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LOON... REPLY TO: 1/
OIITNICT INGINUR
U. S ARMY tORE DISY. . PHILA ,

PA . 
U. S. ARMY EN~~INEER DISTRICT. PHILADELPHIA IL 

~~~~

. /coRPs OF ENGINEERS
CUSTOM HOUSE—2N0 & CHESTNUT STREETS

ROPIR TO PHILAD ELPHIA 6. PA.

NAPEN-R 15 November 1961

SUBJECT: Delaware River Basin Report

TO~ Division Engineers, except Division Engineer, MD
District Engineers, except District Engineers of
Eastern Ocean, Far East and Okinawa Districts
and Districts in MD

1. The District Engineer, Philadelphia, recently completed a
report on the comprehensive study of the water resources of the
Delaware River Basin. In view of present emphasis on comprehensive
basin planning , the Division Engineer, North Atlantic , proposed to
the Office of Chief of Engineers that each Division Engineer and
District Engineer office having Civil Works responsibilities be
furnished a copy of that report as source material.

2. The Office , Chief of Engineers, concurred that such distri-
bution was desirable , and requested that the distribution be made
by the District Engineer in order to avoid rehandling . Accordingly,
one complete copy of the District-Division report on the Delaware
River Basin is furnished each addressee except those who were pre-
viously furnished copies in compliance with specific individual
requests. The exceptions , to whom this letter is being furnished
for information, are:

a. Division Engineers:

Ohio River
Lower Mississippi Valley
New England
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NAPEN-R 15 November 1961.g.. SUBJECT: Delaware River Basin Report

b. District Engineers:

Baltimore
New York
Washington
Nor folk
Ft. Worth
Pittsburgh
Galveston
Rock Island
Huntington
St • Louis

1 m d  T. H. SETLIFFE
De]..R.Basin Rpt (11 vols) Colonel, CE
v/addendum & errata sheets District Engineer
Cy. No. 2/2.

cc: OCE, Attn: ENGCW-PD
NA.D, Attn: NADEN -R
Director , WES, Vickaburg
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U. S. ARM’! ENGINEER DIVISION . NORTH ATLANTIC
CORPS OF EN c~ INEERS

90 CHURCH STREET
NEW YORK 7 . NEW YORK

27 December 1960
0 REPLY RIPEN TO

NADEN—R

SUBJECT: Delaware River Basin Report

TO: Chief of Engineers
Department of the Army
Washington , D. C.

1. I concur in the conclusions and recomm endations of the
District Eng i neer contained in his report on the Delaware River Basin
dated December 1960.

2. The report presents a plan for coordinated long range
development of the water resources of the Delaware River Basin.
The plan has been developed through the joint efforts of all Federal
and non-Federal governmental agencies concerned . Every effort has
been made to insure that the plan represents the optimum with respect
to conservation and development of the basin water resources and
economy of cost, it is pertinen t to emphas i ze, however , that the
intricate and interrelated structure of the plan may be nullified by
continu i ng encroachment and incompatible development of the project
areas unless a vi gorous program for preservation of the sites is
undertaken at an earl y date. A proposal for such action is included
among the District Eng i neer’s recomendations.

N

T. H. PSCOMB
Bri gadier Genera l , USA
Division Eng i neer



_______________________ - -- , .  - . - - 

~
‘

W~: ‘~ ~~~~ 

—

~~

Pc~ I h .  t r~ (k (
L:I . ~ REPORT ON THE

/ 

COMPREHENSIV E SURVEY OF

I 
- 

THE WATER RESOURCES OF

THE DELAWARE RIVER BASIN . V~ / 
/ j /

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ?~~~
‘- -~ : -

\
PREPARE D BY

U. S. ARMY ENGINEER DISTRICT , PHILADELPHIA
VALLEY REPORT GROUP

RUSSELL MORGAN , CHIEF

7/

L ~~~~~~~~~~ L________________ D
DISTRIBUTION STATEMENT A
Approved for public release;

Distribution Unlimited

DECEMBE R 1960
Revis ~~~~~~y l161

ORIC!’r l ., ( ‘ ‘ ~~~ :3 CO! Crl PLATES: ALL DDC
REP~ Ory~~ ~~~~- V-.IL~. c: ~i ~~~~~ AND WHIT E.

11

-i L
~~~~~~~~~~~~~~~~~~~~ 1~~ 

_ _
~~~~~~~~~~~~~~~~~~~ ., -.- ——~~ —~----



w - .- . -- - ---.- -- -. . ---- .--—- -- .—. . - -~~ -- -—.. ----- - -- -~~~~ -

t
DELA WA RE RIVER BASIN REPORT

VOLUME INDEX

Volume

I MAIN REPORT

II APPENDIX A - HISTORY OF INVESTIGATION -
APPENDIX B - ECONOMIC BASE SURVEY —

III APPENDIX C - WATER USE AND STREAM QUALITY -
APPENDIX D - FLOOD DAMAGES
APPENDIX E - NAVIGATION
APPENDIX F - POWE R MA R KETS AND VALUATION OF POWE R

IV APPENDIX G - WATER FOR IRRIGATION AND RURA L USE
APPENDIX H - FLUVLAL SEDIMENT
APPENDIX I - RECREATION RESOURCES

V APPENDIX J - FISH AND WILDLIFE RESOURCES
APPENDIX K - USE AND MA NAGEMENT OF LAND

AND COVER RE SOURCES

VI - APPENDIX L - INSECTS OF PUBLIC HEALTH IMPORTANCE
APPENDIX M - HYDROLOG Y

VII APPENDIX N - GENERAL GEOLOGY AND GROUND WATER

VIII APPENDIX 0 - INT RASTATE WATER RESOURCES SURVE Y ,
STATE OF DELAWARE

ix APPENDIX P - GROSS AND NET WATER NEEDS
APPENDIX Q - F ORMATION OF THE PLAN OF DEVELOPMENT
APPENDIX R - WATER CONTROL AT INTERMEDIATE

UPSTREAM LEVELS
APPENDIX S - SALT WATER BARRIER

X APPENDIX T - HYDROELECTRIC POWER
APPENDIX U - PROJECT DESIGNS AND COST ESTIMATES

XI APPENDIX V - BENEFITS AND COST ALLOCATIONS
APPENDIX W - RECREATION NEEDS AND APPRA ISALS
APPENDIX X - OPERATING ORGANIZATION

4 . .%-.
- ~~~~~~~~~~~~~ ~~ ‘~‘.L~LYL,~~~J~~~~~ -



- -T
~~~:.~~~~~ .

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

~~ 
- --- -

~~ —--- ~.—.- • —,-- - - . -- -- -., -- —.— - .-.----- ~~~~~~ =- - -. ,-- . - - . -

COMPRE~IENS[VE REP’~RT ON THE DEVELOPMENT OF THE
WATER BESOURCES (W T~{E. DELAWARE RIVER BASIN

SYLLABUS

Recent d isas~ r~ us flooding and aut~’orizatio~is by the U. S.
Supreme Cour~ fcr~ div :r~~ o~,; ~~~ of the basin o f 900 million
gallons of water ~er da f r  wa~.or supply purposes focused atten-
tion on ;ho n~~ d f~~ c~~~ :o1 -~ f .~~~~ ‘ ~i~~~ h and lc~. flows in the
Delaware River Ba~~:r . I, wao°r u-~ s~ c d ics based on present and
projected popuia ~~~~ ar- d cccr— rn~ c acti\,ltles in the basin and
adjacent ar2as~ i~. was found ~~- ‘i . primary needs that could be
satisfied by wat’r r c u ~ c~~ --; i~~o-n?’-~ ware flood control , water
suppl ies , recreatioo and h~dr - puwer. Present and projected needs
for navigat1o’-~, preservati-~n of water qual ities , preserva tion of
f i sh  and wildl i fe  r~~~ ’ ~c’~-~ - -~dim~’r. co~~ ::~l~ and drainage , create
no direct r?qLirem~r;. f~: added or ~‘xpdrded delTelopment of the
water r~~s’;urc-’s of the }-astr.

All practical measL:~~ t~ ~aoi~~fy u ’~e needs of the bas in were
cons idered incl ud ing land management measures , local protectLon
works , reservoirs of all sizes , a sal twater barr ier ~n the Delaware
River estuary~ and su~ plemen~ al programs capable of satLsfying
si~ nifjcar.t portions c-f oho r.-~ods, The economies and caDabilities
inherent in major i rnpoundtng soru c-~ures for multiple use required
that the basic plan be defined in terms of ma j or control projects
with small reservoirs and ocher measures and programs added as
supplements to mitigate th~ needs and zo extend the effectiveness
of the plan.

A total of 193 major reservoir potentials in the basin was
considered. A sn~ ios of evaluaticns defi:-~ d a basic plan of 19
major control projects. The basic plan and the multip 1e~ purpose
elements of the plan were designed o’~ the basis of maximized net
benefi ts , to provide , in a balenoe~ and timely manner , for control
of flood flows , cor.trol of low flows for water suppl y purposes ,
enhanced recreation opportunitLes and hydropower generation. A
total of 386 small reservoir projects was also consLdered , and a
series of discrete screening s identified 39 projects with suffi-
cient economic attractiveness fcr flood control purposes to warrant
their inclusion in the p1a~’. of development. All of these small
control projects can be accomplished under existing authorizations
and continuing programs , The physical features of needed land
management programs also can be accomplished under existing authori-
zations and continuing programs. Since the effects of such mea-
sures on downstream flows are modest , the actual extent and nature
of the physical featu’es wor~ ron defined in this investigation.

a R May l96l
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The District Engineer recommends that a plan consisting of 19
major control projects and 39 small control projects, at an esti-
mated total construction cost of 591 million dollars , be adopted as
a guide to the timed and balanced development of the water resources
of the basin. He recommends that authority be granted for the con-
struction of eight major control projects indicated to be needed in
the next 30 years at an estimated total Federal first cost of
$134 ,900,000 plus $89,100,000 which would be reimbursable by local
interests for water supply storage, a total of $224,000,000, and
annual operation, maintenance and replacement costs of $2,450,000
during the period of deferred use of future water supplies and
$2 ,260 ,000 during the period after use of future water supplies is
initiated ; provided local interests bear annual operation, mainten-
ance and replacement costs of $266,000 during the period of deferred
use of future water supplies and $450,000 during the period after
use of future water supplies is initiated. The District Engineer
recommends , also , tha t a program be established and executed at an
early date for the acquisition of project lands in order to preserve
the project sites.

R May l96l b
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CHAPTER I

S INTRODUCTION

1. SCOPE. The wa ter resources of the De1awa~ e River  Basin  con-
tribute to the economic and social well-being of an important segment
of the economy of our nation. To anticipate the requirements tha t will
be p laced on these resources in the future and to plan for their con-
tinued beneficial use an investigation has been made . It was neces-
sary, first, to define these requirements and , secondly. tc establish a
plan of development that will assure the satisfaction of these require-
ments through a balanced utilization cf these limited resources. This
repor t constitutes the officia l accoun t of these investigations . It

-~def ines a comprehensive and ra tional plan for control of the uneven
flows of the Delaware River and its tributaries to the practical and
economical extent required to insure its optimum and equitable restraint
and ava ilability for every purpose in the future , thereby providing for
the continued expansion of the Delaware Basin ccmmunity. _ The ultimate
value of the plan as a guide to the development of the basin ’ s wa ter
resources depends on the continuation of vigorous activity by govern-
ment and non-government interests wherever such interests are engaged
in the development and use of the water resources of the region. The
plan presented in this report was formulated on the basis of technical
s tudies and inves tigations par tic ipated in by the several levels of
government through their representative agencies within the Delaware
River Basin area , each wi thin its sphere of responsthi!ity to the
people of the basin.

2. The following chapters of this report contain the results ,
conclusions and recommenda tions of the Distr ict Engineer based upon
analysis of detailed technical data and investigations repor ted upon
in the various appendices to this report. Information gained by care-
ful review and evaluation of reports of prior studies of the Delaware
River Basin , as well as that obtained by new field surveys and exten-
sive new offIce studies and investigations , is contained therein.

3. BACKGROUND OF INVESTIGATION. Interest in the waters of the
basin is not new . Numerous independent surveys and reports on many
face ts of the basin ’s waters have been prepared for various purposes in
the pas t~ Such purposes encompassed local , state , interstate and
Federal interests . The history of planning for the development and
utilization of the water resources of this basin dates from the early
1800 ’s when a number of shallow draf t barge canals were des igned and
constructed to carry the anthracite of the Lehigh , Schuy lkill. and
Susquehanna bas ins to Philadelphia and New York. In 1823 the Corps of
Engineers formula ted p lans for a breakwater at the mouth of Delaware
River to protec t vessels from storms and floating ice. Since that
time numerous s tudies have been made , by the Corps of Engineers , fo r
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navigation improvements on the Delaware River and Bay. These have re-
sulted in construction of 6 major navigation projects with authorized
depths in excess of 25 feet , and a number of projects with authorized
depths under 25 feet- A navigation channel 40 feet deep from the ocean
to Philadelphia has been completed and is being extended to Newbold
Island thence 35 feet deep to Trenton.

-f. Use of the Delaware River and its tributaries as a source of
municipa l and domestic water supply can be traced to the late 1700 ’s
with the building of municipal waterworks at Bethlehem and Phila-
del phia. In the 1920’s , New York City contemp lated going to the head-
waters of the Delaware River for an additiona l water supp ly~ Con-
tinuous negotiations of the States of New York and New Jersey and the
Commonwealth of Pennsylvania at that period failed to provide any

— acceptable solution to their mutua l water supp ly problems . A resolu-
don to this particular phase of the basin ’s water resources develop-
ment came through a decree of the Supreme Court in 1931 which gran ted
the City of New York the right to a diversion of 440 million gallons
per day (mgd), That decree required that New York release from its
ceservoirs a limited quantity of water to maintain minimum flows. The
negotiations undertaken by the basin states at that time recognized
the need for comprehensive treatment of the water resources of the
Delaware basin.

5. In 1933 the Corps of Engineers completed preliminary studies
of the Delaware River that were submitted to the Congress and became

S 
part of the nationwide study known as the “308” report. The section of
that report concerning the Delaware basin , publ ished as House Document
No. 179 , 73d Congress , 2d Session , dealt with navigation , hydroe lec tric
power , flood control , irrigation and water supp ly. Although no devel-
opment features were found economically justified at that time , the
repor t marked the beginning in the Delaware River Basin of a more
comprehensive approach to water resources development and use.

6. Two years af ter publication of the “308” report , the Inter-
state Commission on the Delaware River Basin (INCODEL) was created by
reciprocal legisla tion in New York New Jersey, Delaware and Pennsy l-
vania . From its creation through 1948 , INCODEL directed its program
mainly to the problem of pollution in the Delaware River Basin ,
INCODEL then undertook a study and prepared a report , published in
Augus t 1950, dealing w ith a comprehens ive plan for the Delawar e River
Basin. That report included plans for water supp ly s torage, hydro-
electric power , poll ution abatement , recreation , fish and wildlife ,
stream flow regulation and salinity control. Although the proposed
p lan failed of ratification by all the member s ta tes , it remains as a
major contribution in the history of resource development in the
basin.

7. Following World War II, work was resumed on the New York City
sys tem of reservoirs in the Delaware headwaters. In 1954 the Pepacton
Project was completed and added to previously completed system corn-
pr ised of the Neversink Project and the Rondout Project , the latter in
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t he a d j a c en l  basin , I~ t h e same y~ ar  t i li- Supreme Court approv ed an uC dL -
tiona l divt.-n sion by New York City ~o a Li, tat c i  ~ Ud n~gu T h e  diversions
a t e  subject to sp~ cific conditions and obli gaLi on s rcget dir .g compensating
releases and sewa de treatment. The d e c r e e  1i~~its diversi on to 490
.lillioa gallons per day until comp letion of the  Ca’:nonsville Project on

‘4es t Branch of De laware  River , and 8h0 m l !  ini ~a ior .s per day there  -
a f t , r .  Th is  du c r e e  also granted the S t a t e  of New J e r s e y  the  right to
d i v e r t  100 mgd from the basin without compensatiag releases.

8. A g e n e r a l  Federal  i n t e r e sc  ía the wa ’:er resources development of
t h e  bas in  has been a c t iv e  t h r o u g h o u t  t h e  y t ar s~ The Urt ted States De-
partnient ot  Agriculture has lang been active in various elements of the
land use program , agricultural drainage , land treatmen t measures and
flood control on small watersheds. The United States Department of
Interior has been active in the basin in matters relating to fish and
wildliie , recreation , stream gaging, geolog ic studies and management of
hisLor~ ea t  resources . and commercial fisheries, The United Stat cs De-
parcn;.— nt of Hea l th , Education and ~e1fare has conducted numerous stud-
ies and pursues continuing programs related to the quality of the waters
of the basin. The United States Department of Commerce continues to
mtai nt ain data collection activities pertinent to navi gation and climna-
tology. The Corps of Engineers has been active in  the areas of flood
control and navigation. Corps of Eng ineers ’ reports of particular
inLcuest include the review report on the Lackawaxen Rive r , a major
tributar y of the Delaware Riven which was published as House Document
No. 113 80th Congress , 1st Session, This document recommended author-
ization for construction of Dyber ry (now Edgar Jadwin) and Prompton
Darns and R~ servoirs for flood control. Of equal importance is the
review report on the Lehigh River , published as House Document No. 587,
79 th Congress , 2d Session . which recommended authorio~’tion for the
construction of Bear Creek Dam and Reservoir and local flood protection
works for the cities of Allentown and Bethlehem , House Document No.
358 , 83d Congress. 2d Session . recommended authorization for a channel
in the Delaware River for navi gation . 35 and 40 feet deep from Phila-
del phia upstream to the vicinity of Trenton . New Jersey. A 40 foot
channel from Philadelphia to the Sea , was authorized in accordance with
recommendations in Senate Document l59~ 75th Congress , 3d Session . S

All of these projects have been completed . or they are under construc-
tion .

9. In addition to the 1c ~g record of studi es on the Delaware
River by Federal agencies ) a considerable number of technical in ve R t i-
ga t ions , covering var ious  a s p e c t s  of water use and d&-veio~ ’nent have
been made fo r  po r t ions  u t  the b a s i n  I~~om t b:ic I c  t in e  by t h e  States ,
count ies  and m u n i c i p a l i t i e s , and oili er i r L -  resL~ The r e c e n t l y
comp le ted  p lan fo r  the  Brand y w i n e  B a s i n  dov e  l o p i m O n  L mad e b y t h e  Common-
w e a l t h  of Pennsy l v a n i a . in  cooperati on W i L d  the ~ra nuv.:inc Vol ley
Assoc ia t i on  and Federal  and o t h . r  I~ ’~ a l i n t e r t - - t ~ i s  a n o t a b l e  example .

1 0, AUTHORIZATIONS FOR INVESr ICAT 1ON. S~ o.e the )i~~~~I l r a ti , o1 of
the ‘‘308’’ report in 1933 , si gn if i ’ io  I changes li ve oclurr .. d i~ i the
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region ’s population and economy . The population has increased about 30
percen t , tota l personal income abou t 81 percen t , total emp loyment is up
about 25 percent with employment in factories increasing about 33 per-
cent , and per cap ita persona l income has increased about 40 percen t.
These changes influenced local interests to request tha t the “308”
comprehensive report for the Delaware River Basin be brought up-to -date.
Accordingly, the Committee on Public Works of the United States Senate
directed , by a resolution dated 13 April 1950 , that the “308” repor t
be reviewed to determine whether any modifications in the recommenda-
tions of that report were advisable.

11. Limited review of the “308” r epor t was in pr ogress in Augus t
1955 when two trop ical storms moved up the eastern coast of continental
United States abou t a week apart. The flood damage and other destruc-
tion resulting from these storms dramatically emphasiz ed the need for
full appraisal of the water problems of the Delaware basin. This
increased interest led to the adoption of the following resolutions by
the Committee on Public Works of the United States Senate

a. Resolution dated 14 September 1955 , req ues ting a review
of previous reports on the Delaware River and a number of other streams S

in nor theas tern United States , to determine the need for modifications
of the recommendations of prev ious reports and the advisability of
adopting further improvements for flood control and allied purposes.

b. Resolution dated 14 November 1955 , requesting a review
of the “308 ’ report and other reports on the Delaware River with a
view to determining the feasibility of providing f lood pro tection 

S

measures in the New York area of the watershed.

c. Resolution da ted 20 February 1956 , req ues ting a review
of the “308” report and other reports with a view to determining the
feasibiiity of the United States and the Commonwealth of Pennsylvania
and the State of New Jersey constructing and operating , on a coop-
era tive basis , a reservoir on the Delaware River near Wallpack Bend
or Tocks Island as an integral unit of a comprehens ive plan for
control and utilization of the water resources of the Delaware River
in the interest of flood control , nav iga tion , water supply, stream
poll ution abatement , recreation , control of the movement of salt
wa ter , elec tric power and other purposes.

12. On 13 June 1956 , the Committee on Public Works of the House
of Representatives adopted two resolutions as follows:

a. Resolution 640 requested a review of reports on the
Delaware River and its tributaries to determine the feasibility of
pr ovid ing f l o od protection measures in the New York portion of the
watershed.
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b. Resolution 643 requested review of reports on the Delaware
River and its tributaries to determine whether any improvements for
flood control and allied purpos es are adv isabl e , particularl y in the
counties of Northampton and Monroe and the city of Easton , Pennsy lvania .

13. Even as work was underway on th~ studies of the water prob-
lems of the basin , an intense but short duration drought occurred in
1957 and directed further attention to the nature and extent of these
studies. This led to a resolution dated 28 Apr il 1958 by the Committee
on Public Works of the United States Senate. This resolution requested
a review of reports on the Delaware River , in conjunction with the com-
prehensive study, to determine the feasibility of cons tructing a barrier
in the Delaware estuary. Consideration was directed to the economic and
physical effects; the costs and potentia l benefits ; and the economic and
physical relationship of such a structure to other works of improvement
being planned for the basin.

14. The full texts of all resolutions pertaining to this investi-
gation are contained in the documented history of this report presented
in append ix A referred to below .

15. COOPERATION AND COOIWINATION. It was apparent tha t to carry
out the intent of the Congress as indicated in the above resolutions
the Corps of Engineers , as tl-.~ responsible agency, would have to call
upon and work closely with all Federal , State and local agencies involved
in the region ’s economy. Public hearings , meetings within and between
the S ta tes and agencies involved, and other actions in conformity with
the need for coordination were initiated early in the study. The more
significant actions of this type are described in Appendix A , “History
of Investigation.” The letters referred to below and reproduced in
that appendix are pertinent examp les:

a. A letter dated 11 September 1956 from the Assistant
Secretary of the Army to the Under-Secretary of Interior which outlined
the basis on which the Corps of Engineers sought the cooperation of
other agencies; and

b. A le tter dated 22 October 1956 from the President of the
United States to the Secretary of the Army which directed the Department
of the Army to exercise particular care throughout the survey and in the
preparation of this report to solicit and take into account the comments
and views of the Federal agencies and the affecced States and municipal-
ities.

16. To assure the full range of coordination found to be neces-
sary, two important steps were taken. The first was the establishment
of the Delaware Basin Survey Coordinating Committee composed of repre-
sentatives of the Federal agencies and major non-Federal entities
participating in the planning. The second was the making of specific
assignments for accomplishment of studies and preparation of the report.
The Coordinating Committee , of which the District Engineer , U. S. Army

5
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Engineer District , Ph iladel phia , acted as permanent chairman , convened
at about four-month intervals to review progress of the work and to
coordinate matters pertaining to the report. The Coordinating Corn-
mittee was constituted as indicated below . The listing of more than
one member indicates successive agency representation .

Agency or Interes t Represented Committee Member

U. S. Department of the Army Col. Allen F. Clark , Jr.
Col. W. F. Powers
Lt. Col. F. A. Gerig, Jr.
Cal. T. H. Setliffe

U. S. Departnent of Agriculture Fred H. Larson
Alvin C. Watson

U. S. Department 5 1  Commerc e S. L. Taylor
August Schofer

U. S. Department of Health , Sylvan C. Martin
Education and Welfare

U . S. Department of the Interior D. R. Gascoyne
Mark Abelson — .

U. S. Depar tment of Labor John F. Foy

Federal Power Commission John Fl. Spellman

Commonweal th of Pennsy lvania Maurice K. Goddard

State of Delaware Richard A . Haber

State of New Jersey Joseph E. McLean
Salvatore A. Bontempo

• State of New York Thorndike A. Seville
Ronald B. Peterson

C ity of Phi ladelphia Samuel S. Baxter

City of New York Irving V. A. Huie (deceased)
Vincent G. Terenzio
Ar thur C. Ford

17. ASSIGNMENTS. The overall planning and coordination of this
report effort was achieved by the U. S. Army Engineer District ,
Philadelphia. To fulfill the assignment , the Corps of Engineers made
detailed studies and prepared reports on the history of the investi-
gation ; basic hydrology ; flood damages; needs for supp lies of water;
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U .. cci I 5 r  navi 0a t i n  iaipeovernents ; h y d r o e l e c  t e i c  p o w e r  potentIa l is
: ,u a a t i i i  of t he  p lan of d e v e l o p m e n t ;  and L ime costs and hei i .  1 its
.ppmaisals icr t h e  impound ing  s t r u c t u r e s , th0 salt water barn . r
r e c r e a t i o n  dev e icpi :m ~ n L s  and  elements of the  r~~c ommen d ed  plan . Also ,
the Corp s collabor ated in investi gation of recreation n e e d s  and sma l l
re.-e Lv ic  p o t e n t L ~~1s . lu rualiac the full bent:! it u t  the capabiliti es

i the cooperating a g e n c i e s , the following assignments wore made :

a. C S. Department of Agricultur e . ‘[he Forest Service ,
A~ ricu ltur al R e s e a r c h  S e r v i c e  and the  So i l  C o n s e r v a t i o n  S e r v i c e  pro--
I i k e O  r e p o r t s  d ca i i ng  w i t h  the  a g r i c u l t u r a l  resources  of  L i m e  b a s i n ,
So- 1 ’p l j ~~s of w at . r fo r  i r t i .4 a t i o n  and r u r a l  use , land  t r e a t m e n t
Ia asures , and w a t e r s h e d  p r o t e c t i o n  an o mana gem en t  p rograms . The Soil
C o n s e r v a t i o n  S e r v i ce  c o l l a b o r a t e d  w i t h  the Corps  of E n g i n e e r s  in the
S l u c y of u p s t r c a . m m  r e s e r v o i r  needs  and p o t e n t i a l s  and , a lso , c o l l a b o r a t cu
. . iih  t h e  Geo l o g i c a l  S u r v e y ,  U.  S. D e p a r t m e n t  of the  I n t e r i o r , in StUd IeS
00 s e d i : m m e a t . i t i o n  iii t h e  basin,

b .  U. S. D epa r t :m ie -n t  o f  Commerce.  The O f f i c e  of B u s i n e s s
L.. ‘n. :wics  , in this Depart :mcrm t , mac dc an economic base  su rvey  c o v e r i np
p o p u l a t i o n  and economic projections . The Weather Bureau furnished
certain meteorological data. The Bureau  of P u b l i c  Roads rovic~’ed pro-
p e-., m i s  f o r  hi ghway relocations and provided needed coordination with
cx is t ing i i  i~way p ro grams

c. U. S. D e p a r t m e n t  of Health , Education & Welfare. The
Pubtic Hea l t h  Service made an inventory of municipal and industria l
eater use ,a survey of present stream quality with projections of f u t u r e
q u a l it y  under  au g m : e n t e d  f l o w  c o n d i t i o n s , ap p i a i s al s  of qua li ty o f w a t e r
to be tmupounoco in  proposed pr ojects , and studies of insects of public
health importance and their control.

d. U. S. Department of the Interior. The Geolog ical S u r v ey
made an inventory of ground-water resources of the basin . It also

S 
collaborated with th~ U. S. Department of Agriculture in the s t udy  01
sedimentation. The Nationa l Park Service , with the assistance of the -

‘

four States and of lo~ al recreation interests , prepared a recreation p lan 4

for the basin , and collaborated with the Corps of Engineers on studies of
recreation needs . The Fish and Wildlife Service prepared studies per-
taining to the fish and wildlife resources of the basin ,

e. U. S. Department of Labor, Although having no specific
tasks in preparation of the report the U. S. Depar tment of Labor repro-
sentative was available for consultation on labor cosls and labør
problems .

1. Federal Power Commission , This Commission furnished the
studies of market and value potentials for hydroelectric power as con-
tained in its report in appendix F and c o l l a b o r a t e d  w i t h  the  Corps of
Engineers in other power studies required for the report.
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18. Non-Federal agencies , r e p r e scn L e d  on tho- D e l a w a r e  Bas in
Survey  C o o r d i n a t i n g  Committee , partici pated in th o -  s t u d i e s  and r e p o r t
as f o l l o w s :

a .  S t a t e s .  The f o u r  S t a t e s  f u r n i s h e d  v a l u an l e  i n f o r m a t i o n
and technical review capabilities throughout the i n v e s t i g a t i o n  and
preparation of the report. The State of Delaware , in addition , Set up
coordinating procedures among its state agencies and prepared a com-
prehensive report on its land and water resources.

b. Municipalities. The City of Philadel phia and New York
City supp lied needed information and provided valuable technical review
of the planning processes.

19. Contribution by Others. In addition to th~0 Federal and non-
Federal contributions discussed above , acknowledgment is made of the
large number of individuals , organizations and public and quasi-public
agencies , which contributed to this report. While it would be imprac-
tical to cite all these contributors , some of those more directl y con-
cerned , are mentioned here.

a. The contributions of the Delaware River Basin Advisory
Committee and its affiliate , Water Research Foundation , Inc ., including
its report on administrative organization have been substantial. The
Interstate Commission on the Delaware River Basin has been particularl y
hel pful. The Atlantic States Marine Fisheries Commission , and the
colleges and universities of the area , provided valued consultation and
advice on various technical aspects of the planning. The Atomic Energy
Commission and the U. S. Department of the Navy provided information
pertaining to their respective areas of interest.

b . Local utility companies contributed experience and tech-
nical capabilities in the investigations for hydroelectric power
development by partici pating in a Power Work Group. This group was
composed of utility representatives from the Pennsy lvania Power and
Ligh t Company , Public Service Electric and Gas Company , General Public
Ut ilities Company , Philadelphia Electric Company , Orange and Rockland
Util ities Company , and the New York State Electric & Gas Corporation ,
as well as representatives from the Federal  Power Commiss ion  and the
[I. S. Army Engineer District , Philadelp hia. Da ta provided by this Work
Group have been incorporated into the report on hydro-powcr potentials
of the basin (appendix T).

20. APPENDICES. The reports on the various cooperative efforts
referred to above are contained in the following appendices to this
report:

Appendix Title Author Agency

A History of Investigation U. S. A m y  Engineer District ,
Philadel ph ia , U. S. Depart-
ment of the Army
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Appendix Title Author ~g~nçy

B Economic Base Survey Office of Business Economics .
— U. S. Depa r tmen t  of Commerce

C Water Use and S tream Public Health Service
Quality U. S. Department of H~al th,

Education & W-:lfare

D Flood Damages U. S. Army Engineer District ,
- Philadelphia , Department of the

Arm y

B Navigation U. S. Arm y Engineer District ,
• Philadelphia , Department of the

Army

F Power Markets and Federal Power Commission
Valua tion of Power

C Water for Irrigation U. S. Department of A griculture
and Rural Use

H F].uvial Sediment Geologic Survey , U.S. Department
of the In t e r io r  and Soil. Conser-
vation Service , Department of
A griculture

I Recreation Resources Nationa l Park Service , U. S.
Department of the Interior

J Fish and Wildlife Fish & Wildlife Service , U. S.
Resources Depa rtment of the In ter ior

K Use and Management of U. S. Department of Agricultu re
Land and Cover Reso urces

S L Insects of Public Health Public Health Service , U. S.
Importance Department of Health , Education

and Welf are

M Hydrology U. S. Army Engineer District ,
Philadelphia , Department of the
Army

N General Geology and Geologic Survey, U. S. Department
Ground Water of the Interior

0 Intrastate Water State of Delaware
Resources Survey ,
State of Delaware

9
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Appendix Title Author Agency

P Gross and Net Water U. S. Army Engineer District ,
Needs Philadel phia , Department of

the Army

Q Formation of the U. S. Army Engineer District ,
Plan of Development Philadelphia , Department

of the Army

R Water Control at Inter- “ Soil Conservation Service ,
mediate Upstream Levels Department of Agriculture ,

and U. S. Army Engineer
District , Philadel phia ,
Depar tment of the Army

S Salt Water Barrier U. S. Army Engineer District ,
Philadelphia , Department of
the Army

T Hydroelectric Power U. S. Army Engineer District ,
Philadelphia , Department of
the Army

U Project Designs and Cost U. S. Army Engineer District ,
Estimates Philadelphia , Department of

S 
the Army

V Benef i t s  and Cost U. S. Army Engineer D i s t r i c t ,
Allocations Philadel phia , Department of

the Army

W Recreation Needs and National Park Service , Depart-
Appraisals ment of the Interior , and U.S.

Army Engineer District , Phila-
delphia , Department of the Army

X Operating Organization Water Research Foundation
for the Delaware River Basin.

2 1. HEARINGS. Two series of publ ic  hearings were held by the
Dis t r i c t  E ng ineer , U. S. Army Eng ineer D i s t r i c t , Philadel phia. The
first series was held early in the studies to secure the views and
desires of various local interests , organizations , and individuals
in the objectives and outcome of this investigation. Hearings in
this series were held at Philadel phia , and Stroudsburg, Pennsy l-
vania; Port Jervis , New York; Trenton , Neme Jersey ; and Wi lmington ,

10
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Delawar e. Id5 - e ..ml u series of public hearings was held after the gen-
eral plan of development was firml y defined , to exp la in the plan and
its objective to local interests and to obtain their views of this
plan. Hearings in this second series were held at Reading, Pennsy l-
van ia; Port Jervis . New York; Phillipsburg , New Jer sey; and Wilmington ,
Delaware. Transcripts of all the hearings were prepared in a lim-
i ted number of copies to accompany the submission of this report , and
are on file in the U S. Army Engineer District , Phi ladel phia . Sum-
maries of the record of each of the hearings are contained in appendix
A.

22. In addition to these public hearings local interests
initiated a number of public meetings throughout th0 L .msin. Repre-
sentatives of the various participating agencies and organizations
appeared at these meetings as the study progressed and exp lained
various aspects of the planning process. The general public was also
invited to attend the meetings of the Delaware Basin Survey Coordi-
nating Committee , where progress on phases of the work was reported and
technical aspects of the investigations were discussed

11
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CHAPTER II

DESCRIPTION OF BASIN

23. LOCATION AND SIZE. The Delawa re River drains a relative ly
long and narrow area in the northeastern United States The area ex-
te nds approximately 265 miles southward from the western slopes of the
Catskill Mountains in New York to the Atlantic Ocean at the mouth of
De laware Bay, between Cape May in New Jersey and Cape Henlopeii in Dela-
ware . The basin width varies from 40 miles to 80 miles. The center of
the basin lie s on approximate ly the same latitude as New York City and
is about 80 miles west thereof. The basin boundary, above its southern-
most extremity at the mouth of Delaware Bay , encompasses 2,362 sq ua re
miles in southeastern New York , 6,422 square miles in eastern Pennsy l-
vania , 2,969 square miles in western New Jersey, 1.004 square miles in
Dela war e , 8 square miles in the northeastern corner of Mary la nd and 782
square miles of water surface in Delaware Bay The total area of the
basin , exc lusive of Delaware Bay, is 12 ,765 square miles. A map of the
basin is shown on p late 1 , bound at the end of the text.

24. NATURAL CHARACTERISTICS. The basin lies across five of the
major phys iograp hic provinces of eastern United States. These provinces ,
discussed in detail in appendix N , are : (a) the Catskill Mountains and
southern New York section of the Appalachian Plateaus Province ; (b) the
Grea t Va lley and the valleys and rid ges north of Blue Mountain of the
Valley and Ridge Province ; (c) the Reading prong of the New England
Province ; (d) the Piedmont Up land and Piedmont Lowland sections of the
Piedmont Province and (e) the Coasta l Plain Province . The natural
cha rac t e r i s t i c s  of the basin inc lud ing  geology , s o i l s , ve g e t a t i o n , ground
wate r , regimen of s treams and r u n o f f  lend themselve s to three  general
phys iographic d e f i n i t i o n s , name ly ,  the Upper Region , the C e n t r a l Reg ion
and the Lower Region .

25. Upper Region. The approximate upper one-third of the Delaware
River Basin extends southward to the Valley and Rid ge physiograp hic
province at Stroudsburg, Pennsy lvania . It includes the southern Catskill
Mountains in New York and the Pocono Mountains in Pennsy lvania , and is
a rugged highland of great natural beauty . Geologicall y, i t  is part of
tha t area above Trenton . New Jersey termed the “hard-rock area” . Here ,
as contrasted with the “soft rock” area be low the Fall Line , bedrock is
resistant to erosion.

26. The Catskill and Pocono Mountains , the dominating phys iograp hic
features of this reg ion , d if f e r  ch ie f l y  in altitude and relief. Slide
Mountain on the eastern border of the basin , in the Catskills , re ac hes
an elevation of 4,200 feet , while few summits exceed 2,000 fe et ii. the
Poconos. The region exhibits the characteristics of a plateau of flat-

S 
l ying rocks tha t have been carved deep ly by the tributaries of the Del-
aware River. All but the southwestern c-orner of the area has been
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glac iated and the narrow valleys and several sceaic gorges are iilled
w ith deep deposits of glacial debris. Ground water occurs in both the
consolidated rocks and in the unconsolidated giaciai .i-~p sits and re-
cent sediments. The latter have the most productive wells , but the
greatest amount of water is available in the consolidated rocks due to
their extent.

27 . The Upper Re gion is largely forested , and is included in the
northern hardwood section as defined in appendix K. North of a line
extending east and wear at the latitude of Stroudsburg . Pennsy lvania ,
the forest stands are good and the productive potential is high . About
45 percent of this area is covered with the beach , birch and maple
spec ies. These represent the most valuable timbe r types of the basin and
are potentially the most productive . The remainder of the reg ion is
covered with mixed hardwood specie s , soft woods and oak-hickory stands.
These have somewhat lower potenti al produce i vc cm ~s . i ,m cluded also in
the upper Region is the anthracite forest section , which lies south
of the above described a-rea and north of Blue Mountain. Near ly three-
quarters of this area is forested , the prici pai t imber type s being
oak-hickory , with a small mixture of sofewoods , and mixed hardwood-soft-
wood types. About one-fifth of the area is iii scrub OUj~ and aspen-grey
b irch types.

28. Centra l Reg ion. The Central Region is ~eologically within the
“hard-r ock ’ area discussed above . Rock fornma Lions are old , ranging in
age from 150 million years to perhaps a billion years and have been
f o lded , faulted , thrust up into high mountains then worn down into low-
lands , and encroached upon by ancient seas. This process has been re-
peated again and again. The rocks are the most varied in the basin and
include igneous , sed imen tary and me tamorp hic types. Only the northeastern
por tion of the area has been glaciated . The region is most clearly marked
at its lower boundary by the Fall Line , where there is a conspic uous drop
of abou t 250 to 350 feet in elevation to the Atlantic Coastal Plain. The
Fall Line is distinctly marked by a prom inent line of wooded hills. It
forms an irregular stream-notched , south-facing escarpment between the
undulating plateau and the Coastal Plain . The upper limits of the Central
Region are less distinctly def ined , depending upon the particular feature
under consideration ; howe’,er, this limit may be cons idered as the Valley
and Ridge physiograp hic province . There it is characterized by a ser ies
of h igh parallel ridges , separated by narrow va l leys which are orientated
in a general northeast-southwest direction. These change to rolling h il l s
and irregular ridges in the Piedmon t Province and finall y to the more
gently undulating terrain and broad valleys in the lowe r portion of the
area. Important physiograp hic features include the Blue Mountain-Kittatinny
Mountain ridge ; the Great Valley, which is about 8 to 20 miles in width
and extends northeast-southwest across the basin ; and the Reading Prong,
a moderate ly rugged southwest extension of the New England phys iograph ic
province . The Reading Prong rises 500 to 1 ,000 feet above the valleys and
crosses the width of the basin at the lower edge of the Great Valley.

14
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Ground -water supp lies in the Central Region vary locally depending on the
geology . Some limestone and sandstone areas produce fair t~ large yields
to wells and are the best sources of ground water in the area . The
Central Region contains some of the rich soils of the ceuntry and supports
an important agriculture in such countie s as Lehi gh , Chester , Berks and
Bucks in Pennsylvania . These soils and their use and productiveness are
treated in detail in appendix K to  this report. A pproximately 35 perc ent
of the Central Region is in woodland and mainly in small wood lots. The
forest type is principall y oak but a considerable acreage of eastern
cedar has come in on abandoned pasture lands.

29. Lower Region. The Lower Region extends southeastward from the
Fall Line to the Capes of Delaware Bay . Geolcgically this area of
“soft-rocks ” is much younger and of simpler structure than the “hard-r ock”
area. The beds of unconsolidated to semi-consolidated clay, silt , sa nd
and grave l of the Coastal Plain lie one upon another. They overlap to
form a great wedge that thickens from almost nothing at the Fall Line to

S more than 6,000 feet at the Capes. Very large quantities of fresh water
are contained in these sediments which are the greatest source of ground
water in the basin. Beneath this thick wed ge of soft rock is the “hard-
rock” floor that is composed of the same type of rocks as those exposed
above the Fall Line . Physiographically the Lower Region is the emerged
part of the Coastal Plain , a gently sl oping surface that extends 125
to 175 miles southeasterly from the Fall Line to the edge of the Con-
tinental Shelf. The sea inundates the outer part of the Plain and drowns
the lower reaches of the streams , thus forming bays , estuaries and tidal
marshes.

30. The Delaware Bay and estuary, the most important natural fea-
ture of the Lower Region , have been formed by a continuing sea-leve l rise ,
amounting to about 150 feet in the last 10,000 years . Soils of the
Coasta l Pla in are divided into two types. Those nearest the Fall Line
are generally more fertile and productive than those of the seaward area .
The latter , because of their sandier composition , can retain less soil
moisture . Production of farm produce is important in the use of Coastal
Plain soils.

31. About one-third of the Lower Region is wooded , particul arly in
those areas where the soils are too wet or too dry for farming . About
one-half is in softwood types (pitch , Virg inia , shortleaf and loblollv
pi nes) and mixed pine and ash. The remaining part is primarily in oak
with pine and pine-oak mixtures found in the southern part

32 . RIVER AND TRIBUTARIES. Originating at small springs and seeps
on the western slopes of the Cattskill Mountains in New York at altitudes
of about 2,500 to 3,000 feet , the West Branch De laware River and East
Branch Delaware River , flow southwesterl y to form the main stem of Dela-
ware River at Hancock , New York. From this point southeastward to Port
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Jerv is , New Yo rk , the river forms the boundary between Pennsylvania and
New York , cr ossing the nearly flat , glac ially scou red rocks of the
Appalach ian plateaus , and emerging into the Valley and Rid ge Province
at an elevation ut about 420 feet Be tween Hancock and Port Jervis ,
the Delaware is joined by the Lackawaxen and Mo.”igaLp Rivers. At Port
Jervis the Delaware turns abruptly to the southwest to be joined by the

S Neversink River and to flow in a narrow valley between the Shawangunk
Mountains on the east and the abrupt escarpment of the A ppa la ch ian
Plateau on the west. This stretch of the river forms a portion of the
boundary be tween New Jersey and Pennsylvania .

33. At Stroudsburg, Pennsylvania , the river turns sharp ly to
S the southeast and cuts through the Blue Mountain -Kittatinny Mountain

ridge at Delaware Water Gap. Above the Gap it is joined by such tri-
butaries as Bush Kill and Brodhead Creek on the Pennsy lva nia side ,
and Flat Brook on the New Jersey side . Between Delaware Water Cap
and Trenton the river also forms a portion of the boundary be twee n
New Jersey and Pennsy lvania . Lehigh River enters the Delaware from the
west at Easton , Pennsylvania . The drainage from the east is collected
by such streams in New Jersey as Paulins Kill , Beaver Brook and Pequest
and Muscone tcong Rivers.

34. The character of the river change s at Trenton , New Jersey
where the river flows over a series of rock ledges at the Fall Line
and enters the tidal estuary . At Trenton the river leaves the “hard
rock” part of the basin , turns southwestward along the Fall Line and
follows the contact be tween hard and soft rocks downstream to Wilmington ,
Delaware . In this reach , the Del aware River  is joined by the Schuylkill
River from the west at Philadel phia and by the Christina River at Wil-

S 

mington , Delaware . At the latter point the river turns seaward and flows
entirely on Coastal Plain sediments to Liston Point where it enters Del-
aware Bay and finally reaches the ocean between Cape s May and Henlopen.
I m p o r t a n t  t r i b u t a r i e s  not ment ioned above are included in table 11-1 ,
which also include s the principal drainage areas of the Delaware River
system Detailed discussions of the physical characteristics of the
basin are contained in appendix N.

35 . CLIMATE. The Delaware River Basin is in the temperate zone
and its climate is of continental orig in or type . The climate along
the coast and around Delaware Bay is somewha t modified by the effects
of the sea . Air masses which influence the weather in this area move
for the most part from the interior of North America and are modified
by the influences of the Great Lakes and Appalachian Mountains. Heavy
snows are not uncommon in the Upper Reg ion of the basin , while the Lower
Reg ion receives little or no snow . Hot , humid weathe r is frequent in
summer but hot dry weathe r may cause an occasiona l drought .
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TABLE Il-I

DELAWARE RIVER BASIN
PRINCIPAL TRIBUTARIES AND THEIR DRAINAGE AREAS

Drainage Drainage
Tribu tary Area (a) Tributary Area (a)

(sq.mi.) (sq.mi.)

W . Br. Delaware R. 664. Crosswicks Creek 139.
E. Br. Delaware R. 840 Neshaminy Creek 233.

Beaver Kill 298. Rancocas Creek 342.
W illowemoc Creek 130. Schuylkill River 1,909 .

Callicoon Creek 112. Little Schuy lkill R. 137.
Lackawaxen River 601. Maiden Creek 2i6.

Wall enpaupack Creek 240. Tulpehocken Creek 218 .
Shohola Creek 84.1 French Creek 71.
Mongaup River 208. Perkiomen Creek 362.
Neversink River 346. Skippack Creek 55.2
Bush Kill 156 . Wissahickon Creek 63.8
(Pike -Monroe Co.) Christina River 568.
Flat Brook 65.7 White Clay Creek 162.
Brodhead Creek 287. W .Br.Brandywine Cr. 131.

McNichaels Creek ill. (head of Brandywine Cr.)
Paulins Kill 177. Bra ndywine Creek 329.
Pequest River 158. E.Br .Brandyw ine Cr. 123.
Leh igh River 1 ,364. Salem Creek 112.

Pohopoc o Creek Ill.
Aquashicola Creek 79.-~+ Delaware Bay tributaries
Li tti . Lehigh Cr eek 188 . Cohansey River 106.

Jordan Creek 81. Maurice River 388.
Musconet .ong River 158. Mispillion River 126.
i n  l~ kon Creek 112.

Delaware River Basin ,
i n c l u d i n g  the area
draining into Delaware
Bay (b) 12,765.

(o) Data -d ’w n were taken from Geological Survey C irc u lar 190,
p u b 1i - 5h ~~- :  by U. S. Geological Survey in 1952.

(b) Tb. water surface area of Delaware Bay, containing about
782 square miles , has been excluded from this total.
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36. Comparative data on temperatures , rainfall , snowfall and
runoff for the Upper , Central and Lower Reg ions are given in table

S 

11—2.

TABLE 11-2

CLIMATOLOGICAL DATA

Upper Centra l Lower
__________________________ Region Region Region

TEMPERATURE
S (in degrees Fahrenheit)

Mean Annual 47. 50. 55.
Mean Monthly-January 22.8 1/ 32.0 2/ 33.3 3/

June 67.9 1/ 74.6 2/ 75.9 3/

RAINFALL (in inches)

Mean Annua l 60. to 42. 4/ 50. to 42. 5/ 43.

SNOWFALL (inches of
accumulated depth)

Mean Annua l 60. 25. 20.

RUNOFF (average in
inches on area)

During growing season
(May thru Sept.) 13. to 6. 4/ 10. to 4. 5/ 8. to 5. 5/
Mean Annua l 42. to 20. 4/ 29. to 15.5/ 20. to 15. 7/

1/ At Jeffersonville , New York
2/ At Lehigh University , Bethlehem , Pennsylvania .
3/ A t W ilmington, Delaware

~/ In Catskill Mountains and areas of lesser elevation , respectively.
5/ In upper reaches of Little Schuylkill R. and lower reaches of Lehigh

R., respec tively.
ô/ In northeastern and southwestern section of region , respectively.
7/ Along Fall Line and in areas adjacent to Delaware Bay , respec tively.
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CI~~PTER III

ECONOMIC DEVELOPMENT

37. GEOGRAPhIC AREA OF iNTEREST. The water resources with
which this investigation is concerned are those within the geo-
grap hic boundaries of the Delaware River Basin. However , it must
be recognized tha t the service or market area for such products of
these resources as domestic and industri~~l water supp lies and hy-
droelectric power is limited onl y by the practical aspects of ~ne
distribution systems. Also , for recreation and other products tha t
may be u sed by mobile ultimate consumers , tha t come to the point of
production , the market may extend far beyond the basin ’s boundaries.
The area of use for the water resources of the Delaware River Basin
was def ined , to a large extent , by the present usage of the basin ’ s
water including authorized diversions from the basin These con-
siderations required that the standard and expanded New York City -

‘

metropolitan areas be included in the water service area, Also ,
those portions of New Jersey and Delaware tha t are outside the basin
boundaries were included in the water service area because of their
apparent eventua l dependency on the basin as a source of fresh sur-
face water. The water service area , thus defined, includes about
25 ,000 square miles comprising 53 counties located in Delaware ,
Pennsy lvania , New Jersey, New York and Connecticut. These counties
are grouped into eight subregions , the location and extent of which
are shown on p late 2 , with the following designations:

A- New York City Metropolitan Area
B- New York City Metropolitan Area Supp lement
C- Bethlehem-Allentown-Reading Metrqpolitan Area
D- Trenton Metropolitan Area
E- Philadel phia Metropolitan Area
F- Wilmington Metropolitan Area
G- Upper Basin Area
H- Southern Basin and Coastal Area

38. The water resources of the Delaware River Basin are funda-
mental to the economic and social well-being of over 21 m i l l i o n
peop le who live within the water service area as defined above .
Surface and groundwater resources of the basin furnish about 3.5
billion gallons of water each day for use in homes , o f f ic es , fac-
tories , farms , and other institutions. The surface waters provide

S a living for the crabbers , oysternlen and fishermen who harvest the
natura l crops of the lower bay and marshlands. The waters of the
basin support the transportation of about 100 million tons of goods
annua l ly intd and out of the ports of the Delaware River and Bay,
and provide outdoor recreation from tt~e headwaters in the Catskill
Mountains to the Capes.

19

--5 • S 1 . ~~~~~~~~~~~~~~~ 
-



~~~~ SS

I
) I

~ 7
* ~~~ ~~ - - - -

N Y_ ,‘q~ CONN

PA

3
N

2
6 ‘ 4

Sc- 4 4 5 _ _

\

N~~~~~~~~
0W

~~~~~~~~~ 

12

.~ ~R1ADINO ~~~~ 
NEW YORK CI TY METROPOLITAN AREA

1 
~~~~ 

— ‘.85 w YORK NEW JERSEY
+ 4 I S N .  ? , C . BOROUGHS BERGEN 10. U NI ON

N1~~ 5 zS ’..~.ss,-,rj PASSA2C II , SCDGLESEA
3. SUFFOLK 8 ESSEX IS. MORRIS

B~ b d ~‘ 
4 ROCK LAN D 9. HUDSON 13 . SOMERS ET

ç 5. WEST CHESTER

I NEW YORK CITY METROPOLITAN AREA SUPP
3 1 ELPHIA

NFS  Y ORK CONNECTICUT NEW JERSEY
I. I~I~ I MAN 4 FAIRFIELD 5. M ON M O L 5 T I 4

4 8 1 2. ORANGE

6 I-

PA ~~~~ 
B E T H L E H E M - A L L E N T O W N  A N D  R E A D I N G  AREAS

- —  WILMING ON 7 PENNSYLVAN IA NES E R S E Y

/ I .  LEHIGH 3 . BE RK 5  4 . WA R REN

1 
2. NO RT HHAMPTON 5. HUNTEROON

2 ~ TRENTON METROPOLITAN A R EA S N EW ,IERSEY

MERCER
- 2 PHILADELPHIA METROPOLITAN AREA

4 PENNSYLVAN IA NEW JERSEY
I. BUCKS 4. DELAWARE CAMDEN
2. MONTGOMERY 5. PHILADELPHIA 7 GLOUCHESI ER
I CHESTER 8. B U R L I N G T O N

I 3 WILM INGTON METROPOLITAN AREA

5 DE LA W A RE NEW J ERSEY D E L A W A R E  
- - ——

BAY 
4 1. S A LE M  NEW CASTLE

I 
0 UP PER B A S I N  A R E A

NEW YORK NEW J ERSEY PENNS~~LV A \ O \
N I. D E L A W A R E  4 . SUSSEX 5 . B A Y N E

2. SULLIVAN S PIKE
3 . ULSTER 7 . MONROE

80 6 . CARBON

Sc.Ie of Mile . 6 9. SCH LYL KI LL

I SOUT HERN BASIN AND COASTAL AREA

NEW JERSEY DEL A W A R E

D$L. I.  OCEAN 3. C A P E  MAY S . KE S 2
2 . A T L A N T IC 4 .  C UM B E R L A ND  S ‘G SSI X

PLATE II. DELAWARE RIVER WATER SERVICE AREA - COUNTY GROUPINGS

2.0

t~ _
‘!__... -_-.--- 

-.



39. l~~eb of coattol o-.er the5e wat .rs r S  e~~1te d in 0 / cr  100 mu ll  n
dollars of damages to the homes . arms factori es and communities on the
f l o od p lain s and t1ie loss of 99 live s during the floods produc ed by
I-h’rricane Diane in August 1955 Unregulated flows which permit excess
wa (e~ s to go unused to the sea have resUltea in s rioco local wa te r
shortage s as during the brief but i n t en s e  droug~it of 1957 . The e t f i  -

cieney of the r i v e r  and its tributaries to dispose of and ass imi l a te
the waste products of the growing municipa l and industrial CclmmlS flities
is Scing seriousl y over- taxed in some areas

40. POPULATION. The population of the service area in 1956 was
2l ,877 ;000 , about 13 percent of the total continental United Status
p o p u l a t i o n  o f i€~~,259 000 . Comparing the historical growth rate of
population for the ser7ice area to the nationa l rate , it is noted tha t
pr ior  to ~900 p - )p u i a t i o n  of t h i s  r eg ion  grew an a v e r a g e  a n n u a l  r a t e  of
two pe rcen t  per year , a r a t e  equa l to tee na t iona l g r o w t h  Be tween  1900
and 1930 w h i l e  the  Uni ted  S t a t e s  r a t e  f e l l  o f f  to 1.6  p e r c e n t  pe r  ~~ar .
the r e rv i c e  area s pop la t ion c on t i n u e d  to  expand to an a v e r a g e  annua l
rvre of 2 2  percent During the period from 1930 to 1956 the area s
population growth rate fell to abo- ..r 1,1 percent pe r yea r compa r ed to
nltiopa l rate 11 1.2 percent during t h i s  span.  This t a p e r i n g  o f f  of
pop lation growth r e l a t i v e  to the  na t iona l r a t e  in r e c e n t  yea r s  r e f l e c t s
to a grea t extent the major population expan ~~iou experienced in the west
Historical data on pop~1la tion of the United States and Delaware River

Water Service Area are shown in table lit- i

TABLE ill-i

DELAWARE RIVER WATER SERVICE AREA
POPULATION GROWTH RELAT I VE TO THE UNITED STATES

Population Average Annua l

~~~~ho~’sandsL Growt ~~~~~r Period DRSA as
Year Continental LT . S .  DRSA C o n t i n e n t a l  U S.  DR SA of U_S Total

1870 39.818 4,498 - - 11.30
1380 5 0 . 1 5 6  5 495 2.34 2 03 l0.9~’
1.390 ~2,948 852 2 30 2 . 2 2  10 .89
1900 S Y 5

,995 8,.73~ 190 2.46 11.50
1910 91 ,972 11.424 1.92 2.72 12 42
1920 105 :711 13 .55.5 1 40 1.73 12 .82
1930 122 .715 lEe 705 1 .50 2.11 13 61
1940 131 ,669 l7 ,71S 70 58 13.45
1950 150,697 19 .811 1.36 1 12 13.15
1953 164 303 21 ,589 1 74 1 .73 13.14
1956 167 259 21.d77 1.80 1 .33 13 08

41. Population growth since 1930 within five of tia eight ecOnOmiC
subregions ranging in av erag e f ro m 0 .8 l i  1 ~ Uru ent ~er v e i r .  generall y
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is similar to population expansion for the service area and the nation
as a whole. Notable increases have been recorded in the New York City
Metropolitan Supp lement Area and the Wilmington Metropolitan Area which
have , over the pas t 25 years , shown annual growth rates of 1.8 and 2.1
percent , respectivel y. The Upper Basin subregion ’ s approxima te popu-
la tion stability since 1930 reveals that popu lation m igra tion from
this area offset any natural increase that occurred. Historical data
on population and growth rates for the service area subregions are
shown in table 111-2.

