COMMONWEALTH OF PENNSYLVANIA

Pennsylvania Historical and Museam Commission
Bureau of the Pennsylvania State Archives '
350 North Street
Harrisburg, Pennsylvania 17120-0090
www.pastatearchives.com

The enclosed copies were reproduced from original records on file at:

Pennsylvania State Archives
Harrisburg, Pennsylvania

Record Group 43
Records of the Department of Environmental Resources
Bureau of Water Resources Management

Delaware River Basin Files
(series #43.32)

Folder 8/5: Coordinating Committee for the reappraisal
of the water supply resources of the Delaware River
Basin and service area, 1967-1969



7 A o /You AreV|eW|ng an Archlved Copyfrom the NewJersey State L|brary '

/ / DELAWARE RIVER BASIN COMMISSION - . i

7. .. 25 SCOTCH ROAD. : v o m&g ’15\ ‘@ﬁlﬁg :
o P. 0. BOX 380 : S A

THENTDN NEW JERSEY DA603 ' " o

(EDEIJ Baa-gsoo .

JAMES F.WRIGHT ) | L : March 7’ 1969 -

EXECUTIVE DIRECTOR

- Dro Mduric_:e‘K. Goddard -
Department of Forests and Waters
512 Education Building . -
Harrisburg, Pennsylvania

Dear Dr. Goddard:

Enclosed herewith is a preliminary copy of Chapi"ers
| = IV of the Report of the Coordinating Committee for the Reappraisal of the Water.
Supply Resources of the Delaware River Basin and Service Area,  These chapters are in
partial response to DRBC Resolution 67-4 adopted on March 29, 1967, They represent
factual studies done on cerfain stated assumphons by the commitiee and do not reﬂecf
the position of the Delaware River Bc!sm Com.mssmn or its staff. "

: The yield re-cxncilysts data developed in Chqpters T-1iv
are predicated on a reoccurrence of the drought of August 1961 through May 1967, - The
probob!e frequency of that drought-as it affects the yield of the New York City reservoirs
in .the Delaware River Basin is included in Chapter Il.  The yields presenfed are. bused upon
an qssumed constant uniform withdrawal rate, :

' . Other studies; either now in progress or to be initioi ed
/ in response to Resolution 67-4, include the following:

1. Use of synthetic hydrology methods. for determining yield.
2. Use of seasonal variations in demand and its effect on yield.

3. Analysis of future water supply demmds of ’rhe Basm and
- Service Area, : '

4, - Comparison of Supply and Demeand.

5, 'invesﬂgcaﬁon of A!‘rernafiv-e Methods of Equating Future
Supply and Demand. -
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_ o - Any: conclusions and recommendations which will

" be forthcoming from DRBC staff will await the completion of these additional studies .
by the Coordinating Committee, . In the meantime, Chapters | - IV are being made |
available as the factual results so far produced by the Commitfee under the cerfain
assumptions stated, - ' o : R '

“Sincerely,

" James F. Wright

Enc.
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CHAPTER |

INTRODUCTION

1. SCOPE. Tl.we_‘ water supply resources of the Delaware River Basin contribute to
the economic and so;ial well-being of @ éegmenf of the population of the nation far
in excess of the population residing within the Basin's boundary. It is estimaied
 thot some 25,000,000 people reside in the Delaware River Water Service Area. Thé
planning and development of water supply resources Tﬁ the D.e{czwc:‘re River Basin
prior to the Northeast drough’r] that began in 1961 were based upon historical data
which did not include the record-—bréaking,low runpff experienced after 1961, The
six~yeor drought which begclm in 1961 accumulated ¢ deficit of well in excess of a
full year's precl:ipii'dﬂon and runoff, a condition which had not been reco;‘ded in
previous mefeo;ologic- dnd hydrolegic data, Since ihe six—year drought moy have
divectly cffected the adequacy of existing ond planned f.ufure wcx’rea; supply facilities
included in the Delaware River Basin Commiséion's Comprehensive P.Icm, the
Commission resolved to redppmise the long-term cher supplf resources available

to the Delaware River Basin and its service areas.

1Dn:)ugh]‘s are defined as periods when crops fail to mature for lack of rainfall or
when precipitation is fnsufficient to support established human activities. Drought
conditions prevail when minfall is deficient or poorly disiributed in time or areq;
or when precipitation is concentrated in a few heavy rinfalls that drain away
rapidly.- Droughts impose a critical demand (1) upon works designed to furnish

. continuous ond ample amount of water and (2) .upen streams expected to carry
away or assimilate domestic and mdus%rlai efffuents or to provide proteciion from

natural selinit mfrus on.
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2. EACKGROUND OF INVEST!GATION Use of the Delaware River and ifs- :

.’rrnbuiaries ds a source oF mumcupcx[ and domestic water supply can be froced to .'
.fhe late 1700's with the bu:idmg of municipal wa’rerworks at Bethlehem and Ph:!ae
| delphia. In the 1920's New: York City contemplated going to the heqo‘wcfers of the
~ Delaware Ri.'v.er for an additional water supply. Negotiations between the States of

New York and New Jersey and the Commonwealth of Pennsylvania at that time

failed to provide any acceptable solution i'e their mutual water supply problems.

A resolution to this phase of the Sxﬂsin's_ water resources development.came ’rhlt;ough

a decree of the United States Supreme Court in 1931 which granted the City of

New York the right to a diversion of 440 mil!fon gallens per day (fngd)‘ and reqeired
fhd’r New York City release from its Delaware Basin reservoirs a limited quantity of
water to maintain minimum flows, Followmg World War 11, work was resumed on the
New York City system of rese.rvoirs in The'Delaware headwaters, Neversink-Resewoir
was pldced in operation in 1953 and Pepacton Reservoir in 1955. In 1954, ’rh.e Supreme
Court amended the original decree of 1931 (Amended Decree of i‘he U.S. Supreme Court .
dated June 7, 1954 - New Jersey v. New York, 347 U S. 995 (]954) nd au’rhor:zed
an additional diversion by New Yor,k City to a total of 800 mgd. Thedwersmns

are subject to specific conditions and obligations regarding compensating releases -

‘and sewage treaiment. The decree limited the diversion to 490 mgd until com-

pletion and partial filling of Cannonsville Reservoir on the West Branch of

Delaware River, and 800 mgd thereafter. New York City was requlired, upon
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c:cwmpfeﬂon and placing in operation of the Neversink and Pepacton reservoirs fo

" release water from one or more of its storage reservoirs té _mciﬁmin a animum

basic rate of flow at the Montague gaging -s»fa%ion of .'!5255;:cfs. until fhel Ccnnonsvﬂlé
Project was completed and pof_ficz“y filled and 1750 cfs fherecf’rer; In cddif-iora,
certain excess release requirements were also spec‘:ilﬁed. The decrée also granted
*the State of New Jersey the right to divert 100 mgd from the Busiﬁ without com=-
pensating releases. Cannonsville Reservoir becqme officially in operationon
March 31, 3957.

The Cor%ﬁs of Engineers in 1961 completed its report on the comprehensive
survey of the water resources of the De]awdre River quin.. (H. D, 522, 87th Congress,
2nd _Session). That réporf recommended for Cpngressiondl authorization eiébf major
multiple purpose reservoir projects to satisfy the water supply needs of the Basin
(as well as to prévide benefits from other project purposes) fo the year 2010, Those
projects were wbsequen’rly authorized by Congress in fhe_F[ood Control Act of 1962
(. L. 87-—87'4. of O.c‘rober 23, 1962) and included in fhe‘ Delaware River Basin :
Commission's Comprehensive Plan, Phase 1.

On October 27, 1961 the Delaware River Basin Compact became law creating
the Delaware River Basin Comm?ssion, an agency and instrumentality of the prin-
cipals; the United States of Ame;'icc; the State of Delcwcré, the State of New Jersey;
the State of New York, cmcj the CommOnw;relo of Penns?lvcnic. The Following. |

articles pertaining to the United States Supreme Court Decree and c[]ocd_ﬂons

diversions and releases are extracted from the Delaware River Besin Compact:

-3-
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3.3 Allocations, Diversions and Releases. The Commission shall have the power
from time to time as need appears, in accordance with the doctrine of equitable
apportionment, to allocate the waters. of the basin to and among the states signatory
to this compact and to and ameng their respective polirical subdivisions, and to

" impose conditions, obligations and release requ;remenfs related thereto, subject

to the following limitations:
(@) The commission, without the unanimous consent of the porhes to the ‘

~ United States Supreme Court decree in New Jersey v.. New York, 347 U.S, 995

(1954), shall not impair, diminish or otherwise adversely affect the diversions,
compensating releases, rights, conditions, obligations, and provisions for the
administration thereof as provided in said decree; provided, however, that after
consultation with the river master under said decree the commission may find and
declare a state of emergency resulting from a drought or catastrophe and it may.
thereupon by unanimous consent of its members authorize and direct an increase or
decrease in any allocation or diversion permiited or releases required. by the decree,
in such manner and for such limited time as may be necessary to meet such an -
emergency condition.

(b} No allocation of waters hereafter made pursuant to this section shall
constitute a prior appropriation of the waters of the basin or confer any supernorﬁy
of right in respect to the use of those waters, nor shall any such action be deemed .
to constitute an apportionment of the waters of the basin among the parties herefo:
PROVIDED, That this paragraph shall not be deemed to limit or resirict the power
of the commission to enter into covenants with respect to water supply, with a
duration not exceeding the life of this compact, as it may deem neces,ary for a
benefit or development of the water resources of the basin.

(c} Any proper party deeming itself aggrieved by action of the commission with
respect fo an out-of-basin diversion or compensahng releases in connection therewith,
notwithstanding the powers delegated to the commissicn by this compact may invoke-
the original jurisdiction of the United States Supreme Court within one year affer
such action for an ad[udlcuhon and determination thereof de novo. Any other
action of the commission pursuant to this section shall be subject to judicial
review in any court of competent jurisdiction.

3.4 Supreme Court Decree; Waivers. Each of the signatory states and their:
respective political subdivisions, in consideration of like action by others, and in
recognition of reciprocal benefits, hereby waives and relinquishes for the duration
of this compact any right, privilege or power it may.have to apply for any modi-
fication of the terms of the decree of the United States Supreme Court in New Jersey
v. New York, 347 U.S. 995 (1954} which would increase or decrease the diversions
authorized or increase or decrease the releases required thereunder, except that a
proceeding to modify such decree to increase diversions or compensating releases in
connaction with such increased diversions may be prosecuted by a preper party to

A
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effectuate rights, powers, duties and obligations under Section 3.3 of this com;adc’r,'
and except as may be required to effectuate the provisions of paragraphs [HB3 and
VB of said decrees -

3.5 Supreme.Court Decree; Specific Limitations on Commission. Except as
specifically provided in Sections 3.3 and 3.4 of this arficle, nothing in this compact
shall be construed in any way to impair, diminish or otherwise adversely affect the

- rights, powers, privileges, conditions and obligations contained in the decree of the
United States Supreme Court in New Jersey v. New York, 347 U.S. 995 (1954).
To this end, and without limitation thereto, the commission shall not:

(@) Acquire, construct or operate any project or facility or make any order or

take any action which would impede or interfere with the rights, powers, privileges, -
" conditions or obligations conicined in said decree; | )

(b) lImpose or collect any fee, charge or assessment with respect to diversions of
waters of the basin permitted by said decree; ' L i o

(c) Exercise any jurisdiction, except upon consent of all the pdrties to said
decree, over the planning, design, construction, operation or control of any projects,
struciures or facilities constructed or used in connection with withdrawals, diversions
and releases of waters of the basin authorized by said decree or of the withdrawals,
diversions or releases fo be made thereunder; or . o

{d) Serve as river master under said decree, except upon consent of all the
parties thereto. " | |

The most critical droﬁgh’r of recorded history in the Delaware River Basin prior
to 1961 was experienced in the early ]930‘.5._ That drought was used as the design
drought for determining the s;aFe yield l/ of the ma jor reservoir facilities in' New York
City's Delaware Basin Reservoirs, which are operqfed.accorc!'mg to the constraints set
‘up in the Supreme Court Decree, and also for estimating the yield of the major
p;‘roiec’r:s included in the Commission's Comprehensive Plan.

