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TEE INTERSTATE COMMISSION ON THE DELAWARE RIVER BASIN 

(I 

SECOND PROGRESS REPORT 

regarding 

A STUDY OF MULTIPLE PURPOSE DEVELOPMENTS IN THE DELAWARE RIVER BASIN 

December 16. 1941 

FOREW'ORD 

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. 1941. 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" 

report 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 

various water use purposes. Thus far, estimates have been ~eveloped for 

the following items: water supply. v~er power, and s~.linity. The methods 
.......- --------_.. .. ._-­

of procedure. and the results of the appraisals. are set forth in detail 

in the body and appendices of this report under separate headings for 

each of the items investigated. An analysis of the value of the project 

for recreation is now under vmy but not completed. Other uses remaining 
~- ..._~-~" 

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

cOlnffivrcial fishing and oysteries.-------.._._._ ... 

i 
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SUN.rr;~RY OF FINDINGS A11D CONCLUSIONS 

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

supply during the period covering the next ~venty-five years because 

other major projects for this purpose to meet the requirements of Phila­

delphia and New York City for such a 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 loast $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 or the proposed project for the reduction of salinity 

in the section of the river bounding tho highly industrialized areas 

bob7eon Philadelphia and the Ponnsylvania-Delaware boundary line is 

estimated to amount to approximately $175,000 per year. 

ii 
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THE INTEP.BTATE COMlvlISSION ON THE DELA.WARE RIVER BASIN 

SECOND PROGRESS REPORT 
II l' p 

regarding 

A STUDY OF MULTIPLE PURPOSE DEVELOPMENTS IN THE DELAYVARE RIVER BASIN 

December 16, 1941 

1. BRIEF HISTORICAL REVIEl/f 

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 vms 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 Ci ty of Trenton, New Jersey, in 1929, 

by Robert E. Horton, Consulting Engineer; and llU.S. House Document No. 179. 

73rd Congress, 2nd Session" prepared by the United States Engineer Office, 

War Department, pursuant to River and Harbor Act of January 21, 1927, House 

Document No. 308, 69th Congress, 1st Session. The Engineer Office roport 

was published in 1932. 

~n's Repo~t--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, de~ls primarily with water power and r 

gives practically no consideration to water supply problems. \/fhen the 

program was 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 vms not convinced that the development of water power would be financially 

remunerative. 
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u. s. Engineer Office's "308 11 Report--1932 

The Army Engineers "308" Report, on the other hand, vvas completed 

subsequent to the Supreme Court di"ersion controversy, and the pronouncement 

by the Court that "the highest use" of the waters of the !)ela'ivare River 

system is for municipal water supply. .'\.s a result it gives full recogni tion 

to the importance of water supply, developing a comprehensive program 

around two uses--,vater supply and water power. 

T..'1e report make s the follOWing general conclusions: 

• ',' t· 

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 lever is of Great value as a source of water 
supply .for New York City and probably, at a future date, 
for cities in noxtheastern New Jersey and for Philadelphia. 

3.� J~xisting and potential hydro-electric values are substantial and 
power developments may be combined advantageously with storage 
and 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 Delavrere River, above Trenton, Should 
be controlled by an interstate agency, competent to coordi­
nato and superviso work w1der a comprehensive plan formulated 
in the interests of the States of Nev, York, Pelillsylvania and 
New Jersey. 

The projJose.l s advanced in the Army Engineers report have been used 

as the startinG point for. the present Incodel investigation. In it, ~vo 

projects involVinG the coordination of 1'vater uses arc advanced. One is 

called nCombined Project No. Ill, and the other, "Combined Pl'oject No. • 

£ombined Project ~o. 1 

Combined Project No.1, consisting of three reservoirs on the Delaware 

HiveI' be~veen Port Jervis and ~aston--designated as Tocks Island , Belvidere 

and Che stnut IIi ll--and having; a total useable stora~;e capaci ty of 24.3 

2 11 
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billion cubic feet, or 182 billion gallons. is claimed to incorporate the 

most e.ttractive power si tes. The entire flow of the Delaware HiveI' is used 

for this pur?ose excepting 440 million gallons per day authorized for New 

York Ci ty 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 si te on the river about 

five miles above Delaware -\'\{ater Gap. The dum. 2400 feet long and 150 feet 

high. would back water up to Port Jervi s, Now York. The normal surface of 

the reservoir is at Elevation 420 and ~1e effective roservoir capacity. 