TABLE 111-2

DELAWAR E RIVER WATER SERVICE AREA
POPULATION BY SUBREGIONS , 1930-1955

(Thousands)

Average
Annua l 7~
Growth for

Per iod
Area 1930 1940 1950 1955 1930-1955

Continental U. S. 122,775 131 , 669 150 ,697 164,303 1.2
Delaware River
Water Service Area 16,705 17 ,715 19 ,811 2 1 ,589 1.1
New York City Met. 10,359 11 ,661 12 ,912 13, 851 1.0
New York Cit y Suppl. 783 857 1 ,039 1 .22 1 1.8
Bethlehem-Allentown-

(54 675 736 798 0.8
Trenton Met. 137 197 230 250 1.3
Philadelphia Met. 3 ,137 3 .200 3 ,671 4 ,121 1.1
Wilmi ngton Net. 198 222 268 329 2 .1
Upper Bas in 547 553 5~~i 551 Les s

than  0.1
S.Basin ~ Coastal 335 351 414 469 1.4

By 1955 the two New York City Areas accounted for about 70 percent of
the total regiona l population while the Philadel phia Metropolitan Area
accounted for 19 percent of the total , leaving only i i  percent of the
service area population distributed to the remaining five subregions.
The geographic distribution of the 1955 population by subregion s is
shown graphicall y on p late 3. The geographic distribution ct popula-
tion is closel y reflected in the distribution ot households as shown
on p late 4.
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42 EMP .0’4-1.E’J 1 1 1 1  jnd ust_rj,i I e:..1’lOVL. L- }~ I S I S  L i e  ‘, , . i I C’

s cr u i c e  ,Ir’.LI 1°55 was 9 , 075 . 000 , or a ’ . u t  14 ~‘C 1 ~~~i ’ O 1  I~~ f -h e
t o t a l  n a t t ’ n a l eu l l o y m e n t  , e cl - I d /n i ’. ur.1 t ’d l rcs-~, overs&’u :7 , o f
65 , 2 5 0 . 000. The L’mp l SVII ent dr~~~’.~~

t . pa t  ‘ u r n  f o r  the area s ince  1 00 ,
as C O I fl~

),I r ed  1 o the national grSI -. : th  1 ,1  1 s ’ C i)  , eLhihi I S 0 Si t : 1  l a t

to the compari 5(32 of D~’1ae’are River W..~ Service Area popu l.atiL.-
growt h to the United States p7 l l u i . I L i . I )  CL anslon . Betu’een 1900 a d
1q30 total industrial emp loyment in t h e  r e g i o n  i n c r e a s e d  a l m o s t  100
p e r c e n t  , ‘ ‘b i l e  tha t Lot the Uni t e d S t a t e N  increased  onl y 67 pet e-
From 19 30 to 1955 s e r v i c e  area  enlp lo’,’m .’nt r Ise 24 percent compared
to the o v e r a l l  n a t i o n a l inc rease  ol 34 p e r c e n t .  The percent  flut e ”
d i f f e r e n t i a l , no ted  i n  the above c o m p a r i s o n s , gene r a l l y i n d i c a t e d
that the majo r share of ind ljstriali za ’ion in the service area oc-
curred during the first quarter of the century . The lower rate of
in d u s t r i a l  emp loy ment  expans ion  s ince  1930 , r e l a t i v e  to the na t i . ou ,
reflects the rap id industrializa t ion of necer and less developed
areas ou t s ide  oi Lbi s reg ion

43. Comparison of ‘ n d u st r i a l  emp loyment  g rowth  of service areu
wi th that of the n a t i o n  for  s e l ec ted  i n d u s t r y  groups over the
2 5 years , shows tha t  i n d u s t r i a l  g rowt h  L as  q u i t e  genera l  arn org a l l
ma~~Or indusLrie s. Historical data on emp loyment in major indou~ r~’
groups for the United States and the 5cr vice area are shown in
table 111-3 - The 32 perc int increase in to t a l manufacturing en-
pi clyl /ent or the service area since 1930 exceeds any other increase
reg istered for the other ~ndustria 1 groups. Of singular sign iLL -
cance has bee n the exp~ .I sion of e:Sp l 1 7 . ’ m e n t  in tour major water using

manu f a c t u r i n g  i n d u s t r i e s , namel y ,  food , chemica l s , p r imary  m e t a l s  ~nd
paper - Bet t. ’een 1930 and 1955 c ’m h i r ~ed enip 1 ’~’2nent in these indus-
t r ies  rose 35 p e r c e n t  as compared  to an i n c r e a s e  of 76 pe rcen t  in
these industries for the nation. E m p l I l y m e n t  in  t hese s e l ec t ed  mci -
ufacturing industries is shown in table 111-4 and the geographic
distribution for 1955 is shows he subregions on p late 5. The eu-
ployment in the petroleum industr y , a major water-user , toge ther
with the total employment in the four nan’.!Lucturing industries

enumera ted  above , constituted 24 percent of the tota l manufactur-
ing emp loyment in the service area for 1955.
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TABLE 111-3

UNITED STATES AND DELAWARE RIVER WATER SERVICE AREA
EMPLOYMENT IN MAJOR INDUSTRY GROUPS

1900 , 1930 and 1955
(Millions)

1930 Emp~ oy- 1955
Emp loymen t as 7 of ment as % of

1900 1. 53 0 1200 1955 1930

UNITED STATES

All Industries , Total 29.29 48.83 166.7 65.25 133.6
All Commodity
Producing Industries 17.63 26.42 149.9 29.17 110.4

All Noncommodity
Producing industries 11.66 22.41 192.2 36.08 161.0

A - l I  Industries , except
Agriculture , Forestry ,
and Fishing 18.77 38 .08 202 .8 58 .39 153.3
Commodity Producing 7.11 15.67 220.3 22.31 142.4
Noncommodity Producing 11.66 22 .41 192.2 36 .08 161.0

Manufacturing Industry - 11.50 - 17.12 143.9

DELAWARE RIVER WATER SERVICE AREA

All Indus tries, Total 3.71 7.31 196.8 9.07 124.1
All Commodity
Producing Industries 1.65 3.09 187.1 3.64 117.3

All Noncommodity
Producing Industries 2.07 4.22 204.5 5.43 128.7

All Industries , except
Agriculture , Forestry
and Fishing 3.46 7.10 205.2 3.92 125.6
Commodity Producing 1.40 2.88 206.0 3.50 121.5
Nonco mmod i ’ry P r o d u c i n g  2 . 0 7  4 .2 2  2u 4 . 5  5 . 4 3  128.7

M a n u f a c t u r i n g  I n d u st r y  - 2 .20 - 2 . 9 1  1 3 2 . 3
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TABLE 111-4

UNITED STATES AND DELAWARE RIVER WATER SERVICE AR EA
EMPLOYMENT IN SELECTED MANUFACTUR ING INDUSTR IES

1930 and 1955
(Thousands)

1 955 as
1930 1955 of 1930

UNITED STATES

Manufacturing Total 11 ,498 17 ,121 148.9
Food and kindred products 907 1,531 168 .8
Chemicals and allied products 621 804 129.4
Primary me tal s 627 1,329 212 .0
Paper and allicd products 243 554 228.0

Four-Industry Total 2,39g 4 ,218 175 .9

DELAWARE RIVER WATER SERVICE AREA

Manufacturing Total 2,197 2 ,907 132 .3
Food and kindred products 135 215 159.2
Chem icals and allied produc ts 102 190 186 .3
Primary metals 67 146 217.9
Paper and all ied products 38 80 210.5

Four-Industry ToSal 342 631 184.5

44. Industrial emp loyment between 1930 and 1955 increased
most rapidl y in the Wilmington Metropolitan Area where art increase
of 62 percent occurred . The increase was least in the Upper Basin
subregion , where it was onl y six percent. A check on the indus-
trial pattern in the entire Delaware River Water Service Area re-
veals that almost 60 percent of all emp loyees were engaged in
service-type , or noncommodity producing industries; about 39 per-
cent in non-agricultural commodity producing industries; and less
than two percent in agricultural industries , including those em-
ployed in forestry and fishing . Data on the regiona l emp loyment
pattern for the service area are shown in table 111-5.
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45. NATURA L RESOURCES. The e a r l y e co n o mi c  history of the
Delaware Basin  s hows tha t c>:~~l o i t a t i o o  of t h e region ’s natural re-
sources  p layed a m..s~ or r o l e  in i t s  m anulo ctoring and commercial
growth. The lands along the Delaware River were farmed as early
as 1660 by the Swedes who produced cereals , vegetables and fruits.
The Delaware River , along with the Hudson and Connecticut Rivers ,
formed the natura l highuays for the earl y settlers. White pine ,
fir , and oak t~ nher , as c-fell as ‘itch pine for tar and turpentine ,
gave rise to  the development of shipbui lding second on],” to  New
Eng land . Manufacturin~’, began in the weaving shops in such towns
as Philadel phia f”slloc .’ing t I i e  R e v o l u t i o n  Iron production was
greatl y expanded to meet the needs of t h e  growing post-revolution
population. Major deposits of bog iron from New Jersey ’ s sou the rn
coastal plain provided raw material for the many forges in opera-
tion during these earl y years. In the earl y 1800 ’ s the use of
anthracite , found in the Lehigh Valley and the Schuy lk ill Valley ,
greatl y increased the production of iron , but suitable means were
lacking to transport the coa l from northeastern Penney lvania to
the iron mills. This problem was resolved by the construction of
a number of canals during tha t period. The principal canals con-
structed were the Delaware and Hudson Cana l , from Honesdale ,
Pennsylvania to the Delaware and Hudson Rivers; the Lehigh Canal ,
from White Haven and Jim Thorpe (formerly Mauch Chunk) to the
Delaware River at Easton , Pennsy lvan ia; the Delaware Division
Canal from Easton to Bristol , Penns~-lvan ia; the Schuy lkill Canal
from Port Clinton , Pennsy lvania to Philadelphia; the Morris Canal
from the Delaware River near Philli psburg, New Jersey to Jersey
City; and the Delaware and Raritan Cana l from Bordentown , New
Jersey , to the Raritan River . By 1325 coal had replaced wood as
fuel in a large number of homes in both Philadel phia and New York .
During this period western agriculture began to compete favorably
with that of the east , and the movement of rural populations to
urban centers in the Delaware Basin area accentuated the growing
importance of its manufacturing and trade. Development of water
power for mills in this area contributed significantl y to its
industrial growth. Water power , however , soon gave way to steam
power , and more and more factories sprang up in the larger cities.
Steam pump s were used as early as 1799 to raise water from the
Schuy lkill River to a reservoir to provide portions of Philadel-
phia with one of the nation ’ s first water supp ly systems. The
opening of the Fairmount Waterworks in 1322 supplied water to the
entire city of Philadelphia .

46. The importance of local natural resources to this region
s tead ily declined after the Civil War , due to the rapid et-:pansion
of rail transportation ; the rapid growth of industriali zation; and
the overall development of the abundant reso irces of the wes ’. . By
1955 employmen i in ‘ he natural resource industries, suc h as mining.
f o r e s t r y ,  f s h : j .. (wA -t ,r~ cul ure , accounted for less than two per-
cen t  of the L i )  ~~

1 I i -; ~~~~ ei.~~l’” — OH “f t:he w a t e r  s e r v i c e  a rea .
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Water , as a natural resource , continued to be a major requirement

S for development of the area and its importance is discussed in
Chapter V. Although the present economy of the region is not
primaril y dependent upon its na .:ural resources , these have served
as the caral ys L to e:Cpand its population and industrial activity
during its early economic history.

4 7 .  MANUFACTURING ACTIVITY IN THE DELAWAR E RIVE R BASIN. Tile
manufacturing act~ viLy in the basin proper is largel y concen tra ted
in the Bethlehem-Allentown-Reading , che Trenton , the Philadel ph ia ,
and the Wiluiny ’on subregions . Where available the data below are
given for manufac:uring activity in the basin proper . For a com-
ple te picture the available data for the basin were supplemented
by data for the entire Delaware River Water Service Area as indi-
cated belcc . The industrial areas are characterized by a high
degree of indusl ri.al diversifica tion wiJ h 12 leading manufacturing
groups emp lo”in~ abo .t 34 percent of the manufacturing labor force
in Lhese fc. . r ~vb r c~~Lcns and contrib - oc

~ 
a b o u t  the same percent-

age of manufactcred v a l ue . Each of these groups emp loys less than
11 percent of the manufacturing labor force and contributes less
than 11 percent to rhe value added by manufacture. The percentages
of employment and of value added by nanu ’- ure are shown in table
111-6 for the year 1954. Five of these industry groups are the
princ ipal users of i~ndmstrial ~‘ater in the Delaware River Basin.
These are: paper and allied produccs; chemicals and allied pro-
ducts; petro leum and coal products; primary metals industries; and
food and kindred pr ’dIcts. These ft ve gro ups emp loyed abou t 23
percent of C.he indus t rial labor force in the four subregions in
1954 and contrtb Led over 35 percen : of Che value added by manu-
facturing . These basic ind s’ries no~ onl y contribute heavily to
the economic weli-oc~ ng ciT thI s reg Lmn out are also equall y sig-
nificant in their overall contribution to the national economy .
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TABLE l l l - t

DELAWARE RIVER WATER SERVICE AREA
ECONOMIC SUBREGIONS C*, D, E , F

RELATIVE CONTRIBUTION B? MAJOR MANUFACTURING INDUSTRY GROUPS
1954

7,, of To ta l
Number of Value Added

Manufacturing Industry Emp loyees by Manufacture

All Industry Groups 100.0 100.0

Apparel and related products 10 6 5.8
Textile mill products 9.4 6.4
Machinery, except electrical 8.7 6.7
Fabricated metal products 8.5 8.5
Food and kindred rrr~ducts 8.4 9.1
Primary metals industries 8.3 8.6
Electrical machinery 8.0 8.6
Transportation equipment 6.6 6.6
Chemicals and products 5.8 10.4
Pulp, paper and products 3.3 3.9
Stone , clay and glass products 3.3 3.7
Petroleum and coal products 2.5 3.5
All other 16 .6 16.2

* Hunterdon County , N. J ., ex cluded
Source: Census of Manufacture , 1954, U. S. Bureau of the Census .

46. 
- 
The four subregions , comprising essentially the Delaware

River Basin , contain about 4 percent of the nation ’ s paper and
board source c-~ith about 30 percent of this located in the Container
Corporation mill in Philadelphia and in the Scott Paper Company mill
irs Chester , Pennsy lvania. The pulp , paper and paper-produc t mills
in the basin contribute over $200 million of value added by manufac-
ture or about 5 percent of that for the nation in 1954.

49. The chemical industry emp loy s about 190 ,000 persons in
the service area or about 24 percent of the total employment in this
industry throughout the United States- Large concentrations of this
industry are located in the Philadelphia and Wilmington subregions .
Emp loyment  in this industry in the latter subregion constitutes about
40 percent of the manufacturing employees in tha t area . Chemical
pla nts in the Delaware River Basin contributed over $580 million of
manufactured value in 1954, or about 6 percent of the nationa l value
added by manufacture by this industry.
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50. Petroleum refining and cracking plants in the Delaware
River Basin provide about 10 percent oil the  nationa l capacity in
this industry. ‘rhis capacity is e s s e n t i a l ly c o n c e n t r a t e d  in
seven r e f i n e r i e s , a l l  loca ted  a long  t~ Lc7 lower D e l a w a r e  R i v e r  in
the 40-mile reach between Delaware City, Delaware and Philadel phia.
In 1954 the se plants employed onl y about 2.5 percent of industrial
emp loyees in the four subregions of the basin but added about
$190 mill ion by manufactur e or about 8 percent of the nationa l
value.

51 . The primary metals industry in the service area emp loyed
about 150,000 pers ons in 1955 , or about 11 percent of the total em-
p loyment in this industry in the United States . About two-thirds of
this emp loyment was in the Bethlehem-Allentown-Re ading and the
Ph i l ade l phia subregions . where the Bethlehem Steel Company at
Be thlehem , Pennsy lvania. and the United States Steel Corporation ’ s
Fairless Works at Morrisville Pennsy lvania , prov ide about 60 per-
cent of the steel ingo t capacity of the basin . The total ingot
capacity of the Delaware River Basin represents about 7 percent of
Lhe nationa l capacity , and the added manufactured value was about
$480 million in 1954.

52. About 14 percent of the nationa l industrial employment in
the food and kindred products group was located in the Delaware
River Service Area with about two-thirds of it in the New York
Metropolitan Area , and about one-fourth in the Philadel phia Area .
The manufactured value added was about $507 million or about 4 per-
cent of tha t of the nation in 1954.

53 . PERSONAL INCOME AND THE ECONOMIC GROWTH. By 1955. the
last year for which employment and population estimates are avail-
able on an area basis , the 21-1/2 million residents of the water
service area provided a labor force of 9 million peop le and re-
ceived $51 billion of personal income . By 1957 aggregate income
had increased to nearly $58 billion , an advanc e of almost $7 billion
in two years. On the basis of a per capita total this amounted to
$2 , 600 , a f i g u r e  o n e - f o u r t h  higher  than t ha t  for the n a t i o n  as a
whole. Between 1929 and 1957 total persona l income for the service
area grew at an average annual rate of 2.0 percent which was two-
thirds of the nationa l rate of 3.1 percent. Over this period per
cap ita persona l income has been consistentl y well above the national
acerage , indicating the high leve l of economic well-being that has
been achieved in this region . The relative significanc e of major
economic activities in term s of their over-all contribution to total

persona l income in 1929 and 1957 is shown in table 111-7. The geo-
graphic distribution of the 1957 civilian earnings by industry , is

shown on plate 6 together with the portions thereof derived from
m a n u f a c t u r i n g .
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TABLE III-7

DELA WARE RIVER WATER SERVICE AREA
DTSTRIBUTION OF PERSONAL INCOME BY SOURCE

1929 and 1957

Percent of Total
Source 1929 1957

Personal Income Total 100.0 100.0
Property Income 29.9 14.7
T r an s f e r  P ayments  1.4  5 . 0
Civilian Earning Total 6d.7 80.3

Manufacturing 19 .7 26 .1
Wholesa l e  and R e t a i l  Trade 15.1 17 . 0
Services  11.3 11.3
Public Utilities , Transportation , Communications 6.9 6.8
Finance 5.3 5.4
Construction 4.7 4.7
Government 3 .3  7.5
Farms .9 .6
Mining .4 .2
Other .1 .1

54. Persona l income and manufacturing . Manufacturing in the
Delaware River Service Area is the leading economic activity of the
region. It required about 32 percent of the regional emp loyment and
accounted for 26 percent of regiona l persona l income . The service
area in 1943 contained over 23 percent of the nation ’ s manufacturin g
establishments and contributed over 17 percent of the total value
added by manufacture in the country as a whole. The relative growth
of manufacturing from 1929 to 1957 is best illustrated by comparison
of its contribution to personal income , with the income from property
and investments. In 1929 manufacturing contributed only about 20 per-
cent of to~ al persona l income , while property contributed about 30
percent. In 1957 , due to the growth of manufacturing in the Delaware
River W- .ter Service Area , its earnings contributed 26 percent to the
total , while property income contribul:ed onl y 15 percent. Over this
period factory earnings increased more than three l imes as compared
with an increase of 1-1/2 times for nonmanufacturing earnings.

55. Persona l income and who lesale ar:d retail L rade .  The
ne:-~t most important industrial sources of ~he civilian earnings
portion of persona l income are wholesale and retail trade. In 1929
these industries contributed 15 percent to the total persona l in-
come and 17 percent in 1957. In 1954 over 20 percent of .he toLal
sa l e s  recorded for  a l l  wh o l e s a l e  and retail trade establishments in
the United States wet-c made by the approximatel y 300 ,000 c~ho1esnl e
and retail establishments of the Delaware River Water Set -vice Area .
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56. Persona l income and service industries. In 1929 the
service industries of the region contributed 11 percent to personal
income while their 1957 contribution amounted to about 12 percent .
Service establ ishments in the reg ion in 1954 accounted  for  about
25 percent of the total service industry receipts for the country
as a whole. Closely related to the production of income in the
trade and service industries are those service industries involved
in recreational activities which cater to vacationists , weekend
recreation seekers , and in more recent years , to an increasing
number of d a y - v i s i t o r s . Ind ica t ive  of r ec rea t ion ’ s economic ins-
por tance to the service area , it was estimated that people spent
about $600 million for vacations in 1956 within the area of the
Philadel phia District of the Federal  Reserve  Bank . This  area in-
cludes the eastern portion of Pennsylvania , all of Delaware , and
southern New Jersey. The vacation industry , including trave l ,
produces about the same dollar volume of goods and services and
employs as many people as the agricultural industry of thi s area .

57. P u b l i c  utilities and transportation. These industries
accounted for about seven percent of the total personal income in
the service area in 1929 and 1957. This contribution amounted to
about 17 percent of nationa l total of these industries. These in-
dustries provide the energy needed to produce the goods manufactured
irs the area and tie means of transporting them and their new
m a t e r i a l s  from sources to markets. Electric power is supplied to
the water service area by 15 electric utility companies and five
municipal systems . The Federal Power Commission estimates that in
1955 the service area required about 49 billion kilowatt-hours of
energy at generating stations and had a peak demand of about 10.1
-- LI 1 ton kilowatts. This represented about 9 percent of the electric
e.~ -rgy produced in the entire United States. About 25 percent of
tui s energy was used by rural and residential customers; about 60
percent b y commercial and industrial customers; and the remaining
15 percent  included a l l  o the r  uses anu l ine  losses .

58. A number of  ra i l road s l ink  th i s  region to the m a r k e t s
of the nation via the transcontinental and coastal routes. The
principal road s include the Erie Railroad ; New York Central Rail-
road ; Susquehanna and Western Railroad ; the Lehigh and New England
Ra ilroad ; the Delaware , Lackawanna and Western Railroad ; the
Central Railroad of New Jersey; the Lehigh Valley Ra ilroad ; the
Reading Com~,any , the Baltimore and Ohio Railroad ; the Pennsy lvania
Railroad System; and the Delaware and Hudson Railroad . A number
of shallow-draft barge canals which once served the mining and in-
dustri al sections of the basin have been replaced by hig hway and
rail transport. The Chesapeake and Delaware Canal , connecting
Chesapeake Bay and Delaware River , was once a barge canal but has
been converted into a ship cana l and carries a large tonnage between
these two waterw.-~y.... The Delaware Bay and River have been improved
for navigation from Trenton , New Jersey, to the sea , The t i d a l  pot-
tions of a number or tributaries have also been improved . —
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59.  A g r l c u l t L l r e  - While cont ributi ng less tha n one per curi L 10

persona l inc me in 1957 , civilian m u m  earnings ~.-c-re the onl y portion
oil ~‘.-r s o n a l income tha t i n c re a s e d  a t  a r a t e  g r ea t e r  t h a n  the n a t i o n a l
rote. Sales of farm products in 1954 jar the  D e l a w a r e  R i v e r  Bas in
amounted to over $396 milli on. Livestock and livestock products ac-
co un ted il-~r ove r  65 pe r c e n t  oil the  t o t a l , cu l t i va t ed c r o p s  ~- - r  34
p er c e n t , and for e s t  p r o d u c t s  for  less  t han  1 p c r e e n L .  Sa les  of  milk ,
eggs , p o u l t r y , and meat account ta r a larger portion of the basin ’ s
a~; r icu l t u r a l  income than  do a l l  t he  o t h e r  f a r m  p r o d u c t s  c I c b i n e d .

60. Commercial  f i s h e r y.  In 1955 the  value to lishermen oi~ t h~
c o mm e r c i a l  f i s h  and s h e l l f i s h  h a r v e s t e d  iron w a t e r s  a s soc i a~. cd w i t h
the  D e laware  Bay and with the economy of Nc J e r s u v  and D c l ,  - ‘a re ,
t o t a l e d  a b o u t  $13.5 m i l l i o n .  There  are se ’-:cn ma or p o r t s  of  l a n d i n g
fo r commerc ia l  f i s h e r m e n  in the m i d d l e  A t l a n t i c  a rea . Five of these
are located on the Atlantic Coast in the viciniLy of Dclaw~ rc- Boy and
centribute to its economy .

61. Min ing .  Min ing  c o n t r i b u t e d  onl y a s m a l l  share  to the
persona l income of the service area . In 1957 its c o n t r i b u t i o n
n,.ounted to 0.2 percent. Sand , gravel , building stone , cement and
art~ hracite are the major mineral products of the Delaware Riv~ r Basin.
Li~ ited amounts of iron and zinc ores are mined , with the annua l ton-
nage depending largely upon market conditions . ’ In recent years sales
of a n t h r a c i t e  have sharp ly dec l ined  and the  l abor  fo rce  emp loyed irs
t h i s  i n d u s t r y  has l a rge l y s h i f t e d  to o ther  i n d u s t r i e s .

62. Other sources of civilian income. Civilian earnings from
financ e , contract construction and Government contributed about 13
percent to the total persona l income of the service area . Government
contributed over a third of t h i s  and its contributi on increased fr an
3.-i percent in 1929 to 7.5 percent in 1957.

63. ECONOMY OF THE SUBREGIONS. The economic structures of the
subreg ions are compara t ive ly u n i f o r m , and g e n e r a l l y s imi lar to tha L
of the service area as a whole. The distribution of persona l in-
come , however , shows wide variations among the -subregions. The No,-
York Metropolitan Area accounts for 6-a percent of total persona l in-
come in the Delaware River Water Service Area . the Philadelphia Area
ii percent , the other six subregions onl y 14 percent. The 1957 per
capita personal income in 6 of the 8 subregions was higher than in
most other sections of the country . Most significant were the averages
for the subregions centering on Wilmington , Delaware , and No ’ 4’ York City .
The per capita income of $3 ,200 in the Wilmington Metropolitan sub-
region and $2 , 300 in the New York City Metropolitan subregion , eacee d
the nat iona l average by about one-half and one-third , respectivel y. In
contrast are the income levels of the less populous Upper  B a s in  A r e a
and the Southern Basin and Coastal Area . Here per cap ita incomcs of
$1 ,575 and $1 ,875 , resp~ ctive ly, fall short of the nation al average by
one-fifth and one-tenth. The Nos. York City M e t r o p o l i t a n  A r ea has t h e
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hig hes t  p r o p o r t i o n  of w o r k e r s  c o n c e n t ra t e d  in the  s l o w e r - g r o w i n g
s e r v i c e -t y p e  i n d u s t r i e s , and i t s  m a n u f a c t u r i n g  is l a r g e l y concen-
t r a t e d  in the t e x t i l e  and a p p a r e l  i n d u s t r i e s  whose expansion has
been slow . The Philadel phia Metropolitan Area differs markedl y
from the New York City Metropolitan Area , having a smaller propor-
tion of service-type industries and a correspondingl y larger pro-
portion of commodity-producing industries. About 49.4 percent
of the emp loymen t  in the  six r e m a i n i n g  s u b r e g i o n s  is in noncom -
modity producing industries , and 5.6 percent in agricultural in-
dustries. The Bethlehem-Allentown-Reading subregion has a greater
c o n c e n t r a ti o n  of  i t s  emp loymen t  in m a n u f a c t u r i n g  and in commodi ty
prod ucing industries than any of the other subregions .

64. In only two of the subregions are there substantial
d i f f e r e n c e s  in income c o m p o s i t i o n .  The Upper  Bas in  Area and the
Sou the rn  Bas in  and C o a s t a l  Area are  b o t h  l a r g e l y a g r i c u l t u r a l ,
and the former  c o n t a i n s  most  of  the  min ing  a c t i v i t y  of the se rv ice
area . They derive a larger percentage of labor earnings from
farming than any of the other subregions or for the country as a
whole.

65. DOMINANT ECONOMIC FORCES. The region a s s o c i a t e d  w i t h
the  wa te r  r e sou rces  of the  D e l a w a r e  R ive r  Bas in  r e p r e s e n t s  one
of the most important reg iona l economies in the nation. In 1955
this area , which has less than one percent of the area of Con-
tinental United States , contained about 13 percent of its popula-
t i on  and about  14 pe rcen t  of  i t s  labor f o r c e .  This  p o p u l a t i o n
has increased since 1930 at a r a t e  of  about one percent  per year
and emp loyment in the same period increased at about the same
r a t e .  These r a t e s  a re  onl y s l i g h t ly less  than those  for the n a t i o n
as a whole .  I n d u s t r i a l  g rowth  was q u i t e  g e n e r a l  among a l l  m a j o r
i n d u s t r i e s , a l t h o u g h  a t  somewhat l esser  r a t e s  t h a n  the  g r o w t h  in
co r r e spond ing  i n d u s t r i e s  of the Un i t ed  S t a t e s .  A second signifi-
cant feature of recent economic changes in this area was the dif-
ferential growth of its noncommodity-producing industries , which
emp loy rough l y ha l f  aga in  as many persons  as the  commodi ty  pro-
duc ing  o n e s .  M a n u f a c t u r i n g  in the area r e g i s t e r e d  the hi ghes t  —

growth r ate of ma jor ind us try gr oup s to ma in ta in  the service
area ’ s position of having a higher than average concentration
of manufacturing .

66. Persona l income in 1957 amounted  to  about  $53 b i l l i o n
or 16.5 percent of tha t for the nation as a whole. It nas
increased at an average rate of about 2 percent per year compared
to a national average annual rate of 2.7 percent. Aggregate earn-
ings of persons engaged in manufacturin f has rep laced property
income as the largest element in the personal income flow in the
service area. As a source of income as well as a direct emp loyer
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of labor , manufac turing has become the largest industry in the
area by a large margin. This industry is now a strongl y buoyant
force on overall income growth. It is believed that individual
earnings from factory emp loyment will likely tend to accelerate
the pace of future economic growth in the Delaware River Water
Service Area .
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67 .  i N l ’ R l ) D l ’ i l I O N .  The  d c - v e l o p ;n e o t  01 t h e  w a t e r  res erces 01 the
Dc mj.a,ire River Bas in d e p en d s  larg el y upon th~ ec unn ic g r o w t h  S P a t  n a y
occur in this import ant segment on the n a t i o n a l economy . ‘1’h~ pr eceutn~
chapter surveyed the pL -QSefl t economy of this region and trends in the
past growth o f  th~.s economy . These trends when projec ted i n -  the i ature
provide a basis for estimating the potential expansion oil t h e  economic
and the concomitant development of the wa ter r e s o u r c e s  tha t will he
needed in this r e g i o n  to sustain such expo ion. Long-term tre imus in
gross nationa l product , population and number ot households , e l y-a nt ,
and persona l income were selected as economic factors whose changes
would indicate si gn ht ican t changes in the area ’s L-coll om y . Under exw a -

nation in the present chapter arc ehe-s e factors as projected thr ou g h th~
yeaes l9o5 , 1980 and 2010. The detailed data upon which the c iO~~
jections in this chapter are based , as weli as the methods emp loyed jo
making th~ projections , are contained in a p p e n d i c e s  B , C , and K.

b8 . GROSS NATIONAL PRODUCT. The total value of all goods-- ~~~ : , eC V

ices in terms of the 1957 price leveL produced i’n the national economy ,
or the gross nationa l produc t , grew from $L9-4 billion in 1929 to a .— J
billion in 1957 an increase of 128 percent. As a broad gauge of o v L r -
all economic activity, the growth of gross national product has ave r~ ged
th ree  percent  a year , a growth  r a t e  w h i c h  has been p r o j e c t e d  in th~
future. Over the past three decades relative growth has been less in
population and emp loyment than in total pt- o du c t ion , indicating a sharp
expansion in output for a given input of effor t. This  increase in pro-
duc tivity lies at the heart of the nation ’ s economic progre~.s. It has
arisen from technological and manageria l advances , a high rate of
cap ital formation , expanded development of natural resources , a pr osing
labor force and shifting of the working force into activities of high
productivity . Such forces have broug ht an average annua t advance of
more than two percent in output per man -hour in the economic sv stLm as
a whole.

69. On the basis of the trend described above , and c o n f o o n i n o  to
the historical pattern , the gross national product is expected L i rise
a p p r o x i m a t e l y to $570 b i l l i o n  by 1965 , $910 b i l l i o n  by 1980 and L ’
$2 , 300 b i l l i o n  b y 2010. A l t h o u g h  e s t i m a t e s  of gross r e g ion - a l p r o d u c t
are not available for the service area , it is significant th a t  t he
service area ’s projected growth is expected to expand in lipe wf th Je
overall economic growth of the nation as reflected in Ihi-se na~ i nna l
f r e cas ts
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70. POPULATION. The na t iona l popu la t ion  is p ro jec t ed  to r ise  -

from 174 million in 1958 to 195 million in 1965 , to 248 mi llion by
1980 , and to 370 million by 2010. The population of the service area
is expected to increase from 21.9 million in 1956 to 25 million in
1965 , to 30 m i l l ion b y 1980 and to ~+2 million in 2010. The pro-
jected increase in population for the United States is expected to
average 1.5 percen t per year between 1955 and 2010. A somewha t more
gradual growth , averaging 1.2 percent per year , is es tima ted for
the Delaware River Water Service Area , reflecting the area ’s grow th
rate of recent years which was less than the nationa l rate . With
reference to the economic subregions , the Wilmington Metropolitan
Area , Southern Basin and Coastal Area , the Trenton Metropolitan Area
and the New York City Metropolitan Supp lement Area , having experi-
enced rapid population growth in the recent past , are projected to
grow at a more rapid rate than the national average . The remaining
subregions , embracing the service area ’s larger cit ies and 90 percent
of the total population , are projected to grow at a somewhat lesser
rate. The Upper Basin is estimated to grow at a rate well beiow the
nationa l average. Projections of population for the United States
and the Delaware River Water Service Area , as presented in appendix
B by the Department of Commerce , are shown in table IV-l.

TABLE IV -

DELAWARE RIVER WATER SERVICE AREA
POPULATION PROJECTIONS BY SUBREGIONS , 1955-2010

(Thousands)

Actual  Pro jec t ions
1955 1965 1980 2010

UNITED STATES 164 ,303 195 ,000 248 ,000 370 ,000
DELAWARE RIVER WATER SERVICE AREA 21,589 25 ,000 30 ,000 42 ,000

New York City Metropolitan 13,851 16,000 18 ,500 25, 000
New York C ity Supp lemen t 1 ,221 1,500 2,000 3 ,400
Bethlehem-Allentown -Reading 798 900 1,100 1,550
Trenton Metropolitan 250 300 400 650
Philadelphia Metropolitan 4,121 4 ,800 5 ,800 7 ,900
Wilming ton Metropolitan 329 450 600 1,000
Upper Basin 551 650 750 950
Southern Basin and Coastal 469 600 850 1 ,300

71. HOUSEHOLDS. Over the past 25 years the average number of
persons per household , for both the United States and the service
area , has been on a stead y decline. According ly, the number of
households has shown a greater relative rise than the total ~opu-
lation for the United States and the service area . For the next
thirty years the average size of households is expecteci to show
little change but may decline somewhat thereafter , reflecting the
expected trend in the birth rate . The number of households in the
service area is expected to double by 2010. Projected trends for
households for the United States and the service area u~ e shown in
table IV-2.
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TABLE 1V- 2

DELAWARE RIVER WATER SERVICE AREA
PROJECTIONS OF THE NUMBER OF HOUSEHOLDS BY SUBREGIONS , 1955-2010

(Thousands)
Actua l Projections
1955 1965 1980 2010

UNITED STATES 47 ,788 57 ,000 74,000 117 ,000
DELAWARE RIVER WATER SERVICE AREA 6,499 7 ,400 9 ,100 13 ,500

New York City Metropolitan 4,286 4 ,800 5 ,800 8 ,400
New York City Supp lement 340 420 570 i ,000
Bethlehem-A llentown-Reading 228 260 310 460
Trenton Metropolitan 69 80 110 180
Philadelphia Metropolitan 1 ,163 1,350 1,650 2 ,400
W ilmington Me tropolitan 94 120 170 300
Upp er Bas in 163 190 220 300
SoucheeLi Uasiti and Coastal 153 200 280 460

72 . EMPLOYMENT. Nationa l emp loyment projections , as presented in
appendix B , represent a pattern consistent with an overall annua l growth
ra te of 3 percent for gross nationa l product . From a base of ó6 mi l l ion
emp loyed in all indus tries in 1955 , it is estimated tha t nationa l
employment will rise to 76 million in 19o5 , 97 mill ion in 1980 and 151
million by 2010. While employment in all industries will increase 129
perc en t b y 2010 , employment in the manufacturing industries is expected
to increase 150 percent over this 55-year span. The output projected
in the gross nationa l produc t can be achieved despite variations tha t
may occur in both the projections of employment and population.

73. The Delaware River Water Service Area employment is pro-
jected to rise from 9 million in 1955 to about 10 million in 1965, 12
million in 1980 and to 18 million by 2010 , doubling over the 55-year
period. The five industries (food , chemicals, petroleum , primary
me tals and paper) considered as the major water-using manufacturing
industries , accounted for about 19 percent of tota l manufacturing
employment  in 1955. By 2010 i t  is e s t i m a t e d  tha t these f i v e  i n d u s t r i e s
will recluire more than 30 percent of the projuctod total manufacturing
employment .  W h i l e  the t o t a l  m a n u f a c t u r i n g  emp l o y men t  in the serv ice
area in 2010 is expected to be about twice that in 1955, employment in
this five-industry grouping will be greater than 2 -1/2 times the 1955
level. The most dramatic growth will be registered in the chemical
and paper industries , for which it is estimated tha t the employment
levels will more than trip le by .~0l0. Projection of emp loyment in the
five manufactu ring industries is shown in table IV-3.
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TABLE IV-3

DELAWARE RIVER WATER SERVICE AREA
EMPLOYMENT PRO.flCTIONS BY INDUSTRIES , 1955-2010

(Thousands)

Actua l Prpj ec t ions
1955 1965 1980 20 10

ALL INDUSTRIES 9 ,073 10 ,300 12 ,400 18 ,000
MANUFACTURING 2 ,907 3 ,390 4 2l0 6 ,100

Food and kindred products 215 230 270 400
Chemicals and allied products 190 235 325 630
Petroleum and coal 65 75 90 145
Primary me tal 146 180 240 400
Paper and allied products 80 100 150 300

Five-Industry Total 696 820 1,075 1,875

74. Projections of total industrial employment within the eight
economic subregions of the service area reflect the pattern of indus-
trial change that has occurred within each of the subregions since
1930. Projec tions of total industrial employment for each of the
subregions are shown in table IV-4 .

- TABLE IV-4

DELAWARE RIVER WATER SERVICE AREA
EMPLOYMENT PROJECTIONS BY SUBREGIONS , 1955-2010

(Thousands)

Actual Pro jections
1955 1965 1980 2010

DELAWARE RIVER WATER SERVICE AREA 9 ,073 10,300 12 ,400 18 ,000
New York City Metropolitan 5 ,897 6 ,600 7 ,800 11,000
New York C ity Supplemen t 495 600 800 1,400
Beth1eh.~m-A11entown-Reading 357 400 470 700
Trenton Metropolitan 110 130 170 280
Philadelphia Metropolitan 1,671 1,910 2 ,300 3 ,300
Wilmington Metropolitan 136 180 240 420
Upper Basin 214 240 280 380
Sou thern Basin and Coasta l 193 240 340 540
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Thc projection at industria l development 01 more  than  av er ag e  g r o w t h
tor the Ne - Y a k  Cit y Supp lement Area  r e f l e c t s  a h i s t o r i c a l  emp loy-
ment  growth pat tern cons iderabl y great er than tha t for the reg ion
as wh~~i e .  The p r o~~c c Ir a n  a t more t op i c expansion of emp loyment
I t  ihe- Ir~ t i n  ~ic t a -po1 it~~n , Wilmingto n Metropo litan and Southern
Basin and C a ~~ a I A o  .s • as e n ~p o r ed  to t i l e  nat:on , ~~~ --:n rrarted
by j n umber  - S  -. s  idc - tt j -:is involving ce-arab ic transportation
fdL 1.1 i t  C e~ and LI _ _ c pr~ >ilrii ~ ty of tncst- er -as to othe -r areas of sub —
S tant L a  1 ~n d u s  I r I o  expa cs  j ar . .

75.  PEiS~~~~~~ T ;~~~~~:. B a se d  a~ - :‘ p r tj e c t e d  o u t p u t , persona l
income for t o  o t  -a ter:as of h -  1957 pr ice level is expectee to
grow from $3-~8 I r _ i L i o n  ~n 1957 Lu f~~aU l i l i o i  by 1965 , to $ 725
billion by lYbP -~ad to $1 ,100 bi iii o r~. 2019. During this period
national per can 1 .. pcrs oial income is prejected to increase to almost
2-1/2 times th~ 1957 est imatL 1 S2 , O~ fl .

76. The ser’-ioe area ’ s growth ov er the most recent years has
beers somewhat less then for the coontry as a whole. This has largely
been at tributed to the  r e l a t i v e  degree of maturity achieved in the
area during the- first quarter of this century. From 1929 to 1957
total income in the region grew at an average annua l rate somewha t
in excess  of t~’o p 0 r : e nt . The O f f i c e  of Bus iness  Economics  has
i n d i c a t e d ,  in . a o p c d i x  B , t h a t  severa l  forces , now presen t in the
serv ice area ’s ine irnc structure , indica te tha t persona l income
should  be p r o j e c t e d  ov e r  the next 50 years at an annua l rate slightly
grtater than 2-1/2 percent. Although slower grow th has been re-
corded for the service arca since 1929 , it should be noted tha t
in 1957 the fla r i- -n and the area exhibited greater similarity in
ei ght of t h 5  Lcfl i - c a m e  sou rces than they did in 1929. More
spec itic - iLl y t1i~ re cen t trend in the rise of manufacturing earnings
as an m e - m e  source and the decrease  of importance of p rope r ty  income
b e t - s~- e r t  11 .!° -a tJ 1 15 7 , I n d i c a t e  a s t e p - u p  its the increase of personal
i f lc rn e over the nc~.L half century. It is fur ther anticipated tha t
in the marc  r e c e n t l y d e v e lo p e d  reg ions  of the Un i t ed  S ta tes , ou t s ide
the- water sei cice area , econ omic  g rowth  w i l l  begin to taper o f f .
The d i f fe r itt iji ai L existed between this region and the r e s t  of
the country will oceanIc smaller over the next 25 years. Total
persona l income far the service area is projected to increase from
$57 billion in 1957 to $70 billion by 1965 and to $100 billion by
1980. During his Latter period it is assumed that expansion of
persona l income will beg in to approximate the nationa l growth rate
and achieve a leve l of Sd~~+ billion by 2010. On a per capita basis
the service area w i l l  c o n t i n u e  to exhibit levels higher than the
average for th e  n a t i o n  as a whole over the projection period . It
is e x p e c t e d  t h a t  b y 20 10 the d i f f e r e n t i a l  be tween  th i s  r eg ion ’ s per
capita personal i;n Inc arid tha t of the  na t ion  w i l l  have been r e d u c e d .
Projecti n~ of persona l income fo r  the  U n i t e d  S t a t e s  and fo r  the
s e r v i c e  area  ire shown in table IV-5.

45

- - -- --

~

. , -, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~---- —- - — - - - _ -~~~~~~



TABLE IV-5

DELAWARE RIVER WATER SERVICE AREA
PERSONAL INCOME PROJECTIONS BY SUBREGIONS IN CONSTANT DOLLARS

1965-2010
(billions of 1957 dollars)

Actua l Projections
1957 1965 1980 2010

UNITED STATES 347.9 450.0 725.0 1,800.0
DELAWARE RIVER SERVICE AREA 57.6 70.0 100.0 224.0

New York City Mecropolitan 39.3 46.7 64.4 139.0
New York City Supplement 2.9 3.8 6.2 17.0
Bethlehem-Alientown-Reading 1.8 2.2 3.3 7.8
Trenton Metropolitan .7 .9 1.4 4.0
Phi ladelphia Metropolitan 10.1 12.1 17.8 39.5
Wilmington Metropolitan 1.1 1.6 2 . 6  7.0
Upper Basin .9 1.2 1.8 4.0
Southern Basin and Coasta l .9 1.3 2.3 6.1

77. It is estimated that total persona l income for the nation
will more than quintuple between 1957 and 2010 and the income of the
service area w i l l  quadr up le during this period . However , in the same
per iod , personal income in the New York City Supplement and the
Trenton Metropolitan subregions will increase to more than five times
tha t of 1957 , and in the Wilmington Metropolitan and the Southern
Basin and Coastal subregions it will increase to more than sixfold.
The bas is for these inc reas es wer e alr eady noted in the discussion of
the subregion industrial emp loyment projections .

78. PROJECTIONS OF LAND USE. Studies of land use within the
basin proper , as disc uss ed in appendices C and K , indicate that about
9 percen t of the 10 mill ion acres of land area is presen tly under urban
development .  P resen t  land use for  the Delaware  River Basin is shown
in table IV-6 .
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TABLE IV-6

DELAWARE RIVER BASIN
LAND USE PATTERN , CIRCA 1955

(Thousands of acres)

Total Area Type of Land
Class itied Urban Open

__________ ______________________ 

by Sf5 !/ Acres 7~ Acres 7~

DELAWAR E RIVER BASIN 10,000 896 9 .0 9 ,104 91.0
Bethlehem-Allentown-Reading l ,~’65 93 6.3 1,372 93.7
Trenton 1-le -trepul itan 15i) 2-. 16.0 126 84.0
Phi1ade1p hi~ Metropolitan 2~ 2 , 165 380 17 .5  1, 785 82 .5

Wilmington Metropolitan 4f5 94 21.1 351 78.9
Upper Basin 3/ 3 ,661 189 5 .2 3 ,472 94.8

Southern Basin and Coastal 2,il~ 116 5.5 1 ,998 94.5

‘- i  Bete -it suhL eg i o t i  includes several counties , portions of which  are
tocated ouLside the D e l aw ar e  River w a t e r s h e d .

Includes e-stimate of lands in Philadelphia County that were
not ltl clLIUed by Department of Agi-iculture .

Includes estimates for only those portions of the counties in
New York State that lie inside the Delaware River watershed.

As shown in table IV-6 urban land use and development is the great-
est in the metropolitan areas of Trenton , Philadelphia and Wilming-
ton . Based upon the appraisal contained in appendix K that addition-
al population grow th will require art additiona l 1/4 acre per person ,
it is possibLe co forecast the amount of non-urban land tha t will
have to be used for future urban development. By 2010 appryxima tely
1 ,800 ,000 acres of additiona l non-urban land will be needed in the
basin for urha t use to satisf y the needs of an exp and in , population.
More than half of this total will be needed for the urban growth
in the Philade lphia Metropolitan Area . Urban growth in the
Bethlehem-Allentown -Reading, the Wilmington and the Southern Basin
and Coastal Areas will require about 600 ,000 acres of addi tiona l land
or abouc one-third of the total needed. About one-sixth of the to tal
needed (about 200,000 acres) will be in the Trenton and the Upper
Basin areas. Assuming tha t all of this land will be obtained from
pres ent non-urban lands , by 2010 about 27 percent of the total land
in the basin will be under urban development. In addition , da ta
presented in appendix I indicate that over 1.2 million acres of
additiona l recreation lands will be required by 20 10 w ith in the
service are-a t ~-nti sfv the demand for new recreational opportunities
generated by the eNpanding population of the region.
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79. OTHER FACTORS. Whether or not this region can achieve
the high level economy projected for it over the next half century

w ill depend upon the favorable opera tion of a highly complex set
of fac tors. The historical and projected levels of economic devel-
opmen t show that a potential for major expansion already exists
w ithin the region as well as for the country as a whole. One
fac tor upon which the service area will rely to sustain and nourish
its growth will be the reasonable exploitation of leS water re-
sources. The service area ’s present reliance upon its water re-
sources and the problems associated with the development of this
vital resource are discussed in subsequent chapters.
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C!t~f- iER V

CONTR 1~~UT ION OF WATER RESOUkCI~S TO THE REGION ’S ECONOMY

80. 1NIP’ U~ TTIN . A l~~m i :  :~~c o I c ’ e La thi s ir ;:stigation was tha t
the goods and servi - : - s t~ b : ~e: :r~ tfrn. w e t: : :  resources development
shall have ec -tent: val ue ly to to e extent that there exists , ei ther
now t,r in t~~? f e - r e - r n, n c o d  r r  dc- me td for the several dater resource
products. To- tt~~t L e - t  Lm s a t e r  rE~ o irue derivat tce s arises out of the
relationship existi -ig betw~ n -~ t~~e water resources of the Delaware River
Basin and the- 1-~ awt~. ~erid Ce - ~-e e ~~

-
~‘: oi the reg ion within its zone of

influence. Pr - .’t~~a, c’o~tt vn I ‘c sh..’ t thet the populous Delaware
River Basir. ‘ r9 n: wIth too- larger - - c-v ‘tcr area in which it is located ,
is one of t ho -  m a j or  i vstv:e i and cy--: .o:cla ’ centers of the United
States. Thc -;c- :r-iccd ability of this region to expand its activities
will, to a great extent , dcc a—i d a~ tn a rea~ r n a b - €  development  and use
of its water reso-: . :ces.  This ch~.~~:er descr i ’ -es  the r e l a t ionsh ip that
exists between the wctc: resources of the le - s i and the continued
economic growth and development of the  region . The f ac to r s  tha t l imi t
the extent and u-se - f thrs~ w e t  re~~:irces in ecre-ing the needs of
the reg ion are also discussed. Last!:’, the ele: ents that were used to
arrive at the t-aianted program for re o-orce devc1c7:- ent for the basin
are enumerated.

81. SUPPLIES OF WAT~R. The most  elemertal requirement placed
on the water resources cf the basin is th~ poe ts ion of supplies of
water for doine o- ic and municipal uce- . Over t.rr ~ million residents of
the water se cvic -e r:~ err - r u c r e i t t l y w it h d :  c w l n g  over one billion
gallons of ‘sate: a day from the gre--lad and surface water sources of
the basin to satisf y their needs. Toe- hieja standard of living enjoyed
by the peop le e-f th.: a::a assecieced with hig her standards of health
and cleanline~~ and wich the in -:.rea.~L~g Lbe of water-consuming home
appliances has r --s u ltec’ in a daily use of paraxi inate l y 120 gal lons
of water per parson . As population ccatinues to eec and , with concomi-
tant increases in living standards over the next half century, an
even great- c relianre must be p r-:cd on the water resources of the
basin . Should tl- ~ erie -nc exre-sses of water in tdte basin become
scarce in tin- fu n.;rc , it is -icry likel y that t h e  peop le served from
that sourne would ~it2ttr have to adjust to a restaicted use of water
or be fo-rard ~~ -, ob:r.in additi on i supp lies from oth er  sources .  A
more drasti : eoceequc-nce of w a t e -r  shortage woalo i he the mig~ation of
the people of the basin to other parts of tee: country where water
supp lies a”e mo- e plentiful. While ccci substtcites for the water of
this basin (~c- ~ as de-salte:d se-a w-~cer and diver~ is from of-her
basins) may be dt ve lopcd in the future , it appears certain that the
Delaware River Basin . because ci the q u a l i t y  of its water and its
orientation with the m a jor  water den-ian-i centers , wil.l continue to be
the major source of su p p le for domestic and mun ic i p a l  purposes  for
the peop le of thea basin an d  to :  sizable popula ti ons beyond its bounda-
ries. Howe - a , since diversions fr- itt rho basin are authorized by
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the U. S. Supreme Court , it would be presumptive to project , for purposes
of this investigation , d iversipns to satisf y, wholl y or in part , the
water needs in adjacent areas at designated dates in the future. There-
fore , except for current diversions , the water uses of primary interest
are those within the basins boundaries. Furthermore , this approach was
supported by the fac t that local water resources and their capabilities
to S a t i s f y the water needs in the areas adjacent to the basin were
beyond the scope of this investigation.

82. Water use inventories by the U. S. Public Health Service , as
presented in appendix C, indicate that the industrial product ion proc-
esses use more than 70 percent of all water withdrawn for all purposes
in the basin. The major water using industries of the basin are:
food , paper , chemicals , petroleum and primary metals. They withdraw
more than 540 billion gallons a year from the basin , equal to about
three-fourths of the basin ’s total industrial water use. As indicated
previously, manufacturing activity of this basin is presentl y, and will
continue to be , the major source of civilian earning s for the peop le of
the area , currently emp loying over 900 ,000 persons earning in excess of
4.5 billion dollars annuall y. The availability of water of sufficient
quantity and quality is one of the major factors tha t will be required
to permit the expansion of industrial activity as indicated in the
projections of growth shown in chapter IV. Failure to pro~eide it. may
result in serious economic losses both to the reg ion and the nation ,
since the lack of water would restrict expansion and the full utili-
zation of basic industrial plant and equipment.

83. The 1955 production of electric energy in the basin area by
thermal plants required an estimated 3.4 billion gallons of water per
day for cooling purposes . The future expan sion of the basin ’ s power
production capac ity requires an assured and inexpensive supp ly of
water of tolerable quality. Should the water resources of the basin
become unable to fully satisfy future cooling water requirements , in-
creases in operating and installation costs for electric power pro-
duction may result.

84. Water withdrawn for agricultural , irrigation , lives tock ,
and rural use presently amounts to only one percen t of all water
presentl y withdrawn for use in the basin. Agriculture as an in-
dustry contributes only small amounts to both the employment and
the personal income of the reg ion . However , it produces the major
share of the food products consumed in the basin and serves as an
important feeder industry for the food processing plants of the
area. The water needed to service this section of the economy ,
although small in comparison to the needs for domestic , municipal ,
and industrial use , n ever theless , is crucial if agriculture is to
maintain its position within the reg ion . This is especiall y true
for the Upper and Lower Basin Areas where nearly seven percent of
personal income is derived from farming . 
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85 . WATER QUALITY AND STREAM POLLUTION. Maint -nernc e of water
qualit y and reduction of stream pollution arc e q u a l ! :  es sential in the
satisfaction of the severa l water supp l y markets discissed above . To
c-va luate the contribution of water qualit y and pollution abat e-ste -nt, as
they relate to the overall well-being of the reg ion , cons ide-ration has
been given to the several quality requirements p ieced upon the waters
of the basin by the quantitative water supp ly needs. (hose requirements
also bear heavily on the use of streams for recreation and commercial
fishing as well as on the aesthetic value of clean str . ams . Quality
requirements may be very stringent when the water is used for dQmestic
purposes or when used in food processing p lants. Quality requirements
may be substantiall y lower when the- water is used for , say, the- metals
industries and cooling purposes. While quality requirements will differ
from one use to another , the degree of treatment varies according to
the point at which raw water withdrawals are made within the basin ,
and , in almost all cases , some treatment is required to being the raw
water to the quality leve l desired . As population and industrial
activity expand in this area over the next fifty years with resultant
increased waste loads for discharg e to the waters of the basin , more
and more attention must be directed to the contributions that can be
made to the improvement of water quality and the abatement of pollution
through reduction of the waste load . The sizable investment presently
made in these fields and the tremendous investments to be expected in
the future are indicative of the importanc e of such programs as they
relate to the beneficial uses of water in the region . Failure to
recognize future trends in water use , that may well add to the overall
water quality problems of the basin , would result in preventing such
investments from achieving their full contribution to the we lfare of
the communi ty .

86 SALINITY CONTROL Of particular interest to the water users
in the tidal section of the Delaware River is the contribution that
may be secured through the control of salinity. The salinity front ,
while not affecting sources of water currentl y being utilized for
domestic supplies , continually poses treatment problems for water-
using industries downstream from Eddystone in the Chester-Marcus Hook
area. The control of salinity in this area could reduce the cost of
chemical treatment required to remove the objectionable salinity
constituents , obviate the need for additional investments in fresh - :
water developments to offset further deterioration in the quality of
the river , and mitigate the costs of water supp lies for downstream
areas.

87. CONTROL OF FLOOD FLOWS.- Control of flood flows in the
Delaware  R ive r  and i t s  tributaries would contribute to the overall
well-being of this reg ion by preventing damages to real p r o p e r t y  and
the loss of goods and services. It would also make poss ible - the
increased production of goods and services through a more intensive
use of real property on or adjacent to the flood p lain that cannot
now be utilized due to the flood hazard . The occurrence of seven
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major flood-produc ing storms sinc e- 1900 Las re-suited in major losses of
both l ife and property throughout the basin. The storms of August 1955,
producing the largest flood of record generall y through the basin , re-
sulted in the loss of 99 Lives  and caused  p r o p e r t y  damage and bus iness

4 losses in e - X C e 5 S  of $100 million. The conti ttu d use and r edeve lopment
of the flood p lain over the next fifty v e e r s  may result in a situation
wherein the potential damages from a flood of the 1955 magnitude tha t
would exceed the damage caused by tha t flood by as muc h as one-third.
Mitigation of such losses by appropriate flood control measures would
permit valuable resources of land and rea l property to sustain , in a
continuing fashion , its beneficial and producti ve- contributions to
the economy At the same time contro l of flood flows would release ,
for use in production of new goods and services , resources that other-
wise would be diverted for the purposes of repair , rep lacement , cleanup
and other forms of emergency relief required as a result of floods.
With each flooding many commercial and industria l establishments may
be forced to curtail operations ranging from a few days to as much as
three weeks with attendant layoff of emp loyees and loss of production .
These are real economic losses and certainly any justifiable measures
to lessen or eliminate such losses are positive forces contributing to
the economic and social well-being in the affected areas

88. NAVIGATION. The improvemen t of the Delaware River and its
tributaries for navigation contributes to the ecomomic growth of this
region . Canals constructed in the ear ly 1800 ’ s provided the first
economic means of transporting coal from the Lehigh Valley and the
Schuy lkill Valley to the major manufac turing centers of the area . As
more economical means of transportation were developed and the market
for anthracite declined , these canals fell into disuse for transpor-
t a t ion . The existing and authorized navigation projects in the tidal
sections of the Delaware River and tributaries , however , continue to
make positive contributions to the basin ’s economy . Commerce in the
Philadelphia port area has quadrup led since 1920 . In 1958 about 100
million short tons of cargo were moved through the ports and carried
through the navigation channels of the Delaware River and tributaries
from Trenton to the sea , about ten percent of the total cargo carried
on all rivers , canals and connecting channels of the United States.
Foreign commerce passing through the ports on the Delaware River con-
stitutes a major portion of this total. In 1958 42 million tons of
import cargo were received throug h these ports and 3-1/4 million tons
of export cargo were shipped from the area , together accounting for
1/4 of a l l  fo re ign  commerce for  a l l  ports of the U n i t e d  S t a t e s .  The
importance of these navigation channels to the region can best be
seen by the relationship between the ports of the area and the in-
dustrial and commercial activity of the region. In the Wi lming ton ,
Philadelphia and Trenton Metropolitan Areas it has been estimated
that for manufacturing alone nearly one job in every five depends
upon mater ials brought in through the ports. Also , more than 96,000
employees of these three- metropolitan areas derive their income
eith er directl y or indirectl y from the Delaware River ports.
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89.  PYDROhIl - L1R !L I’OWER. The im p o r t an c e  of the- g e n e - r a t i o n  an ~
distribution 01 el e tri c energy to meet the requirements of farm , resi-
dential , commercial , industrial and othe r consumers is well-known . Such
service is essential ti the continued growt h and dev e - I p t i e n t  o f the
reg ion . Hydroelectric installations currentl y account for seven percent
of the total de p eodi b ic power capacity of all p lants in the pertinent
power marketing area as defined in Appendix F. Within the Delaware
Basin i n s t a l l e d  c a p a c i t y  o f ex i s t i ng  h ydroe lect r ic p l a n t s  is about
70 .900 kilowatts. In terms of electric energy production , hydropowe r ’s
contribution is small. However , in terms of the savings tha t may re-
sult by the installation of hydroelectric facilities as compared to
alternative forms of conventiona l power generation , the contribution
tha t may be made throug h the generation of power by this method becomes
significant. Technical advantages inherent in hydropowe r allow its
energy to be placed into the distribution system on short notice during
period s of heavy demand or in emergencies without incurring additional
fuel costs as would be required in the case of thermal-electric
facilities This feature makes hydropower particularl y unique in its
ability to satisf y some portion of the overall power demand mar ket.

90 . RECREATION. Recrea tion resources and facilities contribute
to t h i s  reg ion ’ s overa ll economic and social  wel l -be ing  b y p rov id ing
opportunities for one-day outings , ove rnight outing s and extended
vacations to enjoy such activities as swimming , boating , picnicking ,
sightseeing , going to the beach , fishing , hunting , camping and visit-
ing museums . Many of these activities can be directl y related to the
water resources of this basin , It has been eitimated that in 1955
the 21-1/2 million residents of the service area recorded over 81
million visitor-days while partici pating in various outdoor recrea-
tional activities. Of these , State Park attendance , hunting , and
fishing accounted for 34- , 33- , and 14 million visitor-days , re-
spectivel y. As population continues to expand with continued improve-
ment in its economic well-being and with the availability of more
leisure time , it is reasonable to expect that ever increasing require-
ments will be placed on existing and proposed recreational facilities.
The provision of new and expanded recreational opportunities will per-
mit substantial portions of this area ’s population to realize the full
value of increasing leisure time and improved living standards. In
those portions of the re-gion where the recreation industry is a vital
force to the local economics , the expansion of recreational facilities
and opportunities will be required as an element contributing to their
economic growt h . An indication of the economic impor tance  of  recrea-
t i on to the area is the estimated $600 million spent in 1956 for vaca-
tions within the Philadelphia Federal Reserve Bank District.

91. COMMERCIAL FISHERIES. Five of the seven major ports used
by commercial fishermen in the Middle Atlantic Area are located
relatively close to the mouth of the Delaware Bay The bay area
produced subs ta nt ia l share- s of the total harvest in the United States
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of menhaden , oysters and clams . Lewes , Delaware , where landing s of 308
million pounds of commercial fish were reported in 1955 is the third
ranking fishery port in the- nation. The two hundred related manufac-
turing and wholesali ng establishments dealing with fish and fishery
products located in the reg ion emp loy on the averag e more than 5 ,000
persons during t he f i s h i n g  season and were responsible for the pro-
duction of fisher y products valued at about $50 million in 1955.

92. LIMITING FACTORS. In assessing th - overall impac t of the
water resources on the reg ion , considerat ion was given to the phy sical
and economic factors that limit the ability of the water resources of
this basin to produce or augment the water resource goods and services
discussed above. Pertinent physical factors are the natural flow of
the surface waters of the basin , the adequacy of subsurface sources ,
the quality of the water , the availability of suitable storage sites
and the complimentary and competitive uses of water in satisfying ~~re
than one water use purpose at sever-al points in the basin . The limiting
economic factors involved here are the availability of investment funds
for resource development , the alternative opportunities for optimum
economic gains from these types of investments , the extent to which
resource development is required to sustain and nourish the economy ,
and the established rules and practices encountered in resources
development. The balanced program for water resources development
and production of water re-’-iurces goods and services therefrom for
this basin had to be deffned in a manner consistent with these limiting
factors. While it was possible to i d e n t i f y  indi~vidual requirements
that must be placed on the water resoure- ~s of the Delaware River Basin
during the next fifty years , it was not possible to indicate specifically
the nature of the inter-relationships that exist among the water re-
source products as they collectively relate to the continued growth of
the area . For a balanced program of resource development , it was
necessary to p lan for the production of as many of these products
(known to contribute to the region) as was considered economically
feas ible.