S.eve_ra!-ffr%es since 1?54 the storage of the N'e»:v York Cify'g De!.cxware system

was drawn down a significant amount, Near the end of 1964 the reservolrs were

1/ Safe Yield - that part of the maximum dependable draft from a reservoir that
can be supplied to a water supply system simultaneously with deducting the parts
of the draft required for conservation and other downsiream releases. The maxi-
mum dependable draft for the purpose of this report is based on the assumption
of a repetition of the severest drought of record. ‘ '
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drawn fo depletion for a day {December 26, 1964). Although the exercise of.
"filling and drawing down" s normal and expected for reservoirs, the depletion
was unusual and experienced under less than maximum drafts. The situation became

so acute in July 1965 thai the Delaware River Bosin-Cdmmission, after public hearing,

" and pursuant fo Article 10.4 of the Delaware River Basin Compact, declared o water

supply emergency in the Basin and temporarily modified the requirements of diversion
and releases by aitempting to equitably apportion the remaining supplies avdilubié in
the Basin. The Commission's emergency measures continued from July 7, 1965, through
March 15, 1967, when condi’rion; allowed « feturn o full operqﬂ;m under the Supreme
Court Decree, Because of the very large drain upon the storage of the reservoirs in
1964 and 1965, it appeared that the yield of the reservoir areas during the 1960's was
less than the yields in previously known droughts. It was desirable that ’rhelyield of
the areas dL.Jring the ]960'.5 be recomputed as soon as the drougEf showed realistic signs
of abatement. During 1967 the runoff of the general area improved to such an extent

that it seemed apparent that the drought was broken.

3. AUTHORIZATION FCR !NVEST[GATION. On March 22, 1967, the Delaware
River Basin Commission resolved in R'esoluﬂoln 67—-4:_ ' 7

1. The Commission hereby finds that it is necessary and desirable -
to provide for a study of the adequacy of existing and planned
water supply sources and storage facilities available fo the
Delaware River Basin and ifs service area in view of changes

_in the hydrology evidenced by drought experience.

2. The Executive Director is authorized and directed to arrange

b=
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for such a study fo be undertaken and completed at the earliest
possible date, in cooperction with the U, S; Army Corps of
Engineers and other federal agencies, the States of the Basin
and the Cities of New York and Philadelphia. He shall pro=-
vide for periodic progress reports fo the Commission, and such
further investigations, public hearings, research projects and
reports, as he may deem appropriate to the purposes of this
resolution. He s further requested to prepare for Cormmission
consideration and action such proposals for revision or amend-
ment of the Comprehensive Plan, and for policies and projects,
as he may deem necessary or desirable in view of the results of
such study. ' S

4. COOPERATION AND COORDINATION. It was apparent that fo carry out the
intent of Resolution 67-4, the Commission staff woﬁld have to gql] upon. and work |
closel)} with all Fedéral, State and local orgdnrizczﬁons involved with water SUpp_ly
development in’ the Basin and service area. To assure the full range of coordination
found fo be néceésary, two steps were taken. The first was the establishment of the
Coordinating Committee for the Reappraisal of Water Supply Resources of Delaware
River Basin and Service Area composed qF representatives of those agencies involved
in water supply development. The second was the making of specific assignments
for cncc_:orriplishﬁqent of studies ;Jnd preparation of the report. ;fhgz Cﬁordianingr
Committee, of which the IjRBC staff represen’roﬂvé acted-as chairman, convened

at about two-month intervals to r.eviéw_ progress of the 'work. and to coordinate
matters pertaining to the reporf. Thé Coérdincﬂ'ng Committee was constituted as

follows:
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Agency or Organization Represented

U. S. Department of the Army _
Corps of Engineers, Phila.Disirict
Corps of Engineers, NEWS Study

Office of Delaware River Master

Delaware Water & Air Resources Commission
University of Delaware

State of New Jersey
N.J. Department of Conservation
& Economic Development-Division
* of Water Policy and Supply

Stufe of New York. _
New York State Conservation Department

Commonwealth of Pennsylvania
_Pct. Dept. of Forests and Waters

City of Philadelphia
Water Department

City of New York
Dept. of Water Resources ~
Bureau of Water Supply

Delaware River Basin Commission

Commii‘!’ee MemBer . o
Col. W.W Waikin, Jr. {(to Sept.1968)
Col. James A. Johnson .

- Joseph F. Phillips {alt.)
" . Frank McGowan

J. V. B. Wells
Robert E. Fish (alt.)

~ John M. Karanik
"' Robert D. Varrin

 George R. Shanklin

Robert E. Cyphers {alt.)
F. W. Montanari
Edward A. Karath (alt.)}

Marshall Gouiding
John E. McSparran {alt.)

- Samuel S. Baxter
" Joseph V. Radziul (alt.)

_ Abraham Groopman

Geéorge Mekenian (alt.)

Herbert A. Howlett

Robert L. Goodell {alt.)

5. ASSIGNMENTS, The overall study outline was prepared and specific assignments

were made by ’r-F;e staff of the Delaware River Basin Commission. That outline and

assignment schedule is included as Appendix A to this report.
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CHAPTER I

REANALYSIS OF YIELD OF NEW YORK CITY SYSTEM

6. DESCRIPTION. The New“‘.{‘ork City System is comprised of thre;e major reservoir
systems, the Croton system, the Catskill system and the Delaware system. The Croid_n -
‘system is located east of %he Hudson River, some 25 miles north of New York City.
The system, comprising twelve impounding reservoirs and several smalll‘confrolled
Jlakes, drainé'dn area of 375 sq. mi. of the Croton watershed, Th;; total impbund_—
| mént capdcity agove minimum operafing levé!s] is about 87 billion -gallons (bg). The
new Croton Aqueduct, Thﬁ’r conveys the water to the City, has a capacity of 290 mgd,
but an average of only 140 mgd of this can be used for direct gravity distribution. The
remaining ;;apacii‘y.of ITP'le aqueduct can be utilized by employing three eleciric
pumping stations located in the city, and pump_i'ng is instituted whenever analysis
indicates that the Croton system has a greater compdrafive storage than the of.her
reservoirs. Another 125 mgd from the Crofon éysfem can be delivered to the city via
the Delaware Aqueduct by graﬁa‘y and hydraulic pumping.
‘The Catskill System is on the éqsfern slopes of the Cc:’rskﬂ.I Mountains some
100 miies from New Yort< City. The larger of its two. resérvoirs, the Ashokan, has
@ ccpa_-cilfy above minimum-opts:rc:’r'ing level of 123 bg, Or_'l’Cl 257 square mile drainage

area of the Esopus Cresk. Schoharie Reservoir, holding 18 bg above minimum

* 1 The minimum operating level is the lowest level of the reservoir water surface
at which a draft can be maintained in the withdrawal aqueduct at its operating
capacity. - : -
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operq;ing |evel,rdiverfs the northerly fiow of 314 sq. mi, oFQafershed of the
Sclﬁ.oh_drie Creek Into Ashokan Reservo_ir.via the Shandaken Tunnel. The ch’rsk.ill'
: Aquedﬁcf has the capacity. to deliv.er 590 m.g'.d from Ashokan Reservoirﬁfo New York
Cfty. |

The Delaware Sysférﬁ on fhe western and southern siopes of the Catskill
" Mountains is over 100 miles from the city. Work began on the system after a 1931
decree of the U.S. Supreme Court secured for New York City the right to develop
the Neversink and East Branch, Delaware River. This work was de!ayéa, ffrs_f by the
depression of the late 1930's and then by World War 1. The Delaware Aqueduct can
deliver water to the city af the rate of 890 mgd at maximum water surface elevation
in Rondout Reservorr. At \‘he head of the aqueduct is Rondout Reservoir with a
ccécgi’ry above minimum-operating Ieve! of 50 bg and a drainage area of 95 square
miles. The reservoir is located on Rondout Creek, @ fributary of the Hudson River,
not the Delaware. Three impoundments, Neversmk Pepacton and Cannonsville
Reservoirs, on tributaries of the Delaware River divert water into RondomL Reservoir.
Neversink and Pepac’ron Reservours have capacities above mmlmum-operc.fmg fevel
and watershed areas of 35 bg and 93 sq mi. and 140 bg and 375 sq. mi., respechvely
" Hydroelectric plants have been consructed by hwo mves’ror-—OWned utilities at the
ou’rle% of the Neversink Tunnel and at the outlet of the East Delaware Tunnel into
Rondout Reservoir. .ln settling prior riparian right claims and in an agreement between
the utilities and the City of New York, water in excess of specified amouns supplied
‘ By the Ci’r_y is paid for annually to the City at specified rates. In 1954, the ci’ry

. .-Ior_‘ .
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sécured furfherlaufﬁorizciﬁon to construct the Cannonsville R.e:ser\a"ofr on the
West Branch of the Delaware River. This impoundment coni.uining 96 bg above
the minimum-operating level, drains a watershed ared of 450 square miles.

The New_ York City System impounds in eighfeed resérvp?rs a combined
capacity of 548 bg above minimum-operating Ie\}e! from.a tota [‘ drainage area of
1,959 squqre miles. Two margincl sources are cslso avczi!c:[d]e to the City. First is
the Long Island System, on fhe island's south shore, where water is obtained from
infiltration galleries and driven \;Ne![s. A numbe;' of ponds provide for ground water
'rechqrge. This source can produce 30 mgd. “Second are the wells in Staten Island
with e dependable yield of 5 mgd.

In addition, ’rhere are two private water compqmes that furnish approx:mmfe!y

60 mgd from wells in Queens to c popu]ahon of about 650, OOO in that borough

7. EMERGENCY SOURCE OF SUPPLY--CHELSEA PUMPING PLANT. The City of

" New York, on July 14, 1965, made c:ppliccsfidn to the New York State Water Resources
Commission for approval for the faking of an em‘ergency supply of water to fhe extent
of 100 mgd from the Hudson River for use by ’rhe City. The ley proposed to reconstruct
its former pumping station on property. owned or fo be rec:cquwed by the City on the
| east bank of the Hudson River adjacent to i’rs Shaft 6 of the Delaware Aq_ueducf near
Chelsea lin' Dutchess County. .

The New York State Depar'rrﬁen’r of Health concluded, as a result of water
q'uclify studies, that the river water could be used and rﬁc:de safe for the City's need

+ on an emergency basis if appropriate safeguards were observed.. These safeguards

-11=- ' '
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included multiple chlorindﬁon and dilution Wh‘h upland woféi*,:foliowedlby
nor.mclli..sfora‘ge periods in the West Branch and.Kensic.o Reservoirs and supp[émenfed
by such.’rasfe, odor and turbidity control megsﬁres in fhg.se reservoirs as c.ondiﬁons.
dictated. That deparfme.nf r'eeonilmended to the Water Resources Commi;sion that
the_CHy of New York be given permission to use the water sup;.)].y for the-purpose
ir_n‘end_ed, that @ maximum possible dilution with upland water be achieved at
" least to the extent of not to exceed one part of river water in every five parts of
total water going through Thé aqueduct and that the Commission reserve the righ’r
‘to require discontinuance of pumping if it was Four‘wd‘ fhc:f the conc'en’rrc:ﬂon of river
‘water was excessive and could not effectively be treated.

The Water Resources Commission, on Sepfémber 1, 1965,‘ approved the applica-

tion of the City, subject to the following conditions and recommendations:

CONDITIONS

A. Under this decision and approval the City of New York, in
order to obtain an emergency supply of additional water, may
pump'from the Hudson River, in the vicinity of Chelsea info.
its Delaware Aqueduct an amount of not to exceed 100 million
gallons of water in any one day for use in the water supply
system of that city.

B. New York City must provide a monitoring raw water program
satisfactory to the Commission to determine the quality
changeability of this water and, if in the opinion of the
Commission, changes occur which indicate there may be '
definite hazards attendant upon the use of this proposed
supply, its use must be discontinued or the rate of pumping
reduced. - '

=12- o
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. C. The Commission also reserves the right fo require ‘the

city to cease pumping at the proposed pumping station
! : , or to reduce the rate of such pumping whenever, in the
opinion of the Commission, the continuation of such
pumping will endanger the supply or quality of the raw
water in the water supply intakes of the various munici-
palities or other civil divisions of the State located along
the Hudson River above Chelsea now taking or proposing
to take a water supply from that river.

D. This approval shall be limited to a period of 5 years or
" for the duration of the present water emergency as °
determined by the Commission, whichever is shorter,
after 10 days notice to all parties of record and after '
a hearing thereon, if requested. Nothing in this
decision shall be construed to require the city to demblish
this plant at the expiration of the term of this approval .....

RECOMMENDATIONS
In addition to the above conditions of the decision, the

Commission emphasizes that it is imperative for the city not only

to continue its present water conservation practices, but that, also,

it must constantly make every effort to find and implement new and

additional conservation measures. The Commission also strongly urges

the city to institute universal metering at the earliest possible date,

The Board of Water Supply completed construction of the Chelsea Pumping Plant .
on March 20, 1966, and from that date to January 13, 1967, 21,37 bg were pumped
from the Hudson River for use by the City. The siation is presently being maintained

on a complete stand-by basis,” Pumps are alterrately run to insure serviceability. The

water pumped is returned to the river,

| | |
8. YIELDS OF THE DELAWARE SYSTEM PRIOR TO THE DROUGHT OF THE SIXTIES.