176 billion gallons. 

The Belvidere plant is located ono w~le above Belvidere, New Jersey. 

During maximum floods, this dam. 90 feet hiGh and 950 feet long. would 

back water up to the Tocks Island Dam. The effective capaci ty of the 

reservoir, at ~levation 280, would be five and one-half billion gallons. 

The Chestnut Hill dam. 65 feet high and 900 feet long, is located 

about two and one-half mi16s above tho highway bridge connecting ~aston, 

Pennsylvania and PhillipsburG, New Jersey. It would back water up to 

the Pelvidere dam during hi~h floods. T~e effective storage capacity 

of the reservoir is one-half billion ~~allons and the normal surface 

E;levation is 200. 

The [;eneral location of the proposed deve lopments uhich make up Project 

Group Ro. 1 is shovm on Plate I. Table 1, a reproduction of Table 16 of 

the "308" P.eport presents a summary of stati.stics relative to the develop­

ment of ";rater pov/(Jr at the proposed i1ydro-elGctric 'Jower plants. 
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Combined Project No.2 

Combined Project No. 2 consists of 21 roservoirs including those 

which comprise Project 1'0. 1, in addi tion to eXisting power developments 

on the Wallenpaupack and !,fongaup riv,:rs and to the resorvoi rs for the 

authorized 440 million gallons pOl' 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 

daily for New York City in addition to ti1e presently authorized 440 million 

gallons. The "308" Heport admi ts thi s project repre sents a si tUB. tion many 

years in the future and is less attractive for the development of water 

power than Project No. 1. For these and other reasons, which ';.rill be 

brought out later, the present study has been confined to Project Group 

No. 1. 

Appraisal of Values 

Using the Army Zngineers P!'oject Group No. 1 as the starti!1.g point in 

this investigation of me possibili ties of a multiple nurpose development, 

an appraisal has been made of its value for various purpose's, inclUding
• 

water supply, water power, recreation, salinity control, sanitation, flood 

control, na.viga.tion and irriga.tion. Discussion of each of these subjects 

is given under their respective headings. 
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II. vIATER SUPPLY 

A point of uppermost importance definitely established by the U. S. 

Supreme court in the Delaware ID.ver Diversion Case, and also in the 

Connecticut River Diversion Case, is that the highest use of interstate 

,vaters in the eastern part of the United States is for drinking and other 

domestic Durposes. ~'Jater supply comes first; it has precedence over all 

other uses. This being an established principle, any suggestion for the 

devolopment of multiple purpose projects on the Delaware, of necessiDJ. 

mu~t 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 blOwn, 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

eastern New Jersey. Analyses of the problems in these areas, ti1erefore. 

have been made in order to determine future probabilities. 

New York City now has under construction. or design, the projects 

already authorized by the Dni ted States Supreme Court on the Neversink 

lliver and the East Dranell of the Dolavrarc Iliver for an additional supply 

of 440 million gallons of '.vater- per day. This 'NateI' added to present and 

additional local sources probably will meet New York City's requirements 

for the next twenty to nventy-five years. 

Philadelphia. unti 1 1940, beca:).se of the decrepi t condition of its 

l'mter works plant and because of the lIDsatisfactory quality of its sources. 

almost annually for many years had been creating boards and commissions to 

stUdy its ,vater supply problem. Several of these had advocated the develop­

ment of new supplies from the Upper Delaware Basin. However, in 1940 the 
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City engar,ed a consulting engineering firm which reco~~ended the expenditure 

of $18 ..000,000 for the rehabilitation and improvement of its present 

facilities. TIlis program has been approved and the work is under way. 

Upon its completion, Philadelphia ~nll 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 years, if then. 

In New Jersey, an urgent need exists to supplement the present supply 

for the northeastern New Jersey metropolitan area. There have been and 

still aro differences of opinion as to its source. One group advocates 

a high level projoct from the upper portions of the Rari tan luver, and of 

tho ~~soonetcong, a tributary of the Delaware. Another has strongly supported 

the so-called Chirrm0Y Rock proj0ct, a development entirely 'In thin the Raritan 

watel'shed which would deliver water by gravi ty 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 a location about ~Jenty miles above Trenton to the North 

; ,"" 

Jersey area. The Army Engineers proposal presents still another possible source. 

