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ADDRESE REPLY YO l‘ll /
DISTRICT ENGINEER \

U.S. ARMY ENGR. DIST.. PHILA. st P o /
e U.S. ARMY ENGINEER DISTRICT, PHILADELPHIA u

CORPS OF ENGINEERS
CUSTOM HOUSE—2ND & CHESTNUT STREETS
"ErEa vo. PHILADELPHIA 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. 1In 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




NAPEN-R 15 November 1961
‘ SUBJECT: Delaware River Basin Report

b. District Engineers:

Baltimore

New York

Washington

Norfolk

Ft. Worth

Pittsburgh

Galveston

Rock Island

Huntington /

St. Louis 7}&}{//’ ) ’

1 Incl T, H. SETLIFFE
Del.R.Basin Rpt (11 vols) Colonel, CE
w/addendum & errata sheets District Engineer
Cy. No. 2/2

cc: OCE, Attn: ENGCW-PD
NAD, Attn: NADEN-R
Director, WES, Vicksburg
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U. S. ARMY ENGINEER DIVISION, NORTH ATLANTIC
’ CORPS OF ENGINEERS
90 CHURCH STREET
NEW YORK 7. NEW YORK

27 December 1960

N RgPLY mEFER TO

NADEN-R

SUBJECT: Delaware River Basin Report

T0: Chief of Engineers
Department of the Army
Washington, D. C.

1. | concur in the conclusions and recommendations of the
District Engineer 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 pertinent to emphasize, however, that the
intricate and interrelated structure of the plan may be nullified by
continuing encroachment and incompatible development of the project
areas unless a vigorous program for preservation of the sites is
undertaken at an early date. A proposal for such action is included
among the District Engineer's recommendations.

Ta He PSCOMB
Brigadier General, USA
Division Engineer
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. COMPREYENSIVE REPORT ON THE DEVELOPMENT OF THE
WATER RESOURCES OF THE DELAWARE RIVER BASIN

| SYLLABUS

Recent disastrous flooding and authorizations by the U. S.
Supreme Court for diversions out of the basin of 900 million
gallons of watar per day for water supply purposes focused atten-
tion on the nead for control of the high and lcw flows in the
Delaware River Basin, In water us=z studies based on present and
projected populations and eccnomic activities in the basin and
ad jacent areas, it was found that th= primary needs that could be
satisfied by water resources development were flood control, water
supplies, recreation and hydropower. Present and projected needs
for navigation, preservation of water qualities, preservation of
fish and wildlife r=sorvces, sadiment contzol, and drainage, create
no diract requirem2n:is for added or axpanded development of the
water rescurces of the basin,

All practical measur2s to satisfy the needs of the basin were
considered including land management measures, local protection
works, reservoirs of all sizes, a saltwater barrier in the Delaware
River estuary, and supplemencal programs capable of satisfying
significant porticns of the nzeds. The economies and capabilities 3
inherent in major impounding structures for multiple use required
that the basic plan be defined in terms of major control projects
with small reservoirs and other measures and programs added as
supplements to mitigate the needs and toc extend the effectiveness
of the plan,

A total of 193 major reservoir potentials in the basin was
considered, A serizs of svaluations definad a basic plan of 19
major control projects, The basic plan and the multiple-~purpose
elements of the plan were designed, on the basis of maximized net
benafits, to provide, in a balanced and timely manner, for control
of flood flows, control of low flows for water supply purposes,
enhanced recreation opportunities and hydropower generation., A
total of 386 small reservoir projects was also considered, and a
series of discrete screenings identified 39 projects with suffi-
cient economic attractiveness fcr flood control purposes to warrant
their inclusion in the plan 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 features wara not defined in this investigation.

a R May 1961




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 $224,000,00Q0, 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, that 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 1961 b




Paragraph

10
iy
17

1k,
20
2

23
24
25
28
29
32
35

37
40

45
47

53
54

CONTENTS

CHAPTER 1
INTRODUCTION

SGORE M= =cica s e e o e e ce e s
BACKGROUND OF INVESTIGATION ---=-------------
AUTHORIZATIONS FOR INVESTIGATION ------------
COOPERATION AND COORDINATION ----=--====--=-=
ASSTGNMENISE === c=is e s e e e e s e o i
a. U. S. Department of Agriculture --------
b. U. S. Department of Commerce =-----------
c. U. S. Department of Health, Education &
WEINEENRE S o S i e i e

d. U. S. Department of the Interior -------
e. U SoDepartment Yo Labor = =cE === === = ==
f. Federal Power Commission -----=-=--=--=-=
CONTRIBUETON BY OTHERS ==-S-=-=-c——coc--iz--=
A RN O S e e e e e
HEAREN GO S e e e e e e e e e e e e

CHAPTER II
DESCRIPTION OF BASIN

LOCATION AND SIZE -----=--=c-c-cc--ccecccccaax
NATURAL CHARACTERISTICS ============--==o----
Upper Region =---------ccmccmcmmocmceeame
Central Region =--=-==-=-=c-coommomcmoonon
Lower Region =--=---==--==----ccccocmoooan-
RIVER AND TRIBUTARIES ------=-----ccccccuoum-
CLIMATE =--===----me-cmeeccce e cccmm e mm e e m e

CHAPTER III
ECONOMIC DEVELOPMENT

GEOGRAPHIC AREA OF INTEREST -----------------
POPULATION =----==c--------moooooomocoooonoen
EMPLOYMENT ~~--==sc-~cccccc-cocsasccacoocancna
NAEURAESRESOURCHSIe=sESesstmes scEasE=scssones
MANUFACTURING ACTIVITY IN THE DELAWARE RIVER
DAL LN SSMEE TR S R S
PERSONAL INCOME AND THE ECONOMIC GROWTH -----

Personal income and manufacturing -------==-

i

Page

NN W

O 00 00~ N ~N

13
13
13
14
15
15
16

19
. |
25
30
31
33
34




i Paragraph
! 55 Personal income and wholesale and retail

trade ==--r=smacmocace s .o - 34
56 Personal income and service industries -- 36
57 Public utilities and transportation ----- 36
59 Apriculture s=-s-o=—c-Een s s s 37
60 Commereials fisheby ~~c====c-casceoecaoaas 37
61 Mindng e=ecr oo sesss o o s smn T e s nE 377
62 Other sources of civilian income =-------- 37
63 ECONOMY OF THE SUBREGIONS -----==---=~=-----= 37
65 DOMINANT ECONOMIC FORCES =-----==----~------- 38

CHAPTER 1V
PROJECTED ECONOMY

67 INTRODUCTION =-==cocwrem e mma e s~ =i 41
68 GROSS NATIONAL PRODUCT =-=---=-===-===----== 41
70 POPULATION -----=-----vcmmmmmmccmccmemcm oo 42
71 HOUSEHOLDS =--====---cccmecccmccr e 42
72 EMPLOYMENT =-------=-s-secemmmmm e mcme e e oo 43
75 PERSONAL INCOME ---=-=~-c--cemcccccececccm—o-= 45
78 PROJECTIONS OF LAND USE =-----------vc-cc---- 46
79 OTHER FACTORS =------cwec-ccmmccccccccccm e 48

CHAPTER V

CONTRIBUTION OF WATER RESOURCES TO THE REGION'S ECONOMY

80 INTRODUCTION =-=-=-==-===c===========cooocoo- 49
81 SUPPLIES OF WATER ----=-=-=-==-==---c-c-oo-- 49
85 WATER QUALITY AND STREAM POLLUTION -------- 51
86 SALINITY CONTROL =--=-===-=========c=-=o--" 51
87 CONTROL OF FLOOD FLOWS =-=--=========-==---- 51
88 NAVIGATION --======-===mmc=omoooooooooooon 52
89 HYDROELECTRIC POWER =-=---=-========c-==---- 53
90 RECREATION =-========-=mmocmmcmoomoooooooon 53
91 COMMERCIAL FISHERIES -----------==-coccoous 53
92 LIMITING FACTORS =-=---==--====-==-==-cc-c-- 54

ii




Paragraph

94
96

101
107
kXL
41515
118
122
124
128
130
3
132

136
139
142
144
145
150
153
154
155
161
165

166
167
168
169
170
b
172
173
174
175
176

CHAPTER VI

DEMANDS ON WATER RESOURCES

MEANS FOR ASSESSING DEMANDS ~=--=--=-===--==zc=com-
SUPPLIES OF WATER FOR DOMESTIC, MUNICIPAL,
LEWDUSTRIAL AND RURAL USES ---=-=--=--=-===-=-ucnu-
REDUCTION OF FLOOD DAMAGES --=----=-=-=---==-==c---
OUTDOOR RECREATION OPPORTUNITIES -----=--=--=--==---
ELECTRIC POWER ---=--==-==-====-===cccocoomomoooo
NAVIGATION === === == === s oo oo mmm oo oo oo ee
FISHERIES ~=-===-=-=========--=ommoomooooooooo o
WILDLIFE =-==-==-========-===mmcmmmmooo oo
WATER QUALITY ---==-=-===-=======-=-=c--momoomaoon
WATER DEMANDS ARISING FROM LAND USE ---------=------
SEDIMENTATION -=-=======--===mommmm oo
DRATNAGE = -===-===========ommoomoommooao o
SUMMARY === === === === === == ooeoooooo-

CHAPTER VII
PLAN FOR DEVELOPMENT OF WATER RESOURCES

DEEENEELON OF VBHE PEAN == —cc-ccc oo oo inc = - s oin=
MAJOR' GONEROL: PROJECTS —-==--=-—=—-—ce—cisnoimmesimizo =
SMATLL: CONEROL: PROUEGLS ===t s e = o= =
OTHER PROGRAMS FOR LAND AND WATER USE --------~-----
Other programs for reduction of flood losses =-----
Other programs to satisfy water needs =-~-----~-----
Programs to preserve water qualities --------~----
Water conservation pPrograms =-=s=s===ssscoses~-===
Other programs to provide recreation opportunities
Programs to enhance fish and wildlife -~----------
DESCRIPTION OF MAJOR CONTROL PROJECTS PROPOSED FOR
MULTIPLE-PURPOSE DEVELOPMENT PRIOR TO YEAR 2010 --
Hawk Mountain Project =--------e-scecccac-ccccoa=-
PEURPEOR PEQJECE S =s=SsRasssEasNs==sns s semes =
Tocks lsiaid Project s=s=s=wssesticmccenczsncnansc
Baear Greelk Projject —SssedstatietiscesSoesnstseas s
Beltzvllle Project --~-~====sccccxccecccccccacccan
Aquashicola Project =--====scfcsnscsccmicncimr=cas
Trexler PEOjJeQt Ss===sssissinc=sasasscmtsrmau=asis
Maiden Creek Project ====sscecoccaccnacuaccccnancx
bide Marsh FProject = dswdiscscccaiimvoasibs b e
Newark Project ===---c-ecicacamccscacnscuccccnncaa
Christiana Project «===c=scsscccassnnmewccanccanan=n

iii

5

57
60
65
67
69
69
7L
7
74
75
75
76

79
80
81
82
83
87
88
89
89
91

94
94
96
99
102
105
107
109
(Gla
113
il
i




Paragraph Page

- 177 DESCRIPTIONS OF MAJOR CONTROL PROJECTS
i PROPOSED FOR TWO-STAGE DEVELOPMENT ------------- 119
178 Paulina Rroject —=rlmcrcimecmoencinosna oo sanm oo 119
79 BequesitiProfectl = oot e o e e R s nin s 121
180 Hackettstown Project!sss-=sron-mzcocnscsnimncmae 122
181 New Hampton Project -==-—=-=-rcmmsoorocsicncscmc 123
182 PohickenPProjectl-asern= s ons e oo S e e s s 124
F 183 NewEoWwneREaee sz e e e e e s s e a e 125
184 French Creek PRojject ~-®e-—n-c--cc-=csc=sm-n=coe 127
185 Evansburg: Project s--=s—c-m-=ricmoonnssnsacazizae 128
186 DESCRIPTION OF SMALL CONTROL PROJECTS ---------- 129
187 Parksdide s Proyectt o e e e e s s m e e 129
188 Swiftwater Project srissossss=ccosnssoennataai 131
189 JimihorpelProljectie st cmac oo s s e e s s 132

CHAPTER VIII

PHYSICAL EFFECTS AND ECONOMIC: OF THE PLAN

190 GENERAL NATURE OF EVALUATIONS -------=c-==-cc--cc- 133
191 PHYSICAL EFFECTS AND SERVICES OF MAJOR
CONTROL EROTJECTS) ‘==cticci=ccocirsizsasasacnscosos =~ 133
196 PHYSICAL EFFECTS AND SERVICES OF SMALL
CONEROL BROJEGTSE —c === -=aosssossos o s clseom=asics 140
| 199 SUCCESSIVE PLANNING EVALUATIONS ---=---=-==-==-=-- 141
% 202 BENEFITS AND COSTS ----=---=============mccm=cu- 142
203 CoSts ====-==-ccccccccccmaoccconccccoo oo 143
I 204 Benefits ====-=c-ccececceocccccomnooooooaona 143
a. Reduction of flood damages ------------- 143
bs Supplies of water =-=ss==-=—==c-tocictoc 143
@« Recreatilioni-——sctscc ot o= —m s mn e e ot 145
d.. Fish andtwilldl{fes=-===-—c oo o maen o 145
€« POWEL == == c=losie s st s s e s s s e s 145
£« Navigation ~-=s==--=-=-=-s-=—is=osicnocier- 145
g. Pollution abatement =-=-=--=-c=cc-c-o--- 146
h. Detrimental project effects ------------ 146
i. [Intangible benefits -=--—=s=====c=c=c==c 146
205 ECONOMIC JUSTIFICATION s-r---==s=c==ce-xcccmiao= 146
206 ALLOCATION OF COS1S TO PROJECT PURPOSES -------- 146
208 APPORTIONMENT OF COSYS BETWEEN FEDERAL AND
NON-FEDERAL INTERESTS -=-------cc-ccsscecccc=c-- 147
209 Apportionment of flood control costs ---------- 147
210 Apportionment of recreation costs =---=-=-=----=--- 149
A 212 Apportionment of water supply costs =--=-=------- 151
? 213 Apportionment of hydropower costs =-----------=-- jisyal
214 Apportionment of costs of fish and wildlife

facilities -~===ccsmuudscsadcccsacccsescccacsaseca 151




Paragraph Page
{ 215 Other apportionments of cost ==-=--==-==-=-- 152
216 BENEFIT-COST RATIOS ----=--=-======c==m====- 152
218 LOCAL COOPERATION IN THE PLAN OF DEVELOPMENT- 153
CHAPTER IX

IMPLEMENTATION AND USE OF PLAN

219 INFRODUCGTEON ==-—=-c———ccc—c—cmssene == an 155

220 SCHEDULE FOR PROJECT DEVELOPMENT ------------ 155

223 PRESERVATION OF RESERVOIR SITES --------=----- 157

224 IMPLEMENTATION OF RELATED PROGRAMS ---------- 157

225 COORDINATION OF INTERESTS ------=~~------=---- 158
CHAPTER X

SALT WATER BARRIER STUDY

226 BURPOSE Srspacmmibes oo o le e e 159
227 SCOPE- OF STUDIES -=--=-r-=-==-csscsccommenmnas 159
228 SITE SELECTION ====----==cc=ocascmcmsms=saon 159
229 MODEL STUDIES =-=--====scs-=cscsascssnsmmmmos 159
232 PLAN OF IMPROVEMENT -----------===cocmom==nc= 160
233 SERUCTURES ~-===~=r-====ssomsesomumsmenmcnsen 160
234 PHYSICAL EFFECTS -----=------=m===cmcmm=c=mn- 161
239 T e R R e 162
240 ALTERNATES CONSIDERED ~=---=-=====cccmmmamaco 162
E 241 CONGLUSTONS ===mommeinsn manoamn anaane onm =i 163
CHAPTER XI

DISCUSSION AND CONCLUSIONS

| 242 DESCHBETION, =i o i oo e e 165

249 CONCLUSIONS ====-==-===saccccasmaccmamancncan 169
é
| CHAPTER XII
RECOMMENDATIONS
251 RECOMMENDATIONS ~-o-==cccsamccccacanoasonncon 171




ATTACHMENT A

Information called for by
Senate Resolution 148, 85th Congress

1st Session, follows the

plates of the Main Report.

vi




Number

II-1

I1-2

III-1

III-2

III-3

ITII1-4

III-5

I11-6

I1I-7

Iv-1

V-2

IV-3

V-4

IV-5

TABLES

DELAWARE RIVER BASIN - PRINCIPAL TRIBUTARIES
AND THEIR DRAINAGE AREAS -------=-c=c=-ccemece-

CLIMATOLOGICAL DATA ------==m-=====mcs=cmeac-n-

DELAWARE RIVER WATER SERVICE AREA - POPULATION
GROWTH RELATIVE TO THE UNITED STATES -----~=---

DELAWARE RIVER WATER SERVICE AREA -
POPULATION BY SUBREGIONS, 1930-1955 -----=~----

UNITED STATES AND DELAWARE RIVER WATER SERVICE
AREA - EMPLOYMENT IN MAJOR INDUSTRY GROUPS -
1900, 1830 and 1955 ~mm-mmeeorc s emena A

UNITED STATES AND DELAWARE RIVER WATER SERVICE
AREA - EMPLOYMENT IN SELECTED MANUFACTURING
INDUSTRIES - 1930 and 1955 -=----cemcmmecmecann

REGIONAL EM.JLOYMENT PATTERNS, 1930 and 1955 ---

DELAWARE RIVER WATER SERVICE AREA - ECONOMIC
SUBREGIONS C,D,E,F - RELATIVE CONTRIBUTION BY
MAJOR MANUFACTURING INDUSTRY GROUPS, 1954 -----

DELAWARE RIVER WATER SERVICE AREA -
DISTRIBUTION OF PERSONAL INCOME BY SOURCE -
1929 and 1957 ~menmmmmsmanssommnessnsssns s

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

DELAWARE RIVER WATER SERVICE AREA - PROJECTIONS
OF THE NUMBER OF HOUSEHOLDS BY SUBREGIONS,
1955 = 2010 ==-e=sec-r-ccccccacsccccasccacaccan

DELAWARE RIVER WATER SERVICE AREA - EMPLOYMENT
PROJECTIONS BY INDUSTRIES - 1955 - 2010 -----=~-

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

DELAWARE RIVER WATER SERVICE AREA - PERSONAL
INCOME PROJECTIONS BY SUBREGIONS IN CONSTANT
DOLLARS, 1965 = 2010 swessermsovnmvanewnawssmon

vii

Page

17

18

21

22

26

27

32

34

42

43

44

44

46



VI-1

VI-2
VI-3

VI-4

VI-5

VI-6

VI-7
VI-C

VII-1

VII-2

VII-3

 ‘ /y;fi;

VII-S

VIII-i

VIII-2

R Moy

TARLES (Cont'd)

DELAWARE RIVER BASIN
LAND USE PATTERN, CIRCA 1955------c--cececcccc—u--

EXISTING MAJOR WATER SUPPLY RESERVOIRS ----------

SURFACE WATER REQUIREMENTS IN WATER PROBLEM
AREAS IN THE BASIN -=-s=scmcmmeanmsinsomusnmemesss

DATA ON FEDERAL RESERVOIRS EXISTING OR UNDER
CONSTRUCTION --=-=====mccccmmmccmcmmmccmmmcm—en-

PROSPECTLVE AVERAGE ANNUAL FLOOD DAMAGES BY
REACEES OF PRINCIPAL WATERCOURSES FOR YEARS
1959 1980 AR 20010 === iimoato oot

PROJECTED STATE PARK TYPE RECREATION NEEDS
FOR DELAWARE RIVER WATER SERVICE AREA -----------

PAST AND ESTIMATED FUTURE UTILITY POWER

REQUIREMENTS IN DELAWARE RIVER SERVICE AREA -
FOEEE Gt DO 5 bR o Sl i i i okt e 1

ESTIMATED POLLUTION LOAD AND TRENDS IN
DISSOLVED OXY3EN ----- et i i o i

PREZENT AND FUTURE MAJOR LAND USES IN DELAWARE
RIVER LASIN -==-ces-mecoocccmaccccecccccecnceaa--

WATER CONTROL PROJECTS IN PLAN OF DEVELOPMENT ---

CURRENT DISTRISUTION OF LAND USE BY
CAPABILITY CLASSES =--esmscsscscsccsanmcsmnnnannan

LOCAL FLOOD DAMAGE CENTERS -=<---cc=ecccceccccan-

PROUOSED NEW RECREATION AREAS AND RECREATION
LAND RESZRVES WITHIN DELAWARE RIVER BASIN ------

FIRST COSTS OF JATER CONTROL PROJECTS IN PLAN

- ST 75T e
O DEVELCLT ENT

FLOOD CONTROL EFFECTS OF THE RESERVOIR SYSTEM----
EFFECTS OF PLAN OF IMPROVEMENT ON LOW FLOWS

DURING DROUGHT OF 1930-1932 WITH PROJECTED
WATER DEMANDS OF YFAR 1688--==-cce--mcomacmmcann-

' viii

Page

47

58

61

63

65

66

68

72

74

80a

84

86

92

132a

134

135




o e -

f TABLES (Cont'd)
Number Page
VIII-3 EFFECTS OF PLAN QOF IMPROVEMENT ON LOW FLOWS DURING
DRCUGHT OF 1930-1932 WITH PROJECTED WATER DEMANDS
OF YEAR 2010 ----vm-ccccccccmmcomcccmcccacecrcnna- 136

VIII-4 PROGRESSIVE AVAILARILITY OF WATER AT KEY PLACES
AT TIMES OF COMPLETION OF ELEMENTS OF PROPOSED

PLAN w-=ccccccmcmcaccccmocaccmcmecaemacmmam——————— 137
VILi-5  POWER FRODUCTION AT MAJOR CONTROL PROJECTS ------- 138
VIII-6  RECREATION OPPORTURITIES AT MAJOR CONTROL

PROJECTS --=-----=~-comccccc-mccacemccmemacce——n- 139
VIII-7  FLOOD CONTROL EFFEGTS OF SMALL CONTROL PROJECTS--- 141

VIII-8 RECREATION CPPORTUNITIES AT SMALL CONTROL

PROTECES =i e o = it i i e i e i 141
VIII-9  FIRST COSTS, ANNUAL CHARGES, AND ANNUAL BENEFITS
FOR WATER CONTROL PROJECTS IN PLAN OF DEVELOPMENT- l44-144a
VIIi-10 LOCATION OF COSTS FOR MAJOR CONTROL PROJECTS---- 147a
VIII-11  APPORTICNMENT OF COSTS TO FEDERAL AND NON-FEDERAL
INTERESTS - MAJOR CONTROL PROJECTS -=---v=-=====n- 148
VIII-lla APPORTIONMENT OF COSTS TO FEDERAL AND NON-FEDERAL
. INTERESTS - TOCKS ISLAND PROJECT 148a
VIII-12 APPORTIONMENT OF SPECIFIC AND ALLOCATED JOINT
RECREATION COSTS - MAJOR CONTROL PROJECTS -----=-- 150
VIII-13 BENEFIT-COST RATIOS FOR WATER CONTROL PROJECTS
IN PLAN OF DEVELOPMENT --=-------ccmemmmccmmoenea- 154
XI-1  SUMMARY OF COSTS AND BENEFITS ------e===--=me==u== 166
XI-2  ANALYSIS OF FEDERAL AND NON-FEDERAL CONSTRUCTION
COSTS ====~=-cs-==ccceccccccmcecacecmcm-cccacanna- 168
XI-3  ANALYSIS OF FEDERAL AND NON-FEDERAL ANNUAL
OPERATION, MAINTENANCE AND REPLACEMENT COSTS 168a
.F
ix R May 1961




T

Number

w W [ S

(=)

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

29
30
31
32

W_m_a_-—--ZﬂElIIIIIIIIIIIIII:::::r-q"

PLATES

MAP - DELAWARE RIVER BASIN--------sccccnccconcon-x
DELAWARE RIVER SERVICE AREA - COUNTIES

&ND SUBREGIONS s==sss-s=ssecacnsscsinsanaraarnnsas
DISTRIBUTION OF 1955 POPULATION BY SUBREGIONS-~-~--
DISTRIBUTION OF 1955 HOUSEHOLDS BY SUBREGIONS-----
DISTRIBUTION OF 1955 EMPLOYMENT BY

MANUFACTURERS BY SUBREGIONS-<~==-evccccrcceccccan-
DISTRIBUTION OF 1957 CIVILIAN EARNINGS BY

SUBREGIONS

GROSS AND NET WATER NEEDS IN Pnonnnn AREAS

OF THE DELAWARE RIVER BASIN--=---==ccccemccccocnas
DISSOLVED OXYGEN PROFILES----~----- cmmmmmeeeeeae-
MAP - PROJECT LOCATIONS<----- O EEC L L PR

HAWK MOUNTAIN PROJECT--------=
PROMPTON PROJECT-=--==-==~-=--- -
TOCKS ISLAND RESERVOIR------- S i
TOCKS ISLAND DAM---~=---=-=-==-- -
BEAR CREEK PROJECT-~----=---- -

BELTZVILLE

L X

PROJECT-~---=-=-===

AQUASHICOLA PROJECT-----=r-=-veececmcccccccccacnn="
TREXLER PROJECT----~=-=-v=-ccwececmecrcccncc~ccc==
MAIDEN CREEK PROJECT -~-r~====--=s--ececcceacccncan=x
BLUE MARSH PROJECT -~-=-=v====cceececccecermncccnnn=
NEWARK PROJECT -~---v-===c-mmcmcccmccncmccenmananan
CHRISTIANA PROJECT -~-===-====v-cecccmmmccccmcanaon
PAULINA PROJECT----=---=-~=weccmeccccccncccnreee"
PEQUEST PROJECT----=====-==---eee-ccccmercnocacoco
HACKETTSTOWN PROJECT-===~--~-wecemecccrmccoccaccnn~"
NEW HAMPTON PROJECT-----~==-=-=c-wecececmccacacaomx
TOHICKON PROJECT------==-====-ccseccccccmenoasc===n
NEWTOWN PROJECT---=--====-=-=cceemccecccmcmnnaacon
FRENCH CREEK PROJECT----=----====-ecccca-cccc-c-=-

EVANSBURG

PROJECE---==-=c-==mnmcmmccoomem o nnae

PARKSIDE PROJECT (Pc8)-=-=---===========noccmccucm-
SWIFTWATER PROJECT (Pc9)-=-==-==-======-=ccscccccon-
JIM THORPE PROJECT (Hz6)-=---====-===-c=c-cemcoun-

Page

20
23
24
28
35

62
73

End of Text

End of Text
(1] "




s, S "”*"""-'-'“'“"'-'-"-'-H'-Hl--lII-l-wun--un-q-q.gu‘.'

