growth f i gures , g rea t e r  

V

concen t ra t ion  in town s w i t h  p u b l i c  wa te r  supp lies and a g r ea t e r  increase
in heavy wate r  us ing i n d u s t r i e s.  The results of these two sets of
assumptions is tha t  pub l i c  w a t e r  supp ly needs are near l y the same in
both  studies in 1980 and 2000 and somewhat h i ghe r  in the  S usq u e h a n n a
study in 2020 . R u r a l  w a t e r  suppl y needs are much h ighe r  in the  Sus—
quehanna stud y and I n d u s t r i a l  s e l f — s u p p lied w ate r needs sh ow hi gher
f i gures in the  NAR . The diffe rences are not very large in 1~~8O bu t  V

become large in 2020. To judge which assumpti ii~~ ire b e t t e r  is n o t
possib le but  as the resul ts  are near ly a l i k e  f r  1980 , t he t ime per iod
for  which decisions mus t be made now , e i t h e r  Is re i s o n a bl e .
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CHAPTER 4. AREA SUMMARIES

AREA 1. ST. JOHN RIVER BASIN

PUBLIC WATER

Present Use

Area 1 is the least populated of the 21 Areas in the North
Atlantic Region. Twelve central water supply systems deliver an aver-
age of 6 m.g.d. to about 38,000 people, or roughly 35% of the Area ’s
total population of 109,000. Surface supplies, consisting of river
intakes and small impoundments , provide approximately 84% of the water
supply for these systems, with the balance supplied from ground water.

Future Use

The population for the NE objective is projected to be
161,000 by the year 2020, an increase of 50%. In the same time frame ,
the population served is expected to slightly nx re than double to a
figure of 81,000, or roughly 50% of the total population . Per capita
income is anticipated to increase by almost 500%. As a result of these
increases in population served and per capita income , the public water
supply requirement for the National Efficiency objective is expected to
be 17 m.g.d. by the year 2020, almost a three—fold increase .

Present and projected public water supply us~ , total popula-
tion, population served and per capita income are shown in Table R—8 .

TABLE R—8
PUBLIC WATER SUPPLY — AREA 1

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED IN COME WATER
_________ 

(l ,000s) (l~ OO0s ) (Dollars) (m . g . d . )

Present 109 38 1,721 6

1980
EQ 114 45 2 ,514 7
NE 118 47 2,640 8
RD 118 47 2,713 8

2000
EQ 126 57 4,198 10
NE 138 62 4,669 11
RD 138 62 4 ,79~ 11

2020
138 69 7,237 14

NE 161 81 8,438 17
RD 161 81 8,666 17

R- 31

-- - -.~~~~~~~~~ V- - - - - -~~~~~~~~~~_ - -~~~~~~~~~~~~~~~~ -~~~ ~~~~~~~~~~~~~~~~~~~~~~ f_ _ _ - C - V V_~~~~~



—V_f- V—  V-V
~~~

V - -C--V- V- V-V_f -  —-U,

FIGURE R-6

AREA I S . JOHN RIVER BASIN

;

~E o
f ..

,.1~~’ fl
~~ ‘ _) R B

~~~~~~ 
CA OU

I SLE

• OULTON

N

R- 32

_ _ _  _ _ _ _  - — - - - C —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



_ _ _

Future Devices and Costs

The major portion of the future public water supply needs in
Area 1 can be met with existing facilities. However, for all bench
mark years, some additional river or lake intake and pumping facilities
and ground water development will be needed. The existing water treat-
ment plant capacity is expected to be sufficient through 1980, after
which additional capacity will be required . There is no anticipated
need for storage impoundments.

Table R—9 indicates devices that could meet the incre—
• mental increases in public water supply and the estimated costs to

furnish these facilities.

