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FOREWORD

This is the second progress report of the Incodel staff relative to
its study of the possibilities of multiple-use development of the water
resources of the Delaware River Basin. It supplements and supersedes
the previous report dated July 25, 194l. The results set forth herein
are tentative, and subject to further study and to revision.

A proposal designated Project Group No. 1 advanced in the "308"
roport of the United States Engineer Office of the War Department,
published in 1934, has been used as the starting point for this investi-
gation. The objective is to determine the value of this project for
verious water use purposes. Thus far, estimates have been developed for
the following items: water supply, witer power, and salinity. The methods

N — -
of procedure, and the results of the appraisals, are set forth in detail
in the body and appendices of this report under sepérate headings for
each of the items investigated. An analysis of the value of the project

for recreation is now under way but not completed. Other uses remaining

to be studied include sanitation, flood control, navigation, and

‘-._\-‘

commsreial fishing and oysteries.
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SUMMARY OF FINDINGS AND CONCLUSIONS

1. The project would have no value as a source of domestic water

supply during the period covering the next twenty-five years because

other major projects for this purpose to meet the requirements of Phila-
delphia and New York City for such & period are under construction; and (
the necessary additional supply for northeastern New Jersey very obviously

is going to be obtained from locally favored sources.

2. The project is economically unattractive for the development of
power by private interest .. Existing utilities can produce a comparable
amount of power by steam at a cost at least $1,000,000 per year less than

by the proposed project.

3. The value of the proposed project for the development of power
by a public agency is estimated to be about $1,450,000 per year, but
the annual cost to operate the project will approximate $1,913,000.

A deficit of approximately $463,000 per year thus is indicated.

4. The value of the proposed project for the reduction of salinity
in the section of the river bounding the highly industrialized areas
bcetween Philadelphié and the Pennsylvania-Delaware boundary linc is

estimated to amount to aporoximately $175,000 per year,

ii
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regarding

A STUDY OF MULTIPLE PURPOSE DEVELOPMENTS IN THE DELAWARE RIVER BASIN

December 16, 1941

I. BRIEF HISTORICAL REVIEW

In the past, many reports have been made advocating the construction
of dams and reservoirs on the Delaware River and its tributaries, At
least one was concerned primarily with development for municipal water
supply; others have featured hydro-electric power, The most prominent
of such reports are: "A Program for the Regulation and Conservation of
the Delaware River" prepared for the City of Trenton, New Jersey, in 1929,
by Robert E. Horton, Consulting Enginecr; and "U.S. House Document No. 179,
73rd Congress, 2nd Session" prepared by the United States Engineer Office,
Wer Department, pursuant to River and Harbor Act of January 21, 1927, House
Document No. 308, 69th Congress, lst Session. The Engincer Office rcport

was published in 1932,

Horton's Report=--1929

Horton'!s report, prepared prior to the Delaware River Diversion Case
(283 U,S, 336) and apparently with the view of developing objections to the
then proposed New York City diversion, deals primarily with water power and ,
gives practically no consideration to water supply problems., When the
progrem weas offered in evidence in the Delaware Case, the Master, hearing
the case for the Supreme Court, stated while it probably could be constructed
from an engineering standpoint (provided legal limitations were removed)
he was not convinced that the development of water power would be financially

v

remunerative.
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U. S. Engineer Office's "308" Report--1932

The Army Engineers "308" Re?ort, on the other hand, was completed
subsequent to the Supreme Court diversion controversy, and the pronouncement
by the Court that "the highest use" of the waters of the Delaware River
system is for municipal water supply. As a result it gives full recognition
to the importence of water supply, developing a comprehensive program
eround two uses--water supply and water power,

The report makes the following general conclusions:

1, The improvement of the Delaware Fiver for navigation above

Trenton, New Jersey, is not economically justifiable under
present or prospective conditions.

2, The Delaware River is of great value as a source of water

supply for New York City and probably, at a future date,
\ for cities in northeastern New Jerscy and for Philadelphia.

3, Existing and potential hydro-clectric values are substantial and

power developments may be combined advantageously with storage

end regulation for municipal water supply projects.,

4, Federal participation in any present or prospective project
above Trenton, New Jersey, does not appear justifiable.

5. Any development of the Delawars River, above Trenton, should
be controlled by an interstate agency, competent to coordi-
nate and supervise work under a comprehensive plan formulated
in the interests of the States of New York, Pemnsylvania and
New Jersey.
The provosals advanced in the Army Engineers report have been used
as the starting point for, the present Incodel investigation. In it, two

projects involving the coordination of water uses are advanced. COne is

called "Combined Project No. 1", and the other, "Combined Project No. 2",

Combined Project Fo., 1

Combined Project No. 1, consisting of three reservoirs on the Delaware
River between Port Jervis and #aston--designated as Tocks Island, Belvidere

end Chestnut Hill--and having a totel uscable storage capacity of 24.3
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billion cubic feet, or 182 billion gallons, is claimed to incorporate the
most ettractive power sites. The entire flow of the Delaware kiver is used
for this purpose excepting 440 million gallons ver day authorized for New
York City and provision for 548 million gallons daily for Philadelphia

to be taken from the Tocks Island reservoir.