93. The process by which specific purpose s were chosen for in-
clusion in the plan of development required stud y of the physical and
economic resources availab le for development and the available alterna-
tive production measures not necessarily tied to the wate .r resources
of the basin that also satisfy the several water resources markets.
It was recognized tha t althoug h certain goods sad services could be
produc ed on ly through water resources development , there remained
others , such as recreation and the production of electric energy,
whose production could be secured through developments not normally
assoc iated with this resource. In terms of water resouroe production
measures all levels of water control from simp le land management
measures to major multi-purpose impoundments have been integrated into
the p lan of development presented in this report. It was not practical
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nor was it possible to consider that the production of all the required
products could be secured in unlimited quantities throug h water resources
contro l only. Thus the contribution of water resources development to
the future growth of the regional economy will , necessaril y, be limited .
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CHAPTER VI

DEHA~.L’S ON WATER RESOURCES

9~ . t€ANS FOR_ASSESSING DEM~N’~S. The quantitative dimer-sions of
markets for the various products of water resources development have
been esta5lished through a series -jf examinatiot-,s of past and present
demands on water resources as related to the economic attiv ities of the
water service area and by broad prolertions of the needs for develop-
inent of water resources based on anticipated economic growth. These
examieations and projections were made in some cases by the Corps of
Eno

~~
e :s, in other cases b~ the aseocy of primary concern , and in

others cooreratively ~y two or nc-re agencies. In all cases . ~jowever ,
ths e’:ai-uaticn of demands ork wa ter resources was mace to comply with
the wishes of loca~ interests as expressed at public hearings , by
correspondence , through representatives on the Delaware Basin Survey
Coordinating Cornmi’tee , and by directive from the Congress.

95. A study of existing and planned developments for water re-
sources in the brsin showed that their most significant products and
sorv ~ces have beer, water supply, hydropower , navigation , flood control
an d rec:sation. At the public hearings held at the time the
compreher sive studies of the basin ’s water resources were iritiated

• and at tines throughou L the study period , general interest was expressed
in broad multi ple-purpose developnent of the water resources. Included
in the purposes to be served were flood control , water supp ly,
hydropower , irrigation , recreation , preservation of shell and fin
fisheries , increased l~w flows , pollution, abatement , navigation and
prevention of salt water intrusion , Except in the case of flood contro l,
where a number o;~ local problems were cited and requests made for stud-
ies of a variety of relief mea sures , and in the case of water supply,
where a few local problem areas were identified , the requests of local
in teres ts were in broad general terms , As the study progressed it was
found that while existing needs for flood control and certain types of
water supplies could be pinpointed geographically with fair accuracy ,
future requirements for supplies of water , flood control , recreation ,
hyd ropower , et ce t er a , were best defined in rather broad geographic
areas as indicated in the discussion of these needs in the following
paragraphs .

96. SUPPLIES OF WATER FOR DOMESTIC, MUNICIPAL, INDU STRIAL AND
RURAL USES, Th e basin contains a comp lex of developments designed to
satisfy the water supply needs of a multitude of specific localities
or individual users. The raw waters to sat isf y these needs come from
surface or subsurface sources of f resh  or brackish supp lies, The most
si g ni f i c an t  present withdrawals are made for municipal water supp lies
fo r Philad elphia and New York City, The average 1957 withdrawals for
ttiese two supp lies amounted to abou t 352-and 365 m~l1ion gallons per

~~y (mgd), respectively. Significant present iod~vidual withdrawals
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0’ ~elL- supp Iied industrial water average about 125 mgd at Bethlehem ,
Pennsy lvania , 255 mg d at  Morrisvil le , Pennsy lvania , and 396 mgd at
Delaware City, Delaware.

97. The exist~ ng major impounding facilities designed to augment
available supp lies of surface water for municipal uses are shown in
tab le V I - l .

TABLE VI-i

EX ISTIN G MAJOR WATER SUPPLY RESERVOIRS

Reservoir Stream Supp lies in Gross Yield
Billion Gallons in Million

____________ Gallons/Day

Cannonsville W . B r .  Delaware R. 95.5 1/ 388.0
Pepacton E .Br. Delaware R. 140.0 1/ 427. 0
Neversink Neversink R. 34 ,9 1/ 126.0
Wild  Creek Wild Creek 2/ 4.1 3/
Penn Forest Wild Creek 2/ 6.5 3/
Ironworks Cr, Neshaminy Creek 0.68 12.0
Lake Ontelaunee ~-uiden Creek 4.0 77.0
Green Lane Perkiomer. Creek 4.4 16.5
Pickering Pickering Creek 0.35 5.5
Springton Cr-urn Creek 3.5 16.0
Octorara ~~./ 3/  30.0

1/ Based on maximum depletion
2/ In Lehigh River Basin
3/ Not available
4/ On Octorara Creek in the Susquehanrta River Basin

with diversion to the Delaware River Basin

98. Available supplies of water are adequate to satisfy all
present needs when considering the basin as a whole without reference
to local problems arising from inequitable distribution of these
suppl ies. Local interest at the hearings and in correspondence ex-
pressed the desire for general conservation and development of the
water resources of the basin for domestic , municipal and industrial
uses . Need was expressed for increased low flows to reduce stream
pollution withou t reference to specific localities , to prevent salt
water intrusIon and to stabilize or force a downstream retreat of the
salinity front that now prevails in the estuary in the vicinity of
Edgemoor , Delaware under medium flow conditions. During prolonged
periods of low flow , the salinity front advances to Chester , Pa., and
occasionally to the mouth of the Schuylkill River. Requests for
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speci fic developments to n o L t  a nt  i c i p  lt oJ  major wat r’-qu - r~r-tc rt s were
not forthcoming from local interests ~-~rir.g the- c -:-0rs of the Stud” .

However , solutions to local water problei s Trsc.~ r n r a  ~ n-~ .ansdalc--

North Wales area in Pennsy lvania ar -i -lorris County j n  ‘~eu- ..~erscy were
requ ested by local interests. In connection with tnc-se ~~c i l  water
problems it was found that adequate s-appl~ c-~ of suita h i i~~~a’Ler to
satisf’-’ their needs are presentl y ~avcilablL ,~ t some distanc e 1 m m  the
point of need and , according ly, r :use local needs wer ~c-o~~rnere d as
imposing no specific demands on fu ture water resource developments in
the basir~ The detailed engineering studies needed tc- determine the
most procticol and economical means of getting available water supp lies
to local distribution sys tems were not made as a part o~ this ~n-,m cstiga_
ticn Local interests in the State of Delaware requested studies of

• de tailed and extended scope tc det-~-~ - - ‘ne the practical as p ect s  and
economic fea sibili ty of a sal t ~-:o e r  barrier in the Delaware River
Estuary to provide a fresh wate-~ impoundment to satisfy anticipated
water needs in the areas adjacent tc- Delaware Bay .

99. The gross wat er needs of the water service area were pro-
jected to selected years in the future by use of projected population
and industrial growth from the Economic Base Survey in appendix B , and
the app lication of projected trends in water use per capita and per
unit of industrial activity as described in detail in appendix P.
Projected gross wa ter needs for irri gation, stock watering, and rural
residences were defined by the Department of Agricultu re based on
indicated trends in land use and farming practices. These projectior .s
are reported in detail in appendix G. Water for cooling purposes at
future thermal-electric generating ~iac:rlities were considered as irnpcs-
ing no spnctfic demands on developments for augmen~ inc stream flows
since the return to the stream is etuivalent in q anti :y and quality to
the withdrawals in each instance of such use . Under these conditions ,
and assum ing proper loca tion of future fac ili ti es with respec t to
available natural and modified stre~ rr flows , the s c o n i f i c  demands on
water resources development arising from this type of use  would be
insignificant.

100, As explained in paragraph 81 , the projected water supp ly
requ irements of primary interes t in this investi ga tion are those wi th in
the basin boundaries . Although ~ew York City has indicated a projected
need for addi tional wa ter supplies by year 2010 , the question of
satisfying this need from the Delaware River Basin o~ f:on other sources
outside the basin is beyond the scope of this investigation . The
assessment of stream flow augmentations required for water supp ly
purposes in the basin was made by modif ying the projected gross demands
to take into account the present availability of natura l minimum stream
flows , minimum stream flows augmented by existing protects , the use of
ground water , the use of brackish supp lies where appropriate , and a
conservative estimate of repetitive use of water by successive downstrcun
users compatible with the desirability of maintaining acceptable levels
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of water quality. The projec :ed net surface water augmentations at
year s 1965 , 1980 and 2010 arc shown by uSe cacegories and geographical
subareas in table ‘fl-2 . The curvet-i t (1955) s u r f a c e  c’at er us es , as
inventoried by the U. S. Public ~{eaith~ Se:v~ ce and raported rr~ deta il
in appendix C , together with projected gross ar.d net surface water needs ,
are summarized by geographic subareas on p la te  7. Flow augrnent at ions
to satisfy these surface water needs a:o indicated , al so on plate 7,
for key stream gaging sta::~ons in the basin ,

101. REDUCTION OF FLOOD DAMAGES~ The reduc ti on of f lood damages
is an impor tant service obtained from control of the water resources of
the bas in, Existing developments in the interest of flood control ~n
the basin range from individua : efforos b r  relief from flood problarn s
at very limited local areas to n-a~ or ørojcc:s for alleviating community-
wide flooding. Local protection works provided as municipal or
community projects are loca ted at numerous places so the basin, Typical
examp les of this type of project are found at Port Jervis , New York and
Burlington , New Jersey. A viJorous flood pr otection program by the
Commonwealth of Pennsylvania h—u resulted in major local protect ion pro-
jec ts comple ted or under const-cuction at I~awley , Str oudsburg--East
Stroudsburg and Weissport , Pennsy lvan ia . Numerou s channel r e c t i f i c a t i o n.
clearing and dredging projects have beer, comp leted by the Commonwealth .
Examp les of pro jects in this latter category are those at White Mills and
Greentown in the Lackawaxen River Basin. Active watershed associations
have plans approved under Public Law 566
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TABLE VI-2

SURFACE WATE R RE QUIRE~~~NTS IN WATER PROBLE M AREAS IN THE BASIN

Usc 
_____ 

1965 1980 2010

UPPER DELAWA -IF AREA
Domest~ c ar.C Munbci:ial (mgd) 17.3 24.0 42.9
Self- au : ‘fed ~icstriai (mgd) 12.3 18.3 38.3
Agri ii~:.d (mg d) 3.3 3.9 4.0

Tota l  (mgd) 32.9 46.2 85.2
Reqd .Sur ’ace hhi - cr ttu gi .ici. tati o~i (cfs) 0.0 0.0 0.0

MIDDLE DEL1~.WARE AREA
Domestic and MLluiciual (mgd) 4.5 6.3 12. 1
SeLf-oup~ lthd Industrial (mgd) 29.1 43.1 94.2
A gricultural (mgd) Included in Trenton-Phil.
Total (mgd) 33.6 49.4 106.3
Reqd.Sur~ acc Water Augmentation (cfs) 0.0 0.0 0.0

LEHIGH AREA
Dome~ t :lc and Municipal (mgd) 41.3 58.4 108.4
Self-~upp li.ed Industrial (rngd) 194.0 228.5 364.2
Agricultu-:al (mgd) 2.4 2.8 2.9
Tota 1 (mgd) 237.7 289.8 475.5
Reqd.~hirface water Augmentation (cfs) 48.3 129.0 416.0

UPPER SCI-iUYLKILL AREA
Domes tic and ~t.inicipa1 (rngd) 52.5 72.9 132.7
S e l f — su ~ pl~ ed Industrial . (mgd) 123.3 153.3 197.7
Agricu : t -:al (mgd) Included in Trenton-Phil.
Tote.1 (nig d) 175.8 226.2 330.4
Reqd,Surfacc Water Augmentation (c n) 0.0 56.0 217.0

TRENTON-PHI ADELPH IA AREA
Domestic and MunicIpal (mgd) 583.8 812.8 1445.8
Self-supp lied Indu strial (mgd) 1034.7 1141.0 1155.3
Agricultu:c1 (mgd) 19.3 24.4 24,4
Total ( m ci . surface losses) (mgd) 1917.5 2377.6 3415.7

Reqd.3ti:’ace Water Augmentation (cfs) 0.0 491.0 2100.0

WILMiNGTON A REA
Dornes tic and Municipal (rngd) 48.2 72.0 151.4
Self-supp lied Industrial (mgd) 933.0 1549.0 2744.0
Agricul tural (mgd) 12.1 14.6 14.6
Total ‘ (mgd) 933.3 1635.6 2910.0
Reqd.Surface Water Augmentation (cfs) 1380.0* 2380.0* 4350.0*
Reqd. Fresh Water Augmentation (cfs) 0.0 38.7 526,0

*Cross requ i.rer ients to be satisfied by fresh and brackish ‘ - - ‘-
~~~~~

- ,
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UP P E R  D E L A W A R E  MIDUI F. DE L A W A R E
1955 [965 1980 2010 195 5 1965 1980 2010

(1) 40 54 74 128 (1) 43 58 80 156
(2) 21 33 46 85 (2 )  24 34 49 106
(3) 0 0 0 0 (3)  0 0 0 0

~~~~ 0~

LEHIGH

1955 1965 1980 2010

( 1) 430 591 861 1805 U P P E R
(2) 206 238 290 475 DF L AS - \ H E
(3) 0 31 83 270 

i—.
N Y C .

S U P  P1. FM  E N T
/

— I

LEHIGH ~ ~ c.
M E T R OPOL I T A N

UPPER ’\
SCHUYL8i?ILL 

~~~~~~ NYC
sUP P

~~ TRENT ON—
C P H I L A D E L P HI A

A pprox. Scale
1:2 , 000 . 000

\ I.~ ,TON

3 FENTON-PHILADELPHIA

\ 5’a~ ~
‘ j 1955 1965 1980 2010

U P P E R  S C H U Y LK I L L  /
1955 1965 1980 20 10

(1) 168 238 339 652 ~ ‘,.._ ~~~ > 0 0 318 1356

(2) 121 176 226 330 ~(3) 0 0 36 [40

PR O B L E M  A R E A  B O U N D A R I E S
W I L M I N GTON

[955 1965 1980 2010 — — — 
D E L A W A R E  R I V E R  B A S I N  B O U N D A R Y

(1) 2 7 1 108 5 1771 3 113
(2 )  240 993 1636 2910
(3) 0 0 25 340 

LEGEND :

SO. BASIN & COASTAL (1) GROSS WATER NEEDS
1955 1965 1980 2010 (2) NET SURFACE NEEDS

(3) REQUIRED FLOW AU~~4ENTA TI 0N

(1) 86 165 257 494
( 2 )  13 20 26 4 2 A l l  quant it i e. in mil lion gallon , per day.
(3)  0 0 0 0

G R O S S  A N D  N E T  S A T E R  N E E D S

I N  P R O BI  F M  A R  F A S O F  T H E

O F  l .A  W A R F  R I  V E R  B A S I N

P L A T E  7
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for local prot L~m pruj.~c t-3 . -a :: tri es of t~ e Lackawaxe n River ,
in the Paulins Kill , Li’cle Sc~~:~

7
~~c~ ll. Ri.-er and Brandywine Creek

• Wa tersheds aad ~~: 1ow~ ~a~t - - :  :a ~ “~~ : - ‘ .ie~~;~~:, Ma~ o: Federal
projec ts for c- r.tro ef •~~r cu’- t . .  i-c~. - a :- a t~ c Jadwin and Prompton
Reservo irs in i~~-~ Lac~ a- -7ax~~.I R.~r - ’ .~ -~~~ i - -., Bear Creek Reservoir in the
Lehigh River 3nair, on~i L c .~~~ ~~:~ :-~: :- t : f- -:. :-~j ec~~s a t  Al lentown and
Bethlehem , ?einn”~:--7~~’.a. P~r. . 1.:  - - ~~

- -  en t~to three Federal reservoirs
are given ta ’~~~ -!l -~~,

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

DATA ON ~~ OEi~i~L ~E SER -JClR - -~ ~~C. ~~ , tjfs UND ~~ CONSTRUCTION

~~~~t ,;e area Flood Control
Reservoir S ream ::.l~ ec. i t  Capacity in

________ -~~~ _____ 
Acre—Fee t

Prompton a k ~twa~: ~; t Riv -~. t~- 20 ,300
Edgar Jadwin Dy~erry Creek n5 24,500
Bear Creek L&tigh Ri j c.: 2 ’3  108 ,000

102 • Th e  - - eru:,, ~r-’ leci . ‘
. : r  •3t s fc.r :ali~~f from flood-

ing were varied aud nuni--ro~ s ~~~~u-~e~ 
- ~er - .~ r aquescs  for  channel

clearing, dredgio~~, :s., ) i ~ -~~’ ’~~~, .‘- - :a~~l flood de ten t ion  s t ruc tures
and other measures to ~ yi-::e f - ~~~~ :;-. at flood-stricken areas in
general and a t ec:~~:.c loe i::’r- .- ~~~~~~ Among the latter were
Milanville , P- ;;v r:ifa , and C

~’--d e - r - i ~, por t ~ art-:.s and Tristate, New
York in th e U pper Reg ion o f ~~~~~~ at~~~ ; S:r ~,-:os - ’ -~g—E ast  St roudsburg,
Northampton , Ea .~tna and Ta~Inqua, • -:~~~~:l.

’--~ri7. in the Central Region ;
and Bristol, LnugiL[’r -[e ~~~

-
~rnC~S , -~~~~ -~ k:~~~~~ , la:cv lle , Ft.  Washington,

Yardley , and Bucks Cou-~ty ,  ?u. ~,‘i a’. i~t - -r :d ~-~st River:o-t, New Jersey
in the Lower R-~~io~-t of t . ic  ha u

103. Flood co:.trc i neec~; of t :u a ; in --‘eve def ined from assessment
of all types o dar.iages as~ oc!atec. -i ~~. :--- ir.i’ahl end runoff. These
include damages t(. lana  ~n’ ~:-:~ v ’.~:-’ ot  :~ o llp~~t rmost  headwa ter areas
ar i s ing  f~ u~ S~~~~tL ’ .. ‘;r ( ’~~~~, ~nt- ~a : -  - : . ‘  : h  o n , and sur face  sealing
from r a in f a l l  i~~:ac :, r~- - i.’J ~n-~ .e-~ . l - -  ~-: oio~- f rom surface runoff. The
Departmcnt  of A :t-ra i.. s:: .~: l , ~ ~~~ ~e~ s in thesa areas found ,
as reported i:-~ app ’~ncU N ~ , ~~~~ , -~~~ -

~~, -~~~~~ ceuld best  be expressed in
t he area l ext er .t or var:’ n- :~ lae.~ ., -~~~l i r~.: c l as s i f i c a t i o n s.  Measures
to sa t i s f y these ~~LiCr ~5 Ca l - : he a - ~~~~ -: -.o~ under car tinuing land
management prog::a~os an

1 , t r~ece:a:c , -.-‘~~r~ nor defined in detail in this
inves tigation.

104 . The c~ t e t ft  cf t ’r. ;lc~~d ? Jle i—
~ e~~ . i- ing f rom excessive f lows

in creeks and ot ;-~e<-’.~~; o s  tr - n- cot- : -~; r~:- l c f f  tc t I C  sea were assessed in

- ~ ~ —---- — —
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t er a s  a f  tee average annual monetary value of the damages in the
inte~rnedi at€ - uostream areas and t’~e princ~ pa watercourse areas, These
problems ;-j e~~t~ expressed in terms of average annuti flood damages, The
iat :er were then translated through planning procedures into demands
on water resc’urces in .  terms of tne control needed to assure desirable
i i n ~[t S  of ilooding at parti cular places and times. The effects of all

• ex : s t i a i g  f l ood con trol pr-f jecrs as we 1~ . as projects under construction
wer e t~~k e ’  i~~tc account ~~ 1 the asses~ mcnt of needs for flood control.

105 , Major floods in the Delaware River Ba~ ir are usually
a ssa r i a t e d  w i t h  severe s tor ~r.s resulting in widespre~.d heavy prec ipita-
tion , and often accom pany ing hurricanes. The dtsastrous flood of
August  1955 was of  t h e  latter type , Total damages from this flood , as
determined by a field survey, were estima ted tc be about $ 1 2 4  ,000 , O ) ~J
at :958 price levels (see appendix D), Of th is tetal $~~~,7O0 ,0O0 , an
70 pc~- c e n L , were r e c u r r i n g  type  damages along the main stem and its
pr a:i pal :~- ihijtarjes, The remaining 30 percent were either ncn --
recurring damages or damages in the upoo:---lL st headwater and inte:-
nied~ ate~~ stream areas, Average annual flood damages a1ori~- ’ h e ma in ~~t e- - l

and its princi pal tribu tar ies , under nntura i cc-nd ition ~ ~~ ‘ ~958 , at~-
estImated to he appr oxim atel y $9 ,230 ,00C at January ~~~~ ~ pr : e levels.
Existing flood control rncasi res and proJects un (er C -  . ~t e c t l ot3 w i l l
e1im:~nate $3,130 ,000 of the se damages , Iaavin~: rcs~~1uai averag .~nnuai
f l o od damages of approxi matel y $6 ,100 ,000. In addit ic- i , stu d i e s
f1o~ d damage on the intermediate upstream itibutar ics ~-ui--e shown tia t
average annual damages in these renches are .pj c:-~i:’n~tel y $l ,7 7 (~, lOG ,
as discussed in appendix R.

106. Con tinued development of the flood plain wijl. ir .crca -.c the
damage potential . Estimates hare been made of prospecti’ e average
annual damagc reflecting projected :ror.d:-~ of developmen t in the f l o od
plain , These projec:Lons, distussed in appendix D, indicate tha t
aserage annual damages along Del-3 warc River , Letiigh R iver , ~i i

Schuylkill River , and their respective tributaries , w i l l  t nc r e a s e  f r o m
a tota ’~ of approxima tely $5 ,950 ,000 i n  1958 to $6,820 ,000 o 1980 .
and $8 ,l)40,000 by 2010. These fi gures , bas ed -of l  1959 p c i c e  levels ,
may be taken as an indication of the ir.creases in damages tn at are in
prospec t throug h o u t  the bas~~n :f a d e q u a : e  f l oeu  p r o t e c t i o n  t s  not
p r o .- i d e d , The present and pr :~ ected m l .  ~t u - : e  of f lood  dam ages  in
these  5a~~tn:~ and also in the Lackawaxen R i v e r  Bas i n .  are  shown
t a b l e  VI -L& .
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PROSPECTIVE AVER -\ GE ANNUA L FLOoD ! - ~~-l?Li S 1/ BY REA C HE S
OF PRINCIPAL WATERCOURSES FCR iEARS 1958 , l9~i0 AI~D 2010

Rive r  Reach 1958 L9 80 2 0 1 0

Delaware R. and tributaries $3 , -420 , 000 $3 , 870 , 000 ~-4 , 520 , 000
Le h i g h R. and tributaries 1,180 ,000 1,290,000 l ,~~+0 ,000
Schuy lkill R. and tributaries 1,350 ,000 1,660,000 2 ,080 ,000
Lackawaxen R. 2/ l44J~ Q~ 

144 ,Q00 144 ,000
BASIN TOTA L 6 ,094,000 6 ,964,000 8,184 ,000

1/ 1959 price level
2/ No si gnificant flood p lain development

anticipated in Lackawaxen River Basin

107 , OUTDOOR RECREATION OPPORTUNITES, In studies by the
N a t i o n a l Park Service and the Lorps  of Engineers , as r epor t ed  in
append Ices I and W , it was shown tha t wa te r  r e sou rces  and p r o j e c t s
for their development provide important opportunite s for outdoor
types  or  r e c r e a t i o n .  W a t e r  dependent  r e c r e a t i o n a l  a c t i v i t i e s  such
as swimming , f i s h i n g ,  and b o a t i n g  are ve ry  popula r  and f a c i l i t i e s  to
satisf y demands have been developed throughout the area . Extensive
facilities have been developed also for picnicking and overnig ht
can p ing and while these activities are not necessarily water
dependent they take on an added degree of attractiveness when pro-
vided in association with water. At the present time public and
private lakes or reservoirs developed specificall y for recreation ,
and provisions for recreation at natural park-type areas and at
facilities designed for other purposes serve to satisfy a major part
of the needs f o r  ou tdoor  r e c r e a t ion  o p p o r t u n i t i e s . Reques t s  by local
interests for the development of recreation opportunities vere
expressed  onl y in genera l  terms u n t i l  the p l a n  of development  was in
advanced s tages  of i t s  f o r m u l a t i o n .  As the elements  of the p lan u-er e
identified , interest was shown by State and local  p l anne r s  in the
exp l o i t a t i o n  of the r ec rea t ion  p o t e n t i a l s .

108. In 1955 the 21.6 million people residing in the water
service area engaged in outdoor activities estimated at 137 ,700 ,000
v i s i t o r - d a y s  of one-day ou t ings , 75 , 800 , 000 v i s i tor - d ay s  of ov e r n i g ht
~r week-end outings , and 132 ,000 ,000 vi~ itor-days of vacations awny
f rom home . The demands f o r  f a c i l i t i e s  s u s t a i n i n g  one-day  o u t i n g s
are the most critical of all the recreation requirements of the
Delaware River water service area. Studies reported in appendix ~
indicate that the recreation opportunities to be derived from LOu

development of the water resources may satisfy a cons ide rab le  p a r t
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of t -oc s e  demands.  It was found also :y.a: water nmpounding developments
and s~ a:1 aa:- - .s o:fe~ oa~ o~ ta: i. ies for e~ sentia11y the same
rcc rea :~~ar n::i ;i:ies , ~ L~ce , the o~ esent and projected needs
sa ’ ~si:cd O~~ p u ) ~~ 1C o i c p ~ d;r s of stutO o:~ t ype faciliti es are the
typo ~ha: :c:rea:i-n u at v o t er  s o u r c e s  deve~ epmcn t s  can  e f f e c t i v e l y
so i a r

109, . n .951 the etate por~ c and otben non-urban state park
type f a c t ~~1c ~~es i-: -. or ad jacent  to the ~cl~i~ ar e  River water service
area c o a l d  accomodate  about  17 ,9  m i l l e o n  peop le annually, S tudies of
s~~L e c n ~~ 

~.te on o O r  a te  tha c tic’ nt:c~- a,v;cc in 1955 varied from
8 LO pe:~ cot ebc’’c rh’~~: ten oomn -c l a ca ,)Oc fly. ih’cre was a need

~act~ t . L~~ ) f n  1915 , c- :’ ac~ e-nnc fa :c  .5 , ’ - ;~ 1l tor :  v i s i to r s  in
to th e  exis:~~rig L a p ; :  i e o , Fro~ c c . i c n s  of the n a t e  of growth

f the rec reation ~ieraand were :cade or considering the combined effects

~f ~~~ e ’ r - 1c~~e . ng e i l e : i c a  tha n in  r ,s n t i a l l y  u r b a n , and an
e x o a r c n n g  ccononrg. 0e mao~~s for  r ;t e  L~~~~ e roe :ani:ion oppor tun i t i e s
a~-~ ec- pec.: c-; f tc enc :eas r  C.; o~co c ;  t~, T t i m e s  the 1955  demand at year
2010 as m d l c a t e d  in t ab~ e V l— 5 ,

~~.H LE -Jl— ~

If i~~RK 1~’L P R)iATiON ~FED S
FCB •Jft,sL RE R I V E R W~&TER 3ERV ; F AREA

S t at e  Path  A t t e n d a n c e

i9~~ 33 , 020 ,000
• 

1951 55 ,803 ,000
i 0’3C’ 2 , 7 60 ,D00
2 01C 2 2 7 , 000 ,000

110 The Do ’a I t ;e a nmc ’;t a f  recreation cads of the entire
De ’~;e or e  R iver  Bas nod : e 1a c c u  sncu y areas c o i i t o t n e d .  in appendix  I
p a i n t s  o u t  t h a t t ta  n e o g o n e n c e  needs of the basin a e p r i m a r i l y
c’ulcennecl with O o c r e a i i n :  s~~a e , t - e ; r o o t n o ”  iac:l it i e s  and access ib i l i -
t y .  j O  audi ::ioi; tc- the ha jo ::oconmen iot Ion of the need for  r e c r e at i o n
developm ent  c~ areas su roo ~~r d i r .g r r c r o a e d  water control pro iects , it