[n the Amended Decree of the U. S. Supreme Court dated June 7, 1954, New York

=13~
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City was dufhorizéd to divert water ’ro its municipal supply s)g-sfem from its reservoirs
in the Delaware River Basin and *;va-s requ?red to release water a} times fo the Delaware -
River designed to maintain certain minimum rafes of flow‘ at the gﬂginé station éi‘ |
AMon’r'c:gue, New Jersey. Since Sep‘%ember ]_, 1.955, di\:r':ezrsions and releases have
beén made from Pepacton and Neversink Reservoirs, the second phase of develop-

- ment of the Delaware River Basin Sysfemr. The third phdse‘began when the Cannons~
ville Project was completed and iis resewoif first filled to the extent that 50_billi_on
gallons ubovg the lowest outlet were available for diversion and release. This _occurrgd
-on March 31, 1?67..

Diversions of the equivalent of 490 mgd were authorized by the Decree for
the sec‘or;d phase of develoémem‘ and of 800 mgd for the third phase, The Decree
‘spec;rﬂed that compensatory releases were fo be made from one or more of the New |
York City reservoirs and were to be designed to maintain a minimum basic rate of
flow at Mon’raéue of 1,525 c¢fs duriﬁg phase Twé, and, it was further specified, that
an excess quantity of water, depending upon New York City consumption, be re-
feased baginning June 15 eﬂchryear and confinuing not later than the following
March 15. The Decree further specified that compensatory releases under the
third phase v;rére to be designed to ma intain a minimum basic rate at Montague of

1750 cfs with an excess quantity of wc:fer'fo be released as under the second phése.
The U.S. Supreme Court Decree set limits on the determination of such excess as
- follows:
1. 83 percent of ’fhé cmoun;r by which the estimated consumption

during @ year is less than the Ciry's estimate of the continuous safe
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- yield from all its serces thou’r ;;umping;.
| d.' the estimated increase in consumption is limited
.io 7.250 bi”ic.)h gcrl!o-ns a year greater than the ﬁrevious
maximum annual consumption.
b. the safe yield of existing sources, W_Hhout pumping,
shall be estimated not less than 1,355 mgd before
Cannonsville and not less than 1,665 mgd af ter
Cannonsville (plus; any net Increase from new develop-
~ments without purﬁping before 1993).
2. Not more than 70 billion gallons in ‘cmy "seasonal beriod'-’ between -
June 15 and the following March 15,
3. Excess water is o be designed for release in 120 days, and the

maximum design rate to be maintained at Mentague is 2650 cfs.

In order to study independén’rly the adequacy of the New York City Res;rvoirs
to provide water for diversion fo New Y_brk City and for releases to the Delaware River,
the River Master made an earlier investigation of the yields of the resérvoir drc:indgé
areas of phases hwo and three. The report on that invesfigafioﬁ is summ,larized in the

"Report of the River Master of the Delaware River for the period December-1, 1958 ~

" November 30, 1959 dated June 1960. 1t was defer’mine’d in that investigation from

a mass diegram of the combined runoff from the reservolr drainage areas that was

farepared by New York City for the Supreme Court exhibit, that the severe droughf

. Within the perfod 1929-1935 was the most criﬁcal_ of any that occurred during the |

period 1905~ 1954 and it was selected for investigation of storage requirements.
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The fé”owing purc:graph-s-clre extracted frorﬁ the Sﬁmrﬁdr)-/ of the River
Master's Report, ".. ...The yiela inyeé’rigdﬁon of the reservoir drainage area
conducted by the River Master indTCQTéa that for a drought such as in the period
1 1929-35, the two reservoirs could supply a uniform divérsion rate of 490 mgd and
could make 'com.pensqfory releases designed to mqinfdfn the minimum basic rate of

1,525 cfs at Montague, except for a few days when the capacity of the release
gates was inadequate Ey small amounts. The study further .showe‘d for design rates
at Moniague above about 1,620 cfs that the daily réleqses WOuld.genemlIy be
‘adequate ct[ﬂ;ough restricted by the capacity of the release :ga’res on so‘me days, and
that a lowered uniform diversion rate would be necessary forsupply a portion of the
excess release water,

In the future s’rage of deve!opmem‘ begiﬁning when Connonsville Reservoir is -
completed und flrs’r filled to 50 billion gdl!ons, the City may divert the equivalent
of 800 mgd and must make compensafory releqses to Delaware River from Cannonsvﬂle,
Pepacton, and Neversink Reservoirs. Releases will be deagned to maintain a minimum
basic rate of flow at Montague of 1,750 cfs, and, uﬁfil_i‘he City's estimated consump-
tion approximates the dependable yield of ilfs total reservoir system, obtainable with-
out pumping (1,665 mgd}, such highe;ﬁ seasonal design rate as may be uffordedl by the
_ exeelss re'Iec:sé c']huan’ri‘ry. The reservoir yield invesﬁgo‘;:ion made by the River Master
' mdicqted that the reservoirs could sustain o uniform dIVEI.'SIOt'] rate of 800 mgd and |
could make relecses des:gned to maintain the minimum basic rate of 1 750 fs at
| Montague. The s’rudy further showed for the design rates at Moniague above about
16~
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1,990_ch that a lowered uniform diversion rate would be necessary to supply @

portion of the excess release water. ...."

9. YIELDS OF THE DELAWARE SYSTEM BASED ON THE DROUGHT. OF THE S_IXTIES.‘

Both the office of the Del.awcre River Mds’rerlqnd the New York City Department
of cher Supply, Gas and Electricity were requested as a part of their efforts for
this study to reappraise the safe yield of New York City's Delaware System based

| on theldroulgh’r period of June 1, 1961 - May 31, 1967 (see Appendix A, I’remr I} of
Study Outline). The studies by the two organizations weré ccrr.iegl out as parallel
but separate work, generally using the same methodology to check on the aceuracy
of the computations.

In the analysis, the total amount of water available wasrconsidered to in-
clude full reservoirs at the beginn.ing of the period, plus inflow to the reservoirs
during the time required for the reservoirs to deplete. The three reservoirs were
analyzed in combination. TEe draft requirements were as follows:

(1) Diversion to New York City .wa’re; supply .

(2) Release to maintain specified flow rates of
Delaware River at Montague. '

The release is made af "conservation” rate when a Iargér rate is not required fo
 maintain the cpplicab!e 'minimum rate at Montague. (Conservation rates are
minimum releases to mainiain at all times a svitable stream flow below the reservoirs. )
The computations were based upon several design rates at Mentague because those rates,
:rd’rher than the diversion rates, facilitated ease in computations. Two de;sign rates
-17-
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are specified in the decree for the three reservoir stage of development--1,750 cfs

as @ minimum basic rate and 2,650 cfs as a ﬁ-ﬁaximum excess release rate. Those two
rates s ﬁel] as several {ower .'rafes were used to develop the relationship.

for each reservoir the useable capacity was that above the point of maximum
depletion or minimum full-operating level. The u_se;:tb[e capacity for each reservoir

is as follows:

Pepacton Reservoir 140, 190 mg
Neversink Reservoir 34,941 mg
Cannonsville Reservoir 95,706 mg

It was assumed that the three reservoirs would be operated as a unit so that,
after considering inflow, the contents of the reservoirs would be maintained at equal
percent cqpceify. It was assumed also that the combined ccpaci’ries. of the release
gates could accommedate all releases and this was Fqund to hold true in all cases. |
Monthly flow data were used chiefly but daily data were substituted for months of the
critical period. The following results shown in Table il-1 were obtained and merely
indicate the variation in the divrersion - release relationship over a wide range:

~ TABLEI-]
RELATIONSHIP OF DIVERSIONS.AND RELEASES ~
NYC DELAWARE RESERVOIRS - DROUGHT OF SIXTIES

Design Rate at Montague " Diversion Rate
' cfs ' mgd .
o 1/ River Master New York City
1,750 and 2,650 1/ _ 225 235.7
1,750 q/'d 2,200 ~ 354
1,750 482 482.3
1,700 -g.// 502 |
1,525 5’/ 576 ' 579.1
1,400 = o 622.1 .
1,200 %? 680 683.3
1,000 5/ ‘ : 734.6
950 =X, 743 .
0= 821 822.5
o 848 848. 1

~18- . _ 7 _
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: ]/ The 2 650 and 2 200 cfs rates are for excess release per:od only.

2/ No excess releases.
3/ Conservation releases only.

4/ Excluding all downstream releases.

The results as shown in Table H-T and as determined separately by the River

Master and New York City representatives compare very fc:vorably and well within

the reliability range of the basic data.

The River Master plo’r’red the design rates versus the diversion rates as, shown
in Figure {1~1. Figure l-1 provides a curve from which the maximum uniform diversion
rate may be determined for any design rate of the Montague Formula for the three |
reservoirs and such diversion may be sustained by the reservoirs durlng a critical

- drought peried similar to that of the 1960's. Also shown in Figure =1 is the curve

for the drought of the 1930's developed by Slmllm‘ techniques and as deSCl‘lbed in
paragraph 8. o .

Figure 11-2, also developéd by the River Master, shows that the period of
critical drawdown of the reservoirs for a diversion rate of 482 mgd and a design rate
of 1750 cfs (without excess releases) at Montague was from filled reservoirs in May
1964 to dépleted reservoirs in November 1965 (18 months). The inflow to the
reservoirs during the spring months in 1962-64 was sufficient to fill the reservoirs
to cc:pac&fy or near capacity each year. In 1967, the storage in the reservoirs
was increasing but had not yet reached capacity by the end of the sfudy peraod

The graphs of variation in reservoir contents for other rates of diversion and
design rates af Montague would be similar to those of Figure 11-2, However, for
higher diversion rates, the period of critical drawdown extends 30 or more months to

depletion.

10. YIELD OF THE SURFACE WATER SUPPLY S"YST'EM OF NEW YORK CITY..

Studies by the Board of Water Supply and the Depariment of Water Supply, Gasand
Electricity, prior to 1961, had determined that the dependable supply of the NYC

. -19-
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municipal system, without the minor and marginal sources, was. 1,800 mgd.

“a, Caiskill Croton-Rondout compo.nenfs. “In 1961; there were records

' cover?hg 54 years for the Catskill System and 93 years for the Croton Sys’rem.. In

determining the dependable supply for those systems, usmg mass diagram techniques,
25 percent of reservoir storage was held in reserve for contingencies, and notadded

to the runoffs, leaving only 75 percent of sforc:gé For,mainfci’nin.g demand, This was

. done for several reasons, as follows:

1. To provide @ reserve storage for a drier period than any éx—
périe'nced in the past. | |

2.. To allow for the effect of silting which has proba‘bly reduced
the qui|0b|e'reservoir capacity. (The .ex"ren’r of this reduction
is not imown) .

3. To compensate for that quantity of storage which is vnavailable
_df full aqueduct delivery. (Approximately 20 billion gallons
cannot be drawn from the reservoirs at the full capacity of the
aqueducts because of hydraulic conditions.)

4, To have a reserve supply if ’rhle; spring runc;FF is delayed during a

period as dry as that upon which the dependable supply is based.

~ Evaluation of the records prior to 1961 esfdblished that the drought of 1929-31

répresenfled the period of least runoff. It was determined that the dependable -

supply for the Croton-Catskill systems was 880 mgd and for the Rondout watershed,

120 mgd.
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b. Delaware River Basin components. Similar analyses by the Board

of Water Supply indicated that after meeting the basic release obligations, the

" Delaware Basin watersheds were capable of delivering 490 mgd without the

Cannonsville development and 800 mgd: with it.
The yields discussed above were based on figures for years prior to the
drought of 1961-67. The Depariment of Water Supply, Gas and Electricity was

requested as part of this study to make similar estima es based on the recent drought.

Table 11-2 shows the resulis of those studies, as well as the yields based on the

drought of the 1930's.

21— ,
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TABLE {[-2 ' |
* YIELD OF THE NEW YORK CITY
SURFACE WATER SUPPLY SYSTEM

Yield-mgd e
L ~ Critical Period
Drought Drought ~  Start drawdown to 75%
System - of 1930's of 1960's depletion of total " storage
Catskill Y 555 - 470 May 3, 1964-Nov. 1, 1946
Croton )/ w/pumping) 325 240 May 23,1964-Dec.27, 1966
- w/o pumping)  (175) (165) I
Critical Period
~ Start drawdown to
~_point of refill
Rondout. 120 - 100  May 9, 1962-June 1, 1968
Critical Period _
Start drawdown to 100%
_ “depletion of useable storage
Delaware 2 | 800 480 May 17, 1964-Nov. 18, 1965
Total 1800 1290

_1_/ Yields shown for Catskill-Croton System based on combined operation.