However. because it depends upon a huge program involving the development of 

povmr and the nece ssi ty of coope rative undertaking by Pennsylvania and New 

Jersey and possibly Few York, or of a federal project, Ne-{f Jersey has ex­

pressed itself as not being interested in tilis possibility. TIle obstacles 

are obvious. Even if it W8re more desirable and less exp0nsive than the 

other alternatives, it could not be started for many years. It is aptJarent, 

th,erefore, Ne\'J Jersey "'Jill obtain its addi tional vrater from one:: of its three 

most favored sources. Vrnon it does, it "nIl have no need for additional 

supplies for many years. 
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In view of the above circumstances, as far as the present or near 

future water supply situations are concerned, there is no immediate 

interest in the development of the proposed Tacks Island group project by 

any of the states; and therefore for approximately 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 supplyin~ more adequate or suitable 

souroes of supply for their metropolitan areas. An appraisal of the value 

of the proposed development for this contingency has not been made at this 

time. It is reserved for later study. 
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III. WATER POWER 

Development By Private Interests 

The potential USB of water for po~~r is given high ranking in importance 

by the United States Engineer Office. According to its report, as is shovm 

on Table 1, the operation of Project Group No.1, before any allowance is 

mado for water supply except t'1at authorized for New York, would produce 

44,100 kilo~~tts of firm power. On the assumption of a 25 per cent load 

faotor installation, the Bngine8rs estimate this would result in the total 

annual producti on of 689 million ki lowa tt-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 o¥mership and operation, are $3,198,000. This indi­

oates an annual profit of $642,000. 

The COIlU':li ssion I s study does not verify the se estimates. We believe 

that under the most favorable condi tions the value of pow·er from such a 

development would not exceed .~3,339,000 and likely would be much less. 

The annual costs of the project, if constructed and operated by private 

agenCies, probably ~ould amount to at least ~4,337,000 leaving a deficit 

of $l,OOO,ooq a year. 

Our estimate has been 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 I estimate of the 

amount of power and enelgy V·klich ·would be produced, al thou[~h these are 

obviously too high since the water conditions in 1930-31 (which were not 

available at the time of Engineers! study) were lower than for any com­

parable period of record used in maY~ng the forecast. Furthermore our 

estimate has been premised upon the assumption that completely new steam 

stations Would be constructed. Th.i sis favorable to the hydro-development 

You are Viewing an Archived Copy from the New Jersey State Library



III - 2 

as it must be reali zed that the only markets for the output of the proposed 

project--New York City, northeastern New Jersey and eastern Pennsylva.nia-­

are now being adequately served by existing power systems. ~"o of these 

districts, northeastern New Jersey and eastern Pennsylvania, are closely 

interconnected by transmission facili ties, and their peak demands a.re 

supplied by the existing hydro-electric developments on the Susquehanna 

River. New York City also is intercolli~ected 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 areas grows, the first additional require­

monts vlOuld be met by the serving utili ty companie s through the installa­

tion of additional generating capaCity in the eXisting steam or hydro­

eleotrio plants. Such extensions would require a considerably smaller outlay 

of funds than to supply the additional capaCity by constructing entirely 

new steam generating plants, as was assumed for the purpqse of arriving at 

the above esbmate. The cost differential, betvreen providing addi tional 

power by the construction of the proposed Delaware River project versus the 

oonstruction of addi tions to eXisting plants, we believe, "ilould approximate 

$2,000,000 per year. 

Under such condi tions, it is obvious that the Delaware project is 

economically unattractive as far as its construction and control by private 

ngencies is concerned. Incidentally. the t'Lree water power si tes sue;r;ested 

in this gr"oup, by the !>.rmy Engineers, have been considered by representatives 

of the utility companies engaged in supplying electricity in the Delaware 

watershod and by many other interests for a long period of time and their 

devolopment never has been deemed economical. 
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Development by Public Agencies 

'!he development of a hydro-olectric proj0ct on the Delaware River by 

a publio agency--the Federal Government, an Authority created by the 

Delaware River rasin states, or by any of the individual states constituent 

to the Basin--presents a somewhat different economic picture. In contrast 

to a private corporation, a 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 ~ther 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 

Engineers in its study com?letely utilizes the available storage by dralting 

down the reservoirs during periods of drought. This has the advantage of 

produoing the greatest possible amount of primary power and of providing 

larger releases into the river below. It would be definitely disadvantageous 

to reoreation, ~owever, because of tie fluctuation and depletion of the 

reservoirs. Another method mif';ht be to use the reservoirs principally for 

pondage~-at least during the summer vacation period--thus involving only 

elight variations in water surface elevations. The amount of primary power 

produoed in this manner "would be less t'1.an under the previous alternative 

but there would be an appreciable benefit to recreation. Consideration has 

been given to both of t'1.ese possibilities. 

