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LETTER OF TRANSMITTAL 

May 24, 1937 

Dear Sir: 

X am transinitting liere\vith a report  0 1 1  thc \ rater supplies frotn the 
No. 1 sand in the vicinity of ParEin. 3liddlaex County, New Jersey, hv  
Mr. Henry C. Barksdale, Assistant Eclgineer. T h e  report has beer) pre- 
pared in coopcratiori ~ v i t h  the United States Geological Survey in cnn- 

nection with the cooperativc ~ v o r k  or1 gro~uld waters rc-hich has heen 
conducted since 1924 in various regions of the State. This  rcpert  is nne 

of a series which is being prepared oil  round water coriditions in thc 

State. 

T h e  extensive use of t h r  Yo, I sat~d ill the vicinity of Parlirr, on tllr 
southern side of the Raritan Rivrl*, has hrcrl d i ~ e  to  the locatiolr n f  a 
number  of large indrlstrinl plants in that  area. T h e  report states tha t  

the draf t  of n-ater f r o ~ n  this sand is i~icrrasillg and that its safr yirlrl i s  

being rcachcd. Activitirs of these fndrisrries indicate that  thry will ne~rf 
additional waters to meet the future demands of  t h ~ i r  indtistrial procrsscs. 
The conditions disclosed in the repnrt  indicate that additional r ratrr  sup- 

plies for this area mill have to be obtained from soLIrces other than the 
Nn. 1 sand. 

T therefore recommend t h a t  this report he published as a Special 
Report of the Commission in order that information contained therein 
may be made available to the people of the State. 

Respectfs~lly submitted. 

H. T. C R I T C H T . ~ ~ ,  
Engineer in C h a r g ~ .  
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WATER SUPPLIES FROM THE NO. 1 SAYD IX THE 
VICINITY OF PARLIN, N E W  JERSEY 

B y  Henry C. Barksdale 

INTRODUCTION 

T h e  cities of Perth Amboy and South Amboy and some of the neigh- 
boring municipalities derive their water supplies from the sands of the 
Rariran formatiorl. I n  this area these are three sands in this formation 
known as the No. 1, No. 2, and No. 3 sands," of which Nos. 1 and 3 are 
valuable water-bearing beds. T h e  principal supplies of these m~~nicipal- 
ities are derived from the upper or No. 3 sand, but some water is aIso 
taken from the No. 1 sand, which is the lou-est sand bed of the Raritan 
formation. T h e  No. I sand aIso furnishes a part or all of the water 
suppIy for several large industrial plants located muth of the Raritan 
River it1 the triangular area between South Arnboy, Spotsnrood, and 
SayreviIlc, and along the nonh bank of the river from a point about 
opposite Sapreville to Perth Amboy. All these supplies are dra~vn from 
urells that lie within an area of about 30 square miles. IIE I929 an 
average of about 8 million gaIIons daily was withdrawn from the NO. 1 
s a ~ ~ d ,  and by 1935 the average daily consumption of water from this sand 
had increased to about 10 miIlion gaIlons. 

T h e  pumping from this sand has lowered the head of the water in 
the sand about 110 feet in some places-from about 35 or 40 feet above 
sea Ievel in 1597, when the first wells were drilled to this sand, to as 
much as 73 feet below sea Ievel in the summer of 1935. Th i s  Iowering 
of the water Ievel in the wells tapping this sand has caused considerable 
anxiety about the permanency of the suppIy among the users of water 
from it and particularIy among the operators of the chemicaI plants a t  
Parlin, which are almost entirely dependent upon the sand for their 

* T h e  names of  the sands and associated clay beds (see p. 3 )  are in  part those 
used hv Cook and Smock {Cook, G. H., and Smock, 3. C., Report on the clav 
deposits of  VToodbridge, South Amboy, and other places in  New Jersey: Nem 
Jersey Geol. Survey, 1878)  and ruhwquently more definitely by Ries, Riimrnel: 
and Knapp, (Ries, H., Kiimmel, H. R., and Knapp, G, N., The  clays and clav 
industry of New Jersey: New Jersey Geol. Survey, Final Rept., vot. 6, 1904). 
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water supply. This problem is indeed a matter for concern, especially 
as it might be dificult, or at  least very expensive, to replace the zvater 
now being drawti from the No. 1 sand with water from other sources 
in the area. 

Since 1923 certain phases of the ground-water supply in this area 
have been utidcr investigation by the New Jersey Department of Con- 
scrvatioi~ and Development, and in more recent years by the State Water  
I'olicy Commission, both in cooperati011 ~v i th  the United States Geo- 
IogicaI Survey. Intermittent records of the water levels iir ~rrells that 
tap the No. 1 sand in Sayreville and at  the Perth Amboy Water  Works 
a t  Runyon have beet] collected throughout the course of this itivestiga- 
tiotl, and very good records have been obtained since 1929. I n  addition 
to this materia1, excelIent records of water leveIs and pumpage nt Parlin 
since 1929 have been kept by the officials of the E. I. duPont de Nemours 
Co., and of the Hercules Powder Co. T h e  present report has been pre- 
pared to make available a summary of the information collected about 
the No. 1 sand. 

T h e  section of this report that deals with the geology of the area 
was prepared in collaboration with Mr .  Meredith E. Johnson, Assistant 
State Geologist. Mr .  Johnson aIso gave vaIuabIe advice and criticism 
in the preparation of the remainder of the report. T h e  writer gratefuIly 
acknowledges this assistance. 

Many other persons have rendered aid of one kind or another in 
the course of the investigation that preceded this report atid in the prepar- 
ation of rhe report itself, and to them the writer expresses his apprecia- 
tion. He is especially indebted to M r .  0. E. Meinzer and Mr .  David 
G. Thompson for advice during the investigation and for criticism of 
the report and to Mr. R. W. Sundstrom, who assisted in colIecting and 
assembling the data en which this report is based and who drew some 
of the iIlustrations for it. Mr. H. L. Dieker, Chief Engineer of the 
Perth Amboy Water Works, has furnished much valuable information 
about the development of the sand, and his son, Mr .  E. V. Diekrr, has 
assisted in collecting records of water levels and pumpage. Mention 
should also be made of the ready cooperation of the officials of the in- 
dustries of the region, who furnished recorEs of pumpage from their wells 
and of the water levels i l l  then]. Without this cooperation it would have 
been impossibk to make a satisfactory study of she water-supply problems 
that rclarc to the No. 1 sand in this area. 
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GEOLOGY OF THE AREA 

T h e  No. 1 sa11d is a member of the Raritan formation, which is of 
Upper Cretaceous age. I n  the vicinity of Parlin the Raritan formation is 
underlain by sandstone and shaIe of Triassic age. A little farther to the 
southeast i t  is underlain by metamorphic rock. T h e  No. 1 sand rests 
upon the Raritan fire clay, which is the lowest* member of the Raritail 
formation. The beds above the No. 1 sand are the Woodbridge clay, 
the No. 2 sand, the South Amboy fire cIay, the No. 3 sand, and the Amboy 
Stoneware clay, in the order given. All these beds are members of the 
Raritan formation. I n  parts of the area under consideration the Raritan 
formation is overlain by the Magothy formation, which is composed prin- 
cipally of very fine sand with beds of d a y  in some places. These forrna- 
tions dip gently toward the southeast and tend to become thicker in that 
direction. They crop out in narrow beds that extend in a genera1 north- 
easterly direction. The individual members and beds are, however, 
very irregular arid locally some of them may dip in almost any direction. 
Throughout most of the area the surface is covered by PIeistocene o r  
Recent sands and gravels. which obscure the older formations and make 
the mapping of their outcrops difficult. T h e  outcrop of the No. 1 sand, 
which is almost everywhere covered by a thin layer of Pleistocene or 
Recent deposits, is shown in figure 1, and the vertical relations of the 
beds are shown in the geologic sections in figure 2. 