2/ Based on maintaining design rate of Flow of Delaware River at
Monfogue of 1750 cfs, :

‘Bc_lsed on the chove data the yield of the New York City system has been

reduced as ‘F’C”OWS‘:‘ Caf.skill 15%, Croton 26%;, ‘Rondout 17%, Delaware 40%,

and total of all systems 28%.
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The current total safe yre!d of the New York C:i'y sys*rem was compcred wrfh
the safe yield wn‘hou’r pumpmg included in the U.S. Supreme Court Decree which
was based on the critical period prior to 1954, The current estimate oF safe yreld
without pumping is ],225 mgd compared to 1,665 mgd i m the Decree or a reduction

of 26 percent as shown .in Table 11-3.

TABLE [1-3

'NEW YORK CITY SOURCES OF SUPPLY -
SUMMATION OF SAFE YIELD -
(WITHOUT PUMPING) %/ MGD

Prior to ' - Aﬁer

_S_Xii“_e_r-_n_ Drought of 1960's - . Drought of 1960's
Catskill ¥/ 555 - - 470
Crofon 4 | -, 175 o 165
Rondout R ' | 100 Y
Delaware &/ 800 | 480
Bronx | | 5 | , | 5 |
Byram | 5 | -5
Richmond Wells | _ 5 8 ____5_

Total 1665 Y

_’l__/ Total useable storage at time of compu’rchon ~ prior to 1960 - 150. 061 bg,
after 1960 - 147.441 bg, (Flashboards removed from Ashokan in 1962
(deferlorc:fed) reducing useable sforage by 2.6 bg. )

?_/ Total useable storage at time of computation - prior to 1960 ~ 103.075 bg,
after 1960 ~ 94.637 bg. (Four feet of permanent sprllwuy crest removed
from Cornell Dam affer Hurr:cc:ne Connie and Drune in 1955 for structural
safety. ) :

.-23"_
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§_/ Safe yield for Rondout has not yet been firmed - falls wifiﬂn
~ range of 94 to 104 mgd.

4/ Bosed on moin’rain.?ng design rate of flow of Delaware River at
Montague of 1750 cfs. :

§_/ Byram watershed diverted water to Kensico Reservoir. Byram and Wampus -
Lakes were sold. The diversion tunnel was sealed.

.él/ .]963 New York City consumption was 1294.7 mgd (including outside

communities.)

7/ Without pumping of surface sources, Richmond Wells would require
pumping.

11. CONSERVATION RELEASES - NEW YORK CITY DELAWARE RESERVOIRS.

Numerous inquiries were directed during the drought and more recently fo DRBC,
New York City and New York State regarding the adequacy of the conservation.
releases that are required from the New York City Delaware Reservoirs. According

to information furnished by the New York State Conservation Department the sub-

24— |
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|eci" of minimum flows or conservation refec;.lses from the New York C:’ry water
supply reservoirs was introduced for the first time in feshmony at the hearing

on Cannonsville Reservoir before the New York Siate quer Power and Control
Commission (predecessor to the present Water Resources Commissien), in the spring

of 1950,

‘The Commission made the conservc;fiil;n releases a condition of fhéir kaDi"QVClI
of Cannonsville Reservox;r and specified that the "City of New York must, .L;pon
completion of fh.is project, release .from this reservoir a?’lleus’r 5 million g_a”o‘ﬁs of
water daily between December 1 of each year and April 15 of the succeeding year

and at least 15 million gallons of water daily during the remaining portion of each

~ and every year for the maintenance of a suitable stream flow below the dam."

After ﬂne Cannonsw”e qgreemen’r fhe Board of chfer Supply offered to’
consider, retroactively, conservation releases from Rondout, Nevelsmk and
Pepacton Reservoirs. Similar minimum flow formulae were developed for these

reservoirs, as follows:

Nov. 1 = Apr, 7 | Apr, 8 - Oct. 31

(incl.) (incl.)
At Downsville Dam - 4M.G.D. - 12 M.G.D. '
At Neversink Dam 3 M.G.D, 10 M,G.D,

At Merr:m:m Dam - 3 M.G.D. - 8-10 M.G.D,
The Board agreed they would *"endeavor to make" minimum releases of water for

the conservation of fish life in the streams immediately below the several dams

then under construction.
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' The agreement for releases from Pepacton and Neversink Reservoirs

acquifed legal status when it was made a part of the New York State Supreme

- Court proceedings on acquisition of riparian rights downstream from the dams. The

City of New York has no legal obligation to make conservation releases from

Rondout and discontinued them during the recent drought.

On a per square mile of drainage area controlled basis it is noted that

the conservation releases now required during the April to November period are

" Cannonsville = 0,052 csm, Neversink = 0,163 esm, and Pepacton - 0.049 csm.

The exc:c’r ba5|s for determining the specific conserva’r:on release - values
hc:s not been identified. Apparenily, consnderc:hon was given pr:mcmly to the |
fishery resource in relation to prior drqughi Flows and spawning penod;. The con-
servation releases are frequently submerged in the releases required at Monfague
under the Aménded Decree. The validity of complaints about the adequacy of
conservuﬁor; releases has not been évulu_di‘ecl by an objective study. Sucha S’rgdy :

may‘be_underfuker{ within the next several years under auspices of a Regional Water

. Resources Planning and Development Board propoéed for the New York portion of

the Delaware River Basin under existing State law.

_ 12. DROUGHT FREQUENCY. Asa part of the yield studies accomplished by

the Office of the Delaware River Master, the Committee requested that office to

also investigate the probable frequency of drought as it affects the yield of the

- New York City Reservoirs in the Delaware River Basin. That investigation resulted

26~
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in areport entitled "Probability of Allowable Yield of New York City Reservoirs

in the Delaware River Basin” by C]dyfon.H;. Hcrdisron, U.S.".’:G‘eological Survey,

Washington, D. C_., (1968). The following paragraphs were extracted from that report:

" Presentation of Resulis

The curves in figure -3 (figure 1 in referenced report)
define the yield of Neversink, Pepacton, and Cannonsville
reservoirs in the headwaters of the Delaware River Basin when'
these reservoirs are used for flow augmentation of Delaware -
River at Montague, N.J., and for water supply for New York

" City. The curves show that allowcble yield depends greatly on
the risk of deficiency. S

The curves in figure 11-3 (Figure 1 in referenced report) summarize
the relations between minimum basic rate of flow at Montague

and allowable diversion rate from the New York City reservoirs

for selected probabilities of deficiency expressed in percent. .

The curve for the 5 percent chance of deficiency, for example,
shows that with a basic rate of 1,750 cfs, the allowable diver-
sion rate is 790 mgd. In other words, if the indicated minimum

_ basic rate and Indicated allowable diversion rate were maintained,
the reservoirs would become empty in 5 percent of the years or at.

" an average recurrence interval of 20 years. A deficiency, how-
ever, is not equally probable every year because the lower the
contents at the start of the year, the greater the thance of de-
ficiency; years of deficiency could tend to be grouped and still
satisfy the definition of 5 percent of the years. '

The curves for the droughts of the 1930's and the 1960%s, which
are shown on figure 11-3 (figure 1 in referenced report) for compari-
* son, were previously computed by the Delaware River Master by
routing observed or estimated inflows. The position of these -
curves compares favorably with the frequency of the 18-month
and 30 month low flows experienced during these droughts as ob-
‘tained from frequency curves developed by combining distributions
of yearly flow and of é~month low flows, These computations show
that the minimum 18-month and minimum 30-month flow during the
~ drought of the 1930's have a recurrence interval of 12.5and 15.5
years, respectively, or a probability of about 7 percent, and show
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that fhe minimum TB-month and minimum 30~mom‘h ﬂow durmg '
“the drought of the 1940's have a recurrence interval of 500 years
and 400 years respechvely ora PI‘ObCIbiIii’y of ubouf 0. 22 percenf

The bcrms for the family of curves shown in figure 1l 3 (figure 1 in
referenced report) is explained later in this report, but regard=-

less of the computational details and the validity of the assump-=
tions, the position of the curves with respect to each other would
not change cpprec:qbly Different assumptions could result in.
curves that give diversion rates 50 mgd higher or 50 mgd Iower '
than those shown, but the amount of such a change would probably
be less than that resulting from an arbitrary change in. the allowable
chance of deficiency. The allowable diversion for a deficiency once
in 20 years for example is about 100 mgd Iarger than ’rhcz’r for a
deficiency once in 50 years. : 3

The computations in Thls report assume . that flow from the drainage
area between the New York City reservoirs and Montague includ=-
ing releases from pruvcn‘e!y owned power plants can be predicted
accurately several days in advance so. that releases can be made
only when needed. When unexpected inflow during the time re-
qun'ed for water to travel from the reservoirs fo Montague cause
the minimum basic rate at Montague to be exceeded, the amount
of the release is wasted insofar as this analysis 1s concerned and

~ would thus decrease the allowable yield shOWn in flgure -3 (Figure
1in referenced report). :

It should be noted that the historical period of record used in the study was
62 years and this record was assumed to be representative of long-ferm conditions.
As poTnfeJ out by the auvthor, other technically accepiable mefhodology for com=

puting flow frequencies could be used; however, it is not expected that the re-

sults would change appreciably.
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CHAPTER 111 Y/
REANALYSIS OF YIELD OF NORTHERN NEW JERSEY SYSTEMS

13. DESCRIPTION OF NORTHERN NEW JERSEY WATER SUPPLY RESOURCES. The

New Jersey Department of Conservation and Economic Development has defined the
Northeastern Metropol itan area of New Jersey, or Region | of the State, as including

the Counties of Bergen, Passaic, Hudson, Essex, Morris, Union, Somerset, Middlesex,

and that portion of Hunterdon County lying within the Rarii"_ctn River Basin. Some

4.7 million persons, two-thirds of the total popu_!aﬁon' of New Jersey, reside in this
region and the bulk of the commerce and industry of the State is located within its
borders.

| The major sources of water supply for this region, other than that of the
Delaware, is derived from the surfuce waters o% the Hackensack, Passaic rcmd Raritan
River Basins. Of these the Hackensack cmdl the Pequannock, Wanﬁque and Rockaway
tributaries of the Passé:ic Basin have already reached or are opprocch.ing the prqcficab[e N
limits of optimum deve!opmenf and subs’rqnﬂa! dreve]opmen’r of the Raritan Basin has been
realized by the construction of the Spruce Run and Round Valley reservoirs on the

South Branch tributary. The smaller, unregulated Rahway and Elizabeth Rivers of the

2/

region have no dependable supply = of fresh water, are highly polluted and their

1/ This Chapter was prepared by the Division of Water Policy and Supply, New
Jersey Department of Conservation and Economic Deve]opmenf in cooperation
with the DRBC staff.

2/ Dependable supply, as used in this Chapter, is de’r'med as an overall term used to
indicate the developed sustained capabil |ty of a surface or underground source
which may be limited by the hydrology of the stream, the plant capacity of @ |
pumped supp|y, the hydrauhc cdpcc:fry oF fhe transmission system or by legal -
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basins are developed to « pomf whlch rules out their use as a source of surface
water supply Deve!opmen’r of the upper reaches of the Wa”klll River, a tributary
of the Hudson River Ioccn‘ed in New Jersey.wesi'wcrd of the Northeastern Metro-
pol i.i'cn area currently is not contemplated. Figure HI-1 shows the mcxio.r drainage
basins which comprise‘Region .

The earliest water systems in Northern New Jersey were developed by

private companies. However, a trend towards municipal water development became

noticeable in the late nineteenth and early twentieth centuries. Between 1916 and
1925 several developments were also undertaken by.groups of communities associated
with water disiricts or commissions. Today all three arrangements exist.

Presently the North Jersey Metropolitan area is served by some 90 separate -
water systems. Most are small in size and derive their source of supply from ground
water resources. Over eighty percent ef the total 'puklniric suppiy for the area, how~

ever, is furnished by only eight sys’rems: the Newark and Jersey City municipal

_systems, the Hackensack, Elizabethtown, Middiesex and Commonwealth private

water companies, the Wanaque operated by the North Jersey District Water Supply

Commission for eight municipalities of the Metropolitan area,. and Passaic Valley

_ ch‘er Supply Commissfon, the operating agency for three additional communities.

