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LETTER OF TRANSMITTAL 

September 17, 1928. 
Dr. Henry B. Ki.immel, Di,rector, , . 
Department of Conservation and Development, 

· . Trenton, New Jersey. 

DEAR Sm: 
I am transmitting herewith, a report on Ground Water Supplies of 

the Atlantic City region, prepared by Mr. David G. Thompson, 
Geologist, United States Ge~logical Survey. The report is based upon 
field investigations made d~ring the. period of about four years begin-

. ning July 1, 1924, by the author working in cooperation with the 
Division of Waters in studying the grouhd' water resources of the State. 

This report is the first of, a serious which are being prepared on 
gound water conditions in several areas throughout the State where 
large supplies of water are being utilized for potable ancl public use. 
The necessity for more accurate knowledge of our water resources, 
in order to plan intelligently future water supply developments, amply 
justifies these investigations. 1 . 

I therefore recommend that this report dealing with the Atlantic 
City region be published as a' Bulletin of the Department's reports, 
in order that the people of the State may have the benefit of the 
information and conclusions which' the author. presents there~n. 

Respectfully submitted, 

HOW'ARD T. CRITQHLOW, 
Chief, Division of Waters. 

:Approved for publication, 
HENRY B. KuMMEL, Director. 
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GROUND W TE,$. SUPPLIES Of THE ATLANTIC CITY · ' . L- .. REGION.' . 

I ' _, , 
~y DAVID. G\ THOMPSON • 

. I 

I 
\ · H{TRODUCTIQN .. 

. f· J , , 

. This report. is one bf several describ1ng groimd-water 6onditions; 
especially with 'respect! to the quantity of water available; in certain 
localities in New J ers~y where large quantities of ground · water are 

. used. The invcestigati<lns on which the reports have been based have 
. beE)n qarried on by the\ New Jersey Department of Conservatio:n and 
Development in.'co-opetation with the United States Geological Sur7 
vey. The work was d~ne by the writer in consultation _with H. T.' 
Critchlow, Chief of theiDivisioli of Waters of the Department of Con:... 

I . . . 
servation and De.velopiµent, an:d• 0. EJ. Meinzer, Geologist in Ch,arge 
of the_ Division of Gro1nd Water of the Geological Survey: He w~s 
assisted at different tim1es by Ernest W, Downs, junior engineer, of the . 

. · Geological Survey, and· Henry G. Barksdale, formerly of the Geo-
logical S-q_rvey and riow assistant. hydraulic engineer of the I,)epar-t-
ment of Conservation\ and Development Numerous ·analyses of 

. water were made in the: laboratory of the Geological Survey by C. S._ 
Howard, ~nd W. _D. Colli1;1s,. Chemist in Charge ·of tlie Division of ,' -
Quality of Water of the Survey,- has offered valuabl~ suggesti6ns . 
.Other ,member~ ·of the \Geological Survey and, Department of Con-
servation and Dev!c)lop:rhent. have. also rendered assistance. in many 
ways. The writer is especially iri.debted to the Late' Dr. M. W. Twit-
chell1 Assistant State Q-eologist of Ne~~ Jersey,-' f~r info~mation in 
regard to the stratigrap}1.y of tli~ region covered by the present report .. 

Many pe.rsons have as¼isted,by giving freely of information of one 
sort or ~nother and to ;them the writer. expresses his appreciation: 
He 1s especially tndebt~d to Commodore Louis Kuehnle, Comm.is-, 
sioner in Charge,' Mr. \_Lincoln Van Gilder, Superintendent, and 
Mr, Frank Trumbore,• Chief · Engineer of the Atlantic City Water 
Department; to. Harry': -Singley, , Chief Engineer of 'the Ventnor . 

<Watei·Works; James Bbi~; of the Margate Water Department; Mr. 
Jacob ]L]'rye,- Superintendent 9f the Longport Water Departm~nt; 

· Mr. Howard ~anks, Superintendent of the Wildwood Water Co., and 
officials and drillers of ·hie La:yne-N ew, York Co., and the Artesian 

' ' 
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2 ATLA~TlC CITY GROUND WATER SUPPLY. 

Well Drilling Co. for assistance in making tests or collecting, special 
data, a~d to the owners or operators of wells in the region not specifi-
cally mentioned who furnished information in regard to their wells. ; 

. The area. considered in t.q.e report includes the rngion along the 
Atlantic coast from Brigantine to Corson's Inlet and on the' main-
land from Absecon to Somers Point. ( S~e Fig. 1.) · Some informa-

City Water Co 
n Pionf 4we\l,s 

, private we II~ i11 
. ceo.n CitH 

tic Cit~ 
Works. Brig a 

11 s \00 .to 2.00 te.et 
I 675kd 

or wells in Atlantic. 1 

· Citlj see inset map 
. Mo.rgo.te City Water, Works.· 
3 wells · 

o'--'--'-'---'---2.,___3,___4,_____.5 miles 

FIG. 1,-Map of, the Atlantic City region showing locati011 of surfaci; water 
' and principal well supplies. · 

tion is also given in regard to conqitions along the coast as far. south 
~s Wildwood. · 

i, 
I 
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INTRODUCTION. 3 

The report contains the principal results '9;f the investigation 
through· April 30, 1928. It is believed that the general conditions 
affecting th'il occurrence of ground water in the region are now well ' 

. understood, but some important details remain to be studied further. 
The observations are being continu(;)d, and it is hoped that later a . 
report may be prepared conta1ning further data which may lead to 
more ¢lefinite conclusions as to the effect of future increases in pump-
age frrom wells in the region. 

KEY '.rABLE FOR FIG. 1. 

Numbers on inset map of Atlantic City refer to privately owned wells 
as follows: 

1. Atlantic City Electric Co. 
(2 wells) 

2. Pennsylvania Railroad 
3. Atlantic City Gas Co. 
.4. Supplee-Wills-Jones Dairy Co. 
5. Abbott Dairy Co. 
6. Reading Railroad (abandoned) 
7. Atlantic City Brewing- and Ice Co. 
8. Guarantee Trust Bldg. 
9. Atlantic City High School 

10. Chelsea Hotel ' 
11. Ambassador Hotel 
12. Ritz-Carlton Hotel 
13. Shelbourne Hotel 
14. Dennis Hotel 
15. Marlborough-Blenheim Hotel 

(2 wells) 

16. Brighto1i Hotel· 
17. Traymore Hotel (2 wells) 
18. Knickerbocker Hotel 

, 19. Chalfonte Hotel (2 wells) 
20: Haddon Hall (2 wells-1 not 

used) . 
21. Strand Hotel 
22. Blackstone Hotel (not used) 
23. St. Chai'les Hotel 
24. The Breakers Hotel (2 wells) 
25. Galen Hall 
26. Royal Palace Hotel 
27. American Ice Co. 
28. President Hotel (not yeLin use) 
29. Citiz~ns Ice Co. (abandoned) -
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SUMMARY OF REPORT. 5 

· SUMMARY OF REPORT, 

The present water supply for. the Atlantic City. region is obtained -
from three sources; namely, water from streams on the mainland, 
shallow wells on the mainland, and deep w·ells on the beaches. The 
water from the first two sources is used principally for part of the 
public supply of Atlantic City, and for mainland towns between Ab_. 

. secon and Somers Point. The deep wells are used for public supplies 
at Brigantine and from Ventnor southward to Wildwood, and for 
private supplies for many, hotels ancl industrial plants in Atlantic 

- City ancl Ocean City. 
The estimated average daily consumption from all sources in the 

entire region in 1927 was about 22 million gallons a. clay. Of this about 
30 per cent was from streams, .27 per cent from shallow wells on the 
mainland, ancl 43 per cent from d,eep wells. In the 10 years between 
1917 ancl 1927 the consumption from public supplies increased about· 

. 7.4 million gallons or 82 per cent above' the consumption in. 1917. 
Data in regard to pmnpage from private wells .are not available for the 
10-year period, but in three years, from 1924 to 1927, the av~rage 
,daily consumption increased about one million gallons. · It is esti-
mated that within the next 20 years the average daily consumption 
from all sources may increase more than 20 million gallons. 

The supply of surface water at present available is insufficient to 
meet the expected increase in consumption. '110 provide for future 
needs it will be necessary to go many miles to streams not now used, 
or to develop ac1c1itional • supplies from wells. ]ror several reasons 
wells offer the simplest methods of increasing the supply. In· many, 
regions where large quantities of ground water have been developed 
the· head on the water, as shown by the water level in wells, has 
dropped considerably ancl in some place,l the supply has been greatly 
overdrawn. In the Atlantic City region the problem is complicated 
by the fact that many of the wells are situated very close to the ocmtn, 
ancl as shown by experience in other regions along seacoasts there may 
be 'clanger that the water-bearing formations will become contami-
nated by salt water. , In view of these .facts it is advisable to consider 
the extent to which aclclitional grouncl~water supplies can be c1evelopec1. 
It ·is the purpose of this report to determine the probable effect of 
_considerable increases in pumpage from the water-beari1~g formations 
and the availability of these formations for future increases in supply. 
It is not within the scope of the report, however, to consider the 
relative merits of different sources of supply from the standpoint of 
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cost, and othE)r items which properly should be considered in the fi:µal 
, choice of any one type 1of supply. . 
· The 1 principal method of study has been to determine the effects of ' 

pll"P'.J.page of given quantities of water upon the w~ter levels in the 
wells, and, on the basis of certai~ prip.cipl~s of hydraulics, to 'Con- · 
sider the effect that would be produced by further increase iii pump-
· age. In. doing this it has been necessary to determine the relative 
· effects of several factors, which if not correctly und_erstood might lead 
to a wrong interpretation of the. data dbtained. Records. were ob-
taine.d:, during a period of :r:iearly four _years on the water leyels in· 
severa~ ·oliservation wells and on the pumpage from the entire area_ 
fi:om day. t9 day and month to month; ·also on the :fluctuations of the 
water levels in wells.during a.series of .pumping tests of several ho~TS. 
The geological conditions were carefully ,studied ·and testE? were made 
on, samples of sand obtained from well~ during the process of drilling 

. to determine the permeability of the water~bearing formations. C~n- ·. 
ditions _in oth,er regions along seacoasts, were studied and compared 
with those in the .Atlantic City region to determine whethe~ there is 

.. ariy' 'danger that the water.bearing formations may become. contami-_ 
nated wi.tl). salt water from the ocean. .. , 

In the Atlantic City· region ground water of good quality• is ob-
tained from two sources. ·The- mos_t productive water-bearing horizon · 
at present is the Atlantic City 800-foot sand, about 80 feet thick, 
which along the'beach froin Brigantin~ to Ocean City is reached at a 

. I 
depth of about 760 feet and at increasing depths south of Ocean_ 
City until. at Wildwood it is about 900 feet below 'the_ surface. The . 
sand rises toward the northwest a11d on the .mainland at the':Atlantic 
City Water, Works it is reach~d at a depth 6£'- only 600 feet. The 

'other water-bearing formation consi~ts, of shallow· .sand beds which, 
'· yield potable water only on the mainland where they lie withil). about 

250 feet of the surfacer In 1927 an average of abqut 9.5 million 
gallons a day was· pumped from the S00•foot sand. It is the· sole . 

·. source of supply for all places along the coast between Brigantine 
and 'stone Harbor, except Atlantic City, and in that city a:p. average' 

,, of. more than five .million ga1lons a day l.s drawn from privately-
, o~ed wells at hotels and industrial plants. For these reasons the 

most attention has been devoted to this sand. 
' The first wells 'were drilled to the 800-foot sand fo 1893. At that 
time. the wells .fl.owed natl~rally and the water was under sufficient 
pressure. to dse 20 or 25 feet above sea· level. As _the withd.raw,al of 
wat~r has' continued th.e water, level in'the wells has gradv.ally receded 
until in the summer of 1924 it was below sea· level over a large area, .. ,, . ' . . 