OnIy two of the sands that occur in this area are tiotable water- 
bearing beds-the No. 1 sand, with which this report deals, and the 
KO. 3 sand, which furnishes most of the public water supply for Perth 
Amboy and yieIds considerable quantities of water to other wells in the 
area. T h e  No. 2 sand is irregular in occurrence (in some places entirely 
absent), low in perrneabiIity, and nowhere an impartant source of water 
supply. T h e  Magothy sands are fine-grained and relatively impermeable. 
T h e y  almost inrariabIy yield water of poor quality, although numerous 
domestic supplies have been obtained from them. 

Some of the Pleistocene sands and gravels arc highly permeable, but  
they are not usually thick enough to be of value as water-bearing beds. 
Their  principal usefulness lies in the fact that they readily absorb the 
water that fnIIs upon them as precipitation and transmit it to the beds 
beneath. One type of Pleistocene deposit, however,-the clayey phase 

* T h e  so-called Raritan potters clay is considered a part of the Raritnn fire clay. 
Detailed observations i n  support of this usage will be presented in a later report. 
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Figure 1. M n p  of t l ~ r  Pallin a r m ,  Nrw Jrrsry, sl towinq inlakc arca of No. I 
sand and prinripnl W P I I J  tapping tlris sand. Geology By Mcreditlz E. J o l m ~ o n .  

of the Parsauken formation-is very dense and impermeable. Where it 

overlies a water-bearing sand it unquestionably prevents ready percoIation 
of water into the underlying sand. On the other hand, where the older 
beds are ovesIain by considerable thicknesses of permeable Pleistocene 
deposits, the effective intake area of the underlying sand is probably 
larger than it would be if the Pleistocene deposits were absent, because 
water falling upon the sands and gravels a t  the surface may be conducted 
into the underlying sand in funnel-like fashion from an area of Pleistocene 
beds larger than that occupied by the oIder beds. South of the Raritan 
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Figure 2. Gcaeraliaed rolamnar and geologic s ~ c t i o n s  i n  t k t  Parlia area. 
Geology by McrcditR E. J o h n ~ a n .  NEW JERSEY GEOLOGICAL SURVEY



River the blan kcting effect of the clayev Pensauken may he counterbalanced 
by this funnel-Iike action of the permeable Pleistocene beds. North of 
the  Raritan River the No. 1 sand is overlain in places by very considerable 
thicknesses of gIaciaI deposits that psoba'bIy increase the effective intake 
area of the sand. 

T h e  estuary of the Raritan River cuts across the outcrop area of thc 
No. 1 sand and divides it inta two parts. T h e  Icvel of the sea was 
formerly lower relative to the land of this area than at present, and the 
river cut a channel to bedrock or nearly to it from the mouth of Larvrence 
Brook to Perth Amboy. As the Iand and sea assumed their present Ievels 
this old channel was submerged, forming the present estuarv, and its 
bottom was filled partly with sand and grzvel but E>rincipaIlv with river 
mud, which is reIativeIv impermeabIe. This  mud heIps to protect the No. 1 
sand from the brackish water that 1101r7 fills the river where it crosses 
the outcrop, b u t  it also restricts the connection betweeit the part of the 
No. 1 sand north of the river and the part south of the river. I n  some 
Iocalities a few feet of the No. 1 sand appear to have been left in placc 
by the river, and in others the original sand appears tn have been re- 
placed by Pleistocene sand and gravel, so that some water probabIv can 

pass under the river from the intake area on the north side to the me11 
fieIds on the south side. 

Another harrier to the movement nf water from the area north of 
the river to the well fields south of it is a ridge of trap rock that rises 
from the general level of the rock floor on which the Raritan formation 
was deposited and appears to have been high enough t n  thin the No. I 
sand and in same places prevent its depositinn entireIy. This  ridge under- 
lies the river from Perth Ambov to SayreviIle. Toward the southwest 
it lies heneath the base of the No. 1 sand. T h e  available data do not 
justify an estimate of the  quantity of water that moves from the intake 
area north of the river to the well fields soi~th of it, but it is certainly 
a much smaller quantity than would be derived from an intake area of 
the same size south of the river. 

A considerable number of test borings have been made at  different 
times along the estuary of  the Raritan River for the purpose of deter- 
mining the nature of the materiaIs beneath the surface. These boring-s 
are not spaced closely enough to permit a definite correlation of a11 the 
materials beneath the river, but they give a reasonably good idea of thr 
nature of the materials that fill the old river channeI and  they serve to 

NEW JERSEY GEOLOGICAL SURVEY



emphasize the irreguIarity of the deposition of those materials. The 
resuIts of the test borings for the Liberty Bridge at  Perth Amboy and 
of some of those for the proposed New Jersey Ship CanaI are particuIarly 
useful in the study of the water supply from the No. 1 sand in the Parlin 
area and are dicussed in the folIowing paragraphs. 

T h e  test borings for the foundations of the Liberty Bridge between 
Perth Amboy and South Amboy are distributed across the river along 
a line that is approxilnateIy parallel to the strike of the No. 1 sand. Ex- 
cept at the extreme ends of the Iilze they reacbed the tsap ridge, which 
underlies the ricer a t  this locality. They s h ~ w  two facts that arc signifi- 
cant in the present study: first, that the old river channel was cut down 
to bedrock a t  this point, and second, that on the south side of the river 
the trap ridge Iies either directly below the river fill or directly beneath 
the Woodbsidge clay. I n  most of the region the No. 1 sand Iies directly 
beneath the Woodbridge clay, but in this IocaEity the sand is absent, be- 
cause the trap ridge stood higher than the level a t  which the No. 1 sand 

was deposited nearby. Accordingly, along the Iine of these test hoIcs the 
Woodbridge clay provides a seal that prevents any connection between the 
Xo. 1 sand south of the river and the river deposits and thus protects this 
part of the sand from salt-water contamination. A sitigle boring south of the 
river near Crab Island aIso encountered the tsap rock directly beneath 
the Woodbridge clay, but utifortu~lately there are no test borings between 
these two localitius to indicate whether o r  not the seal is continuous. 

Another significant group of wells are the test borings that were 
drilIed near Sayreville by the Corps of Engineers, United Szntes Army, in 
connection with the study of the proposed New Jersey Ship Canal. Two 
groups of these wells are here discussed: those along a line (A-A', fig. I )  
that  crosses the estuary of the Raritan River about a mile belorv the mouth 
of the South River and those along a curved line (B-B', fig. 1) that 
extends frnm a point on Crab Island southwestward to a point near the 
northeast end af Washington CanaI, thence approximately parallel to the 
canal to its southern end, and thencr: southeast~vard to a point near the 
town of South River. Graphic Iogs of both groups of wells are shown 
in fimre 3. 