TABLE R—9
PUBLIC WATER SUPPLY DEVICES AND COSTS - AREA 1

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total

~~~~~~~~ Cost Quant i ty  Cost Quantity Cost

1980
Storage — — — — — —
Treatment Plant 0.5 0.600 1.0 1.200 1.0 1.200
Intake & Pum ping 0.5 .003 1.0 .005 1.0 .005
Diversion — — — — — —
Ground Water 0 .2  .010 0.3 .020 0.3 .020

2000
Storage — — — — — —

Treatment Plan t 3.0 3.700 3.0 3.700 3.0 3.700
Intake & Pump ing 2 .0 .011 2.0 .011 2.0 .011
Diversion — — — — —
Ground Water 0.5 .020 0.5 .020 0.5 .020

V 2020
Storage - — — — — -

Treatment Plant  3.8 4.400 5.6 5 ,900 5.6 5.900
in take  & Pum p ing 2 . 4  .013 3.5 .019 3.5 .019
Diversion — — - - - -

Ground Water  0.7 .020 1.0 .030 1.0 .030

Note : Storage quan t i t i e s  in a c r e— f e e t ;  other devices in m . g . d .

R- fl 
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SELF—SUPPLIED INDUSTRIAL WATER

4 Present Use

The total industrial water intake in Area 1 is 18 m .g .d.,  all
but 1 m.g .d .  of which is self—supplied fresh water . The two main water—
using industries in the Area are paper and food with total fresh water
intakes of 11 m.g.d. and 7 m.g.d., respectively. No brackish or waste

V 
water is used for industrial purposes. The water supply is obtained
mainly from surface sources.

Future Use

Paper and food will continue to be the largest industrial
water—users in the Area, with the paper industry intake rang ing from 24
m.g.d. for the 1980 EQ objective to 85 m .g.d. under the 2020 RD objec—

4 tive, and the food industry intake ranging from 13 m.g .d. to 60 m.g.d.
for the same years and objectives. Other minor water—using industries
that can be expected to develop in the Area include machine equipment ,
glass and clay, metal products , electrical equipment and transportation
equipment.

Present industrial water—use and projected industrial water
requirements for Area 1 are shown in Table R—l O .

TABLE R—lO
INDUSTRIAL WATER SUPPLY - AREA 1

( m .g . d . )

SELF— PUBLICLY-
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_ _ _ _ _ _ _ _  

INTAKE FRESH FRESH WATER WATER USE

Present 18 17 1 0 0 1

1980
EQ 37 35 2 0 0 2
NE 37 35 2 0 0 2
RD 37 37 0 0 0 3

2000
EQ 72 69 3 0 0 4
NE 75 72 3 0 0 5

0 

_ _ _ _ _ _ _ _ _  _ _ _ _ _  __________  

;
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Future Devices and Costs

The industrial water supply needs are currently met by river
and/or lake intakes and by wells. It is anticipated that the future

- needs for self—supplied industrial water will continue to be satis—
- fied in the same manner and in approximately the same proportion .

- The devices that could furnish the incremental increases in
I 

industrial water supply and their estimated costs are shown in Table
- R-ll.

- TABLE R—ll
C 

INDU STRIAL WATER SUPPLY DEVICES AND COSTS — AREA 1
(Quantities in m . g .d . ;  Costs in millions of dol lars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quantity Cost Quantity Cost

1980
I~~~i~e & Pumping 17 .09 17 .09 19 .10
Ground Water 1 .03 1 .03 1 .03

2000
Intake & Pumping 32 .17 35 .19 38 .21
Ground Water 2 .09 2 .09 2 .09

2020
Intake & Pumping 44 .24 56 .30 65 .35
Ground Water 3 .13 4 .16 4 .16

R-35 
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AREA 2. PENOBSCOT RIVER BA SIN

PUBLIC WATER

Present Use

The present population of Area 2 is 147 ,000 , of which 73% , or
107 ,000 people , receive their water supp ly from 22 central  water systems .
These public systems which distribute an average of 11 m .g .d .  of water
obtain approximately 80% of their supp ly from surface sources cons isting
of river intakes and small impoundments. The remainder is developed from
ground water supp lies .

Future Use

The total population for the NE objective has been projected
to increase by 50% to 219 ,000 by the year 2020. For the same time
fram e , the populat ion served is expected to increase by 80% to 196 , 000 ,
and the per cap i ta  income is ant ic ipated to be almost five times as
large as the present value of $2 ,181. The NE public water supply re-
quirements are expected to increase to 40 m.g.d. as a result of the
growth of the population served and per capita income .

Present  public  water supply condit ions  and p ro jec ted  public
wa ter supp ly requirements , total popu la tion , population served and per
cap ita incom e are shown in Table R—12.

TABLE R— l 2
PUBLIC WATER SUPPLY - AREA 2

TOTAL POPULATION PER CAPITA PUBL IC
OBJECTIVE POPULATION SERV ED INCOME WATER
__________ - 

(1 ,000 s) (l~~~~Os)  (Dollars) (m.g~_d .)

Present  147 107 2 , 181 11

1980
EQ 153 117 3 ,195 15
Nl- 159 120 3,357 15
RD 159 12() 3,448 15

2000
EQ U i  140 5 ,318 23
NE 1~~ 152 5 ,~~10 24
RD 186 152 h ,O 7 3  25

2020
EQ 186 168 ~, 1 ’ ~
NE 2 19 196 IO ,b63 40
RI) 219 196 IO , OSh 43 

h. - .
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FIGURE R-7

AREA 2 PENOBSCOT RIVER BASIN
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Future Devices and Costs

Existing facilities can supply the major portion of the
Area’s future public water supply needs. However, some additional in-
take and pumping stations, water treatment plants and ground water
development will be required for all bench mark years. By the year
2000, additional reservoir capacity will be needed to supplement exist-
ing storage. This additional capacity will be sufficient to satisfy
the storage needs through 2020.

Devices that could furnish the incremental increases in
public water supply needs and their costs are shown in Table R—13.

TABLE R—l3
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 2

(Costs in millions of dollars)

DEViCE OBJECTIVE
EQ V NE RD

Total Total Total
Quantity Cost Quant i ty  Cost Quantity Cost

1980
Storage — — — — — —
Treatment Plant 1.1 1.800 1.1 1.800 1.1 1.800 

V

Intake & Pumping 0.7 .004 0.7 .004 0.7 .004
Diversion - — - — — -
Ground Water 0.7 .030 0.7 .030 0.7 .030

2000
Storage 7 ,900 3.400 8,900 3.800 9 ,900 4 .200
Treatment Plant 2.0 2.000 2.1 2.100 2.3 2.700
Intake & Pumping 1.0 .005 1.1 .006 1.2 .006
Diversion — — — — — —
Ground Water 1.5 .070 1.6 .070 1.8 .080

2020
Storage — - — — — —
Treatment Plant 2.8 2.800 3.6 3.500 4.2 4.000
Intake & Pumping 1.4 .008 1.8 .010 2.1 .011
Diversion — — — — — —
Ground Water 2 .2  .100 2 . 9  .120 3.2 .130

Note : Storage quantities in acre—feet ; other devices in m .g.d.

R-38 
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~1SELF—SUPPLIED INDUSTRIAL WATER

Present Use.

The total industrial water intake in the Area is 101 m .g.d,,
of which 98 m.g.d. are self—supplied fresh water , The paper industry
is the only major water—user in the Area with a total intake of 98
m.g.d. There is no brackish or waste water industrial use, The self—
supplied industrial water is mostly from surface supp lies.

Future Use.

The paper industry is projected to be the dominant indus-
trial water—user in the Area , with a total intake range from 206 m.g.d.
for the 1980 EQ objective to 743 m.g.d. for the 2020 RD objective.
Other industries that can be expected to develop with relatively low
intake requirements include fabric , food , leather , glass and clay ,
electrical equipment , transportation equipment , metal products , wood
products and scientific instruments.

Area 2’s present and projected industrial water requirements
are shown in Table R—14.

TABLE R-14
INDUSTRIAL WATER SUPPLY - AREA 2

( m .g . d . )

SELF— PU BLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CON SUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE 
—

Present 101 98 3 0 0 5

1980
EQ 217 209 8 0 0 10
NE 218 209 9 0 0 10
RD 223 216 7 0 0 10

2000
EQ 406 393 13 0 0 19
NE 428 414 14 0 0 20
RD 457 440 17 0 0 21

2020
EQ 621 621 28 0 0 31
NE 728 703 25 0 0 36
RD 806 780 26 0 0 41

R- 39 
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Future Devices and Costs

The industrial water supply needs are currently met by river
and/or lake intakes and by wells. It is expected that the future
needs will continue to be satisfied in the same manner and in approxi.-
mately the same propor tion that now exists .

Table R—l5 indicates the devices that could supply the incre-
mental increases in industrial water supply and their estimated costs .

TABLE R-15
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - AREA 2
(Quantities in m.g.d.; Costs in millions of dollars)

DEVICE OBJECTIVE —_______

EQ NE RD
Total Total Total

Quantity Cost Quantity Cos t ~~~ 3~~~t Cost

1980
Intake & Pum ping 108 .58 108 .58 114 .62
Ground Water 3 .13 3 .13 4 .16

2000
Intake & Pump ing 178 .96 199 1.07 217 1.17
Ground Water 6 .26 6 .26 7 .30

2020
Intake & Pump ing 221 1.19 280 1.51 330 1.78
Ground Water  7 .30 9 .39 10 .43

R -4 0
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AREA 3. KENNEBEC RIVER BASIN

PUBLIC WATER

Present Use

The total population of Area 3 is 154 ,000 , of whIch 117,000
people , or 76% , are supplied with water from 32 central water supp ly
systems . These systems dis tr ibute an average of 17 m .g .d . , , of which
approximately 82% is derived from surface sources consisting of river
intakes and small impoundments. Ground water developments furnish
the remainder.

Future Use

Under the NE objec tive , the total population of the Area has
been projected to grow to 217 ,000 by 2020 , a 40% increase over the
pre sent .  in conjunction with the growth in total population , the
population served is expected to increase to 183,000 , an increase of
almost 60%. Per capita income is anticipated increase from $2,216 to
$11,454. As a result  of these increases , the projected public water
supp ly requirement for the year 2020 is 41 m.g.d., about 2.5 times the
present 17 m . g . d .

Present and proj ected public water supply requirements ,
pop u la tion , population served and per cap ita incomes are shown In
Table R—16.

TABLE R— l6
PUBLIC WATER SUPPLY - AREA 3

TOTAL POPULATION PER CAPITA PU BLIC
OBJECTIVE POPULATION SERVED INCOME WATER
_________ 

(l,000s) _~~~~~~~j  (Dollars)

Present  154 117 2 ,216 17

1980
EQ 162 128 3,226 20
NE 167 133 3 , 392 21
RD 167 133 3 , 484 21

2000
173 140 5 ,487 27

NE 188 153 6 , 102
RD 188 153 ~,2o 7  30

2020
185 155 9~ 823 35

N E 2 1 7  183 11 ,-Y- 4 4 1
RD 2 17 183 11 ,~’613 41

k — l
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Future Devices and Costs

Future public water supp ly needs in Area 3 can be met throug h
- ~tional intake and pump ing facil i t ies, wells and treatment plant

cap~~~i ty.  There is no anticipated need for additional reservoir stor.-
age.

Table R—l7 shows devices for meeting the incremental
inc reases in publ ic wa ter suppl y needs and their estimated costs.

TABL E R— 17
PUBLIC WATER SUPPLY DEVICES AND COSTS - AREA 3

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE ~~

Total Total Total
Quantity Cost Quant i ty  Cost Quant i ty  Cost

1980
Storage — — — — — —

Tre~ tment Plant 1.7 1.200 2.3 3.000 2.3 3.000
Intake & Pumping 1.7 .009 2 . 3  .012 2 . 3  .012
Diversion — — — — — —
Ground Water 0.5 .017 0 .7  .024 0 .7  .024

2000
Storage — — — — — -
Treatment Plant 4.1 5.300 4 . 7  6 .000 5.3 6.600
Intake & Pumping 4.1 .022 4 .7  .025 5.3 .029
Diversion — — — — — —
Ground Water 1.2 .040 1.4 .050 1.6 .060

2020
Storage — — — — — -

Treatment Plant 5.0 6.500 7 .6  9.500 7 .0 8.400
Intake & Pumping 4 . 7  .025 7.1 .038 6 .5  .035
Diversion — — — — — -
Ground Water 1.4 .050 2. 1 .070 2 .0  .070

Note : Storage quant i t ies  in a c r e — f e e t ;  o ther  devices in m . g . d .

SELF—SUPPLIED 1N1)1~STR IAL WATER

Presen t  Use

Thc p~’ne r i n d u s t r y  is the larges t i n d u s t r i a l  wat l~ r u s r  i i i

R - 4 3
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Area 3 , with a withdrawal 45 m.g.d. The total withdrawal is 49
m . g . d . ,  with food , fabr ics  and t ransportat ion using the remaining 4
m . g . d .  All but 2 m . g . d .  of the total withdrawal is self—supp lied fresh
water , which is developed from surface sources. There is no brackish
or waste water industrial use.

Futu re  Use

The paper indust ry  will  continue to be the dominant wa te r—
user in the Ared , with a total  wi thdrawal  rang ing  from 72 m . g . d .  for
the 1980 EQ objective , to 177 m .g.d. for the 2020 RD object ive . Addi-
tional industries with low water requirements that ~re expected to
develop in the Area include leather , wood products , chem icals , glass
and clay , metal products , machine equipment , electrical equipment and
scientific instruments .

Table R—18 shows Area 3’s present and projected industria l
watCr requirements.

TABLE R—1 8V 
INDUSTRIAL WATER SUPPLY - AREA 3

(m. g . d .)

SELF— PUBLICLY-
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CON SUMPTIVE
________ 

INTAKE FRESH FRESH WATER WATER 
- 

USE

Present 49 47 2 0 0 3

1980
EQ 80 78 2 0 0 4
NE 80 78 2 0 0 4
RD 83 80 3 0 0 4

2000
EQ [2( 121 5 0 0 7
Ni-: 133 127 6 0 0 8
RD 141 135 6 0 0 8

2020
177 168 9 0 0 11

NI -; 202 189 13 0 0 13
RD 22 3 212 11 0 0 14

~u tu r e  Devil-is and Costs

The industr i~ I water supp ly needs are current Iv met  by river

R- ~
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and/or lake intakes and wells , and it is anticipated that future needs
will continue to be sat isf ied in the same manner and in approximatel y
the same proportion .

Devices that could satisfy the incremental increases in
industrial wa ter supply and their estimated costs are shown in Table
R—19 .

TABLE R.Vl9
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - AREA 3
(Quantities in m.g.d.; Costs in millions of dollars)

DEVICE OBJECT IVE
EQ NE - 

RD
Total Total Total

Quant i ty  Cost Quant i ty  Cost Cost

1980
Intake & Pumping 30 .20 30 .20 32 .20
Ground Water 1 .04 1 .04 1 .04

2000
Intake & Pumping 41 .20 47 .20 53 .30
Ground Water 2 .07 2 .07 2 .07

2020
Intake & Pumping 45 .20 59 .30 74 .40
Ground Water 2 .07 3 .10 3 .10 
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AREA 4. ANDROSCOGGIN RIVER BASIN

PUBLIC WATER

Present Use

In the allocation of counties to the particular Areas in the
North Atlant ic  Reg ion , Coos County in New Hampshire was assigned to
Area 8. However , the major  portion of the population of the county is
actually in Area 4. In order to present a n~re realistic picture of
the public water supply requirements for Area 4 it was decided to ad-
just Area populations by shifting some 29,000 people from Area 8 to
Area 4. Adjustments were also made for population served and per
capita income for the present and for the three bench mark years.

The total population of this Area is now 163,000 of which
149,000 people, or 92%, are served by the 24 central water supply sys-
tems in the Area. These systems which distribute an average of 14
m.g.d. of water obtain about 71% of their supply from surface sources ,
with the remaining 29% developed from ground water .

Future Use.

Population and per capita income have been projected to in-
crease throughout the Study period under all three objectives. For
example, umder the NE and RD objectives , the total population and
population served will increase to 220,000 and 207,000, respec tivel y,
by 2020. This represents respective growths of 35% and 40%. The per
capita incomes differ according to objectives with the EQ per capita
going from $2,327 to $10,694, the NE from $2,327 to $12,470, and the
RD from $2,327 to $13 ,717. The public water supply requirements under
the NE objective will increase from 14 m.g.d. at present , to 32 m.g.d.
by the year 2020.

Present and projec ted public wa ter supp ly requirements ,
total  population , population served and per cap i ta  income fo r  Area 4
are shown in Table R— 20.

Future Devices and Costs

Additional storage f ac i l i t i e s  will  be required by 1980 to
satisf y a portion of the future public water supply needs thro ugh the
year 2020 . Rivers and/or lake intakes and pump ing stations and well
development will be required throughout the study period to supp lement
the wa ter supp lied from storage. Additional water treatment plant
capacity will also be required throughout the Study period.

Table R—2l indicates the devices that could satisf y the
incremental increases in public water supp ly needs and their estimated
costs. 
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TABLE R-20
PUBLIC WATER SUPPLY - AREA 4

TOTALI/ POPULATION~’ PER CAPITA~
1 PUBLIC

V 

OBJECTIVE POPULATION SERV ED INCOM E WATER
(l,000s) j~~O00s) (Dollars) (m.g.d.)

Present 163 149 2 ,327 14

1980
EQ 169 156 3,835 1?
NE 175 161 4 ,030 18
RD 175 161 4 ,139 18

2000
EQ 173 161 6 ,215 20
NE 188 175 6 , 912 23
RD 188 175 7 ,375 23

2020
EQ 187 176 10,694 26
NE 220 207 12 ,470 32
RD 220 207 13,717 33

— 1/ Population and per cap ita income f i gures  f r o m  Appendix  B , Economic Base ,
were ad jus ted  to reflect inclusion of a portion of Coos County, N.H., in
Area 4. The figures for Area 8 have been adjusted according ly .

R -48



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ VV•1~~

I

V TABLE R-.2l
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 4

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quantity Cost guantity Cost

1980
Storage 2 ,000 1.200 3,300 2.000 3,300 2.000
Treatment Plan t 1.8 2.000 2.5 3.000 2.5 3.000
Intake & Pumping 0.5 .003 0.8 .004 0.8 .004
Diversion — — — - - —
Ground Water 1.0 .040 1.7 .070 1.7 .070

2000
Storage — — — — — —
Treatment Plant 1.1 1.300 1.9 2.000 1.9 2.000
Intake & Pumping 0.5 .003 0 .9  .005 0.9 .005
Diversion — - — — - —
Ground Water 1.2 .050 2.0 .080 2.0 .080

2020
Storage — — — — - —
Treatment Plant 1.3 1.400 3.7 3.000 4 .2  3.600
Intake & Pumping 0.5 .003 1.5 .008 1.7 .009
Diversion — — — — — —
Ground Water 0.9 .030 2 .7  .110 3.0 .120

Note : Storage quanti t ies in a c r e — f e e t ;  other devices in m . g . d .

SELF—SUPPLIED INDUSTRIAL WATER

Present Use

The Area ’s largest water—using industry is the paper indus-
try, with a total intake of 74 m.g.d. The total industrial water
withdrawa l is 90 m . g . d . ,  of which 87 m .g .d .  are se l f— supp lied . The
chemicals , fabrics and food industries use 12 of the remaining 16
m . g . d .  The bulk of the water for industrial use is from the surface
sources . There is no brackish or waste water industrial  use in the
Area.

Future  Use

Total indus t r i a l  water  intake wi l l  increase to 283 m . g . d . ,

R 4 9

—-C - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~



322 m . g . d .  and 356 m . g . d .  by 2020 , under the EQ, NE and RD objectives .
The paper industry will continue to be the maj or water user in the area
with projected 2020 intakes of 193 m.g .d .  (EQ) , 217 m .g . d. (NE) and
241 m .g .d .  (RD) . Chemicals , fabrics and food will utilize about 70% of
the rema inder , with the balance spread among 10 low water~ using indus.-.
tries .

Present and projected industrial ~iater requirements are shown
in Table R—22.

TABLE R-22
INDUSTRIAL WATER SUPPLY - AREA 4(m . g - d . )

SELF- PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE

Present 90 87 3 0 0 4

1980
EQ 139 135 4 0 0 8
N E 139 135 4 0 0 8
RD 143 138 5 0 0 8

2000
EQ 210 202 8 0 0 10
NE 220 213 7 0 0 10
RD 236 227 9 0 0 12

2020
EQ 283 271 12 0 0 15
NE 322 306 16 0 0 19
RD 356 341 15 0 0 21

Future Devices and Costs

River and/or lake intakes and ground water presently fu rn i sh
the self—supplied industrial  water requirements .  It is ant ic ipated
that  the f u t u r e  needs will be sa t isf ied in the same fashion and in
approximately the same proportion .

Devices t h a t  could f u r n i s h  the  inc rementa l  increases i n
industr ia l  water needs and their estimated costs are shown in Table
R—23.

R- 50
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TABLE R— 2 3
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - AREA 4
(Quantities in m.g.d.; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD 

—

Total Total Total
Quantity Cost Quan t i ty  Cost Quan t i ty  Cost

1980
Intake & Pump ing 46 .25 46 .25 49 .26
Ground Water 2 .08 2 .08 2 .08

2000
Intake & Pumping 64 .35 74 .4 0 85 .46
Ground Water 3 .12 4 .16 4 .16

2020
Intake & Pumping 66 .36 89 .48 109 .59
Ground Water 3 .12 4 .16 5 .20

R-51
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AREA 5. MAINE COASTAL BASINS

PUBLIC WATfVk

Present Use V

Area 5’s total population is 162 ,000 , of which 100,000. or
62% , rece ive their wa ter supply from approximately 50 cen tral water
systems , which deliver an average of 13 m .g.d. Roughly 70% of the
supply for these systems is developed from surface sources , including
river intakes and small impoundments. The remainder is obtained from
ground water.

Future Use

Public wa ter supp ly requirements will continue to increase
during the Study period , with the largest growth taking place during
the final 20—year period . The requirements under the EQ objective are
lower than either the NE or RD objective , with a 2020 f igure of 28
m.g.d. , as opposed to 33 m.g.d. for the other objectives. The popula—
tion , population served and per capita income will also increase . For
examp le , under the NE objective the population will increase from
162 ,000 to 240,000 , the population served fr om 100 ,000 to 168,000 , and
the per capita income from $2 ,036 to $9 ,996.

Present and projected public water supp ly conditions for
Area 5 are shown in Table R—24.

TABLE R— 24
PUBLIC WATER SUPPLY — AREA 5

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERV ED INCOME WATER
________ 

(l ,000s) (l ,000s) (Dollars)  ( m .g . d . )

Present  162 100 2 ,036 13

1980
EQ 170 109 2,968 16
NE 175 113 3, 120 16
RD 175 113 3 ,203 17

2000
EQ 188 124 4 ,950 21
NE 205 136 5 ,508 23
RD 205 136 5 ,654 23

2020
EQ 205 143 8, 569 28
NE 240 168 9 ,996 33
RD 240 168 10 , 261 33
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Future Devices and Costs

The fu tu re  public water supp ly needs can be met by providing
additional reservoir storage for the 1980 and 2020 needs , and intake 

V

and pumping stations and ground water development for all time frames .
Additional water treatment p lant capacity will be needed throughout
the Study period .

Devices needed to satisfy the incremental increases in
public water supply needs and their estimated costs are shown in Table
R-25.

TABLE R—25
PUBLIC WATER SUPPLY DEVICES AND COSTS - AREA 5

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ 

-C NE 
— 

RD
Total To tal Total

Quantity Cost Quantity Cost Quantity Cos t

1980
Storage 5 ,800 1.600 5 ,800 1.600 7 , 700 2.200
Treatment Plant 2 .6  2 .400 2 .6  2.400 3.5 3.200
Intake & Pumping 0.4 .002 0.4 .002 0.6 .003
Diversion — — — — — —
Ground Water 0.9 .140 0.9 .140 1.2 .190

2000
Storage — — — — — —
Treatment Plant 2 . 4  2.200 3.3 3.900 2. 8 3.700
Intake & Pumping 0.5 .003 0.7 .004 0.6 .003
Diversion — — — — — —
Ground Water 1.5 .240 2 . 2  . 360 1.8 .290

2020
Storage 630 0.400 880 0.600 880 0 .600
Treatment Plant 4.1 5.300 5.9 6.000 5.9 6 .000
Intake & Pump ing 0.6 .003 0.9 .005 0.9 .005
Diversion — — — — — —
Ground Water 2 . 2  .360 3.1 .520 3.1 .520

Note ; Storage quant i t ies  in a c r e— f e e t ;  o ther  devices in m . g . d .
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SELF—SUPPLIED INDUSTRIAL WATER

Present Use

The tota l  industrial  water intake in Area 5 , is 72 m . g . d . , of
which 51 m . g . d .  are se l f—supp lied fresh water , 3 m . g . d .  are publicly—
supplied and 18 m . g . d .  are brackish water .  The paper and chemical in-
dustries are the two largest water users , with self—supp lied fresh in-
takes of 27 m.g.d. and 19 m.g.d. , respectively . The food industry uses
3 m.g.d. Brackish water use is divided almost equally between the
paper and chemical industries.  The s e l f — s u p p lied water is developed
mainly from surface sources.

Future Use

The industrial water requirements will continue to grow
throughout the Study period with 2020 total intakes of 364 m.g.d. for
EQ, 410 m .g .d .  for NE , and 457 m . g . d .  for RD. The self—supplied fresh
water needs will be 266 m . g . d .  (EQ) , 300 m . g . d .  (NE) , and 333 m . g . d .
(RD).

The paper industry will continue to be the dominant se l f—
supp lied fresh water user , as shown in Table R—26 .

TABL E R-26
2020 INDUSTRIAL SELF-SUPPLIED FRESH WATER REQU IREMENTS - AREA 5

(m.g.d.)

OBJECTIVE
INDUSTRY NE RD

Paper 147 166 184
Chemicals 57 65 72
Food 20 23 25
Fabric 16 18 20
Glass 14 16 17

Brackish water intakes will be primarily for the paper and
chemicals industries.

Area S’s present and projected industrial water requirements
are shown in Table R—27.

R-55
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TABLE R-27
INDUSTRIAL WATER SUPPLY - AREA 5

(m. g . d.)

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE

Present 72 51 3 0 18 4

1980
EQ 144 105 3 0 36 10
NE 144 105 3 0 36 10
RD 148 108 3 0 37 10

2000
EQ 256 184 8 0 64 15
NE 270 195 7 0 68 17
RD 278 208 8 0 72 17

2020
EQ 364 266 11 0 87 20
NE 410 300 11 0 99 25
RD 457 333 iS 0 109 27

Future  Devices and Costs

Industry in Area 5 utilizes both fresh and brackish water to
s a t i s f y  the needs for self—supp lied water. Rivers and/or lakes and
ground water  are the sources of the fresh , self—supp lied water.
Brackish water is obtained from the estuaries. It is an t i c i pated that
the fu tu re  self—supp lied industrial water needs will continue to be
sa t i s f ied  in the same manner and in approximately the same r a t i o .

Table  R— 28 ~~ows devices  needed f o r  m e et i n g  the  incre-
mental increases in self—supplied industrial water and their estimated
costs.

R— ~
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TABLE R—28
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS — AREA 5
(Quantities in r n . g . d . ;  Costs in millions of dollars)

DEVICE OBJECTIVE 
—~~~~~_____

EQ NE 
— 

RD
Total Total Total

Quant~~ y~ Cost Quantity Cost Quantity Cost

1980
Fresh Wa ter

Intak&/ & Pumping 52 .28 52 .28 55 .30
Brackish  Water

Intake & Pumping 18 .10 18 .10 19 .10
Ground Water 2 .35 2 .35 2 .35

2000
Fresh Wa ter

Intake & Pumping 76 .41 86 .46 96 .52
Brackish Water

Intake & Pumping 28 .15 32 .17 35 .19
Ground Wa ter . 3 .51 4 .51 4 .51

2020
Fresh Wa ter

Intake & Pum~ - 79 .43 101 .55 120 .65
Brackish Water

Intake & Pumping 23 .12 31 .17 37 .20
Ground Water  3 .51 4 .68 5 .85

R -5 7
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AREA 6. SOUTHERN MAINE AND COASTAL NEW HAMPSHIRE

PUBLIC WATER

Present Use

Approximately 400,000 people, or 82% of the Area 6’s total
population of 488 ,000 , are supplied with water from 51 central water
systems. These systems , which use surface sources for about 80% of
their supply ,  distribute an average of 50 m.g.d. The remaining supply
is developed from ground water.

Future Use

The factors influencing public water supply (population
served and per capita income), will increase during the Study period
for all three objectives . The 2020 public wa ter supply requirements
will be 119 m .g.d. (EQ) , 143 m .g . d .  (NE) and 145 m . g . d .  (RB ) .  Popula —
tion served and per cap ita income under the NE objective , for  examp le ,
will go to 834 ,000 and $12 ,029 , respectively ,  by 2020.

Area 6’ s present  and pro jected public wa ter  supply condi—
Lions are shown in 3Vable R—29 .

TABLE R-29
PUBLIC WATER SUPPLY — AREA 6

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCOME WATER
_________ 

(l ,000s) (i ,000s) (Dollars)  ( m . g . d . )

Present  488 399 2 ,530 50

1980
EQ 560 471 3 ,654 63
NE 579 486 3 ,839 65
RD 579 486 3,943 66

2000
EQ 674 579 6,038 86
NE 734 633 6,714 97
RD 734 633 6 , 896 98

2020
781 711 1O~ 3I6 119

NE 917 834 1.~,o29 l V ~3
RD 917 834 12 ,3~4 145
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Future Devices and Costs

The future public water supp ly needs can be met by providing
addi t ional  reservoir s torage , intakes and pumping stations and ground
water development for all time frames of the Study per iod. Additional
water treatmen t p lant c~’pacity will also be needed for all time frames ,

Devices that could satisf y future public water supp ly needs
and their estimated costs are shown in Table R—30.

t 
TABLE R—3 0

PUBLIC WATER SUPPLY DEVICES AND COSTS - AREA 6
• (Costs in millions of do l l a r s )

DEVICE 
__________ _______ 

OBJECTIVE
EQ 

— - - 

NE 
V 

- 

RD
Total  Total Total

Quant i ty  Cost ~~~~~t i t y  Cost Cost

1980
Storage 3 ,900 1.200 4 ,500 1.400 4 ,800 1.500
Treatment P lant  1.6 1.900 1.9 2.000 2 . 0  2.000
Intake & Pump ing 0.8 .004 1.0 .005 1.0 .005
Diversion — — — — — —
Ground Water 2.6 .120 3.0 .140 3.2 .150

2000
Storage 6 ,000 1.500 8 , 300 2.100 8 , 300 2.100
Trea tment  Plant 3.5 3.000 4 .8  3.2 0 ()  4 .8  3.200
In take  & Pum p ing 1.2 .007 1.6 .009 1.6 .009
Diversion — — — — - -

Ground Wate r  4 .6  .220 6 . 4  .310 6 .4  .310

2020
Storage 3 , 400 .800 4 ,700 1.100 4 .800 1.100
Treatment  P lan t  8.6 7.500 12.0 9.300 12 . 3  ~ .400
Intake ~ Pump ing 2 . 3  .012 3 .2  .017 3.3 .018
Diversion — — — — — —
Ground Water 6.6 .320 9.2 .440 9.4

- 

Storage  q u a n t i t i e s  in i n - r e — f e e t ;  o t h e r  d e vi ce s  in m . g . d .

R-6 0
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SELF— SUPP LIED INDUSTRIAL WATER

Present Use

Ar ea 6’ s t o t a l  indus t r ia l  water  in take is 57 m .g .d . ,  of
which 45 r n . g . d .  are se l f—supp lied f resh  water , 1 m . g . d . are public l y—
supp lied and 11 m . g . d .  are brackish water .  The paper i n d u s t r y  is the
largest  water  user , with a se l f—supp lied f resh  in take  of 31 m . g . d .
The f a b r~ c , food , rubber  and t r a n s p o r t a t i o n  indus t r i es  use 9 m . g . d . ,
and the food industry uses almost all of the brackish w a t e r .

Fu tu re  Use

Indus t r ia l  growth  is r e f l e c t e d  in the increased need l o r
wa te r  supp ly .  By 2020 , the s e l f — s u p p lied f resh  r e q u i r e m e n t s  w i l l  be
190 m . g . d .  (EQ) 215 m . g . d  ( N E )  and 236 m . g . d .  ( R B ) .  Tota l  i i i t sk e  w i l l
be 246 m . g . d .  (EQ) , 278 m . g . d .  ( N E )  and 308 m . g . d .  ( R D ) .

The paper  indust ry  wi l l  con t inue  to be the p r imary  s t l  1—
supp lied f r e s h  wa te r  user in the Area . as shown in VjV~~~~~~~~~ R—31.

TABLE R— 3 1
2020 INDUSTRIAL S E L F — S [ P P I V I E D  FRESH WATER R E Q I V I R E N E N T S  — ARE~\ 6

(m.g.d.)

OBJECTIVE
EQ N1- RI)

Paper 107 I V-)
F a b r i c s  21 24 27
Rubber  15 17 18
Food 12 14 15
E l e c t r i c a l  E qui pment  10 11 12

1 ls_ ’ remaining I r~-sh se I f — s u p p l i e d  r o ;  i i i  r V F a V I I  t s in.- d ist F i h u —
ted over 1.1 o the r indust  r ic- ; . Approx I m i t  clv 70% of t h e b r a c E  i sh s i t e  r
w i l l  be i or th e papc r Industry

Tab I e R—32 shows Area 0 ’ s present and pro i c~ ted industrial
requ i r&-uicu I s

F u t u r e  bevi es and Costs

R i v e r  and/ o r  lake s it er , we] Is and hracki shi ~ at  er in. 15, 1

to satisf y the ‘0 1 ’ s s e l f — s u p p l ied  i r tdu s t  t h a t  v V l t e r  nt i V i h s .  It  is
l i l t  ic ipa ted t i ~ t t h e  fii t t i r e  indust r I a I watt r supp iv WI 1~1 be h i ’Vt IopeJ
f r o m  the  sam e so l l lV c c- - and in p1 i-oxim at -lv t h e  s:lm& 1 1  U - i  i~~~ I l .
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TABLE R-’32
INDUSTRIAL WATER SUPPLY -‘ AREA 6

(m. g . d.)

SELF-’ PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE

_________ 
INTAKE FRESH FRESH WATER WATER 

- 
USE

Present 57 45 1 0 11 3

1980
EQ 98 71 2 0 25 5
NE 98 71 2 0 25 5
RD 101 74 2 0 25 5

2000
EQ 161 122 4 0 35 9

NE 168 131 4 0 33 9
RD 179 137 4 0 38 10

2020
EQ 246 190 11 0 45 15
NE 278 215 11 0 52 18
RD 308 236 12 0 60 19

R- 62
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Table R— 33 shows devices tha t  could sat isf y the  increased

self—supplied industrial water needs and the estimated costs of the
facilities.

TABLE R-33
INDUSTRIAL WAITER SUPPLY DEVICES AND COSTS - AREA 6

(Quantities in m . g . d . ;  Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD 

—

Total Total Total
Quantity Cost Quantity Cost Quantity Cos t

1980
Fresh Water
Intake & Pumping 25 .14 25 .14 28 .15

Brackish Water
Intake & Pumping 14 .08 14 .08 14 .08

Ground Water 1 .07 1 .07 1 .07

2000
Fresh Water
Intake & Pumping 50 .27 59 .32 62 .33

Brackish Water
Intake & Pumping 10 .05 8 .04 13 .07

Ground Water 1 .07 1 .07 1 .07

2020
Fresh Water

Intake & Pumping 66 .36 82 .44 97 .52
Brackish Water

Intake & Pumping 10 .05 19 .10 22 .12
Ground Water 2 .10 2 .10 2 .10
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AREA 7. MERRIMACK RIVER BASIN

PUBIC WATER

Present Use

The population figures for Area 7, as shown in Appe ndix B ,
Economic Base , include the New Hampshire counties of Belknap , Hills—
borough and Merrimack , and the Massachusetts County of Worcester and
30% of Middlesex County .

in analyzing the water supply needs for  the Area , it was
felt that the county breakdown be tween Areas 7 and 9 did not r ep re sen t
a realistic picture of the populations of the two Areas. The following
county population allocations and splits were made for Area 7 for the
purpose of developing the Area ’s water supply needs : Belk nap , ‘lerri—
mack and Hili sborough Counties , New Hampshire — 100% in Area 7;
Middlesex County, Mass. — 15% in Area 7 and 85% in Area 9 ; Worcester
Coun ty , Mass. — 35% in Area 7, arid 65% in Area 9; and Essex County,
Mass. — 35% in Area 7 , and 65% in Area 9. In conjunction with the
population shifts , adjustments were also made for population served
and per capita income . The total population of the Area is now
914 ,000 , of which 858,000 , or 94%, are served by 106 cen tral wa ter
systems , which distribute an average of 106 m.g.d. Approx imately 77%
of the wa ter supply for these systems is obtained from surface sources
with the remainder derived from ground water.

Future Use

The projected public water supply requirements will in c rea s e
throughout the Stud y period for  all ob ject ives , wi th  the sharpes t  gain
occurring in the 2000—2020 time span . Reg ional  Development o b j e c t i v e
needs will be the largest in all bench mark year s, and tu e needs for
the EQ objective will be the lowest. The 2020 needs will be 280
m . g . d .  (RB), 271 m.g .d. (NE) and 227 m.g.d . (EQ).

Populat ion and per cap i t a  income w i l l  also increase during
the Stud y period for all  three o b j e c t i v e s .  For examp le , u nder  t u e
NE and RD objectives tile population served w i l l  grow to 1, 546 ,000 b y
2020 , and to 1,317 ,000 under t he EQ objective; and per cap ita income
will increase to $10,964 (EQ), $12 ,784 (NI-I ) and $14 ,062 (Ri)).

Present and projected public water use , population , popula -
t ion served and per cap i t a  incomes fo r  a l l  o b j ec t  iv e s  o r  a l l  bench
mark  years  a rc  shown in F ab l e  R — 3 4 .

Future Devices and Costs

The future pub 1 Ic water supp ly n ,td can he met liv prov i ~1 ing
a d d i t i o n a l  reservoir storage , intakes and pur l  I ig s t a t  ions and
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FIGURE R-12

AREA 7 MERRIMACK RIVER BASIN
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TABLE R—34
PUBLIC WATER SUPPLY — AREA 7

TOTAL~ ’ POPULATION PER CAPITA PU BLIC
OBJECTIVE POPULATION SERVED INCOME WATER
_________ 

(l ,000s) (l , 000s) (Dollars) ( m . g . d . )

Present 914 858 2 ,857 106

1980
EQ 975 926 4 ,125 126
NE 1,008 958 4,334 132
RD 1,008 958 4,451 133

2000
EQ 1,182 1, 147 6 ,673 173
NE 1,288 1,249 7 , 421 191
RD 1,288 1,249 7 ,918 195

2020
EQ 1,344 1, 317 10 , 964 227
NE 1,578 1,546 12 ,784 271
RD 1,578 1,546 14 ,062 280

1/ These popula t ion  f i gures are lower than those presented in Appendix B ,
Economic Base , because of a population transfer between Areas 7 and 9.
The Area 9 popula t ion  f i g ure  wi l l  be correspondingly hi g h e r .
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ground water development throughout the Stud y period . Addit ional  water
treatment p lant capacity will be required for  all time frames.

Devices tha t  could sat isf y the  increased public water supp ly
needs and their estimated costs are shown in Table R—35 .

TABLE R—35
PUBLIC WATER SUPPLY DEVICES AND COSTS - AREA 7

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quantity Cost Quantity Cost

1980
Storage 25 ,600 5.90 33 , 300 7 . 7 0  34 , 600 8.10
Treatment Plan t 12.6 8.20 16.3 10.60 16.8 11.20
Intake & Pumping 5.1 .03 6.6 .04 6.8 .04
Diversion — — — — — —
Ground Water 4 .5  .29 5 .9  .36 6 .1 .40

2000
Storage 9 , 700 2.60 12 ,200 3.30 12 ,800 3.40
Treatment Plant 30.1 26.20 37.9 29.80 39.8 34.20
Intake & Pumping 19.0 .10 23.9 .13 25.1 .14
Diversion — — — — — -

Groun d Water 10.6 .69 13.3 .87 14.0 .91

2020
Storage 860 .70 1,280 1.00 1,360 1.10
Treatment Plant 21.7 26 .40  32.2 39 .00 34.2  41.40
Intake & Pumping 21.7 .12 32.2  .17 34 .2  .19
Diversion - — — — - —
Ground Water 12.2 .81 18.1 1.20 19.2 1 .27

Note : Storage quantities in acre—feet; other devices in m.g.d.

SELF—SUPPL I ED INDUSTRIAL WATER

Present  Use

The to ta l  i n d u s t r i a l  water  i n t a k e  for  Area 7 is 85 m.g .d. 01
which 63 m . g . d . are s e l f — s u p p l i e d  f r e sh  w a t e r  and the remaining 22
m.g.d. split between publicl y—supplied fresh water and brackish water.
The paper and chemical  i n d u s t r i e s  are the  two major water users in the

R - 6 7
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Area w i t h  s e l f—supp lied fresh intakes of 20 and 19 m . g . d . ,  respect ively .
The remaining 24 m.g.d. are spread over 12 indus t r i e s  wi th  intakes no
grea te r  than 4 m . g . d .

Fur ~re Use

The projected growth of the Area throughout the Study per iod
is r e f l ec t ed  by the increased water  demand by indus t ry , with tota l in-
take requirements in 2020 of 347 m.g.d. (EQ), 391 m .g.d. (NE) and 432
m . g . d .  (RD) . The s e l f — s u p p lied f r e sh  wa te r  needs are expected  to be
260 m . g . d .  (EQ) , 295 m . g . d.  (N E ) ,  and 323 m . g . d .  (RD) .  Publ ic l y—
supp lied fresh and b rack i sh  water wil l  also increase , w i t h  respec t ive
2020 needs of 49 m . g . d .  and 38 m . g . d .  (EQ) , 54 m . g . d .  and 42 m . g . d .
(NE) and 61 m . g . d .  and 48 m . g . d .  (RD).

In 2020 , it is projected that the paper  industry will be the
pr imary  i ndus t r i al  user of se l f—supp l i ed  fresh water , as shown in
Table R — 3 6 .

TABLE R-36
2020 INDU STRIAL SELF—SUPPLIED FRESH WATER REQ [IREM I-N FS — AREA 7

(m.g.d.)

OBJ E C l’ l l , E
IN DU TRY EQ NIl 

— 

RD

Paper 61 69 76
Chemicals 38 4 3 47
l’r imary >I e t a l s  33 37 41
Fabrics 26 30 33
Rubber 17 19 2 1
Food 14 16 18
Elect r ica l  Equi pment  13 15 17
Glass and Clay 13 15 16
Leather 8 q 10
Metal I’roducts 8 ‘-1 10
T r a n s p o r tat i o n  Equ ipment  8 9 JO

Area 7 ’s p resen t  and p ro j ec t ed  Indust rial water requirements
are shown in Table R— 3 7 .

R —
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TABLE R— 37
INDU STRIAL WATER SUPPLY — AREA 7

(m.g.d.)

SELF— PUBL 1ULY—