The Tocks Island project would be located at a site on the river about
five miles above Delaware Water Gap. The dam, 2400 feet long and 150 feet
high, would back water up to Port Jervis, New York. The normal surface of
the reservoir is at Zlevation 420 and the effective reservoir capacity,

176 billion gallons.

The Relvidere plant is located onc mile above Belvidere, New Jersey.
During meximum floods, this dam, 90 feet high and 950 feet long, would
back water up to the Tocks Island Dam. The effective capacity of the
reservoir, at Hlevation 280, would be five and one~half billion gallons.

The Chestnut Mill dam, 65 feet high and 900 feet long, is located
about two and one-half miles above the highway bridge connecting Zaston,
Pennsylvania and Phillipsburg, Wew Jersey. It would back water up to
the Relvidere dam during high floods. The effective storage capacity
of the reservoir is one-half billion gallons and the normal surface
elevation is 200.

The general location of the proposed developments vhich make up Project
Group Fo. 1 is shown on Plate I. Table 1, a reproduction of Table 16 of
the "308" Peport presents a summary of statistics relative to the develop=-

ment of water power at the proposed hydro-electric vower plants.
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Combined Project No. 2

Combined Project No. 2 consists of 21 reservoirs including those
which comprise Project Fo. 1, in addition to existing power developments
on the allenpaupack and Mongaup rivers and to the reservoirs for the
authorized 440 million gallons per day supply for New York City. It
provides for water supply needs until about 1980: 400 million gallons
per day for New Jersey, 548 for Philadelphia, and 800 million gallons
deily for New York City in addition to the presently authorized 440 million
gellons, The "308" Report admits this project represents a situation many
years in the future and is less attractive for the development of water
power than Project Mo, 1. Tor these and other reasons, which will be
brought out latér, the present study has been confined to Project Group

No. 1.

Appraisal of Values

Using the Army Inginesrs Project Group No. 1 as the starting point in
this investigation of the possibilities of a multiple vpurpose development,
an appfaisal has been made of its value for various purposes, including
water supply, water power, recreation, salinity control, sanitation, flood
control, navigation and irrigation. Discussion of each of these subjects

is given under their respective headings.
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II, WATER SUPPLY

A point of uppermost importence definitely established by the U. S.
Supreme Court in the Delaware River Diversion Case, and also in the
Connecticut River Diversion Case, is that the highest use of interstate
waters in the eastern part of the Tnited States is for drinking and other
domestic purvoses. Yater supply comes first; it has precedence over all
other uses. This being an established principle, any suggestion for the
development of multiple purvose projects on the Delaware, of necessity,
must give first consideration to the problem of water supply, or to the
effect of the operation of the project for other purposes upon present
or prospective water supply situations.

As is well known, any regionally significant use of the waters of the
Delaware River Basin for domestic water supply purposes will depend upon
the prospective requirements for New York City, Philadelphia, and north-
eastorn New Jersey. Analyses of the problems in these areas, therefore,
have been made in order to determine future probabilities.

New York City now has under construction, or design, the projects
already authorized by the United States Supreme Court on the Neversink
River and the East Branch of the Delawarc River for an additional supply
of 440 million gallons of water per day. This water added to present and
additional local sources probably will meet New York City's requirements
for the next twenty to twenty-five years.

Philadelphia, until 1940, because éf the decrepit condition of its
water works plant and because of the wnsatisfactory quality of its sources,
almost annually for many years had been creating boards and commissions to
study its water supply problem. Several of these had advocated the develop-

ment of new supplies from the Upper Delaware Basine. However, in 1940 the
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City engaged e consulting engineering firm which recommended the expenditure
of $18,000,000 for the rehabilitation and improvement of its present
facilities. Thiis program has been approved and the work is under way.
Upon its completion, Philadelphia will not be required, or probably dis-
posed--in view of its prospective concurrent sewage collection and treatment
program--to seek new sources for at least twenty-five ycars, if then.

