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PART ONE 

To the Senate and General Assembly of the State of New Jersey: 

By Joint Resolution adopted March 21, 1925, it was provided, 
among other things, that this Commission, designated in such re-
solution as the "Water Policy Commission," should undertake: 

(a) A study of the draft of the proposed compact among the State 
of New York, the Commonwealth of Pennsylvania, and the 
State of New Jersey, in relation to the waters of the Delaware 
River and its tributaries and recommend the approval, re-
jection or modification of the proposed compact by the 
Legislature of 1926; and, 

(b) Consider and submit its conclusions as to the advisability of 
entering into treaty relationship with any other neighbor-
ing State for the development of resources upon any stream 
lying partly within and partly without the boundaries of 
the State of New Jersey. 

We have studied and considered the subjects so referred to us, and 
recommend: 

(1) That the proposed comp~ct be, ndt ratified or confirmed in 
\ 

the form submitted; · · 

(2) That a commission be constituted to continue the negotiations 
which resulted in the proposed compact; 

(3) That a commission be constituted to negotiate a compact 
between the State of New York and the State of New Jer-
sey defining the rights of said States in the waters of the 
int.erstate streams of said States, including the Hackensack, 
Ramapo, Pochuck and Wallkill Rivers, and governing the 
development and use thereof. 
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These recommendations ~r,~ •-qas;d upon the following considera-
tions: •~ :~. i/' tl • 

. ., e,.., ... 

WATER RESOb~CE0S OF THE DELAWARE RIVER . . . 
The Delaw~1f ~iver has a' total drainage area of twelve thousand 

(12,000) sq_uare.n1iles above its mouth. .. 
In.~t}.nsiftering the proposed compact, the drainage area of the 

riv~t.,.h]i'!i'.'·b'een divided into the "Upper Basin," including that part 
•. iy.ipg '!l.bove the point at which the New York-New Jersey State line 

. •• '•{•,jn'tersects the river below Port Jervis, and the "Lower Basin," in-
•,:. · eluding the drainage basin below that point. 

The proportion of the drainage area in the Upper and Lower Basins 
lying within the signatory States is as follows: 

i Upper Basin: 
In Pennsylvania. : ...... . 1,016 square miles 
In New York ........... . 2,389 " " 
In New Jersey .......... . 10 " "· 3,415 square miles 

Lower Basin Above Philadelphia: 
In Pennsylvania ......... 2,811 " 
In New Jersey ........... 1,602 " " 4,413 

7,828 
YIELD OF THE DELA WARE 

" " 
" " 

For water supply or power purposes New Jersey is only concerned 
in the watershed above Philadelphia. 

According to stream flow records maintained at Port Jervis for 
twenty years past, the gross average daily yield of the Upper Basin 
has been three thousand nine hundred and thirty (3,930) million gal-
lons daily and that of the Lower Basin above Philadelphia four thou-
sand three hundred and ten (4,310) million gallons daily, a total of 
eight thousand two hundred and forty (8,240) million gallons daily 
above Philadelphia. Making deductions for the reserve flow which 
the proposed compact apparently requires shall be maintained in the 
river after diversion, the net average daily yield of the river at the 
New York-New Jersey State line is three thousand one hundred and 
thirty-five (3,135) million gallons daily and above Philadelphia three 
thousand two hundred and eighty-four (3,284) million gallons daily, 
a total of six thousand four hundred and nineteen (6,419) million 
gallons daily. 

The regimen of the river, however, is variable, so that, to secure 
the av~rage net yield, storage reservoirs will be necessary to impound 

j 
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Water Yield-Consumption 5 

water in times of flood to supplant the natural stream flow in times of 
drought. , 

It would be uneconomical, if physically possible, to secure and divert 
the full net yield of any portion of the drainage basin through storage. 

The proposed compact limits the drainage area which may be 
developed by any of .the signatory States to three-fifths (3-5) of that 
which lies within eacll State. 

These factors tak~i:l'into account, the probable net collectible and 
divertible yield from the Upper Basin will be two thousand one hun-
dred (2,100) million, gallons daily and from the Lower Basin one 
thousand six hundred. (1,600) million gallons daily. 

ESTIMATED PRESENT AND FUTURE CONSUMPTION· .. 
Estimates of consumption in the distant future are necessarily 

speculative and' subject to wide variation. Such estimates, however, 
furnish a basis for judgment of the probable future public necessities 
of the four districts foterested in a water supply from the Delaware 
River. 

The estimated pr~sent and future consumption in these districts 
are as follows: 

District 
(1) 

Metropolitan District of New York, includ-
ing New York City and Westchester 
County ............................. . 

Metropolitan District of Northern New 
Jersey, including 'Counties of Bergen, 
Hudson, Union, Middlesex, Essex and 
Passaic ......... ; ................... . 

Metropolitan Distric.t of Philadelphia, in-
cluding Philadelphia and suburbs ...... . 

Metropolitan Distri~t of Southern New 
Jersey ........... ; .................. . 

1926 
Million 
Gallons 
Daily 

(2) 

850 

250 

400 

50 

1,550 

iPOTENTIAL SOURCES 

1980 
Million 
Gallons 
Daily 
(3) 

3,000 

1,000 

1,000 

250 

5,250 

New York has large water resources which can be developed and 
diverted to its metr9politan district. If, however, the obstacles to 
utilizing the Delaware River were removed, that State would, 110 
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doubt, first turn to this source of supply and prepare at an early day 
to remove water from the Upper Basin because of the economic ad-
vantages which such a course offers. 

Pennsylvania is also rich in water resources, and additional water 
for the J>hiladelphia metropolitan district could be secured from other 
watersheds, but at very much greater cost than: it could be obtaine.d 
from the. Delaware River and its tributaries. 

The water resources of New Jersey may be summarized as follows: 

Northern New Jersey: 
Long Hill or ChimneY, Rock Project as ultimately devel-

oped, excluding the Delaware ........ · ....... , ...... . 
Passaic as now developed, including the .Wanaque Reser-

voir and with the addition of proposed Great Reservoir 
Water which may he secured from the Raritan in adpition 

to the diversion as proposed for Long Hill or Chimney 
Rock Reservoir ........... •; · ......... , ....... · ...... . 

Total ................... ; .. , .............. . 
. Hackensack River ........... : ...................... . 
Miscellaneous present sources ............... ; ...... : .. 

Total ...... · ..... _ ... ; .............. .i 1,600 
Ultimate allotment from the Upper Basin of 

the Delaware River above the New York-
New Jersey State line under the tri-State 

Million 
Gallons 
Daily 

600 

600 

300 

1,500 
40 
60 

1,600 

compact, depending upon its interpretation .. • 425 . 700 

Totiµ ...................... · ..... ,· 2,025 
Additional water which may be secured from 

the Hackensack, Ramapo, Pochuck and . 
Wallkill Rivers if an agreement were made 
with New York by which New Jersey could 
develop these streams. . .. • . . . . . . . . . . . . . . . . 340 340 

Total for Northern New Jersey ...... , 2,365 . 2,640 

Southern New Jersey: 
Mullica and Wading Rivers and other local streams... 380 
Available by allotment from the Lowe- Delaware Basin, 

proposed compact .................. : . . . . . . . . . . . . . . 800 
Miscellaneous present sources. . . . . . . . . . . . . . . . . . . . . . . . . SO 

Total for Southern New Jersey ...... ·. .. . . . . . . . 1,230 

'r ·~ 
'j' 

+ 
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Po'tential Source~ Present Needs . i 

Million Gallons Daily 
Water resources of!,Northern New Jersey ..... 2,365 2,640 
Water resources of\~outhern New Jersey ..... 1,230 1,2~30 . 

Total ·for State .................... 3,595 3,870 · 
Present approximate consumption of water in Northern . 

and Southern M~tropolitan Districts of State ........ 300 
Net developable r~_sources at least ten times present de-

mand,_ or sufficient for possibly two.hundred (200) years 
. tocc:ime. ;.·· 

.t,, 

ii PRESENT NEEDS 

7 

•f, . 
The metropolitan(district of New York is faced with the necessity 

of preparing for an Jdditional supply of ,approximately one thousand 
(1,000) million gallo#s per day, which will be sufficient to satisfy its 
requirements for forty (40) years to come. · 

Philadelphia requjres more water and proposes to secure an addi-
tional supply of five ~undred (500) million gallons daily, which will b.e 
sufficient to meet its )1eeds for possibly the next forty ( 40) years. 

The metropolitaniidistri~t of Northern New Jersey requires addi- · 
tional water. ' if: 

The needs of theidistrict for a number of years to come may be 
met by developing sh~4s lying wholly within the Sta_te. In any event, 
this district will not clraw heavily upon the Delaware for many years. 
and it will probably i_be sixty (60) years or more before the needs of 
this district will require any diversion from the channel of the Dela-
ware River, and so u:i;iiize the waters of the Upper Basin. 

The metropolitad· district of Southern New Jersey is not, at this 
time, faced with a water problem as acute as that which confronts 
the other metropolit*n districts. It will not be long, however, before 
it will be necessary to seek additional sources of supply for this dis-
trict, The Mullica, ¥[ading and other local rivers could be developed 
to yield possibly three hundred and eighty (380) million gallons per 
day, which in a,dditipn to the supply from present sources would be 
sufficient for the reqttirements of the district for a hundred years to 
come, but _the Dela~are will, no doubt, be_ utilized to secure some of 
the water needed by :this section. 

In considering ill~ needs of the respective metropolitan districts 
in the three States ft should be remembered that ·when New Jersey 
has developed the lqcal watersheds before mentioned and exhausted 
its quota from the tielaware, additional supplies must· come. from, the 
outside, whereas N~w. York and Pennsylvania still have extensive 
intra-state resources :to draw upon. 

{ 
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RIGHTS INDEPENDENT OF COMPACT 
Independent of compact, neither of the three States has a right to 

all the waters arising within its boundaries and supplying this inter-
state stream, but each is entitled to an "equitable division" or "equit-
able apportionment" of the water of the stream. What constitutes 
an equitable division or apportionment must depend upon the circum-
stances. Its determination requires the consideration of many fac-
tors. These factors the foregoing statement of facts provides. 

It is in the light of this statement of facts that the proposed com-
pact should be considered. 

THE PROPOSED COMPACT 
The basic provisions of the proposed compact are those effecting 

the allotment of the water among tlie signatory States and prescribing 
reserve flow requirements. 

The reserve flow requirements affect both the partition of the 
water among the States and the quantity of water which they will 
respectively secure. 

That these basic provisions should be free from ambiguity will not 
be questioned. 

Unless they clearly, and without ambiguity, express the intent of 
the signatory States, the purpose to render definite and certain the 
interstate rights, which independent of compact are indefinite and 
uncertain, fails of accomplishment; 

These basic provisions are contained in Articles V and VI. 
Consideration of these articles leads to the conclusion that they 

are wanting in clarity and ate susceptible reasonably of widely vary-
ing interpretations. 

Article VI declares that "in ~ase no tributary within the drainage 
area above the New York-New Jersey State line shall have been de-
veloped for diversion, then the allotment of each state at any point 
in the channel of the Delaware River above said state line * * * * 
shall be one-third(½) of the total water which may be flowing in the 
channel at that point." . 

There follows, however, a cumbersome rule for modifying this allot-
ment in the event that any one or more of the signatory States im-
pounds and diverts water from the Upper Basin. This rule is not 
alone cumbersome, but taken in connection with other requirements 
of Articles V and VI is reasonably subject to different interpretations, 
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which · produce matetjally different results as to the proportion of 
water intended to be allotted to the respective States. 

The question of the interpretation of these provisions and the 
application of this rule has been submitted not only to the Consulting 
Engineer, but to other engineers, and such submission has resulted 
in as many varying in,terpretations and conclusions as the number of 
those to whom the submission was made . 

. Generally speaking, under thes.e. differing interpretations and con-. 
clusions, the apportionment of the water from the Upper Basin to 
New York varies fro~ one-third (½) to onechalf (½) and to Penn-
sylvania and New Jersey from one-quarter (¾) to one-third (½). 

The requirements for a reserve flow in the channel of the river and 
its tributaries are scattered through both Articles V and VI. They 
appear at four different points. So separated, it is difficult to com-
pare them. 

When set up together, conflicts in their requirements appear., To 
jndicate this we have brought the provisions relating to the reserve 
flow requirements together. 

Paragraph 3, Artitje V (page 5), provides that: 
"In the case of evhy such development located above the New 

York-New Jersey state line there shall be maintained below the point 
of development during the months of July, August, September and 
October, a reserve flow equal to the ordinary flow at that point, and 
also if at any other.time during the year the flow in the tributary at the 
point of development is less than the ordinary flow at that point, then 
a reserve flow equal to the ordinary flow shall be maintained below: 
the point of development. In the case of every such development 
located below the N¢w York-New Jersey state line there shall, ::i,t all 
times, be maintained qelow the point of development a reserve flow 
equal to the ordinary low flow at that point." 

Paragraph 1, Artic1e VI (page 5), declares that: 
"* * * Each ofthese states may divert from the said channel 

at any point, above tlie said state line, that portion of its allotment 
which is in excess of a; reserve flow of fifteen hundredths (0.15) of a 
cubic foot per second f9r each square mile of drainage area above the 
point of diversion and at any point below the New York-New Jersey 
state line each of the ~aid states may divert that portion of its allot-
ment which is in excess of a reserve flow of twelve hundredths (0.12) 
of a cubic foot per second for each square mile of drainage area above 
the New York-New Jersey state line." · 
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Paragraph 6, Article VI (pages 7 and 8), provides that: 
"* * * All water so stored may be diverted or released from 

such reservoir or reservoirs by or under the authority of such state but 
the flow in the said channel below the point of storage must not be 
reduced below the ordinary flow whenever the flow above the point 
of storage is greater than the said ordinary flow. When and if the 
:flow in the said channel above the point of storage is less than the · 
ordinary flow then and in every such case a flow equal to that above 
the point of storage shall be maintained in the said channel below the 
point of storage * * *." 

Paragraph 7; Article VI (page 8), declares that: 
"It is the intention of this article that no water shall be diverted 

from the channel of the Delaware River above the New York-New 
Jersey state line whenever the flow in the said channel is lessthan forty-
five hundredths (0.45) of a cubic foot per second for each square mile 
of the total drainage area lying above the point of diversion and it is 
further intended that no water shall be diverted from the channel of 
the Delaware River below the New York-New Jersey state line when-
ever the flow in the said channel is less than· thirty-six hundredths 
(0.36) of a cubic foot per second for each square mile of the total drain-
age area lying above the point of diversion, * * *.'' 

It is our conclusion: 
1. That any compact that may be entered into should include a 

definite declaration of intention as to the proportions in which 
allotment to the signatory States respectively is made of the 
water which naturally flows into the Delaware River from the 
drainage areas which we have designated as "Upper Basin'' 
and "Lower ·Basin," and that such declaration of intention 
should stand at the head of, and introduce, the, provisions 
relating to allotment, reserve flow, diversion and the like, in 
order that all following provisions m:ay be read in the light 
thereof and be controlled thereby. 

2. That reserve flow requirements may, and should, be treated 
simply and definitely. 

3. That the approval of the Commission to be set up under the 
proposed compact should be required for every project that 
involves the removal or diversion of water from the channel 
of the Delaware River or its tributaries. 

Under the proposed compact a signatory State, developing tribu-
taries lying within its boundaries is not required to secure approval 
of such development, nor is such approval required to be secured for 
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diversions involving the removal of two (2) millions of gallons of 
water per day or less. , 

The extension of the requirement of Commission approval to 
every project will furnish assurance that every project squares with the 
requirements of the compact and that no project is inconsistent with 
the terms of the compact. 

Such requirement would seem to be essential if equitable distribu-
tion and adequate regulation are to· be assured. 

Through such requirement complete records of all developments 
will be maintained in ol).e public office available for the inspection of the 
officials of each of the signatory States and of others who may be in-
terested. 

In order that these conclusions may be presented in concrete form 
a suggested draft of mbdifications of the affected articles of the pro-
posed c~mpact is submitted. 

Articles III and IV Unchanged: 
ARTICLE III 

In the development, use or diversion of the waters of the Delaware 
River and in all considerations of quantity and preservation of quality 
the order ofimportance and public value of water shall be as follows: 
(A) domestic and municipal, (B) sanitation, (C) industry and power, 
and (D) navigation. 

ARTICLE IV 
Any administrative department, political subdivision, corporation, 

partnership, association or person authorized in that behalf by or 
unqer the laws of any: signatory state may exercise the rights and 
priyileges herein conferred on such state, subject to the duties and 
obligations herein imposed on such state. 

Suggested Modification of Article VII and its Designation as Article V: 
The channel of the Delaware River may be used as a carrier for 

conducting water designated as "water in transit" Under such use 
water may be stored above and conveyed in the channel to points 
below for utilization or diversion. Such water may be diverted from 
the channel at any time or place by or under the authority of the signa-
tory State under whose 'auspices the water was stored for use at any 
point within or without the drainage area of th~ Delaware River. 

The rate at which such water in transit is released or delivered 
shall be regulated so as hot unduly to interfere with the rights of the 
signatory States or with.other public rights or private interests along 
said channel. . · 
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The daily rate at which water in transit may be removed or diverted 
from the channel of the Delaware River shall not exceed the daily 
rate at which it is released or delivered to said channel, but no greater 
quantity may be diverted from below than could ~ave been diverted 
from above under the provisions of Article VI. 

Suggested Substitute for Articles Vand VI, to be Designated Article VI: 
The intention of this compact is that the water which naturally 

flows into the Delaware River from the drainage area above the New 
York-New Jersey State line,· hereinafter called the "Upper Basin," 
shall be allotted to the signatory States in the folfowing proportions: 

New York .................... 33.3%; 
Pennsylvania. . . . . . . . . . . . . . . . . . 33 ; 3 % ; 
New Jersey ...... ) ............. 33.3%; 

and that the water which naturally flows into the Delaware River 
from the drainage area below the New York-New Jersey State line, 
hereinafter called the "I,ower Basin," shall be alloted to the signatory 
States in the following proportions: 

New York ... ;., ........... . 
Pennsylvania ................. ; .. 
New Jersey .................... . 

0%; 
50%; 
50%. 

To this end each of the signatory States shall have the right to build · 
dams for any purpose entirely or partly across the channel of the Dela-
ware River at any point or points in or along said channel, and to con-
struct such works as may be necessary to impound the water flowing 
in said channel. 

Each of the signatory States may build dams or other necessary 
works and impound water for any purpose on any tributary or any 
part of any tributary of the Delaware River, within the limits of the 
signatory State in which such tributary is located. 

Water so impounded by the construction of dams and other works, 
either upon or across the channel of the Delaware River or its tribu-
taries, may be diverted for use at any point either within or without 
the drainage area of the Delaware River, or let down in transit for 
use.or diversion at points on the said channel below, subject to the 
following conditions and limitations: 

(a) All such works shall be built in accordance with the legislative 
provisions governing such matters in _ the State or States in 
which they are located. 

_,, 
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(b) The approval of the Tri-State Delaware River Commission 
shall be secured for every project which involves the removal 
or diversion of water from the channel of the Delaware River 
or its tributaries. 

(c) Every developtllent for the diversion of water shall be so con-
structed as to -effect the greatest economy in the use of the 
waters of the Delaware River and its tributaries and shall 
be so operated as not to interfere with the partition of water 
as hereinbefore set forth. 

(d) The total drainage area of the Delaware River lying within 
any of the signatory States which may be developed for 
diversion under the provisions of this article shall not exceed 
sixty per cent. (60%) of the drainage area which lies within 
that State. 

(e) A minimum fl.ow equal to forty-five hundredths (0.45) of a cubic 
foot per second per square mile of drainage area above shall 
be maintained at all times below the point of diversion on 
any tributa~ry of the Delaware River within the Upper 
Basin. 

(f) In the absence of adequate storage at the point of diversion 
no water shall be diverted from the channel of the Delaware 
River within Jhe Upper Basin when the fl.ow of water in it 
is less than forty-five hundredths (0.45) of a cubic foot per 
second for each square mile of drainage area above the point 
of diversion. 

(g) When the watei" is diverted from storage reservoirs created 
. by constructing dams across the channel, of the Delaware 

River within the Upper Basin a flow of not less than forty-
five hundredths,_(0.45) of a cubic foot per second per square 

" mile of tributary drainage area shall be maintained at all 
times when the flow in the channel above is greater than 
that amount, but when the fl.ow of water in the channel 
above the dam is less than forty-five hundredths (0.45) of 
a cubic foot per second per square mile of tributary drainage 
area, then a fl.ow shall be maintained below the dam at least 
equal to that in the channel above it. 

,, . 
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(h) A minimum flow equal to fifteen hundredths (0.15) of a cubic 
foot per second per square mile of tributary drainage area 
above shall be maintained at all times below the point of 
each diversion on any tributary of the Delaware River · 
within the Lower Basin.· 

(i) In the absence of adequate storage at the point of diversion 
no water shall be diverted from the channel of the Delaware 
River within the Lower Basin when the flow of water in it 
is less than thirty-six hundredths (0.36) of a cubic foot per 
second for·each square mile of drainage area above the point 
of diversion. 

(j) When water is diverted from storage reservoirs created by 
constructing dams across the channel of the Delaware River 

-·within the Lower Basin a flow of not less than thirty-six 
hundredths (0.36) of a cubic foot per second per square 
mile of · tributary drainage area shall be maintained at all 
times when the flow in the channel above is greater than that 
amount, but when the flow of water in the channel above a 
dam is less than thirty-six hundredths (0.36) of a cubic 
foot per second per square mile of tributary drainage area, 
then a flow shall be maintained below the dam at least equal 

. to that in the channel above it. 

(k) All diversions from the main channel shall be subject to the 
restrictions that no water in transit, nor the allotments of 
other signatory States, shall b~ interfered with or diverted, 
but must at all times be permitted to pass the point of diver-
sion. · 

(l) Nothing contained in this compact, however,_ shall be· con-
strued to limit or prevent the diversion of water in transit, the 
diversion of water under any existing vested right, or the diver-
sion of water stored for diversion as hereinbefore provided, 
. it being definitely understood that water stored for diversion 
and in transit may be diverted at any time or place from the 
channel of the Delaware River by or under the authority 
of the State under who,se auspices the development is made, 
provided the reserve flow provisions stated in (e), (f), (g), (h), 
(1,) and (j) are complied with at all times. 
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Suggested Modification ;of Article VIII, Which Becomes Article VII: · 
. i· 
.In the exercise of it~authority, the Tri-State Delaware River Com-

mission shall be govertjed and its power and authority shall extend to 
and be limited by the f9Uowing principles, restrictions and reservations, 
to wit: .:, , 

1. In the case of a*,y project which, in the judgment of the Com-
mission, will n;pt interfere or conflict with any other use~of the 
water flow in ::the channel of the Delaware River, the Com-
mission shall ~ppfove said project without imposing any re-
strictions or dqnditions except such .as may be necessary to 
insure compli{nce with the provisions of this compact; ' 

2. As between any one or more proposed· or possible conflicting 
• I, . 

uses, the acti<pn of the Commission shall be based upon the · 
relative importance of the uses to which the water may be put, 
as. fixed in Article III of this compact, and to the extent that 
conflict is irre?oncilable, that possible and prll,cticable project 
· which will effE}ct the use of water standing highest in the order 
of importance:: shall be approved without restrictions or con-
ditions, except such as the Commission may deem necessary 
to insure conipliance with the provisions of this compact. 
To the extenti;that conflict is avoidable by a reasonable modi-
fication of any .or all of the projects which may be involved, 
the Commissi~n shall fix the terms· of such modification, but 
such terms shall not require, as against the higher use, pump-
ing in place o~: gravity delivery of water, nor impose on the 
higher use an:f undue burden in either expense or convenience 
of operation. l In case of conflict in uses of the same relative 
order of imp~~tance, preference shall be given to an estab~ 
lished use ov& a proposed one, and the Commission shall · 
. have authorit~ to determine the nianne:t," in, which such con-
flicting uses ~ay be harmpnized, without imposing unrea-
sonable expen~e or undue burden upon either or any of them. 

Article IX .Unchanged 4nd Becomes Article. VIII:. 
No water from th~, drainage area of the Delaware River shall be 

diverted to any point q~tside of the boundaries of the States signatory·. 
to this compact. No gne of the signatory States may give, grant or 
dispose of to another signatory State, or to any holder of an·authoriza-
tion therefrom, any w~ter developed by or allotted to it under the 

,,, ' . 
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• proyisioris of this compact, except by legislative act when necessary 
and then only with the approval of the Commission; but nothing 
herein contained shall be construed to prevent. or prohibit the joint 
exercise by or under the authority of any two or more. of the signatory 
States of the rights conferred by this compact, a,nd such j'oint exercise 
of rights is hereby authorized. 

WATER POWER PROVISIONS 
Article X of the proposed compact provides that "with the ap-

proval of the Commission any signatory State may construct or 
authorize the construction of a dam, wing dam, headworks, power house 
or other structure in or across the channel of the Delaware River for 
the fuain purpose of the development of water power." 

It further provides: "No project auth.orized and constructed 
under the provisions of this article shall at arty time be operated so 
as to injuriously affect any prpject for municipal and domestic water 
supply which has been or may be established under the provisions of 
this . compact. Subject to · such conditions as the Commission may 
embody in its approval, water for the development of power may be 
removed froin the channel of the Delaware River and carried in a canal 
or in a pipe to any point · below a dam constructed under . the pro-
visions of this article, but said water shall be returned to the said chan- • 
nel within a distance of twelve miles below the•point of removal meas-
ureq along the center line of said channel and there shall always be 
m.ainWned in the said channel . immediately .below the dam such 
regular and uniform flow of water as the Commission may determine 
to be. reasonable. and proper." 

To these provisions no exception can be taken. They accord with 
the general purposes of the compact. · 

The article, however, proceeds to limit the signatory· State as to 
the terms and conditions upon which it shall grant its authoriza-
tion. The prescription of t)ie terms and conditions upon · '1\7hich a 
signatory State grants its authorization is, it seems to us, primarily 
a matter of local policy and of internal concern . 

. The compact makes no similar provision with reference to the 
grant. of like authorization by a signatory State for purposes other 
than the development of water power. 

The provision to which this comment is directed reads as f?llows: 
· "Provided, that every such authorization shall be limited to such 

period not exceeding fifty years as the said state shall determine and 
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set forth in its authorization. 'Provided further, that the holder of 
such authorization shall be entitled to extension and renewal thereof 
upon the same terrµs 1:1-ntil such holder shall have received, through 
recapture or purchase by the authorizing state or by a duly authorized 
subsequent holder of like authority from said state, repayment of the 
capital prudently invested in the power project upon the faith of the 
authorization plus such reasonable damages, if any, to property of 
such holder which is valuable, serviceable and dependent for its use-
fulness upon the continuance of such authorization, but not recap-
tured or purchased, as may be caused by the severance therefrom of 
property taken. Provided further, that the authorizing state may, 
in the discretion of its appropriate agency, officer or employee em-
powered in that behalf, embody in its authorization such other terms, 
conditions and stipulations as such agency, officer or employee shall 
deem necessary to protect the present and future interests of each of 
the three signatory stales and their people in the construction, main-
tenance and operation of the project and in the water and power re-
sources to be utilized i;hereby and suitable to secure to·the holder of 
such authorization a r¢asonable opportunity for a fair return on the 
capital prudently invested in the project." 

This provision should consequently be exscinded. 

It is suggested that if authorization was granted for the develop-
ment of water power under this article as now framed the provisions 
of Article XVII might reasonably be argued to require payment for 

. diversion rights if a water supply diversion followed such power de-
velopment. 

Such a result woulq contravene the spirit of the proposed compact 
which in Article III declares that the river has its most important 
use and greatest publicvalue for purposes of domestic and municipal 
water supply. . ': 

It is therefore recommended that, if for any reason the provision 
is retained, it be refra:i;ned definitely to remove any possibility of basis 
for such a claim. : 

THE POWER OF EMINENT DOMAIN 

That, independent, of compact, the right of eminent domain of 
each of the signatory States is confined to, and can only be exercised 
within, the jurisdictional limits of such State, and that property within 
the limits of each State is held free from the power of eminent domain 
of another State, is settled. 

That the intent arid purpose of the proposed compact cannot be 
effectuated without co,nferring to some extent upon each of the signa-
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tory States the right of eminent domain within the territorial limits 
of the others is apparent. 

Article XIV of the proposed compact, therefore, provides that 
"all lands, water rights or easements necessary for the construction 
and maintenance of any dam in or across the channel of the Delaware 
river may with the approval of the Commission be appropriated and 
condemned by any signatory state or by the holder of authorization 
therefrom." 

This power is conferred not alone upon the signatory States but 
upon the grantee of an authorization therefrom as well. 

Section IV of the proposed compact provides that "Any adminis-
trative d~partment, political subdivision, corporation, partnership, 
association or person authorized in that behalf by or under the laws 
of any signatory state may exercise the rights and privileges herein 
conferred on such state, subject to the duties and obligations imposed 
on such state." 

Since the intent and purpose of the proposed compact cannot be 
executed except as such power of eminent domain is to some extent 
vested in each of the signatory States, and since the signatory States 
must be left free either to exercise the rights and privileges conferred 
by the compact directly, or indirectly through delegation to others, 
these provisions are essential. 

Article XIV, however, limits the power of eminent domain to the 
acquirement of lands, water rights or easements' "necessary for the 
construction and maintenance of any dam in or across the channel of the 
Delaware river.",, 

Article VIII of the proposed compact provides that "In order to 
render possible the utilization or diversion of water flowing in the chan-
nel of the Delaware river, each signatory state shall have the right 
to build dams entirely or partly across said· channel and to construct 
wing dams, head works, intakes or other necessary facilities at any point 
or points in or along said channel." 

Article VI of the pn;>posed compact provides that "dams may be 
constructed across the channel of the Delaware river by or under the 
authority of any one of the signatory states for the purpose of storing 
water developed for diversion, water in transit belonging to said 
state, or any part or all of the water alloted to it under the provisions 
of this article." 

Article X of the proposed compact provides that "With the ap-
proval of the · Commission any signatory state may construct or 
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authorize the constru~tion of a dam, wing dam, headworks, power 
house or other structU:re in or across the channel of the Delaware 
river for the main purpose of the development of power." 

The grant of power of eminent domain to each of .the signatory 
States and the grantees of their authorizations is therefore apparently . 
limited to the acquirement of lands, interests and rights, "necessary 
for the construction and maintenance of any dam in or across the channel 
of the Delaware river." The grant of the power to construct extends, 
however, to other wor-ks and generally to the construction at any 
point or points i:i:t or alqng the channel of the Delaware River of "other 
facilities" necessary "to. render possible the utilization. or diversion of 
water flowing" in such ~hannel. · 

If it is the intent to make the grant of the power of eminent domain 
co-extensive with other rights and privileges granted, then the pro-
visions of Arti de XIV of the proposed compact should accordingly 
be broadened. 1 

If this course is adopted, then the provision granting generally 
power to construct anyJacilities necessary to render possible the utili-
zation or diversion of water flowing in the channel of the river should 
be limited and restricted. 

These terms "utiliza,tion" and "necessary facilities" are exceedingly 
broad, and all that maybe implicit in them cannot be forecast with any 
degree of certainty. 

In this discussion we have assumed that it was not the intent or 
purpose of the proposed compact to grant to any signatory State or 
any holder of the authorization of such State the right to construct, 
maintain and operate works such as conduits and transmission lines 
across the territory of another signatory State, nor to grant the power 
of eminent domain to that end; and that the conferring of such powers 
and rights was intended to depend upon the legislative action of such 
latter State alone, uncontrolled by the proposed compact. 

Any other assumption would require the conclusion that it was 
the intent to .take out of local control a subject involving local interests 
and considerations of local policy. 

TAXATION 
It is apparent that t1nder the terms of the proposed compact, land . 

and property in other form may and will be acquired and held by a 
signatory State, or grantees bf its authorization, within the Jimits of 
another signatory State. 
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~his situatibn raises the question whether such property so held 
will, or should, be subject to the power of .ta;ation of ,the State within 
whose limits it is -located. · · ' 

No provision of the proposed compact deals with-this question. 
The long continued controversy with reference to the power of 

taxatjon between the municipalities constructing works outside their 
limits and municipalities within whose borders such works are located,. 
and . the pending controversy as to the . power to· tax property held · 
under the compact between the States of New1York and New Jersey, 
constituting the Port of New York Authority, make clear the wisdom 
of incorporating in the propesed compact a definite provision with 
.respect to the power of taxation. · , 

· . VESTED RIGHTS · . f1·,' 
' ' ' ) 

Provision must, of course, be made, as it is in the proposed com- ) I 
pact, that the amount of water diverted under a vested right shall be li 
charged aga#ist 'the State under whose authority or jurisdiction said · 
right became v~ted. · ·· 

This matter is dealt with in the proposed compact in Article 
XVIL That article, however, 'in addition to inaking such provision, 
declares that "nothing contained in this compact shall operate to 
impair any vested right of diversion or use of the waters of the Dela-
ware river which may exist or have become vested at any time prior 
to the ratification hereof." 

. It then provides that "in each of the signatory states rights to 
divert or use the waters of , the Delaware river or its trilmtaries 
. together with property necessary to effect the same, though devoted 
to public use may be taken for any other public use higher in order 
of importance as set forth in Article III." _ 

And it concludes; "Provided that nothing in this a,rtjcle shall be 
construed to authorize the taking of vested rights of property without 
just co11).pensati6n to be determined by due process of law governing 
such matters in the respective states." 

The provision that rights to divert or use. the waters together _with 
necessary property, though i;levoted to public use, may be taken for 
any other public use higher in the order ofimportance as set foith in 
Article Ill is essential. 

The· provisions,. however, that nothing contained in the colI).pact 
shall operate to impair any :v:ested right of diversion or;use existi:Q.g " 
or becoming vesJed at any time prior to the ratification oft~ ., 

. ' ' , ' '-~-~ 
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and the proviso that 1nothing in the article shall be construed to 
authorize the taking of vested rights or property without just com'-
pensation to be deteqnined by due process of law governing such 
matters in'the respective States, serve no useful purpose. 

It has hereinbefore,, been indicated how, taking the provisions of 
Article X of the proposed compact in connection with these provisions, 
a basis might be provided for possible claims· for damages, the award 
of which would be inequitable and contrary to the purpose of the pro-
posed compact. 

These provisions should be exscinded. 
Article XV of the proposed compact provides that "All damages 

to persons or property resulting from the exercise of any right under 
this compact shall be determined under the rule o~ damages, in accord-
ance with the procedure, and in such manner as is provided by the law 
of the state in which the damages are suffered." 

This article also provides the manner in which the damages suffered 
shall be ascertained, recovered and paid, 

This article is comprehensive. 
If the provisions of Artide XVII, which it is recommended should 

be exscinded, are consi':,tent with the provisions of Article XV, they 
are redundant. If such· provisions of Article XVII are inconsistent 
with the provisions of Article XV and admit of setting up bases. for 
claims for damages anc(applying measures and standards of recovery 
other than those provid~d for by Article XV, they are unjustified. · 

At best the provisidns the exscision of which is recommended do 
not contribute to clarity of the proposed compact as a whole~ 

In this connection q~estion arises: 

I. As to what vest~d property rights to ''divert or' use" the waters 
of the Delaware River exist through grarits by the State of New Jersey 
other than those which have been granted to municipalities of the 
State, and to the Moriis Canal arid Banking Company, which com-
pany has passed into the control of the State. 

2. As'to the extent ~'uch existing vested property rights to "divert 
otu.se'' affect the quantity of water which will be actually ava.ila.ble 
to the State under the proposed compact. 

Lackof available data makes it impossible to answer either of these 
questions. 
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No compilation of or index to grants of such rights by the State 
has, so far as has been ascertained, ever been made under public 
auspices. 

The records of the Department of Conservation and Develop-
ment are adequate and complete and that department has cordially 
cooperated in the effort to find a basis for answer to these questions . 

. These records, however, cover only a fomparatively brief period of 
time. · ·. · · ,J 

Answer to these questions would therefore require a search of the 
statutes of the State from the beginning of its history and a study, 
both from legal and engineering standpoints,' of the statutes found 
through such search to make grants of such rights. 

Such a search is under way in connection with the General Report 
to be submitted later, but such a sfody we have not felt warranted in 
undertaking because· of the expenditure of time and money which 
would be involved. · 

In. so far as such grants of rights now exist they fall within the pro-
. tection of the Fourteenth Amendment of the Constitution of the 

United States .. 
More. cannot, there:f ote, be done in framing the proposed compact 

than to guard against providing any possible basis for claim that 
thereby su~h rights have been in anywise perfected, perpetuated or 
extended, and any possible basis• for claims for compensation or dam-
ages not grounded solely upon the statutes making the grant of such 
rights and any possible basis for claim to the application of any meas-
ure or standard · of compensation or damages that would not, except 
for the provisions of the compact, be required to be applied. 

In the recommendations made herein for the recasting and revision 
of the proposed compact are included recommendations which if 
adopted will meet these requirements. 

OTHER INTERSTATE STREAMS· 
The problem of fully developing the Hackensack, Ramapo, 

Pochuck and Wallkill Rivers to meet the water supply requirements of 
the State of New Jersey is complicated by the fact that these are also 
inter-state streams, in the waters of which the States of New York 
and New Jersey have interests. 

Th.ese interstate streams are of comparatively little value to the 
State of New York, but of substantial ~alue to the State of New Jersey 
for water supply purposes. 
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The facts hereinbefore set out as to the water resources of the State 
of New Jersey and its ·present and· future requirements make evident 
the advantage of cleari.hg the way for the full utilization of the waters 
of these streams and o{removing the obstacles to such use which arise 
out of the factthat the$.e streams are interstate. ' 

These consideratio~s are the basis for the recommendation that 
a commission be constituted independently to negotiate a compact 
on behalf of the Statetof New jersey with the State of New York, 
delimiting the rights of the States respectively in the waters of these 
streams and° enabling the fullest,possible development and use thereof 
to be effected, or, in tb:e alternative, that added power t:o negotiate 
such a compact be con~erred upon the commission recommended to be 
constituted to renew a~d continue the Delaware River negotiations.· 

GENERAL 
The facts set forth 1:terein are the result of a study made under the 

direct supervision of Mr. Nicholas S. Hill, Jr., Consulting Engineer, 
and the concrete suggestions for recasting and revising the proposed 
compact are based upon, an analysis of the proposed compact made by 
him from the engineerihg standpoint. · 

In the consideration:of the problems to which this report is directed 
the Commissioners wh~ negotiated the proposed compact on behalf 
of the State afforded u11reserved cooperation and placed data in their 
possession freely at our::disposaL This attitude of helpful cooperation 
was also that of those who served such Commission in its negotiations. 

The problems hereih dealt with were approached with a keen 
appreciation of the responsibility which would be assumed in recom-
mending action which ,_would defer an amicable adjustment of the 
rights and interests of the signatory States. · 

They were approached with full recognition of the fact that the 
Commissioners represe;ting the State of New Jersey h~d• striven 
zealously in its interest/and that compacts are necessarily the result 
of compromise. :: · . 

· They were approached with a sincere desire to recommend ap-
proval and confirmation of the proposed compact unless substantially 
serious objections to such a course should appear. · 

The objections herdh indicated are regii,rded as seriously substan-
tial, and the doubts rai~ed as fraught with the seeds of future misun-
derstanding and litigat*pn. The recommendations herein for clarifi• 
cation and coordinatiori consequently result. 

,·. 
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This report is made before the General Report is submitted, 
because the proposed compact is now before a Special Session of the 
Legislature of the Commonwealth of Pennsylvania and has · been 
ratified and confirmed with modifications by the State of New York. 

We record with sorrow and a deep sense of loss the fact that one · 
of the members of the Commission, Mr. Palmer. Campbell, died early 
in December after an illness of several months. 

This report has beenconfined to presenting the major·objections 
which have been considered in the conferences of the Commission. 

It has not been deemed . necessary to present others of less rela-
tive importance. 

Appendices are annexed which will be of interest in connection 
with the report and useful to the Commission hereby recommended 
to be constituted. 

"· 

January 30, 1926. 

Respectfully submitted, 

WILLARD I. HAMILTON, Newark 
HENRY G. PARKER, .New Brunswick 
HARRY BACHARACH, Atlantic City 
s. Woon MCCLAVE, Cliffside 
CARROLL P. BASSETT, Summit 
F. MORSE ARCHER, Camden 



APPENDIX A 

AGREEMENT OF 1783 
CHAP. xx. 

An ACT to ratify and confirm an Agreement made between Com-
missioners appoip.ted by the Legislature of the State of Pennsylvania, 
and Commissioners appointed by the Legislature of the State of New-
J ersey, for the Purpose of settling the Jurisdiction of the River Dela-
ware, and Islands within the same. 

, , . 

WHEREAS Commissioners duly appointed on the Part of the 
State of Pennsylvania, and Commissioners duly appointed on the 
Part of the State of New-Jersey, for the Putpose of settling the Juris-
diction of the River Delaware and Islands within the same, have exe-
cuted two Instruments of an Agreement for the Purposes aforesaid, 
one for each State, which Agreement is contained in the following 
Words: 

AN Agreement made and concluded between George Bryan, George 
Gray and William Bingham, Commissioners appointed by the Legis-
lature of the State of · Pennsylvania, for settling the Jurisdiction of 
the River Delaware, and Islands within the same; and Abraham Clark, 
Joseph Cooper and Thomas Henderson, Commissioners appointed 
by the Legislature of the State of New-Jersey, for the like Purpose. 

WHEREAS Inconveniences and Mischiefs have arisen, and may 
hereafter arise from the Uncertainty of Jurisdiction within and on the 
River Delaware; therefore fo prevent the same, and in order that Law 
and Justice may hereafter in all Cases be executed and take Effect 
within and upon the said River from Shore to Shore in all Parts and 
Places thereof, where the same River is the Boundary between said 
States, the said Commissioners do agree and establish for and in 
Behalf of their respective States in Manner following; th1at is to say, 

First. It is declared that the River Delaware from the Station-
Point or northwest Corner of New-Jersey, northerly, to the Place 
upon the said River, where the circular Boundary of the State of 
Delaware toucheth upon the same in the whole Length and Breadth 
thereof is and shall continue to be and remain a common Highway, 
equally free and open for the Use, Benefit and Advantage of the said 
contracting Parties. Provided nevertheless that each of the Legisla-
tures of said States shall hold and exercise the Right of regulating and 
guarding the Fisheries on the said River Delaware, annexed to their 

· respective Shores in such Manner that the said Fisheries may not be 
unnecessarily interrupted during the Season for catching Shad, by 
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Vessels riding at Anch6r on the Fishing-Ground, or by Persons :fish-
ing under Claim of a common Right on said River. 

,, 

Secondly. That each State shall enjoy and exercise a concurrent 
Jurisdiction within and upon the Water, and not upon the dry Land 
between the Shores of' said River, but in such Sort, nevertheless, 
that every Ship and other Vessel while riding at Anchor before any 
City or Town in either ~tate where she hath last laded or unladed, or 
where it is intended sh:e shall first thereafter either lade or unlade, 
shall be considered exclusively within the Jurisdiction of such State; 
and every Vessel fastened to or aground on the Shore of either State, 
shall in like Manner be;considered exclusively within the Jurisdiction 
of such State; but, that: .all capital and o~er Offences, Trespasses' or 
Damages, committed oµ said River, the juridical Investigation and 
Determination thereof shall be exclusively vested in the State wherein 
the Offender or Person.i::harged with such Offence shall be first appre-
hended, arrested or pr~secuted. 

Thirdly. That all Islands, ijylots and dry Land within the Bed, 
and between the Shores of the said River, and between the said Sta-, 
tion-Point, northerly, find the Falls of Trenton, southerly, shall, as 
to Jurisdiction, be hereafter deemed and considered as Parts and Par-
cels of the State to which such insulated dry Land doth lie nearest at 
the Time of making and executing this Agreement, and that from 
said Falls of Trenton fo the State of Delaware, southerly, Biles's-
Island near Trenton, 'Windmill-Island opposite to Philadelphia, 
League-Island, Mud or Fort-Island, Hog-Island and Little Tinnicum-
Islands, shall be annexed to the State of Pennsylvania, and considered 
as Parts and Parcels thereof; and that Biddle's or Newbold's-Island, 
Burlington - Island, P~tty's - Islands, Redbank - Island, Harmanus 
Helm's-Island, Chester-Island and Shiverse's-Island shall be annexed 
to the State 'of New-Jersey, and considered as Parts and Parcels 
thereof; and that all other Islands within said• River, between the 
Falls of Trenton and the State· of Delaware, which are not herein 
before particularly enumerated, shall be hereafter deemed arid con-
sidered as Parts and Parcels of the State to which such Island doth 
lie nearest at the Date hereof; and that all Islands which may here-
after be formed within the said River, shall be classed and annexed 
to the Jurisdiction of either State according to the same Principle. 

Fourthly. That this present Agreement, and every Article and 
Clause therein contained, shall be suspended and take no effect until 
each of the Legislatures/of the State of':Pennsylvania and New-Jersey 
respectively shall have passed Laws approving of and ratifying the 
same, which being done, the said Agreement s.hall then be considered 
as a Joint-Compact between the said States, and the Citizens thereof 
respectively, arid be foi;ever thereafter irrevocable by either of the 
said contracting States without the Concurrence of the other. In 
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Witness whereof we, the Commissioners of the aforesaid States, have 
set our Hands and Seals to two Instruments of the Agreement, one 
for each State, dated this twenty-sixth Day of April, Anno Domini 
One Thousand Seven Hundred1:and Eighty-three. 

Abraham Clark. (L. S.) George Bryan. 
Joseph Cooper. (L. S.) George Gray. 
Thomas Henderson. (L. S.) Wm; Bingham. 

Therefore, 

(L. S.) 
(L. S.) 
(L. S.) 

BE IT EN ACTED by the Council· and Ceneral Assembly of this 
State, and it is hereby Enacted by the Authority of the same, That 
the aforesaid Agreement, and every Article, Clause, Matter and Thing 
therein contained, shall be and the same is hereby fully and amply 
ratified and confirmed, and shall be and ever hereafter remain in 
Force agreeably to the true Tenor and extent thereof. 

Passed at Burl!ngton, May 27, 1783. 
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A.$REEMENT OF J 786 
CHAP. CXXX. 

A.n ACT to ratify ah.d .confirm an Agreement made between the 
Commissioners appoint~d by the Legislature of the State of Pennsyl-
vania, and the Commi$sioners · appointed by the Legislature of the 
State of New-Jersey, foi, the Purpose of agreeing upon, and accurately 
describing which of theislands, Eylots and insulated dry Land, men-
tioned in the Agreement between the two States, bearing Date on the 
twenty-sixth Day of April, Seventeen Hundred and Eighty-three, 
belong to each of the said States according to the Purport of that 
Agreement. 

WHEREAS Commissioners duly appointed on the Part of the 
State of Pennsylvania, and a Commissioner duly appointed on the 
Part of the State bf New:-Jersey, for the Purpose.of dividing the Islands 
in the River Delaware, between the Falls of Trenton and the Station 
Point or Northwest Corner of the State of New-Jersey, have executed · 
two Articles of Agreement, one for each State, which is contained in 
the following Words: 

"An Agreement made and concluded upon between George .Wall, 
John Okeley and Jona~ Hartzell, Commissioners appointed by the 
Supreme Executive Council of the State of Pennsylvania, for dividing 
the Islands and insulat~d dry Land in the River Delaware with the· 
State of New-Jersey, from the Falls at Trenton to the Station Point 
or Northwest Corner ofthe said State, and Moore Furman, Commis-
sioner appointed by the;said State of New-Jersey for the like Purpose. 

. "FIRST, The Parties aforesaid, in Pursuance of the Authority 
to them severally given, 1and in Behalf of the respective States afore-
said, do agree, that, from the said Falls of Trenton to the Station 
Point or Northwest Corner of the State of New-Jersey aforesaid.***" 

(It is provided that certain islands designated in the agreement 
shall be annexed to the State of Pennsylvania, and certain other 
islands shall be annexed to the State of New Jersey.) 

"SECONDLY, That all other Islands which may hereafter be 
formed within said River, between the Falls of Trenton and the Sta-
tion Point or Northwest Corner of the State of New-Jersey aforesaid, 
shall hereafter be deemed and considered as Parts and Parcels of the 
State to which such Islands may be nearest. In Witness whereof, 
we the Commissioners of the States aforesaid have set our Hands and 
Seals to two Instruments of Writing, one for each State, dated this 
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second Day of December, Anno Domini One Thousand Seven Hun-
dred an.d Eighty-five. George Wall, L. S.; John Okeley, L. S.; Jonas 
Hartzell, L. S.; Moore Furman, L. S. 

''Therefore, 
"BE IT ENACTED by the Council and General Assembly of this 

State, and it is hereby Enacted by the Authority of the same, That 
the· aforesaid Agreement, and every Articl~, Clause, Matter and Thing 
therein contained, shall be, arid the same is hereby fully and amply 
ratified and confirmed, and shall be and ever hereafter remain in 
Force agreeably to the true Tenor and Extent thereof. 

Passed at Trenton, March 16, 1786. 



.APPENDIX C 
PENNS~LVANIA AND NEW JERSEY 

Agreements of 1783 and 1.786 referred to in Article XIX of Proposed 
Compact 

(Excerpt from Article in 34 Yale Law Review, 685-733) 
"An agreement dealing with the respective claims of the two States 

to jurisdiction over certain islands in the Delaware River, was con-
cluded between commissioners on April 31, 1783. This was ratified 
by Pennsylvania on September 20, 1783 (41) and by New Jersey on 
May 27, 1783 ( 42). appointed under the terms of 
this agreement (43) contemplated a further agreement between the 
States looking forward to the improvement of navigation on the Dela-
ware River and its branches (44). Such an agreement was reached 
on December 2, 1785, an.d ratified by New Jersey on March 16, 1786 
(44a). Pennsylvania, hy the act of September 25, 1786, made effect-
ive those terms of the compact that applied to her (44b). Further 
legislation under the terms of the agreement of 1783 was undertaken 
by Pennsylvania in 1786(45) and by New Jersey in 1856 (46). 

"(b) This agreemen~ was considered in Comm. v. Frazee (1856, 
Pa.) 2 Phila. 191; State; v. Davis (1856, N. J.) 1 Dutch 386; Att'y-
Gen'l v. Dela. & Bound ~rook R.R. Co. (1876) 27 N. J. Eq. 1." 

(41) 11 Pa. Stat. at L. 1782, ch. 1035, p. 15 l. 
(42) N. J. Rev. Sts. 1847; tit. III, ch. 5, p. 41, Nixon, Dig. N. J. Laws 1709-1855 

. 1855) 824. 
(43) Pa. Archives, 129. · 
( 44) The Pennsylvania Commission was authorized to cooperate with the New 

Jersey Commission. See 9 Pa. Archives, 71 o: This authorization was communicated 
by Pennsylvania to the Governor of New Jersey. See 9 ibid. 458. See also Letter 
of Pres. Dickinson to the Governor of New Jersey, on December 14, 1783, 9 ibid., 366. 

(44a.) N. J. Rev.Sts. 1847, tit. III, ch. 6, p. 43. 
(44b.) 12 Pa. Stat. at L, 1786, ch. 1245, p. 304. 
(45) 12 Pa. Stat. at L. 1786, ch. 1245, p. 304. 
(46) N. J. Laws, 18~6, cp. 123, p. 242. 
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NOTES REFERRING TO MATTERS ARISING OUT 
OF THE AGREEMENTS OF 1783 AND 1786 · 

The agreements of 17.83 and 1786 between New Jersey and Penn-
sylvania were very simple documents1 yet in each State difficulties 
subsequently arose which resulted in lengthy controversies, and for 
many years the Governors, Legislatures, various Commissions and 
Committees were engaged in attempts to interpret the compact, 
adjust differences and avoid continued litigation. A number of in-
stances have been cited to illustrate the complications which developed 
and to emphasize by past experience the necessity of defining in the 
clearest possible terms the exact meaning of every provision iri the 
vastly more important compact now before· the Legislature for con-
sideration. 

1816. Relative to Pennsylvania resolution protesting against passage· 
and operation of act of New Jersey Legislature to enable D. 
W. Coxe and others to erect wing-dam in Delaware River 
to connect Yard's Island with main land at Bloomsbury. 
(February 4, 1815) and supplement (February 10, 1816). 
Governor's message. (Dickerson) October 26, 1816. 

1816. Report of Committee (Rutherford) to which was submitted 
correspondence between Governors of Pennsylvania and 
New Jersey, concerning erection of wing-dam in Delaware 
River (votes of Assembly 1815-1816, pages 160-161). 