OBJECTIVE TOTAl SUPPLIED SUPPLIED WASTE BRACKISH C0~ SL 51I > 1 I\E

_______ 
I N tAK E FRESH FRESH WATER WATER USE

Present  85 63 11 0 11 10

1980
EQ 144 103 18 0 23 17
NE 144 103 20 0 21 17
RD 147 103 20 0 21 17

2000
EQ 233  173 31 0 29 28
Ni -I 24 8  181 33 0 34 30
RD 2 h - ~ 191 38 0 33 34

2020
147 260 49 0 38 43

NE 391 295  54 0 42 50
RD 4 32  323 61 0 48 5h

S
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Fu ture Device s and Co sts

River and/or lake intakes, wells and brack ish wa ter f urnish
the water to meet the self—supp lied industrial water needs in Area 7.
It is anticipated that the future needs will be met in the same manner
and in approximately the same proportion that now exists. Table R—38
indicates devices that could meet the incremental increases in
self—supp lied industrial water and their estimated costs.

TABLE R—38
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS — AREA 7

(Quanti t ies in m . g . d . ;  Costs in millions of dol lars)

DEVICE OBJECTIVE 
_____________

EQ NE RD
Total Total Total

Quantity Cost Quantity Cost Qua
~~!~~ 

Cost

1980
Fresh Water
Intake & Pumping 36 .19 36 .19 39 .21

Brackish Water
Intake & Pumping 12 .06 10 .05 10 .05

Ground Water 4 .27 4 .27 4 .27

2000
Fresh Water

Intake & Pumping 63 .34 71 .38 80 .43
Brackish Water

Intake & Pump ing 6 .03 13 .07 14 .08
Ground Water  7 .46 7 .46 8 .52

2020
Fresh Water

In take  & Pumping 79 .43 103 .56 119 .64
Brackish Water

Intake & Pumping 9 .05 8 .04 13 .07
Ground Water 8 .52 11 .72 13 .85

R- 70
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AREA 8. CONNECTICUT RIVER BASIN

PUBLIC WATER

Present Use

The popula tion , pop ula tion served and per capita income for
Area 8 were adjusted in accordance with the shift of population from
Area 8 to Area 4, as discussed in the Area 4 Summary.

The total population of the Area is 1,679 ,000 people , of
which 1,445 ,000 , or 86% , are served from the 230 central water systems
in the Area , which supply an average of 191 m.g.d. of water. Surface
supp lies accoun t for approxima tely 83% of the water for the public
systems , with the balance developed from ground water sources.

Future Use

Projected growth rate patterns should bring about increased
public water supply requirements throughout the Study period . Pro—
jected requirements for 2020 are 433 m . g . d .  (EQ) , 517 m . g . d .  (NE )  and
533 m . g . d .  (RD) . There is a poss ibi l i ty  that a f t e r  2000 , some indus-
t r ial  water needs which would normally be s e l f — s u p p lied from su r face  V

sources may have to be satisfied from public water  supplies . This may
be necessary if sur face  supp lies in the Area become limited. V

The population served and per cap ita incomes will  increase
during the Study period for  all three object ives . By 2020 , the popula-
tion served for  the NE and Ri) object ives  is expected to be 2 , 792 , 000 ,
and 2 ,3~ 9 ,O00 for the EQ ob jec t ive .  Per cap i ta  income has been pro— H
jected to be $14 ,098 (Ri) ) by 2020.

Present and projec ted public water use , population , p opula—
tion served and per cap ita incomes are shown in Table R— 39.

Future Devices and Costs

The future public water supply needs in Area 8 can be met by
providing addi t ional  res~~rvoir storage , in takes  and pump ing s t a t i o n s
and ground water development for all time frames of the Stud y per iod .
Additional water treatment plant capacity will also be required t h roug h-
out the Stud y period .

Devices t h a t  cou ld  s a t i s f y  the incremental increases in p u b l i c  - 

-

water  supp ly and the es t imated costs  of these f a c i l i t i e s  a n -  shown in
Table R-40 .

R - 7 1
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FIGURE R-13

AREA 8 CONNECTICUT RIVER BASIN
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TABLE R— 39
PUBLIC WATER SUPPLY — AREA 8

TOTAl)—” POPULAT ION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCOM E WATER
_________ (1,000a) (1 ,000s ) (Doll ar s )

Present 1 .679 1 ,445 2 ,866 191

1980
EQ 1,814 1.579 4,175 230
NE 1.876 1,632 4 ,387 240
RD 1.876 1.632 4.505 242

2000
EQ 2 .098 1 ,867 6 ,699 305
NE 2 ,286 2 .034 7 ,450 338
RD 2 ,286 2,034 7.949 345

2020
EQ 2 ,558 2 , 379 10 , 992 433
NE 3 ,002 2 , 792 12 .817 517
RD 3,002 2 ,792 14 , 098 533

1/ Population figures fro~n Append ix B , Economie Base , were decreased to
reflect the transfer of a portion of the population of Coos County,
N.H. • to Area 4.

TABLE R—4 0
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 8

(Coets in rnflhions of dollars)

DEVI CE OBJECTIVE
NE RI) ——T o t a l  To t a l  Total

quanti ty Cost ~~~~~~~~~ Cost J~~~t ity  Cost

1980
Storage 5 , 800 .40 7,300 5. 70 7 ,600 5.80
Treatment Plant 18. ? 9 .20  2 3 . 7  11.50 24 .4 l l . N)
In tak e  6 P~gsping 3.7  . 02 4 . 7 .03 4 . 8  .03
Diversion — - - - — -

Ground Water 6.? . 24  8.5 .3 1  8.8 .32

2000
St o rage 109 , 000 16. l~~l .000 2 1 .  .70 1’c~) 000 22.30
Treatment Plant 23.7 12.50 30.9 13 . hO ~1 h  18.h()
Intake & Ptaup ing 7.4 .04 9.7 .05 10.2 .06
Diversion - - - - - -
Ground Watt~r 13.0 .7 16.9 ~ 17. 8 .65

2020
Storage 2 , 200 1.60 3 ,000 2 . 1 0  3 ,200
Treatme nt Plant 35 .9 21.10 502 2h 30 52.7 28.70
Intake & f’~m~ping 10.3 ce- 1.. .. JOe 15 .1 .08
I)iversjan — — -C - —

Ground Watt~r 21.8 .80 30.. 1 .11 32.0 1 .18

N o t e  S L ora~~e quant it lea in icre—ieet other dev o ,-.. in m ,
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SELF—SUPPLIED INDUSTRIAL WATER

Present Use

The total  industrial  water  intake for Area 8 is 326 m . g . d . ,
of which 289 m . g . d .  are self—supplied , 36 m . g . d .  are publicly—supp lied
and 1 m . g . d .  are brackish. The paper and transportation equipment in—
dustries are the two major water users in the Area with se l f—supp lied
water intakes of 112 m .g.d. and 111 m.g.d., respectively . The
chemicals , fabrics and metal products industries use 43 m .g.d. of the
remaining 66 m .g.d., with the balance distributed among six other in-
dustries.

Future Use

The projected increase in industrial water supp ly require—
ments reflects the Area ’s anticipated growth. The total industrial
water intake will increase by 2020 to 1,385 m . g . d .  (EQ) , 1, 560 m . g . d .
(NE) and 1, 732 m . g . d .  (Ri)), of which 1,244 m.g.d . (EQ) , 1,401 m.g.d.
(NE) and 1,553 m.g.d. (Ri)) will be self—supp lied fresh water.
Publicly—supp lied indus t r ia l  water will increase to 128 m.g.d . (EQ) ,
142 m . g .d . (NE) and 165 m . g .d .  (RB) by 2020 , and brackish water n €- ~ds
will be 13 m . g . d .  (EQ) , 17 m . g . d . (NE)  and 20 m . g . d .  (Ri ) ) .

The t ranspor ta t ion  equi pment and paper industries will con-
tinue to be the dominant industrial fresh water users in 2020, as
shown in Table R—41.

TABLE R-41
2020 INDUSTRIAL TOTAL FRESH WATER REQUIREM ENTS - AREA 8

( m . g . d . )

OBJECTIVE
INDUSTR Y NE RD

Transportation Equipment 616 693 768
F Paper 363 408 453

Fabrics 111 126 l3~
Chemicals  74 83 92
Food 40 45 49
Machine Equi pment 33 38 42
Elec t r i c a l  Equ ipmen t  32 36 40
Rubber 26 20 33
Pr imary  ~l c t ~~ J s  23 26 30
M eta l  P roduc t s  20 22 25

A r - .e )-
~
‘ s pre~.tn t and projected indust n i  water requirem~- ii t s

arc  shown i n  Table R — 4 2 .
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TABLE R—42
INDUSTRIAL WATER SUPPLY - AREA 8

(m. g . d.)

SELF- PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
__________ 

INTAKE FRESH FRESH WATER WATER USE

Present 326 289 36 0 1 16

1980
EQ 519 463 49 0 7 31
NE 519 463 49 0 7 31
RD 532 475 52 0 5 31

2000
EQ 874 779 85 0 10 52
NE 922 821 91 0 10 55
RD 984 ‘377 95 0 12 59

2020
EQ 1,385 1,244 128 0 13 76
NE 1,560 1, 401 142 0 17 85
RD 1,732 1,553 165 0 20 94

Future Devices and Costs

Self— supp lied industr ial  water needs are present ly  met by
river and/or lake intakes , ground wa ter and brack ish water sources ,
and it is ant ic ipated that f u t u r e  needs will be met in similar fash-
ion. However , there is a strong poss ib i l i ty  tha t , a f t e r  the year
2000 , surface  water sources for  indus t r i a l  use may require regulation
which will e i ther  l imit  wi thdrawals  or requi re  a cost—sharing by
industry of the fac i l i t ies needed to maintain minimum flows in the

Area ’s rivers . While it can be assumed that cost—sharing may occur in
the future , the determination of these costs is beyond the scope of
the NAR study.

Table R— 43 indica tes  devices  t h a t  c e t i l d  s a t i s fy  th t

incremental  increases in s e l f — s u p p lied i n d u s t r i a l  w a t e r  and t h e i r
estimated costs.

R - 7 5  
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TABLE R-4 3
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS — AR I - IA 8

(Quant i t i es  in m . g . d . ;  Costs in mill ions of do l la rs )

DEVICE 
__________ 

OBJECTIVE
EQ~~~_— _ _  

NE RD 
-~~

Total Total Total
Q~~~~~~~~~~~~~~ 

Cost Quant~~~~ Cost Quantity Cost

1980
Fresh Water

Intake & Pum p ing 149 .80 149 .80 159 .86
Brackish Water

Intake & Pumping 6 .03 6 .03 4 .02
Ground Water 25 .91 25 .91 27 .99

2000
Fresh Water

Intake & Pump ing 270 1.46 306 1.65 1344 1.8b
Brackish Water

In take  & Pum p ing 3 .02 3 .02 7
Ground Water  46 1.74  52 1. ’47 58 2 . 2 ( 1

2020
Fresh Water

Intake & Pump ing 397 2.14 496 2.68 578 3. 12
Bra ckish Wa ter

In take  & Pump ing 3 .02 7 .04 8 . 0-i
Gro u nd  R at e r  68 2 . 4 0  84 2.~~5 ‘~ 4 3.45
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AREA 9. SOUTHEASTERN NEW ENGLAND

PUBLIC WATER

7 Presen t Use

The population, population served md per capita income fo r
Area 9 were adjusted in accordance with the shift of population to
Area 9 from Area 7 described in the Area 7 Summary .

The total population of Area 9 is 4 ,939 ,000 of which
approxima tely 94% , or 4 ,798 ,000 people , were served f rom public  w a t e r
supp ly systems. The 230 central systems in the Area d i s t r i b u t e d  an
average of 617 m.g.d., with surface sources supp lying about 74% of
the water and ground water development the remaining 262. Dive rsions
from Area S (Connecticut  River) arid Area 7 (Merrimack Rive r) provide
almost half of the surface water supp ly in the Area.

Future Use

Public water  supp ly requirements  are expected to increase
in conjunct ion wi th  the Area ’s p r o j e c t e d  growth p a t t e r n s .  The 2000—
2020 incremental  increase in se l f—supp lied i n d u s t r i a l  f r e s h  w a t e r
needs in the Area ’s no r the rn  port ion has been s h i f t e d  to p u b l i c  w - , t e r
supply. This t r ans fe r  was made because it is expected that surIace
water resources will be insufficient to allow for private development
a f t e r  2000.

Projec ted  2020 publ ic  supp ly requ i rements  are 1,414 m .g . d .
(EQ) , 1,700 m.g.d. (NE) and 1, 774 m •g . d .  (Ri)) . Of these , 96 m . g . d . ,
123 m .g.d.  and 150 m.g.d., respectively ,  were transferred fron pro-
jected industrial self—supp lied fresh water needs , as noted in the
precedi ng paragraph.

The populat ion , p o p u l a t i on  served and per c a p i t a  incom€ - will
increase during the Study per iod for all objectives. U~ider th .~ N I .  and
RD objec t iv e s , the popu la t ion  serve d in the A r t - a  is expected t o  be
8,620 ,000, and 7 ,345 ,000 unde r the EQ objective . It is antici pated
that per capita income will increase to $l1 ,U 3 (EQ) , $l2 , 8o 7 (SlY ) and
$14 ,154 (RD) by the year 2020 .

The p resen t  and p r o j e c t e d  p u b l i c  w a t e r  use , popu l  at i o n ,
populat ion served and per i-ap i La incomes are show n in Tab 1 ~

Future  Devices and Costs

The lu t u r e  p u b l i c  waler supp l y nt t ds ot Ari a 0 can be rm’t by
p r o v i d i n g  a d d i t i o n a l  r e ser v o i r  st or a ~ i , i nt a ke  and pump ing stations
and water t r t at m c n t  p lan t I or each t 1  nt ratne 03 the- Study period.
Continued divers m u  f rom .- \ r e . t  8 (Connect i - u t  R i ver )  i s  e xpt- -t I I
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TABLE R—44
PUBLIC WATER SUPPLY - AREA 9

TOTAL-i-’ POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCOME WATER

_________ 
(l,000s) (1,000s) (Dollars) (m.g.d.)

Present 4 ,939 4 ,798 2 ,913 617

1980
EQ 5 ,551 5 ,440 4 , 163 762
NE 5 ,740 5 ,626 4 ,374 796
RD 5 , 740 5 , 626 4 , 492 802

2000
EQ 6,507 6 , 377 6 , 730 1,006
NE 7 ,089 6 ,947 7 ,484 1,116
RD 7 ,089 6 ,947 7 , 985 l , 130

2020
EQ 7 ,419 7 ,345 11,035 l , 4 l4~~’
NE 8,708 8,620 12 ,867 l ,7O0~~
RD 8,708 8 ,620 14 , 154 1, 774—

1/ Appendix B , Economic Base , population f igures  were increased to r e f l e c t
a population t ransfe r  from Area 7 to Area 9. Area 7 population figures
are correspondingly lower.

2/ Includes the t r a n s f e r  of a port ion of the se l f—supp l i ed  f r e sh  w a t e r .
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1980 and 2000. For 2020 it is anticipated that additional diversion
from Area 7 (Merrimack River) will be needed . The storage shown in
Table R—45 includes the storage necessary to maintain the diversion
flows. Add itional ground wa ter development will be poss ible only
through the year 2000 because the avai labi l i ty  of ground water is
l imited.

Devices t h a t  could satisf y the incremental increases in

public wa ter supply and their estimated costs are shown in Table R—45.

TABLE R-45
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 9

(Costs in millions of do l la rs )

DEVICE 
- __________ 

OBJECTIVE
EQ NE RD 

Total Total Total
Quant i ty  Cost Quant i ty  Cost Quantity~ Cost

Storage 145,000 33.00 179,000 40 .80 185 ,000 42 .10
Treatment Plant 58 12.90 72 14.40 74 14.60
Intake & Pumping 123 .66 150 .81 157 .85
Diversion 63 26 .50 78 32.80 81 34.20
Ground Water 37 1.34 46 1.67 48 1.74

2000
Storage 33 ,000 19.00 43,000 24 .80  44 , 000 2 5 . 4 0
Treatment Plant 89 22.90 117 26.20 120 26.60
Intake & Pumping 244 1.32 320 1.73 328 1.77
Diversion 112 45.00 148 59.00 151 60.00
Ground Water 63 2.40 83 3.16 85 3.23

2020
Storage 59 ,000 20.80 202 , 000 5 2 . 4 0  2 19 , 000 56.50
Treatment Plant 227 47.60 450 81.70 520 02.20
Intake & Pump ing 206 1.11 434 2 .34  503 2 . 7 2
Diversion 128 19 . 30 304 46 .00  364 55 .00
Ground Water — — - - — -

Note : Storage quantities in icre— fcot ; other devices in ni.g .d.

S E L F — S U P P L I E D  iNDUSTRIAL WATER

Present  lJse

Are u ‘s 9’s tot u I i n d ust  r i a l  w at e r  j u t  ake is 3 2 ’  m. g .d . , of
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which 170 m . g . d .  are se l f—supp lied , 58 m . g .d .  are pub l i c ly—supp lied and
94 m .g . d .  are brackish . The chemical industry is the largest  water
user in the Area with a self—supp lied intake of 69 m . g . d .  The paper ,
f ab r i c  and primary meta ls  i ndus t r i e s  use 27 m.g.d . ,  13 m.g .d.
and 14 m . g . d . ,  respect ively,  of the remaining 101 m . g . d . , with the
balance distributed among 10 other industr ies, none of which withdraws
more then 10 m.g.d.

Future Use

The ant ic ipated growth of Area 9 is gener all y reflected in
the projected industrial water intake will increase to 1,244 m.g.d. (EQ),
1,400 m.g.d. (NE) , and 1,552 m.g.d. (RB), and as covered in the Area 9
public water section , anticipated limitations on surface water supplies
after 2000 will result in a shift of a portion of the self—supp lied
indus trial  water to publicly—supp lied industr ial  water .

The paper , chemicals and primary metals indus tries
will be the ma jo r  industrial fresh water users in 2020 , as shown in
Table R— 46 .

TABLE R— 46
2020 INDUSTRIAL TOTAL FRESH WATER REQUIREMENTS — AR EA 9

(m.g.d.)

OBJECTIVE
INDU STRY NE RI)

Primary Metal s 171 192 214
Chemical  136 154 171
Paper 106 120 133
Machine Equipment 75 85 94
Fabrics 68 76 84
Electrical Equi pment 66 76 84
Rubber 65 74 81
Metal Products 40 46 51
Transpor ta t ion  Equipment 39 44 49
Food 38 42 48
Sc ien t i f i c  I n s t r u m e n t s  25 28 32
Glass and Clay 23 26 28

The p re sen t  and p r o j e c t e d  i n d u s t r i a l  wa t er  r e q u i r e m e n t s  f o r
Area  9 I r e  shown in Table R—47.

Fu tu re  Devices and COsts

Area 9 ’ s s . - l  f — s upp l ied i n d u s t r i a l  w at e r  needs a r t -  p r t o t n t  ly
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TABLE R— 4 7
INDUSTRIAL WATER SUPPLY - AREA 9

(m . g . d .)

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE 
—

Present 322 170 58 0 94 47

1980
EQ 522 269 92 0 161 79
NE 522 269 92 0 161 79
RD 534 278 95 0 161 80

2000
EQ 840 436 158 0 246 126
NE 886 461 164 0 261 132
RD 944 492 177 0 275 143

2020
EQ 1,244 557-~- ’~ 336-~-’~ 0 351 187
NE 1, 400 6l2-~1 396~-” 0 392 210
RD 1,552 666V 45411” 0 432 23 6

1/ A por t ion  of the 2020 s e l f — s u p p lied f r e sh  wa te r  has been t r a n s f e r r e d  to

p u b l i c l y — s u p p lied f resh  w a t e r .
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satisfied by river and/or lake intakes, ground water and brackish water.
Through the year 1980 , it is l ikely tha t  the f u t u r e  needs wil l  be
met in a similar fashion . By the year 2000 , it is likely tha t  the
available ground water will not be able to entirely satisfy the pro-
jected ground water requirements. This would necessitate a shift of the un-

sa tisfied ground water need to surface supplies. After the year 2000,
surface water in the industrialized northern portion of the Area is
expected to be limited so as to preclude additional development for
private use . As a consequence , the incremental increase of fresh self—
supplied industrial water for the period from 2000 to 2020 can be ex-
pected to be supplied from public water supply systems .

Devices tha t could satisfy the incremental increases in

self—supp lied industrial water supply and the estimated costs for these
facilities are shown in Table R—48.

TABLE R—48
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS — AREA 9
(Quantities in m .g.d.; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quantity Cost ~~~~~~ Cost

1980
Fresh Water

Intake & Pumping 73 .39 73 .39 80 .43
Brackish Water

Intake & Pum p ing 67 .36 67 .36 67 .36
Ground Water 26 1.06 26 1.06 28 1.12

2000
Fresh Water

Intake & Pump ing 124 .67 171 .92 199 1.07
Brackish Water

Intake & Pumping 85 .46 100 .54 114 .62
Ground Water 43 1.78 21 .87 15 .62

2020
Fresh Water

Intake & Pump ing 121 .65 151 .82 174 .94
Brack ish Wa ter

Intake & Pumping 105 .57 131 .71 157
Ground Water — — — - - -
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AREA 10. THAMES AND HOUSATONIC RIVER BASINS

PUBLIC WATER

Present Use

Approximately 1, 719 ,000 peop le , or 83% of Ar ea 10’ s total
populat ion of 2,062 ,000 , receive their water  supp ly f rom 190 cen t ra l
water supply systems . These systems deliver an average of 255 m.g.d.,
and depend upon su r face  sources for  about  84% of their wa t er , with the
balance obtained from ground water  development .

Future Use

Public water supp ly requirement  p ro jec t ions  will  increase
throug hout the Stud y period , and in 2020 will be 640 m . g . d .  (EQ) , 763
m . g . d .  (NE) and 769 m . g . d .  ( R B ) .  There is a poss ib i l i ty  that , a f t e r
2000 , some indus t r ia l  water  needs , w h i c h  normally would be s e l f —
supplied from surface sources , may have to be satisfied by public
water systems .

The population served and per capita income will also in-
crease during the Stud y period . Under the NE and RD objectives , the
2020 popula t ion  served wil l  be 3 ,840 ,000 , and for  the  EQ ob jec t ive ,
3 , 287 ,000 . Per cap i ta  income by 2020 can be expected to increase to
$11,194 (EQ) , $13 ,053 (NE) and $13 ,405 (RB) .

The present and p ro jec t ed  water  use , popula t ion , popula t ion
served and per cap i ta  income fo r  Area 10 are shown in Table R— 4 9 .

Future Devices and Costs

The future public water supply needs of Area 10 can be
satisfied by providing additional reservoi r  s to rage  f o r  1980 and 2000 .
Ground water  development , intakes and pump ing s t a t i ons  and add i t i ona l
water treatment plant capacity will be required for all time frames of
the Stud y period .

Devices that could satisfy th e in c rtn,nta l increases in
pub l i c  water supp ly and the estimated costs for these facilities are
shown in Table R— 50.

SELF—SUPPLIED IN I ) t STRIAL WATER

Present  Use

The t o t a l  i n d ust r i a l  wa te r  intake for Ar i a 10 is 360 m .g.d .
of which 04 m.g.d. is self—supp l ied , 42 m.g.d. i_s publicl y—supp lied
and 233 m . g . d .  is brack i sh . The p r i m a r y  n t - t a i s , p t p t r and
c h e m i c a l  i n d u s t r i e s  a re  th major water users in t hu Area w i t h

L - -  
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TABLE R—49
PUBLIC WATER SUPPLY — AREA 10

TOTAL P0PULAT 1O~J PER CAPiTA PUBL IC
OBJECTIVE POPULATION SERV ED INCOM E WATER
________ 

(l,000s ) (l,000s) (Dol lars) (m.~~.d.)

Present 2 ,062 1,719 3,149 255

1980
EQ 2 ,467 2 ,121 4 ,330 335
NE 2 ,551 2 ,195 4 ,550 349
RD 2 ,551 2 ,195 4 ,673 352

2000
3,084 2 ,776 6 ,846 480

NE 3,360 3,008 7 ,613 529
RD 3 ,360 3,008 7 ,818 535

2020
3,497 3,287 11,194 640

NE 4 ,105 3,840 13,053 763
RD 4,105 3,840 13,405 769

TABLE R-5O
PUBLIC WATER SUPPLY DEVICES A1~D COSTS — AREA 10

(Coats in millions of dollars)

DEV ICE OBJECTIVE —___________

EQ NE RD
Total Total Total

Quantity Cost Quantity Cost Quantity Cost

1980
Storage 46 ,000 11.60 53 ,000 13.40 55 ,000 14.00
Treatment Plant 6 4.60 7 5.20 7 5.40
intake & P~m~ping 2 .01 2 .01 2 .01
Diversion — — — — — —
Ground Water 13 .57 15 .66 16 .70

2000
Storage 212 ,000 59.20 263 ,000 73.60 267 ,000 74.70
Treatment Plant 282 133.30 338 159 .00 34 5 161.90
Intake & Pia,ping 4 .02 4 .02 5 .03
Divers ion — — - — - -
& ruund Water 23 1.01 29 1.28 29 1.28

2020
Storage - - — - - -
Treatment Plant 21 11.90 31 16 .40 31 16. 40
Lntj ke ~ P~~ping 4 .02 6 .03 6 .03
Diversion - - - - -
t round Water 26 1.15 37 1.65 37 1.65

Nete: Sturj ge quanc it it~s in ~ie re—feet ;  other devices in rn.g .d.
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self—supplied intakes of 31, 24 and 15 m.g.d., respectively . The re-
maining 24 m.g.d. are distributed among nine other industries, none of
which uses more than 5 m.g.d . of self—supplied water. The chemical
industry utilizes 201 of the total of 233 m.g .d. of brackish water.

Future Use

The increase in industrial water requirements is a ref lec—
tion of the anticipated growth of Area 10 throughout the Study period .
The total industrial water intake by 2020 is expected to be 1,199
m.g.d. (EQ), 1,350 m.g.d. (NE) and 1,500 m.g.d. (RD), of which 392
m.g.d. (EQ), 443 m.g.d. (NE) and 491 m.g.d. (RD) will be self—supp lied
fresh water. Publicly—supplied fresh water will increase to 167 m .g.d.
(EQ), 190 m.g.d. (NE) and 210 m.g.d. (ED). Brackish water requirements
will be 640 m.g.d. (EQ), 717 m.g.d. (NE) and 799 m.g.d. (RD).

In 2020, the major industrial water users are expected to be
primary metals and paper , as shown in Table R—5l.

TABLE R—51
2020 INDUSTRIAL TOTAL FRESH WATER REQUIREMENTS - AREA 10

(m.g.d..)

OBJECTIVE
INDUSTRY NE RD

Primary Metals 160 180 199
Paper 123 139 154
Chemical 50 56 52
Machine Equipment 40 46 51
Electrical Equipment 39 44 49
Fabrics 35 39 43
Metal Products 24 27 30
Transportation Equipment 23 26 29
Rubber 21 24 26

Present and projected industrial water use in Area 10 is
shown in Table R—52.

Future Devices and Costs

Self—supplied industrial water needs are presently met by
river and/or lake intakes, wells and brackish water sources. It is
anticipated that the future needs will be met in a similar fashion .
There is a good possibility that after the year 2000, regulation may
be imposed on surface water withdrawals for industrial use which would
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TABLE R-52
INDUSTRIAL WATER SUPPLY — AREA 10

(m. g . d.)

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE

Present 369 94 42 0 233 36

1980
EQ 632 157 66 0 409 61
NE 632 157 66 0 409 61
RD 649 161 68 0 420 61

2000
EQ 969 259 106 0 604 85
NE 1,025 274 112 0 639 101
RD 1,091 294 122 0 675 106

2020
EQ 1,199 392 167 0 640 128
NE 1,350 443 190 0 717 147
RD 1,500 491 210 0 799 162
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either limit the withdrawal, or require some form of cost—sharing by
industry for facilities needed to maintain minimum flows in the rivers.
While it is assumed that cost—sharing may occur in the future, the
determination of these costs is beyond the scope of the NAR Study.

Table R—53 shows devices that could satisfy the incre-
mental increases in self—supplied industrial water and their estimated
costs.

TABLE R—53
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS — AREA 10
(Quantities in m.g.d.; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quantity Cost quantity Cost

1980
Fresh Water
Intake & Pumping 42 .22 42 .22 45 .24

Brackish Water
Intake & Pumping 176 .95 176 .95 187 1.01

Ground Water 21 .92 21 .92 22 .97

2000
Fresh Water
Intake & Pumping 68 .37 78 .42 89 .48

Brackish Water
Intake & Pumping 195 1.05 230 1.24 255 1.38

Ground Water 34 1.52 39 1.72 44 1.96

2020
Fresh Water
Intake & Pumping 114 .62 145 .79 169 .91

Brackish Water
Intake & Pumping 36 .19 78 .42 124 .67

Ground Water 19 .83 24 1.04 28 1.24
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AREA 11. LAKE CHANPLAIN AND ST. LAWRENCE RIVER DRAINAGE

PUBL IC WkTER

Present Use

The total population of Area 11 is 533,000, of which 357,000,
or about 67%, are supplied with water from 190 central water systems.
These systems distribute an average of 51 rn.g.d., of which about 70% is
derived from surface sources with the balance developed from ground
water.

Future Use

The public water supply requirements will increase throughout
the Study period for all objectives , and by 2020 are expected to be 108
m.g.d. (EQ), 136 m.g.d. (NE), and 137 m.g.d. (ED). Population served
and per capita income will also rise, and in 2020, the population ser-
ved for the NE and RD objectives will be 633,000, and 520,000 for the
EQ objective. Per capita income will grow to $10,038 (EQ), $11,261
(NE) , and $12,020 (ED).

Present and projected water requirements population, popula—
tion served and per capita income for Area 11 are shown in Table R—54.

TABLE R—54
PUBLIC WATER SUPPLY — AR EA 11

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCOME ~4ATER
_________ 

(l ,000s) (1,000s) (Dollars) (m.Z.d.)

Present 533 357 2,217 51

1980
EQ 568 404 3,260 63
NE 588 415 3,426 66
RD 588 415 3,518 66

EQ 621 472 5,571 85
NE 677 515 6,195 94
RD 677 515 6,362 95

2020
EQ 650 520 10,038 108
NE 793 633 11,261 136
RD 793 633 12 ,020 137
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Future Devices and Costs

Future public water supply needs can be met by providing
additional reservoir storage, intakes and pumping stations and wells
for all time frames. Additional water treatment plant capacity will
also be required .

Table R—55 shows devices that could satisfy the incre-
mental increases in public water supply needs and their estimated costs.

TABLE R—55
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 11

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quantity Cost Quantity Cost

1980
Storage 1,100 3.20 1,100 4.10 1,100 4.10
Treatment Plant 5.5 6.60 6.7 8.50 6.8 8.50
Intake & Pumping 5.0 .03 6.2 .03 6.2 .03
Diversion — — — — — —
Ground Water 3.5 .15 4.4 .19 4.4 .19

2000
Storage 4,200 6.80 5,400 8.70 5,600 8.70
Treatment Plant 12.6 11.60 16.1 14.30 16.6 14.60
Intake & Pumping 6.9 .04 8.8 .05 9.1 .05
Diversion — — — —
Ground Water 6.5 .29 8.2 .63 8.5 .38

2020
Storage 350 1.10 640 1.90 640 1.90
Treatment Plant 16.8 15.30 30.7 25.00 30.7 25.00
Intake & Pumping 8.4 .05 15.4 .08 15.4 .08
Diversion - - - — - —
Ground Water 6.8 .30 12.4 .55 12.4 .55

Note : Storage quantities in acre—feet ; other devices in m .g.d.

SELF—SUPPLIED INDUSTRIAL WATER

Present Use

The total industrial water intake in Area 11 is 104 m . g .d . ,
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of which 99 m .g.d. are self—supplied and 5 m .g.d. are publicly—
supp lied. There is no brackish water use . The paper (49 m . g . d . )  and
primary metals (44 m .g.d.) industries are the major water users.
The remaining 6 m.g.d. are equally divided among the food , chem icals ,
and glass and clay industries.

Future Use

There is a steady increase projected for industrial water
requirements in Area 11 for all objectives , though perhaps no t as sharp
as in some of the other NAR Areas. The total intake will be 323 m .g.d.
(EQ) , 365 m .g .d .  (NE) and 405 m.g .d. (RB), of which the respective
self—supp lied fresh water needs are expected to be 302 m .g . d . ,  341
m.g.d. and 377 m .g . d .

The primary metals and paper industries will be the
principal self—supplied fresh water users in 2020, as shown in Table
R-56.

TABLE R—56
2020 INDUSTRIAL SELF—SUPPLIED FRESH WATER REQUIREMENTS - AREA 11

(m.g.d.)

OBJECTIVE
INDUSTRY

Primary Metals 133 150 166
Paper 119 134 148
Glass and Clay 21 24 26
Food 6 12 13

Table R—57 shows Area li’s present and projected industrial
water requirements.

Future Devices and Costs

River and/or lake intakes and wells presently fu rn i sh  the
water to meet the self—supplied industrial needs of the Area , and it
is expected that future needs will be met in the same fashion and
proportion .

Devices that could satisfy the increnental increases

in se l f—supp lied industrial  water needs and their  estimated costs are
shown in Table R—58.

R-93

-.-- •

~

-

~

- _----- - — -

~ -



TABLE R— 57
INDUSTRIAL WATER SUPPLY - AREA 11

(m .g.d.)

SELF— PUBLICLY —
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE_~~~

Present 104 99 5 0 0 9

1980
EQ 158 149 9 0 0 15
NE 158 149 9 0 0 15
RD 162 153 9 0 0 16

2000
EQ 236 221 15 0 0 22
NE 250 236 14 0 0 24
RD 265 250 15 0 0 25

2020
EQ 323 302 21 0 0 33
NE 365 341 24 0 0 36
RD 405 377 28 0 0 40

TABLE R— 58
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS — AREA 11
(Quantities in m.g.d.; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD 

—

Total Total Total
quantity Cost Quantity Cost Quantity Cost

1980
Fresh Wa te r

In take & Pump ing 43 .23 43 .23 47 .25
Brackish Water

Intake & Pumping — -- — — —
Ground Water 7 .31 7 .31 7 .31

?2PQ
Fresh Water

Intake 6 Pump ing 63 .34 76 .41 84 .45 •1
Brack ish Wa ter

Intake 6 Pumping — - — - — —

Ground Water 9 .40 11 .49 13 .58

2020
Fresh Wa te r

Intake 6 Pumping 70 .38 91 .49 110 .59
Brackish Water

Intake 6 P u n p ing  — — — - — -
Ground Water 11 .49 14 .h 3 17 .7t1
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AREA 12. HUDSON RIVER BASIN

PUBLIC WATER

Present Use

The total population of Area 12 is 2 ,136 ,000 , of which
1,557,000, or roughly 73%, are connected to 300 central water supply
systems . These central systems d is t r ibute  an average of 226 m . g . d . ,
of which about 73% is from surface sources , with the remaining 27%
developed from ground water supplies.

Future Use

The projected public water supp ly requirements are expected
to increase throug hout the Study period for all objectives.  The 2020
requirements will be 679 m .g .d .  (EQ) , 820 m .g . d .  (NE) and 822 m . g . d .
(RB) . There is a possibility that a f t e r  the year 2000 , some -~f the
industrial water supp ly needs which would normally be se l f—supp lied
from surface sources may have to be sa t i s f ied  from the public water
supp ly. This sh i f t  would occur if the surface supplies in the Area
become limited .

The population served will grow to 4 ,583 ,000 under the NE
and RD objectives , and 3,886 ,000 under the EQ objective . Per capita
income is expected to increase to $11,612 (EQ), $13,540 (NE) and
$13,906 (RB).

The present and projected public water supp ly requirements ,
population , population served and per cap ita income for Area 12 are
shown in Table R-.59.

Future Devices and Costs

The fu tu re  public water supp ly needs of Area 12 can be
satisfied by providing additional reservoir storage , intakes and
pump ing stations, ground water development and water t reatment  p lant
capacity for all time frames of the Study period.

Devices that could satisfy the incremental increases in
public wa ter supply and the estimated costs for these fac ili ties are
shown in Table R-60.

SELF—SUPPLIED INDUSTRIAL

Present Use

The total industrial water intake in Area 12 is 315 m.g .d., of
which 280 m.g .d. are self—supplied , 24 m.g .d. are publicly—supp l ied and
11 m.g.d . are brackish . The paper , primary metals and chemical
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TABLE R—59
PUBLIC WATER SUPPLY — AREA 12

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCOM E WATER
_________ 

(l ,000s) (l ,000sL (Dollars) (m.g.d.)

Present 2,136 1,557 2 ,811 226

1980
EQ 2,555 1,942 4,257 300
NE 2,643 2,021 4,473 315
RD 2,643 2,021 4,594 317

2000
EQ 3.371 2,764 7,018 453
NE 3,672 3,028 7,798 505
RD 3,672 3,028 8,008 520

2020
EQ 4,318 3,886 11 ,612 679
NE 5,068 4,583 13 ,540 820
RD 5,068 4,583 13 ,906 822

TABLE R— 6O
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 12

(Costs in millions of dollars)

DEVICE OBJECTIVE 
—~~~

EQ NE RD
Total Total Total

Quant~ ç~ Cost Quantity Cost Quantity Cost

1980
Storage 104,000 61.50 126,000 74.90 126 ,000 74.90
Treatment Plant 31 27.10 38 31.10 38 32.70
Intake & Pumping 1) .09 21 .11 21 .11
Diversion - - - - — —
Ground Water 15 .58 17 .66 18 .70

2000
Storage 39,500 32.90 48,000 39.90 51 ,000 42.50
Treatment Plant 81 65.80 100 80.30 107 85.50
Intake & Pumping 44 .24 54 .29 58 .31
Dive r s ion  — — — — — —
Ground Water 31 1.23 39 1.59 41 1.69

2020
Storage 3,100 5.00 4,400 7.10 4,200 6.80
Treatment Plant 166 103.20 231 148.10 221 133.50
Intake & Pumping .36 93 .50 89 .48
Diver~ ion - - — - - -

Ground Water 44 1.79 62 2.67 59 2.54

Note : Storage quantities in acre—feet; other devices In m .g.d.
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industries are the major water users in the area with self—supplied
fresh uses of 103, 91, and 55 m . g . d. ,  respectively .  The remaining 31
m.g.d. are distributed among nine other industries, none of which has
a use exceeding 10 m.g.d. The chemical industry has a brackish in-
take of 7 m .g.d.

Future Use

The projected growth for Area 12 is reflected in the in-
creased industrial water supply requirements for all objectives and
target years. The total industrial water intake by 2020 is expected to
be 1,336 m .g.d. (EQ), 1,505 m.g.d. (NE) and 1,668 m.g.d. (RB), of which
1,220 m.g.d. (EQ), 1,336 m.g.d. (NE) and 1,521 m .g .d .  (RB ) will be self—
supplied fresh water. Publicly—supplied fresh water will be 84 m.g .d.
(EQ), 101 m.g.d. (NE) and 105 m.g.d. (RB). Brackish water requirements
will be 32 m.g.d. (EQ), 38 m.g.d. (NE) and 42 m.g.d. (RB) in 2020.

The projected major industrial fresh water users for 2020 are
the primary metals , paper and chemicals industries, as shown in
Table R—61.

TABLE R-6l
2020 INDUSTRIAL TOTAL FRESH WATER REQUIREMENTS - AREA 12

( m .g . d .)

OBJECTIVE
iNDUSTRIAL NE RD

Primary Metals 711 800 888
Paper 208 234 259
Chemicals 153 172 191
Glass and Clay 55 62 69
Food 54 61 67
Fabrics 28 31 34
Electrical Equipment 23 26 30
Metal Products 14 15 18
Transportation Equipment 14 15 17
Leather 11 12 13

Area l2~s present and projected industrial water requirements
are shown in Table R—62 .

Future Devices and Costs

Self—supplied industrial water needs in Area 12 are presently
met by river and/or lake intakes, ground water and brackish water
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TABLE R—62
INDUSTRIAL WATER SUPPLY - AREA 12

(m.g.d.)

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE

Present 315 280 24 0 11 29

EQ 529 471 41 0 17 54
NE 529 471 41 0 17 54
RD 543 483 42 0 18 56

2000
EQ 875 788 62 0 25 97
NE 927 833 68 0 26 101
RD 986 888 70 0 28 107

2020
EQ 1,336 1,220 84 0 32 146
NE 1,505 1,366 101 0 38 172
RD 1,668 1,521 105 0 42 194
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sources, and it is expected that future needs will be met in similar
fashion. There is a good possibility that after the year 2000 regula-
tion may be imposed on surface water withdrawals for industrial use.
This regulation would either limit the withdrawal or require some form
of cost—sharing by industry for the facilities needed to maintain
minimum flows in the Area ’s rivers. While it can be assumed that
cost—sharing may occur in the future, the determination of these costs
is beyond the scope of the NAR study.

Table R—63 indicates d evices tha t  could sa t isf y the
future self—supplied industrial water supply and the estimated costs
for these facilities.

TABLE R—63
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - AREA 12

(Quantities in m .g .d . ;  Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RB

Total Total Total
Quantity Cost Quantity Cost Quantity Cost

1980
Fresh Water

Intake & Pumping 172 .93 172 .93 183 .99
Brackish Water

Intake & Pumping 6 .03 6 .03 7 .04
Ground Water 19 .74 19 .74 20 .78

2000
Fre’th Water

It&take & Pumping 285 1.54 326 1.76 364 1.97
Brackish Water

Intake & Pumping 8 .04 9 .05 10 .05
Ground Water 32 1.27 36 1.46 41 1.69

2020
Fresh Water
Intake & Pumping 389 2.10 484 2.61 570 3.08

Brackish Water
Intake & Pumping 7 .04 12 .06 14 .08

Ground Water 43 1.74 54 2.32 63 2.72

R- 100



AREA 13. SOUTHEASTERN NEW YORK METROPOLITAN AREA

PUBLIC WATER

Present Use

Area 13’s total population is 11,083,000, 97% of which , or
10,708,000 people, are connected to 110 central water supply sys tems ,
which distribute in 1965 an average of 1,404 m.g.d. Approximate ly 75%
of this total is derived from surface sources and the remaining 25%
developed from ground water supplies. Diversions from Area 12 (Hudson
River) and Are a 15 (Delaware River) provide the bulk of the surface
water supply in the Area.

Future Use

The projected water supply requirements are expected to in-
crease during the Study period for all objectives, and by 2020 are
expected to be 2,469 m.g.d. (EQ) 2,954 m.g.d. (NE), and 2,978 m.g.d .

• (RB). The population served and per capita income will also increase,
and in 2020 the population served under the NE and RD objectives is
expected to be 15,335,000, and 13,065 ,000 for  the EQ objective.  The
2020 per capita incomes are projected to be $12,569 (EQ), $14,655 (NE)
and $15 ,051 (RB) .

The present and projected public water requirements , popula-
tion, population served and per capita income for Area 13 are shown in
Table R—64.

TABLE R-64
PUBLIC WATER SUPPLY - AR EA 13

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED IN COM E WATER
_________ 

(l ,000s) (l ,000s) (Dollars)  ( m .g .d . )

Present 11,083 10, 708 3,521 1,404

1980
EQ 11,837 11,482 4,896 1,654
NE 12 , 241 11,830 5 , 144 1, 722
RD 12 ,241 11,830 5 ,283 1, 735

2000
EQ 12,648 12,395 7,856 2,042
NE 13,778 13,466 8,736 2,260
RD 13,778 13,466 8,972 2 ,279

2020
EQ 13,197 13,065 12 ,569 2,469
NE 15,490 15 ,335 14,655 2,954
RD 15 ,490 15 , 335 15 ,051 2 ,978

R-l0~



-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- ---U .