In New Jcrsey, an urgent need exists to supplement the present supply
for the northeastern New Jersey metropolitan arca. There have been and
still aro differences of opinion as to its source, Onc group advocates
a high level projcct from the upper portions of the Raritan River, and of
the Musconetcong, a tributary of the Delaware. Another has strongly supported
the so-called Chimmey Rock project, a development entirely within the Raritan
waﬁershed which would deliver water by gravity only to the lower portions
of the district. A third plan was advocated in 1938 by ex=-Governor Moore.
This involves the development and utilization of the Delaware and Raritan
canal and feeder as a right-of-way for an aqueduct to convey water from the
Delaware River from & location about twenty miles above Trenton to the North
Jersey area. The Army Engincers proposal presents still another possible source.
However, because it depends upon a huge progrem involving the development of
power and the necessity of cooperative undertaking by Pennsylvania and New
Jersey and possibly New York, or of a federal project, New Jersey has ex=
pressed itself as not being interested in this possibility. The obstacles
are obvious. Even if it were more desirable and less exocnsive than the
other alternatives, it could not be started for many years. It is apparent,
therefore, New Jersey will obtain its additional water from onc of its three
most favorcd sources. Whon it dogs, it will have no need for additional

supplies for many years,
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In view of the above circumsfances, as far as the present or near
future water supply situations are concerned, there is no immediate
interest in the development of the proposed Tocks Island group project by
any of the states; and therefore for avproximately the next twenty-five
yoars no value can be assigned to the project for water supply purposes.

In the more distant future, it is probable that the states again will
be confronted with the problem of supnlying more adequate or suitable
gources of supply for their metropoliten areas. An appraisal of the value
of the proposed development for this contingency has not been made at this

time. t is reserved for later study.
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III. WATER POWNER

Development By Private Interests

The potential use of water_for power is given high ranking in importance
by the United States Engineer Office. According to its report, as ié shown
on Table 1, the operation of Preject Group lo. 1, before any allowance is
made for water supply except that authorized for New York, would produce
44,100 kilowatts of firm power. On the assumption of a 25 per cent load
faotor installation, the Enginecrs cstimate this would result in the total
annual production of 689 million kilowatt-hours of energy, of which 324
million would represent primary power. This has been valued at $3,840,000.
The estimated annual charges against this project, consisting of costs assumed
to accrue under private ownership and operation, are $3,198,000, This indi-
oates an annual profit of $642,000.

The Commission's study does not verify these estimates. We believe
that under the most favorable conditions the value of power from such a
development would not exceed 33,339,000 and likely would be much less.

The annual costs of the project, if constructed and operated by private
egencies, probably would amount to at least 34,337,000 leaving a deficit
of $1,000,000 a year.

Our estimate has beecn determined by comparing the cost of the power
produced by the proposed hydro-electric plants with the cost of producing
the same amount by steam. It accepts the Army Engineers! estimate of the
amount of power and energy which would be produced, althourh these are
obviously too high since the water conditions in 1930-31 (which were not
available at the time of Enginesrs' study) were lower than for any com-
parable veriod of record used in meking the forecast. Furthermore our
estimate has been premised upon the assumption that completely new steam

stations would be constructed. This is favorable to the hydro-development
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as it must be realized that the only markets for the output of the proposed
project--New York City, northeastern New Jersey and eastern Pennsylvania--
are now being adequately served by existing power systems, Two of these
districts, northeastern New Jersey and eastern Pennsylvania, are closely
interconnected by transmission facilities, and their peak demends are
supplied by the existing hydro-electric developments on the Susquehanna
River. New York City also is interconnected by a transmission line to
hydro-electric developments in northern New York State and its peak demands
are being skimmed off by these existing hydro-projects.

As the demand load of these arcas grows, the first additional require-
moents would be met by the serving utility companies through the installa-
tion of additional generating cepacity in the existing steam or hydro-
electric plants. Such extensions would require a considerably smaller outlay
of funds than to supply the additiocnal capacity by constructing entirely
new steam generating vlants, as was assumed for the purpose of arriving at
the above estimate., The cost differential, between providing additional
power by the construction of the proposed Delaware River project versus the
constructi on éf additions to existing plants, we believe, would approximate
$2,000,000 per yeer.

Under such conditions, it is obvious that the Delaware project is
economicelly unattractive as fer as its construction and control by private
agencies 1s concerned. Incidentally, the three water power sites sugrested
in this group, by the Army Engineers, have been considered by representatives
of the utility companies engaged in supplying electricity in the Delaware
watershod and by meny other interests for a long period of time and their

development never has been deemed economicel,
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'Beiélopment by Public Agencics

The development of & hydro-clectric project on the Delaware River by

a publio agency--the Federal Government, an Authority created by the
ﬁelaware River "asin states, or by any of the individual states constituent
to the Basin--presents a somewha.t different economic picture. In contrast
to a private corporation, & public agency could secure capital at more
favorable interest rates; it might be exempted from a portion of taxes; it
could apportion a part of project costs as benefits to other uses; it would
not have to show a profit.