I, 

i· 
I 
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about 50 feet below sea level in' Atlantic City, and nearly 25 feet below 
at Longport. By the summer of 1927 it had dropped to 80 feet below 

• I 

, sea level in Atlantic City and more than 45 feet below sea level at 
Lbngport. It is obviously important to determine whether these facts. 
indicate that. the supply is being overdrawn or whether they repre-
sent normal drawdown and _indicate that 'additional supplies- can 
safely be developed. . 

It was found that along the beaches the water level in wells which 
indicates the head of the water in the 800-foot sand fluctuates con-
timially in ac:cord with the tide, the am~unt of fluctu~tion ranging 
from a few inches to about four feet. Furtp.em1ore, in Atlantic City 
there is a daily fluctuation in head of from about one to ten feet due to 
difl\ffences in pumping, and at points close to wells that are pumped 
it may be even more. Because of the considerable fluctuatioi:1 in the 
water level in any one day it is 'impossible to determine the.nature of 
seasonal and .annual .fluctuations merely by occasional single measures 
mepts. Rather it is necessary to have. as nearly a continuous record 
as, possible to show the highest ~n,d .lowest points reached during the 

- . year. 
The seas_onal fluctuations of the head on the ,vater in the 800-foot 

1 sand in three widely ~eparated localities, generalized to omit daily 
fluctuations, are shown' in ]'ig. 14. ( See page 60.) The head in the 
three localities shows a typical 1;:easonal fluctuation, and the;re is other 
evidence that throughout the regi(\n the head fluctuates in much the 
same way. It is high in winter and as summer approa:ches it drop~ 
until a low point generally is reached during the latter part of August 
or early part of September. Thereafter the head rises until the highest 
point is reached, usually between December and Mar~h. A:significant 

, feature is that ~uring' the period of investigation, from 1924. to 1927, 
inclusive, the head has dropped lower each s-µmmer than in the pre-
·ceding summer, and has· not risen as high in the winter as in the 
previous winter. 

To find the cause of the fluctuations of head, comparison was made 
with the average daily pumpage by months from the 800-foot sand in 
different parts of the Atlantic City region and in the region as a whole, 
and with the accumulated_ departure from normal precipitation in the 
southern interior. section of New Jersey since 1924. A very close 
relation was found to exist between t~e changes in pumpage and the 
changes jn head. The rrmrked decrease in head in spring and summer 
coincides with a considerable increase in pumpage, the increase in 
head with a great decrease in pumpage. Furthermore, in accord 
with the "progressive dcrease in head from year to' year• there. has 
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been a corresponding increase in pumpage. The evidence strongly 
· supports the conclus1on that the head on the water ,in the 800-foot 

sand fluctuates primarily in response to changes in the pumpage. 
The fact that the head r1ses in winter as the pumpage decreases 

is believed to indicate that the limit or development of the 800-foot 
sand has not yet been· reached. To determine .the effects of future 
increases in pumpage· there has been computed the ratio between the 
depth to water, or loss in head, below the original .static level in wells 
in Atlantic City and Longport, and the 'rate of pumping in certain 
parts of the region for each month 1from 1924 to 1927, inclusive. As-
suming that future increases in pumpage.are distributed as they have 

· been in the period of observation, an inc;ease of 10 million gallons in 
the average daily pumpage from the 800-foot sand over that of 1927 
may he expected to lower the non-pumping level in wells in Atlantic 
City to a d~pth of about 200 feet below the surface; and for the same 
increase the water level in the Longport observation well may drop to a 
point about 100 feet below the' surface. The los~ in head may be greafa,r 
if the increase in pumpage is largely from wells nearer the localities 
:mentioned., and it may be l'ess if it is at points farther away than the 
eenters· of increase during the period of observation. Obviously, ii 
will be inad~isable to undertake to develop the entire future supply 
of the region from the 800-foot sand. 

In some localities along seacoasts the water-beari~g formations 
have been contamihaiied by salt water as the head has been lowered 
by pumping. In Atlantic City several wells h.ave become salty, but it 
has been definitely proved that the salt water has entered the wells 
through hofas in the casings where they pass through overlying beds 
that are conta:minated. • Contamination of the 800-foot sand thus Jar 

• has been prevented by the presence of about 300 feet of nearly im-
pervious clay. However, there is good reason to believe that· the san,d 
outcrops beneath the ocean and there is opportunity for salt water 
to be drawn in, esp13cially in view of the fact that the. head .of the 
water in the heel is many feet below sea level. - The relation between 
the original head of water in the formation and the level of the oce'a;1, 
whic.h has a greater-density, indicates ·that if a state of equilibrium 
existed before pumping began, salt water was present in the 'forma-
tion where it lie~ at a depth of 1;000 ,feet or less, probably only a few 
miles offshore opposite Atlantic City. The sand lies at a depth of 
about 900 feet at Wildwood, and if the conjecture just stated is 
correct the chloride content of the water there should be higher than 
at Atlantic City. There is an actual increase in chloride southward, 
along the coast from about 10 p9,rts per ·million at Atlantic City to 

I 
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. SUMMARY OF REPORT. 9 

between 200 and 300 parts per million at'. Wildwood. It is believed, 
therefore, that there is danger of contamination of the sand at At-
lantic City although the salt water may still be so far out that it will 
not reach the city for many years. 

In view of the great depth to which the water would be lowered 
by a considerable increase in pumpage from the 800-foot sand and the 
possible ,danger of coritamination of the formation, it is concluded 
that no great additional development of the sand should be .made and 
that other sources should be used so far as possible. · , 

Reliable data in regard to the water-bearing capacity of the shallow 
l}orizons of the mainland were obtained only in the well field of the 
Atlantic City Water Works in Pleasantville. In that vicinity the 
materials to a depth of 250 feet are principally sand, but clay is 
present from about 15 to 30 feet ancl 100 to 120 feet below the sur-
face. Logs of wells in other lpcalities clo not show' the same sequence 
of formations as at the water works. 

In the 1well field of the Atlantic Qity Water Works the water is ob-
tained from 32 wells of which about half are 100 feet deep ancl the other 
half about 200 feet deep. Theaggregate yield qf these wells, when' 
pumped by suction, is about six million ,gallons a clay, of which prob-
ably more than half comes fi:om the 100-foot wells. Field tests show 
that the sands that supply the 100 ancl 200-foot wells have a much 
higher water-bearing capacity than the 800-foot sand, as shown by the 
following facts. The ma:icimum loss of head below the original static 
level when about· three million gallons a clay is being pumped from· 
each of the two shallow horizons is only about 30 feet as· compared to a 
loss of head of 75 to 100 feet in the 800-foot sand in Atlantic City for 
a pumpage of 3.5 to 5.0 million: gallons •a clay. The area of influence 
of the shallow wells when pumped at the rate indicated is apparently 
not much more than a lllile in diameter, whereas in the 800-foot sand 
the depression of head when pumping at only a sliglily higher rate 
extends for at least eight miles in all directions from Atlantic City. 
The head, on the water in the shallow horizons responds quickly to 
changes in pumpage; when the wells are shut off the head rises to 
the original static level within a few hours, and when they are 
pumped a constant pumping ,level is reached in a short time. In 
contrast · to this the head on the water in the 800-foot sand 
responds very slowly ancl a state of equilibrium may not be reached' 
for many clays. 

, So. little is known of conditions on the mainland, except at the At-
lantic City Water Works, that it is impossible to predict how much 
water can be obtained from the shallow horizons. If conditions 
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throughout the region a:r:~ as favorable as at th~ water works .af least 
three times .as ,much water as is now, developed may be obtained , 
without ca~sing pe1:ma;nent overdraft. . This additional quantity can.) 
not safely be ·obtained in the present well field,. for to do ·~o wpuld, 

, produce a considerable lowering of head an9- might result in: the 
contamination of the sands by salt water. The danger of contami-
nation of th~ shallow horizons by salt ·water is eyen ~ore imminent 
than in the case of the 800-foot sand, for the sands are not overlain 

' by any widesprea1d protective bed of clay, and there' is reason, to be~ 
lieve that salt water may occur only a mile or two from the .water 
works: For thi'.s reason the new wells should be scattered, over ·a l~rge 
area and should be situated as far a('l practicable from an}' ·body of 
salt water. It is berieved .that_ a favoraple location for the drilling· 
of additional wells is around the. borders of Absecon Pond, from 

. which Atlantic City now obtains part of its supply. Condit.ions in · 
this locallty m~y be f~vorab!e for the percolation of water from the 
pond, into the water-bearing sands. If so, a large supply would be 

· assured arid some of the flow of the .stream that now goes -to· waste 
could be ,recovered. However, . in view of. the lack of reh~ble . data 
in regard to conditions outside ~f the present water works .well field, 
no iarge devel~pment sh~ulcl be undertaken- without exploratory 
drilling anµ enensive pumping tests. 

In view of the expected large increase in consumption of water: in 
the future, and the fact that the problem of providing for t.his in~ ' 
c:i-ease may be of gre'at importance to many communities in a- large 
area, observations on pumpage and water levels ~hould be continueµ. 
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Absecon· Pond, soUrce of of piiblic water supply for Atlantic City. 
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Weir and gaging station below .,,l.b.~econ dam, m,aintained by New Jersey Department 
of Conservation and Developmtnt and U. S. Geological Sitrvey to 

measure fiow of, Absecon Creek, 
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PRESENT WATER SUPPLIES OF THE REGION. 

_ . It is• not within the scope pf this report to make a detailed study of 
the water supply situation of the Atlantic City region, but certain 
features of the existing supplies may be mentioned_ briefly. 

Atlantic City:-The present public supply for Atlantic City is 
obtained from two sources-c-wells at the Absecon pumping .station on 
the mainland1 and Absecon Creek. The relative amounts of surface 
and ground water used are given on page 18. · 

The water of Absecon Creek is stored by a dam situated about a 
mile west of Absecon. The capacity of the reservoir is about. 300 
million gallons,, but the· reservoir cannot be entirely emptied, and the 
usable capacity is only about 250 million gallons. Since December, -
1923, measurements have been made_ ·of the flow of Absecon Creek. 
The- average daily flow for the months of .maximum ancl of minimum 
discharge, anq fo~ the entire year for the years 1924 to 1927, in-· 
elusive, is given in the accompanying table.· 

AVERAGE DAILY FLOW OF ABSECON CREEK ABOVE ABSECON 
DAM IN MILLION GALLONS.a 

Month of l)fonth of Average 
YEAR :rnini1nu111 maximum -for 

flow flow year 
192.4 13.9 32.4 25.6 
1925 9.7 17.1 15.2 
1926 12.0 17.0' 17.1 
1927 .. ' . li.9 21.2 18.7 

. . From the :figures given it .is evident that the summer 9-ischatge or 
Absecon Creek at present is no more than sufficient to rneet the 
demand, and in dry years draft must be made on' the storage. In · 
order to_ meet the increase in the consumption in the near futur.e 
either greater storage n;mst be provided or a large supply must be de-
veloped from some other source. · 

The water from Absecon Creek Resenroir is carried about two miles 
by a 42-inch wood stave conduit to a small basin at the pumping sta-
tion. This main is old and is. soon to be •replaced by a new one. The 

· difference in elevation between the pond and the basin is so small that 
the r_ate of fl9w, is limited by the low head. For a few hours on days 

lThe Atlantic City pumping station, although located in the northern part 
of Pleasantville, is commonly called the Absec011 station, and that name will be 
used; in this report. 

aCorrected for changes in storage from month to month. 
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of high ~onsumption the pumpage /is actually in excess d the flow , 
from the pond. During these periods a shortage is prevented only by 
draft on the small storage basin maintained at the pumping stati~n. · 

The ground-water supply is obtained from 32 wells 100 to 200 feet 
deep. The well :field is described in more detail on pages 12f and 123. 
The total yield of the well :field is approximately 7½ million gallons 
a day. · · 

If the dry-periocl yield of Absecon Creek be reckoned at 10 million 
gallo11s a day, the total minimum.yield of all systems is a little more 
than l:Y million gallons a day. The ,Department of Cons,ervation and 
Development has granted the right to div~rt a total of 20 million 
gallons a day of ground water and th_e · construction of new well!} 
needed to obtain this amount was begun in the spring of 1928. When 
this development is completed the 'total ayailable supply will be about , 
30 million gaHons a clay. · 

'Mainlari:d towns.---'-The water supply for the several mainland com-
munities lying between Absecon and Somers Point, and including 
Pleasantville, is furnished by the Atlantic County Water Co. This sup-
ply is obtained in part from, a small stream that is clammed at Bar-
gaintown, about three miles· southwest of Pleasantville, where a pump-
ing plant is located'. The capacity of the reservoir is estimated to· be 
40 million gallons. Water is also obtained from a well· neare{ the' 
cent~r ot Somers Point, which is 118 feet deep, 16_ inches in diameter 
from the top to $0 feet, and 12 inches from 80 to 98 feet. The lower 
27 feet is equipped with concrete well screen 11½ inches in outside, 
diameter. It is equipped with.a turbine pump which pumps directly 
ii1to the main and which is controlled automatically so that a certain 
pressure is ;maintained. The compa1u also has a we!} at the Bar-
gaintown pumping station which' is 120 feet deep and six inches in 
diameter. Its yield is small and it is used only an hour or two a clay. 