ltxdes  a ~ [an for  the n : :v ;e :va;  c o n  ana o t t i - _ z a t i or .  of o ut s t a n d i n g
n a t u r a l , suen~~: ,— c’ h t o r n e a l  featunos as “eli as the development of
a reas  ~~~ ~~~ en s.~y e :e~ c o i t ’ o n  -s ss~ srch as beach areas  on the lower
Dela~.m ro Rtvcr and the Ne:~ ers;” nod lelaware shores, The recrea tion
potent 1di ~ a! water ro ;‘s : rouc n o n  ~e r t s  u:~(’c r coosaderation would , if
tu 1i~’ f~ ’,e I optc d -nee O o’,:Ig de:-~ 0 e nooc tam of ;he non’-un-haii recrea-
tio n neo ds  o.~ t On g~~ aware R n : e  •

~~~ f n ,
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I l l  . . u C I  R [C POWER . The e l e c t r i c  pow er  r e q u i r e m en t  of t be a rea
w h i c h  wou ld  be a I n c  Le d  h a n y  p l i n  of de ve lope~~e L for  the  lie lawain

River  and i t s  t r i b u ta r i e~ escee ied  55 b i l l i o n  k 2 l o w a t n - h o ~~rs  in 1957 ,
w i t h  a peak demand of 11 . i n il l i e ,  k i t u w ~ t l  . Ti ’~ lt:dropawer develop -

ment a  in and id l a t e n t  t o  t h e  s e r v i c e  a r e a  ce  1951 a c c o u n t e d  for  approx-
i m a te l y se ven p e r c e n t  of the  t o t a l  i n s t a l l e d  ( r a t e d)  c a p a c it y  of gener-

~~ ating facilit ies in t Oe  p e r t i n e n t  power m a r k e t i n g  area  as d e f i n e d  in
a p p e n d i x  F .  The c a p a c i t ie s  in the b a s i n  ia cc l oca t ed  as f o l l o w s .
40 ,000 kilowa tts a t  a p lant on Wallenpaupack Creek 26 000 kilowatts at
four p lants on >longaup Rive r , and , 1900 kil owat’ s at several small man-
u f a c t u r i n g  cor-i pa n iu s . Water di:erted from the basin to supp lement New
Yor k Ci ty ’ s t in cur  s u p p ly  is used co  g e ne r a  ic hy d r o e le c  er i c  P OICI C at

~ 2 i . 0 0 0 - k i l ow at t  and 18, 0 0 0 - k i l o w a t t  p l a n t s  l o c a t e d  j u s t  o u t s id e  the
basin boundaries . Four hydroelectric p lants on the  Susquehanna  R i v e r
having a total installed capacity of 613 ,000 kitowutt s also suppl y
hy d r o e l e c t r i c  energy to the u t i l i t y  systems serving the Delaware River
Basin.

112 . At the public hearings in 1956. local interests requested
that the hydropower potentials at the Tacks Island , Belvidere a~ d
C h e s t n u t  H i l l  darn s i t e s  on D e l a w a r e  Ri er be developed  Both p u b l i c
and p r i v a t e  developments  for t h e se  power p o t e n t i a l s  were  r e q u e s t e d .
At the p u b l i c  hea r ing  at P h i l l ir sb u r g ,  Ne ’,-; J e r sey  on 13 A p r i l  1960 ,
the New J e r sey  Power and L i g h t  Company e x p r e s s e d  a willingness to
p u r c h a s e  and m a r k e t , a t  its expense , any power gen e r a t e d  at conven-
t iona l h v d r u p o t . ’er f a c i l i ti e s  at the  Tocks Is land Pro hic t , and to con-
s t ruc t and/or  operate  these  f a c i l i t i e s  a t  i t s  e x p e n s e .  The Company
a l so  proposed to b u i l d  and ope ra t e , a t  i t s  expense , a pumped- s to r age
power project in conjunction with the Tacks Island development .

113. EstimaLes of f u t u r e  paver  r e q u i r e m e n t s  were  based on a
de ta i l ed  anal y s i s  o t ~ the g r o w t h  of each of the p r in c i p a l  c l asses  of
electric utility serv i ce , and on an extension of the indicated trend s
and rates of growth of the total requirements to ‘he year 2010. De-
tails of these estin- ates are presented in appendix F and a summary is
given in table VI-6.
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TABLE VI-6

PAST AND ESTIMATED FU TU RE UTILITY POWE R RE QUIRE MENTS
IN DELAWARE RIVER SERVICE AREA

1950 — 2010

Load
Year Energy for Load Peak Demand Factor

(Millions of kwh.) (Thousands of kw,.) (Percent)

1950 35,028 7,403 54.1
1955 49,027 10,145 55.2
1957 55 ,142 11,106 56.7
1960 66 ,600 13 ,440 56.4
1965 88 , 100 17 ,490 57.5
1970 113,900 22,230 58.5
1975 144 ,500 27 ,720 59.5
1980 180 ,400 34 ,000 60. 4
1985 222 ,100 41 ,500 61 .3
19 90 2 70 ,300 49 ,600 62.2
199 5 325 , 700 59 ,000 63.0
2000 389 ,000 69 ,500 63.7
2005 461 ,200 82 ,000 64 .3
2010 543 ,500 96 ,000 64.8

114. For a fur ther  indication of future power needs in the general
reg ion o f the service area, the future needs of two interconnected
utility systems, which serve a major portion of the service area , were
examined, The installation of over 16.5 million kilowatts of capacity
by 1980 will be required to take care of the expected load in that
year in the area served by the utilities in the Pennsylvania-New Jersey-
Maryland interconnection , which is defined in appendix F. The
interconnected system of the New York State Electric and Gas Company ,
to meet its future load , will be required to install nearly 1.1 million
kilowatts of new generating capacity between 1960 and 1980. The
Federal Power Commission has indicated in appendix F that for proposed
hydroelectric developments at water resources projects under considet.i-
don, there will exist a ready market for all energy that can be
economically produced at these sites. The Department of the Interic’r ,
as the prospective marketing agency for the Federally-produced energy
that might be generated at proposed projects , reviewed and generally
concurred in the views of the Federal Power Commission regarding the
marketability of such energy. The full statement of the Department
of the Interior is contained in exhibit A of appendix T.
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pro f i l e s  of the Delaware River  above Trenton , as defined in appendix C ,
are shown in f i g u r e  1, p late 8, Considering the projec ted  increase in
populat ion for 1965 and 1980 , it is expected tha t there will be no
change in the dissolved oxygen content of the r iver f rom the head-
waters to Trenton because expanded sewering and sewage treatment will
take care of the increased pollution load as the population rises. In
general , the Delaware River in this reach can be c::pected to be of
such quality as to support a wide variety of w a t e r  u s e s  during the pen -ad
ending at ye.?.: 2010.

126. The dissolved oxygen profiles for the tidal section of the
Delaware River from Trenton to Delaware Bay are shown in figure 2 ,
plate 8. Studies by the Public  Hea l th  Service indica te  that  in this
reach of the river a decrease in pollution loading took place from 1950
to 1957; however, the dissolved oxygen levels were not materiall y
affected, Based on correlations of pollution load , annual temperatures
and 90-day average flows at Trenton with annual dissolved oxygen , the
Public Health Service concluded that changes in annual dissolved oxygen
levels were determined to a large degree by variations in the amounts
of fresh-water inflow across any one year. From this it was concluded
further that variations of dissolved oxygen within any one year reflect
variations in fresh water flows. Increased population and industrial
act ivi t ies  for the period to 2010 will  resul t  in an increase in the
present  to ta l  po l lu t ion  load to Delaware River below Trenton as shown
in table VI -7 ,

TABLE VI- 7

ESTIMATED POLLUTION LOAD AND TRENDS IN DISS OL VED OXYG E N
ANNUAL AVE RA GE DISSOLVE D

TOTA L OXYG EN IN ‘7. OF SATURATION
POLLUTION AT BEN AT

YEAR LOAD 1/ FRANKLIN BRIDGE MARCUS HOOK

5 1940 1,000,000 31 40
1950 880,000 37 40
1957 780,000 31 33
1958 770 ,000 4/
1980 930,000 2/ 5/
2010 900,000 3/ ,~/

1/ 5-day average biochemical oxygen demand (BOD), pounds per day.
2/ Based on median conditions of removal efficiency (507.) of total load

from tributary areas.
3/ Based on best conditions of removal efficiency (70~) of tota l load

from tributary areas. 1 ,400,000 lbs. BOD per day based on present
conditions of removal efficiency (307,) of total load.

4/ Not  a v a i l a b l e .
5/ Not pro jc m- : ted  because of the dominant  i n f l u e n ce of v o e v a i l i n g

s t ream f i ’ . .wms , which  w i l l  vnc ’y .
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Fig. 1 DISSOLVED OXYGEN PROFILE, DELAWARE R. ABOVE TRENTON.
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127. Based on t r e n d s  is: I : i .~d r - r i c a 1  w e t e r  q u a l i t i e s  tor  variou s
po l lu t ion  loads fo r  the years  1940 , 1950 and 1b57 as shown in table
VI-7 , i t  is es t imated  tha t  wate L qu al it -m at  year s O l O  wi ll  be between
the condi t ions  which existed 115 1940 and those which existed in 1950 .
Howevet - , i,ncrc as in g  i n d u s t ria l  technologies in the f u t u r e  may result
in comp lex o-~m d a n i c  che si ca l  L O i i b t L t U O l i L S  dSb U IIsiiI ,l g r e a t e r  importance
than BUD in the assessment of fu ture  SLLCO,I q u o t i r -,’ condi t ions.
Should s u b s t a n t i a l  po l l u t i on  remos”sJ riot be acc~~mi 1 1ished , the qua l i ty
of the es tuary will progressivel y C1Cm ~~: O I O L O L C . hucccve: , the e f f o r t s
of the various water  po l l u t i on  cert tro l  agencies  which have been so
e f f e c t i v e  in the past  can be assussed La c o n t i n u e , and i t  does not
appear that  ~ua1i ty  condi t ions  w i l l  be a l lowed to r e t rog ress  to tl’~
levels of 20 years ago .

128 . WATER DEMANDS AR I SIN C ’2Oq IL2O SSE . A primary demand
p laced on available supp lies uf w a l er  a r i s e s  f rom use of the land
areas. The extent  of p resent  de sm o it id: ;  of th is  na tu r e  are r e f l ec t ed  in
the available ground and s u r f a c e  w a f u r s  of the bas in. However , future
changes in land use  could rsateriall y au nt ’ present water supply
condi t ions. As a basis  i c e  assess i l si !  th~ p robab le  ex ten t  of such
changes the Depar tment  of A t, r’iculture defined anticipated land use
pat terns  at selected y ea r s  in the fu t:ure and repor ted  on these in
appendix K . The extent  and n a t u r e  of present and an t i c i pated major
uses of land in the basin are  as shown in table VI—8 .

TA };LE V 1—h

PRESENT AND FUTU RE MAJOR LAND U S f S  in Cf tJmwAk!d RIVE R BASIN 1/

Major Area 2/ in U s-a c i h, ~ oea L s  ) O S t;?. 
_______

Uses  C u r r e n t  1975 2010 2060

Crop land 2 .3  2 .1  1.9 1.7
Pasture 0.4 0.4 0.3 0.3
Woodland 3.1 i.3 3.1 2 ,9
Id l e  0.3 0. 3 0.3 0,3
Urban 0.7 l .j 1 .8 2 .2

!/ Exc ludes 0.0 still ion a c L L 5  i t s  ‘a n n i e  Oct ,, - ! 0 , 05

2/  Millions ci acres in i - u s d - ~’J JIj ~;u t u ~~,

1 3 - i .  Geneta l eva tudi: I n s  o t  C I t e  pr o b a b l e  c i  I n c  Cc. ta l  t h e se
an t i c s i t e d  L I W I S h C S  in land U S m :  a l t  - ,t t:e t O.s ’.. ‘m at . : I  b ases th roug h
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c u n e u mp t  ie plant transp i-~a~ i3” should decrease modestly as addi-
tional lands are converteo te urbanization over the 50-rear-c
velopment period under consideration . Decreases in these lea ;es would
tend to f~’.crease , b~ very  smal l  erno: ln ts , the ava i l ab le  gr ao nd
surface waters . The expanding ~- : ‘:‘r-csi’~aLion also w~ild tend ~ increase
the magnitude s.nci incrca~ e the frequency of local flooding in trte
areas affe- ’~t ad by this expansion .

130. Sf.Dl~EhTAl10l~ Sk se . t  -s:’osio n i s believed to be the
predominant source t’f sedsme” c Lr the lr ier p ar t  of the basin; channel
ma r c e L -’):: and bank scour are considered to be toe princi pal sediment
sources in  the steep up land areas , It was found in studies reported
on in appendix H tha t the sediment loads vary, both :n time ~~d place and tha t
most. of the sediment in the- Delaware River Bam ;io is trarsspc’rted by a
re,ativei ,~ f~ w intense storms, Ar’n ,ao i e’ spended—s ediment loads of
the Delaware R ier at, Taento-n , o a m ’ : d  or, eight years of record , range
from 59 to 342 tons pe:’ sqaiare m i t e , equivalent to depths ranging
f rom 0, 0005 ~o 0.003 h o e , r e sr e : t iv e i a ’ , from ea :h  u n i t  of  t he  su r f ace
area,  Tb~ estimated average a -msai load of tributaries va r ies  f ro m
33 tons ;‘e’ squa r e  mi le  on tri o Bs shki~ l to 270 ~‘s a s  pe r square mi le
on N e s h a n i -~~ C:o ek , S per3.r i ae-o ine ”~t concentr .~t :ons in s t reams in
the basin ar e low much oi r ’  ~ rime . The combined average annual
s’aspended l e a d  during c-ne period 1954- 1957 for  the Delaware River  a:
Trenton , New Jersey, the Scb~ylk i l  River at Philadel phia , Pennsylvania
and Brartdywine C-reek at W i i m ~ -~g ;o , Delaware , was 1.41 million tons
or 158 ton-s per square mile of 3rainage area , If the same load
agp l,ies to the remainder of r i - .€ basic - , a total of a p r r o x t m a r e l y  two
million tens are lost tram the bds~ n annuaiL-~, If e he same conditions
of cover and land use were “in ’.inued for 50-years , the indica ted loss
would be 100 mi~~lion tons , e~

- valent to- a depth of about 0.067 inches
from the -a-tire l~~-~~ ~-urF -a ’ae of ‘~-ie b a - si r ,. W h i l e  t”r~is indicated loss
may be r - - e simi s :i c  1ere is l i t c e  o a s b t  tb -a t d e f in i t e  needs  exist
for land treatment , hank pro tec ’a lea and -a rc or measures to preserve the
surface soils c-i the i-asf~i and d r m i n is ~-. rho  se d imer - t i n f l o w  to channels
and ha t l -or  1e- e~~op m e n r s  in the tidal section of the river,

131, DRA INAGE , Water -:oeoo::e de-~elopmenr must include
consioeraiscn of the drainage or other management of -:oascai. marsh
area s, inserior swamp area , and ocrer wetlands , as appropriate.
Primary interest in these area s rn the Delaware Basin has been c.entered
on their relationship to fist , w,~~’Jlife and recreation, Effort s have
been made to drain certal .r critical areas in the interest of mosquito
contro l . Drainage was provided tor salt bar cu l ture and other
agricultura l purposes. Diking of extensive tidal ma : - r ;b areas in
Delaware ar’d N e~ Je r s ey  and  :‘ne t’ro’-iision ci sluic es to control ‘-,aitcr

s t r io  areas were c : n d r  f~j~ to the p: du-:ti-a a r f  inusl,rats , ~- - -b c li
:as of n o t e w o r :h .y  s i U ’ l L f i c J n - : o ,  L -;al in t e r e s t s  re - iue~~t e -d  tha t
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measures be p rovi de d to Improve dratoage impeded by the d :sposal of
material dredged from the navigation channe . and anchorages , The
Sta te of Delaware , in e~~pc:~six  0, ar :e:hee great significance to the
marshlands as potential f csi and material production sites . In this
respec t, exper iences wi th l c-w-ievei land reclamation in Holland are
cited as indicative of w h a t  could be ac :cmoiished in some areas of
the Delaware b a s i n  ay the consr ’ruct:on cf dikes , ari d a drainage control
system to graduall y ‘,-asL sal :nitv fror the d~ ked aaeas,

132. SUb ’~ ARY. Local sn r e r e s t s  lava: , gen e r a l l y ,  the develop-
men t and execut ion a~ a rap : csie’- sl - ,-e msi: i ple’ c-u:pcse p lan for the
development .af the water rescarces of toe Delaware R~ -;er Basin,
However , specific requests at hearings and or cc .mse’spcnidence related ,
primari ly,  to f l o o d  :o.n t r o l  and the relief from flo cd damages. The
desires of t o t a l  in te r e s t s  wi th .  regard to t f c  goo-is and services t o
be gained b y a :c.nrreban sive p lan of i mp r e v e s ser t s  were  developed
generally through -~ ‘ra.a ~ arrangements berween Fedr.:a agencies
cooperating in tu e  ‘estsgation and ‘,heic State a’d local counter-
parts .

133, In assessing the dsmer .e Lens of the o’.’era~~. r,arkets for the
products  of w a t er  r e s eu r a s s  d e v e l o p m en t  at was fe-sod that , in addit ion
to the requirements for tae c on t r o l  of flood flows , pro jec ted
populations and in dustrI a l -act ivities indicated a very significantneed
for the conservar  ton ani c o n t r c ’~ of su r f a c e  f lows of  al ma gnitudes
to assure adequate  supp l i e s  of water  in the fu ture  to sus ta in  munic-
ipal , indu str ial  and su ra l  a c t i v i t i e s.  Also~ pro~ e-::iors of
population, persona l :ncome and leis,i:-e time indicated a compelling
need for state park t:pc t i t f i i : i e s  f ar  :ec :eat5on ,  The p ro~ ected
populatio.: one ind ..stn’;ai actta:t Las eve r the 50.-vea~ per iod under
considerat ion ineicatad , further , an ever — expanding me nd for
elec t r ic  energy . TI-i :  demand as-s - a r e a  a read y mark e t ,  or elec t r i ca l
energy that can be eaor , c m i c s 1 l c ~ p r o c u ce d  at water r:~ uurce projec ts.
Thu s, major neess  f o r  the products arid services tc be gained from
development of the baesr ‘s water resources were foun d to be in the
fields of flood corit.a’ci water su pp ly, ‘roc:e ati.ar and hydroelec tric
power.

13a , Demands for ether products anc scrvloes such as navigation ,
f i sh  and w i l d l i fe  p.- s a e e va t i o n , wa te r  qual i t y~ lan d  use , sedimenta-
tion , and drair~-age~ usua1~ y asso. iatec in varying degrees with water
resources , were found ru  create no direct requirements for
developments which could be included in the scope of the proposed
plan. This Is net to say that t h e y  place no requirements on water
reso urces but , rather , t h a t  they are or can be satistred under
prosen t condIt~~uns of development or as in c id en ta l requirerr’nt: ; p laced
on f u t u r e  d e v e l op : - i e n t s ,
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135. The needs for the products of water resources development
de termines the nature and scope of a comprehensive plan to sa tisfy the
demands. Some of these needs are competitive. Irr igation is a
consumptive use of water and competes with other uses for its share.
Wa ter supply, power and recreation require semi-permanent pools of
water stored on a long-term basis in reservoirs while the temporary
or shor t-term storage of excess flood flows requires tha t an empty
reservoir or addi tional capacity above semi-permanent pools be
provided. Urban expansion fr equently takes over agricultural land and
often increases the threat of flooding. To satisfy , in a balanced
manner , the needs engendered by these fac tors , it is necessary to
provide improvemen ts to control and utilize the water resources of
the Delaware River Basin.
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CHAPTER VI I

PLAN FOR DEVELOPMENT OF WATER RESOURCE t

136. D E F I N I T I O N  OF THE PLA N. In f o r m u l a t i n g  the p l a n  to sat-
i s f y the  needs  of the  b a s i n  for  the  p r o d u c t s  and s e rv i ce s  of w a t e r
resource developoent , a variety of  m e a s u r e s  were  c o n s i d e r e d .  These
measures fall in t o  three distinct casegories: (a) major conirol
impoundments tu  regulate strearnflo r- .- in the princi pal water-: ucori ,
and to provide pools for recreation , lish and wildl ife hcb ica- a :d
the production of hydroelectric poi--er ; (b) small control impound-
ments to regulate streamflow in local upstream reache s and to pro-
vide pools to satisfy local recreation needs ; and (c) measures ci~
programs for land and wnter use to eliminate or anieliorate n~ cfs
by environmental changes. These three types of nie~~;ures are i .e

entirel y independent since they act together in complimentary
f a s h i o n  to c o n t r i b u t e to the o v e r a l l  e f f e c t i v e n e s s  of the p l a n
e i t h e r  by d i r e c t  s a t i s f a c t i o n  of needs t h r o u g h measures  to c o n t r o l
extreme flows and/or by i n d i r e c t  s a t i s f a c t i o n  of needs b y remova l
of contributory causes.

137. The f i r s t  ca t egory  of measu re s  cons ide red  is r e p r e s e n t e d
in the p lan by a proposed  sys tem of m a j o r  dams and r e s e r v o i r s , the
second by a proposed system of small dams and reservoirs , and the
third category by variety of related programs . Included in the
latter are land management , soil  conserva r ion , r e f o r e s t a t i o n , co n-
trol of rise and occupance of the flood plain , conservation of i n  o r
by reuse in i n d u s t r y , improvement  of wa te r  quality by remova l of
p o l l u t i o n  loads , and c o n t i n u a t i o n  and improvement  of hydro log ic
d-’.ta c o l l e ct i o n  w i t h  p a r t i c u l a r  r e f e r e n c e  to w a t e r  use , g roundw ate r
quantities and characteristics , and water quality .

138. The broad principles followed in the formulation of the
plan of developmen t were: (a) tha t the needs for products and ser-
vices of water resourre development are rea l in the sense that
they exist or will come into eoistence at indicated dates during
the nex t 50 years; (b) that the plan provide for congruent satis-
faction of eopanding needs in a balanced manner with the least in-
vestment in water resources and funds; and (c) that the scale of
development of each project be such as to provide the maximum
excess of benef its over costs. The first of these princip les
provided the planning criteria for selection of an array of projects
having capabilities for meeting the needs in a timely manner . The
second pr inciple imposed the p lanning requirement of selecting the
mos t economi cal pro jects from a variety of alternative s and times
for their development . The third princip le required the definition
of pro ject sizes and interna l allocations to various project pur-
poses in such manner as to define , where prac t icable , the optimum
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iuvel of devel - pwe~.L as i n d i c a t e d  by Lh c  ~ r en  S C s I  j u s t i f i a b l e  ex c e s s
of benef its o v e r  c o st s .  The selection nod sising cf the pro e c t s  and
programs includ ed in the three categories of mensures r e  Lerr ed to above
con s t i t u t e d  the  forn a l p l a n n i n g  s t u d io s  ma de in conn ection i .’ith this
invesli ga Lion and r e p o r t e d  in d e t a i l  in the appendices.

13 9. MAJOR CONTROL PROJECTS. Pro j ects to satisf y major segments
of r idesprend needs for supp lies of ca..- water , flood control in the
principal \,‘ator~ ourse areas , recreation , hydropower and other products
of ;a er resources der ,— e l o p m e n t  were  s e l e c t e d  from successive determina-
t i o n s by discr ete screenings app lied to 193 potential major dam s i t e s
in a l l  p a r t s  of  the b a s i n .  F u r t h e r  eva l u a t i o n s  were app l i ed  to seven
oi t he se  to a s s u r e  m ax i m i c e d  ne t  r e t u r n s  f rom the ma j or c o n t r o l  projects.
Nineteen major control projects were selected as elements of the p lan
of de ’. e l c p m e n t .  These p r oj e c t s  are  schedu led  for  v a r y i n g  degrees  of
initial development. The first group of eleven pro jects , listed in
geo~;raphic order from upstream to downstream in table VII-l , would be
duveloped for multi p le-purposes at indicated times prior to year 2010.
The second group of eight projects , also listed in the same geographic
order  in table \‘II-l , would  be initiall y developed prior to year 2010
for the sole purpose of recreation i-iith multiple-purpose development
deferred to the time of need some time after year 2010. The major
control pro ects in the p lan are described individuall y in paragraphs
165 Lo 135 be lo w and th e i r  l o c a t i o n s  are i n d i c a t e d  on p l a t e  9 bound
at the end of  Lh e s c O t ,

l-~IO .  Genera l c h a r a c t e r i s t i c s  of the  ma j or c o n t r o l  p r o j e c t s .
The basic func~~ions of the proposed nia~ or impoundments are character-
isticall y associated ~ - ith storage allocations tha t are used either for
short-term impoundments , as for the c o n t r o l  of ex cess  f lood  f l o w s , or
for long -Lerm impoundments , as in the case of seasona l and annua l
carryovers for water supp ly, recreation. and power generation. Of the
i9 ma jor c o n t r o l  p r o~ e ct s , e i g h t  w i l l  have s h o r t - t e r m  s to rage  ai loca-
t i O n S  j or  the control of flood floi-~s, eleven will have long term
storage allocations for augmenting supp lies of raw water , two will
have l-ni g term storage allocations and facilities for the generation.
of hydroel ectric power , and all of the 19 projects ‘-jill have facil-
ities to exp loi t the recreation pote~ tials of the general pro ject
a r e a s .  The r e - m o t t o !  l a n d s  and f a c i l i t i e s  to be provided at the
eleven t i n  - e  p - O ~~tC~~S p t o p o s e d  f o r  m u l t i p l e - p u r p o s e  development
prior to y e ar  ~O 1O have been p laced in two general categories; (a)
those tha t would be directl y related to development of water re-
sources at the sire; ard (b) those tha L would be indirectl y asso-
ciated wish the waLer resource development. The directl y related
facilities include beaches , boat ramps , picnic areas , overnight
ran:! grounds , roads , parking areas and other i m p r o v e m e n t s  for
- ( - c r e a t i o n  in the  v i c i n i t y  of  the p roposed  w a t e r  a r e a .  The i n —
di~~~c L 1 y related facilities include group camping grounds , over-
looks , recrcat i o .al a d m i n i s t r a t i o n  a reas  and o t h e r  r e c r e a t i o n
f a c i l i t i e s  in th e  p e r i p h e r a l  n ’ea s  a t  a d i s t a n c e  f rom the  w a t e r .
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These indi rectl y related facilities are not necessaril y dependen t
on the water resource developmen t but are essential to a fuller re-
aliza tion ot the pr ’.’jec t ’s recreation potential. To provide sound
p lann ing ba ses , the recreation lands and facilities were designed
as an integrat e d unit for development of directl y and indirec tl y
related recreation potentials for the major  control projec ts. The
overa l l  re c rea t ion land s and facilities , thus def ined for the
various projects , were segregated , by field appra isals , off ice
studies and pr oiessi onal judgment , into balanced developments for
the directl y related and indirectl y related categories. The
direc t ly rei,ited rocreation dev elsIsnIs’Ilts were used as bases for
allocat ing project costs to recreation as a project purpose as
descr ibed in t h e  f o l l o w i n g  c~c a p t e r .  From consideration of the
genera l  r1 ,inner in which  the  ind i rec t ly r e la ted  recrea t ion  lands
and faciliti uli would be associated with the overall projec t de-
velopment , these indirectl y related fe.,jtures were considered to
be desirable recreation reserves for individua l local developmer~t
as local recreation needs and programming indicate to he desirable
and warranted. According ly, the development o f the latter fea tures
was not  considered as a ~oroject purpose in cost allocations.

141. As indicated in table VII-l , eight projects in the f i r s t
group will have a t o t a l  of 535 , 300 acre-feet of short-term storage
and all ele ven projects in this group will have a to ta l  of 1, 137 , 000
acre-fee t of long-term storage . Of the l a t t e r , 153 ,900 acre-feet
are provided as inactive storage to assure acceptable minimum pool
surfaces for recreation , to compensate for the anticipated accumu-
lation of sediment in the various projects during their useful life
and , in the case of the Hawk Mounta in  and Tocks Island Projects , to
assur e desirable minimum operating levels for power generation. -

The overall effe cts of the first eleven major control impoundments
on the str eam flo s s in the basin and the extent and nature of the
services to he gained from the plan of development are discussed in
the f o l l o w i n g  chap te r  of th i s  r epor t  The second group of eight
major con trol  projects when fully developed will have only long-term
storage amounting to a total of 308 , 500 acre-feet . of which 16,300
acre-feet will be inacti’;e . The specific functions of each major
control element of the p lan are discussed as features of the
i n d i v i d u a l p r o j e c t  desc r i p t i o n  in s u b s e q u e n t  pa ragraphs .

142 . SMALL CONTROL PROJECTS. Projects for the control of the
- :  uneveb” stream flows a 3’ local problem reache s in the intermediate

upstream areas were  selected f rom succes sive  evaluations of 386
potential small dam s i t e s  in the basin. The sites investigated in
this category inc l uded all pr n— tied small dam and reservoir poten-
tials to cont rol drainage areas of one to twenty square miles in
e’:tent. De tails of  t h e  s t u d y  sf small control projects are pre-
sen t ed in .- S53 , I en d i x  R. Thirt y-nine small control projects , as
listed in table \TlJ- ] , - ‘crc found to have sufficient economic merit
to warran t their in C l u s i O n  in the p lan of d e v e l o p m e n t .  T~, ssse
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projects are proposed for early development for local flood control;
and for recreation , water supply and other purposes to the extent
warranted by local needs as indicated by local interests at the time
preconstruction studies are undertaken. Thirty-six of these pro-
posed small control projects might be accomplished under existing
programs and continuing authorizations contained in Public Laws 566
and 685; provided the detailed studies , required under these author-
ities, confirm the appraisals made herein. Three of the small con-
trol projects , namely, the Parkside, Swiftwater and Jim Thorpe
Projects , exceed cost limitations imposed by Public Law 685, but they
are eligible for accomplishment under Public Law 566, subject to
approval by the Senate Agriculture and Forestry Committee and the
House Agriculture Committee. The latter three projects are described
individually in paragraphs 186 to 189 below. Pertinent data on the
remaining 36 projects are given in table VIt-l. The location of each
small control project is shown on plate 9 bound at the ~nd of the text.

143. General characteristics of the small control projects.
The small control projec_s are proposed primarily for flood control.
As indicated in table VIt-l, these 39 projects as now proposed will
have a total of 40,400 acre~feet of short-term storage and 2,020
acre-feet of inactive long-term storage for the accumulation of sedi-
ment. However , water supply storage may be included as a purpose in
these projects if local interests so desire at the time detailed
studies are undertaken. Inclusion of such storage in a project to
be accomplished under Public Law 685 would be in accordance with the
provisions of the Water Supply Act of 1958. Should the inclusion of
water supply storage cause the project estimate to exceed the federal
funds expenditure limitation imposed by Public Law 685, local inter-
ests would be required to make a lump sum payment of the amount in
excess of the limit before initiation of construction. Where water
supply storage is included as a purpose in projects developed under
Public Law 566, it would be necessary for the local interests to obli-
gate themselves for the payments of the total cost of the water supply
features of the structure. There are no provisions under Public Law
566 for the local interests to defer payment for water supply develop-
ment , and therefore the total amount would have to be arranged for
prtor to inLtiation of construction. The overall effectiveness of
the 39 small control projec~s in reducing flood damages and the
extent of recreation opportunities to be provided at the Parkside,
Swiftwater and Jim Thorpe Projects are discussed in the following
c ha Pt e r.

144. OTHER PROGRANS FOR LAND AND WATER USE. The optimum de-
velopment of the water resources of the basin depends not only on
impoundments but also upon the application and extension of a
variety of land and water use programs. Such programs tend to
satisfy local needs and reduce widespread regional needs for pro-
ducts and services of water resources. In most instances these
programs have been proposed by those public and private agencies
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contributing to the .various fields of water resour~e development
considered in this investigation and usuall y can be pursued as
local app lications of active continuing programs. Their role in
the development of the water resources is in the satisfaction of
those needs that are left unsatisfied by control projects because
of physical , economic or geographic constraints. These programs
often depend on expensive and sustained acti’~n by local interests
and it would be presumptive to hazard assessments of their costs ,
extent of app licableness or effectiveness. Nevertheless the pro-
grams discussed in the paragraphs below are considered worthwhile
features of the comprehensive plan for the development of the
water resources of the Delaware River Basin.

145. Other programs fo reduction of flood losses. Portions
of the needs for relief from flooding and overland runoff reside
in the uppermost headwater areas and the intermediate upstream
areas of the basin. These needs , because of economic and geo-
graphic limitations , often remain unsatisfied by major control
structures on the principle watercourses. No plan for the con-
trol and utilization of all surface water resources of the basin
would be properly determined without due consideration of the
needs in these areas. The importance of this segment of the water
control is attested by the magnitude of agricultural flood damages
which ranged from five to twelve thousand dollars per square mile
on small watersheds in the 1955 flood. As indicated above , small
control structures offer potentials for the satisfaction of these
needs and have been studied as a feature of this investigation.
In addition to the 39 small reservoirs selected as elements of
the plan of development , watershed associations are actively
planning small control measures for a number of intermediate up-
stream areas. Approved plans are in various stages of activation
in five tributary watersheds as indicated in paragraph 101 above .

146. The land manag~ement progyams of the Department of Agri-
culture are gene’~il1y the most effective means of alleviating
damages from overland flows in the uppermost headwater areas of
the basin. In assessing these needs t ha t  Department in appendix
K , established the extent of land areas currently in use in eight
standard land capability classes and indicated the nature of con-
servation needs for each class. For example , there are about
1,750,000 acres of Class III lands in the basin suited primarily
to cultivation. These lands are moderately sloping or wet lands ,
and the indicated conservation needs are strip cropp ing , terraces
and drainage . The extent and indicated management measures for
the various classes of land capabilities in the basin are shown
in table VII-2. Although land management programs are active in
the basin , much remains to be done to assess the effectiveness of
inçiicated measures , to establish an integrated basinwide program
and to implement such a program to accomp lish optimum control of
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the overland flows in the basin.

147. Reforestation is cited by the Department of Agriculture
as a land mana2ement measure. With programs to control cuttings
and fo r e st f ires , encourage natural growth and replace low value
spec ies by h igh quality future stands , benefi ts woul d be real ized
in the control of flood runoff and the enhancement of timber re-
sources. About one-half of the land area of the basin is occupied
by forests of which one-fourth contains stands of marketable
t imber.

148. Contrj~lied use of the flood p l~Jns of the basin provides
excellent potentials for the alleviation of flood damages. In-
cluded in programs of thi s type are such measures as prevention of
channel encroachment , zoning tc regulate development and recon-
struction in the flood plains , ad justmen ts in the occupance of
lands and structures subject to flooding , and evacua t ion of the
flood p lain either on a perm ..’ent basis to provide for parks and
other developments not suscep tible to serious damage by f looding,
or on a temporary basis  by f l o od warn ing arrangements . Programs
to control the use of the flood p lains would be enti rely feasible
in some areas and , as indicated in appendix Q, da ta for use in
pla nning the programs a~e available, The effective application
of any or all of the pos sible measures to control the use of the
flood p lains will require that local interests initiate and ad-
ministrate such programs . Zoning and similar devices for con-
trol l ing flood p lain developments come under the general cate-
gory of policing powers , deleg ated by the Constitution to the
States and , in turn , usually delegated to counties , townships
and municipal governments. In the Delaware River Basin this
power is delegated by the Sta tes of New York , New Jersey and
Delaware , and the Commonwealth of Pennsy lvania to their various
subdivisions. New York , New Jersey and Pennsy lvania have
specific statutes that allow municipalities to incorporate flood
plain zoning provisions in municipal zoning ordinances. In
Delaware the Attorney General’s office could find no authority
competent to act in the public. interest in flood plain zoning .
Pennsy lvania and New Jersey have enacted and are enforcing laws
tha t contain channel encroachment provisions.

149. Programs to control the use of flood plains appear
particular ly app licable at local conununities where local prote.c-
tion works were found to be economically infeasible at this time .
Local flood damage centers that were studied for possible flood
protection measures are listed in table VII-3. In most of these
cases relatively cos tly local protection works were found to be
economically infeasible and unless the community is loca ted in
damage reaches downstream from proposed control projec ts or is
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FABLR v11-3
LOCAL FLOOD DAMAGE CENTERS

Area Flooded
Locali ty Stream Flood A cre a Remarks

Margare tvtlle , N. Y. E.Br . Delaware ft. No v. 1950 100 a
Rockland , N.Y. Beaver Kill Nov. 1950 40 a ,b
Roacoe , N.Y.  Willoweinoc Cr.  Nov. 1950 65 a ,b
Livingston Manor , N.Y. L. Bea ver Kil l 4 WIllowemoc Cr. Nov. 1950 40 a ,b

South Sterling . Pa . Wal lenpa upack Cr. Aug. 1955 10 a ,c
Newfoundland , Pa . Wallenpaup ack Cr. Aug. 1955 50 a
Green town , Pa. W allenpa upack Cr. Aug . 1955 10 b
Tua ten Township , N. Y. Ten Mile Rivet - - a
M ilanville , pa, Calkina Cr. -

Liber ty, N.Y . Mongaup R . - - a ,b
Port Jervia , N.Y . Dela ware ft. & Neveraink R. Aug . 1955 50 b

Claryv il le , N. Y. Never sink R . - - a

Wurtaboro , N .Y. Wilsey  Brook - - a ,c
Sullivan County. N.Y . Sheldrake Stream - - a
Wes tbrookvt lle , N.Y. Bashe r Kill  - . a
Haven , N . Y .  Basher Kil l  - - a
Godeffroy . N.Y. Neveraink ft . - - a ,b
Por t Jervia , N.Y. Hollow Brook - - a
Mi iford , Pa . Saw lUll Cr. a ,b
Branchville , N .J. Culver Cr. - - a

Newton , N. J. Paulina Kill Aug . 1955 20 b
Bla ira town , N.J. Paulina Kill Aug . 1953 70 a
Belvidere , N.J . Delaware ft . & Pequeat ft. Aug . 1955 50 a
Easton , Pa. Del aware ft. & Lehigh K. Aug . 1955 265 b
Phillipaburg , N .J. Delaware K . Aug . 1955 180 b
Canadenata , Pa. Brodhead Cr. Aug. 1955 40 b
Tanneraville , Pa. Pocono Cr. Aug. 1955 20 b
Lehighton , Pa. Lehigh ft. Aug. 1955 35 b
Bowoanstown , Pa. Lehigh K. Aug . 1955 15 a
Palme rton , Pa. Lehigh R . Aug. 1955 10 a
Sla tington , Pa. Lehigh R . Aug. 1955 3 b
Wa lnutpo rt , Pa. Lehigh K. Aug. 1955 5 b
Treichler , Pa. Lehigh ft . Aug . 1955 5 b

Cataaauqua , Pa. Lehigh K. Aug . 1955 25 b
Freema naburg , Pa . Lehigh ft. Aug . 1955 60 a
Ba th , Pa. Monocacy Cr. Aug . 1955 15 b
Rtegelsville . Pa. Delaware ft. Aug . 1955 100 b
New Hope , Pa. Delaware K . Aug . 1955 80 b
Yardley, Pa. Delaware K. Aug. 1955 150 b
Trenton , N .J . Delaware B. Aug . 1955 - 250 b
Hamil ton Township, N.J. As a unpink Cr. - - e
Burlington , N.J. Delaware ft. Aug. 1955 580 b
Bensalem Townahip, Pa. Neahaminy Cr. - - a
Cha l font , Pa. Neahaminy Cr. Aug. 1955 55. b
Newportville . Pa . Neahaminy Cr. Aug. 1955 60 b
Lumber ton , N.J. Rancocas K . - - a , e
Tamaqua , Pa. L. Schuy lktll ft. & Wabaah Cr. Aug. 1955 95 b
Kutztown , Pa. Sacony Cr. Aug . 1955 175 b
Shoemakersvtlle , Pa . Schuylkil l ft. - - a ,b
Reading , Pa . Schuylkill K . Aug. -1955 130 b
Birdsboro , Pa. Schuylkill ft. Aug. 1955 10 a
Pottatown , Pa. Schuy lk i l l  f t .  Aug . 1955 250 b
S .llersville , Pa . Perkiomen Cr. - - e ,b
Norr istown , Pa. Stony Cr. Aug . 1955 85 a ,b
Norri stown , Pa . Schuy lkill ft. Aug . 1955 40 b
Norri stown , Pa. Saw Mill Run Aug. 1955 70 b
Wh itemarsh , Pa. Wis sahickon Cr. - - b .d
We stvil le . N .J. Big Timber Ct. - - a ,e
Uppe r Derby, Pa. Nay lor ’a Run - - e
Derby, Pa. Darby Creek - - e
Upland , Pa. Chea ter Creek - - e
Pomeroy, P.. (Cheater Co.) Buck Run - - a
Uddys tone , Pa. Crum Creek - - e
Downin~ town , Pa. E. Br . Brand ywine Cr . Aug. 1955 80 c ,d
Coatesyille , Pa. W . Br. Brand ywine Cr . Aug . 1955 90 c ,d
Wilmington . Del. Little Mill Cr. July 1952 200 f

A ll areas studied after  1955 flood .
a . Studies ba sed on questionariss and field reconnaiaaance indicated insufficient flood

damages to warran t detailed consideration of costly improvements.
b. Local flood damage problems evaluated in comprehensive survey and taken into account

in def Ining plan of development.
c. Flood protection works provided or proposed by the State.
d. Fl ood protection works provided or proposed under Pt 566 or Pt 685.
•. Plood problem . arise from local channel encroachments , local encroacheent on tidal

areas or Inadequa te local storm drainage .
1. Being studied for posatb le accomp lialseent under P1, 685 (as of Sept. 1960).
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protected by measures provided by State or local interests , the
local f l ood probl ems w i l l  rema in subs tan t ial ly unchanged under
the proposed plan of development. Each of these localities may
profit by the app l ication of local programs to control the occu-
pance and use of the flood p lain in its local area . In accord-
ance with Section 206 of the Flood Control Act of 1960, the
Corps of Engineers , may upon request of a state or responsible
local government agency , provide data and information which will

• assist in p lann ing adequatel y for f l o od p lain use in their corn-
• munities.

150. Other programs to satisfy water needs. The major con-
trol projects were designed to satisfy ,  to year 20 10 , the esti-
mated demands for supplies of water for all purposes within sub-
areas of the water service area . However , prac tical and economic
considerations will result in those metropolitan centers , com-
munities , industries and other riparian users conveniently lo-
cated with respect to the reservoirs and augmented streamfiows
being the principal beneficiaries of the water supply fea tures of
the p lan of development. The small control projects discussed
ear l ier in thi s chap ter should be cons idered , at the time detailed
studies are made , as possible par tial sol ut ions to local wa ter
supp ly problems in some areas Rural users and sma l l  communities
will continue to rely mainly on ground-water sources at least
until such time as the quality of surface waters or the distri-
bu tion of cen tra l l y trea ted supplies  of surface wa ters makes the ir

• use convenient and economical for the rural users. Under these
conditions and ~;ith a view to assuring an equitable supp ly of
water to all users in the future , it is imperative that specific
programs for the controlled use and conservation of the basin ’s
water resources and preservation of their quality be vigorously
administered by local interests in the basin.

151. In 1955 ground-water resources were used to satisfy 440
mgd or about 15 percent of the water needs (exclusive of cooling
water for thermal-electric generation) in the basin. In its in-
ventory of the ground-water resources of the basin , as reported in
appendix N, the U. S. Geological Survey found that ground-water
suitable for most uses may be developed , a t leas t in small  quanti-
ties , almos t anywhere in the basin. In the Coastal Plain large
quantities of fresh water can generally be developed excep t near
the ocean and Delaware Bay , and excep t as in f luenced by the inland
extension of salt water in certain aquifers The unused ground-
water resources in the Coasta l Plain were estimated at about 800
mgd that are susceptible of economic use. The potential ground-
wa ter suppl y in the Appalachian Highlands was estimated at 3,900
to 4,900 mgd. The U. S. Geoiogical Survey in apprais ing this
suppl y indica ted that only a smal l  fra ction of this po ten tial
supp ly can be developed feas ibl y. In many p laces wel l s  devel oped
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in permeable ,deposi ts near streams may induce recharge at rates far-.
greater than the natural recharge rates and development of large
supplies in such cases would be at the expense of stream-flow , at
least until the withdrawals are returned eventually to the stream .
In the estimates of gross and net water requirements reported in
appendix P , about 1,400 mgd , or eleven percent , of the requirements
a t year 2010 for seven wa ter problem area s in the basin and coas tal
region, was assumed to come from ground-water supplies. This repre-
sen ts vir tuall y all ground-water resources presently considered
available for economic use in the seven water prob lem areas. The
extent of this projected ground-water usage focuses attention on
the need , at an ear ly date , for basinwide programs for Continuous
accumulation of complete data on current ground-water usage ; for
rigid control of the magnitude and geographic distribution of
ground-water withdrawals; and for augmenting these resources , where
the geologic formations permit , by artificial ground-water recharge,
subsurfa ce storage of surface wa ter ex cesse s, and similar measures.
The U. S. Geologic Survey has been engaged ac tivel y, in coopera tion
with the States , in the collection of ground-water data , but expan-
sion of these ac tivi ties wi l l  be required in the fu ture as wa ter
uses increase in the basin. The other programs needed in connec-
tion with ground-water are presently considered to be in the area
of Sta te responsibil ity , and their ex ten t and ef fec tiveness res t
with that level of government.

152. The problem of deficient natural supp lies of sur face and
ground-waters in the southern basin areas adjacent to Delaware Bay
and in the Coastal Plain may some day be solved by the desal ting
and purification of sea water or brackish water - Present minimum
costs of such processes are many times the cost of providing fresh
water by impoundments in the Delaware River Basin ($0.03 per 1,000
gal.). Conventional distillation processes today can desalt sea
water at a cost of $2.00 - $3.00 per 1,000 gallons . Recent improve-
ments in desalting techniques are expec ted to red uce this cos t to
$1.00 per 1,000 gallons . Membrane processes have been demon-
stra ted capable of producing fresh water from brackish water (4,000
ppm dissolved solids) at costs ranging from $0.30 to $0.80 per
1,000 gallons. Such plants have been designed and installed with
capacities up to 2.5 million gallons per day . The office of Saline
Water Conversion , of the U, S. Department of the Interior , has re-
ported world-wide inventories of progress in this field in its
series of Research and Development Progress reports.

153. Programs to preserve water qualities. As discussed in
paragrap h 126 above , the waters of the Delaware River below Trenton
receive tremendous waste loads. In the reach of the river from
Trenton to Wilmington , the U. S. Public Health Service lists in
appendix C sixteen municipa l waste disposal facilities that served
in 1958 a total pop u la tion of 2 ,874 ,000 , or more than 40 percen t of
the total population of the basin. These facilities discharged to
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the river in 1958 an average dail y f low of 365 mgd carry ing an
est imated pollution load equivalent to a population of 2,250 ,000.
Beca use of poll ut ion con trol meas ures , the pollution loads in
thi s reach have been stead i ly decreasing since 1940 in spite of
an increasing population during that period. However , the pollu-
tion load discharged to the river in 1958 provides opportunity
for much improvement in the field of pollution load removal. The
pr esen t level of the overall  removal of the poll ut ion load to the
estuary , the Publ ic Heal th Servi ce repor ted in appendix C , is
about 32 percent including discharges of raw and treated munici-
pal sewage . in projec ting the poll ution loads as di scussed in
paragraph 126 above it was anticipated that the increased inter-
ception of waste and increased efficiency of treatment will in-
crease the level of pollution load removal to 50 percent at year
1980 and 70 percent at year 2010. To achieve such levels of re-
moval increasing emphasis will need to be placed on sewage treat-
ment and sewage treatment research, It is apparent that accept-
able wa ter quali ties in the bas in wi l l  depend on a con tinued and
vigorous program to increase was te removal e f f ici encies tn ass ure
a 70 percent removal of future raw pollution loads.

154. Water conservation programs. The general water use
habi ts of the people of the basi n and water service area have
evolved fr om a long his tory of boun teous supp lies of high quality
water available to the Individual or corporate users for the tak-
ing . The exercise of strict water conservation practices possibly
would serve to pro long the curren t era of reasonabl y adequate
water quantities and delay the time of constructing extensive and
costly developments to augment raw water supp lies• Many water
conservation practices have been proven feasible in water deficient
areas. Probably the most effective for use in this area would be
internal recycling of water used by industry and increased repeti-
tive use of water as it flows from the headwater levels of the
basin to the sea. In both of these possibilities the problem s of
water pollution may act to set constraints on the practical limits
of their application. However , it is apparent that the practice
of conservation measures in the use of water has much to offer in
an area such as the Delaware River Basin where projected population
and industrial activi ty foretell dwindling surp luses of raw water ,
Programs by local interests to encourage the acceptance and practice
of a l l  possible wa ter conserva tion measures should be fea tures of
any plan to develop the water resources of the basin.

155. Other program s to provide recreation opportunities.
Appendix I contains an inventory of all non-urban public park and
recrea tion developments in the Delaware River Basin. These in-
cl ude 96 sta te and coun ty parks , 15 sta te fores ts , 99 hunting
and f ishing areas , 9 state and county his torical sites , 3 forest-
park reservations , 3 national wildlife refuges , one Federal reser-
vation and one Federal historic site. This reflects the present
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capac ity of recrea tion developmen ts in the bas in inc luding recrea tion
developmen ts similar to those proposed in connection with water storage
and control projects.

156. Within the Pennsy lvania portion of the Delaware River Basin
there are 13 state parks with a total of 37,231 acres; 1 sta te fores t
of 71 ,38] acres on which are located four separate recreation areas;
29 state game areas with a total of 110,660 acres; 8 public fishing
areas totalling 1,159 acres; and 4 historical sites with a total of
260 acr es . The parks are fa ir ly well distributed with regard to
pop u la tion cen ters , whereas the sta te fores t and f i sh  and game areas
are located , for the most part ,- in the middle and upper part of the
basin. In addition , there are 213 ,579 acres of cooperative farm-game
program lands open for public hunting.

157. Existing park and recreation developments within the New
Jersey por tion of the basin include 15 state parks ranging in size
fr om 12 acres to 10 ,935 acres , with a tota l of 17,882 acres; 8 state
forests totalling 56 ,177 acres; 2 forest-park reservations of 96,000
and 6 ,200 acres; and a total of 87,02? acres of public shooting and
fishing areas. New Jersey also administers 18 historic sites through-
Out the state.

158. Existing park and recreation developments within the en-
t ire state of Delaware include 3 state parks with a total of 1 ,079
acres; 6 state forests totalling 4,709 acres; 29 wildl ife and fish-
ing areas with a total of 14,858 ac res , of which 5 ,000 acres are
lands of the Chesapeake and Delaware Canal , and 2 ,650 acres of
state beach lands c:-:tending 14 .6 miles along the shore ; and one
historic site. These recreation areas are administered by five dif-
ferent agenc~ t~ of ~~.-  st ole ~- ‘vernjnent.

159. Within thu N~-r 
‘
~~- -~~ k portion of the basin there are no

state parks; t li .-re u , h- - -~~ I F , ~~~~610 acres in the Catskill
Forest Prt-~ erve , one ~~o : u  wandgement area and 57 miles of stream
easement wh~- ll y or a t  b u y ~ ith in the confines of the basin area
which ar . used lo ~ ‘ i t -  ext. !i~ t - r  nonurban outdoor recreation.

160. Appendix 1 contains proposals relating to the expansion
and further lau ility th-v I-lopment of 15 state parks in New Jersey ,
10 state parks in Pennsy lvania , state forest camps in New York ,
and three state parks in Delaware. This proposal provides fo~ a
portion of the recreation needs of the basin not met by the recre-
ation development proposed in connection with water control
projects. Appendix I also contains proposals relating to the
p lanning and development of additiona l park and recr ea tion areas
in the basin states , namel y one sta te park in New Jersey , three
in Pennsy lvania and four in Delaware and three historical sites
in the latter state. It is also proposed that certain lands in
Pennsy lvania , New Jersey a nd Delawa r e be acq uired as recrea tion
reserve s to be developed at some future period when the need
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arises. The proposed new recreation and historical areas and the pro-
posed recreation land reserves within the basin boundaries are listed
in table VII-4 together with available data on acreage and estimated
annual visitation . The recreation land reserves are proposed for de-
velopment af ter year l980 .~ The proposed new areas and reserves re-
la ted primarily to fresh water resources of the basin are marked by
single asterisks. The reserves listed in table VII-4 are in addition
to the recreation reserves based on indirectly related recreation po-
tentials at major control projec ts described in paragraph 140 above .

161, Programs to enhance fish and wildlife resources. General
guide-lines by which the more important fish and wildlife resources
of the Delaware River Basin can be protected and improved are pre-
sented in appendix J. The more important elements of these guide-
lines concern the fresh water fisheries , marine fisheries , anadro-
mous and catadromous f ishes , and wildlife .

162. With regard to fresh water fisheries , appendix J points
out that the elements necessary for the protection and/or improvement
of the fresh water resource would include acquisition of public fish-
ing right s , the development of access facilities , stream habitat
improvement , reclamation and a stocking of selected trout streams
throughout the basin. Also necessary is the development of addi-
tional access and the improvement of fishing waters presentl y open
to public use , including some of the reservoirs and major streams of
the basin . The construction and management of small water impound-
meilts specifically for fishing , and of large impoundments capable of
producing good fishing , is included in the general guidelines. Other
features are the use of all fishable waters in parks for maximum
feasible public use; installation of stream improvement devices on cer-
tain sec tions of streams altered by small dams; elimination of acid ,
culm and silt from upstream basin waters; and the reduction of water
con tamina tion from dome stic , municipal and industrial wastes Also
considered among the important elements of necessary steps to the pro-
tection and improvement of the fishery resources are the inclusion of
access , sanitation, parking and boa t launching developments for public
fishing at all dam and reservoir projects included in the plan of
development , and the provision of water releases below each project
to meet volume and temperat ure requirements necessary to pro tect and
enhance , if possible , the fishery values downstream, Other elements
include acquisition of publi c f ishing rights , and the development of
access and public facilities along streams in the basin to mitigate
the loss of stream fisheries expected as a result of the construction
of dam and reservoir projects included in the plan of development . As
mitigating measures for loss of stream fishery values in connection with
the Tocks Island Dam and Reservoir , appendix J also proposes the con-
struction of projec t ou tlet works that will permit releases from
various levels of the reservo ir , with prov isions for coordina tion
between project operators and appropriate fish conservation agencies

91

— ~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
,, , .~~ — — — - . . -



— - . — .-— -_~~~~~~~~~~~~~~~ -
_

- —~~~~~~~~~~~~~~

TABLE VII-4

PROPOSED NEW RECRE ATION AREAS AND RECREATION LAN D RESERVE S
WITHIN DELAWARE RIVER BASIN

Estimated Average
State Area Acreage Annual Visitation

PROPOSED NEW RECREATION AND HISTORICAL AREAS

Delaware * Lums Pond 1,350 350 ,000
* Killen-Coursey-McCauley Ponds 3 ,600 300 ,000

Delaware Dunes 1,000 100 ,000
Churchman ’s Marsh 1,500 15 ,000

** Cooch’s Brid ge 15 1/
** Buena Vista 15 1/

** McDonough House 2 1/

Pennsy lvania * Baron Hills 3 ,500 1,000 ,000
* Green Lane 2,000 1,500 ,000

PROPOSED RECREATION LAND RESERVES

Del aware Cape Hen lopen 2 ,000 1/
Woodland Beach 1/ 1/

* Becks Pond & Sunset Lake 50 2/ 1/
* Voshell Pond 31 1/
* Red Mill Pond 150 3/ 1/

Augustine Beach 1/
* Smalley ’s Pond 60 3/ 1/

New Jersey Raritan Arsenal 1/ 1/
W . Cape May Beach 1/ 1/
Cox Hall Creek 1/ 1/

Pennsylv ania Sho hola Fal ls  12 ,000 1/
* Warner Lakes 3,200 1/
* Reservoir WA-5A 175 3/ 1/

Jacobshurg Troct 500 1/

1/ Data not available.
2/ Water rurface area for Becks Pond only.

~
j  Water Surface area only.

* Related primaril y to fresh water resources.

** Historical areas.
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throughout the project life . Special studies are proposed during
p lanning and construction , and thereafter if necessary, to determine
appropriate fish passage measures to offset the barrier effects on
mi gration of fishes.

163. Important elements proposed for the protection and im-
provement of the marine fishery resource include the initiation
of a coordinated Federal-non-Federal comprehensive survey of the
commercial and recreationa l uses of these fishery resources ; an
estuarine research progr im , including a study of fin fishes and
shell fishes; the deve1opi~ient of public boat launching areas;
arid public fishing access areas along the Delaware Bay shore.

164. Protection and improvement of wildlifc resources of
the Delaware Basin , as proposed in appendix J, include legisla-
tion and education activities , and administrative action and
habitat management for the deer populations. Similar proposals
are made with regard to wild turi -~y, farm game resources , and
upland game resources. The acquisition and development of public
hunting areas , the expansion and development of small marshes and
ponds , the preservation of wetlands to conserve and enhance water-
fowl and fur animal resources are alao proposed. The improvement
and preservation of marshland habitat in the Coastal Plains sec-
tion of the basin is of special consideration. Mentioned as units
deserving consideration in this respect are. 1,300 acres of the
Crosswicks Creek-Trenton Marshes; 250 acres of fresh tidal marsh
and water along Pennsauken Creek ; 700 acres of marsh along
Rancocas Creek ; 180 acres of mudflat and shoal at Fish House Cove ;
250 acres of marsh at Hermesprota Creek ; 1,500 acres c~f marsh ,
swamp and shoal in the Monds Island-Rapaupo Creek-Ches~ er Island
area ; 960 acres of fresh tidal marsh on Raccoon Creek ; 1 ,200 acre s
on Oldman ’s Creek ; and 850 acres along the Christina River , in-
cluding 400 acres at Churchman ’ s Marsh. To improve public water
fowl hunting opportunities there are also included the development
of access facilities; the development of feasible measures for the
disposal of spoil from navigation works which will spare the better
habitat and offset destruction through use of spoil to improve , re-
place and/or create water fowl habitat; the continuation and ex-
pansion of efforts to adapt insect control and waterfowl develop-
ment methods tha t are mutuall y acceptable and beneficial ; and the
coordination of the development of waterfowl habitat with road
building activities. Important elements that would mitigate losses
of e:~isting wildlife habitat and/or public hunting areas as a re-
sult of the construction of dams and reservoirs , include the ac-
quisition of land and improvement of habitat thereon for sing le-
purpose game management and public hunting use throughout the basin ,
together with the rep lacement of certain facilities serving game
administration needs. The Fish and Wildlife Service in assessing
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the overall  e f f e c ts of the pr oposed p lan of wate r resouice develop-
men t on the f i sh  and w i l d l ife reso urces of the ba sin could foresee
the need for precons truc t ion studies to examine in de tai l  these
effec ts. The Service estimated the cost of these studies at $65,000 .

165 . DESCRIPTIONS OF MAJOR CONTROL PROJECTS PROPOSED FOR
MULTIPLE-PURPOSE DEVELOPMENT PRIOR TO YEAR 2010. The eleven major
control pro jec ts proposed for comp le te developmen t prior to year
2010 are descr ibed in the following paragraphs . The projects in-
cl uded in this ca tegory and the order of the indiv idua l projec t
descr ip tions are as fo l low s :

Hawk Mountain Trexier
Promp ton (Modification) Maiden Creek
Tocks Isla nd Blue Marsh
Bear Creek (Modification) Newark
Bel tzv ille Chr istiana
Aquashicola

166. Hawk Mountain Project.
a. Description. The Hawk Mountain Project is proposed

for multiple-purpose development to provide supplies of water , for
production of hydroelectr ic power , and for recreatioh purposes.
Hawk Mountain dam site is located on the East Branch of Delaware
River about 2-1/2 miles east and upstream frcm Hancock , N .Y. (See
plate 10.) The contributing drainage area, is 440 square miles ex-
clusive of 372 square miles which contributes to Pepacton Reser-
voir , crea ted by Downsville Dam and constructed as a part of New
York Ci ty ’ s wa ter supp ly system . The proposed earth and rock fill
dam will rise 177 feet above the river bed with a top length of
1,900 feet. A side channel spillway with a 550-foot length of
crest at elevation 1,082 will be cut into the left abutment to
convey water through a chute and stilling basin to the river
channel below the dam . The concrete conduits will be constructed
on rock along the left bank of the river with gates and a control
tower at the upstream end . After serving as diversion conduits
during cons truc tion , a steel penstock will be installed in each
conduit from the center of the dam to the powerp lant. The power-
p lan t , located about 450 feet below the axis of the dam on the
lef t bank , will contain two turbines each with a rating , at best
head , of 15 ,000 horsepower and each direc t-connected to a 10,500
kilowa tt generator . The step-up substation would be~ 1~ocated ad-
jacent to the powerhouse on a raised section of the toe of the
main embankment. Storage allocations for the Hawk Mot’ntain
Pro ject are 60 ,000 acre-fee t of inactive long-term storage, pri-
ma n l y for hydropower , to eleva tion 1,008 , and 233 ,000 acre feet
of active long- term storage for supp l ies of wa ter , power and
recreation to elevation 1 ,082 . The reservo ir , a t eleva t ion 1,082 ,
would extend upstream about 22 miles to a point about one-mile
downstream from the town of Downsville , N. Y. Relocation of about
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21-1/2 miles of State Highway Routes 17 and 30. and the communities
of Fishs Eddy and East Branch will be necessary. A total of 7,800
acres would be required for the complete development . Of th is area
5,800 acres would be for the construction Oj the project , and 2,000
acres would be for directl y related recreation The total estimated
cost of the Hawk Mountain Project is $42,000,000 wh ich inc l udes
specific costs for power and recreation of $5.080,000 and $1,/20 ,000
respectively. The estimated specific recreation costs inc lude
$778,000 for recreation facilities and $637 ,000 for recreation lands ,
both of which are in the category of directl y related recreation.
Financing of the separable costs for hydropower for this project at
the private financing rate app lied in deriving alternate thermal
power costs , resulted in the hydropower feature being unfavorable.
In view of the long range comp let ion schedule and the sound water
supp ly value , however , the hydropower feature is retained in the
Hawk Mountain Project as an added though marg ina l feature- As for
all non-Federal interest projects the hydropower feature would be
given de ta iled s tudy by local interests when p lanning for construc-
tion.

b. Functions~
(1) Supplies of water. Use of 233,000 acre-feet of

active long-term storage at the Hawk Mountain Project will result
in a net yield of 580 cubic feet per second at the site. The effec-
tive augmention to the yield of the Tocks I s la nd reservoir wc- u ld be
465 cubic feet per second This augmention of flow would contribute
to the satisfaction of the water needs of the Tr~ —~ton-PhiladeLphia
area for the projected 50-year period under cons~~i~ ration.

(2) Power. The hydroelec tr ic  powerp lan t a t the Hawk
Mountain Project would have an installed capacity of 21 ,000 kilo-
watts , a depend able  capa cit y of 11 ,000 kilowatts and would produce
an average of 93.8 million kilowatt-hours of energy annually .

(3’) Recreation. The Hawk Mountai’~ Projec t would
provide recreation capacity to accommodate about 187 .000 visitors
annual l y. Facilities will be provided for one-day o-~Lings as re-
quired . The necessary road s, trails ,sariitary facilit ies and water
supplies will be provided . Hunting will be permitted in appropriate
season and under reasonable reg ula tion to ass ur e publ ic safe ty .
Operation of the project will consider the streamtlow requirements
of stream fisheries and the management of the impounded water for
lake fisheries as a coordinated element for full reaLization of the
recreation potential of the project.
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167. Prompton Project.
a. Description. The Prompton Project , now under con-

struction as a sing le-p urpose flood control project (with incidental
recrea tion use) and scheduled for comp let ion in 1960, would be mod-
if ied for mul t ip le-p urpose use to provide supplies of water and
recrea tion benef i ts as well  as the presen t ly desi gned flood con trol
function. The Prompton dam is located in the valley of Lackawaxen
River about 1/2 mile upstream from the confluence of Waymart Branch
with the river , and about 4 miles west of Honesdale , Pennsy lvan ia
(See plate 11). The dam prese nt ly under construction , which controls
60 sq uar e mi les of dra inage area , wil l  be 1,300 feet long and 140
feet high. The spillway , which is cut into the hill around the right
(west) end of the dam , is 50 feet wide . A conduit has been built
al ong the r ight bank to carry limited amounts of flow . This conduit
has an uncontrolled inlet at elevation 1,125 in the reservoir poo l
and a stilling basin at the downstream end .

b . Storage allocations for the modified Prompton Project ,
based on the most economical modification of the existing dam and
res ervoir , would be 3,400 acre-feet of inactive long-term storage
to elevation 1,125: 28 ,000 acre-fee t of active long-term storage
for supp l ies of wa ter and recrea tion use to eleva tion 1,18.0; end
20,300 acre-feet of short-term storage for flood control to eleva-
tion 1 ,205. Comparat ive data on the present and proposed modified
-project at this siteS are as follows :

Proposed
Present Modif ied
Project Project

Capac ities , in acre-feet
Flood Control 20,300 20 ,300
Wa ter Suppl y 0 28 ,000
Inactive 3,400 - 3,400

Eleva tion Top of Pool , in
feet , m .s.l.

Flood Contro l 1,168.1 1,205 1/
Water Supp ly - 1,180
Inact ive 1,125 1,125

1/ Sp illway crest elevation

The long-term storage requirement and operation for multiple-
purposes dictate the following additions or modifications to the
structures presentl y under construction:

(1) A control tower with gates and a service bridge
to control releases from the reservoir. 

-

(2) A blanke t of impervious material on the valley
wall and floor upstream from the dam .

(3) Widening of the spiliway to 250 feet.
(4) Cl earing of reservoir land and relocating roads

sub ject to inundation.
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c. The reservoir to be created by long-term storage up
to eleva tion 1,180 will extend about 4 miles upstream . The reser-
voir for short-term storage would rise to about the same leve l as
that for the structure now under construction and hence would re-
quire procurement of flowage easement on only 30 acres of land in
addition to that already under easement. The modified Prompton
developmen t wil l  include a total area of 2 ,055 acres. In addi-
tion to the 730 acres required for construction of the project ,
925 acres would be requ ired for direc t ly rela ted recrea tion and
400 acres for indirec tly rela ted recrea tion . The total es timated
cost of the modified multip le-purpose project , exc luding $387,000
for indirectly related recreation , is $8,050 ,000 , which is made up
of $3,700 ,000 estimated as the cost of the flood control projec t
now under construction and $4,350 ,000 es tima ted as the cos t for
the modif ica tions pr eviously discussed . Of this amount , $427,000
are incl uded as the estima ted specif ic  cos ts of d irec tly rela ted
recreation. The directly and indirec tly related recreation costs
are composed of the fol low ing:

Estimated Specific Recreation Costs
Item Directly Related Indirectly Related

Land $144,000 $ 62 ,000
Facilities 283,000 325 ,000

427 ,000 387 ,000

The cost of land now being acquired by the Commonwealth for recrea-
tion purposes is included in these estimates of recreation costs.

d. Functions.
(1) Supplies of water. Use of 28,000 acre-fee t of

active long-term storage at the Prompton Project would result in a
ne t y ield of 57 cubic feet per second . This augmentation of flow
will contribute to the satisfaction of the water needs of the
Trenton-Philadelphia area for the projected 50-year period under
consideration.

(2) Reduction of flood damage. Flood heights on
the Lackawaxen River wil l  be subs tan tia l l y reduced by the Prompton
Project and the Edgar Jadwin dam and reservoir on Dyberry Creek ,
above Honesdale , Pennsylvania. The towns of Honesdale , located at
the confluence of Dyberry Creek with the Lackawaxen River , and
Hawley , loca ted be tween the junc tions Middle Creek and Wallenpa upack
Creek with the Lackawaxen River , wil l  ob tai n subs tan tial r e l i e f  from
frequent and considerable flood damage - Several villages and seven
townships located in the lower reaches of Lackawaxen River have
res iden tial , commercial , utility , highway and o ther developmen ts on
the flood p lain , and experienced 1-1/2 million dollars in flood
damage in 1955. Conversion of the Prompton Dam and Reservoir to a
multiple-purpose development would preserve the flood control func-
tion of this project as originally authorized and flood reduction
benefits will be una ffected by the proposed modification. Control
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of flood waters by the Promp ton and Edgar Jadwin Projects will re-
duce the river stages at Hawley , Pa. by abou t four fee t for a flood
of the magnitude experienced in 1955. Additiona l limited reduction
of flood damage will accrue on the main stem of the Delaware River
from the Prompton and Edgar Jadwin Projects.

(3) Recreation. The Prompton Dam and Reservoir
Project would provide a total recreation capacity to accommodate a
total of 156 ,300 visi tors annually. Of these, 81,900 visi tors
annuall y are credi ted to the directly related recreation develop-
ments. Due to the lack of suitable terrain , recreation potential
at this project is limited . However , lands suitable for day-use
recreation are included in the plan of improvement . Necessary
roads , tra i l s , sanitary and administrative facilities will be
provided . Hunting will be permitted in appropriate season and
under reasonable regula tion to assure public safety Opera tion
of the projec t will consider the downstream flow requirements
for stream f isheries  and the managemen t of the impoundmen t for
lake fisheries as a coordinated element for full realization of
the recrea tional potential of the project.
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168. Tocks island Project.
a. Descr iption. The Tocks Island Project is proposed for

multiple-purpose development to provide supp l ies of wa ter , flood con-
trol , prod uction of hydr oelec tr ic power , and for recrea tion purposes.
The Tocks Island dam site is located on Delaware River about 5 miles
upstream from Delaware Water Gap and about 7 miles northeast of
Stroudsb urg ,  Pennsy lvania . (See plate 12.) The site is at the up-
stream end of Tocks Island which is about 2-1/2 miles upstream from
Shawnee-on-Delaware , Pennsy lvania. The contributing drainage area
is 2,912 sq uare m iles, exclusive of 915 square miles which contribute
to the Nevers ink , Pepacton and Can’]ons ,’ille Projects of the City of
New York . The dam will contain about 3-1/2 million cubic yards of
earth and rock , be 3,200 feet long , and rise 160 feet above the river
bed to elevation 456. (See plate 13.) It will have a central im-
pervious earth core extending int-~ the foundation to a maximum depth
of 30 feet below the base of tne dam . Two 22-foot diameter conduits
p laced on rock along the left river bank will serve both as diversion
conduits during construction and later as penstocks for production
of power . A t the downstream end of the conduits will be a powerplant
with two turbine-driven generators of 23,000-kilowatt capacity each.
All low leve l wa ter releases will pass through the turbines or
through a bypass channe l from each penstock built into the power-
house substructure . The step-up substation will be located adjacent
to the powerhouse on a raised section of the toe of the main embank-
ment. In addition to the conventional powerp lan t descr ibed above ,
a pumped-s torage powerp lan t with prov ision for fo ur revers ible power
turbine units of 91 ,500-kilowatt capacity each will be located up-
stream from the spillway and about 1 ,200 fee t ups tream from the
cen terl ine of t~ e dam. The spillway cut into the left (New Jersey)
abutment will, have a concrete crest at elevation 395 surmounted by
ten radial gates each 40 feet long and 35 feet high. The concrete
lined sp illway chute cut into rock will discharge water into a
stilling basin downstream from the powerplant and from there into
the river channel. An item has been included in the cost estimates
for facilities for passing fish over the dam in the event precon-
struction studies show the need for specific facilities for that
purpose. Storage allocations for the Tocks Island Project. as de-
term ined from de tailed planning studies , indica te 80 ,000 acre-feet
of inactive long-term storage to elevation 356; 410,000 acre-feet
of active long-term storage for supp l ies of wa ter , power , recrea-
tion and other uses to elevation 410; and 275 ,000 acre-fee t of
short-term storage for flood control to elevation 428. The reser-
voir formed by this dam , up to elevation 428, will extend approxi-
ma tely 9 miles up Fla t Brook and 37 miles up the Delaware River to
Port Jervis , New York . It will necessitate the relocation of 27
m iles of Federal Hi ghway 209 as wel l  as coun ty roads , local roads ,
the community of Bushkill , Pennsylvania , parts of Dingmans Ferry,
Pennsy lvan ia , and a few bu ildings at Mi lford , Pennsylvania . The
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town of Matamoras , Pennsy lvan ia , at the upper end of the reservoir
would be protected by a dike about 12 ,000 feet long and appurtenant
ou t le t pipes , drains and pumping plants. The bridge on U.S. Route
6 to Tn -State , New York~ wou ld be rep laced. No railroad relocations
wi l l  be req uired and there are no commer cia l l y val uable mineral de-
pos its in the reservoir area . A total of 62,370 acre s of land wi l l
be acquired for the complete development. In addition to the 14,800
acres required for construction of the project , 9,500 acres wou ld
be req uired f or di rect ly re la ted recrea tion and 38,070 acres for in-
directl y related recreation . The total estimated cost of the Tocks
Island Project , excluding $31 ,600 ,000 for indirec .Jy rela ted recrea-
tion , is $146 ,000 ,000 which includes specific costs for power and
recreation of $66,200 ,000 and $18,300 ,000 respe cti vel y . The esti-
mated specific costs for power include $12 ,300 ,000 for conven tional
power at the dam and $53,800 ,000 for pumped-storage type power
facilities to be included in the overall development. The estimated
specific costs for directl y and indirectly rela ted recreation in-
clude the following:

Estimated Specific Recreation Costs
Item Directly Related Indirectly Related

Land $ 8,080 ,000 $13 ,400 ,000
Facilities 10,200 ,000 18,200 ,000

18 ,280 ,000 31 ,600 ,000

b. Functions.
(1) Supplies of water. Use of 410,000 acre-feet of

active long-term storage at Tocks Island Project would provide a
net yield of 980 cubic feet per second . This augmentation of flow
would contribute to the satisfaction of the water requirements of
the Trenton-Philadel phia area as indicated for the 50-year period
under consideration.

(2) Reduction of flood damage. The 1955 flood
damages in the reach from Tocks Island to Burlington , New Jersey ,
exceeded 85 percent of the total damages for the main stem of the
Delaware R iver , and occurred pr inc ipal l y at the damage centers of
Easton , Riegelsville , New Hope , and Yard ley , Pen nsy lvania ; and
Belv idere , Phill ipsb urg ,  Trenton and Burlington , New Jersey. The
flood control storage provided at Tocks Island and other projects in
the wa ter con trol p la n , would red uce , by system operation , the
stage of the 1955 flood at Trenton by about 6 feet , ba sed on the
modified stage reflecting the regulation capacities of the Bear
Creek , Edgar Jadwin and Prompton Projects. For the 1942 flood ,
the system flood control storage , including that at the Tacks
Island Project , would result in a stage reduc -. i on of abouL 3.7
feet.
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(3) Power. Operation of the Tocks Island Project
for mul tip le-p urpose use would support a conventiona l hydropower
installation of 46,000 kilowatts , a dependabl e capac it y of 20 ,000
kilowatts , and the average ann ual  production of 281.5 million
kilowatt-hours- In addition to the conventional power p lan t , ad-
va ntageo us physical conditions at the site permit the construction
of a pumped storage power scheme with an installed capacity of
about 366,000 k i lowa tts , a dependabl e capacity of 342,000 kilowatts
and the average annual production of 732.0 million kilowatt hours.

(4) Recreation. The Tocks Island reservoir area
wou ld provide recrea t ion capac ity to accommoda te 6 ,750 ,000 visitors
annua l l y of whi ch 2 ,470 ,000 are credited to the directl y rela ted
recreation use. The lands to be acquired for recreation would
provide for public ownership of the shore area and would provide
space for development of 10 major recreation areas. The outstand-
ing scenic and recreation resources of the project would thus be
pre served in public ownership. Various facilities would be pro-
vided for one-day outings as well as camping . Operation of the
project would consider the fishing requirements of the impound-
ments ; the flow requirements for the stream fisheries downstream
from the dam ; and , should faci l it ies be prov ided for movi ng
anadromous f ish above the dam , consideration would be given to
augmenting flows in the month of October for the purpose of mov-
ing young fish populations through the polluted zone of the river
in the vicinity of Marcus Hook. Special studies would be pursued
during la ter plann ing s tages in order to de termine thi s spec if ic
requirement. Hunting would be permitted during appropriate season
and in accordance with reasonable regulation to assure public
safety.
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169 . Bear Creek Project.
a. Descr iption. The Bear Creek Project now under con-

s truc tion and scheduled for comp letion in 1961 is a sing le-purpo se
flood con trol project (with incidental recreation use) which would
be modif ied for mu l tip le-p urpose development to provide supp li es
of water and recreational use as well as the presentl y author ized
flood control. The earth and rock fill dam is located on Lehigh
River 75 miles above its confluence with Delaware River and about
5 m iles nor th of Whi te Haven , Pen nsy lvan ia . (Se e p late 1-. ) At
this location the dam controls 288 square miles 0 1  dra ir,u ~ t area .
Compara tive data on the present and proposed mod ificu pr -ject a t

this site are as follows :
Prop sed

Present Modified
Project Projei

Capaci ties, in acre-feet
Flood Con trol 108 ,000 108,000
Wa ter Suppl y 0 70 ,000
Inactive 2,000 2 ,000

Elevat ion Top of Pool ,
in feet m .s.l.

Flood Con trol 1,450 1/ 1 ,481 1/
Wa ter Supp ly - 1 ,425
Inactive 1,300 1,300

1/ Spillway crest elevation

The proposed modifica tions to the dam now under construction to
make it serviceable for long- term storage in addition to the
present flood control storage will involve :

(1) Moving and raising the spiliway crest 31 feet
to eleva tion 1,481.

(2) Raising the dam to elevation 1,503.
(3) Adding 70 feet of concrete conduit to the down-

stream end of the outlet tunnel.
(4) Constructing new dikes and raising existing dikes

nor th of the dam
The modified dam will rise 263 feet above the stream bed and have a
length of 3,500 feet. The spiliway would be cut through rock to
the north of the dam , and farther north’ a dike 4,600 fee t long wi l l
fill a swale in the reservoir rim. Operation of three gates con-
trols the flow through the outlet tunnel. The reservoir for long-
term storage would have a maximum depth of 185 feet and would ex-
tend 7.0 miles up the Lehigh River and 4.0 miles up Bear Creek from
the dam . This reservoir would necessitate the purchase of land to
be inundated on which flood easements have already been taken and
would require the acquisition of additional flood easements at
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higher elevations -- No economically valuable mineral deposits would
be flooded and only one road along Bear Creek would require reloca-
tion in addition to those required for the presently authorized flood
control project. A total of 3,9~ O acres of land would be acquired
for the complete development. In addition to the 1,950 acres- that
would be required for construction of the project , 1,300 acres would
be required for directly related recreation and 700 acres for indi-
rectly related recreation. The total estimated cost of the modifi-
cations to the Bear Creek Project, excluding $875,000 for ind~rect1y
related recreation , is $8~ 990 ,000 which includes specific recreation
cos ts of $595 ,000. The estimated specific costs of directly and in-
direc tly related recreation include the following:

Estimated Specific Recreation Costs
Item Directly Related Indirectly Related

Land $190,000 $102,000
Facilities 405,000 773,000
Total 595,000 875,000

The total cost of the project modified as proposed herein would be
$20 ,100,000 which includes an estimated cost of $11 ,100,000 for~ the
present project. Costs for indirectly related recreation are ex-
cluded from this estimated total cost.

b. Functions;
(1) Supplies of water. Use of 70,000 acre-feet of

active long-term storage at the Bear Creek Project would provide a
net yield of 196 cubic feet per second . This flow augmentation
would contribute to the satisfaction of the water requirements of
the Allentown-Bethlehem area and the Trenton-Philadelphia area as
indicated for the 50-year period under consideration .

(2) Reduction of flood damages. The 108,000 acre-
feet of presently authorized short-term storage would be included
as the initial stage in the multiple-purpose development . This
storage will be effective in alleviating flooding in the - upper reach
of the Lehigh River where damage is confined , primarily,  to the
towns of Jim Thorpe, Lehighton, Weissport , Parryville , Palmer ton ,
and Bowmanstown, Pennsy lvania . Below Lehigh Gap both the river and
flood p lain widen. Railroad alignments located in the flood plain
together with 44 railroad and highway bridges spanning the Lehigh
River are subject to recurring flood damage. The inundation of the
Lehigh Navigation Canal, in the reach from Jim Thorpe to Easton,
Pennsylvania, is accompanied by extensive flood damage . Damage
centers in the reach from Lehigh Gap to Easton , Pennsylvania,
include industrial and residential areas located in the vicinity
of the towns of Nor thamp ton , Hokendauqua , Ca tasauqua , Allentown,
Bethlehem , Freemansburg and Easton, Pennsy lvania. Considerable
flood stage reduction will be provided in these damage areas by
operation of the short-term storage at the Bear Creek Project. The
flood control storage has been preserved as previously authorized ,
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and flood reduction benefits will be unaffected by the proposed mcdi-
fication.

(3) Recreation. The Bear Creek ReServoir will provide
recreation capacity for 250,000 visitors annually of which 101,200 are
credited to the directly related recreation uses. The lands acquired
for recreation will provide for public ownership of the desirable shore
area and provide space for development of three recreation sites.
Necessary facilities for one-day outings as well as camping would be
provided . Operation of the project would consider the downstream
flow requirements for stream fisheries and the management of the im-
poundment for lake fisheries as a coordinated element for the full
realization of the recreation potential of the project. Hunting
would be permitted during appropriate season and in accordance with
reasonable regulation to assure public safety .
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170. Beltzv ille Project.
a. Description. The Beltzville Project is proposed for

multip le-purpose development to provide supplies of water , flood
control and recreation, The Beltzville dam site is located in the
Pohopoco Valley about 0.3 mile upstream from the confluence of Saw-
mill Run and Pohopoco Creek and approximatel y 4 m i l e s  eas t  of
Lehighton , Pennsy lvania. (See plate 15). The net contributing
drainage area above this site is 75 square miles , excluding 22 square
mi le s  t ha t  c o n t r i b u t e  to the ~‘Ji1d Creek Rese rvo i r , w h i c h  supp l i es
water to the City of Bethlehem , Pennsy lvania. The earth and rock
fill dam will extend for a length of 4,500 feet and rise 160 feet
above the creek bed. Diversion flows and low level reservoir re-
lea ses wil l  pass through a conduit constructed on rock along the
right side of the valley . A spiliway will be constructed around
the n o r t h  end of the dam w i t h  the channel  in bedrock . Flow from
the spillway will discharge into Sawmill Run and thence back into
Pohopoco Creek . Storage allocations for the Beltzville Project ,
as indicated by detailed planning studies , are 1,200 acre-feet of
inactive long-term storage to elevation 525; 40.000 acre-feet of
active long-term storage for supp lies of water and recreation to
elevat ion 615; and 27,000 acre-feet of short-term storage for flood
control to elevation 641. The reservoir up to spillway crest ele-
vation 641 will extend approximatel y 7 miles upstream . Relocation
or improvement of about 4.7 miles of county road will be required.
No railroads or communities are in the reservoir area and there
are no workable mineral deposits. However , sections of two oil
pipel ines wi ll req uire rel oca tion , and power l ine s and wat er l ines
will require reinforcing where they cross the reservoir. During
the p lanning studies for this project the Palmer Water Company sub-
mitted a report setting forth its needs for a continuous and perma-
nen t supp ly of wa ter from Pohopoco Creek down stream f rom the dam
site. The Company supplies municipal and industrial water in the
vic inity of Palmerton , Pennsy lvania and in accordance with Act 365
of the Commonweal th of Pennsy lvania the Company has f i l ed  with the
Commonweal th a sta temen t showing its wa ter wi thdrawals  to be abo ut
13 mgd with future needs estimated at 20 mgd . Arrangements will be
made during construction and thereafter to release water as required
to full y satisfy downstream water rights. A total of 2,413 acres of
land wi ll be acquired for the comp lete development. In addition to
the 1,030 acres required for construction of the project , 723 acres
wou ld be req u ir ed f or direc t ly rela ted re crea ti on and 660 acres f or
indirectl y rela ted recreation. The total estimated project cost ,
excluding $1,190 ,000 for indirectl y rela ted recreation , is $13 ,800 ,000
which includes $1,290 ,000 of specific costs for directl y related
recrea ti on. The direc tly and ind irec t ly related recreation costs in-
clude  the f o llow ing:
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Estimated Specific Recreation Costs
Item Directly Related Indirectly Related

Land $411 ,000 $ 34 ,000
Facilities 876,000 j~,l53 ,000

Tota l 1 ,2~ 7 , 00O 1,187 ,000

b. Functions.
(1) Supp lies of water. Use of 40,000 acre-feet of

active long-term storage at the Beltzvil le Project would provide a
net yield of SO cubic ic-e L per second . This flow augmentation
would contribute to the satisfaction of the needs of the Palmerton ,
Bethlehem and Trenton-Philadel phia areas during the 50-year period
under consideration.

(2) Reduction of flood damage. The flood control
storage at the Belrzville Project will contribute to flood stage
reductions at the principal damage centers on Lehig h Riv er below
the confluence of tha t river with Pohopoco Creek . These damage
centers are located at Bowmanstown , Walnutpor t , Northampton ,
Hoke nda uqua , Catasauqua , Alle ntown , Bethlehem , Fre emansb urg and
Easton, Pennsy lvania. Combined operation of the three new major
f lood  c o n t r o l  p r o j e c t s  in the Lehigh River  Basin included in the
water  con t ro l  p lan w i l l  r e s u l t  in a stage reduction of two feet at
Bethlehem , Pennsy lvania , for a f lood s imi l a r  to tha t exper ienced
in 1955. This r e d u c t i o n  is in a d d i t i o n  to the e f f e c t s  of the Bear
Creek Project.

(3) Recreation. The Beltzville r e se rvo i r  w i l l  pro-
vide a recreati-:-n capacity for 500,000 visitors annuall y ,  of wh ich
110 ,000 are credLr ed ;o directl y related recreation uses. The
lands acqu i r ed  s p c - c L f f c a l l y for  r e c r e a t i o n  development  w i l l  pro-
v ide  for  p u b l i c  ~an~-r~ hip  of the shore area and space for develop-
c:enc of  f i ve  r e c r e a t i o n  s i t e s .  F a c i l i t i e s  would be provided for
one-day o u t i n g s  as w e l l  as camping~ Hunting would be permitted in
a p p r o p r i a t e  season and under reasonable  r e g u l a t io n  to assure  publ ic
s a f e t y .  O p e r a t i o n  of the  p ro j ec t  would consider  the downstream
f low r equ i r emen t s  for  s t ream f i s h e r i e s  and the management  of lake
f i s h e r i e s  as a c o o r d i n a t e d  element for full realization of the
r e c r e a t i o n  p o t e n t i a l  of the  p r o j e c t .
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171 . Aquashico la Project.
a. Description The Aquashico la Project is proposed for

m u l t i p ide_ p u r p o s e  d e v e l o p m e nt  to provide supplies of water , flood con-
t r o l and recreation. The Aquashicola dam s i te i s l oca ted  on
Aquashicola Creek about 4 - 1/ 2  m i l e s  u p s t r e a m  from i t s  c o n f l u e n c e
w i t h  the Lehigh  R ive r  and about  3 miles east of Palmerton , Pennsy l-
vania. (See p late 16) . The s i t e  is a b o u t  one m i l e  downs t r eam from
the confluence of Buckwha Creek with Aquashicola Creek. The drain-
age area above this site is 66 square miles. The compacted earth
fill darn would stretch approximatel y 2 ,000 feet across the valley
with a concrete section and spillway 160 feet long founded on rock
at the south end . The dam would rise 110 feet above a cutoff with
maximum depth at 30 feet to control passage of water through the
foundation. The top of darn would be 20 feet above the spillway
crest Outlet sluices through the spillway would provide for water
releases. Diversion during construction would be made through low
blocks in the spillway section. Storage allocations for the
Aquashicola Project as indicated by detailed planning studies , are
1,000 acre-feet of inactive long-term storage to elevation 435;
24 ,000 acre-feet of active long-term storage for supplies of water
and recreation to elevation 483; and 20,000 acre-feet of short-
term s torage  for  f lood  con t ro l  to e l eva t ion  503. The r e se rvo i r  a t
s p il l wa y  c res t  e l eva t ion  503 would  be 90 f e et  deep a t  the  dam and
extend f ive  mi l e s  up Aquashicola Creek from the dam and six mi l e s
up Buckwha Creek . Relocation of an oil pipeline , a waterline ,
roads , 7.3 miles of the Chestnut Ridge Railroad , quarry equipment.
rural residences and the community of Little Gap , Pennsy lvania ,
would be required. The only commercial mineral deposit near the
reservoir area is a sandstone quarry southeast of Little Gap,
Pennsy lvania. The reservoir does not inundate this quarry but some
relocation of crushing and processing equipment would be required.
Sand from this quarry is shipped by rail cars at the approximate
rate of five cars per day . This constitutes the principal traffic
on the Chestnut Ridge Railroad in the vicinity of the reservoir.
A total of 2 ,150 acres of land will be acquired for the complete
development. In addition to the 900 acres required for construc-
tion of the project , 770 acres would be required for directl y re-
lated recreation and 480 acres for indirectl y related recreation.
The total estimated project cost , excluding $488,000 for indirect-
ly related recreation , is $19 ,000 ,000 , which includes $878 ,000 o f
s p e c i f i c  c ost s  for d i r e c t l y r e l a t e d  r e c r e a t i o n .  The d i r e c t l y and
i n d i r e c t ly r e l a t e d  r e c r e a t i o n  cos t s  i n c l u d e  the  f o l l o - . - i n g :

- E s t i m a t e d  S p e c i f i c  Recrea t ion  C-sts
I tem D i r e c t l y  R e l a t e d  I n d i r e c t l y  R e l a t e d

Land $549 , 000 $103 , 000
F a c i l i t i e s  329 , 000 385.000

Tota l  878 , 000 488 , 000
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b. Functions.
(1) Supp l ies of water. Use of 24,000 acre-feet of

a c t i v e  l o n g - t e r m  s t o r a g e  a t  the Aquash i co l a  P r o j e c t  would provide
a net y ie ld  of 63 cubic f e e t  per second . This f low augumen ta t ion
would c o n t r i b u t e  to the  s a t i s f a c t i o n  of the needs of the Al len town-
Beth lehem area and the Trenton-Philadel phia area during the 50-year
per iod  under  c o n s i d e r a t i o n .

(2)  Reduction of f lood damage. The short-term
s torage  p ro v ided  at the Aquashicola Project will contribute to
f lood  s tage  r e d u c t i o n s  a t  P a lm e r t o n , j u s t  downstream from the dam ,
and a t  principal damage centers on Lehigh River  below the Lehigh
Gap.  These damage centers include Walnutport , Nor thampton ,
Hokendauqua , Catasauqua , Allentown, Bethlehem , Freemansburg, and
Eas ton , Pennsy l v a n i a .  Combined ope ra t ion  of the three new major
f lood  c o n t r o l  projects in the Lehigh River Basin included in the
water control plan will result in a stage reduction of two feet
at  Be th lehem , Pennsy lvania  for a flood similar to that experienced
in 1955. This reduction is in addition to the effects of the Bear
Creek Project.

(3) Recreation. The Aquashicola reservoir will
provide a recreation capacity to accommodate 156 ,300 visitors
annually, of w h i c h  100 ,500 are c r e d i t e d  to d i r e c t l y  r e l a t e d  recre-
ation uses. The lands to be acquired specificall y for  rec rea tion
development provide for public ownership of the principal part of
the shoreLine and space for the development of four recreation
sites. Facilities would be provided for one-day outings and
camping . Hunting would be permitted in appropriate season under
reasonable regulation to assure public safety. Operation of the
pro ject would consider the downstream flow requirements for stream
fisheries and the management of the impounded water for lake
fisheries as a coordinated element for the full realization of
the recreation potential of the project.
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1 7 2 .  T r ex l e r  P r o j e c t .
a - Descr tpt ion . The Ire:-: b r  P r o j  t -c  t i s pr -~ o - ~~-d t -r

mu I t i p  I e — p u r p o s e  development to prey de supp l i t - s  of v i L e r  , I I ~ -d
c o n t r o l  and r e c r e a t i o n  The T r i - x l e r  darn s i t e  is l o c a t e d  on J o r d a n
Creek in the Trex ier  Pennsy lvan i a  S t a t e  Game P r e s e r v e  a b o u t  1/.!
m i l e  downs t ream from the  m o u t h  of M i l l  Creek and  a h - t~l. - -~ m i l t s
n o r t h w e s t  of A l l e n t o w n , Pa .  (See p i a l e  1 7 . )  The d r a i n a g e  ir e . ,
above t h i s  s i t e  is 51 square  m i l e s .  ih e  p roposed  do:: w o u l d  be a
concre te  g r a v i t y  type s t r u c t u r e  800 f t c - I  long , and r i s e  12U t~~et

above the creek bed .  Flood w a t e r s  w o u l d  !OiSS 0 . - e r  a s p i l l - i a - .-
s ec t ion  of the  dam 200 f e e t  long w i t h  a c r e s t  a b o u t  10.. feet ab i -~- e
the  creek . C o n d u i t s  th rough  the  dam w i t h  regulating gates -.-~i I l
permit low level releases. Diversion during construction would
be made over concrete monoliths left low , temporaril y, t~ -r tha t
purpose. Storage allocations for the Trexler Project , as indicated
by detailed p lanning studies , are 800 acre-fe et of m acti e leng-
term storage to elevation 416; 24 ,200 acr e -f e el. o I.a tive 1 - n ~ -
term s torage for supp l ies  of w a t e r  and r e c r e a t i o n  to e i i - :at  ion L.7 9 ;
and 14 , 000 a c r e - f e e t  of s h o r t - t e r m  s t o r u t e  i c r  f l o o d  c o n t r o l  t o
elevation 492 .  The r e se rvo i r  a t  e l e - . u t i o n 492 w o u l d  ~-:‘ -nd a bout
3 m i l e s  up Jordan Creek ‘..-ith bays or pri i-~~s extending about 3 miles
up Lyon Creek and 2 m i l e s  up M i l l  Creek . F i l l s  and b r i d g e s  - - i l l  be
r e q u i r e d  to c a r r y  U.  S .  R o u t e  309 a c ro s s  the r e s e r v o i r .  R e l o c a t i o n
of o the r  roads  and the  c o m m u n i L i e s  of  Lyon V a lley and Weidas ’.- i ll e

~- ‘i l l  a l so  be necessa ry . A t o t a l  of  3 , 587 a c r e s  of l and  w i l l  be ac-
quired for the comp lete development. In addition to the 960 acres
required for construction of the projec t , 1 ,776 acres would be re-
quired for directl y related recreation and 851 acres for indirectl y
related recreation. The total estimated project cost . e> .cluding
$1,140 ,000 for indirectl y related recreation , is $10 ,100 ,000 , which
includes $1 ,500 ,000 of specific costs for directl y related recrea-
tion. The directl y and indirectl y related recreat i-’n costs include
the following S

Es t inia Led Spec I fic Recreation Costs
Item Directly Related Indirectl y Related

Land $1 ,010 ,000 $l4 l .000
Facilities 436,000 1,000 ,000

Total 1 ,496 ,000 1,141 ,000

b. Functions
(1) Supplies of water. Use of 24,200 acre-feet of

active long-term stor-’ge at the Trexler Project would provide a net
yield of 55 cubic feet per second . This flow augmentation would
contribute to the satisfaction of the needs of the Bethlehem area
and the Trenton-Philadel phia area during the 50-year period under
consideration.

(2 )  R e d u c t i o n  of Flood Damage. The s h o r t - t e r m
st o rage  at  the Trex le r  P r o j e c t  w i l l  contribute to flood stage re-
ductions at the princi pal damage centers of Allentown , Bethlehem
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and Easton , Pennsy lvania. Combined operations of the three new major
flood control pro ccts inc luded in the Lehigh River Basin in Lhe water
control plan will result in ~ stage reduction of two fee t  a t  Bethlehem ,
Pennsy l v a n i a , for  a f lood  s i m i l a r  to hat experienced in 1955. This
r e d u c t i o n  is in  a d d i i i o n  t o  the ~ f i e c t s  of the  Bear Creek P r o j e c t .

(3) lea t ion. The Tic:: ler r e s e r v o i r  w i l l  provide  a
r e c r e a t i o n  c a U a c i t y  t e  accommodate  a t o l a l  of 312 , 500 visitors annua l-
I — -  o f  w h i c h  177 , 200 a r e  c r e d i t e d  to  d i r e c t l y r e l a t e d  r ec r ea t i on  uses .
The l ands  to be a c q u i r e d  s p e c i f i c a l l y foi recreation development would
prov ide  for  p u b l i c  ownershi p of the shore area and space for the de-
velopment of six recreation sites. Facilities would be provided for
one-day outings as well as camping. Necessary roads , trails , sanitary
and administrative facilities , and potable :.ater also would be provided.
Hunting will be permitted in appropriate season and under reasonable
regulations to assure public safety. Operation of the project would
consider the downstream flow requirements for stream fisheries and the
management of the impounded water for lake fisheries as a coordinated
eler ient for the full realization of the recreationa l rotential of the
project .
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173. Maiden Creek Project.
a. Description. The Maiden Creek Project is proposed for

multip le-purpose development to provide supplies of water , flood con-
trol and recreation. The Maiden Creek dam site is located on Maiden
Creek about 1/3 mile upstream from the mouth of Moselem Creek and

F about 12 miles north of Reading, Pa. (See p late 18.) The drainage
area above this site is 161 square miles. The dam , 2,600 feet long
and r i s ing  110 f e e t  above the bed of Maiden Creek , would be of e a r t h
and rock f i l l  construction. A conduit founded on rock along the
l e f t  side of the v a l l e y  would be designed to ca r ry  d ive r s ions  dur ing
construction and low leve l reservoir releases. The spillway, 750
feet wide , would be cut through a rock ridge about 400 feet east of
the dam . Storage allocations for the Maiden Creek Project , as indi-
cated by detailed planning studies , are 2 ,000 acre-feet of inactive
long-term storage to elevation 323; 74,000 acre-feet of active long-
term storage for supp lies of water and recreation to elevation 381;
and 38 ,000 acre-feet of short-term storage for flood control to
elevation 394 The reservoir would extend about 10 miles up Maiden
Creek . Relocation of a railroad line , numerous roads , and the com-
munities of Lenhartsville , Virginville and a part of Moselem would

— 
be required There are no commercially deve loped mineral  resources
in the reservoir area . A total of 8,450 acres of land will be ac-
quired for the comp lete development . In addition . to the 2,850
acres required for the construction of the project , 2 ,255 acre s
would be required for directly relaced recreation and 3,345 for in-
directl y related recreation . The total estimated project cost , ex-
cluding $3,250 ,000 f or indirec t ly related recreation , is $27 ,600 ,000 ,
which includes $2,440 ,000 of spe c i f ic cos ts for direc t ly rela ted
recrea tion. The directl y and indirect ly related recreation costs
inc lude the fol low ing:

Estimated Specific Recreation Costs
Item Directly Related Indirectly Related

Land $1 ,280 ,000 $1,420,000
Facilities 1 ,160 ,000 1.830 ,000
Total 2,440 ,000 3 ,250 ,000

b . Functions.
(1) Supplies of water. Use of 74,000 acre-feet of

active long-term storage at Maiden Creek Project would provide a net
yield of 134 cubic feet per second . This flow augmentation would
contribute to the satisfaction of the needs of the Pottstown-Reading
area as well as to the Philadelphia area during the 50 year per iod
under consideration.

(2) Reduction of flood damage, The flood control
storage at Maiden Creek Project will contribute to flood stage re-
ductions at the principal damage centers on the Schuy lk ill Riv er
from Reading , Pennsy lvania to Philadelphia , Pennsy lvania. These
damage centers are Reading, Birdsboro , Pottstown , Norristown ,

I l l



Conshohocken , Manayunk and Philadel ph ia , Pennsy lvania The flood-
way at these centers is occup ied mostl y by commerc ial and indus tr ia l
interests which suffered about 70% of the total flood damages in
these areas in August 1955. Combined operation of storage allocated
to flood control at the Maiden Creek and Blue Marsh Projects in the
Schuy lkill River Basin would result in a flood stage reduction of
about 4-1/2 feet at Reading , Pennsy lvania , and of about three fee t
at Pottstown , Pennsy lvania for a flood similar to that experienced
in 1955 .

(3) Recrea tion. The Maiden Creek reservoir would
prov ide a recreation capacity to accommodate a total of 625 ,000
visitors annuall y of which 267,400 are credited to the directl y re-
lated recreation uses. The lands to be acquired specificall y for
recreation development would provide for public ownership of the
shore area and space for development of five recreation sites.
Facilities will be provided for one-day outings and camping .
Necessary access , and sanitary and administrative facilities also
will be provided. Hunting will be permitted in appropriate season
and under reasonable regulation to assure public safety . Operation
of the project would consider the downstream flow requirements for
stream fisheries and the management of the impounded water for lake
fisheries as a coordinated element for the full realization of the
recreation potential of the project.
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174. Blue Marsh Project.
a. Description. The Blue Marsh Project is proposed for

multip le-purpose development to provide supplies of ‘.-,ater , flood
control and recreation. The Blue Marsh dam site is located m t ..

Tu lpehocken Creek , 1-1/2 miles upstream from the mouth of Plum Creek
and about 6 miles northwest of Reading , Pa~ (See plate 19.) .‘ e
drainage area above this site is 175 square miles. The daii would
consist of a rock and earth fill embankment 1 ,100 feet long and 90
feet high A conduit on rock along the right abutment would provide
for low level reservoir releases and diversion during construction .
The sp illuay would be located about 1 ,000 feet south of the dam
where a 900-foot wide flat crested channel cut into the shale would
conduc t excess water from the reservoir to Tulpehocken Creek . Fina l
storage allocations for the Blue Marsh Project , as indicated by de-
ta i led p lanning studies , are 1,500 acre-feet of inactive long-term
storage to elevation 249 ; 14,500 acre-feet of active long-term stor-
age for supplies of water and recreation to elevation 279; and 33,000
acre-feet of short-term storage for flood control to elevation 303.
The reservoir would extend upstream from the dam about 10 miles on
Tulpehocken and Northkill Creeks. The reservoir would require relo-
cation of pipelines , roads , the community of Blue Marsh and a few
buildings in the Bernville area . One commerciall’,’ valuable mineral
deposit is located in the reservoir , a shale pi t about 1 mile north
of Blue Marsh. A tota l of about 5,296 acr es o f land will be acq uired
for the comp lete development. In addition to the 1 ,520 acres re-
quired for construction of the project , 1,093 acres wi ll be req uired
for direc tly related recreation and 2 ,683 acres for ind ire ct ly re-
lated recreation . The total estimated project cost , excl uding
$3 ,280 ,000 for ind irect ly rela ted recreation , is $12 ,500 ,000 , which
includes $1 ,500 ,000 of spec if ic cos ts for d irec t ly rela ted recrea-
tion . The directl y and indirectly related recreation costs include
the fol lowi ng:

Estimated Specific Recreation Costs
Item Directly Related Indirectly Related

Land $ 664,000 $2 ,040 ,000
Facil ities 832 ,000 1,240 ,000

To tal 1,496 ,000 3,280 ,000

h Functions.
(1) Supplies of water. Use of 14,500 acre-feet of

ac tive long-term storage at the Blue Marsh Project will provide a
net yield of 65 cubic feet per second . This flow augmentation will
contribute to the satisfaction of the needs of the Pottstown-Reading
area as well as to the Philadelphia area during the 50-year period
under consideration .

(2) Reduc tion of flood damage. The flood control
storage at the Blue Marsh Project will contribute to flood stage re-
ductions at the principal damage centers on the Schuy lkill River from

113