Note.-Committee's report, dated January 29, 1916, is that it 
is the opinion of the committee that the acts referred to 
above are not an infringement of any convention or law 
subsisting between the States, because (1) of the con-
vent.ion of April 26, 1783, which made the river within 
certain defined boundaries a common highway, and 
permitted the erection of wing-dams in certain circum-
stances (see text of convention), and (2) of an act of 
November 26, 1808, re: Fisheries in the River. 
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1817. Report of Committee (Williamson) to which was referred reso-
lution of Pen*ylvania Legislature protesting against the 
passage and operation of laws above referred to. 

Note.-:--Committe~ report, dated January 6, 1817, recommends 
· appointment of Commissioners "to settle and determine 

with more precision and certainty; than has heretofore 
been don~; in any agreement between the two States, 
the right of the legislature of the said States respectively, 
or to citizens thereof to use the shores and waters of the 
River Dela ware for the erection of mills, dams, banks 
and other works of public utility and benefit and which 
shall not :materially injure or impede the navigation of 
the said river." 

1817. Report of Commissioners appointed by act of the New Jersey 
Legislature fo!r settling differences between the States. 
Printed by James J. Wilson, 1817-34 pages. 

Note.-Report dated October 27; 1817, of Commissioners ap-
pointed oy act of the Legislature January 31, 1817, to 
settle differences between New Jersey and Pennsylvania, 
concerning wing-dams in the Delaware River. 

Copy of report found at New Jersey Historical 
Society. i.. · 

After · some correspondence, which is attached to 
the report1 the Commissioners took a trip up the Dela-
ware to Belvidere and down the Delaware to Trenton, 
during which they found several wing-dams on each 
shore, the greater number of which were more or less 
injurious· to navigation. 

Agreements (copies of which are also attached to 
the report) were submitted by either side and a final 
conference held. 

The fust question taken up was that of the general 
· regulation of wing-dams. After the Commissioners 
had agre~d with reference to a construction to be placed 
on the treaty of 1783, the question of enforcing regula-
tions was discussed. Pennsylvania insisted that all 
wing-dan1s should be subject to condemnation as nui-
sances, unless the report oi Commissioners concluded 
that the' dams were according to the agreement. To 
the New. Jersey Commissioners, such position meant 
that evei:ywing-dam was subject to condemnation merely 
because the Commissioners had not reported on it. 

No agreement was reached. 
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They then discussed the Coxe dam, and Pennsylvania 
insisted that either State should have the right to destroy 
the dam, without permitting the question as to whether 
or not it complied with regulations, or was according 
to the agreement, to be tried in a court of law. New 
Jersey refused and the confer_ence then broke up. 

The report states that Pennsylvania never took any 
notice of. the third subject which ought to have been 
discussed, namely, to define with precision and certainty 
the right of both States to authorize dams, etc. 

The ,report also says that there were a greater number 
of wing-dams on the Pennsylvania shore, which· were 
equally as injurious to navigation as those on the New 
Jersey shore, but because of the usefulness of the dams, 
the New Jersey Commissioners believed th~ dams might 
be changed to produce little obstruction to navigation. 
They also recommended legislation to prevent the erec-
tion of any new dams in the river without the consent 
of Pennsylvania. 

Among the letters attached are: (1) Pennsylvania Com-
missioners to New Jersey Commissioners,. the fifth para-
graph of which called for an admission by New Jersey 
that all laws passed by either State without the con-
currence of the other to authorize wing-dams in any 
degree injurious to navigation were and would be an 
infraction of the agremeent of April 26, 1783; (2) New 
Jersey's reply, stating iri substance that whether or not 
a dam was lawful or unlawful depended upon a question 
of fact, namely, whether it was obstructing naviga-
tion. · · 

1822,. Report of.Committee (Newbold) as to whether the law authoriz-
ing the erection of certain dam across the Delaware at Blooms-

. bury has been complied with. 
Note.-Committee report, dated November 21, 1822, found that 

the wing-dam referred to was affecting navigation and 
that the acts referred to above were being violated; 
recommended further extension of time for the building 
of locks and sluices. · 

1830. Report of Committee (Nevius) to which was referred do~ments 
relating to arrangements with Pemrsylvania for mutual use 
of the waters of the Delaware. 

Note.-Report of Committee, dated February 5, · 1830, states 
that the committee had examined an agreement between 
the Commissioners, and recommended passage of an 
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act relative to such agreement betw~en the two States 
for the mutual use of the waters of the Delaware and 
also of an act to provide for the improvement of the 
river below Trenton. 

Copy of the agreement referred to has not yet been 
located. 

1830. Formation of compact by Commissioners from Pennsylvania 
and New Jersey, for use of waters above tide. Governor's 
message (Vroom) January 7, 1830. 

1832. Resolution of Pennsylvania Legislature for appointment of 
Commissioners. from New Jersey and Pennsylvania to confer. 
in regard to wing-dam at Wells' Falls and right of two States 
to use of the waters of the River Delaware; submitted to the · 
Legislature. Governor's message (Vroom) October 24, 1832. 

1832. Report of Committee (Ludlow) to which was referred that part. 
of the Governor's message relating to obstructions in the 
Delaware River. 

Note.-Report of committee, dated October 30, 1832, provides 
for resolution for the appointment of Commissioners 
to view dam at Wells' Falls. 

1833. Need of action tespecting appointment of· Commissioners to 
confer with Peimsylvania Commissioners in regard to Dela-
ware River submitted to the Legislature. Governor's mes-
sage (Southard) January 11, 1833. 

1833. Garret D. Wall, ~eter I. Striker and John M. Sherrard appointed 
Commissioners on behalf of New Jersey. Governor's message 
(Seeley) October 23, 1833. 

1834. Governor's message (Vroom) October, 1834, relative to agree-
ment to be co11cluded with Pennsylvania as to use of the 
waters Delaware. 

• 1835. Governor's message (Vroom) transmitting report of Commis-
sioners on obstructions in Delaware River. 

I 

Note.-Report of Commissioners appointed by joint resolution 
of January 17, 1833. 

This document indicates that the New Jersey Com-
missioners ascertained that Pennsylvania was diverting 
the Lehigh River. into the Pennsylvania Canal, Re-
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port recites the violation by Pennsylvania and then justi-
fies it on the ground of public improvement. Having 
justified the Pennsylvania position, the Commissioners 
justified the New Jersey diversion of the Delaware into 
the Delaware and Raritan Canal on the theory that New 
Jersey had only followed suit. The report found that 
the dam at Wells' Falls was .improper, but the removal 

r thereof practically meant the destruction of the Penn-
sylvania Canal. Report was dated February 2, 1835; · 

The agreement entered into between the Commis-
sioners was also annexed to the report and provided (1) 
that New Jersey might take such water necessary to 
supply· the . Delaware and Raritan Canal; (2) that 

· Pennsylvania, by the use of dams or feeders at Wells' 
Falls, might take sufficient water necessary to supply 
the Pennsylvania Canal with restrictions on the build-
ing of the dam; and (3) that New Jersey would cause 
obstructions at Scudder's Falls (violation having been 
found on November-22, 1834) to be removed by the 
Trenton and Delaware Falls Co .. · · . · 

Letters from the engineer of the committee were 
also attached. 
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PRELIMINARY LIST OF STATUTES OF NEW JERSEY WHICH MAY POSSI-
BLY BEAR UJ.>ON PROBLEM. (INCOMPLETE.) 

1804._ Ch. 123, p. 134 .. Incorporates Trenton. Water Works. (1852, 
ch. 132, p. 289, Supplement. Authorizes corporation to take 
the water it may require either in whole or in part from Dela-
ware River). ·· · 

(1859, ch. J 7, p. 38. Authorizes corporation to convey 
to City of Treµton.) 

1804. Ch. 153, p. 433. Incorporates New Jersey Navigation Com-
pany, authorizes opening water communication from Raritan 
River at or near New Brunswick to Delaware River at Lam-
berton. 

1809. Ch. 66, p. 228. Authorizes Samuel Wright, Jr., and George 
Dill to bring ~ater of Delaware River into Assanpink Creek 
and to erect a ~ing-dam in river. 

1811. P. 27. Authorizes James Ramsey and Thomas Barton, heirs 
and assigns, to erect, etc., wing-dam in Delaware River, ex-
tending from Ramsay and Barton's Island. 

1811. P. 28. Authorizes Nicholas Albertson, heirs and assigns, to 
erect, etc., wing-dam in Delaware River, extending from 
Alb_ertson's Island. 

1814. P. 156. Authorizes William L. Prall and Jacob Lambert, heirs 
and assigns, to erect, etc., wing-dam in Delaware River at 
head of Howell's Falls below mouth of Wichetoak Creek. 

1814. P. 220. Authorizes John Shurlock, heirs and assigns, to erect, 
etc., wing-dam in Delaware River at head of Foul Riff Falls. 

1815. P. 149. Authorizes Daniel W. Coxe, Samuel Wright, Jr., and 
Peter S .. Smith, heirs and assigns, to erect, etc., wing-dam in 
Delaware River below mouth so as to connect mainland of 
Bloomsbury with Yard's Island. 

1816. P. 161. Supplement to above incorporates The Bloomsbury 
Wing Dam and Mill Company and vests in company all 
rights, privileges, etc., granted to Coxe, Wright and Smith. 

1817. P. 42. Appoints Commissioners for settling differences with 
Pennsylvania .. over legislative authorization to erect dams, 
etc., in Delawll,re River. Refers to Coxe, Wright and Smith 
grants, above: (1835, p. 24. Act to repeal certain char-
tered rights, etc. Whereas Philemon Dickerson of Pater-
son has purc~ased of Daniel W. ~oxe wing-dam connecting 
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Yard's Island with mainland and mills at Bloomsbury; and 
by recent construction of raceway and water power of Tren-
ton Delaware Falls Company, "The Bloomsbury Wingdam 
and Mill Company" will be able to supply mill with water 
from raceway without aid of wingdam. · So much of acts re 
Daniel W. Coxe et als. (1815 and 1816, above) as requires 
The Bloomsbury Wingdam and Mill Company to keep up a 
wirtgdam is repealed; company name changed to Bloomsbury 
Mill Company and authorized to contract with Trenton 
Delaware Falls Company, and take, etc., from said'raceway 
such water power as may be necessary to carry on operations.) 

1819. P. 74. · Authorizes John Stevens, et als., to remove obstructions 
from Delaware River at or near Perriwig Island-to erect 
such wing-dams as necessary; in consideration whereof ex-
clusive right to operate steamboats over certain part of river 
given for 15 years, etc. 

1823. P. 166. Incorporates Orange and Sussex Canal Company. 
Authorizes canal from Delaware River to Hudson River. 

1824. P. 175. Incorporates Delaware and Raritan Canal Company. 
Authorizes construction of canal from Delaware River to 
Raritan River; authorizes supplying canal with water from 
Delaware River, etc. (1826, p. 87. Re Delaware and Rari-
tan Canal Company. Authorizes Governor to receive sur-
render of, charter upon payment of $90,000.) (1830, p. 73. 
Incorporates Delaware and Raritan Canal Company.· Per-
petual. Authorized to supply canal with water from Dela-
ware River by constructing feeder from any part of river.) 

(1831, p. 64. Supplement to above.) . 
(1831, p. 124. Authorizes Delaware and Raritan Canal 

Company to consolidate with Camden and Amboy Railroad · 
and Transportation Compl:!,ny.) 

(1868, ch. 445, p. 1036. Re Delaware and Raritan Canal 
Company.) Lawful to straighten feeder as more water re-
quired; make wing-dam at head,of Bull's Island; also to pro-
tect and complete wing-dams heretofore erected· at Wells' 
F~lls. See Joint Resolutions December 2, 1831, and January 
17, 1833, re wing-dam at Wells' Falls.) 

(1869, ch. 386, p. 1026. Act to enable United Companies 
to improve lands under water-includes Delaware and Rari-
tan Canal Co.) 

1824. P. 158. Incorporates Morris Ca~al and Banking Company to 
. construct artificiel waterway between Passaic and Delaware 
· Rivers. 

(See also 1828, p. 34; 1836, p. 262; 1849, p. 33; 1865, p. 
264; 1867, p. 251; 1871, p. 444; 1873, p. 1347; 1906, p. 739.) 
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1829. P. 91. Act for •effecting arrangement between New Jersey and 
Pennsylvania for mutual use of waters of Delaware f9r canals, 
etc. Appoints ~ommissioners. · 

1831. P. 131. Incorpor'&tes Trenton Delaware Falls Company to 
create water power at Trenton and vicinity. Perpetual. 
Right to acquir~.water privileges, etc. Lawful to erect wing-
dam in Delaware River between mouth of Assanpink and 
head of Wells' Falls, and raceway; to cut raceway from dam 
to any point below Trenton Falls, etc., and such other race-
way, etc., as company shall deem expedient for the purpose 
of creating water power for manufacturing, etc. 

(1844, p. 85 .. Supplement to above. Authorizes receivers 
of Trenton Delaware Falls Company to sell, purchaser to be 
known as The Trenton Water Power Company.) 

(1847, p. 76 .. Supplement to above. Authorizes Trenton 
Water Power Company to extend raceway along bank of 
Delaware River ,to a point near head of Taylor's Rift.) 

(1870, ch. 91', p. 255. Company authorized to maintain 
and protect darn at Scudder's Falls.) 

1836. 2, 17. Incorporates New Brunswick Manufacturing Company 
to manufacture wool, :etc. Right to acquire such * * * 
water power as neces::;ary (in New Brunswick). 

1837. P. 410. Supplement to above. Gives right to use surplus 
waters of Dela~are and Raritan Canal Company within cor-
porate limits ofCity of New Brunswick. 

1845. P. 198. Incorporates Camden Water Works Company. 
(1854. Supplement to above. Authorizes holding of real 

estate, etc., in Pavonia-necessary to supply !City of Camden 
and Pavonia with water from Delaware River.) 

(1864, ch. 416, p. 723. Supplement to above. City of 
Camden authorized to become stockholder or owner.) 

· (1870, ch. 291, p. 539. Further Supplement. Lawful to 
sell and convey t.9 City of Camden.) 

1846. P. 13. Gives assent to act of Pennsylvania entitled "Supple-
ment to act to incorporate Easton Water Company (March 
24, 1817." (Approved January 15, 1846.) Authorizes com-
pany to construct wing-wall and dam in Delaware at any point 
north of confluence with Bushkill Creek and northern line 
of Borough of E$.ston; construct works, etc., as may be neces-
sary for pumpiii:g, conducting, retaining and supplying a 
sufficiency of wa~er to inhabitants of said borough * * * 
nor shall any w~ter be drawn from said river for purpose of 
creating water power for manufacturing, nor except for pur-
poses mentioned in act. 

(1854, ch.14~, p. 384. Re same: Authorizes·companyto 
supply Phillipsb1.1rg.) 
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1847. Incorporates·· Trenton Iron Company. Lawful to issue to 
Peter Cooper 2,500 shares for property at South Trenton, 
known as "Trenton Iron Works," with all * * * water 
power and water privileges now held by said Peter Cooper, 
jointly with Trenton Water Power Company. 

· 1848. P. 109. Incorporates Trenton and South Trenton Aqueduct 
Company to supply those municipalities. Lawful to use 
water of Delaware River, or Assanpink Creek, below dam, 
and to raise same into reservoirs, etc. Not to divert, take 
away, or in any manner injure, supply of water in fountains 
used by Trenton Water Works Company. · 

1852. Ch. 3, p. 9. Authorizes inhabitants of City of Trenton to con-
~truct works, etc. Commissioners authorized to use the. 
waters of :the Delaware River. Not to invade or infringe 
legal rights of Trenton Water Works Company. 

1855. Ch. 13, p. 23. Increasing and defining powers of Rifton Manu-
facturing Company. In addition to powers already vested, 
given power to extend present raceway from eddy below 
Foul Rift, using water where deemed expedient * * * 
(By act of 1858, ch. 47, p. 90, Belvidere Manufacturing Com-
pany (February 26~ 1828) was giyen foregoing name.) 

1861. Ch. 91, p. 220. Authorizes Lehigh Water CompaJJ.y of Easton, 
Pennsylvania, to supply Phillipsburg with water (1863, ch. 
121, p. 227. Supplement to above.) 

1869. Ch. 567, p. 1437. Incorporates .Delaware and Egg Harbor 
Canal Company. Perpetual. Authorizes construction of 
canal from waters of Delaware to waters of Egg Harbor 
River and Inlet. Authorizes supplying canal with water 
from.Delaware River, etc. Requires consent by Pennsylvania. 

( . . .,. 
1871. Ch. 625, p. 1541. Incorporates New Jersey Coast Canal Com-

pany. Perpetual .. Authorizes construction of canals so as 
to connect navigable waters of Raritan Bay with navigable 
waters of Delaware Bay. Authorized, if necessary, to supply 
water by constructing. feeders from any of the streams, 
cros1$ed or connected by said canals, or from any of their 
tributaries. 

1873. Ch. 670, p. 1587. Incorporates Delaware River Land and Im-
provement Company. Authorized to build canal and build 
property in Camden; canal to run from Delaware River (Line 
Ditch) to most convenient point on _Cooper's Creek. 

1873. Ch. 639, p. 1511. For protection of Morrisville Water Power. 
Authorizes Andrew K. Rowan and William C. Van Sant, 
present owners, to build and maintain wing-dam commencing 
at wing-wall of Delaware Bridge at Calhoun street, Trenton, 
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and extending gown river to entrance rock in falls at channel. 
Not to interfere with. Trenton Water Works, water works of 
City of Trentoµ, or Trenton Water Power Company, nor to 
diminish supply: of water flowing in river. Requires consent 
of Pennsylvani1;t; 

1876. Ch. 90, p. 103. ~upplenient to ,Revision, April 7, 1875. Law-
ful for any thre¢ or more persons, etc., to carry on * * * 
any lawful business or purpose whatever except such as shall . 
need to possess right of taking land. Does, however, include 
damming of .rivers and streams, including storage, transporta- . 
tion and sale of water, and water power and privileges, -with 
right to take rivulets, raceways and lands, and erect and 
maintain dams, reservoirs, raceways, etc., upon filing of cer-
tificate. i. . ' 

Does not apply to any river or stream of less width and 
volume of water than the. Delaware River, ordinarily at 
Phillipsburg, in. this State, below its junction with the Lehigh, 
nor to any river or stream below the head of tidewater in 
the same. · 

Companies have power to cut or acquire main canals or 
raceways ~n each side_ of said river:s br strea1:1s, etc., provided 
water so diverted be returned again after bemg used for pur.: 
poses aforesaid,;, and that water shall not be completely 
diverted so as t9 leave beds uncovered, etc. 

1876. Ch. 193, p. 318. ,Act for construction of water works, etc . 
. (See: 1879, ch. 206, p. 348; 1906, ch. 319, p. 703.) 

1877. ·ch. 85, p. 127. ~e: Formation of Canal Companies. 
1879. Ch. 195, p. 384. •· Authorizes organization of corporations to 

construct dams in rivers and streams-for water power pur-
poses; to cut of acquire canals or raceways-water to be re-
turned after use unpolluted.' Denies power to supply public 
with water for, potable or other domestic purposes; not to . 
impair right of municipalities to take, without compensation, 
water for inhabitants. 

1895. Ch. 283, p. 573; _: Concurs in act of Pennsylvania authorizing 
· persons named' to extend wing-dams constructed by Adam 

Hoops, with right to take water for use of mills. 
1899. Joint Resolution. No. 7, · p. 475. Requests Pennsylvania to 

ado.pt legislation necessary to carry into effect acts of April 
7, 1875, and Apri,112, 1876, re: dams. · 

, .. 
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SOM2 ARTICI,2S AND N OT2S OF INT2R2ST IN CONN2CTION WITH TH~ 

BASIC PROBI,2MS D2AI,T WITH. 

The Compact Clause of the Constitution-A Study in Interstate Ad- · 
justments. 

Frq.nkfurter and Landis, 34 Yale Review, 685. 
Legislation Through Compacts. 

Chamberlain, 9 Am. Bar Ass'n Journal, 207. 
The Power of the States to Make Compacts. 

,-31 Yale Law Journal, 635. 
Interstate Compacts, as a means of settling disputes between States. 

35 Harvard Law Review, 322. 
Compacts and Agreements between States. 

Bruce, 2 Minnes~ta Law Review, 500. 
State Control of Navigable Waters. 

Taft, 15 Columbia Law Review, 417. 
Power of a State to divert an interstate stream. 

French and Smith, 8 Harvard Law Review, 138. 
Kansas-Colorado Water suit. 

Costigan, 17 Green Bay, 587. 
Interstate rights in interstate streams. (Kansas v. Colorado and 

Wyoming v. Colorado.) 
Bannister, 36 Harvard Law Review, 960. 

Some Problems of the Inters41,te Water War. 
Rogers, 1923, Colorado Bar Ass'n Report, 107. 

i 
Application of the Reserve Treaty Powers of the States to Interstate 

Water Controversies. 
Carpenter, 1921, Colorado Bar Ass'n Report, 45. 

Colorado River Problem. 
Corthell, 9 American Bar Ass'n Journal, 289. 

· One aspect of the Colorado River interstate agreement. 
Wiel, 11 California Law Review, 145. 

Use of the water in navigable streams for commerce and power. 
Clayton, 94 Central Law Journal, 442. 
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The water power problem in the United States. 
Brown, 24 Yale Law Journal, 12. 

Federal Power of Legislation as to the Development of Water Power. 
Howell, 50 American Law Reiiew, 883. 1 

The Federal Power Act. 
Shields, 73 Uniz,ersity of Pennsylvania Law Review, 142. 

Some views respecting the Federal Water Power Act. 
Hooper, 8 Marquette Law Review, 1. 

Right of a State to restrain the exportation of natural resources. 
Hardman, 26 West Virginia Law Quarterly, 224. 

Limitation by a State of exportation of its natural resources. 
24 Columbia Law Review, 64. 
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MEMORANDUM FOl{ THE 
DELAWARE RIVER TREATY COMMISSION* 

November 13, 1924. 
By Colonel William Kelly, Chief Enginee!, Federal Power-Commission. 

The Federal Government's interest in the. proposed treaty for the 
Delaware River may be summarized under two headings :-first, that 
the low, water flow below. Easton shall not be reduced to stich a point 
as to interfere with present and possible future navigation on the Dela-
ware River; second, that the Treaty shall be so drawn as to permit 
the fullest practicable use of the .water resources. The proposal in 
the Treaty to make the municipal use of water the highest use is in 
accord with past practice of the Federal Government and I believe 
that there will be no dissension on that point. 

My study of tjie present,.treaty draft has been directed principally 
to Articles 4 and 6. In conversation with the various State engineers, 
it appears that there is no intention to reduce the low water .flow beyond 
the point where it would be satisfactory to the U. S. Government. 
However,·as drawn, Articles 4 ~nd 6 of the Treaty do not insure such 
a flow beyond reasonable doubt. Since all parties are agreed, how-
eve~, as tt> the result to be obtained, .there 'should be little difficulty 
in reframirig these sections so as to make them perfectly clear. 

In order to determine the possibilities for tlie use of water resources 
of the Delaware River, I have had a brief study made of the power 
resources. The information available is not sufficient to permit of 
accur~te estimates being made but the figures given by my study are 
believed to be very conservative. A study of the stream :flow data 
indicates that the flow at Port Jervis can be maintained at about 
4,000 second feet by providing· 1,200,000 acre feet of storage. It 

· appears to be practicable to obtain that much storage above Port 
Jervis: From the rather meagre data available, it appears that nine 
power developments are feasible on the main river froni Hawkins to 
a,Point below the Musconetcong River. The fall in the river between 
these points and the estimated amount of that fall which can be devel-
oped for poweris shown on the following table: 

*Submitted to the Commission which entered into proposed compact herein considered. • 
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EsT~MATE oF PowEk CAPABLE OF DEVELOPMENT ON 
DELAWARE RIVER 

Dam Sites 
1 Equinounk, Kellam's Bridge, Haw-

kins or Upper or Lower Callicoon 
Creek, ....... , ..... _,_ .... ; .. . 

2 Narrows burg ........... • ........ . 
3 Barryville .............•...... · .. . 
4 Below Mongaup River .......... . 
S Milford ............... : •........ 
6 Decker's Ferry ................. . 
7 North Water Gap .. , ...•......... 
8 Belvidere ...................... . 
9 Below Musconetcong River .... · .. . 

Full possible 
development 

160 
65 

110 
105 

70 
65 
35 
60 

110 

780 

Estimated 
development 

80 
60 
70 
80 
35 
55 
30 
so 
30 

490 

As indicated by the abqve table, it is believed that out of the 780 
feet total fall at least 490 ,.feet can be developed for power without 
serious flowage damage. The following table shows the amount of 
power that can be developed with a regulated flow of the river at these 
nine sites: 

EsTIM,ATEn· PowER OuTPuT 
No. designating Drainage Est. water Av. Kw. output Kw.Hrs. 
dam site previous area supply Head at 855' output 
table sq.mi. medium flow. efficiency. per year. 

2200 
(1000 Kw. hr.) 

1 . ......... 1680 80 12,700 111,000 
2, ......... 1924 2500 60 10,800 95,000 
3 ... ....... 2772 3600 70 18,100 159,000 
4 .......... 3040 4000 80 23,000 202,000 
S .......... 3472 4500 35 11,400 100,000 
6 .......... 3729 4:900 55 19,400 170,000 
7 .......... 3800 5000 30 10,800 95,000 
8 ........... 4384 5700 so 20,500 180,000 
9 .......... 6344 8200 30 17,700 155,000 

1,267,000 

With the river regulate4 for power development, it is safe to assume 
that at least one billion and a quarter kilowatt hours can be developed 
per year. Probably the best use for this power would be to carry 
daily peaks in one of the large power consuming centers near the Dela-
ware River; that is, either New York, the New Jersey Metropolitan 
District or Philadelphia. :For this purpose the power would probably 
be used at about 25% loa.d factor and the installed capacity would 
amount to about 530,000 K. W. It is probable that this power could 



46 Memorandum for Delaware River Treaty Commissiorf 

be developed _at a cost of less than $175.00 per K. W. installed and 
that the total cost of the project may be tiµten at $90~000,000. If the 
power be used for daily peaks, it should be worth at least one cent per 
kw. hr.; that is, it should produce an income of at least $12,000,000 
per year. 

The Treaty as drawn permits the diversion of about 75% of the 
water from the river and gives priqr right to such diversion. If that 
amount of water be reserved for diversion, power develop"ment on the 
river will be impracticable .. A memorandum_ of November 6,. 1924, 
prepared by the State Engineers on <'Studies of the flow _in the channel 
of the Delaware River" provides for diversion of very much less water 
than that provided in the Treaty. If the diversions indicated by the 
meniorandum of November 6th are the maximum probable-diversions 
for municipal purposes, there will still be a possibility of some power 
development on the river and it would seem proper in the interest of 
conservation to modify the _limits as at present set up by the Treaty 
so that they will not prevent the fullest feasible development of the 
river. 

(signed) W. Kelly. 
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I' •o:•z•.•., 
To the Senate and General Assembly of the State of New Jersey:' •0f •· .-: 

1:' . Q. 
In addition to the c~nsideration of the subjects which are deail,.•:·;. • 

with in Part One of thereport of this Commission; submitted under : J,•· 
date of January 30, 1929, the joint resolution constituting this Com-
mission directed "the f<'.>rmulation" by it "of a comprehensive State 
policy with reference to\the development of the waters of the State, 
the recommendation. of the instrumentality or instrumentalities 
through which such policy should be carried into effect, and tht. ways 
and means of financing thereof." . 

Part Two of the report of this Commission is now submitted in 
compliance with such direction. 

Compliance with such.direction required the bringing together of a 
large volume of existing,data bearing upon the problems to be con-
sidered, and revising, supplementing and coordinating it. 

This task was delegated to Nicholas S. Hill, Jr., Consulting Engi-
neer. The maps, diagra:ms and tables incorporated herewith were 
prepared by his staff under his supervision, Maps and diagrams are 
inserted n~ar that portiqn of the text referring to them. Append-

. ices and tables, arrangeq in numerical order, follow the text. 

GENERAL INTRODUCTION 
Map No. 1 shows the distribution of population in this State. 
It indicates that the Bulk of the population of the State is within 

the so~called "Northern Metropolitan District," which, roughly, com-
prises the counties of B'~rgen, Passaic, Essex, Hudson, Middlesex 
and Union, with a few outlying communities immediately adjacent 

· thereto. 
It shows a district embracing the counties of Mercer, Burlington, 

Camden and Gloucester. and including the cities of Camden and 
I 
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Trenton, with a p6pulation: cl, five hundred and forty-two thousand 
(542,000) people, which,!s'°hqe°in designated as the "Southern Metro~ 
politan District." ; ..... :•. 
. While the den~i~(,qf'•population in this a~ea is no\ nearly so great · 
as that of the ~~J)ie:rn Metropolitan District, the district is gi:owing 
rapidly in popui.atton, 

Out of a ·~o{.;,l population of three million four hundred and fifty 
thousand. (3:'-~io,ooo) sixty-eight per tent. {68%) are now residents of 
the .ij'QrtJiern and sixteen per cent. (16%) of the Southern Metro-
pciit'tttt l:>istrict In other words, eighty-four per cent; (84%) of the 

••• J?di\ttiation of the entire State is in, these two areas. Forecasts of 
:··. "future population indicate that fifty (50) years hence ninety per cent. 

,,. \ ··•:· (90%) of the entire population will reside within these two districts. 
·•. The population d~nsity in the Northern Metropolitan District at 

present is two thousand three hundred and eighty (2,380) per 
square mile and in the Southern three hundred and fifty (350), 
whereas in the rest of the State it is but one hundred and twenty (120). 

On the basis of this distribution of population the State is, for the 
purposes of this report,' divided into (1) the Northern Metropolitan 
District, (2) the Southern Metropolitan District and (3) the rest of 
the State. 

N ORTHE;RN METROPOLITAN DISTRICT. 

This territory comprises some one hundred and seventy-five (175) 
incorporated communities having a total 'population of two million 
three hundred and sixty thousand (2,360,000) people, ninety-three 
per cent. (93%) of whom are served from forty (40) public water 
supplies, of which twenty-two (22) are publicly and eighteen (18) 
privately owned. The total water consumed is approximately two 
hundred and fifty (250) million gallons daily, which is derived from 
sources with an available yield of three hundred (300) million gallons 
daily., 

The existing available supplies in this district may possibly be made 
to suffice to meet the needs of the next four (4) years if effectively 
pooled by means of interconnecting existing systems. Through such 
pooling the shortages which menace parts of the district may be 
avoided or minimized until additional supplies are provided or new 
sources developed. 

The Wanaque River development, now under construction by the 
North Jersey District Water Supply Commission, is to be completed by 
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the close of 1928. This development is estimated by the engineers of 
that commission as a:(fording a yield of one hundred (100) million gal-
lons daily. 

Notwithstanding this addition, shortages of serious proportions · 
will exist in parts of the district: 

This situation dematids immediate action. 
Various courses of l:dtion to meet the situation are open: 
(1) To proceed without delay to utilize the local sources to meet 

local or regional needs and to defer undertaking one of the proposed 
major projects hereinafter discussed; or (2) to undertake a major 
project. at once; or (3) to utilize undeveloped local resources in part 
and in so far as such development is not inconsistent with or un-
economic in view of the major project that may be adopted, and to 
put such major projed underway as well. The advantages and 
disadvantages of .these several possible programs will hereinafter be 
discussed. · 

SOUTHERN METROPOI,JTAN DIS'tRICT 

This area comprises ~ome one hundred and five (105) incorporated 
·communities having a total population of five hundred and forty-two 
thousand (542,000) people, eighty-seven per cent. (87%) of whom. are 
served from forty-eight (48) public water supplies, of which nineteen 
(19) are. publicly and twenty-nine (29) privately owned. In this 
district the present consumption is approximately fifty (50) million 
gallons daily and the safe yield of the sources as now developed is about 
eighty-four (84) million gallons daily, sufficient for possibly eight (8) 
or ten (10) years to come: 

The situation in this area differs from the situation in the Northern 
Metropolitan District. Xrenton has an unlimited supply available 
from the Delaware River. Camden has developed a supply of over 
sixteen (16) million gallons daily from underground sources. 'the 
bulk of the water used in the remainder of the district is developed 
in small units from wells, and such supply may be aug1;11ented by 
driving additional wells. 

It may therefore be 1,:some time before the necessity for a large 
regional supply becomes actually imminent. 

REST OF THE STATE 

In an area approximately double that of the two metropolitan dis-
tricts combined there resides about one-sixth (1-6) of the population 
of the State. It is true there are two hundred and fifty (250) incor-
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porated communities, but they are small and widely scattered. But 
sixty-seven per cent. (67%) of' the population is supplied with water 
by one hundred and nine (109) plants, of which fifty-seven (57) are 
publicly and fifty-two (52) privately owned. 

In this area ~he problem. of water supply may, and probably will, 
become acute in a few places such as Atlantic City. It is not likely, 
however, that a general problem such as that existing in the Northern 
and Southern Metropolitan, Districts will arise. 

OUTLINE OF WATER RESOURCES 

· A:,ailable Surface Water . 
. Appendix I gives a list of the communities in New Jersey with 

water supplies. This appendix also shows the purveyor by whom the 
community is supplied. . . • .. ., . . 

Table No. 1 gives a list of producing water systems in .the State 
supplying five hundted thousand (500,000) gallons per day or over, 
together with their output. · · 

Table No. 2 gives the existing water supplies supplying five hundred 
thousand (500,000) gallons or over per day, classified by sources, and 
also indicates the total amount of water obtained from the various 
sources. 

Map No. 2 shows the drainage systems of the State.. it shows that 
the principal drainage basins in Northern'New Jersey are those of the 
Hackensack, Passaic, Wallkill, Upper Delaware and Raritan, and in 
Southern New Jersey the Lower Delaware River and Atlantic Coast 
basins. · 

·Table.No. 3 gives the area of. the effective watersheds of thj: 
principal rivers and their tributaries; · 

The Hackensack, Passaic, Wallkill, Upper Delaware and Raritan 
are naturally tributary to the northern section of the State. Some of 

·' the streams in the Atlantic Coast basin may be, and· are, utilized in 
this section. The southern half of the State depends upon the Lower 
Delaware and its tributaries and streams in the Atlantic Coast basin. 

Table No. 3 further shows that the total effective drainage area of 
the various riveJ;s and streams within the State is four thousand five 
hundred and fourteen (4,514) square miles. Assuming that all were 
fully de,veloped, it is probable that the surface sources within the State 
could yield three thousand six hundred (3,600) million gallons per day 

' of water. 
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It is true, as will be seen by reference to Map No .. 2, that a number / 
of the watersheds in the belaware and Atlantic Coast basins are small. 
It is also true, however, 'that a/number of these small sheds may 
possibly be economically'utilized for local supplies by towns and villages 

· within or near these drainage basins.. . 
Both the northern ahd southern sections of the State, where the 

population density is greatest, have available sources from which· 
water may be obtained; The northern towns have the Hackensack 

· River as well as the P::i,ssaic and Raritan and their tributaries, to-
. gether with the tributatjes of the Delaware, including the Musconet-

cong, Pequest, Paulins IOU and Flat Brook. If arrangements can be 
made with the State of :New York, the drainage area of the Wallkill 
will also be available. jn the south are the Rancocas Ri';er, Wading 
and Mullica Rivers, Grefl,t Egg Harbor River and Maurice River, all 
of which are streams of appreciable size. In addition to these sources, 
if, as proposed, a Deliware · Tri-State Compact is · entered into, . 
approximately fifteen hqndred (1,500) million gallons of additional 
water may be available !from the Delaware for use in the northern 
and southern portions of the State. 

Table No. 12 gives the principal available water resources for the 
Northern Metropolitan · .District. Similar . data for the Southern 
Metropolitan District and the rest of the State will be found in Table 
No. 4. These tables indicate total available resources, including New 
Jers~y•s portion of the flow in the channel of the Delaware, of ap-
proximately four thousanq (4,000) million gallons daily. 

Underground Water. 
In addition to the surface water available there are certain under-

ground horizons in variot.is. parts of the State which yield appreciable 
quantities of water. ' · 

The importance of ground water as a source of supply'in this State 
is shown by Table No. 6. '·· This table shows that one hundred and one 
and one-half (101.5) million gallons daily out of a total daily output in 
1924 of three. hundred ancl fifty-four and one-half {354.5), or slightly 

. more than one-quarter(.¼), was ground water. Although by far the 
greater part 9f the population of the State is served with surface water, 
·there are about three tim¢s as many systems serving ground water as· 
· there are serving surface water. Surface water systems supply most of 
the larger cities o,f the State, whereas many of 'the smaller communi-
ties ~e supplied from underground sources. There are, however, a num-
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ber of large ground water supplies in the State serving from three (3) 
to sixteen (16) million gallons daily. In addition to the consumption 
from the public supplies, a large quantity of ground water is used from 
private wells for manufacturing and industrial purposes as well as by 
individuals. I 

Incomplete data obtained by the State De~artment of Conservation 
and Development from privately owned pl::t'.nts in some of the large 
cities show an average daily consumption of at least thirty-five (35) 
million gallons, distributed as follows: ! 

Newark ............ 10.4 million gallons daily 
Camden. . . . . . . . . . . . 6.5 " " " 
Paterson.... . . . . . . . . 5.5 " " " 
Atlantic City. . . . . . . . 4.5 " ' '' '' 
Miscellaneous. . . . . . . 8. 7 " '' " 

There is undoubtedly much ground water used in other cities from 
which similar data have n9t been obtained. 

Data at present in hand are not sufficient to warrant a forecast of 
the probable ultimate yield of underground water in the State. 

I 
Except in Mercer County, where Trenton secures its supply from 

the Delaware River, the Southern Metropdlitan District obtains the 
bulk of its supply from beneath the ground. , 

Map No. 3 shows the distribution of :surface and underground 
water in the State. 

WATER SUPPI,Y STATI~TICS 

Water supply statistics for the State are furnished in Table No. 
5. This table shows that eighty-eight per bent (88%) of the popula-
tion of the State is now served with water I from public supplies, and 
that out of a total consumption of three hundred and fifty-four and 
one-half (354.5) million gallons daily seventy.:one per cent (71 %) 
is consumed in the Northern Metropolitan District and fourteen 
per cent. (14%) in the Southern Metropolitan District, leaving but 
fifteen per cent. (15%) used in the remainder of the State. 

Po1,1,uTED SouRcEs 

Neither in the foregoing statements as to developed supplies, 
.and as to sources that may be developed, nor in the tables referred 
to in connection with such statements, has any deduction been 
made for developed suppHes which it may be necessary to discontinue 
because of pollution, nor for sources that may be found unavailable 
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for increased or new development because of existing or prospective 
· contamination. • 

, What deductions from the totals given should be made on this 
account cannot be satisfa,ctorily determined on the basis of available 
data. ' · · 

Even cursory consid¢ration makes it evident that substantiai 
deductions from totals mi;i.y have to be made on this score.·· 

The 1925 report of the North Jersey. District Water Supply 
Commission contains m~terial bearing upon this subject (chapter 
III, page 170 et seq., and Appendix 8) and indicates the view of that 
Commission so far as concerns present suppiies in the Northern 
Metropolitan District, tq be that "certain existing surface supplies 
pumped from polluted streams with a combined capacity of about 
70 million gallons a day are becoming increasingly unsatisfactory 

· to the communities served and may, for that reason, be eliminated 
from the list available for public consumption." 

Whatever deduction frorii the totals may prove to. be necessary 
will only sei:ve to sh~rte_ii · the period during which the existing de-
veloped supplies, possil?le extensions thereof and possible minor 
new developments can b~ made to meet the need and shorten the 
period when major devel,opments must be available. 

DISTRmUTION OF W A'l'SR 

Table No. 6 gives the distribution of water in this State. This 
table indicates that ouVof two hundred and forty-four (244) water 
works seventy-five per celit .. (75%) of the water is supplied from 
those delivering five (5) .,million gallons daily or .over. 

It further shows tljat private water companies supply forty 
per cent. ( 40%) of the total water consumed in the State. . The 
proportion is even greater in the Northern Metropolitan District. 
The · total claimed value of the private water works is• roughly 
$65,000,000 .. 

PRSSSN'l' AND Fu'l'URS PoPULA'tl;ON .· 

The· first question which· arises in connection with the future is 
the probable quantity :of water which ,will be required. As the 
amount consumed varies closely with the population supplied and 
population statistics nray be easily and accurately secured, it is 
usual to base. estimates .of future consumption upon future popula-
tion growth. Table No. 7 gives the present and estimated future 

' ' . 
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population served, classifiJd by districts and counties. Diagram No. 
1 shows the estimated future growth of population graphically. 

Population growth depends on many things which cannot be 
predetermined. For example, the recent World War had a marked 
effect on the rate of increase in population in many places. No 
population forecast can t~ke into account an abnormal situation of 
this kind. In addition, in the matter in hand, bridges and tunnels 
under construction and to'be constructed further connecting the State 
with the cities of New York and Philadelphia may result in local 
increases in population difficult to forecast. It is possible, however, 
to forecast with a reasonable degree of certainty for some years to 
come, and the results of such forecast, while not precise, are useful. 
Detailed studies of the communities in which the greatest growth 
in population will occur will be of great importance in the later design 
of water works systems, but for the purpose of this report general 
studies are sufficient. In any event, whether the population which 
is assumed for any given future period is precisely accurate or not · 
matters little, for the only( effect of overestimating will be that the 
time at which additional supplies will be needed or existing supplies 
enlarged will besomewhat delayed, and if underestimated, the time 
when additional supplies . or enlargement of existing supplies will 
become necessary will beSomewhat advanced. The ultimate require~ 
ments, rather than the precise period for which any given under-
taking will be useful, ar~ important. Population forecasts furnish a 
basis for estimating these. future needs approximately. 

The forecasts here presented have been compared with forecasts 
of the probable future population in New York and environs made 
by the American Telephone and Telegraph Company, as well as with 
one made by Professors. Raymond Pearl and Lowell J. Reed, of the 
School of Hygiene and Public Health of the Johns Hopkins University, 
Baltimore, for the ''Coinmittee on Plan of New York and Its En-
virons." The predictions of these authors were in turn compared 
with estimates made by the late Mr. ,Nelson P. Lewis, Director of 
the Physical Survey of 'the "Committee on Plan of New York and 
Its Environs," as well as with those of Mr. Allen Hazen in his report 
on the water resources of New Jersey, made for the Department of 
Conservation and Development. 
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PRESENT AND FUTURE WATER CONSUMPTION 

Having obtained the population data necessary, Table No. 8 was 
prepared to s.how the present and estimated future water consump-
tion, classified by districts and counties: This table presents an 
estimate of the future water consumption expressed in million gallons 
daily for the entire State, subdivided by districts and counties. The 
quantities given for 1924 were obtained 1

1
from information secured 

from the Department of Conservation and Development, from data 
available in the office of Nicholas S. Hill,\ Jr., Consulting 'Engineer, 
and from reports of the water utilities filed with the Board of Public 
Utility Commissioners of this State. The estimates of future con-
sumption are based upon the population presented in Table No. 7, 
but-an increase in the daily per capita consumption of water has been 
allowed, because experience in most towns and cities shows that the 
rate of per capita consumption increases as the population increases. 

Domestic per capita use has increased because people live in houses 
with more :fixtures, and also because water is so cheap that there is 
no great incentive to curtailment in its use, or even of waste, for 
ordinary waste does not increase water bills materially. The in-
dustrial.use of water has increased becausi of the growth of manu-
facturing. Local private supplies are outgrffwn and industrial demands 
must be met by public systems. The increase in per capita consump-
tion of water in the past may be expected to continue for some time· 
in the future. 

i 
The assumptions· with regard to the ~uture per capita use of 

water in the State were made after comparing them with like assump-
tions for the future supply of such cities as New York, Boston, Phila-

. delphia and Baltimore, taking.into considei-ation, of course, present 
per capita consumption and local differences in conditions. 

Diagram No. 2 gives the estimated growth in water consumption 
for the State, subdivided into districts. · 

Reference to Table No. 8 shows that the water requirements of 
the Northern Metropolitan District will have more than trebled in the 
next fifty (50) years and in the Southern Metropolitan District will 
have increased a little more than two and I a half times. The total 
estimated water requirements of the State in 1980 will be as follows: 

Northern Metropolitan District. ......... 1,039 million gallons daily 
Southern Metropolitan District.......... 169 " " " 
Rest of the State....... . . . . . . . . . . . . . . . . 127 " " " 
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THE REGIONAL WATER SUPPLY PROBLEM 
These facts make it e'Dident that there is not, and in all likelihood will 

not be for many years to come, any regional ~ater supply problem outside 
of the two metropolitan districts. They also show that the problem in the 
Southern Metropolitan District is neither so[ acute nor pressing as that 
which confronts the Northern Metropolitan D~strict. 

I 
.Under these circumstances detailed d~scussion of present :needs 

will be confined to the Northern Metropolitan District. 

WATER PROBLEM IN NORTHERN METROPOLITAN DISTRICT 

In order that the seriousness.of the situation which confronts the 
Northern Metropolitan District may be fully appreciated, a brief 
outline of projects under way and of projects that have been and are 
now. under consideration for. relief from present or anticipated water 
shortages, and a brief description of sources now developed and of 
sources which are available are presented. 

PROJECTS UNDER CONSTRUCt;ION ANp PROJECTS .UNDER 
CONSIDERATION i 

The past ten years have been marked by the proposal of numerous 
plans for meeting the existing and antii;ipated shortages. The pro-
jects proposed have varied froIIJ plans for local supplies, to meet the 
requirements of individual communities or·:woups of communities, to 
plans for supplies of sufficient magnitude to satisfy the demands of 
the district as a whole. 

LOCAL PROJECTS 
Wanaque. 

The North Jersey District Water Supply Commission has had the 
development of the Wanaque River under way for some years and has 
announced its expectation to complete construction in the l,atter part 
of 1928. , 

This project is fully described in the report of that commission 
for 1925. 

· It involves constructing a dam at Midvale with a spillway elev~-~ 
tion at 300', which will impound twenti-seven thousand (27,000) 
million gallons of water, sufficient, as estimated by that commission, 
to furnish one hundred (100) million gallons per day. 
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The municipalities participating in this project and to which water 
. has been alloted, based on an available supply of one hundred (100) 
million gallons daily, are: 

Million Gallons 
Daily 

Newark ...................... 40.50 
Paterson .. ; .................. 20.00 
Kearny .................... ;; .12.00 
Passaic . . .................... 11. 00 
Clifton ...................... 6.75 
Montclair .................... 5.00 
Bloomfield. . . . . . . . . . . . . . . . . . . 4.00 
Glen Ridge ................... 0.75 

The cost of this project is estimated at $20,350,000. 

Ramapo. 
This watershed, which is bounded on the east in part by that of the 

Hackensack and on the west by that of the Wanaque, has a drainage 
area of one hundred and forty-seven (147) square miles. Although not 
yet developed for water supply purposes it has been considered in 
connection with a number of different projects. The city of Bayonne 
has desired to develop this shed for a number of years, and made 
application for State consent to do so. Its application, however, 
finally failed. 
Stony Brook. 

Recently Mr. Weston E. Fuller submitted a report to the city of · 
Elizabeth on a plan for supplying water for that city and possibly 
other communities in Union and Middlesex counties, which plan 
inclu.des the construction of a large reservoir on Stony Brook, just north 
of Plainfield, and augmenting the flow of this stream by pumping 
water in times of flood from the Passaic to the reservoir through a 
conduit of proper size. No action has as yet been taken on the basis 
of this report. 
Raritan River. 

The Elizabethtown Water Company, Consolidated, and affiliated 
companies, have secu.red permission from the Department of Conserva-
tion and Development of the State to divert water from the Raritan 
River at a point near its junction with the Millstone River. It was 
proposed initially to secure twenty (20) million gallons daily from this 
source. The plan for such diversion has not as yet been executed. 
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Minor Local Projects. 
In addition. to the projects above mentioned, the city of New 

Brunswick made application to the North Jersey District Water 
Supply Commission for permission to divert water from South River 
and to further develop Lawrence Brook .. By this means it would be 
possible to obtain a supply adequate foi;i fifteen (15) or twenty (20) 
years ata comparatively ndminal cost. The application was recently 
denied, I 

The city of Perth Amboy recently completed additions to its well 
supply, which additions give it a safe margin for some years to come. 
The city can secure more water when tequired from South River, 
which is immediately adjacent. i 

There are a number of other commtjnities which have recently 
provided for their wants by local development and which can continue 
to satisfy thdr needs in this way. 

Major Projects. 
In 1922 Mr. Allen Hazen prepared a report for the Department of 

Conservation and Development of this S~ate, outlining plans for the 
development of a water supply for the entire Northern Metropolitan 
District, and more recently Mr. Morris R. Sherrerd, Consulting 
Engineer of the North Jersey District Wat~r Supply Commission, sub-
mitted a plan which is a modification of one of the Hazen plans. Mr. 
Hazen considered.four principal water supply developments: 

1. Mullica and Wading Rivers and other southern streams. 
2. Raritan River, supplemented ultim6.tely, if needed, with 

water from the Delaware River. 1'· 

3. Passaic River. \ . . . 
4. The so-called "Long Hill" project_:_Long Hill reservoir 

fed from streams in northwestern New Jersey. 
Of the four plans considered, the Long Hill project is the only 

one which has received serious consideration. 

Long Hill Project. i 
Under this plan the Long Hill reservbir would be located on the 

Upper Passaic above Millington. 
The country north of this river is a series of ridges and valleys, 

which succeed each .other with great regularity. These va1leys 
include the upper reaches of the Raritan River, the valleys of the 
Musconetcong and Pequest Rivers, as well as those of Paulins Kill 
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and Flat Brook, a total catchment area of six hundred and forty-five 
(645) square miles ... 

All of these valleys slope in a southwesterly direction. They are 
high enough at selected points to supply water to the Long Hill 
reservoir by gravity. Senne of them have excellent reservoir sites, 
which could be utilized to hold back flood flows to be delivered as 
desired to the Long Hill reservoir through an aqueduct or tunnel. 
The capacity of the Long Hill reservoir would be sufficient to im-
pound most of the stream flow which would, be available from these 
sheds. 

It is estimated that the Long Hill system, developed as above 
outlined, would yield more than six hundred (600) million gallons 
daily, after making due ·allowance for local requirements. This 
system may be further augmented by the diversion of water from 
the Wallkill River into the Long Hill reservoir This would add 
one hundred (100) million gallons of water daily by gravity. It 
would · also be possible to. divert Dela ware River water· by pumping 
it into the Flat Brook reservoir on Flat Brook, which is only one 
mile from the Delaware River and one hundred and fifty feet (150') 
above it. With the addition of the Delaware and Wallkill as pro-
posed, it is estimated tha.t a supply of seven hundred and fifty (750) 
million gallons of water per day may be secured at a final cost of 
$173,000 per million gallons daily of capacity. The cost per million 
gallons per day of capacity, however, for the initial and intermediate 
construction will be appreciably higher than the figure above named. 

In addition, it is estimated that with larger tunnels than pro-
posed and by increasing the size of the reservoirs, it would be possible, 
if a Tri-State Delaware Ri,ver Compact were entered into, to secure a 
much larger quantity of water from the Delaware. 

Chimney Rock Project. 
A modified Long Hilt. development has been suggested by Mr. 

Morris R. Sherrerd, Consttlting Engineer of the North Jersey District 
Water Supply Commission, which centers about Chimney Rock 
reservoiJ;". This reservofrwould be located immediately to the north 
of Bound Brook. 

As outlined above, Mr. Hazen proposed to divert the waters of 
the Raritan, Musconetcong, Pequest, Paulins Kill and Flat Brook 
by means of aqueducts or tunnels into the Long Hill reservoir, located 
on the Upper Passaic above Millington. 
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Under Mr. Sherrerd's plan, the Chimney Rock reservoir, located 
just north of Bound Brook; would be substituted for the Long Hill 
reservoir .. 

The first step in the development of this: project would be the con-
struction of diverting dams on the Raritan /River, which would divert 
water through large conduits into the Chimney Rock reservoir. It 
is estimated that the resulting yield wou1d be one hundred and fifty- · 
eight (158) million gallons daily. 

When required, the waters from the Musconetcong and Pequest 
Rivers would be similarly diverted into the Chimney Rock reservoir 
and the waters from Paulins Kill and Flat Brook may also be conveyed 
to this reservoir when needed. Ultimately: water would be diverted 
from the Delaware into the Chimney Rock system, but at a point 
farther downstream than proposed by Mr; Hazen for the Long Hill 
system. 