, . Ventnor.-',I'he Ventnor wat_er sutply is obt!:linecl from six aeep , 
wells located, at the city water works at Cornwall ai:icl Winchester 
Avenues. The wens are ~pp:roximately 800 . feet cl,eep. and range in 
diameter from 6 to -12 inches at the top with 4½ to 8-inch screens. 
Five of the wells are situated in an area of about three acres and the · 
sixth is several hundred fflet distant. The wells are pumped by air 
lift. and discharge by gravity into a covered concrete reservoir that 
has a capacity of 574,000 gallons. The system has no standpipe and 
,pressure is maintained by pumping directly into the :µrains. The peak 
consumptioi1 during certain hours of the clay in the summer is con-
siderably in excess of the. pumpage from_ the wells, and storage must 
be drawn upon. · · 

( '\ 
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J)ischarge of new· well at Margate City W!,1,tei· Works during preliminary test June 19, 1924.-.0 Rate of' discharge 700.· gallons a. 
. minute; 
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Margate, City.-,-The water supply for Margate City is obtained 
principally from two wells. . The wells range in depth from 800 to 
812 feet, and are equipped with eight-inch screens, They are equipped 
with deep-well turbine pumps, Their combined yield is about 1,000 
gallons a minute. The pumps are so connected that they can pump 
directly into the distribution system. Generally, how~ver, the water 
is discharged into a concrete reservoir in order to provide aeration to.· 
remove hydrogen s-iilphide that is in the water. Two old -wells, 
pumped by air lift, were in use until 1926, but their_yield is so small 
that they have practically been abandoned. If the wells were cleaned 
out doubtless they woulcl yield more. The concrete reservoir has a 
capacity of about 125,000 gallons, alid a standpipe has a capacity of 
83,000 gallons. 

Longport.-The water supply for Longport is obtained from a 
single well in the northern part of the city. This well is six inches in 
diameter, 835 feet deep, and is pumped by air lift. Its• yield is about 
400 gallons a minute. This quantity is considerably in excess of the · 
present maximum 6onsumption. The 'well discharges into a concrete 
reservoir having a capacity of 60,00Q gallons, from which it is pumped 
into .a stanq,pipe having a capa\ity .,of 190,000 gallons. , The con-
sumption in Longport is not increasing rapidly, and unless· the rate 
of growth of the city increases the well now 1n use will doubtless be 
sufficient for several years. When more water is needed it is possible 
that an old well in the southern part of the city can be cleaned ou't 
at relatively slight expense and a' good yield obtained with air lift. 

Ocean City.-The public water supply for Ocean City is obtained 
from seven wells, the property of the Ocean City Water Service Co. 
This company supplies the entire beach extending from the-main part 
of Ocean City at Egg Harbor Inlet southwestward to Cors'on's Inlet, 
a distance of more than aix miles. The wells range in depth from 825 
feet to 840 feet, and in diameter from six to·eight inches. One of the 
wells is at Third and· West Avenue, in the. northern part of the city; 
four wells are distributed at distances of a few hundred feet around 
the main pumping station at Ninth and Haven Streets; one well is 
at• Thirty-fifth Street about half way down the beach, and the sixth 
well is at Fifty-fifth Street near the southern end of the island. The 
wells at the main pumping statiori are pumped by air lift into two 
nearby reservoirs. The other three are equipped with turbine pumps 
with automatio coritrols which discharge· directly into the mains. 
The distribution of the wells makes it possible to maintain proper 
pressure in all parts of the city without great loss of head in the mains 
such as would 'result if the water had to move from a distant pumping · 
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station. The capacity of the receivi_~g reservoirs at the main pump-
ing plant is• 624,000 _gallons. Two standpipes at the plant have a 

capacity of 657;000 gallons. . 
Brigantine Beach.-A new wat\Jr-supply syste:m ;was put intd service . 

on Brigantine Beach in' April1 1925. , The water is obt~ined from a 
well 7~8 feet deep, which is equipped with a turbine pump that· dis-
charges directly into the' distributing main. . · · · · · 

O,ther mu~iicipalities.~The water s_upply ·for' the municipalities of · · 
Corson':S Inlet, Sea Isle City, Avalon and Stone Harbor is· obtained 
from deep 'wells in·each of the places named. These wells all go to the 
'800:foot water sand which is used for the public supplies in the bea,ch, 
cities from Brigantine to· Ocean City. The city of Wildwood obtains· 
most of its supply from .shallow wells on the inainl~nd, but in summer 
it gets some water from a well _on the beach• to the deep horizon just 
mentioned and from three other wells on-the beach that are abm1t 325 
feet deep;_ . _ 
· Mpst of _the towns and cities on th,e beaches and ,.nearby mainland 
north of Brigantine as far as. Asbury Park obtain, their water supply 
from wells. The· formations utilized, however, are mo&tly, if not all, 

'different from_ the shallow. horizons used in Pl~asant~ille or the deep 
horizon used in Atlantic City and the cities south thereof. The 
present study accordingly h~s not been extended 119;th .of Brigantine. 

Private weZls.-ln addition to the public supplies a large quantity 
' , of 'water is obtained in the Atlantic City region from about 35· private 

wells that are mostly from 760.to 840 feet deep-. The wells range in 
1 di~meter from 6 to' 16 inches at the top with screens 4½ to_' 8 inches 

in diameter. T,he majority of the wells _a--:re pumped by air lift, but 
. several 'are pumped by deep w:ell turbine pumps and two by aeep _ well 

reci'pr.ocating pumps. The location of these wells is shown on Fig. 1. 
, In addition to the deep wells ,a· few shallow wells, less than 150 feet . ,, 

deep, are used in the city. Since these wells yield only brackish water, 
they have beeii neglected in the present investigation, Sever11l wells, 
mostly not more than urn to 200 feet de,ep, are used on the mainland 
a,t industrial plants 1n Pleasantville, the Atlantic ·county Hospital for 

, Mentii,l Disease;, · the County Tuberculm!is Hospital, and the shore 
· . golf .clubs. The total 9cinsumption from these shallow wells' probably 

is only a few hund°red thousand g~llpns a _day. ' -

1, 
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The miirnral quality of the different types of waters used for public 
supply in the Atlantic City region are shown by the accompanying 
analyses. Sample 1 is representative of the surface water that is used 
forthe Atlantic City supply. ,The surface water furnished by the At-
lantic County Water Co. is probably of somewhat similar composition. , 
The surface water doubtless varies slightly in rainy and dry weather. 
Samples 2. and 3 are typical of the wells of two different depths at the 
Atlantic City pumping station at Absecon. The ·water from, other 
wells on the mainland not over 200 feet deep is probably somewhat 
similar in quality. 

ANALYSES OF SURI<'AOE AND GROUND WATERS IN THE 
ATLAN'l'IO CITY REGION. 

(Analyzed by 0. S. Howard, U. S. Geological Survey. Parts per 'million.) 

1 2 3 4 ,5 

Silica ( S,O2) 2.0 8.7 12 26 29 
Iron (Fe) .05 .04 .36 .11 .38a 
,Calcium (Oa) , 1.6 3.9 3,.3 12 11 
Magnesium (Mg) .7 2.1 1.0 2.0 2.0 
Sodium an\l potassium (Na+ K) 4.5 10 6.3 28 26 

' Bicarbonate radicle (HOO,) 1.2 7 .. 3 4.9 83 85 
Sulphate radicle (SO,) 4.3 7.9 10 15 12 
Chloride radicle ( 01) 9.0 15 9.0 11 8.0 
Nitrate radicle {NO,) Trace 7.3 Trace Trace Trace 
Total dissolved solids at 180° 0.,.' 24 57 51 134 129 

, Total hardness as OaOo, ( ealcula ted) . 6.9 18 12 38 36 

1. Absecon pond, surface water supply. for Atlantic City, co+lected April 17, 
1924. 

2. Mixed water from three 100-foot wells, Atlantic. City pumping station, 
' collected April 4, 1924. · ' 

3. Water from 200-foot well, Atlantic City pumping station, collected April 
, 23, 1924. , , 
4. Water from 850-foot well at Ohalfonte Hotel, Atlantic City, collected 

. . February 21, 1924. 
5. Water from four wells· ap_proximately 840 feet deep at Ocean City' Water 

. Oo.· pumping station, collected July 9, 1924. 

Samples 4 and 5 are typical of the 800-foot sand that is used for 
the public supplies for Ventnor, Margate, Longport and Ocean City 
and by private wells in Atlantic City and Ocean City. The maximum 
difference for any one c0nstituent in the two samples here given is 
only three parts per million, and the_ difference in total solids is only 
five parts. Analyses of samples from other deep wells1 along the beach 
sho_w that the water from the 800-foot sand is quite constant as a 

ainch1des 00.32 p.p.m. in ~edim'ent that had settled in sample bottle. 
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whole. A sample from the new well to the same horizon at the At-
lantic City Water Works on the mainland contained onl]' 101 parts 
per minion of total solids and samples from Egg Harbor City and 
Hammonton indicate that the total solids in the water from this for-
mation is slightly less .at points farther inland. Locally, in wells 
along the beach the mineral content· of water from the deep' horizon 
has increased for short periods when salt water has entered corroded 
or broken well casings, but after the trouble has bee11 remedied· the 
content has decreased to the normal. (See pages 98 and 105:) The 
water from the shallower beds along the beach up to the depths of 
200 or 300 feet, ·is brackish and unfit for domestic ,use. 

As long as ordinary care is exercised to protecf the wells from pol-. 
-lution the supplies from both the shallow an'.d deep wells is safe and 

I satisfactory from the' eanitary standpoint. -The water from Absecon 
, Pond, and from tlie Bargaintown reservoir 6f the Atlantic County 
Water Co., is subject to contamination, but is chlorinated before it is 
vamped into the distribution main. 

Although the surface water from Absecon Pond as served is entirl'Jly 
safe ,for domestic use., it is gen~rally more or less colored and at cer-
tain times of the year hail a disagreeable ordor and is, turbid. The 
color is that common to waters that flow from swamps in southern 
New Jersey. The odor results from, aquatic growths that develop , 
in the pond and which it has not been possible to eradicate. The 
water frequently becomes turbid when storms wash sand and clay into 
the pond. . These conditions at times make the water unsatisfactory 

_ for domestic use. The surface water is improved slightly by dilution 
with water from the .wells at the pumping station. The superior 
quality of the water from the 800-foot sand in Atlantic City, so far 
as taste rand appearances are concerned, has been responsible to a large 
extent for the. well developments by the hotels. The ·disagreeable 
features of the surface water doubtless could be removed largely by 
proper filtration. · 

· For boiler and laundry jlSe there is little preference between'. the . 
surface water and the well water. The surface water is softer than. 
any .of the wen. waters, but' its. desirability for washing is lesse1:ied 
som1ewhat by the disagreeable features mentioned. Although the deep 
well water is not very hard, some of the hotels use artificial softeners. 
It is-said that the water from the 800-foot wells -scales boilers, but 

I • . . • , . . 

that the scale may soften and partly be removed by subsequent use of 
the Atlantic City public supply. By a judicious .aiternation of water 
from the two sources the boilers i:nay be kept in good condition. The 
city supply used alone tends to corrode boilers. 
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The average daily consumption from the various pu,blic supplies 
in ,the Atlan,tic City region for the years 1~17 to ,1927 is given in the 
accompanying table ( see page is) compiled from quarterly consump-
tion reports that are :filed with the Department of Conservation .. and 

. Development. This does not include consumption in the region be-
tween, Corson's Inlet and Wildwood. Statistics for previous years are 
not available. 