There are many inter-connections and water exchange agreements between the com-
ponents of this maze, but except in the time of an extreme drought emergency, there

is no central control or coordinated operation of the systems.
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HACKENSACK RIVER BASIN —~ ]/

The Hackensack River Basin, located in the Sfafes of New York and

~ New J'érsey has a drainage area of 113 square miles above the Oradell Reservoir

at head of tide. It has been developed to its practicable limits by the Hackensack
Water Company as a source of supply to meet the needs of most of Bergen County's

popuiuﬁgn of over 700,000 persons residing in the basin. Storage is provided by

. four reservoirs with a combined capacity of 12.7 billion gallons, The older reservoirs

of the system at Woodcliff Lake and Orade[! were constructed in 1905 and 1921, re-
spectively. DeForest Reservoir,. fhe largest and qnly one located ‘in New York State
was compl;efe‘d in 1956, and the Lake Tappan facility was placed in operation in -1966.
In addition fo the "setfe-yi‘e[cl'rl of 75 mgd developed ny the regulated Fiows of' the
Hackensack River, the supply is supplemented by louf-o-f-basin diversions of 10 mgd
from Sparkill Creek, Saddle River and Hirschfeld Brook and by some 5 mgd from

ground water sources. Due to commitments of 10 mgd from the DeForest Reservoir for

use in New York State, however, the total dependable supply of the Hackensack

Water Company system in New Jersey is reduced to 80 mgd. Releases from the

system for downstream low flow control are not required.

PASSAIC RIVER BASIN
The most imporfant basin as a source of water supply for the New Jersey

Metropol itan area is the Passaic. With the upper limits of the Ramapo and Wanaque

1/ Refer to Figure -2 for locations of physical works ¢ited,

31~
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tributaries located in New York State, the Passaic River Basin has a drainage area
of 762 square miles at Litile Falls, the lowest limits of ifs use as a source of water

supply and a total drainage area of 935 square miles at its mouth at Newark Bay. |

Pequannock River Sub~Basin

Development of "rhe Pequcnnock River Basin was undertoken as early as
1889 by the Easf Jersey Water Compcmy.- At the ’rﬁrn of the cer;fury the City of
Newark purchased Thisl company and a major portion of the Pequannock watershed
thefeby providihg for optimum development of the source and its protection from
pollution. Of the ’rofcﬂrdrainage area of 84.7 square miles at its ;onfiqence with
the Wanaque River, the City of New.ark has developed 63.7 square miles at Macopin
Intake aﬁd five upstream reservoirs: Canistear, Qak Ridge,_Clinfon, Echo Lake and
Charlotteburg. The Macopin, Canis’redr, Qak Ridge and Clinton Reservoirs were
constructed prior to 1900. Echo Lake was c.om'p[.ei'ed in 1925, and Charlotteburg,
the latest addition, was placed in operation.in 1961 .

A safe yield of 50 mgd developed by the 148 billion gallons of storage in
the reservoirs of the system is approaching the optimum practical limits of development
for the basin. Minimum release flows Frqm ﬂ-le.reservoirs for downstream use are not
required.

In addition to those impoundments of the City of Newark, iwo small reservolrs,
Kikeout and Apshewa with a comblined cdpacf’ry of 1.0 bi.llion gallons on a drainage

area of some six square-miles provide a local source of water supply for the Borough of

 Butler, located within the Pequannock drainage area below the City of Newark water-

shed.
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Robkawcy River Sub-Basin

Development of the Rockaway River drainage basin as a source of water
supply for Jersey City was begun b? pri-v;:rfe interests and construction of the
Boonfon Reservoir and fransmission system were completed in 1904, In 1910 fhe
facilities were tdken over by Jersey City which has continued to operate the system.
Thé Rockaway River has o fota! drainage area of 133 square miles, 116 squﬁre miles
of which provide_fhe watershed for the 7.6 billion gallon qun’ron Reservoir, In
1948, addifioﬁal up[ana storage was provided by completion of the 3.4 bill.ion
gallon Split Roc‘k Pond impoundmém‘ on the Beaver Brook fribufary: A third reservoir, .
Longwood Valley, wifhlc: capacity of 2,45 billion gatlons, which will also be used
in coniﬁncﬁon with a 5.5 bg reservoir on the Musconetcong basin for pumped storage

eleciric power generation and water supply releases to the lower reservoir has been

‘dpp.roved for construction. The presen’r safe yield of 45 mgd provided by the 17 bg

storage capacity of Boonton and Split Rock Pond reservoirs will be increased by some

13 mgd upon construction of the Longwood Valley facility. Protection of the water

‘quality of the watershed is provided by a sewage system to divert the waste of the

communities of the watershed to a sewage treatment plant on the Rockaway River
immediately below Boonton Dam, This plant, constructed by Jersey City in 1923,
is now inadequate fo meet the needs of the basin. Minimum flow reledases from

Boonton Reservoir are not required.

"deaque River Sub-Basin

Construction of Wanaque Reservoir and transmission system was completed in
1930 by the North Jersey District-Water Supply Commission acting as the design,
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. consfruchon cmd operating agencies for Newark, Bloomfleld Glen Ridge, Mon’rc[alr,

Kearny, Paterson, Pc:ssmc and Clifton. The reservoir, the largest in New Jersey prior

to cons’rruchon of the Round Valley reservoir by fhe State, has a capacity oF 29 5

‘billion ga!loné and controls 90.4 square miles of the TOé square mile drainage area

of the Wanaql'.le River located in New York and New Jersey above its confluence with
the Pequqnndck River. Greenwood Lake, a 14 billion gallon recreation faci[ifyl situa-
ted above the Wanaque Reservoir qéross the New York-New Jersey border, is used only
as a local source of water supply for several small communities along ffs sfwres. In
1953 the dependable supply of the Wanaque facility was increased by 25 mgd by the
construction of pumping facilities to divert excess flows on the Ramapo River at the
Pompton Lakes Dam into fhe‘anuque Reservoir.

Rel_ggsg requirements at Raymend Dam of the Wanaque Reservoir for downsiream’
flow cclin"rr-ol , which are a minimum of 7 mgd when there is no spitlage from Greenwood
Lake, and up o a maximum of 10 mgd when discharge from the Lake is equal to or in -
excess of 3 mgd, reciu_ces the depend.ub_le supply for use of the pariners of the Wanaque-

Ramapo system to 94 mgd.

Rdmapo-Pompfon Rivers Sub-Basin
| The 160 squdrer miles of the Ramapo Riye;r drainage areda, above the Pompion
‘Lakes Dam impounding a small r‘ecrecxﬂon.q! facility, is Iocu_féd in the States of
New York and New Jersey, Water development on the Ramapo River is !Imifred to
the pumped sfémge facility at the Pgmpion Lakes Dam fon; the diversion of excess
f‘low;vs to the Wcl:ncque Reservoir as discussed undér‘ that syéf_em. On the Pompton
River below the ]uncf.ion of.fhe Péquqnnodk, ancquérand Rama‘po tributaries pumping -
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facilities have also been constructed for the diversion of excess flows from a total
drainage area of 355 square miles into the off-channel Point View Reservoir. This

reservoir with a capacity of 2.9 bg was completed in 1965 by the Passaic Valley

- Water Commission to provide storage for cugmeni-a‘rioh of flows available for freaf~

ment and diversion af its Little Falls plant [o¢ated below the junction to the Pompton

and Upper Passaic Rivers.

Whippany Sub-Basin

Limited reservoir sites and increasing pollution problems are the most important
factors which have deterred major reservoir development in the 72 square mile Whippany

River watershed. Existing water storage impoundment is limited fo the 360 million

“gallon Clyde Potts Reservoir of the Town of Morristown which conirols a watershed of

2.2 square miles.

Upper Passaic Sub-Basin

The Upper Passaic River has a drcl:in.dge cn;ea of 100 square miles above _’rhe o
Borough of Chatham where water is diverted from ’rHe Passaic and the Cance Brook
tributary fo three off-channel resérvoirs of the Commonwealth Water Co_mpanf wifh
a combiﬁed capacity of 2.8 billion gail_on;which providés o dependdble supply of

11 mgd to augment the company's ground water resources.

Central Passaic Sub-Basin

Between Chatham and its junction with the Pompton River at Two Bridges
the Passaic meanders on a flat gradient through swamps and flood plains of a pre-

. “-35- .
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historic lctké bed to Little Falls which. I'.lcs a basin drainage d-l?;_?d of 762 sciuc:re miles,
Below ’rhls point, ’rhe quantity cmd qualﬁy of i'he river water is unsuitable for further
use as a soprce of public supply. Initial development of diversion Fumllhes For
utilization of the Passaic at Little Falls was undertaken by the New York and
New Jérsey.Wa’rer Company in 1:895, and in 1927, the Cities of Paterson, Passaic
and Clifton organized f.he Passaic Valley Water Commission To’acqu?re and operate
. fhé Faﬁilifies of the private water clompany. In 1966 the Commissiion inéreased the
dependable supply of its Little Falls diversion facilities frém 35 mgd to 75 mgd by
increasing the capacity of its treatment works and the construction of its Point
View Resefvdir, a 2,95 bg pumpe& storage facility off the Pompton River for stream-
flow augmentation. There are no passing flow requirements af the Little Falls plq.ni-
for low flow control of the !ov‘ver Passaic River,

As i.ndicc’red above, and in Table 1, the 762 squc:i'e miles above Litile Falls
of the total 935 square mile drainage area 9_1” the Passaic River quin'has reached a
high degfeérof deve!opménf. On-channel reservoirs with a total storage ccpqci’;y
of 56.7 billion gallons control 278 square miles oF fhe upland watersheds to develop -
a safe yield of some 188 mgd For the 484 square miles of drainage area unconfro[led
by on~channel reservoirs, pumped storage impoundments of 5.8 billi@in gallons in
addition to the éxcess éc;pacify provided in the Wanaque Reser;/oir, and the diversion | |
facilities at Little Falls pro;/ide an additional dependable supply of 111 mgd. Except
for relatively small in-basin use the 300 + mgd of wcfer' developed is diverted for
single purposé use below Liftle Falls or oufsfde of the Passaic Basin.

-36—
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RARITAN RIVER BASIN

;l;he Rcu.rli'an River Basin, shghﬂy lurger than the Pc:sscnc Basin, is |occ11'ed
entirely within the Siu’re of New Jersey with a total dr@inage area of 1105 square.
ﬁﬁlés at Raritan Bay. At the confluence of the Millstone River at Bound Brook,
the lowest point of the river used as a source of public water supply, the 779 square
miles of drainage area is prdci'icdlly equal to that of the Passaic River at Little
Falls. Major fribufuries.oF_fhe bqsin are the Norfh and South Branches with
dralnuge areas of 190 and 279 square miles, respechvely, which |om to form ’rhe
Rczrn‘crn Rlver at Raritan and the Millsione Rlver which hc:s a dmmage area of 287
square miles at Bound Brook.