Since there are various ways in which the proposed reservoirs could be
operated for the production of power it becomes necessary to determine which
of them probably would be most desirable. The method assumed by the Army
Enginecrs in its study completely utilizes the available storage by drawing
down the reservoirs during periods of drought. This has the advantage of
producing the greatest possible amount of vrimary power and of providing
larger releases into the river below. It would be definitely disadventageous
to recreation, however, because of the fluctuation and depletion of the
reservoirs. Another method mizht be to use the reservoirs principally for
pondagee;at least during the summer vacation period--thus involving only
slight variations in water surface clevations. The amount of primary power
produced in this menner would be less than under the previous alternative
but there would be an appreciable benefit to recreation. Consideration has
been given to both of these possibilities.

A third scheme also has been studied. It provides for a supplementary
reservoir to be located on Flat Brook about five miles above its confluence

"-H'h the Delaware with the water in the Tocks Island reservoir backing up

:ﬁ;:*ﬁ F}at Brook dem. Te purpose of the supnlementary reservoir would

$0 supply sufficient water to maintain a full reservoir at Tocks Island
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u;;h tho other two Delaware River sitcs during the summer, while et the same

%ime permitting the production of an amount of primary power approximately

equal to that produced under the first alternative. Because of the limited
drainage area above the Flat Brook dam, there would not be sufficient run-~
off, however, to refill this reservoir following a veriod of depletion and
in order to overcome this condition, the scheme provides for pumping
equipment to replenish the rescrvoir, when necessary, from flows into the
Tooks Island reservoir during periods of flood.

Based upon an extensive study of stream flows such as occurred during
the period between July, 1930 and Iebruary, 1931 (the lowest of available
record) it has been determined that the amounts of continuous firm power
which can be developed under the three above methods are 31,600, 24,300, and
31,000 kilowatts, respectively. In arriving at this estimate allowances
also were made for a succession of unusually low spring and summer flows,

.

During the period which existed in 1930-1931, the reservoir at Tocks
Island, if it had been in operation, would have been drawn dowm six feet on
September 21, under the first alternative, and none under the second and
thifd. However, the period of low flows in the swmner of 1923, while of
shorter durétion was more severe than 1930. By the middle of September of
1923, the amounts of draw-dovm would have been 12 feet and two and one-half
feet under Schemes 1 and 2. Under all three methods, there would be no
appreciable draw-down in the Belvidere and Cuestnut Hill reservoirs since it
has been assumed they are to be utilized primarily for pondage to meet daily
-fluofugtions in demand,

Under each scheme, after September 21, it has been considered permissible

t?idraw down the then available storage in Tocks Island, if necessary, in
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total draw-down has been limited so as not to exceed 120 billion gallons by
lhrbh 1, it not being considered good vractice to use the total available
storage.

Economically, the results of the operation of Project Group No. 1 for

the production of power under the three alternative methods are as follows:

mstimated Annual Profit or Deficit
(No reserve capacity provided)

25% Load Factor 50% Load Factor
Scheme 1 Profit -~ § 254,000 Deficit -- § 258,000
Scheme 2 Profit -- 22,000 Deficit -- 463,000
Schpme 3 Profit -- 25,000 Deficit -~ 500,000

In arriving at the above figures, no provision was made for the
installation of reserve generating capacity nor for reserve transformation
and transmission facilities, The following summary gives a similar com-
parison with provision for twenty-five per cent reserve generating capacity

and for reserve transformation and transmission facilities.

Istimated Annuwal Profit or Deficit

(With provision for 25% reserve capacity)

25% Load Factor 50% Load Factor
Soheme 1 Profit -- § 251,000 Deficit ~- § 189,000
e
_}_" Scheme 2 Profit -- 60,000 Deficit -- 373,000

| Scheme 3 Profit -- 36,000 Deficit -- 416,000
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It will be noted that while therec is not a great deal of difference
between the two sets of results the installation of reserve capacity appears
to be profitable. This is because the additional ennual expense involved

is more than offset by the revenue received from the sale of the additional
secondary energy produced. For the purpose cf the study it has been

agsumed that there will be a market for approximately two-thirds of all
secondary energy generated. This may not be entirely reasonable, and is
obviously favorable to the hydro-electric project and to the reserve capacity
alternative.

It will be noted that the above comparisons are based upon load factors
of 25 and 50 per cent for primary power. The 25 per cent figure represents
the opinion of the Army Engineers as to the position which the proposed power
oould occupy in relation to the demands upon the utility companies .facili-
tios, It is an extremely favorable rating and one which we are unable to
support. e believe a rating much better than 50 per cent could not very
well be expected and the estimates shown for a 50 per cent load factor
represent our éstimate of the results of the operation of the proposed
project for power purposes, However, we have determined the figures not
only for both of the above factors but for others as well, The results

are ‘shown graphically upon Diagrams A and B, and in tabular form on Tables

2 and 3,

The details supporting the above estimates have been assembled in
Appendix B; and only a brief discussion of certain factors to which it is

desired to call special attention is included herein.