Mr. Sherrerd estimates that the same amqunt of water through 
the Chimney Rock development would filially be secured as would 
be secured-through the Long HiU development, that is, seven hundred 
and fifty (750) million gallons per day, and that its cost would be a,bout 
$230,000 a million gallons. 

The two schemes are not dissimilar. Both possess one great 
advantage· over the Passaic or Raritan projects in that they are 
capable of progressive development. The major part of the invest-
ment under the proposed Raritan or Pa~saic projects would have 
to be made at once. Either the Long Hill!or Chimney Rock system 
could be carried out in successive steps arid; therefore, the ultimate 
cost of development would not be incurred until ·the time when the 
consumption justified the expense. 1 

An added claim in favor of the Chimney Rock project is that it 
permits a smaller initial capital outlay than the Long Hill project · 
and, therefore, a deferred-payment plan which reduces the present 
worth of the ultimate cost, although the tota,l final cost of the Chimney 
Rock project would apparently be greater tqan th~t of the Long Hill 
plan. i. 

Studies made in the office of Nichola~ S. Hill, Jr., Consulting 
Engineer, indicate, however, that the estimates of cost on Long Hill 
and Chimney Rock presented by the North Jersey District Water 
Supply Commission are not on a truly comparative basis, and that 
the saving in first cost effected by the Chimney Rock project may 
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be more apparent than real, .. A detailed comparison of the Long Hill 
and Chimney Rock projects will be found in Appendix II. 

For the purposes of this report it is not essential that the com-
peting merits of these two :proposed major projects be passed upon. 

That task must remain to be performed by such permanent· 
commission as may be charged with the responsibility of seeing that 
the present and future needs of the district are actually and adequately 
met. 

It suffices for this report to take account of possible differ- . 
ences in judgment when the• two projects are viewed from engineering 
'and financial standpoints. · 

PRESENT WATER SUPPI,!SS IN NoRTHE.RN METROPOI,ITAN DISTRICT 
Reference to Map No. 4 will aid in visualizing existing conditions. 
Newark now obtains an excellent supply from the Pequannock. 

River, a tributary of the :i>assaic. The water from sixty-three and 
seven-tenths (63.7) square miles of watershed is diverted 'and con-
veyed to the city through two (2) pipe lines. The works as they 
stand will deliver fifty-sev~ii (57) million gallons daily. · 

Jersey City has a dam ori the 'Rockaway .River near .Boonton and 
impounds water from a ca..t~hment area of one hundred and nineteen 
(119) square miles. The present works have a safe yield of sixty 
(60) million gallons daily.: Th.e yield of this watershed could be 
increased by forty (40) milljon gallons daily by means of more storage 
reservoirs on the- Rockaway River. The city acquired the right to 
divert seventy (70) million gallons daily at the time its Boonton dam 
was built. Its pipe lines ha~e a capacity of one hundred (100) million 
gallons daily. The _additional supply from the Rockaway may 
therefore be obtained at ~mall cost. Jersey City, in addition to 
furnishing with;in its own: limits, serves Hoboken· and· parts of 
Kearny township, Secaucus· boro, and other places along its aqueduct 
from the Boonton reservoir.. · 

The Passaic Consolidated, Water Company, formerly known as the 
East Jersey Water Comp~ny, obtains a supply from the Passai9 
River at Little Falls. , The natural flow of the stream at this point is 
sufficient to meet a draft of fifty-six (56) million gallons daily, although 
the water is· subject to rapidly increasing pollution. This company 
furnishes water at retail to Paterson, Passaic; Clifton and Prospect 
Park boro, 'and at wholesale to Kearny, Harrison, East Newark,. 
Bayonne, and other smaller places. 

:.; 
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Some of the cities so supplied, including Paterson, Passaic, Clifton 
and Kearny, have as before noted, by contract with the North 
Jersey District Water Supply Commission and the city of Newark, 
joined as participants in the Wanaque River development. 

The Hackensack Water Company deriv;es its supply from the river 
of that name. This river has a catchmeb.t area of one hundred and 

I . 
fifteen (115) square miles above the Oradell dam at Oradell, New 
Jersey. At present the capacity of this kystem is forty (40) million 
gallons daily, 'but the Hackensack River! may be developed to yield 
eighty-four (84) million gallons daily. Such a development would, 
however, lie partly in the State of New York. In the absence of an 
agreement between the State of New Yotk and this State, regarding 

. the development· of interstate streams, the full yield of this source 
may not be available. It is safe to assume, however, that an additional 
ten (10) to twenty (20) million gallons daily may be secured from 
this source by intrastate development. This company supplies 
Union City, Guttenberg, Weehawken, West New York and Secaucus 
in Hudson county, and practically all of the towns and villages in 
Bergen county east of the Saddle River and as far north as the New 
York-New Jersey state line, including Hackensack and Englewood,----,-
about fifty (50) communities in all. 

The Elizabethtown Water Company, Consolidated, derives its water 
from five (5) sources, one surface,· the Elizabeth River, and four· 
underground, having a total yield of eleven and one-half (11.5) 
million gallons daily. As the consumpti6n is greater than the yield 
of its sources this company purchases Jater from outside. It has 
caused a thirty-six inch (36") pipe line to;be constructed from Bound 
Brook to Elizabeth and secured rights on the Raritan River in antici-
pation of developing an additional supply from this source. It supplies 
water in some fourteen (14) communities in Uriion and Middlesex 
counties, including the cities of Elizabeth and Linden, Piscataway, 
North Plainfield and Raritan townships, and Dunellen and Mid-
dlesex boros. · 

The Plain_field-Union Water Company serves fifteen (15) commu-
nities in Union county, including Plainfield, Cranford, Westfield and 
other places along the line of the New Jersey Central Railroad. Its 
principal source of supply is wells located at Netherwood, which will 
yield about seven (7) million gallons daily. It is necessary for this 
company at times to purchase water from outside source·s .. in order, to 
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meet the demands on its system. Plans have been considered for 
some time by which it would join with the Elizabethtown Water 
Company, Consolidated, in the development of the Raritan River. 

The Middlesex Water: Company secures its supply from two (2) 
main sources, Robinsons Branch of the Rahway River and at Park 
Avenue pumping station,iPlainfield, from wells. The company also 
has a smaller station at N9rth Plainfield. The total yield of the three 
plants is approximately eight (8) million gallons daily. This company 
furnishes1 water to six communities in Middlesex county, including the 
boros of Metuchen, Carteret and Woodbridge, and sells water whole-
sale to the Elizabethtown and Plainfield-Union Water companies. 
The Middlesex company has had under consideration joining the two 
companies just mentioned in the development of the Raritan River. 

The Commonwealth Water Company secures water from wells near 
Summit, one group in the yalley of Green Br?ok and the other adjacent 

· to the confluence of Canoe Brook and the Passaic River. These 
sources will yield approximately seven and one-half (7.5) million 
gallons a day. The company supplies eight places, including the city 
of Summit, the towns of lrvington and West Orange and the town-
ships of Millburn and. Maplewood. 

New Brunswick obtains water from Lawrence Brook and is now 
supplying approximately six and one-half (6.5) million gallons a day in 
New Brunswick and the a~jacent communities of Highland Park boro 
and North Brunswick tow11ship. 

Perth Amboy secures w~ter from wells and has a developed supply 
which will yield approximately fourteen (14) million gallons daily. 
This plant is furnishing w~ter not only in Perth Amboy hut also in 
Sayreville boro and·a portion of Woodbridge township. 

Rahway obtains water from the river of that name at a point north 
of the city. The plant has a safe yield of four (4) million gallons 
daily. 

In addition to those enumerated, there are a number of other 
publicly and privately owned plants, including those at Ramsey, 
Ridgewood, Butler, Essex Fells, Orange, East Orange, South Orange, 
Chatham, Madison, Morristown; Somerville, Bound Brook and South 
Amboy. 
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Map No. 5 shows in outline the distribution pipes of the principal 
water systems in _the Northern Metropolitan District, as well as the 

. areas served by them. · 
It should be noted in this connection th~t: 

l, There are some fifty (50) coJmunities. in North Hudson_ 
and Bergen counties supplied by the Hackensack Water. 
. j 

Company through a distribµtion system which is de- . 
signed to convey water from the north to the south. 

2. The cities of Hoboken, JersJ~ City, Bayonne, Ne~ark, . 
Paterson, Passaic, Kearny,f' Harrison, East Newark,. 
Montclair, Glen Ridge and i Bloomfield, together with 
so111e other places which lie1 in the central zone of the 
Metropolitan District,· secute water from the Pa.ssaic 
River through the Passaic Consolidated .Water Com-
pany, or from Newark or Jeisey City. 1 

3. In addition to serving contiguous territory, the con-' 
duits and s1,1pply lines of i the Passaic Consolidated 
Water Company and the cities of Newark and Jersey 
City, which furnish one hun4red and sixty (160) million 
gallons daily, approximateiy;cighty-five per cent. (85%) · 
of the water systems in the counties of Passaic, Hudson 
and Essex,· parallel each other in places and there is 
actually physical connection, between their pipe lines at 
various points, so that int~change of water may be 
secured at comparatively nQtninal cost. 

. ,j 
4. That the communities set'V'.ed by the Commonwealth 

Water Company, as well as ;~e territory served by the 
water systems of Orange, East Orange, South Orange 
and · Essex Fells, lie adjacept to the area now served 
'with Passaic River water, ahd interconnection between 
·these towns and the Passait. system would be· simple . 

. · In fact such connections no#- exist, as, for example, be-
. tween Newark and East Ora;#ge. · 

' . 

Map No. 5 also shows that the supply lines forming the backbone 
of the Passaic system pass through the larger centers of population in 
. Passaic, Essex and Hudson counties. . 

A large part of the area in Union and Middlesex counties is served 
by the Elizabethtown, Middlesex and Plainfield-Union Water com-
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panies, the systems of which companies are interconnected at various 
points. 

The Elizabethtown Water Company, as shown on Map No. 5, has a 
large water main already installed, running from Bound Brook to 
Elizabeth, which would serve as an artery for the distribution system 
in this territory. 

It is true that Bound Brook, New Brunswick (if allowed to make 
the development for which permission is sought), Perth Amboy, 
Somerville and South Amboy, the principal communities in this 
territory not served by the three last mentioned water companies, have 
their own supplies and are in a position to meet their needs for some 
years to come, but the pooling and interchange of water between these 
systems could be effected at small capital outlay. The systems of 
Perth Amboy and the Middlesex Water Company are, in fact, already 
interconnected. 

SUBDIVISION OF N OR'l'HERN ME:'l'ROPOLI'l'AN DIS'l'RIC'l'. 

From this outline it is apparent that following the natural lines of 
past development the district divides itself into three sections :-the 
Northern, including the area now served by the Hackensack Water 
Company and,other territory in Bergen county; the Central, which, 

,except for a few independent supplies such as those at Essex Fells, 
Orange, East Orange, South Orange and the Commonwealth Water 
Company, is supplied from the Passaic arid its tributaries; and the 
Southern, which includes the territory now supplied from the lines of 
the Plainfield-Union, Elizabethtown and Middlesex Water companies. 



. ; 

THE VARIAN CE IN MARGIN BETWEEN CONSUMPTION 
. ! 

AND SAFE YIELD IN THE SECTIONS OF THE 
. . I . 

NORTHERN METROPOLITAN DISTRICT 

Table No. 9 gives the c;onsumption of water in the Northern 
Metrqpolitan · District divided . into sections.. By comparing these 
figures with the yield of the supplies now in use, as given in Table 
No. 10, it is seen that there is at best but a margin of a few years 
before the consumption in the district as :f whole will exhaust the 
present sources. 

Statistics of the total consumption and safe yield show that the 
margin between the present developed yield and consumption is not 
the same in all sections of the Northern Metropolitan District: 

Total 
: Consumption 1924 

. . ! (M.G.D.) 

Hackensack Water Company .... : ......... '.. 26.34 
· Jersey City Water Works ................. ).. 60.32 

Passaic Consolidated Water Company ...... •. . 49.54 
Elizabethtown. Water Company, C. onsolidated} 
Plainfield-Union Water Company ; 27 .1 
Middlesex(W ater Company · \ 
Newark Water Works ..................... i. . 50.24 
East Orange Water.Works................... 3.56 
Commonwealth Water Company............. 4.83 
New Brunswick Water Works................. 6.36 
Perth Amboy Water Works ............... ;. . 7.68 

. . I 

Safe Yield 
(M.G.D.) 

40.0 
60.0 
56.0 

26.5 

57.0 
7.0 
7.5 
5.5 

14.0 

The foregoing tabulation indicates how v~ied are the conditions 
as to the margin between the present developed yield and consumption 
in the. several sections of the district 1

1 · 

The northern section of the district suppiied by_ the Hackensack 
' Water Company has a safe margin for several years to come. 

Jersey City is now using and selling the minimum safe yield of 
its present development. It can, however, as before :i,ndicated, 
obtain an additional supply of forty (40) million gallons daily from 
its own sources. 
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The territory in Middlesex and 'Union counties served by the · 
Elizabethtown, Middlesex. and Plainfield-Union Water. companies 
is, taken as a whole, faced with a serious situation which requires 
that an additional supply be provided immediately. 

The demand on the Newark system is about equal to the supply, 
but upon completion of the Wanaque River project that city and 
other municipalities participating in the development will have 
provided for their needs fot a. number of years to come. 

In East Orange, Pert~ Amboy and the territory served by the 
Coip.monwealth Water Conipany, safe margins, varying in proportions, 
exist. · ·· 

In New Brunswick, U:n.der present conditions,· the margin has 
disappeared and the consumption exceeds the safe yield. . . 

. The situation in the tetritory served by the Passaic Consolidated 
· Water Company will be affected if ~pon the.completion of the Wanaque 
development at the close' of 1928, Paterson, Passaic, Clifton and 
Kearny, discontinue drawing water from the Pftssaic Consolidated 
Water Company and ptit. in use their contract allotments in the 
Wanaque development. 

INTERCHANGE OF WATER. :\.- .,. 

If the. water resources of the Northern Metropolitan District 
could be effectively pooled and interchanged b~tween sections, the 
need for an additional supply after the completion of the Wanaque 
development would, subj~ct to the qualification hereafter noted, 

· not becoµie imminent until 1937 or 1940, the -date depending upon 
whether that development will afford a yield of seventy-four· (74) 
million gallons daily, as estimated by some, or one hundred (100) 
million gallons -~aily, as estimated ,by the -engineers of the North 
Jersey District Water Supply Commission. 

The extent to which water is interchanged at the present time 
is not generally re.alized. The total volume of water so interchanged 
amounts ·to approximately fifty (50) million gallons daily. 

Table No. 11 illustratefthe present extent of pooling. This inter-
change, . however, is not intersectional, but chiefly between adjacent 

I • 

· The statement before 'made, that under a system of effective 
pooling and interchange between sections the need for an additional 
supply after the completion of the Wanaque development would 
not become imminent until 1937 or 1940, is qualified by various 
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· factors, as . for instance, that certain of the developed sources of 
supply have for various reasons proved undesirable and consequently 
will soon be abandoned, and that otheis are subject to rapidly in-
creasing pollution. Any attempt to bri:tig such sources into inter;. 
change may reasonably be expected to b~ met with stout resistance 
on the part of those served with waters from uncontaminated sources. 

'!'he effective pooling and sectional ititerchange of the waters of 
developed sources which are not subject Ito objection on the ground 
.·of pollution wou1d, at all events, serve to alleviate the, seriousness 
of existing conditions. ; 

The pooling and s.ectional interchange · of such waters should 
therefore be encouraged; i 

' ' 
I . 

ADEQUACY OF' AVAil,ABI,E WA'J,'SR RESOURCES. 

The estimated u1timate development of sources of supply for 
the Northern Metropolitan Districtis given in Table No. 12. 

Table No. 9 shows that the great bu1k of water- supplying the 
Northern Metropolitan District is used in the central section. It 
further indicates that this will be the case for many years to come. 

Diagram No. 3 shows the estimated growth in consumption for 
the three sections of the district for about fifty (50) years to come. 

This diagram shows that in 1950 the northern section will require 
eighty-five (85), the central section three hundred and ten (310), 
and the southern section orie hundred and; twenty-three (123) million 
gallons daily. · . . 

It is therefore evident that the su.:ffi.8.ency of available sources 
is unquestioned. Their estimated yield is approximately ten times 
the present consumption, sufficient possibly for two hundred (200) . 
years. 

· This sufficiency ·of available sources: will not be substantially 
affected for practical purposes by the fact that it may prove necessary 
. to aoandon and to refrain from _ developing or further developing 
certain of the sources induded in the estimates, because of pollution 
or other causes. , 

. Looking ahead_Jor the next fifty (50) years, or say, until 1980, it 
is probable that the sources shown in the !table on page 28 are those 

. most worthy. of. considerati6n for use or development: 
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mtimate . 
Daily Yield 

Watershed (Mil. Gals.)! 
CT) 00 

Hackensack .................... , ..... . 
Passaic ........................... . 

Pequannock ..................... . 
Ramapo ....... · ...•............... 
Wanaque ........................ . 
Rockaway ......... · ............. . 

Raritan: 
North Branch ................... . 
South Branch .................... . 
Millstone ........................ . 
Lawrence River ........ · .......•... 
South Rjver ..... · ................ . 

21p 
. 5~ 

4P 
10() 
100 

' 120 
175 
15~ 
16 
18 

Miscellaneous. . . . . . . . . . . . . . . . . . . . 29 

Delaware: 
Musconetcong. . . . . . . . . . . . . . . . . . . . 110 
Pequest ......................•.. , . 140 
Paulins Kill...................... 112 
Flat Brook ....... : ........... •.... 57 

Ground water ... · ...... ; ......•.•....... 

Totol IDtlmate . 
Daily Yield 
(Mil. Gals.) 

. (3) 

50 

507 

508 

419 

60 

1,544 

By reference to Table No. 8 it will be ,seen that the estimated 
requirements in the Northern Metropolitan District in 1980 will be 
a little over one thousand (1,000) million iallons daily, so that the 
selected sources will be adequate for fifty (SO) years to come and will 
allow latitude for choice in the seq11en

1
ce of d,evelopment. · 

. The question now arises as to the best sequence to follow. 



PIECEMEAL _OR MAJOR CONSTRUCTION 

In this question there is involved the further question whether 
there is not some method of piecemeal construction by which the 
sectional requirements of the district may be met and reasonable 
future needs s,atisfied at less cost than thr,ough. the immediate em-
barking upon one of the major pr,ojects, so deferring the construction 
of such major project to. a later time when the needs of the district as 
a whole will demand its execution. In such piecemeal construction 
should be included only. such developments as may be utilized after 
the completion of the major project which may be. adopted, unless the 
cost of such piecemeal developments is such that it will be cheaper to 
amortize their cost than ~o pay interest upon the larger project until it 
is required. · · 

Provision for effectiie pooling or intersectional interchange of 
water will be essential for either local or major projects unless use 
thereof is to be confined to one section or unless equivalent but more 
cos\ly independent conduit lines are constructed to convey the water 
t9 different parts of the . district. ' 

A glance at Map No. 6, which gives an outline of the larger mains 
in the three sections in the Northern Metropolitan District, shows that 
interconnection between sections will not be difficult. The majority 
of the present interconnections are either local or too small for proper 
interchange of water between sections. 

If all of the existing water resources· in the Metropolitan District, 
· including the Wanaque/could be pooled and interchanged, it would 
be possible to meet the demands of the district until 1937 or 1940, 
depending, as before stated, upon whether the Wanaque is good for 
seventy-four (74) or one hundred (100) million gallons daily. Whether 
this source is good for the lower or the higher figure will not mater-
ially affect the situation; 

The cost of connections to secure satisfactory interchange of water 
for some years- to come will not exceed six million seven hundred 

. thousand dollars ($6,700,000): 
If, in conjunction with pooling, the following projects were com-

pleted as required:.:_ 
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1. Diversion of twe~ty (20) million gallons daily from the Ramapo 
to Woodcliff reservoir on Pascack: Creek, a tributary of the 
Hackensack:; ' 

2, Installation of a pumping station and $ter plant on the Raritan 
River with an ultimate capacity of Ofe hundred (100) million 
gallons daily, together with the cons1iruction of storage on the 

. upper reaches of this stream which could subsequently be 
utilized in conjunction with either tl:).e Long Hill or Chimney 

· Rock schemes, if desired; and, 
3. The construction of two small additional reservoirs on the 

Rockaway to yield forty (40) milliori- gallons daily;-· 
one hundred and sixty (160) million g~lloris could be added to the 
supply available. i · ,. 

The sequence and cost of this piecemeal construction are given in 
Table No. 13. . 

The cost of similar sequences for the Long Hill and Chimney Rock 
schemes is given in Tables Nos. 14 and 15. 

In studying the relative economy of piecemeal as compared with a 
single great development at Chimney Rock or Long Hill, it has been 
assumed that in the inter.est of economy the pooling of existing sources 
will be carried out in all three cases, and that in 1937 to 1940, when 
these resources will have been exhausted; additional supplies will have 
been developed and placed in readiness for s~rvice as needed. 

The period covered by the comparison extends to 1953. 
It has been shown that the existing sourc($ will supply two hundred 

and ninety-seven (297) million gallons daily): If to this is added one 
hundred (100) million from Wanaque, the t9tal will be three hundred 
and ninety-seven (397) million gallons daily:~ (This conclusion is, of 
course, subject to the comment heretofore made with respect to · 

· polluted sources.) . . 
Reference to Diagram No. 2 shows that the water requirements in 

1?53 will be five hundred and sixty (560) rpillion gallons daily. If, 
therefore, in round figures, an additional supply of one. hundred and 
sixty (160) million gallons daily is prov:ided it will suffice until 1950. 

It is estimated by Mr. Sherrerd that the :first step in the Chimney 
Rock development will yield one hundred and fifty-eight (158) and by 
Mr. Hazen that the first three steps in the L<>ng Hill project will yield 
one hundred and sixty-eight (168) million gallons daily. Comparison, 
therefore, of the piecemeal developments listed above with the first 
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step in the Chimney Ro¢k and the first three steps in the Long Hill 
schemes is equitable. The dates at which specific elements of con-
struction under the three schei;nes will be required are given in column 
(2) of Tables Nos. 13, 14 and 15. Column (3) shows the estimated. 
construction cost including overheads, celumn (4) construction cost 
reduced to present worth, and colu~n (12) the total annual cost. 
Column (13) gives the average total cost per million gallons. · 

As will be seen, the rel.ative capital outlay required for securing an 
adequate supply for the next twenty~five (25) years is as follows: 

Piecemeal cbnstruction ....... $38,366,000 
Long Hill ................... 67,900,000 
Chimney R?ck ... ' ....... ; ... 56,9815,000 

The average annual cqsts will be: 
Piecemeal construction ....... $1,927,646 
Long Hill,·•· .............. ,. 2,979,522 
Chimney R?ck,............. 2,994,195 

Arid the cost per million gallons supplied: .. 
Piecemeal constructibn .............. $59 
Long Hill .. ;... . . . . . . . . . . . . . . . . . . . . 92 
Chimney Rdck ..... ; . . . . . . . . . . . . . . . 92 . 

In making these corµparisons the capital expenditures charged 
against piecemeal development have; if anything, been rather higher 
than lower in order to obviate any possible invidious comparison 
with the Chimn,ey Rock and Itong Hill projects. · The estimate!l 
costs for the Long Hill project are based on Mr. Sherrerd's modifica-
tion of Mr. Hazen's figures. ,The estimated costs for the Chimney 
Rock project are based on Mr. Sherrerd's estimates for that project. 

In order that these two plans, however, may be on all fours, 
filtration has been included in · both and the transmission system 
from reservoir site to the point of distribution has been placed on 
identical terms. (For details see Appendix lI.) 

The apparent margin bf saving in favor of piecemeal construction 
is great. Cheapness, ho~ever, is not the only factor that must be 
taken. into account. i Other factors are of equal, if not greater, im-
portance, among them th~ quality of water. 

· The outlined plan of· .piecemeal construction involves the use, 
as before noted, in some instances of water subject to rapidly increasing 
pollution and in others of Water produced at excessive cost. 
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In favor of .both the major projects hereinbefore considered and 
compared, weighs the fact that through these projects a large volume 
of water from the sparsely settled highlands is ·to be secured by 
gravity. 

Table No. 16 gives the relative cost pet million gallons of water 
from different sources delivered to the three sections of the Northern 
Metropolitan District. 



CONCLUSIONS 

On the basis ofthis data we conclude:, . 
(a) That the situation which confronts many of the .communities 

of the district is serious in the extreme and will become mo:re serious 
during the next thr~e years unless co~structive remedial measures are 
adopted and ma~e effect~ve without dclay. 

(b) That th.e completion of the Wanaque developmentinthe latter 
part of 1928 will in a· measure ameliorate the gravity of the situation 
as it affects certain communities, but will not wholly meet, even tempo-
rarily, the conditions which give rise to seriou:s concern. 

(c) That it is feasible, both from the engineering and financial 
standpoint, to interconnect existing systems of supply and so provide 
for interchange of waters .. 

(d) That plans for such interconnections of systems and inter-
change of waters, at least insofar as such waters are not objectionable 
on the grounds.of polluti9t1, should be 1promptly adopted and put into 
execution.•. 

(e) That where sJ.tch interconnection will not serve to meet local 
needs t~mporarily, local supplies should be extended and .expanded. 

(f) That it will be necessary i11 addition to effecting such inter-
connection of systems anc:l interchange of waters, and the extension 
and expansion of certain local supplies, to execute certain of the minor 
projects included in the possible piecemeal construction program here-
inbefore outlined, in order that the conditions which will exist until 

· supplies developed through a major project are available may be met. 
In the selectiQn of such 111inor projects for development the problem 
presented by pollution will of course have to be considered. · •. 

(g) Into the selection of such minor projects for development the 
question whether a particular development may be utilized after the 
completion of a major project, or whether the cost of such minor 
project will be such that it will be cheaper to amortize stich cost than 
to pay interest on the cost of the ~ajor project will enter. ' 

(h) That because of the years required in· planning for, securing 
the adoption of, acquiring lands and rights for, and constructing a 
major project, the majot project to be undertaken should now be 
:finally determined up~>n, and its execution put under way. 

' ) 
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Because of the reasons hereinbefore indicated, we have not under-
taken to determine which of the two major projects outlined should 
be adopted; nor to what extent, or through the selection of which of ·. 
the possible minor devdopments, the progr~m of piecemeal construc-
tion herein outlined should be executed. The determinatio.n should, 
in our judgment, be inade and controlled by the permanent commis-
sion having jurisdiction within the district. ! · 

The situation is critical. The consequences ·of delay in meeting 
it effectively are me11acing. It demands imme~iate, <?Ontinuous, con-
structive. action. 

On-the data considered by us and inco~porate·d herewith, we are 
convinced that only by combining the irj.terconnection of existing 
systems and the interchange of their supplies, the extension and ex-
pansion of certain of the local supplies, an1d the execution of one or 
more of the minor projects can the period between the present and-

- the time when a major project is completed, be, with any reasonable 
I . • 

degree of safety, tided over, and that. the selection anµ construction 
of a major project will not admit of delay: 



THE REGIONAL PROBLEM, OF THE SOUTHERN METRO-
. . POfaTAN DISTRICT . . 

The facts before set ouiindicate that a region~l water supply pr<;>b~ 
iem will sodn confront thh{district. ·The safe yield of . the available 
· sources as now developed will, it is true, possibly suffice to meet re-
quirements during eight (8) or ten (10) years to come. 

Experience in1 the Northern ,Metropolitan District, however, dem-
, onstrates that this margin: .of time is brief, in view of the delays that 

are unavoidably incident to the planning for and executing a major , 
· development such as is req~ired to meet ulth~ate regional need~. 

If· a repetition in the· Southern Metropolitan District of the· acute. 
and pressing conditions w~ich J:!OW coµfront certain of thr communi-
ties of the Northern Metr9politan District is to be avoided, effective 
steps toward meeting the peed that will be imniinent eight (~) or at . 
most ten (lO) years hencefinust be faken without delay. ' , 

· ' As early as 1911 the ~pproach of a regional probleni .i'n this dis-
tri.ct was foreseen by, th:e · then State Water Supply Commission. 
the problem an_d the means of meeting it were considered in a report 
sqbmitted' to that, Conilllission by Harry R.' l{umphreys, one of its 
members. (Report 1911, :p. 40.) 

We 'tjuote from that report (p. 41,): "What is known as the 
'Wharton Tract~ are the lands acquired by the late Joseph Wharton, 
in the. counties of Burlington and Atlantic, comprising about' 100,000 · 
acres, or 156 square miles, ·entirely within the boundaries of the water--
·shed of the Mullica River: and its tributaries. The l]Jain part of the 
tract lies above the forks of Mullica River at Batso., a~d ~covers 
91 square miles, or fo~ty~tvvo pet cent. ·of the total d,tain~ge ab,ove that. 
point; 221 sqtiare miles. The balance is chi,efly on the drainage of 
Wading River, a lower ti;iputary of the Mullica Riv~, Eighty-eight 
per cent. of the drainage ~rea· is,'forested, and· of the Wharton 'ta;nds 
not less than ninety~five per cent. are wooded. The _upper Mullica 
'River alone~is cap~ble of supplying all of the water that the cities of 
the State ~outh of the Raritan River _are likely to need for many 
generations. The total 'p~pulation on the tract does not exceed 100. 

''The drainage area of those branches of Mullica River und~ the, 
Wharton control is 399, square mile;,. which will supply with storage 
240,000,000 gallon~ daily, throughout the. :y-ear. St~rage reservoirs 
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for the waters of the river at the highest level (70 feet above tide), 
· including some small reservoirs on the headwaters of Rancocas Creek, . 
could be constructed with a capacity of· 25,284,000,000 gallons. 
Storage reservoirs for the same waters at lower levels could be con-
structed with a capacity of 18,138,000,000 gallons. A distributing 

. reservoir for" the, same waters could be built on Cooper River at 61 
feet, holding 2,000,00() gallons. 

"Also near to the tract and adjoining it is the watershed of the 
~reat Egg Harbor River. This river.above Mays Landing drains 215 
square miles, and with storage reservoirs to hold as provided, 13,267,-
000,000 gallons will supply 143,800,000 gallons daily. Other minor 
sources on the headwaters of Rancocas Creek could add 13,000,000 
gallons. 

''Within the drainage area of the east branch of Wading River. and 
Bass River, the State owns 4,400 acres, and east of it is a large area 
held by many owners that is even less populous than the Wharton 
tract. I am informed that these properties could be acquired at even 
a lower price than the lands of the Wharton tract, inasmuch as they 
are. not nearly so desirable for many purposes and resemble only the 
very poorest of the lands in the Wharton tract. Within the 4,400 
acres owned by the State there is a hill known as Bear Swamp Hill, 
the elevation of which is 165 feet.. The character of the hill is such 
that there could be built thereon a reservoir covering 40 acres at an 
elevation of 120 feet." * * * * * "The New Jersey Geologists 
report states: 'The analyses given in the, report of 1893 shows the 
general character of these Southern New Jersey waters to be excep-
tionally good. We have no waters in the State, not even the excellent 
waters of the Highlands, which make so good a showing as these for 
softness andpurity.' 

· "The wa.'ters of these streams are seldom, if ever, muddy or turbid 
* * * * * ~· 

"To comprehend the project of utilizing the South Jersey streams, 
it is necessary to understand that the regio;n lying between the Dela-
ware River and the. Atlantic Ocean, having an approximate width of 50 
miles, is drained mostly into the Atlantic because the broad highest 
level of that region lies comparatively near the Delaware; the divide 
being, in fact, but 12 to 15 miles eastward from that river, and ap-
proximately parallel to it. Thus the streams running eastward are 
much more important than those flowing into the Delaware, for the 
former drain about three-fourths of1 the intervening territory. * * * 
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"The most available streams for our purpose; are those which 
converge to form Mullica'.River. * * * * They empty into ;that 
river not far from its entrance into Great Bay and spread out their 
tributaries fanlike far and wide into the. interior of the State until the 
extreme headwaters reach within about fifteen miles of the Delaware 
River. * * * The cpurse of one of those streams, the Atsion 
River, is such thatits sourres almost interlock with those of Rancocas 
Creek and 'cooper River, i;o that a canal of but few miles length * * * 
would unite the waters of the Atsion with those of the north branch 
of Cooper River. ; 

· "The project to which your attention is called is,1 in brief, to dam · 
at or near the head of tidewater the several streams forming Mullica 
River, gather their waters,by back flow into a r~servoir at the village 
of Atsion, where the C.R. ,R. of N. J. can deliver coal cheaply: then to 
force them farther upstrea:m, or westward, into a reservoir having an 
elevation of 70 feet above tide, let them flow by gravity tl}rough the 
canal above mentioned to a reservoir at the elevation of 61 feet, to be 
formed by dam~ing the north. branch of Cooper River. From the 
lower or western end of this latter reservoir, called on the map Haddon 
Reservoir, a sufficient quantity would flow through pipes to a dis-
tributing reservoir for the supply of Camd~n an:d many other nearby 
rapidly growing communities. · We are officially informed that both 
Camden and Atlantic City will need additional water from this or 
some other source within five to eight years. Trenton needs. it at 
once. 

"Batso', at _the forks of Mullica Riyer, where a colle~ting reservoir 
is indicated, is .18 miles from Atlantic City's pumping station at 
Absecon, 42 miles from Tre#ton, 80 miles from Jersey City. · All these 
distances are measured by straight lines, for south of Trenton any 
construction could follow the most direct course. 

"Newark's pipeline is 27 miles long and Jersey City'.s 19, so the 
disadvantage of distance by comparison with Newark anc:I. Jersey City. 
is not so great after all. * ' * * * * · 
· "Naturally iny system of water distribution would provide for 
main lines with laterals wherever needed. To provide means· of 
distribution for other than_ those who could be supplied from the 
Camden scheme; it is suggested that the hills found in the neighbor-
hood may ;erve as sites for" reservoirs into which the water would be 
pumped, thence to be delivered by gravity. These hills, Apple· Pie 
Hill, 200 feet high, being the highest, are of gravel or soft sandstone .. 
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"There are few, if any, riparian rights to be satisfied on any of the 
streams co11sidered.i11 this plan. 

"Practica:Hy the ownership' and absolute control over what is 
virtually two entire drainage areas extentling to tide water, each 
comprising 100,000 acres of land, can no"'. be secured for less than 
two (2) million dollars.· Sucli a low cost for land would justify a 
large outlay for distribution works (much mi;Jre than will be necessary), 
and provide water at a very low· cost per mWion gallons." 

We deem it sufficient for the purposes of this report that this 
statement be presented by quotation. · We have not submitted the 
matters set forth therein to checking. 

Subsequent to· the submission of thi~ report the .State Water, 
Supply Commission ente]'.ed into a contract to purchase the Wh~rton 
tract, giving in payment $1,000,000 of the commission's bonds, 

This action of the commission in so contracting ·was made the 
subject of a "test-suit''.Jto determine whether it violated the constitu-
tion of the State. The Court of Errors and Appeals, reversing the 
Court of Chancery, finally deterinined thatthe proposed i~sue of bonds 
could not be effected without the: affinnative Note ofthe, people of the' 
State. In 1915 the Legislature accordingly enacted a statute sub-
mitting the proposal to issue' the bonds to. the electorate of the State 
at the general election in that year. The submission resulted in the 
-rejection of the propo~ition . 

. It is, nevertheless, our conviction that the- sour-:es of supply, and 
lands necessary to their conservatioµ and protection, referre<tl to in the 
foregoing quoted statement should, withotit further delay, be acqu,i'red 
in publi'c ownership. It is also our convictiOn that the sources of supply, 1 

and lands necessary to their conservation and protection,, required for 
the major development that may be adopted to meet the"regionalrneeds 
of the Northern Metropolitan District ·should without loss of time be 

· acquired in public ownership. 
Experience in the Northern Metropolitan District, and elsewhere, 

shpws that delay, though for a compartttively short time only, in 
acquiring in public ownership sources a:6d lands essential in the 
prosecution of projects. such as those her~ considered, results in the 
creation of conditions which substantfa.lly increase' the difficulties 
and cost of acquisition. . 

· It will be necessary agaiµ to advert ~o this subject in connection 
' with our consideration of policies for the future. 



EXIS'I'Il'fG LEGISLATION 
With this background bf fact, the existing legislation of the State, 

relating to the problems c9nsidered, is now briefly reviewed. 

BOARD oF Co~SERVATION AND !DEVELOPMENT 

The Board of Conserv;;i.tion and Development is a State adminis-
trative agency, cbnsisting of eight members appointed by the Governor 
by and with the advice and consent of the Senate. · 

By virtue. of sections; of chapter 241 of the Laws of 1915, this 
Board succeeded to, and is now vested with, the jurisdictton and powers 
of the State Water Supply Commission, except in so far as such juris-. 
diction and powers are restricted by the statutes constituting and 
relating to Water Supply! Districts. (P. L., 1916, p. 70; P. L., 1916, 
p. 71). . . . 1 

By chapter 252 of the Laws of 1907(it is charged with "a general 
supervision over all the sources of potable and public water supply 
to the end that the same may be economically and prudently developed 
for the use of the people of the State." · 

\ 1SuRF,\CE WATERS, 

· This statute, among other'thin,gs, by section 2 thereof; provides 
that "No municipal corporation, corporation or person engaged in ' 
supplying or proposing to supply. the inhabitants of any municipal 
corporation with water shall have power to condemn lands or water 
for any new or additional source of water supply,' or to divert water 
from such new or additional source, until such municipal corporation, 
corporation or pers~n has first submitted descripHons thereof" to said 
Board, «and said Board shaH have approved the same; provided, noth~ 
ing in this section shall be interpreted to restrict any municipality in 
acquiring, by purchase or condemnation, any existing or operating 
water works supplying said municipality with water. * * ·· * 

· Nothing in this act contained shall be construed to take from any 
municipality in this State the rightto use and take all the water which 
it has the right to use or appropriate by purchase or condemnation." 

The statut~ prescribes in detail (Sec. 3) the procedure in accordance 
with which application shall be made by any municipal corporation, cor-

. poration or person for the approval of its plans for obtaining such new 
or ~dditiortal source of water supply and the procedure which shall 
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be followed by the Board in acti~g upon such application. It pro-
vides that "Aft~r due hearing, the Commission shall decide whether 
the plans proposed are· justified by public necessity or reasonably 
anticipated public use, and whether such plans interfere unduly with · 
the opportunity of other municipalities to1 obtain a water supply by 
the taking of waters necessary for their us~; or whether the reduction_ 
of the dry-season flow of any stream wiU be caused to an amount 

· -likely to produce unsanitary conditions· or otherwise unduly injure 
public or private interests." · 

It requires that "the Board either approve such. application, reject 
it entirely, or approve the same subject to such reasonable terms and 
conditions'' as the Board may prescribe. I . ,·· . I 

It further provides that the approval of the Board "shall constitute 
the State's assent to the diversion of water:_ and the construction and 
operation of the water-works in accordance with the terms of the 
decision and the plans filed therewith. The decision" ofthe Board 
"shall at all titnes be subject to review_ by the courts for reasoqable-
ness,.legality or form." 

SUBSURFACE AND PERCOLATING w ATERS 

By chapter 304 of.the Laws of 1910, the Board is given "the same · 
jurisdiction and supervision over well, subsurface or percolating water 
supplies now or hereafter furnished to the inhabitants of any munidpal 
corporation as it now has over surface water supplies so furnished, 
except as such jurisdiction and supervision may be herein modified." . 

This act in its provisions as to subsurface, well or percolating 
waters substantially parallels the requireme~ts of chapter 252 of the 
La~s of 1907, relating to surface waters, previ'ously referred to. 

This statute by its fifth section further provides: "Whenever apa 
plication is made" to the Board "in conformity to this act or the act 
to which this is a supplement" (P. L., 190~, chapter 252) "by any 
municipal corporation, or whenever any m4picipal corporation now 

· legally. engaged in diverting and supplyint water, either . surface, 
subsurface, well or percolating, to the inhabitants of any municipal 
corporation, . shall request * . * * * by:\ petition in writing for 
permission to exercise the right 'of eminent domain for the acquisition 
of the necessary lands a:rid wate;r rights, either in case of surface, sub-
surface, well or percolating waters for the· purpose of diverting the 
same for the supply of the inhabitants of any municipal corporation, 
the" Board "may, in its.discretion, grant such permission, first being 

II 
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satisfied that it is for, the;pubHc ihterests so to do, arid after such per• 
mission is granted the necessary lands, water rights and interests· in 
lands and water rights a~ected may be condemned by the applicant 
in the manner now pr~vided by law." ' · 

ACQUIREMENi' OF LANDS; w ATnR RIGHTS AND INTERESTS THEREIN 
BY THE BoARD FOR APPROPRIATING oR CoNSERvum PoTABI.E 

Wl!\.TERS OF THE STATE 

By chapter 318 ~f the L~ws of 1912 (amended by chapter 128 of 
the Laws of 1913) the St~te Water Suppfy Commission was authori~ed .. 
to acquire lands, waiter rights, and interests therein for the purpose of 
appropriating or conserving the, potable waters of the State. . In 
Att9rney-Genetahs. State Water Supply Commission, 84 New Jersey 
·Equity Reports 150, t4e Cputt of Eqors ~nd ~ppeals construed this 
act and held that th~ bqnd~ contracted tci be issued by the commission 
in purchase of the Wharto:q tract before referred to, would constitute a 
debt of the Stafoand could.not be issued except in accordance with the 

, provisions 'of section VI, ~ticleV, of the Constitution of the State 
requiring the approval of the el~ctorate of the State, This limitation 
has made this statute practj,cally inoperative. 

J - ' •, --.J 

- . , DAMS . 
, Chapter 243 of the: La'.vvs of 1912 (as amended by Chapter 44 of 

the Laws of 1919) among other'things provides that (sec. 1): 
-. ''No 'municipal corpo,ration, corporation·or person shall,_witliol,\t,the 

consent of the" Board "build a~y reservoir ot construct any dam on 
'any river or stre~m in this ~tate or between this and any other State· 
which will raise, the waters 6f such river or stream more than five feet-
above their usual,mean low~water height, nor repair, alter or improve 
dams now existing which s.o raise the waters without such consent; 
but this act shall not affept Pr relate to dams where the drainage area 
above the same shall be less than.one, square mile in extent;provided 
that in case the water surface creat~d by any such dam or reservoir is 
less than one hundred acres 1iti extent, the necessity for obtaining the 
approval of th.e" Board "for,:'the repair of any such dam which would 
raise the water less than eight feet _above the surface of the ground 
shall not be necessary un:leis complaint be made 'in writing to the" 
Boar4.' 'raising .a question as!,to the safety of th~ existing structure:" 

(Sec. 2.) "Every municipal corporation, corporation -or person, 
before the erection by it of any dam or reservoir subject to the 'pro• 
\ ' ' 

1 , 
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visions of this act sha11 apply to the" Board "for the approval of the 
plans of such dam or reservoir, which approval said" Board "is 
authorized to grant with such modificationsr limitations or changes as 
in its judgment may be necessary for the protection of life and 
property.'' · 

1WATER SUPPLY DISTRICTS A~ COMMISSIONS 

Chapter 70 of the Laws of 1916 (amended P. L. 1919, p. 62) divides 
the State into two districts for.the purpose of mut1icipal water supplies, 
one to be known ?,S the North Jersey Water Supply District and the 
other as the Squth Jersey Water Supply District. 

The North Jersey Water Supply District consists of the counties of 
Sussex, Warren, Hunterdon, Passaic, Morris, Monmouth, Somerset, 
Bergen, Hudson, Essex, Union and Middlese~. 

The South Jersey Water Supply District consists of the remaining 
counties of the Stat,e. , . 1 

The act after dividing the State into these two districts provides: 
"Each of said districts shall be entitled to all of the authority and 

shall be subject to all of the laws of the State concerning water districts 
so created." · 

Chapter 71 of the Laws of 1916; as amended, authorizes the ap-
pointment of district boards of water supply commissioners in the 
water supply districts created by the act dividing the State into two 
water supply districts. 1 

The Commission to be appointed foF the North Jersey Water 
Supply District is designated the North Hrsey District Water Supply 
Commission, and thaf for the South Jersey Water Supply .E>istrict, 
the South Jersey District Witer Supply Commission. 

Each of the commissions is to be appointed by the Governor and 
is to consist of four (4) members who shall be residents of the water 
supply district which they r_epresent, and."not more than two of said 

• commissioners shall be of the same po1ltical party.'' 
The.commission is constituted a bodyporporate. / 
A commission is to be appointed for a I district only upon the adop-

tion of a resolution by the body having cjjiarge of the water supply in 
a municipality of the district, determinitig that it is in the interest of ' 
said municipality that a a.istrict water supply commission be appointed 
for the water supply district wherein such municipality is located for 
the purpose of "developing, acquirinp arid operating a water supply 
or new or additional water supply for the use .of such municipality 
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and such other municipalities as may be authorized to join with it 
according to the terms of" the act, and the presentation of a petitition 
to the Governor praying for the appointment of such a commission. 

· .The statute provides that a municipality of the district for which a 
commission nas been appointed may petition the commission "for a 

:" water supply or a_ new or additional water supply;" it provides for 
public hearing on such pe'tition; that up6n such hearing "any munici-
pality ~ppearing may sigµify its desire to acquire ;,uch existing water 
supply.or to obtain such new or additional water supply, and its willing-
ness to join with other municipalities to that end;" that thereupon the 

.. . I 

commission shall formulate plans for obtaining a water supply _or a 
new or additional watel'. supply for said municipality and any other 
municipalities that may desire water from such joint water supply, and 
report said plans to said municipalities together with a form of con-
tract; that if it shall be necessary to redraft said form of contract either 
because of suggested modifications or the failure of any municipality 
to accept it, or be,cause of the withdrawal of any municipality from 

· further participation, the form shall be redrafted and resubmitted 
"until a forni of contract has been agreed upon by said commission 
and one or more municipalities;" that when such contr,act is'executed 
the, commission shall ",proceed to carry out the same." . Powers, 
including the power of ·eminent .domain, for the execution of such 
contract are, in great detail, conferred upon the commission. 

The statute provides for the distribution of the cost of construction 
and acquisition, and the cost of opers1,tion, among the contracting 
municipalities ''in proporti~n to the amount of water contracted to be 
taken in the contract between each of said municipalities" and the 
c~mmission:. 

It further provides that upon the completion of such water supply 
plant the commission is to ·retain and have sole control and charge 

. thereof, except. such pa'.rt of the same as the commission may convey 
to one of the contracting municipalities, "in trust, however, for each of 
the contracting municipalities, and such other municipalitres as may 
be entitled to share in the said water supply." 

It provides that the, commission shall have power to convey any 
part or all of any distribution system or water plant acquired by it 
to'the municipality in which the same is 16cat~d at the cost thereof. 

The ~tatute makes provision 1for the supplying of water by the 
commission to municipalities, other than the contracting munici-
palities, applying therefor after, or in the cours~ of, the. construction, 

\ C • 
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acquirement or operation, of any plant by:the co~mission and also 
for the acquirement of part ownership in 1!Such plant by said other 
municipalities, if the water supply is adequate. 

The commission is without power to ac!t upon any petition for a 
municipality for a water supply or a new or additional water supply, 
until it has obtained the1 consent of the Board of Conservation and 
Development to the diversion of waters for i,such water supply, which 
consent can onJy be granted after public hear1ng. 

· It should be noticed that, consequently the commission is without power 
, to act except as a municipality contracts with. it, and that it is without 

power to contract with a municipality, except '(Js it obtains the consent of 
the Board of Conserr,ation and Development to the diversion of the required 

/ ·' 
waters. 

The only control that the commission has over developments in its 
district is by virtue 9f the following provision of the statute: "When~ 
ever any district commission has been brought into being by virtue of · 
this act, it shall be unlawful for any munidpality within the water 
supply district represented by said commission to obtain any new or 
additional water supply from any watershed other than. the water-
shed or watersheds from which said municipality obtains its existing 

· supply, withoqt the consent of said district water supply commis-
sion." 

The North Jersey District Water Supply Commission has been 
created under this statu,te. ' 

No steps to constitut~e the South Jersey W.·l·ater S~pply Commission 
have been taken. -- . , , ·.. · · 

.! . 
MUNICJPAl,JTIES 

"An Act Concerning Municipalities," Chapter 152 of the Laws of 
1917, Article XXXII, provides among other things that: Every 
municipality may provide and supply water;or an additional supply 
of water, for the public or private uses of stlch municipality, in any 
one or more of the following methods: ' 

·· (a) Any municipality may, either singly ot with one or more other 
municipalities, enter into a contract or contracts with the district 
hoard of water supply commissioners in which· such municipality is 
situate. 

(b) Any municipality may enter into a contract or ~ontracts from 
time to time, for a period not exceeding fifteen years, with any other 
municipality in this State having water works, or with any _private 
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corporation having or controlling water works, to obtain a supply of 
water for public and private uses of such first mentioned municipality 
and its inhabitants. 

This provision must l,)e ·considered in connection with. section 15 
of Article XXXII, which provides that: It shall be lawful for the -
governing body of any mu,nicipalityowning or controlling water works 

· to enter into and make a contract or contracts with any municipality 
or municipalities to furnish a supply of water for such othet munici-
palities and their inhabitants, for public and private uses, for the term 
of a year or years; provided there shall first be obtained the approval 
of the Department of Conservation ancl Development or other State 
board or· department having jurisdiction of such matters, which ap-

. proval or consent said commission or other board or department niay' 
withhold or grant upon such terms asjt may deem proper, but in case 
approvf,1,1 and consent are withheld, the reason for such withholding 
shall be furnished by said department or board ito the municipality 
applying therefor. lt must also be considered in connection with 
section.16 of Article XX:Xll (as amended by Chapter 63 of the Laws of 
1920, which makes it lawfui for any municipality owning or controlling 
water works to supply dwellers and other consumers of water in other 
municipaHties through which theit mains may pass. · · 

• . . •. I This provision is also affected by Chapter 194 of the Laws of 1923, . 
which enacts that: Any municipality, or two or more municipalities, 
of this State, may· make and enter into a contract with ariy water 

. . I . . 
company, or more than one water company, for a supply of water or 
additional~ater for domestic and rublic use for a period not exceeding 
thirty years, on. such t~l'.ms and ! conditions, at such rates and with 
such exclusive provisions for revision of rates from time to time as 
inay be agreed on, ani any .such company or companies is.and are 
thereby authorized to maie and e~ter into such contract provided that 
nothing therein shall be construed to limit er in anywise restrict the 
right of any municipality enteririg into such contract to acquire the 
works of' any water comp8:ny or whter companies, party thereto, either 
by purchase or condemnation under an:f law in force at any time dur-
ing the term of such contract. In case any water company is or two 
or more .water companies are supplying water in two or more munici~ 
palities, any such contract may be made by such company or com-
panies and any two or more of such municipalities having according 
to the last preceding national or I State census more than a majonty. 
of the population of all the municipalities in which such company is 
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or companies are supplying water at the time such contract is made, 
and in that case water shall be supplied in both or all of the munici-
palities in which the company or any of thel companies, party or par-· 
ties to such contract, is or are supplying water for domestic and public 
use, on the terms and condition,s and at .the rates prescribed in the . 
contract or fixed from time to time as therein provided. 

(c) Any municipality may purchase or lease from any person or 
persons, corporation or corporations owning water works supplying 
such municipality with water or adapted to ,furnish such supply, and 
any such person or persons, corporation or corporations, are hereby 
authorized to sell and convey or lease all or ariy part•of the real ~tate, 
personal property and works, and all or any part of the· corporate 

•rights, powers, franchises and privileges •Of said person or persons, 
~orporationpr corporations, foi; such sum as may pe mutually agreed. 
upon' by and between the said municipality and the said person or 

· persons, corporation or corporations. *. * ' * In case of any disa-
greement between the said municipality and the said person or per~ 
sons, corporation or corporations, as to the amount of· compensation 
to be paid, said municipality may condemn said real estate, personal 
property and works, and all ~he corporate· rights, powers, franchises 1 

and privileges of said person or persons, corporation or corporations. 
In connection with.this provision, Chapter 62 of the I,aws of 1920 

and Chapter 183 of the I,aws of 1923 must be taken into account, 
which enact that iri case any municipality which did not provide and 
supply its inhabitants with water by or frorr;t water works owned and 
operated by it at the time of the approvalof the act shall desire to 
acquire by purchase, lease or condemnation· any existing water works 
system or plant, or any part thereof, for the purpose of supplying 

· water for the public or private uses. of such municipality, any resolu~ 
tion or ordinance providing for. the same shall not become effective 
until.after the expiration of thirty days. from ,the passage or adoption 
and publication thereof and that . within such period a referendum 
vote may be demanded by ten (10) per centum of the legal voters 

• 0 ' . who voted .at the last general election held for members of the General 
AssemblYin such municipality. · · 

(d) Any municipality may purchase, conqemn or otherwise ,acquire 
· the necessary lands, and rights or interests in lands, and wat~r rights 
and righ!s of flowage or div,ersion, within or without such municipality, 
for the purpose of a· water supply, or an additional water supply .. 
The municipality may construct, erect, m~intain and operate dams, 

' . . 