While its ndfuml flows have been used for power and water supply since
colonic;I. times, deve!bpment of fhé.high water supply potential of the Raritan, unlike
that .oF the Hqck-ensa-.ck and Paﬁsa.ic Rivers, was deferred until recently, Numerous
_schemes and proposals, however, were advanced through the years for development
of the basin by both State and other water Eﬁferésfs. No basin-wide cxcﬁon‘,was‘ taken,
however, until enactment of the "New Jersey Water Supply Law" of 1958, which
placed with the Stafe the adfﬁorify for long=range planning for the protection and
6rder[y development of the gurface cz;ad ground water resources of the State and. pro-
vided the funds for the initial development of the Rc:rifqr_-; River Basin to meet the
j immediate and near future needs of _fhe_northec:sfelrn.me’rro[:-noli’rcm region, including
the Lower Raritan Valley, |

As authorized by the 1958 legislation, two reservoiré - Round' Valley and
~ Spruce RUn - have. be:en cons’rrucfe& in the lSonh' Branch Basin which have a total
-37- - N
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storage capacity of 66 billion gc!!lon&, approximately equal fo the combined capd(:itﬁz :

of all other water supply storage facilities in the Sfc:fe._
Spruce Run Reservoir, with a capacity of 11.0 bilijon gallons is located on

the 41 square mile watersheds of Spruce Run and Mulhockaway Creek, tributaries

of the South Branch near Clinton. It was completed on schedule and substantially

full by Juﬁe 1964.

| Round Valley, the largest water storage facility in the State, isa 55 billion |
gallon off-channel reservoir located gome five miles southeast of Spruce Run Reservoir
which is filled with excess flows of the South Branch of the Raritan River pumped at |
Hamden Thfoxjgh a 3.5 mile force main. The drainage area of fhe South Branch Basin
above the Hamden pumping station is 140 square miles.- When required, Round Vcll_ey's
fwo dams and dike can be economically raised to increase its capacity to 75 billion
gallons in order to provide additional storage for pumped diversions from the Delaware
River or other sources. The reservoir and force main we:;e substantially completed
during the F(.‘.IH of 1963 and pumping of excess flows at Hamden was initiated in
December 1965, Statutes prohibit any diyersion -of wa’re.r from the South Brunﬁh into
Round Valley during the peried June 15 to Sepiember 15. At the beginning of the
fall 1968 pumping season‘rm‘he Rc;und Valley Reservoir was slightly more than half full.,

The Round Valley-Spruce Run Reservoirs will be operated as a multiple purpose

streamflow augmentation project to (1) meet statutory minimum flow requirements of

40 mgd at Stanton on the South Branch of the Raritan River, 70 mgd c’rMahvilIe and

90 mgd below the confl vence of the Millstone River af Bound Brook and (2) provide
38~
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wufer_Forr sale For. u.se in _c:.nd.eufs.ide fhe basin af @ ces:f suffic’%ieﬁ to amortize
capital ihvesfmem‘s end meet mainfenahce dnd operc:fing expenses. In rorder i'o
fully utilize runoff From ’rhe entire drainage area oF the Rarafon Rwer above Bound
Brook, the S’rcﬂ“e Wafer Pollcy and Supply Council by Order adopi'ed December 5, 1964,
determined "that the optimum use of the water stored 1n_f-he Spruce Run and Round
Valley Reservoir' sysfen;l can best be achieved by transmission of all of the stored
water from both reservoirs to Bound Brook during the peried of deficient natural
flow, as provided for by statute ..." This policy for channel transmission and
sale of all water in excess of minimum flow requirements, optimizes the use of the
reservoir storage fo develop a nef‘ sus’raiﬁed flow of 160 mgd for sale out of the basin
at Bound 'Brook.-, more than double the amount which could be made available from
the reservoirs by conventional transmission ‘line deliveries on cz.sus’rcined basis.
Releases We_re first made from Spruce Run Reservoir to augment iow flows
for quality control of the Lower Raritan River in the fall of 1964, and during the
recent dfouéhf, s’roraée was used for diversions at Bound Brook to the wui'er-shor’r
metropolitan area through emefgency connections. | The reservoirs are now.__being |
operated to provide 70 mgd of water to the Elizabethtown Water Company at its
pumping station and treatment pldrﬁ at Bound Brook. Construction of a pipe line to
provide the facilifies for ’rrcmsmiseion of the balance of the yield of the Round Valley -
Spruce Run system for use in the metropol itan area has lagged. |
While the reservoirs will be o;eerafed primarily for water supply, both will be

open for boating, fishing, bathing and other recreational purposes in accordance

‘with the provisions of the 1958 law .
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S  DELAWARE RIVER BASIN

For mqny years New Jérsey has fecogni#éd the imporfan_ce: of the Delaware
River as an essential source of water supply for diversion to the northeast mefro—..
polijﬁn area of the Smi-g. Under the provisions of the U.S. Supreme Courf Decree
of 1954 - New Jersey v. New York, New Jersey's ﬁghfs to Delaware River water
were coﬁfirmed and diversions by the State of an average 'annucrl amount of 100 mgd
out of the Delaware Basin without the construction ofrsfordge reservoirs o provide
compensating releases was authorized. . |

At the present time such diversion of Delaware River water by New Jersey
for potable and industrial wqi:er supply use as authorized by the 1954 Decree is made
.fhrough fhe.’r‘mnsmission facilities provided by the Delaware and Raritan Canal which
starts at an infake at Bulls Island on the- Delaware River above Lc:mblerfviile, crosses
the Delaware-Raritan divide at Kingston, and terminates af the Raritan River in
New Brunswick.

The Delaware and Raritan Canal was constructed by. private Iﬁi'eresfs in about
1833 and for nearly o century served as an impoﬁan’r artery for commerc:.ie and naviga-
tion frcm the Dellawa.re River to the New York-New Jersey mefropolifqn area, Follow-
ing World War 1, hbwever, its usefulness steadily declined, and in the 1940's the
Canal was cthL-Jired by the State. ;fhe Trenton to Bordéntown section was abandoned
and filled and the Canall feeder from Bulls lslqnd fo_Trenfon'c_nd fhe Trenton-New
' _Brunswiék section were rehqbili’rcfed to pfovide the transmission facilities for the
first State opemfed water supp!y project in the nation. |

| .-40-
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As now constructed the Canal is capable of a sustained delivery capacity

-of 75 mgd for use outside of fhe_‘DeEdwqre_Riv_er Bc:sin,-.b.ui' until a proposed balancing

reservoir is constructed to provide storage for the allocated but unused portion of the
flow during periods of low peak demand, the potential of the Canal is being realized

only to the extent of a maximum annual average of 47 mgd.

GROUND WATE.R

In addifion to the major surface water supplies discussed -db§ve, ground water
.is used fo supplemerﬁ the yields of major systems of the region suc.h as the Hackensack,
Commom«-'eolfh and Flizabethtown Water Companies. Ground water is the only source
of supply for practically all of the many smaller water suppliers of the area. It is esti-
mated that total use of ground water for the region as a source of public supply is
approximc:fély 150 mgd. Ground water also provides the major portion of the esti-
mcﬁed 313 mgd selfsupplied by industry and 30 dr'ngd for irrigational use in the region.

Ground water resources in the Counties ﬂof Bergen, Passaic, Hudson, Essex

and Union dre limited and rapidly approaching optimum development. In the ex-

~ panded portion of the northeastern metropolitan region comprising the Counties of

Morris, Somerset, Middlesex and that portion of Hunterdon within the Raritan River

Basin surplus ground water resources are still available for development.

14. SUMMARY OF DEPENDABLE SUPPLY ~ REGION {, NORTHERN NEW JERSEY,

" Table 11i-1 shows a summary of the developed dependable public water supplies of

Northern New Jérsey. The information presented is factual except for the estimate
of ground water yield which is based on best judgment. All surface supplies have
-41-

Reproduction of an Origing! Record
. p Plaase Credit
350Nt _A,S_TATE'AHCHIVES ‘
o Street, Hamishurg, PA 17120-0080
A RIStonc & Museum Commission



You Are Viewing an Archived Copy from the New Jersey State Library -

been reanalyzed fo evaluate ’rhe.dependable supply based on,the drought of the k

sixties. Each year new well sources are added and some change in the composite

total dependoble.supply will be required.
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DE\JELOPED DE'.PEND&BL_. PUBLIC HfATER SUPPLIES OH FORTHERN NE’&J' JE '?.SEV :

(Basad on 1960'5 Drought Condlulons)

SUPPLY B R s

: Baund Valley-unrucn Run (’\E J ) _ . 160 (1)

" Wanaque (IJDWSC) R ol (2)
Hackensack Water Company ' E _ 8 (3)
Passaic Valley W. S. Comm. _ R T8
Rockaway (Jersey City W. D.) - .. 65
Pequannock (Newark ¥.D.) .m0 _
Deloware & Raritan Canal (N. Je ) St T ' L7 (L)
Flizabethtown Water Co. T 26 (5)
Middlesex Water Company oy (&)
Commonzealth Water Co. s 2l
Perth Amboy Water Dept. : . _ 010 (7)
New Brunswick Water Dept. . ' T 5 (8)
78 Smaller Water Companies =~ . S 10 9)

. TOTAL - o _ Teh

Includes contractural sale of 70 M3D to Elizabethtown Water Company
and 90 MGD currently uncormitied. ‘ ‘ _

Includes annual average diversion of 25. :IGD from Ramapo Rlver to
storage in .fanaque Reservoir. _

Includgas ‘out-of-basin diversions and ground water supplies. Total
has been reduced by 10 MGD New York State diversion grant.

Delivery capacity expressed in average annual use. For lack of
storage water must be sold on maximum daily demand charge basis.
Amount includes contractural agreements for 22. O MGD %o Elizabethtown
Water Company, 10.5 ¥GD to 1\Tewr Brunswick, 10 MGD to Middlesex Water
Company, 10.5 ¥GD to smaller water co'npanies » and for industrial use. -

Ground water supplies only. Does not mclude contractural aﬂ'reements
of 70 MGD from Round Valley-Spruce Run and 22. 5 ¥GD from Delaware &
Raritan Canzl..

Does not lnclude 10 MGD contractﬁral-e_.greement from'DelaT.-rare & Raritan

. Canal.
S

Ground water sou.rces in Sajrenlle Area ad;]acent to South River in
Middlesex County. : :

Dogs not 1nclude 10. 5 I-GD cantractura... agreement from Delaware &

. Rarlta.n Cana.l.

Prmar:.ly i‘rom ground water sources., Doas not 1nc1ude 10, S IIGD

: contractural avreements i‘rom Dela.rare & Rarltan Ca.nal
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BYW.C

: REGION I

BASINS & SUB-BASINS

WANAQUE RIVER
RAMAPO RIVER
SADDLE RIVER
HACKENSACK RIVER
PEQUANNOCK RIVER
POMPTON RIVER
LOWER PASSAIC RIVER
ROCKAWAY RIVER
WHIPPANY RIVER
10 UPPER PASSAIC RIVER
Il ELIZABETH RIVER _
12 RAHWAY RIVER
13 NORTH BRANCH RARITAN RIVER
‘14 SOUTH BRANCH RARITAN RIVER
15 RARITAN RIVER
16 MILLSTONE RIVER
17 LAWRENCE BROOK
I8 SOUTH RIVER

QBN DN —

Lithe Falis et

FIGURE IIT-2 — Major Water Resource Development Projects —Region I, New Jersey
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C HAPTER vV~ /

Copcbllﬂy of Major Reservoir Prolecfs
in the DRBC Comprehensive Plan = Phase |

15. .DESCRIPTION. The Delaware River Bc;?n"s Comprehensi\‘/e Plan, Phase _i,
adopted March 28, 1962, provides a flexible, growing and evolving general frame-
work for the ?ererlyI developmenf.of the water and relafea resource;s of the Basin. It
includes both policies and projects and facilriﬁes which are required, in the judgment
of the Commission, for the optimum planning, dévelopmenf,. conservation, utilizafion,
management and control of the water resou;Jrces of the Basin, in light of present and
foresecable future needs, A principal source for selecting projects for inclusion in

the Comprehensive Plan was the reéport on the Comprehensive Survey of the Wq’re:.'
Res;ources of the Delaware River Basin (HD 522, 87th Cong. 2d Sess.) completed by
the U.S. Army Corps of Engineers in 1961, That report recommended for congressional
authorization eight major multiple purpose projects including Prompton (modification),
Tocksrls!and-, Frcnc-is"E. Wclr’rer‘ (modification), Beltzville, Aquashico[cr, Trexler,
Blue Marsh and Maiden Creek, Those projects were authorized by Congress in the
Flood Contro!l Act of 1962 (P.L. 87-874 of October 23, 1962) and included in the
DRBC Comprehensive Plan. In addition, several ol’rher major projects recommendet.:l

in the Corps’ r:-apc'Jr’r for non=federal aevelopmgnf were included in the Co_mprehensive.
Plan, among them the Tohickon and Hackettstown Projects. To limit the scope of the

studies for this investigation, and inasmuch as the primary area of interest was the

1/ This Chdpi‘er was prepqred by the U.S. Army Corps of Engmeers, Philudelphm
District, In coopemhon W|’rh DRBC s’rcff -

o - Reproduction ofanOngmal Record
~44- - — Please Credit
- - S - PASTATE ARCHIVES
350 North Street, Harrisburg, PA 171200080
' PA Hlstonc & Museum Commlss;on



You Are Viewi_rxg an Archived Copy from the New Jersey State ZLirbrary‘ '

Basin above Trenton only those major projects located in that area are included as

a part of this study.

16. REANALYSIS OF THE YIELD. Figure IV~1 Showr; the location of the eight

major reservoir proje#fs in the DRBC Comprehensive Plan included in this study

and in;lfermediofe stream ching stations which were evaluated to determine the
effects of the recent (1961=1967) drought. The reservoirs are Prompton {Lackawaxen
River), Tocks Island (Delaware River), F. E. Walter (Lehigh River), Beltzville
(Pohepoco Creek-Lehigh River), Aquqshicolq (Aquashicold Creek-Lehigh River),

Trexler (_.Ilordan.Creek—Lehigh River), Tohickon {Tohickon Creek~Delaware River)

and Hacketistown (Musconetcong River-Delaware Ri\}_er). Table V-1 lists the

pertinent statistics for each reservoir and indicates its present state of development.
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{(3) Includes drmnuge area com‘rolled by fhree New York Cl’ry reservoirs (915 sq mlles). _
Mongaup River dams owned by Orange and Rockland Utilities (202 sq. miles), Lake -
Wallenpaupack in the Lackawaxen River Basin owned by Pennsylvania Power and
Light Co. (228 sq. miles), Prompton and Jadwin Reservoirs operated by the
U.S. Army Corps of Engineers {124 sq. miles) and numerous smaller developments.