CHAPTER I

INTRODUCTION
1. SCOPE. The water resources of the Deleware 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 that will
be placed 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
report,constitutes the official account of these investigations. It
wdefines a comprehensive and rational 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 availability 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 water
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
studies and investigations participated in by the several levels of
government through their representative agencies within the Delaware
River Basin area, each within its sphere of responsibility to the
people of the basin.

2. The following chapters of this report contain the results, }
conclusions and recommendations of the District Engineer based upon
analysis of detailed technical data and investigations reported upon 5
in the various appendices to this report. Information gained by care- j
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
facets of the basin's waters have been prepared for various purposes in
the paste 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
i 1800's when a number of shallow draft barge canals were designed and
f constructed to carry the anthracite of the Lehigh, Schuylkill and
| Susquehanna basins to Philadelphia and New York. In 1823 the Corps of
Engineers formulated plans for a breakwater at the mouth of Delaware
River to protect vessels from storms and floating ice. Since that
time numerous studies have been made, by the Corps of Engineers, for




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.

4. Use of the Delaware River and its tributaries as a source of
municipal and domestic water supply can be traced to the late 1700's
with the building of municipal waterworks at Bethlehem and Phila-
delphia. In the 1920's, New York City contemplated going to the head-
waters of the Delaware River for an additional water supply. Con-
tinuous negotiations of the States of New York and New Jersey and the
E Commonwealth of Pennsylvania at that period failed to provide any
acceptable solution to their mutual water supply problems. A resolu-
tion to this particular phase of the basin's water resources develop-
ment came through a decree of the Supreme Court in 1931 which granted
‘ 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
reservoirs 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. 1In 1933 the Corps of Engineers completed preliminary studies
of the Delaware River that were submitted to the Congress and became
part of the nationwide study known as the ''308" report. The section of
that report concerning the Delaware basin, published as House Document
No. 179, 73d Congress, 2d Session, dealt with navigation, hydroelectric

| power, flood control, irrigation and water supply. Although no devel-
opment features were found economically justified at that time, the
report marked the beginning in the Delaware River Basin of a more
comprehensive approach to water resources development and use.

6. Two years after publication of the "308" report, the Inter-
state Commission on the Delaware River Basin (INCODEL) was created by
reciprocal legislation in New York. New Jersey, Delaware and Pennsyl-
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
August 1950, dealing with a comprehensive plan for the Delaware River
Basin. That report included plans for water supply storage, hydro-
electric power, pollution abatement, recreation, fish and wildlife,
stream flow regulation and salinity control. Although the proposed
plan failed of ratification by all the member states, 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
system of reservoirs in the Delaware headwaters. In 1954 the Pepacton
Project was completed and added to previously completed system com-
prised of the Neversink Project and the Rondout Project., the latter in




the adjacent basin., In the same year the Supreme Court approved an addi-
tional diversion by New York City to a total of 800 mgd The diversions
are subject to specific conditions and obligations regarding compensating
releases and sewage treatment. The decree limits diversion to 490
million gallons per day until completion of the Cannonsville Project on
West Branch of Delaware River, and 800 million gallons per day there-
after. This decree also granted the State of New Jersey the right to
divert 100 mgd from the basin without compensating releases.

8. A general Federal interest in the wa®“er resources development of
the basin has been active throughout the years. The United States De-
partment of Agriculture has long been active in various elements of the
land use program, agricultural drainage., land treatment 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
wildlife, recreation, stream gaging, geologic studies and management of
historical resources, and commercial fisheries. The United States De-
partment of Health, Education and Welfare 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
maintain data collection activities pertinent to navigation and clima-
tology. The Corps of Engineers has been active in the areas of flood
control and navigation. Corps of Engineers' reports of particular
interest include the review report on the Lackawaxen River, a major
tributary of the Delaware Rivey which was published as House Document
No. 113 6 80th Congress, lst Session. This document recommended author-
ization for construction of Dyberry (now Edgar Jadwin) and Prompton
Dams and R.servoirs for flood control. Of equal importance is the
review report on the Lehigh River, published as House Document No. 587,
79th Congress, 2d Session, which recommended authorization 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 navigation, 35 and 40 feet deep from Phila-
delphia 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 159, 75th Congress, 3d Session.

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

9. 1In addition to the long record of studies on the Delaware
River by Federal agencies, a considerable number of technical investi-
gations, coyering various aspects of water use and development have
been made for portions of the basin from time to time by the States,
counties and municipalities, and other interests The recently
completed plan for the Brandywine Basin development made by the Common-
wealth of Pennsylvania, in cooperation with the Brandywine Valley
Association and Federal and other local interests is a notable example.

10. AUTHORIZATIONS FOR INVESTIGATION, Since the preparation of
the "308" report in 1933, significant changes have occurred in the




region's population and economy. The population has increased about 30
percent, total personal income about 81 percent, total employment is up
about 25 percent with employment in factories increasing about 33 per-
cent, and per capita personal income has increased about 40 percent.
These changes influenced local interests to request that 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" report

be reviewed to determine whether any modifications in the recommenda-
tions of that report were advisable.

11. Limited review of the ''308" report was in progress in August
1955 when two tropical storms moved up the eastern coast of continental
United States about a week apart. The flood damage and other destruc-
tion resulting from these storms dramatically emphasized 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, requesting a review
of previous reports on the Delaware River and a number of other streams
in northeastern United States, to determine the need for modificaticns
of the recommendations of previous 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 flood protection
measures in the New York area of the watershed.

c. Resolution dated 20 February 1956, requesting a review
of the "308" report and other reports with a view to determining the
feasibility of the United States and the Commonwealth of Pennsylvania
and the State of New Jersey constructing and operating, on a coop-
erative basis, a reservoir on the Delaware River near Wallpack Bend
or Tocks Island as an integral unit of a comprehensive plan for
control and utilization of the water resources of the Delaware River
in the interest of flood control, navigation, water supply, stream
pollution abatement, recreation, control of the movement of salt
water, electric 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
providing flood 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 purposes are advisable, particularly in the
counties of Northampton and Monroe and the city of Easton, Pennsylvania.

13. Even as work was underway on the 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 E
studies. This led to a resolution dated 28 April 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 constructing a barrier
in the Delaware estuary. Consideration was directed to the economic and
physical effects; the costs and potential benefits; and the economic and
physical relationship of such a structure tu 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 appendix A referred to below.

15. COOPERATION AND COORDINATION. It was apparent that to carry
out the intent of the Congress as indicated in the above resolutions
the Corps of Engineers, as thka 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 States 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 examples:

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 letter 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- H
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




TN

Engineer District, Philadelphia, 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 Com-
mittee was constituted as indicated below. The listing of more than
one member indicates successive agency representation.

Agency or Interest Represented

U. S. Department of the Army

U. S. Department of Agriculture
U. S. Department of Commerce
U. S. Department of Health,

Education and Welfare

U. S. Department of the Interior

U. S. Department of Labor
Federal Power Commission
Commonwealth of Pennsylvania
State of Delaware

State of New Jersey

State of New York

City of Philadelphia

City of New York

Committee Member

Col. Allen F. Clark, Jr.
Col. W. F. Powers

Lt. Col: F. A. Gerig, Jr.
Col. T« H. Setliffe

Fred H. Larson
Alvin C. Watson

S. L. Taylor
August Schofer

Sylvan C. Martin
D. R. Gascoyne
Mark Abelson

John F. Foy

John H. Spellman
Maurice K. Goddard
Richard A. Haber

Joseph E. McLean
Salvatore A. Bontempo

Thorndike A. Saville
Ronald B. Peterson

Samuel S. Baxter
Irving V. A. Huie (deceased)

Vincent G. Terenzio
Arthur 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 supplies of water;




need for navigation improvements; hydroelectric power potentials; |

{ formation of the plan of development; and the costs and benefits
appraisals for the impounding structures, the salt water barrier,
recreation developments and elements of the recommended plan. Also,
the Corps collaborated in investigation of recreation needs and small
reservoir potentials. To realize the full benefit of the capabilities
of the cooperating agencies, the following assignments were made:

a. U. S. Department of Agriculture. The Forest Service,
Agricultural Research Service and the Soil Conservation Service pre-
pared reports dealing with the agricultural resources of the basin,
supplies of water for irrigation and rural use, land treatment
measures, and watershed protection and management programs. The Soil
Conservation Service collaborated with the Corps of Engineers in the
study of upstream reservoir needs and potentials and, also, collaborated
with the Geological Survey, U. S. Department of the Interior, in studies
on sedimentation in the basin.

b. U. S. Department of Commerce. The Office of Business
Economics, in this Department, made an economic base survey covering
population and economic projections. The Weather Bureau furnished
certain meteorological data. The Bureau of Public Roads reviewed pro-
posals for highway relocations and provided needed coordination with
existing highway programs.

c. U, S. Department of Health, Education & Welfare. The
Public Health Service made an inventory of municipal and industrial
water use,a survey of present stream quality with projections of future
quality under augmented flow conditions . appraisals of quality of water
to be impounded in proposed projects, and studies of insects of public
health importance and their control.

d. U. S. Department of the Interior. The Geological Survey
made an inventory of ground-water resources of the basin. It also
collaborated with the U. S. Department of Agriculture in the study of
sedimentation. The National Park Service, with the assistance of the
four States and of local recreation interests, prepared a recreation plan
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. Department of Labor repre-=
sentative was available for consultation on labor costs and labor
problems.,

f. 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 collaborated with the Corps of
Engineers in other power studies required for the report.




18. Non-Federal agencies, represented on the Delaware Basin
Survey Coordinating Committee, participated in the studies and report
as follows:

a. States. The four States furnished valuable information
and technical review capabilities throughout the investigation 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 Philadelphia and New York
City supplied needed information and provided valuable technical review
of the planning processes.

19. Contribution by Others. In addition to the 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 directly 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 particularly
helpful. 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 participating in a Power Work Group. This group was
composed of utility representatives from the Pennsylvania Power and
Light Company, Public Service Electric and Gas Company, General Public
Utilities Company, Philadelphia Electric Company, Orange and Rockland
Utilities Company, and the New York State Electric & Gas Corporation,
as well as representatives from the Federal Power Commission and the
U. S. Army Engineer District, Philadelphia. Data provided by this Work
Group have been incorporated into the report on hydro-power 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. Aruy Engineer District,
Philadelphia, U. S. Depart-
ment of the Army




Appendix

Title
Economic Base Survey

Water Use and Stream
Quality

Flood Damages
Navigation

Power Markets and
Valuation of Power

Water for Irrigation
and Rural Use

Fluvial Sediment

Recreation Resources
Fish and Wildlife
Resources

Use and Management of
Land and Cover Resources

Insects of Public Health
Importance

Hydrology

General Geology and
Ground Water

Intrastate Water
Resources Survey,
State of Delaware

Author Agency

Office of Business Economics.
U. S. Department of Commerce

Public Health Service
U. S. Department of Health,
Education & Welfare

U. S. Army Engineer District,
Phil adelphia, Department of the
Army

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

Federal Power Commission

U. S. Department of Agriculture

Geologic Survey, U.S. Department
of the Interior and Soil Conser-
vation Service, Department of
Agriculture

National Park Service, U. S.
Department of the Interior

Fish & Wildlife Service, U. S.
Department of the Interior

U. S. Department of Agriculture
Public Health Service, U. S.
Department of Health, Education
and Welfare

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

Army

Geologic Survey, U. S. Department
of the Interior

State of Delaware
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Appendix Title Author Agency
. P Gross and Net Water U. S. Army Engineer District,
! Needs Philadelphia, 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, Philadelphia,
Department of the Army

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

i 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
the Army

v Benefits and Cost U. S. Army Engineer District,

Allocations Philadelphia, 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.

21. HEARINGS. Two series of public hearings were held by the
District Engineer, U. S. Army Engineer District, Philadelphia. 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 Philadelphia, and Stroudsburg, Pennsyl-
vania; Port Jervis, New York; Trenton, New Jersey; and Wilmington,

10




Delaware. The scocond series of public hearings was held after the gen-
eral plan of development was firmly defined, to explain 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, Pennsyl-
vania; Port Jervis, New York; Phillipsburg, New Jersey; and Wilmington,
Delaware. Transcripts of all the hearings were prepared in a lim-

ited number of copies to accompany the submission of this report, and
are on file in the U S. Army Engineer District, Philadelphia. Sum-
maries of the record of each of the hearings are contained in appendix
A,

22. 1In addition to these public hearings local interests
initiated a number of public meetings throughout the basin. Repre-
sentatives of the various participating agencies and organizations
appeared at these meetings as the study progressed and explained
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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i CHAPTER II
DESCRIPTION OF BASIN

23. LOCATION AND SIZE. The Delaware River drains a relatively
long and narrow area in the northeastern United States. The area ex-
tends approximately 265 miles southward from the western slopes of the
Catskill Mountains in New York to the Atlantic Ocean at the mouth of
Delaware Bay, between Cape May in New Jersey and Cape Henlopen in Dela-
ware. The basin width varies from 40 miles to 80 miles. The center of
the basin lies on approximately 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 square
miles in southeastern New York, 6,422 square miles in eastern Pennsyl-
vania, 2,969 square miles in western New Jersey, 1,004 square miles in
Delaware, 8 square miles in the northeastern corner of Maryland and 782
square miles of water surface in Delaware Bay  The total area of the
basin, exclusive of Delaware Bay, is 12,765 square miles. A map of the
basin is shown on plate 1, bound at the end of the text.

24. NATURAL CHARACTERISTICS. The basin lies across five of the
ma jor physiographic 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
Great Valley and the valleys and ridges north of Blue Mountain of the
Valley and Ridge Province; (c) the Reading prong of the New England
Province; (d) the Piedmont Upland and Piedmont Lowland sections of the
Piedmont Province and (e) the Coastal Plain Province. The natural
characteristics of the basin including geology, soils, vegetation, ground
water, regimen of streams and runoff lend themselves to three general
physiographic definitions, namely, the Upper Region, the Central Region
and the Lower Region.

25. Upper Region. The approximate upper one-third of the Delaware
River Basin extends southward to the Valley and Ridge physiographic
province at Stroudsburg, Pennsylvania. It includes the southern Catskill
Mountains in New York and the Pocono Mountains in Pennsylvania, and is
a rugged highland of great natural beauty. Geologically, it is part of
that area above Trenton, New Jersey termed the 'hard-rock area". Here,
as contrasted with the "soft rock' area below the Fall Line, bedrock is
resistant to erosion.

26. The Catskill and Pocono Mountains, the dominating physiographic
features of this region, differ chiefly in altitude and relief Slide
Mountain on the eastern border of the basin, in the Catskills, reaches
an elevation of 4,200 feet, while few summits exceed 2,000 feet in the
Poconos. The region exhibits the characteristics of a plateau of flat-
lying rocks that have been carved deeply by the tributaries of the Del-
aware River. All but the southwestern corner of the area has been
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glaciated and the narrow valleys and several scenic gorges are iilled
with deep deposits of glacial debris. Ground water occurs in both the
consolidated rocks and in the unconsolidated glacial deposits 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 Region is largely forested, and is included in the
northern hardwood section as defined in appendix K. North of a line
extending east and west at the latitude of Stroudsburg, Pennsylvania,
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
species. These represent the most valuable timber types of the basin and
are potentially the most productive. The remainder of the region is
covered with mixed hardwood species, soft woods and oak-hickory stands.
These have somewhat lower potential productivceuess. JTucluded also in
the upper Region is the anthracite forest section, which lies south
of the above described area and north of Blue Mountain. Nearly three-
quarters of this area is forested, the pricipal timber types being
oak-hickory, with a small mixture of softwoods, and mixed hardwood-soft-
wood types. About one-fifth of the area is in scrub oak and aspen-grey
birch types.

28. Central Region. The Central Region is geologically within the
""hard-rock' area discussed above. Rock formations are old, ranging in
age from 150 million years to perhaps a billion years and have been
folded, 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, sedimentary and metamorphic types. Only the northeastern
portion of the area has been glaciated. The region is most clearly marked
at its lower boundary by the Fall Line, where there is a conspicuous drop
of about 250 to 350 feet in elevation to the Atlantic Coastal Plain. The
Fall Line is distinctly marked by a prominent 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 defined, depending upon the particular feature
under consideration; however, this limit may be considered as the Valley
and Ridge physiographic province. There it is characterized by a series
of high parallel ridges, separated by narrow valleys which are orientated
in a general northeast-southwest direction. These change to rolling hills
and irregular ridges in the Piedmont Province and finally to the more
gently undulating terrain and broad valleys in the lower portion of the
area. Important physiographic 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 moderately rugged southwest extension of the New England physiographic
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.
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Ground-water supplies in the Central Region vary locally depending on the
geology. Some limestone and sandstone areas produce fair to 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 country and supports
an important agriculture in such counties as Lehigh, Chester, Berks and
Bucks in Pennsylvania. These soils and their use and productiveness are
treated in detail in appendix K to this report. Approximately 35 percent
of the Central Region is in woodland and mainly in small wood lots. The
forest type is principally 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. Geologically this area of
"soft-rocks" is much younger and of simpler structure than the 'hard-rock"
area. The beds of unconsolidated to semi-consolidated clay, silt, sand
and gravel 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
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 wedge 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 sloping 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-level rise,
amounting to about 150 feet in the last 10,000 years. Soils of the
Coastal Plain 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, particularly in
those areas where the soils are too wet or too dry for farming. About
one-half is in softwood types (pitch, Virginia, shortleaf and loblolly
pines) 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 Catskill Mountains in New York at altitudes
of about 2,500 to 3,000 feet, the West Branch Delaware River and East
Branch Delaware River, flow southwesterly to form the main stem of Dela-
ware River at Hancock, New York. From this point southeastward to Port
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Jervis, New York, the river forms the boundary between Pennsylvania and
New York, crossing the nearly flat, glacially scoured rocks of the
Appalachian plateaus, and emerging into the Valley and Ridge Province
at an elevation of about 420 feet Between Hancock and Port Jervis,
the Delaware is joined by the Lackawaxen and Mongaup Rivers. At Port
Jervis the Delaware turns abruptly to the southwest to be joined by the
Neversink River and to flow in a narrow valley between the Shawangunk
Mountains on the east and the abrupt escarpment of the Appalachian
Plateau on the west. This stretch of the river forms a portion of the
boundary between New Jersey and Pennsylvania.

33. At Stroudsburg, Pennsylvania, the river turns sharply to
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 Pennsylvania side,
and Flat Brook on the New Jersey side. Between Delaware Water Gap
and Trenton the river also forms a portion of the boundary between
New Jersey and Pennsylvania. 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 Musconetcong Rivers.

34. The character of the river changes 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 between hard and soft rocks downstream to Wilmington,
Delaware. In this reach, the Delaware River is joined by the Schuylkill
River from the west at Philadelphia and by the Christina River at Wil-
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 Capes May and Henlopen.
Important tributaries not mentioned above are included in table II-1,
which also includes 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 origin or type. The climate along
the coast and around Delaware Bay is somewhat 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 Region of the basin, while the Lower
Region receives little or no snow. Hot, humid weather is frequent in
summer but hot dry weather may cause an occasional drought.
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TABLE II-1
DELAWARE RIVER BASIN
PRINCIPAL TRIBUTARIES AND THEIR DRAINAGE AREAS
i
! Drainage Drainage
| Tributary Area (a) Tributary Area (a)
‘g (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,
Willowemoc Creek 130. Schuylkill River 1,909.
f Callicoon Creek 112l Little Schuylkill R. 137.
Lackawaxen River 601. Maiden Creek 216,
Wallenpaupack Creek 240, Tulpehocken Creek 218.
Shohola Creek 84.1 French Creek 7.
| 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. 1A
McMichaels Creek ] 3 G (head of Brandywine Cr.)
Paulins Kill )7 4 Brandywine Creek 329.
Pequest River 158. E.Br.Brandywine Cr. 123.
Lehigh River 1,364. Salem Creek 112.
Pohopoco Creek 11k,
Aquashicola Creek 794 Delaware Bay tributaries
Little Lehigh Creek 188. Cohansey River 106.
Jordan Creek 81. Maurice River 388. "
Musconetcong River 158 Mispillion River 126.
Tohickon Creek 112,
Delaware River Basin,
including the area
draining into Delaware
Bay (b) 12,765.

(a) Data shown were taken from Geological Survey Circular 190,
published by U. S. Geological Survey in 1952.

(b) The 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 Regions are given in table

1E-2,
TABLE II-2
CLIMATOLOGICAL DATA
Upper Central Lower
Region Region Region
TEMPERATURE
(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 Annual 60. to 42, 4/ 50. to 42. 5/ 43.
SNOWFALL (inches of
accumulated depth)
Mean Annual 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. 6/
Mean Annual 42, to 20. 4/ 29. to 15.5/ }20. teo 15. 7/

1/ At Jeffersonville, New York
2/
3/ At Wilmington, Delaware
4/
/

R., respectively.

At Lehigh University, Bethlehem, Pennsylvania.

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

6/ 1In northeastern and southwestern section of region, respectively.
7/ Along Fall Line and in areas adjacent to Delaware Bay, respectively.
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CHAPTER III

ECONOMIC DEVELOPMENT

37. GEOGRAPHIC AREA OF INTEREST. The water resources with
which this investigation is concerned are those within the geo-
graphic boundaries of the Delaware River Basin. However, it must
be recognized that the service or market area for such products of
these resources as domestic and industrial water supplies and hy-
droelectric power is limited only by the practical aspects of the
distribution systems. Also, for recreation and other products that
may be used by mobile ultimate consumers, that 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 defined, 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 that are outside the basin
boundaries were included in the water service area because of their
apparent eventual 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,
Pennsylvania, New Jersey, New York and Connecticut. These counties
are grouped into eight subregions, the location and extent of which
are shown on plate 2, with the following designations:

A- New York City Metropolitan Area

B- New York City Metropolitan Area Supplement

C- Bethlehem-Allentown-Reading Metrgpolitan Area
D- Trenton Metropolitan Area

E- Philadelphia 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 million
people who live within the water service area as defined above.