Construction Costs

@n 8uthoritative scientific estimate of the construction costs of

s
o

Are6 dams and reservoirs involved in the Army Engineers proposal cannot
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nede without the expenditure of much time and money for a study

ﬁ'ffééological conditions at the dam sites and for the preparation of
%gggign plans based upon such informetion. Some borings have becn made
?b;; not enough to give reasonable assurance as to sub=-surface conditions.
TAQ éharacter of the surface strata at the proposed site of the dams and
;eservoirs consists of sandstones and limestones=--in which there mey or
ﬁﬁy not be cavernous conditions. It is possible that some of the dam

sites would be entirely unsuitable.

For the purpose of this preliminary study, however, it has been

A
agsumed that the sub-surface conditions are such as do not involve unusual

6bnditions which require undue expenditures. On this basis, we are of
Sy A .

ﬁbb opinion that the Army Engineers! estimate of $19,807,000 for the con-
-

a?ruotion of the three dams and reservoirs is reasonable,

- We have compared the costs given by the Army Engineers for the con-
:r:‘l - -: Y : . .
gahxuotion of Power House and Equipment with expenditures for similar

-flities incurred in the development of other hydro-electric projects

d believe them to be insufficient.

"ﬂfi;bmission'and Switching Station Facilities
To the cost of the hydro-electric plants must be added a cost for

ansformation and transmission operations nccessary to bring the energy
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;;vertheless they represent an investment which the proposed development
. ghould be required to share, for without tiiem, unless and until new
'faoj_]_ities were constructed, it would be impossible to bring the output
of the project to the available markets. The cost to construct such
facilities therefore--whether or not they would actually be built--either

should be included as a part of the total construction costs or be other-

wige reflected in determining the value of power,

Value of Power

g.} - The value of the hydro-electric power produced by Project Group No. 1
will depend upon what the utility companies are willing to pay for the
:qfi}'?llhtity and quality produced. For the purpose of this study, it has been

lﬁﬂmd that this would be equivalent to what it would cost the companies
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IV, SALINITY

o . .
_ The Salinity Problem

.;.,':'- [

The section of the Delaware River Basin adjoining the river in the

';;;1gab1e tidal reach between Trenton and Wilmington~-one of the most

§mportant industriel areas in the entire United States--depends almost

nl%;%tunately, that part of this area below Philadelphia, particularly
”;[Pé vicinity of Chester and Marcus Hook in which a large proportion
e industries is located, is confronted with a very serious water
eh. The river in this zone normally is fresh water. Except in
; {rjjﬁ;:t to pollution which can and is being abated, the water in this
EF,AL”iiidea}ly adapted for industrial purposes, being relatively free
of turbidity, and soft. But during periods of extended drought, ocean
mﬁii'@?uﬂhes itself farther and farther up the river as the drought con-
r,"changing the water of this area from a satisfactory.source into
:wig dsh mixture, totally unfit for use. Industrially, its high solid
nd f;fbride content causcs troublesome and serious boiler feed and
0 ﬁﬁ water difficulties which are extremely expensive to overcome.
:E{icllly. it is impossible to remove the breckish taste, forcing
-~i§§&11y all the consumors to obtain water from springs and other

wel-Y,

es, for drinking purposcs.,

18 CAuses of the movement of salinity in the Dolaware River have

ﬂﬁ;réively investigated, The‘.rought of 1930, which occurred during
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e prosecution of the Delawarse River Diversion Case caused brackish water

a
W

. .' advance to Philadelphia and aroused great concern es to the possible

:.'.éff;ot of the proposed New York City diversion upon future salinity con-
l;li‘ﬁons. The outcome of this circumstance was the initiation of two
B_;;Grate investigations: one by the Delaware River Conservation Associ-
;iion, an organization of industrial interests in Philadelphia and
.l.g;hware County; the other by the Commonwealth of Pennsylvania.,

% In fundamental principle, both agencies reached the same conclusion,

-

‘namely, thet the degree of salinity at any point in the merginal zone

="
-”

i"l';llloen Philadelphia and Artificial Island depends primerily upon the

- -

'unt of fresh water run~off into the river above the point under con-

deration. They differed, however, as to the rates of run-off which
o .

are equired to prevent the advence of salinity up-stream. For example,
- the industrial essociation found that a flow of 4,520 million gallons per

48y (7,000 c.f.s.) into the river above the Pennsylvania-Delaware boundery

|
k

: *‘F ould be necessary to prevent the appearance of the presence of

e g‘bome salinity ebove this point. The State determined that 3,430

i
illion gallons per day (5,300 c.f.s.) would accomplish this purposes

A

:le- Incodel staff, in connection with its Quantity Committee's
pgram to formulate rules under which water supply diversion projects
operated, re-examined the two studies in order to make its
f 88 to which set of results was more reliable. It concluded

2q
'* B figures arrived at by the Delaware River Conservation Association

Wore acourate. The results of its examination of this problem are

88d in Incodel reports dated October 10, and October 21, 1940.