(4) Seasonal water supply pool.

(5) Existing reservoir has 2,000 Acre-Feet of storage presently allocated and used for
conservation storage, is gated and has been used for emergency water supply
storqge

(6) H.D. No. 522 recommended 22,000 Acre-Feet for active storage, but plans now
being considered by State of New Jersey include a storage value of 38,000 Acre-
Feet.

(7) For recreational use and emergency water supply.
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Water use studies made prier to the recent drodghf indicated that the
1930-32 period was the driest of record. Yields based on analysis of these flows
/

were determined for the Delaware Basin Report, =/ These yields are presented

below in TcEIe I.V-2 for reference.

~ TABLE IV~2

: Mean Monthly Pre-
Active Long-Term 1960 Depe(:?dbie
: Storage allocated Yield !

Reservoir A.F. - Mill. Gal. C.F.5. . M.G.D.
 Prompton 28,000 9,100 66 B
Tocks Island 410,000 133,500 2,777 @ 1,790
F.E.Walter 70,000 22,800 x 268 172
Beltzville 40,000 13,000 105 - 68
Aquashicola 24,000 7,800 78 50
Trexler 24,200 7,900 68 44
Tohickon 30,000 9,800 54 35
Hackettstown 22,000 7,200 85 55

(1) Dependable yield is the sustained constant draft which completely utilizes
all of the active long=term storage during a repetition of the severest drought -
of record. - o

| (2) Assumes @ minimum flow at Montague of 1,750 cfs. |

| _]_/ H.D. 522, 87th Cdngress, 2d Session - 1962; Appendix M. poges M=93 and M-94A,

-47-
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For fhelse_ studies the inflow \..fal.ues to Tocks Islqﬁd Rese.r;r.oi-i' Wére adiusfed- foi
reflect the releases from the New York City Delaware Basm System (mc[udmg
Cannonsvnl!e) as required by the 1954 Amended Supreme Couri‘ Decree. During.
fhe_ severe drought period during 1965-1966 the sysfem was nof operated sirictly
in acccﬁrdance with the decree due to the séQerify of the drought and emergency
regulations were imp[emenfed“as noted in Chapter I. Because of the obviously

limited amount of water available during the period, the flow for study purposes

wads reconstituted at Montague for several selected "design rates." As discussed

in Chapter 1, the diversions available to New York City for a range of Montague
design flows, varying from 950 ¢.f.s. to 2,650 c.f.s., were computed.

The reIQH\rély’ dispersed character of the Comprehensive Plan reser\:/oirs-;
the large unconi‘rél]ed drai.ncge area downstream of these reservoirs, and the scopé of
the investigation indicated the desirability of a .Iurge-scaie compufer program as the

most direct method of analysis. Accordingly, such a computer program was developed

by the U.S. Army Engineer District, Philadelphia, to simulate reservoir use and stream-

flow routing during the period from June 1961 through May 1967, TEe details of the
program, including a description, lisi‘ing,.scxmple input and output and progrdm |
methodology, are presented in Appendix B.

Because of the location and relative size of Pfompi‘on Reservoir when com~-

pafed to other reservoirs in fhe'sysfem and j‘he fac'.’r that it and the power-recreation Lake

Wallenpaupack are upstream of Tocks Island, the sepcrafe effects of fhese reservoirs

‘were not mcluded The releases from fhe New York Cl’ry System to maintain the flow

at Monfc:gue are the imporfant Factors in this area. Studies made for modification |
L 48—
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of the pr0|ec’r to include water supply storage have been occompllshed( ) and in-

_clude the evaluation of the “]960' " drough’r through ]966 h‘ was concluded

therefore, that the relatively small yield from this project may be more easily

" added separately to the Tocks Island yield. The reconstitution of 1960"s flows

through Prompton water supply storage indicates a continuous yield of 68 c.f.s.

The yield capability of the comprehensive plan reservoirs requires

 evaluation of the following factors:

.

Montague flows under various different New York
City reservoir operating constraints as to diversion
and release rates. -

Travel times between reservoirs and.streamflow -
stations. ‘

R

Individual reservoir continuous yield capability..

The effects of variable storage in the largest
reservoir, Tocks Island.

The effects of different out~of-basin diversions, other
than to New York City.

The determination of the maximum sustained flow which

can be maintained at Trenton with different combma’nons
of Comprehensive Plan reservoirs.

Sel-ecﬁon of a methed of multiple reservoir use of water
supply storage.

The reconstitution of Montague flows under a fully usable three-reservoir

New York City Delaware system was prepared by the-New York City Department

(]) U. S Army Engineer District, Phila., Prompton Reservoir, Hydraulics cznd
Hydrology Design Memorcmdum No. 10, dated October 1966. '

(2) Future studies will consider fhe effect of variable draft rates cnd eva!uahon
: of consequences of different yleld criteria.
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“of WaiefRes_bun.'ces, _Bur.ec‘uljr- of Wai‘er:Subply., ds-wei’ as by si;'hflcr indéibenden’r' '
com'pﬁ.t.qﬁ.ons @ode By the Deldv\l-cn;e‘River. Ma.s’rer as discuss.ed in Chapter lI, Data
fun;ished for the Ioﬁer basiﬁ _yield sfuay cii;c_ussed hereif consisted of infqrmaﬁon
from which the reconstituted Montague _f!qu (June 1, 1961 to May 31, 1967) could
be comp.uf.ec.l for any desired "design rate,” |
| The specific numel_'ical infofmaﬁon &esired Fronj fhe.cor'ﬁprehensive plan
: reser-voif yield study consists of the follow'in.gl: |
| 1. The maximum susiained flow which can be rﬁainfuined at Trenton

for difference minimum Flow ijcufes- at Montague befWeeﬁ_ 1000 c.f.s. and 2650 c.’f.s.
with only Tocks Island Reservoir in operation. |

‘2, The maximum sustained flow which can be maintained at Trenton
for different minimum flow rates at Montague between 1000 c.f.s. cmd 2650 c.f.s.
with Tocks Island and Beltzville Rese.,'rvoirs in operation, |

3. The maximum sustained flow which can be mqinmiﬁed at Trenton
for different minimum flow rates at Montague between 1000 c.f.s., and 2650 c.f.s.
with Tocks ls.lcmd, Beltzviile, Aquashicola, Walter, Trexler, Hackettsiown, Tohickéh
and Prompton Reservoirs.

4, The constant withdrawal yields available from Tocks Island, Beltz-
ville, Aquashicola, Walter, Tr_exler, Hackettstown, Tohickon and Prompton Reservoirs.

5. The additional potential yield available from use of Tocks Isfand -
storage between elevations 328 and 356.(77,000 A.E.). This condition was studied
6 reflect an extreme drought period when Wai;er supply needs would be cbnsidered of -
paramount imporfancez. |
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6. | The ef;fe.ctlé oF ouf—of -bq-sin divéll;sion'lundié;'ﬂfhe Foll[c;\.a\./iﬁg'ihh:fq .-
'.ull-ferr_-]‘aflivg:;:'_]_/ | | i |
| a. | 300 nﬁ._g.d.. constant daily withdrawal lFro.rri H%_.e..Delc\;v'are
R.iver at French.iown,. .Nl. J. | | |
b 150 mg.d constant daity wi.fh-drawd from Tocks Islaﬁa ._
RgServoir and 150 m.g.&. coﬁs{'c:n’r daily 'withl\ruwcri from the bélqwqre River at
 Frenchtown, N.J. | | o
o Trcvei times ‘beiween _réser\'/oi-rs‘r;:r?d Eey stream gaging stations were based
on.data developed for the Basin R‘eporf.g/. | Dataavailable from tgaging stations
along the Lehigh River and the lower Dg!qux"e for_ specific releases from Walter
Reservoir were used to check épplicdb!e fmyél times, The results indicated .fﬁhaf .fhe
Basin Report values, presérﬁ‘ed in Table l\f—'3 below, are quite voriub!é .\‘Nifhrin a

probable range of _-t25 percent.

l/ Al’mougn a request has been made by New Jersey for future d:versmns,
no approval has been granted at this time. (Feb 1969)

L =k . 4

2/ Appenc!:x M, page M—64 House Document 522 87th Congress, 2d Sess:on,
- dated ]962 ‘ , .
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 TABLE V-3

" Reservoir-Streamflow Station Travel Times ..

Locaﬁon. - o - Location Travel VTimels (Hrs.)
Tocks Islcnd"Reseon:r- Belvidére 9 |
Belvidere Riegelsxﬁlle 6 .
| ~ Hackettstown Reservoir -Rfegelsvf“e 8.5 |

Walter Reservoi.r Walnufport. k 20
Beltzville Reservoir Wﬁlnufporf : 10
Aquashicola keservoir Walnutport . 4
Walnutport | Bethiehem | 16
Trexler Reservoir Bethlehem 1.8'

| -Befhlehem Riegelsville 12
Tohickon Reservoir Tren’r.ovn 11
Riegelsville T'r.enfon. 14

The method of reservoir operation selected was based upon making a daily

minimum release, computing reservoir storage holdouts and their effects downstream

to Trenton (adjusted flow) and allocating the differsnce between the desired Trenton

flow and the adjusted Trenton flow (supplement). Reservoir storage holdouts are "

determiried by subtracting mean daily diversions and mean daily minimum releases

from the mean daily inflow into each reservoir. These individual holdouts are routed

through intermediate stations to Trenton where the Trenton adjusted flow due to all

the routed holdouts is determined. The allocation of the supplement required at

. =52-
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| Trehfon czmc':ngr the resérvbi..rs was Ioasécl' on fHe available Iong%;ferm ‘sforag.e left e
" in each reservoir and i'he pro;echon that the reséwo:rdWOuld be replemshed in
. the fo[!ow;ng fwe!ve monfhs, using fhe minimum sequeni':a! inflow of record, See
Appendi;c B for a more defq;led exp[anahon of the procedure. It was feii‘ that the
fechnique used would more fully utilize the storage in all the reservoirs and approach |
an optimum allocation, Table V-4 préseni‘s the results of the cémpufér study. ‘.In- |
cluded are the lengffn of critical drawdown (number of days to minimum storage for
each reservoir), yi_elds, maximum sustained Trenton flow achievab[g under the con-
straints imposed on upstream operﬁﬂon and 'fhe' summation of fhle, constant reservoir '
“yield for six diff-;erenf opéraﬁng conditions for HOWS at Montague of 1,000, 1,400,_ '
1,750 and 2,650 cfs. The constant reservoir y'ie‘!ds were not determined directly in
the compufef program; mfhgr , they were determined from computer output data and

_use of the following equation:

Y £R +C-M

S C-M
D D
‘where:

Y = constant reservoir yield, in cubic feet per second.

S=a dmly supplemental reservoir release during the period
of critical drawdown, in c.f.s.~days.

.D = Period of critical drawdown in number of dcys for storage
to be dep[ered to minimum level.