~~~ 

‘
~~~~~~~~ : ~~~I~~~~~~~~~~~~~~’ 

_ _  _ _ _ _ _



Reading , Pennsy lvan ia to Phi lade lphia , Pennsy lvania. These damage
centers are Reading, Birdsbor o , Pottstown , Norr i stown , Conshohocken ,
Manayunk and Philadelph ia , Pennsy lvania. Combined operation of
storage alloca ted to flood control at the Blue Marsh and Maiden
Creek Projects in the Schuy lkill River Basin would result in a
flood stage reduction of about 4-1/2 feeL at Reading , Pennsy lvania ,
and of about three feet at Pottsto~m , Pennsy lvan ia for a f l ood
similar t -  that experienced in 1955.

(3) Recreation. The Blue Marsh reservoir would
provide a recreation capacity to accommodate a total of 437,500
visitors annuall y ,  of whi ch 137 ,000 are credited to the directly
related recreation uses. The lands to be acquired specificall y
for recrea tion developmen t wou ld provide pub lic ownersh ip of the
shoreline and space for the development of six recreation sites.
Facilities will be provided for one-day outings as well, as camp-
ing . Necessary access , sanitary and administrative facilities
also will be provided. Hunting would be permitted in appropri-
ate seasons and under reasonable regulations to assure public
safety. Operation of the project would consider the downstream
f low requirements for stream fisheries and the management of the
impounded water for lake fisheries as a coordinated element for
the full realization of the recreational potential of the project.
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175. Newark Project.
a. Descri ption. The Newark Project is proposed for mu l-

tip le-purpose development to provide supp lies of water and recreation.
The dam site is located on White Clay Creek about 1-1/2 miles north of
Newark , Delaware. (See  p l a t e  20 . )  The drainage area above this site
is 67 square mile s . A concrete gravity type dam 1 ,200 fee t long , in-
cluding a spiliway section 400 feet long , is proposed for this site.
The non-overflow section of the dam woald be 97 feet above the creek
bed and the spiliway crest 81 feet above that datum . Gated sluices
through the dam 7 feet above the creek bed and bypa ss p ipes wou ld be
provided for low leve l reservoir releases. Stream diversion during
construction would be over concrete monoliths left low , temporaril y,
for that purpose. Storage allocations for the Newark Project are
1 ,000 acre-feet of inactive long-term storage to elevation 98 and
30.000 acre-feet of active long-term storage for supp lies of water
and recreation to elevation 156. The reservoir would e:-:tend about
six miles up White Clay Creek into Pennsy lvania . Relocation of 2.7
miles of county road inc luding a bridge across the reservoir , a
stream gaging station, a punip ing plant and a sewer line would be re-
quired . No ra i lroads , communities , or commercially developed mineral
deposits are located in the reservoir area . A total of 6,490 acres of
land would be acquired for tne con’p le :e ceT eioprn ent In addition to
the 1 ,090 acres required for t~ie constr :c’ or of the project , 4,000
acres would be required for directl y related recreation and 1 ,400
acres for indire ct ly related recreation. The total estimated project

4 cost , excl uding $3,550 ,000 for indirectl y rela ted re crea tion , is
$15 ,300 ,000 , which includes specific costs for directl y rela ted
recrea tion of $5 ,140 ,000. The directi ’- and indirectl y related
recreation costs include the fol].c~ -ing:

Estimated Specific Recreation Costs
Item Directly Related Indirectl y Related

Land $3,250 ,000 $l ,400.000
Facilities 1,890 000 2 ,150 ,000

To tal 5 .140 ,000 3 ,550 ,000

b. Functions.
(1) Supplies of Water. Use of 3-0,000 acre-feet of

active long-term storage at Newark Project would provide a net
yield of 43 cub ic feet per second . This flol.-.- augmention would con-
tribute to partial satisfaction of the needs of the Wilmington area
during the 50-year period under consideration.

(2) Recrea tion. The Newark Project including the
recrea tion element defined as the Mason-Dixon Interstate Park Area
would provide rec rea t ion  capac i ty  for  937 , 500 v i s i t c r s  a n n u a l l y ,  of
wh ich 554 ,000 are cred ited to directl y re la ted recrea ti on . The lands
to be acquired spec ifically for recreation development would provice
pub l ic ownership of the shore area and space for the development  c f
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six major recreation sites. Facilities aLso ~.ould be provided for
one-day outings and camping . Required roads , tra i l s , sani tary and
administrative facilities and potable water are included in the
plan. Hunting would be permitted in appropriate season and under
reasonable regulation to assure public safety . Operation of the
pro jec t wou ld cons ider the downs tream f low requiremen ts for stream
fisheries and the management of the impounded water for lake fish-
eries as a coordina ted element for full realization of the recrea-
tion potential of the project.
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176. Christiana Project.
a. Description. The Christiana Project is a multip le-

purpose development to provide supplies of water and recreation.
The dam site is located on Christina River about 1-1/2 miles south-
wes t of Chr istiana , Delaware , and 10 miles southwest of Wilmington ,
Delaware. (See plate 21.) The drainage area above the site is 41
square miles. The sp illway would be a concrete lined chute through
the hill which constitutes the left abutment of the darn. This spill-
way would have a broad crest at elevation 49, about 46 feet above the —

river bed. Diversion flows would be carried through a concrete con-
duit constructed on natural ground at the base of the left abutment.
Subsequent to use of this conduit for diversion , two concrete pipes
would be installed in the conduit to carry low leve l reservoir re-
lease. Storage allocations for the Christiana Project are 1,000
acre-feet of inactive long-term storage to elevation 23, and 36,000
acre feet of active long-term storage for supp lies of water and
recrê.ation to elevation 49. The reservoir will extend about 6.7
miles up the river , about 3.8 miles up Muddy Run and inundate ex-
isting Silver Lake. No main roads cross the reservoir but the
State of Delaware is p lanning a new highway across the reservoir at
a grade that would necessitate its relocation as a feature of the
development of this project. This possible cost was not included in
the estimates of project costs. The raising of two bridges on U. S.
Route 40, raising of one mile of the Pennsy lvania Railroad single
track line from Porter to Newark , Delaware , and construction of two
new bridges on State Route 896 would be required There are no com-
munit ies in the reservoir area and onl y one commercially val uable
m ineral depos it is loca ted in the reservo ir area , which is a gravel
pit about 1/2 mile upstream from the dam site. A total of about
8,080 acres of lands would be required for the comp lete development.
In addit ion to the 3,050 acres required for construction of the
pro ject , 3,057 acres would be required for directl y related recrea-
tion and 1,973 acres for indi rec tly rela ted recreation. The total
estimated project cost , exc luding $5,420 ,000 for indirectl y re la ted
recrea t ion , is $18 ,000 ,000 which includes $7,560 ,000 of specific
cos ts for direc t ly related recreation. The directl y and indirectly
rela ted ~ecreacion cos ts include the fo l l ow ing:

Estimated Specific Recreation Costs
Directly Related Indirectly Related

Land $4,770 ,000 $1,820 ,000
Facilities 2,790 ,000 3,600 ,000
Total 7,560 ,000 5 ,420 ,000

b. Func tions.
(1) Supplies of water. Use of 36,000 acre-feet of

active long-t erm storage at Christiana Project would provide a net
yield of 34 cubic feet per second . This flow augmentation would
contribute to partia l satisfaction of the needs of the Wilming-
ton area during the 50-year period under consideration.
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(2) Recreation. The Christiana Project would provide
a recreation capacity to accommodate about 1,875,000 vis itors ann ua l l y
of which 1,093 ,000 are credi ted to directly rela ted recreation. The
land s to be acqui r ed specif ica l l y for recrea t ion developmen t wou ld
provide for public ownership of the shore area and provide for the de-
velopment of three major recreation sites. Facilities are to be pro-
vided for one-day outings and camping . Required roads , tra i l s , sani-
tary and administrative facilities , and drinking water would be pro-
vided. hunting would be permitted in appropriate season under rea-
sonable regulation to assure public safety . Operation of the project
would cons ider the downs tream flow req uiremen ts for stream f isheries
and the managemen t of the impounded wa ters for lake f isher ies as a
coordin ated elemen t for f u ll real iza tion of the recrea tion poten tial
of the project.
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177 . DESCRIPTIONS OF MAJOR CON’IROL PROJECTS PROPOSED FOR ~~0-
STAGE DEVELOPI€NT. Eight major con trol projects arc proposed for
development in two stages ~-.ith the initial stage for recreation in
the immediate future and the second stage for water suppl y and other
purposes as needed after year 2010. The projects included in this
category and the order of the individua l project descriptions are as
follows:

Paulina Tohickon
PequesL Ne.:to~.-n
Ilackectstown French Creek
Net- Hampton Evansburg

178. Paulina Project
a. Description. The Paulina Project full y developed in

two stages , ‘oould he a multiple-purpose project to provide supp l ies
of water and recreation. The initial stage of development to satis-
lv existing recreation needs is ecor.oni~ call y feasible and is proposed
for the immedio .te future. It is also proposed that , contingent upon
the wishe s of local interests , land be acquired , for the initial stage
of development , as it becomes available. Such an arrangement will
assure preservation of the potential reservoir which is considered
essential to ‘oater resources development in the basin afcer the year
2010 when full development of the site is indicated. The project
site is located on Paulins Kill about 11.25 miles above the mouth
and 1 .5 miles east of Blairstown , Net-: Jersey . (See p la te 22.) The
drainage area ups trea m from the dam s it e is 122 square mi les .
Suggested storage allocations for ultimate development are 4,000
acre-fee t of inactive long-term storage to elevation 403 and 51 ,000
acre-fee t of active long-term storage for supp lies of water and
recreation to elevation 465 . The reservoir at elevation 465 would
extend 14 miles upstream and provide a reservoir area of 1 ,650 acres .
To tal lands , including the eventual reservoir area , desirable for the
initial stage of development comprise 5,717 acres at an estimated
cost of about 8.8 million dollars. The estimated cost of the initial
stage of development is 12,2 million dollars , incl uding 5.3 million
dollars to acquire the reservoir area to assure its preservation for
future use and 6.9 million dollars of specific recreation costs. In-
cluded in the latter are 3.5 million dollars for recreation lands
and 3.4 million dollars for recreation facilities. The estimated
cost of the comp lete two-stage development is 23.1 million dollars
of which 10.9 mil lion dollars is the estimated cost of the dam and
appurtenant works , relocations and reservoir clearing.

b. Functions.
(1) Supplies of water. When full y devel oped , use of

51 ,000 acre-feet of active long-term storage in the Paulina Projec t
would provide a net yield of 90 cubic feet per second. This flow
augmentation would contribute to the satisfaction of the water needs
after the year 2010. 

-
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(2)  Recreation. The Paulina Project would provide a
recreat ion capacity to accommodate 600,000 vis itors ann ua l l y dur ing
the initial stage of development and 1,000 ,000 visit or s ann ua l l y when
fu ll y developed The topography surrounding this site is steep ly roll-
ing and irregular as the result of glacial action. The overall
character of the site makes it readily adaptable for nonurban recrea-
tion uses
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1 / 9. Pe -uc ~ L Pio -  cci -

a. De sc ripti on The Pequest Pro 1 ect , f u l l y devel oped in
two stages , would be a multi p le-purpose pr - ject to provide supplies
of water and recreation. The initial st age of development to sat-
isfy existing recreation needs is economicall y feasible and is pro-
posed for the immediate future . It is also proposed tha t , contin-
gent upon the wishes of local in te re st s , land be acquired for the
initial stage of development as iii be-~~mes available. Such an ar-
rangement will assure preservation of the potential reservoir which
is considered essent lal to water resources development in the basin
after the year 2010 ~-.‘hen full developnent of the site is indicated .
The projec t site is located on Pequest River about 7 miles above
the mouth and 2.5 miles northeast of O:-:iord , New Jersey . (See p late
2 3 . )  The d r a i n a g e  area above the  dam s i t e  is 100 s q u a r e  m i l e s .
Suggested storage allocations for ulrimate developnent are 3,000
acre-feet of inactive long-term storage to elevation 455 and 38,000
acre-feet of active long-term storage fur u ’~pp lies of water and
recreation to elevation 507. The reservoir at elevation 507 would
entend about 4.5 miles upstream and provide a reservoir area of
1 ,260 acres. Total lands , including the eventua l reservoir area ,
desirable for the initial stage of development comprise 4,520 acres
at an estimated cost of about 3.2 million dollars. The estimated
cost of the initial stage of development is 5.0 million dollars , in-
cluding an estimated 2.0 million dollars to acquire the reservoir
area to assure its preservation for future use and 3.0 million
dollars of specific recreation costs. Included in the latter are
1.2 million dollars for recreation lands and 1.8 million dollars
for recreation facilities. The estimated cost of the complete two -
stage development is 16.3 million dollars , of which 11.3 million
dollars is the estimated cost of the dam and appurtenant works , re-
locations and reservoir clearirip.

b. Functions.
(I) Supp lies 1 - .-a er. When full y develope~i , use

of 33 , 000 a c r e- f e e t  of active 1-vip -term storage in the Pequest
Project would provide a net yield of 75 cubic feet per second.
This f l ow  augnonfat ion -could  contribute to the satisfaction of the
water  needs  a f t e r  the year  20 10

(2) Recreation. The Pequest Pro ect would provide
a recreation capacity to accommodate 312 ,000 visitors annuall y dur-
ing the initial stage of development and 520 ,000 visitors annually
when fu l l y developed The general setting of this proposed reser-
voir site is excellent for nonurban recreation purposes. The south-
east shores are well situated for intensive Par-use purposes.
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120. 1L~~ v O L  I O~~~~~O O  P U O ~~c c i  -

2. Descr~ p t5 o n . The Hackettsioc-n Pro~ ecL , f u l l y dev e loped
in two stages , would he a multip le-purpose project to pr ov ide supplies
of water and recreation. The initial development to satisfy e:-:isting
recreation needs iS economicall y feasible and is proposed for the im-
mediate future . It is also proposed tha t , contingent upon the wishes
of local interests , land be acquired for the initial stage of develop-
ment as it becomes available. Such an arrangement will assure preser-
vation of the potential reservoir which is considered essential to
water resources development in the basin after the year 2010 when full
development of t h e site is indicated. The project site is located on
Musconetcong River about three miles upstream from Hackettstown , New
Jersey. (See p late 24.) The drainage area upstream from the dam site
is 70 square miles. Suggested storage allocations for ultimate de-
velopment are 1 ,000 acre-feet of inactive long-term storage to eleva-
tion 630 and 22 ,000 acre-feet of active long-term storage for supplies
of water and recreation to elevation 665 . The reservoir at elevation
665 would extend about five miles upstream and provide a reservoir
area of 1 ,200 acres. Total lands , including the eventua l reservoir
area , desirable for the initial stage of development would comprise
10 ,362 acres at an estimated cost of 8.6 million dollars. The esti-
mated cost of the initial stage of development is 17.1 million
dol l a r s , including an estimated 3.5 million dollars to acquire the
reservoir area to assure its preservation for future use and 13.6
million dollars of specific recreation costs. Included in the latter
are 5.1 million dollars for recreation lands and 8.5 million dollars
for recreation facilities. The estimated cost of the comp lete two-
stage development is 2 - 2 . 0  m i l l i o n  d o l l a r s  of which  10.9 m i l l i o n
d o l l a r s  is the  e s t i m a t e d  cost  of the dam and a p p u r t e n a n t  works , re-
locations and reservoir clearing. -

b . FLtn c ti --n s.
(1) Supp lies of water. When fully developed , use of

22 ,000 acre-feet of active long-term storage in the Hackettstown
Project would provide a net yield of 53 cubic feet per second. This
flow augmentation would contribute to the satisfaction of the water
needs after the year 2010

(2) Recreation. The Hackettstown Projec t would pro-
vide a recreation capacity to accommodate 1 ,500 ,000 visitors annual-
ly during the initial stage of development and 2 ,500 ,000 visitors
annuall y whe n f u l l y developed. The total recreation resources
available would provide outstanding nonurban recreation opportunities.
The character of the area is such tha t: facilities for every conceiv-
ab l e  t y p e  of n o n u r b a n  recreation cou ld  be i n c lu d e d  in the deve l l i T e n t
p lan.
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131 . New Hampton Project
a. Descri pt ion. The Ne~. Hampton Project , f u l l y de-

veloped in two stages , would be a multip le-purpose project to pro-
vide supp li es of water and recreation. The development to sat~ sfy
existing initial recreation needs is ecuvoi :iicall y feasible and is
proposed for the immediate future. It is also proposed tha t , con-
tingent upon the wishe s of local interests , land be acquired for
the initial stage of development as it becomes available. Such an
arrangement will assure preservation of the potential reservoir
which is considered essential to waLer resources development in
the basin after the year 2010 when full development of the site is
indicated. The project site is located on Musconetcong River 2.5
miles south of Washington , Nov Jersey (See p late 25.) The gross
drainage area upstream from the dam site is 123 square miles , in-
cluding 70 square miles contributing to the proposed Hackettstown
proJect. Suggested storage allocations for ultimate development
are 2 ,000 acre-feet of inactive long-term storage to elevation 375
and 42 ,000 acre-feet of active long-teim storage for supplies of
water and recreation to elevation 426. The reservoir at elevation
426 would extend upstream from the dam about seven miles and pro-
vide a reservoir area of 1,850 acres. Total lands , including the
eventua l reservoir ar ea , desirable for the initial stage of de-
velopment wo~~1d comprise 5,518 acres at an estimated cost  of about
11.2 million dollars. The estimated cost oil the i n i t i a l  s tage of
development  is 16.3 m i l l i o n  do l l a r s  inc lud ing  an es t ima ted  7 . 3
million dollars to acquire the reservoir area to assure its preser-
vation for future use and 9.0 million dollars of specific recrea-
tion costs. Included in the latter are 3.9 million dollars for
recreation lands and 5.1 million dollars for recreation facilities.
The estimated cost of the comp lete two-stage development is 29.6
million dollars , of which 13.3 million dcllars is the estimated
cost  of the dam and a p p u r t e n a n t  works , r e l o c a t i o n s  and reservoir
c l ea r ing .

b. Functions.
(1) Supplies of waLer. When full y deve loped , use

of 42 ,000 acre-feet of active long-term storape in the New Hampton
P r o j e c t  would provide  a ne t  y ie ld  of ~2 cubic feet per second .
(Net yield would be increased to 95 cubic feet per second wi~ h the
proposed Hackettstown and New Hampton Projects operating in series.)
This flow augmentation would contribute to the satisfaction of the
water needs after the year 2010

(2) Recreation. The New Hampton Project would pro-
vide a recreation capacity to accommodate 900,000 visitors annuall y
during the initial stage of deveiopment and 1 ,500 ,000 visitors an-
nuall y whe n f u ll y developed. The northwest shore of the reservoir
is ideall y situated for the p lacement of day-use facilities to ac-
commodate large visit or loads. The southeast shore rises steep ly
and is well forested , thus providing an interesting backdrop for
day-use areas on the opposite shore.
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132. Tab i c k in Pco , e c i
a. Description. The Tohick on  Project , f u l l y developed

in L W O  stages , would be a multip le-purpose project to provide
supp l i e s  of w a t e r  and r e c r e a t i o n .  The initial development to sat-
isfy existing recreation needs is economicall y fea sible and is pro-
posed for the immediate future. It is also proposed that , contin-
gent upon the wishes of local interests , land be acqui red  for the
initial stage of development as it becomes available. Such an
arrangement will assure oreservatior-t of the potential reservoir
which is considered essential to ..ater resoorces development in
the basin after the year 2010 when full development of the site is
indicated. The pro S et  site is located on Tohickon Creek about one
mile southwest of Ottsville , Pennsylvania. (See plate 26.) The
drainage area above the dam site is 75 square miles. Suggested
storage allocations for ultimate development are 1 ,500 acre-feet of
inactive long-term storage to elevation 335 and 30,000 acre-feet of
acti~ e long-term stocage for supplies of ~‘ater and recreation Lu
elevation 3-33. The reservoir at elevaLion 388 would extend about
6-1/2 miles upstream and provide a reservoir area ol 1 ,250 acres.
Total lands, including the eventual reservoir area , indicated as de-
sirable for the initial stage of development at this project would
include 7,475 acres at an estimated cost of 7.9 million dollars.
The estimated cost of ihe initial stage of development is 12.2
million dollars including an estimated one million dollars to ac-
quire the reservoir area to assure its preservation for future use
and 11.2 million dollars for specific recreation costs. Included
in the l a t t e r  are 6 . 9  m i l l i o n  d o l l a r s  f or recrea t ion la nds and 4 .3
million dollars for recreation facilities. The estimated cost of
the complete two-stage developmeni is 21.3 million dollars , of
which  9 . 6  m i l l i o n  d o l l a r s  is the e s t im a t e d  cost- of the dam and
appurtenant wc-rkn , r2locati.n s and reser\iir clearing .

b . Fine ii io n s -

(1) Supplies of ‘-,ater. h’beu fully developed , use
of 30 ,000 acre-feel : of active long-term storage at Tohickon Project
would provide a net yield of 49 cubic feet per second . This flow
augmentation would contribute to the satisfaction of the water
needs after the year 2010.

(2) Recreation The Tohickon Project would provide
a r e c r e a t i o n  c a p a c i t y  to accommodate about 750 , 000 annua l v i s i t o r s
during the Initial stage of development and 1 ,250 ,000 visitors
ann ua l l y whe n f u l l y developed. The recreation area would be pri-
maril y developed for day-use activities.

c. Preservation of site. Late in September, 1960 , the
Commonwealth of Pennsy lvania announced its p lan to purchase land
in the area of the proposed Tohickon Project for a state park.
The Commonwealth ’ s intent is to develop the area initiall y for
recreation , and Lhus preserve the site for future additional de-
velopment for water supp ly. The General Assemb ly of the Common-
wealth has made funds in he amount of $l ,O00~ 000 ava i l ab le  for
the land acqui~~~tion program ~or this project.
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133 Netjtown Project
a. Description. The Ne.-to~-o P:o1e:t , full y developed in

two s tages , w ou l d  be a m u l t i p l e - p u r p o s e  p r o j e c t  to prov ide supplies
of wa te r  and r e c r e a t i o n .  The i n i t i a l  d e v e l o p m e n t  t o  sitisfy ex i s t -
ing r e c r e a t i o n  needs is e c on o m ic a l l y f e a s i b l e  and is proposed  for
the  immed ia t e  f u t u r e .  It is a l so  pr oposed  t t et  , cun inuont -ipon
the wishes  of local interests , land be acquired for the ini ti al stage
of development as it becomes available Such an arrangemen t w ill
as su re  p r e s e r v a t i o n  of the p o t e a t i a l  r e s e r v o i r  which is considered
essential to ~iater resources development it the bas it - after the veer
2010 when full development of the site is i n d i c a t e d . The p r o j e c t
site is loca ud on Neshaminy Creek about 19 miles up-;Lream from its
confluence with Delaware River and three miles west of No-utown,
Pennsylvania. (See p late 27.) The drainage area upstream froni the
dam site is 150 square miles. Suggested storage aUocations for
ultimate development are 2 ,000 acre-feet of ~nacrive long-term
storage to elevation 114 and 60,000 acre-fee : of active long-term
storage for supp lies of water and recreation to ele -ation 176. The
reservoi r  at  e l e v a t i o n  176 wou ld  ext end  ~ b -~it n In e  m i l e s  u p s t r e a m
from the dam and provide a reservoir area of 2 , 120 a c r e s .  Tocal
lands , including the eventual reservoir area , desirable for the
initial stage of develounienL would comprise 7 ,200 acres at an esti-
mated cost of aburm 2l.A mill Ion dollars. The estim .ated cost of
the initial stage nf development is 27.3 m illion dollars including
an estimated 9.3 million dollars L v  acquire the reservoir area to
assure  i t s  p r e s e r v at i o n  for  f u t u r e  use and 18.5  m i l l i o n  d o l l a r s  of
specific recreation costs Included in the latter are 12.1 million
dollars for iecreation lands and 6.4 million d - l l r r s  for recceation
facili’ies. The es timated cost of the complete tvo-stage develop-
nienL is 4t.4 million dollars , of ‘.-h ~ c1t 18 6 million d o l l a r s  is the
estimated cost of t~-e dam and appurtenant works , ret-o cati : -~‘s and
reservoir clearing .

b. Functions.
(1) Supplies of water. When fulk developed , use

of 60 , 000 a c r e - f ec ’  of a c t i ve  long- t e rm s torage  in the  Newtown Prej-
ect would provide a net yield of 100 cubic b e t  per seco id. This
flow augmentation would c o n t r i b u t e  to the satisfaction of tIie water
needs after the year 2010 This reservoir project is ideall y lo-
cated geographicall y for purposes of equalizing dail y and weekly
peaks in Lhe munici pal water demands for the Philadelphia metro-
politan area and this potential f’trther supports the need for
future development of the Newtown Project for ‘cater suppl y purposes

(2)  Rec rea t i on-  The Newt - own P r o j e c t  wou l d  p rov ide
a recreation capacity to accommodate 1.125.000 visit ors a n n u al l y
during the initial stage of deve lopment  and 1, 875 , 000 v i s i to r s
annuall y when f u l l y deve loped .  Of c o n s i d e r a b l e  i m p or t a n c e  a t  t h i s
site is the wide expanse of open land readily adaptable 10 i71 tLfl~
sive nonurban recreation purposes. The terrain is idcnl l y suited
for the development of facilities to accommeda’e large visitor
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loads. The site would be developed primarily for intensive day-

1 outing purposes with facilities for swimming , boating, fishing ,
picnicking, field sports and related activities.
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184. French Creek Project
a - Description. The French Creek Project , fu 1l~ de-

veloped in two stages , would be multip le-purpose project to
provide  supp lies of wate r arid recreation . The Initial develop-
ment to satisfy existing recreation needs is economicall y feas-
ible and is proposed for the immediate future. It is also pro-
posed tha t , c o n t i n g e n t  upon the wishes of local interests, land
be acquired for Lito initial stage of development as it becomes
available. Such an arrangement will assure preservation of the
potential reservoir which is :ousijered essential to water re-
sources development in the he~~in ai-:er year 2010 when full de-
velopment of the site is indicated . The project site is located
about 9.5 ti;ite s above the ~uuutti of 2ren..n Creek and 8 miles west
of Phoen ixv il le , Pennsy lvania. (See plate 23.) The drainage
area upstream from the dam site is 47 square miles. Su ,goutcd
storage allocations for ultir,tate development are 1 ,300 acre-
feet of inactive long-term storage to elevation 240 and 25 ,700
acre-feet of active lang-term storage for supp lies of wa ter and
recreation to elevation 289. The res-:- r voir at elevation 239
would extend 8 miles upstream from the dam and provide a reser-
voir area of 1,250 acres. Total lands , including the eventua l
reservoir area desirable for the icitial stage of developner.- :
would incl ude 4 ,270 acres at an est imated cost of 6- 9 m i l l ion
dollars. The estimated cost of the initial stage of development
is 12.1 million dollars including an estir-tated 3 million dollars
to acquire the reservoir area to assure its preservation for
future use and 9.1 million dollars of specific recreation costs.
Included in the latter are 3.9 million dollars for recreation
lands and 5.2 million dollars for recreation facilities. The
estimated cost of the two-stage development is 18.7 million
do l l a rs , of which 6.ô million dollars is the estimated cost of
the dam and appurtenant works , relocations and reservoir clear-
ing

b. Functions.
(1) Supp l i e s  of water .  When f u l l y developed , use

of 25 ,700 acre-feet of active long-term storage in the French
Creek Project would provide a net “ield of 33 cubic feet per
second . This flow augmentation would contribute to the satis-
faction of the water needs after the year 2010.

(2) Recreation. The French Creek Project t o -ri d
provide a recreation capacity to accommodate 900,000 visitors
an nua l l y during the initial stage of development and 1 ,500 ,000
visitors annuall y when fu l l y developed . Approximatel y 5 ,000 ,000
peop le reside within 50 miles of the site. The general seli :trtg,
the shoreline topography, size of the proposed impoundment ,
accessibility by ecisting primary roads , and its proxirni t’. Lu
1ar~ e urban population combine to make this one of the most
choice nonurban recreation sites in the lower Delaware River Ilasin.
The recreation area would be primaril y developed for day-use ac-
t iv i t  i e s.
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135. Evansburb Project
a Description. The Evansbur~ Pro~ ocL , full y deve loped

in two stages. would be a multip le-purpose project to provide sup-
plies of water and recreation , The initial development to satisfy
existing recreation needs is economicall y feasible and is proposed
for the immediate future. It is also proposed that , contingent upon
the wishes of local interests, land be acquired for the initial
stage of development as it becoities available. Such an arrangement
will assure preservation of the potential reservoir which is con-
sidered essential to water resources development in the basin after
the year 2010 when full development of the site is indicated. The
project site is located on Skippack Creek about a mile above its
confluence with Perkionien Creek and about two miles southeast of
Col legev i l l e . Penn sy lvania. (See p late 29.) The drainage area
above the dam site is 54 square miles. Suggested storage alloca-
tions for ultimate development are 1 ,500 acre-feet of inactive long-
term storage to elevation 125 and 23,500 acre-feet of active long-
term storage for supp lies of water and recreation to elevation 166.
The reservoir at. elevation 166 would extend about eight miles up-
stream from the dam and provide a reservoir area of 1 ,120 acres.
The total lands , including the eventual reservoir area , indicated
as desirable for the initial stage of development at this project
incl ude 4 ,654 acres at an estimated cost of about 11.0 million
dollars. The estimated cost of the initial stage of development
is 16.3 million dollars which includes an estimated 4.3 million
dol la rs  to acqui re  the reservo ir area to ass ure i ts prese rva t ion
for future use and 12.0 million dollars of specific recreation
cos ts. Included in the latter are 6,7 miiJ .ion dollars for recrea-
tion lands and 5.3 m illion dollars for recreation facilities. The
estimated cost of the comp lete two-s tage developmenL is 23.8
mi l l i on  d o l l a r s , of which 7.5 million do .iars is the estimated cost
of the dam and app ur tenan t works , r e loca t ions  and reservoir clear-
ing .

b. Functions.
(I) Supp l ies of wa te r .  Whe n f u l l y developed , use

of 23 ,500 acre-feeL of active long-term storage in the Evansburg
Project would provide a net yield of 38 cubic feet per second .
This flow augmentation would contribute to the satisfaction of
the water needs after the year 2010,

(2) Recreation. Evansburg Project would provide
a recreation capacity to accommodate 936.000 visitors annually
during the initial stage of development and 1 ,560 ,000 visitors
annuall y when f u l l y developed . The topography of the land sur-
rounding the reservoir varies from steep near the dam site , to
rolling with an exceptiona l amount of usable area . This area
would be par ticu lar l y adaptable for such activities as swimming ,
boating , fishing , picnicking, h ik ing,  field sports , nature study ,
and group camping.
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186 . DESCRIPTION OF SMALL CONTROL PROJECTS. Thirty-nine
small control projects are proposed as element s of the overall
plan for the control and utilization of the water resources of
the basin . Thirty-six can be accomp l ished under con t inuing
authorizations and must be studied and reported on in detail when
undertaken as features of current programs authorized eithe r by
Public Law 566 or Public Law 685. To avoid unnecessary duplica-
t ion of e f f o r t , these thirty-six small control projects are not
covered in survey scope detail in this report. The remaining
three small control projects exceed cost limitations imposed by
Public Law 685, but they are eligible for accomplishment under
Public Law 566 subject to approval by the Sena te Agricul ture and
Forestry Committee and the House Agriculture Committee. The
three small control projects in this category and the order of
individual project descriptions are Parkside , Swiftwater and Jim
Thorpe .

187. Parkside Project.
a. Description. The Parkside Project is a single-

purpose flood control project with provision for incidental
recreation use of the sediment pool. The Parkside dam site is
located on Cranberry Creek , one mile southeast of Parkside ,
Pennsylvania , and 0.5 mile upstream from the confluence of this
creek with Paradise Creek. (See plate 30.) The drainage area
above the dam site is 6.8 square miles . Cranberry Creek occupies
a narrow wooded va l l ey ,  with the Delaware , Lackawanna and Western
Railroad running parallel to it high on the east side . The pro-
posed rolled earth fill dam would have a 23-foot top width at
elevation 835, 80 feet above the stream bed . Low level water re-
leases , controlled by a slide gate , would pass through an ou t le t
pipe having a riser up to elevation 768. The concrete-lined spill-
way around the left end of the dam would be 70 feet wide with an
“overflow” type crest at elevation 822. The concrete lined spill-
way chute would be approximately 650 feet long from the crest to
the point whers it empties into tF~ creek . Storage allocat ions
for the Parkside Project are 52 acre-feet of inactive storage to
eleva t ion 768 and 2 ,218 acre-feet of flood contro l storage to
elevation 822. The reservoir at the elevation of the outlet riser
would form a pool of seven acres surface area. At the sp iliway
crest elevation the reservoir would extend about one mile up-
stream and inundate 107 acres. No relocations are required for
the development of this site . The estimated cost of this project ,
exclud ing $11 ,000 of specific recreation costs , is $1 ,020 ,000 ,
inc ludi ng $21 ,000 for land easements and rights-of-way.

b. Functions.
(1) Reduction of Flood Damage. Comb ined operation

of the flood control storage at Parkside Project and at 24 other
proposed upstream auxiliary projects in the Brodhead Creek Basin
will contribute to flood stage reductions in the Stroudsburg and
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East Stroudsburg, Pennsylvania area. The Parkside Project specif i-
call y will contribute to reductions of stage in the major damage
reach from Parkside to Stites Bridge , Pennsylvania.

(2) Recreation. The Parkside Project would provide
recreation capacity to accommodate a total of 1,900 visitors
annually. Land , in addition to that acquired for construction of
the project , would be required to provide access to the recreation
facilities . Facilities would be provided for one-day outings in-
cluding facilities for picnicking , swiu~iing, boating and fishing.
The possibility of modifying the flood control project to provide
for recreation development as a project purpose at the Parkaide
Project was investigated. For this type of project the height of
the dam would be raised and additional land acquired to provide a
recreation area and pool of desirable size. The estimated cost of
this modification and the operation and maintenance costs for the
added recreation would be charged to local interests . The studies
suggest that economic feasibility of such modification is suffi-
ciently attractive to warrant further consideration, at the time
of preconstruction studies , of local recreation needs and of the
desires and willingness of local interests to participate therein.
A similar study was made and the same conclusions determined for
the Jim Thorpe and Swiftwater Projects , which are described in
subsequent paragraphs . Details of the studies made for these three
small control projects are contained in appendix R.
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188. Swiftwater Project.
a . Description. The Swiftwater Project is a single-

purpose flood control project with provision for incidental recrea-
t iona l use of the sediment pool. The Swiftwater dam site is lo-
cated on Swiftwater Creek 2.5 miles east of Swiftwater , Pennsy l-
vania , and 0.8 m ile upstream from the confluence with Paradise
Creek. (See plate 31.) The drainage area above the dam site is
9.7 square miles. The valley at the dam site is flat-bottomed
and about 400 feet wide with idle fields and brush in the flood
plain. The hills on either side are partly wooded , rising over
300 feet above the valley floor. A paved secondary highway runs
parallel to the valley along the north side about 25 feet above
the creek. The proposed rolled earth fill dam will have a 25-
foot top width at elevation 958, 88 feet above the stream bed. -

Low level water releases, to be controlled by a slide gate ,
would pass through an outlet p ipe wi th a r iser up to eleva tion
888. An unlined spiliway chute 70 feet wide cut through rock
around the right end of the dam will be approximately 850 fee t
long from the crest at elevation 942 to the point at which it
discharges into a small existing reservoir downstream from the
dam site. Storage allocations for the Swiftwater Project are
71 acre-feet of inactive storage to elevation 888, and 3,279
acre-feet of flood control storage to elevation 942. The sur-
face area of the reservoir at e levat ion 888 wi l l  be nine acres .
At the spillway crest elevation the reservoir will extend about
one mile upstream and inundate 107 acres. Relocation of about
2,000 fee t of road parallel to the reservoir site will be re-
quired . The estimated cost of this project , exc luding $4,000
of specific recreat ion costs , is $1,080 ,000 , inc luding $47,000
for land easements , rights-of-way and road relocations .

b. Functions.
(1) Reduction of flood damage Combined opera-

tion of the flood control storage at Swiftwater Project and at
24 other proposed upstream auxiliary projects in the Brodhead
Creek Basin will contribute to flood stage reductions in the
Stroudsburg and East Stroudsburg area. The Swiftwater Project
specifically will contribute to stage reductions in the major
damage reach downstream from the site from East Swiftwater to
Parksid e, Pennsy lvania , and the Henryville , Pennsylvania area.

(2) Recreation, The Swiftwater Project would
provide recreation capacity to accommodate a total of 1,300
visitors annually. Land , in addition to that acquired for con-
struction of the project , would be required to provide access
to the recreation facilities. Facilities would be provided for
one-day outings including facilities for picnicking, swimming,
boating, fishing and camping.
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189 Jim Thorpe Project.
a . Description. The Jim Thorpe Project is a single-

purpose flood control project with provision for inc idental
recreat ional use of the sediment pool . The Jim Thorpe dam site
is located on Mauch Chunk Creek 2.9 miles upstream from its con-
fluence with Lehigh River at Jim Thorpe , Pennsylvania . (See

— plate 32.) The drainage area above the dam site is 6.8 square
miles. The creek lies in a narrow wooded valley between Pisgah
Mountain on the north and Mauch Chunk Rid ge on the south . A
paved secondary highway runs along the north side of the valley
about 100 feet above the stream at the dam site . The rolled
earth fill dam will have a top width of 18 feet at elevation 988,
53 feet above the stream bed. Low level water releases , controlled
by a slide gate , would pass through an outlet pipe with a riser up
to elevat ion 952. A concrete-line d spiliway around the left end
of the daai would be 50 feet wide with the crest at elevation 976,
and would be approximatel y 650 feet long from crest to the end of
the lining. From that point , an earth channe l about 500 feet long
would carry flood flows back to the creek bed. Storage allocat ions
for the Jim Thorpe Project are 80 acre-feet of inactive storage to
elevat ion 952 and 1,520 acre-feet of flood control storage to ele-
vation 976. The surface area of the reservoir -at elevation 952
will be 14 acres. At the spiliway crest elevat ion, the reservoir
would extend about 1.5 miles upstream and inundate 130 acres. No
relocations are required for development of this project . The
estimated cost of the project , excluding $14,000 of specific
recreat ion costs , is $46 9,000, including $24,000 for lands, ease-
ments and rights-of-way .

b. Functions.
(1) Reductions of Flood Damage. Operation of the

flood control storage at Jim Thorpe Project contributes to flood
stage reductions in the major damage reach located at the town of
Jim Thorpe , Pennsylvania.

(2) Recreat ion. The Jim Thorpe Project would pro-
vide recreat ion capacity to accommodate a total of 3,800 vis itors
annually. Land , in addit ion to that acquired for construction of
the project , would be required to provide access to the recreation
facilities. Facilities would be provided for one-day out ings in-
cluding facilities for picnicking, swimming, boating, fishing and
camping.

c. Evidenc e of local interest. The local people have
demonstrated interest in this project , for multi-purpose use , by
requesting p lanning assistance from the Soil Conservation Service .

l89a . A summary cost table listing the first costs of the
water contro l projects in the plan of development is shown in
Table V II-5.
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CHAPTER \-‘II l
PHYS ICAL EFFECTS AND ECONOMICS OF THE PLA N

190. GENERAL NATURE OF EVA LUATIONS. The extent and effective-
ness of the p lan ot deveiopmen~. to satisf y the needs for the products
and services to be dorived from the control and utilization of the
basin ’ s water resources were evaluated in terws o the physical
effects and the o onomics of the improvements. The results of these
evaluations are ; ummarized in the paragraphs below .

191 . P1Y~S ICAL EFFE CTS AND SERVICES OF MAJOR CONTROL PROJECTS
The effect o~ the  ~1ujor control projects when operated as a coordi-
nated system would be to impound excess surfacc runoff for flood
control , for in-p lace use , and for delayed release and use down-
stream during periods of low flows. The hasinvide effects of the
proposed system of impoundments are shown in table VIII-l by sub-
basins in terms of peak discharges for the floods of May 1942 ,
A u g u s t  1955 and the hypothe tical basin project flood , The reduc-
tions in flood peaks and stages were obtained from hypothetical
operations to reduce flood flows as nearl y as possible to the safe
discharge capacities of the stream channels. The reductions shown
under the proposed plan include the effects of flood control stora~ c
at the Tocks Island , Beltzville , Aquashicola , Tr ex l er , Blue Mars~
and Maiden Creek Projects. The flood reductions shown for existic ,,

projects or for projects under construction include the effects of
Bear Cre ek , Edgar Jadwin and Prompton reservoirs.

192 . The effects of operation of the system to meet the pro-
je ct ed 1988 and 2010 need s for  supp lies of water at key demand
points in the basin are shown in tables VIII-2 and VIII-3 , re spec-
tively, for a three-year drought period corresponding to that of
the 1930’s. In these tables the reference flows include flow r:o(~-
i f i c a t i o n s  for  a l l  e x i s t i n g  p r o j e c t s  and the e f f e c t s  of a p r o j e c t e d
operation of the three reservoirs of the New York City Board of
Water Supp ly (Pepacton , Neversink and Cannonsville) at the target
demand years. The progressive availability of water to satisfy all
the projected requirements at Bethlehem , Trenton , Pottstown and
Philadel phia , is shown in table VIII-4. The system also creates
sufficient excess in the combined flows of the Schuy lk i ll and Del aware
Rivers to permit supplementary diversions to the Wilmington area of
such amount as to comp letel y sat isfy the water needs of that area
after the flow augmentations produced by the Newark and Christiana
Projects have been full y realized .

193. The four projects in the Lehigh Ri \er Basin. Bear Creei:,
Belt zville , Aquashicola and Trexier , will provide flows of not less
than 710 cubic feet per second at B e t h l e h em . P e n n sy l v a n i a . Hawk
MounLain , Prompton and Tocks island , in coordinated operation with 

—

the Lehigh projects , will provide flows n~~t less than -+ ,720 cubic

1i3
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IAICLI V11I-2

EFFECTS 0~ PLAN 5’~ 12-17(00, .  ~~~ ~jç. o~~., r.- . - 1 - ,010 SiC 1930- 1932r 6t~~ I PRO- i iA ISR 7 MAS ’I S OF f Ail - 411 4

(in uS) o . . - t  ,. r se- _ ,’nU -
- - - -~~~~ -~~~~~-~~~~~~~ - ---

Leh igh River !)elvwere ,0 - h v , , S L 1 l  Riv er  S- ~i , . - , k S t 1 ,  R i v er  Do; - R. at Trenton +

at  Bethi chem at Tre,t ,~ ’ at P , t sto .i -~~ 011...dolphia Sch- II. at Phil..

R eference M o d i f i e d  Referen- r M - d lfie d 4,0 - - - -  M . d ’ S  i~~d Reference lo d ff i v-Si keIere tce Modified
Flow - 1 w  j - l o o  FI~~~ ~‘l-,o ~~~~ 1i .-~ Flow (‘low Flow

1930 ( 1) (2 >  (3) (-o - (,) (6) (1) (8) 9) (10)

Jan -.ia ry 2 , 270 2 , 2 7 3  0 .90 10 ,iva 1, 736  1 ,730 ~~530 2 ,650 
- 

l3 , 1~.0 13 ,130
Februar y 2 ,060 2 ,060 - 10 .2 0 10 ,470 2 , 150 ~ ,l60 3 ,870 3 ,870 14 , s96 53 , 290
Marc), i.1l0 3.110 14 , 210 (.6 , 2/ -) 2 , 520 7 ,120 3 ,740 3 , 740 .iL, ,010 20 ,010
April 3,290 3 ,290 13 ,070 13 ,070 - 2 , 330 2 , 330 3 , 180 3 , 180 16 , 250 16 , 250
May 2,280 2 ,280 0 , 650 6 ,9.53 1,300 1 ,300 - 1,870 1 ,870 8,310 8 ,510
June 2,010 ,~,010 7 ,680 5 ,680 - ~~~2 950 - 1 , 300 1 ,300 ~ , 977C) 8,980
Jul y 1,120 [ j oG 3,950 3 ,334 460 510 650 700 4,600 3 , ’.90
August 560 81-0 2 ,700 ~ ,4S0 310 550 -05 640 3 ,110 6 ,290
So pLembor 520 790 ,t.90 3 ,6:,c1 350 570 - 440 650 3,130 -. 300
October 400 660 2 , 5.2 3 ,653 260 .55 300 130 2,840 4 ,180
November 420 590 - 2 910 3 ,630 310 470 ..10 560 3,320 -. ,~~ 5- 3
December 470 580 3 ,040 36.53 .5 620 590 690 3 ,630 -, - -.0

193 1

January 690 670 4 ,160 3 ,960 ‘.90 LIL - 1 ,060 1,000 5,220 -. 960
Febr uary 1 ,080 1,030 - 4,810 -5 ,430 950 830 i 1 , 50 1,420 6 ,360 , , nsO
Mar ch 2 ,100 1,720 10 ,710 7 ,St’5 ,3o0 9 70 2 ,010 1,620 12 .720 9 ,180
April 2,770 2 ,250 6 , ’67 15 ,640 L ,31O 5 ,100 - 2 ,180 1,770 18,330 57 — 53
May 2,760 2 ,600 15 ,040 12 ,880 1 ,803 1,780 I 2 ,-.52 2 ,42-3 15 ,470 ,- , 300
tune 1,410 1 410 8,100 8 ,103 , 100 1,100 1,790 1 ,790 9 ,890 9 ,890
Ju ly  1 ,490 1,490 8 ,950 8 , 950 1,370 1 ,370 / 790 2,790 11,7 ,0 l l ,7w0
August 840 870 3.700 3,740 7,0 530 1 ,290 1 ,290 3,990 5 ,030
Sept ember 700 880 3,130 3 ,653 550 690 880 1 , 020 4 ,010 -. 573
October 460 740 2,550 3 ,650 400 640 600 840 3,150 ..,.110
November 410 670 2 ,460 3 ,650 310 560 440 700 2,900 — .353
De cember 620 750 3 ,650 3 ,650 530 650 ‘40 860 - 

— 393 4,510

1932 
-

Ja nuary  1 ,630 1,380 9 ,840 7 ,630 1,900 1 ,620 3 ,030 2 ,750 52 ,870 10 ,380
(v5roary 1 ,710 1, 80 10 ,640 10 - 53 1 ,210 965- 5.700 1 ,-.b0 l2 , 3 J  11 ,860
March 2,11.0 1 ,520 8,536 8 ,240 2 ,290 5: 0 7 .  J e 0  3 ,400 12 ,160 11 ,630
Apr il 3 ,440 3 ,310 18 ,780 p ,6~ 0 

- 
2,500 ‘ ,500 3 .7--I- 3 ,190 22 ,570 22 .530

May 1 ,920 1,920 - 9,5-5 5 8,540 7 ,953 1 ,880 2 ,566 2,560 11,100 11 ,100
Ju ne 1 ,420 1 , o2 0  ‘ . 0 4 3  o , 040 

- ~,3bG 6 ,060 1 ,360 1 ,300 7 ,400 7 ,400
Jul y 910 0 ,030 3,760 3,890 - ivO 640 - 743 810 5.,490 4,700
Auguat 550 810 2 684 3,650 5-43 ~~ S- 580 790 3 ,262 4 , 440
September 370 660 2 -o 3 ,650 _ 6o 520 - 350 620 2,790 -5 ,27 0
October 1 ,420 1,190 7 ,710 ~~9b6) l I e )  990 1,730 1 ,~,C0 9 .460 7,340
Novemb er 950 4 , 500 :2653 22 ,190 j , , 7~,’3 3 ,476 6 ,320 6,130 I 24 , 060 8,320
December 1,710 1,710 1,880 7 ,So-- 5 ,530 1 ,535- 

- 
2 ,3R~ 2. 795 10.260 10,260

Reference flows in colm.rn s ~ L )  - / 5 3  - 7~ 5CC ‘s0r’.’--5 7~,- ‘COOt hi I ‘we

Columns (3) and (‘i are sodified S r  43 I I  - x a ~, —0 ect - si . ion 53 Pepacton ,

Nevervink and ~aon -~~’.e li l y W I t S ,  - l e v v s / u  - SO/S - g d  u. ‘(iC stO ,o,Soten*nce of 1756 -sfe et

- is- NJ - in - 0 ( 5  -- nrjvl : On’. ‘.0 C - ’ .  S upreme C. .~~s hocree cf L9:---

C- ,/ uv,e~-. (2), 0- , ( 5 ) .  0i) -o-, ’~. (137 ar , s , m .~ ’ 00W ’.  C6 ’ .~~l0o9 .  L ’~ ,t - ~ 6 L 5 3 ’ 7  53 79” 

v y v i — - ,  .,f La . t , , , , , v ,’ 5 ’, .

1 1 -

- —- - -  —- -- .- - ~~~~~----— - -~~‘- --- - - -~~~~~~~~ - —-- -- .—“-  - -
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TABLE ¶1111-3

EFFECTS OF PLA1~ OF IMPROVEMENT ON JAM FLIMS ouR INC DROUGHT OF 1930- 1932
WITH PROJECTE D WATER DEMAND S OP ?EAR 2010

(in cubic feet per second )

Lehigh Riv er Delaware River Schuylki ll River Schuylki ll River Del. R . at Trenton +
at Bethlehem at -Trenton at Pottstown at Philadelphi a Sch . R. at Phil..

Reference Modif ied Reference Modified Refe tence Modified Reference Modif ied Reference Modified
Flow Flow Flow Fl ow Fl ow Flow Fl ow Flow Flow Flow

1930 (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

January 2 ,270 2 ,270 10 ,490 10,490 1,730 1,730 2 ,650 2 ,650 [3 ,140 13 ,140
February 2 ,060 2 ,060 10 ,420 10 ,42 0 2 ,160 2 ,160 3 ,870 3 ,870 14 ,290 14 ,290
March 3 ,110 3 ,110 16 ,270 16,270 2 ,520 2 ,520 3 ,740 3 ,740 20 ,010 20 ,010
Apri l  3 ,290 3,290 13 ,010 13 ,070 2 ,330 2 ,330 3 ,180 3 ,180 16 ,250 [6 ,250
May 2 .280 2 ,280 6,640 6 ,640 1,300 1,300 1,870 1,870 8,510 8 ,510
June 2 ,010 2 ,010 7 ,680 7 ,680 950 950 1,300 1,300 8,980 8 ,980
July 1,120 1,290 3 ,950 5,040 460 630 650 820 4,600 5 ,860
Augus t 560 1,190 2 ,700 5 ,170 310 600 410 690 3 ,110 5 ,860
September 520 1 ,090 2 ,690 5 ,150 350 620 440 710 3 ,130 5 ,860
October 400 950 2,540 5 ,280 260 550 300 580 . 040 5 ,860
November 420 810 2,910 5 ,230 310 540 410 630 3.320 5 ,860
December 470 740 3,040 5 , 120 420 590 590 760 3 , 736 5 ,880

1931

Jan uary 690 740 4,160 4 ,760 690 730 1,060 1,100 - 5 , 220 5 , 800
Feb ruary 1 ,080 1,030 4 ,810 4 ,720 950 910 1,550 1,510 6 ,360 6 ,230
March 2 ,100 1,260 10,710 4,720 1,360 1,000 2 ,010 1,650 12 ,720 6 ,370
Apri l  2 , 770 1,450 76 , 160 8 ,900 1, 510 1, 100 2 , 180 1 , 770 18 , 340 10 , 670
May 2 ,760 2 ,350 13, 040 12 ,630 1,800 1,200 2 ,430 1 ,830 15 ,470 14 ,460
June 1 ,410 1,410 8 ,100 8 ,100 1 ,100 1 ,040 1, 790 1 ,730 - 9 ,890 9.830
July  1,490 1,490 8,950 8.950 1 ,370 1,370 2 ,790 2 ,790 11 ,740 11 ,740
Augus t 840 1,060 3.700 4,720 740 860 1,290 1,410 4.990 6.130
September 700 1, 130 3 , 130 4 , 760 550 780 880 1,100 I 4 ,010 5 ,860
October 460 1 ,040 2 , 550 4 ,980 400 680 600 880 I 3 ,150 5 ,860
November 410 940 2 ,460 5 ,130 310 600 440 730 2 ,900 5 ,860
Dec ember 620 910 3.650 4 ,940 530 710 740 920 4 ,390 5 ,860

1932

Jan uary 1.630 980 9 ,840 4 , 720 1, 900 1,620 3 ,030 2 , 750 12 , 870 7 ,470
February 1 , 710 1 , 140 10 ,640 7 ,560 1 , 210 960 1 , 700 1 ,460 12 , 340 9,020
March 2 ,110 1,370 8 ,540 7 ,790 2 ,290 1,830 3 ,620 3 ,160 12 ,160 10 ,950
A p r i l  3,4-40 3 ,340 - 18 ,780 18 ,680 2 ,500 2 ,390 3.790 3 ,680 22 ,570 .~2 .360
May 1 ,920 5 ,920 - 

9 , ii , 73 8 , 540 1 ,880 1,880 2 ,560 2 ,560 11 ,100 11 ,100
June 1,420 1.420 6,04- - 6 ,040 1,060 1,090 1 , 360 1,390 7 ,400 7 .430
July  910 1,210 3 ,760 4 ,960 560 730 730 900 4,490 5 ,860
A ugust 550 1 ,100 2 ,680 5 ,010 440 710 580 850 3 ,260 5 ,860
Sep tember 370 980 2 ,440 5 ,200 260 560 350 660 2 ,790 5 ,860
Oc tober 1 ,420 1 ,000 7 ,710 4 ,720 1,260 1,060 1,750 1 ,550 9 ,460 6 ,270
November 4,950 3 ,910 22 ,640 19 ,320 3.760 3.180 6,420 5,840 29 ,060 25 ,160
December 1,710 1,110 7 ,880 7 ,880 1,530 1,530 2 ,380 2 ,380 10 ,260 10 ,260

Reference fl ow. in c o l m n a  (1), (5), and (7) are observed mean monthly flows.

Column s (3) and (9) are modified for the effects of a projected operatioi. of Pepacton ,

Never sink and Cannonsvi lle with diversion of 800 mgd to NYC and maintenanc -’ of 1750 cf s at

Montague , NJ , in accordance w1t h provisions of the Supreme Court Decree of 1954 .

Column s (2), ( 4 ) ,  (6), (8) and (10> are modified flows resulting from operation of the

proposed system of impoundments.
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feet per second cIt Trenton . New Jersey. The two Schuy lkill Basin
projects , Blue .“larsh and Maiden Creek , ‘ill prov ide flows of not
less than 490 cubic feet per second and 550 cubic feet per second
at Pot ts t ’-. ”i , and Phi lade’ l p hia , Pennsy lvania , rc-~ pect ive1 y. The
two pr oje cts in the Christira River rlasin. Ni-u-ark and Christiana ,
in conjunc tion w i b  diversion ir c ’l ’ ) a ~resh water reach of the
De taw1 r i - R i v e r . in the vicinit ’,- of Philadelphia , will prov ide flow/.
of not  less than 680 cubic feet per second at WI lminpr ~~n , Delaware.

194. Facilities wil l be provided in the Hawk Mountain and
Tocks Island Projects for the peneration of electrical energy . The
indicated installed and deFendable (:auacities and the average annual
energy to be produced at each of Lhese projects are shown in table
\ TI I I _ 5 .

TABLE VIII-5
POWER PRODUCTION AT MAJOR CONTROL PR OJECT S

KW Capac it it  Average A n n u a l  Energy
P r oj e c t  I n st a l l e d  D em e n d a b l e  in M i l l i o n  K W - H r s .

Hawk Moun~ ain 21 , 000 11 , 000 93 .8
Tocks Is land

Conventiona l 46,000 70 ,000 281 .5
Puiip c’d-Storage 366 ,000 342 ,000 732.0

C 
Total 433,000 373 ,000 1,107,3

195. The recreation facilities 1 roposed for development by the
year 2010 to be provided at the 19 major control projects, including
the indirectl y related recreation facilities , wi l l  provide recreation
opportunities amounting to an average of about 19 ,200 ,000 visitor-days
annually . Of this total , about 12 ,300 ,000 visitor-days annuall y are
credited to direc tly related and initial stage recreation developments
and the remaining 6,900,000 vi5 itor-da ’7s would accrue to the indire tly
related reserves. A total oi 29,400 acres of ;-.‘atar sur face and 132 ,900
acres or land area would be made available for recreation use in and
around these projects. Table ‘.‘.Il1-6 showS the water and land surface
areas , and the ~~~~~~~~~~ capacity for each of the major control
p r o j e c t s  In view of the multi-purpose U S C  of the proposed major water
control projects , it was recognized tha t rcleases from the reservoirs
for sup p l i e s  of w a t e r  and p r o d u c t i o n  of power m i g h t  have an adverse
effect u~~rn recreationa l use oil the  r e s e r v oir s .  In order  to  determine
whether drowdown would be significant . drawdown-irequency relation-
ships for the primary recreation season ’. June throug h August , and for
the pen - d May through Sep tc// b - r , were developed tor seven  r ep resen ta -
tive ma or r e ; c r v u ir s , in different parts of the  basin , from among
those included in the proposed plan. Details and results of the anal-
ysis made to  develop these relation ’~ii i ps arc “t (taihu d in appendix H.
From the r e c i tat io n viewpoint, a drawdown o t  L )  feet or more is con-
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sidered undesirable The ana lysis indicated tha ’ a drawdown of this
magnitude niight occur d .ring two to eight percen t. of the months in
the period of ii -cc through A~~ :st ov.— r a l o n g  period of time Draw-
downs of 20 f e e :  - c r  more w o - c i d  o c cu r  les~ fr~ quao tlv and the oc-
cu rence of maximum ~rawJuwcis would be rare. The average frequency of
occurrence of a 15-foot drawdown for the seven reservoirs studied is
about  f i ve  pe r cen t  of the months ’. or abou t  one m o n t h  every seven yea r s .
During low reser.m ir ~~L a f e S  some inconveniemce may be exper ienced with
regard to the recreationa l use of the reservoir , but boating and fish-
ing could be c-)-a ’ i!ued and fall use cou -.d be made of a:her recreation
facilities pro--id ed at t.he projects. It is cons ide red , t h e r e f o r e ,
that the infrequent occurrence of a 15-foot drawdown would not reduce
appreciabl y the recreationa l use of the reservoirs nor reduce sig-
nificantl y the benefits assigned to the recreation purpose of the
p r o j e c t s .

196. PHYSICAL EFFECTS AND SERVICES OF SMALL CONTROL PROJECTS.
Each of the proposed small control projects would be effective , pri-
maril y, in the reduction of flood damages in the local reache s down-
stream from the dam site. In addition , specific lands and facilities
for incidental recreation are proposed for the Parkside , Swiftwater
and Jim Thorpe Projects. The possibility of incorporating recreation
as a p r o j e c t  purpose  at these  three p r o j ect s  appears attractive and
should be considered further as indicated in paragraph 187 above .
The remaining thirty-six projects in this category also have poten-
tials for providing local recreation opportunities. These potentials
would need to be defined and evaluated in accordance with local needs
and desires at the time the individual projects are studied for de-
vL lopment under existing programs and continuing authorities. All
thirty-nine of the proposed small control projects have potentials
for the development of water supp lies to meet local demands as they
arise. As in the case of recreation potentials , the water supply
potentials at these projects would be entirely at local expense and
should be defined and evaluated it t  accordance with local needs and
desires at the t ime preconstruction studies are made for the indi-
vidua l projects. The need for multip le-purpose development of the
small control projects to include local water supp lies was not in-
dicated at the time of this investigation. The overall definition
and evaluation of single-purpose parks and water supp ly impoundments
to meet local recreation and water needs was not undertaken as a
feature of this investigation.

197. Because of the small sizes of the drainage areas controlled ,
the proposed small control projects were considered to be effective
in controlling flood flows in reaches of the streams from the dam site
to a point downstream where the drainage area is approximately twenty
time s the area controlled by the individua l project . The reductions
of flood stages and discharges credited to the small control p r o j e ct s
were generalized on the basis of typical hydrograp hs with peak dis-
charges of selected freqcencies of occurrence at the point of reference

140

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

- .  

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

— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-

in the basin. These hypothetical reductions served as the basis for
estimates of flood control benefits. The area o f  effectiveness and
the flood control benefits assignable to the Parkside , Swiftwater and
Jim Thorpe Projects are shown in table VIII-7. Data on the effects
of the r ema inin g  t h i r t y - s i x  sma l l  con t ro l  p r o j e c t s  are shown in that
table for groups of projects with the same general areas of effective-
ness.

TABLE VIII-7
FLOOD CONTROL EFFECTS OF SMALL CONTROL PROJECTS

Effective Area of Annua l Value of
Flood Damage Flood Damage

Project Reduction Reduction

Parkside Parkside to Stites Bridge , Pa. $ 41 ,800
Swiftwater E. Swiftwater to Parkside &

Ilenryville , Pa~ 70 ,600
Jim Thorpe Jim Thorpe , Pa, 17,800
2 Projects Walton , N. Y. 35,500
1 Projec t Callicoon Ctr ., N.Br . & Hortonville , N .Y .  20 ,800

23 Projects Canadensis to Stroudsburg, Pa. 298,000
3 Projects Bath Jctn., Stockerton & Martins Cr., Pa . 50 ,000
2 Projects Neshaminy , Hulmeville & Chalfont , Pa. 22,900
5 Projects Norristown , NE. Area & Fairmount Park in

4 Philadelphia and Ft. Washington, Pa. 29,600

198. Water surface areas and estimated visitor-day capacities
jar the three small control projects at which recreation facilities
have been included are shown in table VIII-8.

TABLE VIII-8
RECREATION OPPORTUNITIES AT SMALL CONTROL PROJECTS

Water Surface Average Annual
Project Area in Acres 1/ V i s i t o r - D a y s

Park side 7 1,900
Swiftwater 9 1 ,300
J im Thorp e 14 3,800

1/ Area at t op of outlet riser

199. SUCCESSIVE PLANNING EVALUATIONS. The broad objective
followed in the formulation of the p lan of improvement was to max-
imize net economic gains and human satisfactions from the use of
physical and economic resources of the bas in .  The first steps to
attain this objective , as reported in chapter VI, involved an assess-
ment of the needs for  the products and services to be gained by
water re sources development and an inventory of the potentia l
measures tha t could serve to fill these needs. Then followed a
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series of eva luations to establish the p lan 01 development tha t would
accomp l i s h  the  task  of suppl y ing  t h e  needed p r o d u c t s  and se rv ices
with optimum effectiveness and economy .

200, These evaluations , as described in detail in appendix Q,
involved , first , an index of worth or merit for each of the major
projects under consideration. These indexes were based on prelim-
inary appraisals of the worth and costs of the individual projects
acting as independent units. The indexes of merit were then used in
defining a number of alternative plans of development designed
essentially to satisfy the needs of the basin with regard to the type
and quantity of needed products and services and the timeliness of
their satisfaction. A comp lete , yet preliminary, appraisal of the
economic worth and cost was made for each alternate p lan under con-
sideration. These appraisals served as the basis for selecting from
the several plans , a sing le basic p lan to produce , in a bal anced
manner , the needed goods and services with the least investment of
water resources and funds. With due consideration as to the nature
of the monetary appraisals used in this planning step and the
character of enabling assumptions adopted for the appraisals , the
selection of the basic p lan was based , essentially ,  on optimized net
returns for each p lan , or segment thereof , under consideration.

201. The p lan thus selected was tailored to adhere to refined
estimates of needs and to avoid untime ly production of certain goods
and services. Then , each element proposed for multip le-purpose de-
velopment , requiring both long-term and short-term storage , was eval-
uated over a range of sizes and storage allocations to adjust the
project dimensions and storage allocations for maximized net benefits
at individua l sites. Finally , the elements of the plan were arranged
chronologicall y to assure necessary balance and timeliness of products
and services, The major control elements of the p lan of deve lopmen t
thus defined were described in the previous chapter The small con-
trol projects , also described in chapter VII, were added to the p lan
to satisfy the needs for flood control in the intermediate upstream
areas of the basin since these upstream problems were susceptible to —

economicall y feasible solution only by means of control projects of
this type.

202 . BENEFITS AND COSTS. The soundness of the project formula-
tion and economic justification was tested further by appraisals to
assure that; (a) the elements of the p lan not preclude by their de-
velopment , any more effective or economical means of accomp l ishing
the same purposes ; (b) each separable element or project purpose pro-
vides benefits at least equa l to its cost; and (c) the project bene-
fits exceed project costs, The project costs and benefits used in
these appraisals were estimated on the basis of generall y accepted
evaluation criteria with adjustments to reflect the 1959 price level.
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The following paragraphs describe and summarize by individual projec ts
the economic costs and benefi ts , allocations of costs to project pur-
poses , and appor tionments of costs between Federal and non-Federa l
interests.

203. Costs. First costs comprise all initial expenditures asso-
ciated with construction of the project such as lands and damages, re-
locations , reservoir clearing , dam and appurtenant works , dikes , access
roads , buildings and utilities , engineering and design , supervision and
administration . The first costs for all projects in the proposed system
are shown in column 1, table VIII-9. Table VIII-9 also shows the annual
economic charges, which include interest and amortization (at a uniform
low-risk interest rate of 21f/. for 50-year period), operation and main-
tenance charges , cost of major replacements , an allowance to reflect
the economic costs of land , and an allowance for taxes foregone.

204. Benefits. The total annual benefits for each project shown
in column 9, table VIII-9, represent the sum of all monetary benefi ts
assignable to the operation of the project. These benefits were
measured at their point of production. Where benefits are expected to
accr ue due to fu ture flood p lain development and future use of supplies
of wa ter , the benefits were discounted on the basis of projected trends
in flood p lain development and projected needs for supp lies of water .
In the evaluation of such benefits , they were discounted at the long-
range risk-free interest rate of 2½7,. The estimates of annual benefits
are shown in table VIII-9 and described below :

a. Reduction of flood damages. The average annual benefit
for flood damage reduction assignable to each project was obtained
iron average annua l stage-dama ge frequency relations as modified by
t:ch pr ojec t in the time sequence indicated in table VII-l with allow-
ance tar projected tr~-nds of flood p lain development over the 50-year
l j t e- ot the pr ot ect. It a vigorous and effective flood p lain zoning
pi gram were pursued , iu-J it were et t ective in eliminating 507. of this
!c 1 -  j .C t t . I  f lood  p l.41n development , an ana lysis showed that, for a l l
;r lec t ’. in the p lan - - t  io ’e-lopm ent the justifications would not be

~ri t i ca11y ~ t tt- ~~t e i  b-. I l i s  reduct ion in projected benefits. Further