Existing. Legishtion · 47 

, canals, a~q~educts, 'reservoirs, basins, 'standpipes, buildings, purifi-
cation plants, and all necessary pipe-lines and other works; and inay 
drill, dig, construct, operate and niaintain artesian wells, when in its 
judgment the same may he needed for the purpose of such water 
supply, rui.d may pro~ide·for the protectio~ of the same from.pollution 
by the( COJlStruction of sewers or by other: means., Such municipality 
may completely furnish arid equip any water works' with all necessary 
and useful iliachinery and other appliances. . 

Section 31 of Article' XXXII provides: C'Nothing in this a~t shalt 
be construed.to effect the poW:~r or authority of the Department of,Consenia-
sion and Develqpment,: of the Department of Health of the State of New 
Jersey or of the North Jersey Water Supply Commission or the South 

' ,. ( 

Jersey Water Supply Cominission.'' · 
- ,1 r 

Chapter 195 of the Laws of 1923 makes'a new departu,re, and pro-
vides for creating in addition to the Board of Conservation and De-
velopment and the Water Supply District Commission focal commis-
sions based on two, or more mtinitjpalities., This act provides that 
~he governing body of two, or more municipalities in this StateJ:i,n , · 
which water is supplied for dome's tic use by privately owned water-
works, whether such water works are owned by one or more ·corpora~ 
tions or" parties, may make application to any justice of the Supreme 
Court for the appointment;:of a commission'in their behalf to acquire 
such .water' works, either by' purchas~ or condemnati;n, together with 
all rights and franchises relating thereto, 'and the rights and franchises · 

· to ~btain art additional sup,ply •of water, and an:r or all other, p1operty 
of the owner of such water'works that may b~ necessary to maintain, 
operate, enlarge or extend the water work~ so acquired, and to enlarge, 
extend1 maintain and oper9rte t_p.e same to' supply water, in. the munici- _ 
palities acquiring such V\'.'~ter works and in, all other) municipalities' 
theretofore supplied with water by the same water ·works, provirf,ed 
that all of the municipalities so supplied with water shall be notified 
in writing of such application at least sixty days bef9re the same is 
made and may join therein. . . . . . 

. The commission to be :,appointed is to consist of not more. than 
-five. persons, _residen,ts of the municipalities making the application 

· for their appointment, or j9ining. therein. ·· 'Fhe commission is to pro-
ceed to negotiate. for the' purchase of the entire :water works supply-
ing water in, the municipaliti~ making the applicatfon fo~ its appoint-

. ment, and in the other municipalities, if any, supplied with water from 
I ' ' . • 

r 
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the same water works. · The term water wqrks (section 3) is construed 
to include one system or more than on~ system of water works, 
whether or not such water works extend lnto or supply water in other 
municipalities than those proposing to acguire .or owning the same, 
and water works, rights and franchises oW:ned by one corporation or 
party; or more than one, and shall include rights and franchises to 
obtain an additional supply of water, and any and all other appurte-: 
nant property of such owner or owners. · 

· The commission is empowered, to enter into contract to purchase 
such water works for compensation to b~ agreed upon, or fixed by 
condemnation. , 

The contract is to be submittec:I. to the municipalities that'may have 
made or joined in the application and is td become binding only as to 
such two or more of the municipalities that made such application 
and joined therein, as shall by resolution file, their assent thereto 
within three months. · · 

If the commission and the owner of the water works cannot agree 
on terms for the sale thereof, or if such proposed contract shall not 
become binding, the commission shall make applicatio11 for the appoint-
ment of commissioners to condemn the water works. 

Any municipality may'•withdraw from the condemnation proceed-
ings at any time within thirty days after the award of the com-
missioners shall be made. · ' 

The water works acquired by the commission shall be the property 
of the municipalities making the application for the appointment of 
the commission and joiriing therein, "as if they constituted a single 
municipality." · 

The ~otnmission appointed pursuant to the first section of the act 
is given power to enlarge 'and extend the w'ater works, and operate the 
same, or to contract for periods not exceeding ten years for the opera-
tion thereof by any individual, firm or corporatie>n, and subject to 
specified restrictions is empowered to prescribe rates. . . 

At any time water works shall have b'een acquired, under the act 
the governing bodies of the municipaHties owning the same may enter 
into an agreement prescribing a method · 

1

of electing or appointing a 
commission to succeed the original commission for the maintenap.ce, 
operation, extension and enlargeme·nt of the water works the 
management of its affairs, which agreement and amendments thereof 
shall be valid when consented to by the governing bodies of the mu-
nicipalities containing at least two-thirds of the population of all 
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municipalities owning such water works according to the last preced-
ing national or State census. 

Power is conferred upon the commission, so constituted by agree-
ment, to "se,l any part 'of the property in its charge not needed for 
public use, and also to.sell to any municipality the distributing system 
or mains therein and enterinto a contract to. supply water in quantity 
to the municipality purc)lasing such distribution system, provided, 
that no distributing system shall be sold to any municipality witho~0t 
the consent of the governing bodies of the municipalities owning the 
same having by the last national or State census at least two-thirds 
of the population of all such municipalities. 

The act also provides that after the·a:ppointment of the commission 
by the justice of the Supreme Court;· any municipality in whichwater 
is supplied by water wor~s which it is proposed to acquire, or which 
may have been acquired under the act, may be permitted to join with 
the municipalities making or joining in the application for appoint-
ment of commissioners orjoining therein, or owning the water works, 
on such terms and conditions as may be agreed upon; provided that 
municipalities containing at least two-thirds of the population accord-
ing to the last State or national census of all of the municipalities 
seeking to acquire or owning such water works shall agree to permit 
such other municipalities .to join. 

The act repeals all acts and parts of acts inconsistent therewith. 

GENI{RAL POWER FOR JOINT MUNICIPAL ACTION 

Paragraph 12 of Article XXXVII of "An Act Concerning Munici-
palities," before referred to (Laws 1917, p. 319), provides that: 

"Two or more municipalities may join together to ·do any act, 
maintain any department or render any service which one munici-
pality is empowered to do, maintain or render. 

"Before so joining said municipalities shall cause to be drawn up a 
written contract setting forth the proportion of cost of the doing of 
such act, maintaining of such department or rendering of such service 
each shall a$sume, and specifying· all the details of the management 
thereof, and such other. matters as may be deemed necessary for 
insertion therein; any such contract may be amended from time to 
time by the consent of the contracting municipalities; upon any such 
contract -being approved by the governing bodies of each of said 
municipalities it shall be :signed by the chief executive officer of each 
and sealed with the munieipal seals. 
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".For the purpose of carrying into effect any such contract, Ii::J.unici-
. palities may acquire lands as tenants i11 common by purchase or by 
condemnation, and may erect buildings thereon and equip the sanie, 
and may acquire and hold any personal '.property in common, and 
may appoint such officers and employees ak may be necessary for the 
joint enterprise, anp. may jointly enter alfy contract which a single 
municipality is authorized to enter into und,er this act." ... 

The serious lack of harmony in the mass of legislation relating to 
water supplies and the grave doubts and uncertainties that it raises 
as to the extent of·.· repeal through implication, and as to powers 
and procedure, are so evident · on the bare outline of the legislation 
that detailed indication thereof see111-s unriecessary. 

In framing this mass ' of legislation particular objects desired, 
from time to time, to be accomplished seem:, only to have been kept in 
view, and the necessity of framing new legislation so that it will fit 
into the old framework has been disregarded. 

Under such a complex and disharmonious body. of legislation no 
municipality or group of municipalities can, with any sense of con-
fidence or degree of certainty, be advised as to powers or procedure, or 
as to when action can be taken independently and when the consent 
of a State board.or district commission is required. 

As the legislation stands, through lack of clarity, it may well afford 
a ready means to private companies . to obstruct · and delay a mu-
nicipality or group of municipalities desiring · to acquire an existing 
water supply system, or to develop a new or idditional supply, and inay 
well afford a ready means to coerce municipal assent to inequitable 
terms and conditions in order that a vital! and imminent need may · 
be met without protr~cted delay. : . 

The subject admits of comparatively simple legislative treatment 
with due regard for public and private interests. 

'these statutes should be unified, harmonized and simplified. 
i 

CoNSE:N'tS 't-0 · DIVE:RS~oN 

The variances in the requirements for co11,sent to diversion imposed 
by this legislatioi;i are marked. The conS¢nt of the :Water Supply 
District Commission is only required when,~ municipality within the · 
water supply district seeks to obtain any 1new ,or additi9nal water 
supply from any watershed other than the watershed or watersheds 
from which such municipality obf~ns its existing supplies:. 
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The requirement extends to municipal corporations alone, and not 
to other corporations or persons engaged in supplying water, and to 
municipal corporations only where they seek to enter a watershed 
other than that from which they obtain their existing supplies. 
Apparently the requirement does not extend to · subterra:nean or 
percolating water soµrces. ·• · 

The consent of the Board of Conservation and .. Development, 
however, is required to alt diversions for a new or additional supply 
of water by any municipal corporation, corporation or person. engaged 
in supplying water. 

The requirement for such consent extends to well, subsurface and 
percolating water supplies as well as surface supplies. 

The result is on the one hand to leave the Water Supply District 
Commission without effective control over developments within the 
district and on the other hand to require a municipality seeking to 
avail itself of a watershed: other. than that from which its existing 
supply is obtained to obtain, first, after public hearing, the consent of 
the Water Supply District Commission, and, second, after public hear-
ing, the consent of the Board of Conservation and Development .. If 
the proposed DeJaware River Tri-State Compact is adopted, it will in 
the case of diversion from channel· or, tributaries .of the river require 
such municipality to obtain a third consent, that of the Tri-State 
Commission. 

Such conditions make against harmonious and effective ad-
ministration. 

PQI,ICY IN. EXISTING LEGISLATION' 

The statutes under which the Board of Conservation functions and 
Water Supply District Commissions may be created, make evident a 
legislative intent to develop a policy under which no municipality 
may take for itself alone source of water supply irrespective of the 
requirements of other municipalities and the fact that such other 
municipalities may economically and advantageously be served from 
such source as well. 

Such legislative intent is manifested by the requirement in the 
statutes governing the Bciard of Conservation and Development that 
upon applications for consent to that Board they shall determine 
whether the plans proposed are justified by public necessity or reason-
ably anticipated public use, and whether. such plans interfere unduly 
with the opportunity of other municipalities to obtain a water supply by . - ' ' 



52 Report of the Water Policy Commission 

the taking of waters necessary for their use or whether the reduction. of 
the dry-season flow of any stream will be caused ·to 3:n amount likely 
to produce unsanitary conditions or otherwise unduly injure public or 
private interests. · 

The statutes providing for Water Supply District Commissions 
further make clear the intent to develop _such policy by specifically 
providing for-the admission of municipalities other than the originally 
contracting municipalities into participation on equitable terms in. 
developments after they have been made.· 

. The policy so evidenced the Board of Conservation and Develop-
ment has now_ furthered, through its power to impose conditions in 
granting consent, by· adopting in effect the principle that important 
watersheds may be developed by a single municipality only as trustee 
for all municipalities which can natµrally be supplied therefrom and 
that the partial development of an important watershed by a single· 
community in its· own intei:est to the exclusion of other communities 
which may need the water must not be permitted. 

The policy so legislatively declared should be maintained and 
broadened. 

CoNsT1TuTIONAIJ l;'Rov1s10Ns THAT MusT BE EsPUcIA1,1,y CoNSID~REn 
iN INAUGURATING· A C6MPREHUNSIW STATU POLICY 

Article IV, Section VI, paragraph 4 of the Constitution of the State 
provides:· ''The legislature shall not, in a~y case, create any d~bt or 
debts, liability or liabilities, of the State which shall singly or· in the 
aggregate with any previous debts or· lia~ilities at any time exceed 
one hundred thousand dollars, except for the purposes of war, or- to 
repel invasion br · to suppress · insurrection, unless the· same shall be 
authorized by a la'Y for some single object or work, to be distinctly 
specified therein; which law shall provide the ways and means, exclusive 
of loans, to pay the interest of such debt or:liability as it falls ·due, and 
also to pay and'discharge the principal of such debt or liability within 
thirty-five·years from _the-time of the contracting thereof, and shall 
be irreparable until such debt or liability; and the interest thereon, 
are fully paid and discharged; and no such law shall take effect until 
it shall, at a general election, have been submitted to the people and 
have received the sanction of a majority o( all the votes cast for or 
against it at such election; and all money to be raised by the authority 
of such law shall be applied only to the specific object stated therein, 
and to the payment of the debt created thereby. This section shall . 
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not be construed to refer to any money that has been, or may be, 
deposited with this State by the government of the United States." 

It was thi.s provision of the Constitution of the State that in Wilson 
v. State Water Supply Commission, 84 New Jersey Equity Reports, 150, 
reversing the decision of the Chancellor in 82 New Jersey Equity Re-
ports, 32, proved fatal, as before noted, to the contract entered into by 
the State Water Supply Commission for the acquisition of the Wharton 
tract for $1,000,000 in bonds . 

. In VanCleve v. Passaic Valley Sewerage Commissioners, 71 New 
Jersey Law Reports, 574, the Court of Errors and Appeals declared 
that: "The decisions of this State establish two propositions 
touching the delegation of the power of general taxation-first, that 

. the legislature can delegate the taxing power only to political districts 
of the State, to be exercised within their respective limits; .and second, 
that some power of local self-government is essential to every political 
district." 

It was these principles that proved fatal to the original statute 
creating the Passaic Valley Sewerage Commission. 

Article IV, Section VII, paragraph 11, provides that: "The 
legislature shall not pass private, local or special laws in any of the · 
following enumerated cases, that is' to say: * * * Regulating 
the internal affairs of towns and counties; appointing local officers and 
commissions to regulate municipal affairs * * * The legislature 
shall pass general laws providing for the cases enumerated in this sec-
tion * * * " 

Memoranda will later be filed dealing in some detail with the ques~ 
tions raised by these constitutional flrovisions and principles. 
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CONCLUSIONS AND RECOMMENDATIONS 

· In the light of the foregoing facts, the existing statutes, and the 
controlling constitutional provisions and principles, . the following 
conclusio.ns have been reached: 

1 . That there is no single State problem of water supply develop-
ment; that there is a regional problem in what we have 
designated the Notthern Metropolitan District, including the 
counties· of Essex, . Hudson, Bergen, Passaic, Middlesex and 
Union; that there is also a regional problem in what we have 
designated the Southern Metropolitan District, including 
the counties of Mercer, Burlington, Camden and Gloucester; 
that the problems in the remaining counties of the State are 
local rather than regional; that the regional problem in the 
Northern Metropolitan District varies in imminence and 
seriousness in the three sections into which the district 
divides itself; that the regional problem which confronts the 
Southern Metropolitan District is neither so acute or pressing 
as that in I the Northern Metropolitan District, but that 
preparation to meet it can not wisely be delayed. 

2 . That no attempt should be made to meet these varying prob-
lems through centralizing jurisdiction, control and power to 
make developments in a single State:agency; that the attempt 
to ineet these problems through the establishment of the 

. . .. I 
State Water Supply Commission, as such a single State 
agency, failed; that the necessity of submitting to the elec-
torate of the entire State from time to time, for their approval, 
proposals involving State expenditures for developments in 
the interest of the people of part of'

1
the State would involve. 

in doubt the authorization of imperatively demanded regional 
developments and occasion costly dclay. 

3. That the State should, however, proceed without unnecessary 
delay to acquire in ownership, as Bistinguished from actual 
development for water supply' purposes, the remaining unde-
veloped major sources of water supply, and the lands neces-
sary for their conservation and protection, and to provide for 
the forestration of such lands. 
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4. That as a progressive step in this direction, there should be 
submitted to the electorates of the State a proposal for the 
issuance. of the State bonds essential in thr acquirement of the 
sources of supply and necessary lands referred to herein under 
the heading "The Regional Problem of the Southern Metro-
politan District" and the sources of supply and protecting 
lands required in the execution of the next major project that 
may be determined to be most advantageous to meet the 
regional needs of the. Northern Metropolitan District. 

5. That it may ultimately be necessary in maintaining a compre-. 
hensive policy to extend the acquisition by the State of 
sources of supply to the acquirement of already developed or 
partially developed major sources. But that the acquirement 
by the State of the remaining undeveloped major sources 
is of immediate importance and a matter of present concern. 

6. That in the acquirement of such sources of supply and lands, 
and in their care and administration, no new State agency 
need be created and that for such purpose the Board of Con-

. servation and Development be constituted the agency of the 
State. 

7. That the division of the State into the two (2) water supply 
districts be continued; and that the act providing for a North 
Jersey District Water Supply Commission and a South 
Jersey District Water Supply Commission be maintained: 

8. That the Nortl]. Jersey District Water Supply Commission 
having been brought into existence, and the fact being 
indicated by the. data herein set out that a like commission 
may usefully serve in the South Jersey District, the South 

. Jersey District Water Supply Commission should be con-
stituted. Until such South Jersey District Water Supply 
Commission is brought into existence all of the power, 
authority and jurisdiction which would be possessed by such 
commission should be vested in and exercised within the 
district by the Board of Conservation and Development. 

9. '!'hat the distri_ct commissions, in addition to the powers now 
vested in them, should be directed to prepare, ancl, after 
public hearings, adopt comprehensive plans to meet both the 
local and the regional needs within their respective districts 
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· and that .after the -adoption of such comprehensive plans no 
· development for .p~rposes of public water supply should be 
permitted to be made within the respective districts except in 
accordance with such comprehensive plans by any municipal 
corporation, corporations or persons without the specific 
consent of the commission of the district. 

In such • comprehensive plans opportunity should be 
· afforded to connect privately owned public supply systems 
with any major development provided for by such plans, and 
to take their water therefrom for such system, upon just and 
reasonable compensation, where such connection and taking 
can be effected with economy and ,~thout disadvantage to 
the municipalities participating in such developmet;1.t or that 
may later join therein. 

Where such connection and taking is effected, the existence 
of such connection and such right to take water should n~t be 
capitalized beyond the actual cost of making such connection; 
nor by reason cif such connection and right should added 
value be attributed to the system beyond such actual cost 
in any condemnation. or rate-prescribing proceeding. 

10. That the direction for the preparation and adopt_ion of such 
comprehensive plans should in nowise affect the full exercise 
of the powers and jurisdiction of the commissions respec-
tively, pending the fulfilment of 'such direction. Nor, on 
the other hand, should the fact: that such comprehensive 
plans are in course of preparation, result in denying to com-
munities that may be locally served consent to make exten-
sions of their systems reasonably to meet their needs tempo-
rarily. 

11 . That power should be further vested in the district commis-
. sions respectively to require by order, after hearing, the 
interconnection of public water supply 'Systems, whether in 
public or private ownership, and the interchange of water, on 

· equitable terms and conditions. affording fair compensation 
to be prescribed by such commissions. · 

· 12. That in general, the power, . authori1ty and, control, originally 
vested in the State Water Supply Commission by the several 
statutes hereinbefore referred to, which powert authority and 

· · control is now vested in the Board of Conservation and De-
\ 
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velopment as the successor to that commission, together with 
the powers vested in the Board of Conservation and De-
velopment by the,Act Concerning Municipalities, should be 
transferred to and vested in the district commissions to be 
exercised within their respective districts. 

13. That the number of members of the district commission should 
be increased from four (4) to seven (7); that the present 
restriction as to their political affiliations should be elimi-
nated; that four oi the seven members should be residents of 
the counties making up the metropolitan region of each 
district and the remainder residents of the counties within : ., 

the district and outside of the metropolitan region; that the 
term of office sho1Hd be seven years instead of four years, the 
term of one member to expire each year; and that appoint-
ment should not be as now by the Governor alone, but by the 
Governor b_y and with the advice and c.onsent of the Senate. 

14. That whenever any development to be made by one district 
commission involves the 'utilization of or affects sources of 
supply in the other district, application for the consent of the 
commission of the latter district should · be required. If 
agreement between the district commissions can not in such 
case be reached, jurisdiction should be vested in the Board of 
Conservation and Development to determine the issue be-
tween the commissions. 

15. In order that there may be readily available at one point all 
data with respect to consents to diversion, each district 
commission should be required to file with the Board of Con-
servation and Development a certified copy of all grants of 
consent made . 

. The Board· of Conservation and Development should also 
continue to study stream flow, occurrence and movements of 
undergTound waters, and to collect ,statistics of water con-
sumption as it no:W does . 

. 16. That the Board of. Conservation and Development should be 
empowered to co1llplete the compilation in part made by us of 
grants of rights of diversion heretofore made by the State to, 
and now held by, municipal corporations, corporations and 
persons. 
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The completion of this compilation will show the extent to 
which rights of diversion have been granted in the past and 
are now outstanding, and the extent to which such out-
standing rights are vested and subject to recapture only upon 
the making of just compensation. H will show, among other 
things, the existence in private corporations of important 
rights of diversion of vaguely defined and uncertain extent; 
and that in some instances such corporations holding such 
rights were created by the State through the e11actment of 
special statutes before the importance was realized of reserv-
ing to the legislature in the grant of corporate charters the 
power to alter, amend or repeal tl:ie same. 

' . I 
The facts which this compilation will furnish when coi,n-

pleted will require special consideration and, probably, 
special action. 

17. That sources of supply acquired by the State as herein before 
suggested should be made available to the municipalities of 
the two water supply districts through the respective dis-
trict commissions on equitable ~er.ms. 

18, That the acts of the district commissions should be subject to 
complete judicial review. · 

19. In view of the fact that the respective district commissions 
· will under the plan suggested function in a two-fold capacity-

(1) as the agency of the State within the district in controlling\ 
and regulating diversion, in formulating and adopting com-
prehensive plans for the district as a whole, in requiring the 
interconnection of systems and interchange of waters; and (2) 
as the trustee and agent of contracting municipalities in 
acquiring, constructing and operating systems-appropriation 
should be made by the State to each of such commissions to 
cover the costs of administration which are attributable to 
the performance by such commissions of the State functions 
assigned to them. 

20. That Chapter 318 of the Laws of 1912, as amended by Chapter 
128 of the Laws of 1913, which lias become practically in-
operative in consequence of the decision in Wilson v. State 
Water Supply Commission, 84 New:Jersey Equity, 150, should 
be repealed; that Chapter 194 of the Laws of 1923, and 
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Chapter 195 of the Laws of 1923, which have not been acted 
upon by any municipality and have only served to render 
more complex a situation already sufficiently complicated, 
should also be repealed; and that the statutes relating to 
public water supplies in general should be revised, unified, 
harmonized and simplified. 

21 . That the situation which faces communities in the State and 
especially in the Northern Metropolitan Region is serious in 
the extreme and ;does not admit of delay; that a prompt 
determination of _the future general policy· of the State is 
essential, since regional interest in undertaking a major 
development is difficult of unification to the point of action 
so long as expectation or hope of the undertaking by the 
State itself of a major development prevails. · 

The plan outlined is not ideal. Nor could any ideal plan be made 
effective as the Constitution of the State is now interpreted. It has, 
however, one practical advantage in that it builds upon such parts of 
the legislation of the State as alone have proven to be effective in 
furthering progress toward widening the margin between water con-
sumption and safe yield. 

The limitations of time and of appropriation have made it im-
possible to formulate and present bills which would give effect to these 
conclusions. 

We are, however, ready to give such aid as we may to the Attorney-
General, or any other officjal or body you may designate to perform 
this task. 

Acknowledgment is made of the spirit in which the Board of Con-
servation and Development• and the North Jersey District Water 
E;upply Commission and their officers and employees have cooperated 
with us and with our Consulting Engineer. 

February 27, 1926. 

Respectfully submitted, 

WILLARD I. HAMILTON, Newark 
·HSNRY G. PARKSR, New Brunswick 
HARRY BACHARACH, Atlantic City 
S. Woon McCLAVS, Cliffside 
CARROLL P. BASSS'l"t, Summit 
F. MORSS .ARCHSR, Camden 
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APPENDIX I 

COMMUNITIES IN NEW JERSEY WITH WATER SUPPLIES 

Muuicipality 
(1) 

County 
(2) 

Supplied by 
(3) 

Absecon City ................ ·., .... Atlantic ..... Atl:mtic City Water Co. 
Allendale Boro .............. · ....... Bergen ...... B oro of Ramsey 
Allenhurst Boro .............. ; ..... Monmouth .. Boro of Allenhurst 
Allentown Boro .............. : . . . . . Monmouth County Water Co. 
Alpine Boro .................. i ...... Bergen ...... Hackensack Water Company 
Anglesea .......... '. . .. . . . . . . . .... Cape May ... City of Wildwood 
Annandale................. . .... Hunterdon ... Clinton Watel& Water Sup. Co. 
Asbury l'ark City .................. Monmouth .. City of Asbury Park-Mone 

mouth County Water Co. 
Atlantic City ..................... Atlantic ..... City of Atlantic City 
Atlantic Highlands Boro...... . .... Monmouth .. Boro of Atlantic Highlands 
Audobon Boro .............. ,, ..... C~den ..... New Jersey Water Service Co. 
Avalon Boro ............ -~ ..•...... Cape May ... Boro of Avalon 
Avon by the Sea ............. ·, ..... Monmouth .. Boro of Avon 
Bartley ................ '. .... ; ...... Morris ....... William Bartley and Sons, Inc. 
Barnegat City Boro .................. Ocean ........ Barnegat Water Company 
Barrington Boro ............. :; .... , Camden ..... New Jersey Water Service Co. 
Basking Ridge .............. ; ...... Somerset ..... Bernards Water Co. 
Bay Head Boro ............. : ....... Ocean ....... Bay Head Water Company 
Bayonne City, .............. , ...... Hudson ...... Passaic Consolidated Water Co. 
Beach Haven Boro ................. Ocean ....... Boro of Beach Haven 
Bedminster Township ........ : ...... Somerset ..... Gravity Water Supply Co. 
Belleville Town ............. ; ...... Essex ........ City of Newark 
Belmar Boro ........................ Monmouth .. Boro of Belmar 
Belvidere Town ............... , ..... Warren ...... Buckhorn Springs Water Co. 
Bergenfield Boro ............. , ..... Bergen ...... Hackensack Water Company 
Berkley Township ............ ; ..... Ocean ....... Toms River Water Company 
Berlin Township ............ , · ....... Camden ..... Berlin Township 
Bernards Township ......... ·•·: ..... Somerset ..... Bernards Water Company 
Bernardsville Boro ....... ... _;._. . . . . . . " Bernards· Water .Company-

' Frank B. Allen 
Beverly Township ........... ; ...... Burlington ... Delaware River Water Co. 
Beverly City........................ Delaware River Water Co. 

·Blackwood ................. , ....... Camden ..... Blackwood Water Company 
Blairstown Township ........ ,., ..... Warren.:, ... Blairstown Water & Elec. Co. 
Bloomingdale ............... ,, ....... Passaic ...... Butler Water Company 
Bloomfield Town .......... ,;: ....... Essex ........ City of Newark-Passaic Con-

.. solidated Water Co. 
Bloomsbury Boro ........... , ....... Hunterdon ... Bloomsbury Water Company 
Bogota Boro ............... : ....... Bergen ...... Bogota Water Co.-Hacken-

sack Water Company 
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Municipality 
(1) 
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County 
(2) 

Supplied by 
(3) 

Boonton Town ..................... Morris ....... Town of Boonton 
Bordentown City ................... Burlington .. :. City of Bordentown 
Bound Brook Boro ................. Somerset .... :.Bound Brook Water Company 
Bradley Beach Boro ............. : .. Monmouth .. Monmouth County Water Co. 
Branchville Boro ................... Sussex .. , .... Boro of Branchville 
Bridgeport ......................... Gloucester ... Bridgeport Water Company 
Bridgewater Township .............. Somerset ..... Superior Thread & Yarn Co.-

Bound Brook Water Co. 
Bridgeton City ..................... Cumberland . City of Bridgeton 
Brooklawn Boro .................... Camden ..... City of Gloucester 
Brown's Mills ...................... Burlington ... Brown's Mills Water Co. 
Burlington City .................... Burlington ... City of Burlington 
Butler Boro ........................ Morris ....... Butler Water Co. 
Caldwell Boro ...................... Essex ........ Essex Fells Boro. Water Dept. 
Califon ............................ Hunterdon ... Califon Water Co. 
Camden City ...................... Camden ..... City of Camden-Merchant-

ville Water Co.-Stockton 
Water Co 

Camp Dix ......................... Burlington ... Camp Dix 
Cape May City .................... .Cape May City of Cape May 
Cape May Court House............. C. M. C.H. Water and Light Co. 
Cape May Point Boro. . . . . . . . . . . . . . . Boro of Cape May Point 
Carlstadt Boro ..................... Bergen ...... Hackensack Water Co. 
Carney's Point ..................... Salem ....... E. I. DuPoµtde Nemours & Co. 
Carteret Boro ...................... Middlesex ... Middlesex Water Co. 
Center Township ................... Camden ...... New Jersey Water Service Co.-

City of Gloucester 
Chatham Boro ..................... Morris ....... Boro of Chatham 
Chesterfield Township ............... Burlington ... Crosswicks Water co: 
Chester Township. . . . . . . . . . . . . . . . . . Chester Township Water Works 
Cinnaminson Township ............. Burlington .. :Riverton-Palmyra Water Co. 
Clark Township .................... Union ....... Elizabethtown Water Co. Cons. 

-"Middlesex Water Co.-
Plainfield-Union Water Co. 

Clayton Boro ...................... Gloucester ... Clayton-Glassboro Water Co. 
Clementon Boro .................... Camden ..... Clementon Spring Water Co.-

Laurel Springs Water Supply 
Co.-Lakeside Park Water 
Co. 

Cliffside Park Boro ................. Bergen ...... Hackensack Water Co. 
Cliffwood .......................... Monmouth .. Cliffwood Beach Co., Inc. 
Clifton City ....................... Passaic ...... City of Jersey City-Passaic 

Consolidated Water Co. 
Clinton Boro ....................... Hunterdon., .Clinton Water and Water Sup-

ply Co. 
Closter.Boro ....................... Bergen ...... Hackensack Water Co. 

I 
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Municipality 
(1) 

County 
(2) 

Supplied by 
(3) 

Collingswood Boro ............ . i . .... Camden ..... General Water Supply Co: 
Columbus ................... • ...... Burlington •.. Columbus Water Co, 
Corson's Inlet ................. \ ..... Cape May .. ,Corson's Inlet Water Co, 
CragtiJere Park ............... ,"; ...... Bergen .... ; .Cragmere WaterCompan.y, 
Cranbury Township .......... .,_ ..... Middlesex .... Cranbury Water Co. 
Cranford Township .......... •:'.• ..... Union ....... Plainfield-Union Water Co. 
Cresskill Boro ............... .,) , .... Ber.gen •..... H1;1.ckensack Water Co. 
Crosswi~s .................. :): : .. :.Mercer ...... Crosswicks Water Co.. . 
Deal Boro ................... ;, .. , .. Monmouth ... New Jersey W~~er & :tiglit Co: 

,,' TinternManorWaterCb, 
Delaware Township .......... O' •••••• Camden .. .. Merchantville Water Co,,- . 

· · · General Water Supply· Ca.-
: NewJerseyWaterServfoeCo. 

Demarest Boro, ............. :: . .. , .. Bergen· ...... Hackensack Water Co, . 
. Denville Township •................. Morris, ...... Diamond Spring w·ater Co.-

•· Cedar Lake Watei:: Co. 
Deptford Township .......... : : ...... Gloucester ... Gloucester County Water Co.~ 

· · Westville & Newbold Water 
Co. 

Dover Town ........... ; .. : . j •••••• Morris, ...... Town of D~ver 
Dumont Boro ................• :: ..... Bergen ...... Hackensack Water Co. 
Dunellen Boro .............. ,; ..... Middlesex ... Elizabethtown Water Co., Cons. 
East Atlantic City ........... , .... : .Atlantic ..... Brigantine Water Co. 
East Newark Boro ........... :C • ••••• Hudson ...... New.Jersey Suburban, Wa.ter.·Co. 
East Orange City ............ i . . , ... Essex .... , ... City of East Orange 
East Rutherford:Boro .. ,. ...... : ...... Bergen ...... Hackens'ack Water Co, 
Eatontown Township ........ ; · ...... Monmouth .. Tintern Manor Water: Co, 
Edgewater Boro ............. : ...... Bergen ...... Hackensack Water Co .. 
Edgewater Park Township-... _::: ..... Burlington .... Delaware River Water Co. 
Egg Harbor City Boro ..... '. .,, ...... Atlantic ..... Boro of Egg Harbor C~ty1 
Egg Harbor Township, ...... : · ...... AtTu.ntic ..... Atlantie County Water Co. 
Elizabeth City. . . . . . . . . . . . . . ..... Union• ....... Elizabethtown Water Co:, Cons. 

Plai:nneld-Union Water Co. 
Ehn.er B'oro................ . . ; ... Salem ....... E~er Water Company 
Emerson Boro ............... { ...... Bergen.; .... Hackensack Water Co. 
·Englewood City../ ............. ::~....... ,,,. 
Englewood Clifis.Boro_ ........ · ... ·. ;-. . " ·" 
Essex Fells .. Boro, ....... ; ...... : ...... Essex ........ Essex Fells Boro. Water Dept. 
Ewing Township .................. ; .Mercer ...... City of Trenton-Crestmont 

.·: · Realty Co. 
Fair Haven Boro ........... i ........ Monmouth .. Tintem Manor:W:ater Co.1::-· 

, . , Rumson Improvement Co. 
Fairlawn Boro ............. :, . ...... Bergen .... ; .Pomona_ Water Co. 
Fairview Boro •.............• ; ....... Bergen ...... lfackensack Water'Co·,. · 
Fanwood Boro ............. •:.• .... ,.Union ....... Plainfield-Union Water Co. 
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Far Hills Boro ..................... Somerset .... ,Gravity Water Supply Co. 
Farmingdale Boro ................... Monmouth. :West Monmouth Water Co. 
Flemington Boro ....... ; ........... Hunterdon ... Flemington Water Co. 
Florence Township ................. Burlington ... John A. Roebling's Sons Co.-'-

Florence Pipe Foundry and 
Machine Co. 

Florham Park Boro ................• Morris .... , .. Boro of Madison 
Fort Lee Boro ...................... Bergen ...... Hackensack Water Co. 
Fort.Wood ........................ Hudson ...... City of Jersey City 
Franklin Boro ...................... Sussex ....... New Jersey Zinc Co. 
Franklin Township ................ Somerset ..... City of New Brunswick 
Freehold Town ..................... Monmouth .. Town of Freehold 
Frenchtown Boro ................... Hunterdon ... Frenchtown Water Co. 
Galloway Township ................. Atlantic ..... Boro of Egg Harbor City 
Garwood Boro ..................... Union ....... Plainfield-Union Water Co. 
Garfield City ....................... Bergen ...... Passaic Consolidated Water Co. 
Gibbsboro ......................... Camden ..... John Lucas & Co. 
Gibbstown ......................... Gloucester ... E. I. DuPontdeNemours& Co. 
Gillette ............................ Morris ....... Gillette Water Co. 
Glassboro Boro ..................... Gloucester ... Clayton-Glassboro Water Co. 
Glen Gardner Boro ................. Hunterdon ... Junction Water Co.-Glen 

Gardner Water Co. 
Glen Rock Boro ...................• Bergen ...... Village of Ridgewood 
Glen Ridge Boro ................... Essex ........ Butler Water Co.-City of 

Newark 
Gloucester City .................... Camden ..... City of Gloucester 
Greenwich Township ................ _Gloucester ... Lopatcong Water Co.-E. I. Du 

Pont de Nemours & Co. 
Guttenberg Town .................. Hudson ...... Hackensack Water Co. 
Hackensack City ................... Bergen 
Hackettstown Town ......... : ...... Warren ...... Town of Hackettstown 
Haddonfield Boro ................... Camden ..... New Jersey Water Service Co.-

. Boro of Haddonfield 
Haddon Heights Boro ............... Camden ..... New Jersey Water Service Co.-

. EgbertWaterCo. 
Haddon Township .................. Camden ..... l',tew Jersey Water Service Co. 
Hainsport Township ................ Burlington ... Nlourtt Holly Water Co. 
Haledon Boro ...................... Passaic ...... Eoro of Haledon 
Hamilton Township .............. ; .. Atlantic ..... MaysLandingWaterPowerCo. 

' -City of Trenton 
Hamilton Square ................... Mercer ...... Hamilton Square Water Co. 
Hamilton Township ................. Mercer ...... City of Trenton-Crosswicks 

Water Company 
Hammonton Town ................. Atlantic ..... Town of Hammonton 
Hampton Boro ..................... Hunterdon ... Junction WaterCo.-,Whippany 

Water Co. 
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Municipality 
(1) 

County 
(2) 

Supplied by 
(3) 

Hanover Township ......... , ....... Morris ....... Brooklawn Farms Water Co.-
Town of Morristown-Nor-
mandy Water Co. 

Harding Township ....... , .......... Morris ....... Town of Morristown 
Harmony Township ................. , Warren ....•. Lopatcong Water Co. 
Harrington Park Boro ............... Bergen ...... Hackensack Water Co. 
Harrison Town ..................... Hudson ...... New JerseySuburban Water Co 
Harvey Cedars Boro ...........•. ; .. Atlantic ..... Boro.of Harvey Cedars 
Hasbrouck Heights Boro...... . ... Bergen ...... Hackensack Water Co. 
Haskell. . . . . . . . . . . . . . . . . . . . . . ... Passaic ...... E. I. Du Pont de Nemours & Co. 
Haworth Boro ................ , , .... Bergen ...... Hackensack Water Co. 
Hawthorne Boro ............. !, . . , .. Passaic ...... Boro of Hawthorne 
Helmetta Boro ............... ; ..... Middlesex ... Boro of Helmetta 
High Bridge Boro ............ ; ..... Hunterdon .. Borough of High Bridge 
Highland Park Boro .......... ; ..... Middlesex ... City of New Brunswick 
Highlands Boro ... ' ...........•..... Monmouth ... Boro of Highlands; J. M. John° 

son 
Highstown Boro ..................... Mercer ...... Boro of Highstown 
Hillsdale Boro ...................... Bergen ...... Hackensack Water Co. 
Hillside Township ............ , ... ,. Union ...... Elizabethtown Water Co.,Cons. 
Hoboken City ..............•. \ ..... Hudson ...... City of Jersey City 
Hohokus Boro ............... , ..... Bergen ...... Village of Ridgewood 
Holmdel Township ............ • ...... Monmouth .. MonmouthCountyWaterCo. 
Hopewell Boro ............... • ..•... Mercer ...... Boro of Hopewell 
Interlaken Boro ............. ,. : ..... Monmouth .. Monmouth County Water Co. 
Irvington Town ..................... Essex ........ Commonwealth Water Co. 
Island Heights Boro ......... : ...... Ocean ....... Boro of Island Heights 
Jamesburg Park: ............ , ...... Middlesex ... Jamesburg Park-Property 

Owners Cooperative Ass'n. 
Jamesburg Boro .................... Middlesex ... Jamesburg Water Co. 
Jersey City ................. •· ...... Hudson ...... City of Jersey City 
Keansburg Boro ............. ••· ...... Monmouth .. Borough of Keansburg-Ideal 

Beach Water Co.· 
Kearny Town ............... , ...... Hudson ...... City of Newark-New Jersey 

Suburban Water Co . .,-City 
of Jersey City 

KenilworthBoro ............. ; ...... Union ....... New Orange Park Water, Heat 
and Light Co.-Plainfield-
Union Water Co. 

Keyport Boro: ........ , ............ Monmouth .. Boro of Keyport 
Lakehurst Boro ............. , ....... Ocean ....... Lakehurst Sewer Co. 
Lakewood Township ....... ,, ........ Ocean ....... Lakewood Water Co. 
Lamberville City ............... , .. Hunterdon ... Lambertville Water Co. 
Landis Township . .' ......... : ....... Cumberland Boro of Vineland 
Laurel Springs Boro ..............•.. Camden ..... Laurel Springs Water SupplyCo. 
Lawrence Harbor ........... _'. ....... Middlesex ... Lawrence Harbor Water Co. 
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. 00 W 

Lavalette B,qrq ..................... Q.cea:n, ........ Boro of Lavalette 
Law:renceville .. , ..................... Mercer ..... : . Lawrence~ille Water Co. 
Lebanon To"'1lshjp .................. Hunterdon .... Beaver Brook Water Co.-

Junction Wat_er Cp. 
Leonia Bore;, ........ _ ..............•. Bei:ge:n, ...... Hackensack W,a.ter Co .. . 
Lincoln Park B,91:-Q, .................. ]Y.[c;,qis ...... Boro of Lincolp l'ark:,-,-]Y.[01Jn-

tain View Water Co. 
Linden Township ................... t;12ioIJ. ....... Elizabethtown Water Co .• ~01.1s. 
Linden Boro ...... , ........ , ......... U:n,ion ........ Elizabethtown Water Co., Co:Q.ii. 

· Plainfield-Union Water: Co. 
Linwood Boro ........................ Atlantk ..... Atlantic County Water Co. 
Little Falls Tow11s}1.ip ................ Pru,;saic ..... ,tittle Falls Water Co. 
Little Ferry Boro .................. ; .Bergen ..... :Hackensack Watet Co. 
Little SUver·Boro .........•. '. ......... Mon.mouth .. Tintem Mano1; WELter C0: .. 
Livingsto11. 'f.qwnship ................. Essex ........ Livingston Water Cq .• 
LodiBoro .. , ........................ 13ergen .. · .... Boro of Lodi-Hacke1.1sack 

Water Co. 
Lodi Township ....... , .............. B,e1;gen ... , .. Hackensack Water Co. 
Long Beach Toyv;ns):iip .............. Qcean .... ; .. Long Beach Water: Co. 
Longport Bqro . ..... < .............. Atlantic ..... Boro of Longport 
Long Branch qty ... , ............... ¥on.mouth .. Tintem Manor Water- CQ . .' 
Lopatcong '.I'.ow:nship, ................ Warren ...... Lopatcong Water Co,-Lehigh 

· Water Co .. (Easton, PstJ= 
Peoples Water C~. · · 

Lumbei:ton: Town.ship •............... BtirH11gton ... Mount Holly Water Company 
-Lumberton Ligl:i.t, Water 
and Sewer Co. 

Lyndhurst ... ,., .................... Berget;1• ...... City of Jersey City 
Madison,Boro ...................... Morris ...... Boro of Madison 
Magnolia Boro .. , ..... _ ............... Camden ..... Laurel Springs Water,SupplyCo. 
Mahwah ........... , ............... Bergen ...... Cragmere Water Co.~A,lbert 

and John Winterii 
Manasquan Boro ................ "'" .. Monmouth .. Boro of Manasquan 
Mantploking 13orq., ........ , ........ Qcean, ... · .... Louis D. F. Downer 
Mantua Townsb,ip; .................. Gloucester ... Mantua Water Co. 
Maplewood Township._ .............. Essex .... , .... Commonwealth Water Co. 
M;argate Cjj:y .........•............. AtJaµ:tic ..... ],v.[argate City 
M;:au::lton,. ........................... Burlington ... Marlton Water Co. 
Matawan Boro ..................... Monmouth .. Boro of Matawa:n, 
Mays Landing ..................... 4tlantic ..... Mays Landing Water Power, Cq. 

~Boro. of Mayli LstncljJ..l&] 
Maywood Borp ..................... Bergen· ...... Hackensack W,ater COIPP.stnY 
Medford Townsb.ip, ........•........ Burlington ... Medford Water.Cq. · 
Mendham Boro ......... : ............. Morris •...... Boro of Mendham,, 
Merchantville Boro .......... , ........ CstmdeIJ. ..... Merchantville_. Water Co .. 
Metucb.e1.I,BQl;P ..................... M;id<llesex .... Middlesex Water CC>. 
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Mickle:ton .......................... Gloucester ... August Eichler-J eremia 
· Haines 

Middle Township ............. , ..... Cape May ... City of Wildwood 
Middlesex ];lql'o .............. , •.... Middlesex ... Bound Brook Water Co.-Eliz-

abethtown Water Co., Cons, 
Midq.le~qwn,,1'ownship, ............. ,Monmouth .. Tintem Manor Water Co. 
Midland Township ... : ........ •, ..... Bergen ...... Hackensack Water Co. 
Midland Park Boro ................. Bergen ...... Village of Ridgewood 
Milford Boro ....................... Hunterdon ... Mine Springs Water Co.~War-

. ren Manufacturing Co. 
Millburn Township, ........... ,, ..... Essex ..•..... Commonwealth Water Co. 
Millington .......... , ........•..... Morris ....... Millington Water Co. 
Milltown Boro, ................. •· ..... Middlesex ... Boro of Milltown 
Millville City .......... , ....... , ... Cumberland. Millville. Water Co.,-City of 

· Millville 
Monmouth Beach,Bo.ro ........ : ..... Monmouth .. TinternManorWaterCo. 
Monroe Township .................. Gloucester ... Monroe Township Water Co. 
Montclair Township ..........•...... Essex ........ Passaic Consolidated Water Co. 

-City of Newark 
. MoonachieB,oro ............. , ...... ,Bergen ...... Hackensack Water Co.· 
Moorestown ................. ,: ...... Burlington ... Moorestown Water Works 
Morris Plains .......... : ..... ..... Morris ...... Town of Morristown 
Morris Township ....... :........... Towri of Morristown-Nore 

mandy Water Co. 
Morristown ........................ Morris ....... Town of Morristown 
Mountain Lakes Boro ............... Morris ....... Hillcrest Water Co. 
Mountain View ............. : ...... Passaic ...... Mountain View Water Co. 
Mountainside Boro ........... , ....... Union ....... Plainfield-Union Water Co. 
Moun1: H.oll:r, ....................... Burlington ... Mt. Holly Water Co. 
Mo:un,;t Tabor ................•...... Mortis ....... Camp Meeting Association 
National Park Boro .................. Gloucester ... Boro of National Park 
Neptune township ........ ,· .. :" .•..... Monmouth .. Monmouth County Water Co, 
Neptune City Bom................. . 
Netcong Boro ....................... Morris, ...... Boro of Netcong 
Newark City ........................ Essex ......... City of Newark 
New Brunswick City ................. Middlesex ... City of New Brunswick 
New Egypt ...•...... 1 ••••••• : •••••• Ocean ....... New Egypt Light, Heat, Power 

and Water Co. 
New• Eisbon ................. / ...... Burlington ... Burlington County Water Co. 
New Providence Boro ........•...... Union ....... Commonwealth Water Co. 
Newton ............................ Sussex ....... Town of Newton 
No'rthampton Township ....... , ..... Burlington ... Mount Holly Water Co. 
North Arlington Boro ............... Bergen ...... City of Jersey City 
North Bergen 1'ownsp.jp ............. Hudson ...... Hackensack Water Co. 
North Brunswick Township, ......... Middlesex ... City of New Brunswick 
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North Caldwell Boro ................ Essex ........ ~ssex Fells Boro. Water Dept. 
Northfield City ..................... Atlantic ..... .Atlantic County Water Co .. 
North Haledon Boro. · ............... Passaic ..... : ;Boro of Haledon 
North Plainfield Boro ............... Somerset .... ::Plain.field-Union Water Co. 
North Plainfield Township ........... Somerset ..... Elizabethtown Water Co., Cons. 

Plainfield-Union Water Co. 
Northvale Boro .................... Bergen ....... Hackensack Water.Co. 
Nortli Wildwood City ............... Cape May ... City of Wildwood 
Norwood Boro ................... · .. Bergen ...... Hackensack Water Co. 
Nutley Town ................ · ........ Essex ........ Passaic Consolidated Water Co . 

......,City of Jersey City 
Oaklyn Boro ....................... Camden ..... New Jersey.Water Service Co·. 
Ocean City ........................ Cape May ... Ocean City Water Co. 
Ocean Gate Boro .......... .- ........ Ocean ....... Ocean-Gate Water Co. 
Ocean Grove Boro .................. Monmoutli .. OceanGroveCampMeet.Assoc. 

, Oceanport Boro ... ;................ Tintern Manor Water Co. 
Ocean Township.................... ·Tintem Manor Water Co.-

Monmouth County Water 
Co. 

Ogdensburg .... ;: ......•........... Sussex: ...... Boro of Ogdensburg 
· Oradell Boro ................•...... Bergen ...... Hackensack Water Co. 
Orange City ................... , ... Essex ........ City of Orange 
Oxford Township ................... Warren ...... Buckhorn Springs Water Co. 
Palisades Park Boro ..... , ...... ..... Bergen ...... Hackensack Water Co. 
Palisades Tewnship ............ : . . . . ·· 
Palmyra .................. :· . ....... Burlington ... Riverton-Palmyra -Water Co. 
Paramus Boto . ..................... Bergen ...... Hackensack Water Co. 
Park Ridge Boro ............. , . . . . . Boro of Park Ridge 
Passaic City .................... , ... Passaic ...... Passaic Consolidated Water ·Co. 

· New·Jersey Suburban Water 
Co. 

~aterSon City. . . . . . . . . . . . . . . . . . . . . . , " Passaic Consolidated Water Co. 
· Boro of Haled,on 

Paulsboro Boro .......... , ........... Gloucester ... Boro of Paulsboro 
Peapack-Gladstone Bora ............ Somerset ..... Boro of Peapack-Gladstone-

: J. L. Peapack; Dr. M. C. 
:·Smalley 

Pedricktown ....................... Salem ....... Pennsgrove Water Supply Co. ' 
Pemberton Boro .................... Burlington ... Pemberton Township Water, 

, Sewerage and Light Co. · 
Pemberton Township ........ ·.·..... Pemberton Township Water 

· Sewerage and Light Co. 
Pennington Boro,_ ................. Mercer ....... Boro of Pennington 
Pennsgrove Boro ................... Salem ....... Pennsgrove Water Supply Co. 
Pensauken Township ................ Camden ..... Stockton WaterCo.-Merchant-

ville Water Co. 
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Municipality 
(I) 

County 
(2) 

Supplied by 
(3) 

Perth Amboy City ........... , ...... Middlesex ... City of Perth Amboy 
Phillipsburg Town ........... : ...... Warren ...... Lehigh Water Co. (Easton, Pa.) 

' · Lopat~ong Water Co.-Peo-
ples Water Co. 

Piscataway Township ............... Middlesex ... Middlesex Water Co.-Eliza-
bethtown Water Co. Cons. 

· -Plainsfield~Union Water Co. 
Pitman Boro ........................ Gloucester ... Pitman Water Co.'-N. J. Con-

. ference Camp Meeting Asso-
ciation 

Plainfield City ..................... Union ....... Plainfield-Union Water Co. 
Pleasantville City ........... ; ...... Atlantic ..... Atlantic County Water Co. 
Point Pleasant Beach Boro ... : ...... Ocean ....... Boro of Point Pleasant Beach 
Point Pleasant Boro ............... . 
Pompton Lakes Boro ............... Passaic: ..... Butler Water Co. 
Princeton ...................•...... Mercer ...... Princeton Water.Co. 
Prospect Park Boro, ..........•...... Passaic ...... Passaic Consolidated Water Co. 
Quinton ..... : ..................... Salem ....... City of Salem 
Rahway City ........................ Union ....... City of Rahway 
Ramsey Boro ................ \ ..... Bergen ...... Boro of Ramsey 
Raritan Boro ........... .' ..... : .... Somerset .... Somerset Water Co. 
Raritan Township.................. Middlesex Water Co.-Eliza-

, · · bethtown.WaterCo.Cons. 
Red Bank Boro ..... -......... '. ..... Monmouth .. Boro of Red Bank-Tintem 

Manor Water Co. 
Ridgefield Park Village .............. Bergen ...... Hackensack Water Co. 
Ridgefield Boro .. . . . . . . . . . . . . · 
Ridgewood Village. . . . . . . . . . . . Village of Ridgewood 
Ringwood Township......... . .... Passaic ...... Ringwood Co.-Awosting 
Riverdale Boro ..................... Morris ....... Boro of Pompton Lakes 
Riverside Boro .............. _,; ... ,.Bergen ...... Hackensack Water Co. 
Riverside Township ................. Burlington ... Delaware River Water Co. 
River Edge :Soro ..... , ....... , ..... ,Bergen ...... Hackensack Water Co. 
Rio Grande ........................ Cape May ... City of Wildwood 
Riverton Boro ... '. ........... , ..... Burlington ... Riverton-Palmyra Water Co. 
Rivervale Township .......... : ..... Bergen ...... Hackensack Water Co. 
Rochelle Park ................ ,. . . . . . Rochelle Park 
Rockaway Boro .................... Morris ....... Boro of Rockaway 
Roseland Boro ..................... Essex ........ Essex Fells Boro Water Works 
Roselle Boro ..............•.. , ..... Union ....... Plainfield-Union Water Co.-

Elizabethtown Water Co. 
Cons. 