T h e  Iogs of the first-mentioned group of wells show that a t  this 
locatiori the old river channel mas eroded to bedrock (diabase and shale 
of Triassic age) and that it was fiI1ed principally with sand of the Cape 
May formation of Pleistocene age. A t  this point, as a t  the Liberty 
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Figure 3. Graplric lags of i ~ s i  Lnrfngr nrndr by Corps of Engin~rrs ,  U. S. Army ,  
c/ony  IPS A-.,l' u ~ i d  ii-1;' i ~ ?  Fi i~ i i r f  I .  { ;rolaqy by . W I J I - C ( { ~ / ~  I . ,  . ~ ~ / I Y I W I Z .  
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Rridge, there appears to be no connection between the river fill and the 
No. I sand, but the materials in the old charlt~el beneath the Recent de- 
posits of river mud are highly permeabIe and would readily conduct salt 
water into the sand if there were a connection. 

A much more serious situation is indicated by the logs of the welIs 
in the seco~~d  group. Along line B-J3' the Cape May formation appears 
to lie directly up011 the No. 1 sand for a distance of several thousand 
feet. T h e  Washington Canal, which paraIIels this line from well 18 to 
we11 23, was dredged down through the relatively impermeable Recent 
deposits and into the sand of the Cape May formation for a consider- 
able part of its Iength. I t  therefore appears probable that the brackish 
water i l l  the canal can now reach the No. 1 sand through the permeable 
sand of the Cape May at  the bottom of the canaI. It is possible, of 
course, that equaIIy dangerous conditions may exist in other parts of 
the area ~vherc  test borings have not been made, but from the data 
available it seems that the most serious danger of salt-water contamin- 
ation of the No. 1 sand lies in this canal. 

NO. I SAND 

PHYSICAL PROPERTIES 

The capacity of a sand to store and txansmit water is determined 
hy its physical properties. Seven voIurnetric samples of the No. 1 sand 
were colIected at  its outcrop and examined it] the hydrologic Iaboratory 
of the United States Geological Survey. T h e  results of the analyses 
of these samples are shown in the accompanying table. T h e  method 
of making analyses and the ititerpretation gf the results are discussed 
it) detaiI by Mrs. Stearns' in a paper published in 1927. I t  wiIl suffice 
here to define briefly the features shown in the table of analyses. 

T h e  apparent specific gravity is the specific gravity of an oven-dried 
sample of the sand incIuding the pore spaces. I t  must not be confused 
with the specific gravity of the mineral grains composing the sand. 

T h e  mechanical analysis is Iargelg self-expIanatory. I t  shottts the 
propoflion of g a i n s  of various sizes found in the sample expressed in 
percentages of the total weight of the sample. 

* Stearns, Norah Dnlvell, Lahorntorv tests on ohvsical proflerties of water-bearing 
materials: U. S. Geol. Survey Water-Supply Paper 596-F, 1927. 

NEW JERSEY GEOLOGICAL SURVEY



P
H

Y
S

IC
A

L
 P

R
O

P
E

R
T

IE
S

 O
F
 S

A
M

P
L

E
S

 O
F
 M

A
T

E
R

IA
L

S
 F

R
O

M
 N
O
.
 1

 S
A

N
D

 
I
N
 P

A
E

L
IN

 A
R

E
A

, 
N

E
W

 J
E
R
S
E
Y
 

L
ab

or
a-

 
M

E
C

H
A

N
IC

A
L

 A
N

A
L

Y
S

IS
 

(P
E

B
C

E
N

T
 
B
Y
 W

E
IG

H
T

) 

lo
ly
 

of
 

No
. 

21
80

 
32
5 

w
 % 

1,
70
0 

E
 

I 
I 

z 
21

62
 

1 
59

.0
 

3,
50

0 
0
 

I 
ia

 
0
 

3.
7 

2
1

5
0

 
r:
 

21
65

 
1,

30
0 

r
j 
r;
 

21
66
 

21
0 

P
 

I 
I 

I 
1 

I 
I 

I 
I 

I 
F
' 

C
 

'J
 

21
60
. 

So
ut

h 
R

iv
er

; 
ab

an
do

ne
d 
sa
nd
 p
it
 
ab

ou
t 

1
%

 m
il

es
 n
or
th
 o

f 
to

w
n

, 
20

 f
ee

t 
ab

ov
e 

T
 

3
 

R
ar

it
an

 f
ir

e 
cl

ay
. 

- r2
 

21
61
. 

S
am

e 
p

it
 a

s 
21
60
, 

25
 f

ee
t 

ab
ov

e 
R

ar
it

an
 f
ir
e 

cl
ay

. 
~

l 

21
62

. 
S
a
m
e
 p

it
 a

s 
21
60
, 

35
 f

e
e

t 
ab

ov
e 

R
nr

it
an

 f
ir

e 
cl

ay
. 

21
63
. 

So
ut

h 
R

iv
er

; 
ab

ou
t 

1 
m

ile
 n

or
th

w
es

t 
of
 t
o
w
n
,
 2
% 

fe
et

 b
el

ow
 W

oo
db

ri
dg

e 
cl

ay
. 

21
64
. 

S
am

e 
lo

ca
li

ty
 

as
 

21
63

, 
3

%
 

fe
et

 b
el

ow
 

W
o

o
d

b
ri

d
g

e 
cl

ay
 

(r
ep

re
se

n
ts

 
lo

ca
ll

y 
co

ar
se

 s
tr

ea
k

).
 

21
65
. 

M
ill

to
w

n;
 f

ro
m

 h
ig

h
w

ay
 c

ut
 a

bo
ut

 1
 m

il
e 

ea
st

 
of

 t
ow

n,
 I

 f
o

o
t 

ab
ov

e 
B

ar
it

an
 

fi
re

 c
la

y.
 

21
66

. 
M

il
lt

ow
n

; 
M
a
r
c
u
s
 W

ri
gh

t'
s 

p
it

, 
13
?h
 f

ee
t 
ab

ov
e 

B
ar

it
an

 f
ir

e 
cl

ay
. 

NEW JERSEY GEOLOGICAL SURVEY



T h e  porosity of a sample is the percentaze of pore sl)ace in its total 
voIume; that is, the percentage of space not occupied by solid ~nincral 
matter. 

T h e  moisture cquivale~~t is the volulne of water that a saturated 
sample of the material wilI hold against a cerltrifu~a1 force 1,000 times 
as great as the force of gravity expressed as a percentage of the totaI 
voIume of the sample. I t  is a measure of the specific retention of the 
formation from which the sample was taken. T h e  term "specific re- 
tention" is used to express the quatltitv of water that a soil will retain 
against the: pull of gravity if it is drained after having been saturated. 
T h e  ratio of the volume of this retained water to the total volume of 
the sample, expressed as a percentage, is the specific retention. I t  is im- 
possible to determine the specific retention of a formation from a small 
sample bccaz~se capillary attractiot~ holds a greater proportion of the 
rt7nter iri a short co lu tn~~  of a material than in a lotig ~ o l u n l l ~  of the samc 
material. For a material such as the Yo. 1 sand the moisture equiva- 
Ient as deternlitied in  the laboratory is probably about the same as the 
specific retentinn of the formation. T h e  porosity less the moisture equiva- 
Ient is therefore ail approximate measure of the quantity nf water that 
can he drained orlt of the formatioil urider ?he influence of gmvit!~. 