A third scheme also has been s+udl"ed. It provides for a supplementaryv 

reservoir to be located on Flat Brook about five miles above its confluence 

With the Delaware with the vmter in the Tocks Island reservoir backing up 

\0 the Flat Brook dam. Tile purpose of ~'1.e supplementary reservoir would 

water to maintain a full rcsel~oir at Tocks Island 
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and tho other v,vo Delaware River si tus during the summer, while e.t the same 
'"H ... 

'time parmi tting the producti on of an amount of primary power approximately 

equal to that produced under the first alternative. Because of t~e limited 

drainage area above the Flat Brook dam, there would not be sufficient run­

~f ~ to refill this reservoir follo~~ng a period of depletion andoJ. •.•oweve r, 

in order to overcome ~~is condition, the scheme provides for pumping 

oquipment to replenish the reservoir, vm~n necessary, from flows into the 

Tooks Island resel~oir during periods of flood. 

Based upon an extensive study of stream flows such as occurred during 

tha period botween July, 1930 and February, 1931 (the lowest of available 

reoord) it has been determined that the amounts of continuous firm power 

Which oan be devoloped under the three above methods are 31,600, 24,300, and 

31.000 kilo~~tts, rcspectiv81y. In arriving at t~is estimate allowances 

also vrere made for a succession of unusually low spring and summer flows. 

During the period which existed in 1930-1931, the reservoir at Tocks 

leland. if it had been in operation, would have been drawn dovm six feet on 

September" 21, under the first alten1ative, and none under the second and 

third. However, the period of low flows in the summer of 1923, "while of 

shorter duration was more sevel'e than 1930. By the middle of September of 

1923. the amounts of draw-dovm would have been 12 feet and bvo and one-half 

feet under Schemes 1 and 2. Undcr all three methods, there would be no 

appreoiable dra71-dovm in the Belvidere and C18stnut Hill reservoirs since it 

has been assumed they are to be utilized primarily for pondage to meet daily 

fluotuations in demand. 

Under each scheme, a.fter Septembe r 21, it he. s been considered permi ssible 

to draw down the then ava.ilable storage in Tocks Island, if necessa.ry, in 

order to reduce the degree of salinity in the tidal estuary, to lessen the 

eots ~fpollution, and for other purposes. In each case, the maximum 
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total draw-down has been limited so as not to exceed 120 billion gallons by 

ltlroh 1, it not being considered good practice to use the total available 

storage. 

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

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

~stimated &~ual Profit or Deficit 
(No reserve capacity provided) 

25% Load Factor 50% Load Factor 

Scheme 1 Profi t $ 254,000 Defici t $ 258,000 

Soheme 2 Profi t 22,000 Defici t 463,000 

Scheme 3 profi t 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 transfonnation 

and transmission facilities. TIle following summary gives a similar com­

parison with provision for nlonty-fiv0 per cent reserve generating capacity 

and for reserve transformation and transmission facilities. 

~stimated ~~~ual Profit or Deficit 
(~iith provision for 25% reserve capacity) 

25% Load Factor ~ Load Factor 

Sohemo 1 Profi t $ 251,000 Defici t S 189,000 

Scheme 2 Prafi t 60,000 Dofici t 373,000 

Scheme 3 Profit 36,000 D8ficit 416,000 
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'It will be notod that while there is not a great deal of difference 

betrleen the two sets of results the installation of reserve capacity appears 

to be profitable. This is because the additional annual expense involved 

is more than offset by the revenue received from the sale of the additional 

secondary energy produced. For the purpose of the study it has been 

assumed ~~at ~lere ~~ll be a market for approximately tvlo-thirds of all 

seoondary energy generated. TIlis may not be entirely reasonable, and is 

obviously favorable to the hydro-electric project and to the reserve capaCity 

al terna tive. 