&«
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B ;' A flow of 4,520 million gallons per day into the Delaware River above

i rous Hook, under normally uniform meteorological conditions over the
b L4 ! o

1
AN

a%asin watershed, represents a flow of approximately 2,750 million gallons

I
)

-.dﬁily (4,250 ¢c.f.s.) into that part of the river which lies above Trenton.
If, in the summer and fall, after the freshets have driven salinity down
o about Artificial Island, the flows at Trenton fall below this rate for

 any appreciable period of time, in concurrence with low flows in the re-
¥

fﬁninder of the watershed, salinity will advance above the Pennsylvania-

l:‘ﬂ! M
Delaware boundary line. This advance will continue under a given set

low flow conditions until a state of stabilization (which depends upon

oh conditions) finally will be reached. As the presence of salinity

5
vances upstream, its degree at any lower point increases proportionately.

pges Caused by Salinity Invasions

H'In an attempt to appraise the value of the proposed multiple=-purpose

:wgéot Group No. 1 in respect to the problems caused by salinity invasions,

‘.1%¢y has been made to determinec past damages in relation to run-off in

e
9

;*Elﬂjlawnre River at Trenton. It has been found that flows in the river

g’/

“hikﬁa-fe extremely severe; three--1923, 1936, and 1939--moderately
o ¥ .
"“ﬁt and one, 1929, relatively slight. The following tabulation

©8, ;?r each of these years, the extent of the period of salinity
8bove lercus Hook; the average and meximum degree of salinity

#OU8 Hook for the period; and the average daily rate of run-off in

BWare River at Trenton,
i

¢




o
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Period of Average Daily
Salinity Degree of Rate of Run-Off
Invesion Salinity in o.f:s.-Dela-
wte | Yo of ] e Bver
Days Average| Maximum
8/1 - 9/36 61 260 350 3270
g/1 - 2/15 | 198 750 | 1,150 2670
9/12-12/31 | 110 690 | 1,000 2960
é/i -10/6 67 725 1,100 2120
None 0 VO 0 0
None 0 0 0 0
10/&0-10/30 21 100 250 2560
8/1 -11/5 97 370 500 3460
“None 0 0] 0 0
None 0 0 0 | 0
7/1 -10/31 | 123 420 650 2920
None 0 0 0 0

ii-will be noted that no salinity invasion is indicated for 1933,

b

W04, 1937, 1938 and 1940. In threeo of these years, salinity actually

thh-ﬂhrcus Hook, but only for a few days; its occurrence, therefore,
18
beon ignored.

10 correlatc thesc data, a survey has been mede during the past few

ML :

#8 of the requirements, costs, and damages caused by salinity in

BPLying weter in the affected area. Due to the absence of any appreci-

.~

0 ﬁt of available information regarding the subject this was done
0¥ means of conferences with representatives of the principal
.:v}_aqd of the Chester Mumicipal Water Authority. Particular

8 given by Mr. W. D. Mason of the Sun 0il Company in
u‘
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““\dﬁsﬁf-meetings for this purpose, not only with representatives of his
f}y, but also with the American Viscose Corporation, Scott Paper
fAberfoyle Menufacturing Company, and the General Chemical Com-

Representatives of the Chester Brewcry and the Troy Laundry also

panYy.
are ':'borv'j,owed.

o\

From this survey it has been found that from 50 to 250 million gallons

A y{ér daily are pumped from the Delaware River in this section for

L,

2”443%!_31 and domestic purposes. Of this amount, on the average, only
58 41;}on gallons are used for purposes which require a specific standard
.pL§£}y or treatment. Approximately five million gallons are used for
- wyﬁﬂfgand commercial purposes, and twenty-three million gallons for
| use, Twenty of the twenty-three million gallons of industrial
tAre supplied by privately owned industrial plants; the remaining

|
w@?'ions by the Chester Municipal Water Authority which also supplics
“Lrﬂillion gallons used for domestic and commercial purposcs.
”‘féj§}§3 million gellons used by industry, about one-half is for
Eiﬂd water and one-half for manufecturing processes. In cach case,
'f,féhoh water is fiitered, reduced fo zero hardnecss, and should be
~¥?y'freo of salinity. Undcr normal conditions of flow these require-
‘f;pasily met. During pcriods of salinity invasion, however,

o2 . . .
44L108 arise. The first requisite, filtration, gives no trouble;

gond, while possiblc to attain, becomes difficult ond expensive. But

e
i

- V'~‘known practical method under the present development in the

of

. Woter treatment to remove salinity, in order to meet the third
While this docs not rosult in a breakdown in industrial pro-

il

‘::Oes present extremely troublesome problems and causes much
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v:ﬁ‘ One of the greatest difficulties arises in the manufacture of steam-

.

ar the production of power and for industrial processes. The salt in the

o }ter causes foaming, and it becomes necessary to "blow-down" the boilers
ol
Qalmost continuously, requiring the use of large volumes of make-up water,

.
g
¥

&§518 in turn greatly increases the amount of fuel required for heating.