~~~~~~~~
. —. --

FIGURE R-18

AREA $3 SOUTHEASTERN NEW YORK METROPOLITA N AREA

~~~~~~

/ / °~
BRI DGEPORT / ~~

.

C

, y~~ r~ 
MI N IOLA

MANHA TTAN ~/~
‘
~
‘

~~~~ 
9.

~~

ISLAND

R- 102



Future Devices and Costs

Area 13’s future public water supply needs can be met by
providing for additional storage by the year 2020. Additional diver-
sion from Area 12 (Hudson River) is expected to be required to satisfy
the 2000 and 2020 needs. Intake and pumping stations, wells and addi-
tional water treatment p lan t capacity will be needed for  all time
frames of the Study period. Groun dwater management programs are under
study including recharge with treated sewage e f f l u e n t .

Devices that could satisfy the incremental increase in
public water supply, including storage necessary to maintain diversion
flows, and the estimated costs for these facilities are shown in Table
R—65.

TABLE R—65
PUBLIC WATER SUPPLY DEVICES AND COSTS - AR EA 13

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quantity Cost Quant4!y~ Cost

1980
Storage — — — — — —
Treatment Plant 4 4.20 5 5.40 5 6.00
Intake & Pumping 4 .02 5 .03 5 .03
Diversion — — — — — —
Ground Water 63 1.25 80 1.59 83 1.65

2000
Storage 476,000 51.90 660,000 70.80 668,000 72.50
Treatment Plant 223 44.30 309 61.60 311 62.40
Intake & Pump ing 223 1.20 309 1.66 311 1.68
Diversion 216 121.00 300 137.00 302 137.00
Ground Water 97 1.93 135 2.69 137 2.73

2020
Storage — — — — — —
Treatment Plant 345 67.20 562 108.50 566 110.00
Intake & Pum ping 345 1.86 562 3.04 566 3.06

• Diversion 337 137.00 548 172.00 552 172.00
Ground Water 107 2.13 174 3.62 175 3.64

Note : Storage quantities in acre—feet; other devices in m .g.d.
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SELF—SUPPLIED INDUSTRIAL WATER

Present Use

Area 13’s total industrial water intake is 276 m .g.d., of
which 13 m . g . d .  are se l f—supp lied , 90 m .g .d .  are publicly—supplied and
173 m .g .d .  are brackish . Self—supp lied industrial  water is low in this
Area with the three largest users, transportation equipment , electrical
equipment and metal products , utilizing 5 m.g.d., 3 m .g.d. and 2 m.g .d.,
respectively . Brackish water is used extensively in the Area , with the
chemicals , food , petroleum and primary metals industries the
major users .

Future Use

While the total quantity of industrial water intake will
increase considerably during the Study period , the se l f—supp lied fresh
water intake will be a fairly low percentage of the total  intake . The
total intake in 2020 is expected to 1,113 m.g .d. (EQ), 1,260 m .g.d.
(NE) and 1,397 m .g.d. (RB), while the self—supp lied industrial water
will be 73 m .g.d. (EQ), 82 m.g .d. (NE) and 93 m .g.d. (RB). Brackish
water will constitute the largest part of the total intake with pro-
jected intakes of 621 m.g.d. (EQ), 700 m .g.d. (NE) and 778 m .g.d.
(RB) .

The largest self—supp lied fresh water—using industries in
2020 are shown in Table R—66.

TABLE R-66
2020 INDUSTRIAL SELF-SUPPLIED FRESH WATER REQUIREMENTS — AR EA 13

(m . g . d .)

OBJECT iVE
INDUSTRY

Electrical Equipment 20 23 25
Metal Products 12 14 15
Transportation Equipment 12 13 15
Scientific Instruments 8 9 10

Area 13’s present and projected indu stri .il water rcquirement !~
are shown in Table R—67.

Future Devices and Costs

Self—supp lied industrial water requirements in Are,-i H .irc

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _- - 
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TABL E R-67
INDUSTRIAL WATER SUPPLY - AREA 13

( m . g .d . )

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH 
— 

WATER WATER USE

Present 276 13 90 0 173 18

1980
EQ 421 21 126 0 274 33
NE 421 21 126 0 274 33
RD 430 22 126 0 282 34

2000
EQ 693 40 229 0 424 58
NE 731 43 243 0 445 60
RD 780 45 262 0 473 65

2020
EQ 1,113 73 419 0 621 103
NE 1,260 82 478 0 700 119
RD 1,397 93 526 0 778 128

R-105

-~~~~~ - -- . • -~~~ - -  -~~------ -•- .-- ~~~~~~~~~~~~~~~ . ---“. —-••-~~~~~~~~~~~~~~~~~~~ —-•---- ~~~-~~~-



- 
~~~~~~~~~~~~~~ •

presently met by ground water and brackish water sources. It is antic-
ipated that the future needs will be satisfied in a similar fashion.

Table R—68 shows devices that could satisfy the incre-
mental increase in self—supplied industrial water and their estimated
costs.

TABLE R—68
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - AREA 13
(Quantities in m.g.d.; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RB

Total Total Total
Quantity Cost Quantity Cost Quantity Cost

1980
Fresh Water
Intake & Pumping — — — — — —

Brackish Water
Intake & Pumping 101 .55 101 .55 109 .59

Ground Water 8 .16 8 .16 9 .18

2000
Fresh Water
Intake & Pumping — — — — — —

Brackish Water
Intake & Pumping 150 .81 171 .92 191 1.03

Ground Water 19 .38 22 .44 23 .46

2020
Fresh Water
Intake & Pumping — — — — — —

Brackish Water
Intake & Pumping 197 1.06 255 1.38 305 1.65

Ground Water 33 .66 39 .78 48 .95
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AREA 14. NORTHERN NEW JERSEY

PUBLIC WATER

Present Use

The total population of Area 14 is 4,387,000, of which about
94% , or 4 ,124 ,000 people , are connected to central water supp ly systems .
These 180 central systems distribute an average of 513 m.g.d., and ob—
tam approximately 76% of their supply from surface sources, with the
remainder developed from ground water supplies. Diversion from Area
15 (Delaware River) accounts for a small portion of the surface wa ter
supply in the Area.

Future Use.

The projected public water requirements for Area 14 will in-
crease through 2020 for all three objectives. In addition to the nor-
mal increase resulting from growth in the population served and per
capita income, the 2000 and 2020 public water requirements have been
increased by the addition of the 1980—2000 and 2000—2020 increments of
self—supplied industrial fresh water. This transfer was made because
it is felt that th~ Area ’s available water resources will be so limi-
ted that private development and use will not be feasible.

The projected public water supply requirements for 2000 will
be 1,096 m.g.d. (EQ) , 1,231 m.g.d. (NE) and 1277 m.g.d. (RB), of which
209, 248 and 286 m.g.d., respectively, represent the shif t of self—
supplied industrial water. Similarly the 2020 public water require-
ment will be 1,678 m.g.d. (EQ) , 2,016 m.g.d. (NE) and 2,133 m.g.d. (RB),
of which 506, 609 and 714 m.g.d. are the respective amounts of self-
supplied industrial water transfered to the public supply.

The population served in 2020 is expected to be 6,965,000
(EQ) , 8,208,000 (NE & RB). Per capita income has been projected to
increase by 2020 to $12,513 (EQ), $14,591 (NE) and $14,984 (RB).

Present and projected public water supply requirements ,
population, population served and per capita income for Area 14 are
shown in Table R—69.

Future Devices and Costs

The future public water supply needs of aArea 14 can be met by
providing river and/or lake intakes and pumping s ta t ions  and addi t ional
water treatment plant capacity for all Study bench mark years , and
additional reservoir storage for 2000 and 2020. Additional diversion
from Area 15 (Delaware River) is anticipated for 2000 and 2020. For
the year 2020, additional diversion , other than that from Area 15, will
be required. Potential solutions to the 2020 supply prob lem would
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TABLE R—69
PUBLIC WATER SUPPLY — AREA 14

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCOME WATER

_________ 
(1,000s) (l ,000s) (Dollars) (m.g.d.)

Presen t 4 ,387 4 ,124 3,483 513

1980
EQ 5 , 021 4 , 770 4 , 873 641
NE 5 , 192 4 , 935 5 , 121 670
RD 5 , 192 4 ,935 5 ,259 675

1/EQ 6 , 169 5 ,922 7 ,825 l ,096j
NE 6 , 720 6 , 446 8 , 702 l

~~
23l i-,RD 6 , 720 6 , 446 8 , 937 1, 277—

2020
EQ 7 , 181 6 ,965 12 ,513 l , 678~/N E 8 ,428 8 ,208 14 , 591 2

~
0l6

i~,RD 8 , 428 8 ,208 14 , 984 2,133—

1/ Includes incremental increase of self—supp lied industrial fresh water.
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include diversion directly from Area 12 (Hudson River) into Area 14,
or from Area 17 (Susquehanna River) into Area 15 to augment the di-
vers ion into Area 14. The devices and costs shown in Tab le R—70 are

based, for the purposes of this Appendix , on diversion from the Dela-
ware and Susquehanna Rivers in 2020. This involved the least economic
cost for the quantities required to satisfy the public wa ter supp ly
needs . Reference is made to the demand and supp ly model analyses in
Appendix T , Plan Formulation , in which all withdraw al purposes are con-
sidered in the development of the framework program.

Devices that  could satisfy the increased public water supply
requirements , including storage necessary to maintain diversion flows,
and the es timated cos ts for  these faci l i t ies  are shown in Tab le R—7O .

TABLE R—7O
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 14

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quant i ty  Cost Quant i ty  Cost Cost

1980
Storage - - - - - -
Treatment Plant 22 16 .00 27 17.60 28 17.70
Intake & Pumping 22 .12 27 .15 28 .15
Diversion — — — — — —

Ground Water 26 1.48 31 1.77 32 1.83

2000
Storage 33 ,400 21.30 75,000 122.00 75,000 122.00
Treatment Plant 234 63.50 363 86.50 370 87.50
Intake & Pum p ing 173 .93 193 1.04 200 1.08
Diversion 90 35.60 90 35 .60 90 35.60
Ground Water 124 7.08 154 8.95 163 9.47

2020
Storage 66 , 500 41.10 220 , 000 7 5 . 9 0  280 , 000 231.00
Treatment Plant 655 120.00 860 142.00 961 1~~ .00
Intake & Pumping 580 3.13 792 4.28 886 4.78
Diversion 480 66 .00 670 108.00 760 144 .00
Ground Water — — — — — -

Note: Storage quantities in acre—feet; other devices in m .g.d.
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SELF—SUPPLIED INDUSTRIAL WATER

Present Use

The total industrial waier intake in Area 14 is 1,046 m.g.d.,
of which 278 m.g.d. are self—supp lied , 60 rn.g.d. are publicly—supp lied
and 708 m.g.d. are brackish. The chemical and paper industries are the
major water users in the Area with respective self—supp lied intakes of
110 m.g.d. and 75 m.g.d. Other significant self—supp lied water—us ing
industries include transportation equipment (14 m.g.d.), machine equip-
ment (13 m.g.d.) primary metals (12 m.g .d.) and fabrics (10 m.g.d.). The
brackish water intake is mainly for the chemical and petroleum industries .

Future Use

The increase in industr ial wa ter req uiremen ts is in par t
indicative of the Area’s projected industrial growth . The 2020 total
intake requirements are expected to be 3,175 m.g. d. (EQ) , 3,573 m .g.d.
(NE) and 3,966 m.g.d. (RB). As discussed in the section on the Area ’s
public water, after 1980 any additional fresh water that would normally
be self—supplied will be from public sources. Therefore , the self—
supp lied wa ter requirements f or 1980 , 441 m.g .d. (EQ), 442 m.g.d. (NE)
and 450 m .g.d. (RB) , will remain constant through 2020. The total
fresh water needs will increase during the Study period with 2000 re-
quirements of 808 m.g.d. (EQ) 859 m.g.d. (NE) and 915 m.g.d. (RB), and
2020 requirements of 1,198 m.g.d. (EQ) and 1,336 m .g .d .  (NE)  and 1480
m.g.d. (RB). The transfer to the public supply f or 2000 will be 209
m.g .d .  (EQ) , 248 m.g .d .  (NE) and 286 m.g .d .  (RB) , and for  2020 , 506 m.g.d.
(EQ) 609 m.g . d. (NE) and 714 m.g .d .  (RB) .

The major fresh water—using industries in 2020 are shown in
Table R— 7 1.

TABLE R-71
2020 INDUSTRIAL TOTAL FRESH WATER REQUIREMENTS - AREA 14

(m. g . d.)

OBJECTIVE
INDUSTRY NE RD

Paper 225 287 318
Chemicals 171 193 214
Primary Metals 149 167 186
Fabrics 117 132 146
Machine Equipment 108 121 135
Food 81 92 101
Electrical Equipment 71 81 90
Rubber 47 52 58
Metal Products 43 49 54
Transportation Equipment 42 48 52
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The brackish water intake will be use mainly for the petro-
leum, chemicals , primary metals industries.

Area 14’s present and projected industrial  water require-
ments are shown in Table R—72.

TABLE R—72
INDUSTRIAL WATER SUPPLY - AREA 14

( m . g . d.)

SELF- PUBLICLY-
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE

_________ 
INTAKE FRESH FRESH WATER WATER USE 

—

Present 1,046 278 60 0 708 93

1980
EQ 1,598 441 93 0 1,064 146
NE 1,599 442 93 0 1, 064 146
RD 1,643 450 95 0 1,098 149

2000 /

EQ 2 ,295 4411’ 3671’ 0 1,487 209
NE 2,418 44241 4l74.~ 0 1,559 218
RD 2,581 450— 465— 0 1,666 236

2020 1/
EQ 3, 175 44l~-’~ 757T/ 0 1,977 281
NE 3,573 442— ’ 0 2 ,237 315
RD 3,966 45Q1 1,030— 0 2,486 351

1/ Incremental increases of self—supplied fresh water were transferred to
— 

publ ic ly—supp lied fresh wa te r .

Future Devices and Costs

Self—supp lied indus t r i a l  w a t e r  supp ly in Area 14 is p r e s e n t l y
supp lied from river and/ or  intakes , ground w a t e r  and b r a c k i s h  w a t e r .
Through 1980, it is expected that the future needs will he m~ t in a
similar manner. Before the year 2000, the pro ~ccted need for ground
water is expected to reach the availability of the n s ur c  i n  the
Area.  This means tha t  a f t e r  1980 , the fresh w a t e r  portion ol ti’e self—
supplied industrial needs will be supp lied from s u r I i e  sonr :& s. In



addition, it is anticipated that after 1980, surface water in the Area
will be so limited as to preclude additional development for private
use. As a consequence, the incremental increases in fresh surface
water after the year 1980 can be expected to be supplied from public
water supply systems.

Devices that could satisfy the incremental increases in
self—supp lied industrial water and their estimated costs are shown in
Table R—73.

TABLE R—73
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - AREA 14
(Quantities in m.g .d.; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quant i ty  Cost Quan t i ty  Cost

1980
Fresh Water
Intake & Pumping 108 .58 109 .59 114 .62

Brackish Water
Intake & Pumping 356 1.92 356 1.92 390 2.11

Ground Water 55 3.15 55 3.15 58 3.32

2000
Fresh Water

Intake & Pumping - — — — — —

Brackish Water
Intake & Pumping 423 2.28 495 2. 67 568 3.07

Ground Water - — — — — -

2020
Fresh Water

Intake & Pump ing — — — — — —Brackish Water
Intake & Pumping 490 2.65 678 3.66 820 4.43

Ground Water — — — — — —
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AREA 15. DELAWARE RIVER BASIN

PUBLIC WATER

Present Use

The total population of Area 15 is 6,719,000, of which
5,998,000, or approximately 89%, are served by 410 central water supp~y
systems. These systems , which dis t r ibute  an average of 800 m . g .d . ,  uti-
lize surface sources for about 75% of their supply with ground water
development accounting for the balance. Diversion from Area 17
(Susquehanna River) provides a minor portion of the Area ’s surface
water supply.

Future Use

Public water use is projected to increase for all objectives
during the Study period . By 2020, the anticipated requirements will be
1,709 m.g.d. (EQ), 2,039 m .g.d. (NE) and 2,056 m.g .d. (RB). The popula-
tion served and per capita income will also increase . The 2020 NE and
RD population served will be 10,866 ,000 , while for  EQ it will be
9,291,000. Per capita income has been projected to 2020 figures of
$10,912 (EQ), $12,723 (NE) and $13,067 (RB).

Present and projected public water use, population , popula-
tion served and per capita income for Area 15 are shown in Table R—74.

TABLE R—74
PUBLIC WATER SUPPLY — AREA 15

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCOME WATER

_________ 
(l,000s) (l,000s) (Dollars) (m.g.d.)

Present 6,719 5,998 2,940 800

1980
EQ 7 , 546 6 ,641 4 ,116 963
NE 7 ,804 6 ,886 4 ,325 1,008
RD 7 ,804 6 ,886 4 ,442 1,015

2000
EQ 8,822 7 ,851 6,628 1,277
NE 9,610 8 ,533 7 ,370 1,413
RD 9,610 8 ,533 7 ,569 1,425

2020
10,099 9 ,291 10,912 1,709

NE 11,853 10,866 12 ,723 2,039
RD 11,853 10,866 13,067 2,056
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Future Devices and Costs

Area 15’s future public water needs can be met by providing
additional reservoir capacity , intakes and p ump ing stations and wells
for all timer frames of the Study period as well as additional water
treatment plant capacity.

Devices that could satisf y the incremental increases in
public water supply and the estimated costs for these facilities are
shown in Table R—75.

TABLE R—75
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 15

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE _ _ _RD~~~~~~~

Total Total Total
Quantity Cost_ Quantity Cost Quantity Cost

1980
Storage (1) 34,000 37.90 43,000 4,.90 45,000 50.30
Treatment Plant 68.3 62.90 87.0 78.00 90.8 80.50
Intake & Pumping 42.3 .23 54.0 .29 55.8 .30
Diversion — — — — — —Ground Water 37.0 1.85 48.0 2.43 49.0 2.48

2000
• Storage 42,000 21.00 43,000 23.10 43,000 23.10

Treatment Plan t 192.0 135.50 246.6  171.50 250 .0 173.10
Intake & Pumping 85.0 .46 109.6 .59 111.0 .60
Diversion — — — — — —Ground Water 72.0 3.72 93.0 4.86 94.0 4.91

2020
Storage 9 ,900 11.50 14 ,400 16.80 14 ,500 16.80
Treatment P lant  283.0 164 .70 246.6 230 .30 413 231.90
Intake & Pumping 93.8 .51 109.6 .59 137.0 .74
Diversion — — — — — —Ground Water 99.0 5.2€, 93.0 7.83 145.0 7.88

Note: Storage quantities in acre—feet; other devices in m.g.d.
(l)Assume s comp letion of Tocks Island and Belt zv il le  p r o j e c t

pr ior  to 1980 in par t  fo r  water  needs outside area 15.
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SELF—SUPPLIED INDUSTRIAL WATER

Present Use

The industrial water requirements f or Area 15 are the
hi ghest of all the Areas in the North Atlantic Region. The total
intake is 1,652 m.g.d., of which 1,000 m.g.d. are self—supp lied , 119
m.g.d. are publicly—supplied and 533 m.g.d. are brackish water. The
largest self—supp lied industrial water user in the Area is the primary
metals industry with an intake of 475 m.g.d., followed by pe troleum
(190 m.g.d .), chemicals (124 m.g.d.), paper (77 m.g.d.) and food
(30 m .g.d.) .  Other industr ies  in the Area with self—supp lied in takes
over 10 m.g.d. are fabrics , glass and clay, machine equipment and
t ransportat ion equipment . The bulk of the brackish water  is used b y
the pe troleum, primary metals and chemical industries.

Future Use

Area 15’s projected industrial water requirements , both total
and self—supp lied , will continue to be the highest in the North Atlan-
tic Region. In 2020, the self—supplied fresh water  requirements are
expected to be 6,024 m.g.d. (EQ), 6,788 m.g.d. (NE) and 7,526 m.g.d.
(RB). Use of brackish water should be expected to increase faster
than this as limitations on fresh water availability are likely to
occur.

The projected largest self—supp lied industrial water users jn
2020 are shown in Tab le R— 76.

TABLE R—76
2020 INDUSTRIAL SELF-SUPPLIED FRESH WATER REQUIREMENTS - AREA 15

(m.g.d.)

OBJECTIVE
INDUSTRY NE RD

Primary Metals 2,941 3,313 3,674
Petroleum 1,458 1,642 1,821
Paper 387 436 484
Chemicals 332 374 415
Food 185 208 231
Glass and Clay 185 183 231
Machine Equipment 162 90 203
Elec trical Equipment 80 90 100
Fabrics 72 81 90
Rubber 66 74 82
Metal Products 48 55 60
Transporta t ion Equipment  47 53 59

Brackish wa te r  w i l l  be used mos t l y b y the pet ro leum , p r i m a ry
m a n u f a c tu r i n g  and chemical i ndus t ri e s .
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Present industrial wa ter use and projected industrial water
requirements for Area 15 are shown in Table R—77.

TABLE R— 77
INDUSTRIAL WATER SUPPLY — AREA 15

(m . g . d . )

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE

Present 1,652 1,000 119 0 533 177

1980
EQ 3,380 1,897 217 0 1,266 339
NE 3,381 1,897 217 0 1,267 340
RD 3,474 1,950 220 0 1,304 349

2000
EQ 6,393 3,574 402 0 2 ,417 633
NE 6 ,750 3,769 425 0 2 ,556 667
RD 7 ,197 4 ,018 450 0 2 ,729 713

2020
EQ 10,650 6 ,024 638 0 3 ,988 1,053
NE 11,995 6 ,788 717 0 4 ,490 1,188
RD 13,305 7 ,526 795 0 4 ,984 1,316

Future Devices and Cos ts

River and/or lake intakes, wells and brackish water furnish
the water to meet the present self—supp lied industrial water needs. It
is anticipated that  Area 15’ s f u t u r e  needs , through the year 2000, will
be met in the same manner and approximately the same proportion . How-
ever , the projec ted ground water development for the year 2020 are
expected to exceed the limit of pract ical  development as given in
Appendix D. It is assumed that that portion of the fresh water supp ly
which cannot be fu rn i shed  from ground wate r  development w i l l  be ob—
ta m ed from sur face  sources .

Table R—78 indicates devices that could satisf y the in—
cremental increases in self—supplied industrial water supply and the
estimated costs for these facilities.
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TABLE R—78
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - AREA 15
(Quantities in m .g.d.; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quanti ty Cost Quanti ty Cost Quantity Cos t

1980
Fresh Water

Intake & Pumping 666 3.60 666 3.60 705 3.81
Brackish Water
Intake & Pumping 733 3.96 734 3.96 771 4.16

Ground Water 231 12.60 231 12.60 245 13.40

2000
Fresh Water

Intake & Pump ing 1,244 6 .72  1,389 7.50 1,535 8.29
Brackish Water

Intake & Pumping 1,151 6.22 1,289 6.96 1,425 7.70
Ground Water 433 29.10 483 32.50 533 35.90

2020
Fresh Water

Intake & Pump ing 1,833 9.90 2 , 529 13.66 3 ,085 16.66
Brackish Water

Intake & Pump ing 1,571 8.48 1,934 10.44 2 ,255 12.18
Ground Water 617 41.50 490 33.00 423 28.50
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AREA 16. COASTAL NEW JERSEY

PUBLIC WATER

Present Use

The total population of Area 16 is 760,000 of which 716 ,000
or about 94%, are served by 100 central water supply systems . These
systems, which distribute an average of 86 m .g.d., utilize surface
supplies for approxima tely 36% of their water , with the balance devel-
oped from ground water .

Future Use

The projec ted public water supply requirements will increase
during the life of the Study for all objectives. The 2020 needs are
expected to be 294 m.g.d. (EQ) 351 m .g .d. (NE) and 353 m .g.d. (RB).
The population served and per capita income will also rise throughout
the Study period with 2020 population served projec ted to be 2 ,234 ,000
for  the NE and RD obje ct ives and 1,912 ,000 for the EQ objective . Per
capita income for 2020 is expec ted to be $11,792 (EQ) $13,750 (NE) and
$14 ,121 (RB).

Area 16’s present and projected public water supply require-
ments , population , population served and per capita income are shown in
Table R—79 .

TABLE R—79
PUBLIC WATER SUPPLY — AREA 16

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCOME WATER
_________ 

(l,000s) (l,000s) (Dollars) (m.g.d.)

Presen t 760 716 3 ,018 86

1980
EQ 1,046 994 4 ,527 127
NE 1,082 1,033 4 ,757 133
RD 1,082 1,033 4 ,885 134

2000
EQ 1,567 1,520 7,337 210
NE 1,707 1,655 8,160 233
RD 1,707 1,655 8 ,380 235

2020
EQ 1,951 1,912 11 ,792 294
NE 2,290 2,234 13 ,750 351
RD 2 ,290 2 ,234 14 ,121 353
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Future Devices and Cos ts

The future public water supply can be met by providing addi—
tional reservoir capacity and intakes and pumping stations for 1980 and
2000. Ground water development will be required for all Study time
frames. There is sufficient water treatment plant capacity in the Area
at present to meet the future requirements.

Devices that could satisfy the incremental increases in
public water supply and the estimated costs for these facilities are
shown in Table R—8O .

TABLE R-80
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 16

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total To tal Total
Quantity Cost Quantity Cost quantity Cos t

1980
Storage 3,500 3.80 4,000 4.30 4,100 4.50
Treatment Plant — — — — — —

Intake & Pumping 9 .2  .05 10.5 .06 10.8 .06
Diversion — — — — — —

Ground Water 26.0 1.22 30.0 1.41 65.0 1.45

2000
Storage 3,100 3.40 3,800 4.10 3,800 4.10
Treatment Plant — — — — — —

Intake & Pumping 9.2 .05 10.5 .06 10.8 .06
Diversion — — — — — —

Ground Water 53.0 2.53 64.0 3.06 65.0 3.11

2020
Storage — — — — — —

Treatment Plant — — — — — —
Intake & Pumping — — — — — —

Diversion — — — — — —
Ground Water 54.0 2.58 75.0 3.64 75.0 3.64

Note: Storage quantities in acre—feet; other devices in m.g.d .
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SELF—SUPPLIED INDUSTRIAL WATER

Present Use

The industrial water requirements for Area 16 are low , with a
total intake of only 28 m.g .d. Of this total, 3 m.g .d. are self—supplied
and 25 m.g.d. are brackish. There is no publicly—supp lied industrial
water in the Area at present. The chemicals and transportation equip-
ment industries are the fresh water users in the Area with respective
withdrawals of 2 tn.g.d. and 1 m . g .d .  The bulk of the brackish water
use is for the chemicals industry with a present use of 19 m.g .d.

Future Use

The future industrial water requirements are reflective of
the projected growth of the Area , although the total needs are low
when compared to other Areas in the NAR . The 2020 total intake re-
quirements are expected to be 99 m .g.d. (EQ) , 113 in.g.d. (NE) and 125
m . g .d .  (RB) . The se l f—supp lied intake needs will be 16 m .g.d. (EQ),
20 m .g .d .  (NE) and 21 m . g . d .  (RB) . Brackish water requirements will
be 77 m.g.d. (EQ), 85 m .g.d. (NE) and 96 m.g .d . (RB).

Projected major industrial. self—stLpp lied fresh wa ter users
are listed in Table R—8l.

TABLE R—81
2020 INDUSTRIAL SELF—SUPPLIED FRESH WATER REQUIREMENTS — AREA 16

(m. g . d.)

INDUSTRY OBJECTIVE

Chemical 4 5 5
Electrical Equi pment 3 4 4
Food 2 3 3
Metal Products 2 2 2
Transportation Equipment 2 2 2
Scientific Instruments 1 1 1

The bulk of the. brackish water will be used by the chemicals ,
glass and clay,  and food indus t r i e s .

Table R—82 shows the present and projected industrial water
requirements for Area 16.

Future Devices and Costs

River intakes , brackish water and ground water presently satisfy
the need for self—supp lied industrial water in Area 16. It is expected

R— 123
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TABLE R—82
INDUSTRIAL WATER SUPPLY — AREA 16

(m . g . d .)

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE

Present 28 3 0 0 25 2

1980
EQ 50 7 0 0 43 5
NE 50 7 0 0 43 5
RD 51 7 0 0 44 5

2000
EQ 75 11 3 0 61 7
NE 82 13 3 0 66 7
RB 87 13 4 0 70 7

2020
EQ 99 16 6 0 77 8
NE 113 20 8 0 85 10
RD 125 21 8 0 96 10
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that the future needs will be met in the same manner and in approximate l y
the same proportion as now exists.

Devices that could satisfy the incremei~tal increases in
self—supplied industrial water supply and the estimated costs of these
facilities are show in Table R—83.

TABLE R—83
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS — AREA 16
(Quantities in m.g .d .; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE 

_____ 
RD

Total Total Total
Quantity Cost Quantity Cost Quanti~~~ Cost

1980
Fresh Water
Intake & Pumping 3 .02 3 .02 3 .02

Brackish Water
Intake & Pumping 18 .10 18 .10 19 .10

Ground Water 1 .05 1 .05 1 .09

2000
Fresh Wa ter

Intake & Pumping 3 .02 4 .02 4 .02
Brackish Water

Intake & Pumping 18 .10 23 .12 26 .14
Ground Water 1 .05 2 .09 2 .09

2020
Fresh Water

Intake & Pumping 5 .03 5 .03 5 .03
Brackish Water

Intake & Pumping 16 .09 19 .10 26 .14
Ground Water 2 .09 2 .09 3 .14
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AREA 17. SUSQUEHANNA RIVER BASIN

PUBLIC WATER

Present Use

The total populat ion of Area 17 is 3 , 362 ,000 , of which about 78% ,
or 2,627 ,000 people , are supplied from the over 400 central water supply
systems in the Area . These systems distribute an average of 340 m .g.d.
Approximately 51% of the water for public supply is obtained from surface
sources with the balance developed from ground water.

Future Use

Projected public water use will increase throug hout  the Stud y
period with anticipated 2020 requirements of 899 m .g.d. for EQ, 1,053
m .g . d .  for NE , and 1, 104 m .g .d .  for  RD. The f ac to r s  a f f e c t i n g  publ ic

• water supply; population served and per capita income , also will increase
during the Study. For example , by 2020 , the NE and RD populations served
are expected to be 5,417 ,000 and the EQ figure will be 4,624 ,000. Per
capita income for 2020 is anticipated to rise to $10,027 under EQ, $11 ,692
under NE and $13 ,007 under RD.

Present and projected public water supply requirements , popula—
tion, population served and per capita income for Area 17 are shown in
Table R—84.

TABLE R—84
PUBLIC WATER SUPPLY - AREA 17

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCO M E WATER
________ 

(1,000s ) (Dol la r s )  (m .~~.d . )

Present 3, 362 2 ,627 2 , 397 34()

1980
EQ 3,774 3 ,057 3 ,465 428
NE 3,903 3,153 ~,641 445
RD 3 ,903 3,153 3 ,739 4 4 q

2000
EQ 4 ,500 3 ,82~ 5 ,847
NE 4 ,902 4 ,151 6.502 ~8I
RD 4 ,902 4 ,151 b , h 7 7

2020
5,195 4 ,624 10.027

NE 6,097 5 ,417 11 ~~~ 1 ,0’~
RD 6,097 5 ,417 1~~,007 1 ,104
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Future Devices and Costs

The future public water supply needs of Area 17 can be met by
providing additional reservoir capacity, intakes and pumping stations
and wells for all time frames of the Study period. Additional water
treatment plant capacity will also be required for all time frames.

Devices that could sa tisf y the incremental increases in
public water supply and the es t imated cos ts of these facilit ies are
shown in Table R—85.

TABLE R—85
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 17

(Costs in millions of dollars)

DEVICE OBJECTIVE 
______

EQ NE 
—— ____ RD

Total To tal To tal
Quantity Cost Quantity Cost Quan~j~~ Cost

1980
Storage 139 ,000 37.40 166 ,000 41.50 172,000 43 .00
Treatment Plant 36.3 26.80 44.0 30.60 45.6 31.50
Intake & Pumping 13.3 .07 16.0 .09 16.6 .09
Diversion — — — — — —
Ground Water 43.0 1.58 52.0 1.91 54.0 1.99

2000
Storage 61,000 17.20 73,000 20.70 75,000 21.20
Treatment Plant 87.9 57.70 105.0 69.20 108.2 71.50
Intake & Pumping 30.9 .17 37.0 .20 38.2 .21
Divers ion — — — — - —

Ground Water 97.0 3.57 117.0 4.31 121.0 4.56

2020
Storage 3,800 2.40 5,200 3.10 5,700 3.50
Treatment Plant 119.9 79.30 163.2 100.90 180 110.60
Intake & Pumping 39.9 .22 54.2 .29 60 .32
Diversion — — — — — —

Ground Water 135.0 4.98 184.0 6.83 203.0 7.67

Note: Storage quantities in acre—feet ; other devices in m .g.d.
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SELF—SUPPLIED INDUSTRIAL WATER

Present Use

The total industrial water intake for Area 17 is 380 m.g.d., of
which 323 m.g.d. are self—supplied and 57 m.g.d. are from public sources.
There is no brackish water used by industry in the Area. The industries
using significant amounts of self—supplied water are paper (94 m.g.d .),
chemicals (71 m.g.d.), food (45 m.g.d.), primary metals (38 m.g.d.),
machine equipment (36 m.g.d.), glass and clay (11 m.g.d.) and transporta-
tion equipment (10 m.g.d.).

Future Use

Area 17’s predicted large growth is reflected in the projected
increases in industrial water intake throughout the Study period . By
the year 2020, the total industrial water intake is expected to be 2,102
m.g.d. (EQ) , 2,366 m.g.d. (NE) and 2,623 m.g.d. (RB), of which 1,721
m.g.d., 1,938 m.g.d. and 2,150 m.g.d., respectively, will be self—supplied ,
with the balance coming from public supply.

The largest self—supplied , fresh water—using industries in Area
17 are shown in Table R—86. It is anticipated that there will be no
future demand for brackish water .

TABLE R-86
202o INDUSTRIAL SELF-SUPPL1ED FRESH WATER REQUIREMENTS - AREA 17

(m. g . d.)

INDUSTRY OBJECTIVE
EQ NE RB

• Paper 408 459 509
Machine Equipment 357 402 446
Food 278 313 347
Chemicals 170 192 213
Primary Metals 158 178 198
Glass and Clay 105 119 132
Electrical Equipment 64 72 80

Area 17’s present and projected industrial water requirements
are shown in Table R—87 .

Future Devices and Costs

River and/or lake intakes and wells furnish the water required
to satisfy the present self—supplied industrial water needs in the Area .
It is expected that the future needs will be met in the sane manner and
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TABLE R—87
INDUSTRIAL WATER SUPPLY - AREA 17

(m. g . d.)

SELF— PUBLICLY-
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMP TIVE

_________ 
INTAKE FRESH FRESH WATER WATER USE

Present 380 323 57 0 0 51

1980
EQ 700 590 110 0 0 96
NE 700 590 110 0 0 96
RD 717 603 114 0 0 99

2000
EQ 1,270 1,054 216 0 0 173
NE 1,338 1,113 225 0 0 182
RD 1,428 1,189 239 0 0 195

2020
EQ 2,102 1,721 381 0 0 297
NE 2,366 1,938 428 0 0 334
RD 2,623 2,150 473 0 0 367
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in approximately the same proportion that now exists.

Table R—88 shows devices that could satisfy the incre-
mental increases in industrial self—supplied water supply and the esti-
mated costs of these facilities.

TABLE R-88
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - AREA 17

(Quantities in m .g . d . ;  Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quanti ty  Cost Quanti ty Cost ~ uantit~ Cost

1980
Fresh Water
Intake & Pumping 220 1.19 220 1.19 231 1.25

Brackish Water
Intake & Pumping — — .- - - -

Ground Water 47 1.73 47 1.73 49 1.80

2000
Fresh Water
Intake & Pumping 382 2.06 430 2 .32  483 2.61

Brackish Water
Intake & Pump ing - — — - — -

Ground Water 82 3.02 92 3.38 103 3.50

2020
Fresh Water

Intake & Pumping 549 2 .96 679 3.67 791 4 . 2 7
Brackish Water
Intake & Pumping — — — — — —

Ground Water 118 4.27 146 5.50 170 6.40
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AREA 18. CHESAPEAKE BAY AND DELMARVA PENINSUL A DRAINAGE

PUBLIC WATER

Present Use

The total population of Area 18 is 2 ,330 ,000 of which 1,791 ,000 ,
or roughly 77% , obtain their water f rom the 140 centra l  wa te r  systems in
the Area. These systems distribute an average of 260 m.g. d. of wa te r .
Approximately 85% of the water  for public supp ly is obtained f rom su r face
sources with the remainder developed from groun d water . A por t ion  of the
Area’s surface supply is a divers ion of water entering Chesapeak Bay
from the Lower Susquehanna River (Area 17). This supply is obtained just
ab ove Conowingo Dam , about 10 miles above the mouth of the river , and re-
turned after  use (less losses) to the upper Bay near Baltimore .

Future Use

Public water supply has been projected to increase during the
Study period in line with the anticipated increases in population served
and per capita income. The 2020 public supp ly requirements are expected
to be 602 m.g.d. (EQ), 712 m.g.d. (NE) and 725 m.g.d. (RB). Population
served by 2020 should be 2,904,000 (EQ) and 3,392 ,000 (NE & RB) . Per
capita income has been projected to grow to $11,072 (EQ), $12,910 (NE)
and $13,258 (RB) by 2020.

The present and projected public water supp ly requirements ,
total population , population served and per capita income tor Area 18 are
shown in Table R—89.

TABLE R—89
PUBLIC WATER SUPPLY - AREA 18

TOTAL POPULATION PER CAPITA I’UBLIC

oBJE c ’r IvE POPULATION SERVED INCOME WATER

_____ 
(l,000s) (l,000s) (Dollars)

Presen t 2 ,330 1,791 2,817 260

1980
EQ 2,676 2 ,087 4,218 33 9

NE 2 ,767 2,149 4 ,432 352

RD 2 ,767 2,149 4,552 354

2000
3,163 2,435 6.814 450

3,445 2,667 7,577 498

RD 3,445 2,667 7 ,782 505

2020
EQ 3,631 2 ,904 11 ,072 602

Nh 4 ,261 3, ~Y 2 12 ,010 712

RI) 4,261 1 ,392 13 ,258 725
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Future Devices and Costs

The future public water supp ly needs of Area 18 can be met by
providing addit ional  reservoir capaci ty for  all object ives for  all Stud y
time frames, except for the 2020 EQ objective. Additional transfer from
the lower Susquehanna Rive r can be expected for  the 2000 NE and RB objec-
tives, and for all objectives in 2020. Additional water treatment plant
capacity, intakes and pumping stations , and ground water development will
be needed for all objectives and time f rames .

Devices that could satisfy the incremental increases in public
wa ter supply and their estimated costs are shown in Tab le R—9O. Storages
shown include those necessary to maintain diversion flows .

TABLE R—90
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 18

(Costs in millions of dollars)

DEVICE OBJECTIVE 
_____

EQ NE RD
Total Total Total

Quantit1 Cost Quantity Cost ~~~nt~~y Cost

1980
Storage 4,000 2.10 4 ,600 2.50 4 ,700 2.50
Treatment Plant 2 . 9  3.50 3.3 4. 00 3.5 4.00
Intake & Pumping 1.6 .01 1.8 .01 1.9 .01
Diversion — — — — — —

Ground Water 12.0 .72 14.0 .84 14.0 .84

2000
Storage 5,500 2.10 7,300 2.80 7,500 2.90
Treatment  Plant  6.3 5.30 8.3 6.70 8.6 6 .70
Intake & Pump ing 2 .0  .01 2 . 7  .02 2 . 8  .02
Diversion — — 125.0 3.00 125.0 3.00
Ground Water 17.0 1.03 22.0 1.32 23.0 1.39

2020
Storage — — 123 ,000 23. 40 123 ,000 23.40
Treatment Plant  40.8 13.90 57.0  17. 10 59.1 17.60
Intake & Pumping 2.8 .02 4.0 .02 4.1 .02
Diversion 125.0 3.00 120.0 45.00 120.0 45.00
Ground Water 23.0 1.39 33.0 2.02 34.0 2.07

Note : Storage quantities in acre—feet ; other devices in m.g .d.
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SELF—SUPPLIED INDUSTRIAL WATER

Present Use

The total  indus t r ia l  water intake for Area 18 is 1,173 m.g.d.,
of which 154 m.g.d. are self—supplied , 45 m.g.d. are publicly—supp lied ,
120 m.g.d.  are was te water , 2nd 854 m .g .d.  are brackish w a t e r .  This is
the only Area in the Region where waste water is utilized for industrial
water supply. Sewage treatment p lan t effluent is used by the primary
metals industry. The significant self—supp lied water using industries
in the Area are chemicals (50 m.g.d.) primary metals (47 m.g.d.) and
food (18 m . g . d, )  These same industries are the major  users of brackish
water.

Future Use

The industrial water use in Area 18 has been projected to in-
crease in relation to the anticipated growth of the Area. The total
water intake is expected to be 7 ,318 m .g .d .  (EQ) , 8 ,246 m .g .d .  (NE)
and 9 ,143 m.g.d.  (RB) by the year 2020 . Of these to ta l s , the s e l f —
supplied fresh water  will be 860 m .g.d . ,  968 m.g .d .  and 1076 tn.g.d.,
respectively. Waste water needs are projected to be 1138 m.g.d. (EQ) ,
1282 m.g .d .  (NE) and 1422 m .g . d .  (RD) . If the available was te  wate r
is insu f f i c i en t  to meet the needs , the d i f f e r e n c e  between the needs
and availability can be supplied from brackish water. The waste water
requirements are onl y for  the primary manufacturing industry .

The largest self—supplied fresh water using industries for
the year 2020 are shown in Table R—9l .

TABLE R-9l
2020 INDUSTRIAL SELF—SUPPLIED FRESH WATER REQUIREMENTS — AREA 18

(m.g.d.)

OBJECTIVE
INDUSTRY

Primary Metals 360 405 449
Chemicals 132 149 165
Food 120 135 150
Electrical Equipment 44 50 55
Paper 29 33 10
Metal Products 27 30
Transportat ion Equi pment 26 24 13
Glass and Clay 24 27 10

The bulk of the brackish water will he t~~r pt im t r v me~ i- Is .
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Area 18’s present and projected  indust r ia l  wa t e r—use  is shown
in Table R—92 .

TABLE R—92
INDUSTRIAL WATER SUPPLY — AREA 18

(m. g • d.)

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE

Present 1, 173 154 45 120 854 66

1980
EQ 2,308 292 86 254 1,676 131
NE 2 ,308 292 86 254 1, 676 131
RD 2 , 369 300 88 260 1, 721 135

2000
EQ 4,390 537 158 555 3,140 247
NE 4 ,633 568 167 585 3,313 265
RD 4,942 604 180 624 3,534 284

2020
EQ 7 , 318 860 270 1, 138 5 , 050 ~12
NE 8,246 968 309 1,282 5,687 467
RD 9 ,143 1,076 339 1 ,422 6,306 518

Future Devices and Costs

River intakes , ground wa te r , brackish wa te r  and was te  w a t e r
present ly sa tisf y the self—supplied industrial needs in Area 18. It is
anticipated that future self—supp lied industrial needs will continue t i ~
be met in a similar manner. However, there is a strong possibility that ,
a f t e r  2000 , surface  water  sources for  indus t r ia l  use may req . ire regula-
tion which will either limit withdrawals or require cost—sharing by
indus t ry  for  the f ac i l i t i e s  needed to maintain minimum flows in the
~~~~~~~~~ rivers . While it can be assumed that cost—sharing may be neces-
sary in the fet u r e , d e t e r m i n a t i o n  of these costs is beyond the scope ot
the NAR Stud y.