It will be noted that the above comparisons are based upon load factors 

of 25 and 50 per cent for primary power. Tne 25 per cent figure represents 

the opinion of the Army Engineers as to the position vhich the proposed power 

oould oocupy 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 ostimate of the results of the operation of the proposed 

projeot for power purposes. However, we have determined we figures not 

only tor 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 sup?orting the above estimates have been asselnbled in 

Appendix Bi and only a brief discussion of certain factors to which it is 

desired to oall special attention is included herein. 

Construotion Costs 

An authoritative scientific estimate of the construction costs of 

three dams and reservoirs involved in the Army Engineers proposal cannot 
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be made without the expenditure of much time and money for a study 

of geological conditions at the dam sites and for the preparation of 

design plans based upon such information. Some borings have beem made 

but not enough to give reasonable assurance as to sub-surface conditions. 

the oharacter of the surface strata at the proposed site of the d~ms and 

reservoirs consists of sandstones and limestones--in which there mayor 

"Y' not be ca.vernous condi ti ons. It is possible that some of the dam 

sites would be entirely unsui table. 

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

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

oondit1ons which require undue expenditures. On this basis, we are of 

tho opinion that th0 Army Engineers' estimate of $19,807,000 for the con­

8truotion of the three dams and rf;servoirs is reasonablo. 

Powor House and Equipment 

We have compared ~~e costs given by the Army Engineers for the co~­

P6Wer House and Equipment vii th eXDcndi tures for similar 

in the development of other hydro-electric projects 

and believe them to be insufficient. 

fransmi 8sionand Svri tching Sta tion Fa.ci Ii ti e s 

To the cost of the hydro-electric plants must be added a cost for 

transformation and transmission operations necessary to bring the energy 

ilie Arrr..y Engineers make no pro,rision :for these facili ties. 

contended that adequate facilities already are in exis­

it must be remembered that they were designed and constructed for 

obviously did not include a Delaware !D.ver 

Even though ~~ey probably might adequately handle the load, 

You are Viewing an Archived Copy from the New Jersey State Library



,', 

III - 8� 

nevertheless they represent an investment wilich the proposed development 

should be required to share, for wi thout t,.... em, unless and until new 

facilities were constructed, it would be impossible to bring the output 

of the project to the available markets. The cost to construct such 

f'acili ties thereforo--whether or not they viOuld actually bo buil t--ei ther 

should be included as a part of th8 total construction costs or bo other­

wise reflected in determining the value of power. 

Value of Power 

Tho value of the hydro-electric power produced by Project Group No. 1 

will depend upon Ymat the utili ty companies are willing to pay for the 

quantity and quali ty produced. For the purpose of this study, it has been 

a88umod that this would be equivalent to \~1at it would cost the companies 

power by steam. Actually this gives a value somewhat 

be no incentive or reason for the utilities to purchase 

unless its cost were less than the amount for vffiich the 

oompanies could produce it. 
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IV. SALINITY 

The salinity Problem 

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

navigable tidal reach between Trenton and Wilmington--one of the most 

important industrial areas in the entire United States--depends almost 

entirely upon the river for its water supply, domestic and industrial. 

UDtortunately, that part of this area below Philadelphia, particularly 

in the vicinity of Chester and r~rcus Hook in which a large proportion 

ot the industries is located, is confronted with a very serious water 

roblem. The river in this zone normally is fresh water. Except in 

retpeot to pollution which can and is being abated, the water in this 

a Is ideally adapted for industrial purposes, being relatively free 

But during periods of extended drought, ocean 

r pushes itself farther and farther up the river as tho drought con­

a, changing the water of this area from a satisfactory, source into 

lmfit for use. Industrially, its high solid 

troub10soJne and serious boiler feed and 

difficulties which are extremely expensive to overcome. 

impossible to remove the br~ckish tasto, forcing 

consumors to obtain water from springs and other 

for drinking purposos. 

oauses of the movement of salinity in the Delaware River have 

The~ought of 1930, which occurred during 
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the proseoution of the Dela,~re PJver Diversion Case caused brackish water 

'to advance to Philadelphia and aroused great concern as to the possible 

effeot of the proposed New York City diversion upon future salinity con­

ditions. The outcome of this circumstance was the initiation of two 

separate investigations: one by the Delaware PJver Conservation Associ­

ation, an organization of industrial interests in Philadelphia and 

Delaware County; the other by the Commonwealth of Pennsylvania. 