Sur face and groundwater resources of the basin furnish about 3.5
billion gallons of water each day for use in homes, offices, fac-
tories, farms, and other institutions. The surface waters provide
a living for the crabbers, oystermen and fishermen who harvest the
natural crops of the lower bay and marshlands. The waters of the
basin support the transportation of about 100 million tons of goods
annually intd and out of the ports of the Delaware River and Bay,
and provide outdoor recreation from the headwaters in the Catskill
Mountains to the Capes.
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NEW YORK CITY METROPOLITAN AREA

NEW YORK NEW JERSEY
5 N.Y.C. BOROUGHS 6. BERGEN 10. UNION
Z. NASSAU 7. PASSAIC U. MIDDLESEX
3. SUFFOLK ESSEX 12. MORRIS

o ®

4. ROCKLAND . HUDSON 13. SOMERSET
5. WEST CHESTER

NEW YORK CITY METROPOLITAN AREA - SUPP

Basin boundary

NEW YORK CONNECTICUT NEW JERSEY
l. PUTMAN 4. FAIRFIELD 5. MONMOUTH
2. ORANGE
3, DUTCHESS
- BETHLEHEM-ALLENTOWN AND READING AREAS
i b PENNSYLVANIA NEW JERSEY
I. LEHIGH 3. BERKS 4. WARREN
2. NORTHHAMPTON 5. HUNTERDON
TRENTON METROPOLITAN AREA - NEW JERSEY
MERCER
PHILADELPHIA METROPOLITAN AREA
PENNSYLVANIA NEW JERSEY
BUCKS 4. DELAWARE 6. CAMDEN
2. MONTGOMERY 5. PHILADELPHIA 7., GLOUCHESTER
3. CHESTER 8. BURLINGTON
WILMINGTON METROPOLITAN AREA
DELAWARE NEW JERSEY DELAWARE
BAY : . SALEM 2. NEW CASTLE
o UPPER BASIN AREA
|
i & NEW YORK NEW JERSEY PENNSYL VANIA
a* . DELAWARE 4. SUSSEX 5. WAYNE
< 2. SULLIVAN 6. PIKE
» 3. ULSTER 7. MONROE
9 10 0 30 a¥ 8. CARBON
Scale of Miles \ 6 » 9. SCHUYLKILL
| SOUTHERN BASIN AND COASTAL AREA
NEW JERSEY DELAWARE
DEL. 1. OCEAN 3. CAPE MAY 5. KENT
e —— 2. ATLANTIC 4. CUMBERLAND 6. SUSSEX

PLATE II. DELAWARE RIVER WATER SERVICE AREA - COUNTY GROUPINGS

20




39. Lack of coatrol over these waters resulted in over 100 million
dollars of damages to the homes. farms, factories and communities on the 3
flood plains and the loss of 99 lives during the floods produced by ;
Horricane Diane in August 1955 Unregulated flows which permit excess ‘
waters to go unused to the sea have resulted in serious local water
shortages as during the brief but intense drought of 1957. The effi-
ciency of the river and its tributaries to dispose of and assimilate
the waste products of the growing municipal and industrial communities
is being seriously over-taxed in some areas

40. POPULATION. The population of the service area in 1956 was
21,877,000, about 13 percent of the total continental United States
population of 167,259 000. Comparing the historical growth rate of
population for the service area to the national rate, it is noted that
prior to 1900 population of this region grew an average annual rate of
two percent per year. a rate equal to the national growth Between 1900
and 1930, while the United States rate fell off to 1.6 percent per year
the service area's population continued to expand to an average annual
rate of 2.2 percent During the period from 1930 to 1956 the area's
population growth rate fell to about 1.1 percent per year compared to a
natioral rate of 1.2 percent during this span. This tapering off of
popiulation growth relative to the national rate in recent years reflects
to a great extent the major population expansion experienced in the west
Historical datae on population of the United States and Delaware River
Water Service Area are shown in table IIl-1

TABLE III-1

DELAWARE RIVER WATER SERVICE AREA
POPULATION GROWTH RELATIVE TO THE UNITED STATES

Population Average Annual 7.

(Thousands) Growth per Period DRSA as 7%
Year Continental U.S. DRSA Continental U.S. DRSA of U.S.Total
1870 39.818 4498 - - L1130
1380 50,156 5. 495 2.34 2.03 10.96
1390 52,948 $.852 2230 g 10.89
1900 53995 8.737 1.90 2.46 Lils50
1910 9L 3977 11.424 1. 92 2o i E2. 42
1920 105,711 13,555 1 40 115 7 12 .82
1930 122,745 16.705 1,950 2ot 13.61
1940 131,669 | 8 i 70 58 13.45
1950 150,697 195811 1.36 Liaalts 13.15
1955 164,303 21,589 1.74 1573 13.14
1956 167,259 21,877 1.80 1.33 13 .08

41. Population growth since 1930 within five of the eight economic

subregions ranging in average from 0.8 to 1.4 percent per year. generally




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 Supplement Area and the Wilmington Metropolitan Area which
have, over the past 25 years, shown annual growth rates of 1.8 and 2.1
percent, respectively. The Upper Basin subregion's approximate popu-
lation stability since 1930 reveals that population migration 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 III-2.

TABLE III-2

DELAWARE RIVER WATER SERVICE AREA
POPULATION BY SUBREGIONS, 1930-1955

(Thousands)
Average
Annual 7%
Growth for
Period
Area 1930 1940 1950 1955 1930-1955
Continental U. S. 122,775 131,669 150,697 164,303 157
Delaware River

Water Service Area 16,705 7, 715 19,811 21,589 ¥.1
New York City Met. 10,859 11,661 12,912 13,851 1.0
New York City Suppl. 783 857 1,039 1,221 1.8
Bethlehem-Allentown-

Reading 650 675 736 798 0.8
Trenton Met. 187 197 230 250 13
Philadelphia Met. 33137 3,200 3567k G4, 121 1.3
Wilmington Met. 198 222 268 329 2.4
Upper Basin 547 553 541 SISk Less

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 regional population while the Philadelphia Metropolitan Area
accounted for 19 percent of the total, leaving only 11 percent of the
service area population distributed to the remaining five subregions.
The geographic distribution of the 1955 population by subregions is
shown graphically on plate 3. The geographic distribution of popula-
tion is closely reflected in the distribution of households as shown
on plate 4.
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42 EMPLOYMENT Total industrial employment for the
service area in 1955 was 9,073,000, or about 14 percent o 1
total national employment, excluding armed forces overseas, o
65,250,000. The employment growth pattern for the area since 1900,
as compared to the national growth pattern, exhibits a similari
to the comparison of Delaware River Water Service Area populatic:
growth to the United States population expansion. Between 1900 aud
1930 total industrial employment in the region increased almost 100
percent, while that for the United States increased only 67 percent.
From 1930 to 1955 service area employment rose 24 percent compared
to the overall national increase of 34 percent. The percent increeo
differential, noted in the above comparisons, generally indicated
that the major share of industrialization in the service area oc-
curred during the first quarter of the century. The lower rate o]
industrial employment expansion since 1930, relative to the nation,
reflects the rapid industrialization of newer and less developed
areas outside of this region

43. Comparison of industrial employment growth of service area
with that of the nation for selected industry groups over the pasi
25 years, shows that industrial growth was quite general amorng all
ma jor industries. Historical data on employment in major indusiry
groups for the United States and the service area are shown in
table III-3 The 32 percent increase in total manufacturing em-
ployment for the service area since 1930 exceeds any other increase
registered for the other industrial groups. Of singular signifi-
cance has been the expansion of employment in four major water using
manufacturing industries, namely, food, chemicals, primary metals and
paper Between 1930 and 1955 combined employment in these indus-
tries rose 35 percent as compared to an increase of 76 percent in
these industries for the nation. Employment in these selected mamn-
ufacturing industries is shown in table III-4 and the geographic
distribution for 1955 is shown by subregions on plate 5. The em-
ployment in the petroleum industry, a major water-user, together
with the total employment in the four manufacturing industries
enumerated above, constituted 24 percent of the total manufactur-
ing employment in the service area for 1955. .




TABLE III-3

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

1900, 1930 and 1955

(Millions)
1930 Emp.oy- 1955
Employment  as % of ment as % of
1900 1930 1900 1955 1930
UNITED STATES
All Industries, Total 295529894 8/08'3 166.7 65.25 133.06
All Commodity
Producing Industries 17.63 26.42 149.9 29517 110.4
All Noncommodity
Producing Industries 11.66 22.41 192.2 36.08 161.0
All Industries, except
Agriculture, Forestry,
and Fishing 186,77 138.08 =202 81 58,39 15553
Commodity Producing 7B S50 672 20588 82,0 31l 142.4
Noncommodity Producing 11.66 22.41 192.2 36.08 161.0
Manufacturing Industry - 11.50 - 1712 148.9
DELAWARE RIVER WATER SERVICE AREA
All Industries, Total 3.71 731 196.8 9.07 1241
All Commodity
Producing Industries 1.65 3.09 87«1 3.64 EL758
All Noncommodity
Producing Industries 25210 4.22 204.5 oL 43 128.7
All Industries, except
Agriculture, Forestry
and Fishing Sl e l0N S 20502 3.92 125.6
Commodity Producing 1.40 2.88 206.0 3.50 1245
Noncommodity Producing 2.07 4.22 204.5 5.43 128.7
Manufacturing Industry - 2520 - 2.91 132.3
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TABLE III-4

UNITED STATES AND DELAWARE RIVER WATER SERVICE AREA
EMPLOYMENT IN SELECTED MANUFACTURING INDUSTRIES
1930 and 1955

(Thousands)

1955 as %

1930 1955 of 1930

UNITED STATES

Manufacturing Total 11,498 117/ 148.9
Food and kindred products 907 8NS5 168.8
Chemicals and allied products 621 804 129.4
Primary metals 627 1,329 212.0
Paper and allied products 243 554 228.0
Four-Industry Total 2,398 4,218 17559

DELAWARE RIVER WATER SERVICE AREA

Manufacturing Total 2,197 2,907 13203
Food and kindred products 135 215 115982
Chemicals and allied products 102 190 186, 3
Primary metals 67 146 21739
Paper and allied products 38 80 21055

Four-Industry Total 342 631 184.5

44. Industrial employment between 1930 and 1955 increased
most rapidly in the Wilmington Metropolitan Area where an increase
of 62 percent occurred. The increase was least in the Upper Basin
subregion, where it was only 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 employees 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 regional employment
pattern for the service area are shown in table III-5.
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45. NATURAL RESOURCES. The early economic history of the
Delavare Basin shows that exploitation of the region's natural re-
sources played a major role in its manufacturing 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 natural highways for the early settlers. White pine,
fir, and oak timber, as well as pitch pine for tar and turpentine,
gave rise to the development of shipbuilding second only to New
England. Manufacturing began in the weaving shops in such towns
as Philadelphia following the Revolution Iron production was
greatly expanded to meet the needs of the growing post-revolution
population. Major deposits of bog iron from New Jersey's southern
coastal plain provided raw material for the many forges in opera-
tion during these early years. In the early 1800's the use of
anthracite, found in the Lehigh Valley and the Schuylkill Valley,
greatly increased the production of iron, but suitable means were
lacking to transport the coal from northeastern Penneylvania to
the iron mills. This problem was resolved by the construction of
a number of canals during that period. The principal canals con-
structed were the Delaware and Hudson Canal, 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, Pennsylvania; the Delaware Division
Canal from Easton i©o Bristol, Pennsylvania; the Schuylkill Canal
from Port Clinton, Pennsylvania to Philadelphia; the Morris Canal
from the Delaware River near Phillipsburg, New Jersey to Jersey
City; and the Delaware and Raritan Canal from Bordentown, New
Jersey, to the Raritan River. By 1825 coal had replaced wood as
fuel in a large number of homes in both Philadelphia 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 significantly 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 pumps were used as early as 1799 to raise water from the
Schuylkill River to a reservoir to provide portions of Philadel-
phia with one of the nation's first water supply systems. The
opening of the Fairmount Waterworks in 1622 supplied water to the
entire city of Philadelphia.

46. The importance of local natural resources to this region
steadily declined after the Civil War, due to the rapid expansion
of rail transportation; the rapid growth of industrialization; and

the overall development of the abundant resources of the west. By
1955 employment in ihe natural resource industries, such as mining,
forestry, fishing ard a_riculiure, accounted for less than two per-
cent of the total irdvsirial employment of the water service area,
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Water, as a natural resource, continued to be a major requirement
for development of the area and its importance is discussed in
Chapter V. Although the present economy of the region is not
primarily dependent upon its nacural resources, these have served
as the catalyst to expand its population and industrial activity
during its early economic history.

47. MANUFACTURING ACTIVITY IN THE DELAWARE RIVER BASIN. The
manufacturing activity in the basin proper is largely concentrated
in the Bethlehem-Allentown-Reading, the Trenton, the Philadelphia,
and the Wilmington subregions. Where available the data below are
given for manufacturing activity in the basin proper. For a com-
plete picture the available data for the basin were supplemented
by data for the entire Delaware River Water Service Area as indi-
cated belcw. The industrial areas are characterized by a high
degree of industrial diversification with 12 leading manufacturing
groups employing about 34 percent of the manufacturing labor force
in these four subregions and contributing about the same percent-
age of manufactured value. Each of these groups employs less than
11 percent of the manufacturing labor force and contributes less
thanll percent to rhe value added by manufacture. The percentages
of employment and of value added by manufacture are shown in table
III-6 for the vear 1954, Five of these industry groups are the
principal users of industrial water in the Delaware River Basin.
These are: paper and allied producrs; chemicals and allied pro-
ducts; petrcleum and coal products; primary metals industries; and
food and kindred products. These five groups employed about 23
percent of the industrial labor force in the four subregions in
1954 and contributed over 35 percent of ‘he value added by manu-
facturing. These basic industries not only contribute heavily to
the economic well-being of this region but are also equally sig-
nificant in their overall contribution to the national economy.




TABLE 111-6

DELAWARE RIVER WATER SERVICE AREA
ECONOMIC SUBREGIONS C*, D, E, F
RELATIVE CONTRIBUTION BY MAJOR MANUFACTURING INDUSTRY GROUPS

1954
% of Total

Number of Value Added

Manufacturing Industry Employees 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 (o))
Food and kindred products 8.4 9.1
Primary metals industries 8.3 3.6
Electrical machinery 3.0 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 255 3.5
All other 16.6 16.2

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

43. The four subregions, comprising essentially the Delaware
River Basin, contain about 4 percent of the nation's paper and
board source with about 30 percent of this located in the Container
Corporation mill in Philadelphia and in the Scott Paper Company mill
in Chester, Pennsylvania. The pulp, paper and paper-product mills
in the basin contribute over $200 million of value added by manufac-

c

ture or about 5 percent of that for the nation in 1954.

49. The chemical industry employs 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.
Employment in this industry in the latter subregion constitutes about
40 percent of ihe manufacturing employees in that area. Chemical
plants in the Delaware River Basin contributed over $580 million of
manufactured value in 1954, or about 6 percent of the national 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 of the national capacity in
’ this industry. This capacity is essentially concentrated in |
seven refineries, all located along the lower Delaware River in
the 40-mile reach between Delaware City, Delaware and Philadelphia.
In 1954 these plants employed only about 2.5 percent of industrial
employees in the four subregions of the basin but added about |
$190 million by manufacture or about 8 percent of the national
value.

51. The primary metals industry in the service area employed :
about 150,000 persons in 1955, or about 11 percent of the total em-
ployment in this industry in the United States. About two-thirds of
this employment was in the Bethlehem-Allentown-Reading and the
Philadelphia subregions, where the Bethlehem Steel Company at
Bethlehem, Pennsylvania. and the United States Steel Corporation's
Fairless Works at Morrisville Pennsylvania, provide about 60 per-
cent of the steel ingot capacity of the basin. The total ingot
capacity of the Delaware River Basin represents about 7 percent of
the national capacity, and the added manufactured value was about
$480 million in 1954.

52. About 14 percent of the national 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 Philadelphia Area.
The manufactured value added was about $507 million or about &4 per-
cent of that 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 people and re-
ceived $51 billion of personal income. By 1957 aggregate income
had increased to nearly $58 billion, an advance of almost $7 billion
in two years. On the basis of a per capita total this amounted to
$2,600, a figure one-fourth higher than that for the nation as a
whole. Between 1929 and 1957 total personal income for the service
area grew at an average annual rate of 2.0 percent which was two-
thirds of the national rate of 3.1 percent. Over this period per
capita personal income has been consistently well above the national
average, indicating the high level of economic well-being that has
been achieved in this region. The relative significance of major
economic activities in terms of their over-all contribution to total
personal income in 1929 and 1957 is shown in table II1I-7. The geo-
graphic distribution of the 1957 civilian earnings by industry, is
shown on plate 6 together with the portions thereof derived from
manufacturing.




TABLE III-7

DELAWARE RIVER WATER SERVICE AREA
DISTRIBUTION 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
Transfer Payments 1.4 5.0
Civilian Earning Total 63.7 30.3

Manufacturing 1917 26.1
Wholesale and Retail Trade LS55 15750
Services 1D 11.3
Public Utilities, Transportation, Communications 6.9 6.3
Finance 5.3 Sl
Construction b7 4.7
Government 30 755
Farms .9 w6
Mining 4 42
Other ol Al

54. Personal 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 employment and
accounted for 26 percent of regional personal income. The service
area in 1943 contained over 23 percent of the nation's manufacturing
establishments and contributed over 17 percent of the total value
added by manufacture in the country as a whole. The relative growtch
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 tocal personal income, while property contributed about 30
percent. In 1957, due to the growth of manufacturing in the Delaware
River Water Service Area, its earnings contributed 26 percent to the
total, while property income contributed only 15 percent. Over this
period faciory earnings increased more than three times as compared
with an increase of 1-1/2 times for nonmanufacturing earnings.

55. Personal income and wholesale and retail trade. The

next most important industrial sources of cthe civilian earnings
portion of personal income are wholesale and retail trade. 1In 1929
these industries contributed 15 percent to the total personal in-
come and 17 percent in 1957. 1In 1954 over 20 percent of .he total
sales recorded for all wholesale and retail trade establishments in
the United States were made by the approximately 300,000 wholesale
and retail establishments of the Delaware River Water Service Area.
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56. Personal 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 establishments in the region 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 day-visitors. Indicative of recreation's economic im-
portance to the service area, it was estimated that people spent
about $600 million for vacations in 1956 within the area of the
Philadelphia 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 travel,
produces about the same dollar volume of goods and services and
employs as many people as the agricultural industry of this area.

57. Public 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 national total of these industries. These in-
dustries provide the energy needed to produce the goods manufactured
in the area and the means of transporting them and their new
materials 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
~il'ion kilowatts. This represented about 9 percent of the electric
eargy produced in the entire United States. About 25 percent of
this energy was used by rural and residential customers; about 60
percent by commercial and industrial customers; and the remaining
15 percent included all other uses and line losses.

58. A number of railroads link this region to the markets
of the nation via the transcontinental and coastal routes. The
principal roads include the Erie Railroad; New York Central Rail-
road; Susquehanna and Western Railroad; the Lehigh and New England
Railroad; the Delaware, Lackawanna and Western Railroad; the
Central Railroad of New Jersey; the Lehigh Valley Railroad; the
Reading Company, the Baltimore and Ohio Railroad; the Pennsylvania
Railroad System; and the Delaware and Hudson Railroad. A number
of shallow-draft barge canals which once served the mining and in-
dustrial sections of the basin have been replaced by highway 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 canal and carries a large tonnage between
these two waterway.. The Delaware Bay and River have been improved
for navigation from Trenton, New Jersey, to the sea. The tidal por-
tions of a number of tributaries have alsp been improved.
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59. Agriculture. While contributing less than one percent to
personal income in 1957, civilian farm earnings were the only portion
of personal income that increased at a rate greater than the national
rate. Sales of farm products in 1954 for the Delaware River Basin
amounted to over $396 million. Livestock and livestock products ac-
counted for over 65 percent of the total, cultivated crops for 34
percent, and forest products for less than 1 percent. Sales of milk,
eggs, poultry, and meat account for a larger portion of the basin's
agricultural income than do all the other farm products combined.

60. Commercial fishery. 1In 1955 the value to fishermen of the
commercial fish and shellfish harvested from waters associated with
the Delaware Bay and with the economy of New Jersey and Delaware,
totaled about $13.5 million. There are seven major ports of landing
for commercial fishermen in the middle Atlantic area. Five of these
are located on the Atlantic Coast in the vicinity of Delaware Bay and
contribute to its economy.

6l. Mining. Mining contributed only a small share to the
personal income of the service area. 1In 1957 its contribution
counted to 0.2 percent. Sand, gravel, building stone, cement and
anthracite are the major mineral products of the Delaware River Basin.
Limited amounts of iron and zinc ores are mined, with the annual ton-
nage depending largely upon market conditions.: In recent years sales
of anthracite have sharply declined and the labor force employed in
this industry has largely shified to other industries.

62. Other sources of civilian income. Civilian earnings from
finance, contract construction and Government contributed about 13
percent to the total personal income of the service area. Government
contributed over a third of this and its contribution increased from
5.3 percent in 1929 to 7.5 percent in 1957.

63. ECONOMY OF THE SUBREGIONS. The economic structures of the
subregions are comparatively uniform, and generally similar to that
of the service area as a whole. The distribution of personal in-
come, however, shows wide variations among the -subregions. The New
York Metropolitan Area accounts for 63 percent of total personal in-
come in the Delaware River Water Service Area, the Philadelphia Area
13 percent, the other six subregions only 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 New 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, exceed
the national average by about one-half and one-third, respectively. 1In
contrast are the income levels of the less populous Upper Basin Area
and the Southern Basin and Coastal Area. Here per capita incomes of
81,575 and $1,875, resp%ctively, fall short of the national average by
one-fifth and one-tenth. The New York City Metropolitan Area has the
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highest proportion of workers concentrated in the slower-growing
service-type industries, and its manufacturing is largely concen-
trated in the textile and apparel industries whose expansion has
been slow. The Philadelphia Metropolitan Area differs markedly
from the New York City Metropolitan Area, having a smaller propor-
tion of service-type industries and a correspondingly larger pro-
portion of commodity-producing industries. About 49.4 percent

of the employment in the six remaining subregions is in noncom-
modity producing industries, and 5.6 percent in agricultural in-
dustries. The Bethlehem-Allentown-Reading subregion has a greater
concentration of its employment in manufacturing and in commodity
producing industries than any of the other subregions.

64. In only two of the subregions are there substantial
differences in income composition. The Upper Basin Area and the
Southern Basin and Coastal Area are both largely agricultural,
and the former contains most of the mining activity of the service
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 associated with
the water resources of the Delaware River Basin represents one
of the most important regional 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-
tion and about 14 percent of its labor force. This population
has increased since 1930 at a rate of about one percent per year
and employment in the same period increased at about the same
rate. These rates are only slightly less than those for the nation
as a whole. 1Industrial growth was quite general among all major
industries, although at somewhat lesser rates than the growth in
corresponding industries of the United States. A second signifi-
cant feature of recent economic changes in this area was the dif-
ferential growth of its noncommodity-producing industries, which
employ roughly half again as many persons as the commodity pro-
ducing ones. Manufacturing in the area registered the highest
growth rate of major industry groups to maintain the service
area's position of having a higher than average concentration
of manufacturing.

66. Personal income in 1957 amounted to about $53 billion
or 16.5 percent of that 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 manufacturing has replaced 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 employer
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of labor, manufacturing has become the largest industry in the
area by a large margin. This industry is now a strongly buoyant
force on overall income growth. It is believed that individual
earnings from factory employment will likely tend to accelerate
the pace of future economic growth in the Delaware River Water
Service Area.
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CHAPTER 1V
PROJECTED ECONOMY

67. INTRODUCTION. The development of the water resources of the
Delaware River Basin depends largely upon the economic growth that may
occur in this important segment on the national economy. The preceding
chapter surveyed the present economy of this region and trends in the
past growth of this economy. These trends when projected into the future
provide a basis for estimating the potential expansion of the economic
and the concomitant development of the water resources that will be
needed in this region to sustain such expansion. Long-term trends in
gross national product, population and number of households, employment,
and personal income were selected as economic factors whose changes
would indicate significant changes in the area's economy. Under exami-
nation in the present chapter are these factors as projected through the
years 1965, 1980 and 2010. The detailed data upon which the pro-
jections in this chapter are based, as well as the methods employed in
making the projections, are contained in appendices B, C, and K.

68. GROSS NATIONAL PRODUCT. The total value of all goods and serv-
ices in terms of the 1957 price level produced in the national economy,
or the gross national product, grew from $i94 billion in 1929 to $443
billion in 1957, an increase of 128 percent. As a broad gauge of over-
all economic activity, the growth of gross national product has averaged
three percent a year, a growth rate which has been projected in the
future. Over the past three decades relative growth has been less in
. population and employment than in total production, indicating a sharp
expansion in output for a given input of effort. This increase in pro-
ductivity lies at the heart of the nation's economic progress. It has
arisen from technological and wmanagerial advances, a high rate of
capital formation, expanded development of natural resources, a growing
labor force and shifting of the working force into activities of high
productivity. Such forces have brought an average annual advance of
more than two percent in output per man~hour in the economic system as
a whole.

69. On the basis of the trend described above, and conforming to
the historical pattern, the gross national product is expected to rise
approximately to $570 billion by 1965, $910 billion by 1980 and to
| $2,300 billion by 2010. Although estimates of gross regional product
are not available for the service area, it is significant that the
service area's projected growth is expected to expand in line with che
i overall economic growth of the nation as reflected in these national
forecasts.
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70. POPULATION. The national population is projected to rise
from 174 million in 1958 to 195 million in 1965, to 248 million 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 million by 1980 and to 42 million in 2010. The pro-
jected increase in population for the United States is expected to
average 1.5 percent per year between 1955 and 2010. A somewhat more
gradual growth, averaging 1.2 percent per year, is estimated for
the Delaware River Water Service Area, reflecting the area's growth
rate of recent years which was less than the national 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 Supplement Area, having experi-
enced rapid population growth in the recent past, are projected to
grow at a more rapid rate than the national gverage. The remaining
subregions, embracing the service area's larger cities 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 below the
national 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-1.