Devices that could satisfy the incremental increases in self—
supp lied i n d u s t r i a l  wa te r  supp ly and t h e i r  e s t i m a t e d  c ost s  are shown
in Tab le R—93.
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TABLE R—93
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS - AREA 18
(Quantities in m .g.d.; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quantity Cost Quantity Cost

1980
Fresh Water

Intake & Pumping 117 .63 117 .63 124 .67
Brackish Water

Intake & Pumping 822 4.44 822 4.44 867 4.68
Ground Water 21 1.25 21 1.25 22 1.32
Waste Water 134 .72 134 .72 140 .76

2000
Fresh Water
Intake & Pumping 208 1.12 235 1.27 259 1.40

Brackish Water
Intake & Pumping 1,464 7.91 1,637 8.84 1,813 9.79

Ground Water 37 2.17 41 2.48 45 2 . 7 2
Waste Water 301 1.63 331 1.79 364 1.95

Fresh Water
Intake & Pump ing 275 1.49 340 1.84 402 2.17

Brackish Water
Intake & Pumping 1,910 10.31 2,374 12.82 2,772 14.97

Ground Water 48 2.90 60 3.63 70 4.24
Waste Water 583 3.15 697 6.67 798 4.31

R— 1 3 7
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AREA 19. POTOMAC RIVER BASIN

PUBLIC WATER

Present Use

The 250 central water suppl y systems in Area 19 distribute an
average of 360 m.g.d. to the 2,536 ,000 people they serve. This repre-
sents some 78% of Area 19’ s to t a l  popu la t ion  of 3 ,236 ,000. Su r f ace
water sources furnish approximatel y 93% of the public water supp ly ,
with the remainder developed from ground waLer . A small portion of the
Area’s surface supply is by diversion from Area 18 (Chesapeake Bay and
Delmarva Peninsula D r a i n a g e ) .  While the diverted water represents a net
loss to users and instream uses in the Patuxent River and estuary , the
diverted water (minus consumptive and evaporative losses) ultimately
reaches Chesapeake Bay via the Potomac Rive r in Are a 19 a few miles
soe th of where it would have originally and naturall y entered the Bay.

Future Use

The Area ’s public water supp ly requirements are expected to
increase throughout the life of the Stud y along with the population
served and the per capita incomes. The 2020 public water needs will he
1211 m.g.d. (EQ) , 1443 m.g.d. (NE) and 1493 m.g .d. (RB). Population
served for 2020 is projected to be 7,517 ,000 (NE & ED) and 6,394 ,000
(EQ). Per capita income is expected to increase to $11,772 (EQ),
$13,727 (NE) and $15,100 (ED) by the year 2020.

Table R—94 shows the Area ’s present and projected water supp ly
requirements , total population , population served and per cap ita incomes.

TABLE R—94
PUBLIC WATER SUPPLY — AREA 19

TOTAL POPULATION PER CAPITA PUBLIC
OBJECTIVE POPULATION SERVED INCOME WATER

__________ 
(1,000 s) ~~Q~~s) (Dollars) (m~g~~L)

Present 3,236 2 ,536 3,041 360

1980
EQ 4,288 3,387 4,566 522
NE 4 ,414 3,488 4,798 543
RD 4,434 3,488 4,928 547

2000
EQ 5,818 4,829 7,251 816
NE 6,338 5 ,210 8,064 805
RD 6,338 5 ,210 8 ,604 916

2020
EQ 7,350 6, 304 11 ,772 1,2 1 1
NE 8,627 7 ,517 13 ,727 1,441
RD 8,627 7,517 15 ,100

R- I 18
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Future  Devices and Costs

The future public water supply requiiements of Area 19 can be
met by providing additional reservoir capacity, intakes and pumping sta—
tions and wells for all time frames of the Study period . Add itional
water treatment plan e capacity will also be needed at each benchmark
year.

Devices that could satisfy the incremental increases in public
w:tter supp ly and their estimated costs ~re shown in Table R—95.

TABLE R—9 5
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 19

(Costs in millions of dollars)

DEVICE OBJECTIVE
EQ 

— - 
NE RD

Total Total Total
Quantity Cost Quantity Cost Quantit1 Cost

1980
Storage (1) 16,500 16.20 18,600 18.40 l9,0J0 lh .80
treatment Plant 109.4 87.60 123.5 97.00 120 .0 101.70
Intak e & Pump ing 62.4 .34 70.5 .38 72.0 .

Diversion — — — — — —
Ground Water 13.0 .50 15.0 .59 15.0 .59

2000
Storage 200,000 95.80 240,000 Uj.lO 250 ,000 119.80
Treatment Plant 293.3 187.20 351.6 211.70 368.7 232.50
Intake & Pumping 123.3 .67 147.6 .80 1 •..7 .84
Diversion — — — — — —

Ground Water 24.0 1.00 28.0 1.18 JU .U 1.25

2020
Stor~ige 254,000 88.40 352 ,000 122 .60 370,000 12-b .sU
Treatment Plant 407.7 225.10 566.o 30•4.7() ~~7 J21.~~O
Intake & Pumping 141.7 .77 196.6 l.Uh 2 0 7  1. 12
Dive rsion — — — - — -

Ground Water 32.0 1.34 44.0 1.99 4h .0

t o :  S t o r ag e  q u a n t i ti e s  in a c r e — f e e t ;  o t h e r  devices in i n.  ~ . d.
(1) Assumes comp letion of Bloom I ngt on p r oj o c t  p r i o r  t o  1980 i o-~u i  l u g

-— 
minimum flow be low Wash ip~ ton and ins t ni - an uses . - - —

SELF—SUPPLIED IND USTRIAL WATER

1’ rosen t Use

The tot al indu st ri a l vil er in ta ke in Area is ~s . ss .~~.d .,

1’i- 0 



of which 261 m .~~.d. are self—supp lied , 24 m .g.d. are publicly—supp lied
and 14 m.g .d. brackish . The largest self—supp lied fresh water users
in the Area are chemicals (155 m.g.d.), paper (57 m.g.d.), glass and
clay (17 m .g.d.), and food (13 m.g.d.). The remaining self—supplied
water is used by eight other industries, none of which has an intake
greater than 5 m .g.d . The bulk of the brackish water use is for the
chemical industry .

Future  Use

The projec ted indus tr ial growth for th e Area is reflected in
the anticipa ted greater needs for industrial water which will be 1,442
m .g.d. (EQ) , 1,624 m .g.d. (NE) and 1,802 m .g.d. (RD) by the year 2020.
Self—supp lied fresh water needs for 2020 are expected to be 1,191
m .g.d. (EQ) , 1,341 m .g.d. (NE) and 1,488 m .g.d. (RD).

The projected pr incipal se l f—supp lied water—using  industries
are shown in Table R—96. Brackish water will be used by the chemicals ,
glass and clay ,  and food industries.

TABLE R—96
2020 INDUSTRIAL SELF—SUPPLIED FRESH WATER REQUIREMENTS — AREA 19

(m . g. d . )

OBJECTIVE
INDUSTRY ~g NE 

- 

RD

Chemicals 331 373 413
Paper 329 371 411
Glass and Clay 211 237 263
Food 117 132 147
Rubb er 50 56 62
Machine Equipment 37 41 46
Electr ical Equipment 31 35 39
Metal Products 19 21 24
Transportation Equipment 18 21 23

Present and projected industrial water use for Area 19 is
shown in Table R— 97.

Future Devices and Costs

The i n d u s t r i e s  in Area 19 presentl y obtain sell —supp i ied ~-. i t  or
from river and/ or  lake in takes , we l l s  and brackish sources . It is ox—
pected that the future water supp ly needs will be sat 1sf led lii a s in  I t a r
man n e r .

1 - ‘+ 1
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TABLE R—97
INDUSTRIAL WATER SUPPLY — AREA 19

(in. g . d.)

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE 
-

Present 299 261 24 0 14 14

1980
EQ 573 495 53 0 25 30
NE 573 495 53 0 25 30
RD 590 510 54 0 26 31

2000
EQ 969 828 101 0 40 66
NE 1,020 868 109 0 43 68
RD 1,090 930 117 0 43 73

2020
EQ 1,442 1,191 192 0 59 121
NE 1,624 1,341 216 0 67 136
RD 1,802 1,488 239 0 75 149

R - 1  4?
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Table R—9 8 shows devices that could satisfy the incremental
increases in se l f—supp lied indus t r i a l wate r  and the es t imated  costs of
these facilities.

TABLE R—98
INDUSTRIAL WATER SUPPLY DEVICES AND COSTS — AR EA 19

(Quantit ies in m . g .d .; Costs in millions of dollars)

DEVICE OBJECTIVE 
_____

EQ 
_____ 

NE RD
Total Total Total
Cost ~~j~y Cost Quantity Cost

1980
Fresh Water

Intake & Pumping 219 1.18 219 1.18 233 1.26
Brackish Water

Intake & Pumping 11 .06 11 .06 12 .06
Ground Water 15 .59 15 .59 16 .63

Fresh Water
Intake & Pump ing 311 1.68 349 1.88 393 2.12

Brackish Water
Intake & Pump ing 15 .08 18 .10 17 .09

Ground Water 22 .91 24 1.00 27 1.20

2020
Fresh Water

Intake & Pumping 339 1.83 442 2 .39  522 2. 82
Brackish Water

Intake & Pumping 19 .10 24 .13 32 .17
Ground Water 24 1.00 31 1.30 36 1.51

R- 1 4 3
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AREA 20. RAPPAHANNOCK AND YORK RIVER BASINS

PUBLIC WATER

Present Use

The total population of Area 20 is 316 ,000 . Some 146 ,000
people, or approximately 46% of the total , are served by 57 central water
supply systems . These systems , which distribute an average of 18 m .g.d.,
obtain about 83% of their water from surface sources , with the balance
developed from ground water .

Future Use

Public water  needs in Area 20 have been projected to Increase
throughout the Study period , together with population- served and per
capita income . The 2020 public water requirements will be 57 m.g.d . (EQ) ,
68 m.g.d. (NE) and 69 m.g.d. (ED). Population served in 2020 is expected
to increase to 333,000 (EQ) and 390,000 (NE & RB) while per capita income
will grow to $10,641 (EQ), $12,408 (NE), and $12,743 (ED) .

Present and projected water supply requirements , total popula-
tion , population served and per capita incomes for Area 20 are shown in
Table R—99.

TABLE R-99
PUBL IC WATER SUPPLY — AREA 20

TOTAL POPULATION PER CAPITA PU BLIC
OBJECTIVE POPULATION SERVED INCOME WATER

_________ 
(1,000s) (l ,000s) (Dol lars )  (m .jj .d . )

Present 316 146 2,298 18

1980
EQ 369 181 3 ,853 20
NE 382 186 4,049 20
RI) 382 186 4,158 27

2000
EQ 476 243 6,382 38
NE 518 264 7,097 42
RD 518 264 7,288 4 3

2020
EQ 628 333 10,641 57
NE 737 390 12 ,408 68
RD 737 390 12 , 743 00

R- 1 4 4
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Future Devices and Costs

The fu tu re  public water supply needs in Area 20 can be met by
providing additional reservoir storage capacity in 1980 and 2020, while
additional ground water development and water treatment plant capacity
will be required for all time frames of the Study period .