In fundamental principle, both agencies reached tho same conclusion, 

namely, that the degree of salinity at any point in the marginal zone 

between Philadelphia and Artificial Island depends primarily upon the 

amount of fresh water run-off into tho river above tho point under con­

114eration. They differed, however, as to the rates of run-off which 

to prevent tho advance of salinity up-stream. For example, 

industrial association found that a flow of 4,520 million gallons per 

(7,000 o.f. s.) into the river above the Pennsylvania-Delaware boundary 

would be necessary to prevent the appearance of the presence of 

borne salinity above this point. The state deter~ned that 3,430 

(5,300 c.f.s.) would accomplish this purpose. 

in connection with its Quantity Committee's 

under which water supply diversion projects 

the two studies in order to make its 

results ,vas more reliable. It concluded 

at by the Delaware River Conservation Association 

The results of its examination of this problem are 

reports dated October 10, and October 21, 1940. 
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A flow of 4,520 million gallons per day into the Delaware l~ver above 

arous Hook, under normally lUliform meteorological conditions over the 

basin watershed, represents a flow of approximately 2,750 million gallons 

daily (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 dO\Vll 

to about Artificial Island. the flows at Trenton fall below this rate for 

any appreciable pe riod of time. in concurrence wi th low flows in the re­

JIILinder of the wate;shed, salinity will advance above the Pennsylva:1ia­

Delaware boundary line. This advance 'till continue under a given set 

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

suoh oonditions) finally vnll be reached. As the presence of salinity 

advanoes upstream. its degree at any lower point increases proportionately. 

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

to the problems caused by salinity invasions. 

to determine past damages in relation to run-off in 

Trenton. It has been found that flows in the river 

fall have fallen below those necessary to prevent 

n1~ inoursions above the Pennsylvania-Delaware boundary line in seven 

1".'[0 of the se years. 1930 and 

, were extremely severe; three--1923. 1936. and 1939--moderately 

The follo\ting tabulation 

the extent of the period of salinity 

average and maximum degree of salinity 

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

at Trenton • • 
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Period of Average Daily 
salinity Degree of Rate of Run-Off 
Invasion Salinit in c.f.s.-Dela­

ware River at
Date No. of 

TrentonDays Average Yt\.ximum 

- 61 260 350 3270�1929 8/1 9/30� 

198 750 1,150 2670�1930 8/1 - 2/15� 

1931 9/12-12/31 no 690 1,000 2960� 

8/1 -10/6 67 725 1,100 2120� 

None 0 0 0 0� 

None 0 0 0 0� 

10/10-10/30 21 100 250 2560� 

8/1 -n/5 97 370 500 3460� 

. None 0 0 0 0� 

None 0 0 0 0 
o· 

7/1 -10/31 123 420 650 2920� 

None 0 0 0 0� 

noted that no salinity invasion is indicated for 1933,� 

and 1940. In threo of these years, salinity actually 

Hook, but only for a few days; its occurrence, therefore, 

those data, a survoy has been me-de during the past few 

8 or the reqUirements, costs, and damages caused by salinity in 

Due to the absence of any appreci­

unt of available information regarding the subject this was done 

f means of conferences with reprezentatives of the principal 

of the Chester ~Nnicipal Water Authority. Particular 

given by Mr. W. D. ~Rson of the Sun Oil Company in 
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survey it has been found that from 50 to 250 ~lllion gallons 

are pumped from the Delaware River in thi s section for 

domestic purposes. Of this amount, on the average, only 

gallons are used for purposes which require a specific standard� 

or treatment. Approximately five million gallons are used for� 

purposes, and ~renty-three million gallons for� 

~lenty of the hrenty-three million gallons of industrial 

privately owned i~dustrial plants; the remaining 

Chester Municipal Wator Authority which also supplios 

for domestic and commercial purposos. 

e '23 million gallons used by industry, about one-half is for 

for manufacturing processes. In each case, 

is filterod, reduced to zero ;,ard..>l.csS, and should be 

of salinity. Under normal conditions of flow these require­

met. DurinG poriods of salinity invasion, however, 

The first requisite, filtration, gives no trouble;. 

possible to attain, becomes difficult Qnd oxpensive. But 

practical method under the present developmont in tho 

remove salinity, in order to meet the third 

While this docs not rosult in a breakdovvn in industrial pro­

extremely trou.blesome problems and causos much 
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Qne of the greatest difficulties arises in the manufacture of steam-

for the production of power and for industrial processes. The ~alt in the 

water oauses foaming, and it becomes necessary to "blow-down" the boilers 

almost continuously, requiring the use of large volumes of make-up water. 