TABLE IV-1

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

(Thousands)
Actual Projections

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 134851 16,000 18,500 25,000
New York City Supplement L3221 1,500 2,000 3,400
Bethlehem-Allentown-Reading 798 900 1,100 15550
Trenton Metropolitan 250 300 400 650
Philadelphia Metropolitan 4,121 4,800 5,800 7,900
Wilmington 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 steady decline. Accordingly, the number of
households has shown a greater relative rise than the total popu-
lation for the United States and the service area. For the next
thirty years the average size of households is expected 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 are shown in
table IV-2.
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TABLE 1IV-2

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

(Thousands)
Actual 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 Supplement 340 420 570 1,000
Bethlehem-Allentown-Reading 228 260 310 460
Trenton Metropolitan 69 80 110 180
Philadelphia Metropolitan 1163 18,350 1,650 2,400
Wilmington Metropolitan 94 120 170 300
Upper Basin 163 190 220 300
Southern Basin and Coastal 150 200 280 460

72. EMPLOYMENT. National employment projections, as presented in
appendix B, represent a pattern consistent with an overall annual growth
rate of 3 percent for gross national product. From a base of 66 million
employed in all industries in 1955, it is estimated that national
employment will rise to 76 million in 1905, 97 million in 1980 and 151
million by 2010. While employment in all industries will increase 129
percent by 2010, employment in the manufacturing industries is expected
to increase 150 percent over this 55-year span. The output projected
in the gross national product can be achieved despite variations that
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
metals and paper) considered as the major water-using manufacturing
industries, accounted for about 19 percent of total manufacturing
employment in 1955. By 2010 it is estimated that these five industries
will require more than 30 percent of the projected total manufacturing
employment. While the total manufacturing employment in the service
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 that the employment
levels will more than triple by 2010. Projection of employment in the
five manufacturing industries is shown in table IV-3.
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TABLE 1IV-3

: DELAWARE RIVER WATER SERVICE AREA
' EMPLOYMENT PROJZCTIONS BY INDUSTRIES, 1955-2010

(Thousands)
Actual Projections
1955 1965 1980 2010
ALL INDUSTRIES 9,073 10,300 12,400 18,000
MANUFACTURING 2,907 3,390 4.,210 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 metal 146 180 240 400
Paper and allied products 80 100 150 300
Five-Industry Total 696 820 1,075 15875

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. Projections 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 Projections
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 City Supplement 495 600 800 1,400
Bethlehem-Allentown-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
Southern Basin and Coastal 193 240 340 540
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The projection of industrial development of more than average growth
for the New York City Supplement Area reflects a historical employ-
ment growth pattern considerably greater than that for the region

as a whole. The projection of more rapid expansion of employment
for the Trenton Metropolitan, Wilmington Metropolitan and Southern
Basin and Coastal Areas, as compared to the nation, was warranted

by a number of considerations involving favorable transportation
facilities and the proximity of these areas to other areas of sub-
stantial industrial expansion.

75. PERSONAL INCOME. Based upon projected output, personal
income for the nation in terms of the 1957 price level is expected to
grow from $348 billion in 1957 te $450 billion by 1965, to $725
billion by 1980 and te $1,800 biliion by 201C. During this period
national per capita persconal income is projected to increase to almost
2-1/2 times the 1957 estimate of $2,040,

76. The service area's growth over the most recent years has
been somewhat less than for the country as a whole. This has largely
been attributed to the relative 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 annual rate somewhat
in excess of two percent. The Office of Business Economics has
indicated, in appendix B, that several forces, now present in the
service area's income structure, indicate that personal income
should be projected over the next 50 years at an annual rate slightly
greater than 2-1/2 percent. Although slower growth has been re-
corded for the service area since 1929, it should be noted that
in 1957 the nation and the area exhibited greater similarity in
eight of the ten income sources than they did in 1929. More
specifically the recent trend in the rise of manufacturing earnings
as an income source and the decrease of importance of property income
between 1929 and 1957, indicate a step-up in the increase of personal
income over the next half century. It is further anticipated that
in the more recently developed regions of the United States, outside
the water service area, economic growth will begin to taper off.

The differential that existed between this region and the rest of
the country will become smaller over the next 25 years. Total
personal income tor the service area is projected to increase from
$57 billion in 1957 to $70 billion by 1965 and to $100 billion by
1980. During this latter period it is assumed that expansion of
personal income will begin to approximate the national growth rate
and achieve a level of $224 billion by 2010. On a per capita basis
the service area will continue to exhibit levels higher than the
average for the nation as a whole over the projection period. It
is expected that by 2010 the differential between this region's per
capita personal income and that of the nation will have been reduced.
Projections of personal income for the United States and for the
service area are shown in table IV-5.
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TABLE 1IV-5

DELAWARE RIVER WATER SERVICE AREA
PERSONAL INCOME PROJECTIONS BY SUBREGIONS IN CONSTANT DOLLARS
1965-2010
(billions of 1957 dollars)

Actual 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 3.8 602 17.0
Bethlehem-Alientown-Reading 1.8 Py A 3.3 7.8
Trenton Metropolitan ol 39 1.4 4.0
Philadelphia Metropolitan 1O 1280 17.8 3955
Wilmington Metropolitan gt 1.6 2.6 7.0
Upper Basin ) 12 1.8 4.0
Southern Basin and Coastal ) 1.3 213 6.1

77. 1t is estimated that total personal income for the nation
will more than quintuple between 1957 and 2010 and the income of the
service area will quadruple during this period. However, in the same
period, personal income in the New York City Supplement and the
Trenton Metropolitan subregions will increase to more than five times
that ¢f 1957, and in the Wilmington Metropolitan and the Southern
Basin and Coastal subregions it will increase to more than sixfold.
The basis for these increases were already noted in the discussion of .
the subregion industrial employment projections.

78. PROJECTIONS OF LAND USE. Studies of land use within the
basin proper, as discussed in appendices G and K, indicate that about
9 percent of the 10 million acres of land area is presently under urban
development. Present 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
Classified Urban _Open
by SCS 1/ Acres % Acres %
DELAWARE RIVER BASIN 10,000 896 90 9,104 91.0
Bethlehem-Allentown-Reading 1,465 93 6.3 1372 93,7
Trenton Metropolitan 150 24 16.0 126 84.0
Philadelphia Metropolitan 2/ 2,165 380 17555 1,785 82.5
Wilmington Metropolitan 445 94 2000 351 78.9
Upper Basin 3/ 3,661 189 Sls2 3,472 94.8
Southern Basin and Coastal Bl ALl 116 5,5 1,998 94.5

L/ Each subregion includes several counties, portions of which are
located outside the Delaware River watershed.

E/ Includes estimate of lands in Philadelphia County that were
not inc:iuded by Department of Agriculture.

3/ Includes escimates 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 growth will require an additional 1/4 acre per person,
it is possible to forecast the amount of non-urban land that will
have to be used for future urban development. By 2010 approximately
1,800,000 acres of additional non-urban land will be needed in the
basin for urban use to satisfy the needs of an expanding population.
More than half of this total will be needed for the urban growth

in the Philadelphia 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 additional land
or about one-third of the total needed. About one-sixth of the total
needed (about 200,000 acres) will be in the Trenton and the Upper
Basin areas. Assuming that all of this land will be obtained from
present non-urban lands, by 2010 about 27 percent of the total land
in the basin will be under urban development. In addition, data
presented in appendix I indicate that over 1.2 million acres of
additional recreation lands will be required by 2010 within the
service area to satisfy the demand for new recreational opportunities
generated by the expanding 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
will depend upon the favorable operation of a highly complex set
of factors. The historical and projected levels of economic devel-
opment show that a potential for major expansion already exists
within the region as well as for the country as a whole. One
factor upon which the service area will rely to sustain and nourish
its growth will be the reasonable exploitation of ics 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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CHAPTER V
CONTRIBRUTION OF WATER RESOURCES TO THE REGION'S ECONOMY

80. INTRODUCTION. A basic principle in this investigation was that
the goods and services to be secured through water resources development
shall have economic value only to the extent that there exists, either
now or in the & need or demand for the several water resource
products. Ths merket for water resource derivatiwes arises out of the
relationship existing between water resources of the Delaware River
Basin and tke v*owth & lopment of the region within its zone of
influence. evigus have shown thet the populous Delaware
River Basin combi: 3 larger service arez in which it is located,
is one of the major 1 and commercial centers of the United
States. The cc:;11L€d abl ity of this region to expand its activities
will, to a great extent, depend upcn a reasonable development and use
of its water resources. This chéapter describes the relationship that
exists between the water resources of the basin and the continued
economic growth and development of the region. The factors that limit
the extent and use of these water resources in serving the needs of
the region are also discussed. Lastly, the elements that were used to
arrive at the balanced program for resource development for the basin
are enumerated.

81. SUPPLIES OF WATER. The most elemental requirement placed
on the water resources of the basin is the provision of supplies of
water for domestic and municipal use. Over ten million residents of
the water service area are currently withdrawing over one billion
gallons of water a day from the ground and surface water sources of
the basin to satisfy their needs. The high standard of living enjoyed
by the peoples of the areca associated with higher standards of health
and cleanliness and with the increzsing use of water-consuming home
appliances has resulted in a daily use of approximately 120 gallons
of water per person. As population continues to expand, with concomi-
tant increases in living standards over the next half century, an
even greater reliance must be placed on the water resources of the
basin. Should the current excesses of water in the basin become
scarce in the future, it is very likely that the people served from
that source would either have to adjust to a restricted use of water
or be forced to obtain additional supplies from other sources. A
more drastic consequence of water shortage would be the mignation of
the people of the basin to other parts of the country where water
supplies are move p1°ntifu1 While real substitutes for the water of
this basin(such as desalted sea water and diversions from other
basins) may be developed in the future, it appears certain that the |
Delaware River Basin, because of the quality of its water and its
orientation with the major water demand centers, will continue to be
the major source of supply for domestic and municipal purposes for
the people of the basin and for sizable populations beyond its bounda-
ries. However, since diversions from the basin are authorized by




the U. S. Supreme Court, it would be presumptive to project, for purposes
of this investigation, diversipns to satisfy, wholly 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 fact that local water resources and their capabilities
to s atisfy 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 production 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 presently, and will
continue to be, the major source of civilian earnings for the people of |
the area, currently employing over 900,000 persons earning in excess of
4.5 billion dollars annually. The availability of water of sufficient
quantity and quality is one of the major factors that will be required
to permit the expansion of industrial activity as indicated in the
projections of growth shown in chapter IV. Failure to prowide it may
result in serious economic losses both to the region 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 expansion of the basin's power
production capacity requires an assured and inexpensive supply 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, livestock,
and rural use presently amounts to only one percent of all water
presently 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 region. 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, nevertheless, is crucial if agriculture is to
maintain its position within the region. This is especially 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. Maintenance of water

quality and reduction of stream pollution are equally essential in the

{ satisfaction of the several water supply markets discussed above. To
evaluate the contribution of water quality and pollution abatement, as
they relate to the overall well-being of the region, consideration has
been given to the several quality requirements placed upon the waters
of the basin by the quantitative water supply needs. These requirements
also bear heavily on the use of streams for recreation and commercial
fishing as well as on the aesthetic value of clean streams. Quality
requirements may be very stringent when the water is used for damestic
purposes or when used in food processing plants. Quality requirements j
may be substantially 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 bring the raw
water to the quality level desired. As population and industrial
activity expand in this area over the next fifty years with resultant
increased waste loads for discharge 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 importance 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 overail
water quality problems of the basin, would result in preventing such
investments from achieving their full contribution to the welfare of
the community.

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 currently 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 supplies for downstream
areas.

87. CONTROL OF FLOOD FLOWS. Control of flood flows in the
Delaware River and its tributaries would contribute to the overall
well-being of this region by preventing damages to real property and
the loss of goods and services. It would also make possible the
increased production of goods and services through 2 more intensive
use of real property on or adjacent to the flood plain that cannot
now be utilized due to the flood hazard. The occurrence of seven




major flood-producing storms since 1900 has resulted in major losses of
both life and property throughout the basin. The storms of August 1955,
producing the largest flood of record generally through the basin, re-
sulted in the loss of 99 lives and caused property damage and business
losses in excess of $100 million. The continued use and redevelopment
of the flood plain over the next fifty years may result in a situation
wherein the potential damages from a flood of the 1955 magnitude that
would exceed the damage caused by that flood by as much as one-third.
Mitigation of such losses by appropriate flood control measures would
permit valuable resources of land and real property to sustain, in a
continuing fashion, its beneficial and productive contributions to

the economy. At the same time control 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, replacement, cleanup
and other forms of emergency relief required as a result of floodss
With each flooding many commercial and industrial establishments may

be forced to curtail operations ranging from a few days to as much as
three weeks with attendant layoff of employees 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 improvement of the Delaware River and its
tributaries for navigation contributes to the ecomomic growth of this
region. Canals constructed in the early 1800's provided the first
economic means of transporting coal from the Lehigh Valley and the
Schuylkill Valley to the major manufacturing 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-
tation. 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 quadrupled since 1920. 1In 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. 1In 1958 42 million tons of |
import cargo were received through these ports and 3-1/4 million tons
of export cargo were shipped from the area, together accounting for |
1/4 of all foreign commerce for all ports of the United States. 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 Wilmington, g
Philadelphia and Trenton Metropolitan Areas it has been estimated |
that for manufacturing alone nearly one job in every five depends
upon materials brought in through the ports. Also, more than 96,000
employees of these three metropolitan areas derive their income
either directly or indirectly from the Delaware River ports.
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89. HYDROELECTRIC POWER. The importance of the generation and

distribution of electric energy to meet the requirements of farm, resi-
dential, commercial, industrial and other consumers is well-known. Such
service is essential to the continued growth and development of the
region. Hydroelectric installations currently account for seven percent
of the total dependable power capacity of all plants in the pertinent
power marketing area as defined in Appendix F. Within the Delaware
Basin installed capacity of existing hydroelectric plants is about
70,000 kilowatts. 1In terms of electric energy production, hydropower's
contribution is small. However, in terms of the savings that may re-
sult by the installation of hydroelectric facilities as compared to
alternative forms of conventional power generation, the contribution
that may be made through the generation of power by this method becomes
significant. Technical advantages inherent in hydropower allow its
energy to be placed into the distribution system on short notice during
periods 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 particularly unique in its
ability to satisfy some portion of the overall power demand market.

90. RECREATION. Recreation resources and facilities contribute
to this region's overall economic and social well-being by providing
opportunities for one-day outings, overnight outings 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 directly related to the
water resources of this basin. It has been estimated that in 1955
the 21-1/2 million residents of the service area recorded over 81
million visitor-days while participating in various outdoor recrea-
tional activities. Of these, State Park attendance, hunting, and
fishing accounted for 34-, 33-, and 14 million visitor-days, re-
spectively. 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. 1In
those portions of the region 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 growth. An indication of the economic importance of recrea-
tion 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 substantial shares of the total harvest in the United States
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of menhaden, oysters and clams. Lewes, Delaware, where landings 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 wholesaling establishments dealing with fish and fishery
products located in the region employ on the average more than 5,000
persons during the fishing season and were responsible for the pro-
duction of fishery products valued at about $50 million in 1955.

92. LIMITING FACTORS. In assessing the overall impact of the
water resources on the region, consideration was given to the physical
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 more
than one water use purpose at several 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 recources goods and services therefrom for
this basin had to be defined in a manner consistent with these limiting
factors. While it was possible to identify indjvidual requirements
that must be placed on the water resources 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 plan for the production of as many of these products
(known to contribute to the region) as was consjdered economically
feasible.

93. The process by which specific purposes were chosen for in-
clusion in the plan of development required study of the physical and
economic resources available for development and the available alterma-
tive production measures not necessarily tied to the water resources
of the basin that also satisfy the several water resources markets.

It was recognized that although certain goods amd services could be
produced only 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
associated with this resource. In terms of water resourae production
measures all levels of water control from simple land management
measures to major multi-purpose impoundments have been integrated into
the plan 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 through water resources
control only. Thus the contribution of water resources development to
the future growth of the regional economy will, necessarily, be limited.
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CHAPTER VI

| DEMANDS ON WATER RESOURCES

94, MEANS FOR ASSESSING DEMANDS. The quantitative dimensions of
markets for the various products cf water resources development have
been established through a series of examinations of past and present
demands on water resources as related to the economic activities of the
water service area and by broad projections of the needs for develop-
ment of water resources based on anticipated economic growth. These
examinations and projections were made in some cases by the Corps of
Engineers, in other cases by the agency of primary concern, and in
others cooperatively by two or more agencies. In all cases, however,
the evaluation of demands on water resources was made to comply with
the wishes of local interests as expressed at public hearings, by
correspondence, through representatives on the Delaware Basin Survey
Coordinating Committee, and by directive from the Congress.

95. A study of existing and planned developments for water re-

scurces in the basin showed that their most significant products and

b services have been water supply, hydropower, navigation, flood control
and recreation. At the public hearings held at the time the
comprehensive studies of the basin's water resources were iritiated
and at times throughout the study period, general interest was expressed
in broad multiple-purpose development of the water resources. Included
in the purposes to be served were flood control, water supply,
hydropower, irrigation, recreation, preservation of shell and fin
fisheries, increased low flows, pollution abatement, navigation and
prevention of salt water intrusion. Except in the case of flood control,
where a number of local problems were cited and requests made for stud-
ies of a variety of relief measures, and in the case of water supply,
where a few local problem areas were identified, the requests of local
interests 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,
hydropower, et cetera, 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, INDUSTRIAL AND
RURAL USES. The basin contains a complex of developments designed to
satisfy the water supply needs of a multitude of specific localities
or individual users. The raw waters to satisfy these needs come from
surface or subsurface sources of fresh or brackish supplies. The most
significant present withdrawals are made for municipal water supplies
for Philadelphia and New York City. The average 1957 withdrawals for
these two supplies amounted to about 352-and 365 million gallons per
day (mgd), respectively. Significant present individual withdrawals
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of celf-supplied industrial water average about 125 mgd at Bethlehem,
Pennsylvania, 255 mgd at Morrisville, Pennsylvania, and 396 mgd at
Delaware City, Delaware.

97. The existing major impounding facilifies designed to augment
available supplies of surface water for municipal uses are shown in
table VI-1.

TABLE VI-1

EXISTING MAJOR WATER SUPPLY RESERVOIRS

Reservoir Stream Supplies in Gross Yield
Billion Gallons in Million
Gallons/Day
Cannonsville W.Br. Delaware R. 95.5 L/ 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 12:40
Lake Ontelaunee Maiden Creek 4,0 770
Green Lane Perkiomen Creek 44 165
Pickering Pickering Creek 0.35 549
Springton Crum Creek 3D 16.0
Octorara 4/ 3/ 30.0

1/ Based on maximum depletion

2/ In Lehigh River Basin

3/ Not available

4/ On Octorara Creek in the Susquehanna River Basin
with diversion to the Delaware River Basin

98. Available supplies of water are adequate to satisfy all
presant needs when considering the basin as a whole without reference
to local problems arising from inequitable distribution of these
supplies. 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 without 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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specific developments to meet anticipated major water requirements were
not forthcoming from local interests during the ccurse of the study.
However, sclutions to local water problems at Tuscarora and Lansdale-
North Wales area in Pennsylvania and Morris County in New Jersey were
requested by local interests., In connection with these lccal water
problems it was found that adequate supplies of suitable water to
satisfy their needs are presently available at some distance from the
point of need and, accordingly, these local needs were considered as
imposing no specific demands on future water resource developments in
the basin. The detailed engineering studies needed to determine the
most practical and economical means of getting available water supplies
to local distribution systems were not made as a part of this investiga-
tion. Local interests in the State of Delaware requested studies of
detailed and extended scope to determine the practical aspects and
economic feasibility of a salt water barrier in the Delaware River
Estuary to provide a fresh water impoundment to satisfy anticipated
water needs in the areas adjacent to Delaware Bay.

99. The gross water 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 application of projected trends in water use per capita and per
unit of industrial activity as described in detail in appendix P.
Projected gross water needs for irrigation, stock watering, and rural
residences were defined by the Department of Agriculture based on
indicated trends in land use and farming practices. These projections
are reported in detail in appendix G. Water for cooling purposes at
future thermal-electric generating facilities were considered as impos-
ing no specific demands on developments for augmenting stream flows
since the return to the stream is equivalent in quantity and quality to
the withdrawals in each instance of such use. Under these conditions,
and assuming proper location of future facilities with respect to
available natural and modified stream flows, the specific demands on
water resources development arising from this type of use would be
insignificant,

100, As explained in paragraph 81, the projected water supply
requirements of primary interest in this investigation are those within
the basin boundaries. Although New York City has indicated a projected
need for additional water supplies by year 2010, the question of
satisfying this need from the Delaware River Basin or from other sources
outside the basin is beyond the scope of this investigation. The
assessment of stream flow augmentations required for water supply
purposes in the basin was made by modifying the projected gross demands
to take into account the present availability of natural minimum stream
flows, minimum stream flows augmented by existing projects, the use of
ground water, the use of brackish supplies where appropriate, and a
conservative estimate of repetitive use of water by successive downstream
users compatible with the desirability of maintaining acceptable levels
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of water quality., The projected net surface water augmentations at

years 1965, 1980 and 2010 are shown by use categories and geographical
subareas in table VI-2. The current (1955) surface water uses, as
inventoried by the U, S. Public Health Service and reported in detail

in appendix C, together with projected gross and net surface water needs,
are summarized by geographic subareas on plate 7. Flow augmentations

to satisfy these surface water needs are indicated, also on plate 7,

for key stream gaging stations in the basin.

101. REDUCTION OF FLOOD DAMAGES. The reduction of flood damages
is an important service obtained from control of the water resources of
the basin, Existing developments in the interest of flood control in
the basin range from individual efforts for relief from flond problems
at very limited local areas to major projects for alleviating community-
wide flooding. Local protection works provided as municipal or
community projects are located at numerous places in the basin. Typical
examples of this type of project are found at Port Jervis, New York and
Burlington, New Jersey. A vigorous flood protection program by the
Commonwealth of Pennsylvania has resulted in major local protection pro-
jects completed or under construction at Hawley, Stroudsburg-East
Stroudsburg and Weissport, Pennsylvania. Numerous channel rectification,
clearing and dredging projects have been completed by the Commonwealth,
Examples of projects 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 WATER REQUIREMENTS IN WATER PROBLEM AREAS IN THE BASIN

Use 1965 1980 2010
UPPER DELAWARE ARFA
Domestic and Municipal (mgd) 157 &3 24,0 42,9
Self-supplied Industrial (mgd) 12553 1843 38.3
Agriculzural (mgd) 343 3.9 4.0
Total (mgd) 32,9 46,2 85.2
Reqd.SurZace Vater Augmentation  (efs) 0.0 0.0 0.0
MIDDLE DELAWARE AREA
Domestic and Municipal (mgd) 445 63 12.1
Self-supplied Industrial (mgd) 29,1 43,1 94,2
Agricultural (mgd) Included in Trenton-Phil,
Total (mgd) 3356 49,4 106,3
Reqd.Surface Water Augmentation (cfs) 0.0 0.0 0.0
LEHIGH AREA
Domestic and Municipal (mgd) 41,3 58.4 108.4
Self-supplied Industrial (mgd) 194,0 228,.5 364,2
Agricultural (mgd) 2.4 2,8 249
Total (mgd) 237.7 289.8 475.5
Reqd.Surface Water Augmentation (cfs) 48,3 129,0 416.0
f UPPER SCHUYLKILL AREA ]
Domestic and Municipal (mgd) 52/¢5 7295 13257
Self-su pliied Industrial (mgd)’ 123.3 15303  197,7
Agricult:ral (mgd) Included in Trenton-Phil,
Total (mgd) 175.8 226.2 330,4
Reqd,Surface Water Augmentation (cfs) 0.0 56,0 217.0
TRENTON-PHITADELPHIA AREA
Domestic and Municipal (mgd) 583.8 812.8 1445.8
Self-supplied Industrial (mgd) 1034.7 1141.0 1155.3
Agricultural (mgd) 19.3 24 .4 24,4
Total (Incl, surface losses) (mgd) 1917.5 2377.6 3415.7
Reqd.Surface Water Augmentation (cfs) 0.0 491.0 2100.0
WILMINGTCN AREA
Domestic and Municipal (mgd) 48,2 72.0 151.4
Self-supplied Industrial (mgd) 933,0 1549.0 2744.0
Agricultural (mgd) 12¢d 14,6 14,6 1
Total i (mgd) 933.3 1635.6 2910.0
Reqd.Surface Water Augmentation (cfs) 1380,0*% 2380.0* 4350,0%
Reqd. Fresh Water Augmentation (cfs) 0.0 387 5260

*Gross requirements to be satisfied by fresh and brackish water,
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(1)
(2)
(3)

(1)
(2)
3)

(1) 430 591 861 1805
(2) 206 238 290 475
(3) 0 31

UPPER DELAWARE
1955 1965 1980 2010

1) 40 54 % 18
(2) 21 33 46 85
3) 0 0 0 0

LEHIGH
1955 1965 1980 2010

UPPER
DELAWARE
[

83 270

UPPER
SCHUYLKILL

UPPER SCHUYLKILL

1955 1965 1980 2010 \
\
168 238 339 652 N
121 176 226 330 ~ o
0 0 36 140
WILMINGTON

1955 1965 1980 2010 ‘ L

271 1085 1771 3113
240 993 1636 2910
0 0 25 340

SO. BASIN & COASTAL

1955 1965 1980 2010

MIDDLE DELLAWARE
1955 1965 1980 2010
(1) 43 58 80 156

(2) 24 34 49 106
(3) 0 0 0 0

Approx. Scale
1:2, 000, 000

TRENTON-PHILADELPHIA
1955 1965 1980 2010
(1) 1848 2420 3418 6634

(2) 1821 1910 2378 3416
(3) 0 0 318 1356

PROBLEM AREA BOUNDARIES
DELAWARE RIVER BASIN BOUNDARY

LEGEND:
(1) GROSS WATER NEEDS
(2) NET SURFACE NEEDS
(3) REQUIRED FLOW AUGMENTATION
All quantities in million gallons per day.
GROSS AND NET WATER NEEDS
IN PROBLEM AREAS OF THE

DELAWARE RIVER BASIN

(1) 86 165 257 494

(2) 13 20 26 42

(3) 0 0 0 0
PLATE 7




for local protection projects on tributaries of the Lackawaxen River,
in the Paulins Kill, Little Scauylkid nd Brandywine Creek
Watersheds aand in tae Tovm 3Baak avza iu ] jersey, Major Federal
projects for control of £ y the t tne Jadwin and Prompton
Reservoirs in the Lackawa Creek Reservoir in the
Lehigh River Basin and local v:o*ec:s at Allentown and

Bethlehem, Penﬂcy vania, »n the three Federal reservoirs
are given in table VI-3,

DATA ON FEDERAL KESEKRVOIRS LXL:TING OR UNDER CONSTRUCTION

Flood Control

Reservoir S.ream Capacity in
. Acre-Feet
Prompton Lackawaxen River 6¢ 20,300
Edgar Jadwin Dyberzyv Creek H5 24,500
Bear Creek Lehigh River 288 108,000

ts for relief from flood-

were requests for channel

¢, amail flood detention structures
at flood-stricken areas in
general and at speciflic lgcalitie: hasin, Among the latter were
Milanville, Pennsyivania, and Godefl Port Jervis and Tristate, New
York in the Uppez Region of the baslin; Stroudsburg-East Stroudsburg,
Northampton, Easton and Tamaqua, | in the Central Region;
and Bristol, Langliorne Tercace, lersville, Ft, Washington,
Yardley, and Bucks Couuty, ast Riverton, New Jersey
in the Lower Ragion of the ba:

102, The requesits by local
ing were varied and numerous

-

clearing, dredging, dikes, floodwall
and other measures to alleriate flocd

103, lood control needs of tioe Dasin were defined from assessment
of all types of damages associatec with rainfall and runoff. These
include damages t¢ land prodic at cae uppermost headwater areas
arising from splash eroslon, compactlion, and surface sealing
from rainfall impact, and croston from surface runoff. The

Department of Agriculiure needs in these areas found,
as reported in appendix XK,

3 ds could best be expressed in
the areal extent of various land ca;.ﬁ: classifications., Measures
to satisfy these needs can be accomp!?

aed under corntinuing land
management programs and, therefore, w not defined in detail in this
investigation,

o
ST i

104, The exteiit ¢f the f£lcod prodlems erising from excessive flows
to the sea were assessed in

in creeks and stireams as they coavay runcff

(o))
(95




terms of the average annual monetary value of the damages in the
intermediate upstream areas and the principal watercourse areas. These
problems were expressed in terms of average annual flood damages. The
latter were then translated through planning procedures into demands

on water resources in terms of the control needed to assure desirable
limits of flooding at particular places and times. The effects of all

. existing flood control projects as well as projects under construction

were taken into account in the assessment of needs for flood control.