The table shows some irregular variation in the consumption from 
yea~ to year, but during the 11-year period from 1917 to 1927, inclu-
sive, there was an increase in consumption from every system .. In 

· . the 11 years the consumption from public supplies in the entire region 
i11;creasecl about 7.4 million gallons .and was abo1).t 82 per cent above 
the total consumption in 1917. The consumption in 1927 was ac-
tually less than in 1926, because of a decrease in Atlantic City. From 
1917 to 1'926 the increase W!J,S eight million gallons a clay, or nearly 
·90 per cent of the consumption in 1917. The average rate of increas.e 
has been a little more than 0. 7 million gallons a year. 

Of the total increase more than 5.5 million gallons has been in 
the consumption from the Atlantia City. public supply, with only 
about 1. 8 million distributed among the other public supplies. 
The biggest increase in Atlantic City occurred in 1925, when it was 
1.6 million gallons above the consumption of the pr~viou~ year. The 
greatest percentage of increase between 1917 and 1927 was 'in Vent-
nor ai:id Margate. In Ventnor the consumption in 1927 was 2.8 times,· 
that in 1917, and in Margate City it was 6.3 times that in 1917. _Tl:).e , 
:figures reflect the large number of new homes that have been built 
in these places. The irregularties in consU:mption, with actual de-
crease in some years instead of a progressive increase, may be ascribed 
to several causes such as variations in weather conditions or in busi-
ness conditions which promote or retard home building, and the inc 
stallation of meters. The low consumption in Longport in 1923 
apparently was clue to inadequate supply. 
. In addition to the water consrimecl from public supplies a large 
quantity is used from private wells. · Data upon which to base an 
estimate of the 'consumption from private wells are unsatisfactory. 
Until 1924 practically none of the well owners kept .any records of. 
puinpage. Since that time, at the request of the writer, many have 
furnished data based largely on the• estimated or tested yield of the 
well at ,the time of completion and an estimate of . the number of 
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. ~VERA.'GE DAILY CONSUMPTION OF WATER FROM PUBLIC 'SUPPLIES- IN ATLAN'.l'IC OJTY ·:REGION, 
1917-1927, !N TROU_SAND GALLONS.- - . - , -

-' Atl_antic City-
Wells· ............ . 
'Surface' Water .. , .. 

'1917 

4,083 
3,544 

i918 

·-5,000 
3,057 

· :7,021 -'8,057 J 
· .:Ventn_or ............. ,. . . 411 - : 516 
Margate City .. -..... _. . · · 79 95 · 
Longp-ort .. ·.- ... , ...... : .. ·(l2 79- · 
Ocean Qity WatElr Co... 397 422 
Atian:tic Co; Water. Co., 419 370 

8,995 9,539: 

: a Report incomplete. 

I . 
...!-... 

,J 

.1919 

5;53"3 
2,848 · 

8;381 
561 
112 

88 
445 
251 

1~20 

'4,051 
(>,,534 

· 9,585.-
-- 581· 

- 1921 
.- r--

4,610 
5,902 

:•10,512 
. 636 

a 94 
79 · 71 

- 513 530 __ 
236. c :351 

9,844° · .. a .· i2,194 ---

. :1.922 

4,175. 
6,9-44 

11,119 
- 828 

, :a 
.49· 
'648 
360 

a ' 

1923 

·4,597 
6,265 

---·-
10;862-_ 

989 
f55. ' 

33 
·750. 
432' 

1_3,221-

-1924 

4,765 
6.474 

li,239 
937 
189 

55 
653" 
fil7 

13,590 

·1925 

-_ 5,866 
6,_973 

12,839 
979 
281 
· 88 
793 
572 

------
15,562 

,1926' 

6,663 
· 7,371 · 

1927 

6,980 
_6,188 

- 14,034 . , '. 13,168 
1,100 : _ 1,l 53- . 

382 497 
91 96 

824 882 
607- · _613 •-

17,()38 _ l6,i(o9-

,, 

I-' . 00 
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,hours pumped daily. In some instances the yield was tested many 
years ago, and the{·e is reason to believe that it is now much less, but 
accurate d3,ta are not available. For some w~lls the yield was. not 
-known and could not be measured. 'rhe writer has endeavored to de-
-termine the consumption f~om the deep wells for the years 1924 to 
1927, incli'.i.sive, by a careful study· of all the info:rmati,on at hand. ' 
The results are summarized in the table that follqws ( see page 21), 

J / • , 

which shows the consumption of water in the entire region according. 
to source. The data a-re shown graphically, by years, in 'Fig. 2. ( See 
also Fig. 14.) The table shows the average daily consumption fo:r;_ 
the month of February, the month of. August, and the entire year. 

: -August is usually the month of maximum consumption, and the con-
sumption in February· generally is about as low as at any other time 
during the year, but in different years the conditions may differ· 
slightly. 

This table shows a very considerable difference between the winter 
a~q su~mer consumption, due, of course, to the 'fact that the popu-
lation of the resorts is very large in summer and dwindles in winter. 
The average daily consumption · in the region· from: all sources in 
August, 1927~ was about 28.5 million gallons. This was nearly 10 
million gallons daily more than in February of the same year, and the 
increase was 50 per cent over the February consumption. 

In 1924 the average daily consumption throughout the. year was 
rather equally distributed among the three types of sources, _38 per cenf 
being surface_ water, 28 per cent from shallow wells and 34 per cent 
from deep wells. Since 1924 the consumption from de·ep wells has 
increased more than three million gallons, and in 1927 43 per cent 
of the total 'was obtained frorri such we1ls, as. compared to only 27 per 
cent from shallow wells, and 3.0 per cent from streams. The relative 
proportimis of average daily consumption just stated• are not main- · 
tained in the summer months, for _while the consumption from sur-
face water and deep wells increases roughly proportionately, there 
is no great increase in the consumption from shallow wells. This 
is because the Atlantic City Water Works wells are pumped practi- -

_ cally to capacity all the time, in winter and in summer.· The increase 
in consumption· in summer from' priv1;ttely owned deep wells in At-
lantic City is relatively not as great as from the public supplies, and· 
from deep wells at the· other resorts along the beach ( see Fig. 14). 
This is because the hotels that have their own wells attract a large 
percentage of the winter visitors, and their consumption does not 
decrease greatly i:ri winter. ' · 
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AVERAGE DAILY WATER CONSUMPTION IN THE ATLANTIC CITY REGION DURING MONTHS OF FEBRUARY AND 
. -AUGUST, AND DURING ENTIRE YEAR ACCORDING TO .SOURCE, IN THOUSAND OF GALLONS, 1924 TO 1927. 

FEBRUARY AUGUST, YEAR 
SOURCE 

I I I 
1924 1925 1926 · 1927 1924 1925 1926 j 1927 · 1924 1925 1926. I 1927 

----.-1--· ------------------
Sitrface water. I 

I Atlantic City Water Dept. ....... 4,799 6,312 5,666 5,803• 10,7331 11,365 11,835 9,087 6,474 6,973 7,371 6,188 
·Atlantic County Water Co: .... 437 421 477 492 686 639 763 599 494 556 607 585 -

------------------------------
. Total . . . . ........ . ... ' ... . . . . . 5,236 6,733 6,143 6,295 11,419 12,004 · 12,598 9,686 6,968 7,529 7,978 6,773 

Shallow wells not over 250 feet deep 
r on mainland. -

Atlantic City ·water Dept.a. ... 4,750 4,749 5,776 4,533 '• 4,750 5,244 5,342 5,871 4,765 5,016 5,663 5,630 
Miscellaneous ( estiJUated) .... . . . . 200 200 225 225 500 500 550 550 . 250 250 275 ·275 

------------------ ---------
Total . . . . ... . ..... . . . . . . . . . .... 4,950 4'.949 6,001 4,758 5,250 5,744 5,892 6,421 5,0151 5,2661 5,938[ 5,905 

I Deep wells pumping from Atlantic I City 800-foot .rnnd. 
Atlantic City Water 1Vorks, on 

mai1,land (est.) .. . . . .. 0 0 1,400 1,410 0 1,340 1,450' i,250 0 -850 1,000 1,350 
Brigai1tine Beach .. . . . . . . . . . . . . 0 0 b 20 141 0 71 b 75 137 01 C 31[ b 40 136 
Ventnor .. . . . . . . . . . . . . ... . . . . .. 647 568 699 759 1,892 1,618 1,755 i,730 9371 979 1,100 1,153 
Margate . . . . . . .... . ..... . . . . . . . . 172 136 243 263 287 497 598 697 189[ 281 382 497 
Longport ........ . . . . . . . . . . . . . . . 28 39 46 38 165 205 237 187 

551 
88 91 96 

. Ocean City Vi!ater Co ............ 343 319 464 534 1,778. 1,932 1,851 1,835 653 793 824 882 
Atlantic City private wells (est.). 3,618 4,111 · . 3,739 4,735 5,141 5,285 5,438 6,249 4,252 4,351 4,514' 5,281 
Ocean City private wells (est.). 15 20 25 27 330 345 350 327 .1081 118 122 124 

------ --1-----
Total ( partly estimated) .... . . . .. 4,823 5,193 6,636 7,907 9,593 11,293 11,754 12,412 6,194 7,491 8,0731 . 9,519 

--- -------------------.-[--
Total from all sources in area be- I 

tween B,rigantine_ Beach to Ocean 
20,2861 22,0491. 22,197 City inclusive ( partly estimated) . 15,009 16,875 18,860 18,960 26,232 29,041 30,269 28,519 18,177 

aConsumpt10n from deep and shallow wells at Atlantic City Water Works not repol.'ted separately. F1gure.s .shown after May, 1925, are 
based on estimated yield of deep well and total consumption of ground water during the period. 

bEstiinated. , . - , 
cWell put in operation about July 1, 1925. 
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Unfortunately, no information is available to show the consump-
tion from private wells pr:ior to 1924 so that a comparison of the con-
sumption from all sources over a period of years cannot be made. 
The in.crease in average daily consumption from ~11 sources between 
i924 and 1927 was a little more than seven million gallons. The 
greatest increase in draft from .an'y one source was from the deep 
wells cj.raw1ng on, the 800-foot sand. This was due to an increase 

. I 
of about one million gallons from private wells in Atlantic City, to a 
pu!llpage of a little more than one million gallons a day from the new 
well at the Atlantic City Water works; and to an increase of a little 
less than a million gallons from public supplies on the beaches. 1 

In addition to the consumption i~1 the area between Brigantine and 
Ocean City, the average yearly con~sumption from the 800-foot horizon 
at places along the coast southwe8t of Ocean City (which is not shown. 
in the table on page 21) is about 400,000 gallo111;1 a day, and in summer 
it is nearly one million gallons a day. The total maximum draft ol.1 
the formation between Brigantine ~each and Wildwood in the summer 
of 1927 was more than la million gallons a day. 

FUTURE INCREASE IN CONSUMPTION. · 

An important question, in planning the development of a water 
supply for any comniunify is the probable rate at which ,the con-
sumption will increase. rrhe present investigation does not properly 
include a detailed study of this question, but certain general ph~ses 
of it. may be considered. 