T h e  caeficie~lt of pertl~cability is a measure of the capacity of the 
sa~ id  to tratismit water. I t  is based uvnr Darc!~'s Ianr that the rate of 

flow i l l  capillary tubes varies in direct ~~roport ion to the hydra~~l ic  grad- 
ietit. As used by the United States Geological S ~ ~ r v e p  atid expressed 
in held terms, the coefficient of permeability is the tiu~nbcr of gallons 
of water a day zt 60" F., that rvould flow through a sectinn of the <and 
1 rniIe in length and 1 foot thick (meas~~red  at  right angles to the directinn 
of flow) under a hydraulic gradient of 1 foot per mile. T h e  coeficier~ts 
of penmeability of the  sarnpIes from the No. I sand indicate that its 
capacity to transmit water is moderately high. The  average permeability 
of this sand is probably about the same as that of the Atlantic City 
800-foot sand but less than that of the Rarita~i sands at  Camden, 9. J. 

QUALITY OF THE WATER 

The water from the No. 1 sand usualIy contaitis an ohjectinnable 
quantity of iron. When this constituent is removed it is a highly satis- 
factory water for both industrial and domestic uses. 
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Three representative samples of water from this saltd were collrcted 
in 1933 and analyzed in the Water l i e so~~rces  Laboratory of the United 
States Geological Survey. The  results of these analyses are sholv11 in  
the accompanying table. 111 each sa~nple the total dissolved solids were 
less than 40 parts per miIlion, which is unusually low for ground water. 
The iron cotitetit of the water varies cot~siderably from place to place, 
which is characteristic of waters from the Raritan formatioti. M\.lnst of  
t h e  irot~ had been precipitated out of the wafer when the samples reached 
the laboratory, which i~idicates that the iron is in a form in which it call 
be easily remol, ed from the water. 

Analyses of water from wells tapping the No. 1 sand in the ParIin area 
[Analyzed by K. T. Williams, U. S. Geological Survey. (Parts per million) ] - -- 

I I I 

i I 2 l1 3 
- - I 

Silica /Si02) 
I I I 

. I  8.7 1 . .  I . .  . . . . . . . . . . . . . . . . .  
1 I 1 
I 

Iron (Fe) . . . . . . . . . . . . . . . . . . . . .  6.0 1 3.5 1 1.9 
I I I 

Manganese (Mn)  . . . . . . . . . . . . . . .  .O -1 .1 
I 

. . . . . . . . . . . . . . . . .  . .  . Calcium (Ca) i 3.8 i 1 
I I I 

Magnesium (ME) . . . . . . . . . . . .  . I  -9 i . .  I 

Sodium (Na) . . . . . . . . . . . . . .  

Potassium (K) . . . . . . . . . . . . . . . '  I 
I I 

Bicarbonate (BCO,) ......... . j  5.0 i 7.0 18 
1 1 I 

Chloride (GI) ........... ......I 3.0 i 3.0 i 4.n 
I I I 

Nitrate (NOB) ............... j .10 1 .lo i . lo 
I I I 

Total dissolved solids ......... . 1  37 1 2.7 1 34 
I 

TotaI hardness as CrtC03 . I  1.7 
I I 
1 10 1 21 . . . .  

- - I I I 
* Calculated. 
1. Perth Amboy Water Works, Runyon, N. J., deep well. Sample col- 

lected April 15, 1933. 
2. E. I. Du Pont de Nemours Ce., Parlin, N. J., well No. 5. Sample 

collected April 14, 1933. 
3. Anheuser-Bnsch Inc., Old Bridge, N. J., deep well. Sample collected 

April 14, 1933. 
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The  chloride content of these sampIes was only 3.0 and 4.0 parts 
per   nil lion. This  small amount suggests that an increase of a few 
parts per million in the chIoride content might be significant in indicating 
salt-water encroachment. The chloride content varies slightly from place 
to place. A study of the relation between the location of each we11 that 
taps the No. 1 sand in the area and the chIoride content of the water 
might yield information in regard to the danger of salt-water conramin- 
ation. I t  is recom~nended that such a study be included in the future 
investigations of the supply from this sand. 

Samples of water from welIs that tap the No. I sand and that seem 
to be most exposed to contamination by salt water should be collected at 

regular intervaIs and analyzed for their chloride content. This  is espec- 

ially true of wells between the Washington Canal and the we11 fieIds 
a t  Parlin. If no wells exist in this area, it would probably be worth 
while to drill two o r  three test wells at  seIected points for the sole pur- 
pose of proci~ri t~g samples. 

HISTORY OF DEVELOPMENT 

T h e  first water supply developed from the No. 1 sand south of the 
Raritan River was at the Perth Amboy Water  Works at  R u ~ ~ y o n ,  where 
a well was drilled to it in 1897. About the same time wells were drilIed 
to this sand in the city of Perth Amboy. For several years after 1897 
she No. 1 sand at  Runyon was the principal source of water supply for 
the city of Perch Amboy. At first the water was delivered to the surface 
entirely by natural flow. Later this supply was augmented by pumping 
from the No. 3 sand, and water from both sands was used. I n  1930 
n tlew well with a capacity of about 2 million gaI1ons daily mas driIled 
to the No. 1 sand at Runyon, and the oIder wells tapping this sand, 
which had not been used much for several gears, were definitely abandoned. 
T h e  wells drawing from this sand at  the South Amboy Water  Works 
were drilled in 1918-19 and those a t  the South River Water  Works were 
drilled in 1912. 

Before the beginning of the World War, in 1914, only a few in- 

dustrial pIants in Perth Arnboy, South Ainboy, and Sayreville, were using 
water from the No. 1 sand. The  total industria1 consumption probably 
was not much over I million gallons daily. T h e  favorable location of 
the region for export trade produced a sudden increase in industrial 
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activity during the war and a correspo~lding increase in the industrial use 
of water from the No. 1 satld. U~lfortunately there are practically na 
records of pumpage during these years, but from the information avail- 
able about the capacity of the wells then it] use it seems that the 
total rate of pumpage from the sand did not exceed 5 or 6 million galloris 
daily fr l  the area under co~~sideration. 

M a ~ l y  of the industrial plants established in this area during thr 
war have bee11 adapted to peace-titne operatiotis atid have continued or 
increased their use of water. I n  recetit years new industries have been 
attracted to the area and the pumpage has increased. T h e  total capacity 
of the weIls that now tap the No. 1 sand in this area is probably Inore 
than 20 million gallons daily. T h e  average daily consumption of water 
from the sa~~rl, from both nlunicipaI and iildustrial wells, from 1929 to 
1935 is showr~ i l l  the accompanying table. T h e  figures given are neces- 
sarily partly estimaterl, but they are beIieved to be reasonably accurate. 

Average consumption (partly estimated) of water from the No. 1 sand be- 
tween Perth Amboy and Jamesbarg by geographic divisions, 1929-35. 