R = Minimum reservoir oufflow, c.f.s.-

C = The usable water supply storage remaining in the reservoir
on the day of critical drawdown, in c¢.f.s.~days. -

M = The storage allocated for inactive sediment storage in ;.f.s.—days. :
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SUMMARY TABLE IV-%

STORAGE YIELD DATA - DELAWARE BASIN PROJECTS

- Montague | MINIMUM STORAGE ATTAINED TN EACH RESERVOIR DEPENDABLE YIELD OF EACH RESERVOIR (Gross) Total of Maximum Trenton
Condition | Desian Tocks Date of ; . g x : Tndividual Maintainable
Code* Flow lsland |F.E. Walter | Beltzville | Aquasiicola| Trexler |Hackeltstown Tohickont | Maximum Tocks Tsl. |F.E. Walter | Beltzville | Aquashicola | Trexler | Hackettstown Tohickon| Reservoir Yields Flow ~ ‘
(MGD} (MG} (MG) MG) (MG) (MG) (MG (MG) Drawdown | #% (MGD) % (MGD) %k (MGD) %k (MGD) *(MGD) | (MGD) ok #4 (MGD) (MDY #* (CFS) (MGD)
A 650, - 31521 181 913 26/12/64 1428 (5) 57(I) 1485 3302 2146
B 650 31691 152 26/12/64 1428 (G) 1428 3199 2079
o 550 6193 - 55 ° 26/12/ b4 1580 (B) 1580 3423 2225
D 650 31581 36 489 26/12/64 1428 (G) 57(1) 49(L) 26(T) 37 (10 27(Ly 1325 3226 - 20974
E 650 31718 122 632 . : 26/12/64 1277 (G) 57(I) 45(G) 26(0) 37¢K) 27¢L) 1325 3226 20974 Tocks Islan
F 650 36115¢a)] 4508 (a) 289/ (a) 1662 (a) 1247 (b) 327 (e) 1483 (b) |(a)26/12/64 1428 (3) 187(E) 57(1) 49(G) 26(J) 37K 27 (L) 1812 3598 2337 F.E. Walter
(1000 cfs) : (b)25/12/65 Beltzville
{ey11/02/66 Aquashicola
. Trexler
A 910 31578 286 1178 26/12/64 | 163901 57(0) 1696 3612 2348 Hackettstow
B 910 31643 151 26/12/ 64 1639 (M) 1639 3510 2282 Tohickou
c 910 6395 a9 26/12/6& 1708 (M) 1706 1736 2428
D 910 31787 103 538 26/12/64,] 16390 57¢0) 49(N) 26(P) 37(Q) 27(R) 1534 3541, 23024
E 910 31604 b8 569 T26/T2/66 7 L4BO(M) 57 (0) 49 (1) 26(P) 37 (Q) 27 (%) 1534 3541 23027 1 6,207 M
F 510 37020(a7| 4846 (a) 3107 (a) 1792{a) 1242 (b) 330 (e) 1490(b) [(ay26/12/64 1639 (1) 187 {W) 57(0) 49 (W) 26(P) 37(Q) 27(R) 2023 3905 2536 2 652 I
(1400 cfs (h)25/12/65 . : 3 Variabl
(e)11/02/66 4 22,657
, : 5 1235 M.
A 1138 31572 281 1110 ' 26/12/64 1843(8) S7(V) 1800 3935 2558 - and 1
B 1138 31675 90 : 26/12/84 1843(8) T1843 3832 2691 & 63 M.G.
C 1138 6547 170 20/12/ 64 1977 (T) : 1977 4057 . 2837 7 New Jer
D 1138 31584 16 &74 26/12/64 1843(5) 57 (V) 49 (W) 26 (%) 37 (D) 27¢2) 1737 2859 2508
E 1138 31704 103 593 26/12/64 1692(8) 57¢V) 49 (i) 26(X) 37(Y) 27(2Z 1737 3859 2508%%
F 1138 39590 ¢a)]  5238(b) 3260(c) 1927 (k) 1261 (<) 322(d) 1538 (c) {(a)27/12/64 1843(s) 187 (D 37 (V) 45(0) 26(X) 37(Y) 27(2) 2226 4197 2727
{1750 cfs T myze/12/64 ' - G ~ 185
(c)25/12/85 - 177
(d)11/02/66 I - 552
: : 1 - 544
A 1723 31483 (a 331(b) 1955(c) 2311 {TT) 37(VV) 2368 4754 3080 K - 355
B 1723 31653 (d) 315 (e 348 23LL(TT) 2311 4675 3037 L - 577
C 1723 6289 (b) 348 () 23R : o _ : : 2309 4778 3106 M - 186
L 1723 31703 53 477 26/12/64 | ¢ 23010TT) 57 (V) 9 (W) 26(x%y-| - 37(¥Y). 27 (22) 2205. - 4638 301 5t
E 1723 31597 (f 80 (a) 530¢a) L 21T | - 57 (VW) W9 26 (XX) 37 (YY) 27 (22) 2205, 4638 - 3015k
F 1723 37411 (b 5605(a) 3511¢a), 2065(a) 1364 (a)|, 330 (£) 1635(6) | (a)26/12/64 |  2311(1T) | 18709 57 (VV* 49 (W) 26 (XX) 37LYY) 27(2Z) 2694 5006 3251
(2650 cis) S - |(o)12/02/66 o : o
(c)28/09/64
{dy 7/02/65
(e)Yz4/11/64 #Condit on
(£)11/02/66 A - Tocks
(g)25/12/85 B - Tocks
C - Tocks
D - All Re
300
E - All Re
150
“from
. F -~ All Cc
- % Adjuste
wx% Include
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SUMMARY TABLE -IV-4
STORAGE YIELD DATA - DELAWARE BASIN PROJECTS
L I
 ATTAINED IN EACH RESERVOTR ' DEPENDABLE YIELD OF EACH RESERVOIR (Gross) - B Total of - Maximum Trenton
] — Date ot : : — - Individual Maintainable
rexler [Hackettstown| Tohickon | Maximum Toeks Isl. | F.E. Walter | Beltzville | Aquashicola | Trexler | Hackettstown | Tohickon ‘Reservoir Yields Flow NOTES
(MG) MGy (MG) Drawdown *% (MGD) - 0 (MGD) % (MGD) *% (MGD) W (MED) | %k (MGD) *ik #%{MGD) 1 .(MCD)## {CFS) (MGD)
. ) RESERVOIR INFORMATION
26/12/64 | }42B(G) : 57(1) ‘ 1485 © 3302 2146
26/12/64 1428(G) ) 1428 3199 2Q79 Long Term Inactive Storage Long Term Active Storage Minimum Release
26/12/64 1580 (1) ) . ) 1580 3423 2225 : MG} (MG) (MGD)
26/12/64 1428(G) 57(T) 49 i) 26(0) 37(%) 27.(Ly 1325 ‘ 3226 209 7%* 1 3 ' 5
_ 26/12/64 1277(G) : 57{1) 49(5) 26 C37(K 27 (L) 1325 3226 2QG7%# Tocks Island . 31391, 138,7"2/—»4 975
1247 (b) 327 (e)- 1483¢(b) {{a)26/12/64 1428 (@) 187(c) - 57{1) 49(6) 26 (D) 7y 27(L) 1812 . 3598 2337 F.E. Walter 65 587 336
: (5)25/12/65 . ' ' S Beltzville : 452 12,586 23
(e)11/02/66 . ) . Aquashicola ) 323 . 7,759 _ 10
) _ - .. . ’ Trexler ' ’ 316 ' 8,0237 3
26/12/64 1635(M) ‘ 57(0 o 1696 3612 T 2348 Hacket tstown 323 . ’ 7,112 21
26/12/ b4 1639 (M) . 1639 3510 2282 Tohicken 485 9,699 . ) 3
26/12/64 1706(M) - _i708 - ' 3736 . 2428 :
26/12/64 1639 (M) . 57 (@ 49 (N) 26(P) I7TQ 27(R) 1534 3541 2302%% .
. 26/12/64 L489 (M) 57(0) 45 (N . 26(P) 37(Q 27(R) 1534 3541 2302%* 1 6,207 M.G, for Conditicn "C"
1242 (b} 330(c) 1490(b) |(a)26/12/64 1639 (M) 187{N) 37(0). 49(W) 26(P) 37(Q) 27(R) 2023 : 3905 2536 2 652 M.G. for Conditiocn "F"
. ’ (h)Y25/12/865 - : 3  Variable Rule Curve Used
(c)ll/o2/686 4 22,657 M.G. for Condition "F"
’ ] : ) S ‘ 5 1235 M.6.D., 1463 M.G.D. and 2048 M.G.D. for Montague Flows of 910 M.G.D., 1138 M.G.D.
! 26/12/64 1843(8) C57 (W) ' 1900 - 3935 2558 and 1723 M.G.D., respectively
C26/12/64 1843(8) o ) “1843 3832 2491 6 65 M.G.D., for Condition "F"
20/12/64 1977(T) ] ‘ 1977 : 4057 2637 7  MNew Jersey Proposes 12,378 M.G. to elavation 675.0
26/12/64 " 1843(8) ) 57{V) 49 (W) L 26(X) 37(Y) . 27(Z) 1737 - 3859 2508#%
‘ 26/12/64 | 1692{%) 57 (V3 49 (W) 26(X) 37 () 27 (D) 1737 . 3859 2508%% . NUMBER OF DAYS TO REACH MAXIMUM DRAWDOWN
1261 (cH - i22¢dy 1538 (e) {(a)27/12/64 1843(8) 187 (U) 57{V) 49 (W) 26 (X) a7y 27(2Z) 2226 ] 4197 . 2727 ?
‘ : (126/12/64 ‘ G - 185 N - 184 U - 188 uu - 613
(c)25/12/65 H- 177 0 - 551 v - 551 VV - 544
(dY11/02/66 I - 552 P - 342 W - 184 W - 185
- E ] J - 544 Q - 592 ¥ - 5348 XX -~ 548
2311(TT) 37.(VV) T -2368 - ) 4754 3090 K ~ 595 R - 574 Y ~ 598 YY - 597
2311 (TT) 2311 - 467% . 3037 L - 577 g - 192 Z - 579 ZZ - 610
ety { o S R ] 2309 - 4778 3106 M- 186 T - 191 TT - 260
" 26712764 | 2FTIITT) ' 57 (VV) 29 (WWY 2e(xxy| - 37(yyy | EfezEy | 2205 - |0 4638 - 3015wk
: _ LA {TT) ‘ i - 57(VV) TO.(HW) 26 (XX) 37 (YY) 27 (22Y 2205 . 4638 - ¢ 30L5%% CONVERSICN FACTORS
1364 {a) 330(F) | 1e35(f)|(a)26/12/64 2311 (0T 187 (M EYALAN 49 (W) 26 (X0 37 €YY) 27(zZ) | - - . 2694 o '-5006 - 3251
L {2)12/02/66 ' ' : ) ) , o L . M.G.D. x 1.54 = D.8.F. or GC.F.5.
{e)28/09/64 M.G x 3.07 = A,F.
(d) 7/02/65 ) : ‘ : S o .
T(eY24/11/64 | . . ) ’ . ' i : L 7 ' *Conditd on Code
(£Y11/02/66 . : o ) ’ o ' . o A - Tocks Island Reserveir and Beltzville Reserveir in Operation :
(g)25/12/65 - ' ) . . o i ' B - Tocks Island Reservoir with Long Term Inactive Storage of 31,391 M.G.
g : : ' ’ ’ ' C - Tocks Island Reservoir with Long Term Inactive Storage of 6,207 M.G,
D - All Reservoirs, except Walter Reservoir as authorized, in Operation with
300 M.G.D, Diversion from Frenchtown, N.J.
E - All Reservoirs, except Walter Reservoir as authorized, in Qperation with
150 M.G.D. Diversion from Tocks Island Reservoir and 150 M,G.D. Diversion
" from Frenchtown, N.J.
' F - All Comprevensgive Plan Reserveirs in Cperadon
- %% pdjusted for Remaining Available Storage in Reservolr System
#%% Includes Diversion from Lake Hopatcong, N.J.
February 1969
" . g
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o The maximum maintained Trenton flow achieved by operating plan, last

column in Table [V-4, does not include the relatively minor effect of Prompton

Reservoir.

" The results are also plotted on Figure V-2 at the maximum su‘sfained_‘

Trenton flow versus the Montague flow for the several operating conditions.

" The accuracy of the computed Trenton flows is depernder‘ﬂ' upon many factors,

‘The two factors considered of major imporfance are the travel times and the method

of reservoir operation. Based on a cursory analysis of the available data, it is
concluded that improved estimates of the travel time could result’in minor changes

in the computed maintained Trenton flow.
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RIVER GAGING STATIONS USED iN
RESERVOIR SYSTEMS OPERATION PROGRAM.

DELAWARE RIVER AT MONTAGUE, N.J.
BUSHKILL CREEK AT SHOEMAXERS, PA.
DELAWARE RIVER AT BELVIDERE, N. J.
LEHIGH RIVER AT WHITE HAVER, PA.
POHOPOCC CREEK AT PARRYVILLE, PA,
AQUASHICOLA CREEK AT PALMERTON, PA,
LEHIGH RIVER AT WALNUTPORT, PA. ’
JORDAN CREEK AT SCHNECKSVILLE, PA.
JORDAN CREEK AT ALLENTOWN, PA.
LEHIGH RIVER AT BETHLEHEM, PA,

DELAWARE RIVER AT RIEGELSVILLE, NJ.
TOHICKON CREEK AT PIPERSVILLE, PA.
DEL.& RARITAN CANAL AT KINGSTON, N.J.

DELAWARE RIVER AT TRENTON, N.&.

QZErXcwmITmMMmondr

MUSCONETCONG RIVER AT HACKETTSTOWN; NJX
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