During the 11 years following 1917 the a¥erage daily consumpt1011 · 
from public. supplies in the region between Brigantine and Ocean 
City increased about 7.5 million gallons, or a gain of about 82 per 
cent over the consumption in 1917. If the consumption o~ the region 
were to increase in the geometric ratio of 8,2 per cent every 10 years, 
in 1938 it would be nearly 30 million gallons daily, in 1948 about 54 
million gallons daily, and in 1958 nearly 100 million gall~ns daily. 
But if only a uniform increase of 7.5 million gallons in 10 years were 
maintaine~, in 1938 it would be only about 24 million gallons, in 
1948 about 32 million gallons, and in 1958 about 39 million 
gallons. It is not likely that the higher rate of increas_e will continue. 
The true figures will doubtless be between the -two estimates, and 
nearer the lo~er than the higher. This does .not include consump-
tion from privately owned wells which will als.o undoubtedly increase. 
If this increased at the rate of one million gallons in three years, as 



i 
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FUTURE INCREASE IN CONSUM}TION. , i3 

. occurred betw~en 1924, and 1927, ,the average daily consumption 
from pri:vate wells 20 years. hence would bE;i about 12 million ·'gallons. 
The grand total from all sources in· 1948, aqcording to the minimum · 
of tJie above estimates, would be about 44 milli'o;n gallons daily. It 
should be noted that this is the average daily consumption for the. 
year. The consumption in the summer months, according to present 
ratios, would probably be b~twf:len 55 and 60 million gallons daily; 

In attempting to answer the question as to wh.at will be the future 
GOns~mpt~on one is riaturaily faced with other questions as to the· . 
trend of the future .growth of Atiantic- City and its neighbors. . The 
nature of real estate development' in the last few ·years suggest th~t 
.the· population of the region, and; therefore, the water consumption 
may increase very rapidiy, · but there are ,factors that may tend to 
prevent such a rapid increase. The most suggestive information so 
far available is the data on annual 'consumption from the Atlantic 
City public supply. The average daily consumption in 1900 was ' 
about three million gallons. It gradually rose with certain _irregu-

- larities to nearly 10 .million in 1913, but thereafter dropped each yJar ·. 
until '1916, when it was only ·7.3 million. This q.crease was in part 
due to metering and probably in part to sj;9p,page of waste from lealrs 
in the distribution system. Since 1916 the consumption has· risen 
again, as shown in -the table on page 18. In' a "Report' on i~wreased. 
water supply for Atlantic City, New Jersey, covering· a perjop. of 
twenty-five-years, 1910-1935," by Lincoln Van"Gilder a:0:d T. bhalk-
ley Hatton, submitted to the ·City Council December 11, 1909, it' was 
estimated on the basis .,of past consumption that thl) average daily 
consumption for 1918 would be 17 .177 million gallons, and 'in the 
month of :rµaximum consumption it would _be 25.686 million gallons. 
Actually,the consumption in 1918 fell far below these estimates, a:µd it 
was still much below the,m in 1927, nine years later. The estimates for 

-1935 were 32.078 million gallons daily for the e:q.tire year and 53.990 · 
daily in the month of greatest consumption .. '.l'o reach this point it 
will be necessary for· tlie consumption oi the city to be practically· 
doubled in the eight years following 1927,, and this seems very unc · 
likely. 

The average yearly in~rease in the average daily consumption of At- . 
lantic City from 1900 to 1927 has been only about 370,000 galions. In 
some years it lias been considerahly greater as between 1924 and 1925, 
but these great increases have generally been offset, by smallf:lr increases.· 

· - in later -years. These figures t'ell only- part. of the story, for, they do 
nut include data for the neighboring cities, where some of the greatest· 
recent de~elopment has, occurred, nor for the pumpage from private 
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'Yells fo the city. The' records in regard' to consumption from these 
sourCElS cover too Sp.Ort a period to be of ~uch value in considering the 
future trend. of water consumption. However, it is. to be ElXpected 
that there· "'ill be a: moTe or. less · steady, put, perhaps, p.ot very· large ', 
increase in water consumption each year due to several factors such 
as, closer builc1ing; up of some.. parts of the resorts, , an increase in . the I 

, , .I number or hotels,' an i11crease in industries ,that are 11ecessa'ry to the 
, busi~ess of the reso:vts, and1 a possible natural increa~e in' per capita. 

con91imption. The newer communities 'a.o;btless ~ill 'experience 
periods of rapid increase in: corismµption as they are taken up and 
c1eveloped in building bo.om,s after which the yearly increase, will riot 

1 be' so great; The problem is one that deserves study by those ,con-
cerned .with the futu:re d,evelopment of water supplies for' the shore 
cities. 

P(JSSIBLE SOURCES OF FUTURE SUPPLY. 

' . ', . :_ ',_ ' .. ' ' ' '' ·. . ·, ' . . ·_' ' , ,. ' . .' ' . { -~ 
The :somces that ·are, availab1e.fo.r ,increased supplies in A,.tl~ntic ' 

. C~ty,'like' the present sources, may b~ grouped into three classes~ 
streams, weHs on the mainiand not over 250 or 300 feet deep, and 
deep wells reaching about"i'00 feet ori the mainland and. 850 feet on the 
beaches. . . ·. . . . , . , . . . .. . . . . . ·. , . . . .. 

As ,stated on page 11, the yield of Absecon Creek during rec,ent dry ·. 
1 

• ~um~ers h~s been barely sufficient to meet the needs of the Atlant.ic' 
City ,public supply. fo the month Qf lowest flow iri 1924 there :was an 

. 'excess 0£1 more than four million gallons a :day .. Thit! is :rl.one· too large 
'a ,margin. Howe1er, quring the other months. of the. y,eal'. the excess • 
was considerably greater, ranging from 8. to20 million gallons a day. 
By enlargii1g the storage the quantity availabl((i:ii. the period of low. 
flow could be increased somewhat Preliminary inve~tigation.s by 

·. ·the .A,.tlantic City Water Department show that such enlargement of' 
the ~torage'is 'feasible. · , .. ·. . .. · ·, .. ·. .· · ... ··· . .· . 
. No data are available as to the cposs~bility of obtaining ll,ny large 
additional supply from other streams ll.ear Atlantic City, including 
the one now used by,the Atla:nt,ic County water Co. Prdbably the addi- , ( 

. tion:i,1 qu~'u.Hty that could be developed would riot be great enou'gh to. ·· 
.-, warra11t. any large expenditures.' An )nvestigation £ot the city by . 

Messrs. Van, Gilder' arid· Hatton for Atlantic. City shows th;it a large 
. , 'qµantity, of ,surface 'water, 'enough . for many. years, :<;an be.· obtained 
'' at a greater. distance from the city, from either Great Egg Harbor 
•River \and its branches or from Mullica River and its branches above 

,'' ' ',J • ' ' ' ' f' ' , 

Ba,tsto. 

\"(\I 
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T,he r~lative merits of these several sources of surface water will not 
·. be discussed here. Any project for the development of surface water 

supplies would require the constructioi-1 · of long· pipe lines .. ·. The. 
quality of the w~~er would undoubtedly be ve'ry good arid ,safe from 
the sanitary standpoint. N eve:rtheless, • a :filtration system would 
proqably be required to remove the suspended sediment and the color. · 

The remaining pos~ible sources are wells to deep horizons qn the . 
beaches and to either deep or s_hallow horizons· on the mainland. 

1 Shallow horizons oh the beaches cannot··be used· because they yield 
. , . • . . I 

only salt water. Wells seem to have many advantages over surface 
water. In the first place, there is a. very general prejudice aniong a 
large part of the public agai:i:J.~t surface water' and in favor of :Wells . 
because of the belief that the water obta:ined from underground sources 
is pur~r. Under 1modern conditions of' water iorks operation th1s 
belief is more fancied than real. Nevertheless~ it• is a psychological 
factor that bften must lie reckoned with in obtaining public approval 
for a new development. Actually in the • Atlantic · City :region the 
mi~eral content of the well Wl!-ters ~s, somewhat higher;than that of· 
the surface water, but the difference is so slight t;hat the matterof 
quality need-not be ·considered. · · · 

Where t,he water is obtained .from wells •increases in ,consumption 
may be met easily from. time to time by adi].ing,units 0£ one or more 
•'Yells. The wells can be-completed· and put.in ser'\;ice in a few weeks 
or a few mont!:is, depending upon the· quantity to be developed. The . 
co~t of · new units. is comparatively · small · and absorbed in ·a sp.ort 
period by the return-'from: increased consumption that is .conimen-

. surate irith the 1.ncrease in the capacity of the system. These con-
ditions are in contrast "to the long time required for, the completion . 
of ,long pipe lines,' reservoirs and :filtet plants that would be :O:eecled 
fo~ a surface water· supply: With a capacity that would hot all be 

. used for many years, the liquidation of the cost of such a system 
would necessarily be distributed over a· iong pe:Fiod. .For this reason · 
wells are especially adapted to the needs of the smaller towns. 

· A ground-water ~upply also has special' advantages fron:i the: view-
point of the beach cities and.towns because it can be obtaine_d right 
in the communities and at 'practically any poirit where land is avail-
able for wells. The smaller towns can hardly afford to install the long 
pipe lines across the meadows that would be required to .obtain a sur-

, face water supply unless several of them unite on a single project. 
If such a project seemed desirable it could, of co~rse, ;be brought 

, ab_out by the formation of e,ither a water district or a stock company. 
The f~9tors in favor of ground water are'so weighty that there seem~ 

y 

(•. 
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t~ be no reason to consider surface water if ground water is available. 
Numerous wells to the deep horizon on the beaches and to shallow 
horizons on the mainland h!l,ve · proven that ground water of good· 
quality can be obtained . 

. There is little doubt that a sufficient rnumber of wells drilled in 
.Atlantic City to a depth of about 800 feet would yield enough water, 
pleasing in appearanc·e and taste and thus far superior to the present 
supply, to meet . the needs of the city for a short time. Similarly, .• 
water may be obtained from wells in any of the neighborfog towns 
and cities. The easiest and cheapest solution of the problem of addi-
tional water supply for the present would seem to be to put down · 

· wells whenever and wherever they are needed. But the question of 
paramount importance is, will this be the wisest aml most ecq-
riomical solution for the future? ' 

The importance of this questionc-;-what of the future if the ground 
water supply is developed without limit-is suggested by the experic 
ence of many localities in different parts of the United States. It is 
emphasized by the conditions now existing in the Atlantic City region. 
The municipalities of Ventnor, Margate, Longport, Ocean City and 
of smaller place~ south thereof, as well as .many hotels and industries 
jn Atlantic City and Ocean City, all obtain their water froni a single 
extensive water-bearing bed. As shown on.page 129, this is practically 
the only source I of ground water available in these localities unless 
they go to t1he mainland. Since the first deep wells wer~ drilled th~ . 

, static head .or water'level in the wells when no_t pumping has been 
Iowered many feet over a very large area. If there is a brge, increase 
'in t~e draft on this horizon, such as would occur if the deep-well 

· water_ were substituted. for the Atlan.tic ,City surface supply, might 
-not the water level be lowered so far, and the. yield of the wells d,e-. 
crease so much that many of them would have to be abandoned and -
a surface supply. be developed after all? If t,his were to happen· it . 
might be better and cheaper inthe long run to develo_p a surface-water 
supply from the very first. . 

If investigation shows that is is not wise to draw too heavily on the 
deep horizon beneath the beaches there is. ritill 'the possibility that a 
large supply may be obtained from deep or shallow wells on the main-
la~cl. There also is a question of the effect of pumping a large quan~ 
tity of water from such wells. It is with these questions of the feasic · 
bility, possible results 'and wisdom of obtaining large supplies from 
wells in the Atlantic City region that the present report- is concerned. 
It deals primarily with the quantity of water that may be drawn 
safely f~oni the ground water supply over a long period of time. It 

i. 1 
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does not consider the matter of preference of alternative projects from 
the standpoint of cost, which is properly the duty of the municipal 
authorities in consultation with competent engineers. 