(Million gallons daily) 

Year 

At Parlin 

South of Raritan 
River except at 
Parlin 

North o f  Raritan 
River 

Total 

CONDITIONS AFFECTING SAFE YIELD 

METHOD OF STUDY 

T h e  safe yield of a water-bearing sand is the maximum rate at which 
it will yield water i11definiteIy without impairing the quantity or quality 
of the supply. Quantitatively a water-bearing sand may be considered 
either as a reservoir in which water is stored or as a conduit through 
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which it is transmitted. Usually the conceptioa~ of a reservoir is most use- 
ful in studying sands in which water-table conditions exist, and that of a 
conduit is most useful in studying artesian sands. Except where there 
is danger of salt-water contamination, the safe yield of a water-bearing 
sand that acts pritnarily as a reservoir is the differerice between its rate 
of intake and the rate of unavoidable natural discharge. T h e  safe yield 
of a water-bearing s a d  that acts as a conduit niay be limited by its intake 
capacity, by the rate at which water call bc transmitted through the sand 
to the wells without Iorvering tlle water to a depth from which it can 
not be withdrawn ecol~omically, or by the  danger of impair in^ the quality 
of the water iri the sand. I t  seems probable that the capacity of the No. 1 
sand in this area may be limited either by its intake capacity or by the 
da~iger of salt-11-atcr intrusion rather that1 by the capacity of the sand to 
transmit water to the well fields. 111 this report the quantitative factors 
that niay litnit the safe yield of the No. 1 sand will be co~isideretl first, 
after which consideration will be given to the limitations tha t  are due to 
the danger of salt-water intrusion. 

I S T A K E  CAPACITY 

T h e  intake capacity of a sand depends on the area through which 
water may enter it, on the a ~ n o u t ~ t  of water available for absorption ill 
this area, and on the rate at which the sand absorhs water. T h e  intake 
area of the Xo. 1 sand has been mapped (see fig. 1 )  but it is ~u~cer ta in  
how much of it may be tributary to the wells at Parlir~. T h e  sand wiIl 
probably absorb much of the water that falls upon i t s  intake area as pre- 
cipitation i f  it is not removed by evaporation, transpiration or stream-flow. 
There is unquestionably e t~ougl~  storage capacity in the No. 1 sand to care 
for seasonal peaks of cotis~~mption and probably enough to take care of any 
deficie~~cies in i ~ t a k e  that might occur ill a dry year or even in several 
dry years. A study of the intake area necessary to supply the demand from 
this sand can therefore be based on the average daily rate of pumping. For 

the same reason the average yearly rate of precipitatio~~ rather than the 
lowest rate may be used as a basis for estimating the amount of intake. 

T h e  average alrnual precipitation on the outcrop area of the No. I 
satid is about 46 inches. Of this atnount about 20 inches is probably re- 
turned to the alr by evaporation from the soil and by the transpiration 
af plants. T h e  remai~~der  is disposed of  by stream flaw and by ground- 
water intake. Measureme~~ts of stream flow by the U. S. Geological 
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Survey in cooperation with the New Jersey State Water Policy Com- 
mission indicate that the average r11tl-off from drainage areas in this part 
of New Jersey is 18 to 22 inches a year. This  wouId leave only 4 to 8 
inches of the normal precipitation available for ground-water intake. 

I t  seems probable, howevcr, that the No. 1 sat~d absorbs consider- 
ably more of the a11nuaI precipitation than the figures just quoted rvouId 
indicate. South of Raritan River the intake area of the No. I sand lies 
within the drainage area of Lawrence Brook. T h e  measurements of the 
tlow of this stream show that its yearly run-off is from 3 to 6 inches 
less that] that of ~ le i~hbor ing  streams. Although there may be other 
factors that account for some of this deficiet~cy, sorne of it is doubtless 
due to the absorption of water by the No. 1 sand. The intake area of 
the No. 1 sand covers about one-third of the drainage area of La~vrellce 
Brook, so that i f  the deficiency it1 the yield of this stream were due cn- 
tirely to absorption of water by thc No. 1 sand, the deficiency in run-off 
from the ititake area of the sand would be three times as great as that 
for the stream as a whole, or from 9 to 1s inches a year. If the water 
table i l l  the intake area is lowered by the puillpi~lg from the satid, the 
amoitnt of precipitation that could be absorbed by the s a l~d  wauld prob- 
ably be increased, because the water enteritig the sand lvuuld pass out of 
reach of the plant roots more quickly and the flow fro111 the  sand into 
streams wouId be decreased or even reversed. Several small tributaries 
of 1,awrence Brook flow across the intake area of the No. 1 sand and 
may additional water to the sand, especiaIly if the water table has 
beer1 lowered along their courses. 

I n  the light of the preceding discussion and because the estimate 
nf evaporatioli and transpiration is necessarily approximate, it may be 
assurned with mtne degree of reasonableness that the amount of water 
absorbed by the No. I sand is nearer 20 inches per year than 4 or 8 
inches. On this basis an intake area of about 9.5 square miles wouId 
be required to supply 9 million galIons daily, which was the average rate 
of pumpage from the sand south of the Raritan River in 1935, o r  about 
10.7 square miIes to supply the total pumpage on both sides of the river 
in that year. Obviously if the absorption on the intake area is less that1 
20 itiches the intake areas required would be greater. 

If the deposits and the trap ridge beneath the Raritan River pre- 
vent the wells south of the river from d ra~v i t~g  an appreciable quantity 
of water from the intake area north of it, practically all the water pumped 
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from these wells rilust cotne fsorn the ititake area south of the river, and 
in  1935 the cone of depression of these wrIls must have extcl-ided far 
e~lougli to intercept all the intake from the area bet~ueeen the river and 
a poirit northwest of Jameshurg l~iiless water was taken from storage 
in the sand. If tio water was taken from storage ill the sand, the cone 
of depression extertded at least 10 rniles from the area of heaviest pump- 

ing at Parlin. T h e  wells south of the river possibly draw some water 

from the intake area north of it, biit even if there mere an fa ti restricted 
connection between the two areas of the sand, it ~ ~ o z ~ l d  he necessary for 
the cone of  depression to extend ahnut 8 miles along the strike of the 
formation in each direction from ParIin in order tn include at1 ititakc area 
large enough to provide an annual intake equal to the ql~antitv of water 

pumped in the whole area in 1935. 

I n  1927, when no water was being pumped fronl this sand at the 
Perth Amboy Wate r  Works at Runyon, the head in the 1 ~ ~ 1 1 s  to it at 
this plant had bern Towered 25 nr 30 feet below the orinitial static level 
by the pumpage a t  Parlin and elsewhere in the reginn. T h e  observation 
1ue1Is at  Runyon are about 1-1/2 miles from the wells at Parlin, where 
most of the water was being taken from the sand. T h e  fact that the 
head had been Io~t-ered this much at  a distance of 1-IJ2 miles from 
the center of pumping suggests that the cotie of depression ma!: indeed 
have extended 8 o r  10 miles a t  that time because a cone of depression 
normally flattens out as the distance from the pumping weIls increases. 
I t  probably extends farther today. 

About three-quarters of the area of Farrington Reservoir nn Law- 
rence Rrook lies on the outcrop of the No. 1 sand. I f  the water level 

in the sand is lowered ellough, the intake from this undrrn-atcr part of 
the outcrop will almost certainly be much greater than that from a similar 
land area. After the bottom of  the reservoir has been covered with silt. 
the intake from it ~vil l  be decreased but it will probably he an important 
potetitia1 SQlIrCe of water for the No. 1 sand for manv years to come. 