Devices tha t  could sa tis f y the Incremental increases in
public water supply and their estimated costs are shown in Table R—100.

TABLE R—lOO
PUBLIC WATER SUPPLY DEVICES AND COSTS — AREA 20

(Costs in millions of dollars)

DEVICE OBJECTIVE 
—

EQ NE RD 
-

Total Total Total
Quanti ty Cost Quantity Cost Quantity Cost

1980
Storage 71,000 25.40 71,000 25.40 80,000 28.60
Treatment Plant 4.9 2.20 4.9 2.20 5.5 2.20
Intake & Pump ing — — — — — —

Diversion — — — — — —
Ground Water 1.3 .06 1.3 .06 1.5 .07

2000
Storage — — — — — —
Treatment Plant 10.3 4.30 13.7 5.10 13.7 5.10
Intake & Pumping — — — — — —

Diversion — — — — — —
Ground Water 2 .0  .09 2 .7  .13 2 . 7  .13

2020
Storage 3,100 2.10 4,100 2.40 4,100 2.40
Treatment Plant 13.0 5.30 17.7 6.20 17.7 6.20
Intake & Pumping — — — — — —

Diversion — — — — - —
Ground Water  3.2 .15 4 .3  .20 4 . 3  .20

Note: Storage quantities in acre—feet; other devices in m .g.d .

SELF—SUPPLIED INDUSTRIAL WATER

Present Use

Area 20’s total industrial water intake of 92 m.g.d. includes

R - 1  ‘o 
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50 m .g .d .  of self—supp lied fresh , 2 m .g.d. of publ icly—supp lied fresh ,
and 40 m .g.d. of brackish . The chemical industry is the only one in
the Area which uses a significant amount of self—supp lied wa ter , some
48 m . g . d .  Brackish water use is almost equally divided between the
petroleum and paper industries with respective intakes of 19 m . g . d .
and 17 m.g.d.

Future Use

The projected industrial water use is relatively small when
compared with some of the other Areas in the NAR , but the increase
expec ted throughout the Study period is indicative of the anticipated
growth of the Area. The total industrial water intakes in 2020 are
expected to be 484 m .g . d .  (EQ) , 545 m .g .d .  (NE ) and 603 m.g.d. (RB), of
which 113 m . g . d . ,  129 m .g . d . ,  and 143 m . g . d . ,  respectively ,  are s e l f —
supp lied .

The chemical industry will continue to be the major user of
self—supplied water with intakes of 81 m . g . d .  (EQ) , 91 m .g . d .  (NE) and
101 m.g.d. (RI)). The balance of the self—supplied intake is distributed
among 12 industries , none of which will use more than 7 m .g.d. The
petroleum and paper industries will continue to be the ma jo r  users of
brackish water .

Present and projected industrial water requirements for Area 20
are shown in Table R—lO l .

TABLE R—lol
INDUSTRIAL WATER SUPPLY - AREA 20

(m . g . d.)

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH cONs uMPT IVI:
_________ 

INTAKE FRESH FRESH WATER WATER USE

Present 92 50 2 0 40 5

1980
EQ 180 82 3 0 8
NE 180 82 3 0 95 8
RD 184 85 3 0 90 8

2000
EQ 311 107 6 0 198 15
NE 329 115 6 0 208 15
RD 349 122 7 0 220 lu

2020
EQ 484 113 8 0 21
N E 545 129 8 ( 1 408
RD 603 143 9 0 45 1 2 /

R- I-S 7



Future Devices and Costs F

Self—supplied indus trial water in Area 20 is presen tly ob-
tained from river and/or lake intakes, brackish sources and wells ,
and it is an ticipated tha t the fu ture needs will be met in a simi lar
fashion.

Table R—l02 indicates devices tha t could satisf y the
incremental increases in sel f—supp lied industrial water supp ly and
their estimated costs.

TABLE R-l02
INDU STRIAL WATER SUPPLY DEVICES AND COSTS — AREA 20

(Quantities in m .g.d .; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ NE RD

Total Total Total
Quantity Cost Quantity Cost Quantity Cost

1980
Fresh Water

Intake & Pump ing 30 .16 30 .16 33 .18
Brackish Water

Intake & Pumping 55 .30 55 .30 56 .30
Ground Water 2 .09 2 .09 2 .09

2000
Fresh Water

Intake & Pump ing 23 .12 31 .17 35 .19
Brackish Water

Intake & Pump ing 103 .56 113 .61 124 .67
Ground Water 2 .09 2 .09 2 .09

2020
Fresh Water

Intake & Pumping 6 .03 13 .07 2 1) .11
Brackish Water

Intake & Pumping 165 .89 200 1.08 231 1.25
Ground Water — — 1 .05 1 .05
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AREA 21. JAMES RIVER BASIN

PUBLIC WATER

Present Use

The total population of Area 21 is 1,698 ,000 , of which about
1, 343 ,000 peop le , or 79% a ie  supp lied with  water  from 103 central  water
supp ly systems in the Area . Approximately 185 m .g.d. are distributed by
the Area ’s central  systems , of which about 94% is obta ined  from sur face
sources , with the balance developed from ground water. A small portion
of the Area ’s surf ace supp ly is obtained by diversion from the Chowan
River Basin which is outside of the Nor th  At lan t ic  Reg ion .

Future Use

The publ ic water supp ly needs for Area 21 have been projected
to increase throug hout  the Study period together  wi th  the popu la t ion ,
population served and per capita income. The 2020 public water supp l y
requirements will be 429 m.g.d. (EQ), 515 m .g.d. (NE), and 520 m.g .d.
(RI)). The estimated populat ion served in 2020 will  be 2 ,208 ,000 (EQ),
and 2 ,603,000 (NE & RI)) while the per capita income is expected to grsw
to $10,118 (EQ) , $11 ,802 ( N E ) ,  and $12 ,117 (RU ) .

Present and projected population , population served , per cap ita
income and public water supply requirements for Area 21 are shown in
Table R—l03.

TABLE R—103
PUBLIC WATER SUPPLY — AREA 2 1

TOTAL POPULATION PER C A P I t A PUBLIC
OBJECTIVE POPULATION SERV ED I N COMI -  l4v1 l- ; 1~
_ _ _ _ _  

(l ,000s) 
- 

(l ,000s) ( D o ll a r s )  (m.~~.d .

Present 1,698 1,343 2 , 4 3 1  185

1,990 1,512 3,oO?
NE 2 , 057 1,032 3,785 147
RD 2 ,057 1,632 3 ,087 240

2000
EQ 2 ,372 1,807 6 , 02 ) )  II 3
NE 2 , 584 2,078 o ,h05 350

RD 2 , 584 2 , 078 6 , 87s 3o3

2020
EQ 2 ,72o 2 ,208 1 0,118
N I- I 3 , 1~

0) 2 , s H J  11 ,802 5
RD 3 ,10) 2 ,0(13 12 ,11 7  520

R- 14
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FIGU RE R-26
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Future Devices and Costs

The f u t u r e  public water supp ly needs in Area 21 can be met by
providing additional reservoir storage in 2000, and wells , treatment
plan t capaci ty,  intakes and pump ing stations for all time frames of the Stud y
per iod .  Additional diversion from the Chowan River Basin can be expected
in 2000 and 2020 .

Devices that could meet the incremental increases in
public water supp ly and their estimated costs are shown in Table R— 1O4 .
Storages listed include those necessary to maintain diversion flows .

TABLE R-lO4
PUBLIC WATER SUPPLY DEVICES AND COSTS — AR EA 21

(Costs in millions of dollars)

DEVICE OBJECTIVE 
_______

EQ 
______ 

NE 
- 

RD
Total Total Total

Quant i ty  Cost Quant i ty  Cost ~ uan t i ty  Cost

1980
Storage — — — — — —
Treatment Plant 29 28.40 41.8 38.10 43.1 40.40
Intake & Pump ing 19.2 .10 2 7 . 6  .15 28.5 .15
Diversion — — — — — —
Ground Water 2 .6  .08 3.7 .11 3.8 .11

2000
Storage 71,000 23.30 75,000 25.20 76,000 25.40
Treatment Plant 96.6 68.40 114.1 77.50 116 78 .70
In take & Pump ing 41.6 .23 49.1 .27 50.0 .27
Diversion 18.0 8.00 29.0 11.00 30.0 11.00
Ground Water 5 .6  .29 6 .7  .20 6.8 .21

2020
Storage — — — — — —
Treatment Plant 129.3 89.90 189.4 122.40 190.9 123.40
Intake & Pump ing 53.3 .29 78.4 .42 78.9 .43
Diversion 18.0 8.00 31.0 11.00 31.0 11.00
Ground Water 6 .3  .19 9 .3  .29 9 .3  .2 9

Note : Storage quantities in acre—feet ; devices in m.g .d.

R— 1 SI
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SELF—SUPPLIED iNDUSTRI A L hA T ER

Present Use

The t o t a l  i n d u s t r i a l  wa te r  intake in Area 21 is 454 m.g.d ., of
which 397 m .g .d. arc self—supp lied , 21 m .g.d . are publicl y—supp lied and
36 m.g .d. are b r a c k i s h .  T h e  t~~c largest users of self—supp lied water
in the Area are the chemical and paper industries with  r e spe c t  lye intakes
of 265 r:~.g.d. and 106 n.g.d . Eight other industries use self—supp lied
wa ter , with intakes of less than 10 m .g.d . The chemical industry uses
24 m .g.d. the bulk of the hrackish water intake .

Future Us~

The p r oj e c t e d  browth of the Area is reflected in the antici pated
increase in industrial water needs. The total industrial water intake
in 2020 is expected to be l ,00u rn .g .d. (EQ) , 1 ,812 m .g.d. (NE) and
2,007 m.g.d. (RB), of which 1 ,405 m .6.d., 1 ,581 m .g.d. and 1,753 m .g.d . ,
respectively,  will be self—supp lied .

The chemicals and paper industries will continue to be th e major
users of self—supplied fresh water , as shown in Table R—lOS .

TABLE R-lO5
2020 INDUSTRIAL SELF—SUPPLIED FRESH WATER R E Q I ’ I E L I I - I N T S  — AR EA 21

(m.8.d.)

I N D USTRY NE RD

Chemicals 630 710 787
Paper 541 609 676
Primary Metals 73 82 91
Food 52 58 64
Glass and Clay 36 40 45
Electrical Equipment 15 17 10
Machine Equipment 12 14 15
Transportation Equipment 9 10 11
Metal Products 9 10 11

The brackish water will be used mainly by the chemicals , I cod
pr imary  manufacturing, and glass and c1a~ industries.

A rea 21’s pres t n t  and p’~’ 
lec ted indus t  la l  wa t ~

- r requ I r e t S i l  t 5
are shown in Table R— 106 .
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TABLE R—lO6
INDU STRIAL WATER SUPPLY - AREA 21

(m . g . d . )

SELF— PUBLICLY—
OBJECTIVE TOTAL SUPPLIED SUPPLIED WASTE BRACKISH CONSUMPTIVE
_________ 

INTAKE FRESH FRESH WATER WATER USE

Present 454 397 21 0 36 35

1980
EQ 837 738 41 0 58 65
NE 837 738 41 0 58 65
RD 860 758 44 0 58 68

2000
EQ 1,308 1,152 75 0 81 105
NE 1,384 1,218 80 0 86 111
RD 1,477 1, 297 85 0 95 117

2020
EQ 1,606 1,405 98 0 103 136
NE 1,812 1,581 111 0 120 154
RI) 2 ,007 1, 753 124 0 130 171
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Future Devices and Costs

S e l f — s u p p lied indus t r i a l  water  in Area 21 is p resen t l y ob-
tained from river and/or lake intakes , brackish sources and wells. It
is expected that  the f u t u r e  needs wi l l  be met in a s imi lar  m a n n e r .

Table R—lO7 indicates devices that could satisfy the

incremental increases in self—supp lied industrial w er and tic ir esti-
mated costs.

- TABLE R— l0 7
INDE STRIAL WATER SUPPLY DEVICES AN!) COSTS — AREA 21
(Quantities in m .g.d. ; Costs in millions of dollars)

DEVICE OBJECTIVE
EQ N E RD

Tota l  Tota l  Tota l
Quantity Cost Quantity Cost Quanti Cost

1980
Fresh Water

Intake & Pum p ing 331 1.79 331 1.79 350 1.8u
Brackish Water

Intake & Pumping 22 .12 22 .12 22 .12
(,round Water  10 .31 10 .31 11 .34

2000
Fresh Water

Intake & Pumping 40 1 .~.l7 465 2 . 5 1  523 2 . 8 2
Brackish Water

In t ak e  & Pum p ing 23 .12 28 .15 37 .20
Ground W ate r  13 .40 15 .47 16 .50

2 02 0
I - r e s l i  Rater

Intake & Pumping 14S 1 .3 2 352 1. u )  4 4 2  2 . 30
Brackish Rater

In take  & Pum p ing 22 . 12 (4 . 18 .1
(;r~ und Water  8 . 25 11 . 14 14 .44

k- I
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CHAPTER 5. RURAL DOMESTIC AND LIVESTOCK WATER REQUIREMENTS

The estimated total  present and projec ted  water wi thdrawal
f or 1980 , 2000 and 2020 in rural areas for use in rural homes or con-
sumption by livestock are presented in this Chapter. Irrigation water
was not considered since it is covered in Appendix I, Irrigation .

Alternative needs were not developed for rural water supply.
Changes in annual product and livestock numbers are expected to be
slight under the three NAR Study objectives. The rural population is
dependent upon the population served used for develop ing publ ic water
supp ly needs , and will be the same under the NE and RD objectives.
The EQ objective rural population variations are small and would not
signi f ican t ly a f f e c t  the rural domestic water requirements.

The water sources may be reservoirs, springs , cisterns , wells
or streams running through fields where livestock graze. No attempt
was made to spec ifically iden tify water sources as ground water or
surface water .

METHODS AND ASSUMPTIONS

LIVESTOCK WATER WITHDRAWAL

The livestock population for each of the 21 NAR Areas was
determined from the Agricultural Census Repor ts for the years 1949,
1954 , 1959 and 1964. These data were used as the basis of computing
the water requirements for all livestock except dairy cows and
chickens . The water requirements for dairy cattle and laying hens
were based on the water requirements for dairy cattle and laying
hens were based on the water required to produce a specific unit of
the product. The number of units was determined from farm product
sales in each of the 21 Areas. Water—use rates per animal , or re-
quirements per unit of product , were based on published reports.

The withdrawa l per head of livestock in gallons per day
(g.p.d.) for the following animals was : Beef cows — 10, Hogs — 3,
Sheep — 2 , Chickens — .04 and Turkeys — .06.1/ The water requirements
to produce milk and eggs were: .78 gallons per pound of milk , and .22
gallons per egg.2/ The p r o j e c t e d  water  r e q u i r e m e n t s  were based on the
projection of the livestock popu la t ions  and of m i l k  and egg sales at
the farm f rom h i i s t o r i - -a l  dat a  f o r  each of the 21 Ar t-as .

1/ E st in i at e d l se cl  W at e r  in the U n i t e d  S t i t e s ~ 1~00), Dec I c e  1 cal  Hir - -
vey Circular 456 , U. S. Department c i  t h i t  I n t e r i o r .

2/ A~ ricu1tura1 R. tier Ri cj~iircments ol the Siis~~ ieh ,nn , R i v e r  b a s i n
w i t h  Pr ~j e c t  ions t o  .~D ’ O , John b .  Park i~ • E i n o n i  I c  Ee~- - i i  c l i  S t r v jet
V . S. Depart ncnt ci  A griculture , June 1~~ 7 , 1 t l ’ l e  1 .

k - I  5S
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RURAL DOMESTIC WATER WITHDRAWAL

The rural domestic water requirement is that water used in
households in rural areas that is self—supplied. Per capita consump-
tion rates were utilized in the computation of gross water require—
nients. The population used to determine the rural domestic water
requirement for each of the 21 Areas is shown in Table R—108. Farm
and non—farm populations were not aggregated.

The daily per cap ita consumption of water  used in th is  re-
port is 55 gallons for the base year of 1964.3/ The 55 g.p.d. cap i-
ta use was increased to 74 g.p.d. for 1980 and 95 g.p.d. for 2000.4/
Further increases were not considered since water saving will likely
become more important and home appliances will be constructed with this
in mind. The projected rural domestic water withdrawal is a function
of changing per capita use and changing population .

WATER WITHDRAWALS BY SUB—REGION

Rural  d omestic and l ivestock requi rements  for  1964 , 1980 , 2001)
and 2020 are shown in Tables R—l09 and R—ll0, respectively, and combined in
tables appear at the end of this chapter on pages R—l54 through R— l56.
A substantial increase of rural water use in all Sub—reg ions is indicated
through the year 2000. Only Sub—reg ions E and F show increases beyond 2000.
Livestock uses affect the total water requiremen t only slightly as domestic
use is the dominant factor.

The domestic water use is dependent upon the population and
per capita use figures. Per capita use is antici pated to increase
u n t i l  the year 2000 , a f t e r  which it is expected to remain s teady .
This increase is due to more items being owned or developed which will
use wa te r , such as washing  machines , dishwashers , m u l t i p le—bathroom
homes , and two or three—car families. While the total population of
the NAR is pro jec ted  to increase considerably th roughout  the Stud y
period , the populat ion used to determine rural domestic water does not
increase at the same rate . This is due to the fact that more and more
peop le will be served by central water supplies in the future . Only
in Sub—reg ions E and F are there increases in population after the
year 2000, which accounts for the increase in total r u r a l  w a t e r  re-
quirements  for  those two Sub—reg ions beyond the y e a r  2000 .

The use of wa te r  b y l ivestock showed onl y a s l i gh t  i n c rea s e

3/ The 55 ga l lons  was midway  be tween  60 gallons per day r e p o r t e d  in
Footno te  1/ and 50 gallons pi r day reported in Footnote 2 / .  The
10 ga l lons  per  day are reported in Footno te  1 /.

4/ As r epor ted  in the Susquehann a Repor t , F o o t n o t e  2 / .

R- I 0
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TABLE R-lO8
POPULATIONS
(Thousands)

1964 1980 2000 2020
Total Rural  Total Rural  Total Rural  Total  Rural

Area 1 109 71 118 71 138 76 161 80
Area 2 147 40 159 39 186 34 219 23
Area 3 154 37 167 34 188 35 217 34
Area 4 163 14 175 14 188 1 3 220 13
Area 5 162 62 175 62 205 69 240 72
SUB—REGION A 735 224 794 220 905 227  1,057 222

Area 6 488 89 579 93 734 101 917 83
Area 7 914 56 1,008 50 1, 288 39 1, 578 32
Area 8 1,679 234 1, 876 244 2 , 286 252 3 , 002 211)
Area 9 4 , 939 141 5 , 740 114 7 ,089 142 8 , 708 88
Area 10 2 ,062 343 2 , 551 356 3 , 360 352 4 , 105 2 6 5
SUB—REGION B 10 ,082 863 11, 754 857 14 , 757 886 18 , 310 678

Area 11 533 176 588 173 677 162 793 160
Area 12 2 , 136 579 2 , 643 622 3 , 672 644 5 ,068 485
Area 13 11, 083 375 12 , 241 411 13 , 778 312 15 , 490 155
SUB—REGION C 13, 752 1,130 15 ,472 1, 206 18 ,127 1, 118 21 , 351 800

Area 14 4 , 387 263 5 , 192 257 6 , 720 274 8,428 220
Area 15 6 , 719 721 7 ,804 918 9 , 610 1,077 11, 853 987
Area 16 760 44 1,082 49 1,707 52 2,290 56
SUB—REGION 1) 11 , 866 1,028 14 ,078 1, 224  18 , 037 1, 403 22 , 571 1. 26~

Area  17 3 , 362 735 3,903 750 4,902 751 6,097 6 8 1 )
Area 18 2 , 330 539 2 , 767 618 3 ,445 778 4,261 869
SU B—REGION H 5 , 692 1, 274  6 , 670 1 , 368 8 , 347 1, 529 10 , 358 1, 549

Area 19 3, 236 700 4 , 434 946 6 , 338 1 , 128 8 , 627  1 , 110
A rea 20 116 170 382 196 518 254 717 347
Area  21 1,698 355 2 ,057 42 5  2 , 584 506 3,199 ~~
SUB—REGION F 5 , 250 1, 225 6 , 873 1, 567 9 , 440 1, 888 12 , 563 2 ,053

TOTAL N AR 47 ,377 5,744 55,641 6 , 4 4 2  69 , 613 7 , 051 86 , 210 6 , 565

R- l 57



~
---------

~
—---—---- - —--- -

for  the total  Region and most of this was accounted fo r  in Sub—region
E. Other Sub—regions show little change.

Constan t animal consumption rates were assumed for all classes
of livestock except dairy cows and laying hens. The total water re-
quirements f or the production of eggs and milk would be influenced by
the increased production of these items. The increased use of water
shown in the analysis is a result  of the increased egg, milk and
broiler production. The population of other species of livestock was
estimated to remain relatively stable based on the 1940 and 1964 his-
torical data.

WATER WITHDRAWALS BY AREA

As in the case of the Sub—regions , an increase in rural water—
use is indicated in all Areas up to the year 2000, except for a slight
decline in Area 13. A f t e r  the year 2000 , onl y Areas 4 , 5 , 11, 16 , 18 ,
20 and 21 show increases in rural water use. These Areas are p re-
dominantly rural in nature and the transition to central water supp ly
system is expected to take a longer period of time compared to Areas
where there io a large degree of urbaniza t ion. Livestock uses a f f e c t
rural water  use onl y sligh t ly ,  w i th  minor increases in l ivestock use
expected for most Areas. The only exception are the more urban ized
Areas , where i r r igat ion, indus t r ia l  and urban domest ic  needs f o r  w a t e r
are presently the greatest , and are likely to increase more than in any
other  Area. This competition for the water resource is graphically
i l l u s t r a t e d  in Figures 1 through 6 in Appendix I , Irrigation . N ote
tha t  the Areas of high irrigation concent ra t ion  are Areas of h i gh ur-
ban and rural non—farm growth .

Though the rural water use in most of the 21 Areas will
greatly increase in the projected years , it is not expected to become
a problem. Except for the rural areas in close proximity to the  u rban
areas, there is not a great  deal of c o m p e t i t i o n  i c r  supp l i e s .

Much of the rura l  w a t e r  is w i t h d r a w n  nea r  th e  so u r ces of w a t e r
supp ly at the headwaters of the rivers or in upstream art-as. Much of
the supp ly,  also , is ground w a t e r  t h i t  n o r m a l l y r ep l en i shes  i t s e l l
seasonally. That is no t  to say tha t  upstre am an i / o r  r u r a l  uSe of  water
is not imp or tan t  in tha t  this  is the  source  ci w i t  er supp ly ic r urban
areas . I t s  use ups t ream w i l l  i n f l u e n c e  the qualit y and qua n t i t y  of
w a t e r  d ownstream and may impact on f i sh  and w i l d l i f e  r t-s~~i i r c e s .

Of g r ea t e r  concern in f u t u r e  per iods  w i l l  lu p o l l u t a n t s  t o
r u r a l  s t reams  and ground w a t e r  a q u if e r s  due t u  i n a d e q u a t e  sep t i c  Sy s -
tems f rom rura l  n o n — f a r m  d e v e l o p m e n t .  Soil s u r v t - v  r e p o r t s  dt -v e  loped  by
the Soil C o n s e r v a t i o n  Service  of t h e  U. S . D e p a r t m e n t  c i  A R c  i cult nrc
should be U t i l i z e d  in the  d ev e l o p m e nt  of pci ic i es and r e g u la t i o n s  I or
con t  ro l .  Also , a g r i c u l t u r a l  poi l u t a n t s  I r i m  I I v t - s i ck I t i - I  l o t s  h a ve
become c i  cons  i di rab Ic  concern . ‘1h~- I t i t  i i  t - and t X  I c - n t  c i  t h i s  pr ob 1 t m
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have not been adequately assessed ; however , research is being con-
ducted by the Agricultural Research Service of the U. S. Department of
Agriculture.

TABLE R— 109
ANNUAL RURAL DOMESTIC WATER REQUIREM ENTS

(Million Gallons)

1964 1980 2000 2020

Area 1 1,425 1,918 2,635 2,774
Area 2 803 1,053 1,179 798
Area 3 743 918 1,214 1,179
Area 4 281 378 451 451
Area 5 1,244 1,675 2,393 2,497
SUB—REGION A 4 , 496 5 , 942 7 , 872 7 , 699

Area 6 1, 787 2 ,512 3 , 502 2 , 878
Area 7 1, 124 1, 351 1, 352 1,110
Area 8 4 ,698 6 , 590 8 , 738 7 ,281
Area 9 2,831 3,079 4,924 3,051
Area 10 6 , 886 9 , 616 12 , 206 9 , 189
SUB—REGION B 17 , 326 23 , 148 30 , 722 23 , 509

Area 11 3, 533 4 , 673 5 ,617 5 , 548
Area 12 11,623 16 ,800 22 , 331 16 , 817
Area 13 7,528 11,101 10,819 5,375
SUB—REGION C 22 , 684 32 , 574 38 , 767 27 , 740

Area 14 5,280 6,942 9,501 7,629
Area 15 14 ,474 24 , 795 37 , 345 34 , 224
Area 16 883 1,323 1,803 1,942
SUB—REGION D 20 ,637 33 ,060 48 ,649 43 , 795

Area 17 14,755 20,258 26 ,041 23 ,579
Area 18 10,820 16,692 26,977 30,132
SUB—REGION H 25,575 36,950 53,018 53,711

Area 19 14,053 25,551 39,113 38,489
Area 20 3 , 413 5 , 293 8 , 807 12 , 0 3 2
Area 21 7,127 11 ,479 17,546 20 ,666
SUB—REGION F 24,593 42,323 65,466 71 ,187

TOTAL NAR 115 , 311 173 , 997 244 , 494 227 , 64 1

1 59
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TABLE R—llO
ANNUAL LIVESTOCK WATER REQUIREMENTS

(Million Gallons)

1964 1980 2000 2() 21 )

Area l 3 2 2 2
Area 2 173 211 259 275
Area 3 370 449 508 529
Area 4 279 302 311 322
Area 5 248 320 369 381
SUB—REGION A 1,073 1,284 l , 44~ 1, 509

Area 6 329 347 359 371
Area 7 640 694 750 776
Area 8 1,095 1,008 895 920
Area 9 523 537 565 589
Area 10 921 862 929 957

— SUB—REGION B 3,508 3,448 3 ,498 3 ,613

Area 11 2 , 725 2 ,918 3 , 191 3 , 324
Area 12 3 ,491 3 , 775 4 , 147  4 , 316
Area 13 20 23 25
SUB—REGION C 6,236 6 ,716 7, 3 63 7 , i0c~

Areal 4 343 45 2 2
Area 15 3 ,698 3 ,413 3 , 497
Area 16 206 105 88 5) )
SUB—REGION D 4 , 224  3 , 563 3 , 587 3 , 704

Area 17 7 , 857 9 , 391 10 , 42 10 ,82 -4
Area 18 2,103 2 ,549 2 ,876 3 ,032
SUB—REGION H 9,960 11,940 13 ,258 l3 ,85s

Area 19 3 , 626 4 , 122 4,561) 4,711
A rea 20 567 598 h~~6 349

Area 21 4914 914 978 575
SUB—REGION F 5 , 107 5 , 66 0 6 , 164 ii , 12-5

TOTAL NAR 30,108 32 ,611 35 , 3 5 5  36 .671



TABLE R—ll l
ANNUAL RURAl DOMESTIC AND LIVESTOCK WATER REQUIREMENTS

(Million Gallons)

1964 1980 2000 2020

Area 1 1,428 1,920 2,637 2,776
Area 2 976 1,264 1,438 1,073
Area 3 1,113 1,367 1,722 1,708
Area 4 560 680 762 773
Area 5 1,492 1, 995 2 , 762 2 ,878
SUB—REGION A 5 ,569 7 ,226 9 , 321 9 , 208

Area 6 2,116 2,859 3,861 3,249
Area 7 1, 764 2 ,045 2 , 102 1, 886
Area 8 5,793 7,598 9,633 8 , 201
Area 9 3,352 3,616 5,489 3,640
Area 10 7,807 10,478 22,135 10,146
SUB—REGION B 20,834 26,596 34,220 27 ,122

Area Il 6 ,258 7 , 591 8 , 808 8 , 872
Area 12 15,114 20,575 26,478 21 ,133
Area 13 7,548 11,124 10,844 5,400
SUB—REGION C 28 , 920 39 ,290 46 ,130 35 , 405

Area 14 5 , 623 6 , 987 9 ,503 7 , 631
Area 15 18,172 28,208 40 ,842 37 ,8
Area 16 1,089 1,428 1,891 2 ,032
SUB—REGION D 24 ,861 36 ,623 52 ,5Ob 47 ,499

Area 17 22 , 612 29 , 649 36 , 463 3 5 , 3 03
Area 18 12 ,923 19 , 241 29 , 853 33 , 164
SUB—REGION E 35 , 535 48 ,890 66 , 316 67 , 567

Area 19 17,679 29,673 43 ,o73 -4 1 , 200
Area 20 3,980 5 ,891 8,433 12 671
Area 21 8 ,041 12 , 393 18 , 523 21 , 630
SUB—REGION F 29 , 700 47 , 983 71 ,630 77 ,~~l l

TOTAL NAR 145,419 206,608 279 ,853 263 , 412
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CHAPTER 6. DESALTING AS A WATER SUPPLY SOURCE

Desalting as a technique in water supply has not been used
in this relatively water rich area because its monetary and a s s oc i at e d
environmental Costs are high when compared to more convent ional  s u r f a ce
or groun d water sources. Nevertheless this technology is applicable in
some parts  of the N .A . R .  and its future costs competetive with conven-
tional sources.