105. Major floods in the Delaware River Basin are usually
associated with severe storms resulting in widespread heavy precipita-
tion, and often accompanying hurricanes. The disastrous flood of
August 1955 was of the latter type, Total damages from this flood, as
determined by a field survey, were estimated toc be about $124,000,000
at 1958 price levels (see appendix D). Of this total $86,700,000, or
70 percent, were recurring type damages along the main stem and its
principal tributaries. The remaining 30 percent were either non-
recurring damages or damages in the uppermost headwater and inter-
mediateupstream areas. Average annual flood damages along the main stem

and its principal tributaries, under natural conditions in 1958, are
estimated to be approximately $9,230,000 at January 1959 price levels.
Existing flood control measures and projects under construction will
eliminate $3,130,000 of these damages, leaving residual average «nnual

flood damages of approximately $6,100,000, In addition, studies of
flood damage on the intermediate upstream tributaries have shown that
average annual damages in these reaches are approximately $1,770,000,
as discussed in appendix R,

106. Continued development of the flood plain will increase the
damage potential. Estimates have been made of prospective average
annual damzgs reflecting projected trends of development in the flood
plain, These projections, discussed in appendix D, indicate that
average annual damages along Delaware River, Lehigh River,; and
Schuylkill River, and their respective tributaries, will increase from
a total of approximately $5,950,000 in 1958 to $6,820,000 by 1980,
and $8,040,000 by 2010. These figures, based cn 1959 price levels,
may be taken as an indication of the increases in damages that are in
prospect throughout the basin if adequate flood protection is not
provided, The present and projected magnitude of flood damages in
these basins and also in the Lackawaxenm River Basin are shown in
table VI-4,

64




TABLE VI-4

PROSPECTIVE AVERAGE ANNUAL FLOOD DAMAGES 1/ BY REACHES
OF PRINCIPAL WATERCOURSES FOR YEARS 1958, 1980 AND 2010

River Reach 1958 1980 2010
Delaware R. and tributaries $3,420,000 $3,870,000 $4,520,000
Lehigh R. and tributaries 1,180,000 1,290,000 1,440,000
Schuylkill R. and tributaries 1,350,000 1,660,000 2,080,000
Lackawaxen R. 2/ 144,000 144,000 144,000

BASIN TOTAL 6,094,000 6,964,000 8,184,000

1/ 1959 price level
2/ No significant flood plain development
anticipated in Lackawaxen River Basin

107. OUTDOOR RECREATION OPPORTUNITES. In studies by the
National Park Service and the Corps of Engineers, as reported in
appendices I and W, it was shown that water resources and projects
for their development provide important opportunites for outdoor
types of recreation. Water dependent recreational activities such
as swimming, fishing, and boating are very popular and facilities to
satisfy demands have been developed throughout the area. Extensive
facilities have been developed also for picnicking and overnight
camping 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 specifically 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 for outdoor recreation opportunities. Requests by local
interests for the development of recreation opportunities were
expressed only in general terms until the plan of development was in
advanced stages of its formulation. As the elements of the plan were
identified, interest was shown by State and local planners in the
exploitation of the recreation potentials.

108. 1In 1955 the 21.6 million people residing in the water
service area engaged in outdoor activities estimated at 137,700,000
visitor-days of one-day outings, 75,800,000 visitor-days of overnight
or week~=end outings, and 132,000,000 visitor-days of vacations away
from home. The demands for facilities sustaining one-day outings
are the most critical of all the recreation requirements of the
Delaware River water service area. Studies reported in appendix W
indicate that the recreation opportunities to be derived from the
development of the water resources may satisfy a considerable part
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of these demands, It was found also that water impounding developments
and state parks offer opportunities for essentially the same

recreation activities, Therefore, the present and projected needs
satisfied by public programs of state park type facilities are the
type that cecreation at water resources developments can effectively
satisfy,

109, 1In 1955 the state parks and other non-urban state par
type faciiities in or adjacent to the Delaware River water service
area could accomodate about 17,9 million peop’e annually, Studies of

selected state parks zte that the attendance ir 1955 varied from
8 to 100 percent above reasonable capac;,y There was a need
for i in 1955, to accommodate 15.7 milllon visitors in

Projections of the rate of growth

considering the combined effects
is ess =nt1a11y urban, and an

addition to the existing capac
the recreation demand wer
of an evar-increasing popul

—

r

expancing =conomy., Demar d for state park type rec-eation opportunities
are expected tc increase to about 6,7 times the 1955 demand at year

2010 as indicated in table VI=5,

PROJECTED STATE PARK TYPE RECREATION NEEDS
FOR DELAVARE RIVER WATER SERVICE AREA

Year State Park Attendance
955 33,600,000

965 55,800,000
3¢ 9

, 700,000
;000,000

N =t b

-~ A"D

O
ju st <
(s

N
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110 The broad treatment of recreation needs of the entire
Delaware River Basin and relatced study areas contained in appendix I
points out that the geographic ‘needs of the basin are primarily
coacerned with recreation space, recreation facilities and accessibili-
ty. In addition to the basic recommendation of the need for recreation
development cf areas surrounding proposed water control projects, it
includes a plan for the preservation and utilization of outstanding
natural, scenic and historical features as well as the development of

]

inftensive recreation us

i s @, such as beach areas on the lower
Delaware River and the New Jersey and Delaware shores, The recreation
potentials at water resources projects under consideration would, if
fully developed, meet a considerable nortion of the non-urban recrea-
tion needs oI the Delaware Rive:r Basin,




111. Ew:CTRIC POWER. The electric power requirement of the area
which would be affected by any plan of development for the Delaware
River and its tributaries exceeded 55 billion kilowatt-hours in 1957,
with a peak demand of 1l.1 million kilowatts., The hvdropower develop-
ments in and adjacent to the service area in 1957 accounted for approx-
imately seven percent of the total installed (rated) capacity of gener-
ating facilities in the pertinent power marketing area as defined in
appendix F. The capacities in the basin were located as follows.
40,000 kilowatts at a plant on Wallenpaupack Creek 26,000 kilowatts at
four plants on Mongaup River, and, 1900 kilowatts at several small man-
ufacturing companies. Water diverted from the basin to supplement New
York City's water supply is used to generate hydroelectric power at
25,000-kilowatt and 18,000-kilowatt plants located just outside the
basin boundaries. Four hydroelectric plants on the Susquehanna River
having a total installed capacity of 613,000 kilowatts also supply
hydroelectric energy to the utility systems serving the Delaware River
Basin.

112. At the public hearings in 1956, local interests requested
that the hydropower potentials at the Tocks Island, Belvidere and
Chestnut Hill dam sites on Delaware River be developed Both public
and private developments for these power potentials were requested.
At the public hearing at Phillipsburg, New Jersey on 13 April 1960,
the New Jersey Power and Light Company expressed a willingness to
purchase and market, at its expense, any power generated at conven-
tional hydropower facilities at the Tocks Island Project, and to con-
struct and/or operate these facilities at its expense. The Company
also proposed to build and operate, at its expense, a pumped-storage
power project in conjunction with the Tocks Island development.

113. Estimates of future power requirements were based on a
detailed analysis of the growth of each of the principal classes of
electric utility service, and on an extension of the indicated trends
and rates of growth of the total requirements to the year 2010. De-
tails of these estimates are presented in appendix F and a summary is
given in table VI-6.
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TABLE VI-6

PAST AND ESTIMATED FUTURE UTILITY POWER REQUIREMENTS
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
1990 270,300 49,600 62,2
1995 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 further indication of future power needs in the general
region of 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 considera-
tion, there will exist a ready market for all energy that can be
economically produced at these sites. The Department of the Intericr,
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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118, FISHERIES. The waters of
wide variety of both cold and warm £
and shellfish in Delaware Bay and vic
catadromous specles which make usze of waters and the fresh
water streams, The fish and wildlife resources of the basin are
discussed in appendix J, The fresh-water fishes include the cold water
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125, The headwaters of che Delawa:e River Basin in the area from
Port Jervis, New York to Easton, Pe yivania, are generally of excellent
quality in all respects. Increased nopulation densities and industriali-
zation in the vicinity of Easton and in the Lehigh River valley result in
a slight degradation in the qualitv of the Delaware River below the
confluence of the Lehigh River, From Easton o Trenton, New Jersey,

the stream characteristics indicare :ha: thiec water is presently of good
quality and capable of serving a variety of usa2s, The dissclved oxygen
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profiles of the Delaware River above Trenton, as defined in appendix C,
are shown in figure 1, plate 8. Considering the projected increase in
population for 1965 and 1980, it is expected that there will be no
change in the dissolved oxygen content of the river from 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 expected to be of

such quality as to support a wide variety of water uses during the period
ending at year 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 Health Service indicate 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 materially
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 dissaolved oxygen within any one year reflect
variations in fresh water flows. Increased population and industrial
activities for the period to 2010 will result in an increase in the
present total pollution load to Delaware River below Trenton as shown
in table VI-7.

TABLE VI-7

ESTIMATED POLLUTION LOAD AND TRENDS IN DISSOLVED OXYGEN
ANNUAL AVERAGE DISSOLVED

TOTAL OXYGEN IN % OF SATURATION
POLLUTION AT BEN AT

YEAR LOAD 1/ FRANKLIN BRIDGE  MARCUS HOOK

1940 1,000,000 31 40

1950 880,000 37 40

1957 780,000 31 33

1958 770,000 4/ 4/

1980 930,000 2/ 5/ 5/

2010 900,000 3/ 5/ 5/

1/ 5-day average biochemical oxygen demand (BOD), pounds per day.

2/ Based on median conditions of removal efficiency (50%) of total load

from tributary areas.

3/ Based on best conditions of removal efficiency (70%) of total load
from tributary areas. 1,400,000 lbs, BOD per day based on present
conditions of removal efficiency (30%) of total load,

4/ Not available.

5/ Not projected because of the dominant influence of prevailing

stream flows, which will vary.
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127. Based on trends in historical water qualities for various
pollution loads for the years 1940, 1950 and 1957 as shown in table
VI-7, it is estimated that water quality at year 2010 will be between
the conditions which existed in 1940 and those which existed in 1950,
However, increasing industrial technologies in the future may result
in complex organic chemical constituents assuming greater importance
than BOD in the assessment of future stream quality conditions,
Should substantial pollution removal not be accomplished, the quality
of the estuary will progressively deteriorate. fowever, the efforts
of the various water pollution control agencies which have been so
effective in the past can be assumed to continue, and it does not
appear that quality conditions will be allowed to retrogress to the
levels of 20 years ago.

128, WATER DEMANDS ARISING FROM LAND USE. A primary demand
placed on available supplies of water arises from use of the land
areas, The extent of present demands of this nature are reflected in
the available ground and surface waters of the basin., However, future
changes in land use could materially alter present water supply
conditions, As a basis for assessing the probable extent of such
changes the Department of Agriculture defined anticipated land use
patterns at selected years in the future and reported on these in
appendix K, The extent and nature of present and anticipated major
uses of land in the basin are as shown in table VI-8,

TABLE VI-8

PRESENT AND FUTURE MAJOR LAND USES IN DELAWARE RIVER BASIN 1/

Major Area 2/ in Use at Years Shown
__Uses Current 1975 2010 2060
Cropland 2e3 2l L9 10
Pasture 0.4 0.4 0.3 0.3
Woodland e/ SaS 3k 28
Idle 0.3 0:3 O3 0.3
Urban 057 Lvd 1.8 22

1/ Excludes 0.8 million acres in various other uses,
2/ Millions of acres in rounded figures,

129, General evaluations of the probable effects of these
anticipated changes in land use indicate that water losses through




consumptive plant transpiration should decrease modestly as addi-

1 tional lands are converted to urbanization over the 50-year-de-
velopment period under consideration., Decreases in these losses would
tend to increase, by very small amounts, the available ground and
surface waters. The expanding urbanization also would tend Lo increase
the magnitude and increase the frequency of local flooding in the
areas affected by this expansion,

130. SEDIMENTATION, Sheet ercsion is believed to be the
predominant source of sediment in the lower part of the basin; channel
erosion and bank scour are considered to be the principal sediment
sources in the steep upland areas. It was found in studies reported
on in appendix H that the sediment loads vary, both in time and place and that
most of the sediment in the Delaware River Basin is transported by a
relatively few intense storms., Annual suspended-sediment loads of
the Delaware River at Trenton, based on eight years of record, range
from 59 to 342 tons per square mile, equivalent to depths ranging
from 0.0005 -0 0,003 inches, respectively, from each unit of the surface
area, The estimated average annual load of tributaries varies from
33 tons per square mile on the Bushkill to 270 tons per square mile
on Neshaminy Creek., Suspended sediment concentr:ations in streams in
3 the basin are low much of the time. The combined average annual
‘ suspended load during the period 1934-1957 for the Delaware River at
Trenton, New Jersey, the Schuylkill River at Philadelphia, Pennsylvania
and Brandywine Creek at Wilmington, Delaware, was 1.41 million tons
or 158 tons per square mile of drainage area. If the same load
applies to the remainder of the basin, a total of approximately two
million tens are lost from the basin annually. If the same conditions
1 of cover and land use were continued for 50-years, the indicated loss
would be 100 million tons, equivalent to a depth of about 0,067 inches
from the entire land surface of the basin., While this indicated loss
may be pessimistic there is little doubt that definite needs exist
for land treatment, bank protection and other measures to preserve the
surface scils of the basin and diminish the sedimernf inflow to channels
and harbor developments in the tidal section of the river,

131. DRAINAGE., Water resource development must include
consideration of the drainage or other management of coastal marsh
areas, interior swamp areas, and other wetlands, as appropriate.
Primary interest in these areas in the Delaware Basin has been centered
on their relationship to fish, wildlife and recreation. Efforts have
been made to drain certain critical areas in the interest of mosquito
control, Drainage was provided for salt hay culture and other
agricultural purposes. Diking of extensive tidal marsh areas in
Delaware and New Jersey and the provision of sluices to control water
levels in the areas were conducive to the production of muskrats, which
was of noteworthy significance, Local interests requested that
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measures be provided to improve drainage impeded by

marshlands as potential food and material production
respect, experiences with low-level land reclamation
cited as indicative of what could be accomplished in
the Delaware basin by the construction cf dikes, and

the disposal of
material dredged from the navigation channel and anchorages., The
State of Delaware, in appendix O, attaches great significance to the

sites. In this

in Holland are
some areas of

a drainage control

system to gradually wash salinity from the diked areas.

132, SUMMARY. Local interests favor, generally, the develop-

ment and execution of a comprehensive multiple-purpo
development of the water resources of the Delaware R
However, specific requests at hearings and by ccrres
primarily, to flood control and the relief from floo

se plan for the
iver Basin,
pondence related,
d damages. The

desires of local interests with regard tc the goods and services to

be gained by a ccmprehensive plan of improvements we

re developed

generally through working arrangements becween Federal agencies

cooperating in the investigation and their State and
parts,

133. In assessing the dimensions of the overal
products of water resources development it was found
to the requirements for the contrcl of flood flows,
populations and incdustrial activities indicated & ve
for the conservation and contrel of surface flows of

local counter-

1 markets for the
that, in addition

projected

ry significantneed
all magnitudes

to assure adequate supplies of water in the future to sustain munic-

ipal, industrial and rural activities. Also, projec
population, personal income and leisure time indice
need for state park type facilities for recreation,
population and indus
consideration inaic , further, an ever-expanding
electric energv. This demand assures a ready market
energy that can be ecomnomically produced at water re
Thus, major needs for the products and services tc b
development of the basin's water resources were foun
fields of flood control, water supply, recreatior an
power,
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134, Demands for other products and services such as navigation,
fish and wildlife preservation, water quality, land use, sedimenta-

tion, and drainage, usualiy associated in varying de
resources, were found to crecate no direct requiremen
developments which could be included in the scope of

grees with water
ts for
the proposed

plan. This 1s nct to say that they place nc requirements on water

resources but, rather, that they are or can be satis
present conditions of development or as incidental r
on future developments.

76

fied under
equirements placed




135. The needs for the products of water resources development
determines the nature and scope of a comprehensive plan to satisfy the
demands. Some of these needs are competitive. Irrigation is a
consumptive use of water and competes with other uses for its share.
Water supply, power and recreation require semi-permanent pools of
water stored on a long-term basis in reservoirs while the temporary
or short-term storage of excess flood flows requires that an empty
reservoir or additional capacity above semi-permanent pools be
provided, Urban expansion frequently takes over agricultural land and
often increases the threat of flooding. To satisfy, in a balanced
manner, the needs engendered by these factors, it is necessary to
provide improvements to control and utilize the water resources of
the Delaware River Basin,
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CHAPTER VII

PLAN FOR DEVELOPMENT OF WATER RESOURCES

136. DEFINITION OF THE PLAN. In formulating the plan to sat-
isfy the needs of ihe basin for the products and services of water
resource development, a variety of measures were considered. These
measures fall into three distinct ca.egories: (a) maior conirol
impoundments to regulate sireamflow in the principal watercourscs
and to provide pools for recreation, fish and wildlife habitat and
the production of hydroelectric power; (b) small control impound-
ments to regulate streamflow in local upstream reaches and to pro-
vide pools to satisfy local recreation needs; and (c) measures and
programs for land and water use to eliminate or ameliorate needs
by environmental changes. These three types of measures are 10
entirely independent since they act together in complimentary
fashion to contribute to the overall effectiveness of the plan
either by direct satisfaction of needs through measures to control
extreme flows and/or by indirect satisfaction of needs by removal
of contributory causes.

137. The first category of measures considered is represented
in the plan by a proposed system of major dams and reservoirs, 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 conservation, reforestation, con-
trol of use and occupance of the flood plain, conservation of wa ct
by reuse in industry, improvement of water quality by removal of
pollution loads, and continuation and improvement of hydrologic
dnta collection with particular reference to water use, groundwater
quantities and characteristics, and water quality.

138. The broad principles followed in the formulation of the
plan of development were: (a) that the needs for products and ser-
vices of water resource development are real in the sense that
they exist or will come into existence at indicated dates during
the next 50 years; (b) that the plan provide for congruent satis-
faction of expanding 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 benefits over costs. The first of these principles
provided the planning criteria for selection of an array of projects
having capabilities for meeting the needs in a timely manner. The
second principle imposed the planning requirement of selecting the
most economical projects from a variety of alternatives and times
for their development. The third principle required the definition
of project sizes and internal allocations to various project pur-
poses in such manner as to define, where practicable, the optimum
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level of development as indicated by the greatest justifiable excess
of benefits over costs. The selection and sizing of the pro ects and
programs included in the three categories of measures referred to above
constituted the formal planning studies made in connection with this
investigation and reported in detail in the appendices.

139. MAJOR CONTROL PROJECTS. Projects to satisfy major segments
of widespread needs for supplies of raw water, flood control in the
principal watercourse areas, recreation, hydropower and other products
of wa.er resources development were selected from successive determina-
tions by discrete screenings applied to 193 potential major dam sites
in all parts of the basin. Further evaluations were applied to seven
of these to assure maximized net returns from the major control projects.
Nineteen major control projects were selected as elements of the plan
of development. These projects are scheduled for varying degrees of
initial development. The first group of eleven projects, listed in
geographic order from upstream to downstream in table VII-1, would be
developed for multiple-purposes at indicated times prior to year 2010.
The second group of eight projects, also listed in the same geographic
order in table VII-1, would be initially developed prior to year 2010
for the sole purpose of recreation with multiple-purpose development
deferred to the time of need some time after year 2010. The ma jor
control pro_ects in the plan are described individually in paragraphs
165 to 185 below and their locations are indicated on plate 9 bound
at the end of the text.

140. General characteristics of the major control projects.
The basic functions of the proposed ma_or impoundments are character-
istically associated with storage allocations that are used either for
short-term impoundments, as for the control of excess flood flows, or
for long-term impoundments, as in the case of seasonal and arnual
carryovers for water supply, recreation and power generation. Of the
19 ma jor control projects, eight will have short-term storage alloca-
tions for the control of flood flows, eleven will have long term
storage allocations for augmenting supplies of raw water, two will
have long term storage allocations and facilities for the generatiomn
of hydroelectric power, and all of the 19 projects will have facil-
ities to exploit the recreation pote.tials of the general pro ject
areas. The recreation lands and facilities to be provided at the
eleven ma 0. pi o eccis proposed for multiple-purpose development
prior to year 2010 have been placed in two general categories; (a)
those that would be directly related to development of water re-
sources at the site; aud (b) those thac would be indirectly asso-
ciated with the water resource development. The directly related
facilities include beaches, boat ramps, picnic areas, overnight
camp grounds, roads, parking areas and other improvements for
recreation in the vicinity of the proposed water area. The in-
directly related facilities include group camping grounds, over-
looks, recreational administration areas and other recreation
facilities in the peripheral areas at a distance from the water.
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VII-1

WATER CONTROL PROJECTS IN PLAN OF DEVELOPMENT
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These indirectly related facilities are not necessarily dependent
on the water resource development but are essential to a fuller re-
alization of the project's recreation potential. To provide sound
planning bases, the recreation lands and facilities were designed
as an integrated unit for development of directly and indirectly
related recreation potentials for the major control projects. The
overall recreation lands and facilities, thus defined for the
various projects, were segregated, by field appraisals, office
studies and professional judgment, into balanced developments for
the directly related and indirectly related categories. The
directly related recreation developments were used as bases for
allocating project costs to recreation as a project purpose as
described in the following chapter. From consideration of the
general manner in which the indirectly related recreation lands
and facilities would be associated with the overall project de-
velopment, these indirectly related features were considered to

be desirable recreation reserves for individual local development
as local recreation needs and programming indicate to be desirable
and warranted. Accordingly, the development of the latter features
was not considered as a project purpose in cost allocations.

141. As indicated in table VII-1, eight projects in the first
group will have a total of 535,300 acre-feet of short-term storage
and all eleven projects in this group will have a total of 1,137,000
acre-feet of long-term storage. Of the latter, 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 Mountain and Tocks Island Projects, to
assure desirable minimum operating levels for power generation..

The overall effects of the first eleven major control impoundments
on the stream flows in the basin and the extent and nature of the
services to be gained from the plan of development are discussed in
the following chapter of this report The second group of eight
major control 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 inactive. The specific functions of each major
control element of the plan are discussed as features of the
individual project description in subsequent paragraphs.

142. SMALL CONTROL PROJECTS. Projects for the control of the
uneven stream flows at local problem reaches in the intermediate
upstream areas were selected from successive evaluations of 386
potential small dam sites in the basin. The sites investigated in
this category included all practical small dam and reservoir poten-
tials to control drainage areas of one to twenty square miles in

extent. Details of the study of small control projects are pre-
sented in appendix R. Thirty-nine small control projects, as
listed in table VII-1, were found to have sufficient economic merit
to warrant their inclusion in the plan of development. These
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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 VII-1l. The location of each
small control project is shown on plate 9 bound at the end of the text.