~~~ t i t  - - ~ , re 4 ’ . ’ . tg n e d  t o  I - - u !  -l -ircsgt reduction an the basis of the
exp ectei inc~ .-a~~ d - a r m ,  ca l ue ot lands attri butable to higher util-
Izat ion 01 pr~~p e T tv  - i -I .- p o s s ible ‘hrrebv . To assure sound incremen-
t al 3 us 1 1 1 1 4- ‘0 1 ‘ th e In ci si n c t  i l d  control features under
any - 5s t h~ e ‘ ,~ P f l  •- of  ce’nst r i I n of the pro e~ i s , the flood con—
t r  I - f i r .. i .- r e~~ - I-c pro ~e t  checked ‘n a last-added-project
b as i s .

b . ~~~~ ‘ft ~~s of ‘.te r . R e n e t i t s  wo r ,- assessed for supp lies
ol ter ~n the ha il - - ot the c -. t  ot ~c r c ~ id ing the same quantity and
q c a l i t v  ut w a l e - i hs th e c - - .-ape st ,i lterna t i . . - means. The estimated
costs ot producti o n h~ aI t t-rn a~ ivp means were (lelined by assumed non-
F~ - h-ra linan. ing and inter e st rat .-’. t - r  exis t ing private and pub-
l i c l y - i w n .- -! p r ojects throughout th e basin. These estimated costs
were reduced to iver ag e costs per un It 0! , c~~ni ,-n t d flow from exist-
ing ~r ’i .- I s  .~ t various l o c i t i a n s  in the b a sin. The’ benefits cred-
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F O IST costs - ANNUAl, C8A5005. £30) £101861. NIN6 FI TS POC W4tZg CONTI4M. PIOJICIS I N SIAN OP IRYZ IOSME NT
(in tbouaa,’Aa of dol l a r . )

(All ~~ouoL. rounded; total. nay not agre , wi t h sun of ind iv idua l Its.. due ‘v roundin g)

A N N U A L  N E  N E P I T S
Con .tructlon Annuni

Pnvj .nt Nnp.ndl tur. . charges — 
R.nrnatiO n 

— Sup plin. Hydro alnttntn Pow. r Total(First Co at) UAduntion of Strontl y Iwdirnutly of gam E
Flood Dunal.. P-elated R.latn d Conv.ntlona l P,~ p d.Ntncsgs

4 (1) (~~ (3)  (4) 0) ~~~ (7)  (53

M A J O E  c o s i a o i . p i o j i c i s

ggwk Unantat. 42 . 000 2 .060 . 28 1 . 2 .150 733 — 3 .220

pr~~ ptos (Mod iftea tt on ) 4 .970 289 j / 130 . 30? . — “37
V ____

~~~ ,~~~~ 
__

~~~_ .__ _  .._II L. __—_ :—. .—~ .- — —— —

0 .350 321 — 130 118 307 . . 333

Tonka IsLand 146 ,000 13 . 700 1, 460 3 . 660 . 5.800 1,620 11,000 21.800

~~~~~~ ~~~~~ 0 4~ I i~ i~~~~ 
-

~~~~~~~ ~~~i
gear Crn .k Olodtftnntioo) 

~,
, 13 ,400 628 4/ 161 — 1,300 — — 1.460

- 
~~~~~~~~~~~ ~~~ 2 — - 236

14 .300 697 — 161 236 1.300 — — 1,700

6.ltnville 13 .800 628 286 174 — 669 . . 1.i30 —

11 r
Aqua.hinola 19.000 800 293 139 - 485 - - 93?

3/ .—~~~~~ 
_~j  _._ - - 68 - - -

— 19 ,300 826 293 109 ~~~~~~~~ 485 . - 1, 030

Tr.nin r 10 , 100 512 114 281 - 464 . -
3/ 1 . 140 74 - - 215 _ _ _ _ _ _  .,,_ ,_ r_ _ 213

11.200 586 “i’ir 281 ~1T 464 - — 1 ,070

Maiden Cr..), 27 .600 1 . 220 244 424 - 833 - - 1,500
3/ 3,230 224 - - 568 - - -
— 30 ,800 1 430 244 424 

‘ “  

833 - — 2 .070

h o .  Ma rsh 12 500 611 302 217 — 531 . . 1 .050
3/ 3 , 290 flO . 4 7 7
— 15 ,800 829 ‘~~~~ Y 217 477  33 1 . . 1 . 530

Nnw ar k 15 , 300 856 — 876 - 794 . — 1 , 670
3/ 3 , 350 254 - - 606 - - -
— 18.800 1 , 110 . 876 606 794 - . 2 .~ eo

Chri.ttaoa 18 .000 1,100 — 1 , 730 — 639 — .
3/ 

~~~~~~~~~ 
4-24 - - 1 240 - - - 1 .240

23 , 500 1 , 530 . ~~~~ ~~~~~ 639 - — 3 .610

So b- To ta ls 322 .000 22 .400 2 , 700 8 . 110 . 12 .000 2 . 580 11.000 28 .400
1~ 01 , 200 _j,jgg - - 20 5(40 _____ ___ _.— ._.. - —u—

374 .000 26 , 300 ~T~7W i~iir 12 , 000 2 .580 11 , 000 46 .900

MAJEIC C0?flSOL PROJECTS TO SE SE’fKLO pED I N TWO STASES

Pnulina 5/ 6 .940 533 - 960 . — - - 960

~/ 5 25 0 185 — — _ 7/ . — ,

!/ .!~~22L 9/ - 640 10/ . 11/ - - 640
23 , 100 “7T~ — “j~~~~ 

—“—:‘————‘- — ~~~~~~~

Sequent 
~J 2 .990 260 - 499 - - 499
6/ 2 , 000 70 . . — 7/  —
5/ 11 300 9/ — 333 i~

I — 11/ — 333- !W — .

Haok- *t tatO ’.m 5/ 13 , 600 1 . 230 . 2 .400 - - - - 2 .400
6/ 3 . 500 123 - — . 7/ -

SI 10 900 9/ - 1 600 ~9.’ - il/ - 1 600
,S~~~t- ~~TW - 4~~~~ - . - -

NCw Ha ptOw 5/ 9 070 724 . 1,440 . - 1,440
~/ 7 . 250 256 — — — 7/ — —
8/ 13 300 9/ 960 !21 _~~~... ~~~~~~~~ 

- 960-
~

- - s
~ ~ “SS0 - - 3 400 - - 2 ,400

Tohiok on 5/ 11 200 - 811 - 1,200 - - . L200
~/ 1 000 35 - - - LI - -
8/ 9 600 9/ - 800 10/ . 11/ 800- 

21:800 —sir - -

Nn..town 5/ 18 , 500 1 , 530 - 1,800 - - . - 1.800
6/ 9 , 250 326 — . . 7/ - . -
8/ 

~~~~~~~~ ~~~ 2L. - ia~J-~’ 
- _.W_ .,~~~~~~ , 1 200

46 ,400 1 , 860 — 3 ,000 - - . 3 000

Frono b Crack 5/ 9 , 050 729 - 1.440 - - . - 1.440
51 3 .000 106 — — — 7/
5/ 

~~~~~~~~ 
3] - 960 ,~.qi - 1 7 /  - - 960

18 , 600 ~~‘~~3’ ‘
~~ —‘i;z~o’— -

P-vanaborg 5/ 12 , 000 952 - 1 . 500 - 1.500
5/ 4 , 250 150 - — - Li - -
5/ 7 500 _IL. - 1 000 ]! / . 11/ - ~~~~~~~, 1 000

1 , 100 2 , 500 -

5,b—Tot.la 5/ 93 ,400 6 , 770 — 11 .200 — - ‘ - 11.200
6/ 35 , 500 1 , 250 — — — LI — —
5/ 88, 700 1/ ____ 7 490 - ill - 7 490

7~5~~~ W - - 15:700
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A P N U A L I E N E F I T D

Ann ual te o rn at iot ‘f N ydrn.l .cIriv Powe rr - -~.,, tc pe cd O~~~~ ta ,  6es 1 Isdo c r iun f Supp l i e s  — Total
— 

Flood D . a ~.. ~~~~ 

~~~ 
of Mola r Con v ent iona l Ponped .Dto r.gs

(II (2) (37 c-.; (3)  (6 7 (7 )  (8) 7 9)

58*1.2. COIITROL PROJECTS

Pno),nt de 1,020 36 42 - - . - . 42
II- , i ~. ~~~~~~ —_-~~ 

_ L  .~~~~~~~ -~~~~~~ ...u. — _L
1 , 030 38 42 3 - - . . 45

Soil tnatsr 1 . 080 38 71 - . — - 71
— — _L— 1 , ’ 39 71 2 - — — 73

3m Thorpa 469 17 18 . - . — — 18

Li’ j/7. ~~~~~~~ — — , , 7-. .
483 19 18 6 - . . . 24

36 s ail con tro l pro j.cte 7 ,080 260 457 - — — — 457
listed in T,b1. 01 1—1 -

Sob-total . 9.630 351 587 — — . . — 587
ii! ~~~~~~ __ U. -~~~~~ ~~~ _,. _.J.k

9 , 650 3Sb 587 11 - - - - 598

TOTAL ALl. WAT!1 CONT80L P8OJECTS

Ma)o r cont rol proj eCt o 374 .000 26 , 300 2 , 700 N , lt0 10 , 500 12 , 000 2,580 11 , 000 46,908

Ma jOe control projects
to ho d .oelopnd In to ,
.ta$a s 208 ,000 8 , 020 - 18 , 700 - - - — 18 , 700

SOal l contro l pn ojelt. 9 6 50 356 597 11 — — — — 598

Totals 591 , 000 34 .600 3 ,290 26 , 900 10 , 500 12 ,000 2 ,580 11.000 66 ,300

1/ tentat ive annual 00.1. boned on un i fo rm low-ri c k int .r..t rat, of 2 . 5  p ercent .
1/ fonoa l flood damage redootion of $295,000 is oredita bl n to entatin g projsct .
1/ Additiona l cost for indl rsctly rnlat ,d rnrrnat100 development.
5/ Annual flood da.agw r.dactton of 91 ,060,000 1. crnditsbl. to snIating project.
5/ Iu ittal rscrnatioo dav.lops.eot.
UI Additional ove t for uc qoinition of rn,orvotr .its.
5/ Valve of ncqu lei tion of reservoir sit. not entie,at .d ,
1/ A4di tional cost indicativ e of poesibin magnitude of tutu r e reservoir construction.
9/ Not .nti.atad beca une of diatant construction date.
15/ Value applicable to aoqutn itton of reservoir site and constructio n,
11/ Value of future water supply not estimated ,
12/ Optiona l rncreation devnlnp.snnt .
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ited to the proposed projects were assumed equa l to the average cost
per unit of augmented flow thus d o f i n e d  with adjustments as indicated
according to the geographic location of the project. Flow augmenta-
tion to be provided by each project is gi ’en in the project descrip-
tions in chapter VII.

c Recreation. Benefits for recreation were estimated on
the basis of a constant unit value per visitor-day of increased annua l
attendance at the project locality. The value of $1 €0 per visitor-
day app lied equ~ lly to all projects is a reflect ion of a weighted
average visitor-day cc’st for a variety of recreation activities in-
cluding picn icking , swimming, fishing, boating, camping . sightseeing,
nature study , hunting, and other outdoor pursuits. Attendance
estimates reflecting all of these activities are given for each
project in the project description in chapter VII and summarized in
table VIII-6. The basic recreation benefits credited to the eight
major contr:- l projects to be de~~~lcped initiall y for recreation
were derived by procedures app licabl .s to ultimate development For
initial development. withou c. the major dam and reservoir , it was con-
servative ly assumed that the annua l recreation benefits would re-
flect a 4O% reduction in annual visitation , The proposed initial
development for recreation has the added a~ -antage of assuring the
availability of the storage potentials of t -ese sites” when their
development for water supp ly is indicated . ese assurances are of
considerable value to the future economy of the basin and , w h i l e  not
included as benefits to the initial recreation development at these
sites , they will be substantial and real, The omission of these
benefits adds to the conservatism inherent in the economic evalua-
tions presented in this report for the eight major control projects
to be developed initiall y for recreation .

d . Fish and wildlife. Certain inc idental benefits , over
and beyond the fishing and hunting opportunities referred to in sub-
paragr aph c , above , are contemp lated in connection with combined
cold and warm water fisheries that would develop either within or
below the projects. Monetary equivalents of such benefits were not
established nor presented in appendix J. It is expected that the
Fish and Wildlife Service will present such evaluations in an adden-
dum to that appendix

e - P ower  Benefits fur r,i-1)duction of hydroelectric power
were evaluated on the basis of the cost of the most likely alterna-
tives , nanelv , privatel y-owned steam-electric p lants. Unit annual
values of capacity and eni~ ’gy in such alternates applied tu- the
Tocks Island and h awk Me intain Projects yielded t h e power benefits
shown in table VIII-9 for these projects. The Department of the -

Interior indicated tha t the market can absorb the power to be de-
veloped at these two projects at the costs indicated in this leport .
(See’ exhibit A in appendix T.)

f. Navigation. The evaluation of possibl e benefits to
navigation in the basin showed no significant benej its attributabl e
at this t ime to the proposed major control projects Also , because
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of the peculiari t ies of the transp ooc of fluvial sediment , no signifi-
cant benefits could h~ claimed for redo-ut ior,s in the cost of maintenance
dredging by reduced ~huuling in exiscitg navigable channels .

g. tk~llucion~~m h~ t~ me r c .  It o0’ns demonstrated in chapter VI
that in this basin tho - present degree of sewage ureatment and proposed
programs for expansion thureo f pruol ud e the assignment of benefits to the
major control pro jects on the basis of treatment foregone .

h,  D e t r i t e n t a l j~r o i e c t  effects. In cases where construction
or operation of any i- he prupused p r oj e c t s  w i l l  have d et r i m e n t a l  or
adverse effects , estim ated m oneta ry equivalents for such effects have
been taken ir.t.- account by suitable reductions in the benefits or by ad-
ditions to the eouacni c costs . Suoh adverse effects consist of the loss
in taxes on pr o-orr.y and r a d u o t i v i ty  of l a n d s  p reempted  by the projects ,
which would otherwise acuru e from aiteruat e privatel y-operated facilities
for production at 7 uwo r , rm-l -acation s of homes , farms, industries and roads ,
and damages to the recre tte n , toanspertation , and fish and wildlife re-
sourues tha t would ux is ’ in the  absence  of the project.

i. Intang ible benefits. In odciition to rhe evaluated mone-
tary benefits aLt rihutable to t u e  cor~trol prcjeots , other important bene-
fits not susceptible of monetary evaluation will be realized . Among
these are prevention of the loss of life from floods , geographical and
aesthetic values associated with . attractiveness of recreation develop-
ment to promote optimum ur .ili~ atioo of facilities provided therefor , and
f inall y, the collective value of the balanced plan it. serving a variety
of comprehensive functions.

205. ECONOMIC JUSTIFICAT ION. E s t i m a t e s  of economic  costs  and bene-
fits in table VIII-9 show that the annual benefits would exceed the ten-
tative annual costs based on a uniform interest rate frr each contro l
project and for the projects consit’- -rr ’d as a sysrem . In the case of
the Prompton ar.d Bear Creek Projects , prc-ucsed for modification to pro-
vide long-term storage , the econcmic jusr .ificntions were based on the
premise that the inodifica rien constit.oted a second stage of develop-
ment and replacement to provide compInte comprehensive development with
a normal 50-year useful life expectancy. The magnitude of the excess
annual benefits over the tentative annual costs in each case was suffi-
cient to indicate justification under conditions of vary ing interest
rates to be used subsequent to cost allocation and cost apportionment
anal yses .

206 . ALLOCATION OF COSTS TO PROJECT PURPOSES. Allocation of
costs for the multiple-purpose projects were made to indicate the
equitable distributi on of rho costs among the several purposes served .
All project costs won, allocated by the separable costs-remaining bene-
fits method ove r an amortization period of 50-years at an annual irs-
terest rate ‘-~~ 2-1/2 percent applied consist entl y t hroug hout . This
rate offers a sin~ l itie - .1 anal ysis based on a broad public viewpoint .~
w h e r e in  t h e  p r oj e c t  c O - ~~~s are a l l o c at e d  to the v a r i o u s  p u r p o s e s  on the
bas i s  of a long - t e r m  average  r i s k -  f r 0 - ~ i n t e re s t  r o t e  w i t h  an a l l owance
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for the econo nic cost of land in testing for economic justification.
In this p~.oced ure the borrowing r.” tes would be introduced only after
the appc’rtionmert of allocated costs for th~ purpose of defining fi-
nancial costs. The details of the tortr , benefits and proced ures used
in the ;e alloc-ttions ore pr tent -U in op~ end ix V ond sut~~a r i z e d  in
table ‘/111-10 . Cotis of the modified l’rul pton and Bear Cre*k Projects
were ull ocate-~ in n- ord on - -o vita otrniu -r d prc .:edures using the cost
of the original cievelopr ents j i-o s the cost of the proposed modifica-
tions.

207 . r~~~ u~~p~i tu d e  o f flood control benefits attributable to
each project will ic a foiiation of the tir e period over which these
benefits accrue and the order in which the projects are developed .
The flood control L~urpose within each project was evaluated with the
project in logical time sec~uence end as the last unit constructed in
the system . There studies demonstrated that the minimum benefits from
reduc t ion  of f lood damages based on these eva1uatio~ s were of suffi- -

cient magnitude in each case to cover the incremental costs of in-
cl ud ing flood ontrol facilities in the project.

208. APPORTIONMENT OF COSTS BETWEEN FEDERAL AND NON -FEDERAL
INT ERESTS. Sh a r in d . be tween the Federal and non-Federal interests ,
of constructioo ‘~x~ u-ndi tiircs , annua l operation and maintenance costs ,
and annual replacement costs is in accordance with established pro-
cedures. As will be discussed later in paragraph 215 , all costs of
the Hawk Mountain , Newark and Christiana Projects , and at the eight
major control projects proposed for initial development for recrea-
tion are assigned to non-Federal interests since none of the purposes
included in these. p r o j e c t s  at this time are normally considered the
responsibility ot the Federal government . The apportionments of costs
to Federal and non-Federal interests for the eleven major control proj-
ects are shown in tablesVIII-j1 and VIII-Ila

209. Apportionment of flood control costs. Costs allocated to
flood control have neen apportioned between Federal and non-Federal
interests in accordance with the general policy expressed in the
Flood Control Act of 1936 (Public Law 738, 74th Congress), as sub-
sequently amended . In accordance ,eith the expressed policy, the
costs of providing f l oo d  0 oa t r o l  storage in saj or multip le-purpose
projects have been .~pportioneci to the Federal government on account
of the widespread be n e f i t s  associated ‘ ith rh flood control feature
of these projects . When small flood control dan ~ a re p r o v i d e d , on
the basis of cost , in lieu of b c - i l  ,j r o t e c t i o r. works , the benefits
from these small dims arc jocol in n a t i r o m d  local cocuerit ion of
the same type  as fo r  local protection works is required . Because of
the loca l nature ct the h ood control hor ,— i t t s  to b~ derived from the
Parks ide , Swiftwater , and Jim Thorpe Projects , and L’~ - ~t -: - m ining 36
small contro l projects , the non-Federal interests would have to meet
certain requirements of local . cooper.t i ’o . F ~-ro )ectS to be con-
structed under Publi-~ Law 685, non-Federal at  e~~ests would be required
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ALLOLAI I i i  U t  ( 1 ) 5 1 2  /06 ~/+J0R C
(iii d . . - ‘ )

( A l l  so t ,  r o d -  3 1 j j ~~ u,a~ t o t  a ! ,  - lo s t  I urns

1 tie duct  ~~~ 
k,-+ t - t U t  

- 6+ d00 t t o t ~~~~
- S u p p l i r ,it (Si r i  t I lid  t ii - - a t , !  -~

‘ 10 - 2 U.mago ~~ (a l~~d Rr t i t i - d  
- di -..s l~~ - i o - d  I ige

P R 1 J M P i U : ,

1. l : N N i t i  .- i 5 ,000 4/ 110 , 000 i l s ,ouo 307 ,000 3/ 8 , 1 , 100 1 ,060 ,000 4
3. Ai Lit A I N  :3 COSTS — —

A l  I: i’notnic o ’  122 , 000 51 , 000 32 , 000 2 . 8 , 000 4 3 2 , 000 .131 ,000
6 .  Annual :Su’i and N - - j o  O r : t - - i .  10 ,000 19 , 000 11 , 000 5-. 000 101 ,000 31 .000

,~~~~~~~ j - . - - a r - . A it n u a l  ~~~- and R ap I. C o st s  2/ .3 , 000 32 , 000 17 , 000 38 , 000 101 , 000 9 , 000
2 .  S r i  L I  c Usa  o u t  on I t s  Exps ,nd !Luro :  — -+2 1 , 000 387 , 000 — 514 , 000 —

3 - n t  Usa 1-n u t : Co:e.tr - Expar td it u rn -r . , 860 , 000 2)-, ,00) - . 500 , 000 7 ,630 ,000 10 , 100 , 000
1, 0- t i ( sot  y s  d i t u r o s  (First c os t )  2 ,960 ,000 sSl ,000 t s l ,000 2 , 200 , 000 S , .J0 , 000~~ 1 l0 , Itst2 , UU0
+i tos s i E s i s t o w  pr oj i ct  1 ,700 ,00 — — — 3 , 700 ,000 11 ,iIJ31 300
N o t , t i  r i s er . iprudi tura octhout —838 ,000 981 ,000 397 ,000 2 ,500,000 ,73 U ,iJti(i -911 ,000

kaiob t t r O L l - :  C- it s I
- Fo i t Os b i  1 r e a L .  - o s s t s  L’S o~~t,-ud a o t sntu in l it 623 ,000 — — — 920 ,000 ,-.Oj.000

at  - s .  - i itt 6 i 0-od control p0 3 5 0 1  b r  10
si r - - rn: h o ,  of sod i t  i cat  ion . -

~~
. i - t a t  7. - - . :otict r unt i on Rxpe ndi tur os ~ -— 218 ,O00 681 ,000 387 ,000 .,500 ,000 5 330 ,000 1 ,510 ,000

A - 2 U A S H 1 C O L A

1. 2 : -  293 ,000 3/ 159 ,000 88 ,000 s82 ,000 3/ 1 0 0 3 0 0  ‘

.7 L : 1 A : I o N~~ ft 2)3 3
a . Ado .. . i I n i : o LC C O s t s  271 ,000 4 ,000 :6 , 0(b ) 235 ,000 ~ , 1YJO 17 ,000
5 . AnnuaL -os and Ro- pL as- -oc it Co s t s  28 ,000 13 ,000 5 ,000 4-+ ,000 3 ,3 ) 3 19,000

. Lam~to r :srv Annual :d i  and Ro- pi - Costs  2/ 3 ,000 15 ,000 (12(2 34 ,000 ii 41(2 /3 ,000
d. S pi o b ic  (Iii Co nstruct ia ixpr ud i turcs  — 878 ,000 .98 ,00)) — 1,370 ,000 —

J i t L  isa Facilit3 Constr . Expcnd i tu rs s  6 ,+9U ,000 1,170 ,000 - .0 ,400 ,000 18 ,100 ,000 150 ,000
Tota l  i - u s~ ro,tion Exp’ nditures ( F i r s t  Cost )  8 , 90 ,000 2 , 050 , 000 488 ,000 10 ,400 , 000 19 500 ,000 2 , i i O ,000

Ri d o n  I o n
Sf

) i ~ - . - .i Damage

B L U E  M A R S H  

-

1. i.~~~1;, 302 ,000 3 / : 1 7 ,002 4 77 ,000 531 ,0003/  1,530 ,000 lo~ 0 ,000~~/ -  
-- A t - N  :1 1 :7 )3(2

i A o i l  s C - S O , Cos ts  260 ,000 120 ,000 218 ,000 223 ,000 829 ,000 ol ,000

b. Aata ,tl :22: and Rc( : lac~ orO C o s t s  36 ,000 36 ,000 68 ,000 38 ,000 17 9 ,000 58 ,000 ~k
c .  Temporary Annual O&1 :3  Rrp L. COi Ls  2 /  45 ,000 39 ,000 68 ,000 26 ,000 17 9 ,000 7 5 ,000

d. S(oc ( r i s a  Construct ion Expcnd i tu r rs  — 1,500 ,000 3 ,290 ,000 — 4 ,780 ,000 —

a .  Joint LT5a Faci l iLy C t t s t r . Expr-nui turss 5 ,140 ,000 25 7 ,000 - 5 ,410 ,000 11 ,000 ,000 1. 200 ,000
t .  t o t - s t  Const ruct io n Expenditures (First t o - o ~~) 5 ,130 ,000 1,950 ,000 3 ,290 ,000 5 ,410 ,000 15 ,800 ,000 is ,2 00. 00’)

8,-u r s a t I or - - - 
O s  t . d L  us

r D u r - utl y ~~~~~~~~~~ t - rt ai - 
Di r ,- n t l y i sd i r i - c I l y

I 
R,i t,d 

. . L ~ r iv l:t~ d En S’ , 2 j
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2. ; I O : t i  3. : 07,13 -

Co s ts  62 7 ,000 110 ,000 1 , 320 ,000 3 ,0) r0 .000 2 1 ,000 25 . 30
6.  A : t n ns l  :22- and Rep lanc :r- t Costs  151 ,000 • . .000 9 7 ,000 2 ( 1  .000 - 127 ,01)1) . . 100

- Tar~~: - )  i t Annua l O&i3 a id  Rc~’I C ’ s o s  2/ — r t - ’t ) )  (r ib 1~ 
-: - t  ‘pt

d. Spr’c i i s  On ~~~~ 0: U ott Expo t d i  t a r s 5 , 383 ,000 i,2:O ,O(t I) — 6 . . 000 , 1.0 ,0(3 0 3 -  - ( ( 0
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~~
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- 
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,000 826 ,000 97 ,000 141 ,000 7-, ,000 263 ,000 536 ,300 133 ,1(0)) ( 56 ,000 7 2 . 000 7 3 3 , 00(1  l , 50 ,000
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to: (a) provide lands , easement s , and rights-of-way ; (b) hold and
save the United States free from dama ges due to the construction
work; and (c) agree to maintain and operate the works upon comp letion.
For projects to be constructed under Public Law 566, non-Federal in-
terests would be required to: (a) prov ide lands , easemen ts , and
rights-of-way ; (b) assume such proportionate share of the cost of con-
struction as may be equitable ; (c) assume the costs of operat ing and
main taining the works af ter completion ; (d) acquire such water rights
as may be needed for the project; and (e) obtain agreements to carry
out recommended soil conservat ion measures and proper farm p lans from
owners of not less than 50 percent of the lands situated in the drain-
age area above each retent ion reservoir .

210. Apport ionment of recreation costs. The apportionment s of
specific and allocated joint recreation costs are in accordance with
the general policy expressed in Section 4 of the Flood Control Act of
1944 (Public Law 534, 78th Congress). The portion of those specific
cos ts , including operat ion , main tenance and rep lacement costs , re-
quired to serve the recreation purposes directl y assoc ia ted wi th the
multip le-purpose projects , will be borne by Federal interests. How-
ever , at the time of construction local interests should be encouraged
to assume part or all of the specific operation , maintenance and re-
placement costs for recreation at the various multi-purpose projects.
In addition to the apportione d specific costs , the Federal interests
would bear joint costs allocated to recreation in an amount not to ex-
ceed 15 percent of the total project costs. For all projects where
this provision is app l icable , the allocated joint costs for recreation
fall within this 15 percent limitation, Those specific recreation
costs required for the comp lete development of each project ’s recrea-
tion potential , over and above those costs for the recreat ion purpose
direc tly associated with the multip le-purpose projects , are assigne d
to non-Federal interests.

211. In recognition of the findings of this investigation , as
expressed in appendices I and W , that the recreation benefits at the
Tocks Island Project have widespread regional and nationa l signific-
ance , all specific and allocated recreation costs are generally
assigned to Federal interests. All recreation specific and allo-
cated joint costs for recreation development at the Hawk Mountain ,
Newark and Chr ist iana Proje ct s , and at the eight major control
projects to be developed initially for recreation are assigned to
non-Federal interests,. The apportionment of recreation costs to
Federal and non-Federal interests for each major control project
is given in table VIII-l2.
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212 . Apportionment of water supply costs. In accordance with
the provisions of the Water Suppl y Ac t of 1958 (Title III , Public
Law 500 , 85th Congress), all costs allocated to the supp lies of wa ter
for municipal , industrial , and rural uses from storage in multip le-
purpose projects are the responsibility of non-Federal interests.
These allocated costs include all costs for reservoir storage required
for  supplies of wa ter by local in teres ts at the time the pro j ect is
ini tia ted a s well as the supp lies of water for anticipated future de-
mands during the life of the project. Payment of first costs allo-
cated to storage for current water suppl y use can be made by local in-
terests either in lump sum at the time of construction or on an annual
paymen t bas is . In the case of cos ts incurred for  pr ovis ion of future
supplies of water , repayment by local interests of first costs need
not be initiated until reservoir capacity is first used for storage
of water for water suppl y purposes. In this latter case no interest
need be paid by local interests on the costs for future supplies of
water until such use is initiated but such interest-free period shall
not exceed ten years from the t ime the project is constructed . Opera-
t ion , maintenance and rep lacement costs also are divided into those
incurred for provisions for current and future water supp lies. Local
responsibility for operation , maintenance and rep lacement costs asso-
ciated with storage for current use begins upon completion of the
project. Local responsibility for these costs associated with storage
for future use beg ins with the first use of this storage for the stor-
age of water for water supp ly purposes

213. Apportionment of hydropower costs. Specific and allocated
joint costs for conventional hydroelec tric power at the Tocks Island
Project are apportioned to the Federal interests. The pumped-storage
power facilities at this site are suitable for development as either
a Federal or a non-Federal project. For this reason , spec i f ic and
joint costs for the facilities have been computed as apportioned to
either Federal or non-Federal interests. By sharing in the joint costs
of the Tocks Island reservoir project , the pumped-storage installation
would decrease the cost of othe r functions of the Tocks Island develop-
ment. The specific and allocated joint costs for conventional power
at the Hawk Mountain Project are also apportioned to non-Federal inter-
ests.

214. Apportionment of costs of fish and wildlife facilities.
Specific costs in the amount of $2 ,500 ,000 for facilities to pass
fish at the Tocks Island dam are included in cost estimates for that
project. These specific costs are treated as joint costs and are
allocated between othe r project purposes . Their ultimate distribu-
tion between Federal and non-Federal interests thus is in proportion
to the overall division of the joint costs between these interests.
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215. Other apportionments of cost. General definitions of the
Federal interest in the municipal and industrial water suppl y and
recreational aspects of reservoir development are given in the Water
Suppl y Act of 1958 and the Flood Control Act of 1944, as amended , re-
spectively. These Acts relate the Federal interest in these functions
to development of Federal pro jects for such purposes as navigation ,
flood control and irrigation. Federal interest in the hydroelectric
power aspects of reservoir development has been determined on the
same basis. Because purposes necessary to the establishment of a
basic Federal interest could not be justified and are not included
in the case of the Newark , Christiana , and Hawk Mountain Projects
and the eight projects proposed to be developed initiall y for recrea-
tion, it is appropriate that these projects be undertaken by non-
Federal interests. The costs are assigned according ly.

216. BENEFIT-COST RATIOS. After completion of allocation and
apportionment studies , benefit-cost ratios were computed for the
water control projects in the plan of development and for the entire
system by comparing the annual benefits and annual charges based on
the following probable borrowing rates:

Annual Interest
Inva8tment Rate Percent Remarks

Federal 2-5/8 —Applicable to reduction
of flood damages , recre-
ation and power.

Non-Federal - Federally 2-5/8 -Applicable to future
financed water supply costs.

Public 3 -Applicable to recreation.

14 -‘Applicable to water sup-
ply required at comple-
tion of the project.

Private 6 -Applicable to power.

In order to be consistent with the use of the current 2-5/87. risk- free
interest rate for Federal investment now introduced , the discounting
of future flood control and water suppl y benefits , previously discussed
in paragr aph 204 , was recomputed on the basis of this rate. Total an-
nual charges consist of construction expenditures , in clud ing allowances
for the economic cost of land s, reduced to annual investment costs by
the airlicatioo of appropriate interest rates; annual operation , main-
teisar-ce and replacement costs; and allowances for taxes foregone . The
inte~~’t rates for non-Federal and private investments wer e based on
the - ,r rent long-tern’ borrowing rates for similar type inv,~st’nents and
are .i-~ed for comparative purposes in the development of ov~ t.- - - benefit—
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cost ratios. The resulting benefit -cost ratios are given in table
VIII-13.

217. In computing anmual investment for water supply, tha t por-
tion of the cos t of storage for future water supply, up to 30 percent
of the total construction expenditures , is considered to be repayment
of Federal investment at an interest rate of 2-5/8 percent. The re-
maining construction expenditure for water supply storage is amor-
tized at a 4 percent ittterest rate . In the Maiden Creek Project the
cost assigned to water supplies for current use would be sufficient
to pay for water suppl y storage to satisfy the needs for a period
greater than the 10-year interest-free period. For this case, the
interest at 2-5/8 percent for future water supply during the period
from 10 years until the anticipated demand indicates the water will
be required , is added to the non-Federal storage costs for future
water supply.

218. LOCAL COOPERATION IN THE PLAN OF DEVELOPMENT. The extent
to which local interests are required to cooperate financially is de-
fined above in the apportionment of non-Federal costs. The full, re-
alization of the potentials of the water resources of the basin re-
quires related programs of land and water management. It is necessary
that local interests sustain and vigorously pursue such programs.
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TABLE VIII- 13
BENEFIT-COST RATIOS FOR WATER CONTROL PROJECTS

IN PLAN OF DEVELOPMENT
(A l l bene f it and cost amounts are rounded )

Total Annual Total Annual Benefit-
Project Economic Cost

Project Benef i t s  Costs Rat io
MAJOR CONTROL PRO JECTS 1/

Hawk Mountain $3 , 220 ,000 $2 , 760 ,000 1.2
Prompton 2/ 486,000 348,000 1.4
Tocks Island*(without 17 ,lOO’,OOO 7 ,700 ,000 2.2

pumped-storage)
Bear Creek 2/ 1,880 ,000 714 ,000 2.6
Bel tzvil le  1, 130 ,000 682 ,000 1.7
Aquashicola 936,000 874,000 1.1
Trexler 858 ,000 552 ,000 1.6
Maiden Creek 1 ,490 ,000 1,390 ,000 1.1
Blue Mar sh 1,050 ,000 642,000 1.6
Newark 1,670 ,000 997 ,000 1.7
Christiana 2,370,000 1,260,000 1.9

MAJOR CONT~~’L PROJECTS TO BE DEVELOPED IN TWO STAGE S -

DATA PERTINENT TO FIRST-STAGE DEVELOPMENT FOR RECREATION 3/

Paulina 960 ,000 766 ,000 1.3
Pequest 499,000 350,000 1.4
Rackettstown 2,400 ,000 1,420 ,000 1.7
New Hampton 1,440 ,000 1,040 ,000 1.4
Tohickon 1,200,000 898,000 1.3
Newt own 1,800 ,000 1,970 ,000 0.9
French Creek 1,440 ,000 876 ,000 1.6
Evansburg 1,500,000 1,170 ,000 1.3

SMALL CONT ROL PROJECTS

Parkside (Pc-8) 4/ 42 ,000 37 ,000 1.1
Swiftwater (Pc-9) 4/ 71 ,000 39 ,000 1.8
Jim Thorpe (Hz-6) 4/ 18 ,000 17 ,000 1.03
36 Projects 457 ,000 266,000 1.7

TOTAL: ALL PROJECTS 44,000,000 26,800,000 1.6
IN PLAN

*Tocks Island (with 28,100,000 18,100,000 1.6
non-Federal develop-
ment of pumped-stor-
age)
*Tocks Island (with 28,100,000 16,300 ,000 1.7
Federa l development
of pumped-storage)

1/ B e n e f i t s  and costs for indirectl y related recreation included in
the case of Tocks Island only.

2/ Benefits and costs for new construction expenditures at existing
p r o j e c t .

3/ Costs include lands .-snd facilities for recreational development
and land acquisition for dam and reservoir. Benefits are related
to recreation .il development only and do not include values related
to site preservation .

4/ B e n e f i t s  and costs for incidental  recreation use not included .
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CHAPTER IX

IMPLE MENTATION AND USE OF PLAN

219. INTRODUCTION. The development of the program of im-
prove iuents will require an orderl y sequence in the construction
of water control projects and the t imely prosecution of the re-
latcd programs . The imp lementation of this p lan wi l l  requ ire
the active participation of Federal and non-Feder al interests
in the sharing oi fina:ic lal responsibilities and obligations ,
in initiatin g the required reiate~ resource programs , in con-
tinuallv reassessing and ~vatuating the needs and measures for
water resource development , and in the coordirla ion needed for
operation of the elements of the p lan.

220. SCHEDULE FOR PROJECT DEVELOPMENT. The selection of
the time sequence and order of development for the major water
control eleiik nts of this p lan was primaril y based on the pro-
jected t ime pattern of water resource produc t demand s and the
geographic dis~ ributton of these demand s throughout the basin .
It has been shown that major markets presentl y exist for the
additiona l production of suc~i goods and services as the reduc-
ti on of f l o od damag es , recreation , fish and wildlife , elec tr ic
energy , and for supp lies of water. These markets , as projected
t~ the year 2010 , will expand at a rate corresponding to the ac-
celerated overall growth rate projected for the economic activ-
ity in the Delaware River Wat t - Service Area. The schedule and
sequence presented below for the eleven major control projects
was established on a basis consistent with the present and pro-
jected future expansion of product markets. This sequence has
been designed to minimize the effects of delayed production of
products for which markets may preser~c1y exist. The sequence
was esigned , also , to avoid the ~rodcction of water resource
derivatives , such as supp lies of water , for which substantial
markets would no: h- ( Ijfle fu~~ iv effective for some years in the
future.

Order of Year
Project Development Required

Beltz-;ille 1965
Bl ue Ma rsh 1969
Trexie r 1972
~~~I I r n t ) t o n  1/ 1974
Newark 1975
Tocks Island 1975
C1’ri — 

~iana 1980
A qu a s~~ico1 a  1981
Maiden Creek 1982
Bear Cr eek 1/ 1989
Hawk Mountain 2001

1/ Modification of existin g project
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The dates specified in the ~~~~~ sequc000 art- flex ible and subject
to adjustments depending unon contiac-e d p lanning evaluations of
the future requir emen ts for sepp l~~es of vc.:er and ethe r  w a t e r  re-
source derivatives. The dates specifi ed far t~ie Nut- -ark and
Christiana Projects are flexible with respect to proposed develop-
ments in the Upper Brandywine Basia . The order of developmen t
itself possesses additional flexibili ty in tha t certain projects
may be shifted without seriousl y changing the required pattern
for the production of ‘he water r e s o u r c e  products. For examp le ,
the Belt zvi lle , Trexler , and Aquashicola Projects may be ex-
changed for each other in the above sequence . Similarl y, the
Blue Marsh and Naiden Creek Projec:s ci’ - b~ interchanged time-
wise , as is the case, also , for the N :k and Chris :iana Projects.

221. With regard to the PaulIne , Pequest , Hackettstown .
New Hampton , Tohickon , Newtown . French Creek and Evansburg
Projects intended to serve essentiall y Lhe needs 01. recreation
and supplies of vater , no precise scheduic nor sequence has been
established at this time . Prior to the tin e that these projects
will be required for supp lies of water , subsequent to 2010 , land
would be acquired at these sites , as it becomes available , to per-
mit needed recreation development . Wht-1I the needs arise full
multiple-purpose potentials can he realized by second stages of
development. The construction of the 39 small impoundment projects
located on the intermediate upstream ~ributories should be at the
earliest possible date consistent with fund availability and with
local coopera t ion  and p a r t i c i p a t i o n  in an-c ‘edance with existing
programs and authorities. These projects should be developed as
soon as possible for reduction of flood dn~ a~ es present in the
areas immediatel y downstream from these project ’z . and for water
supp ly and other purposes as desire -

~ b’ local interes ts.

222. In the actua l development of the major elements of the
p lan for  the con t ro l  and u t i l i z a t i o n  of the  bas in s wa te r  r e sources
it must be borne in imi nd that the sequence and timing indicated in
this investi gation were based on considerations tha t depended
heavily on generalized projections of the needs for products and
services to be g leaned from that development. The project dimen-
sions and uses depend to a lesser extent on those projections.
While  the  p r o j e c t i o n s  are based on the bes t  i n f o r m a t i o n  c u r r e n t ly
available on probable long-range trends , it is recognized that
their dependableness and accuracy will vary inversely with the
length of the period of the projections. It is to be expected
that the definiti on of needs during the latter hal t of the 50-year
period of projection used in this in -- e~- ti ~ at ion would need to be
re-examined be fore continuing with the development of the p lan
after , say , year 1935 Such re-examination could result in major
modification in the use of projects previousl y provided and in
the projects proposed for  d e v e l o p m e n t  in [h e  pe r iod  1985 to 2010.
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Since the Iirrpo:ie d k lan of major t-~~~nt n - i  s:cL -~.ture .~ will pro — i d e  a
sound ba~~i s far Long rang-n de -n.:lopment it would seoni prudent to
limit presen t praposa is for I e i C C , 1. 1,~~ Ct  Ic pat ~‘n t o :  -e e Ic—
ments of the p lan t .:~ L c a r r c - n~ -ni1 projec t~ 2 ‘.:cd indicat- .: should
be developed in t -ic ne xt 20 to  23 y e ar s .  1 ~c bear Creek P r o j e c t
however , for which need is indicated by the near 1989 , has aspects
which warrant its ito Inis ion in the proposed urogram for authoriza-
tion. These aspc-c t-~ -i r e . (. ) the definite establis h en , of the
project site and physical potenii. . l i t  impro~ - en~ont by existing
construction; (h’ the v e ry  a t t r a c t  inc i n c re m en t a l  economics of
modification; and (c) the desira hl linv of extending, to the Bear
Creek s i t e,  or ’  s i t e  p r e s e r v a t i o n  p r o c e d u r e s  wh i ch  -nay be adopted .