The conversion of sea or brackish water to fresh is ta t a new
idea. Aris tot le  in the four th  century B .C.  described how to boil  s i l t —
water and condense the steam to release fresh water. However , the
~~~~~~~~ demand for  desalted water  to supp lement ra in  supp l i es  did not
arrive until the second half of the present century . The world ’s
population was exploding ; the amount of naturally—produced pot able
water remained constant. The collision between these t r e n ds  was in
sight.

A significan t aspect of desalting is i ts  c a p a b i l i t y  to  pro-
vide a comp le tely controllab le new souce of freshwater that isn ’t
subject to the whims of nature . Fur thermore , it is a sou r ce not com-
plica ted by many of the institutional constraints that often exist
with interbasin transfer, or with local diversions , its flexibilit ’.
permits i t  to be located near the area of need wi th  units added as
the demand increases. This permits it to be used as a f i r m  supp l y ,
as an in terim supp ly until large surface water supp ly systems can be
put into operation , and as a conjunctive supp ly to increase the firm
yield of an exis t ing system. The several processes availab le make it
poss ible to use feedwaters  w i t h  s a l i n i t ie s  rang ing from a few thou-
sand parts per mill ion (p.p.m.) to that of seawater (35,000 p.p.m.).
Thus the best use can be made of the local available feedwater .

TIlE SALINE WATER CONVERSION I’ROGPAM

President Truman noted the w a t e r  prob lem in h is  1950 bud get
message : “ Exper ience  in recent  years  has been t ha t  i t  may not  be pos-
sible to meet the shor tages  of wa te r , which are a t h r e a t  in some areas ,
throug h our ex tens ive  wa te r  resources programs . I recommend , t h e r e f o r e ,
that  the Congress enact legis la t ion  a u t h o r i z i n g  the i n i t i a t i o n  of r i —
search to f ind  the means for t r a n s l e r r i n g  s a l t w a te r  i n t o  I r t - s l i w i t c - r
in large volume at economical costs. ” Se v er a l  b i l l s  r e l a t  i n g  t o  s a l  in c
water conversion were i n t r o d u c e d  following t h e  I r e s iden t  ‘s b ud get  mes-
sage , but  it was not until 1952 that a bill introduced by the late
Senator ( t h e n  R e p r e se n t  a t i ve ) Clair Eng le ci Cal i f a r i t  I a  was e n a c t e d
into law.

This first legislation a u t h o r i zed a f i v t - — y e a r  p r o g r a m  to
deve l op prac  t i cal low—co~-.t means of p r oduc  i ng f r o m  St  twater , or ‘I  i s - c
sal ine waters , wa te r  0 1  1 ( 1ua l i  ty su i  t a b l e  l o r  ; I % r  i cultural , i n d u s —
t r i a l , munic i pal , and o ther  bi ne t i c i a 1 i-o n st l m p t i  ye liSt- S Ofl a i l &
s t i f f  ic ie n t  to de te rtn ine  the  i c - a s  lb i l i t  

~
‘ of  the deve lopm& n I i s uch

production and distribution on l a r g e — s c a l e  b at-i is. U n d er  p r c ” i s  b i ts
of t h i s  act  , the  S ecr et  t r y  of the hi t  cc ior est ab I i  shed  t h e  O f t  c c
Saline Water (OSW) to develop new or improve d (olive rn ion  r c c - t - c a-- - l iv
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me ans of research grants and con t r ac ts ;  to conduct  r e n c - a r c i c  and
techn ica l  developmen t work ; to make careful engineering studies to
ascertain the lowest investment and operating costs; and to d e t e r m in e
the best p lant  designs and condit ions of ope ra t ion .  The law was
amended a number of times to increase the au tho r i za t ion , and e xp a n d
and extend the program of the OSWO

In 1958 , the Congress enacted a Join t Resolution , introduced
by Senator Clinton P. Anderson of New Mexico , a u t h o r i z i n g  the Depar t -
ment of the Interior to cons t ruc t  not  less than f ive  sal ine w a t e r  con-
version plants to demonstrate the reliability , engineering, operating ,
and economic potent ia ls  of t h e  most promising sea or brackish  w a t e r
conversion processes. Three of these plants were to convert seawater
to f resh , while two would u t i l i z e  brackish w a t e rs f rom in land  areas .
Five such plants were constructed.

Perhaps the best known of these was the 1 m . g . d .  m u l t i s ta g e
flash distillation plant at San Diego , California. After c p e r a t i r c g
succes s f u l ly for nine days less than two years , t h i s  p l a n t  was dis-
mantled and moved to the Naval Base at Guantanamo Bay , Cuba , to he l p
provide fresh water for that installation , it has been rep laced by
an improved technology , 1 m . g .d .  distillation plan t at San Diego. At
Freepor t , Texas , the O f f i c e  of S a l i ne  W a t e r  cons t r u ct ~~d a long—tub i
ver t ica l  d i s t i l l a t i o n  p lant capable ot producing 1 m .g.d. of  fresh
water from the sea. A third distillation plant , using a fo r ~ c d — c i r—
cu la t  ion , vapor—compress ion  p rocess , u n v t - r t s  b r a c k i s h  w a t e r t o  1
t a .g . d .  ot  f r esh  w a ter  at Roswel l , N . ~ I. Also I p t i a r i n g  on b r a c k i s h
wate r is a 250 ,0 0 0 — g a l l o n s — p e r — d a y  ( g . p . d . )  t - l i - c t r o d i a l v s i s  p lan t at
hebs ter , ~~~

As a result 0! an i c c  t 1 t - i c t ~ - c I  p r u g l a n c  _i c i t l c i i ~ :c-d in 1965 ,
05W undertook to develop desalt i :ig  t c  c h n o lu g v  app i I~ ab le I l i t g e
p l an t s .  i l i e  m u l t i s t a g e  t l a s h  module it  San b i t - g o , shown in Fi gut
R—27 , is the first experimental dcsj  i t  j u g  un i t s pe c i  ii call v des i g i s - d
to pr vi de eng i ne er  ng t e d  operating dat for t i l e  m o l t  itn i i li on

lions—pe r—day desalting p l i t i t  s that will be required in 5 c~O&- d V O a s
ci  the w rid d u r i n g  t h e  ~~~~ -~ . It offers ellgi n t -e rs the opportun i tv
t o con t irm t - s t n t j al process lc ,jr iInt t t 1 5  and st r’ict ur i1 d c - s i gns t h a t
w i l l  i t -  ut Ii zed in thc i - f t  i c i t - i t t  and e c o n c im i  c a l  d esi gn , c o n s t r u c t  ion
and ~~ rat ion of v er y  l a rge  d e s a l t i n g  p l a n ts .  i l ug h it is only a
Si  i - c c )~ a p o r t i o n  ) f  a 50 m . g. d. nu l t  i s t  age f l a s h  di st  I 1 lit ion  pro—

1 5 5  desalting plan I , the  modu i i-  s i mu )  a l t S the  ope r i  t i on o l  ii t i i l l
P 1 J u L

Ii Augus t 1970, 05 W i n n o u u i  c t d  i ~k- ir  r a n d u m  of I nd - i-s I ~i I i  u ig
I c r  ( l i e  cle v t i l o pm e n t  u t  a m o d ul e  s r - s i c - r n  in Or a ng i - C o u n t y , C i l  . t i c i t
w i l l  c o m b i n e  the -- - r i  ica l tube e v ap o r a to r  and inult 1s t i g i -  I h u h  ;t i  0—

cesse.s . The m o d u l e  w i l l  es tab 1 ishi the I c - ch ino  I og’. l ie cess i I V t o  con - - -
st  rue t and g u a ran t e e  t h e  p e r t  ) F11i i i l c t  0 1  p 1 au i t s  up to  . 1 ) 5  m .  g . 2 . m c d
W i  11 serve as t h i c -  b .is I c  e lemen t f t  r sc - i t ’ up I - 1.ii gt - I H I e t -  cot  ot \~~~~i

- 5

I t i s  p l a n u i e c l  th i ct constr ic t l i i i  tO  t h e  modu It - wi I I beg in ii i  I i n -  s i i r l r n t - r
of 1 1 7 1 .
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DESALTIN G PROCESSES AND ENERGY SUPPLY

APPLICABLE PROCESSES

The choice of a desalting process for application to a
particular saline water supp ly is generally based on minimum cost .
Many factors need to be considered in arriving at a choice , includ-
ing :

• Salt concentration and composition of the feedwater.

• Maximum acceptable concentration of salt in product
wate r .

• Difficulty in disposing of waste br ines .

• Commercial status of the process.

• Size and location of plant.

• Type of energy sources available.

• Type of operating and maintenance personnel ava lable
at the site.

Desalting processes in commercial use are of three general
kinds : distillation processes , including multistage flash (MSF) plants,
vertical—tube evaporators (VTE), and vapor compression (VC) process
used in combination with VTE , MSF or other variations of distillation ;
membrane processes , includ ing electrodialysis (ED) and reverse osmosis
(RU) ; and f r e e z i n g  processes ( V F ) .

The d i s t i l l a t i on  processes have been most widel y used
throughout the world in desal t ing plants fo r  seawater or the most con-
centrated brines , while membranes have been used generally for brackish
waters with less than 5,000 p .p.m. of dissolved solids. The disti lli-
tion processes produce a high—purity product of 5 to 25 p .p.m. dissolved
solids. ED product water generally is produced wi t h  about  500 p .p .m .
of dissolved solids and RO product water about 500 p.p.m. depending on
the choice of membrane. Distillation product water has t h e potential
use of blending with other supplies to improve water qualit y . The
d i s t i l l a t i o n  p l an t  waste  stream is generally concentrated to 7% to 1O~
sal t , while the membrane process waste  s t ream usual l y c o n t a i n s  onl y
about 0.5% to 2% salt.

The most  extensively used process , at present , is MSF dis—
till ition . Plants using this process are comme rciall y a v a i l a b l e  t o
approx imate l y 10 m .g . d .  c a p a c i t y .  C u r r r e n t ly , t h e r e  is co ns  i d e r iblt -
emphasis on the development of VTE , RO , and combination processes.
These may t h e r e f c c r e  be of g re at e s t i n t e r e s t  b r  the lar g e  di s a l t  in g
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plan t app lications of the future.

Membrane process p lants can readi ly be located wherever
electric power is available , provided t h a t  feedwate r  does not exceed
about 10 ,000 p .p . m .  of s a l t .  D i s t i l l a t i on  p lants  requi re  a source
of steam to heat the w a t e r .  The steam may be supp lied by coal , oil ,
gas—fired or nuclear boilers , by large power plants for dual—purpose
use in producing electricity and desalted water , or by vapor compres-
sors. The latter are driven by electric motors , steam or gas tur-
bines , or diesels. Electrodialysis process plants for 1.2 m.g .d. hav e
been built and are in operation . A reverse osmosis plant of 150,000
g.p.d. is in operation.

The cost of desalted water varies considerably depending on
plant location , size , type of desalting process , financing and many
other variables. Current commercial plants of 1 to 3 m .g.d. capacity
produce water in the general cost range of $1 per 1,000 gallons.
Studies of large nuclear—powered , dual—purpose plants indicate that
costs of 2O~ to 4O~ per 1,000 gallons may be achieved in the l980s .
Collection and water conveyance costs could add another 5~ to lOc per
1,000 gallons.

DISTILLATION PROCESSES

Most water  desal t ing p lan ts  in recent years  have used the
multistage flash (11SF) distillation process , and consequently this is
the most thoroughl y proven method of producing desalted water. Recent
developments in improved heat t r ans fe r  tubing for use in vertical—tube
evaporator  (VTE) p lants promise economic advantages to these plants ,
however. Another  recent development in VTE conceptual designs has
been the use of the MSF evaporator to recover the heat from the brine
and product streams and heat the incoming feed stream . This approach
has the advantage of reducing th e cost of heat recovery surfaces.
V ipor compression (VC) d i s t i l l a t i o n  is a well es tabl ished d e s a l t i n g
process that is particularl y app licable to requirements for compact ,
low marine app lications and for several land—based desalters in the
range of 20,Oi)i) g.p.d. to I m.g.d .

MSF Process

The 11SF d i s t i l l a t ion  process makes use of t i l t ’  f a c t  that w a t e r
boils at p r o g r e s s i v e ly lower t e m p e r a t u re s  as it is subjected to pro-
gressively tower pressures. The process is illustrated in Fi gure R—28 .
Seawater is heated and then int roduced into a chamber where t he ’ pre-
ssure is sufficiently low to cause some of th e - wace r to boil in-
stantly , or “flash” into steam . Vaporization of some ci the water
results in a lowering of temperature of Liii- remaining bri ne. The br ine
then f lows into the next chamber whit re the pr eseil rc ’ is I owe r than in
the previous  chamber , more of ti -m e water flashes into steam , and the
temperature is aga in r e c h l i c t - d . Conch en s i t  io n  O c t 1 1  rs when the steam
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cones in to  cont ac t w i th  the  heat exchanger throug h which t h e -  incoming

~a l t w a t e r  f lows be fo re  passing throug h the brine h e a t e r .  In th i s  way ,
the heat which i must be removed from the steam in order to c o n d e n s e
it in to  f r e s h w a t e r  is t r a n s f e r r e d  to the seawater , supp ly ing  it with
some of the heat energy required  to cause it to boi l .

VTE Process

The diagram shown in Figure R—29 illustrates the long—tube
vertical distillation process. The sal twater falls throug h a bundle of
long metal tubes located inside- a large chamber. As the saltwater falls
through the  tubes , it is heated by steam which surrounds the tubes.
Ti-mis heat exchange operation converts some of the water from the sa l ine -
solution inside the tubes into steam , and , at th e same tine, condenses
some of the steam which surrounds the tubes into fresh water.

To obtain high efficiency in the utilization of heat energy ,
the process is re peated in several chambers which are arrange- ti jim series .
The Steele for th e first chamber is supp lied by an e x t e r n a l  ste - li e source- ,
and the condensed water front the ii rst chamber is returned to tii ~ - s t ee r
source plant i s  be reconverted into steam . Steam gone-rated inside the
tubes of t h e ’ first chamber flows to the second c lia cni-e r wh it- re it surround s
the second bundle of tubes. The brine t h a t  did not vaporize in th e I irst
c h - i m b er  enters at t h e top of the second chamber and flows downward
through ti-me second tube bundle. The steam surrounding thu L u b e ’s heats
tlme br in~- as it falls , converting sonic of th e water inside of t h i c  t n h t c - s

in to  steam , and condenses on the outs ide  of t i te  tubes i n t o  fresh wet er .

This process is repeated throug h a number  of chambers . The
Leelpcr;ltnre ec f  the saline wate r  drops as it progresses through t h e
se r ies  of chambers . T h e  pressure in each chamber is also progres-
sive ly reduced to permit vaporization to occur  at lower t empera tu re s .
The brine which collects at th e bottom of the last chamber is dis—
charged.

MSF—VT E Process

In a comb ination mult istag e flash—vertie -al—tuhe evti p c crator
) ‘-hs h ” — V U k )  process plan t , i section utilizing the 5SF procc-ss is
opt’ rated in conj uric t ic cu wi tht a V I E  p l - c c c e ss  section in such a i.tv I i i i

th e 11SF see’don serves as a fec c iwi t ci r he iter i c c r  t h e VII. st- ct ion.
P a r t  i f  the s - n w - i t  e r  I Oeel stream se’rves as e c to h a t _ u t  In t h e- fin a l con-
den ser of t h e VIE sect ion and tbm en , mixed with add i t  i c n n  1 sc , i w , c  t c r  , is
acid i F ie ’d , c h e a t ’ rated end pumped into the con he ’ ns e  i tube buriel los of ~t S t -~
see t ion . This f t  - i - c l  p r op r eu s e s  Lii  rough t h e ’ conde -n i-i c r t i t h  c ~- c c l  a ii 11SF

- i t  ages  , picking up h e a t as it condensc ’s t h i t  - st t im .  Th e I e t c h  f i n n  11 v
enters the brine bc - tie r whe re- i t s  te nipt -ra t iu re is rai sed tc a f i n a l
tempe r t ire- (.i h c p r t cc xiiuni tel y ‘ ( 5 ° I- ’ . ) .

[lie heated se t~- ite r is sp lit so t h a t  a p c c i - t i c t l i  i s a d m i t  t - l  t o
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the tubes of the first VTE effect and the remainder becomes the flashing
brine steam in the MSF stages . Steam from an external steam source con-
denses on the tubes of the f irst VTE ef fec t , vapor iz ing a comparable
amount of the seawater. The brine front the first effect is delivered
to the first MSF stage where it mixes with the balance of the seawater.
Steam from the first effect is delivered to the second effect as in a
normal VTE cycle. Brine flashes downstream in the 11SF as in a norma l
11SF cycle. However , from cer tain stages , brine is withdrawn to feed the
VTE effects operating at the same tempe rature as the MSF stages.

The process is repeated and continues through the last VTE
effect to the final condenser and the condensate sent to an appropriate
stage of the multistage flash (MSF) section . In this fashion all of
the heat supplied to the first effect is passed as latent i-meat to the
final condenser , each e f fec t has the same heat duty , and there is vir-
tually no gain or loss of heat between the vertical—tube evaporator
(VTE) and 11SF feed heater.

A flow diagram of the MSF—VTE process is illustrated in
Figure R—3O .

Vapor compression (VC)—VTE—MSF process

In a simple form , the VC process consists of a single—effect
VTE with brine boiling inside the tubes or flash ing above the tubes .
The steam produced is pressurized and heated with a mechanical com-
pre ssor , then condensed on the outside of the vertical tubes , therebr’
boiling more brine and producing desalted product water.

Mos t of the energy required by the process is used in the
vapor compressor , and only a small amount of additional heat is re-
quired to offse t losses fr om the equipment. Thus , ti-me key economic
factors in the process are the VC driver and the cost of its required
fuel. It has recently been proposed tha t the VC process can be made
more efficient by comb ining it with sing le— or m u l t i — e f f e c t  VTE and
with 11SF feed heating . The comb ined process flowsheet in its simp lest
form is shown s c h e m a t i c a l l y in Figure R—3 l . Seawater feed passe ’s
through the heat re-c o v c - r y  tubes of the MSF and is heated  to  a tempera-
ture  a few degrees below the ope ra t ing  t empe ra tu r e -  of the VC-V ’IT u n i t .
Not shown on this  d iagram are the  necessary ac id  t r ea tmen t  and t u e
decarbonat ion for  the p r e v en t i o n  of alkaline s-ale- deposition in t hi t ’
tubes of ti-me 11SF and of the VTE . A f t e r  hie ing preheated in ti-me NSF ,
the seawater feed s t ream is fed  to the VTE where it may be evapor~m t  c d

in one effect or in several ell ects.

MEM B RAN E PROCESSES

The two p r i n c ip a l  ty p e ’ s of membrane- processes are - e’lcctro—
dia lysis (ED) and reverse osmosis (RO) . Thest- proce sses appear ti c
h i,mvc ’ wide appl ient ions in t rc it ing brackish waters , t h o s e  h ying I o w e n
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salinity than seawater. The principles involved in the two processes
are described in the following paragraphs.

-: ED Process

Electrodialysis (D) is a process which extracts dissolved
salts from water by using membranes that are permeable to positively
or negatively charged ions and impermeable to ions of the opposite
charge. A schematic representative of this salt—removing process is
presented in Figure R—32 .

The ED cell shown in Figure R—32 consists of many ion exchange
membranes stacked between an anode and a cathode. These membranes are
defined alternately as C types and A types , and are separated by
spacers which allow flow between the membranes. The C—type membrane
is a conductive sheet of cation exchange resin permeable only to
positive ions , whiie the A—type membrane is a conductive sheet of
anion exchange resin permeable only to negative ions.

l.lhen a direct current potential is app lied across the anode
and cathode and a saline feed is pumped through the membrane stack , th e
positive ions in the solution migrate toward the cathode. These ions
pass easily through th e C—type membranes , but are stopped when they

reach an A—type membrane . Likewise , negative ions In the solution mi-
grate toward ti-me anode , passing through the A—type membranes and be i n g
stopped when encountered by a C— type membrane. Thi~- ion concentration
increases in alternate compartments which are called the brine passages.
Simultaneously , the other compartments become dep leted of ions . These
are known as product  passages.

l t  is possible to achieve the desired degree of pur i i  I c a t  i t in
in a sing le pass th roug h a large s tack .  Uowever , t h is c a u s e - s  u n d e s i rab -
ly large va r i a t i ons  in c u r r e n t  dens i ty  w i t h i n  the stack. At t h e  s t a c k
ou t le t , the  d i f f e r e n c e s  in ionic c o n c e n t r a t i o n  in t h e  b r ine  mud pr o d uct
s t reams cause a g rea te r  overal l  s tack r e s i s t a n c e  (and lower  current
dens i ty )  than  at ti -me s tack inlet , where t h e- c o n c e n t r a t i o n s  of t h e  two
streams are equal .  To achieve minimum power u t i l iz a t i o n  eh c ’sni h i i i e t  ion
in an ED p lant is usuall y achieved by p l a c i n g  severa l  st ac k s  in S e C  i t S .
Ti-me b r ine  and product  o u tl e t  s t reams from each st ‘~ck are ’ i n j ec  ted In t o
time i n l e t s  of [l i e ’ b r ine  and product  St re -ems , r e s p e c t  i v e -l y ,  of the
subsequent  s t a c k .  Ti -mi s f a c i h i c a t e s  a more- u n i f o r m  c u r ren t  d e n s i t y
t h r o u g hout  any c’ne ’ s t a c k  and r e s u l t s  in the i : sc p t  e I  f Ic i c i i t  usage ol
powe r supp lied t cc each stack.

RO Process

OSiiic tsls iinel re ve rse- osmosis (RO) , c c i t i l e- re ’vc ’r s i l c t  c i S i l i c i t  i t

f low , depend on the cx ist c-ute’ e- oh a ni t -nh r m ne t h i n  t is se le’ c ’ t I vc lit  t l i e ’
se-use ’ l i t - i t  c e - i t , i  in componei n t s of a s c c l i i i  ion can i’ - ° ~ t b c r c c i i p h [l i t ’ mem-
brane  , w h i l e ’ one ‘c more’ o t h i e - r c c c t i h i c ) i t c ’ tit s c , m i i n c ’ t  . Th is m l  F i n sic -
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property of a membrane is known as semipermeability. From the stand-
point of desalination , the following explanation describes the
phenomena of RU. Assume a semipermeable membrane which acts as the
Interface between containers , one containing relatively pure water and
the other containing a salt solution . Under normal conditions water
w i l l  f low from the pure container through the membrane and into the
concen t ra t ed  so lu t ion , thereby diluting the concentrated solution.
This phenomenon is known as osmosis. The driving potential for the
f low of pure w a t e r  is known as osmotic pressure . The actual flow of
f l u i d  is related to the chemical potential of ti-me solution. This
chemical potential is a function of the solution pressure , temperature ,
and the number and types of molecules in the solution .

App lying an external pressure to the concentrated salt solu-
tion equal to the osmotic pressure will completely stop the flow of
fluid through the membrane .

This conditi -~ of zero flow is known as osmotic equilibrium.
If the external pressure on the salt solution is continued beyond the
osmotic pressure , a reversal of flow will take place. Pure water will
be separated from the concentrated salt solution. The resu l tan t e f f e c t
is to f u r t h e r  concentra te  the saline so lu t ion  and to produce  pure
w a t er .  A p ressure  of 600 to 1000 p . s . i .  is norma l ly used fo r  p r a c t i c a l
reverse osmosis (RU) .

The p r inc i p le of RO is i l l u s t r a t e d  in F igure  R—33.  ‘ l i - me  sa l t -
w a t e r  is f i r s t  pumped th roug h a f i l t e r  where suspended sedids t h a t
would  damage ti -me membranes are removed. The saltwater is then r a i sed
to ope ra t ing  pr essure  b y a second pump and then i n t r o d u c e d  i n t o  t u i e  d c —
s al ina t ion  u n i t .  A p o r t i o n  of t i - me w a t e r  pe rmea tes  the  membranes  and
is collected as product water at the bottom of the unit. ‘li -me brine
is discharged at tI le ’ top of the unit.

Freezing }t rocesses

It has long been recognized ti-mat saline waters can be purified
by various freezing processes. When a saline solution is f r e c ~~e ’t i , fre sh
Water ice crystals dre ’ formed , and the salts are’ concentrated in t u e
remaining brine solution . Ti-me i c e ’ crystals can t h e n  be separate’d i ron
the b r ine , was h ed , and me l t ed  to  y I c - i d  f r e s h i  w a t e r .  ~e-v eral wet e r  e c u—
ver s ion  processe s  u t i l i z i n g  a freezing step h , a v e -  been dc -vt - loped  and i n —
v e s t i g a t e d  in p i l o t  p l a n t s .  T hese processes l - m a v i i  used a v an e- t v  c i i

me thods  fo r  I r e e z in g , in c l u d i n g  d i r e - c t  c o n t a c t  be tween  t h t e  I e e ’d w . i t e r  and
a secondary  inso lub le  r e f r i ge r an t  such as b u t a n e -  and r e t  r I ge n i t  i , ’ i i  by
cb sorp t  ion of th e- w a t e r  vapor wi t h i  l i t h i u m  b r o m i d e  s o l u t i o n . In pro hi tic Iv
t i-me most  sit  cd e- ss  i u 1 I Ce ’e’ ze p recess th a t  h a s  b e e -n  deve I t  pc ’ c~ to ch it e , t he ’
sa l i ne  w a t e r  is cooled  below i t s  i r c - e z i i i g  p o i n t  in one c- ’nipa rtmt-nt by
v a cuu m e va p o r a t i o n . The w a t e r  vapor  e v o l v e d  in t i - me n  e : e i m p r e s s e - u  and
c o n d e n s ed  on the  r e c i t i n g  ice ’ c r V s I  a s i n  a se-p ar i t e cc cncp irtme nt . As  t h e ’

Vapor - e t i d e - u s c - s , it g i v e - s  u p i t S  h i t a t  a t  v i p o r i ; I t  ion and t i - m i s  heat is
abso rbed by t h e’ i c e  in m e l t i n g .  H i t - con de nse - cl v a p o r s  ar - i  md- i t  e d  I c t ’
I orm co ld  pr eu h c i c - t  w a t e r .  A n u m b e r  c i t  c r c - l i p s  have’ c - i t t  t e d  c c i t t  r e - s e a t  - i t

d i r t  t h i s  s e c — c - a l  led vacuum i t  t - e - ~~ e — v a p o r  t -omp iess i on  ( V h - ’V C )  pi  oc e - s s .
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ENERGY SUPPLY

Distillation Processes

The primary energy requirement for plants of the multistage
fl ashc (MSF) , vertical—tube evaporator (VTE), or combination MSF—VTE
types is in ti-me form of process steam having a saturation temperature
below 300° F . In t u e  case of water—onl y plants , this steam may come
from low pressure s team genera tors , e i ther  f o s s i l —  or n u c l e a r — f u e l e d .
In situatIons where there is a ready market for power in t ue area ,
significant savings accrue from combining the power and water pro-
ducing functions into a dual—purpose plant , with power generated by
b i c k p r c s s ur e  steam tu rb ines  tha t  exhaust  steam at a p r e s su re  appro-
priate for use in the  evaporators . In add i t i on  to the p r o c e s s  s t eam
requirement of about 1 pound of steam for 10 pounds of produ ct , dis—
tillation plants require In the order of 0.2 MW/m.g.d. of energy f o r
pump ing ,  e i t h e r  In the form of e l e c t r i c i t y  or s h t , c f t  o u t p u t  fr e im s t e - t i m
t u r b i n e  dr ives .

The primary energy requirement  f o r  vapor compression (Vt-)
p l an t s  is in the form of m e c h a n i c a l  energy  f o r  d r i v i n g  t h t e  vapor  corn—
presser. This e t c c r g v  can be derived from e l ectric motors , steam t u r —
b l u e s , gas turbines , or gas/oil—fueled engines. If  g-is turbine’s or
engines are used , a large part of ti-me exhaust and cooling sys tent hce’ti t
can  be profitab ly recovered and utilized in the evaporator p r u c e ’s- .

Me-mb ro ce Processes

Energy r equ i r emen t s  fo r  ti -me memb r ane ’  p r o c e s s e s  are  ge - d c - r a l l y
entirel y e lectrical . Electrodial ysis (ED) p lants r e q u i r e ’ a p p r o x i m a t e l y
5 kw. — h r . / l ,000 gal . of  product per 1,000 p.p.m . oh salt r e m c - v e ’ ci for
the  c e l l s  and 3 kw . — h i r . / l  ,000 g a l .  of  p roduc t  f o r  pe imp in g .  l ump ing
e’n ergv  r e qu i r ed  fo r  RU p l an t s  var ies  w i t h  ti -me r e c o v e ry ra t  j c ( p r o d u - t /
i c - ed)  , r ang ing  f rom app rox Ima te l y 17 to  10 kw . — h r .  / 1 , 000 ga l .  p r o d u c t  as
the r e c o ve r y  ra t  I c i  ranges f rom 0.5 to 0 . 9 .  b t Is poss ib l e -  t c r e - c i t e  e ’
t he  power r e qu i r emen t  b y up to 20~ at  t i - me lowe— C r e ’c ov e’ rv r a t  i cc  b y u s i n g
ne w er  recovel - v wa te r  t u r b i n e s .

Fr e -e’ z i i t g  P r o c e s s e s

I - r c e rgy r e q u i  i e ’ .ne ’rc t  s t or  a VFV~ p lan t are’ c ut  i re- l~’ 0 l e i ’t r I  c a l .
T h i s  en ergy compr ises a - d t i ~~c ir  f r ; i c t  i c -n  o f  t h e  c e i s t s  f o r  -m~- , i t e r p t c t u i i c  t i o t i .
E l e c t r i c a l  power c o n s u m p t i c i i t  is s t  t o i c g lv  de penden t  upon t h e ’ I t e c l w , i t  e r

c - r i p e - r a t  t i re -  and sa Un i t~’ , and c i t ’s a l t  i t -mg on i t  S i  c c - . it c ) W t  ~ i t C h ) !  I rement s
1 or conve r s ion  c - f  se -aw ~i t e r  c t  70° F t i l e -  about  4 ar id 30 KWH/i ,000 gal I c i t i s
c i t  p r odue - t or  u n i t  sh e s  c i t  0 .1  and 0 .5  MF-1) r e s p e c t  I v c - l ~’ .

I i ~ES AAI I i i V l I e h ’ N L N l ~ - IN D1- i-AL ’FIN( ;

L~VL\ jURY (IF h ) l . i ~A h I IN ( ;  Pl AN I S

l i i i  J a t c t i a r v  i , 1970 , l i i ,  re w e - i c  7. ei cit s i l t  lug p h n t t  s of 2~~,ui i t
g. p .t l . - a pe d  t y  of gr e a t e r in  c c p c - r a t i o t i  or n i t - F  c c c n t s t  r u t l e n t  i i i  t h e
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wo r ld , comprising a total capacity 271 m.g.d., as shown in Tab le R— 112 .
Of these , 40 plants with a combined daily capacity of 24 m.g.d. repre-
sent new construction starts during 1969. Based on advance reports
from manufacturers , the outlook was for an additional 45 m .g.d. of de-
salting new starts during 1970.

TABLE R—ll2
WORLDWIDE DESALTING DEVELOPMEN T ARRANGED BY SIZE OF PLAN T

Total Capac i ty
Individual Plant Size Range No. Plants in Range

(1,000 g.p.d.) _ in Range (m.g.d.)

25 — 99.9 367 19
100 — 299.9 232 39
300 — 999.9 69 36

1,000 — 4 ,999.9 51 108
5 ,000 — or greater  7 69

Total 726 27 1

About 98% of the total plant capacity is of the  d i s t i l l a -
tion p rocess ;  the remaining 2% is of the membrane’ and crystalliza-
tion process types. Approximately 50% of the total world desalting
capacity is for the purpose of meeting munci pal water needs An esti-
mated 2% of the total is developed to satisfy special domestic ,
military , and tourist demands; ti-me remaining 48~ is for tine industrial
use. Worldwide projections made on the basis of the historic al dc-salt-
ing plant capacities indicate ti-mat t he total desalting plan t capacit y
in operat ion or under  cons t ruc t i on  b y t i -me end of 1975 w i l l  reach ab out
a b illion gallons per day .

PROJECTED USES

Base—loaded Water Supply

In some arc- a r-c of the world , ti-mere is s u f f i c i e n t  W i l t e r s tora ge-
capacity so that all usuable runoff is collected , stored , and allo c - c r e d

R —17 ~
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for beneficial use. This is true of the Colorado River i t t  ti-me United
States , and the Jordan River in the Middle East. In other areas , the
location of natural resources has caused an influx of population , for
development of those resources , into areas that have little or no
natural potable water. Exa mples of these are the oil fields along the
Red Sea and the Persian Gulf and the tourist meccas in ti-m e Bahamas .
The lowest cost desalted water to augment such regions would be from
base—loaded desalting plants , operating at full load as much of the time
as phi v -eic all y possible.

Operation In Conjunction with Conventional Supplies

Some regions , which have adequate rainfall and water storage
during normal years , may face severe restrictions during dry  years.
Desalting plants require a reliable saline water supp ly but are not
affected by the variations in the natural freshwater supp ly. If de-
sal ting p lants could fill the gaps in the natural water supp ly ,  a
small amount of relatively costly desalted water produced in dry years
would f i rm up a much larger amount of low cost natural water in average
or wet years. This type of system r equ i r ing  close coordinat ion of de-
sa l t ing  p lan t s  wi th  n na t u r a l  supp ly has been te r me d “ con jun c t i ve  use”
of desalting. The Office of Saline Water has developed a compute r prc’—
gram wh ich is an analytical tool used to help assess alternatives for
conjunct ive  operat ion of de sa l t i ng  p lants .  This p rogram Se le cts the
proper desalting plant size and the most economical rule for turning
the desalting plant on and off to meet a given dema n-cd .

A conjunctive distillation plant associa ted  w i t h  a powe r p lan t
would o rd inar i ly have a low pressure  tu rb ine  to accept S t e a m  wOe - i tb ce ’
desa l t ing  p lant  is shut  down . TI-m is low pressure  tu rb i ne c o u l d  be used
as spinning reserve and/or for peak power by diverting steam f r o m  tIle

distillation plant to the low pressure turbine .

Water Quality Control

Host users re - tu rn  w a t e r  to s- ’urce - w i t h  i t s  q u a l i t y  impai red
to a g rea te r  or less degree , depend ing  on use and leve l of wa s t e  w a t e r
treatment. In addition to ti-me loading of organics , i no rgan ic  mine ra ls
are- often returned in the waste stream . In an average cyc le of munici pal
and industrial use , and return to source’ , about 200—500 p.p.m. of salts
are added.

As population and demands of industry on our w a t e r  supp l y grow ,
so also will the degree of salinity of w a t t - F  se)urces fo r  downs t ream use rs .
However , tw cc choices are available. First , water may h e  manage d in  up-
stream reservoirs for dilution ; and secondl y ,  source- s c c l  s - i l i n i  t v  can
be t r e - it e d .  ‘lhe s econd  choice reduces the ove’ r~~1l w at e r  r e - q u l  re- m e -n t .
Sp e c i f i c- a l l y ,  indus t r i c e  r equ i r ed  tei t r e a t  t u e  I r was t c  w i t  e r  may I m d
i t  economicall y d e s i r a b l e  t e l  ex t e n d  t i le ’  t r e a t men t  to reme ive ’ all p c i  l i i i —
t an t s , i t n c l u d i n g  inorganic  s i l t s , and re -c yc le ’  w a t t - n .

H-I SO



The treatment of severe water  q u a l i t y  problems posed b y acid
mine drainage could be examined in the light of the ability of desalting
hardware to use such water as feed for conversion to a product cuitable
for municipal and industrial use.

Ground—water—dependent communities whose sole economic water
supp ly source is brackish water can upgrade such supplies by use of de-
salting plants.

Research continues on refinement of technology that will be
suitable for waste and brackish water. A modest breakthrough in reverse
osmosis could f ind this process widely app lied , pa r t i cu l a r ly to indus-
trial waste streams. Of course , suitable methods of brine disposal ,
part icularly in inland locations , must accompany the application of de—
salting technology for water quality control and re—use.

COSTS OF DESALTED WATER

Experience with present—day plants and studies of future
plants that take advantage of expected technological improvements have
been analyzed to obtain expected trends in the cost of desalted water.
These costs , based on constant—value 1970 dollars , fixed charge rate
of 7% to 10%, and probable energy costs , are shown in Figure R—34 for
membrar- o plants operating with brackish water , and in Figure R—35 for
seawater distillation plants.

POTENTIAL USES OF DESALTING IN THE NAR

DESALTIN G FOR NORTHERN NEW JERSEY AND NEW YORK C iTY

The importance of desalting as a potential source of supp le--
mental wa er supp ly to the North Atlantic Region was first assessed in
1966 by the- Northeast Desalting Team to investigate the ‘ pc-ten tial itie’s
and possibilities of desalting for Northern New Jersey and Ne’w York
City.” The team was composed of Federal , City and private utilit y
representatives. This study was initiated at the time of a seve re’
droug ht which had extended over a period of five years and threatened
the water supply of the major population centers in the Northeast.

A repor t  b y the Ral ph M . Pa r son -ms  Company , p repared  f o r  ti-me
North east Desalting Team , exp lores the feasibility and economics c - I  de-
salting plants in providing “drought proofing” for the northern New
Jersey and New York C i t y  w a t e r  systems . The r epor t  conc lude -s t h a t  d c —
salting: (1.) is an economical me thod for adding a fi x e d , con t ht i u c - i c i ~
qu a n t i t y  of po tab le  w a t e r  to ti-me natural supp ly, or 4~ ] .)  may  t ie -  u s e i -‘
i n t er m i t ten t  times when t h e  demand upon the natural supp ly r c du c
reserve reservoir capaci ty he-I -v safe- limits.

While  t i ie -  m a j o r  c o n s i d e rat  ion iii t b c e -  h c er s c t t s  e - i ~ 1 - - -
was the use of l a r g e -  d e sa l t i n g  p l an t s , up to  300 r n . .  d .  c l i -  , - - -

I -~~ 1