143. General characteristics of the small control projects.
The small control projects are proposed primarily for flood control.
As indicated in table VII-1, 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
prior to initiation of construction. The overall effectiveness of
the 39 small control projects 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
chapter.

144, OTHER PROGRAMS 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 resource development
considered in this investigation and usually can be pursued as
local applications 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 action by local interests
and it would be presumptive to hazard assessments of their costs,
extent of applicableness 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 foir 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 management programs of the Department of Agri-
culture are generally the most effective means of alleviating
damages from overland flows in the uppermost headwater areas of
the basin. In assessing these needs that 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 cropping, 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
indicated measures, to establish an integrated basinwide program
and to implement such a program to accomplish 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 management measure. With programs to control cuttings
and forest fires, encourage natural growth and replace low value
species by high quality future stands, benefits would be realized
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
timber.

148. Controlled use of the flood plains of the basin provides
excellent potentials for the alleviation of flood damages. In-
cluded in programs of this type are such measures as prevention of
channel encroachment, zoning to regulate development and recon-
struction in the flood plains, adjustments in the occupance of
lands and structures subject to flooding, and evacuation of the
flood plain either on a permanent basis to provide for parks and
other developments not susceptible to serious damage by flooding,
or on a temporary basis by flood warning arrangements. Programs
to control the use of the flood plains would be entirely feasible
in some areas and, as indicated in appendix Q, data for use in
planning the programs are available. The effective application
of any or all of the possible measures to control the use of the
flood plains will require that local interests initiate and ad-
ministrate such programs. Zoning and similar devices for con-
trolling flood plain developments come under the general cate-
gory of policing powers, delegated 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 States of New York, New Jersey and
Delaware, and the Commonwealth of Pennsylvania to their various
subdivisions. New York, New Jersey and Pennsylvania have
specific statutes that allow municipalities to incorporate flood
plain zoning provisions in municipal zoning ordinances. 1In
Delaware the Attorney General's office could find no authority
competent to act in the public interest in flood plain zoning.
Pennsylvania and New Jersey have enacted and are enforcing laws
that contain channel encroachment provisions.

149. Programs to control the use of flood plains appear
particularly applicable at local communities where local protec-
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 costly local protection works were found to be
economically infeasible and unless the community is located in
damage reaches downstream from proposed control projects or is




TABLE VII-3
LOCAL FLOOD DAMAGE CENTERS

Locality Stream Flood Acres Remarks
Margaretville, N. Y, E.Br. Delaware R. Nov. 1950 100 a,
Rockland, N.Y. Beaver Kill Nov. 1950 40 a,b |
Roscoe, N.Y. Willowemoc Cr. Nov. 1950 65 a,b
Livingston Manor, N.Y. L. Beaver Kill & Willowemoc Cr. Nov. 1950 40 a,b
3 ] South Sterling, Pa. Wallenpaupack Cr. Aug. 1955 10 a,c |
’ Newfoundland, Pa. Wallenpaupack Cr. Aug. 1955 50 a
Greentown, Pa. Wallenpaupack Cr. Aug. 1955 10 b |
Tusten Township, N. Y. Ten Mile River - - a
Milanville, Pa. Calkins Cr. - ~ a,c
Liberty, N.Y. Mongaup R. - - a,b l
Port Jervis, N.Y. Delaware R. & Neversink R. Aug. 1955 50 b
Claryville, N. Y. Neversink R. - ~ a
Wurtsboro, N.Y. Wilsey Brook - - a,c
Sullivan County, N.Y. Sheldrake Stream - - a
Westbrookville, N.Y. Basher Kill - - a
Haven, N.Y. Basher Kill - - a :
Godeffroy, N.Y. Neversink K. - - a,b
Port Jervis, N.Y. Hollow Brook - - a
. Milford, Pa. Saw Kill Cr. = = a,b
Branchville, N.J. Culver Cr. - - a
Newton, N. J. Paulins Kill Aug. 1955 20 b
Blairstown, N.J. Paulins Kill Aug. 1955 70 a
Belvidere, N.J. Delaware R. & Pequest R. Aug. 1955 50 a
Easton, Pa. Delaware R. & Lehigh R. Aug. 1955 265 b
Phillipsburg, N.J. Delaware R. Aug. 1955 180 b
Canadensis, Pa. Brodhead Cr. Aug. 1955 40 b
Tannersville, Pa. Pocono Cr. Aug. 1955 20 b
Lehighton, Pa. Lehigh R. Aug. 1955 35 b
Bowmanstown, Pa. Lehigh R. Aug. 1955 15 a
Palmerton, Pa. Lehigh R. Aug. 1955 10 a
Slatington, Pa. Lehigh R. Aug. 1955 3 b
Walnutport, Pa. Lehigh R. Aug. 1955 5 b
Treichler, Pa. Lehigh R. Aug. 1955 5 b
Catasauqua, Pa. Lehigh R. Aug. 1955 25 b
Freemansburg, Pa. Lehigh R. Aug. 1955 60 a
| Bath, Pa. Monocacy Cr. Aug. 1955 15 b
[ Riegelsville, Pa. Delaware R. Aug. 1955 100 b
| New Hope, Pa. Delaware R. Aug. 1955 80 b
} { Yardley, Pa. Delaware R. Aug. 1955 150 b
Treaton, N.J. Delaware R. Aug. 1955 250 b
I Hamilton Township, N.J. Assunpink Cr. - - e
| Burlington, N.J. Delaware R. Aug. 1955 580 b
) Bensalem Township, Pa. Neshaminy Cr. - - a
Chalfont, Pa. Neshaminy Cr. Aug. 1955 55, b
Newportville, Pa. Neshaminy Cr. Aug. 1955 60 b
Lumberton, N.J. Rancocas R. - - a,e
Tamaqua, Pa. L. Schuylkill R. & Wabash Cr. Aug. 1955 95 b
Kutztown, Pa. Sacony Cr. Aug. 1955 175 b
Shoemakersville, Pa. Schuylkill R. - - a,b
Reading, Pa. Schuylkill R. Aug. 1955 130 b
Birdsboro, Pa. Schuylkill R. Aug. 1955 10 a
Pottstown, Pa. Schuylkill R. Aug. 1955 250 b
Sellersville, Pa. Perkiomen Cr. - - a,b
Norristown, Pa. Stony Cr. Aug. 1955 85 a,b
Norristown, Pa. Schuylkill R. Aug. 1955 40 b
¢ Norristown, Pa. Saw Mill Run Aug. 1955 70 b
Whitemarsh, Pa. Wissahickon Cr. - - b,d
Westville, N.J. Big Timber Cr. - - a,e
Upper Darby, Pa. Naylor's Run - - e
Darby, Pa. Darby Creek - - e
Upland, Pa, Chester Creek - - e
Pomeroy, Pa. (Chester Co.) Buck Run - - a
Eddystone, Pa. Crum Creek - - e
Downingtown, Pa. E. Br. Brandywine Cr. Aug. 1955 80 c,d
Coatesville, Pa. W. Br. Brandywine Cr. Aug. 1955 90 c,d
Wilmington, Del. Little Mill Cr. July 1952 200 f

All areas studied after 1955 flood.

a.

b.

c.
d.

Studies based on questionaries and field reconnaissance indicated insufficient flood
damages to warrant detailed consideration of costly improvements.

Local flood damage problems evaluated in comprehensive survey and taken into account
in defining plan of development.

Flood protection works provided or proposed by the State.

Flood protection works provided or proposed under PL 566 or PL 685.

Flood problems arise from local ch 1 encr hments, local encroachment on tidal
areas or inadequate local storm drainage.

Being studied for possible accomplishment under PL 685 (as of Sept. 1960).
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protected by measures provided by State or local interests, the
local flood problems will remain substantially unchanged under
] : the proposed plan of development. Each of these localities may
: { profit by the application of local programs to control the occu-
pance and use of the flood plain in its local area. 1In 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 planning adequately for flood plain use in their com-
B . munities.

150. Other programs to satisfy water needs. The major con-
trol projects were designed to satisfy, to year 2010, the esti-
mated demands for supplies of water for all purposes within sub-
areas of the water service area. However, practical 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 streamflows
being the principal beneficiaries of the water supply features of
the plan of development. The small control projects discussed
earlier in this chapter should be considered, at the time detailed
studies are made, as possible partial solutions to local water
supply problems in some areas. Rural users and small communities
will continue to rely mainly on ground-water sources at least
until such time as the quality of surface waters or the distri-
bution of centrally treated supplies of surface waters makes their

{ use convenient and economical for the rural users. Under these
conditions and with a view to assuring an equitable supply 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. 1In 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, at least in small quanti-
ties, almost anywhere in the basin. 1In the Coastal Plain large
quantities of fresh water can generally be developed except near
the ocean and Delaware Bay, and except as influenced by the inland
extension of salt water in certain aquifers The unused ground-
water resources in the Coastal Plain were estimated at about 800
mgd that are susceptible of economic use. The potential ground-
water supply in the Appalachian Highlands was estimated at 3,900
to 4,900 mgd. The U. S. Geoiogical Survey in appraising this
supply indicated that only a small fraction of this potential
supply can be developed feasibly. In many places wells developed
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in permeable deposits near streams may induce recharge at rates far
greater thHan 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
at year 2010 for seven water problem areas in the basin and coastal
region, was assumed to come from ground-water supplies. This repre-
sents virtually all ground-water resources presently considered
available for economic use in the seven water problem areas. The
extent of this projected ground-water usage focuses attention on
the need, at an early 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,
subsurface storage of surface water excesses, and similar measures.
The U. S. Geologic Survey has been engaged actively, in cooperation
with the States, in the collection of ground-water data, but expan-
sion of these activities will be required in the future as water
uses increase in the basin. The other programs needed in connec-
tion with ground-water are presently considered to be in the area
of State responsibility, and their extent and effectiveness rest
with that level of government.

152. The problem of deficient natural supplies of surface and
ground-waters in the southern basin areas adjacent to Delaware Bay
and in the Coastal Plain may some day be solved by the desalting
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 expected to reduce this cost to
$1.00 per 1,000 gallons. Membrane processes have been demon-
strated 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
paragraph 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 municipal waste disposal facilities that served
in 1958 & total population of 2,874,000, or more than 40 percent of
the total population of the basin. These facilities discharged to
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the river in 1958 an average daily flow of 365 mgd carrying an
estimated pollution load equivalent to a population of 2,250,000.
Because of pollution control measures, the pollution loads in
this reach have been steadily 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
present level of the overall removal of the pollution load to the
estuary, the Public Health Service reported in appendix C, is
about 32 percent including discharges of raw and treated munici-
pal sewage. 1In projecting the pollution loads as discussed 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
1930 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 water qualities in the basin will depend on a continued and
vigorous program to increase waste removal efficiencies tn assure
a 70 percent removal of future raw pollution loads.

154. Water conservation programs. The general water use
habits of the people of the basin and water service area have
evolved from a long history of bounteous supplies 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 prolong the current era of reasonably adequate
water quantities and delay the time of constructing extensive and
costly developments to augment raw water supplies. 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 problems 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 activity foretell dwindling surpluses of raw water.
Programs by local interests to encourage the acceptance and practice
of all possible water conservation measures should be features of
any plan to develop the water resources of the basin.

155. Other programs to provide recreation opportunities.
Appendix I contains an inventory of all non-urban public park and
recreation developments in the Delaware River Basin. These in-
clude 96 state and county parks, 15 state forests, 99 hunting
and fishing areas, 9 state and county historical 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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capacity of recreation developments in the basin including recreation
developments similar to those proposed in connection with water storage
and control projects.

156. Within the Pennsylvania portion of the Delaware River Basin
there are 13 state parks with a total of 37,231 acres; 1 state forest
of 71,387 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 acres. The parks are fairly well distributed with regard to
population centers, whereas the state forest and fish 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 portion of the basin include 15 state parks ranging in size
from 12 acres to 10,935 acres, with a total 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 87,027 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-
tire state of Delaware include 3 state parks with a total of 1,079
acres; 6 state forests totalling 4,709 acres; 29 wildlife and fish-
ing areas with a total of 14,858 acres, of which 5,000 acres are
lands of the Chesapeake and Delaware Canal, and 2,650 acres of
state beach lands extending 14.6 miles along the shore; and one
historic site. These recreation areas are administered by five dif-
ferent agencies of the state government.

159. Within the New York portion of the basin there are no
state parks; there arc, however, 234,610 acres in the Catskill
Forest Preserve, one game management area and 57 miles of stream
easement wholly or partially within the confines of the basin area
which are used to some extenl for nonurban outdoor recreation.

160. Appendix 1 contains proposals relating to the expansion
and further facility development of 15 state parks in New Jersey,
10 state parks in Pennsylvania, state forest camps in New York,
and three state parks in Delaware. This proposal provides fog 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
planning and development of additional park and recreation areas
in the basin states, namely one state park in New Jersey, three
in Pennsylvania and four in Delaware and three historical sites
in the latter state. It is also proposed that certain lands in
Pennsylvania, New Jersey and Delaware be acquired as recreation
reserves 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 after year 1980. The proposed new areas and reserves re-
lated 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 projects 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 fishes, 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 rights, 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 presently open
to public use, including some of the reservoirs and major streams of
the basin. The construction and management of small water impound-
ments 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 sections of streams altered by small dams; elimination of acid,
culm and silt from upstream basin waters; and the reduction of water
contamination from domestic, 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 boat 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 temperature requirements necessary to protect and
enhance, if possible, the fishery values downstream. Other elements
include acquisition of public fishing 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 project outlet works that will permit releases from
various levels of the reservoir, with provisions for coordination
between project operators and appropriate fish conservation agencies
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! TABLE VII-4

PROPOSED NEW RECREATION AREAS AND RECREATION LAND RESERVES
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 Bridge 15 i/

*%* Buena Vista 15 1/

*% McDonough House 2 1/
Pennsylvania  * Baron Hills 3,500 1,000,000
* Green Lane 2,000 1,500,000

PROPOSED RECREATION LAND RESERVES

Delaware Cape Henlopen 2,00C o
Woodland Beach 1 1/

* Becks Pond & Sunset Lake 50 2/ 1

* Voshell Pond 31 1y

* Red Mill Pond 150 3/ 1/

Augustine Beach 1/ 1/

* Smalley's Pond 60 3/ 1/

New Jersey Raritan Arsenal 1/ 1/
W. Cape May Beach T/ 1/

Cox Hall Creek 1/ g

Pennsylvania Shohola Falls 12,000 1/
* Warner Lakes 3,200 1/

* Reservoir WA-5A 175" 31/ 1/

Jacobsburg Tract 500 1/

1/ Data not available.

2/ Water surface area for Becks Pond only.

3/ Water Surface area only.

* Related primarily to fresh water resources.
%% Historical areas.
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throughout the project life. Special studies are proposed during
planning and construction, and thereafter if necessary, to determine
appropriate fish passage measures to offset the barrier effects on
migration 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 recreational uses of these fishery resources; an
estuarine research program, including a study of fin fishes and
shell fishes; the development of public boat launching areas;
and public fishing access areas along the Delaware Bay shore,

164. Protection and improvement of wildlife 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 turlay, 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 also 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 of marsh,
swamp and shoal in the Monds Island-Rapaupo Creek-Chester Island
area; 960 acres of fresh tidal marsh on Raccoon Creek; 1,200 acres
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 that are mutually acceptable and beneficial; and the
coordination of the development of waterfowl habitat with road
building activities. Important elements that would mitigate losses
of existing 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 single-
purpose game management and public hunting use throughout the basin,
together with the replacement of certain facilities serving game
administration needs. The Fish and Wildlife Service in assessing
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the overall effects of the proposed plan of water resource develop-

ment on the fish and wildlife resources of the basin could foresee
the need for preconstruction studies to examine in detail these

effects. 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 projects proposed for complete development prior to year
2010 are described in the following paragraphs. The projects in-
cluded in this category and the order of the individual project
descriptions are as follows:

Hawk Mountain Trexler
Prompton (Modification) Maiden Creek
Tocks Island Blue Marsh
Bear Creek (Modification) Newark
Beltzville Christiana
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 hydroelectric power, and for recreation 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, created by Downsville Dam and constructed as a part of New
York City's water supply 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 construction, a steel penstock will be installed in each
conduit from the center of the dam to the powerplant. The power-
plant, located about 450 feet below the axis of the dam on the
left bank, will contain two turbines each with a rating, at best
head, of 15,000 horsepower and each direct-connected to a 10,500
kilowatt generator. The step-up substation would be, located ad-
jacent to the powerhouse on a raised section of the toe of the
main embankment. Storage allocations for the Hawk Mountain
Project are 60,000 acre-feet of inactive long-term storage, pri-
marily for hydropower, to elevation 1,008, and 233,000 acre feet
of active long-term storage for supplies of water, power and
recreation to elevation 1,082. The reservoir, at elevation 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 this area
5,800 acres would be for the construction of the project, and 2,000
acres would be for directly related recreation The total estimated
cost of the Hawk Mountain Project is $42.000,000 which includes
specific costs for power and recreation of $5,080,000 and $1.420,000
respectively. The estimated specific recreation costs include
$778,000 for recreation facilities and $637,000 for recreation lands,
both of which are in the category of directly related recreation.
Financing of the separable costs for hydropower for this project at
the private financing rate applied in deriving alternate thermal
power costs, resulted in the hydropower feature being unfavorable.
In view of the long range completion schedule and the sound water
supply value, however, the hydropower feature is retained in the
Hawk Mountain Project as an added though marginal feature. As for
all non-Federal interest projects the hydropower feature would be
given detailed study by local interests when planning 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 Island reservoir wculd be
465 cubic feet per second. This augmention of flow would contribute
to the satisfaction of the water needs of the Treaton-Philadelphia
area for the projected 50-year period under consideration.

(2) Power. The hydroelectric powerplant at the Hawk
Mountain Project would have an installed capacity of 21,000 kilo-
watts, a dependable capacity of 11,000 kilowatts and would produce
an average of 93.8 million kilowatt-hours of energy annually.

(3) Recreation. The Hawk Mountain Project would
provide recreation capacity to accommodate about 187,000 visitors
annually. Facilities will be provided for one-day outings as re-
quired. The necessary roads, trails,sanitary facilities and water
supplies will be provided. Hunting will be permitted in appropriate
season and under reasonable regulation to assure public safety.
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 single-purpose flood control project (with incidéntal
recreation use) and scheduled for completion in 1960, would be mod-
ified for multiple-purpose use to provide supplies of water and
recreation benefits as well as the presently designed flood control
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, Pennsylvania
(See plate 11). The dam presently under construction, which controls
60 square miles of drainage area, will 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
along the right bank to carry limited amounts of flow. This conduit
has an uncontrolled inlet at elevation 1,125 in the reservoir pool
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
reservoir, would be 3,400 acre-feet of inactive long-term storage
to elevation 1,125: 28,000 acre-feet of active long-term storage
for supplies of water and recreation use to elevation 1,180; and
20,300 acre-feet of short-term storage for flood control to eleva-
tion 1,205. Comparative data on the present and proposed modified
project at this site are as follows:

Proposed
Present Modified
Project Project
Capacities, in acre-feet
Flood Control 20,300 20,300
Water Supply 0 28,000
Inactive 3,400 - 3,400
Elevation Top of Pool, in
feet, m.s.l.
Flood Control 1,168.1 1,205 1/
Water Supply - 1,180
Inactive 1525 1L 125

1/ Spillway crest elevation

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

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

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

(3) Widening of the spillway to 250 feet.

(4) Clearing of reservoir land and relocating roads
subject to inundation.
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c. The reservoir to be created by long-term storage up
to elevation 1,180 will extend about 4 miles upstream. The reser-
voir for short-term storage would rise to about the same level 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
development will 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 required for directly related recreation and
400 acres for indirectly related recreation. The total estimated
cost of the modified multiple-purpose project, excluding $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 project
now under construction and $4,350,000 estimated as the cost for
the modifications previously discussed. Of this amount, $427,000
are included as the estimated specific costs of directly related
recreation. The directly and indirectly related recreation costs
are composed of the following:

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-feet of
active long-term storage at the Prompton Project would result in a
net yield 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 will be substantially 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, located between the junctions Middle Creek and Wallenpaupack
5 Creek with the Lackawaxen River, will obtain substantial relief from

frequent and considerable flood damage Several villages and seven

townships located in the lower reaches of Lackawaxen River have

* residential, commercial, utility, highway and other developments on
‘ the flood plain, 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 unaffected by the proposed modification. Control
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of flood waters by the Prompton and Edgar Jadwin Projects will re-
duce the river stages at Hawley, Pa. by about four feet for a flood
of the magnitude experienced in 1955. Additional 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 visitors annually. Of these, 81,900 visitors
annually are credited 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, trails, sanitary and administrative facilities will be
provided. Hunting will be permitted in appropriate season and
under reasonable regulation to assure public safety. Operation
of the project will consider the downstream flow requirements
for stream fisheries and the management of the impoundment for
lake fisheries as a coordinated element for full realization of
the recreational potential of the project.




168. Tocks Island Project.

a. Description. The Tocks Island Project is proposed for
multiple-purpose development to provide supplies of water, flood con-
trol, production of hydroelectric power, and for recreation 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
Stroudsburg, Pennsylvania. (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, Pennsylvania. The contributing drainage area
is 2,912 square miles, exclusive of 915 square miles which contribute
to the Neversink, Pepacton and Cannonsville 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 into the foundation to a maximum depth
of 30 feet below the base of the dam. Two 22-fcot diameter conduits
placed on rock along the left river bank will serve both as diversion
conduits during construction and later as penstocks for production
of power. At the downstream end of the conduits will be a powerplant
with two turbine-driven generators of 23,000-kilowatt capacity each.
All low level water releases will pass through the turbines or
through a bypass channel 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 powerplant described above,

a pumped-storage powerplant with provision for four reversible power
turbine units of 91,500-kilowatt capacity each will be located up-
stream from the spillway and about 1,200 feet upstream from the
centerline of tke 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 spillway 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-
termined from detailed planning studies, indicate 80,000 acre-feet
of inactive long-term storage to elevation 356; 410,000 acre-feet
of active long-term storage for supplies of water, power, recrea-
tion and other uses to elevation 410; and 275,000 acre-feet of
short-term storage for flood control to elevation 428. The reser-
voir formed by this dam, up to elevation 428, will extend approxi-
mately 9 miles up Flat Brook and 37 miles up the Delaware River to
Port Jervis, New York. It will necessitate the relocation of 27
miles of Federal Highway 209 as well as county roads, local roads,
the community of Bushkill, Pennsylvania, parts of Dingmans Ferry,
Pennsylvania, and a few buildings at Milford, Pennsylvania. The
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town of Matamoras, Pennsylvania, at the upper end of the reservoir
would be protected by a dike about 12,000 feet long and appurtenant
outlet pipes, drains and pumping plants. The bridge on U.S. Route
6 to Tri-State, New York would be replaced. No railroad relocations
will be required and there are no commercially valuable mineral de-
posits in the reservoir area. A total of 62,370 acres of land will
be acquired for the complete development. 1In addition to the 14,300
acres required for construction of the project, 9,500 acres would
be required for directly related recreation and 38,070 acres for in-
directly related recreation. The total estimated cost of the Tocks
Island Project, excluding $31,600,000 for indirectly related recrea-
tion, is $146,000,000 which includes specific costs for power and
recreation of $66,200,000 and $18,300,000 respectively. The esti-
mated specific costs for power include $12,300,000 for conventional
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 directly and indirectly related 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-Philadelphia 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 River, and occurred principally at the damage centers of
Easton, Riegelsville, New Hope, and Yardley, Pennsylvania; and
Belvidere, Phillipsburg, Trenton and Burlington, New Jersey. The
flood control storage provided at Tocks Island and other projects in
the water control plan, would reduce, by system operation, the
stage of the 1955 flood at Trenton by about 6 feet, based 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 Tocks
Island Project, would result in a stage reduciion of about 3.7
feet.
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(3) Power. Operation of the Tocks Island Project
for multiple-purpose use would support a conventional hydropower
| installation of 46,000 kilowatts, a dependable capacity of 20,000
{ kilowatts, and the average annual producticn of 281.5 million
kilowatt-hours In addition to the conventional power plant, ad-
vantageous physical conditions at the site permit the construction
of a pumped storage power scheme with an installed capacity of
about 366,000 kilowatts, a dependable capacity of 342,000 kilowatts
and the average annual production of 732.0 million kilowatt hours.
(4) Recreation. The Tocks Island reservoir area
would provide recreation capacity to accommodate 6,750,000 visitors
annually of which 2,470,000 are credited to the directly related
E . 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
| preserved 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 facilities be provided for moving
anadromous fish 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 later planning stages in order to determine this specific
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. Description. The Bear Creek Project now under con-
struction and scheduled for completion in 1961 is a single-purpose
flood control project (with incidental recreation use) which would
be modified for multiple-purpose development to provide supplies
of water and recreational use as well as the presently authorized
flood control. The earth and rock fill dam is located on Lehigh
River 75 miles above its confluence with Delaware River and about
5 miles north of White Haven, Pennsylvania. (See plate 14). At
this location the dam controls 288 square miles of drainage area.
Comparative data on the present and proposed modified project at
this site are as follows:

Proposed
Present Modified
Project Project
Capacities, in acre-feet
Flood Control 108,000 108,000 F
Water Supply 0 70,000
Inactive 2,000 2,000
Elevation Top of Pool,
in feet m.s.l.
Flood Control 1,450 1/ 1,481 1/
Water Supply - 1,425
Inactive 1,300 1,300

1/ Spillway crest elevation

The proposed modifications 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 spillway crest 31 feet
to elevation 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
north of the dam
The modified dam will rise 263 feet above the stream bed and have a
length of 3,500 feet. The spillway would be cut through rock to
the north of the dam, and farther north' a dike 4,600 feet long will
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 Créek would require reloca-
tion in addition to those required for the presently authorized flood
control project. A total of 3,950 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 indirectly
related recreation, is $8,990,000 which includes specific recreation
costs of $595,000. The estimated specific costs of directly and in-
directly 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. Functionms:.