223 .  PRESERVATION OF R ES ER’ . O L R  SITES.  Tbc actual d e t ~~l-c p-
m ont  of the program of i n t p r o ’ .- emcn ~~s wi l l  depe nd on the availa-
bilit y of the project areas for t i m e l y  d ev e l o p m en t  and u s e  -

Because of 2en~-ra Il y unc -ntro lled 1nn- J uses t h a t  pre :ai I in LIc e
basin, there can be no assurance of the av~ i1ab ilIt v of the site.,
for reservoir purposes at anticipated future time of need unless
positive steps are taken to preserve the areas for that specific
use. Such steps may affect the eventual cost of the pro jects and
w i l l  most certainl-” be comp licated and itn ’ :l:ef For examp le.
acquisition , options or easements cay be Indict t~od in some in-
stances , and these entail consideration of ieasebi.ck and con-
trolled development of the lands being preserved. Furthermore ,
dam sites proposed in survey scope investigations are apt to be
changed a reasonable distance upstream or downstream as the re-
sult of detailed site studies made in connection with prec on-
struction investigations. From consideration of  the factors in-
volved it appears that the most practical means of preserv ing
the reservoir sites would require: (a) tha t the dam sites he
firml y f ixed by detailed site invesni~ ntions imediately foll ot.’-
ing project authorization; (b) land acquisition programs, based
on detailed dam Site surveys and project land needs. be iritia .eu
as soon as practica l and pursued in an orderl y manner until the
preservation of the reservoir site is assured ; (c) leaseback or
other types of programs designed to keep the acquired lands in
productive use until they are needed for reservoir purposes and
(d) programs to miti gate the effects of the land acquisition
program on the taxing structure and incomes of such governmental
units as school districts , t o t - in sh ip s  and counties.

224. IMPLEMENTAT ION OF RELATED PROGRAMS. The related pro-
grams needed to supp lement and comp lement the major pir sical
elements of the waler control p lan are not so_ -c p t ib le of pre-
cise scheduling . i-lost of these programs are c-i rr entl v operative
and effective in the areas of land management . controlling the
use of flood plai.ns , pre ser ’ation of  recreation. fish and wild-
l i f e  r e s o u r c e s,  t he  ah a t ~ r n - n t of pollut ion , and impra -vement of
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wa ter quality. These programs must be vigorousl y pursued in the
future and be responsive to their uni que role in satisfy ing those
water resource needs that cannot be full y satisfied through reser-
voirs alone either because it would be uneconomic to do so or the

is fac t ion of tucin needs are beyond the scope of water control
alone , l ine nature of this p lanning effort , in providing a guide
t - ’ r water resources de-.’elopment for a river basin encompassing a
broad geographic area ond economic  b a s e , for a planning period of
50-years , requires periodic review to adjust to conditions as
they develop or can be more firmly projected. This will require
continuous and active participation of local interests. The
variety and scope of the related programs will necessitate further
partici pation , essentiall y by local interests. As elements of the
p lan become operative their role in the overall resource programs
of the area will require reappraisa l at time ly intervals.

225. COORDINATION OF INTERESTS. The comprehensive nature of
the proposed p lan of development for the water resources of the
Delaware River Basin embraces a number of water control measures
and resource programs , serves a variety of functions , and re-
qui res f i n a n c i a l  and program p a r t i c i pa t ion  by Federal and non-
Federal  i n t e r e s t s.  As a means for coord ina t ing  and i n t e g r a t i n g
these in te res t s  the local agencies of the area are  c u r r e n t l y con-
side r ing  the na tu re  and e st a b l i s h m e n t  of an a p p r o p r i a t e  organiza-
tion . One form of organization designed to accomp lish this is
presented in appendix X to this report.
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CFIAP kEI-t X

SALT WATER BARRIER STUDY

226. P u R P O S E . Pur sa-ant . t o  the resolutio n ath-pted by the Com-
mitte e on Public W~rk s on  th-~’ lJ n i ed S:a ’.es Senate on 28 April 1958,
a preliminar y anal ysis was made ‘~~ ~he economic feasibilit y of con-
structing a salt wa te r barrier in  the 0,-lawar t River estuary with a
view to determ ining wheLtier ‘h,-r, es. jestitication for making de-
tailed studies of all aspects of ~cc n  -i proposal. Details of the
ana lysis that was nnade are contained i’ appendix S.

227. SCOPE OF STUDIES. fr:~- work requ ired for the ana lysis fell
into the categories of: ta) iie~~d ~ nn’estiga rcons ; (b) model tests ;
and (c) office studies. The field work consisted of reconnaissance
and inspection of possible pr- eject site locations. Model tests were
made to determine toe bes: type -f Carrier and its effects on tides ,
currents and salinity . The office studies included: (a) the analysis
of data on future water reqoiremsets; (h) analysis of the effect a
barrier would have en existing improvements , fish and wildlife re-
sources , recreation , shore lines , flooding from hurricane surges;
(c) pre lim inary design of the barrier , locks and other required
facilities; (d) consideration of ether possible sources of fresh
water in lieu of that to be pro-iided by the barrier; and (e) an
economic an al ysis from which cc-nctesi ons were drawn .

228. S ITE_ SELECT ION . The location for the barrier had to be
such that i :~~ c :’n— strc ctior , would resu lt in a large body of fresh
water to provid e a water supp ly for northern Delaware. It was also
desirable to p lace the barrier north of the entrance to the
Chesapeake and Delaware Canal in order that the tida l regmulen of
this sea leve l waterway would rut bs radica it - c-caged. Considera-
tiori o f these factors p laced rh5 ai r ri-e r in the New Castle-Delaware
City area . three sites in t b s  ares were con~ tdered and the site
adopted was chosen because; ( i )  er provides -.‘esse s toe best
approaches to the locks; (b: it pr-vS-id es mir nlnnu rn width of river for
barrier construction; and (c~ :1 i n s e l v es m inhnu1er~ interference with
exist ing improvements.

229. MODEL STUDIES. To C tnm’l :.ne the t~~pe of terrier that
would effectivel y stop the i,—~.m s:ori of salt water tests were
made in the model of the Delawars River at the Waterways Experi-
ment Station. Details of the~ e t e St s  are cor-ts~~c~ d t o  appendix S.
Two p lans with different types of barriers n~,-r e tested at ~he same
location in the model. Plan A c”nsi, d ~- f a barrier with a navi-
gation opening 500 f e e t  w i n k  a t  n l . n , i t t o n  mi .n, s 40 (Delaware River

atom), to permit the passage of vessels , and a spillway 4,000 feet
long -w i t h  a c r e s t  a t  e le  j e t  l o in  6.fl for  the passage  of  peak fresh
water flows . Plan B c o n s i s t e d  o f  a h a r r i e r  with four  n a v i g at i o n
locks for the passage of vessei-;,o n.} ,i spi ltw o- - 4,000 feet long
with a crest at elevatton 8.0 to p~~- u- .e t o cc-rtopp ing by tides.
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.130. The model tests showed tha t the barrier in Plait A , having
an ungated opening, would have no beneficial eflect s on salinit y tip-
stream ‘1 t h e  b a r r i e r  s i t e , because the upstream h alt 01 salinity iii-
trusion would not be reduced . In the case  of P l a n  B , the t e s l s  showed
that the barrier w ou l d  cause more c-xtensi ’.’e salinit s intrus in- n t h a n  i s
t he case under n-w isting conditions unless means were provided fr - r re-
rot-i l  of s-i lt water which we ld enter the upper po~~l d u r i n g  e a c h  shi p
transit throug h the locks. Plan B , the barrier with locks , was t h e r e -
. rc- modified by the addition of a scavenger sum p in the upper pool
wit h a Uravity drain. Tests showed tha t this modified p lan would
e f f e c t i v el y c o n t r o l  saLinity intrusion into tue upper pool .

231 . Tests in the mode l also showed that any barrier that. ob-
st ructed the tida l wave in the estuary t o  an appreciab le degree
would c au s e  d r a s t i c  changes  in the tidal regimen. The barrier with
navigation locks , as demonstrated by the effects of Plan B, wou ld
cause the maximum change in tidal regimen.

232 . PLAN OF IMPROVEMENT. On the basis of the results of the
mode l te sts , the type of barrier in Plan B, modified , was adopted
for the p lan of improvement. The site selected for the barrier in
this p lan is located a short distance downstream from New Castle ,
Delaware .

233. STRUCTURES, The structures in the p lan of tonpro -nerent
consist of levees , earth embankments , locks , spillway, a concrete P

transition between sp illway and locks , and a sump an d dra in sy s t e m .
The levee sections would be built across the land areas and marshes
req uiring dlking . The embankment sections would be located across
the shallower portions of the river near the ,hores The loch:
section would contain four locks , two large ones and two small ones ,
located symmetricall y about a center island , on which would te
p laced the control tower , administration building and maintenanc e
shops. One large lock would be located along each side of the
center island and one small lock would be located along the outer
side of each large lock. The spiliway would be a concrete gravity
section 4,705 feet in length , with the crest at elevation 6.0 and
crest gates to provide a closure to elevation 28.0. A non-over-
flow concrete gravity section 620 feet long would provide a trans-
ition between the lock and sp illway sections. A fish ladder
wou ld p r o b a b ly be required if a solid barrier is constructed. The
top elevation of the barrier would be 28.0 and its full Length
would be about 53 ,300 feet. The large locks would be 1 ,200 feet
long and 170 feet wide , and provide a depth of 50 fe e t over the
sills. The small locks would be 500 feet long and 80 len t wide ,
and provide a depth of 35 feet over  the sills. The scavenger
sump,  to collect intruding salt water , would be 2,000 feet long,

800 feet wide , with a bottom elevation of minus 50, and would be
located on the channel center line about 5,000 feet upstream oh .
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the barrier. A gra -nitv drain froo the bottom of the sump would
carry the ccllected salt water to t rttn downstream side of the
barr i er .

234. PHISICAL EFFECTS, A barrier in the Delaware River
estuary would produce variou s and far-reaching effects on ex-
isting physical characteristics, Some of the physical effects
would generate ec-nen :nic effects ,

2.li - fho pri. nary purpose of the proposed barrier is to
p r e r - e n t  t it e irJ asian oh salt water and to creane a source of
f r e s h  wa te r  s -r ep ly in the  v i c in i t y  of n o r t h u i e n D e l a w a r e .  Model
tests have U-. - - as~~ra t ed  Li:e u the tI-pu of barrier , with a
scavenger stamp , presented in the plan of innnrov-emer .t would
probabl y effective ly control the intrusion of salt water into
the upper pool.

236. Tidal action of the Delaware E s t u a r y  w o u l d  be affected
by the barrier; the tide would be dlimn ina nod above the barrier
and the magnitude and timing of tides would he changed below the
barrier Elimination of the tide above the barrier would also
eliminate the currents developed by the rise and fall of tides
in this reach of the river. Just downstream from the barrier
the range of tide would be increased by about 3.8 feet and the
times of high and low tides would be advanced by about one hour .
Model tests showed tha t immediatel y below the dam site , the el-
evation of low tide wc-~ ld be lowered by about two feet , and the
elevation of high tides would be increased by about 1.8 feet.
At all stations below the barrier tidal current velocities
would be reduced , indicating that the tidal pr ism would be re-
duced appreciabl y .

237. Upstream oi the barrier the water level in the pool
would be stabilized at about the present p lane of mean high
water. During ‘de , or freshets , the stage would be higher
than the present neat, high - .- -ater le ,cl . A constant pool level
above the barrier would: (a) stabilize thc- shore line ; (b)
eliminate tidal mars he s and nod flats; (c) affect many shore
str uctur e- - , stern, drains and s~ wage s\stems ; (.1) limit vertical
clearances under bridges to those i- ow e:-:isting at mean high
water; (e) pr  ~ie additiona l de~eth of water for navigation in
channels of the Delaware and its tributaries and allow deepe r
draft vessels to utilize these channels at a ll titles; and (f)
eliminate de !,ir- s caused by deep-draft vessels awaiting high tid e
in order to get enough depth Ic) bring the vessels into the port
are - n . On the other hand navi gati on would be adreu rse ty affected
because of delays tha t would be ass ociated with pas030c through
the locks. A barrier in t I e cstuary would restrict free passage
of migratory fish, in the  r i v e r , and permanen t fl- e od ing of tidal
marshes and t h e  elimination oh saline ‘eater from the area above
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the barrier would have some beneficial and same detrimental effects
on wildlife .

238. In addition t o  the ah ve , man r other changes in the
physical characteristics of the eat-car -’ would result. The more
prominen t  among these arc as foliowe . (a) shoaling rates and
locations where shoaling occurs would be changed due to the
elimination of tidal currents in hc pool ~b’e -.’~ the barrier and
due to the redaction i f l  tinijl eurre ots -Jo i;istream from the barrier ;
(b) the levels of ground water t ab l e s  t-.’oal cJ be raised by the con-
st ant  h igh w a t e r  p ‘ol  t - - a h i m n ~ b a r r i e~ : (c ’i t b - c  ~ u u n p e r a t u r e  of
the water in the reachcs beaiacn :h.. b :n r o t  ‘ - c ou l d  Lu r a i s e d  due to
the e l i m i n a t i o n  of  t h e  tida l curren ts njhich have a flushing effect
t h a t  changes  the  wa t e r  and k u e p s  t h e  te .~:prra  tore of the water
uniform as determi ne d by p r e - a i l i u p  w e a th e r  c .sajitions ; (d) the
quality of the teeter behind the pool wc-~~ld he a d -n e r s e l y a f f e c t e d
by the eliminati on of the tida l cerre~sLs: (c) c~.nditions more
favorable to the Intone n . h - n  o f  i ce  -co l d b~ b ru dOce d by the elim-
ination of tidal effect s and redaction in: salinity above the pool;
and (f) the downstream passage of ice would be obstructed by the
b a r r i e r .

239 . COSTS. Refined and detailed estirratos of cost were not
warranted for this proposed project because it was apparent that
alternative deve l. -epnnse nls for sati sfyinm ~. the wntter supp ly needs of
n’rthern Delaware ‘-core more economical. Th erefore esci et6s of
probable first costs , of preliminary scope , were prepared for
appraising the feasibility of developing a favorable barrier
project. The preliminary total first cost of the barrier , includ-
ing facilities required for navigation , is estimated to be about
$345 ,000 ,000 , based c-n-. Jantuaty 1960 pr ice l- .;ois. In order to use
the barrier pool as a source of water supp ly ,  intake and water
transmission facilities wc’jld need to be constructed . With the
intake located near New Castle . a pressure pipeline would be re-
quired for carry ing water to an existing reservoir for storage
and dispersion . The estimated cost of these facilities is
$35,000,000. For a pressure tunnel w it h  an intake at Edgemoor ,
Del awar e, the estimated cost i s  $45 ,000,000.

240. ALTERP:A’I’ES COhSIDERED. Since the p u r p o s e  of the pro-
posed b a r r i e r  n - ; oru ~-U h e  - ,  p r o : i d - e  a sou rce  of fresh water supp i~-
other means of p r ’. ’n i c i .inp, s u ch  a supp l . - r-.-ennn investigated . The
Lu-c proposed reservoir projects identified as ‘ GIrl stiana ” and
“Newark” . located in D e law a r e  and d i s c u s s e d  e l s e - h e r e  in this re-
port and included in t h e  r ecommended  p lan , ‘.-aere considered as

suitable alternate s . In addition , other sources to augment the
supp lies from the se r~- servoirs as tIne reeds increased, were also

considered. One such seure in is t h e  Sosquelu rinna Rir- er, and another
is the Delaware River above the zone of sal t t o t e r  i n t r us i o n .
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Diversion from the Susquehanna River would be at a point upstream
from Concm:iryo Dam . The cost of providing faciliti en. included in
this scheme is estimated t n  be about $170,000 ,000 based on utiliz-
ing a j resscre S t O n n i e ’ l r - -n. t h e  Sus q nit ’bunn a Two selu ei es were con-
sid ered  w l t e i e i  n t h e  D e l a -~- u r c -  a bo v e  t in e s a l t  w a t e r  / O f l .’ - - o ld be
used as the so u r c e .  Out ’ of t h e s e  inc jude- s an Ij it i ke near Poquessing
Creek on t h e ’  h t - h ,nu - , i r t - fl i t - c - u . I n e  i a n - i  l i t i e s  would cost about
$200 , 000 , 000 . In the o t h e r  p l a n  t h e  i ! n ~~:n k t -  r u l d  be at South Street
in P h i l a d e l p h i a , a nd t he  e s t i m a t e d  cost  is  a b o u t  $160 , 000 , 000 . De-
t a i l s  of t h e - c  a l t e r n a t e ’ co n s i , h & - i - o t i on s  ar c -  c o n t a i n e d  in a p p e n d i n  S.

241.  C O L G U L S  ~~- N 5 ,  T h n ~ a n : i l - ’ si s  rnnni -dc - in d i c a t e s  tha t it  would
be p h y s i c a l l ’-  n e a n i b i t - to construct , t ’i n -nrn: te and m a i n t a i n  a b a r r i e r
across  the  D e 1 a r at e  e s t u a ry  and tha t the  b a r r i e r  w o u l d  e f f e c t i v e l y
halt the intrusi ’-n of s a l t  ‘. -ater and create a fresh water pool. It
was a l s o  shown tha t t h e  b ar r i c - r would have complex and far-reaching
physical and economic etice t s on water-supp ly ,  navigation , f l o o d-
con t ro l , f i s h  and ijild li fe , recreation and industry . Consideration
of all these factors does n t  disclose any  clear—cut justification
for making additiona l detai led studies of Li-ne p r o p o s e d  b a r r i e r
project at this Lime .
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CHAPTER XI
DISCUSSION AND CON CLUSIONS

242. DISCUSSION. The comprehensive review of the water re-
sources of the DQlaware River Basin was undertaken with a view to
defining all current and future water control problems of the
basin and formulating the most efficient and economical water con-
trol p lan to sa tisf y these needs. Four basic considerations had
an important bearing on project.formulation in this study. They
are-~ (a) the intent of Congress in authorizing the survey; (b)
desires of local interests; (c) adherence to sound engineering
judgment and construction jmrinciples; and (d) development of a plan
of improvement which would provide the best means for achieving the
balanced program with minimum investment .

243. The improvements comprising the plan of development
includeLeleven major control projects to be developed for multiple-
purposes at specified times during the next 50 years , eight major
control projects to be developed initiall y f or recrea tion during
the next 50 years as needed~ and 39 small control proje cts to be
developed at an early date for flood control purposes under existing
authorizations and continuing program~~ The final survey-scope esti-
mates of construction costs , annual costs and annual benefits for
each major control project and each of rhe three small control proj-
ects are summarized in table XI-l . That table  includes , a lso , pre-
liminary benefit and cost data for the group of 36 small control
projects. The projects in the plan would provide about 19 million
visitor-days of recreation opportunities annually at year 2010;
reduce average annual flood damages in the intermediate upstream
areas about 467. and in the principal water course areas about 35 per-
cent; meet all projected requirements for net surface water augmenta-
tions; and produce annually about 375 million kilowatt-hours of hydro-
electric energy by means of conventional power plants - an additional
732 million kilowatt-hours would b, produced if the pumped-storage
potentiality were developed .

244. Reservoir sites that can be readily developed in the basin
for the long- or short-term storage of excess sur face waters are
not plentiful . The major resarvoir projects included in the
basic plan represent the most practical and economicall y f easible
reservoir potentials available in the basin at t.his time. Unless
steps are taken to preserve these sites in essentiall y pre sent
conditions of land use , radical changes in these conditions may
and probabl y will take place during the periods prior to the in-
dicated construction dates. Such changes in land use may make use
of the si tes for  reservoi r  purposes economicall y i n f eas ib l e  with
possible far-reaching adverse effects on the economic well-being
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of the water service area . The intial development of eight major
control projects for recreation has the added advantages of site
preservation inherent in the two-stage development. For the major
control projects proposed for multi ple-purpose development at in-
dicated dates during the next 50 years , a program to acquire the
reservoir  lands a t an earl y date is in order.

245. Proposed Federal and non-Federal participation in the
development of the individual projects is in accordance with general
pol icies expre ssed in the Flood Con trol Act of 1936 , Sec tion 4 of
the Flood Control Act of 1944, and the Wa ter Suppl y Act of 1958.
However , the appo rt ionment of recre ation and pumped-storage power
costs at the Tocks Island Project are worthy of note. Studies
showed tha t the recreation benefits at the Tocks Island Project
will have widespread reg ional and national signif icance and , accord-
ing ly, all specific and allocated recreation costs were assigned
generally to Federal interests. The physical features in the vicinity
of the Tocks Island dam site are uniquel y suited to the development
of pumped-storage facilities at this location . An alysis of the prospeL-
tive peak electric power load for the foreseeable future in the region
that facilities at Tocks Island would supp ly shows that an increasing
demand for peak power will exist. A large block of peak power at Tocks
Island therefore will be marketable if it can be produced economically.
Analyses of incremental benefits and costs attributable to the facility
show that the project would probabl y be feasible as either a Federal or
a non-Federal venture. However , the margin is insufficient to justify
a conclusion that the facility should be constructed as a Federal venture ,
as it has not been practicable to establish definitel y either the cost
of the off-peak energy required for pumping or the marketing price of
the peak energy to be produced by the f a c i l i t y .  Al thoug h pr iva te  powe r
in te res t s  have fu rn i shed  w r i t t e n  evidence of their willingness to develop
these facilities at non-Federal expense , there is no compelling reason
to conclude at thi s time that development should be accomp lished as a
non-Federal project. The approximate range of Federa l and non-Federal
participation in the plan of development is summarized in tables Xi-2
and XI-3. A definite and equitable allocation would involve detailed
consii. eration of numerous and complex factors which can best be developed
by detailed study prior to construction,

246. Additiona l information on recommended projects called for in
Senate Reso lu t ion  148 , 85th Congress , 1st Session , adopted  28 January
1958 , is contained in Attachment A to thi s report. .

247. At the time of preparation of this report , firm information
on the monetary  value of the bene f i t s  and damages tha t  would be re-
f l e c t e d  upon f i s h  and w i l d l i f e  resources , by v i r t u e  of the  development —

of the projects in the proposed plan of development , was not available
from the Fish and Wildlife Service for use in economic analyses. In
its reconnaissance report , appendix J , however , the Service states that
in order  to m i t i g a t e  the e f f e c t s  of the 19 ma jo r  con t ro l  p ro j ec t s  on
present stream fisheries in privatel y-owned areas to be affected by the
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projects , the acquisition in public ownership and improvement of

18 miles of stream would be required. Similarly, the Service finds

that the acquisition in public ownership and improvement of 46,796
acres of land would be requ ired to main tain the “status quo” for
public
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proje cts , the acquisition in p’iblic ownership and improvement of
18 miles of stream would be required. Similarly, the Serv ice f inds
that the acquisition in public ownership and improvement of 46,796
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hunting and game habiLat now in areas to be affected by the projects .
Other measures proposed by the Service inc lude ac cess , san itary ,
parking and boat launching facilities at each project , arrangements
for water r ‘leases of prescribed vo lume and temperatures for down-
stream fisheries , and fishery management operations for reservoirs.
An interim report on late investigations by t1~e F ish and W i l d l i f e
Service indicates tha t the p lan of development described for each
project in chapter VII would largely mi t iga te and compen sa te for the
above indicated damages to fish and wildlife resources. In consider-
ing th i~; latest view of the Service , it is be lieved tha t the overal l
conclusions of thi s report will not be m ateriall y affected by the
insertion ~)f the Service ’s ruonetary evaluations when they become
avai lable . An add endum to appendix J is be ing prepared by the Fish
and W i ldl i fe Serv ice , and it is understood tha t the addendi.mm will
give firm monetary evaluations for fish and wildlife benefits and
damages due to the projects. The addendum , when rece ived , could be
added to the appendix and the report modified , if necessary , dur ing
the review process.

243. Federal agencies , Sta tes and principal municipalities ,
responsible for the functions and activities embraced in the p lan ,
were inf ormed , as the study progressed , of the features of the com-
prehensive plan. At the conclusion of the studies four public hear-
ings were held at points in the basin to advise local interests of
the findings of the study and to afford therim opportunities to ex-
press their views. It is believed that interests in the basin are
in genera l agreemen t uith the p lan presented. Under the review
procedures prescribed for this survey report local interests will
be afforded opportunity for further connnent.

2 4 9 .  CONCLUS IONS. The control and utilization of the stream
flows of the b a s i n  to alleviate flood damages; provide supp lies of
water for municipal , industrial and rural uses; provide recreation
opportunities; generate hydroelectric energy ; and provide the
products of related land and water management are required to
sustain the ec~ r1.or.~ic well-being of the Delaware River Basin and
its water service area . It is concluded from studies of impound-
ing measures , ~~cal protection works , a salt water barrier and
other practical a~ ternative measures tha t the most feasible and
economic way io satisfy these requirei .~ents is the development of
the p lan of control projects discussed above . It is concluded
also that these requi’e :icnts can be further satisfied by supp le-
mental programs to provide land management measures , con trol use
of I he f l o od p La~ n~

; , rci ove polluLi~~ lo.-’ds , and conserve ground
and surface waters.

250. The benefitr to be realized from the development of
the proposed p ian for the control and utilization of the water
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resources will exceed the cost of such development . The nature and
widespread effects of benefits from the p lan of developmen t warran t
Federal participation in the costs of development to the extent in-

1 dicated in the discussion.
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CHAPTER XII

RECOMMENDATIONS

251. The Distr ict  Engineer recommends:

a. Tha t the p1~ u as fo rmulated in this report and consist-
ing of the following elements be ad~pted as the Comprehensi.ve Plan
for development and benefjd.al public use of the water resources of the
Delaware River Basin:

(1) Constru~ tion of the p~o.jects as listed , and for
the purposes shown , in table VII- 5 at a total estimated cost of
$591,000 ,000 of  which $143,000,000 would be Federal cost and $89 ,100 ,000
would be Federal cost reimbursable by non-Federal interests.

(2) Continuous and vigorous action by Federal and non-
Federa l agencies , separately and cooperatively iiitder authorities that
exist or may be provided , in prosecution of programs for land manage-
ment, controlling and regulating the use and development of f lood
plains , preservation and development of recreation and fish and wild-
life resources, abatement of stream pollution and improvement of water
quality , conservation of ground and surface waters , and pres~ervation
of sites for the projects that comprise the Comprehensive Plan.

b. That the units of the Comprehensive Plan designated as
Beltzville , Blue Marsh , Trexier , Tocks Island (without the pumped-
storage power feature), Aquashicola , Maiden Creek , and modification
of the existing Prompton and Bear Creek projects be aut~Qd.~ ed for
construction at a presently estimated total Federal cost of $134,900 ,000
plus $89,109,000 reimbursable by non-Federal interests for water supply
storage , making a total of $224,000 ,000 , and a presently estimated annual
maintenance , opera tion and rop lacement cost of $2,710,000 , of which
$266 ,000 is for water supply storag e and reimbursable by non-Federal
interests before use of storage for future water suppl y is begun and
of which $450,000 is reimbursable by non-Federal interests after use of
storage for future water supply is initiated , all in accordance with
plans contained in this report and as summarized in tables XI—2 and
XI-3; that immediately following authorization detailed site investi-
gations and designs be made for these projects in an orderly and expedi-
t3.ous program for the purpose of accurately defining the project lands
required ; and that subsequently advance acquisition be made of such
title to such lands as may be required to preserve the sites against
incompatible development, all subject to such modifications as in the
discretion of the Chief of Engineers may be advisable and subject also
to the following provisions with respect ~o these projects:

(1) That the non-Federal share of first cost and opera-
tion and maintenance costs for each project be determined by the per-
centages shown in columns 9 and 12 in tables XI-2 and XI-3 app lied to
actual costs for the completed projcct,
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(2) That before construction of each individual proj-
ect non-Federal interests contribute all lands and costs assigned to
non-Federal interests, arrange for repayment of water supply storage
in a manner conforming to applicable laws and satisfactory to the
Secretary of the Army, and agree to bear the assigned percentage of
annual operation and maintenance costs as summarized in columns 9 and
12 of table XI-3.

(3) That the timing and sequence established in this
report for construction of the projects may be altered when in the
judgment of the ChLef of Engineers such change is desirable.

(4) That construction of individual projects recom-
mended for authorization will not construe a committment on the part

• of the Federal Government nor the responsible non-Federal interests
for construction of the remaining projects.

• (5) That non-Federal interests agree to undertake
establishment and prosecution of programs for acquisition of lands
and to develop facilities as needed for the recreation developments
assigned to them.

T. H. SETLIFFE
Colonel , CE
District Engineer
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• Tables XII-]., XII-2 , XII-3 and XII-4 previously

appearing on Pages 173 thru 176 have been deleted .
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ATTACHMENT A

ADDITIONAL INFORMATION ON RECC~4MENDED PROJECTS CALLED FOR IN SENATE
RESOLUTION 148 , 85TH CONGRESS , FIRST SESSION , ADOPTED 28 JANUARY 1958.

1. GENERAL INFORMATION RELATIVE TO PROJECTS REC~ 4MENDED IN THE
PLAN OF DEVELOPMENT. The 19 major control projects in the recommended
plan of development were selecced from successive determinations by
discrete screening s applied to 193 potential major dam sites inventoried
in the basin. Further evaluations applied to these projects assured
their maximized net returns. These projects are scheduled for varying
degrees of development. The first group of eleven projects would be
developed for multiple-purposes prior to the year 2010. The second
group of eight projec ts would be ini tiall y developed prior to the year
2010 for meeting present single-purpose needs with development for
multiple-purpose deferred to after the year 2010. The 39 small control
projects in the recommended plan were selected by discre te screenings
from 386 potential small dam sites inventoried in the basin , All
selected 39 projects were found to be presently justified for develop-
ment primarily for flood control with potential development for supplies
of water and recreation as dictated by local needs. Thirty-six of these
small projects would be constructed under continuing authorizations con-
tained in Public Laws 566 and 685. Three of the small control proje cts
exceed cost limi ta t ions  imposed by Public Law 685 but are eligible for
accomplishment under Public Law 566 subje2t to approval by the Senate
Agriculture and Forestry Conimittee and the House Agriculture Committee.

2. Under the planning procedures followed in this survey for
the formation of the plan of development , it has been demonstrated that
the 58 selected water resource projects will satisfy both local and
basin-wide current and future needs for the control of the water re-
sources of the Delaware River Basin in tho most efficient and economical
manner. Those potential projects rejected in the procass of program
forma tion , through successive screening determinations , are not actual
physical alternatives to any of the recommended projects in the plan of
development. The application of the alternative evaluation standards ,
called for in Senate Resolution 148, to the rejected projects would pro-
vide no basis for findings subs tantiall y different from those contained
in Lhe report a

3. PROJECTS RECOMMENDED FOR AUTHORIZATION, Eight major con-
trol projects are recommended for authorization . These are Beltzville ,
Blue Marsh , Trexler , Prompton (modificaticr,), Tock s Isl and , Aq uashi-
cola , Maiden Creek and Bear Creek (modification) . Additional information ,
called for in Senate Resolution 148, with respect to the eight projects
recommended for authorization is presented in the following paragraphs .

AA-l R May 1961 
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4. BE LTZVILLE PROJECT.
a. Descript ion.  The Beltzville Project site is located

on Pohopoco Creek about 0.3 mi l e s  upstream from its confluence with
Sawmill Run and 4 miles east of Lehighton , Pennsylvania. The pro-
posed projec t would be a multip le-purpose development to provide
supp lies of wa ter , flood control and recreation . Reservoir capac-
ity to spiliway crest level would be 68,200 ac re - f eeL ;  1~ 200 acre-
fee t inac tive , 40 ,000 acre-feet for supp lies of water and recrea-
tion , and 27,000 acre-feet for flood control. It would be formed
by an earth and rock fill dam 4,500 feet long rising 160 fee t
ab ove the cr eek bed , and have a sp iliway around the north end of
the dam and g a t e - c o n t r o l l e d  o u t l e t  works discharging through a con-
d~ it on rock along the right abutment - The project would contribute
to: (1) the sati.~faction of the future water supp ly needs of down-
stream areas especially Palmer ton, Bethlehem , and the Trenton-
Philadelphia area ; (2) the reduction in flood damages of especial
impor tance in t~ e ii ighly industrialized Al1entown~ Bethlehem and
Easton areas and in other smaller communities; and (3) the satis-
faction of the desiri~ for nonurban recreation facilities of the
surrounding population . The Beitzville Project would be required
by the year 1965.

b. Economic life. The economic life of the Beltzville
Project as used in project anaiy:~is is 50 years.

c. Project costs. The estimated cost of construc t ion
is $13,800 ,000, excluding $1 ,190 ,000 for indirec tly rela ted
recreation; the cost of operation and maintenance is $102,000
annually; and the cost of rep lacement is $3,600 annually. AU
costs are computed on the basis of 1959 price levels.

d. Benefi t-cost ratios. Benefit-cost ratios were com-
puted using total tangible benefits and total costs reflecting
various interest rates app lied to Federal and non-Federal
interests  for 50 years and 100 years .  The b e n e f i t - c o s t  r a t io  of —
the Beltzville Project for a 50-year economic life is 1.7 and
for a 100-year economic life i t  is 2.0. Capital costs , opera tion
and maintenance cos ts , rep lacemen t cos ts , and benefi ts for 50
years and 100 years are as follows:

A A - 2  
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Al . - r f i : - ~u ion Period
50 f~-a r .~ 100 Years

CONSTRUCTION EXPEND I T LR E~ $ 13 -;0o 00(5 S13 ,800 ,000
ANNUA L CHARGES

I n t e r e s t  and A m o r t i z a t i on
( i n c lu d i n g  i n t e r e s t  d u r i n g

c o n s t r u c t i o n )  558 000 454 , 000
O p e r a t i o n  ~nd M a i n t e n a n c e  102 , 000 102 , 000
Major Rer J~~co!11ents €- .000 8 000
Econcrlic Los t of Loud I C  000 

— 
15 , 000

Tot : - 1 ~\nnua1 Char~ es 632 .000  578 , 000
ANNUA L . -i~NEF I TS

Reduction of f1oo~ damagos 286 .000  293.000
Recreation , directl y related l7i~,000 174 ,000
Supp 1ie— ~ of watcr 669 , 000 675 ,000

Total Annuo l Benefits i.f30.C00 1 ,140 ,000

BENEFIT-COST RATIO 1 5 2 0

Not~.s: Costs and benefits for indire ctI.v related recreation are excluded.
All amounts rounded; totals n~~-’ tic t o~ ree with sums of indi-
vidua l items due to rounding.
Interest rate of 2-5/87~ -isec in  ~~~~ ‘rirati n of annua l costs ,
where app l icable , and disco~ nciri g of foture benefits~

e. Intangible project effects. In~a gible ef fects of the
Beltzville Project would incl’~de: a contrihonioo to the prevention
of los s of li fe , which amounted to 99 live s L-so throughout the Del-
aware River Basin in the Augcst 1955 i1~ oJ . assurance values from
assigning adequate flood control s’.~oL~Jge capacity at the Beltzville
Project to ccntroi 717, of the standard project flood to non-damag-
ing proportions so as to avoid a false sense of security from floods
among the residents in the urban do.~o.s:reav reaches; and the value
of the provision for sufficient site Je-’el-~prn en t  at Beltzville Proj-
ect to insu the realization of op :iouT i r~ c :earion benefits. Ad-
verse effects resulting fr -i . : t~’,e Be~.tz,i11c Pro~ cct essentiall y
would be a consequence of the dr~ria’~ expec t-c d to fish and wildlife
resources in the project arLa , Thi : is  p r s sc i : ed  in appendix T to
this report the acres of land and miles of st :-~-j-’ tho t would be re-
quired to rep lace these rosources in jid . Y oi-vio~~a r v  equ ival ont
i~ ’r means of  r ec o~ ’ er i n g  s~~i h d.i - c iges ., n:~~~. . ‘ i L C C

f .  P h y s i c a l  i e a s i h i t j t \ -  ar i~ o f  I ; o ’II-Id i :ig (or t u t u r e
needs .  The B e l t z v i l l e  P r oj e c t  has Lu forrsu!iil ed t~~~ L , i n t r i b u t e  to
the  s a t i s f a c t i o n  of  c u r r e n t  and f o t u r  u L - c .~5 :or  r e d u c t i o n  of f l ood
damages , recreation , and supp lies of w O i t  u’ . - :  t h e  ec~~n . I l l i c  l i f e
of the pro le ct . No p1 Ic L S 1 Of l  t as  but: - md c  f i r la tur or phased
constr uction at the E eltzvi l fe Project to s. t i s f v  k n o w n  add itiono l

AA~ S
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future ri1qtl ir I l~. l t 1  S in the aru:i sc’r .’ud by the project OSOC C i t  W a s
found u I l u c o I i i t l : I i c  t o  do so .  S y s t e m  u n : t l y s o o  for t h e  fou r  reconiniende d
niaj or  wo t er cont  i o  1 p r c~ cc t S in  t lie Leh igh  R i v e r  B a s i n ;  name l y

t 
B c l t u ’ i l i e , Tr e : ;I e i  , A cj u a s h i c h u l a , and  L i - a u  C i u i ’k , i n d i c a t e d  t h a t  t he
sati oi..iction of additiona l and future re qui rt-i -:c- nts would be more
ecol ioi: l i Ca 1 l y a c h i e v i d thr o u g h  tI ie o t d e r  l y c I & ’v e l o p w e n t  of the  ‘I’r exler ,
A q u a sh i c o l a  and Bear Ct e e k  P r o j e c t s , as r v c c i i i~ i, -n d e d  l i o r e i n , t h a n
t h r o u g h  the  e n ten i s i o n  o C the  sca l  o of d u v u  l o p i nen t  or phased co n—
struction of t h e Bc jt zvjlle Project.

g. A l l o c a t i o n  of c ou t s .  A l l o c a t i o n  of co s t s  w o r e  co rn —
p u ted by (1 the  s e par a b l e  c o st  s—remaining benefits method , (2)
t he p r i o r i t y  of use method , and  (3) - t he i n c r e i u c n t a  1 cost  me tho d  on
two t ime pe r iods fo i - i r t i o u t i u n , 50 y ea r s  and 100 y e a r s .  The cost
a l l o c a t i o n  d a t a  arc’ shown in t a b l e  A A - l .  In t he  i n c r e m e n t a l  cost
method  of a l l o c a ti o n , s u p p l y o f w a t e r  ous c o n s i d e r e d  the  bas ic
f u n c t i o n  bec aus e  the  s c h e d u l e d  da t e  f o r  d ev e l o p m e n t  of the p r o j e c t
is based on t he a n t i c i p a t e d  need for  supp l i e s  o w a t e r .

h. E x t e n t  of  i n t e r u s t  i n  p r o j e c t .  In order  to take  in to
account  the  d e s i r e s  and views of F u d u r a l  Agenc ies , a f f ec ted  s t a t e s
ar ~ m u n i c i p a l i t i e s , du i - i n g  the  s u r v e y  and the  p r e p a r a t i o n  of the
survey  r e p o r t , t he D i s t r i c t  E it ~~in e e r  f o r m a l l y e s t a b l is h ed t he
Delaware  B as in  S u r vey  C o o r d i n a t i n g  C o n u n i t t e e .  This  C o m m i t t e e  was
comprised of  r e p r e s e n t a t i v e s  of t he  S t a t e s  of Pennsylvania , New York ,
New J e r s e y ,  and D e l a w a r u ;  of the  c i t i e s  of P h i l a d e l p h ia and New York;
and of the v a r i o u s  F e d c i o l  a g e n c i e s  concerned  w i t h  w a t e r  r e s o u r c e s .
Ten r n e e t in~;s of  t h e  C i l c I l i t t e e , which  wer e  open to the  p u b l i c , were
held  it about four-m onth i n t e r va l s  froci April 1957 to March  1960 at
v a r i o u s  p o i n t s  t h r o u g h o u t  t h e  De laware  R i v e r  Bas in  and se rv ice  a rea .
F e d e r a l  a g e n c i e s , s t a t e s  a nd m u n i c i p a l i t i e s  were  i n f o r m e d  at  these
va r i o u s  m e e t i n g s  as to  the  p r o g r e s s  of the s tud y and given the op-
p o r t u n i t y  to review and comment on the  f e a t u r e s  of the comprehen-
s ive  p l a r .  A l so , a forma l r e v i e w  p rocedure  a s s u r e d  each member of
the C o o r d i n a t i n g  C o m m i t t e e  amp le t ime  to c omment on the major
features of the s t u d i e s  as they were r e p o r t e d  on in the  24 appen-
d ices  to the  r e p o r t .  At the  c o n c l u s i o n  of the  studies four public
hearings were held in th e  b a s i n  to advise local  i n t e r e s t s  of the
f i n d i n g s  of the  s tudy  and a f f o r d  them o p p o r t u n i t i e s  to express
their views. It is be l i eved  t h at  these  i n t e r e s t s  are in gene ra l
agreement with the p lan p r e s e n t e d .  Under  the  review procedures
prescribed for this survey report , local interests w ill have addi-
tiona l opportunity for comment on the features of the p lan and
cost sharing arrangements. Federal participation in this project
has been estimated at $6,280 ,000 lor construction expenditures and
$74 ,000 a n n u a l l y for operation , maintenance and rej)lacenient costs
during the period of deferred u .e of future water supp lies and
$59 ,000 annuall y after use of the future wat er Supl )lieu is initiated.

1 i s ~oi~~.’tL schedules [or retmhiirsa b le cost:. The re-
tishursabl e c~~~t fur t h e  B eito ’1- 1 1 1 e  Project includes a con struction
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C~~~~ expendi Lure ut $7 , ‘~ t) . 000 C i  s up p l i e s  of w,~ t l,- 1  A L i r n a t icc -  I C ’ —

payment  s c h e d ul e~ - ‘c eC- p t ab le to L h c  F e d e r a l  go \ - C - r I l . e n L  for i b’ re-
c o v e ry  of t h i s  co~ are ~hL wn b e l o w :

1!
1/ Deferred

Construction Lump Annua l Duferred Annua l
Function E x p e n d i t u r e s  Sum Payment I;~~ ,S ~nu Payment

Supp lies of
Water ’ ($7,540 ,000

rounded)

Current
Supp ly 3 ,393 .000 $3 ,393 ,000 $128 ,000 N. A. ~~~. A.
De f err ed 2/
Supp ly 4,144 ,000 4 ,144 ,000 156 ,000 $4 ,144 ,000 $156 ,000

1/ Assumes Federal financing of such costs at 2-5/870,and amortLza-
tion period 50 years.

2/ Initiation of use of deferred supp ly within ten-year interesL free
p e r i o d .
N.A . not app licable.

In addition , non-Federal interests would be required to contribute
$34 ,000 for the annua l cost of operation , maintenance , and rep lace-
ment during the period of deferred use of future water supp lies and
$48 ,000 annua l l y after use of the future water supp lies is initiated.

j. Effect of project on state and local governments. There
are no major changes expected in the cost of state and local govern-
ment services as a result of the Beltzvil le Project. Any increased
costs of state and local services associated with the project have
been taken into account in the estimate of annual operation and main-
tenance costs for the project. While there may be reductions in the
revenues resulting from Federal acquisition of lands in the Beltzville
P r o j e c t  area , i t  is expec ted  tha t  such r e d u c t i o n s  w i l l  be more than
compe- .~~ated for through increased activity , directl y and indirectly
associated with the multip le-purpose development features of the
Beltzville Project.
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5 BL U E MARS H PRO JEC t
D1 - 0-: r~~~~i - . .  l ie  B l u e  Mu r s i i  P r o j e c t  si ’,.e is  L c a L 4 4 d

on T u l p e h o c k I C r i  C r e C . k  l D l .~O L  1 — 1 / 2  r i l e s  u p s t r e a m  ~r u m  115  cu r t i -j e n c e
w i t h  Plum Creek and ab Co u 6 m i l e .~ c r t h w c s t  C C I R e a d i n g .  Penn sy l - .- a n i a .
The proposed  p r o j e c t  w o u l d  be a m u l t i p l e - p  : r po s e  d e v e l o p m e n t  I )  pro-
v i d e  supp l i e s  of  C-,’a~~ ’ur , I I os Cd u o n t r - l  ~ nd r e c r e a : i . n Re s er ’.— C C i r

c a p a c i t y  to s p i l i w a c  c r  01 [e ’1-e l w o u l d  be hh , 000 acre-fee l ; 1 , 500
acre- feet m a c l I C e , l~~, 500 a c r e - f e e t  for  s u p p l i e s  ~ f w a t e r  and r - . - - rC -
a t i o n,  and 33 , 0 . 2  acre-fee l for f l o o d  c o n t r o l .  I i  wC: . ld  b-0 f C r u . c - d
by an e a r t h  arc rock fill dam 1. 100 feat long and rising 90 ft-et
above che ~r c e i~ bed , a r d  hav e a spi llwuv about 1 000 f e e L  s o u t h  of
the darn and gate-controlled 1 - I  let u-- r k s discharging through a con-
duit on r : C c I I  a l u n g  the ri .h t  a b u t r i e n t  - The  project would contribute

to : ( 1) the satis faciion of the i .O C - I ’C - / n t e l  ~~~~~~~~~~ needs of d-ui: -
s tream a reas  e s 1C o c ~~a 1’- the ReJ d ing_ PotL: ’~ C C :Cn an d  PhI lacicl phia areas;

(2~ the red uction in flood danCuIc:~ 01 O 5 P e C i J ~~ i 1 I ~)e1’t an C e  t o  su ch
damage centers as Reading , Potts:own. Ncrr~~~t uwn , and Philade lphia;
and (3) the satisfaction of the desire 3 non u r b a r  r u c re a ci - u n f a ct  1-

itte s of the surrounding popul ati on. 1’Ne Blue -u rs a Project (.OIUJ.d
be r e q u i r e d  b y the  year  1969 .

b .  E c o n u s i l u  l i f e .  ‘ l l i c  econ w ic l i f e  of  t he  B l u e  1U:r s~
Projec t as used in projec analseis is ~0 - e a r S ,

c.  Proj~~cL ccSL s , f loe estim ated cost of constr uction is
$12 500 000 , exc i u d in ~ Sh .2 9 0 1 000 for  indfoec il y related recrea ti on;

the cos t  of o p e r a t i o n  and m a i n t e na n c e  is $106 , 000 orIon l i v ;  and t h e
cost of major rep lacement is $5 ,000 annuall~ All costs are coi~-
pu ted on the basis of 1959 price levels ,

d. B en e f i t - c o s t  r a t / s .  B e n e f i t- c o s t  r a t i o s  -crc  cot. --
pu ted  u s ing  t o t a l  t a n g i b l e  b e n e f i t s  and t o t a l  c o s t s  r e f le ct i o 4)
v a r i ous  i n t e r e s t  r a t e s  app l ied to Federa l  and non-Fede ra l i n t e r m u
for  50 yea r s  and 100 ‘-e a r s .  The b e n e f i t - co s t  r a t i o  or  the B lu e  Mars ~
P r o j e c t  for  50 - ;ear econ- -co ic l i f e  is  1.6  and f c r  100-I ear 44c0n01.CIC
l i f e it is 2 .0 .  Cap ital COStS. o p e r at i on  and m a i n t e n a n c e  c o s t s ,  re-
p lacement costs , and benefits for 50 vents and 100 years ave as folloos:

__  I 
j



Au- -r t i za t r C ,/ P e i l d
SO y e a r a  00 Y e a r s

CONSTRUCTION EXPENDITURES $12,500,000 $1 .500.000
A N N I A L  CHARGES

Interest and Ar: r Ljzation
(including interest during
c C fl u truc I i- )~~ 4d 3 ,000 386 ,000

Operation ama >luintenance 106,000 106,000
Major Rep l .;c sC;C - nr s 5.000 7,000
EcunrC :sio .051 of Land 43 , 000 45 , 000

Total An n u a l  Charges 642 ,000 544 ,000
AN NUAL BENEFITS

Reduc ti- n of Flocu Damages 301 ,000 316 ,000
R e c re , I ti Cn , d irect l y related 217, 000 217 ,000
Supp lies of water 530,000 539 ,000

Tota l A :inual Benefits 1 ,050 ,000 1,070 ,000

BENEFIT-COST RATIO 1 .6  2.0

Notes: Costs and benefits for indirect ly reloted recreation are ex-
cl uded .
All amounts rounded; totals may no: agree with sums of indi-
vidual items due to rounding.
Interest rate of 2-5/87. used in deter/ ination ci annua l costs ,
where app l icabl e , and discountin g of future benefits.

e. lnLa ng ib~ gJ~ffji’c1 e t L c c / .  Intangible effects of the
Blue Marsh Pro eet wui~ d incl ude ; a c C,;tribution to the prevention
of loss of l i f e , which amounted to 99 lives lost throughout the
Delaware River Basin in the Auguo t 1955 ficu d ; assurance values fron
assi gning adequate short-term storage capacit :~ at the Blue Marsh
Project to control 627. of the standard project flood to non-damaging
proport ions so as to a--old a false sense of security f rom f l o o d s
among the residents in the urban downstream reaches; and the value
of the provision for sufficient site development at the Blue Marsh
Project to insure the realization of opti;uum recreation benefits.
Adverse effects resulting from the Blue Marsh Project essentiall y
would be a consequence of the damages expected t.o fish and wild-
life resources in the project area . There is presented in appendix
J to this report the acres of land and miles of str am that would
be required to rep lace these resources in kind for a similar project ,
de signa t i-d as  Bernvllle , considered in the CiClflit~~. N -  mone tary
equivalent for n ears of recovering such damages is prese nted.

f. Physical feasibility and cost of providing for future
needs. The Blue Marsh Project has been formulated to contribute to
the satisfaction u i  currect and future needs for reduction of flood
damages , recr:’lltion , and supp lies of water over the economic l i f e
C C I  the project , ~~ - provis Ion has been i ;~ de for 1 111C r or phased con-
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I; t u: t I Ii /1 1 t 1 / ’  I -  I ti e 5l~ r ali l’ro j ec t a I o so I i :; t , L n u wn  a-  Li I t iona  I
lut ure rec1 sz i r s ; i : i e n l  — I ri I lie a rCa Icr ~ J ,~~

- the I r C I d u c  t ;, i .liCC i t .‘ u S
I C 111041 unee C Cfl ~ . ~ (~ t 0 C ~ /~~~) . A I 1 . 1  1 y a i a C I f I i C ’ 1/11 t 0 r ‘ - 1 t C I 1 rC ’g C l  I I C C

t ai n t s  in  l i i i  hc _ - huy ~~!-; i I I I~~L I C C I F  l t : i , - i n i n i l i c ; t t r -d t h a t t h e  ‘ C C  - i t  i s f a c t i o n
ci: add i t iona l CC I l i t  ure rC -( I u i r C - ; l 1 - n L s  i i i ’i i l d  bc ‘ I C r , -  C’CUIO C .) I U L C / l l l y
;tc i i icv,.-J I l i r i ug li I In.’ l a t e r  d e v e l 1 C 1 C I I I  ol  t i l e  Ma i d , i ,  Ci i’~~k P r o j e c t ,
/10 r e C -ul ; l i s , - nd ed  1/4 - r e i l l , t , i , t i i  L h i u u 1 h  t h e  : :t  - f l / i I l l  01  the  c c , l , -  of
d u C .h C . l l I., .nt ) F  p 1 :1/ ; Cl c l l s t r u c t i li o f  l l ~ Bl ue l - L i r s h  Pe j e c t .

g. A L ! - - - . t l C l 1 5  ( I I  L O r I S .  A l  I l c u t i O l l  ( I I  C O s t S  w i r e  C O l 1

1) L i L € d  by ( 1 )  l l ~ - -  ‘ l J ~1r a I ) l O  C C ) S t s — t ’ 4 l C J t i n i n g  u - I O C ’ f i  t s  iiit ’ t h o d ;  ( 2 )
t he p r i ) r i t y  i C f  u s e  Ine L ilod; 01)0 (3) 1114 ’ i ne- r (  C C - i / l u 1  C o st  l e t h o d on
t C .C ( )  t u n e  CC - r i -  - i s  t i l l  ai t o r t i z a L l i t i , C O t o / i r a  and 100 t- C ’ , i r ~~. The
cos t  a l loc :1 1 - i l  d a t a  or e  ~ h - ~j i i  i n  t j b ] e  A A — 2 .  f r i  t h e  i n c r i n i e n t a l
C / St  ule t o o L l  01.  l I t / / c a t i o n , s u p p l y o f i ; ; t t e r  t111 11 c C I i : ; j s f t - r e d  t t;e b u s i c
f un c  I ion b e c a u s o  t h e  ,c I i e d t i  1 ed do t e fo r  di -  ; i ’  l J r ; ( C - n I 0 f t l i e  p r o j  cc t
is  based on t h e  a nt i c i 1o i l e d  I O L C C U  f o r  sL ipp l i e : ;  0 1  t i t e r .

I-i .  E u t t e n t  C ) l ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ In or d e r  to t a L e  in to
a c c o u n t  t h e  d e s i r e s  an d  v t o ; . ; .  ) f  F e dor a  I a :-g’llc I c C ;  ~ a f t  , -c t e d  S L j  t e s

and  m u t n i c i p a l i  l i e s , d u r i n g  t h e  su r ’ - c y  an d 101. , r L - P / I r . i t i 1lo o f  t h e
s u r v ey  r e p o r t , t h e  District ELOgInC-er ;C r /,a[1s- 1- stublisl,ed the
D e l , I C ;i cc B a s i n  S u r v e y  Coord  i ma t jug C u ; u ,i t  t e.  . Tb  ~ S C om m i t t e e  was
c o m p r i s e d  of  r e p r e s en t a L i ve s  of  t i c  t ) l a t e s  o f  P en n s y l van i a , Xc’ - ’ York ,
M C i ,  J e r s e y ,  and DC - b L a r e ;  of t h e  c i t  I t ’ s o f  P h i  l a d e  I ph i a  and Xci-: Y e r k ;
and  of  the  t~a ri , i o~~ I’C ’dCIa [ dge’nc i c S  c o n cer n e d  w i t h  i . at er  i t ~sources.
Ten wee  L i  t oga  of t i w  CCC I;COI I tee , uhi  l b  i-re re open t o  t h e  pub  li c  , wer e
he ld  .-

~ t about four—i sunth interv a ls I r o i  April 1957 to March 1960 at
v a r i o u s  p o i n t s  throughout the Del:i;rar e River Basiji and s e r v i c e  area .

F e d e r a l  a ge n c i e s , s ta t e s  a nd m u n i c i pali ties u --re informed ~ t t h ese
v a r i o u s  n i e ct i u g - - as t o  the t i e g i - cas 01 ti;e study and given t h e o p —
por toni t y to r e v i  i- ,; a nd C o ; a , e n t  on the lei tur e s of the ei’i-;prehensivc

p lan. Also , a b r o i l  review procedure assured each member of the Co-

ordina ting Coi u ;ii tt c a i p le t it le to comment on the rajor feoLures of
the studios as  t b ~ were reported on in tie 24 appendices to the re-

por t. At the conclusion of the studies four public hearings were
held in the basin to a d — : i So l oca l  interests of the findings of the

- ‘ study and a f f o r d  them opp ortun iLies to express their views. IL is
believed tha t these int e r ests ai’e in general agree;;ent with the

p lan p r e s C ’n t C ’ u  . L t o d e r  the review procedures prescribed for this

survey report , lo c i l  m t  ‘rests w i l l  hove addit 1 ,001, opportunity for

C C S l  I I : I i L  on the features of  the p lan and cost sharing arr .;igen ;eiits

Federal par t f t  i p i  Lion in th is pr o  le e  t has been  estit ;a ted at

$7 , 100 ,000 fo r  LOOSL I Ut’ t i on  e : : p i - t o l i  Lu r e s  and $85 , 000 a nn u a l l y for
ope r . :  t ion , cia i i i  I 1,/Il/SO C C .~ ;od r e p  1 ;i~~i’i icn t c -n i t s dur  I i l l ~i t lie pC .’t’ iod of

def~’rr o2 U i o f  lu t u r e ’ C, - a t C , r  ~ - j i L i e s , and $12 ,000 ann uall y ,if t er

mar of the future w,-itr’ r supp l ies is in ! L jated .
I . R e p a v o e n t  s c h e d u l C - a  i i  i i i - i b u~~~a b i ~ ’ C O / I L a. The re—

ii ;h u r s . i b i t ’  ee~~L tee t i l e  b l o C  M a r s h  P r oj e c t  w o u l d  i n c l ud e  a C a n —

-
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struc t ion cost of $5 ,410 ,000 for  supp lies of ‘,o’aLer . Alternative
repayment s c h edu l e s  acceptable to the Federal governmen t for re-

covery of this cost are shown below :
1/

1/ De ferr ed
Construction Lump Annua l Deferred Annua l

F u n c t i o n  E>a ;~~p f l L u r e s  Sum Payment .  I,ump Sum Payment

Supp lies of
Water: ($5 ,410 ,000

rounded)

Current
Supply 1 ,657 ,000 $1 ,657 ,000 $62 ,000 N. A . N . A .
Deferred 2/
Supp ly 3 .751 ,800 3 ,752 ,000 139 ,000 $3 ,752 ,000 $139 ,000

1/ Assumes Federal financing of such costs at 2-5/870, and amortization
per iod 50 y e a r s .

2/ Initiation of use of deferred supp ly within ten-year interest free
p e r i o d .
N. A. - not applicable.