-

~~~~

635 CORPS OF ENGINEERS NEW YORK NORTH ATLANTIC DIV F/G 8/6
-‘ NORTH ATLANTIC REGIONAL WATER RESOURCES STUDY. APPENDIX R. WATE——ETC(U}

MAY 72
UNCLASSIFIED NL

3~~3 El
END

DATE
rILMED



— —  - .—J
~~

- _ ,  — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - -- - - -,.-- - - - .----

U)

‘-4U)

t

I ~~ : I~

•1 ~ 1:I ~~: I ~.! 11
~~ ~pi ~~~ I I 11
~~J 1~~~

j J
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~I: : rt-__ j  •1

~~ / j j
~~~~~~~~~~~~~ j
~~~~i~~~~— I ~r i i i

~~~~~~~~~~~~~~~~~~~ I - ‘ i i i  •1
~~~~~~~~~~~~~~~~~~~~~~ I I i i

CD I I
Z I I
— I i  1i:~I I

ii-I
.1• • H

4 0

I•~~.. ..., ~~~~:.

m
c.3~~< 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _I I - I

2 2
•~sI 000i/ ’W.o $S03 iS4S~~

R-182



C’)

— . 
~~~~~~~ ;~ ~i i rl—’ . .

I ,

1 

/ L. / I I~fti.f !~: I I I
2 I I I

/ L ./ b ! i ~
1
~t~

L/ ~i~i~3~/ ~ J I J • ’J/: / I I~~.I 2
I .  I I I ..-J U)

I • . I I I • —
/ i i  I
/ I I !

ILl I I I I
j  j  I I

zc n  I I l.. . •.~1JE~ / I I
cl3 o

~‘JJ~~

- mw < .
1i~1

I • I •

9 H

I’~ 0001 :~4u~o 4so3 ~‘4’M

R-183

L 
_ _ _ _ _ _  _ _ _ _  _ _ _ _



_ _ _ _

provide drought insurance for the New York and Northern New Jersey
water systems, the report also discusses employing smaller plants,
from 5 to 35 m g.d., at strategic points in the water systems. These
smaller plants might be operated by use of extraction steam from
existing power plants.

The lead time for design and construction of these smaller
plants would be considerably less than for large plants. Also, the
use of small—capacity desalting plants, as an interim measure for sup-
plying or supplementing water supplies, would provide additional time
for analysis of the total water problem and for experience with large—
scale application of desalination.

As a result of the study by the Northeast Desalting Team,
several follow—on studies have been conducted by the Office of Sa-
line Water in cooperation with New Jersey, New York City and New York
State. This work was aimed at assessing in greater detail specific
aspects of the role of desalting in the Northeast, including the use
of smaller scale desalting plants to meet the supplemental and emer-
gency needs of the individual boroughs of New York City, the operation
of a skid—mounted desalting plant on polluted feedwaters of the
Hackensack River in New Jersey, and the development of data for large—
scale membrane desalting plants operating on estuarial feedwaters of
the lower Hudson River or the Delaware River.

SEAWATER DESALTING AS EMERGENCY WATER SUPPLY FOR NEW YORK CITY

The New York City Board of Water Supply and the Office of Saline
Water supported a study by the Parsons—Jurden Corporation of 5, 10 and
25 m.g.d. desalting units located at several alternative sites in the
five boroughs. Up to 125 n~.g.d. of capacity was considered at any given
site. The multistage flash (NSF) distillation process was selected as
most appropriate for near term use. Steam supply might be made available
from a city incinerator plant, might be purchased from Consolidated
Edison Company, or probably would be generated in an integral steam
plant. In the latter case, substantial local oil storage would be
required.

The study included evaluations of siting. dissipation of plant
effluent, satisfying product quality criteria of the City, product con-
veyance and blending.

DUAL—PURPOSE POWER—DESALTING PLANTS FOR SUPPLEMENTAL NYC METROPOLITAN
AREA SUPPLY

OSW, AEC, the State of New York and New York City, joined with
Consolidated Edison of New York, Inc., in a study of the feasibility of
dual—purpose nuclear desalting plants to serve future power and water
needs of large metropolitan areas.

The study assessed the long—term technical and economic feasi-
bility of operating dual—purpose plants, in conjunction with existing
and planned systems and sources of power and water supply for New York

R- 184
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City. Particular attention was given to the quality of water produced
by desalting and its integration with existing systems. Conjunctive
operation of a 125—750 m.g.d. vertical—tube evaporator—multistage flash
(VTE—MSF) distillation plan t with a nuclear power plant and the surf ace
water supp ly system was studied. The feasibility of this concept , in-
cluding an engineering assessment of the facilities, costs, operating
procedure and related factors, was initiated. Water quality and
environmental requirements, including health standards and other possible
applicable regulations affecting the installation of a large dual—purpose
desalting plant in the New York City region, have been cited in the study.
The plant was assumed to be located at an offshore site in Long Island
Sound.

DISTILLATION PILOT PLANT AT A POLLUTED ESTUARIAL SITE

OSW and the State of New Jersey under a joint agreement pro-
vided for testing of a portable 40,000 g.p.d. evaporator which was erec-
ted at the Marion Street Generating Station of Public Service Electric
and Gas Company. The unit was constructed of conventional materials
throughout, and operated by the regular power plant operators of PSE&G.

Feed for the distillation plant was obtained from the
Hackensack River, a highly polluted source. No unusual taste or smell
was reported in the product. Foaming and carryover in the test plant
were no different than those encountered in most seawater desalters
operating today~ After an initial modification of the deaerating
system to make the components function properly, no undue corrosion
was encoun tered from ammonia , H2S, or other gases associated wi th
pollutants. It was concluded that a potable water supply could be
produced with certain pre— and post—treatment measures.

LARGE MEMBRAN E PLANTS ON TIDAL ESTUAR IES

The Stone and Webster Corporation , under contract to the New
York State Division of Water Resources, studied the engineering and
economic feasibility of electrodialysis p lan ts opera ting on var iable
salinity estuarial feedwater of the lower Hudson River. Conceptual
designs of 25, 50, 100, and 300 m.g.d. capacity were considered , as
were several sites on the Hudson and Delaware Rivers. The study in-
cluded a determination of the need for pre—treatment of feed from the
estuaries considered.

OFFICE OF SALINE WATER—PENNSYLVANIA STUDY

The Office of Saline Water and the Commonwealth of
Pennsy lvania have signed an agreement to study the potential of de-
salting processes to treat acid mine drainage and provide supplemental
supp lies of freshwa ter f or mun ici pal and industria l users. The
agreement covers both studies and the undertaking of research and de-
velopment work related to the app lication of desalting processes to
the treatment of acid mine drain.ge and other saline waters , including
disposal of brine effluent.
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Westinghouse is building a 5 m.g.d. flash evaporator system
for the State , to convert mine drainage into potable water. The plant
is located on a two—acre site outside Wilkes—Barre on the southeast
side of the Susquehanna River. Because of the highly corrosive nature
of the feed , the plant has titanium tubing.

OSW , cooperating with other Interior agencies, has been con-
ducting desalting studies on acid mine drainage in Pennsylvania since
1965. Tests, using the reverse osmosis process in a 1,400 g.p.d. pilot
plan t, were conducted near Kittanning, Pa.

CONCLUSIONS — DESALTING IN THE NAR

The studies cited lead to the conclusion that desalted water
should be considered among the alternativcs available to p lanners
examining long—term needs in the North Atlantic Region both for wa ter
quality control and especially as a means of supp lemen ting surface
water storage through the conjunctive operation of desalting plants
wi th exis ting surface water supplies. Operation of dual—purpose
plants appears to be advantageous.

An evaluation of desalting should include (1.) projected
costs of desalting, which tend to decrease with large capacity plan ts
and advances in technology, vis—a—vis conventional water project costs,
which tend to increase as reservoir sites become scarcer; (2.) the
oppor tuni ty given by desal ting to trade off capital cos ts for  opera-
ting cos ts, and (3.) the ability of desalting to create “new” water ,
fre e from legal , political and institutional constraints.

R- 186

~~~~~~T T T  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



5. --,— — . ~~~ ~~~~~~~~~~~~~~~~~~~~~~~ 
~~~ 5 5- - -r

CONSTRAINTS IN DESALT ING

PROBLEM S IN DUAL POWER—DESALTING PLANT S

As previously discussed , the n~ st logical and economica l
sources of steam fo r lar ge desalting plants are large power p lants .
Such dua l—purpose plants lead to savings of about 15%—20% in water
costs , but they lead to the constraints tha t the desalter must be
located physically close to the power source and the operations must
be closely coordinated .

A dual—purpose plant may be considered as a special kind of
thermal power plant. Adding the distillation plant to a thermal elec-
tric generat.~~g plant does not result in any real or inherent savings
in the power generating cycle , as turbine generators are designed to
make use of the available energy in the steam . However , if the de-
salination pro~~ss shai es (proportionately) in the costs of the steam
generating cycle , the larger resulting capacity being shared should re-
sult in some economies of scale to the benefit of both power and water
production .

The thermal powe r p lan t to be used in comb ina tion power and
wa ter p lan ts may be either fossil or nuclear fueled. However , in the
studies for future construction of large plan ts , engineers have con—

• centra ted on nuclear—fueled plants.

If it is desired to maximize water output and only desi gn the
powe r por tion of the p lan t as a comp lement to the water portion , then
the ratio between water and power outputs for a nuclear plant would be
about 1 m.g .d. water to two megawatts (MW) electric. However , if there
is a demand for a larger portion of electric power than would be produced
through use of the above ratio , then it is possible to increase the elec-
tric portion of the dual—purpose plant until a power—only system is
reached in the limit.

Table R—1l3 lists the major dual—purpose projects that have been
studied in the past few years, together with output characteristics.

TABLE R—ll3
MAJOR DUAL—PURPOSE DESALTING PROJECTS

Net Ratio
Dis t illed Elec tr ical  Wa ter to

Water Output Capacity Electrical
Loca t ion of Study ( m . g . d . )  

~~~~~~~~~~~~~~~~ 
(m.g.d./MWe )

Bolsa Island , MWD Shar e 150 295 .51
Ba lsa Island , Total P roject 150 1800 .085
Gulf of Ca l i fo rn ia , Mexico 1000 2000 .50
Ashdod , Is rael 100 300 .33
New Je rsey—New York 300 1500 .20
New York City 750 4000 .20
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Careful planning is required for the integration of a dual—
purpose plant into water and power systems. Some of the constraints
and factors that must be considered in planning are as follows :

• Under a simple combination design , water is produced when-
ever electric power is produced ; however , by addition of an alternative
condensing system (as would be used in a conjunctive or emergency supply),
power can be generated independently of water production .

• Because of high cap ital costs of desalination facilities ,
facilities should be operated at high plant capacity factors in order
to achieve lowest possible unit water costs; this means the steam
supply has to be reliable.

• The plant has to be located where both powe r and water can
readily be integrated into existing services.

• Adequate storage facilities must be provided to meet daily
peak water deliveries , monthly and seasonal variations in water de-
liveries, and to provide water during emergency shutdown s of the plant.

• The cost of desalted water should be compared with the cost
of the next increment of water that would be brought into the area.

FEED AND PRODUCT CHARACTERISTICS

The feed stream for distillation plants is usually normal
seawater (approximately 3.5% dissolved solids), preferably free of silt
and organic materials. To assure obtaining clear , cool feedwater , in-
take pipes or diked channels often extend for a considerable distance
offshore and have intake structures designed to retard the uptake of
marine life and silt. Bar racks and traveling screens are usually in-
stalled at the inland end of the intake system to prevent the entry of
seaweed and debris into the plant. Chlorine is periodically injected into
the intake system to retard the growth of marine organisms. The feed re-
quirements are very similar to those for power plant cooling water.

The feed stream for membrane plants should not generall y
contain more than 10,000 p.p.m. of dissolved solids; usual app l ica tion
has been with brackish waters with less than 5,000 p .p.m. Calcium
carbona te , calcium sulfate , iron , and manganese are scaling offenders
in the electrodialysis process and must be accommodated by removal or
treatment. Filtering Is also generally required . Calcium sulfate ,
iron , and manganese are offenders in reverse osmosis plants; in addi-
tion, feedwater that contains bacteria or other organisms that attack
the RO membranes must be filtered through ac tiviated carbon .

Product distilled from good quality feeds is tasteless and
odorless , and is readily blended into water supply systems . If the
feed is polluted some contaminants may be distilled with the water ,
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and if present , are readily removed by activated carbon or neutralized
by special treatments.

Distilled water will leach the free lime from concrete and
cause it to deteriorate. It will also dissolve the protective film
from steel piping and cause it to corrode rapidly. The product water
from a distillation plant must therefore be passivated before it is
handled in either concrete or steel conveyance systems. Calcium car-
bonate (CaCO3) added to the distillate at the rate of 25 p.p.m. will
render the water passive to both concrete and steel. Product from a
membranes plant contains some dissolved solids and is therefore not
as aggressive toward concrete or metals .

DESALTING PLANT SITING

Desalting plan ts will generally be located where all of the
following conditions coexist: (1.) proximity to saline water resources
and to a market, (2.) shortage of runoff , ground water resources , or
economical water—storage sites, and (3.) growing water needs.

A large desalting plant producing freshwater from seawater
for municipal and industrial uses will necessarily be located where
it can serve a large number of people. A plant producing 150 m .g.d.
is sufficient to serve a community of approximately 1 million inhabi-
tants, based on the present per capita requirements in the United
States , which are increasing annually.

Dual—Purpose Plants

The suitability of particular sites for dual—purpose power
desalting plants includes essentially all the characteristics desired
for power—only plants with additional requirements being imposed by
the production and distribution of desalted water.

Common to all plants is the requirement for adequate land
area for the plant, switchyard , cooling facilities , and for plant
expansion where planned. The desalting plant requires only a small
fraction of the land area reserved for the power system. A 3000 mega-
watt power plant requires 1,200—1,600 acres if coal—fired , 200—400 if
oil—fired or 300—500 if nuclear. This site must have proper geology ,
hydrology , an~l meteorology.

There are some unavoidable conflicts in desirable site
characteristics for locating both power plants and dual—purpose plants.
For example , under the present licensing regulations , nuclear plants
must be located some distance from densely populated regions while the
cost of transporting water and power makes it desirable to locate the
desalting plant closer to town. However, the use of engineered safe-
guards in the future may permit nuclear plants to be built closer to
large numbers of people. Development of air pollution controls could
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achieve the same result for fossil—fueled power p lants.  An economic
optimization may be needed to choose between possible sites .

In addition to these conflicting considerations , there is
the general question of land usage. In general , those character istics
which tend to make a particular site attractive for locating a desalt-
ing p lant , i.e . ,  protected by sand y beaches , gentle sloping terrain ,
proximity to population zones, etc., also tend to make the site at-
tractive for commercialization or recreation. Land costs are thus
high and competition for sites keen .

Information about the seawater environmental factors should
be collected before construction of a large desalting plant; and after
the plant is put into operation, there should be observations of the
environment for any effects produced by the effluent. Effects on
marine environment should be studied.

Water—only Plants

Because of economics, water—only plants will tend to be
smaller than dual—purpose plants. Sites for these plants should be
more easily found. For example, 2.5 acres should suffice for a 10
m.g.d. plant.

Unless steam is available from a utility , a single—purpose
distillation plant would have the siting and esthetic problems associ-
ated with a small power plant . This includes fuel storage , heat re-
jection and air quality protection. Fuel consumed by a 10 in.g.d.
plant is about equivalent to a 10—20 MW power plant.

Siting of membrane process plants would be similar to siting
of water treatment or sewage treatment plants. Neither combustion
gases nor waste heat are generated . On the other hand , a suitable
brackish feed must be available and it must be possible to dispose of
the concentrated water brine .

EFFLUENT DISPOSAL

The problem of effluent disposal has taken on greater sig-
nificance in recent years because of the increasing interest in quality
of the environment. The Federal Water Pollution Control Act , as
amended by the Water Quality Act of 1965, authorizes the States to
set water quality standards to be approved by the Secretary of the
Interior . These standards will set limits to the effects on tempera-
ture , salinity, p8, dissolved oxygen , toxicant concentrations , etc.,
that the disposal of effluents can cause in the water body. Because
water quality standards are currently in a state of transition , it may
be difficult to determine what criteria the design specifications for
the effluent disposal system should meet. However, information about
the regulations now in effect should be available from the State wherc
the plant Is to be located .
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When a desalting plant is located near the coast, the efflu-
ent will most likely to disposed of in the ocean. The general question
of effluent disposal from a desalination plant into the ocean or in
estuaries has been studied quite extensively by the Dow Chemical Co.,
under OSW contract. Their efforts were directed primarily at evapora-
tive type plants but can be extrapolated to other types. A very brief
and selected summary of their conclusions follows:

The effluent from an evaporative type desalination plant is
potentially harmful to fresh and marine water biota , primarily because
of the copper concentration (the result of corrosion of heat transfer
surface), but also because of the high temperature and low oxygen con-
centration.

Toxicity of the effluent stream can be reduced to acceptable
levels by dilution with the bulk water body . Much dilution is gained
from power plant cooling water in a dual—purpose plant. Dow recom-
mends that additional required dilution be accomplished with mani—
folded jet diffusers in the receiving body of water.

Outfalls to the ocean should be located on the open coast.
Locations on estuaries and areas with restricted interchange of water
should be avoided. If the plant must be located on an estuary , then
special design procedures are necessary.

If the plant is to be located inland , then the solution to
the effluent disposal problem may be considerably more difficult than
when the plant is near the coast. Each plan t would have problems
unique to its location . For instance , if waste water is used as feed ,
it may not be clear whether concentrated brine effluent violates water
quality standards that permit the more dilute but saline treated waste
water that might be discharged without the desalting process. If the
standards do app ly, the disposal of the concentrated brine eff luent
from the desalting plant may present a considerable problem . Two
methods of brine disposal have been studied : evaporation to dryness
and deep—well injection back into the earth. Both are comparatively
expensive, solar evaporation depending strongly on land costs, and
deep—well disposal costs have been estimated at 25 cents to ~o cents per
1,000 gallons of brine injected . A number of methods of desalting to
dryness are being investigated as additional alternatives for disposal
of waste brines .

AESTHETIC ASPECTS OF SITING

Large distillation desalting plants are heavy industrial—
type structures. Site requirements and uses are similar to elect r ic
power plants. Besides the need for heat rejection and brine disposal ,
the desalting facility would have certain requirements for storage ,
security fencing, night lighting , highway access, and transmisstion
lines. The desalting plant itself would be comparatively low profile .
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The visual impact of dual—purpose plants, including a power generation
station, would , of course , be more complex than for a power plant by
itself. Fossil fuel electric plants require fuel loading and storage
facilities (and ash disposal areas for coal—fired ) with their attendant
st ructures and associated transportation facil i t ies.  The space require—
ments for these facilities aggravates the problem of concealment.
Nuclear power plants are smaller and have fewer auxiliary structures.

On level seacoast terrain the close—up visual impact of
these facilities could be mitigated by extensive peripheral site
gr ading and landscaping for screening . Figure R—36 shows the massive
character , but relatively clean lines of the Bolsa Island p lant
(1800 MWe, 150 m . g . d . )  which had been proposed for construction in
Southern California .
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