Roselle Park Boro ............ ; .... . Plainfield-Union Water Co. 
Rumson Boro ................. • ..... Monmouth .. Rumson Jmprovement Co.-'-

Tintern Manor Water Co. 
Rutherf01:d Boro .............. \ .... Bergen ...... Hackensack Water Co. 
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Municipality County Supplied by 
(1) (2) , (3) · 

. . . I 
Sayreville BQrQ •.................... Middlesex ... City of Perth Amboy 
$alem City, ....•............•....... Salem, ...... City of Salein, 
Scotch Phl.in.s,~QWD.Sbip •..... , ....... Union ....... Plainfield-Union Water Co. 
Sea Bright Boro;_ ..................... Monmouth .. Tintern Manor Water Co. 
Seat Girt B"(>ro. ... . .. . . ... .. .. . .. .. . . . . . . . . . ,,_, B<>ro of Sea Gjtt-
Sea ble, City-.. , .................... Cape May ... City of Sea Isle City 
Seasid.e:I{eights Boro .......•........ Ocean ....... Boro of Seaside Heights 
Seaside Park Bom .. ,.... ... .... . . ... . . . . Boro of.Seaside Park 
S~ucuaBoro ............ , ..... '. .. Hudson ...... HackensackWaterCo.-Cityof 
· Jersey City 
Sewell. ........................ , ...... ._.Gloucester ... Sewell Water Co. 
Ship-Bottom-Beach, Arliugton Boro ... _Ocean, ...... Beach Arlington Water Co. 
Short Hills ............ ' ... , .......... EsseJo ........ $hcirt Hills Wiater Co. • 
Shrewsbury Township ............... Monmo11sth, ... Tin tern Manor Water' Co, 
Somers Point City ....... , ......... , Atlantic ..... Atlantic County Water Co .. 
Somerville Boro ...................... Somerset .... Somerville Water Co. 
South, Amboy City;. ; .................. Middlesex ... City of South Amboy 
South Bound BrookBoro ........ : ... SoJ:!1erset ..... Bound.Brook Water Co. 
South Ci;t.pe May• Boro ................ Cape:May ... City of Cape May 
South Orange Village ............... Essex ........ Village of South. Orange 
South Plainfield ........ , ............. Middlesex'" .Middlesex Water Co, 
South,Riv:er BQro .. ,......... . . . ... . . . . . Boro of South River 
Springfield Township ..............•.. Union .. · ..... Commonwealth Water Co.-

. . . Short Hills Water Co.-Eliz-
abethtown Water Co., Cons. 

Spring Lake-Boro-, ....... -........... MQ111Ilouth .. Boro of Spring Lake · 
Statµ1ope Boro ..................... Sussex ....... ,Boro of Stanhope 
Stirling ..... , ..•............. ,. ..... Morris ....... Stirling 'Water Co. 
Stockton B.oro •..................... Hunter4on ... B.oro of Stockton 
Stone Harbor· :ao(o ......... ; ........ Ca-pe May ... Boro of Stone Harbor 
Stratford }3oJ,'Q:, •••••••••••••••••••• Cam.den .... , Laurel Hill Water Supply, Co. 
Strathmere: ............. , ... , ........ ,. Cape May .... Corson's Inlet Water Co. 
Summit City ........... , ........... UniQll ..... , .Commonwealth Water Co. 
Surf City Borc>c. .................... Ocean ....... Surf City. Water- Co. 
Sussex Boro: ....................... Sussex· ....... Boro of Sussex 
Swedesboro Bora· ................... Gloucester ... Boro of Swedesboro 
Teaneck TOWllship .................. Bergen· .....• Bogota Water Co._;_Hackensack 

Water Co. 
Tenafly :Bore<>, .......... _ ........ , . . _Hackensack Water Co. 
Tete(bQro.B_oro. ... . ... . ... . .... . . . . . . . . . " 
Toms River ........................ Ocean ..... .';Toms River Water Co. 
Totowa Boro ....................... , Passaic ..... iPassaic _Consolidated Water Co. 
Trent:on City, ........................ Mercer ..... , City of Trenton. 
Tuckerton Bero• .... : ..............• Ocean ... , .. !Tuckerton Water Co. 
Union City• .... , ................... Union ....... Hackensack Water Co, 
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Municipality 
(1) . 

·County 
(2) 

'Supplied by: 
(3) 

'ln,111 

Union Township ..................... Union .••.... Commonwealth Water Co:-
. Elizabethtown · Water ,Co., 
Cons. 

Ventnor City ................•...... Atlantic .... iCity of Ventnor 
Verona Boro ......... , .......• , ...... Essex: ....... Essex Fells B,oro. Water D~pt. 
Vincentown .................. :'. ... ; .Burlington .... Vincentown Water Co. 
Vineland Boro ............... :: , ..... Cumberland Boro of Vineland 
Waldwick Baro ............... _, ...... Bergen ...... Boro of Waldwick 
Wallington :J30~0 •••..•.••.••. )'...... Bi>ro of Wallington-Hacken-

' sack Water Co. 
Wanaque Bi>ro .............. ;· ...... Passaic ...... Boro,of Pompton Lakes 
Washington Boro ............ ,' ..... :Warren ...... Washington Water Co. 
Washington Township .... , ... :: ...... Morris ....... Long Valley Water Co.~Jt C. 

. Welsh; M. T. Welsh 
Weehawken Township., ...... ,: ...... Hudson ...... Hackensack Water Co. 
Wenonah Bpro, ............. ;i ... .. · .. Gloucester ... Baro of Wenonah 
West Caldwell Boro .......... '> ..... Essex, ....... Essex Fells Boro. Water Dept. 
West Cape May Boro ............... Cape May ... City of Cape May 
West Deptford Township ...... ; ...... Gloucester ... Westville&Newbi>ld Water Co .. · 
Westfield Town ............. 1 ...... Union ....... Plainfield-Union Water Co. 
West Long Branch Boro ...... :. ...... Monmouth .. Tintern Manor Water Co. 
West New York Town ....... i ...... Hudson ...... Hackensack Water Co. 
West Orange Town .......... :; ...... Essex .•...... Commonwealth Water Co. 
West Paterson Boro; ........ '. ...... Passaic ...... Little Falls.Water Co. 
Westville Boro .............. '. ....... Gloucester ... Westville-Newbold Water Co. 
Westwood Boro .. ; ............ i ..... :Bergen ....•. }!ackensack Water Co. 
West Wildwood Boro ...... :.;•.; ....• . Cape May ... West Wildwood Water& Power 

. , . , Co. , 
WhartonBoro, .............. ,; ...... Morris ... ,.·, .. Boro cif Wharton 
Whiting ................... .',, ...... Ocean ....... Tuckerton R.R. Co. 
Wildwood City .............. •, .... ; .Cape May .•. _City of Wildwood 
Wildwood Crest Baro .. '. .... ::. : ..... · 
Williamstown ............... :, ...... Gloucester ... Monroe Township Water Works 

-C. D. Tice and Son 
Woodbine Boro ............. , ...... Cape May ... Woodbine Light, Water and 

.. ,. . Power Co. 
Woodbridge Boro ........... .:. , ..... Bergen ...... Hackensack Water Co. 
Woodbridge Township .............. Miµdlesex ... Iselin Radio Association, Inc.-

Mic;ldlesex Water Co.-,-City 
of Perth Amboy 

Woodbury City ............ ,:: ...•.... Gloucester ... City-of Woodbury 
Woodbury Heights Boro ..... ;-,. ·.....• City of Woodbury through 

'.! Woodbury Heights Water Co. 
Woodlynne Boro ............ i ...... Camden ..... General Water Supply Co; 
Woodstmyn Boro ............ ! ....... Saleni ....... Boro of Woodstown 
Wrightstown Boro .......... , : ...... Burlington ... Hanover Water Co. 
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NEW JERSEY STATE INSTITUTIONS 

Institution 
(1) 

State Tuberculous Sanitarium (Glen 

County 
(2) 

Supplied by 
(3) 

Gard_ner .......................... Hunterdon .. Institution 
Home for Feeble Minded Women 

(Vineland) ........................ Cumberland Institution 
Home for Boys (Jamesburg) .......... Middlesex ... Institution 
State Village for Epileptics (Skillman). Somerset.. ... Institution 
Home for Disabled Soldiers and Sailors 

(Vineland) ........................ Cumberland· .. Institution 
State Home for Girls (Trenton) ...... Mercer ...... City of Trenton 
Training School (Vineland) .......... Cumberland Institution 
State Camp (Sea Girt) .............. Monmouth .. State Camp 
State Reformatory (Clinton) ......... Hunterdon ... Clinton Water and Water Sup-

ply Co .. 
State Hospital for Ins.ane (Trenton) ... Mercer ...... Institution 



APPENDIX II 
\ 

A study made bY Mr. Nicholas$. Hill, Jr., of the 
-- - so-called CJ;limney, Rock and Long Hill development 

projects, in whicl( conditions are equalized so that 
the two plans m~y be considered on: a comparable 
basis. · 

COMPARISON OF LONG HILL AND CHIMNEY ROCK 
,.PROJECTS 

PROXIMITY 'l'C> CENTERS OF DISTRIBUTION 
A glan;ce at a map will :show that Chimney Rock reservoir ·has.no 

advantage of location as compared with Long Hill reservoir. In fact 
the advantage of location i$ in favor of Long Hill, which is nearer to all 
important centers of distribution, including Elizabeth. · · 

COMPARATIVE Fi;ow AND MINIMUM DRAFT LINES 
In addition, the flow line and minimum draft line of Long Hill 

reservoir will be higher than in the case of the completed Chimney 
Rock reservoir, so that the head available for loss in fric:tion will be 
greater, not only because cif the shorter distance between.the reservoir 
and the centers of distribution, but also because of the higher maxi-
mum and minimum elevations of the water at the source. The flow 
line of the Long Hill resentoir will be three hundred twenty feet (320') 
as compared with three hi-tndred four feet (304') for Chimney Rock. 
The minimum draft line in;: the Long Hill reservoir will be two hundred 
eighFY feet (280') as compated with two hundred fifty feet (250') for 
Chimney Rock; _. · : : · 

· RESERvo:t;Rs, COLLECTING TUNNELS 
AND DELAW.i\RE RIVER PUMPING STATION 

. In comparing the tw; projects, Mr. Sherrerd.'1s revision of Mr. 
Hazen's prices in an upwa,rd direction is used throughout. The basic 
details as prepared by Mr·. Sherrerd are presented at the close of this 
Appendix. It is also assumed that under the successive steps of 
development these estimated costs of delivering water from the S(?urce 
of supply to Long Hill or Chimney Rock reservoirs are fairly fOmpara-
ble and truly reflect the. relative economic advantages of the two 
schemes. This.is assumed although an examination of Mr. Sherrercfs 
estimates indicates that he spreads his capital investment in collecting 
tunnels over the years, atj.d hence r~duces the present worth of these 
investments, by the device of constructing a succession of parallel 
tunnels, one from each source of supply to Chimney Rock reservoir, 
whereas Mr. Hazen woul~ construct a single tunnel of ultimate size, 
merely extending it at the time each new source is brought in'. It is 
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obvious that if it is economical for Mr. Sherrerd to employ this device, 
it could be employed with equal advantage by Mr. Hazen, but it is 
impossible to place the estimates on a strictly comparable basis in this 
regard because Mr. Hazen does not state separately the costs of his 
collecting tunnels and the costs of his impounding reservoirs. The 
following estimates, therefore, fav;or Chimney Rock to the extent 
above indicated. 

The comparative costs allowed by Mr. Sherrerd and Mr. Hazen for 
reservoirs, collecting tunnels and Delaware River pumping station are 
given in Table No. 17. 

TRANSMISSION CONDUITS AND TUNNELS 

That the position of Chimney Rock reservoir with respect to centers 
of distribution compares unfavorably with the location of Long Hill 
reservoir in both distance and elevation is supported by Mr. Sherrerd's 
estimated comparative costs of the transmission conduits and tunnels 
required between these reservoirs and centers. ·of distribution, the 
amounts allowed are as indicated in Table No. rs. 

It is apparent from the above figures that the ultimate first cost of 
the transmission conduits and tunnels required to distribute water 
from Chimney Rock reservoir will be forty~seven per cent. (47%) 
greater than in the case of Long Hill bn the basis of Mt. Sherrerd's 
figures. This is to be expected because of the lower elevation and 
greater distance of Chimney Rock from the distribution centers 
previously mentioned. . 

Inspection of a map will show that, if there is any advantage in 
doing so, water can be distributed from the Long Hill reservoir through 
pipe lines which will follow the same routes; be or the same length, and 
may be constructed at the ·same times as those contemplated by Mr. 
Sherrerd in connection with the Chimney Rock project. As a matter 
of fact the capital outlay thus required to give equivalent service 
would be somewhat smaller in the case of Long Hill as compared with 
Chimney Rock because of the greater head available for loss in friction 
and consequent reduction in size of conduits and tunnels required. 

Neglecting this last mentioned factor, however, and thus favoring 
Chimney .Rock to that extent, it appears that a fairer comparison of 
the two schemes may be made by including Mr. Sherrerd's trans-
mission system under both projects. This is so because if there is any 
advantage in Mr. Sherrerd's system of transmission it can be availed 
of in connection with Long Hill as readily--'-and even mote readily~ 
than in the case of Chininey Rock. The comparison of the two 
schemes on this basis will be fain~r than the comparison made by Mr. 
Sherrerd, because in laying out his transmi~sion system Mr. Sherrerd 
spreads his capital expenditures over the Years, and hence reduces 
their present worth by employing the device of constructing a succes-
sion of parallel conduits and tunnels betw~en the reservoir and dis-
tribution centers, whereas Mr. Hazen would construct a single large 
distributor of ultimate size at once. 
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Fn,TRATION Pr,ANTS 
The ultimate first cost of filtration will be the same in the two 

projects because they tap practically the same sources at practically 
the same points. That this fact is recognized by Mr. Sherrerd is 
apparent from a comparison of the total capital outlay required for the 
filtration plants as taken Jrom his estimates and presented in Table 
No.19., 

. It will be seen from inspection of the figures in Table No. 19 that 
whereas the total amount allowed by Mr. Sherrerd for filtration plants 
is practically the same in the case of Chimney Rock as in the case of 
Long Hill, he reduces the present worth of the filtration cost under the 
Chimney Rock scheme by deferring the date of installation of filtra-
tion plants. It appears from what has been said that if these capital 
outlays can be deferred in the case of the Chimney Rock project they 
may also be deferred with equal reason in the case of the Long Hill 
development. Therefore, ,in order to place the estimates upon a more 
comparable basis it will be assumed that filtration plants 'under the 
Long Hill scheme will have to be installed in the same years as assumed 
by Mr. Sherrerd for the Chimney Rock project, and that the first cost 
of these filtration plants will be the same in both cases. 

DESIRABII,ITY OF MAK!NG THE FIRST DEVEI,OPMENT OF LESS THAN 
158-168 MII,I,ION GAI,I,ONS DAII,Y CAPACITY 

If all resources of the Metropolitan District are pooled and inter-
changed there will be no need of an additional supply, after completion 
of Wanaque, until 1937-1940, depending upon whether Wanaque is 
considered good for 74 or 100 M.G.D. · 

At that time a development of 42 M.G.D. from Long Hill will 
suffice for four (4) years, or until 1941-1943, depending upon whether 
Wanaque is considered good for 74 or 100 M.G.D. In 1941 or 1943 an 
additional development oL67 M.G.D. from Long Hill will suffice for 
six (6) years, or until 1947cl949, depending upon whether Wanaque is 
considered good for 74 or 100 M.G.D. In 1947 or 1949 an additional 
development of 59 M.G.I>. from Long Hill will suffice for four (4) 
years, or until 1951-1953, depending upon whether Wanaque is con-
sidered good for 74 or 100 M.G.D. 

The Long Hill development, down to and including the reservoir, 
can and should be made iii the manner indicated, because by carrying 
out the work progressively in this way, the capital outlay will be 
spread over the years with resulting savings in fixed charges. On the 
other hand, the Chimney .Rock development, down to and including 
the reservoir, must be constructed at once of 158 M.G.D. capacity, 
sufficient until 1951-1953,, as planned by Mt. Sherrerd. Although 
this is an appreciable advantage in favor of Long Hill it is not taken 
account of in the following economic comparison in which it is assumed 
that a first development of 158-168 M.G.D. will be made at one time 
in both cases. 
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COMPARATIVE TOTAL CAPITAL EXPENDITURES 
ACTUAL.AND REDUCED TO PRESENT WORTH 

In his comparison of the capital outlay required under the two 
projects, Mr. Sherrerd shows that the total actual capital expenditures 
for the Chimney Rock development will be very much greater than for 
the Long Hill development, but he states that due to the deferment of 
these expenditures the ultima~e cost of Chimney Rock when reduced 
to present worth at four and one-half per cent. (4½%) will be less 
than in the case of Long Hilt . 

In making his calculation, Mr. Sherrerd has assumed that the 
deferments in years after completion of the first development will be as 
follows under both projects: 

2d development 16 years 
3d " 28 " 
4th 42 
5th 55 " 

Taking my estimate of the growth in consumption in the Metro-
politan District, assuming that the safe yield of available existing 
sources as now developed in' 297 M.G.D., and assuming that the safe 
yield of the Wanaque supply will be 100 M.G.D. as claimed by Mr. 
Sherrerd, and that the first development at Long Hill or Chimney 
Rock will be 168 M.G.D. and 158 M.G.D., respectively, the years of 
deferment of the second, third, fourth and fifth steps after the com-
pletion of the first step willbe as shown in Table No. 20. 

It will be seen from Table No. 20 that the year of deferment will be 
, shorter than estimated by Mr. Sherrerd if my estimate of growth in 
future consumption is correct. It will also be remembered that this 
estimate of growth in consumption in the Metropolitan District cor-
responds with the estimate made independently by Mr. Hazen and 
others. · 

Using my estimate of the dates upon \Vhich the successive steps in ' 
the development will have to be taken, the comparative capital out-
lays and the comparative present worths under the two projects are 
shown in Table No. 21. In calculating the present worth I have 
used five per cent. (5%) instead of four and one-half per cent. 
(4½%) as used by Mr. Sherrerd. This five per cent. (5%) is made 
up of interest at four and one-half per cent. ( 4½%) and provision 
for bond retirement at five-tenths per cent. (S-10%). The latter 
figure is equivalent to a fifty (SO) year sinking fund drawing four and 
one-half per cent. (4½%) interest. This change is proper, because by 
deferring investments the State will save not only the interest on the 
deferred expenditures, but also the sinliing fund payments. The 
change from four and one-half per cent1. (4½%) to five per cent. 
(5%) favors the Chimney Rock development. 

Inspection of the figures in the last line of Table No. 21 shows the 
ultimate total actual cost of the Chimney Rock development to be 

' 

! 
I 

·' ' 
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two hundred twenty-three'(223) million dollars as compared with one. 
hundred seventy-four (174:) million dollars for the Long Hill project, 
and that the present worth of capital expenditures for the Chimney 
Rock development will be one hundred two (102) million dollars as 
compared with.ninety-six (96) million dollars for the Long Hill project. 
It will also be recalled that fn making these estimates, certain factors, 
the omission of which favored the Chimney Rocle project, were not 

.. taken into account because of the lacle of sufficient data or. for other 
reasons, as follows: 

,, 

A. Estimates on Chimney Rock assume the con-
struction of succession of parallel collecting 
tunnels from .each source df supply to Chimney 
Rocle reservoir, whereas estimates on Long Hill 
assume the construction of single tunnels of ulti- . 
mate size at the time each riew source is brought 
in. 

B. The estimat~~ .on Long Hill take no account of 
the reductio1(in size which may be made in the 
transmission ,lines, because of the higher eleva-
tion oi the flow line and minimum draft line in 
Long Hill reservoir as compared with Chilliney 
Rock reservoir. 

C. The estimattis on Lorig Hill take no account of 
the fact that the first development of 168 M.G.D. 

· may be made in steps of 42, 67 and 59 M.G.D., 
respectively, thtis spreading the investment over 
a number of years with consequent savings in 

· carrying charges. 
It is believed that in ail cases where estimates are not on a strictly 

comparable basis the assumption favor Chimney Rocle, in spite of 
which fact this project proves to be more costly, both in actual capital 
outlay required and in the. present worth of future capital expenditures. 

There is one further fact to which Mr. Critchlow of the Depart-
ment of Conservation and Development has called attention, which is 
not taken into account in the foregoing comparison, and which may 
be worthy of mention. · This is the higher cost of pumping water from 
the Delaware River under the Chimney Rocle project. · . 

The details of Mr. Sherrerd's estimates on which the foregoing 
comparison is based as obtained from the North Jersey District Water 
Supply Commission are presented in Tables Nos. 22 to 28. 

' 
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DATA ON UNDERGROUND SOURCES OF WATER SUPPLY 
IN NEW JERSEY 

KEY TO GEOLOGIC FORMATIONS 

RocK FORMATIONS 

Trb- Brunswick formation (Triassic-Newark group)-soft red shale with sand-
stone beds, the latter more abundant toward the northeast. 

Trs- Basalt flows (Triassic-Newark group)-fine-grained trap-rock in extensive 
flows, chiefly in the Watchung Mountains. 

Trbs- Stockton formation-gray feldspathic sandstone (arkose), conglomerate and 
red shale. 

Omb- Martinsburg ("Hudson River") shale (Ordovician)-black slaty shale with 
thin beds of sandstone. 

Ign- White graintoid gneiss (Losee gneiss). 
Bgn- Byram gneiss-gray graintoid gneiss. 

CLAY AND MARL FORMATIONS 

Tsr- Shark River marl-mixture of greensand (glauconite) and light colored 
earth, chiefly north of Asbury Park. (Eocene.) 

Klit- Hornerstown · marl-:-dark green glauconitic marl with varying amounts of 
quartz, fine earth and clay. 

Kns- N avesink marl-dark green glauconitic marl with shell bed at the base. 
Kwb- Woodbury clay-black to dove-colored cfay, usually nonglauconitic. 

SANDY CLAY FORMATIONS 

Kmr- Magothy and Raritan formations (Cretaceous)-dark lignitic sand and 
clay, containing some glauconite near the top (Magothy) overlying with 
slight unconformity variable sands and clays, chiefly light colored (Raritan). 
Formed of alternating layers of sand and clay extremely variable in 
thickness and distribution. 

Kmv-Merchantville clay (Cretaceous)-black sandy clay, usually glauconite. 

SAND FORMATIONS WITH SOME CLAY 

Tkw- Kirkwood sand-fine micaceous sands with local beds of dark clay (Miocene). 
Qcm- Cape May formation (Quarternary)-low terraces and plains of gravel and 

sand with some clay, including some r.ecerit alluvium and swamp muck. 
Merge~ into stratified drift in the Delawij.re and_Raritan valleys. 
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SAND AND .GRAVltI, FORMATIONS 

Tch- Cohansey sand-chiefly quartz sand . with local beds of clay and gravel 
(probably Miocene). 

Kvt- Vincentown sand-glauconite quartz sand alternating with beds of lime 
sand (coral fragments; etc.), the latter mostly consolidated. 

Krb- Red Bank and Tinton sands-coarse, rusty sand, consolidated in places by 
iton oxide; In Monmouth county is overlain by a bed of hard, green clayey 
and sandy loam (Tinton). 

Kmw-Mount Laurel and Wenonah sands-coarse glauconitic sand (Mt. Laurel) 
overlying fine uncaceous sand (Wenonah). 

Ket- Englishtown sand-white and yellow sand with little mica and glauconite 
and local thin layers of clay. 

Qsd- Stratified drift (Quarternary)-sand and gravel plains, deltas, eskers, kames 
and terraces, chiefly north of the terminal moraine and in the valleys 
leading south from it; also includes deposits of extinct Lake Passaic. 

Qrm- Recessional moraine (Quarternary)-smaller morainic accumulations north 
of the terminal moraine, including some stratified drift of kame-like habit, 
and marking pauses in the recession of the last ice-sheet. 

Qtm- Terminal moraine (Quarternary)-a belt of irregular hummocky accumu-
lations of clay, sand, gravel and boulders in confused mixture. 

Qps- Pensauken formation (Quarternary) (interglacial and early glacial)-gravel 
and sand on higher terraces and capping hills and divides. 

Qbs- Beach sand and gravel-includes dunes and dune sand along the coast; not 
everywhere distinguished from Cape May formation. 

Qbt- Bridgeton formation (probably earliest glacial and interglacial age)-gravel 
and sand, in part solidified by iron oxide, capping higher hills and divides 
along ;fue southeast side of the .Amboy-Trenton and Delaware valleys. 



DATA ON WELLS IN THE STATE OF NEW JERSEY USED AS SOURCES OF PUBLIC WATER SUPPLY 
(Arranged by Districts and Counties. Underground Water from Other Sources Not Included.) 

NORTHERN METROPOI,ITAN DISTRICT 

Geologic Formation 
Number, Size and Depth in Which 

Purveyor County of Welts Welts are Located 
(I) (2) (3) (4) 

Bogota Water Company .......... Bergen ........ 1-275' .............................. TrbandQsd ............... . 
Fairlawn (Pomona Water Co.)..... " ........ 2-6"x(65' & 80')...................... . .............. . 
Garfield City.. . . . .. . . .. .. . . . . . . . . ....... 2-500': 10-200', ..................... Trb ...................... . 
Lodi Boro... .. . . . . . . . . . . . . . . . .. .. .. ...... 3 deep :4-6"x(300'-350'). ............. Trb and Qsd .............. : . 
Mahwah 

Cragmere Water Co ........... . ........ 3-8"x(300'-600'), .................... Trb ...................... . 
John Winters ................. . . ....... 1-84' ............. , ................. " ...................... . 

Park Ridge Boro ................ . ........ 1-252':l-435' ...... -........ _ ......... TrbandQsd .............. .. 
RamseyBoro ................... . ........ 1-20'x28' :5-8"x(127'-700') ............ Trb ...................... . 
Ridgewood Village .............. . ....... 22-8"x(182'-199') :l-12"x500' .......... Trb: Trb and Qsd .......... . 
Rochelle Park 

William Colling................ .. ...... 1-212' .......... _ .................... TrbandQsd ............... . 
Fred E. Koch. . . . . . . . . . . . . . . . . . . ....... l-8"x206'. . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
MarieE. Schaefer-.............. '' ....... . 1-200'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... . 
Mrs. Henry Thiem. . . . . . . . . . . . . . ....... 1-8" x204' . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .............. . 
Geo. E. Warde .. _ ...... :........ . ....... 1-90'......... .. . . . . . . . . . . . . . . . . . . . . . . .............. . 

WaldwickBoro: .-:~ :~--:-.- ....... . -. . ., ....... 3-8"x(206'-335'-347') ................. Trb. , .......... , ......... . 
WallingtonBoro................. . ....... 4-8"x(270'-290') ..................... " ...... , ............... . 

TotalinBergenCounty ...... ............. . 69Wells .. .................... ,. .... . TrbandQsd .............. . 

Commonwealth WaterCo.u ...... Essex ........ 44-10"(40'-300'):1 *-I8"x825' ........... Trb ...................... . 
EastOrangeCity ................ " ....... .43(125'-250') .......................... TrbandQsd ............... . 
Essex County Institutions.. . . . . . . . " ......... 4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
EssexFellsBoro................. " ......... 4-4"x45'; l-6"x80':I-8"xll0' ........ QsdoverTrbs ............ : .. 
Livingston Water Co ............. " ......... I. .................................... TrbandQsd ............... . 
ShortHillsWaterCo............. " ........ 13-(60'-80'):l-328' ......... ,.......... . .............. . 
SouthOrangeCity ............... " ......... 8-8"(274'-400') ...................... Trb ..................... .. 

Totalin Essex County ...................... 120 Wells ........................... Trb and Qsd ............. .. 
*Infiltration gallery._ 

Average Daily Output 
during 1924 

Total Per Well 
(Gallons) (Gallons) 

(5) (6) 

100,000 
16,000 

932,000 
444,000 

15,000 
2,000 

160,000 
148,000 
858,000 

2,000 
17,000 
4,000 
2,000 

_ 10,0_00 
100,000 
254,000 

3,064,000 

3,923,000u 
3,557,000 

612,000 
526,000 

3,000 
1,088,000 

779,000 
10,488,000 

100,·ooo 
8,000 

78,000 
63,000 

5,000 
2,000 

80,000 
25,000 
37,000 

2,000 
17,000 
4,000 
2,000 

10,000 
33,000 
64,000 
44,000 

89,000 
83,000 , 

153,000 
88,000 

3,000 
78,000 
97,000 
87,000 



'kveyor 
(1) 

County 
(2) 

Number, Size and Depth 
of Wells 

(3) 

in Which 
Wells are Located 

(4) . 

Kearny (N. J. Soldier's Home) ..... Hudson ....... 1-612' ............................. .". Trb .. , ............ -....... . 
Total in Hudson County ................... 1 Well ...... : ......... , ........... , .. Trb ............ , .. . _ ...... ; 

Cranbury Water Co .............. Middlese,c ..... 2-8"x(104'&267') ..................... Kmr-QcmsQps ............. . 
Elizabethtown Water Co. Cons. u. . " .... 19-8"x125' :11-6"&8"x165' ............ :Trb and Qsd: Trb ........... . 

. Helmetta(Geo. W.Helme&Co.) ... _ ..... 1-24':1-32':1-280'; ....... -............ Kmr ..................... . 
Iselin (Radio Assn; Inc.)...... . . . . . . .... 5-6"x(200' 0 225') ..................... Trb and Qsd ............... . 
JamesburgParkAsso.............. . .... 1. ............... · .................... Kmr ......................• 
_Jamesburg Water Co............. . .... 4-6"x75' .... .' ....................... KmrandQcm ............. . 
Jam:esbt'u"g' (N. Ji "State Home. tor'·', ·-," 

Boys). . . . . . . . . . . . . . . . . . . . . . . . . ...• 2-500' .... : .. : ...... -. _- .. : . : : -~ '.. :· .. Knir~i{ciQps·. :· .. ·: . ."; ... ·:. :;·· 
LaurenceHarborWaterCo........ . .... 1-i34' ............................... KmratedgeofKmvandQcm. 

· MiddlesexWaterCo...... .. . . . . . . . .... 1-8"x300':12-12"x250':16-12"x300' ... Trb~dQsd ...... · ....... _ .. . 
Perth Amboy City. . . . . . . . . . .. . . . . ... 88-6" (60' -90'): 14-6"x250' (artesian) ... , Kmr and Qcm ............. . 
South Amboy City. . . . . . . . . . . . . . . . .. , :2-8"x48' :3-1 0"x(235'-248') ........... Kmrand Qps (?) ........... . 
SouthRiverBoro.... ... . . . . . . . . . . u .... • 1-150': 1 collectingwelL .......... ,. ..... Kmr ...................... . 

Total in Middlesex County . .............. . 186 Wells . ........................... Trb, Kmr, Qsd, Qps, Qcm . . 

Awosting (Ringwood Co.) ....•.... Passaic; ...... 1-1361 ••••••••••••• , ••• , •••••••••••• Qsd ..... :· ...............•. 
Haskell (DuPont de Nemours &Co.) ....... 2-25'x(24'& 30') dug wells ............. Qsd .........•............. 
HawthomeBoro................. . . · .... :~(113.'-250.') ............. .' ........... TrbandQsd ............... . 

Total in Passaic County .................. 7Weils ............. : ............. : .. TrbandQsd ............. .. 

Commonwealth Water Co.e . ...... Union ....... 10-6"x394' :5-30' diam. x 22' ............ Ti-band Qtm .............. . 
Elizabethtown Water Co. Cons. m.. " ....... 22-8"x(l00'-500') :32-6"&8"(135'-709') .. TrbandQsd .............. _ .. 
Kenilworth (New Orange Pk.Water, 

Heat&LightCo.).............. " .. : ..... 1-275' ............... ,-: ....... _. ..... TrbandQrm ..... , ........ . 
Plainfield-Union Water Co. . . . . . . . " ....... 40-(6"-10")x(75'-500') ................. TrbandQtm .............. . 

Total hi Union County . ................. . 110 Wells . ........ -.................... Trb and Qsd, Qrm, Qtm .. . . 

TotalinDistrict ......................... 493 Wells ............................. Trb, Kmr, Qsd .......... .. 

u ·s~ also un_der Union County 
e See also under Essex County 

m See also under Middlesex County 

' . . . 

Total-- -Per Well 
(Gallons)-_ (Gallons) 

(5) (6) 

230,000 230,000 
230,000 230,000 

16,000 8,000 
2,792,000u 93,000 

13,000 4,000 
20,000 4,000 

3,000 3,000 
59,000 15,000 

··114,000 - 57,000 
20,coo 20,000 

2,097,000 72,000 
7,677,000 75,000 
1,001,000 200,000 

291,000 145,000 
14,103,000 76,000 

3,000 3,000 
203,000 102,000 
468,000 117,000 
674,000 96,000 

904,000.e 60,000 
6,007,000m 111,000 

17,000 17,000 
7,162,000 179,000 

14,090,000 128,000 

42,649,000 87,000 



N DATA ON WELLS IN THE STATE OF NEW JERSEY USED AS SOURCES OF PUBLIC WATER SUPPLY 
N 

(Arranged by Districts and Counties. Underground Water from Other Sources Not Included.) 

Purveyor 
(I) 

County 
(2) 

SOUTHERN METROPOLITAN DISTRJCT 

Number, size and Depth 
of Wells 

(3) 

Geologic Form.ation 
in Which 

Wells are Located 
(4) 

Browns Mills Water Co ........... Burlington .... 1:..__300' .............................. Kmw (Tkw) ............... . 
ChesterTownship................ . .. ~l-6"x376' ........................... KmvorKwbandQcm ...... . 
Columbus Water Co.............. . ... l-4"x235':1-61'x235' ................. KetandQps ................ · 
Delaware River Water Co. . . . . . . . . . ... 6-8"x60' :5-::-10"x60' :1-16"x62' ........ Kmr and Qcm ............. . 
Marlton Water Co. . . . . . . . . . . . . . . . ... 2--,6"x(212'&239') ..................... Kmw (Tcliand Qps) ........ . 
Moorestown Township... . . . . . . . . . . ... 3-8"x(250'-490') :2-12"x(314'& 493') .... Ket. ..................... . 
New Lisbon (Burlington Co. Hos-

pital for Insane)..... . . . . . . . . . . . . ... 1 .................................... Tkw ................ · ...... . 
New Lisbon (Burlington Co.Water 

Co.).......................... . ... 2-392' .............................. Tkw ...................... . 
Riverton and Palmyra Water Co. . . . ... 3-8"x55' :3-IO"x55' :l-13'x22.5' ....... Kmrand Qps .............. . 
Smithville (N. B. Smith Mch. Co.). . ... 2-108' .............................. Kmw and Qcm ............. . 
Wrightstown (Hanover Water Co.). . ... 2--:8"xl35' ........................... Tkw ...................... . 

TotalinBudingtonCoun.ty ............... 37Wells.; .............................. ....................... . 

Asyla (CamdenCountyAsylum) ... Camden ....... 2-(150'& 247') ....................... TkwandQps .............. . 
Berlin Township. . . . . . . . . . . . . . . . . . ..... -.3-8"x(70'-312') ...................... Tch ...................... . 
Blackwood Water Co. . . . . . . . . . . . . . ...... 4-6"x( 47'-100') ....................•.. Kvt and Qps ............... . 
Camden City.. . . . . . . . . . . . . . . . . . . . .... 120--8"x(60'-130'): 
· 4-12"x130':9-24"xl80' ............... KmrandQps ............. :. 

Camden (Stockton Water Co.). . . . . . ..... 26-S"x(S0'-184') :l-38"x135' ........... Kmrand Qcm ............. . 
Clementon Spring Water Co. . . . . . . . ...... 2-6"xl 70' :4-8"x(163'x240') ........... Krt (Tkw andQcm) ........ . 
Gibbsboro (John Lucas & Co., Inc.) ....... 2-160' .............................. Kvt ...................... . 
Gloucester City ......... ,........ . ...... 6--8"x(l75'-180') ...................... KmvandQcm ............. . 
GrenlochRealEstateCo.......... . ...... 2-(100'& 160') ....................... Kvt (TkwandQps) ......... . 
Haddonfield... . . . . . . . . . . . . . . . . . . . ...... 2...::...s"x225' :2-l0"x225' :1-12"x225' ..... Ket and Qps ............... . 
HaddonHeights(Egbert Water Co.) ....... l-8"-162'............................ . ............. . 

aurelS rin sWaterSu pl Co... . ...... 4-4½"and5-8"x(86'-.':,Q0') ............ Kvt(TkwandQps) ......... . 

Average Daily Output 
During 1924 

Total Per Well 
(Gallons) (Gallons) 

(5) (6) 

39,000 39,000 
62,000 62,000 
16,000 8,000 

428,000 36,000 
17,000 9,000 

508,000 102,000 

30,000 30,000 

45,000 23,000 
674,000 96,000 

30,000 15,000 
6,000 3,000 

1,855,0_00 50,000 

60,000 30,000 
300,000 100,000 
96,000 24,000 

16,139,000 121,000 
2,151,000 80,000 

173,000 29,000 
28,000 14,000 

1,864,000 311,000 
30,000 15,000 

396,000 79,000 
1,000 1,000 

217,000 24,000 

~------ -- - ---- -- -- - - - -- --



Purveyor 
(1) 

County, 
(2) 

of·Wells 
(3) , 

Well$ are Located 
(4) 

Kirkwood (Lakeside Pk. Water Co.)Camden ....... 1-106' .............................. Kvt(TkwandQps) ......... . 
Merchantville Water Co.......... " ....... 7-8"x(ll5'-251'):2-10"x{l20'-181'): 

l-12"xl82' ....................... KmrandQps .............. . 
N. J. Water Service Co. . . . . . . . . . . . . ...... 2-8" x 190' :3-8" x240' ................. K wb and Qcm ............. . 

TotalinCamdenCounty ......... : ...... . 216 Wells ...................................................... . 

Bridgeport Water Co .............. Gloucester ..... 4--4½"x35' .......................... KmrandQcm ... -.......... . 
Clayton-Glassboro Water Company "- ..... 8-6"xlOO':l-7"xlOO':l-16"xlOO' ...... TchandQbt ....... ·-· ...... . 
Gibbstown (E. I. DuPont de -

Nemours& Co.)............... . .... 2-16':l-90' .... : . .................... KmtandQcm .•............ 
_ GlassboroBoro .......•.......... _ ._ .... 1-6"x222' ....... ,_ ... _ .. , ......... .-co •••• TkwandQcm ............ -... ,-

Mantua Water Company.:.. . . . . . . . . : .. l-4"x98' :2-4"x205' :l-S"x204' ........ Kmv ..................... . 
Mickleton: 

August Eichler ................ . ..... 1-170' .............................. Kmv ..... .' ............... . 
Mrs. Jeremiah Haines .......... . " ... · .. 1-238' .............................. KmworKmv .............. . 

Mullica.Hill (Harrison Heights Im-
provement Co.) ............... . ..... 2-260' .............................. Kns-Kht ............•...... 

Paulsboro Boro ................. . .... ll-(60'-120') .......................... Kmr ...................... . 
PitmanBoro: -

Municipal Supply. . . . . . . . . . . . . . . .... l-4"xSO' :6-6"xl50' :5-8"xlSO' ........ Tkw or Tch and Qbt. ....... . 
N. J. ConI. Camp Meetjng Asso.. . .... 2-185' .............................. Tch-andQbt ............... . 

Sewell Water Company........... . .... l-6"x85' :l-8"x75' ................... Kht ...................... . 
Swedesboro Boro.... . . . . . . . . . . . . . . .... 7-( 4"-6")x(l35'-150') ................. Kmv andQcm ............. . 
WenonahBoro................... . .... 6-3"xl80':l-8"x217' ................. KmvandQps .............. . 
Westville-and Newbold Water Co.. . . .... 4-(4"& 6")x(ll3'-ll 7') ................ Kmv and Qcm ............. . 
Williamstown (Monroe Twp.)...... . .... 3-8"x(ll2'-124') ..................... TchandQbt ............... . 
Woodbury City.................. . ... 10-8"x296' ........................... Kht. ..................... . 

Totalin Gloucester County . .............. .- 84 Wells . ..................................................... . 

Hamilton Square Water Co ........ Mercer ........ l-6"xl40':l-I0"xl44' ...... . -........ . KmrandQps ............ .. . 
j HightstownBoro................. " .... ; .. . (S-6"&8")x200' ..................... KmvandQps .............. . 

e 

(Gallons) (Gallons) 
(5) (6) 

4,000 4,000 

2,125,000 213,000 
518,000 104,000 

24,102,000 112,000 

33,000 8,000 
121,000 12,000 

40,000 13,000 
11,000 11,000 
50,000 13,000 

-2,000 2,000 
1,000 1,000 

92,000 46,000 
289,000 26,000 

204,000 17,000 
.108,000 54,000 

16,000 8,000 
107,000 15,000 
81,000 12,000 

104,000 26,000 
27,000 9,000 

906,000 · 91,000 
2,192,000 26,000 

30,000 1s,ooo 
256,000 51,000 



DATA ON WELLS IN THE STATE OF NEW JERSEY USED AS SOURCES OF PUBLIC WATER SUPPLY 
(Arranged by Districts and Counties. Underground Water from Other Sources Not Included.) 

Purveyor 
(1) '. 

County 
(2) 

Sou'I'HERN ME'l'ROPOI.I'l'AN D1s'l'RJC't-Continued 

Number, size and Depth 
of Wells 

(3) 

Geologic Formation 
in Which 

Wells are Located 
(4) 

HopewellBoro ................... Mercer ........ 2.:._8"x(243'&375') ..................... Trb ...................... . 
Lawrenceville Water Co........... " ........ l-6"x65' :l-8"x230' .................. TrsandQps ............... . 
PenningtonBoro................. . ....... 2-6"x(l59'& 186') .................... Trb ....................... . 
Princeton Water Company........ . .... : .. 7-(8"& lO")x(300'-500') ............... TrsandQps ............... . 
Trenton (State Hospitalfor Insane) " ........ 9-(250'-588')......................... . .............. . 

TotalinMercerCounty ................... 29Wells ......... ........... .-· ................ ; .......... , ....... . 

Total in District ................ : ......... 366 Wells ...... ; .................................. -............. . 

REST oF STATE Ou'I'SIDE oF THE Two ME'l'ROPOI.I'l'AN DIS'l'RIC'l'S 
Atlantic City .................... Atlantic ...... 32.,..-lO"x(l00'-200') .................... Tkw (Tch andQcm) ........ . 
Atlantic County Water Co......... " ....... l-8"xl20';1-16"xll0' ............... , ........ . 
Brigantin.e Water ·Co. . . . . . .. . . . . . . '' ............................................. Tkw (Qbs) . . ............. . 
Egg Harbor City ...... _........... . ...... 4-{6"-12") (132'-400') ................ Tch .................... .- .. 
Hammonton Town. . . . . . . . . . . . . . . . ...... 5-6"x30Q' :1-8"x315' .......•......... Tcha!Jd_Qb!:~- ............. . 
LongportBoro................... . ...... 2-6"x850' ........................... Tkw (Qbs) ................ . 
Margate City.................... , .. ; ... 3-6"x815'. . . . . . . . . . . . . . . . . . . . . . . . . . . . ............... . 
MaysLandingBoro. . . . . . . . . . . . . . . ...... 2-8"x(211'& 228'):l-1211x243' ......... Tchand Qcm ... , .......... . 
Ventnor City.. . . . . . . . . . . . . . . . . . . . ...... 3-6"x825' :3-8"x(812'-825'-825') ....... Tkw (Qbs) ................ . 

TotalinAtlanticCounty .................. 58Wells ........ ,., ........................................... ,. 

AvalonBoro .................... Cap_e May ..... l-4"x900': l-6"x900'. : .. , ............ Tkw (Qbs) ................. . 
Cape May City.................. " .... 23-4"x(100'-575') ..................... TchandQcm., ............ . 
Cape May Court House Water & 

Light Co ..................... . ..... l-2"x35':I-4"x35':I-6"x35'.......... " .............. . 
Cape May Point Boro ............ . . .... 1-4½"x604'. . . . . . . . . . . . . . . . . . . . . .. . . . . ............. . 
Corsons Inlet Water Co .......... . ..... 1-4"x820' .................... : ...... Tkw (Qbs) ............. · ... . 
Ocean City Water Co, ........... . ..... 1-6"x840' :3-8"x840' ................. Tkw ...................... . 

Average Daily Output 
During 1924 

Total Per Well 
(Gallons) (Gallons) 

(5) (6) 

62,000 31,000 
27,000 14,000 
37,000 18,000 

758,000 108,000 
493,000 55,000 

1,663,000 57,000 

29,812,000 82,000 

4,765,ooo· 149,000 
23,000 12,000 

304,000 76,000 
_ 3_86,000 64,000 

55,000 28,000 
189,000 63,000 
48,000 16,000 

1,007,000 168,000 
6,777,000 117,000 

44,000 22,000 
980,000 43,000 

68,000 23,000 
24,000 24,000 
12,000 12,000 

653,000 163,000 



Purveyor 
(1) 

County 
(2) 

Number, Size and Depth 
' of Wells 

(3) 

~co1og1c .rormauon 
in Which 

Wells are i.ocated 
(4) 

Wildwood City, ................. Cape May ... , .9-6"xl10':9-6"x210':7-8"x50': 
, 2-12"(511' &523') .............. , .. Tch, QcmandQbs .. , .•., .... . 

WoodbineLight,Power&Water Co. . .... 5-,(150'-160') ..................... , ... TchandQcm .............. . 
TotalinCapeMayCounty ................ 71 Wells ............................................. ,-• ........... . 

Millville City: . . 
Municipal Plant ............... Cumberland ... 6-S"xl0S' ............... : ........... Tch and Qcm .............. . 

· :M:illvilleWaterCo .. .c •••••• :... " •• 16-(135'-400')......................... . .... , ......... . 
VinelandBoro.: 
. MunicipalJ>lant. . . • . . . . . . . . . . . .10-(4", 6"& 811)xl30' ..•. ,_ .............. Tch andQbt ........ • 

N. J. State Institutions- · · 
Home for Disabled Soldiers. . . . . .. 1-124'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
Home for Feeble Minded...... . .. 2-135' .... : .......... :.............. . .............. . 
Training School. . . . . . . . . . . . . . . .. 3-(100'-120'). . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
Total in Cumberland County . ........... . 38 Wells . ; .......... , ............................ : ... , .......... . 

Flemington Water Co ............. Hunterdon .... l-'6"x405' .................. ; ....... \Trb ...................... . 
Milford Boro: 

MineSpringsWaterCo......... . .. _.1-16'22':l-8" ....................... " ...................... . 
Warren Manufacturing Co . . . . . . . .... 8 dug wells 5 0' . . . . . . . . . . . . . . . . . . . . . . . . " ............ : . , ....... . 

StocktonBoro................... . .. ,2-6"x165' ........................... Trs ....................... . 
TotalinHunterdonCounty ................ 13Wells ............................ ...................... , ... . 

Allenhurst Boro .................. Monmouth .... 2-4"x550' :3-8"x550' ................. Tsr and Qcm ............... . 
A~bury Park City. . . . . . . . . . . . . . . . . ... 9-1100' ................•............ Kmr (Tkw and Qcm) ....... . 
Atlantic Highlands Boro. . . . . . . . . . . ... 2-20"xl30' .......•.•................ Ket or Krb and Qcm ........ . 
Avon-by-the-Sea .... -:............. " .. . 2 
BellllarBoro.................... " .. .. 5-6'-'x650':3-8"x650' ..... _ ............ . TkwandQcm .............. . 
Deal (N. J. Water and Light Co).. . . " ... . _2-6"x250' :3-8"x600' .. ............... Tsr and Qcm . .......... ,• .· .. . 
Farmingdale (West Monmouth 

Water Company) ............. . .... l-6"xl00':l-6"x480' ................. TkwandQcm .. ; ........... . 
Freehold Town ................. . " . ... 9-S"x200' ........................ , .. Krb orKns ................ . 
Highlands Boro ................. . . .· .. 2-6"x240':l-8"x686' .. , .............. Krb ............•.......... 

aurmg Jn't 
Total Per Well 

(Gallons) (Gallons) 
(5) (6) 

883,000 33,000 
100,000 20,000 

3,109,000 44,000 

1,389,000 232,000 
1,048,000 66,000 

1,046,000 105,000 

33,000 35,000 
. 170,000 85,000 

142,000 47,000 
3,830,000 101,000 

145,000 14.s;ooo 

33,000 16,000 
590,000 74,000 

22,000 11,000 
790,000 61,000 

175,000 35,000 
1,097,000 122,000 

380,000 · 190,000 

475,000 59,000 
199,000 40,000 

10,000 5,000 
333,000 37,000' 
148,000 49,000 



DATA ON WELLS IN THE STATE OF NEW JERSEY USED AS SOURCES OF PUBLIC WATER SUPPLY 
(Arranged by Districts and Counties. Underground Water from Other Sources Not Included.) 

REST OF STATE OUTSIDE OF THE Two METROPOI,ITAN DISTRICTS-(Continued) 

Purveyor 
(1) 

Keansburg Boro: 

County 
(2) 

Number, size and Depth 
of Wells 

(3) 

Geologic Formation 
in Which 

Wells are Located 
(4) 

Municipal Plant ............... Monmouth .... ~-8"x360' ........................... Kwb and Qcm ............. . 
Ideal Beach Water Co. . . . . . . . . . . ... l-8"xl57' ........................... Ket and Qcm .............. . 

KeyportBoro. . . . . . . . . . . . . . . . . . . . ... 5~6"x240' :l-10"x250' ................ Kwb and Qcm ............. . 
ManasquanBoro................. '' ... . 3-6"xl20' ..... ...................... . TchandQcm .............. . 
MatawanBoro. . . . . . . . . . . . . . . . . . . ... 2-6"x200':1-6"x325' ................. Kwb and Qps .............. . 
Monmouth County Water Co... . . . . ... 7-6"xlO00' :3-8"xl000' :3-l0"xI000' ... Tchand Qcm .............. . 
Ocean Grove Camp Meeting Ass'n.. . .. 16-4" ( 400'-600'). . . . . . . . . . . . . . . . . . . . . . , .............. . 
Red Bank Boro. . . . . . . . . . . . . . . . . . . ... 5-8"x230' ........................... Krb and Qciµ .............. . 
Rumson Improvement Co......... . ... 5-(191'-335;) ......... ,............... . ............. . 
Sea Girt Boro: 

Municipal Plant............... " .. .. l-8"x36':1-I0"x26' ... : ............... T·chandQbs ............... . 
N. J. State Camp............... . ... 1-750'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 

Spring LakeBoro. . . . . . . . . . . . . . . . . .. · 6-700' .............................. Ket and Qcmor Qbs ........ . 
Totalin Monmouth County . ............. . 106 Wells ..... ..... ........................................... . 

CliathamBoro ................... Morris ........ l-4"xl25' :&--6" (98'-150'): 

DoverTown .................... . 
Gillette Water Company ......... _. 
Hanover Township: 

Brooklawn Farms Water Co ..... 
Normandy Water Company •.... 

Lincoln Park Boro: 
Chas. N. Evans Development Co. 
Lincoln Park Water Co ........ . 
Mountain View Water Co ...... . 

Madison Boro .................. . 

2-8"(125'-150') .................... Trb andQsd ............... . 
........ 7-75' ............................... QtmoverBgn .............. . 
........ 1-410' .............................. Trb and Qsd ............... . 

........ 1 ................................... . 

....... 28-5"x(40'-80') ....................... Trb and Qtm .............. . 

. ....... 1. •.................................. Trb and Qsd ............... . 

. . . . . . . . l-5"xl06' :l-8"xl06'.. . . . . . . . . . . . . . . . . .............. . 