It may be pointed out that the questions in regard to the possi.: 
bility of developing additional water from ,vells \S of importance not. 
only to any single town or city where an increase in supply is con-
templated but to .all of the neighboring towns and cities in the region. 
There is evidence that a large producing well in the region may not 
only directly affect other wells within a radius of a few hundred feet, 
but it may indirectly affect W(llls several miles distant. The question 
is likewise of importance to owners of private wells. For example, a 
great increase in the draft on the deep horizon in . either Atlantic 
City or Ventnor might cause so great a lowering of the water level in 
some of the private wells that it might not be economical for them 
to continue to pump them. • The natural step wo~ld be to turn to the 
public supply. But if this increased demand was supplied from the 
already overdrawn horizon the problem would still be unsolved. It 
is conceivable. that the best solution may be the formation of a water 
district which will undertake. to develop the water resources ~vailable 
to the Atlantic City region twthe best advantage of. all the communi-
ties. Such a district need be established only for the purpose 0£ de-
veloping water supply without any restriction of the autonomy of the 
individual municipalities in other matters. 

GEOLOGIC CONDITIONS AFFECTING OCCURRENCE OF 
GROUND WATER. 

In order that the problems may be better understood, there is given 
below a brief resume of the geologic conditions affecting the occur-
rence of· ground water in the Atlantic City region. . 

The deepest well in the Atlantic City region, drilled in the Atlant1c 
·. Ocean about 1,000 feet out on Young's Ocean Pier at the fbot of 
Tennessee Avenue, reached a depth of 2,306 feet below the floor 0£ 
the'pier.2 Samples of this well, one of the deepest along the Atlantic 
coast, were saved ne&rly every 10 feet. The following log shows the 
significant facts that relate to our present study. 

2.A.nnual report of the State Geologist for 1901, pp. li0-117, 1902. 
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RECORD OF WELL AT YOUNG'S OCEAN PIER, ATLANTIC CITY.• 
DRILLED BY URIAH WHITE IN 1901., 

Thick-

Floor of pier to meari tide l~vel ................ . 
· Beach sand ..... ·. . . . . ............ . 
Sandy clay ........................ . 
Sand... . ................... • .. •. • • 
:Dark stiff -clay ..................... . 
Heavy ,gravel with some thin seams of yellow clay .. 
Alternations of light yello'w 11nd bright orange and 

grayish sands and gravels ................... . 
Brownish and grayish sands with thin clay seams, 

some lignite ........... : . · ...... . 
Mainly bluish and brownish. clays, a bed of coarse 
' sand. at about '550 .......................... . 
Clayey sand ................... . 
Sand and grave}· ....... •, ...... · .... ·. , ...... , . 
Clayey sand ,, . . . . ................... · . 

. Co-arse gray gravel with 1noderate supply of water. 
. Sandy brown clay- .... , . . . . · ' 
. Dark brown clean sand, some light-colored layers. 
Light brown clean sand, ·abl1ndantly wa'ter-bearing 

from 780 to· 860 ( the "800-foot sand'') ......... . 
Tough hard brown clay .......... . 
Clay· and sand ,'vith shells, sand is largely g}auconite 

(greensand) .... : ..... · ....... . 
Sand . with a large admixture of greensand, slightly 

water-bearing ............................. ·. 
Sand and clay ............................. . 
Hard tough brown clay with comminuted shell ... . 
Olive-colored greensand mar,1 . . . . . . ... , ...... . 
Brown clay .· . . . . ......... . 
Olive-colored sand and marl, moderately fine ...... . 
Olive-colored· sand and marl, considerably coarser .. 
Very clayey olive~colored marl ... ,' ...... _ . . . . . . . · 
Sand and marl decidedly dark green in': color .. 
Dark marly clay ........ · .............. . 

· Light or ashscolored clay with much marl and sand, 
Brown micaceous clay ............. , ........... . 
Dull yellow sand ......... , ................. . 

(A little water rose to the surface from about 
this depth, probably from this st,ratum.) bay ................................... . 

Greensand marl 'or Iriai'ly clay ... . 
· Very· hard and tough light and dark slate or light 

brown clays . . . . ............. . 
Yellowish calcareous rock sometimes moderately 

soft and sometimes quite hard, consists two-thirds 
of a nearly equal mixture of greensand and white 
quartz sand grains and one-third of carbonite of 
lime, the latter the cementing material. ........ . 

Clay marl, half gfauconite at 1913-1923 
Clay mixed with a' little gr()ensand, thin pebble 

layer at' 2010 .............................. . 
Indurated · ash-colored clay "hard almost as rock". 
Clay marl similar to that at 1900 to 1940 feeta. 
Black or dark mica~eous sand clays ......... . 

ness 
feet 

0 
35 
15 

6 
14 
36 

126 

118 

300 
30 
10 
10 
20 
20 
40 

40 
71 

10 

9 
2 

22 
16 
12 
42 
21 
21 
24 
14 
26 
40 

5 

10 
25 

200 

460 
40 

70 
60 
80 

156 

Depth 
feet 

201 
55 . 70 
76 
90J 

126 

Formation 

Recent 
and 

Pleistocene 

. :~} . C•~:::°' 
690 

·720· 
730 
740 
760 
780 
820 

860 
931 

941 

950 
952 

' 974 
990 

1012 
1054 
1075 
1096' 
1120 
1134 
1160 
1200 
1205 

1215 

'1240_·} 
1440 

Kirkwood, 
Formation 

Pre-
Kirkwood. 

Age? 

l 
\.. Viricentown-
, - Sand 

1900J 
1940! 

2010 r 2070-
2150 
2306J 

.Pre-
Vincentown-

. · aAlthough the fact is not stated h1 the log as originally published a statement 
accompanying it says that "a scant supply"- of water' was encountered at about 
2150 feet. · · ' 

} 
r 

': 
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Only a few wells reach the greater depths. The fo'rmations to a 
depth of about 3.80 to 400 feet consist principally of sand .and gravel 
with some beds oLclay. - On the beaches the water in these sand and 
gravel b'eds .is generally brackish, alt~ough in some wells water of 
drinkable quality' was, obtained., However, heayy, pumping would 

'doubtless draw salt water into.these wells since there appear to be no 
thick continuous clay beds to keep out the nearby ocean water. ( See 
pages 119 and 129.) Below these sand beds and extending to about 
700 feet the material is principally clay. A 10-foot bed of sand at a · 
depth of about 550. feet is reported in many wells, but it does not 
appear to be a good water yielder, for it has not been developed in the 
region. The clay between about 400 and 700 feet is so thick and con-
stant that it is commoniy .called "the great clay bed." 

From about 700 feet to 760 feet (780 feet in the Ocean Pier well) 
beds of sand, gravel,· and. clay are reported. These formations ap-
parently are not ·very regularly distributed. The.re is quite gen-
erally clay at the base .of this part of the section. 1 

, From about 760 to 840 feet occurs a water-bearing sand that is 
utilized by practically .all of the· deep wells in the Atlantic City 
region. · In fact, so important. is this bed that it has come to be 
known, as "the 800-foot sand/' since the average depth to it at Ats , 

· lan.tic City is about 800 feet. In the present report this s~nd is calli:id · 
the 800-foot sand and the Atlantic. City 800-foot sand. ' 

·The variation in the depth to the top and bottom of. the 800-foot , 
sand is shown by the following typical wells: Brigantine, old town 
site; top 728 feet; bottom not reached at 798 feet; Old Consumers 
Water Co. well No. 1, Atlantic City, .top 761, bottom 844; Dennis 
Hotel, Atlantic City, top 775, bottom not indicated at 835; Ocean 
Pier well, Atlantic City, top 780, bottom 860 ;. Margate City Water 
Works well No. 3, top 7 55, bottom 810; . Ocean City, Fifty-fifth 
Street, top 736, bottom 810. South of Ocean City the depth to the 
sand increases until at Wildwood the top lies about 887 feet below J 

. the surface and the botto:m 931 feet. 3 

Below the Atlantic City 800-foot sand no reliable water-bearing 
· bed has been developed, and the information afforded by the few 
. wells drilled deeper is unfavo~able to the belief that good water can 
be obtained. In the Ocean Pier well "scant" supplies of water were 
reported at depths of about 950, 1,250 and 2,150 feet. The exact 
horizons from which the lower two flows came is uncertain, for at the 
depths given little or no sand is reported. · Sand is reported at several 

3Repo'rt of the State Geologist for 1894, plate opposite ·page 158 and notes 
pages 178-179, 
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depths betwee:h 9,00 and 1,200 feet,· but it generally appears to be· 
mixed with clay or greensand marl. W)th one possible exception the 
writer knows1 of no wells in the Atlantic City, region that now dr'aw 
from a hor'izon deeper than the 800-foot sand .. This fact in itself is 
significant that the beds between 900 and 1,200 feet would not yield 
large supplies of water, si11ce several of the earlier wells. were drilled 
to that depth, qut subsequently ~bandoned or finished to draw from' 

·tlie ., 800-foot higher horizon. A public or semi-public supply was 
obt,ained from a depth of about 1,100 feet in 1888 and 1889.4 before 
th.e 800-foot 4orizon was developed in.1893, but the deeper horizon 
has not been used for many years. An analysis shows ,that the water 

. COIJtained 64.334 grains per gallon (approximately 1,100 parts per 
million }5 of· total. solids and· 19.303 grains per million of chloride 
( 330 ,parts per million). The mineral content of this water is fairly · 
high, and perhaps this caused the abandonment.of the wells. · 

The 800~foot sand has a great areal extent. It has been identified 
in wells along the coast from Brigantine as far south as Wildwood. 
Inland it has beeri t.raced for many miles. It gradually rises west. 
ward and it or strata closely associated with it come to the surface iTu 
an elongated zone that passes in a southwest-northeast direction 
through Kirkwood, about 10 miles southeast of Camden. Because 
the ,formation, of which the 800-foot sand is a part, is typically ex-
posed near this town, it is called tlie Kirkwood formation. The area 
in which the Kirkwood formation outcrops is shown 111 Fig. 3. 

, Among the places where the 800-foot sand of Atlantic City has 
been tapped inland from the coast are the Atlantic City Water Works 
in Pleasantville, where it extends from 600 to 675 feet, and Egg 
Harbor City, from about 300 to 400 feet. It apparently has been 
reached at Hammonton at a depth of about 300 feet. 

4Annual Report of State Geolog·ist for 1888, pp. 73-75; for 1889, p. 90; for 
1892, pp. 276-277, and for 1901, p. 111. 

5Annual report for. 1888, p. 25. 
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On the beaches the S0O•foot sand is the only water~bearing. horizon 
of importance. On. the foainland, however, wate.r is obtained from 
higher sand beds which on the beach yield only brackish water. The 

· greatest development of these has been at the Atla~tic City Witter 
Works.· The log of a test well drilled there in 1903 is given belo"[. 

' • I 

LOG OF TES'.r WELL AT ATLANTIC CITY WATER WORKS,· 
DRILLED lN 1903.6 

Yellow sand a:nd gravel 
Blue clay, some stones ...... . 
Yellow sand, withibark and wood 
White sand, coarse ·above, fine below . 
Yellow. sand and gravel, varying sizes 
White and gray •Clay, some stones 
Layers of sand and· clay, sand predominating 
White and red sand · . \ 
Red sand· (water overflowed casing at 12 .feet 

level) ........ . 
No record 
Red sand, ·finer than water-bearing· stratum 
Gray sand, with soine"clay' .. Seams at 230 to· 240 

\ Marl ............ _·,, ........... . 
Sandy clay 
Marl 
Gray clay .. 

above sea 

Thickness Depth 
feet feet 
18 18 
11 29 

6 35 
20 55 
45 100 
20 120 
18 138 
10 148 

10 158 
10 168 

'32· 200 
50 250 
30 280 
10 290 
20 310 
10 320 

This log .shows wat7r-bearing sand peds betwee~1 30 and 100 feet 
and between 138 and 230 feet. Beds: of clay overlie each of these 
sand horizons; which are utilized at the water w9rks by wells that 
average some JOO and others 200 feet in depth. ·. · · .. 