E f  the cone of influence extends as much as 8 miIes from Parlin, i t  in- 
cludes practically all of the reservoir that lies on the outcrop of the No. 1 
sand, but the head may not be lowered enough to cause flow from the 
reservoir into the sand. 
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ar ille, 
of it, 

iigure 4. F!uctuations of watrr Imclr in ohserwaiian w~l ls  at Rnnyan, Sayrp- 
and Parlin, and the awerage rate of pumping in flte whole area and in parts 
March 1929 to December 1935. 
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SAFE Y I E L ~  OF No. 1 SAND 19 

RELATION RETWEEN PUMPAGE AND WATER LEVELS 

GENERAL FEATURES 
PeriodicaI or continuous records of water Ievels in the old deep ~velI  

No. 8 a t  Runyon have been obtained since 1929 and a similar record of 
the water IeveIs in an abandoned test well at  the site of the proposed ' 

SayreviIIe Water Works has been obtained since 1931. T h e  oficiaIs of the 
E. I. duPont de Nemours Co., and of the Hercules Powder Co., have 
kept records of the  water levels in two observation weIIs a t  Parlin since 
1929. They have aIso..kept accurate records of the water pumped from 
the No. 1 sand at  their plants. A few of the other users of this water 
have kept records of pumpage, and it har been possible to estimate with 
reasonable accuracy the totaI amount of water pumped from this sand 
each month since early in 1929. T h e  fluctuations of the water level in 
the four observation wells and the average daily rate of pumpage each 
month from March 1929 to December 1935 are shown in figure 4. For 
convenience in analysis the pumpage is shown for certain geographic units 
as well as for the whole area. T h e  water levels are referred to mean 
sea level, which is about 35 feet below the originaI static Ievel. This  
diagram shows a positive relation between the pumpage from the sand 
and the water levels in the observation wells. I t  aIso shows that the 
greater part of the pumpage in the area is concentrated at  Parlin; that 
the pumpage north of the river has decreased from 1929 to 1935 ; and that 
the pumpage south of  Raritan River, exclusive of Parlin, has been very 
irreguIar but bas increased more rapidly than in other parts of the area 
during the last year. T h e  increased pumpage a t  Parlin and elsewhere 
south of the Raritan is undoubtedly responsible for the exceptionalIy low 
water leveIs in the observation weIIs in 1935. 

REGIONAL SPEC~FIC CAPACITY 
I t  is difficult to determine directly from a diagram like that of figure 

4 whether or not there is a definite mathematica1 relation between the 
rate of pumping from the sand and the Iowering of the water Ievel in 
welIs that tap the sand. Some lowering of the water level must be ex- 
pected as the rate of pumpillg is increased, because: a steeper gradient is 
required to overcome the resistance of the sand to the more rapid flow of 
water from the intake area to the point of withdrawal. Obviously the 
lower water IeveI will increase the cost of pumping, but it does not in- 
dicate thar the capacity of the sand to yield water has been impaired 
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~~riless the lowering of the head is out of proportion to the increase in 
pumpage. 

For a sitlgle well there is a definite relation between the lowering of 
the head and the yield, which is determined by the nature of the sand 
and the construction of the well. Within certain limits, the yield per 
unit of drawdown, which is calIed the specific capacity of the well, is 
constatlt. If the weII is pumped too heavily its specific capacity will de- 
crease. 

If the pumpage from the No. 1 sand were concentrated in a single 
well, or if a truly representative figure could be obtained for the average 
lowering of the head in the sand in the area over which the active wells 
are scattered, a similar relation between pumpage and drawdown should 
exist. This  relation has been called the regionaI specific capacity. I t  is 
the regional yield per unit of regional drawdown. A tendency of the 
regional specific capacity to decrease with increased pumping, or even with 
long-continued pumping a t  the same rate, would suggest that the safe 
yield of the sand was probably being exceeded. 

T h e  psincipaI difficulty in computing the regional specific capacity 
fox any area lies in satisfactorily determining the regionaI drawdown, 
because the water level in every well in the area is affected to some extent 
by the pumping of every other we11 in it. The pumping of the well?: 
nearest an observation we11 affects the water level in the observatior~ weII 
the most, so that the lowering of the water !eve1 in any one we11 may not 
safely be considered representative of the regional drawdo~vn. Further- 
more, the distribution of pumpage it1 the area varies from time to time, 
so that each observation well may be differently affected at  different times 
by the same total rate of pumping in the entire region. T h e  best that 
can be done is to compute an average lowering of the water IeveIs in all 
observation wells, or preferably an average weighted on the basis of the 
tlistat~ce from each observatioll well to each important center of pumping 
and of the distributiotl of total pumpage between these centers. 

For each year from 1929 to 1935 the regional specific capacity of 
the No. I sand in the area under consideration has been determined by 
using the average daily rate of pumpage and the regional drawdown 
computed by several different methods of weighting the Towering of the 
water Ievels in the four observation wells show11 in figure 4. T h e  re- 
suIts of three typical sets of computations are shown it] the upper part of 
figure 5. They show that the regional capacity has varied from year ro 
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1. Average d d l 7  rate of pumpine in whole srea divided by regional draw- 
down below original s t a t i c  l eve l  based on the weiehted averQe of 
the water level9 i n  four observation w e l l a .  

2. Avera e daily rate of pmping south of ~arltan River divided by 
regfanal dyawdown below original s t a t i c  l e v e l  based on the weighted 
average o f  the water levels in T o u r  observation wells. 

3. Average chill rate of pumping at Parlin dirlded by average drawdown 
below original s ta t i c  level in tro test w e l l s  at Parlln. 

4. BmIUal precipitation (average ol precipitation at Mew Brunswick and 
at Runyon). 

Figure 5. Regional speriftc capaciiy of the No.  I sand compiricd on ibe basis of 
three difrrpnl ass~:mpti07~s for  each year, 1929-35, and the anrrua/ precipiiatian 1772 

f h ~  i t ~ t a k r  nrm, 1926-35. 
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year, but  none of the methods of computing the segio~lal specific capacity 
gave results that indicated a consistent decline in the yield of the sand per 
foot of regional drawdown. This  resuIt suggests that the pumpage from 
the sand has not exceeded the capacity of the sand to transmit water from 
the outcrop area. Many of the variations shown from year to year are 
probabIy caused by changes in the distribution of pumpage that wcre nor 
compensated by the weighting of the water levels in the observatio~~ wells. 
For exampIe, rhe rise from 1934 to 1935 in the first two curves is psob- 
ably caused by increased pumpage north of Parlin, where there arc no 
observation ~velIs. T h e  observation wells at  Parlin and southward were 
not much affected by this increase in puanpage and the yield per foot of 
drawdown appeared to increase. If possible, at  least one observation 
we11 should be established in the area between Parlin and South Amboy 
in order that a more sepreset~tative figure for the regional lowering of 
head may be obtained. 

RE~,ATION XETWEBN REGIONAL SPECIFIC CAPACITY AND INTAKE 
The  s h a ~  of the third curve of segionaI specific capacity suggests 

a relation between regional specific capacity and precipitation. T h e  an- 
nual precipitatioti is shown at  the bottom of figure 5 for comparison. 
There  appears to be a lag of a year or two between the curve for precipi- 
tation and that for regional specific capacity. Part  of this similarity may 
be due to the distributio~~ of pumpage in the well fields at  Parlin. T h e  
pumpage there was low it) 1931, 1932, and it) the early part of 1933. 
During this time certairi wells that are nearest the observatiot~ wells prob- 
ably furnished a larger proportion of the water pumped than they did in 
years when the pumpage was higher. NevertheIess the simiiarity between 
the two curves seems too great to be entirely accidental. 