T =

WA ot 4

'.Rggb-salinitY'high vater also causes excessive corrosion in boiler tubes and
$0 .

P
A |

other equipment, resulting in rapid depreciation and not infrequent break-

uot much inferior to that normelly produced. In-fact, during 1941, the

gnGT b other companies. Aside from the obvious inconvenience and the con-
.rﬂ{#ﬁ %headaches" incurred, this arrangement is understood to cost the

3 OmpH ?san additional ten cents for every pound of yarn dyed. This one
ni:mtgﬁbne represents a loss of approximately $300.00 a day.

;3 November 3rd, 1941, the Scott Paper Company had to shut down part
kénglaht for the entire day in order to correct a condition caused by

2 |
-“*%xﬁ_ln the manufacture of its paper products, certain felts are used

-

innot be cleancd in the normal manner when salinity exists. The shut-
“i{) red in order to do this put 1,000 people out of work for the day.

- ‘_'
' Viu;f course, interfered with production and added to meintenance costs.

oT tubes blew out in 1941 in at least one of the major oil company's

)

id also in a plant which produces a catalytic agent used by the oil

rican Viscose Corporation not only produces the steam which it
3 _

gt Processes, but also makes all of its own electric power., Its

“h}ﬂgcilities are greatly overtaxed during periods of salinity

B
¢ A
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jnvesions; and its power lines are not interconnected with those of the
electric utility company serving this area. TUnder such conditions, & power
house failure, if it occurred, would result in a complete shut-~dowvm. The
market velue of the Viscose Company's plant products is approximately
QGOO,COO per month. High salinity causcs a marked deterioration of its
product and under conditions such as existed in 1941 is understood to have
depreciated this value by about five per cent.

On the basis of data furnished by the industries in the Chester-Marcus
‘ﬁbok area, particularly by the Sun Oil Compeany, it is estimated that when

& e water in the Delaware River at Marcus Hook reaches a state in which the

fkﬁfdpo plus $8,500 for each day that salinity of this degree cxists. While

'“qf;'nti and & sum to represent depreciation in the value of manufactured
‘7.2 In addition there is also included an item to represent the cost

B bottled water for drinking purposes. The above factors make up

‘the cost--$8,500 per day for 600 parts per million salinity--

3 n'ssumed will vary with the degree of salinity. For example, this

- Parts per million, The $62,000 item is & constant,



s

would be required to remove such hardness.
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whioch comprise the estimate are as follows:

IV - 8

'4;épresenting annual fixed charges upon the estimated capital sum which
"‘ﬂsuld be required in ofder to construct the additional water softening
flant capacity which is required during salinity invasions. The sum
includes provision for softening domestic as well as industrial water
beocause the losses due to the hardness of the domestic supply during
salinity invasions are believed to be even greater than the cost which

The distributions of the items

SUMMARY OF ESTIMATED DAMAGES TO EXISTING DEVELOPMENTS
CAUSED BY SALINITY INVASIONS IN THE LOWER DELAWARE RIVER

IN THE VICINITY OF CHESTER-MARCUS HOOK
 (Use of water 28 M.G.D.-Degreec of Salinity, 600 p.p.m. chloride)

vately Owned Industrial Supplies:
. Water Softening--20 M.G.D.
- Additional Fuel--Heat Losses

Depreciation and Maintenance
of Equipment

epreciation in Value of
Manufacturing Product

TOTAL

f

Annual
Fixed Charges

Daily
Variable Charges

$ 42,000

20,000

$ 62,000
e~ ]

$ 1,930

2,220

1,110

2,220
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'g;;ave peen made to cover the items of additional expense, and second, because

? B eoecs probable that the period studied has occurred in a relatively dry
n?teorological cycle, However, even if so, it is also recognized that the
estimate does not give any economic weight to the many intangibles involved
upon which it is impossible to vlace values, These no doubt would more
then offset the liberalness of the above figure. The year by year estimate
from which the above total and average annual charges have been determined

are given in the following tabulation:

ESTIMATED DAMAGES TO EXISTING DEVELOPMENTS
_ CAUSED BY SALINITY INVASIONS 1929 to 1940
4 ANNUAL AMOUNT OF DAMAGE
rr 1 Yeaf Fixed Charges Variable Charges TOTAL
1929 $ 62,000 $ 50,000 ~$ 112,000
11930 62,000 2,120,000 2,182,000
11931 62,000 985,000 1,047,000
1932 62,000 620,000 682,000
fgss 62,000 0 62,000
934 62,000 0 62,000
b;s 62,000 13,000 75,000
936 62,000 500,000 562,000
‘ 1_37 62,000 0 62,000
938 62,000 0 62,000
939 62,000 445,000 507,000
40 | 62,000 0 62,000
' ﬁZﬁi;QQQ $4,733,000 $5,477,000
$ 62,000 8 394,000 $ 456,000

f Multiple-Purpose Project

8ffect of the operation of the multiple-purpose Project Group No. 1

40ity conditions and the damaeges caused thereby next was investigated.
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“b;lati°n given on page 4 are shown the averuge rates of run-off in
;;are River at Trenton for each period of salinity invasion in the
.iézg to 1940, If the proposed hydro-electric project, and the author-
r;w York City water supply project had been in operation during this
'£hese flows would have been increased and the modified values under

; the three power schemes studied would be as follows:

: AVERAGE DAILY RATE OF RUN-OFF AT TRENTON IN C.F.S.

e Aotual Under Scheme 1 and 3| Under Scheme 2
31,000 K.W. 24,000 K.W.

29 3270 3820 3470

3 2670 3630 3520

2 2960 4310 4120

& | 2120 2930 2620

3460 4580 4240

2920 3680 3430

determined the modified flows, they then were used to find out

'

~average degree of salinity would have been under the altered con-~
Siﬁg for this purpose the formula and charts developed by the

& ver Conservation Association. The results of this analysis,

&3

th the conditions which actually existed are:

W

AVERAGE DEGREE OF SALINITY AT MARCUS HOOK
? Actual Modified
> Schemes 1 and 3 Scheme 2
9{ 260 50 100
‘ 750 500 525
» 4 690 250 350
725 500 550
100 50 50
370 50 100
420 200 250
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3

| Jﬁgxt step then was to ascertain the extent of damages under the

i oonditions of flow. This analysis indicates the total for the
| #

o4

pka.m.“ééo eleven-year period would have been $3,220,000 under Scheme 1

nwl.?);ﬂ ch produce 31,000 kilowatts of primary power and $3,599,000 under

lﬂdﬁjijiﬁwﬁich produces 24,000 kilowatts of primary power. These compare
n § ,i;?,OOO under actual conditions of flow. On an average annual basis,

the

.rﬁ:ée would have amounted to $268,000 under Schemes 1 and 3, and
e
:yug;rﬂ; under Scheme 2, These compare with $456,000 under natural con-

. The boncfits in respect to salinity reduction, as determined by
: .

::réﬁae in damages, thercfore, would be $188,000 under Scheme 1 and 3

}HF}BOO under Scheme 2. These sums represent the value of the proposed

Frae

A;_tipurpose Project Group No. 1 for the control of salinity. The details

g theso figures follow:

b ESTIMATED DAMAGES TO EXISTING DEVELOPMENTS
o CAUSED BY SALINITY INVASIONS, 1929 to 1940

!ﬁ’ ' ANNUAL DAMAGES CAUSED BY SALINITY
y r Aotual | Modified by Opcration of Provosed Hydro-Elcctric Project
B - Schemes 1 and 3 Schemo 2

$ 112,000 8 62,000 8 62,000
2,182,000 1,477,000 1,547,000
1,047,000 417,000 562,000

682,000 489,000 532,000

- 62,000 62,000 62,000

' f%‘ﬁz,ooo 62,000 62,000
~ 75,000 62,000 62,000

' 662,000 129,000 197,000
tﬁgz,ooo 62,000 62,000
62,000 62,000 62,000
807,000 274,000 327,000

: 000 62,000 62,000
77,000 $3,220,000 $3,599,000
56,000 $ 268,000 " $ 300,000

$ 188,000 $ 156,000

e eyt
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!

.;g)}f;y definite conclusion which can be drawn as the result of this,

Al previous, studies of salinity is that it is impractical, if not

..:.1.1;-‘-3',-_ to eliminate the incursions of salinity above the Pennsylvenia-
',"*_,_N__J_r"*',-;' line. It appears that the only possibly practical way

-0 .,.‘.,j,;!";;‘; the effects of such salinity invasions will be to provide a
..\.J,.,:\}g'_.'{.. source of water supply for use during such periods. Each

,..... diversion project in the basin, however, if operated under

1ations for releases, will improve conditions. But the effcct

s 0

rovement, cconomically, is not great. This study supports this

'_eyond question.

o
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