(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, Palmerton,
and Bowmanstown, Pennsylvania. Below Lehigh Gap both the river and
flood plain 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 Northampton, Hokendauqua, Catasauqua, Allentown,
Bethlehem, Freemansburg and Easton, Pennsylvania. 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 modi- !
i 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.

! 104




170. Beltzville Project.

a. Description. The Beltzville Project is proposed for
multiple-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 approximately 4 miles east of
Lehighton, Pennsylvania. (See plate 15). The net contributing
drainage area above this site is 75 square miles, excluding 22 square
miles that contribute to the Wild Creek Reservoir, which supplies
water to the City of Bethlehem, Pennsylvania. 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-
leases will pass through a conduit constructed on rock along the
right side of the valley. A spillway will be constructed around

the north end of the dam with 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 supplies of water and recreation to
elevation 615; and 27,000 acre-feet of short-term storage for flood L

control to elevation 641. The reservoir up to spillway crest ele-
vation 641 will extend approximately 7 miles upstream. Relocation
or improvement of about 4.7 miles of county road will be required. i
No railroads or communities are in the reservoir area and there

are no workable mineral deposits. However, sections of two oil
pipelines will require relocation, and power lines and water lines
will require reinforcing where they cross the reservoir. During

the planning studies for this project the Palmer Water Company sub-
mitted a report setting forth its needs for a continuous and perma-
nent supply of water from Pohopoco Creek downstream from the dam

site. The Company supplies municipal and industrial water in the
vicinity of Palmerton, Pennsylvania and in accordance with Act 365

of the Commonwealth of Pennsylvania the Company has filed with the
Commonwealth a statement showing its water withdrawals to be about

13 mgd with future needs estimated at 20 mgd. Arrangements will be
made during construction and thereafter to release water as required
to fully satisfy downstream water rights. A total of 2,413 acres of
land will be acquired for the complete development. In addition to
the 1,030 acres required for construction of the project, 723 acres
would be required for directly related recreation and 660 acres for
indirectly related recreation. The total estimated project cost,
excluding $1,190,000 for indirectly related recreation, is $13,800,000
which includes $1,290,000 of specific costs for directly related
recreation. The directly and indirectly related recreation costs in-
clude the following:
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Estimated Specific Recreation Costs

Item Directly Related Indirectly Related

Land $411,000 $ 34,000

Facilities _ 876,000 - 1,158,000
Total 1,287,000 1,137,000

b. Functions.

(1) Supplies of water. Use of 40,000 acre-feet of
active long-term storage at the Beltzville Project would provide a
net yield of 80 cubic feet per second. This flow augmentation
would contribute to the satisfaction of the needs of the Palmerton,
Bethlehem and Trenton-Philadelphia areas during the 50-year period
under consideration.

(2) Reduction of flood damage. The flood control
storage at the Beltzville Project will contribute to flood stage
reductions at the principal damage centers on Lehigh River below
the confluence of that river with Pohopoco Creek. These damage
centers are located at Bowmanstown, Walnutport, Northampton,
Hokendauqua, Catasauqua, Allentown, Bethlehem, Freemansburg and
Easton, Pennsylvania. Combined operation of the three new major
flood control projects in the Lehigh River Basin included in the
water control plan will result in a stage reduction of two feet at
Bethlehem, Pennsylvania, 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 Beltzville reservoir will pro-
vide a recreation capacity for 500,000 visitors annually, of which
110,000 are credited to directly related recreation uses. The
lands acquired specifically for recreation development will pro-
vide for public ownership of the shore area and space for develop-
ment of five recreation sites. Facilities would be provided for
one-day outings as well as camping, Hunting would 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 lake
fisheries as a coordinated element for full realization of the
recreation potential of the project.
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171. Aquashicola Project.

a. Description The Aquashicola Project is proposed for
multiple-purpose development to provide supplies of water, flood con-
trol and recreation. The Aquashicola dam site is located on
Aquashicola Creek about 4-1/2 miles upstream from its confluence
with the Lehigh River and about 3 miles east of Palmerton, Pennsyl-
vania. (See plate 16). The site is about one mile downstream from
the confluence of Buckwha Creek with Aquashicola Creek. The drain-
age area above this site is 66 square miles. The compacted earth
fill dam would stretch approximately 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 dam 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 storage for flood control to elevation 503. The reservoir at
spillway crest elevation 503 would be 90 feet deep at the dam and
extend five miles up Aquashicola Creek from the dam and six miles
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, Pennsylvania,
would be required. The only commercial mineral deposit near the
reservoir area is a sandstone quarry southeast of Little Gap,
Pennsylvania. 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 directly re-
lated recreation and 480 acres for indirectly related recreation.
The total estimated project cost, excluding $488,000 for indirect-
ly related recreation, is $19,000,000, which includes $878,000 of
specific costs for directly related recreation. The directly and
indirectly related recreation costs include the following:
Estimated Specific Recreation Costs

Item Directly Related Indirectly Related
Land $549,000 $103,000
Facilities 329,000 385,000
Total 878,000 488,000
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b. Functions.

(1) Supplies of water. Use of 24,000 acre-feet of
active long-term storage at the Aquashicola Project would provide
a net yield of 63 cubic feet per second. This flow augumentation
would contribute to the satisfaction of the needs of the Allentown-
Bethlehem area and the Trenton-Philadelphia area during the 50-year
period under consideration.

(2) Reduction of flood damage. The short-term
storage provided at the Aquashicola Project will contribute to
flood stage reductions at Palmerton, just downstream from the dam,
and at principal damage centers on Lehigh River below the Lehigh
Gap. These damage centers include Walnutport, Northampton,
Hokendauqua, Catasauqua, Allentown, Bethlehem, Freemansburg, and
Easton, Pennsylvania. Combined operation of the three new major
flood control projects in the Lehigh River Basin included in the
water control plan will result in a stage reduction of two feet
at Bethlehem, Pennsylvania 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 which 100,500 are credited to directly related recre-
ation uses. The lands to be acquired specifically for recreation
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
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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172. Trexler Project.

a. Description. The Trexler Project is proposed for
multiple-purpose development to provide supplies of water, flood
control and recreation The Trexler dam site is located on Jordan

Creek in the Trexler Pennsylvania State Game Preserve about 1/2
mile downstream from the mouth of Mill Creek and about 8 miles
northwest of Allentown, Pa. (See plate 17.) The drainage area
above this site is 51 square miles. The proposed dam would be a
concrete gravity type structure 800 feet long, and rise 120 feet
above the creek bed. Flood waters would pass over a spillway
section of the dam 200 feet long with a crest about 104 feet above
the creek. Conduits through the dam with regulating gates will
permit low level releases. Diversion during construction would
be made over concrete monoliths left low, temporarily, for that
purpose. Storage allocations for the Trexler Project, as indicated
by detailed planning studies, are 300 acre-feet of inactive long-
term storage to elevation 416; 24,200 acre-feet of.active long-
term storage for supplies of water and recreation to elevation 479;
and 14,000 acre-feet of short-term storage for flood control to
elevation 492. The reservoir at elevation 492 would extend about
3 miles up Jordan Creek with bays or prcngs extending about 3 miles
up Lyon Creek and 2 miles up Mill Creek. Fills and bridges will be
required to carry U. S. Route 309 across the reservoir. Relocation
of other roads and the communities of Lyon Valley and Weidasville
will also be necessary. A total of 3,587 acres of land will be ac-
quired for the complete development. In addition to the 960 acres
required for construction of the project, 1,776 acres would be re-
quired for directly related recreation and 851 acres for indirectly
related recreation. The total estimated project cost, excluding
$1,140,000 for indirectly related recreation, is $10,100,000, which
includes $1,500,000 of specific costs for directly related recrea-
tion. The directly and indirectly related recreation costs include
the following-*

Estimated Specific Recreation Costs

Item Directly Related Indirectly Related
Land $1,010,000 $141.000
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 stor2ge 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-Philadelphia area during the 50-year period under
consideration.

(2) Reduction of Flood Damage. The short-term
storage at the Trexler Project will contribute to flood stage re-
ductions at the principal damage centers of Allentown, Bethlehem
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and Easton, Pennsylvania. Combined operations of the three new major
flood control projects included in the Lehigh River Basin in the water
control plan will result in a stage reduction of two feet at Beihlehem,
Pennsylvania, 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 Trexler reservoir will provide a
recreation capacity to accommodate a total of 312,500 visitors annual-
ly of which 177,200 are credited to directly related recreation uses.
The lands to be acquired specifically for recreation development would
provide for public ownership 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 vater 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
element for the full realization of the recreational potential of the
project.

110




e

173. Maiden Creek Project.

a. Description. The Maiden Creek Project is proposed for
multiple-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
about 12 miles north of Reading, Pa. (See plate 18.) The drainage
area above this site is 161 square miles. The dam, 2,600 feet long
and rising 110 feet above the bed of Maiden Creek, would be of earth
and rock fill construction. A conduit founded on rock along the
left side of the valley would be designed to carry diversions during
construction and low level 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 supplies 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 developed mineral resources
in the reservoir area. A total of 8,450 acres of land will be ac-
quired for the complete development. In addition.to the 2,850
acres required for the construction of the project, 2,255 acres
would be required for directly related recreation and 3,345 for in-
directly related recreation. The total estimated project cost, ex-
cluding $3,250,000 for indirectly related recreation, is $27,600,000,
which includes $2,440,000 of specific costs for directly related
recreation. The directly and indirectly related recreation costs
include the following:

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 fthe satisfaction of the needs of the Pottstown-Reading
area as well as to the Philadelphia area during the 50 year period
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 Schuylkill River
from Reading, Pennsylvania to Philadelphia, Pennsylvania. These
damage centers are Reading, Birdsboro, Pottstown, Norristown,
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Conshohocken, Manayunk and Philadelphia, Pennsylvania The flood-
way at these centers is occupied mostly by commercial and industrial
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
Schuylkill River Basin would result in a flood stage reduction of
about 4-1/2 feet at Reading, Pennsylvania, and of about three feet
at Pottstown, Pennsylvania for a flood similar to that experienced
in 1955.

(3) Recreation. The Maiden Creek reservoir would
provide a recreation capacity to accommodate a total of 625,000
visitors annually of which 267,400 are credited to the directly re-
lated recreation uses. The lands to be acquired specifically 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.




174. Blue Marsh Project.

a. Description. The Blue Marsh Project is proposed for
multiple-purpose development to provide supplies of water, flocod
control and recreation. The Blue Marsh dam site is located ou
Tulpehocken Creek, 1-1/2 miles upstream from the mouth of Plum Creck
and about 6 miles northwest of Reading, Pa. (See plate 19) "1leo
drainage area above this site is 175 square miles. The dam 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 spillway would be located about 1,000 feet south of the dam
where a 900-foot wide flat crested channel cut into the shale would
conduct excess water from the reservoir to Tulpehocken Creek. Final
storage allocations for the Blue Marsh Project, as indicated by de-
tailed planning 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 commercially valuable mineral
deposit is located in the reservoir, a shale pit about 1 mile north
of Blue Marsh. A total of about 5,296 acres of land will be acquired
for the complete development. In addition to the 1,520 acres re-
quired for construction of the project, 1,093 acres will be required
for directly related recreation and 2,633 acres for indirectly re-
lated recreation. The total estimated project cost, excluding
$3,280,000 for indirectly related recreation, is $12,500,000, which
inciudes $1,500,000 of specific costs for directly related recrea-
tion. The directly and indirectly related recreation costs include
the following:

Estimated Specific Recreation Costs

Item Directly Related 1Indirectly Related

Land $ 664,000 $2,040,000

Facilities 832,000 1,240,000
Total 1,496,000 3,280,000

b. Functions.

(1) Supplies of water. Use of 14,500 acre-feet of
active long-term storage at the Blue Marsh Project will provide a
net yield of 65 cubic feet per second. This flow augmentation will
contribute tc 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) Reduction 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 Schuylkill River from
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Reading, Pennsylvania to Philadelphia, Pennsylvania. These damage

{ centers are Reading, Birdsboro, Pottstown, Norristown, Conshohocken,
Manayunk and Philadelphia, Pennsylvania. Combined operation of
storage allocated to flood control at the Blue Marsh and Maiden
Creek Projects in the Schuylkill River Basin would result in a
flood stage reduction of about 4-1/2 feet at Reading, Pennsylvania,
and of about three feet at Pottstown, Pennsylvania for a flood
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 annually, of which 137,000 are credited to the directly

related recreation uses. The lands to be acquired specifically

for recreation development would provide public ownership 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
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 recreational potential of the project.




175. Newark Project.

a. Description. The Newark Project is proposed for mul-
tiple-purpose development to provide supplies of water and recreation.
The dam site is located on White Clay Creek about 1-1/2 miles north of
Newark, Delaware. (See plate 20.) The drainage area above this site
is 67 square miles. A concrete gravity type dam 1,200 feet long, in-
cluding a spillway section 400 feet long, is proposed for this site.
The non-overflow section of the dam would be 97 feet above the creek
bed and the spillway crest 81 feet above that datum. Gated sluices
through the dam 7 feet above the creek bed and bypass pipes would be
provided for low level reservoir releases. Stream diversion during
construction would be over concrete monoliths left low, temporarily,
for that purpose. Storage allocations for the Newark Project are
1,000 acre-feet of inactive long-term storage tc elevation 98 and
30,000 acre-feet of active long-term storage for supplies of water
and recreation to elevation 156. The reservoir would extend about
six miles up White Clay Creek into Pennsylvania. Relocation of 2.7
miles of county road including a bridge across the reservoir, a
stream gaging station, a pumping plant and a sewer line would be re-
quired. No railroads, communities, or commercially developed mineral
deposits are located in the reservoir area. A total of 6,490 acres of
land would be acquired for the complete development. 1In addition to
the 1,090 acres required for the construction of the project, 4,000
acres would be required for directly related recreation and 1,400
acres for indirectly related recreation. The total estimated project
cost, excluding $3,550,000 for indirectly related recreation, is
$15,300,000, which includes specific costs for directly related
recreation of $5,140.000. The directly and indirectly related
recreation costs include the following:

Estimated Specific Recreation Costs

Item Directly Related Indirectly Related
Land $3.250,000 $1,400.000
Facilities 1,890 000 2,150,000

Total 5,140,000 3,550,000

b. Functions.

(1) Supplies of Water. Use of 30,000 acre-feet of
active long-term storage at Newark Project would provide a net
yield of 43 cubic feet per second. This flow augmention would con-
tribute to partial satisfaction of the needs of the Wilmington area
during the 50-year period under consideration.

(2) Recreation. The Newark Project including the
recreation element defined as the Mason-Dixon Interstate Park Area
would provide recreation capacity for 937,500 visitors annually, of
which 554,000 are credited to directly related recreation. The lands
to be acquired specifically for recreation development would provice
public ownership of the shore area and space for the development cf
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| six major recreation sites. Facilities also vould be provided for

i one-day outings and camping. Required roads, trails, sanitary and |
administrative facilities and potable water are included in the i
plan. Hunting would 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 fish-
eries as a coordinated 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 multiple-
i purpose development to provide supplies of water and recreation.
The dam site is located on Christina River about 1-1/2 miles south-
west of Christiana, Delaware, and 10 miles southwest of Wilmington,
Delaware. (See plate 21.) The drainage area above the site is 41
square miles. The spillway would be a concrete lined chute through
the hill which constitutes the left abutment of the dam. 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- 3
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 level 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 supplies of water and
recréation 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 planning 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. 3
Route 40, raising of one mile of the Pennsylvania 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-
munities in the reservoir area and only one commercially valuable
mineral deposit is located in the reservoir 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 complete development.
In addition to the 3,050 acres required for construction of the
project, 3,057 acres would be required for directly related recrea-
tion and 1,973 acres for indirectly related recreation. The total
estimated project cost, excluding $5,420,000 for indirectly related
recreation, is $18,000,000 which includes $7,560,000 of specific
costs for directly related recreation. The directly and indirectly
related recreation costs include the following:
Estimated Specific Reg¢reation Costs

Item Directly Related Indirectly Related
Land $4,770,000 $1,320,000
Facilities 2,790,000 3,600,00C

Total 7,560,000 5,420,000

b. Functions,

(1) Supplies of water. Use of 36,000 acre-feet of
active long-term storage at Christiana Project would provide a net
yield of 34 cubic feet per second. This flow augmentation would
contribute to partial satisfaction of the needs of the Wilming-
ton area during the 50-year period under consideration.

Ly




(2) Recreation. The Christiana Project would provide
a recreation capacity to accommodate about 1,875,000 visitors annually
of which 1,093,000 are credited to directly related recreation. The
lands to be acquired specifically for recreation development would
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, trails, 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 consider the downstream flow requirements for stream fisheries
and the wmanagement of the impounded waters for lake fisheries as a
coordinated element for full realization of the recreation potential
of the project.
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177. DESCRIPTIONS OF MAJOR CONTROL PROJECTS PROPOSED FOR TWO~-
STAGE DEVELOPMENT. Eight major contrel projects are proposed for
development in two stages with the initial stage for recreation in
the immediate future and the second stage for water supply and other
purposes as needed after year 2010. The projects included in this
category and the order of the individual project descriptions are as
follows:

Paulina Tohickon
Pequest Newtown
Hackettstown French Creek
New Hampton Evansburg

178. Paulina Project

a. Description. The Paulina Project fully developed in
two stages, vould he a multiple-purpose project to provide supplies
of water and recreation. The initial stage of development to satis-
fy existing recreation needs is economically 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 becomes available. Such an arrangement will
assure preservation of the potential reservoir which is considered
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 Paulins Kill about 11.25 miles above the mouth
and 1.5 miles east of Blairstown, New Jersey. (See plate 22.) The
drainage area upstream from the dam site is 122 square miles.
Suggested storage allocations for ultimate development are 4,000
acre-feet of inactive long-term storage to elevation 403 and 51,000
acre-feet of active long-term storage for supplies 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.
Total 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, including 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 complete two-stage development is 23.1 million dollars
of which 10.9 million dollars is the estimated cost of the dam and
appurtenant works, relocations and reservoir clearing.

b. Functions.
(1) Supplies of water. When fully developed, use of
51,000 acre-feet of active long-term storage in the Paulina Project
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
recreation capacity to accommodate 600,000 visitors annually during
the initial stage of development and 1,000,000 visitors annually when
fully developed. The topography surrounding this site is steeply 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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179. Peguest Projeck.

a. Description The Pequest Project, fully developed in
two stages, would be a multiple-purpose project to provide supplies
of water and recreation. The initial stage of development to sat-
isfy existing recreation needs is economically feasible and is pro-
posed for the immediate future. It is also proposed that, contin-
gent upon the wishes of local interests, land be acquired for the
initial stage of development as it becomes available. Such an ar-
rangement will assure preservation of the potential reservoir which
is considered essential to wafter resources development in the basin
after the year 2010 when full development of the site is indicated.
The project site is located on Pequest River about 7 miles above
the mouth and 2.5 miles northeast of Oxford, New Jersey. (See plate
23.) The drainage area above the dam site is 100 square miles.
Suggested storage allocations for uvltimate development are 3,000
acre-feet of inactive long-term storage to elevation 455 and 38,000
acre-feet of active long-term storage for supplies of water and
recreation to elevation 507. The reservoir at elevation 507 would
extend about 4.5 miles upstream and provide a reservoir area of
1,260 acres. Total lands, including the eventual 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 2.0 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 clearing.

b. Functions.

(1) Supplies of water. When fully developed, use
of 38,000 acre-feet of active long-term storage in the Pequest
Project would provide a net yield of 75 cubic feet per second.

This flow augmentation would contribute to the satisfaction of the
water needs after the year 2010

(2) Recreation. The Pequest Project would provide
a recreation capacity to accommodate 312,000 visitors annually dur-
ing the initial stage of development and 520,000 visitors annually
when fully 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 day-use purposes.
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180. Hackettstown Project.

a. Description. The Hackettstown Project, fully developed
in two stages, would be a multiple-purpose project to provide supplies
of water and recreation. The initial development to satisfy existing
recreation needs is economically feasible and is proposed for the im-
mediate future. It is also proposed that, 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-

water 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 about three miles upstream from Hackettstown, New
Jersey. (See plate 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 eventual 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
dollars, 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 complete two-
stage development is 25.0 million dellars of which 10.9 million
dollars is the estimated cost of the dam and appurtenant works, re-
locatidns and reservoir clearing.
b. Functions.

(1) Supplies 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 Project 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
annually when fully developed. The total recreation resources
available would provide outstanding nonurban recreation opportunities.
The character of the area is such that facilities for every conceiv-
able type of nonurban recreation could be included in the development
plan.
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181. New Hampton Project

a. Description. The New Hampton Project, fully de-
veloped in two stages, would be a multiple-purpose project to pro-
vide supplies of water and recreation. The development to satisfy
existing initial recreation needs is economically feasible and is
proposed for the immediate future. It is also proposed that, con-
tingent upon the wishes 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 water 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, New Jersey (See plate 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-term 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
eventual reservoir area, desirable for the initial stage of de-
velopment would comprise 5,513 acres at an estimated cost of about
11.2 million dollars. The estimated cost of the initial stage of
development is 16.3 million dollars including an estimated 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 complete two-stage development is 29.6
million dollars, of which 13.3 million dollars is the estimated
cost of the dam and appurtenant works, relocations and reservoir
clearing.

b. Functions.

(1) Supplies of water. When fully developed, use
of 42,000 acre-feet of active long-term storage in the New Hampton
Project would provide a net yield of 82 cubic feet per second.

(Net yield would be increased to 95 cubic feet per second with 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 annually
during the initial stage of development and 1,500,000 visitors an-
nually when fully developed. The northwest shore of the reservoir
is ideally situated for the placement of day-use facilities to ac-
commodate large visitor loads. The southeast shore rises steeply
and is well forested, thus providing an interesting backdrop for
day-use areas on the opposite shore.
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132, Tohickon Pro ect

a. Description. The Tohickon Project, fully developed
in two stages, would be a multiple-purpose project to provide
supplies of water and recreation. The initial development to sat-
isfy existing recreation needs is economically feasible and is pro-
posed for the immediate future It is also proposed that, contin-
gent upon the wishes 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 water rescurces development in

the basin after the year 2010 when full development of the site is

indicated. The project 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
active long-term storage for supplies of water and recreation Lo
elevation 388. The reservoir at elevation 388 would extend about

6-1/2 miles upstream and provide a reservoir area of 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 the 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 latter are 6.9 million dollars for recreation lands and 4.3

million dollars for recreation facilities. The estimated cost of

the complete two-stage development is 21.3 million dollars, of
which 9.6 million dollars is the estimated cost of the dam and
appurtenant works, rolocations and reservoir clearing.
b. Functions

(1) Supplies of water. When fully developed, use
of 30,000 acre-feet 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.

i (2) Recreation The Tohickon Project would provide
a recreation capacity to accommodate about 750,000 annual visitors
during the initial stage of development and 1,250,000 visitors
annually when fully developed. The recreation area would be pri-
marily developed for day-use activities.

c. Preservation of site. Late in September, 1960, the
Commonwealth of Pennsylvania announced its plan to purchase land
in the area of the proposed Tohickon Project for a state park.
The Commonwealth's intent is to develop the area initially for
recreation, and thus preserve the site for future additional de-
velopment for water supply. The General Assembly of the Common-
wealth has made funds in the amount of $1,000,000 available for
the land acquisition program for this project.
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133. Newtown Project

a. Description. The Newtown Project, fully developed in
two stages, would be a multiple-purpose project to provide supplies
of water and recreation. The initial development to satisfy exist-
ing recreation needs is economically 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 becomes available Such an arrangement will
assure preservation of the potential reservoir which is considered
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 Neshaminy Creek about 19 miles upstream from its
confluence with Delaware River and three miles west of Newtown,
Pennsylvania. (See plate 27.) The drainage area upstream from the
dam site is 150 square miles. Suggested storage allocations for
ultimate development are 2,000 acre-feet of inactive long-term
storage to elevation 114 and 60,000 acre-feet of active long-term
storage for supplies of water and recreation to elevation 176. The
reservoir at elevation 176 would extend about nine miles upstream
from the dam and provide a reservoir area of 2,120 acres. Total
lands, including the eventual reservoir area, desirable for the
initial stage of development would comprise 7,200 acres at an esti-
mated cost of about 21.4 million dollars. The estimated cost of
1 the initial stage of development is 27.8 million dollars including
an estimated 9.3 million dollars to acquire the reservoir area to
assure its preservaiion for future use and 18.5 million decllars of
specific recreation costs Included in the latter are 12.1 million
dollars for recreation lands and 6.4 million dollars for recreation
} facilities. The estimated cost of the complete two-stage develop-

ment is 46.4 million dollars, of which 18.6 million dollars is the

estimated cost of the dam and appurtenant works, relocations and
reservoir clearing.

b. Functions.