!bis in turn greatly increases the amount of fuel required for heating. 

!he salinity-high vmter also causes excessive corrosion in boiler tubes and 
yr. . 

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

In the manufacture of viscose, of paper, and in dyeing operations, ex­

tended high salinity conditions invariably result in the production of a 

produot much inferior to that normally produced. In-fact, during 1941, the 

rfoyle Manufacturing Company, one of the largest yarn dyeing concerns in 

actually had to discontinue its own dyeing, and "let" the Vlork 

oompanies. Aside from the obvious inconvenience and the con­

nt "headaches" incurred, this arrangement is understood to cost the 

additional ten cents for every pound of yarn dyed. This one 

repr-e-sents a loss of approximately $300.00 a day. 

3rd, 1941, the Scott Paper Company had to shut down part 

the entire day in order to correct a condition caused by 

In the manufacture of its paper prOducts, certain felts are used 

manner when salinity exists. The shut­

qUired in order to do this put 1,000 people out of work for the day. 

course, interfered with production and addod to maintenance costs. 

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

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

lioan Viscose Corporation not only produces the steam which it 

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

facilities are greatly overtaxed during periods of salinity 
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invasions; and its power lines are not interconnected with those of the 

electric utility company serving this area. Under such conditions, a power 

house failure, if it occurred, would rcsult in a complete shut-dovm. The 

market value of the Viscose Company's plant products is approximately 

.600,000 per month. High salinity causes a marked deterioration of its 

product and undor conditions such as existed in 1941 is understood to have 

depreoiated this value by about five por cent. 

On the basis of data furnished by the industries in the Chester-Marcus 

Book area, particularly by the Sun Oil CompanYi it is estimated that when 

the water in the Delaware River at ~~rcus Hook reaches a state in which the 

ealinity throughout the day averages 600 parts per million chlorides, the 

annual damage caused by the use of the consequently deteriorated water supply 

area, totalling 28 million gallons per day, amounts to approximately 

each day that salinity of this degree exists. Vfuile 

is but a rough approximation, it is believed to 

a.onabl~ representativc; and probably somewhat on the liberal side. It 

by estimating tho additional cost for salt and other 

required in ordor to remove the ndditional hardness in 

for additional chemicals used in the already 

feed water; the cost of additional fuel for heating; the cost 

pQ~ping; a charge for exnessive depreciation and maintenance 

to represent depreciatio~ in the value of manufactured 

In addition there is also included an item to represent the cost 

DC bottled vrnter fer drinking purposes. The above factors make up 

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

will vary ~rith the degree of salinity. For example, this 

$4,250 per day for 300 parts por million .salini ty a.nd 

The $62,000 item is a consta.nt, 

, 
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'~"':."~ . 

ropresenting annual fixed charges upon the estimated capital sum which 

would be required in order to construct the additional ,vater softening 

plant capacity which is required during salinity invasions. The sum 
~" 

inoludes provision for softeninf, dOil~stic as well as industrial water 

beoause the losses due to the hardness of the domestic supply during 

aalini ty invasions are believed to be even greater than the cost which 
.. 

would be required to remove such hardness. The distributions of' the items 

"hioh comprise the estimate are as follows: 
. ,'. 

SUMMARY OF ESTIMA.TED DANAGES TO EXISTING DEVELOPMENTS .. 
CAUSED BY SALINITY INVASIONS IN THE LOWER DEIAWARE RIVER� 

IN THE VICINITY OF CHESTER-j~RCUS HOOK� 
f~ (_U_s_e~;vater 28 M.G.D.-Degree of Salinity, 600 p.p.m__._c_h_l_.o_r_i_d_e_)=-__~
 

~ . Annual Daily 
Fixed Charges Variable Charges 

~. .. Privately Owned Industrial Supplies: 

..... : Water Softening--20 M.G.D. 