. ....... 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .............. . 
- ........ 9-(5"& 8")x(50'-160') ................. Ttb ...................... . 

Average Daily Output 
During 1924 

Total Per Well 
(Gallons) (Gallons) 

(5) (6) 

164,000 82,000 
32,000 32,000 

319,000 53,000 
171,000 57,000 
160,000 53,000 
602,000 46,000 
401,000 25,000 
644,000 129,000 

66,000 13,000 

51,000 26,0Q0 
38,000 38,000 

523,000 87,000 
5,988,000 57,000 

392,000 44,000 
536,000 77,000 

2,000 2,000 

11,000 11,000 
84,000 3,000 

75,000 75,000 
65,000 32,000 
10,000 10,000 

512,000 57,000 



Purveyor 
{1) 

County 
(2) 

Number, Size and Depth 
of Wells 

(3) 

in Which 
Wells are Located 

(4) 

Morristown Town ...............• Morris ........ 8-( 45' -60') ........................... Trb and Qsd ............... . 
Mt. TaborCampMeetingAss'n.... " ........ 2-12'x22' ............................ Qtm ...................... . 
Mountain Lakes (Hillcrest Water 

Company).· ................... " ........ 3-,-(341'-469') ......................... ":., .......... : ........ . 
RockawayBoro ..... ·............. " ........ 1-22"x150':1-65' ..................... " ...................... . 
Stirling Water Company ..... ,.... " ........ 3-,-6"x(62'-82'):2-8"x(128'&200') ...... Trbai:LdQsd ............... . 

• Total in Morris County ................... 81 Wells ............................................... , ....... . 

Barnegat Water Co ............... Ocean ........ 1-8"x158' ........................... Tch andQcm .............. . 
BayHeadWaterCo ............ :. " ......... 4-(3"-6")x{700'-860') ................. TkwandQbs .............. . 
.BeachHavenBoro .............. ~· " .......... 4=-6"x600' .................•.......... Qbs.>" ....... , ... ·•· .......... •· 
Harvey Cedars Boro. . . . . . . . . . . . . . " ..... : ... 1-350' ..................... : . . . . . . . . " ....................... . 
IslandHeightsBoro.............. " ......... 2-5"x365' ........................... TchandQcm ............. .. 
LakehurstSewerCo.............. " ......... l-8"x125' ........................... Tep. ...................... . 
Lakewood Water Co.............. " ......... 3-,-6"x(595'-621') ..................... TkwandQcm .............. . 
Lavallette.Boro .................. " ........ ·.1~1551', ............................ Kmr(Qbs) .......... : ..... . 
Mantoloking (LouisD. F. Downer). " ......... 3-,-(900'-1000')........................ . ................ . 
New Egypt Light, Heat, Power& 

WaterCo ..... ....... • ......... " ......... l-8"x238' ........................... Kvt ....................... . 
Ocean Gate Water Co............. " ......... 1-8" ................................ TchandQcm ............ · .. . 
PointPleasantBeachBoro........ " ......... 4-6"xl50':2-8"x150' ................. TkwandQcm,, ............ . 
SeasideHeightsBoro ............. " ......... 2'--6"x500' ..... · ......... · ............. Qbs ...............•....... 
SeasideParkBoro ....... ;........ " .......... 4-8"x(139'-530') ..................... " ...................... . 
SurlCityWaterCo............... " ......... 1-564' 
TomsRiverWaterCo............ " ......... 4-6"x40' ............................ TchandQps ............... . 
Whiting (Tuckerton R. R. Co.) . . . . " ......... 1-148' .............................. Tch ...................... . 

Total in Ocean County . .................... 40 Wells . ... .- ................................................. . 

Elmer Water Company ........... Salem ......... 1-6"xll 7' ..........................• Tch and Qbt ............... . 
PennsgroveWaterSupplyCompany " ....... ,.8-165' ....•......................... KmrandQcm .............. . 
Salem City...................... " ........ 28-(6"&8")x{l10'-265') ................ TkwandQcm ........... , .. . 
WoodstownBoro. ................ " ......... 7-(6"&8")x(l50''-350') ........... ; .... KmwandQps ............. . 

TotalinSalemCounty .... ................ . 44.Wells ............................ .......................... . 

Total . Per Well 
(Gallons) (Gallons) 

(5) (6) 

302,000 38,000 
16,000 8,000 

50,000 17,000 
150,000 75,000 
46,000 9,000 

2,330,000 28,000 

39,000 39,000 
108,000 27,000 
171,000 43,000. 

1,000 1,000 
94,000 47,000 
11,000 11,000 

689,000 230,000 
50,000 50,000 
20,000 7,000 

15,000 15,000 
30,000 30,000 

345,000 58,000 
40,000 20,000 
84;000 . 21,000 

152,000 38,000 
3,000 3,000 

1,852,000 47;000 

136,000 136,000 
312,000 39,000 
582,000 21,000 
365,000 52,000 

1,395,000 32,000 



DATA ON WELLS IN THE STATE OF NEW JERSEY USED AS SOURCES OF PUBLIC WATER SUPPLY 
(Arranged by Districts and Counties. Underground Water from Other Sources Not Included.) 

Purveyor 
(1) 

RES't OF STA'l'E OUTSIDE OF TH£ Two ME'l'R0POUTAN DISTRICTS-Continued 

County 
(2) 

Number, Size and Depth 
of Wells 

(3) 

Geologic Formation 
in Which 

Wells are Located 
(4) 

Bound Brook Water Co ........... Somerset ..... 20-( 4"& 6")x(l25'-150') ................ Trb and Qsd ............... . 
• Total in Somerset County . .............. . 20 Wells .... ................................................... . 

StanhopeBoro ................... Sussex ........ l-l0"x90':1-12"x81' ................. Qtm ...•..... ; ............ . 
Total in Sussex County . ................. . 2 Wells . ....................................................... . 

Blairstown Water and Electric Co .. Warren ....... 3-8"x300' ........................... Omb ..................... . 
Total in Warren County': ................. 3Wells ............... .................... _ ..................... . 

Total in District .......................... 476 Wells ...................................................... . 

Total in State . .......................... . 1335 Wells, ... ................................................. . 

Average Daily Output 
during 1924 

Total Per Well 
(Gallons) (Gallons 

(S) (6) 

26,000 1,300 
26,000 1,300 

38,000 19,000 
38,000 19,000 

149,000 50,000 
149,000 50,000 

26,284,000 55,000 

98,745,000 74,000 



. MEMORANDUM··oN 
INVESTIGATION OF QUANTITIES OF GROUND WATER 
AVAILABLE FOR PUBLIC AND INDUSTRIAL SUPPLIES 

IN:· NEW JERSEY 

The State of New Jer~ey, through its Geologic Survey and its 
successor, the Department:: of Conservation and Development, has 
been one of the foremost States in collecting data in regard to the 
use of its ground water res~urces. The earlier investigations related 
principally to determining/ the distribution of wat~-bearing beds, 
the depth at which the beds will be struck, the relative yield of wells, 
and the relative quality of the water.·. This information is utilized 
almost daily to reply to iµquiries from municipalities, water com-
panies, manufacturing firms or individuals :who use wells. 

In some places large deyelopments of ground water have· caused 
a loweri~g of the water le~el or a decrease in the yield of the wells, 
so that recently it has been '.:realized that a further step must be taken 
. and studies must be made to determine the safe ultimate yield of the 
water-bearing horizons in different parts of the State-:-whether 
additional large supplies may be developed or whether the maximum 
supply has already been obtained. An investigation of this problem 
has been carried on since July 1, 1923, by the Department of Con-
servation and Development, with the cooperation of the United 
States Geological Survey. · The work is being done by David G. · 
Thompson, an Ass<>ciate Geologist of the Federal Survey, under 
the supervision of 0. E. Meinzer, Geologist in Charge of the 
Division of Ground Water 1of the Geological Survey, in consultation 
with Dr. H .. B. Kummel,,, Director, and H. 1'. Critchlow, Chief, 
Division of Waters, of the I)epartment of Conservation and Develop-
ment. The greater part of .,the expense of the work is being home by 
the Department of Conservation and Development. Expenditures 
in the fiscal year ended June 30, · 1924; by the Department ·were . 
$5,994.64 and by the Federal Survey $3,629.00; for the year ended 
June 30, 1925, by the Department $6,558.68 and by .the Survey 
$1,161.72. The followi~g {lata are ·summarized from a preliminary 
report which is now nearing completion. · · 

PRieSEN't CoNDI'l'IONS .. 

The importance of ground water as a source of water supply in 
New Jersey is, shown to s9me extent in the following table, which 
summarizes statistics regarding. public supplies from both surface 
and underground sources for certain years. The data for intervening 
years between 1917 and 192~ show sHght variations from year to year. 



SUMMARY 011 NUMBER OS $ysTSMS, CONSUMPTION Oll' WATSR, AND POPULA'i'ION SSRVltD 
SROM PuBI,IC SUPPI,IICS IN Naw JICRSICY:--1893, 1905, 1917 AND 1924' 

N'IIMBJIR OJI SYSTilM ..--AVJIRAG:S DAJI.Y CoNSlJJIPTION----. POPUJ.ATION Snv:su 
Combination 

Surface Ground Surface and Surface Water • Ground Water Surface Water. · Ground Water Water Water GroundWa-
ter (a) 

.;gof ;~ .;gof Thousands %of Thousands .;gof .;~ .;gor of Gals. of Gals. otal 
Year otal otal perDay Top.I per Day· otal Thousands Served Thousands Served 

1893 b •.... 58 70.8 22 26.8 2 2.4 98,762 91.2 9,078 8.9 904 90.8· 92 9.2 
1905 c •.••• 32 23.4 85 62.0 20 14.6 151,395 74.8 50,903 25.2 1,258 72.4 479 27.6 
1917 d ..... 48 21.5 161 72.2 14 6.3 225,853 72.2 87,171 27.8 1,914 71.2 · 773 28.8 
1924 d .•... 45 22.2 144 70.9 14 6.9 244,973 71.4 97,899 28.6 2,081 70.9 856 29.1 

' · -a-'r-he"consumption·from combination systems in 1893 and 1905 is not··easily separable into that from ground 
water and surface sources. - The figures given have been arrived at after a study of data given in several reports and _ 
are believed to be not far from correct. 

b Data for 1893 from New Jersey Geological Survey, Vol. III, Water Supply; pp. 315-317 • 

. c Data for 1905 from report of the Potable Water Commission, pp. 79-88. The summaries in this report contain 
_ several mistakes in the addition of :f'iguresfor individual systems, which have been corrected in the above fable. 

d Data for 1917 and 1924 from consumption reports filed with the Department of Conservation and Develop-
ment.· · 
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The significant features shown by this table are: (1) During the 
past few years the consumption of ground water has been somewhat 
more than a quarter of all the water used from public supplies. (2) The 
percentage of population supplied with ground water relatively is a 
little higher in comparison with the quantity of water used. (3) Al-
though by far the greater part of the population is served with surface 
water, there are about three times as many systems serving ground 
water as surface water. Many of the ground water systems are small, 
whereas some of the surface water systems supply the large cities of 
the State. Nevertheless there are a number of large ground water 
supplies with average daily consumption in 1924 as follows: Camden 
Water Department, 16,091,000 gallons; Elizabethtown Water Com-
pany Consolidated, 8,798,000 gallons; Perth Amboy Water Depart-
ment, 7,677,000 gallons; Plainfield-Union Water Company, 7,635,000 
gallons; and Atlantic City Water Department, 4,765,000 gallons. 

In addition to consumption from public supplies a large quantity 
of ground water is used from privately owned wells of manufacturing 
plants and individuals. A very large percentage of the rural popula-
tion is dependent upon such supplies. Incomplete data from privately 
owned plants in some of the large cities show an average daily con-
sumption of at least 35 million gallons a day, distributed as follows: 
Newark, 10.4 million gallons; Camden, 6.5; Paterson, 5.5; Atlantic 
City, 4.5; Garfield and vicinity, 2.7; Paulsboro, 2.3; Elizabeth, 2.0; 
and miscellaneous, 1. 7 million gallons. There is undoubtedly much 
ground water used in other cities, as in Trenton, concerning which 
data have not yet been obtained. The consumption from private 
wells would undoubtedly be much greater were it not for the fact 
that in certain localities of great industrial activity, as in Jersey 
City and Bayonne, repeated attempts have failed to develop well 
supplies of satisfactory quality and quantity. 

The consumption of ground water continues to increase. From 
July 1, 1916, when .the Board of Conservation and De'V'elopment 
succeeded to the rights and powers of the State Water Supply Com-
mission, to June 30, 1925, grants for the diversion of ground water 
amounted to about 54 million gallons per day, with that quantity 
practically all actually developed. On the other hand, in the same 
period grants of surface water actually developed were only about 
1,225,000 gallons a day. To be sure, during this period a grant was 
made of about 100 million gallons a day for the Wanaque project, 
but this will not be completed for some time. Although the increase 
in ground water diversion is slow but continuous as compared to the 
large but spasmodic surface water developments, there is reason to 
believe ·that the present ratio between consumption of groun:d water 
and surface water. may be maintained for some time to come. To 
illustrate present conditions, attention may be called to the record 
of one of the principal well-drilling companies which, introducing 

. into the State a comparatively new .type of well, in the past three and 
a half years has developed systems for public supply having a capacity 
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of 39 million gallons a day and for private industrial supplies of more 
than 15 million gallons a day. · . 

CoAS'l'AI, Pr,Arn 

From the standpoint of water-bearing capacity of the rock forma-
tions, the conditions for the development of ground water are most 
favorable in . the area known as the Coastal Plain, which comprises 
all of the State southeast of a line that runs northeasterly from Trenton 
to a point about midway between Elizabeth and Perth Amboy. In 
this region the deposits are largely unconsolidated sand, gravel and 

-clay. In this province there are two important water-bearing beds 
that are widely distributed. One is the Raritan formation, which in 
1924 yielded an average of about 30 million gallons a day in Camden 
and vicinity, nearly 10 million gallons in the Perth Amboy region, 
and more than a million gallons daily at Asbury Park. The second 
important formation is the Kirkwood, which yielded an average of 
about 6.5 million gallons daily in Atlantic City and neighboring cities. 
There are other water-bearing sands, but they are not compar(l.ble to 
the Raritan and Kirkwood formations in water-bearing capacity~ 
Ground water is important on the Coastal Plain, for in may places it 
is the only supply available at a reasonable cost. This is especially 
true at the many coast resorts situated on the string of islands that 
reach from Point Pleasant to Cape May. For these places, many of 
them small, the only other sources of supply would be surface water 
brought from the mainland through costly pipe lines. At many 
places on the mainland portion of the Coastal Plain conditions are 
unfavorable for the development of surface. water, so that ground 
water must be developed. 

PIEDMONT · PI,AIN 

Next in importance to the Coastal Plain, is that section of the 
State that immediately adjoins it on the northwest, known as the 
Piedmont Plain, which is underlain by sandstones, shales, and trap 
rock. Conditions are especially favorable in the northern part of the 
province, where glacial deposits over-lying the bed rock yield large 
quantities of water. This part of the-province includes the metro-
politan district, in which large ground water supplies have been 
developed by the City of East Orange, the :Plainfield-Union Water 
Company, the Elizabethtown Water Company, the Commonwealth 
Water Company, the Short Hills Water Company, and by industries 
in Newark, Paterson, East Orange, Garfield, Lodi, Elizabeth and 
other cities. Although it is possible that additional large supplies 
may be developed in the Piedmont Plateau, (1onditions affecting the 
occurrence of water in this province are mor~ "spotty" than in the 
Coastal Plain province and the chances of ge{ting a large supply of 
water in new localities are more uncertain. FQr this reason, together 
with the feasibility of getting adequate supplies from surface water 
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projects now under construction or contemplated, probably there will 
be no great increase in ground water consumption. Nevertheless, 
even now, projects to develop three to five million gallons are under 
consideration. 

HIGHLANDS AND APPAI;ACHIAN VALLEY PROVINCES 

In the northwestern part of the State, northwest of a line that 
passes in general a short distance west of Pompton, Boonton, Morris-
town and Frenchtown, in the provinces known as the Highlands and 
Appalachian Valley, conditions are not favorable for the occurrence of 
large quantities of ground water and no important supplies have been 
developed. This area however is abundantly supplied with surface 
water. 

INDICATIONS OF OVERDRAFT 

In several localities pumping has already produced sufficient 
lowering of the water table to serve as a warning that additionallarge 
developments from the. present sources can not be made without 
serious results. Such areas include the Atlantic City region, the 
Asbury Park region, the Plainfield-Union Water Company's well 
field, and certain areas in Newark and neighboring communities. On 
the other hand, at a few places the pumpage of large quantities of 
water seem to have shown no unfavorable conditions. For example, 
in the Camden region an average of about 30 million gallons a day was 
pumped in 1924 without any observable lowering of the general water 
level. The problems relating to the quantity of water that may be 
developed in the future so far are mainly localized in the areas of heavy 
pumping, which are either industrial regions or shore resorts. How-
ever, in several places they are of importance to a number of com-
munities, as in the Atlantic City region, where heavy pumpage in the 
city appears to have had some effect on the static head for several 
miles in each direction. along the coast and a comparable distance 
inland. In the present investigation, therefore, the work has been 
confined largely to the areas where problems are now pressing, although 
it has not been possible to study every area in which such work is 
desirable. 

METHODS OF OBSERVATION 

Very few accurate data of a quantitative nature were available at 
the start in any of the areas investigated. It has been necessary to 
collect much data in the field and to develop methods for determining 
the safe yield of the different well fields. The method that is giving 
the best results so far involves observations on fluctuations of the water 
level in wells as affected by pumpage, rainfall, evaporation, etc. Con-
tinuous records of the fluctuations of wells are now being obtained 
with eight water-level recorders, and more or less periodic measure~ · 
ments have been made on nearly 100 wells. Daily measurements of 
evaporation are being made at the Atlantic City Water Works and the 
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Perth Amboy Water Works. The following statements summarize 
briefly the more important data obtained so far in the several localities 
studied. 

ATI,ANTIC CITY REGION 

More detailed work has been done in this region than in any other 
part of the State. The region covered in this study extends from 
Brigantine to Corsons Inlet and includes the mainland towns from 
Absecon to Somers Point. The public water- supply for Atlantic 
City, averaging 11 million gallons a day in 1924, is obtained partly from 
Absecon Creek and partly from wells 190 to 200 feet deep on the main-
land. The supply for the mainland towns, about half a million gallons 
daily, conies from a small creek and relatively shallow wells. The 
supply for all the beach towns from Brigantine to Ocean City and for 
many hotels and industrial plants in Atlantic City is pumped from 
wells penetrating the so-called Atlantic City or 800-foot sand which 
lies at that depth. This is the only horizon that can be utilized along 
the beach, all other beds yielding only salt water or too small quantities 
to be of value. The total average daily quantity now pumped from 
this horizon is estimated to be about 5 million gallons in winter and 10 
million in summer .. The surface water supplied to Atlantic City, 
although safe from the sanitary standpoint, at times is dirty and has a 
bad odor; therefore it has been proposed to develop ground water to 
replace it. / . 

At first thought it may seem that the required quantity of water 
can be developed from the 800-foot horizon in Atlantic City, but the 
present investigation shows that it will be very unwise to attempt 
this. Since the first wells were drilled, in 1893, the static head on the 
formation in Atlantic City has been lowered from its original position 
of about 20 feet above sea level to 60 feet or more below sea level, a 
total drop of about 80 feet. It'has likewise been lowered from 30 to 70 
feet in all wells between Brigantine and 55th Street, Ocean City, and 
as much as 25 feet at the Atlantic City Water Works on the mainland, 
where there had been no pumping until May, 1925. There is evidence 
'that the area in which there has been a lowering of the head extends 
several miles beyond the points mentioned and presumably several 
miles oceanward. Except for the past year and a half no accurate 
data as to the rate of lowering are available, but it appears to be more 
or less directly related to the rate of pumping and therefore to progress 
according to the yearly increase in pumpage. When. the pumpage 
decreases in fall and winter the head rises somewhat and drops again as 
pumpage increases in summer. Fromobserv~tions on wellsin Atlantic 
City and Longport up to July 15, it appears probable that in 1925 the 
head will be from 5 to 10 feet below the lowest level in August, 1924. 

If an additional draft of 6 to 10 millidn gallons per day, that 
necessary to replace the surface water supMy for immediate needs 
alone, is imposed upon the formation in At\antic City, it is evident 
that the static head will be lowered very greatly, probably to at least 
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150 feet below sea level. Accordingly a question arises as to the 
depth from which it will be economical to lift water. 

Even more important is the possible invasion of the .horizon by 
salt water if the head is pulled down too far. Although several wells 
have "gone salt," it has been rather concltisivcly shown that the salt 
water has entered from overlying beds through defective casings. 
When these difficulties have been remedied the chloride content has 
been reduced to the normal. for the region-as low as 6 parts per million. 
So far as the writer has been able to ascertain, conditions at Atlantic 
City, so far as they relate to the salt water problem, are without a 
parallel, in that where wells situated so close to the ocean, with salt 
water hqrizons above, and probably below, have been pumped heavily 
without drawing in salt water. Wells at one plant on Long Island 
showed increase in chloride of about 100 parts per million in one<tJear 
when pumping about 4 million gallons daily, and rose to nearly 500 
parts per million in four years, although the pumpage was reduced to 
about 1.5 million gallons. Even after three years of pumping at the 
rate of only half a million gallons a day the chloride was more than 150 
parts per million. Although certain unknown but possible geologic 
conditions beneath the ocean may prevent a similar contamination of 
the 800-foot horizon at .Atlantic City, the more probable conditions 
favor invasion by salt water at almost any time. Experience in other 
localities shows that if this does occur it may take place rapidly, and 
once it has happened the formation may be permanently spoiled. 
This would very seriously affect the shore communities which are now 
entirely dependent upon the 800-foot horizon. 

The 800-foot horizon. may be penetrated at a less depth on the 
mainland, and it may he asked whether it cannot be drawn upon 
there to increase the Atl.antic City supply. There is little question 
but that any large draft.would cause a considerable lowering of the 
head over an area comparable to that resulting from the present 
pumping in Atlantic City. The head in Atlantic City would un-
doubtedly be lowered considerably, · although perhaps not as much 
as if the additional draft occurred right in the city. There would 
nevertheless be the danger of invasion by salt water. It is the opinion 
of the writer that the horizon should not be drawn upon at any point 
for the Atlantic City public supply, but should be left for those 
smaller beach communities which cannot now afford to go to the 
mainland for their water. 

There remains for the use of Atlantic City the shallow horizons 
on the mainland and the streams some distance inland. It appears 
that a considerable quantity of water can be obtained from the 
shallow horizons. However, if shallow wclls are placed too near the 
bay there is danger of salt water, so that in the development of such 
wells the city should proceed with caution, making tests to be sure 
contamination from this source is eliminated by the proper location 
of the wells. 
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A fact to 'be emphasized is that the problem of the econoniic and 
prudent utilization of the ground water resources of the Atlantic 
City region is not that of Atlantic City alone, but of all the com-
munities in a considerable area .. The question may fairly be raised 
as to whether it will not be desirable in the near future for these 
communities to form a district for the purpose of developing its water 
resources in the wisest and most economic manner with due regard 
for the natural oondition:s that control the occurrence of the m-o.und 
water supplies. · 

CAMDitN RitGION 
. . . . 

The water i;;upply for Camden and practically all of its suburbs 
is derived from underground sources. The greater part of the water is· 
obtained from the Raritan formation. . The average daily con-
sumption from this horizon in 1924 was as follows: Camden Water 

· Department, 16 million gallons; Stockton Water Company (supplying 
part of Camden), 2 million gallons; Merchantville Water Company, 
2 million gallons; Gloutester Water Department, 1.9 million ·gallons; 
minor public supplies, 1.5 million gallons; and private industrial 
supplies, 6.5 million (estimated); a total. of about 30 million gallons 
a day. The consumption both in the city and the suburbs has been 
increasing rapidly in the last few years, and is expected to continue 
to do so as a result of the building of the Camden-Phil9:.delphia bridge. 

' The wells drawing on the Raritan formation are scattered over a 
stretch about six miles long, but fully 12 million gallons daily come 
from an area only about a mile and a half long and half a mile wide, 
adjacent to Delaware River between Delair 1 and Morris Stations. In 
this area the Camden Water Department has three well fields, the 
Morris field, with a capacity of 17 million gallons a day, the Delair 
field with a capacity of 5 _million gallons _a day, and the recently 

, developed Puchack Run field with a capacity of about 9 million 
gall_qns a day. In addition the department has four wells in the 
city, each with a capacity of about a million; gallons a day. Thus the 
capacity of the entire system is about 35 million gallons a day. With 
one possible exception this is 1:>elieved to be the largest development 
of ground water for public use anywhere in the United States .. 

. The Camden city system has not yet been pumped to capacity. 
During the acceptance test of the Pucha._ck Run field, the Delair · 
field was idle and the Morris field was not. pushed. It is therefore 
impossible to say just what .will be the effect when all the fields are 
pumped to their capacity. It is believed that trustworthy evidence 

· has been obtained to show that the areas of influente of the three 
fields intersect each other and.that there is soiµ~ interference between 
them. So far this interference has not been found to be very serious, 
but it is sufficient to warrant careful observation as the draft in the 
fields is increased. As a matter of fact, th1 water-yielding capacity 
of the. Raritan formation in the Camden region appears to be much 
greater than the formations studied so far ih any other part of the 
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State. Nevertheless it is not safe to assume that there is no limit 
to its yield. · 

Water for the Camden suburbs within a radius of ten miles, like 
the Camden supply, is derived mainly from the Raritan formation. 
The total consumption from these is not yet great, and so far there 
appears to be no serious problem resulting from the' pumping of them. 
However, in view of the possible considerable increase in consump-
tion in the entire territory it is believed that a careful study should 
be made of the entire situation, with observations on the different 
well fields extending over a period of years. Such continuing observa,.. · 
tions would be of great value in forming a basis for planningforfuture 
increases in the supply. 

ASBURY PARK REGION 

The water supplies for Asbury Park and nearby coast towns are 
obtained from three horizons, namely, in descending order, the 
MoU11t Laurel-Wenonah,· the Englishtown, and the Raritan. The 
Raritan lies at a depth of about 900 to 1100 feet and contains so much 
iron that water from itha:s to be filtered. For these reasons it is more 
costly to develop than the other formations and it has been used 
only by Asbury Park. ·The Mount Laurel~Wenonah formation is 
nearest the surface and accordingly offers the most attractive source 
of water for .small towns. However, its water-bearing capacity is 
rattier poor. This is attested by the fact that the static head in the 
summer of 1924 was some 50 feet or more below the original head, 
although the daily consu,mption is estimated to have been less than 
two million gallons a day; and recently completed wells of the most 
modern type show the unusual drawdown of about 100 feet when 
pumping only about 350 gallons a minute. The Englishtown forma-
tion appears to have a somewhat greater water-bearing capacity than 
the Mount Laurel-Wenonah~ The lowering of the static head from the 
original conditions has been comparable to that of the Mount Laurel-
Wenonah, but the pumpage from the horizon is greater. The Raritan 
apparently has not been affected seriously by pumping, but this may 
be an erroneous opinion resulting from inadequate data. The situa-
tion in this locality should be carefully watched. On the basis of the 
present information, in granting future applications it is believed that 
further diversion should be limited to the Raritan formation. 

PRINCETON REGION 

Although the Princeton Water Company pumped from its field 
during 1924 an average of only 758,000 gallons daily and a maximuli 
of about 1;250,000, it faced a water shortage on several occasions 
during the past few years. Actual famine has been prevented only 
by pumping water on the land from a nearby stream, the water per-
colating into· the ground and raising the water table. The water 
bearing ·rocks are . sandstone, which evidently do not have much 
storage. As a result the water level is subject to considerable fluch1a-
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tion in accordance with variations in the rainfall. During the first 
six months of 1925 the level in observation wells showed a range of 
about 125 feet. There seems to be no great hope of materially in-
creasing the ground water supply except at a distance of several 
miles from the· city. Although the Princeton supply is relatively 
small, the problems presented are typical of those met in some of the 
smaller communities of the hard rock areas of the State. · 

RUNYON AREA 

The water supply for Perth Amboy, in 1924 an average of about 
7. 7 million gallons daily, is obtained from a well field at Runyon. In 
1918 war industries raised the consumption to an average of 10,5 
million gallons. Two horizons are available in the field, both of 
which are part of the Raritan formation. Extensive studies of these 
horizons have 'not been made, but it app¢ars that they are not as 
good water-bearing beds as the Raritan at Camden. Certain puz-
zling conditions have been found, possibly resulting from the geologic 
structure in the region. Pending the solution of these conditions and 

· the completion of other studies, definite conclusions have not been 
reached. 

NORTHERN METROPOLITAN DISTRICT 
No detailed work has been done in the Metropolitan district. 

Large supplies for public use are obtained from wells by the Plain~ 
field-Union Water Company, the Elizabethtown Water Company, 
the Commonwealth Water Company, the City of East Orange, and 
lesser supplies by the cities of Garfield and: Ridgewood. Additional 
large supplies are pumped by industries in, Newark, Paterson, Gar-
field, Lodi, Elizabeth and other places. In some of these areas, 
notably in the Plainfield-Union field, in the southeast part of Newark, 
and in Garfield, there has been more or less lowering of the water table. 
The fact that no serious effects of pumping have been reported in other 
localities may be due in part to lack of adequate observations. De-
tailed studies in these several areas are urgently needed. In two 
localities pollution of the ground water has recently been reported 
under conditions that suggest that this may become a serious problem 
in other parts of the region where there is heavy pumping, resulting 
from its built-up character and the more or less open texture of the 
rocks. 

The city of Garfield is undertaking to develop at least three million 
gallons in virgin territory. This project offers an opportunity to 
follow the effect of heavy pumping of a field from the very first, and 
it is hoped that observations can be made in this field. 

GENERAL PROBLEMS! 

. Certain conditions brought out during the investigation suggest 
the desirability of a closer, control by the S~ate on the development 
of the ground water resources, as follows: 



Ground Water Available IA) 39 

1. In some localities bordering on the ocean there is a real danger 
of salt water invading fresh water horizons and spoiling them either 
for all time or for a long period of years. Some individual wells have 
already been contaminated in this way, but the owners generally have 
taken care to prevent widespread damage by filling the wells. There 
is nevertheless a possibility that a well owner may refuse to do this 
or may not do it properly. At the present time there are no laws 
giving to any State department power to remedy any cond.ition which 
may arise engendering the contamination of a fresh water horizon by 
salt water. 

2. In the present investigation the difficulty in obtaining accu-
rate . data emphasizes the advisability of requiring the operators 
of public supplies to keep more accurate data on the performance of 
their well systems. In the past the Board of Conservation and 
Development has required only the filing of consumption report~. 
Fully as important, if not more so, in ground water developments are 
data as to fluctuations of the water level, for such data covering a 
period of years is the only reliable evidence as to the actual effect of 
heavy pumping. It is therefore desirable that the operators be 
required to make and report the observations that are deemed neces-
sary. It would be beUer, perhaps, if the operators could be educated 
to make the necessary observations of their own volition, but the 
experience of the present investigation shows that this will be very 
difficult to bring about. 

3. An important problem, and one that is puzzling, is the relation 
between the rights of public water supplies and of supplies of private 
corporations and individuals. At present the Board of Conservation 
and Development may reject the application of a municipal corpora-
tion, corporation or person to develop ground water for public supply 
if upon proper evidence it is shown that such development will unduly 
injure public or private interests. On the other hand it has no control 
to prevent manufacturing corporations or individuals from making 
similar developments for private use which may just as much injure 
existing interests. To be sure, the injured party may now have 
recourse to law, but in the meantime irreparable damage may be 
done to an important and needed source of ground water supply. 
If the State could control the private water supplies as well as public 
in the few cases of serious interference that might arise, it could 
doubtle.ss provide for an allocation of supplies tha,t in the long r.un 
would result in a more economical and wise development of the 
ground water resources. 

In conclusion it may be said that if the mandate of the people as 
expressed in the law creating the Water Supply Commissi.on is to be 
properly carried out,-namely, to provide "a general supervision over 
all sources of potable and public water supply, to the end that the 
same may be economically and prudently developed for the use of the 
people of this state"-in so far as this relates to the ground water 
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resources the present investigation can be considered only a beginning. 
It is a well recognized fact in the study of surface water supplies, that, 
in order to be of real value, observations must cover a period of years 
and their value increases in accordance with the length of record. 
This is even more true of observations on ground water supplies. · So 
many more factors affect the occurrence of ground water that, in con-
trast to surface water studies, a year's or even two or three years' 
observations may not show the true conditions. It is therefore 
important that provision be made for a continuance of the observa-
tions already begun and for the extension of the work to areas where 
there are indications of possible depletion of the supply but where 
no studies have yet been made. 

July 30, 1925. 1 

(Signed) DAVID G.' THOMPSON, 
Associate Geologist. 



IMPORTANT .GROUND WATER HORIZONS IN 
NEW JERSEY 

A Memorandum prepared by M. W. Twitchell, Assistant State Geologist 
I 

UN:itAVORABI,E Rocis IN NORTHERN NEW JERSEY 
Because of their relatively non-porous character we can dismiss 

as unfavorable for yielding large supplies of ground water the fol-
lowing types of rocks: 

1. The Pre-Paleozoic (or Pre-Cambrian) Rocks, including gneisses, 
granites, etc., that underlie most of the Highland area, and a small 
area at Trenton. 

2. The Paleozoic Rocks; including limestones, slates, etc., that 
underlie the Kittatinny Mountain and Valley and several valleys and 
ridges within the Highland area. 

3. The Triassic Igneous (or Trap) Rocks, that underlie certain 
areas within the Piedmont Plain, including the Palisades, Watchung 
Mountains, Sourland Mountain, Rocky Hill and some others of minor 
importance. 

4. The Triassic Argillites, which are peculiar, hard, dense rocks, 
allied to and looking like shale but much harder; that constitute the 
chief rocks underlying those areas within the Piedmont Plain mapped 
on our geologic Jllaps as the Lockatong subdivision .of the Triassic 
(Newark) sedimentary rocks. One of the areas extends from Somer-
set iia Princeton to Monmouth Junction, another borders Sour land 
Mountain from the neighborhood of Neshanic southwestward, and a 
third extends from near Byram via Croton to and beyond Pittstown. 

FAVORABI,E ROCKS. IN NORTHERN NEW JERSEY 
The Stockton Sandstones:-In a few areas within the Piedmont 

Plain, sandstones are known. to predominate over shales, a fact which 
naturally leads one to.expect that in these areas the conditions are 
favorable for ground water supplies. The areas are those mapped 
on our geologic maps as· underlain · by the Stockton subdivision of 
the Triassic (Newark) sedimentary rocks. One of the areas extends 
from near Trenton and Trenton Junction· northeasterly to near 
Princeton and Monmouth Junction; another runs northeast and 
southwest past Hopewell; a third extends from Stockton and Raven 
Rock on the Delaware northeasterly to and beyond Sand Brook; 
and a fourth forms a narrow border on each side of the Palisades from 
Bayonne northward. These Stockton sandstones are usually reddish 
in color, have a prevailing dip toward the northwest of about 12 to 
15 degrees, and are cut by highly inclined joint cracks. Layers of 
shale frequently occur between the sandstone beds. Water circulates 
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in these rocks chiefly in the pores . of the sandstones and to a less 
extent in the joint cracks and along the. bedding planes. 

Each area of Stockton sandstones donstitutes a water horizon of 
considerable potential value. The extent of these areas is indicated 
on our geologic map. The areas near the Palisades are of less value 
than others because of their narrowness, and because their proximity 
to the trap rock has resulted in a partial baking of some of the layers, 
thereby reducing their porosity. However, five wells i.n Stockton 
sandstones at Hoboken, drilled prior to 1901, yielded 65, 100, 350, 
357 and 427 gallons per minute; and one at Englewood yielded 120 
gallons, thus indicating a relatively. favorable condition at some 
points in even these narrow areas. The most important ofthe Stockton 
areas is that near Trenton, Princeton, etc. The relatively favorable 
character of the rocks within this area has already been demon-
strated at a number of points, including Wilburtha, Asylum Station, 
Ewingville, Lawrenceville and Princeton. In 1917, at the State 
Asylum near Asylum . Station northwest of Trenton, three wells, 
3, 4 and 3 inches in diameter and 205, 202. and 215 feet in depth 
respectively, yielded 186, 243 and 116 gallons per minute separately 
atid 506 gallons when pumped together, the drawdown while pumping 
the 506 gallons being 8, 9.3 and 10.5 feet respectively. A well drilled 
for the Princeton Water Co. in f915, 304 feet deep and 8 inches in 
diameter at the bottom, yielded originally 600 gallons per minute; 
and a new 290-foot well, 10 inches in diameter at the b<>ttom, drilled 
in 1923, gave 500 gallons per minute. These are, of course, the most 
successful wells and indicate the maximum yields the Stockton sand-
stones can be expected to give under the most favorable conditions. 
We have on record 30 wells in all known to obtain their supply from 
the Stockton sandstones. These 30 wells range in depth from SO to 
600 feet and their average depth is 270 feet; their range in yield is 
from 10 to 600 gallons per minute and average yield 103 gallons. As 
the average yield of 762 wells utilizing the various types of Triassic 
sedimentary rocks is 80 gallons per minute, the average for the 30 
Stockton wells alone is 23 gallons more than the general average, 
which is a further corroboration of their more favorable character. 

No individual water horizons, such as a particular water~bearing 
sandstone, can be traced more . than a very short distance in these 
Stockton areas. This is chiefly because of the steepness of the dip, 
which averages about one foot vertical to four feet horizontal. Ad-
jacent wells can be made to strike the same water-bearing layer by 
taking into consideration the amount and direction of the dip; varying 
the depth of the wells according as they are up or down the dip, or 
keeping the wells all of about the same depth if they are placed in a 
line at right angles to the direction of the dip. It is only within such 
narrow limits as these that knowledge of the fact that some wells of 
a certain depth have been successful may be made use of. Because 
of the structural features described, it is also usually impracticable 
to estimate the extent and capacity of individual water-bearing 
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sandstones from which a wen or group of wells obtains its supply. 
One approach to a capacity estimate is to take the well field as the unit, 
rather than a single water-bearing layer. These well fields, or areas 
where a group of wells are f1,1.rnishing a supply, usually have wells of 
varying depth and so spaced as to draw upon several water-bearing 
sandstones, and also upon the joint cracks and other fissures that 
cut across the rocks. As the average dip is about one foot vertically 
downward for each four feet horizontal, such water as percolates 
down the sandstone layers has probably entered them within a dis-
tance of about four times the depth of the well; while the water that 
comes to the well through the joint cracks, because of the prevailing 
high angle of these cracks, has probably come chiefly from a less dis-
tance away, though part of it may have worked along the cracks 
from greater distances. Where a well field has shown signs of an 
overdraft upon the ground storage we have a clue to the capacity of 
the rocks involved. One such instructive case is that at the State 
Asylum near Trenton. The high yields of three of these wells are 
given above. While there are ten wells in the well field, they have 
used only six or less on the ,average, and during the six years from 
1916 to 1922 were getting nearly half a million gallons per day. From 
data on record it appearstha.t whereas in 1917 the static water level 
in the three wells described above was around 9 feet, in 1922 it :was 
around 100 feet, and in some new wells it was also around 100 feet. 
The yield also had fallen off, being only about 485,000 gallons per 
day for six wells in 1922, as against 730,000 gallons per day for three 
wells in 1917. In v.iew of these facts it was concluded that the draft 
on the ground water in thi13 field had greatly exceeded the a1;:mual 
increment from the rainfall :for several years and that large inroads 
had been made upon the ground storage. Judging from this case; it 
would appear that the capacity of a well field in the Stockton sand-
stones, of this size, 600 feet square, and probably drawing upon an 
area estimated to extend between 1500 to 2000 feet in all directions 
and to contain about 320 acres, without exceeding the annual incre-
ment due to the rainfall, is less than 500,000 gallons per day. Perhaps 
it should be added that the period between 1917 and 1922 is known to 
have been one of a deficient rainfall, so that the capacity in a time of 
normal .rainfall may be somewhat greater than the figure indicated. 

The Brunswick Shales and Sandstones.-By far the larger part of 
the Piedmont Plain is unde~lain by the reddish shales and sandstones 
which together are shown on our geologic maps as the Brunswick 
subdivision of the Triassic sedimentary rocks .. In the southern part 
shales predominate over sandstones and in many places . constitute 
practically the only rock; but north of the neighborhood of the Raritan 
River sandstones be~ome m<:>re abundant and in places constitute a 
large part of the sections as revealed in outcrops and well borings. In 
view of this distribution, the Brunswick area, north of the Raritan, 
may be considered one of the regions where the underlying rocks are 
favorable for more ground water supplies than elsewhere. However, 
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the sandstones occur too irregularly to permit of mapping separately 
th¢ areas where they are relatively abundant. Consequently it is 
impossible to ascertain by a study of the geologic map where the 
more favorable localities will be found, as we could do in the case of 
the Stockton sandstones. There are some places where the wells 
that have been put down have proven to be large yielders. Among· 
these fayored localities are East Bound Brook, Netherwood, South 
Plainfield, Baltusrol, ·Springfield, South Orange, East Paterson, 
Midland Park, Mahwah and Harrison. ln these and similar cases, 

· such logs as are avail.able indicate that sandstones usually constitute 
the water~bearing rocks, even though shales may form a large part 
of the materials penetrated. So far we are unable to predict favorable 
places of the type described. For this re:;i.son it is highly important 
to obtain good data in regard to local. wells, and use it in the light 
of the known geology of the region, in working out th€! ground water 
problem for any particular locality. . . 

As in the case of the Stockton sandstones, these Brunswick sand-
stones· and shales are cut by numerous joint cracks and other fissures 
which are usually at a high angle. The dip of the. beds is prevailingly 
toward the northwest, with a tendency near the southern and northern 
ends of the W at~urig Mountains to swing around so as to be toward 
the mountains. These structural features being so similar to those 
of the Stockton beds, the circulation of the ground· water and the 
difficulties in the recognition of definite water horizons are also similar. 
Where the wells penetrate shales, the joint cracks .are probably the 
chief sources of the supply, and in the case of the sandstones t_hese 
cracks probably frequently add to the amount of water the wells yield. 
The distribution of these cracks is quite irregular. At times they are 
closely spaced and wells that happen to! strike zones of this type are 
apt to be relatively large yielders. lt is probable that the wells giving 
the largest yields are those where a combination of favorable factors 
exist, such as a porous textured rock between impervious layers with 
a closely spaced joint zone, or a fissured fault zone, or even an inter-
section of one or more such groups of openings. 

The average yield of over . 600 wells utilizing the Brunswick beds 
was over 80 gallons per minute. The great majority of the wells were 
less· than 300 feet deep and most of the large yields were from wells 
of 300 feet or less in depth. Only 11 wells over 450 feet deep are 
found among the 100 wells reporting a yield of 150 gallons per minute 
or more, while ofthe score of wells yielding 500 gallons or more, three-
fourths were from· 200 to 300 feet. deep.: The capacity of favorable 
well fields in the Brunswick beds appears to be fully equal to or even 
greater than those in the Stockton beds; but, as already indicated, 
these favorable areas cannot be predicted in ~dvance, except in so far 
as exceptionally successful wells may pe taken as indications of 
generally favorable conditions in the rocks. 
· The Glacial Deposits.-The glacial deposits from a discontinuous 
mantle over the northern part of the State down to and somewhat 
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beyond the terminal morai11e, which, as is well shown on our geologic 
map, crosses the State from Belvidere. f!ia Hackettstown, Doyer, 
Morristown, Plainfield attd Metuchen to. Perth Amboy. Not all 
portions of the glaciated area are favorable for large supplies of 
ground water. With but few exceptions it is only where the glacial 
deposits are more or less stratified that large supplies may be expected. 
Many of the favorable areas are shown on our geologic map as "strati-
fied drift." The gravelly and sandy deposits formed by the streams 
that issued from the ice are the most importa~t: 'l'hey occur close to 
the southern edge of the terminal moraine. These areas have already 
proven their favorable -character by affording large supplies at Plain-
field, Netherwood and els-ewhere. One well at Netherwood yielded 
7 50 gallons per minute from these stratified glacial deposits. North 
of the terminal· moraine there are also to be found occasional areas 

· where the drift is of the stratified typ~. Such areas should be regarded 
as of potential value as water horizons .. Because of the fact that these 
areas of stratified drift are so irregularly distributed and vary so 
much in shape and size; it is impracticable to give any worthwhile 
estimate of their capacity for yielding grouttd water supplies. 

Some deposits not mapped as "stratified drift" have, on investiga-
tion, proven to be irregularly stratified. Among these are some which 
appear to comprise gravel beds along ancient .stream courses, that 
have been covered by lake deposits or ordinary glacial drift. The 
most remarkable case of th.is kind is that located in the neighborhood 
of the outlet of glacial Lake Passaic, near the Sh~rt Hills gap through 
the Watchung Mountain~. When the geologists decided that the 
Passaic once flowed through the Short Hills gap instead of, as at 
present, by way of Paterson, it was inferred that water-bearing 
gravels might be found near 1:)edrock in the vicinity of the ancient 
outlet. Test wells proved the inference sound, and since that time· 
numerous wells have been drilled which have afforded large supplies 
of ground water, Among these art the· successful wells at Short 
Hills and Springfield, and also many along Canoe Brook and at 
Chatham and Madison. .Several wells in these attcient gravels have 
yielded 1000 g'allons per minute. One well at Madison, when drilled, 
gave a natural flow, sever.al feet above the surface, of 400 gallons per 
minute. · 

Of about 130 wells utilizing the glacial deposits and in connection 
with which the yield has been reported,• about 80 gave yields of 50 
gallons or more per minute, and most of these are believed to draw 
upon deposits of a stratified character. Nearly all of the large yields 
are from· wells of from 5-0 !o 100 feet in depth. 
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IMPORTANT WATER HORIZONS IN SOUTHERN 
NEW JERSEY 

GENERAi, STATEMENT 

It is generally known that all that portion of New Jersey lying 
south and southeast of the Delaware River below Trenton and a 
northeast-southwest line from Trenton via Monmouth Junction to 
Carteret on the. Arthur Kill constitutes a Coastal Plain built up of 
various layers •Of unconsolidated sand, gravel, clay and greensand 
marl. Aside from some thin superficial deposits of comparatively 
recent geologic age (Quarternary), the strata forming the Coastal 
Plain belong either to the Tertiary period of Cenozoic time or the· 
upper Cretaceous period of Mesozoic time. Of the twelve formations 
into which the Cretaceous beds of New Jersey have been divided only 
a few are important as water horizons. These are the Magothy-
Raritan (taken together), the Englishtown, the Mount Laurel-
Wenonah (taken together) and the Vincentown. Of the four forma-
tions into which the Tertiary beds have been divided only two, the 
Kirkwood and the Cohansey, are important as water horizons. All 
of these Cretaceous and Tertiary beds dip gently southeastward 
toward the sea, the oldest (Raritan) at about SO.feet per mile and the 
youngest (Cohansey) at about f0 feet per niile .. Starting from the 
seashore and traveling to the northwest we would reach the western 

· limits of the wide area forming the outcrop of the Cohansey as we 
approached Yorktown, Pitman, ·Clementon and Prospertown. Con-
tinuing northwestward we would then cross in order the narrow 
belts constituting the outcropping edges of the various older forma-
tions (as shown on our geologic map), namely: Kirkwood; Manasquan 

· marl, Vincentown sand, Hornerstown marl, Tinton loam, Red Bank 
sand, Navesink marl, Mount Laurel sand; Wenonah sand, Marshall-
town clay-marl, Englishtown sand, Woodbury clay, Merchantville 
clay, Magothy formation and ,Raritan formation. A well just drilled 
at Lavalette, on the coast, northeast of Toms River, passed through 
various formations from the Cohansey to a water-bearing sand in the 
upper part of the Raritan which they struck at 1551 feet. These facts 
will give a general idea of the character and arrangement of the 
Coastal Plain beds. · 

THE MAGOTHY-RARITAN WATER HORIZONS 

Both the Magothy and the Raritan formations are formed of 
alternating layers of sand and clay. The two formations have been 
separated at only a few points and are therefore mapped as a unit 
on our .:geologic map. Study of numerous! exposures and many logs 
of wells ,has demonstrated that the sand and clay layers in these forma-



Water Hori;ons in Southern New Jersey [AJ 47 

tions are extremely variable in thickness and in distribution both 
vertically and laterally along the strike and down the dip. This is 
probably because both sand layers and clay layers are in the form of 
lenses of various sizes and shapes. 

While quite a number of sand beds in the Magothy-Raritan are 
known to be water-bearing, and locally constitute important water 
horizons; because of the irregularity in structure described above 
they cannot as a rule be correlated, or traced across country, any 
great distance. Nevertheless, it is seldom the case that a well passes 
through clay covering beds into sand layers in the Magothy-Raritan 
without striking water in quantities above the average. For this 
reason the combined formation may well be considered as a single 
great water horizon whose catchment area is practically equivalent 
to the outcrop as shown oh our geologic map. (Southwest of Trenton 
the outcrop of the Magothy-Raritan formations extends along and 
beneath the Delaware Riyer.) 

The evidence indicates that the Magothy-Raritan formations were 
laid down upon an irregular surface. The thickness is therefore 
variable, ranging from 150 to 200 feet at the outcrop but increasing 
down the dip, as shown by well borings, to over 500 feet. The great 
majority of the wells utilizing these formations are located within the 
outcrop and obtain water at less than 150 feet below sea level. The 
remaining wells utilizing these beds usually lie within eight or ten 
miles from the outcrop and are less than 500 feet deep. A few wells 
at and near Asbury Park having depths of from 900 to 1160 feet and 
one at Lavalette having a depth of 1551 feet extend the zone of utiliza-
tion in that part of the State to over 30 miles from the outcrop. The 
average dip of the Magothy-Raritan beds is about 50 feet per mile 
to the southeast, with a tendency to veer to the south-southeast in 
northeastern Monmouth county. 

The water-bearing capacity of the Magothy-Raritan formations 
is considerable. The evidence at hand indicates that, considered as 
a single water horizon, ifis one of the most important in the State. 
Over 600 wells are utilizing these formations as a source of supply. 
In most cases the yield is not reported. Of the older wells, sixty-three, 
in connection with which individual yields were reported, indicate 
that the yield varies greatly, ranging from 10 gallons per minute to 
over 500 gallons per minute. Of these sixty-three, four gave 10 or 

· less; seventeen gave from 10 to 50; twelve from 50 to 100; twenty-four 
from 100 to 150; two from 150 to 250; two from 250 to 300; two from 
400 to 500 gallons per minute. Several wells in recent years have 
given over 1000 gallons per minute. 

One area in which the Magothy-Raritan is of especial importance 
is a belt about ten miles wide running in a northeast-southwest direc-
tion along the Delaware from Trenton to Penns Grove. Within this 
belt the Magothy-Raritan horizonis the chief one utilized; and it is also 
true that there are more .wells utilizing these formations within this 
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belt than there are in any area of equal size in the State. There are 
probably between 300 and 400 such wells in the belt. As indicative 
of the greatest possible yields from this horizon in this area we have 
the reports of six large diameter (24-inch) wells at or near Camden 
that gave 935, 1000, 1010, 1070, ll00 and llO0 gallons per minute. 
One of those giving 1100 gallons (well No. 4 for the Camden Water 
Department) had a specific capacity of 36.6 gallons per minute per 
foot of drawdown; the static level being 48 feet and the pumping level 
78 feet. Mr. Thompson in his Memorandum, has furnished valuable 

· data regarding the amount of water obtained from these formations 
in the Camden neighborhood. . . 