(1) Supplies of water. When fully developed, use
of 60,000 acre-feet of active long-term storage in the Newtown Proj-
ect would provide a net yield of 100 cubic feet per second. This
flow augmentation would contribute to the satisfaction of the water
needs after the year 2010. This reservoir project is ideally lo-
cated geographically for purposes of equalizing daily and weekly
peaks in the municipal water demands for the Philadelphia metro-
politan area and this potential further supports the need for
future development of the Newtown Project for water supply purposes

(2) Recreation. The Newtown Project would provide
a recreation capacity to accommodate 1,125,000 visitors annually
during the initial stage of development and 1,875,000 visitors
annually when fully developed. Of considerable importance at this
site is the wide expanse of open land readily adaptable for inten-
sive nonurban recreation purposes. The terrvain is ideally suited
for the development of facilities to accommodate large visitor
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loads. The site would be developed primarily for intensive day-
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, fully de
veloped in two stages, would be a multiple-purpose project to
provide supplies of water and vecreation. The initial develop-
ment to satisfy existing recreation needs is economically feas-
ible and is proposed for the immediacte future. It is also pro-
posed that, contingent upon the wisnes 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 cousidered essential to water re-
sources development in the basin after year 2010 when full de-
velopment of the site is indicated. The project site is located
about 9.5 miles above the mouth of French Creek and 8 miles west
of Phoenixville, Pennsylvania. (See plate 23.) The drainage
area upstream from the dam site is 47 square miles. Suggesied
storage allocations for ultimate development are 1,300 acre-
feet of inactive long-term stovage to elevation 240 and 25,700
acre-feet of active long-term storage for supplies of water and
recreation to elevation 289. The reservoir 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 eventual
reservoir area desirable for the initial stage of developmen.:
would include 4,270 acres at an es:cimated cost of 6.9 million
dollars. The estimated cost of the initial stage of development
is 12.1 million dollars including an estimated 3 million dollars
to acquire the reservoir area to assure its preservation for
future use ard 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
dollars, of which 6.6 million dollars is the estimated cosi of
the dam and appurtenant works, relocations and reservoir clear-
ing

b. Functions.

(1) Supplies of water. When fully developed, use
of 25,700 acre-feet of active long-term storage in the French
Creek Project would provide a net yield 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 woula
provide a recreation capacity to accommodate 900,000 visitors
annually during the initial stage of development and 1,500,000
visitors anaually when fully developed. Approximately 5,000,000
people reside within 50 miles of the site. The general setiing,
the shoreline topography, size of the proposed impoundment,
accessibility by existing primary roads, and its proximity to
large urban population combine to make this one of the most
choice nonurban recreation sites in the lower Delaware River Basin.
The recreation area would be primarily developed for day-use ac-
tivities.




LoS. Evansburg Project

a Description. The Evansbur, Project, fully developed
in two stages, would be a multiple-purpose project to provide sup-
plies of water and recreation. The initial development to satisfy
existing recreation needs is economically 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 becomes 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 Perkiomen Creek and about two miles southeast of
Collegeville, Pennsylvania. (See plate 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 supplies 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
include 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
dollars to acquire the reservoir area o assure its preservation
for future use and 12.0 million dollars of specific recreation
costs. Included in the latter are 6.7 million dollars for recrea-
tion lands and 5.3 million dollars for recreation facilities. The
estimated cost of the complete two-stage development is 23.8
million dollars, of which 7.5 million doliars is the estimated cost
of the dam and appurtenant works, relocations and reservoir clear-
ing.
1 b. Functions.

(1) Supplies of water. When fully developed, use
of 23,500 acre-feeit of active long-term storage in the Evansburg
Project would provide a net yield of 306 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
annually when fully developed. The topography of the land sur-
rounding the reservoir varies from steep near the dam site, to
rolling with an exceptional amount of usable area. This area
would be particularly adaptable for such activities as swimming,
boating, fishing, picnicking, hiking, 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 elements of the overall
plan for the control and utilization of the water resources of
the basin. Thirty-six can be accomplished under continuing
authorizations and must be studied and reported on in detail when
undertaken as features of current programs authorized either by
Public Law 566 or Public Law 685. To avoid unnecessary duplica-
tion of effort, 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 éligible for accomplishment under
Public Law 566 subject to approval by the Senate Agriculture 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 valley, 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 outlet
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
Yoverflow" type crest at elevation 822. The concrete lined spill-
way chute wouid be approximately 650 feet long from the crest to
the point wher: it empties into the creek. Storage allocations
for the Parkside Project are 52 acre-feet of inactive storage to
elevation 768 and 2,218 acre-feet of flood control storage to
elevation 822. The reservoir at the elevation of the outlet riser
would form a pool of seven acres surface area. At the spillway
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,
excluding $11,000 of specific recreation costs, is $1,020,000,
including $21,000 for land easements and rights-of-way.

b. Functions.

(1) Reduction of Flood Damage. Combined 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 specifi-
cally 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, swimming, boating and fishing.
The possibility of modifying the flood control project to provide
for recreation development as a project purpose at the Parkside
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.
i a. Description. The Swiftwater Project is a single-
| purpose flood control project with provision for incidental recrea-
‘ tional use of the sediment pool. The Swiftwater dam site is lo-
| cated on Swiftwater Creek 2.5 miles east of Swiftwater, Pennsyl-
r vania, and 0.8 mile 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 pipe with a riser up to elevation |
888. An unlined spillway chute 70 feet wide cut through rock |
around the right end of the dam will be approximately 850 feet
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 elevation 888 will 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 feet of road parallel to the reservoir site will be re-
quired. The estimated cost of this project, excluding $4,000
of specific recreation costs, is $1,080,000, including $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 tc stage reductions in the major
damage reach downstream from the site from East Swiftwater to
Parkside, Pennsylvania, 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, 1
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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 incidental
recreational 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 Ridge 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 elevation 952. A concrete-lined spiliway around the left end
of the dam would be 50 feet wide with the crest at elevation 976,
and would be approximately 650 feet long from crest to the end of
the lining. From that point, an earth channel about 500 feet long
would carry flood flows back to the creek bed. Storage allocations
for the Jim Thorpe Project are 80 acre-feet of inactive storage to
elevation 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 spillway crest elevation, 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
recreation costs, is $469,000, 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) Recreation. The Jim Thorpe Project would pro-
vide recreation capacity to accommodate a total of 3,800 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, swimming, boating, fishing and
camping.

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

189a. A summary cost table listing the first cests of the
water control projects in the plan of development is shown in
Table VII-5.
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CHAPTER VIII
PHYSICAL EFFECTS AND ECONOMICS OF THE PLAN

190. GENERAL NATURE OF EVALUATIONS. The extent and effective-
ness of the plan of development to satisfy the needs for the products
and services to be derived from the control and utilization of the
basin's water resources were evaluated in terms of the physical
effects and the economics of the improvements. The results of these
evaluations are summarized in the paragraphs below.

191. PHYSICAL EFFECTS AND SERVICES OF MAJOR CONTROL PROJECTS
The effect of the major control projects when operated as a coordi-
nated system would be to impound excess surface runoff for flood
control, for in-place use, and for delayed release and use down-
stream during periods of low flows. The basinwide effects of the
proposed system of impoundments are shown in table VIII-1 by sub-
basins in terms of peak discharges for the floods of May 1942,
August 1955 and the hypothetical basin project flood. The reduc-
tions in flood peaks and stages were obtained from hypothetical
operations to reduce flood flows as nearly as possible to the safe
discharge capacities of the stream channels. The reductions shown
under the proposed plan include the effects of flood control storage
at the Tocks Island, Beltzville, Aquashicola, Trexler, Blue Mars!
and Maiden Creek Projects. The flood reductions shown for existi:.
projects or for projects under construction include the effects of
Bear Creek, Edgar Jadwin and Prompton reservoirs.

192. The effects of operation of the system to meet the pro-
jected 1988 and 2010 needs for supplies of water at key demand
points in the basin are shown in tables VIII-2 and VIII-3, respec-
tively, for a three-year drought period corresponding to that of
the 1930's. 1In these tables the reference flows include flow mod-
ifications for all existing projects and the effects of a projected
operation of the three reservoirs of the New York City Board of
Water Supply (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 4
Philadelphia, is shown in table VIII-4. The system also creates
sufficient excess in the combined flows of the Schuylkill and Delaware
Rivers to permit supplementary diversions to the Wilmington area of
such amount as to completely satisfy the water needs of that area
after the flow augmentations produced by the Newark and Christiana
Projects have been fully realized.

193. The four projects in the Lehigh River Basin, Bear Creel:,
Beltzville, Aquashicola and Trexler, will provide flows of not less
than 710 cubic feet per second at Bethlehem, Pennsylvania. Hawk
Mountain, Prompton and Tocks Island, in coordinated operation with
the Lehigh projects, will provide flows not less than 4,720 cubic

L33
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TABLE VIII-2

EFFECTS OF PLAN OF IMPROVEMENT ON LOW FLOWS DURING DROUGHT OF 1930-1932
WITH PROJECTED WATER DEMANDS OF YEAR 1388

(in cubic feer per second)

e e e -
Lehigh River Delaware River ? Schuylk{ll River |
at Bethlehem at Trenton | at Pottstown |
[ |
Reference Modified Reference Modified |Refereuce Mudiited! Reference
Flow Flow Flow Flow | Flow { Flow
1930 (1) (2) (3) “) | (3) 6 | 1)
January 2,270 2,270 10,490 10,450 | 1,730 1,730 | 2,650
February 2,060 2,060 | 10,420 10,420 | 2,160 2,160 3,87
March 3,110 3,110 16,270 16,270 | 2,520 2,520 3,740
April 3,290 3,290 13,070 13,070 2,330 2,330 3,180
May 2,280 2,280 6,640 6,640 1,300 1,300 1,870
June 2,010 2,010 7,680 7,680 ! 950 950 1,300
July 1,120 1,160 | 3,950 3,990 460 510 650
August 560 860 | 2,700 3,650 210 550 410
September 520 790 | 2,69 3,650 350 570 440
October 400 560 2,540 3,650 260 490 300
November 420 590 2,910 3,650 | 310 470 410
December 470 580 3,040 3.650 | 420 520 590
1931 f
January 690 670 | 4,160 3,960 | 690 630 | 1,060
February 1,080 1,030 4,810 4,430 950 830 | 1,550
March 2,100 1,720 10,710 7,560 1,360 970 2,010
April 2,770 2,250 16,160 15,640 1,510 1,100 2,180
May 2,760 2,600 | 13,040 12,880 1,800 1,780 | 2,430
June 1,410 1,410 8,100 8,100 | 1,100 1,100 | 1,790
July 1,490 1,490 8,950 8,950 | 1,370 1,370 | 2,790
August 840 870 3,700 3,740 740 740 1,290
September 700 880 | 3,130 3,650 | 550 650 880
October 460 740 | 2,550 3,650 400 640 600
November 410 670 | 2,460 3,650 310 560 440
December 620 750 | 3,650 3,650 | 530 650 740
| |
1932 i
i
January 1,630 1,380 | 9,840 7,630 | 1,900 1,620
February 1,710 1,480 | 10,640 10,420 | 1,210 960
March 2,110 1,820 | 8,540 8,260 | 2,290 2,070
April 3,440 3,310 ] 18,780 18,650 2,500 2,500
May 1,920 1,920 8,540 8,540 | 1,880 1,880
June 1,420 1,620 | 6,040 6,040 1,060 1,060
July 910 1,030 | 3760 3,890 | 560 640
August 550 810 | 2,680 3,650 | 440 €50
September 370 660 | 2,440 3,650 | 260 5zl
October 1,420 1,190 7,710 5,860 | 1,260 990
November 4,950 4,500 22,640 22,190 | 3,760 1,470
December 1,710 1,710 | 7,880 7,880 1,530 1,530
| |
L

Reference flows in colwmms (1), (5). =&

Columns (3) and (2) are modified for tb

Neversink and Cannonsville with diversion

Montagua, NJ, in accordance with provi

Columns (2), (4), (b), (8) and (1

proposed system of {mpcundments.

(7} are observec

:ffects of a pro

Schuylkill River
at Philadelphia

Modified
Flow

(8)

2,650
3,870
3,740
3,180
1,870
1,300
700
640
650
530
560
690

1,000
1,420
1,620
1,770
2,420
1,790
2,790
1,290
1,020

840

700

860

2,756
1,460
3,400
3,790
2,560
1,360

810

790

620
1,480
6,130
2,380

d mean monthly flows.

e L

Del. R. &t Trenton +

Sch. R. at Phila.

Reference

Flow

(9)

13,140
14,290
20,010
16,250
8,510
8,980
4,600
3,110
3.130
2,840
3,320
3,630

5,220
6,360
12,720
18,340
15,470
9,890
11,740
4,990
4,010
3,150
2,900
4,390

12,870
12,340
12,160
22,570
11,100
7,400
4,490
3,260
2,790
9,460
29,060
10,260

jected operation of Pepacton,

vf 800 wgd to NYC snd maintenance of

ions of the Supreme Court Decree of 1954

iiffied flows re

eul

gulting from operation of

1750 cfs at

the

Modified
Flow

(10)

13,140
14,290
20,010
16,250
8,510
8,980
4,690
4,290
4,300
4,180
4,210
4,340

4,960
5,850
9,180
17,410
15,300
9,890
11,740
5,030
4,570
4,490
4,350
4,510

10,380
11,880
11,640
22,440
11,100
7,400
4,700
4,440
4,270
7,340
28,320
10,260




TABLE VIII-3

i EFFECTS OF PLAN OF IMPROVEMENT ON LOW FLOWS DURING DROUGHT OF 1930-1932
WITH PROJECTED WATER DEMANDS OF YEAR 2010

(in cubic feet per second)

Lehigh River Delaware River Schuylkill River Schuylkill River |Del. R. at Trenton +
at Bethlehem at -Trenton at Pottstown at Philadelphia Sch. R. at Phila.
Reference Modified | Reference Modified | Reference Modified | Reference Modified| Reference Modified
Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow
1930 (1) (2) (3) (4) (5) (6) @) (8) 9) (10)
January 2,270 2,270 10,490 10,490 1,730 115730 2,650 2,650 13,140 13,140
February 2,060 2,060 10,420 10,420 2,160 2,160 3,870 3,870 14,290 14,290
March 3,110 3,110 16,270 16,270 2,520 25520 3,740 3,740 20,010 20,010
April 3,290 3,290 3,070 13,070 2,330 2,330 3,180 3,180 16,250 16,250
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 €30 650 820 4,600 5,860
August 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 2,840 5,860
November 420 810 2,910 5,230 310 540 410 630 3.320 5,860
December 470 740 3,040 551120 420 590 590 760 3,630 5,880
1931
January 690 740 4,160 4,760 690 730 1,060 1,100 5,220 5,860
February 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
April 2,770 1,450 16,160 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
August 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 4,010 5,860
October 460 1,040 2,550 4,980 400 680 600 880 3,150 5,860
November 410 940 2,460 5,130 310 600 440 730 | 2,900 5,860
December 620 910 3.650 4,940 530 710 740 920 4,390 5,860
1932
January 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
April 3,440 3,340 18,780 18,680 2,500 2,390 3.790 3,680 22,570 22.360
May 1,920 1,920 8,540 8,540 1,880 1,880 2,560 2,560 11,100 11,100
June 1,420 1,420 6,040 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
August 550 1,100 2,680 5,010 440 710 580 850 3,260 5,860
September 370 980 2,440 5,200 260 560 350 660 2,790 5,860
October 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 1,710 7,880 7,880 1,530 1,530 2,380 2,380 10,260 10,260

Reference flows in columns (1), (5), and (7) are observed mean monthly flows.

Columns (3) and (9) are modified for the effects of a projected operation of Pepacton,
Neversink and Cannonsville with diversion of 800 mgd to NYC and maintenance of 1750 cfs at
Montague, NJ, in accordance with provisions of the Supreme Court Decree of 1954.

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

proposed system of impoundments.




!mm»4.- .

it

apnIour jou saoq

"eTyd[opeTIYd PUEB UOJUDIJ, UDIDMIDQ SOTIABRINQTI] IDATY 21eme]o2( WOIJ UOTINGTIIIUOD

‘eTyd1apeTIYqd 3B I9ATY TIINIANYDS pue uojuai] je IJATY 2IeMe]a(Q JO SMOTJ pauIquo)

*s309loag ¥@91) uaprel pue ysiey oanig Aq pajuawSne eryd[ape[Iyq pue umoilsiilod 3Ie SMOTJ ISATY TIIYTAnYoS
*s3o09loag 'y yBrysaT pue urejunol MMeH ‘pueis] s¥o0] ‘uojdwoag Aq pajusw8ne UOIUIAL B SMOTJ IIATY IdIemelag

"s3oafoag joo91) ieag pue elodIysenby ‘1oTx21] ‘a[11az3719g Aq pojuswSne wayaTyloag 1B SMOTJ ISATY Y3T1yoT]
*s3o9loag pueys] s3o0] pue uojdwoig Jo @0ua3lsTxa i01ad 103 paisnlpy
*309f0ag uozdwoag jo @oudisixa iotad 103 paisnlpy
'sjutod weaijsumop e 309foad 2yl o031 a1qeqradse MOo[J Jo uorjejuswdne D9ATIOIJID Byl ST PIaTL 38N

e S S i i T e
SN S SR Ol

0LZ°S 608°% €19°% 8L%‘%w ST Y  LhhiE 06€£°C  06£°€ 0LT°€ 061°¢C /L e1yd1°pRIIUd

1e ¥ 11P{14nyos pue

uojual1] e "y 3iemel=2d0

0SS 066 066S Sl S1¥ S1% S1% S1% 0S¢ 0S¢ e1yd12pe114d

e "¥ 11IAT14nY°S

06% 06% 06% 6G€ 6S€ 66€ 6S€ 6S€ %62 %62 /9 umo3isiiog

e "¥ TIIATAnydg

0zZL‘%"  6ST°%  €90‘%  €90°% 000°% TEO‘E SL6°CT 076°C 0I6‘C 0Ov8‘z /G uojuail 3e Y 2aemelaq

01L 01L 816 81¢ GGh GGYh GGY 00% 00 0z¢€ /% wayaylag e ‘¥ yST1ya1

/€ S9y 96 [ H€1 €9 /T 896 LS 99 g9 08 ANON /T PI®IX 3I°N
TUIW M291) NEEEH) B0D pueisI uol 1971 ysiepn 211TA pue

AMey ieog uspiel - ysenby syoo0] ~dwoag -X21], anig -z37194 3o0afoag

1002 6861 7861 1861 GL61 %61 zL61 6961 G961 0961 23eq uoriaydwo)

('s ‘0 utr sarjrjuenb yye)

NVId @3S0d0¥d 40 SINAWATE A0 NOIIITdWOD A0 SIWIL IV SHOVId AIA IV ¥AIVM 40 ALITIAVIIVAV JATSSIYD0dd

¥-1IIIA dTdVL

137




—

feet per second at Trenton. New Jersey. The two Schuylkill Basin
projects, Blue Marsh and Maiden Creek, will provide flows of not
less than 490 cubic feet per second and 550 cubic feet per second
at Pottstown and Philadelphia, Pennsylvania, respectively. The

two projects in the Christina River Basin, Newark and Christiana,
in conjunction with diversion from a {resh water reach of the
Delaware River, in the vicinity of Philadelphia, will provide flows
of not less than 680 cubic feet per second at Wilmington, Delaware.

194. Facilities will be provided in the Hawk Mountain and
Tocks Island Projects for the generation of electrical energy. The
indicated installed and dependable cavacities and the average annual
energy to be produced at each of these projects are shown in table
VELE=55

TABLE VIII-5S
POWER PRODUCTION AT MAJOR CONTROL PROJECTS

KW Capacity Average Annual Energy
Project Installed Dependable in Million KW-Hrs.
Hawk Mountain 21,000 11,000 93.8
Tocks Island
Conventional 46,000 20,000 281../5
Pumped-Storage 366,000 342,000 732.0
Total 433,000 373,000 1,1072.3

195. The recreation facilities proposed for development by the
year 2010 to be provided at the 19 major control projects, including
the indirectly related recreation facilities, will provide recreation
opportunities amounting to an average of about 19,200,000 visitor-days
annually. Of this total, about 12,300,000 visitor-days annually are
credited to directly related and initial stage recreation developments
and the remaining 6,900,000 visitor-days would accrue to the indirectly
related reserves. A total of 29,400 acres of water surface and 132,900
acres of land area would be made available for recreation use in and

around these projects. Table VIII-6 shows the water and land surface
areas, and the visitor-day capacity for each of the major control
projects In view of the multi-purpose use of the proposed major water

control projects, it was recognized that releases from the reservoirs
for suppiies of water and production of power might have an adverse
effect upon recreational use of the reservoirs. In order to determine
whether drawdown would be significant, drawdown-frequency relation-
ships for the primary recreation season, June through August, and for
the period May through September, were developed for seven representa-
tive major reservoirs, 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 relationships are contained in appendix M.
From the recreation viewpoint, a drawdown of i5 feet or more is con-
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sidered undesirable The analysis indicated that a drawdown of this
magnitude might occur during two to eight percenft of the months in |
the period of June through August over a long period of time. Draw-
downs of 20 feet or more would occur much less frequently and the oc-
cuirence of maximum Irawdowns would be rare. The average frequency of
{ occurrence of a 15-foot drawdown for the seven reservoirs studied is
about five percent of the months, or about one month every seven years.
During low reservolr stages some inconvenience may be experienced with
regard to the recreational use of the reservoir, but boating and fish-
ing could be contirued and full use could be made of other recreation
facilities provided at the projects. It is considered, therefore,
that the infrequent occurrence of a 15-foot drawdown would not reduce i
appreciably the recreational use of the reservoirs nor reduce sig-
nificantly the benefits assigned to the recreation purpose of the
projects,

196. PHYSICAL EFFECTS AND SERVICES OF SMALL CONTROL PROJECTS.
Each of the proposed small control projects would be effective, pri-
marily, in the reduction of flood damages in the local reaches 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 project purpose at these three projects 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-
vi lopment under existing programs and continuing authorities. All
thirty-nine of the proposed small control projects have potentials
for the development of water supplies 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 in accordance with local needs and
desires at the time preconstruction studies are made for the indi-
vidual projects. The need for multiple-purpose development of the
small control projects to include local water supplies was not in-
dicated at the time of this investigation. The overall definition
and evaluation of single-purpose parks and water supply 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
times the area controlled by the individual project. The reductions
of flood stages and discharges credited to the small control projects
were generalized on the basis of typical hydrographs with peak dis-
charges of selected frequencies of occurrence at the point of reference
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in the basin. These hypothetical reductions served as the basis for
estimates of flood control benefits. The area of 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 remaining thirty-six small control projects 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 Annual Value of
Flood Damage Flood Damage
Project Reduction Reduction
Parkside Parkside to Stites Bridge, Pa. $ 41,800
Swiftwater E. Swiftwater to Parkside &
Henryville, Pa. 70,600
Jim Thorpe Jim Thorpe, Pa. 17,800
2 Projects Walton, N. Y. 35,500
1 Project 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
Philadelphia and Ft. Washington, Pa. 29,600

198. Water surface areas and estimated visitor-day capacities
for 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/ Visitor-Days
Parkside 7 1,900
Swiftwater 9 1,300
Jim Thorpe 14 3,800

1/ Area at top of outlet riser

199. SUCCESSIVE PLANNING EVALUATIONS. The broad objective
followed in the formulation of the plan of improvement was to max-
imize net economic gains and human satisfactions from the use of
physical and economic resources of the basin. 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 resources development and an inventory of the potential
measures that could serve to fill these needs. Then followed a
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series of evaluations to establish the plan of development that would
accomplish the task of supplying the needed products and services
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 complete, yet preliminary, appraisal of the
economic worth and cost was made for each alternate plan under con-
sideration. These appraisals served as the basis for selecting from
the several plans, a single basic plan to produce, in a balanced
manner, the needed goods and services with the least investment of
water resources and funds. With due consideration as to the nature
ol the monetary appraisals used in this planning step and the
character of enabling assumptions adopted for the appraisals, the
selection of the basic plan was based, essentially, on optimized net
returns for each plan, or segment thereof, under consideration.

20l. The plan thus selected was tailored to adhere to refined
estimates of needs and to avoid untimely production of certain goods
and services. Then, each element proposed for multiple-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 individual sites. Finally, the elements of the plan were arranged
chronologically to assure necessary balance and timeliness of products
and services. The major control elements of the plan of development
thus defined were described in the previous chapter. The small con-
trol projects, also described in chapter VII, were added to the plan
to satisfy the needs for flood control in the intermediate upstream
areas of the basin since these upstream problems were susceptible to
economically 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 plan not preclude by their de-
velopment, any more effective or economical means of accomplishing
the same purposes; (b) each separable element or project purpose pro-
vides benefits at least equal 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 generally accepted
evaluation criteria with adjustments to reflect the 1959 price level.
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The following paragraphs describe and summarize by individual projects
the economic costs and benefits, allocations of costs to project pur-
poses, and apportiomments of costs between Federal and non-Federal
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 2%% 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 benefits

f assignable to the operation of the project. These benefits were
measured at their point of production. Where benefits