T h e  yield per foot of drawdo~v~l  a~pca r s  to dcc l i~~e  during dry 
periods, probably because the water table in the intake area is lowered 
apl~reciably and thus the head at  the wells is lowered without actualIy 
increasing the slope between them atid the intake area. A t  such times 
the cone of depression must extend farther i l l  order to include enough 
intake area to yield the amount of water being pumped from the wells 
unless water is taken from storage it1 the sand. Unfort~nrately no rneasure- 
rncnts of water levels in the outcrop area of the No. 1 sand are available 
to check this assumption. 
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Whether or not the explanation just given is correct, there woi11d 
 robab ably be a considerable amount of  intake even in the dryest year of 
record for this region. I n  the part of the ititakc area nearest the weIls 
all the water that can enter the sand, even in wet years, is probably 
withdrawtl promptly. Here the Iosses to the atmosphere and to stream 
flow arc probably already at  a minimum, and any decrease in precipi- 
tation would necessarily cause a decrease in illtake and a lowering of 
the water table. In the more remote parts of the intake area a dry 
season 1vouId probably produce a smaller lowering of the water table 
because the Iosscs mould be reduced as the head was lowered. 

T h e  apparent lag of a year or more between precipitation and re- 
gional specific capacity is dificult to understand. A rather detailed study 
of the effect of precipitation on the water levels at  Parlin, made by Mr .  
G. E. Linn, of the E. I. duPont de Nen~ours Co., indicates that fluctu- 
ations in precipitatiol~ are reflected as fluctuations of water Ievel in that 
vicinity in about six months. Probably the longer apparent lag shown in 
figure 5 is due, in part at  least, to the method of computing the regional 
specific capacity. I t  is conceivable that if the regio~lal specific capacity 
mere computed for shorter periods the  la^ inight not appear so great. 

Presumably the sand is filled with water at all times from the well 
field to the intake area, or near117 to it. The  fluctuations of water level 
in the observation ~vells  where the  sand is under artesian pressure repre- 
sent changes in pressure at  these wells and :lot any considerable change 
in the quantity of water stored in the sand near them. I t  is true that 
the sand and its confining beds are slightly elastic and compressible, but 
this ~vould not account for a Iag of more than a ferv days at  most. T h e  
well fields that draw from the No. 1 sand are so close to the  intake area 
that fluctuations of the water table in the intake awa arc probably tratis- 
lated rather promptly into fluctuations of rressurc at  the wells. Per- 
haps the most logical explanation of the longer lag is that in the intake 
area, where changes irl the altitude of the water table represent actual 
changes in the quantity of water in storage. the  cone of depression ex- 
pands and contracts rather slowly and considerable time elapses before 
the changes in head are large enough to affect the regionaI specific capac- 
ity. 

I n  the absence of actual measuremetits of water level in the intake 
area it may be worth while to estilnatc the rnagt~itltde of the change in 

the quantity of water stored in the No. 1 sand when the water table in 
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the intake area rises o r  falls. As already stated, the specific yield of a 
sand cannot be determined from a small sampIe in the laboratory, but 
the  difference between the porosity of the sample and its moisture equiv- 
alent is an approximate measure of the  specific yield. T h e  average dif- 

ference between the porosity and the moisture equivaIent of the six 
samples from the No. 1 sand for which the moisture equivalent was 
determined (see tahle p. 10) is 32.6 percent. If this figure is assumed to 
represent the specific vield of the No. 1 sand, then about 68 million 
gallons of water is stored it1 a saturated body nf this sand 1 square mile 
in area and 1 foot thick. Obviously this quatitity of water would have 
to he: removed in nrder to lower the water l e d  1 foot over at1 area of  
I square mile. The  widest and most rapid fluctuations of n7ater IeveI 
t vo~~ ld ,  of course, occur in the area nearest the well field, but i f  all intake 

were stopped co~npletely and 9 n~illion gallons of water were removed 
from 10 square miles of this satid everv day for nne year, the average 
level of the water in it would be Io~vesed onIy about 4.8 feet. These 

Agures suggest that the changes in the water leveI in the intake area 
through the removal of water by pumping would be sIow. 

T h e  direct absorption of water by t h t  sand from an average storm 
is probabIy less than 1 inch. If the specific yieId of the sand is 32.6 
per cent, I inch of water absorbed by the sand would raise the water 
Ievel in it a littIe more than 3 inches. This  rise ~r-ould not occur im- 
mediately after the water feI1 on the surface as precipitation, hecauw 
some time would be required for it tn move down to the water tahlc. 

I t  serms prnhahle, therefore, that fluctuations of the water table in the 
intake area due to precipitation are also slow. 

Three observation wells equipped with water-stage recorders were 
established in or near the intake area of the No. 1 sand in the summer 
of 1936. One is south of the Rarftan River and near it. Another is 
about 10 miIes southwest of the river, and an  intermediate we11 is near 
the Farrington reservoir. These three wells should make possible a more 
thorough study of the problems relating to the behavior of the water 
table in this sand. The observation of water levels in them should be 
continued until the behavior of the water table in this area is well under- 
stood. 
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DANGER OF SALT-WATER CONTAMINAl'lOIS 
The  danger of salt-water contamination of the No. 1 sand it1 the 

area under consideratfort depends on two factors, neither of which is 
susceptible to very definite analysis. T h e  study of this problem must 
therefore be based largely on assumptions. Salt water cannot be drawn 
into the weEIs and contaminate the water taken from them unless it is 
already in the sand or unIess there is a connection between the sand and 
some body of skit water. Furthermore, the salt water canllot be drawn 
into the ivclIs in the area under consideration unless the cone of depres- 
sion extends far enough to draw it in, even if it is present in the sand, 
o r  has access to it. 

T h e  sands of the Rarita~r formation are believed to have been laid 
dow11 under brackish water. The fact that they now contain fresh water 
is evidence that fresh water from their outcrops on the land has flowed 
through the sands and flushed the brackish water from them. At the time 
that this f l~~shing occurred, there was necessarily an opening through which 
the brackish water escaped from the sand, probably beneath the bed of 
the ocean. I t  is conceivable that salt water might be drawn back into 
the sand along the same channels through rvhich it was forced out if 
those channels are still open and exposed to saIt water. Ho~rlever, Rari- 
tan sands that are probabIy connected with the No. I sand yield fresh 
water a t  Asbury Park and at  intermediate points. The sand may thcre- 
fore be presumed to c ~ n t a i n  fresh water at  least 25 miles dotvn the dip 
from the wells at  Parlin, and it is extremely improbabfe that the cone 
of depression of the weIIs in the area now under consideration will eves 
extend that far. Therefore, danger of salt-water contamination hy  up-  
ward percoIation along the dip from the east is so remote that it merits 
no further consideration. 