Additional Fuel--Heat Losses 

Depreciation and 1~intenance 

of Equipment 

Depreciation in Value of 
Manufacturing Product 

Municipal Water Authority: 

Drinking 

TOTAL =---­

$ 42,000 $ 1.930 

2.220 

1,110 

2,220 

20,000 220 

800 

$ 62,000 $ 8,500 

breakdown for each of the items comprising the above 

1s eiven in Appendix C. 

unit cost estimate. the total amount of damages for 

1929 to 1940 has been computed to be $5,477,000. This is 

to an average annual sum of $456,000. As already pointed out, 

probably is somewhat high; first, because liberal asswilptions 
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have been made to cover the items of additional expense, and second, because 

it seems probable that ~le period studied has occurred in a relatively dry 

meteorological 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 place values. These no doubt would more 

than offset the liberalness of the above figure. The year by year estimate 

trom which the above total and average annual charges have been determined 

are given in the following tabulation: 

ESTI~TED DA~~GES YO EXISTING DEVELOP1~NTS
 

CAUSED BY SALINITY INVASIONS 1929 to 1940� 

ANlflJAL AMOUNT OF DAMA.GE 
Year 

Fixed Charges Variable. Charges TOTAL 

1929 $ 62,000 $ 50,000 $ 112,000 

1930 62,000 2,120,000 2,182,000 

1931 62,000 985,000 1,047,000 
'w' .. '-. 

62,000 620,000 682,000 

62,000 0 62,000 

62,000 0 62,000 

62,000 13,000 75,000 

62,000 500,000 562,000 

62,000 0 62,000 

62,000 0 62,000 

62,000 445,000 507,000 

62,000 0 62,000 

$744,000 $4,733,000 $5,477,000 

$ 62,000 $ 394,000 $ 456,000 

Project 

effect of the operation of the multiple-purpose Project Group No.1 

damages caused thereby next vms investigated. 

You are Viewing an Archived Copy from the New Jersey State Library



---
--

IV - 10� 

given on page 4 are shown the nver~ge rates of run-off in 

lawnre River at Trenton for each period of salinity invasion in the 

If the proposed hydro-electric project, and the uuthor­

supply project had been in operation during this 

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. 
.. ,'. -' Aotual Under Scheme land 3~de;-SCheme 2 

31$000 K.W. 24,000 K.W. 

" ' 3270 3820 3470 

2670 3630 3520 

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-

for this purpose the formula and charts devclo?cd by the 

Conservation Association. The results of this analysis, 

the C ondi ti on s whi ch ac tually exi stod are: 

AVERAGE DEGREE OF SALINITY AT ~~RCUS HOOK 

Actual Modified 
Scheme s 1 and 3 Scheme 2

260 50 100 

750 500 52,5 

690 250 350.... , 

725 500 550 

100 50 50 

370 50 100 

420 200 250 
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e next step then was to ascertain the extent of damages under the 

This analysis indicates the total for the 

eleven-year period would have been $3,220,000 under Scheme 1 

produce 31,000 kilowatts of primary power and $3,599,000 under 

2 which produces 24,000 kilowatts of primary power. These compare 

actual conditions of flow. On an average annual basis, 

amounted to $268,000 under Schemos 1 and 3, and 

2. These compare with $456,000 under natural con-

The boncfits in respect to salinity reduction, as detormined by 

in damages, therofore, would be $188,000 under Scheme 1 and 3 

under Scheme 2. These sums represent the value of the proposed 

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

figures folloVl: 

ESTIMATED DA.~f.A.GES TO EXISTING DEVELOPMENTS 
. CAUSED BY SALINITY UTVASIONS, 1929 to 1940 

ANNUAL DAMA.GES CAUSED BY SALINITY 
Modified by Operation of Proposed Hydro-Electric Project 

.r--· Schema s 1 and 3 Schem;-2 

$ 62,000 $ 62,000 

1,477,000 1,547,000 

417,000 562,000 

489,000 532,000 

62,000 62,000 

62,000 62,000 

62,000 62,000 

129,000 197,000 

62,000 62,000 

62,000 62,000 

274,000 327,000 

62,000 62,000 

$3,220,000 $3,599,000 

L 268,000 $ 300,000 

$ 188,000 $ 156,000 
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< . 

definite conclusion which can be drawn as the result of this, 

studies of salinity is that it is impractical, if not 

the incursions of salinity above the Pennsylvania-

It appears that the only possibly practical way 

of such salinity invasions will be to provide a 

water supply for use during such periods. Each 

project in the basin, however, if operated under 

releases, will improve conditions. But the effect 

is not great. This study supports this 

supporting data and computations for this 

-' --~. ,", ­ ", ~ .. 

.... ......~ '. 

, . ~ : 
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