Except at the-Atlantic City Water Works, w~lls on tµ~ mainl~nd are 
few and widely separated. Several show thick sand and gravel. beds 
separated by clay· beds, but positive correlation' between h1di;idual 
beds in different weils cannot be made. It is impos~ible to determine, 
therefore, whether anJ gi-yen clay bed is of wide horizontal. extent. 
If not, there ,is a possibility that heavy pumping .may result in con-
tamination by salt water. On'the other. hand, discontinuous clay b~ds 
favor rapid replenishment of the sand layer froin the rainfall. 

The. geologic conditions governing thli oce:u;rrence_ of _ground water 
in the Atlantic City region is shmm by a somewhat generalized section 
in Figure 4, which extends from Philadelphia to_ Atlantic City. The 

6.A:nnual report of the State Geologist for 1904, pp. 263-264, 1905. In this 
log ·110 data are given for the -distance between 1;58 and_ 168 feet, probably 
due to a typographical error in the original. 
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,direction. of dip of the beds- is practic~lly parall~l; to a straight line . 
· 'drawn between the two cities. 

It will be noted.. that because the Atlantic City 800-foot sand rises · -.-1 
westward and -for a considerable dist~nce if! overlain by the great ciay 
bed the condition1;1 are favorable for the developmerifr of artesian pres-_ 
sure in the horizon. Such is· actually the case, for wherev(;)r the for-
mation is struck the ~ater· ~ises in the casing. At Atlantic _City it 
rises from a depth of .about 7 50 feet to within less than 100 feet of the 
surface and some of 'the wells originally flowed. 

In' the left-hand part of Figure 4 are. showU: three horizons, 'th~ 
Wenonah_ sand, the Englishtown sand and the Raritan formation, all 
of which are water bearing. The Earitan is one of the best ·water-
bearing formations in New Jersey, and furnishes large quantities of 
water, especially ·at Camden.7 - These beds dip eastward, just as does 
the Kirkwood, and the question arises as to whether· they are not -
available in the Atlantic City region. In the southern part_ of the 
State these formations have been penetrated only in wells within ··a ' 1 

few miles of their outcrop, and no wells east of Kirkwood have reached 
even the highest or Wenonah sand. ·The deepest beds penetrated in 
the 2,300-foot well at the Ocean. Pier in Atlantj_c City cannot be posi-
tively :identified ~xcept that they lie below the Vin_centown limesana. · 

It. is possible that all three of the water-bearing formations that 
are found west of the outcrop of the Kirkwood continue eastwar9- as 
far as Atlantic City and would be.reached if a well were drilled deep_. I . 
enough, but there is no information to show how deep it is to any of 
them. The Raritan was found at Asbury Park at, a depth of about 
900 feet and the Englishtown at a depth of about 600 feet. The 
Raritan is believed to have been reached at a depth of about ·1;500 feet 
in a well completed in the summer of 1925 at Lavalette, about eight . 

. miles northeast of Toms River. The. facts indicate that the forma-
tions lie at greater and greater depths at points farther- and farther, 
south along the coast,,_ The conclusion is that, al-though water-bearing 
beds may lie below a depth of 2,30o' feet at Atlantic City the known 
conditions are very uncertain. · Although it is highly desirable to 
know conditions to a greater depth,. the cost of drilling a test well 
would be very great, and such 'an undertaking would of necessity, be 
entirely speculative. , 

In passing it may be pointed out that, as shown by Figure .4, all: 
of the ground water of the Atlantic City region, as well as of practi-
allj' all of South Jersey, originates on the New Jersey _coastal plain 

_ 7Ground-water cpnditions in the Camden_ area are discussed in a 'report by 
the writer in preparation. 

I, '"' 
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or within a mile or two west Qf Delaware River. Crystalline bedl'.ock, 
which is practically impervious, rises from beneath the coastal plain 
deposits a short distance west of the river, ·and extends westward for 
many miles. Attention is called to this fact because of a vague notion 
of some persons that the water obtained from wells in the Atlantic 
City region has moved underground many Iniles from the mountains 
in the interior of Pennsylvania. 

THE A"rLANTIC CITY 800-FOOT SAND. 

GENERAL STATEMENT. 

The Atlantic City 800-foot water-bearing sand has yielded uni-
formly good supplies of 'water both from the standpoint of quality 

· and quantity, and it is' easily available at all places in the Atlantic, 
City region. For this reason it is naturally one of the first sources 
to be considered in any project to develop additional supplies in any 
part of the, region. It is the sole sourc~ of supply for Ventnor, Mar-
gate City, Longport, Ocean Citr and several towns south therebf, 
except that the first three have emergency connections with the At-
lantic C1ty system. In Atlantic City and Ocean City it is utilized 
by 18 hotels and eight or more industrial plants. Because of its present 
importance and its probable increasing importance special attention 
has been given to the study of problems relating to its utilization. 

The first deep well in Atlantic City seems to have been completed 
in 1887.8 This well,' drilled for the Consumers' Water Co., which 
then furnished part of the public supply, was 1,150 feet deep and the 
water flowed at the surface. There is ~ome question as to from just 
what depths the water came, whether' from about 960 feet or near the 
bottom.9 It seems, however, that the 800-foot horizon, which has· 
since become so important, passed unnoticed. Likewise, it apparently 
attracted,, no attention in a 1,400-foot well drilled in 1888 or 1889. 
Between 1889 and 1892 several wells were drilled which drew upon· 
the sand beds lying betwen 700 and 780, feet-that is, those either 
above the main horizon or only the upper part of it. It was not until 
1893 that the 800°foot horizon wa~ developed in Atlantic City and its 
value recognized.10 The same year it was found in Ocean City at a 

SAnnual report of the State Geologist for 1888,, pp. 73-76, and for 1889, pp. 
89-90. 

9Annual reports of State Geologist for 1889, p. 90; for 1892, p. 277, and for 
1901 footnote, p. 111. 

·10Annual report of State Geoolgist for 1893, pp. 397-399: 
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' ' 
depth of 755 to 800 feet, and the followingyear it was found in Wild-
wood at a depth of 887 to 931 feet. · The value of '.the horizon was, 
soon realized and during the next few years many weUs w~re drilled 

· to it-two in 1892, five in 1895, six in 1896, only three in 1897 and · 
one' in 1898, but six: in 1899 ai1d five in 1900, a total of 28 
wells in seven years. Thereafter, except for 1901, when four wells 
-vere drilled, the number of new w~lls ·increased· more slowly. In 
the 20-year period from 1901 to 1920, inclusive, the writer has a 
record of only 16 wells being'drilled, whereas from 1921. to 1927_ at 
least 20 wells we~e c011ipleted to the 800-foot s~nd. · 

At least 80 wells have been drilled to the Atlantic City 800-foot 
horizon at ~ne time or another including those at Stone H~rbor, Sea 
Isle City, Avalon and Wildwood. Only about 55 are now in use and 
25 have been abandoned. Of those now iri use at least 10 r~place 
abandoned wells .. About 10 of the others are knowii to have been 
completely abandoned, b11t the history of several others is u:r:i.ce;tain. 
The location of existing wells drawing from th_e 800-foot horizon in 
the region is shown on Figure 1. 

As given. on page 20 the total average daily c;onsitmption from the_ 
horiz@ in the region is· estimated to have bee,n about 9.5 million 
gallo111s a day in 1927. In the mo1iths of high consumption it is esti-
mated that this increased to more than 12 million gallons. a day and 
in winter it dropped to about eight million gallons a d'ay. · 
· Th~ first wells that tapped the horizon flowed naturally an:cl rose in 

· closed pipes as high as 15 feet above the surface (20-25 £eet abpve 
mean tide), 'but as more wells were drilled and the pumpage increased 
the head decreased until they ceased to flow. In the passing years the 
head has continued, to drop until in the summer 0£ 1927 the w'ater 
level in some wells in Atlantic City when not pumping was 85 to 90 
feet below the surface and about 1:00 feet below the orginal static 
level. . ' The d~crease in head has occurred throughout the entire At-
lantic Ci'ty region, although it is not everywhere as great: · The im-
portant questions in th~ 'consideration of the possibHity of deter-
mining additional supplies froi:n the Atlantic City 800-foot horizon 
are: What will happen if more wat~r is pumped from it? Will the 
static head decrease further? If so, how, much will it decrease? Will 
it decrease only when the draft is increased, or will there be a constant 
decrease, perhaps at an accelerated rate, even if there :is n·o increase in 
consumption? . 

I 
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EFFEC'l' OF PUMPING FROM WELLS. 

In order that the ;i:ead~r may more clearly understand the diseus-
sion on .the later pages as to the effect qf pumping in the Atlantic 
City regions certain facts concerning the hydrnulics of wells may be 
stated briefly. . . . 
" The principal' factors that determine' tl1e quantity of water that 
may be drawn from a given formation are. three ip number, namely,: 
the quantity of water available· to recharge the . formation; the. area 
of the intake zone, and the permeability of the formation. Brief studies 
of the :first two factors, as they affect the Atlantic City water-bearing 
horizon, show that the opportunity for water to get into the forma-
tion, at the outcrop is probably in exce.ss of. the present consumption 
from it so they need iiot be considered further. Whether the excess 
will maintain a safe margin with inc;reased consumption, say 25 years 
hence, cannot be .so ·easily determined. The answer to this question ' 
depends upon data yet to be obtained in regard to exact regions of 
outcrop of the forniation, stream discharge, evaporation and perco~ · 
lation and other factors.. , · · · · · · · 

A consideration of the thircl factor, the permeability' of the horizon, 
shows that it may play an important part in limiting the maximum 
quantity of water that may be obtained in the Atl~ntic City region. A· 
large quantity of water is being drawn from a comparatively small 
area through a formation whose pore space .is relatively small. It is 
difficult to get definite informatioh 'on the permeability of a water-
bearing sand. Samples' o:f the material c~n be obtained from wells, . 
as has be,en done in the present investigation. ( See pages 88 and 96.) 
Howeven,' in testing material so obtained it is impossible to, repro-
duce the same degree· of sorting ancl arrangement of particles as. 
existed under the natural conditions. These factors affect the porosity· 
of the mass \1,nd may give a permeability considerably different fro~ , : 
the true permeability of the sand in place. Even if the permeability 
could be accurately determined by tests on small_ samples of material 
there would still be uncertainty as to the water-bearing capacity of 
the, formation, for the permeability may vary greatly, from place to 
place, even within a few feet both horizontally and vertically. · V aria-
tions in the thickness of the for,mation constitute another factor of 
uncertainty. . 

The effects produced by pumping agiven quantity of water from a 
form11tion obviously are the :i;;esult o:f the interaction of all factors that , 
influence the water~bearing capacity. If the effects could be,::1cc{irately . 
determined they would afford the. best means of determining. the 
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value of the fo:rmatron as a source of water supply. However, several 
factors are involved, and'.it is seldom possible to evaluate them all 
accurately. As a result_, the water-bearing capacity of a formation 
seldom can be determined very closely. InJhe present investigation 
an effort has been made to obtain as much information as. possible in 
regard to the effect' of pumping fr~m the formations under considera-
tion and to draw therefrom conclusions as to the effect of future 
increases in pumping. 

In an artesian bed like the' Atlantic City 800-foot water-bearing . 
sand the level at which the water, stands in a well is dependent 

. upon the pressure in the bed; in other words, a well is a huge pres-' 
sure gage., The pressure or pressure head, generally: termed simply 
the head, is referred to a datum plane, such as the ground surface, s~m 
level or any arbitrarily chosen level. The water level in a well when not 
pumping is generally called the static head. Theoretically the static 
head shows the pressure off the fdundati,011 when the water is, af rest. 
When th~ wflter is in motion some of the pressure is utilized in creating 
the flow and in overcoming friction, and the ht!ad on the water is less 
than when it is not moving. Thetefore, when water is flowing through 
the sand the water level in a well will not be as high as w,hen there is·nw 
flow. Observations show that the water in a fori:nation: is practically 
never motionless,, but always flowing, perhaps only at an imperceptible 
rate. Accordingly, a ,condition of·Jrue static head scarcely ever exists. 
ThB difference in head produced by natural flow unaffected by pump" 

·. ing ordinarily is so slight that static conditions are generally assumed 
without introducing any appreciable error. However, where wells . 
are so clos·e ,together that pm;nping one lowers the water level in a 
neighboring well, the departure from the static level in the 11011-
puinping wen may be considerable arid may fluctuate rapidly as the 
pumping well is started and. stopped. This condition of a continually 
changing head is_ present in any region where there is much pumping 
as in the Atlantic City region. It should be understood, therefore, 
that when the term "static level" or "static head" is used, it describes 
a ·temporary condition, and that due considerat_ion must 'be given to 
the degree of change in head that may occur in a period of a few 
hours, days or months .. 