T h e  water of the Raritan River, which cuts directly across the area 
under consideration, has a chloride content that ranges from about 2,000 
parts per miIIion near Sayreville to about 15,000 parts per million near 
Perth Amboy. This  water is believed to be the most serious menace to 
the fresh-water supply from the No. 1 sand. I t  has already been pointed 
out  that the river once cut its chauneI almost to the bottom of the No. 1 
sand at  least as far down t.he dip as Perth Amboy and that this channel 
tvas subsequently filled with river mud, satid, and gravel. I t  has also 
been pointed out (see fig. 3 )  that the Cape May sands are in contact 
with the No. 1 sand near the Washington CanaI, and it is entirely pos- 
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siblc that a similar condition may exist somervhere beneath the river. I i  
the Cape May sands beneath the river are exposed to the salt water ill it, 
this salt water could enter them and pass from them into the No. 1 sand. 
On the basis of the present knowledge oof: the structure of the area, the 
conditions along the Washington Canal seem to constitute the gravest 
danger of salt-water contamination of the No. 1 sand, but  it is by no 
means certain that  equaI1y serious conditions do not exist elsewhere. AI- 
ready one of the wells at  the plant of the Sayre & Fisher Brick Co. has 
yielded saIt water. This  we11 was drilled about 1905 and nrray have de- 
veloped a leak in the upper part of its casing, where it may pass t h r o u ~ h  
shallow water-bearing sands that are not protected by a clay cover and 
contain salt water. On the other hand, it is probably significant that 
the water of this well was contaminated some time after the IVashington 
Canal was dredged. Ullfortunately the Sayre & Fisher wells have hccn 
abandoned and filIed and are no Ionger available for sarnpIirrg. SampIer; 
of water should be coI1ected periodicalIy from v ~ l l s  locatrd between the 
plants at  Parlit1 and the canal and anaIyzed for chloride content, even 
though it may be necessary to drive test wells for this purpose. This  
water sampling program should give warning if the salt water is ap- 
proaching the we11 fields, so that other arrangements for water supply 
can be madc with a minimum of haste and expense. 

A few wells that reach the No.  1 sand a t  or near Perth Amboy 
have been contaminated with salt water. This  fact strongly suggests 
that there is a connection between the saIt 1i7ater in the river and the 
part of the No. I sand that lies north of the river. If the sand were 
continuous beneath the river, the  cone of depression caused by the pump- 
ing south of it would unquestionably extend far e n o u ~ h  to draw in salt 
water from this vicinity. Possibly, hotvevcr, if there ir a connection be- 
tween the two parts of the sand, it is so restricted or so devious that this 
cone of depression does not extend to the area in which salt-water con- 
tamination has been observed. 

If the salt water should gait] access to the sand south of the river 
from some point in the river bottom, it is impossib1e to predict where 
the contamination might first appear, because of the irregularity of the 
formations beneath the river. Howevcr, it ~ l o u I d  seem that the 1 ~ 1 1 s  of 
the New Jrrsey Power 8z Light Co. and of the Titanium Pigment Co. are 
perhaps most exposed to contamination in this way, unIe~s the trap ridze 
protects thc sand for a considerable distance along the river as it does a t  
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the Liberty Bridge. Salnplcs of water should be collected monthly or 
quarterly from these wells for chloride determination in order that any 
possibIe advance of salt water frotn this directioti may be detected as soon 
as possible. 

In most places the Cape May sattds beneath the river are covered 
by a Iaycr of river mud that is rclativeIy impervious atid perhaps pro- 
tects them from t l ~ c  salt water in the river. Dredging in the river channel 
may already have op~tlerl a passage through rvhich salt water can enter 
the No. 1 sand. Of course, any future dredging will iticrease the danger. 
Howcvcr, as shown by the test borings for the Liberty Bridge, the  No. 1 
said tiear South Amboy appears to be cut off from the sands in the river 
bottom by the trap ridge and the Woodbridge clay, which lies directly 
upon the trap rock. I t  is not certain, however, that the trap ridge rises 
high enough to protect the No. 1 sand for any great distance or that 
the river mud, where i t  overIies the sands, is entirely effective as a seaI. 
It is recornnlended that any  further deepening of the river channel be 
preceded by enom-~gh test boritigs to make certain that the No. I sand 
is adequateIy protected. 

SUMMARY AND CONCLUSIONS 

T h e  pumping in the vicinity of Parlit] has lowered the head of the 
water in the No. 1 sand in that area as much as 110 feet below its original 
static level. This  fact has naturally raised the question as to whether 
or not the safe yield of the sand is being exceeded. T h e  resuIts of the 
studies made to the present time indicate that the lowering of head has 
not been out of proportion to the increase in pumpage and that the safe 
yieId probably has not thus far been exceeded unless salt water has access 
to the sand at  some point within the cone of depression of the wells in 
the area. I t  seems likely, however, that the safe yield of  the sand is 
bring approached, and any large increase in pumpage may exceed it. 

T h e  safe yield of the No. I sand in this area may be limited by the 
ititrusion of salt water rather than by the quantity of water that can 

be withdrawn frotn the sand continually. There appears to be danger 
of contaminatioti of the sand by salt water from the estuary of the Rari- 
tan River. T h e  disposition of the materials below the river chan~iel is 
so irregular that no definite predictions can be made. Dredging opes- 
ations in the bed of the river unquestionably increase the danger of satt- 

water contamination. 
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T h e  intake area of the No. 1 sand in this area, and to a largc cxtc~it 
the whoIe s a d ,  is divided into two parts by the estuary of the Raritan 
Rives and the ancient trap ridge that underlies it. If the welIs south of 
the Raritan River must rely on the intake area south of the river for their 
supply, the cone of depression of these ~veIls must extend approximately 
10 miles from I'arlin in order to include e11ougI1 intake area to supply 
the quantity of water pumped from these \reIls in 1935. Even i f  there 
were all ul~restricted conr~ectio~l between thc two parts of the sand,  the 
cone of depressiorl would have to exrerld about 8 rniIes in both directior~s 
iroln Parlin. No information is available about the fluctuations of the 
water table in the intake area, but water-Ievel observations in ~vcl!s 
farther down the dip indicate that the corie of depression map indeer! 
extend 8 or I0  miles from Parliti. T h e  yield of the intake area may be 
incrrased by infiltration from the Farrington Reservoir, which lies upon it, 
and also from several smaII streams with flat swampy valleys that cross 
it from the southeast. 

There appears to be good evidence that the water Ievel in the rvclIs 
at  Parlin is affected by fluctuations of precipitation. This  relatiflu sug- 
gests that at  least a part of the intake arcx is now yielding all the \r7ater 
that can enter she sand, so that the cone of depression must be extended 
i l l  dry years in order to include enough of the intake area to supply the 
~veIIs. 

Although much has been learned about the water supply from the 
So. 1 sand, there remain tnany problems that need to be better u r 1 . d ~ ~ -  
stood. T h e  coIIection and study of records of the pumpage from the 
sa11rl and of t t e  water levels in wells tapping it should be contiriued and il l-  

tensified. Especially valuable illfortnation may be obtait~cd from a study of 
the fluctuations of the water levels in the new observation weIFs in the 
intake area. A t  Ieast one observation well should be established in the 
area between Parlin and South Amboy. AdditionaI test wells sho11Id 
be drilled as suggested in the preceding pages. These test welIs are needed 
to obtain samples of water to detect the possible adva~icc of saIt water, 
partict~larly in the vicinity of the Washingto11 Canal, and to obtain addi- 
tional infarmati011 about the geology of the area with speciaI reference 
to the  locatioai of the trap ridge and its effectiverless in protecting the 
sand from salt-water encroachment. Water  samples should be collected 
periodically from every available well that taps the No. 1 sand in the 
area, and these samples should be ar~aIyzed for chloride cotitent. I n  gen- 
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eral, the observations now being made shot~ld be continued and extended 
in order that the problems relating to the water supply from this sartd 

may be better understood. 
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