Another area where the Magothy-Raritan is of especial im-
portance is within a belt about twenty miles wide extending in a 
northwest-southeast direction from near Perth Amboy to Lavalette, 
including Sandy Hook and Jamesburg. , Within the northwestern 
part of this area the Magothy-Raritan is the chief horizon utilized; 
and despite the great depth at which it lies, it is assuming ever in-
creasing importance to the southeast along the beaches, where the 
higher horizons have in places failed to give adequate supplies. In 
this area some of the clay beds in the Magothy-Raritan attain a 
considerable thickness (as much as 60 feet at the outcrop), and such 
beds. naturally have a larger areal extent and constitute effective 
impervious covers for the water-bearing sands beneath them over a 
wider area than is usually the case in these formations. In these 
exceptional cases certain water horizons have been traced or corre-
lated for distances greater than the averag~. One important locality 
in this area is Runyon, where the well field of the Perth Amboy Water 
Department is located. One of the first wells drilled in this field, put 
down in 1900, 212 feet deep, gave the remarkable yield of 500 gallons 
natural flow at 16 feet above the surface. This was from the deeper 
water-bearing sand, which lies beneath the thick "Woodbridge clay" 
member of the Raritan formation. One deep well at Asbury Park, 
8 inches in diameter at the bottom and 1162 feet deep, gave 1000 
gallons per minute. Another well drilled in 1924 at Whitesville, near 
Asbury Park, 981 feet deep, is reported to have yielded 1000 gallons 
per minute. These maximum yields indicate that the capacity of the 
Magothy-Raritan horizon in this northeastern area is not notably 
different from that in the southwestern area. and that it does not de-
crease much down the dip for at least as much as twenty miles. Mr. 
Thompson has furnished more definite quantitative data regarding 
the yield of the wells at Runyon, Asbury Park and elsewhere in this 
northeastern area. · 

Tmt ENGUSH'l'OWN WATER HORIZON 

The Englishtown sand is the next impo11tant water-bearing forma-
tion above the Magothy~Raritan, from whlch it is separated by two 
clay formations whose aggregate thickness :is 100 feet or more. The 
outcrop of the Englishtown, and therefore its catchment area, as 
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shown on our geologic niap, extends from Port Monmouth on Sandy 
Hook Bay, where it is about three miles wide, southwest to near 
Swedesboro, Salem county, where it diminishes to zero. It is thickest 
at the northeast (100 feet or more) and thins out southwestward to less 
than 20 feet in Salem county. The average dip of the formation is 
about 38 feet per mile toward the southeast. · 

The Englishtown sand is in important water horizon in north 
eastern Monmouth county. Most of the wells utilizing the horizon 
are located in this region, within twenty miles from the outcrop and 
chiefly along the seashore. The majority of them obtain water at 100 
to 150 feet below sea level, though quite a number have had to go to 
greater depths, up to 900 feet. Another area in which the English-
town has proven to be an important aquifer is a short narrow belt 
from near Mount Holly southwestward to near Marlton. 

The capacity of the Englishtown is indicated by the fact that, 
of sixty wells utilizing it and in connection with which the yield on 
pumping was reported, seven gave less than 20 gallons per minute, 
three a yield from 20 to 49 gallons, twenty-six a yield from 50 to 99 
gallons, twelve a yield of from 100 to 199 gallons, five a yield of from 
200 to 299 gallons, and. seven a yield of 300 gallons and over per 
minute. The yield in the last seven cases was 300 (3), 333, 350, 575 
and 624 gallons. The 624 yield was at Spring Lake, being from a well 
with a 6-inch screen at 640 to 705 feet, the static level being 12 feet 
and the pumping level 72 feet during ten hours' pumping. 

Tmi MouN'J.' LAUREL-WENONAH WATER HORIZON 

The Mount Laurel-Wenonah sands are taken together and shown 
as a unit on our geologic map and constitute the next higher water 
horizon above the Englishtown sand. The outcrop and catchment 
area as indicated on the geologic map is from one to three miles wide 
and extends from Atlantic Highlands, near Raritan Bay, southwest to 
the Delaware River near Salem. Considered as a single sand bed, the 
Mount Laurel-Wenonah is separated from the Englishtown sand by a 
relatively impervious clay marl bed (the Marshalltown) which varies 
from 20 to 40 feet thick: The combined thickness of the Mount 
Laurel-Wenonah at their outcrop increases from 40 feet at the north-
east to 80 or 100 feet in. the southwest. The average dip is about 40 
feet per mile toward the southeast. 

The Mount Laurel-Wenonah sand bed is particularlyimportant as 
a water horizon in a long narrow belt extending from near Pemberton 
to Salem and within six: or seven miles of the outcrop. Most of the 
wells utilizing the horizon are in this belt, Another important area is 
in Monmouth county between Lakewood and Seabright, especially 
along the shore. The distribution of the wells utilizing the Mount 
Laurel-Wenonah is in a general way the revetse of that of the English-
town, which is probably: due to the fact that while the latter is thicker 
in the northeast and therefore more productive, the former is thicker 
in the southwest and so.more productive there. 
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Marlton has over twenty-five wells· drawing water from this 
horizon, most of them being less than 125. feet deep. · Six wells for 
Woodstown obtained 60 gallons per minute per well at 140 feet from. 
this horizon~ Of fifty-one wells utilizing this horizon, in co,nnection 
with which the yield on pumping is reported, two gave 20 gallons or 
less, twenty-six gave from 20 to. 49 gallons, four gave from 50 to 99 
gallons, two gave from 100 to 199 gallons, and one yielded over 200 
gallons per minute. In general, the facts of record appear to indicate 
that.the Mount Laurel-Wenonah is a smaller yielder than the English-
. town. The quality of the water, particularly as to iron content, plays. 
its part in determining which horizon will be used where both can be 
penetrated. At some places, as for example at Brown's Mills, wells 
have struck more irony water in the Englishtown than in the Mount 

, Laurel-Wenonah, and have been finished off so as to utilize the higher 
horizon. · At other places, as for example at Camp Dix, the Mount 
Laurel-Wenonah has proven to be more irony than the Englishtown . 

. However there are more places where the Mount Laurel-Wenonah has 
been reported as the water of better quality than is the case with the 
Englishtown. . . . 

Tim VINC!tN:'tOWN W A'tltR HORIZON 
The Vincentown sand is the uppermost. of the cretaceous water 

horizons. It is of less importance than any of the other and needs 
have but brief treatment here. While the outcrop, as shown on our 
geologic map, extends in a more or less discontinuous zone from Long 
Branch to Reedy Island in the lower Delawar.e River, it has been over-
lapped and covered at many places by the Kirkwood and other later 
formations. . However, as the Kirkwood usually is a permeable sand 
bed, the. e:ffecti:ve catchment area of the Vfocentown water horizon 
inay be thought of as a continuous area averaging about two miles in 
width extending from Long Branch to Reedy Island. The wells 
utilizing the Vincentown are nearly all located within one to four 
miles to the southeast of the catchment area. Along its outcrop the 
Vincentown consists of alternating layers of a highly calcareous sand 
and a ma'rly sand. Because of its calcareous character, often: an 
indurated sand constituting an impure limestone, water from this 
formation is apt to pe hard. The character of the formation changes 
down the dip to a marly clay that is relatively impervious; for which 
reason it is not likely. to be a productive water horizon at a greater 
distance than five miles from the catchment area. 

The wells utilizing the horizon are distributed somewhat evenly 
along the line from Marlton · southwest to Quinton and are most 
abundant in the vicinity of Clementon,. Camden county. Only a few 
wells are rep.orted to draw on the · VincentQwn in the northeastern 
part of the Coastal Plain. i. . 

The wells drawing from the Vincentovyn rarely go to depths 
greater than 50 feet below sea level; but as th~ elevation of the surface 
varies considerably, the actual depth at placei;; is as much as 200 feet or 



Water Horizons in Southern New Jersey IAI 51 

more. The data regarding yield in conn~ction with this horizon is too 
meagre to justify any general conclusions. There are probably forty 
or fifty wells utilizing the Vincentown. Four of these reported yields 
on pumping of from 10 to 72 gallons per minute; while one reported a 
yield of 200, and another.one of 300 gallons per minute. At Clemen-
ton, in 1923, four wells were together obtaining as much as 300,000 
gallons per day, presumably from the. Vincentown, as a depth of from 
165 to 175 feet. The best of these wells, 8 inches in diameter, over-
flowed naturally about 40 gallons per minute and pumped 200 gallons 
per ,minute. 

THie K1RKwoon w AT~R HoR1zoN 
The Kirk~ood formation is one of the most important water~ 

bearing formations in the State, ranking along with the Magothy-
Raritan. It is preeminently the water horizon along the beaches 
from Point Pleasant to Cape May and is also important inland south 
of the Mullica River. The outcrop and consequently the catchment 
area of the formation is relatively wide, being, as will appear from our 
geologic map, from ten to fifteen miles wide in Monmouth county, 
narrowing southwestward to about three miles in. Gloucester county 
and widening again to ten miles along the Delaware River in Salem 
county. The effective catchment area is even wider than the outcrop 
owing to the fact that at many places the overlying beds, especially 
the Cohatisey, are sands that permit the water to pass at once into the 
Kirkwood. The average dip of the Kirkwood beds is about 20 feet 
per mile· in a southeast,, direction; though the deeper beds, because 
of a marked thickening of the formation down the dip, is better taken 
at 25 feet per mile. The thickness of the Kirkwood is 100 feet or 
more along the outcrop. Down the dip at Wildwood the portion of 
the section assigned to the Kirkwood is about 700 feet. 

As in the case of the Magothy-Raritan water horizon, the wells 
utilizing the Kirkwood draw from several water-bearing sands. Where 
these beds are thick and lie beneath thick clay beds they can be corre-
lated in wells a considerable distance apart; otherwise it is not always 
possible to correlate the water-bearing sands in even neighboring wells 
at the same locality. 

The principal water-bearing strata are one or more coarse beds of 
sand at or near the base of the formation. Near the outcrop the 
basal Kirkwood sands are usually thin; but down the dip toward the 
coast the basal sands are quite thick, sometimes as much as 80 feet in 
thickness. For this reason the beaches are in the strategic position· 
to utilize the Kirkwood where the thickness of the chief water-bearing 
strata is at a maximum and therefore most productive. This is 
probably the chief reason why we find the great majority of wells 
utilizing the Kirkwood located along the coast. The coarse sands at 
the base of the Kirkwood along the coast probably persist inland at 
least as far as Millville and Winslow. We cannot assert with posi-
tiveness that exactly the same basal beds persist to the outcrop; if not, 



52 !Al Appendix III 

their catchment area· must lie within the outcrop of the Cohansey 
formation and the water that flows along them must first have perco-
lated down through Cohansey sands. These coarse basal beds are 
propably water-bearing wherever they occur, so if all possible localities 
in the interior were prospected, the water obtained from the Kirk-
wood in the interior would no doubt exceed that obtainable along the 
coast. 

Of 128 wells utilizing the Kirkwood water horizon, fifty reported 
the yield on pumping, of which Seven gave less than 50 gallons per 
minute, eight gave from 50 to 99 gallons, sixteen gave from 100 to 199 
gallons, eight gave from 200 to 299, and eleven gave a yield of 300 or 
more. The eight largest yields were three of 400 gallons, two of 450 
gallons, one of 864 gallons, two of 1000 gallons and one of 1500 gallons. 
Mr. Thompson has given more definite quantitative data in regard 

, to the Atlantic City region. There the principal water horizon 
utilized is the thick coarse sand extending from about 7 50 to about 850 
feet and lying beneath thick clay beds that are also in the Kirkwood 
formation.· This great water-bearing .sand has a dip of about 23 feet 
per mile and probably comes up against the overlying Cohansey sands 
somewhere in the zone between Winslow and theoutcrop of the Kirk-
wood. 

Tm~ CoHANSEY WATER HORIZON 

The Cohansey sand overlies the Kirkwood and, except for patches 
or discontinuous areas of Quarternary deposits, constitutes the upper-
most formation in the stratigraphic series of the Coastal Plain. While 
it is of some importance as a water horizon in places, it is less so than 
the Kirkwood or most of the Cretaceous horizons already discussed. 
The Cohansey appears at or near the surface throughout the whole 
broad region lying to the southeast of the Kirkwood outcrop. ,Except 
at the relatively few localities where it is covered by Quarternary clays 
or where the outcropping Cohansey layers themselves may be clays, 
the whole broad region mapped as Cohansey acts as its catchment 
area. Like the Kirkwood, the Cohansey consists principally of sand, 
but lenticular masses of clay occur in it at a number of places, as for 
example near Toms River, Whitings and Woodmansie. The thickness 
of the Cohansey formation varies greatly with the topography, · 
probably ranging up to 100 feet or more in the western portion and 
thickening to nearly 300 feet along the southern part of the coast. 
The average dip of the Cohansey is about eight or nine feet per mile in 
a southeast or south-southeast direction. 

In the distribution of the wells utilizing the Cohansey water 
horizon a striking contrast to the Kirkwood is presented. The Kirk-
wood, as we have seen, is chiefly utilized alqng the beaches, whereas 
the Cohansey is chiefly utilized inland. This difference is due in part 
to the fact that the Cohansey has frequently !proven to yield brackish 
water along the beaches,. while even the sa:me water-bearing sands 
have given fresh water inland. · 
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. One area where experience has shown that the Cohansey is especi-
ally valuable as a water horizon is a belt lying along the mainland 
back of the salt marshes, from Island Heights to Somers Point, and 
including Barnegat and 4bsecon and Pleasantville. The important 
group of wells forming a part of the public supply for Atlantic City · 
is. at Absecon. This group (except from a deep test well recently 
drilled) draws from two different water-bearing sands in the Cohansey, 
one at a depth of 100 feet and the other at a depth of 200 feet. About 
1903 one 10-inch well to the upper horizon delivered 250 gallons per 
minute while one 8-inch ·and one 6-inch well to the deeper horizon 
together yielded about 480 gallons. In 1904 ten 10~inch wells and one 
4-inch well, nearly all of which utilized the upper horizon, together 
yielded 3,500,000 gallons per day. The yield from the fifteen wells 
(to both horizons) in use in 191Q, measured over a wier, was-4,000,000 
gallons daily. " · . 

These 100-foot and 200-foot sand§ at Absecon probably outcrop 
about twelve and twenty miles to the northwest respectively. As the 
clay beds above the upper horizon are not very thick, and being in the 
Quarternary are not likely to be very extensive, it is probable that 
much of the water in that horizon enters the Cohansey niuch nearer 
the well field than the twelve-mile distance based on the dip. On the 
other hand the 38-foot clay bed between the two horizons, revealed in 
the well ,sections, is more likely to persist up the dip approximately 
as far as the twenty-mile distance indicated above. Another area in 
which the Cohansey is of especial importance is a belt about fifteen 
miles wide running northeast and southwest from Bridgeton and 
Cedarville to Williamstown and Hammonton and taking in Millville 
and Vineland. Within this area the towns named obtain considerable 
water from this horizon. 

· Of 156 wells utilizing the Cohansey, the yield on pumping was 
reported in forty-six cases. Of these, seventeen reported a yield of less 
than 50 gallons per minute, four a yield of from 50 to 99 gallons, 
thirteen a yield of from 100 to 199 gallons, eight a yield of from 200 to 
299 gallons, and three a yield of 300 gallons or more per minute. The 
four largest yields were 250 (Absecon), 300 (Clayton), 350 (Anglesea), 
and 520 (Absecon). ' 



Table No. 1 
WATER SUPPLY SYSTEMS IN NEW JERSEY PRODUCING 500,000 GALLONS PER _DAY OR OVER 

(Systems purchasing water from other sources not included) 

Water Works -Ownership 
- ro -

Atlantic City Water _Works .................... ,Municipal 
, Atlantic County Water ~ompany ............... Private 
Asbury Park Water Works ................ :, .. :Municipal_ 
Boonton Water Works ...... ; ............. -.. :.. " 
Bordentown Water Works.. . . . . . . . . . . . . . . . . . . . . '' 
Bound Brook Water Company .............. ... Private 
Bridgeton Water Works ...... ' .................. Municipal 
Burlington Water Wo:rks. :. . . . . . . . . . . . . . . . . . . . . " 
Butler Water Company ........... _ ............. Private 
Camden Water Works ..................... :, .. Municipal 

-Cape May City Water Works-•.... :;_ ............ , " 
Commonwealth Water Company ................ •Private _ 
Dover Water Works ........................... Municipal 
East Orange Water Works .................... ;. _ " 
Elizapetht9w_n_ Water Company, Consolidated ..... Private 
Essex CountyTnstitutions-.--~: : ·: : .. : . -: . ;-. : . :- .".~. :-:-'Public -
Essex Fells Boio Water Works ...... ; ........... Municipal _ 
Garfield Water Works .............. .-. . . . . . . . . . . " 
GlouCest~r .Water Works. -~-- .. ,· ., .. __ :. ..... · .. _ .. ·. " 
Hackensack Water Company •.................. Private 
Jet§tY City Water Works ....................... Municipal 
Lakewood Water Company.: ................... Private -
Lopatcong Water Company..................... " -
Madison Water Works ............ ; .... ' ........ Municipal 
Merchantville Water Company ............ _ .... ':-. Private 
Middlesex'Water Company ........ _ .. ,·:......... ~• 
Millville.Water Company . ..... -.... : ......... : .. ·· " 
- _,.... ..... -- • -- .. "ll Ill" ·- _ 1 

Resident Populatioii 

Source of Supply 
(3) -

Served at Retail 
(Thousands) 

(4) 

Surface and ground ... 
" 

Ground ..... , .. : .. :~ 
Surface and ground ... 
Ground ........•. ::... 
Surface and ground .. . 
Surface ............ _. 

" 

50.0 
2.0 

-- 6.0 
5.4 
4.4 
7.0 

17.0 
10.0 

'' r . . . . . . . . . . . . . 5.4 
Ground ..... ~- . . . . . . . 108.0 

"· ' 2,9 -
,, ..... •·• ..... -. 69.5 

Surface and ground; .. 
Ground, ,-·. -· ...... , .. 

: Sw;fac~ ~ilg gr<>_und,_, .. 
Ground ............ . 

10.0 
_60:5 
13,5.6 

3.3 
,, . . . . . . . . .. . . . . 10.s· 
'' ........ •.•-· .. -. 23.3 
" 15.8 

Surface. . . . . . . . . . . . . . 335.0 
«- _ .... ········· '340.0 

Ground ... : ........ . 
_ Surface ........... _ .. . 

Ground .. ; ......... , 
" 

Surface and-ground ... 
" 

6.0-. 
2.0 

34.0 
27.3 
10.5 

A ,: 

- Output 1924 
(M.G.D.) 

(5) -

11.239 
0.517 
,1.-097 
-0.681 
0.570 
0.692 , 
2.549 
1.077 

. 0.869° 
16.139 
0.980 
3.923* 0 

0.647 
3.55'7 

ll.262": 0 

0.612* 
0.526 
0.932* 
1.864 

26.342° 
60.321 * 0 

0.689 
1.420 
0.512 
2 . .125 
6.092° 
1.887 
, '2o·n 



..... 

Morristown Water Works ...................... Municipal· 
Moorestown Township Water Works ............. Municipal 
Newark Water Works ....................... :.. " 
Newton Water Works ........... : ... -.......... . 
New Brunswick Water Works .................. . 
New Jersey State Hospital, Morris Plains ......... Public 
New Jersey Water Service Company ............. Private 
Ocean City Water Company ... :................ " 
Orange Water Works .................... ~- .... Municipal 
Passaic Consolidated Water Company ........... Private 

. Perth Amboy Water Works ..................... Municipi1J 
Peoples Water Company, . , ........•............ Private · 
Plainfield-Union Water Company ... : ........ _.... " 

-Princeton Water Company ................ : ... . 
Rahway Water Works ......................... Municipal · 
Red Bank Boro Water Works................... " 
Ridgewood Village Water Works ............... . 
Riverton and Palmyra Water Company .......... Private 
Salem City Water Works .............. 0 ••••••••• Municipal 
Short Hills Water Company ... : ........... : .... Private 
South Amboy Water Works ....... :-:~ .......... Municipal 
South Orange Water Works .......... ·........... " 

. Somerville Water Company ..................... Private . 
'Spring Lake Water Works .......... : ........... Municipal 
Stockton Water Company ...................... Private 
Tintern Manor Water Company................. " 
Trenton Water Works ......... · ................ Municipal 
Ventnor Water Works .............. _,._.......... " 
Vineland Bora Water Works.·: ............. - . . . . " 
Washington Water Company ...... , ............ Private 
Warren Manufacturing Company, Milford........ ·" 
Wildwood Water Works ........................ Municipal 
Woodbury Water Works. . . . . . . . . . . . . . . . . . . . . . . " 

,J 

0 Part of this amount delivered to other systems (see Table No. 11). 
*Additional water received from other systems (see Table No. 11) . 

Surface and ground .. . 
Ground ............ . 
Surface .. -. " ........ . 

" 
" 
" 

Surface and ground .. . 
Ground ............ . 
Surface ............ . 

Ground .. : ......... . 
Surface and ground. . . . · 
Ground ............. . 

" 
Surface ............ . 
Ground ............ . 

........... •_,• 

Surface and ground ... · 
Ground ........... ,· . · 

" 
Surface ....•.... · ... . 
Ground ............. . 

" 
Surface ............ . 

" 
Ground ............ . 

" 

17.5 
5.5 

446.0 
5.0 

44.8 
3.8 

20.7 
2.5 

33.0 
163.0 
45.0 
10.0 
77.8 

8.0 
12.0 
10.0 
12.0 · 

7.8 
7.0 
2.2 
8.0 
9.5 

11.3 
1.2 

22.5 
61.3 

135.0 
5.D 

10.0. 
Surface . ·. . . . . . . . . . . . "' 
Ground .............• 

3.3 
.25 

8.1 
7.0 

" 
" 

1.016 ' 
0.508 

50.241 * 0 

0.787 
· 6.362 
0.587 
0;877 . 
0.653 
2:265 

49.538* 0 

7.677* 
2.061 
7.162* 
0.758 
3;595 ° 
0.644 
0.$58 O 

0.674 
1.492 
1.088° 
1.001 
0.779 
f.831 
0.523 
2.151 
4.357 

16.449 
1.007 
1~046 
0.555 
0.590 
0.883° 
0.906° 



Table No. 2 
EXJSTING WATER SUPPLIES IN NEW JERSEY SUPPLYING 500,000 GALLONS OR OVER PER DAY 

Watershed 
(IJ 

· ( Classified by Sources) 

Company 
or Municipality 
. (2) 

'SURFACE WATER SOURCES 
Hackensack River . ..................... Hackensack Water Co .............. . 
Elizabeth River ..•................... *Elizabethtqwn Water Co., Cons ..... . 
Rahway River ...................... · . .• *Middlesex Water Co .............. . 

__ Orange ...... · .................... . 
Rahway ...... : ................ · .. . 

Total Output 
from Source 

in 1924 
(M.G.D.) 

. (3) 

26.342 
2.463 
3;995 
2.265 
3.995 

Passaic River: · 10-255 
Rockaway River .............. : .. *Boonton .......... : .. :~ . . . . . . . . . . . 0.569 

" · .. , ............... *Dover .................... , . . . . . . . . 0.111 
. . ............... : Jersey City. . . . . . . . . . . . . . . . . . . . . . . 60.321 

StoneHouseCreek-AsphawaBrook Butler Water Co .............. ·.:... 0.869 
Small tributaries ................. *Morristown .. '"................... 0.714 
Whippany River tributary: ........ N. J. State Hospital, Morris Plains .. : 0.587 
•Pequannock River ................ Newark ......................... ·. 50.241 
Mainccsti-ea-m-,-,-Little Falls,., •..... Passaic-Cons.cWater Co ...•... , , .i-c .• cc49.538 

Raritan River: , 
Middle Brook .................... *Bound Brook Water Co ............ . 
Lawrence Brook ............. : .... New Brunswick ................... . 
Main stream ........... : ......... SomerviUe Water Co .............. . 

Pohatcong River ...................... Washington Water Co ............. : 
Wallkill River . ............ , .......... Newton .......................... . 
Delaware River: 

~?h~I?,sey_ R. iver. . . . . . . . . . . . . . . . . . Bridgeton ........................ . 
- - +,- ir 0 -f1 °11 _ ,-,-.,.. L _ ,_ r", _ 

,' 162.950 

.666 
6:362 
1.831 
8.859 

.555 
.787 

2.549 
O".Hl 

Total 
Drainage Area 
Above Intake 

(Sq. Miles) 
(4) 

115 
18 
20 

5 
41 

1.7 
0.67 

121 
7 

64 
773 

17 
. 45 
473 

2.4 
3.5 

46 
'HO 

Safe Yield 
as Now 

Developed 
(M.G.D.) 

(5) 

40.0 
2.5 
3.0 
2.5 
4.0 
9.5 

0.8 
0.1 

60.0 
2.0 
0.7 
0.75 

57.0 
56.0 

177.35 
• J ' 1.0 
5.5 
3.0 
9.5 

0.5 
2.6 

3.0 
-:i. {\ 



Watershed or Municipality 
(l} (2) 

Delaware River ( Continuea): .· 
Cooper's Creek ................... *New Jersey Water Service Co ...... . 
Lopatcong Creek and Merrill Brook Lopatcong Water Co .............. . 
Alloway Creek and Deep Run Creek *Salem City ....... °' ............... . 
Main stream. . . . . . . . . . . . . . . . . . . . . Trenton .... , .... : ............... . 

· . . . . . . . . . . . . . . . . . . . . . Burlington ................... ·:. , .. 

Atlantic Coast Basin: 
Abs,econ Creek ............ , . : .... * Atlantic City ..................... . 
Patcong Creek ...... -· ......•..... *Atlantic County Water Cq., ........ . 
Jumping Brook .................. *Monmouth Comity Water Co ...... •. 
Swimming Brook,WhitePondCreek. Tintem Manor Water Co .......... . 

UNDERGROUND SOURCES, WELLS OR SPRINGS 
* Atlantic City· ............... : ..... . 
*Atlantic County Water Co ......... . 
Asbury Park ............. ,· ......... . 
Bordentown ......... · ....... · ...... . 

*Boonton ......................... . 
*Bound Bi:ook Water Co .......... , .. 
Camden ......................... . 
Cape May ................ · ....... . 
Commonwealth Water Co ......... . 

*Dover ... : ........................ . 
East Ornnge ... ' ......... , ......... . 

*Elizabethtown Water Co., Cons ..... . 
Essex County Institutions ... ~- ..... . 
Essex Fells Boro ............. · ..... ·. 
Garfield ............ , ............ . 

{lV.l,\.:.i.J.J.J 
. (3) 

.359 
1.420 

.910 
16.449 

1.077 
. 23.911 

6.474 
0.494 
0.767 
4.357 

12.092 

4.765 
0.023 
1.097 
0.570 
0.112 
0.026 

16.139 
0.980 
4.827 
0.536 
3.557 
8.799 
0.612 
0.526 
0.932 

Carry forward 43.501 
*Part of supply from surface and part from underground sources. 

3.2 
10 

6,916 
7,240. 

.J8.4 
19 
6.1 
4.8 

\..LV.l.•'-'•.&J'•J 
(5) 

0.4 
1.0 
2.0 

20.0 
7.35 

37.0 

6.5 
1.8 

LO 
15.0 
24.3 

11.5 
1.0 
4 .. 0 

.6 

.1 
1.5 

30.0 
2.0 
.7.5 
0.7 
7.0 
9.0 
0.6 
LO 
1.0 

77.5 



Watershed 
(1) 

Table 2-Continued 
(UNDeRGROUND SouRces, Wm:,1,s oR SPRINGS) 

Company · 
or Municipality 

(2) 

Brought forward 
Gloucester ...................... ·. -. 
Lakewood Water Co .............. . 
Madison ......................... . 
Merchantville Water Co ........... . 

*Millville Water Co ................ . 
Millville ......................... . 

*Monmouth County Water C_o ...... . 
*Morristown .............. -........ . 
*Morristown Townslup ..... -........ . 
*Middlesex W a ten Co .............. . 
*New Jersey Water Service Co ...... . 
Ocean City Water Co ......... , ... . 
Perth Amboy ..................... . 

*Peoples Water Co, ................ . 
Plainfield Union Water Co ......... . 
Princeton Water Co ............... . 
Red Bank Boro ................... . 
Ridgewood:: .................... ,. . 
Riverton and Palmyra Water Co ... . 

*Salem City ..................... .. 
Short Hills Water Co .............. . 
South Amboy .................... . 
South Orange .................... . 

- Spring Lake ...................... . 
Stockton Water Co ............. -.. . 
Ventnor ........... -.... , .......... . 
Vineland Boro .............. , ..... . 
Warren Manufacturing Co., Milford .. 
Wildwood ....................... . 
Woodburv ........ c •••••••••••••••• 

-
Total Output 
from Source 

in 1924 
(M.G.D.) 

(3) 

43.501 
1.864 
0.689 
0.512 
2.125 
1.048 
1.389 
0.602 
·0.302 
0.508 
2.097 _ 
0.518 
0.653 
7.677 
1.753 
7.162 
0.758 
0.644 
0.858 
0.674 
0.5.82 
1.088 
1.001 
0.779 
0.523 
2.151 
1.007 
1.046 
0.590 
0.883 -
0.906 

Total 
Drainage Area 
Above Intake 

. (Sq. Miles) 
(4) 

Safe Yield 
asNow 

Developed 
(M.G.D.) 

(5) 

77.5 
3.0 
2.0 

. 1.5 
2.5 
1.0 
1.5 
2.0 
0.5 
0.6 -
6.7 
0.6 
5.0 

14.0 
5.7 
7.0 
.8 

1.0 
1.5 
2.5 
1.'0 
2.0 

- 1.0 
1.7 

- LO 
4.0 
2.7 
1.2 
0.6 
2.5 
1.0 



( ' 

Table No. 3 1 
' 

,EFFECTIVE DRAINAGE AREAS OF WATERSHEDS WITHJN 
. . TE,:E isTATE OF NEW J~RSEY 

, "Watershed 
. 0) . \ . 

HACKEN,SA.CK .• •.· ·•.· .. ; .... · .•.. · .. ' ........ . 

' ·PASSAIC: 
Ramapo River.·.·; ... ; .. , ........... . 
Wanaque .... :' ... · ............... ::, .. · 
Pequannock ........................ . 
Rockaway ... · .. :.:, ....... > .... ' .... ·.• .. 
Upper Passaic (above Little Falls) .... . 

I •• (:c 

.. RARITAN: ;· 
Lower Raritan Branches ........ ; ..... . 
North Branch. /. : .... ' .......... , .... . 
South Branch ...................... . 
Millstone River .. ;. : .. .. : ....... , : ... . 
Lawrence Brook .. 1. ••.•••••••••••••••• 
S~uth River ..... , ................... . 

W Al,I,KII,I,:, 
·Pochuck ...... -•.. · .... · ......... : .... . 
Walllpll ......... i ... . ' .. : ........... . 

DEI,AWARE RIVER BASIN: , 
1. . . ' 

Flat Brook ..... :::;_ ............ , ..... , 
Paulins Kill. .... , ; ................. : 
Pequest River ... ; . , .....•.... , ..... . 
Pohatcong Creek.:.; ............ ' ..... .'. · 
Musconetcong River ...... ·: ......... . 
A,ssanpink Creek .. :.: .. : ...... , ....... . 
Crosswicks Creek\ . : .............. • ...•. 
Blacks Creek .....•.................... 
Assiscunk Creek .................... . 
Rancocas Creek .. · ............ ·;- ...... . 
Pensauken Creek i ........ : ......... . 
Coopers Creek .... ,.1 ........ : ....... ' .. . 
Big Timber C1:eek ................... . 
Mantua Cre~k ....... · ................ . 
Raccoon Creek ...•.... ........ : . . : . . . 
O,ldmans yreek.1_., ••••••••• • •••••••••••• 

Salem Creek ... ·\ ......... : .. i •....... 
Alloways Creek .. ,• .................. . 
Cohansey Creek. : .................. . 
Ma~ce River ... ' •....... ' ..... · ...... . 

: Carryforward 

Square Miles 
(2) 

147.0 
94.0 
64.0 

119.0 
349.0 

29.0 
191.6 I , 

276.5, 
285.7. 
45.0 
52.0 

101.0 
132.0 
-,-·-

62.8 
•125.0 
.147.1 

8.0 
122.5 

17;0 
139.2 
.22.0 
40:0. 

248.0 
24.0 
11.7 
23.0 
13.0 
0. 

10.0. 
22.6 
21.9 
45.8 

218.4 
-,--

Square Miles 
(3) 

115.0 

- 773.0 

I , 

879.8 

233.0 

1,322.0 

3,322.8 

Table No. 3 



. . . 
· Table No. 3-'-Continued 

EFFECTIVE DRAINAGE AREAS OF WATERSHEDS WITHIN 
THE STATE OF NEW JERSEY 

Watershed 
0) 

Square Miles Square Miles 
(2) (3) 

- · Broughtforward , 3,322.8. 
Nl'LAN'l'IC COAST BASIN: , 

Elizabeth River ... '. ................. . 
Rahway River ....................... . 

.· 0Navesirik ........................... · .. 
Manasquan .................. '. ... ; .. . 
Metedecohk ...................... , .. 
Toms River· ........................ . 
Cedar Creek ....................... : 
F?rked River ...•........ · ..... ' ...... . 
Mill Creek; ......................... . 
Westecunk Creek ................... . 
Tuckerton Creek ......•............... 

17.0 
41.0 
0. 

64.7. 
72,7 I 

. 163.8 
·55.8 

, 14.7 
i 19.7 
!',' 21.0 

11.9 
402.0 
215.8 

Mullica -River ....................... · , 
Great Egg Harbol' River .. • .... : .. · ... , (" . 
Absecon Creek. . . . . . . . . . . . . . . . . . . . . . · 
Patcong Creek ........................ . 
Tuckahoe River ........ .f. , ......... . 

Total. . . . . . J .: • • • • • • ,. • • • • • • • • • : •• 

'table No. 4 

12.0 
19.0 

, 60._2 1,191.3 
- 4,514.1 

AVAILABLE WATER RESOURCES FOR SOQTHERN METRO-
. POLITAN DISTRICT AND REST OF STATE .. -' · ·. i Ultimate Available CapaciW 

Watershed 1. (Million Gallons Daily) 
, . (0 . ' . i· (2) 

ATLANTIC COAST BASIN AVAILABLE FOR DISTRICT: 
Maurice, River .... · .. ; ......... _.:_ ...... 125 
Great Egg Harbor River .... , ..... ·....... 144 
Mullica River ........ , . . . . . . . . . . . . . . . . ' 147 

·. Wading River ................. : ...... : 119 - 535 
DELAWARE RIVER AND TRIBUTARIES 

(LOWER BASIN): 
Available by allotment Tri-State Compact . 
Deduct watersheds in Delaware River 

Basin included ' in developments for 
Northern Metropolitan District ....... . 

Ground water .... ; ................... . 
Total for Southern Metropolitan District 

AVAILABLE FOR REST OF STATE: 
Atlantic Coast Basin.- ............... _-_ . 
Delaware River Basin ...... : ...... .... · 
Ground water ....... , ....... • .......... . 

'Total for rest of St:ate ....... , ...... . 

Tables No. 3 and No. 4 

800 

400 
400 

60 460 
995 

340 
6() 
70 

470 



Table No. 5 

1924 WATER SUPPIN ST A l'ISTICS 

(Classified by Districts and Counties) 

Upland Net Assessed Population Nuniber of Population Per Cent. of Daily Per Cent. of 
Area Valuation Population Density Served Population Consumption Gallons Gallons per Services 

County (Sq. Miles) (Thousands) (Thousands) Per Sq. Mi. Services (Thousands) Served (M.G.D.) Per Capita Consumer Metered 
(I) . (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

NORTHERN METROPOLITAN DISTRICT 

Bergen ................. 224 $ 277,500 245.0 1,090 50jl68 242.0 · 98.8 12.128 49.5 50.2 91.0 
Essex ................... 120 1,035,200 714.0 5,950 106;r519 712.8 99.9 63.529 89.0 89.2 93.0 
Hudson ................. 25 973,900 667.0 27,100 76,606 656.8 98.5 98.528 147.5 150.0 70.0 
Middlesex ............... 299 151,800 185.0 620 25,237 154.7 83.7 20.491 110.7 132.5 81.0 
Passaic ........... ..... 196 339,200 283.0 1,440 37,996 186.3 65.8 27.795 98.3 149.0 93.0 
Union .................. 96 308,900 234.0 2,440 43,:;313 227.1 97.0 26.113 111.5 115.0 79.0 
Adjacent communities .... 30 26,400 31.5 1,050 4,288 21.0 66.7 2.859 91.0 136.0 27.7 

Total .............. 990 $3,112,900 2,359.5 2,382 344,232 2,200.7 93.3 251.443 106.3 114.1 84.2 

SOUTHERN METROPOLITAN DISTRICT 

Burlington .............. 800 $ 55,500 87.0 110 14,723 65.2 74.9 4.827 55.5 74.0 32.0 
Camden ................ 217 233,300 232.0 1,070 49,'011 224.4 96.8 24.461 105.4 109.0 31.0 
Gloucester .............. 313 50,600 52.0 170 8,381 31.0 59.6 2.192 42.2 70.5 64.0 
Mercer ................. 226 221,400 171.0 760 33,.438 151.2 88.5 18.112 105.8 119.6 31.0 

Total ............. 1,556 $ 560,800 542.0 348 105,:553 471.8 87.0 49.592 91.6 105.1 33.8 

REST OF STATE 

Atlantic ................ 480 $ 254,700 90.0 190 17,930 80.5 . 89.4 13.745 152.7 171.0 75.0 
Cape May .............. 173 59,700 20.0 120 11,602 16.9 84.7 3.109 155.4 183.5 71.0 
Cumberland ............. 418 46,200 62.0 150 10,269 43.8 70.7 7.218 116.3 164.7 20.0 
Hunterdon .............. 437 25,400 32.0 70 3,301 15.9 49.8 2.012 62.8 126.2 2.9 
Monmouth .............. 470 153,500 108.0 230 30,973 86.7 80.5 11.140 103.5 129.0 67.0 
Morris .................. 457 75,900 80.0 175 11,284 55.3 69.2 4.582 57.0 83.0 67.2 
Ocean .................. 563 30,600 23.0 40 5;917 16.9 73.5 1.970 85.7 116.5 29.0 
Salem .................. 294 33,000 40.0 130 3;:184 15.2 •. 38.0 2.781 69.5 183.0 30.0 
Somerset ................ 293 26,500 26.5 . 90 '963 6.6 24.9 0.379 14.0 58.0 71.0 
Sussex .................. 529 28,200 24.0 40 2,932 12.6 52.7 1.520 63.3 120.0 2.4 
Warren ................. 362 38,600 46.0 130 6,063 21.3 46.3 4.951 107.5 233.0 4.8 ---

Total ............. 4,476 $ 772,300 551.5 123 104,418 371.7 67.4 53.407 96.8 144.0 54.3 

Total for State ..... 7,022 $4,446,000 3,453.0 491 554,203 3,044.2 88.2 354.442 102.5 116.4 69.0 

Table No. 5 



Table No. 6 

DISTRIBUTION OF WATER. IN NEW JERSEY IN 1924 

Safe Total 1,ASSIPilll> AccoJmING T ASSIFJJID ACCORDING TO Sxza 01' PI.ANT Yield of Average Source of Supply 
Sources Daily Ownership 152 Plants 57 Plants 23 Plants 8Plants 4 Plants 
asNow Con-

Municipal. 
Ground Surface Oto 0.25 0.25 to 1 l to5 5 to 20 Over 

Developed sumption Private Water Water Million Million Million Million 20Millions 
County (M.G.D.) (M.G.D.J' (M.G.D.) (M.G.D.) (M.G.D.) (M.G.D.J Gals. Daily Gals. Daily Gals. Daily Gals. Daily Gals. Daily 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

N OR'tHERN MF;'l'ROPOI,l'tAN. DIS'tRIC'l' 
Bergen ................. 44.320 12.128 3.913 8.215 3.075 9.053 .587 2.488 9.053 
Essex .................... 20.845 63.529 56.736 6.793 9.493 54.036 .003 · 2.168 9.840 51.518 
Hudson ................. 60.230 98.528 59.619 38.909 .230 98.298 .230 98.298 
Middlesex ........... , .... 34.560 20.491 15.543 4.948 12.220 8.271 .358 .316 1.001 18.816 
Passaic ................. 115.615 . 27.795 .918 26.877 .672 27.123 ;357 .741 26.697 
Union .................. 21.100 26.\13 4.472 21.641 17.092 9.021 .017 5.493 19.727 .876 
Adjacent communities .... 6.100 2.859 2.859 .018 2.841 .005 1.012 1.830 .012 

Total. ............ 302.770 251.443 141.201 110.242 42.800 208.643 
"' 

1.557 6.725 18.164 38.555 186.442 

Sou'l'HERN MF:TROPOU'l'AN D1s'l'RIC'l' 
Burlington ..... , ........ 15.010 4.827 2.493 2.334 2.452 2.375 1.164 2.586 1.077 
Camden ................ 43.250 24.461 18.759 5.702 24.102 .359 .609 1.573 6.140 16.139 
Gloucester .............. 3.360 2.192 1.625 .567 2.192 .997 1.195 
Mercer ..... " ........... 22.165 18.112 17.297 .815 1.663 16.449 · .156 1.507 16.449 

Total .............. 83.785 49.592 40.174 9.418 30.409 19.183 2.926 6;861 7.217 32.588 

REST OF S'l'A'l'E . 
Atlantic ................ 28.300 13.745 13.228 .517 6.777 6.968 .292' 1.207 1.007 11.239 
Cape May .............. 14.200 3.109 2.276 .833 3.109 .593 2.516 
Cumberland ............. 10.200 7.218 5.331 1.887 3.830 3.388 .347 6.871 
Hunterdon .............. 2.970 2.012, .424 1.588 .821 1.191 .. 495 1.517 
Monmouth .............. 33.850 11.140 4.706 6.434 5.988 5.152 1.242 3.075 6.823 
Morris .................. 7.884 4.582 4.090 .492 2.498 2.084 .747 2.819 1.016 
Ocean ................... 6.650 . 1.970 .785 1.185 1.852 .118 .936 1.034 
Salem ....... : .......... 5.850 2.781 1.857 .924 1.395 · 1.386 .136 1.153 1.492 
Somerset .. : ....... , ..... .315 .379 .214 .265 .010 .369 .379 
Sussex ................... 6.360 1.520 1.332 .188 .038 1.482 .357 1.163 
Warren ................. 8.502 4.951 .377 ·4.574 1.902 3.049 .247 1.223 3.481 

Total ............. 125.08\ 53.407 34.620 18.787 28.220 25.187 5.771 15.707 20.690 11.239 
Total for State .... 511.636 354.442 215.995 138.447 101.429 253.013 10.254 29.293 46.071 82.382 · 186.442 

Table No..-6 



r~A~A.L'j.J. \.l:t.i:'tJ .fl.l'HJ .t!;;:;TllV.rn .. T..l:!;lJ l<"UTURE .PU.PU.l,ATION SERVED 
(Classified by 'Districts and Counties) Per Cent of 

2stimated 'total 'total Popula-
~ted Population Served (In 'thousands Population tion Served 

County 1924 1930 1940 1950 1960 1970 · 1980 1924" 1980 1924 1980 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

NORTHERN MS'l'ROPOI,I'tAN DIS'tRIC'r 
Bergen ... _ .............. 242.0 292 392 502 625 747 881 245.0 892 98.8 98.8 
Essex .................. 712.8 806 992 1184 1395 1599 1820 714.0 1824 99.8 99.8 
Hudson ..... : .......... 656.8 713 . 820 924 1033 1127 1229 667.0 1248 98.5 98.5 
Middlesex .............. 154.7 185 243 306 378 450 531 185.0 . 590 83.6 90.0 
Passaic ...... : .......... 186.3 218 275 339 414 . 492 582 283.0 746 65.8 78.0 
Union .................. 227.1 276 388 529 710 916 1165 234,0 1200 97.1 · 97.1 
Adji:1.centfommunities. .... 21.0 .. . 25 . 32 . ,·.· 39. ·._46, 53 . 60 31.5 .. 87 66.7 65).0 

: - ... -.- - -. ".:· ... ·· .. _ .. _._ .. _·---. -- -·- --· --
Total. ............ 2200.7 2515 3142 3823 4601 5384 6268 2359.5 6587 93.3 95.2 

Sou'tHERN ME'tR0Po1,1'tAN . D1s-rrucT 
Burlington ............. 65.2 71 83 98 108 122 134 87.0 166 75.0 · 81.0 
Camden ................ 224.4 284 327 382 422 472 . 510 232.0 528 96.7 96.7 
Gloucester .............. 31.0 35 42 49 57 66 77 52.0 107 59.7 72.0 
Mercer ................. 151.2 168 196 235 262 298 326 171.0 347 88.4 94.0 -- --·-- -- --

.Total ............ 471.8 558 648. 764 849 958 1047 542.0 ··1148 86.9 91.0 

Atlantic ................ 80.5 87 102 
lh~sT OF STA'tE 

118 135 153 . 172 90.0 181 89.4 95.0 
Cape·May .............. 16.9- 18 21 24 27 30 33 20.0 37 84.6 90.0 
Cumberland ....... ; ..... 43.8 45 48. · 50 52 54 57 62.0 75 70.6 76.0 
Hunterdon ............. 15.9 16 17 17 17 18 18 32.0 32 49.8 56.0 
Monmouth .............. 86.7 89 93 99 105 112 120 108.0 140 80.2 86.0 
Morris ........... · ...... 55.3 59 63 · 77 81 94· 105 80.0 127 69.2 82.7 
Ocean .................. 16.9 17 17 . 18 19 20 20 23.0 26 73.4 79.0 
Salem ......... · ......... 15.2 17 21 25 30 35 41 40.0 94 38.0 44.0 
Somerset ............... 6.6 7 10 13 16 19 21 26.5 51 24.9 41.2 
Sussex ................. 12;6 13 13 13 14 14 14 24.0 24 52.7 59.0 

<::,o 
Warren ................ 21.3 22 24 25 27 29 .. 30 46.0 58 46.2 52.0 

-~ 
--- -- -·-· -- --

Total ....... .' .... 371.7 390 429 479 523 578 631 551.5 845 67.3 74.7 
-..:r. Total for State .... 3044.2 3463 4219 5066 5973 6920 , 7946 3453.0 8580 88.2 92.6 



Table No. 8 - PRESENT (1924) AND ESTIMATED FUTURE WATER CONSUMPTION 
. (Classified by Districts and ~ounties) Consumption 

Gallons Daily 
Cq 1924 1930 1940 1950 1960 1970 1980 · Per.Consumer 

County M.G.D. M.G.D. M.G.D. M.G.D. M.G.D. M.G.D. M.G.D. 1924 1980 
(l) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

. N 0RTHSRN MSTROPOI,ITAN DISTRICT 
Bergen .......... · .... 12.128 16.352 25.872 . 38.152 53.750 71.712 93.386 50.0 106.0 
Essex ..... ; ......... 63.529 76.570 104.160 136.160 174.375 215.865 263.900 89.2 145.0 
Hudson ............. 98.528 111.228 136.120 162.624 192.138 220.892 253.174 150.0 206.0 
Middlesex ........... 20.491 25.530 35.964 48.348 63.304 80;100 99.828 132.5 188.0 
Passaic ...... .......• 27.795 33.790 45.375 59.325 76.590 95.940 119.310 ·. 149.0 205.0 
Union ................ 26.113 33.396 50.828 . 74.589 107.210 147.476 199.215 115.0 171.0 
Adjacent communities; 2.859 3.500 -4,700 6.000 7.400 8.900 10.500 136.0 175.0 

Total: ....•... 251.443 300.366 403.019 525.198 674.767 .840.885. 1039.313 114.1 165,8 
Sou-THSRN MSTROPOLITA~ DISTRICT 

Burlington ...... : .... 4.827 5.680 7.470 9.800 11.880 14.640 17.420 74.0 130.0 
Camden ............. 24.461 ·32.660 40,875 5i.570 61.190 73.160 84.150 109.0 165.0 
Gloucester ........... 2.192 2.660 3.612 4.704 6.042 7.656 9.702 70.5 -126.0. 
Mercer .............. 18.112 · 21.168 26.656 34.310 40.872 49.468 57.376 119.6 · 176.0 --

Total. ........ 49.592 62.168 78.613 100;384 119.984 144.924 168.648 105.1 161.1 
--- ----- ------- -- R~sT-oF STATS ----------------

Atlantic ........ / ..... 13.745 15.399 19.074 23.246 27.945 33.201 39.044 171.0 227.0 
Cape May ........... 3.109 3.420 4.200 · 5.040 5.940 . 6.900 7.920 183.5 240.0. 
Cumberland ......... 7.218 7.695 8.688 9.550 10.452 11:394 12.597 164.7 221.0 
Hunterdon .......... 2.012 2.112 2.414 2.584. 2.754 · 3.096 3.276 126.2 182.0 
Monmouth .......... 11.140 12-.015 13.485 15.345 17.325 19.600 22.200 129.0 · . 185.0 \ 

Morris .............. 4.582 5.3'00 6.300 8.500 . 9.700 12.200 14.700 - 83.0 140.0 
Ocean ............... 1.970 2.091 2.261 2.574 2.907 3.260. 3.460 116.5 173.0. 
Salem ............... 2.781 3.213 4.179 5.225 6.570 8.015 -9.799 183.0 239.0 
Somerset ............ 0,379 0.420 0.750 1.070 2.000 2.760 3.360 58.0 160.0 
Sussex .............. 1.520 1.638 1.768 - 1.898 2.184 2.324 2.464 120.0 176.0 
Warren ....•........ 4.951 5.258 5.976 6.475 7.263. 8.091 8.670 233.0 289.0 

Total ......... .'i3.407 .'i8 . .'i61 69.09.'i s1.:rn1 95.040 110.841 127.490 144.0 202.0 



Table No. 9 

DISTRIBUT_ION OF CONSUMPTION OF WATER 

(By Sections of the _Northern Metropolitan District) 

Purveyor 
(1) 

NORTHERN SECTION 
Garneld, City ..•......................... 
Hackensack Water Co ................... . 

Bogota Water Co ................... . 

Bogota Water Co ........ -- ............... . 
Hawthorne Boro ........................ . 
Lodi, Boro ..............• , ............. . 
Park Ridge, Boro ....................... . 
Ramsey, Boro .... : ..................... . 
Ridgewood, Village ....... , .............. . 

Hohokus, Boro ..... ·• ...... '. ........ . 

Wallington, Boro ....................... . 
Miscellaneous small supplies ....... ; ...... . 

Total for Northern Section ......... . 

CENTRAi, SECTION 

Butler Water Co ........................ . 
Pompton Lakes, Boro ............... . 
Glen Ridge, Boro ................... . 

) 

Commonwealth Water Co ................ . 
East Orange, City .. : .. •· ............... . 
Essex Fells, Boro ....................... . 

Caldwell, Boro ..................... . 
North Caldwell, Boro ............... . 
Roseland, Boro ..................... . 
Verona, Boro ...................... . 
West Caldwell, Boro ................ . 

Haledon, Boro ......... : ............... . 
HackensackWater Co.: 

Hoboken, City ............... ,. ..... . 
Jersey City.· .......... , ...... , . · ........ . 

Hoboken, City ..................... . 
Clifton, City (Allwood Section) ....... . 
Lyndhurst, Township ............... . 
North Arlington, Boro .......... : ... . 

Carry forward 

Consumption 
(M.G.D.) 

(2) 

25.900 
.050 

.818 

.040 

.508 

.110 

.251 

.074 

.267 

.017 

.016 

.134 

.018 

52.266 
7.300 

.004 

.825 

.192 

Total 
Consumption 

(M.G.D.) 
(3) 

1.018 

25.950 

.100 

.468 · 

.444 

.160 

.148 

.858 

.254 

.179 

29.579 

.869 

4.731 
3.557 

.526 

.153 

.392 

60.587 

70.815 
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Table No.· 9-Continued 

DISTRIBUTION OF CONSUMPTION OF WATER 

(By Sections of the Northern Metropolitan District) 

Purveyor 
(I) i 

Brought forward 
( 

CENTRAI, SEC'ttoN-(Continued) 

Consumption 
(M.G.D.) 

(2) 

Newark, City.. . . . . . . . . . . . . . . . . . . . . . . . . .• . 44.730 
Belleville, Town. . . . . . . . . . . . . . . . . . . . . . 1.420 
Bloomfield (through Passaic Consoli-

dated Water Co.) .................. :. .796 
Glen Ridge, Boro .................... :. .119 
Kearny, Town.. . . . . . . . . . . . . . . . . . . . . . . .089 
Montclair, Town, et al. . . . . . . . . . . . . . . . 1.945 

Orange, City ........ · ................ · ... :· 

Passaic Consolidated Water Co.: 
Retail-Paterson, Passaic, Clifton· and 

Prospect Park .................... '. 
Bayonne, City ...................... j 
Bloomfield; Town .................... : 
Clifton, City (municipal system) ....... : 
New Jersey $uburban Water Co. .393 
East Newark, Boro ........... • .388 
Harrison, Town............... 1.931 
Kearny, Town................. 3.097 

LittleFallsWaterCo ....... :. 
Montclair, Town, et al. ....... . 
Nutley, Town ........... ; ... . 
Totowa, Born ............... . 