In addition , non-Federa l interests would be required to contribute
$26 ,000 annuall y for the cost of operation , maintenance and replace-
ment during the period of deferred use of future water supp lies and
$38 ,000 annuall y after use of the f u t u r e  water  supp l i es  is initiated.

j .  Effect of project on state and local governments. There

are no major changes expected in the cost of s t a t e  and lpcal govern-

ment services as a resul t of the Blue Marsh Project. Any increased

costs of state and local services associated with the projec t have
been taken into account in the estimate of annual operation and
maintenar,0e costs for the project. While there may be reductions
in the tax revenues resulting from Federal acquisition of lands in
the Blue Marsh Project area , i t is expected that such reductions
will be more than compensated for through increased activity,

directl y and indirectl y associated with the multip le-purpose de-
velopment features of the Blue Marsh Project.
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6, TREXLE R PR O. JEC ’l ’
a. D e sc r i j C L i C . C n  The Trexl’,’r Project siLo is located on

Jordan Creek about 1 / 2  l Ie  d o w n s t r o , r ~. . com i t s  c o n f l u e n c e  w i t h
Mill Creek and 8 m f i es  ‘1111 t hwest of A ] . I O n t C C ..,Cn Pennsy lvania. The
proposed project ti- ~-jid be a is.’i l t irl e-p ’.irp c-se dc’veiopment to pro-
vide supp lies of waler , flood control and recreation . Reservoir
capacity to spillway cros t level would be 39 ,000 acre-feet ; 800
acre-feet inactive . 24.200 acre-feet for supplies of water and
recreation , and 14.003 acre-fee t- ~~~ fi ord control It would be

formed by a concrete gravity tC C fl C dam 800 feet long and rising
120 feet above t L  cr1 -ek bed, and h~~ ’e a spiilway in the stream
channel and gatu— cont roll ed outlet worbs discharging through
sluices in the s p il l u ay  s e c t i o n  The project would contribute to:
(1) the  s a t i s f a ct i o n  of t I e  fu t u r e  w a t e r  -supp ly needs of downs t ream
areas especiall y the Allentown-Bethlehe m and Trenton-Philadelphia
a reas ;  ( 2 )  the r e d u c t i o n  in  f lood  dal iages of e s p e c i a l  i m p o r t a n c e  in
the highl y industrialized Allentown . Bethlehem and Easton areas;
and (3) the satisfaction of the d e s i r e  for nonurban recreation fa-
cilities of the surrounding population. The Trexler Project would
be required by the year 1972

b. Econoi-iic life , The economic life of the  Trexler Proj-
ect as used in p ro jec t analysis is 50 years.

c. Pro~ ect  c o s t s .  The e s t i m at e d  cost  of c o n s t r u c t i o n  is
$10~ 100 ,000 , excluding $1 , 140 ,000 for indirectl y related recreation;

the cost of operation and maintenance is $101,000 annuall y; and the
cost of major replacement is $3,000 annuall y. All costs are corn-
puted  on the bas i s  of 1959 p r i ce  l e v e l s,

d~ Benefit-cost ratios. Benefit-cost ratios were com-
puted using total tangible benefits and total costs reflecting
various interest rates app l ied to Federal and non-Federal interests
for  50 years  and 100 years. The benef it-cost ratio of the Trexier
Project for 50-year economic life is 1,5 and for 100-year economic
life it is 1,3, Capita l costs , operation and maintenance costs , re-

p lacement costs , and benefits for 50 ~ ear s  and 100 years are as
f o l l o w s :
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Amor tization Period
50 Year s 100 Years

CONSTRUCTION E X P E N D I ~~I R E S  $10 , 100 ,000 $10 , 100 ,000
ANNUA L C HARGES

Interest and A m o r t i z a ti o n
(inc1udin ~ in to rest d~iriri g
c o n s t r u c ti o n )  40-i 000 330 .000

O p e r a ti on  and M a in t e :’,iace 101 ,000 101 ,000
Major  I~CC i IcoI -.~onts 3,000 4,000
E c o n o~:ir Cos t  of  l.,ina ~4 , OO0 40 , 000
To ’1 —s1 A~to ool Charges 552 .000 475 ,000

A N N U A L iEN ~~FITS
Red ucti on of FIor d Do~ ;:ges 114 .000 llE .000
PC - C ~~C.’ 0L . ,.  .‘~~t 1”  r e l a t e d  ~8l.000 281 ,000
Sn p p i i o~ C~ ~~ ~~~~ 4 c 3 . O~J O 466 ,000

T o t aj  AI1r’ al ~ieno.Lits 3Ih, 000 864 . 000

BENEFIT-COST RATIO 1.6 1.8

Notes: Costs and benefits for indirectl y related recreation are
excluded .
A l l  amoun t s  r o u n d e d ;  totals may not agree with sums of in-
dividual items due to rounding.
Interest rate of 2 -5/ 3%  used  in deter’nina tion of annoal
cos ts. ~*cre app l i cab le , and in discoanting of fal : ur e
benefits -

e .  intany ib le_ proj~~~ effec ts . Intangihie project

effects of the Trex b r  Pr- loO t C,Jould inc  lode: a contribution to
the prevention of loss of li fe , which, , amounted to 99 lives lost

throughout the Delaware River basin in the A igos t 1955 flood;
assurance values from ass17ning adequate flood control storage
capacity at the Trexier Project to control 7l0/ of the standard

project flood to non-damaging proportions 5J as to avoid a false

sense of security from floods amc r.g the residents in the urban

downstream reaches; and the C,-a iue of the provision for sufficient

site development at the T1.’exler Project to iss -are the realization

of optimum recreation benefits. Adverse effec ts resulting from
the Trexler Project would essentiall y be a C rsequence of the

damages expected to wildlife resources in the project area . There

is presonted in appendix J to Ll’~ s r e p - :C r L  t h e  a c r e s  of land tha t

would be required to rep lace these resources in kind . No m o n et a ry

equivalen t flr means of recovering such damages is presented .
1. Physical feasibility and cost of providing for

future needs The Trexler Pro ject has been formulated to con-

tribute to the satisfacL i-a n of current and fulure needs for re-

d u c t i o n  of fl-Co d dallage s - r e c r e a t i o n,  and supp lies of water over

the economic life ci the project. No p r o v i s io n  has been made for

la ter or p h a se d  co n s t r a c - t l o n  at  t h e  Tr e x ] e r  P r oj e c t  to s,~t i s f .
known additiona l fut~ rc require ii-ents in the area ‘cr - . r’d by the
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project since it was found uneconomic to do so. System ana lyses  for
C the four recommended major water control pr ojects in the Lehigh River

Basin , name ly, Beltzv ille , Trexier , Aquashicola and Bear Creik , m di-
cated that the satisfaction of additiona l and future requir :: ‘ts
would be more economically achieved through the orderl y deve . - ment

C of the Beltzville , Aquashicola and Bear Creek Projects , as recommended
here in, than through the extension of the scale of development or
phased construction of the Trexler project.

g. Allocat ion of costs. Allocation of costs were computed
by (1) the separable costs-remaining benefits method ; (2) the priority
of use method ; and (3) the incremental cost method on two time periods
for amortization , 50 years and 100 years. The cost allocation data
are shown in table AA-3.  In the incremental cost method of allocation ,
supply of water was considered the basic function because the scheduled
date for development of the project is based on the anticipated need
for supp lies of wa ter.

h. Extent of interest in project. In order to take into
account the desires and views of Federal agencies , af fec ted s tates
and municipali ties , during the survey and the preparation of the sur-
vey report, the District Engineer formally established the Delaware
Basin Survey Coordinating Committee. This Committee was comprised of
representative s of the Sta tes  of Pennsy lvania , N ’w York , New Jersey ,
and Delaware; of the c i t i e s  of Phi ladelphia  and New York ; and of the
various Federal agencies concerned with water resources. Ten meetings
of the Committee , which were open to the public , were held a t about
four month intervals from April 1957 to March 1960, at various points
throughout the Delaware River Basin and service area . Federal agen-
cies , states and municipalities were informed at these various meet-
ings as to the progress of the study and give - the opportunity to re-
view and comment on th e features of the comprehensive p lan. Also , a
forma l review procedure assured each member of the Coordinating Com-
mittee amp le time to comment on the major features of the studies as
they were reported on in the 24 appendices to the report. At the con-
clusion of the studies four public hearings were held in the basin to
advise local interests of the findings of the study and afford them
opportunities to express their views. It is believed tha t these
interests are in general agreement with the p lan presented. Under the
review procedures prescribed for this survey report , local interests
will have additiona l opportunity for comment on the features of the
p lan and cost sharing arrangements . Federal participation in this
project has been estimated at $4,300 ,000 for construction expenditures
and $69 ,000 annuall y for operation , maintenance and rep lacement costs
during t h e period of deferred use of future ‘.,‘ater supp lies , and $57 ,000
annuall y after use of future water supp lies is initiated.

i. Repayi.ient schedules for reimbursable costs. The rein-
bursab le co’;L (Cr the Trex I c r  Project would include a construction cx-

AA -14
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penditure of $5,770 ,000 f or supp lies of water. Alternative repayment
schedules acceptable to the Federal gover nment for the re covery of
this cost are shown below :

1/
1/ De ferred

Construction Annua l Deferred Annual
Function Expenditures Lump Sum Payment Lum p Sum Payment

Supp lies of
Wa ter ($5,770 ,000

rounded)
Current
Supp ly 2 ,747 ,000 $2 ,747 ,000 $102 ,000 N. A. N. A.
Deferr ed
Supp ly 3,019 ,000 3,019 ,000 112 ,000 $3 ,019 ,000 $112 ,000

1/ Assumes Federal financing of such costs at 2-5/6 7 ,
amortization period 50 years.

2/ Initiation of use of deferred supp ly within ten-year
interest free period .
N. A. = not applicable.

In add ition, non-Federal interests would be required to contribute
$35 ,000 annuall y for the cost of operation , maintenance and replace-
ment during the period of deferred use of future water supplies and
$47 ,000 annually after use of the future water supp lies is initiated

j. Effect of project on state and local governments. There
are no major changes expected in the cost of state and local govern-
ment services as a result of the Trexier Project. Any increased
costs of state and local services associated with the project have
been taken into account in the estimate of annua l operation and main-
tenance costs for the project. While there may be reductions in the
tax revenues resulting from Federal acquisition of lands in the
Trexier Project area , it is expected that such reduction would be
more than compensated for through increased activity , directl y and
indirectl y associated with the multip le-purpose development features
of the Trexler Project.
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7 .  PROM PTON PROJECT.
a . Description. The Prompton Project is a modification

C of the single-purpose flood control project , now under construction ,
whi ch is located on Lackawaxen River about 1/2 mile upstream from

4 its confluence with Waymart Branch and about 4 miles west of
Honesdale , Pennsy lvania . The proposed project would be a multip le-
purpose development to provide for supplies of water and recreation
in addition to the present flood control purpose. Reservoir ca-
pac ity to spillway crest level would be 51 ,700 acre-fee t; 3 ,400
acre-feet inactive , 28 ,000 acre-feet for supplies of water and
recreation , and 20 ,300 acre-feet for flood control . The proposed
modification would require construction of a control tower with
gates and service bridge , placing an impervious blanket on the
valley walls and floor upstream from the dam , widening of the spill-
way , and clearing land and relocating roads in the reservoir, The
dam presently under construction , which would not be nodified , will
be 1,300 fee t long and ri se 140 fee t abo ve the river bed . The
existing spiliway which is cut into the rock of the right abutment ,
will be modified and the present uncontrolled outlet works , dis-
charging into a concre te conduit along the right bank , will be pro-
vided with gates and a control tower. The modified projec t would con-
tribute to: (1) the future water suppl y needs of the Trenton-
Philadel phia area; (2) the reduction in flood damages in the downstream
areas of especial importance to Honesdale , Hawle y, and the lower reaches
of Lackawaxen River; and (3) the satisfaction of the desire for nonurban
recreation facilities of the surrounding population . The Prompton
Project uould be required by the year 1974.

b. Economic life. The economic life of the Prompton Project
from the time modifications are comp leted and including fea tu res o f
the existing project as used in project anal ysis is 50 years.

c. Project costs, The estimated cost of construct ion , ex-
cl uding $387 ,000 for indirectl y related recreation , is $8,050 ,000 which
is made up of $3 ,700 ,000 estimated as the cost oi the flood control
project now under construction and $4,350 ,000 estimated as the cost for
the modifications for multip le-purpose development. The total new con-
struction expenditures required , including $620,000 for rehabili,tation
of the existing project would be $4,970 ,000. The estimated annual opera-
tion and maintenance cost is $82,000 , and che major replacement cost is
estimated at $2 ,000 annuall y, All costs are computed on the basis of
1959 price levels.

d. B e n e f i t - c o s t  ratios. B e n e f i t - c o s t  ratios were computed

using total tangible benefits and total costs r e f l e c t i n g  various inter-

est rates applied to Federal and non-Federal interests for 50 years
and 100 years. ihe economic justification for che Prompton Project was
based on the premise tha t the modification constituted a second stage
of development and rehabilitation to provide feasible comprehensive
development with a 50-year life expectancy. The benefit-cost ratio of
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the Prompton Projec t t . - : a ‘ ‘*- ‘~~~‘ C I ’  -~~~: L : ~~, Cs,ic life is 1.4 and fcr a
lO0— ~,ear  I c $ ~~ ,~~ti i c  l i t -  i’~ is 1 , U .  ~- -~pi~~.i ~ co s t s  , op = 1 ra t i o n  and
m a i n t e n a n c e  c o st l s , r ep 1-:ic~~ - C. .~~ I C  -~cs  ~ and be ; e f i t s  fo r  50 years
.OIJ  100 y e a r s  2 c c  ~~ f- ll ’ .ws .

Amartization Period
50 Years 100 Years

NEW C~JNSiRUCrION EX~C
~~:EF iLRES $ 4,970 ,000 $ 4 ,970 ,000

ANNUAL CHARGES
lr.terest and ~.C~ç.1’tj~ a~ C )fl
( inciudir .~, i~~’~~resc durjr1 -~
cuI~struc LuC~) 239 ,000 197 ,000

() p c r . t i o a  ~ ~1 :i . ’i t e r an ce  82 ,000 82 ,000
t-; jOr ~~~~~~~~~~~~~~~ 2 ,000 2 ,000
EC O F C O 4 ,C C~ s~ of La .’d ~~~~ OC0 24 ,000

T et ~~1 A n nu a l  C~iar~;es 348 , 000 305 , 000

— P~
’
~ [AL i~U~-iEFITS
Redu .~c~ oa of Ftc-rd ~ d l a ,:cS ‘1~~,000 49,000

130 ,000 130 ,000
Scpplics of fJ.- ’ ter 3~~7 ,00) 307 ,000

To t ” i  A~~a-.I:~l Beil e l it s  486 , 000 486 , 000

~ENF-FIT-C0ST RATIO 1.4 1.6

Notes: Costs and aenefits foc- in~iirectly re1aI:o~ recreation are

excluded ,
All amounts rounded; :-.‘tals may not agree with sums of
individual items due to r o un d in g .
1o..4rest rate of 2-5/87~ used irC deccrmina’:ion of an nual
cos t s , o-herc app licable , and discounting of future benefite .

e - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I -ICOOibL- - p r cj e ct  effects
of  the Prompton  Pro ~ece: would  ~ r .c~,u d- -4 ’, -~ ce -~~ribution t:C the preven-
t i o n  of  loss o f  l i f e , wh ich  amcur-:~~d t o  39 liv l ost  :h r -ough ou t  the
Delaware River B;isi.n ia the August 1955 flood ; asL5’scarCce val ues from
ass i gning .-~d e q u -’1Ce flood ~c- ~-:ro1 s t or a g t  cap~ L’ i ty at t Prompton
Project to control 69’?, of t h~ s t a n d a r d  pro j ec t  flood to non-damaging
proportio rC$ so as to aveid a false sense of security f rom f lood s
among the residents in tho urban downstr-oa~n teaches; and the value
of the prevision for su~~fi ci€ ’rt site deveiop’eeot or. ~:he Prompton
Project to insure the reo 1.io.:~:ion of ept ioooo rece)~-1 - tcn benefics .
Adverse eFfects resulting from the Prompton Pro ~ et esseotiall y
would be a consequence of the damages .:.;~~~- ‘tod to fish and wildlife
resources in the pro ject area . There is presented in appendix J to
thi s report a discussion of how such darn-Igos ettrihutable to other
pro j ec t s  in the’ plan of dcv elopment  mi g ht be :oic~~~-~tn d . No monetary
equivalent for ucans of recovering such damages is presented.
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f. Physical feasibilit y an d  CI C~~ L of providing for future

needs. The Prompton Project has been formulated to contribute to
the satisfaction of current ond future needs fir reduction of flood
damages, recreation , and supplies of water over the economic life
of the project. No provision has been made for further modification
at the Prompton Project to satisfy known additional future require-
ments in the area served by thi s project since it was found uneco-
nomic to do so. Given the magnitude of future water control re-
quirements , it was de termined tha t the satisfaction of such needs
..‘ould be more economically achieved through the orderl y development
f the remaining major control projects scheduled for development

,-ifter comp letion of modifications at Prompton , as recommended here-
in ,. than throlCgh additional modifications of the scale of develop-
ment of the Prompton Project.

g. Allocation of costs , Allocation of costs were corn-
puted by (1) the separable costs-remaining benefits method , (2)

: the priority of use method , and (3) the Incremental cost method on
two time periods for amortization , 50 years  and 100 years . The
cost allocation data are shown in table AA-4. In the incremental
cost method of allocation, supply of water was considered the
basic function because the scheduled date for modification of the
existing project is based on the anticipated need for supplies of

4 water .
h .  E~’.t en t of i n ter e s t  in ,j~~ ,~~1j , t .  In order to take into

account  the d e s ir e s  and “jews of Feeeral agenci e-~, affected states
and municipalities , during the survey and the preparal :ion of the
su rvey r ep~’rrt, the District Engineer forma l ly e s t a b l i s h e d  the
Delaware Basin Survey Coordinating Committee. This Committee was
comprised of representatives of the States of Pennsy lvania , New
York , New Jersey , and Delaware; of the cities of Philadel phia and
New York; and of the various Federa l agencies concerned with water
resources. Ten meetings of the Committee , which were open to the
public , were held at about four -month intervals from April 1957
to March 1960 at various points throughout the Delaware River Basin
and service area . Federal agencies , states and municipalities were
informed at these various meetings as to the progress of the study
and given the opportunity to review and comment on the features of
the comprehensive p lan . Also , a for mal  review pro cedure ass ured
each member of the Coord inating Committee amp le time to c orroent on
the major features of the studies as they were reported or, in the

24 appendice s to the report. At the conclusion of the studies four
public hearings were held in tb’ basin to advise local inter ests of
the findings of the study and afford them opportunities to express
their views. It is believed tha t these interests are in general
agreement with the p lan presented. Under the review procedures , re-
scribed for t h i s  survey r e p o r t  local interests will have additiona l
opportunity for comment on the features of the p lan and cost sharing
arrangements. Federal participation in this project has been esti-
mated at $ ~.63 ,000 for  C O W  constructIOn expenditures ar.d $45,000
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annually for ioio :kcn , maintenance and rcp lace~ on~ co sts during the
per iod of deferred use of future water suppUes and a total of $29,000
ann ua l l y af ~ er ose of the future water supp lies is ir itiate d .

i. Repa”ment schedules for reimbursable costs . The reim-
bursable cost for the Prompton Project would include a construction
cost of $4,500 ,000 for supp lies of water . Alt ernate r epa ’~~en t  sched-
ules accep table to  the Federal government for the recovery of t~iis
cos t are shown bel ow~ 1/

1/ Deferred
Construction Annua l Deferred Annua l

Function Expenditure Li.m~p Sum Payment Lump Sum P~yr~ent
Supp lie s of
Wa ter ~4.500,000

(rounded)
Curren t
Supp ly 2 .0 89 ,000 $2 ,089 ,000 $78 ,000 N. A . N. A.
Deferred 2/
Supp ly 2,414,000 2,414 ,000 90 ,000 $2 ,414.000 $90,000

1/ Assumes Federal financing of such costs at 2-5/87~, amortization
period 50 years.

2/  Ini tia tion o f use of d e f e r red supp ly within ten-year interest
f ree  peri od .
N. A. - not app licable.

In addition. non-Federal interests would be required to contribute
$38 ,000 annually for the cost of operation , maintenance and replace-
ment during the period of deferred use of future water supp l ies and
$54 ,000 annually after use of the future water suppl y is initiated .

j .  Effect of project on state and local governments. There
are no major changes expected in the c~ st of state and local govern-
ment services as a result of the Prompton Project Any ivicreased
costs of state and local services associated with t~ e project have
been taken into account in the estimate of annua l operation and main-
tenance costs for the project. While there n~ay be reductions in the
revenues resulting from Federal acquisition of lands in the Prompton
Project area , it is expected that such reductions would be more than
compensated for through increased activity, direct1~ and indirectl y
associated with the multi p le-purpose development feat~ res cf the
Proinpton Project .
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8. TOCKS ISLAND PROJECT.
a.~ Descrip tion. The Tocks Island Project site is located

on Delaware River about 5 miles upstream from Delaware Water Gap and
about 7 miles ~iortheast of Stroudsburg. Pennsy lvania . The proposed
projec t would be a multip le-p urpose development to provide supp lies
of wa ter , f lood con trol , production of hydroelectric powei and
recreation . Reservoir capacity to leve l of top of spillway gates
would be 765,000 acre-fee t; 80,000 acre-feet inactive , 410 ,000 acre-
fee t for supp lies of wa ter , power and re crea tion , and 275 ,000 acre-
feet for flood control. The dam would be of earth and rock fill
3,200 feet long and rising 160 feet above the river bed . A sp i l lway
would be cut in the rock of the left abutment , and it would be lined
with concrete and provided with crest gates. A gate-controlled out-
le t work s, discharg ing thro ugh concre te condu it s on rock along the
lef t bank , would regulate releases either through the turbines in
the powerhouse at the dcwnstream end of the conduits or through by-
pass channels in the powerhouse substructure, A pumped-storage
powerhouse would be loca ted underground , ups tream from the dam , on
the left side . The project would contribute to: (1) the future
wa ter supp ly needs of the Trenton-Philadelphia area ; (2) the reduc-
tion in flood damages in the downstream areas of especial importance
to the Delaware Water Gap-to-Trenton section; (3) the satisfaction
of the f uture demand for elec tr ic energy in the area ; and (4) the
satisfaction of the desire for nonurban recreation facilities of the
reg iona l population . The Tock Island Project would be required in
the year 1975.

b. Economic life. The economic life of the Tocks Island
Project as used in project analysi s is 50 years.

c. Project costs. The estimated cost of construction ,
annua l cost of operation and maintenance , and annual cost of major
rep laceme nt s are as f oll ows :

1/ V
Construction expenditures $146,000 ,000 $122 ,000 ,000 $177 ,000 ,000
Operation and maintenance 4.460 ,000 1,760 ,000 5 ,310 ,000
Major replacements 204,000 207 ,000 320 ,000

1/ Flood control , wa ter supp ly, direc t ly re la ted rec rea tion , and
conventional and pumped-storage hydropower .

2/ Flood con trol , wa ter supp ly ,  direc t ly and indirec tly rela ted
recreation and conventiona l hyd ropower .

3/ Flood control , water supp ly. directly and indirectly related
recreation , and conventional and pumped-storage hydropower.

All amounts are rounded and are computed on the basis of 1959 price
levels.
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d. Benefit-cost ratios, Benefit-cost ratios were computed
using total tangible benefits and total costs reflecting various
interest rates applied to Federal and non-Federal interests for 50
years and 100 years. The benefit-cost ratio of the Tocks Island
Project for a 50-year economic life is 2.2 without the pumped-storage
hydro-power feature, This ratio was computed with the total recrea-
tion benefits and costs (directly and indirectly related) included .
The comparable figu~ c for 100-year economic life is 2.6. Capital costs ,
opera tion and main tenance , rep 1~’cement costs , and benefits for 50 years
and 100 years are as follows:

50 years 100 years
CONSTRUCTION 1/ 1/

EXPENDITURE S $122 ,000 ,000 $122 ,000 ,000
ANNUAL CHARGES :

Interest and
Amortization
(including
interest dur-
ing construc-
tion) 4,700 ,000 3,700 ,000

Opera tion and
Maintenance 1,760,000 1,760 ,000
Rep1aceti~en ts 207 ,000 318 ,000
Economic Cost
of Land 697 ,OCO 641,000
Taxes 335 ,000 335 ,000
Total Annual

Charges 7,700 ,000 6 ,750 ,000
ANNUAL BENEF ITS

Red uction of
Flood Danagas 1 ,460,000 1,500 ,000
Recrea~ icr (di-
rec~ 1y & indi-
rectly related) 10,000 ,000 10,000 ,000
Suppl ies of W~tar 3 ,780 ,OCO 4,090,000
Fower 1 ,820~ GOO l ,82O~ 0O0
Total A m~..a1

~e~ efits 17 ,100 ,000 17 ,400 ,000
BENEFIT-COST

RATIO 2.2 2.6
1/ Ex.:lud i~~ p~r .ped-storage hydropower.
Nc tes: All amo .i.~~s rounded ; cotals may not agree with sums of individual

items due to rounding .
Interest rate of 2-5/87~ used ii determination of annual costs , where

i.~~~le , and !I ~~~ CU: ’. t in~ cf L~ture benefits.
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e. Intangible project effects. Intangible project effec ts
of the Tocks Island Project would include: a contribution to the pre-
vention of loss of life , which amounted to 99 lives lost throughout the
Delaware River Basin in the August 1955 f1~od; assurance values from
assigning adequate flood ccr.trcl storage capacity at the Tocks Island
Proj.ct to control 547. of the standard project flood to non-damaging
proportions so as to avoid a false sense of security from floods among
:ha residents in the urban downstream reaches ; and the value of the

• provision for 3ufficient. site development at Tocks Island ‘Project to
insure the realizatior. of optimum recreation benefits . Adverse effects

• resulting from the Tc cks Island Project essentially would be a con-
sequence of the damages expected to fish and wildlife resources in ths
project area. There is presented in appendix J to this report the

• acres of land and miles of stream that would be required to replace
these resources in kind. No monetary equivalent for means of recover-
ing such damages is presented. Some project facilities for fisheries
have been included and are considered in the overall joint-use con-

,struction expenditures for this project.
f. Physical feasibility and cost of providing for future

needs. The Tocka Island Project has been formulated to contribute
to the satisfaction of current and future needs for reduction of flood
damages , recreation, supplies of water , and hydroelectric power over
the economic life of the project. No provision has been made for later
or phased cons truc tion at the Tocks Island Projec t to sa tisfy known
additional future water control requirements since it would be un-
economic to do so. Site limitation at Tocks Island above elevation
428 involving costs for protecting the Port Jervis area precludes the
extension of the scale of development at Tocks Island as recommended
herein. Further consideration given to the role of the other major
control projects, to be developed in a logical ttme sequence, indicated
that the satisfaction of additional and future requirements could be
more economically achieved through use and development of these projects
than through further site development at Tocks Island.

g. Allocation ci costs. Allocation of costs were computed
by (1) the separable cosrs-remainir~g benefits method , (2) the pri-
ority of use method , and (3) rl’e Incremental cost method on two time
periods for amortization , 50 years and 100 years. The cost alloca’-
tion data are showr in t3ble AA 5. In the Incrementa l cost method
of allocation , supply of water was cons i dered the basic function
because the scheduled d.~te for deveiopmo’-. t. of the project is based on
the anticipat ed need for suppUes of water .

h. Extent of interest in project. In order t.o take into
account the desires and views of Federal agencies , affected states
and municipalities , during the. survey and the preparation of the
survey report , the Distric .t Engineer ±ormally established the Delaware
Basin Survey Coordinating Committee. This Conm~ittee was comprised of
representatives of the States of Pe”nsy lvanla , New York , New Jersey,
and Delaware ; of the cities of Phtladel phl.a and New York ; and of
the various Federal ager~:Ies corcerned with water
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resources. Ten meetings of the Conznittee,which were open to the
public , were held at about four-month intervals from April 1957 to
March 1960, at various points throughout the Delaware River Basin
and service area. Federal agencies, states and municipalities were
informee at these various meetings as to the progress of the study
and given the opportunity to review and comment on the features of
the comprehensive plan . Also, a formal review procedure assured
each member of the Coordinating Committee ample time to comment on
the major features of the studies as they were reported on in the
24 appendices to the report. At the conclusion of the studies four
public hearings were held in the basin to advise local interests of
the findings of the study and afford them opportunities to express
their views. It is believed that these interests are in general
agreement with the plan presented . Under the review procedures pre-
scribed for this survey report , local interest will have additional
opportunity for comment on the features of the plan and cost sharing
arrang ements. Federal participation in the Tocks Island Project
would be as follows:

1/
CONSTRUCTION EXPENDITURES $93,900,000
Annual Operation , Maintenance

and Replacements 2/ 1,870,000
(l,~ 50,00O)

1/ Excluding pumped-storage hydropower.
2/ Amounts in parentheses are 0 M & R during period of deferred use

of water supplies.

i. Repayment schedules for reimbursable costs. Costs ap-
portioned to non-Federal interests are as follows:

1/
CONSTRUCTION EXPENDITURES $28,500,000
Annual Operation , Maintenance

and Replacements 2/ 98,000
(20 ,000)

1/ Excluding pumped-storage hydropower.
2/ Amounts in parentheses are 0 M & R during period of deferred use

of water supplies.

R May 1961 AA-26
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Alternative repayment schedules acceptable to the Federal government
for recovery of these costs are shown below:

• 1/ 
Deferred!”

Construction Annual— Deferred Annual
Function Expenditure Lump Sum Payment Lump Sum Payment

Supplies of
Water 2/ ($28 ,500,000

rounded)

Current
• Supply 1,248 ,000 $1,248,000 $48,000 N.A , N. A.

Deferred
Supply 27 ,241 ,000 27 ,241 ,000 1,050 ,000 $27 ,24l ,000~’ $1,050 ,000

1/ Assumes Federal financing of such costs at 2-5/87., and amortization
period of 50 years.

2/ Pumped-storage hydropower excluded.
3/ Initiation of use of deferred supply within ten-year interest free period .
N. A. = not applicable.

j. Effect of project on state and local governments. There
are no major changes expected in the cost of state and local government
services as a result of the Tocks Island Project. Any increased costs
of state and local services associated with the project have been taken
into account in the estimate of annual operation and maintenance costs
for the project. While there may be reductions in the tax revenues
resulting from Federal acquisition of lands in the Tocks Island Project
area , it is expected that such reductions would be more than compen-
sated for through increased activity, directly and indirectly associated
with the multiple-purccse development features of the Tocks Island
Project. In the case of the conventional hydropower facilities , recom-
mended for Federal development , Federal , state and local taxes estimated
at $335 ,000 annually will be foregone . The effects of these taxes were
taken into account in project formulation and in the computation of
benefit-cost ratios shown in paragraph 8d.

AA-27 R May 1961
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9. AQUASRICOLA PROJECT.
a. Description. The Aquashicola Project site is located

on Aquashicola Creek about 4-1/2 miles upstream from its confluence
with Lehigh River and about 3 miles east of Palmerton , Pennsylvania.
The proposed project would be a multiple-purpose development to pro-
vide supplies of water, flood, control and, recreation. Reservoir
capacity to spillway crest level would be 45,000 acre-feet; 1,000
acre-feet inactive, 24 ,000 acre-feet for supplies of water and
recreation, and 20,000 acre-feet for flood control. It would be
formed by an earth dam 2,000 feet long and rising 110 feet above the
creek bed, and have a concrete spillway located in the south wing of
the dam and gate-controlled outlet works discharging through sluices
in the spillway section. The project would contribute to: (1) the
satisfaction of the future water supply needs of downstream area s
especially the Allentown-Bethlehem and the Trenton-Philadelphia areas;
(2) the reduction in flood damages of especial importance to the high-
ly industrialized Allentown , Bethlehem and Easton areas; and (~3) thesatisfaction of the desire for nonurban recreation facilities of the
surrounding population. The Aquashicola Project would b~ required by
the year 1981.

b. Economic l i fe .  The economic l i fe  of the Aquashicola
Project as used in project analysis is 50 years.

c. Proj ect costs. The estimated cost of construction, cx-
cluding $488 ,000 for indirectly related recreation, is $19,0O0~000;
the cost of operation and maintenance is $82,000 annually ; and the
cost of replacement is $2,000 annually. All costs are computed on
the basis of 1959 price levels.

d. Benefit-cost ratios. Benefit-cost ratios were computed
using total tangible benefits and total costs reflecting various
interest rates applied to Federal and non-Federal interests for 50
years and 100 years. The benefit-cost ratio of the Aquashicola
Project for a 50-year economic life is 1.1 and for a 100-year economic
life it is 1.3. Capital costs, operation and maintenance costs, re-
placement costs, and benefits for 50 years and 100 years are as follows:

I
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A~aortization Period
50 Years 100 Years

CONSTRUCTION EXPENDIIURES $19,000,000 $19,000,000
ANNUAL C!rARGES
Int er~~,t arid t~~ u r L i z ~j t  k t 1
(inc luding i nt e r e s t  durin~.
construction) 769,000 625 ,000

Operation L~ N, i n L e n i c ~ 82,000 82,000
Major Replacements 2,000 3,000
Economic Cost of Land 

-~~~~~~~~~ 
21 L~~~~~ 

19,000
Total Annual Charges 874,000 730 ,000

ANNUA L BENEFITS
Reduc tion of Flood Damage s 293 ,000 299 ,000
Recrea tion, d irec tly relat ed 159,000 159,000
Supp lies of Water 484,000 498 ,000

To tal Annu al Benef it s 936 ,000 956 ,000

BENEFIT-COST RATIO 1.1 1.3

Notes:  Cos ts and bene f it s f or indirec t ly related recreation are ex-
cl uded .
All amounts rounded ; totals may not agree with sums of in-
dividual items due to rounding.
Interest rate of 2-5/87. used in determination of annual costs ,
wher e app l icable , and discounting of future benefits.

e. Intangible project effects. Intangible project effects
of the Aquashicola Project would include: a contribution to the pre-
ven tion of loss of l i f e , which amounted to 99 lives lost throughout
the Delaware River Basin ~n the August 1955 flood; assurance values
from assigning adequate flood control storage capacity at the
Aquashicola Project to controt 777, of the standard proiect flood to
non-damaging proportions so as to avoid a false sense of security
from floods among the re,:~iden ts in the urban downstream reaches;
and the value of the provision for sufficient site development at
the Aquashicola Project ro insure the realization of optimum recrea-
tion benefits. Adverse effects resu1tin~ from the Aquashicola Project
wou ld essen tiai i y be a consequence of the damages expected to fish
and wildlife resources in the project area . There is presented in
append ix J to this report the acres of land and miles of stream
that would be required to rep lace these resources in kind . No mon-
etary equivalent for means of recovering such damages is presented.

f. Physical feasibility and cost of providing for future
needs. The Aquashicola Projec t has been formulated to contribute to
the satisfacLion of current and future needs for reduction of flood
damages , recreation , and supp lies of water over the economic life
of the project. No provision has been made for later or phased con-
struction at the Aquashicola Project to satisfy known additiona l
future requirements in the area served by the projec t since it was

AA-29
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found uneconomic to do so. System analyses for the four recommend-
ed major control projects in the Lehigh River Basin , namel y ,  Bel tz—
yu le , Trexier , Aqua shicola and Bear Creek , indicated that the
satisfaction of additiona l and future requirements would be more
economical ly achieved through the orderly development of the Beltz-
yu le . Trexler , and Bear Creek Projects , as recomm ended herein ,
than through the extension of the scale of development or phased
construction of the Aquashicola Project.

g. Allocations of costs Allocation of costs were com-
puted by (1) the separable costs-remaining benefits method , (2)
the priority of use method , and (3) the incremental cost method on
two time periods for amortization , 50 years and 100 years. The
cost allocation data are shown in table AA-6. In the incremental
cost method of allocation , supp ly of water was considered the
basic function because the schedule date for development of the
project is based on the anticipated need for supp lies of water .

h. Extent of interest in project. In order to take into
account the desires and views of Federal agencies , a f f e c ted s ta tes
and municipalities , during the survey and the preparation of the
survey repor t , the District Engineer formally established the
Delaware Basin Survey Coordinating Committee. This Committee was
comprised of representatives of the States of Pennsy lvania , New
York , New Jer sey , and Delaware; of the cities of Philadel phia and
New York; and of the various Federal agencies concerned with water
resources. Ten meetings of the Committee, which were open to the
public , were held at about four-month intervals from April 1957 to
March 1960 at various points throughout the Delaware River Basin
and service area . Federal agencies , states and municipalities
were informed at these various meetings as to the progress of the
study and given the opportunity to review and comment on the
features of the comprehensive p lan . Also , a formal review pro-
cedure assured each member of the Coordinating Committee ample
time to comment on the major features of the studies as they were
reported on in the 24 appendices to the report At the conclu-
sion of the studies four public hearings were held in the basin
to advise local interests of the findings of the study and afford
them opportunities to express their views . It is believed that
these interests are in general agreement with the p lan presented .
L’nder the review procedures prescribed for this survey report local
interests will have additiona l opportunity for comment on the
fea tures of the p lan and cost sharing arrangements. Federal
partic ipation in this project has been estimated at $8,540,000
for con struc tion expend itures and $51 ,000 ann ua l ly for operation,
ma in tenance and rep lacement during the period of deferred use of
future water supp l ies and $40 ,000 annu a l l y after use of the future
water supp lies is initiated .
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i. Repayment schedules for reimbursable costs. The re-
imbursable cost for the Aquashicola Project would include a con-
struction cost of $10,400 ,000 for supplies of water. Alternative
repayment schedules acceptable to the Federal government for re-
covery of ti-is cost are shown below :

Deferred 1’
• Construction Annual!’ Deferred Annua l

Function Expenditures Lump Sum Payment Lump Sum Payment

Supp lies
of Water $10,400 ,000

(rounded)

• Current
Supp ly 4 ,753 ,000 $4,753 ,000 $178,000 N .A . N,A .
Deferr ed
Supp ly 5,696 ,000 5 ,696 ,000 214 ,000 $5 ,696 ,00’ ‘“ $214 ,000

1/ Assumes Federal financing of such costs at 2-5I87~, amort iza-
tion per iod 50 years .

2/ Initia tion of use of defe rred suppl y within ten-year interest
free period.
N. A. - not applicable.

In addition , non-Federa l interests would be required to contribute
• $34,000 annually for the cost of operation , maintenance and re-

placement during the period of deferred use of future water
supp lies and $44 ,000 annually after use of the future water supply
is initiated.

j. Effect of project on state and local governments. There
are no major changes expected i-~ the cost of state and local govern-
ment services as a result of the Aquashicola Project. Any increased
costs of state and local services associated with the project have
been taken into account in the estimate of annual operation and main-
tenance costs tor the project. While there may be reductions in
the tax revenues resulting from Federal acquisition of lands in the
Aquashicola Project area , it is expected that such reduction would be
more than compensated for through increased activity , directl y and
indirectly associated with the multiple-purpose development features
of the Aquashicola Project.

AA -32

~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
- -

~~~ —. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~

——— •-
~~~~~~~~



10. MAIDEN CREEK PROJECT
a. Descrip tion. The Maiden Creek Project site is located

• on Maiden Creek about 1/3 mile upstream from its confluence with
Moselem Creek and about 12 miles north of Reading, Pennsy lvania.
The proposed project would be a multip le-purp ose development to pro-
vide supp lies of wa ter , flood control and recreation. Reservoir
capacity to spiliway crest level would be 114,000 acre-feet; 2.000
acre-feet inactive , 74 ,000 acre-feet for supplies of water and
r ecrea tion , and 38 ,000 acre-feet for flood control. It would be
formed by an earth and rock fill dam 2,600 fee t long and r ising 110
fee t above the creek bed , and have a spillway about 400 feet east
of the dam and gate-controlled outlet works discharging through a
conduit on rock along the left abutment. The project would con-
tribute to: (1) the satisfaction of the future water supp ly needs
of down stre am area s espec ially the Reading-Pottstown and Philadelphia
area s; (2) the reduction in flood damages of especial importance to
such damage cen ters as Reading , Pottstown , Norr is town, and Phi ladel-
phia; and (3) the satisfaction of the desire for nonurban recreation
fac ilities of the surrounding population. The Maiden Creek Project
wou ld be req uired by the year 1982.

b . Economic life. The economic life of the Maiden Creek
Project as used in project analys is is 50 years.

c. Project costs. The estimated cost of construction ,
excluding $3 ,250 ,000 for ind irect ly rela ted recrea tion , is $27 ,600 ,000 ;
the estimated cost of operation and maintenance is $130,000 ann ual l y;
and the estimated cost of major replacement is $7,000 annual l y . Al l
costs are computed on the basis of 1959 price levels,

d . Benefit-cost ratios. Benefit-cost ratios were computed
using total tangible benefits and total costs reflecting various
interest rates app lied to Federal and non-Federal interests for 50
year s and 100 year s1 The benefit-cost ratio of the Maiden Creek
Project for a 50-year economic life is 1,1 and for a 100-year economic
life it is 1.3. Capital costs . operation and maintenance costs , re-
p lacement costs , and benefi ts for 50 years and 100 years are as fol-
lows:

AA-3 ..,
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Amortization Period
50 Years 100 Years

• CONSTRUCTION EXPENDITURES $27,600 ,000 $27 ,600 ,000
ANNUAL CHARGES

In teres t and Amor ti za tion
(including interest during
cons tr uc tion 1,170 ,000 965 ,000

Opera tion and Main tenance 130 ,000 130 ,000
Maj or Rep lacements 7,000 10,000

• Economic Cost of Lands 76,000 69 ,000
To tal Annual Charges 1,390 ,000 1,180 ,000

ANN UAL BENEFITS
Reduction of Flood Damages 243,000 254 ,000

• Recreation , direc t ly rela ted 424 ,000 424 ,000
Supp lies of Wa ter 826 ,000 903 ,000

Total Annual Benefits 1 ,490 ,000 1,580 ,000
BENEFIT-COST RATIO 1.1 1.3

Notes: Costs and benefits for indirectl y related recreatioL~ are
excluded .
All amounts rounded , totals may not agree with sums of
individua l items due to rounding .
Interest rate of 2-5/87’., used in determination of annua l
costs , where appl icable , and discounting of future benefits.

e. Intangible project effects. Intangible project effects
of the Maiden Creek Project include : a contribution to the prevention
of loss of life , which amoun ted to 99 l ives los t thro ugho ut the
Delaware River Basin in the August 1955 flood ; assurance values fr~ m
ass igning adequa te flood con trol storage capa city at the Maiden Creek
Project to control 5570 of the standard project flood to non-damaging
prop ortion s so as to avoid a fa l se  sen se of secur ity fr om f loods
among the residents in the urban downstream reaches; and the value
of the provi sion for su f f i c ien t si te developmen t a t the Ma iden Creek
Project to insure the realization of optimum recreation benefits.
Adverse effec ts resulting from the Maiden Creek Project would essen-
tially be a consequence of the damages expected to fish and wildlife
resources in the project area . There is presented in appendix J to
this repor t the acres of land tha t would be required to r ep lace wild-
life resources in kind . No monetary equivalent for means of recover-
ing such damages is presented .

f. Physical feasibility and cost of providing for future
needs. The Maiden Creek Project has been formulated to contribute
to the satisfaction of current and future needs for reduction of
flood damages , recrea tion , and supp lie s of wa ter over the economic
life of the project. No provision has been made for later or phased
construction at the Maiden Creek Project to satisfy known addi tional
future requirements in the area served by the project since it was
found uneconomic to do so. Analysis of the water control require-
me nt s in the Schuy lk i l l  River Basin indica ted tha t the sa ti sfa ction
of add itiona l or future requirements would be more economically
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a:h ieved through the orderl y development of the Blue Marsh Project ,
a s rec ommended herei n, than through the extension of the scale of
deve lopment or phased construction of the Maiden Creek Project.

g. Allocations of costs. Allocation of costs were com-
put ed by (1) the separable costs-remainin~ benefits method , (2)
the priority of use method , and (3) the incremental cost method on
two time periods for amortization , 50 years and 100 year s. The
cost allocation data are shown in table AA-7. In the incremental
cost method of allocation , suppl y of water was considered the basic
function because the scheduled date for development of the project
is based on the anticipated need for supp lies of water .

h. Extent of interest in project. In order to take into
account the desires and views of Federal agencies. affected states
and municipalities , during the survey and the preparation of the
survey report , the District Engineer formally estab lished the
Delaware Basin Survey Coordinating Committee. This Committee was
c~n~prised of representatives of the States of Pennsylvania , New
York , New Jersey ,  and Delaware; of the cities of Philadelphia and
New York ; and of the various Federal agencies concerned with water
resources Ten meetings of the Committee , which were open to the
public , were hold at about four-month intervats from April 1957 to
Ma rch 1960 , at various points throughout the Delaware River Basin
and service area 1 Federal agencies , states and municipalities
were informed at these various meetings as to the progress of the
study and given the opportunity to review and comment on the
features of the comprehensive p lan . Also , a formal review pro-
cedure assured each member of the Coordinating Committee amp le
time to comment on the major features of the studies as they were
reported on in the 24 appei dices to the report. At the conclusion
of the studies four public hearings were held in the basin to ad-
vise local interests of the findings of the study and afford them
oppor tunities to express their views. It is believed that these
interests are in general agreement with the plan presented . Under
the review procedures prescribed for this survey report local in-
teres ts wi l l  have addi tiona l opp or tunity for comment on the

• features of the plan and cost sharing arrangements. Federal par-
ticija tion in this project has been estimated at $9,750 ,000 for
construction expenditures , and $94 ,000 annual l y for operation ,
ma intenance and rep lacement during the period of deferred use of
future water supp lies and S83,000 annua lly after use of the future
water supp lies is initiated

i. Repayment schedules for reimbursable costs. The re-
imbursable cost for the Maiden Creek Project irciudes a construc-
tion cost of $17 ,800 ,000 for supp lies of water . Alternative re-

AA-35 

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



-- 

o o o o o o  0 o o oo o  a 0 0 0
o o o o o e  0 0 0 0 0 0  0 0 0 0

~~~ 
0 0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0 0

1 1 0 N.14 00  0 0 N . 4 00 0  0 N — 4 0  0
01 01 0I ’41~~~ Q O  o. C’ -7 - 70 0  44. C ’ 4 ’ *OWI C’ .4. Cd ‘0 04 C’ .4.4 441 .0 ItS 0’.4 4 .’..

,‘1 N ItS N. .-I N I’. N. ‘14 N fl 44.
N 4 4 4  N I’I

4.

S

41 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 II II 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0  14

0 0 0  0 0  0 0 0 0  0 0  ‘0 .1

0 0. 0 4 0 N’ fl 0 0  0 N fl 0 0 0 .0 N 0 0 - ~~ ‘0
0 0. ~ .14 04 ItS 0 0  ‘4 04 4 0 0  ‘4 .0 ‘0 0 0  0 44 a

0 C’ fl C’ C’ C’ 4 “ “‘ C’ ‘0 ‘4 ‘7 41 .14 -
‘C .~~‘—

. 

~~c .
~~~~~ 

‘
~~04’ -.1 ,4 “4 U”. N (‘4 00 0 w

‘0 41’. 0 0 1 4
0 4 4 . 4  ‘.1 0
.4 C l,4 B a’.

I 0 0 0 0 0 0  0 Cl 0 0 0  0 0 0 0 0  0 .~ ~44. 0 “4 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0  0 44 1a
0 41, ‘0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 41 14 4) 41

0 . 1 — 1 0  ‘I’Ø 1100 14 14 1.4 -3 fl 04 0 0 0 -7 1” 4 4 4 0  0 0 ‘7 0” 4 0 0
00 41 U 14 N 01 0  4 .0 0 N 44, .7 0” ,‘l N ‘ 0 . 0 4  -7 D~ 00

14 II 0 ,-I -3 N 4 .14 10 4 N -7 0 ‘7 “~ ‘7 ‘7 0 (‘4 41 0
1 4 ) 4 4 4 0  - . . - - . .

‘0 14 14 ‘.4 40 N ‘4 5’S N N fl N 444 41, 14ho 14 4. 4 4 4 4  011 0 4 0  4 0 0
0 , C~~ ~~1.4

0 0 ‘0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
‘0 

14 00 . 0 oi 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 04 44
‘0 44 0 wj 0 0 0 0 0 0 0 0  0 0 0 0 0 0 0 0 45

fl 0 0 4 0 0  .5’ 1445 4 0 0  fl ~~~W I O O  ..2 ~~~~~
‘0 44 fl 0 —. ‘0 ‘0 45 ‘44 N 0 4 0 4  fl fl — N, 44, P.~ 44 _l 41
4, t14 44 N N 0 0 N N N. N. N .14 N’ 1. —

~~ 00 0 0 ‘ - .. - - 5 0 1 9  4 4 0 4-4 14 44’ .0 10 N. N. .7 -7 ‘4 0 44—I ‘0 .0 0414 .-I 0 0  0 0
B 4 ) 0  “. 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 41.~~’. .0
) ‘0 0 0 0 0 0 0 0 0 0 0 0 o 0 0 0 0 0 0 0. 1.4 ~1 .40 0 0 00 0  C 0 0 0  CI~ 0 01 0 0  ‘0

~~0 “I 0 0 0 4  0 0 0 0 0 04 0 0 0 0 00 4  0 0  0 0 ‘0 44 C
‘0 ‘4 0 N (“5 .41 0 0 0 N (‘1 4 0 0 0 N 441 4 0 0 44 C

14 fl N 4 4 4  N .0 15’ N .7 4 4 4 1 0  ‘5’ N -14 N ‘0 
‘0 

~ S
0 ‘ ‘4 N 45 N. 

~~ N 44 N. 44 .‘l N ItS N. 0 ‘.4 ‘44

U o ~~ 
N N  (‘4 N 4’) 0

~~~ 

- ‘ -  ‘

~~~

‘

~~

- 

~ 
- -

~~~~~~~~~ ~~~~~~~~~
N. 0 0  ~~~~~~ ‘0

14 04 II I N, N. 44- 0 0 ‘0 14 4J ’0
10 11 C11~ , ,‘l 114 N N 0 0 ‘41:~:~14 4 4 0 0 4 0 0• 0 0  41 I0 0 4 . 0  .‘4 ‘14 - . 1 4 0
04 0 4 1 , 0 0 0 0 0 . 4 4 00 4 1 ’. c - ” ’ 4 o  0 0 0 0 0 0  o 0 0 0 0 0  0 0 0 0  0 0 0 0 . 0
0 44 0 44 44 44 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ‘~ 0 0 i’l114 0 -~ 44 ‘4 45 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  0 ,0 C 01 0 -4~~-l 4.4 0 4 4I .-4 90 N
‘0 B 44 14 1) 44 4 010 0 0 0 3 C’ 04 0 0 0 -41 N. — 0 0 0 ‘4 ’~ 14
9 ‘-I 11 U —I 00 N fl ‘0 .7 0- 4 1  N N . . 0  $ 4 4  N N 0 4 . 0 4  ‘S 444 04 f”l 0 4 4

‘.4 41~~~ 4 N .7 N. .’4 .41 N 4 1 N 4 4 ’  .4 ‘4 ‘7 ‘7
t-I 0 4. N -I ‘S N N 4 N N ‘0 ~ 1 4 44
IC 4 9  0 451’ .14 14 0 44

44 1 40 0 1 1 4 14
‘0 ~~~ ‘l1 ..1 0 1 I

II ‘0 4 1 . 0 4 4 0
‘0 0 1 9 0 4 4 4 1
51 0 I 0 . 4 1 4 1 4 0 4

0 0 0 1  . 1 40 , 4 11
0 14 0 4,1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ,0 0 41 0. 0
14 44 0 04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 44 ‘ 1. 0.~~U — 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ‘4 14 0 0
0 0 0 . 4 1  ~~~~~~~~~~~~~~~~~~~ 0 . 4 1 .  ‘C~~~4’) ‘0 ‘4 ‘S “I N. 0 0 .7 4 0 4  0 0 -5 04 ItS 0 0
0 4) 41 0 4 (‘S .” 4 4 . 4  .7 4 . 4  ‘1444  .7 C ’- I  N . N .

0 0 0  N N ‘O ’O N N C ’ C ’  N ‘4 0’. N, 4

14’5 4 . 5 4 4

—4 40’

Or.  Or,
0 0”  0 0 4 4  0 0 1 4
0 1 4 0 0 1 4 44 0 1 4 0
1 4 00  1 4 0 0  1 4 00
0 4.1 0 0 4 4 0 0 0 0

0 1 4 ,4 0 4 ~~ 14 0 4 4 ”‘0 0 1 4 5 4 4  4’I .1 ’0 44
0 0 ’ 0 0 0  0 0 0 0  0 ’ O C B

0 0 0 1 4  0 0 0 1 4  0 0 0 1 .

~~ ~~~0 1 4 0 ~~~ C 1 . 0  ~~~ 01 . 0
— 4 4 0 4 4 )1 0 0 4 4 1 1  01.1 4.4
4. 0 . 4 0 0  0 ’ . ’ I m 0  0 . 1 40 0
03 1 4 1 4 0 0  4 4 0 0 0  1 4 0 0 4’ )
04 0 4 4 0 0 1 4  0 . 40 0 ’ 4  S . - I OQ 1 4
14 4 4 0 . 0 05  14 0 . 0 0~ 5 

0 . 00 ’
‘C 0~~~~~~ 41. o 0 4 0 a 4 41. 0
~~ 

o ,~~~4 ’ .~~~~ ~, .-
i-i 0 0 0 — 1 93 ‘- 0 0 0 . 1 4 40 “SI ~

2 0 0 0 _ I 44

~ ~~~~~~~~~~~~~~ I ~~~~~~~~~ ~

~
.

~ ~i~~
-
~~~

’ 
~~~~~~~~~~

40 4 4 . 0  U’ 0  II 44 1 4 . 0  U ’ 0  0 0 . 0 0 0 0

AA -36

-.4- ~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ -‘~~~~~~
-—•

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



payment schedules acceptable to the Federal government for recovery
of this cost are shown below:

1/
1/ Deferred

Construction Annual Deferred Annual
Function Expenditures Lump Sum Payment Lump Sum Payment

Supplies
• of Water $17,800,000

(rounded)
Current
Supply 9,570 ,000 $9,570 ,000 $360 ,000 N. A. N. A.
Deferred 2/

• Supply 8,279 ,000 8,279 ,000 311,000 $8,948,000 $336,000

1/ Assumes Federal financing of such costs at 2-5/87., amortization
period 50 years.

2/ Initiation of use of deferred supp ly estimated at 13 years af ter
project completion. Accrual of 3 years interest added to de-
ferred supply total cost.
N. A. - not applicable.

In addition, non-Federal interests would be required to contribute
• $44,000 annually for the cost of operation, maintenance and replace-
• ment during the period of deferred use of future water supplies and

$55 ,000 annually after use of the future water supply is initiated .
j. Effect of project on state and local governments.

There are no major changes expected in the cost of state and local
government services So a result of the Maiden Creek Project. Any
increased costs of state and local services associated with the
project have been taken into account in the estimate of annual
operation and maintenance costs for the project. While there may
be reductions in the tax revenues resulting from Federal acquisi-
tion of lands in the Maiden Creek Project area, it is expected
that such reduction would be more than compensated for through in-
creased activity, directly and indirectly associated with the
multiple-purpose development features of the Maiden Creek Project.
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11. BEAR CREEK PROJECT.
a. Description. The Bear Creek Project is a modification

of the single-purpose flood control project with incidental recrea-
tion use now under construction , which is located on Lehigh River
75 miles above its confluence with Delaware River and about 5 miles
north of White Haven , Pennsylvania4 The proposed project would be
a multiple-purpose development to provide for supplies of water and
recreation in addition to the present flood control purpose . Reser-
voir capacity to spiliway crest level would be 180,000 acre-feet;
2,000 acre-feet inactive , 70 ,000 acre-feet for supplies of water and
recreation , and 108,000 acre-feet for flood control. The proposed
modification would requi re a l tera t ion  of the spi l lway,  increasing
the height of the dam , extending the outlet tunnel by the addition
of a concrete conduit , and constructing new and raising the heights
of existing dikes. The modified dam would rise 263 feet above the
river bed and be 3,500 feet long . The modified project would con-
tribute to: (1) the satisfaction of the future water supply needs of
downstream areas especiall y the Allentown-Bethlehem and the Trenton-
Philadelphia areas; (2) the reduction in flood damages in the down-
stream areas of especial importance to the highl y industrialized
Allentown , Bethlehem , and Easton areas; and (3) the satisfaction of
the desire for nonurban recreation fac i l i t ies  of the surrounding popu-
lation. The Bear Creek Project  would be required by the year 1989.

b . Economic l i f e .  The economic l i f e  of the Bear Creek
Project f rom the time modif ica t ions  are completed and including fea-
tures of the c~.isting project as used in project analysis is 50 years.

c. Project  costs.  The estimated cost of construction ,
excluding $875 ,000 for indirectly rela ted recrea tion , is $20,100 ,000,
which is made up of $11 , 100 , 000 for the cost of the project now under
construct ion and $8 ,990 , 000 for the cost of modifications for multiple-
purpose development. The total new construction expenditure required ,
including $4 ,460 , 000 for rehabi l i ta t ion of the existing project would
be $13 ,400 , 000. The estimated annual operation and maintenance cost
is $117 , 000 and the estimated major replacement cost is $3 , 000 annually.
Al l costs are computed on the basis of 1959 price levels.

d. Benefit-cost ratios. Benefit-cost ratios were computed
usi ng total tang ible benefits and total costs reflecting various
inte rest rates applied to Federal and non-Federal interests  for
50 years and 100 years. The economic justification for the Bear
Creek Project was based on the premise that the mod ification consti-
tuted a second stage of development and rehabi l i ta t ion  to provide
feasible comprehensive development with a 50-year life expectancy.
The benefit-cost ratio of the Bear Creek Project for  a 50-year economic
li fe is 2 .6  and for a 100-year economic l i f e  it is 3.3. Capital costs ,
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operation and maintenance costs , replacement costs and benefits for
50 years and 100 years are as follows:

Amortization Period
• 50 Years 100 Years

NEW CONSTRUCTION EXPENDITURES $ 13 ,400 ,000 $ 13,400,000
ANNUAL CHARGES

Interest and Amortization
(including interest during
construction) 577 ,000 467 , 000

Operation and Maintenance 117,000 117 ,000
Major Replacements 3,000 4,000
Economic Cost of Land 17 ,000 16,000

Total Annual Charges 714 , 000 603 ,000
ANNUAL BENEFITS

Reduction of Flood Damages 427,000 427 ,000
Rec reation , directly related 161 ,000 161 , 000
Supplies of Water 1,290,000 1,380.000

Total Annual Benefits  1,880 , 000 1,970 ,000
BENEFIT-COST RATIO 2.6 3.3

Notes: Costs and benefits for indirectly related recreation are
excluded .
All amounts rounded; totals  may not agree with sums of
individual items due to rounding .
Interest rate of 2-5/S7~ used in determination of annual
costs , where appl icable , and discounting of future benefits.

e. Intangible project  e f f e c t s .  Intangible project effects
of the Bear Creek Project would include: a contribution to the pre-
vention of loss of life , which amounted to 99 lives lost throughout
the Delaware River Basin in the August 1955 flood ; assurance values
f rom assigning adequate flood control storage capacity at the Bear
Creek Project to completely control the standard project flood to
non-damaging proportions so as to avoid a false sense of security
f rom floods among the residents in the urban downstream reaches;
and the value of the provision for sufficient site development at
Bear Creek Project to insure the realization of optimum recreation
benefits, Adverse effects resulting from the Bear Creek Project

• essentially would be a consequence of the damages expected to fish
and wi ld l i fe  resources in the projec t area . There is presented in
appendix J to this report a discussion of how such damages attrib-
utable to other projects in the plan of development might be miti-
gated . No monetary equivalent for means of recovering such damages
Is presented.

f .  Physical f eas ibi l i ty  and cost of providing for future
needs. The Bear Creek Project has been formulated to contribute to
the satisfaction of current and future needs for reduction of flood
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damages , rec rea t io r 4 , and supplies of water over the economic life
of the project. No provisior has been made for further modifica-
tion at the Bear Cr~~k Project to satisfy known additional future
requirements in the area s~-rved by this project since it was
fou nd uneconomic to do so

g. Allocat ion of costs. Allocation of costs were computed
by (I) ~h& separable costs-remaining benefits method , (2) the pri-
ority of use method , and (3) the Incremertal cost method on two time
periods for amortization , 50 years and 100 years. The cost alloca-
tion data are shown in ~abl~ AA-8. In the incremental cost method
of aliocatior 1, supply of wacer was considered the basic function
because the scheduled date  for development of the project is based
on the anticipated need for supplies of water .

h. Extent. of 1”tt’,rest in project. In order to take into
account the desires and views of Federal agencies , affected states
and municipalities , during the survey and the preparation of the
survey report , the District Engineer formally established the Dela-
ware Basin Survey Coordinating Cornmi:tee . This Committee was com-
prised of representatives of the States of Pennsylvania , New York,
New Jersey, and D2laware; of the cities of Philadelphia and New York;
and of the various Federal agencies concerned with water resources.
Ten meetings of tht~ C:mrni:tee, which were open to the public , were
held at about four-~~~-.th ~~tervals from April 1957 to March 1960
at various points throughou t th~ Delaware River Basin and service
area . Federal ag -4r.ci~ s , s:ates and municipalities were informed
at these various meetings as to the progress of the study and given
the opportunity to review and comment on the features of the compre-
hensive plan . Also , a formal review procedure assured each member
of the Coordinating Committee ample time to comment on the major
featu res of the studies as they were reported on in the 24 appendices
to the report .  A , the  c’~r~~lusion of i: ne. studie s four public hearing s
were held in the basi n to advise local inter ~”st s of the finding s of
the stud y and a f f o r d  them opportun it ies  to express their views . It
is believed that these ir ,t er est s  are in general agreement with the
plan presented . Under the. review procedures prescribed for this
survey r’~port , local ir~~-~~’sts will have additional opportunity for
comment on the fea’ur, s of th~ plan and cost sharing arrangements.
Federal participa~.ior in his project has been estimated at $4,330,000
for new cons~ r~cj.i’-s’- e xpn ’ditures , and $85,000 annually for operation ,
maintenance , a’d rcplac~ r~ - .. cost s  during the period of deferred use
of future water supplies ard a total of $55,000 annually after use
of the future water supplies is initiated .

i. Repa ’ment schedules for reimbursable costs. The
reimbursable cost for the Bear Creek Project would include a con-
struction cost of $9,110 ,000 for supplies of water. Alternate
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repayment schedules acceptable to the Federal government for the
recovery of this cost are shown below :

1/
1/ Deferred

Const ruct ion  Annua l De ferred Annual
Function Expenditure Lump Sum Payment Lump Sum Payment

Supplies
of Wate r $9 ,110,000

(rounded)
Current
Suppl y 3,087 ,000 $3 ,087 ,000 $116,000 N. A. N. A.
Deferred 2/
Supply 6 ,026 ,000 6 , 026 , 000 226 ,000 $6 , 026 ,000 $226 , 000

1/ Assumes Federal f inancing of such costs at 2-5/87., amortization
period 50 years.

2/ Ini t ia t ion of use of deferred suppl y withi n ten-year interest
f ree period .
N. A. - not app licable.

In addition , non-Federal in teres ts  would be required to contr ibute
$34 , 000 annually for the cost of opera tion , maintenance and re-
placement during the period of deferred use of future water
supp lies and $64,000 ann ual l y af ter use of the fu ture wa ter
supp lies is init iated .

j .  Effect of project on state and local governments.
There are no major changes expected in the cost of state and local
government services as a result of the Bear Creek Project. Any
increased costs of state and local services associated with the
project  have been taken into account in the estimate of annual
operat ion and maintenance costs for the p ro jec t .  While there may
be reductions in the revenues resulting from Federal acquisition
of lands in the Bear Creek Project area, it is expected that such re-
duc tions would be more than compensated for through increased
activity, directly and indirec t ly associated with the multi p le-
purpose developmen t features of the Bear Creek Project.

AA -42 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~-• ____________



—.-—-

D E L E T I O N S

Paragraphs 12, 13 and 14 previously appearing

on Pages AA-43 thru AA-48 have been deleted .
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