Short Hills Water Co .............. . 
South Orange, City .............. . 
Miscellaneous supplies ........... . 

Total for Central Section ........ · 

Ta,'ftkNe. 9 

25.923 
14.834 . 

1.562 
.095 

5.809 

.187 

.356 

.602 
.. 083 

Total 
Consumption, 

(M.G.D.) 
. (3) 

70.815 

49.099 

2.265 

49.451 

.168 

.179 
1.190 

173.767 



Table No. 9-Continued 

DISTRIBUTION OF CONSUMPTION OF WATER 

(By Sections of the Northern Metropolitan District) 

Purveyor 
(1) 

' SOUTHERN SECTION 
Bound Brook Water Co ................... . 
Elizabethtown Water Co .. Consolidated ..... . 
Middlesex Water Co ..................... . 
Middletown, Boro ...................... . 
New Brunswick, City .. •· ................ . 
Perth Amboy, City ...................... . 
Plainfield-Union Water Co ................ . 
Rahway, City .......................... . 
Somerville Water Co .... , ................ . 
South Amboy, City ...................... . 
South River, Boro ...... • ................. . 
Miscellaneous small supplies .............. . 

' Total for Southern l:lection ....... , .... . 

SUMMARY 

Consumption 
(M.G.D.) 

(2) 

Total in Northern Section. . . . . . . . . . . . . . . . . 29 .5 79 
Total in Central Section .................... 173.767 
Total in Southern Section .. , ...... , . . . . . . . 48.097 

Total in District.(1924) ................. 251.443 

ESTIMATES FOR 1980 
Totalin Northern Section. . . . . . . . . . . . . . . . . 180. 
Total in Central Section. . . . . . . . . . . . . . . . . . . 550; 
TotalinSouthernSection .......... , ....... 300. 

Total in District (1980) ........ , ...... 1030. 

Total 
Consumption 

(M.G.D.) 
. (3) 

.692 
15.691 
3.804 

.113 
6.362 
7.662 
7.452 
3.072 
1.831 
1.001 
.291 
.126 

48.097 

11.8% 
69.1% 
19.1% 

100.0% 

17.5% 
53.5% 
29.0% 

100.0% 
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Table No. 10 

YIELD OF PRINCIPAL WATER SOURCES IN NORTHERN 
METROPOLITAN DISTRICT AS NOW DEVELOPED 

Watershed 
(1) 

Capacity Million Gallons 
Daily 

HACKENSACK .... · ........•................. ' 

PASSAIC: 

Little Falls ......................... . 
Below Little Falls ................... . 

50.5 
5.5-

Minor branches. . . . . . . . . . . . . . . . . . . . . . 1. 9 
Pequannock... . . . . . . . . . . . . . . . . . . . . . . 57.0 

(2) 

40.0 

Rockaway.......................... 60.0 174.9 

ELIZABETH ................ • .............. ' 

RAHWAY ........... ; ................... . 

RARITAN: 

Lawrence Brook ............... ; ..... ' 
Main stream. . . . . . . . . . . . . . . . . . . . . . . . . , 
Middle Brook ........................ : 

GROUND WATER: 

5.5 
3.0 
1.0 

Bergen County ...................... · 5.8 
Essex County.. . . . . . . . . . . . . . . . . . . . . . . 18.3 
Hudson County. . . . . . . . . . . . . . . . . . . . . . . 0.2 
Middlesex County .................... ' 26.1 
Passaic County...................... 0.7 

2.5 

9.5 

9.5 

Union County .................... , . . . 14.6 65. 7 

Total for District .•.............. 302.1 
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Table No. 11-Continued 
INTERCHANGE OF WATER BY PURVEY.ORS IN NORTHERN METROPOLITAN DISTRICT 

ToTA:r., YitARI.Y INTERCHANG:it (1924) EXPRESSED ON AVERAGlt DAII,Y BASIS 
Total Rl!Ceived Delivered 

Average from Other to Other Water Systems from Which Systems to Which 
Output Systems Systems Consumed Water is Received Water is Delivered 

Purveyor Source of Supply (M.G.D.) (M.G.D.) (M.G.D.) (M.G.D.) See Col. (4) See Col. (5) 
(1) (2) (3) (4) (5) (6) (7) (8) 

Montclair, Town Passaic River . 349 .037 Passaic Cons. Water Co . Essex County Institutions 
Pequannock River 1.945 .012 City of Newark Little Falls Water Co. 

. 031 • • • • • • o o ••I• 0 • • 0 o o O • • o • Passaic Cons. Water Co . 
2.294 .080 acct. Bloomfield 

Middlesex Water Co. Rahway River 3.995 2.086 . ...................... Elizabethtown Water Co. Cons· 
Wells 2.097 .217 ....................... Plainfield-Union Water Co. 

6.092 .015 • • • • ••• • • • • • • • • • • ••• Perth Amboy, City 
2.303 3.804 

Newark City Pequannock River 50.241 .015 1.420 Passaic Cons. Water Co. Belleville, Town 
.796 ....................... Bloomfield, Town 
. 876 . . . . . . . . . . . . . . . . . . . . . . . Elizabethtown Water Co., Cons . 
. 119 ....................... Glen Ridge, Boro 
. 001 ....................... Irvington, Town 
. 089 ....................... Kearny, Town 

1.945 ....................... Montclair, Town 
. 280 ........................ Passaic Cons. Water Co . 

5.526 44;730 
N. J. Suburban Water Co. Passaic River 5.809 .388 Passaic Cons. Water Co. East Newark, Boro 

1.931 ........................ Harrison, Town 
3.097 . . . . . . . . . . .......... .. Kearny, Town 
5.416 .393 

Passaic Cons. Water Co. Passaic River 49.538 .031 .349 Montclair for Bloomfield Montclair, Town 
.796 .015 Newark for Bloomfield Newark for Montclair 
.280 .007 Newark for general use Essex County Institutions 

1.107 15.100 ....................... Bayonne, City 
.095 ....................... Clifton, City 

5.809 . . . . . . . . . . . . . . . . . . . . . . . N. J. Suburban Water Co . 
2.389 ....................... Bloomfield, Town 

.086 ....................... Garfield, City 

.602 ••••••••••••••••• 0 ••••• Nutley, Town 

. 187 ....................... Little Falls Water Co . 

.083 ....................... Totowa, Boro 
24.329 25.923 

Perth Amboy, City Wells 7.677 .015 7.662 Middlesex Water Co. 
Plainfield-Union Water Co. Wells 7.162 .073 Elizabethtown W.Co.Cons. 

. 217 Middlesex Water Co . 

.290 7.452 
Pompton Lakes, Boro Passaic River .110 .008 Butler Water Co. Riverdale, Boro 

Tributaries .012 ....................... Wanaque, Boro 
.020 . 090 

Rahway, City Rahway River 3.595 .523 3.072 Elizabethtown Water Co. Cons. 
Ridgewood, Village Wells .858 .040 .818 Hohokus, Boro 
Short Hills Water Co. Wells 1.088 .918 ........................ Elizabethtown Water Co. Cons. 

. 002 ....................... Commonwealth Water Co . 

.920 . 168 
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Table No. ·11 
INTERCHANGE OF WATER BY PURVEYORS IN NORTHERN METROPOLITAN DISTRICT 

To'tAI, YSARI.Y IN'tERCHANGE (1924) EXPRESSED ON AVERAGE DAII,Y ,BASIS 
Total Received Delivered 

Systems to Which Average from Other to Other Water Systems from Which 
Output Systems Systems Consumed Water is Received Water is Delivered Purveyor Source of Supply (M.G.D.) (M.G.D.) (M.G.D.) (M.G.D.) See Col. (4) See Col. (5) 

(1) (2) (3) . (4) (SJ (6) (7) (8) 

Bayonne, City Passaic River 15.100 .266 14.834 Passaic Cons. Water Co. City of Jersey City 
Bloomfield, Town Passaic River 1.562 Passaic Cons. Water Co. 

" .031 Montclair, Town 
Pequannock River .796 City of Newark -2.389 2.389 

Butler Water Co. Passaic .869 .251 .......... . . . . . . . . . . . Glen Ridge, Boro 
Tributaries .110 ....................... Pompton Lakes, Boro 

.361 . 508 
Commonwealth Water Cci. Wells -4.827 .099 ................... ;. ... Elizabethtown Water Co. Cons. 

.001 City of Newark 

. 002 Short Hills Water Co . 

.003 4.731 
Elizabethtown Water Co., Cons. Elizabeth River 11.262 .073 • ......................... Plainfield-Union Water Co. 

Wells .876 City of Newark 
.099 Commonwealth Water Co. 
.523 City of Rahway 
. 918 Short Hills Water Co . 

~.086 Middlesex Water Co'. 
4.502 15.691 

Essex Fells, Boro Wells .526 
.~67 ...................... •. Caldwell, Boro 
.017 ........................ North Caldwell, Boro 
.016 ....................... Roseland, Boro 
.134 ....................... Verona, Boro 

.. 018 ....................... West Caldwell, Boro 
.452 . 074 

Glen Ridge, Boro Passaic River ' . 251 .... Butler Water Co . 
Pequannock River .119 City of Newark 

.370 
Hackensack Water Co. Hackensack River 26.342 .050 ................... •.• ... Bogota Water Co. 

.392 ....................... City of Hoboken 

.442 25.900 
Hoboken, City Hackensack River .392 ........................ Hackensack Water Co. 

Rockaway River 7.300 ....................... · · City of Jersey City 
7.692 7.692 

Jersey City Rockaway .River 60.321 .266 Bayonne, City 
.004 ........... ' ........... Clifton, City 

7.300 ....................... Hoboken, City 
.825 ....................... Lyndhurst, Township 
.192 .......................... North Arlington, Boro ----8.321 52.266. 

Kearny, Town Passaic River 3.097 _Passaic Cons. Water Co. 
Pequannock River .089 City of Newark 

3.186 3.186 
Little Falls Water Co. Passaic River .187 Passaic Cons. Water Co. 

.012 Town of Montclair 

.199 .199 Table No.11 



Table No. 12 

ESTIMATED ULTIMATE DEVELOPMENT OF SOURCES OF 
SUPPLY FOR THE 

NORTHERN METROPOLITAN I DISTRICT 
Watershed 

(1) 

HACKENSACK RIVER .......... ' ......... . 

PASSAIC RIVER: 
Rockaway River .................. . 
Pequannock River ................ . 
Wanaque River ................... . 
Ramapo River .................... . 
Remainder of watershed ............ . 

ELIZABETH RIVER ..................... . 
RAHWAY RIVER ....................... . 
RARITAN RIVER: 

North and South Branches .......... . 
Millstone ........................ . 
Lawrence and South Brook ......... . 
Green Brook ...................... . 
Stony Brook ...................... . 
Middle Brook ..................... . 

WALLKILL RIVER ..................... . 

GROUND WATER ...................... . 

DELAWARE RIVER TRIBUTARIES: 
Musconetcong River ............... . 
Pohatcong Creek .................. . 
Pequest Creek ........ , ........... . 
Beaver Brook ..................... . 
Paulins Kill ...................... . 
Flat Brook ........................ . 

DELAWARE RIVER: 
Depending upon ultimate settlement 

of Tri-State Compact ............ . 

Total ................ : ....... . 

Table No. 12 

Available Capacity 
Million Gallons Daily 

(2) 

100 
57 

100 
116 
260 -

414 
150 
· 35 

7 
5 

17 

110 
7 

104 
29 

112 
57 

84.0 

633.0 

2.5 
9.5 

628.0 

230.0 

60.0 

1,647.0 

419.0 

425 to 700.0 

2,491 to 2,766.0 



Table N~. 13 

ESTIMATED COST OF PIECEMEAL DEVELOP:MENT OF 160 M.G.D. ADDITIONAL SUPPLY 
IN CONJUNCTION WITH PO~LED PRESENT SOURCES 

Estimated 
Construction 
Cost includ-

Annual Cos ing25% Year Million Gallons Total Present Worth 
Miscellaneous of Per Year Interest Cost of Cost of Cost of 

Year of Construction Present Worth Oper-, ~-from New Sources------- and Sinking Pumping Filtration per Annual Costs 
Elements of First Cost Completion Expenditures at5% ation, Total Pumped Filtered Fund at 5 % at$8.25 at$6.75 Total M.G. at5% 

(l) (2) (3) (4) (5) : (6) (7) (8) (9) (10) (11) (12) (13) (14) 

60" transmission mains to facilitate pooling of water, 1927 $ 2,300,000 $ 2,300,000 19281 $ .... $ •..• $ .... $115,000 · t, . ... 1, .... $115,000 $ .. .. $115,000 

48" transmission mains to facilitate pooling of water. 1930 4,145,000 3,580,617 
1929, 115,000 115,000 .. .-. 109,524 
1930; 

I 
115,000 115,000 104,308 

20 M.G.D. diversion from Ramapo to Woodcliffe 1931 322,250 322,250 278,372 
reservoir, including additional pumping station 1932 322,250 3:22,250 265,115 
and filtration plant capacity at New Milford .. 1940 5,129,000 2,720,011 1933 322,250 322,250 252,493 

1934: 322,250 322,250 240,469 
40 M.G.D. development on Raritan (pumped and 

1935: 322,250 322,250 229,017 
filtered). Delivery to Elizabeth ....••...•... 1940 9,359,000 4,963,265 

1936, 322,250 322,250 218,112 
60M.G.D. additional development on Raritan 1937- 322,250 322,250 207,726 

(pumped and filtered). Delivery to Elizabeth .. 1945 11,715,000 4,867,817 1938· 322,250 322,250 197,832 

40M.G.D. additional development on Rockaway 
1939, .... 322,250 322,250 188,413 
1940: 322,250 322,250 179,442 

River watershed of Jersey City ........•...•. 1950 4,068,000 1,324,430 
1941 4,635 4,635 4,635 1,046,650 38,239 31,286 1,116,175 241 591,930 

Reinforcement of Jersey City aqueduct ...••.. 1950 1,650,000 537,'194 1942 9,270 9,270 9,270 1,046,650 76,478 62,572 1,185,700 128 598,861 
1943 13,905 13,905 13,905 1,046,650 114,716 93,859 1,255,225 90 603,788 

Total additional 160 M.G.D. good through 1953 . .... $38,366,000 $20,293,334 1944 18,540 18,540 18,540 1,046,650 152,955 125,14'5 1,324,750 71 606,881 
1945 23,175 23,175 23,175 1,046,650 191,194 156,431 1,394,275 60 608,322 
1946 1 27,810 27,810 27,810 1,632,400 229,432 187,718 2,049,550 74 851,629 
1947 32,450 32,450 32,450 1,632,400 267,712 219,038 2,119,150 65 838,611 
1948 37,085 37,085 37,085 1,632,400 305,951 250,324 2,188,675 59 824,890 
1949 41,720 41,720 41,720 1,632,400 · 344,190 281,610 2,258,200 54 810,558 
1950 46,355 46,355 46,355 1,632,400 382,429 312,896 2,327,725 50 795,733 
1951 50,990 46,355 46,355 1,918,300 382,429 312,896 2,613,625 51 850,918 
1952 55,625 46,355 46,355 1,918,300 382,429 3i2,896 2,613,625 47 810,407 
1953 60,260 46,355 46,355 1,918,300 382,429 312,896 2,613,625 43 771,803 

Sum of annual costs, 1928-1953 .•.•.....•••.... _ .•....•...•........ $28,627,800 

Present worth of annual costs ••..••••.•.•..•....•...•....•••••••. $12,150,154 

Average annual cost, 1941-1953 ....•..••........•....•..•..•.•.•.• $ 1,927,646_ 

Average cost per million gallons, 1941-1953 .................... · ••••• $59 
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Table No. 14 

ESTIMATED COST OF LONG HILL DEVELOPMENT TO YIELD 168 M.G.D. ADDITIONAL SUPPLY 
IN CONJUNCTION WITH POOLED PRESENT RESOURCES 

Estimated 
Construction 
Cost includ-

ing25% Vear Million Gallons Annual Cost Total Present 
Vear of Miscellaneous Present of Per Vear Interest Cost of Cost of Cost Worth of 
Com- Construction Worth Oper- ---from New Sources~ ·and Sinking Pumping Filtration per Annual Costs 

Elements of First Cost pletion Expenditures 5% ation Total Pumped Filtered Fund at 5 % at $8.25 at $6.75 Total M.G. at5% 
(!) (2) (3) (4) (5) (6) (7) (8) (9) (10) Cl I) (12) (13) (14) 

60" transmission mains to facilitate pooling of water 1927 $ 2,300,000 $ 2,300,000 1928 $ . ... $ .. .. $ 115,000 $ ...• $ 115,000 $ .... $ 115,000 

48" transmission mains to facilitate pooling of water 1930 4,145,000 3,580,617 1929 115,000 115,000 109,524 
1930 115,000 115,000 104,308 

42" M.G.D. development at Long Hill as estimated 1931 322,250 .. ,.. ... 322,250 278,372 
by Mr. Sherrerd ........................... 1940 16,000,000 8,485,120 1932 322,250 322,250 265,115 

168 M.G.D. transmission conduits of same size, 1933 322,250 322,250 252,493 

location and cost as estimated by Mr. Sherrerd 1934 322,250 322,250 240,469 

for his first Chimney Rock development .•.... 1940 14,085,000 7,469,557 1935 322,250 322,250 229,017 
1936 322,250 322,250 218,112 

42 M.G.D. filtration plant as per Mr. Sherrerd's 1937 322,250 322,250 207,726 
revision of Hazen's estimated cost •...•........ 1940 1,260,000 668,203 1938 322,250 322,250 197,832 

67M.G.D. additional development at Long Hill 1939 322,250 322,250 188,413 

as estimated by Mr. Sherrerd ............... 1943 15,660,000 7,174,003 1940 322,250 322,250 179,442 
1941 4,635 4,635 1,889,500 31,286 1,920,786 414 1,018,631 

67 M.G.D. additional filter plant capacity as per Mr. 1942 9,270 9,270 1,889,500 62,572 1,952,072 211 985,933 
Sherrerd's revision of Hazen's estimated cost .. 1943 2,010,000 920,801 1943 13,905 13,905 1,889,500 93,859 1,983,359 143 954,035 

59 M.G.D. additional development at Long Hill 1944 18,540 18,540 2,773,000 125,145 2,898,145 156 1,327,669 

as estimated by Mr. Sherrerd ............... 1949 10,670,000 3,647,540 1945 23,175 23,175 2,773,000 156,431 2,929,431 126 1,278,111 
1946 27,810 27,810 2,773,000 187,718 2,960,718 106 1,230,237 

59 M.G.D. additional filter plant capacity as per Mr. 1947 32,450 32,450 2,773,000 219,034 2,992,038 92 1,184,039 
Sherrerd's revision of Hazen's estimated cost .. 1949 1,770,000 605,074 1948 37,085 37,085 2,773,000 250,328 3,023,324 82 1,139,461 

1949 41,720 41,720 2,773,000 281,610 3,054,610 73 1,096,422 
Total additional 168 M.G.D. good through 1953 . ... $67,900,000 $34,850,915 1950 46,355 46,355 3,395,000 312,896 3,707,896 80 1,267,544 

1951 50,990 50,990 3,395,000 344,182 3,739,182 73 1,217,365 
1952 55,625 55,625 3,395,000 375,469 3,770,469 68 1,169,109 
1953 60,260 60,260 3,395,000 406,755 3,801,755 63 1,122,658 

Sum of annual costs, 1928-1953 ................................... $42,301,285 

Present worth of annual costs .................................... $17,577,037 

Average annual cqst, 1941-1953 ................•.................. $ 2,979,522 

Average cost per million gallons, 1941-1953 ......................... $92 
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Table No. 15 

ESTIMATED COST OF CHIMNEY ROCK DEVELOPMENT TO YIELD 158 M.G.D. ADDITIONAL SUPPLY 
IN CONJUNCTION WITH POO!rED PRESENT RESOURCES 

Elements of First Cost 
(!) 

Year of 
Completion 

(2) 

Estimated ' 
Construction 
Cost includ-

ing 25 % 
Miscellaneous 
Construction 
Expenditures 

(3) 

Present Worth 
at5% 

(4) 

Year 
of 

Oper-
ation 

(5) 

Million Gallons ~---,Annual Costs,-----. 
Per Year Interest Cost of 

---from New Sources--~ and Sinking Pumping 
Total Pumped Filtered Fund at 5% at $8.25 

(6) (7) (8) (9) (10) 

Cost of 
Filtration 
at$6.75 

(11) 
Total 
(12) 

Total Present Worth 
Cost of 
per Annual Costs 

M.G. at5% 
(13} (14J 

SO" transmission mains to facilitate pooling of water. 1927 

f8" transmission mains to facilitate pooling of water. 1930 

i8 M.G.D. development at Chimney Rock as esti-

$ 2,300,000 

4,145,000 

$ 2,300,000 

3,580,617 

1928 $ .... $.... $115,000 
115,000 
115,000 
322,250 
322,250 
322,250 
322,250 
322,250 
322,250 
322,250 
322,250 
322,250 
322,250 

it, •••• $ 115,000 $ .... $ 115,000 

mated by Mr. Sherrerd..................... 1940 

iS M.G.D. transmission conduits as estimated by 
Mr. Sherrerd.............................. 1940 

~2 M.G.D. filtration plant added to Mr. Sherrerd's 
estimated cost of first development ($30,000 
per M.G. capacity, including miscellaneous 
construction expenditures).................. 1940 

i7 M.G.D. additionalfilterplant capacity........... 1943 

f9 M.G.D. additional filter plant capacity. . . . . . . . . 1949 

otal additional 158 M.G.D. good through 1953 ..... 

31,715,000 

14,085,000 

1,260,000 

2,010,000 

1,470,000 

$56,985,000 

16,819,099 

7,469,557 

668,203 

920,801 

502,520 

$32,260,797 

1929 
1930 i 
1931 
1932 ;I 

1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 4,635 
1942 9,270 
1943 13,905 
1944 , 18,540 
1945 23,175 
1946 27,810 
1947 , 32,450 
1948 37,085 
1949 , 41,720 
1950 46,355 
1951 50,990 
1952 55,825 
1953 60,260 

4,635 
9,270 

2,675,250 
2,675,250 

13,905 2,675,250 
18,540 2,775,750 
23,175 2,775,750 
27,810 2,775,750 
32,450, 2,775,750 
37,085 2,775,750 
41,720 2,775,750 
46,355 2,849,250 
50,990 2,849,250 
55,625 2,849,250 
60,260 2,849,250 

31,286 
62,572 
93,859 

125,145 
156,43 l 
187,718 
219,038 
250,324 
281,610 
312,896 
344,182 
375,469 
406,755 

Sum of a1mual costs, 1928-1953 .................................. . 

Present worth of annual costs ................................... . 

Average ,,annual cost, 1941-1953 .................................. . 

Average1cost per million gallons, 1941-1953 ................•...•...• 

115,000 109,524 
l 15,000 104,308 
322,250 278,372 
322,250 265,115 
322,250 252,493 
322,250 240,469 
322,250 229,017 
322,250 218,112 
322,250 207,726 
322,250 197,832 
322,250 188,413 
322,250 179,442 

2,706,536 384 1,435,330 
2,737,822 295 1,382,792 
2,769,109 199 1,331,997 
2,900,895 156 1,328,921 
2,932,181 127 1,279,311 
2,963,468 107 1,231,380 
2,994,788 92 1,135,127 
3,026,074 82 1,140,497 
3,057,360 73 1,097,409 
3,162,146 68 1,080,980 
3,193,432 63 1,039,686 
3,224,719 58 999,689 
3,256,005 54 961,498 

$42,492,035 

$18,080,640 

i/, 2,994,195 

$92 
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Table No. 16 

COST PER MILLION GALLONS OF DELIVERING WATER 
FROM VARIOUS SOURCES 

FOR DISTRIBUTION AT CENTRAL POINTS 
IN THE 

NORTHERN, CE~TRAL AND SOUTHERN SECTIONS 
OF THE 

NORTHERN METROPOLITAN DISTRICT 

WHEN THE QUANTITY TAKEN IS 2() MILLION GALLONS DAILY 

Water- from Ro~kaway.River treated and delivered to distribu-
tion at Jersey City...................................... $26 

Water from Raritan River filtered, pumped and delivered to 
distribution at Elizabeth ................................ . 

Diversion from Ramapo River at Suffern to Woodcliff reservoir 
on Pascack Creek, a tributary of the Hackensack, filtered and 
pumped at New Milford ................................ . 

Water from the Wanaque at Belleville, transmitted to New 
Durham and there pumped for distribution in the Northern 
Section: 

Based on total utilized yield of 100 M.G.D ........... . 
" " " " " " 74 " 

Water from Ramapo River at Oakland, pumped, filtered and 
delivered to distribution at Hackensack ................... . 

Water from the Wanaque, filtered and delivered to distribution, 
Paterson to Belleville ................................... . 

First development aLLong Hill, filtered and delivered to distri-
bution at Elizabeth .................................... . 

First development at Chimney Rock, filtered and deliv~red to 
distribution at Elizabeth .........• , ..................... . 

WHEN THE QUANTITY TAKEN IS 40 MI~LlON GALLONS DAILY 

Water from Rockaway'River, treated and delivered to distribu-

49 

50 

68 
82 

114 

184 

217 

325 

tion at Jersey City...................................... $21 
Water from Raritan River, filtered, pumped and delivered to 

distribution at Elizabeth ............... ;................. 47 
Water from Ramapo River at Oakland, pumped, filtered and 

delivered to distribution at Hackensack ...... , . . . . . . . . . . . . 68 
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Table No. 16-Continued 

(40 MILLION GALLONS DAILY-Continued) 

Water from Wanaque supply at Belleville, transmitted to New 
Durham and there pumped for distribution in the Northern 
Section: · 

Based on total utilized yield of 100 M.G.D. . . . . . . . . . . . $65 
" " " " " " 74 I' 79 

Water from the Wanaque, filtered and delivere'd to distribution, 
Paterson to Belleville ..................... • ............... · 98 

First development at Long Hill/ filtered and delivered to dis-
tribution at Elizabeth.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114 

First development at Chimney Rock, filtered and delivered to 
·· disti:ibution at Elizabeth .................. !............... 168 

WHEN THE QUANTITY TAKEN IS 80 MILLION GALLONS DAILY 
Water from Ramapo River at Suffern (20 M.G.D.), additional 

development on Rockaway River (40 M.G.D.), and develop-
ment on Raritan River (20 M.G.D.), delivered to distribution $35 

Water from Ramapo at Suffern (20 M.G.D.), additional develop-
ment on Rockaway River (20 M.G.D.), and development on 
Raritan River (40 M.G.D.), delivered to disttibution........ 43 

Water from Raritan River, :filtered, pumped and delivered to 
distribution at Elizabeth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . · 45 

Water from the Wanaque, filtered and delivered .• to distribution, 
Paterson to Belleville, based on 100 M.G.D. yield. . . . . . . . . . 54 

First development at Chimney Rock, filtered and delivered to 
distribution at Elizabeth .......•........... ; . . . . . . . . . . . . . 89 

First and second development at Long Hill, filtered and de-
livered to distriqution at Elizabeth .. ·. . . . . . . . . . . . . . . . . . . . . 89 

WHEN THE QUANTITY TAKEN JS 160 MILLION GALLONS DAILY 
Water from Ramapo River at Suffern (20 M.G.D.), additional 

development on Rockaway River (40 M.G.D.), and develop-
ment on Raritan River (100 M.G.D.), delivered.to distribution $39 

First development at Chimney Rock, filtered and delivered to 
distribution.at Elizabeth .................... 1 •• ·•.......... • SO 

First, second and third developments at Long Hill, filtered and 
delivered to distribution at Elizabeth..................... 59 
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Table No. 17 

COMPARATIVE AI4LQWANCES FOR RESERVOIRS, COLLECTING 
· TUNNELS AND DELAWARE RIVER PUMPING STATION 

Mr. Hazen 
. Long Hill 
including 

Step in Development 20% Overhead 
(I) (2) 

{ 
Mr. Sherrerd's first step ....... $16,045,000 

· · 12,402,000 
· Mr. Hazen's first three steps. 7,085,000 
Mr. Sherrerd's second step.... . 10,939,000 
Mr. Hazen' s fourth step, ..... . 
Mr. Sherrerd's third step. . . . . . 8,263,000 
Mr. Hazen's fifth step .. ·•· ..... 
Mr. Sherrerd's fourth step. . . . . 9,981,000 
Mr. Hazen' s sixth step ....... . l. Mr. Sherrerd'sfifthstep..... 5,750,000 

Mr. Hazen's seventh and 
eighth steps. . . . . . . . . . . . . . . 2,862,000 

Total. ......... ; ...... $75,327,000 , 

.. Table No. 18 

Mr. Sherrerd Mr. Sherrerd 
Long Hill Chimney Rock 
including including 

25 % Overhead 25 % Overhead 
(3) (4) 

$16,000,000} 
15,660,000 $31,715,000 
10,670,000 
15,700,000 15,215,000 

11,520,000 25,780,000 

12,035,000 · 30,285,000 

7,620,000} 
36,870,000 

2,190,000 

$91,395,000 · $139,865,000 

COMPARATIVE ALLOWANCES FOR TRANSMISSION CONDUITS 
AND TUNNELS 

Step in Development · 
(I) 

Mr.Hazen 
Long Hill 
including 

20 % Overhead 
(2) 

Mr. Sher.rerd's first step ..... } $6,234,000 
Mr. Hazen' s first three steps ...•.. 

27,538;000 
Mr. Sherrerd' s second step .... . 
Mr. Hazen's fourth step .. , .... . 
Mr. Sherrerd's third step ..... . 
Mr. Hazen' s fifth step. '. ...... . 
Mr. Sherrerd's fourth step .... . 
Mr. Hazen's sixth step ....... . 
Mr. Sherrerd's fifth st.ep} ... . 
Mr. Hazen's seventh and 

eighth steps . . ... · 

Total. .......... > ....... $33,772,000 

Mr. Sherrerd 
Long Hill 
·including 

25 % Overhead 
(3) 

$7,713,000 

33,480,000 

$41,193,000 

Mr. Sherrerd 
Chimney Rock 

including 
25 % Overhead 

. (4) 

$14,085,000 

8,950,000 

12,300,000 

13,950,000 

11,300,000 

$60,585,000 
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Table No. 19 
COMPARATIVE ALLOWANCES FOR FILTRATION PLANTS 

· Mr.Hazen Mr. Sherrerd Mr. Sherrerd 
Long Hill Long Hill Chimney Rock 

Step in Development 
including 

20 % Overhead 
including 1 including 

25 % Overhead 25 % Overhead 
(1) (2) (3) (4) 

Mr. Sherrerd' s first step } . $1,176,000 I $1,260,000 
Mr. Hazen's first three steps : 3,000,000 2,010,000 0 

1,560,000 1,770,000 
Mr. Sherrerd's second step ..... 3,900,000 3,960,000 $8,400,000 
Mr. Hazen' s fourth step ....... 
Mr. Sherrerd's third step ...... 3,240,000 3,510,000 4,410,000 
Mr. Hazen's fifth step ......... 
Mr. Sherrerd's fourth step ..... 4,116,000 4,230,000 3,750,000 
Mr. Hazen'ssixthstep ..... : .. 
Mr, Sherre,rd's fifth step} .... 1,680,000 
Mr. Hazen s seventh and .... 5,760,000 5,850,000 
eighth steps .... 3,800,000 

Total. ......... · ......... $22,472,000 $22,500,000 $22,410,000 

Table No. 20 
YEARS OF DEFERMENT OF 2o, 3n, 4TH AND 5TH STEPS 

FOLLOWING COMPLETION OF THE FIRST STEP 
Safe yield available existing sources as now developed, 297 M.G.D. 

Safe yield of Wanaque development, ioo M.G.D. 

Step 
(1) 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

LONG HII,L DEVELOPMENT 
Capacity 

of Successive 
New Developments 

(M.G.D.) 
(2) 

168 
132 
117 
141 
192 

Total, 750 

Total Developed 
Safe Yield After 

Completing Wanaque 
(M.G.D.) 

(3) 

565 
(,97 
814 
955 

1147 

Year in Which 
Required 

(Completion Date 
from Forecast) 

(M 

1940 
1953 
1962 
1969 
1976 

CHIMNEY ROCK DEVELOPMENT 
158 555 1940 
123 678 · 1952 
147 825 1960 
124 949 1969 
198 1147 1976 

Total, 750 

Tables No. 19 and No. 20 

Years of 
Deferment after 
Completion of 
Initial Step 

(5) 

13 
22 
29 
36 

12 
20 
29 
36 



Step in 
Development 

(l) 

First Development 
168-158 M.G.D. 

Second Development 
132-123 M.G.D. 

Third Development 
117-147 M.G.D. 

Fourth Development 
141-124 M.G.D. 

Fifth Development 
192-198 M.G.D. 

All Developments · 
750M.G.D. 

Table No. 21 

COMPARISON OF COSTS-LONG HILL AND CHIMNEY ROCK PROJECTS 
Using Sherrerd's Costs for Both Projects and Sherrerd's Filtration and Transmission Systems 

LONG HII,L PROJECT CHIMNEY ROCK 
Actual Present Worth Actual 

Years of Capital of Capital Years of Capital 
Deferment After Outlay Expenditures Deferment After Outlay 

Elements of Construction 1st Development Required @5% 1st Development Required 
(2) (3) (4) (5) (6) (7) 

Reservoirs and collecting aqueducts ......... $42,330,000 $31,715,000 
Filtration plants ......................... 
Transmission system ..................... 14,085,000 14,085,000 . 

Total. .. , ........................... 0 $56,715,000 $56,715,000 0 $45,800,000 

Reservoirs and collecting aqueducts ......... $15,700,000 $15,215,000 
Filtration plants ......................... 8,400,000 ·8,400,000 
Transmission system ................ : .... 8,950,000 8,950,000 

Total ............................... 13 · $33,050,000 $17,517,000 12 $32,565,000 

Reservoirs and collectipg aqueducts ......... $11,520,000 $25,780,000 
Filtration plants ......................... 4,410,000 4,410,000 
Transmission system ..................... 12,300,000 12,300,000 

Total ............................... 22 $28,230,000 $9,655,000 20 $42,490,000 

Reservoirs and collecting aqueducts ......... $12,035,000 $30,285,000 
Filtration plants ......................... 3,750,000 3,750,000 
Transmission system ..................... 13,950,000 13,950,000 

Total. .............................. 29 $29,735,000 $7,404,000 29 $47,985,000 

Reservoirs and collecting aqueducts ......... $9,810,000 $36,870,000 
Filtration plants ......................... 5,850,000 5,850,000 
Transmission system .................. , .. 11,300,000 11,300,000 

Total. .............................. 36 $26,960,000 $4,664,000 36 $54,020,000 

Allit~ms ................................ $174,390,000 $95,955,000 $222,860,000 

PROJECT 
Present Worth 

of Capital 
Expenditures 

@5% 
(8) 

$45,800,000 

$18,139,000 

$16,826,000 

$11,948,000 

$9,345,000 

$102,058,000 
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Development 
(1) 

Table No. 22 

NORTH JERSEY DISTRICT WATER SUPPLY COMMISSION: 

COMPARATIVE EsTIMATEs oF CosT oF LONG: HILL SYSTEM, PROPOSED BY MR. ALLEN HAZEN, 
AND CHIMNEY ROCK SYSTEi\tI, AS PROPOSED BY N. J. D. w. s. C. 

,, 

Each system to supply ultimately a total of 750 M.G.D. 

It is assumed that the 2d Development will be required 16 years after the 1st Development 
" " 3d ' " 28 " " 
" " 4th " 42 " " 
" " 5th '.f " 55 " 

I 
The figures given for "Present Value" indicate the amounts of money which would be re-
quired to be placed at interest at 4½% at the time of completion of the 1st Development, to 
provide for the construction of the later as required by the above assumptions. 

I 
I 

Long Hill 
Estimate by 
Mr.Ha~en 

(2) ! 

Long Hill 
Present 
Value 

(3) 

Long Hill 
*Estimate by 

N.J.D.W.S.C. 
(4) 

Long Hill 
*Present 

Value 
(5) 

1st Development ............... _,_ ....................... . $75,040,000 
14,839,000 
11,503,900 
14,097,000 
14,092,900 

$75,040,000 
7,320,000 
3,340,000 
2,230,000 
1,240,000 

$88,563,000 
19,660,000 
15,030,000 
16,265,000 
15,570,000 

$88,563,000 
9,680,000 
4,360,000 
2,570,000 
1,370,000 

2d Development .......................................... · 
3d Development ......................................... . 
4th Development .............. ' .......................... . 
5th Development ........................................ . 

Chimney Rock 
Estimate by 

N.J.D.W.s.c. 
(6) 

$45,800,000 
32,565,000 
42,490,000 
47,985,000 
54,020,000 

Total .............................................. . $129,571,QOO · $89,170,000 $155,088,000 $106,543,000 $222,860,000 

1st 
(M.G.D.) 

Approximate yield of the developments are.......................... 165 
*Estimated on the same basis of unit prices as for Chimney Rock ,system for comparison. 

Table No. 22 

2d 
(M.G.D.) 

125 

3d 
(M.G.D.) 

135 

4th 
.(M.G.D.) 

130 

5th 
(M.G.D.) 

195 

Chimney Rock 
Present 
Value 

(7) 

$45,800,000 
15,950,000 
12,300,000 
7,580,000 
4,750,000 

$86,380,000 



Table No. 23 

NORTH JERSEY DISTRICT WATER SUPPLY COMMISSION 

LONG Hn,1, SYSTSM 

As Proposed by Mr. Allen Hazen 
Estimates of Cost by Mr.Hazen and N. J. D. W. S. C. 

1st Development (Hazen's first three steps) 
Estimate by 
Mr. Hazen 

Long Hill reservoir .......... " ......... $16,045,000 
Southern loop to Newarkwithfilters.... 7,410,000 
Filters for N. Branch and Black River.. . 3;000,000 
Reservoir and tunnel. ...... , . . . . . . . . . 12,402,000 
Pressure tunnel toN ewarkandJ erseyCity 27,538,000 
FiltersforSouthBranch .......... · .... 1,560,000 
Reservoir and tunnel................. 7,085,000 

168 M.G.D. =$75,040,000 

2d Development (Hazen's fourth step)· 
Filters for Mµsconetcong ............. $3,900,000 
Reservoirs and tunnel. . . . . . . . . . . . . . . . 10,939,000 

132 M.G.D. =$14,839,000 

3d Development (Hazen's fifth step) 
Filters for Pequest. . . . . . . . . . . . . . . . . . . $3,240,000 
Reservoir and tunnel .............. , . . 8,263,000 

117 M.G.D.=$ll,503,000 

4th Development (Hazen' s sixth step) 
Filtetsfor Beaver Brook and Paulins Kill $4, 116,00Q 
Reservoirs and tunnels. . . . . . . . . . . . . . . 9,981,000 

141 M.G.D. =$14,097,000 

5th Development (Hazen's 7th and 8th steps) 
Filters for Flat Brook and Delaware. . . . $5,480,000 
Reservoir and tunnel................. 5,750,000 
Tunnel and pumps .................... 2,862,000 

192 M.G:D· =$14,092,000 

Estimate by 
•. N.J.D.w.s.c, 
$16,000,000 

8,973,000 
2,010,000 

15,.660,000 
33,480,000 

1,770,000. 
10,670,000 

$88,563,000 

$3,960,000 
15,700,000 

$19,660,000 

$ 3,510,000 
11,520,000 

$15,030,000 

$ 4,230,000 
12,035,000 

$16,265,000 

$5,760,000 
7,620,000 
2,190,000 

$15,570,000 
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Table No. 24 

NORTH JERSEY DISTRICT WATER SUJ;>PLY COMMISSION 

CHIMNIW ROCK-PROJECT A. FIRST DEVELOPMENT 

EsTIMA TE oF CosT 

Spruce Run, intake structures and real estate ....................................... . 
Two small brooks, intake structures and real estate ................................ . 
South Branch, " " " " " ................................ . 
Rockaway Creek, " " " ................................ . 
Black Riv.er, " " " " ................................ . 
North ·Branch " " " .................... , ........... . 

Chimney Rock Reservoir to Elevation 304-(Available capacity 48 B.G.) 
Main dams, including stream control ..................... • ..................... . 
Gate houses and control works ................................. , ............. , . 
Small dams ................................................................. . 
Clearing and grul;>bing ............................................ : ........... . 
Removal of cemeteries ...•........................ ::· . ....................... . 
Relocation of highways ....................... : ..................... .- .. , ..... . 
Sanitary protection ................ -................. , ....................... . 
Fencing reservoir ........................................................... . 
Forestration ............................... _ ................................ . 

$5,500,000 
125,000 
100,000 
325,000 

15,000 
300,000 

30,000 
70,000 
65,000 

$120,000 
150,000 
300,000 
150,000 
250,000 
200,000 



Real estate ................................ ; .................. , .. ·. . . . . . . . . . . . . . 3,000,00Q 

Water rights .. : ...... , ...... : ........ • ......................................... . 

Aqueducts: 
SpruceRun to Brook, 
Brook to South Branch, 

" 
South Branch to Rockaway Creek, 
· Rockaway Creek to Sutton, 
Sutton to Pluckemin, 
Pluckemin to Chimney Rock, 
Black River to Sutton, 
North Branch to Pluckemin, 
Chimney Rock to Elizabeth, 

· I.4 mile cut-and-cover, 40 M.G.D., d. 5'6" .... . 
1.5 " " 55 " d.' 6'2" .... , 
1.0 " tunnel 55 d. 8'0" .... ·. 
4.0 " " 270 " d.12'0" .... . 
6.0 .. " · cut-and-~ov.er, 310 
6.5 " steel pipes 415 
2.0 " cut-and-cover, 485 
3.2 " " 105 
8.0 " 

14.0 " 
" 70 

200 

" d.12'0" .... . 
d.10'2".; .. . 

" d.14'0" ..... · 
" d. 7'0" .... . 
" d. 6'8" .... . 

d.10'0" .... . 
8.0" steelpipe, 200 " d.11'6" .... . 

Aqueduct real estate .... , . , ................................................. . 
AeraterJ .... •: ......... ... : ........................................ · ....... . 

· 158 M.G.D. =$260,000 ......•...................... ; .............. . 

Extensions in metropolitan area ................................................ . 

Total ........................ , .. , .-·: .............................. . 

11,160,000 

1,300,000 

185,000 
225,000 
370,000 

3,380,000. 
2,380,000 
6,740,000 

895,000 
630,000 

1,480,000 
3,845,000 
5,240,000 
1,500,000 

300,000 

$40,800,000 

5,000;000 

$45,800,000 



Table No. 25 

NORTH JERSEY DISTRICT WATER SUPPLY COMMISSION 

MUSCONETCONG-SECONDDEVE~OPMENT 

ESTIMATE OF CosT 
Musconetcong R~servoir to Elevation 450-(Available capacity 37 B.G.) 

Main dam, including stream control ........................................... . 
Gate house and control works ................................................ . 
Clearing and grubbing ............... -: ................ , ... : ....... ' ..... -...... . 
Relocation of highways'. ........................ , ............................ . 
Relocation of railroads .................................... , .... -.............. . 
Sanitary protection .............................................. -........ _ ... . 
Fencing reservoir ...................................................... _ ..... . 
Forestration ............................................................... . 

$2,990,000 
120,000 
550,000 
640,000 
420,000 

10,000 
95,000 
10,000 

$4,835,000 
Engineering and contingencies, 25% ................ _._, ................... , ..... ~-- 1;210,000 
Real estate~-....... -:--: ......... -~ -.- .. ·.. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3,140,000 
Water rights ................ · ......... : ............... ·. . . . . . . . . . . . . . . . . . . . . . . 2,730,000 

Aqueducts and Right-of-Way: 
Musconetcong to South Branch, 5.0 miles tunnel, 125 M.G.D., d. 9'0" .............. . 
Chimney Rock to Elizabeth, 14.0 miles cut-and-cover, 155 M.G.D., d. 9'6" .......... . 
Chimney Rock to Elizabeth, 8.0 miles steel pipe, 155 ¥.G.D., d. 10'0" .... -.......... . 

Filtration for 1st and 2d developments ..... . 1 • •••••••••••••••••• -••• , ••••••••••••••• 

123 M.G.D. =$265,000 ............... , ..........•................. 

$11,915,000 

3,300,000 
4,100,000 
4,850,000 
8,400,000 

$32,565,000 



Table No. 26 

NORTH JERSEY DISTRICT WATER SUPPLY COMMISSION 
PEQUES't AND BEAVER BROOK-3RD DrtVELOP:M:EN't 

ESTIMATE OF Cos't 
Pequest and Beaver Brook Reservoirs to Elevation 445-(Available capacity 57 B.G.) 

Main dams, including stream control ........................•.... , ............ . 
Gate houses and control works ................................................. . 
Clearing and grubbing ................................ ; ...................... . 
Removal of cemeteries ...................................................... . 
Relocationofhighways ... •· ............. '. ..................................... . 
Relocation of railroads.· ...................... , ............................... . 
Sanitary protection .............................................. '. .......... . 
Fencing reservoir ........................................................... . 
Forestration ... : ........ · ................................................... . 

Engineering and contingencies, 25% ................................ _;_ ......... . 
Real estate ..... _ ........................................................... . 
Waterrights ......................................... · ....................... . 

Aqueduct and Right-of-Way: 
Beaver Brook to Pequest, 3 ½ miles cut-and-cover, 70 M.G.D., d. 8'0" .............. . 
Pequest to Musconetcong, 8 miles tunnel, 150 M.G.D., d. 9'6" ..................... . 
Musconetcong to South Branch, 5 miles tunnel, 150 M.G:D., d. 9'6" ................ . 
South Branch to Rockaway Creek, 4 miles tunnel, 80 M.G.D., d. 8'0" ............... . 
Rockaway Creek to Sutton, 6 miles cut-and-cover, 50 M.G.D., d. 6'0" ............... . 
Chimney Rock to Elizabeth, 14 miles cut-and-cover, 190 M.G.D., d. 9'6" ............ . 
Chimney Rock to Elizabeth, 8 miles steel pipe, 190 M.G.D., d. 11'6" ................ . 

Filtration for 3d development .................................................. . 
Extension to Newark; ........................................................ . 

147 M.G.D. =$290,000 ............................................ . 

$2,355,000 
195,000 
995,000 
40,000 

1,690,000 
2,310,000 

15,000 
125,000 
20,000 

$7,745,000 
1,935,000 
2,100,000 

500,000 $12,280,000 

700,000 
5,900,000 
3,700,000 
2,250,000 

950,000 
4,100,000 
5,700,000 
4,410,000 
2,500,000 

$42,490,000 



Table No, 27 
NORTH JERSEY DISTRICT WATER SUPPLY COMMISSION 

PAULINS KILL,-4TH DEVELOPMENT-ESTIMATE OF CosT 
Paulins Kill Reservoir to Elevation 475-(Available capacity 37.5 B.G.) 

Main dam, including stream control ........................................... . 
Gate house and control works ................................................ . 
Clearingandgrubbing .......................................... : ............ . 
Removal of cemeteries ... : ................................................... . 
Relocation of highways ...................................................... . 
Relocation of railroads ...................................................... . 
Sani\ary protec~ion .............................................. , .......... . 
Fencing reservoir ............................................................ . 
Forestration ............................................................... . 

Engineering and contingencies, 25% ............................................ . 
Real estate ................................................................ . 
Water rights ............................................................... . 

Aqueducts and Right-of-Way: 
Paulins Kill to Beaver Brook, 4 miles cut-and-cover, 125 M.G.D., d. 81 6 11 •• ••••••••••• 

Paulins Kill to Beaver Brook, 6½ miles tunnel, 125 M.G.D., d. 9'0" ............. _. ... , . 
. -Beaver Brook to Pequest, 3½miles cut-and-cover-;12s-M.G.D., d. 81611 •• ••••• : •••••• 

Pequest to Musconetcong, 8 miles tunnel, 125 M.G.D., d. 9'0" ..................... . 
Musconetcong to South Branch, Smiles tunnel, 125 M.D.G., d. 9'0" ................ . 
South Branch to Rockaway Creek, 4 miles cut-and-cover, 125 M.G.D., d. 9'0" ....... . 
Rockaway Creek to Sutton, 6 miles cut-and-cover, 125 M.G.D., d. 8 16 11 •••••• ••••••••• 

Sutton to Pluckemin, 6½ miles steel pipe, 90 M.G.D., d. 8'6" ..................... . 
Pluckemin to Chimney Rock, 2 miles cut-and-cover, SO M.G.D., d. 6'0" ...... , ...... . 
Chimney Rock to Elizabeth, 14 miles cut-and-cover, 155 M.G.D., d. 9'0" ........... . 
Chimney Rock to Elizabeth, 8 miles steel pipe, 155 M.G.D., d. 10'0" ................ . 

Filtration for 4th development .................................................. . 
Extension to Jersey City ....................................................... . 

124M.G.D.=$385,000 ....... }t .................................. . 

I 

$1,695,000 
130,000 
670,000 

40,000 
185,000 

1,210,000 
10,000 
80,000 
10,000 

$4,030,000 
1,005,000 
1,500,000 
1,000,000 $7,535,000 

1,050,000 
4,300,000 

950,000 
5,300,000 
3,300,000 
2,650,000 
1,600,000 
3,250,000 

350,000 
4,100,000 
4,850,000 
3,750,000 
5,000,000 

$47,985,000 



Table No. 28 
NORTH JERSEY DISTRICT WATER SUPPLY COMMISSION 

FLAT BROOK AND DELAWARE-5TH DEVELOPMENT-ESTIMATE oF CosT 
Flat Brook Reservoir to Elevation 455-(Available capacity 19.5 B.G.) 

Main dam, including stream control ............................................ $1,890,000 
Gate house and control works. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100,000 
Clearing and grubbing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 230,000 
Relocation of highways ............ ,.......................................... 145,000 
Sanit_ary protec~ion ............. : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,000 
Fencing reservoir. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15,000 
Forestration .... ·. . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . 10,000 -,,----$2,395,000 
Engineeringandcontingencies,25% ...... ; .............•... , , ........ ,<.,.. ... . . . 600,000 
Real estate .............................................................. ·... 675,.000 · 

Pumping station, capacity 200 M.G.D., 200' lift ................................... . 
Aqueducts and Right-of-Way: 

Flat Brook to Paulins Kill, 7 miles cut-a:nd-cover, 65 M.G.D., d. 6'6" ............... . 
Flat Brook to Paulins Kill, 4 miles tunnel, 65 M.G.D., d. S'O" ...................... . 
Paulins Kill to Beaver Brook, I½ miles cut-and-cover, 65 M.G.D., d. 6'6"; .......... . 
Paulins Kill to Beaver Brook, 6½ miles tunnel, 65 M.G.D., d. 8'0" ................. . 
Pumping Station to Beaver Brook, 3 miles steel pipe, 200 M. G.D., d. 10'0" .......... . 
Beaver Brook to Pequest, 3½ miles cut-and-cover, 200 M.G.D., d. 10'0" ............ . 
Pequest to Musconetcong, 8 miles tunnel, 200 M.G.D., d. 10'6" .............. , ..... . 
Musconetcong to South Branch, 5 miles tunnel, 200 M.G.D., d. 10'6" ............... . 
Squth Branch to Rockaway Creek, 4 miles tunnel, 200 M.G.D., d. 10'6" ............. . 
Rockaway Creek to Sutton, 6 miles cut-and-cover, 200 _M.G.D., d. 10'0" ............ . 
Sutton to Pluckemin, 6½ miles steel pipe, 200 M.G.D., d. 11'6" .................... . 
Pluckemin to Chimney Rock, 2 miles cut-and-cover, 200 M.G.D., d. 10'0" ........... . 
Chimney Rock to Elizabeth, 14 miles cut-and-cover, 250 M.G.D., d. U'O" .. , ........ . 
Chimney Rock to Elizabeth, 8 miles steel pipe, 250 M.G.D., d. 12'0" ........ .' ....... . 

Filtration for 5th development ................................... : .............. . 
198M.G.D. =$275,000 ........................................... . 

$3,670,000 
1,600,000 

1,300,000 
2,200,000 

300,000 
3,600,000 
1,850,000 
1,100,000 
6,500,000 
4,100,000 
3,300,000 
1,900,000 
4,800,000 

650,000 
5,200,000 
6,100,000 
5,850,000 

$54,020,000 



l 






	cover
	w3291930
	w3291930
	maps
	28m
	part1
	part2

	tables
	tables
	need


	end_Page_1
	end_Page_2