Since the head ~n .a formation in a locality is indicated only by 
the water level in a well, one is inclined to speak of "the water level" 
,or "static level" in· the. formation. If the water is under artesian 
pr~ssure these expr~ssions are inaccurat~ for the formation is sa,tu-
rated with water, and only when a well is drilled. into it will the water 
rise to a P?int that indicates the true head on· the bed. · 
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If the static le:vel in many wells could be connected by a surface, 
that surface would show the level to which the water would rise i,f, 
wells were \irilled at other intermediate points. Such a surface, neces-
sarily an imaginary one, but, ·nevertheless:, - denoting a definite and 
important condition, is called a piezom,etiic surface. In other words,. 
the piezometric surface is the ·surface that everywhere coincides with 
the level of head on the water in the formation. Normally in au· 
artesian _horizon· where there is no flow the static head is everywhere 
equal, henc~ the piezomet~ic surface is a horizontal plane. If there 
is flow from it the static head is low-est at the point or zone where , 
the water emerges from the horizon and it increases toward the intake 
area. The piezometric ,surface accordingly slopes toward the locality 
of discharge and may be either a plane surface or an uneven surface,. 
depending upon the conditions of discharge. · 

When the pumping of a well 1s begun the water level or head imme-
diately drops. The drop is at first rapid, but becomes slower and slower; 
until finally there is no further apparent drop. The time required 
to r~ach the point of stab:ility is generally, 'at least, several hours, and 

' ' ' 

· may be even days or weeks. At. the same time the head in the ,sand 
around the well drops; the lowering is greatest in the pumping well 
and decreases in amount at p~ints farther and farther away from it. 
The piezoinetric surface showing .the· head during pumping is ap-
proximately that of an inverted cone, the· apex of which is at the 
pumping well. However, instead of the profile of the cone being 
straight from the apex to the base, it is convex upward, being nearly 
vertical at the well and away from it changing gradually, until _at a 
great distance it _becomes nearly horizontal. Theoretically, there is 
some decrease in head below its original static position for a very great 
distance from the pumping well, at least to a place where the area 
of outcrop affords sufficient recharge to balance the quantity pumped 
from the well. Actually the loss of head becomes practically negli-
gible within a few hundred or few thousand feet of the pump~ng well. 
Near the :well water is being 'drawn in from all directions, and. the' · 
shape of the piezometric surface is somewhat.circular. For this reason 

· the area in which tp.ere is an ob~~;vable' lowe:r;ing in he~d is ·often 
called the circle of influence of the pumping well. 

Within certain limits the yield of the well is in direct ratio to tlie 
lowering of the water level (generally spoken qf as the drawdowri.). 
For' example, if the dr,awdown is 10 feet when the well yields 100 gal-
lons a minute, to get 200 gallons a minute it will be necessary to lower 
the water 20 f_eet. When the pumping in the well is increased -

· the limiting· circle· of influence is .enlarged and the shape of the cone 
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is changed. When sevefal wells are pumped the -ei1suing conditions 
are somewhat comparable to those when only one is pumped, except 
that they become more and more co,mplicated as each well is added. 

When two or more wells are pumped their. cones of influence will 
overlap if, they are riear enough to each other, a_nd the shape of the. 
pie,zometric surface will become very uneven. When the circles of in-
fluence do ove1:lap the yield of the wells resulting from a given dri,J,W-
down decreases and the wells are said to interfere with each other. 

The principles just stated, namely,. that the .yield of a formation 
varies approximately as _the lowering of head in the pumping.wells, and 
that' an overlapping of the cones. of infl:uence causes interference or 
decreased yield o:/' a given lowering of head, are .of great significance. 
St5'ted in a different manner, they mean. that if more. water is to be· 

, , obtained from existing wells the water level in then1 must. be lowered, 
or if it is to be obtained from new wells whose. cones pf influence .over-
lap those of the pre-existing :wells! there will be a lowering of head 
i11' the old wells. 

Some idea as to the shape of the area of influence carried by the 
pumping of several wells may be obtained by applying the graphic · 
method of showing the direction of movement of wate'r toward wells 
which is described by Slichter.11 Two sets of conditions may be as-
sumed-first, when the static head· is equal throughout a large area, 
and second, where there is a constant movement of the ground, water 
i:h a general d~rection; it being assu;111ed in each case that the permea~ 

· bility and porosity of the water-bearing bed ate eve1,jwhere the same. 
Considering, the first condition, if a single well is pumped the water 
moves toward it from all d'irections, and the lines of flow.are straight' 
lines radiating' from the well. H two ;wells are pumped at the same 
rate, and each is situated well within the cirde 'of influ,ei1ce of .the 
other, each can no ldnger draw equally from all directions. . The 
lines of, flow will be approximately as. shown in :Figure 5, A, in which 
it is.assumed that the wells are each pumping the same quantity. The 
area of inflp.enc1;, for the two wells must be somewhat larger than for 
only one well. The direction of flow into three and four wells situ-
ated along a straight line, 'each pumping the same quantity of water, 
is also shown in Figure 5. If additionalwells are pumped the con-
ditions will approximately reproduce those shown in the diagrams . 

'.for three or four 'wells, c1ependirig upon whether an .odd. or even num-
ber of wells ate i:o' opetation'. liVheh an odd nu_mber of wells,. for ex-
ample five, are pumping, the area'iof influence of the cepter well will 

llSlichter, 0. s., Theoretical inv~stigation. of the motion of gr~UI}d water;: 
., U. S. Geol. Survey'Nineteenth Ann. Rept., Pt. 2,. pp: 368,369, . 

1 • 
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C 
Fro. 5.-Diagrams showing- lines _of flow for 2, 3 and 4 pumping wells. 

be wedge-shaped on either side of the line of wells, and symmetrical to 
a line at right angles to therri. The areas of influence of the wells 
adjoining the center well will also. be somewhat wedge-shaped, but 
their axes will extend out diagonally from the line of the wells. . I£ ' / 

,.an even rnimber of wells are pumped the areas of 'influence of all the 
inner wells extend out diagonally, as when four wells 'are pumped. 

When a single well is pumped the decrease in head is the same at all 
points along a circle having, a given radius from the well, bec_ause 
the water is movi:i1g at the same rate past all points on the_ circle. · 
When several wells in a line are pumped, as shown ii1 Figure 5, C, if 
the rate of pumping is the same from all wells, the water entering 
the ,inner wells must .move faster than that reaching the two at either 
encl of the line. · Therefore, the decrease in head at. a given distance 
from a well in th.e center of the section must be greater than at the 
same distance from the outermost .wells. 

When there is· a moveme~t of the water in a general direction, as. 
in the Atlantic City. 800-foot sand, the direction of the flow wjll be 



42 ATLANTIC CITY GROUND WATER SUPPLY. 

much the same as has just been described, but there will b~ some 
modifications. When a single well is pumped, as a result of the lower- ' 
ing of the head in it, water will move in from all dir(:)ctions as in the 
first case described above; but the cone of influence will not extend 
so far ·down the dip and the inflow from that direction will be less 
than from the opposite direction. At some distance down the gradient 
from the well the general • direction of flow will be . resumed. · When 
several wells in a line at right angles to the direction of original flow 
are pumped the· general conditions will be the same as for the cases 
described above except that they create a barrier, as it were, which 
stops the normal movement down the dip i{1 the well zone. If the 
original gradient of the piezometric surface is sufficient, water from 
the upstream side will move around either end of the• well zone and 
thence back to wells. in the inner part of the well line. But if, the 
gradient is not sufficient the direction of :flow on the downstream side 
may be completely reversed for a long distance from the well. 

. When the wells are not situated in a straight line but irregularly' 
distributed, and the ra:te of pumping is unequal, as in Atlantic City, 
the conditions are obviously quite complicated. However, the above 
facts are significant in showing the effect of pumping many wells in ,a, 
single area. They are especially applicable to conditions in the At-
lantic City region where many of the wells are arranged approxi-
mately in a line at right angles to the dip of the water-bearing fo:r,-
mation. Some. of the· wells in the city are located northwest or the 
main line of the wells on the beach. ( See Fig. 1.) 'rhese wells 
doubtless capture most of the water that is moving directly down the 
dip in the city. A large part of the water that reaches the wells 
nearer the beach, for example, in the vicinity of the Traymore and 
the Chalfonte Hotels, must come either by a circuitous course around 
the ends of the long zone of beach wells or it must be drawn landward 
from beneath the ocean. 

OBSERVATIONS ON PUMPING WELLS IN THE ATLANTIC 
CITY REGION. 

General Statement-In the present investigation efforts were made · 
to determine some of the effe~ts of pumping from the. 800-foot horizon 
by tests on individual wells. The conditions of the tests have not _been 
entirely suitable, for generally some one or two factors could not be 
sufficiently controlled to make the results conclusive beyond any 
doubt, but certain valuable observations have been made. The results 

·of some of. the tests are described below. 
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Temporary installation of water-level recorder on new well of Atlantic 
Oity Electric Oo., Ma.y, 1924. 
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At ,the outset great difficulty was encountered in obtaining 'any 
accurate data on the depth to water. Most of the wells are pumped 
by air lift and covered so tightly that it was impossible to get a meas- . 
uring tape in them. Very few well owners had given any thought to · 
fluctuations of the water level in their wells. The only definite in-
formation they had was the depth to .water whenthe wells were com-. 
pleted, or, perhaps, cleaned out at peri~ds ranging from a few months 
to 10 or 20 years prior to the time of the writer's visit. Some reported 
that the depth to water; was greater in summer than. in winter, and 
there was a fluctuation with the tide which ranged. from a few inches 
to several feet. Others stoutly maintained that the water )evel was . 
constant practically all the time, that their starting pressure was 
always the same. Some engineers said their wells were affected by 
neighboring wells, whereas others' insisted the pumping of nearby 
wells had no effect, even where there was good reason. t9 suspect some 
interference. The most generally conceded fa.ct was that the static 
water level was considerably lower in most places than when the wells 
were first drilled. 

After some study it was found that the depth to water could be 
determined within a foot or two by means of the starting pressure· 
and shut-in pressure according to methods described elsewhere pro-
vided the air-lift installation was made in a certain way. Observa-
tions were thereafter made on a number of wells by this method .. 

It was also found possible to measure with a .steel tape wells which 
had first been reported as tightly closed. As the work progressed 
si;veral new wells were drilled, and it was possible to make observa• 
tions on these wells especially during the preliminary tests of the 
wells. · 

Atlantic City Electric Co. W ells.~The first observations of value 
. were obtained in May, 1924, when a water-level recorder was 1iri-

stalled on a newly-drilled well (No. 1, Fig. 1) t,hrough the courtesy 
of Mr. G. T. Birney, d~ief engineer of the Atlantic City Electric Co. 
and of the Layne-New York Co .. The fluctuation obtained from this 
recorder, plotteq. on a reduced scale, is shown in-Figure 6. 

The well is about 27 5 feet from the company's old well which was 
still in use. During the period of observation the old well; the yield 
of which is estimated at 330 gallons a minute, was alternately pun;tped 
for a. few hours and shut off f~r a few hours. It was immediately, 
apl?arent that the new well was within the ~ircle of influence of the 
old. It was found that the water level .started to move up or d9wn 
within about a minute and a half from the time the pump wa~ stopped 
•OF started. The downward movement continued as }ong as pumping 
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continued, and the wateF ·conti'Iiiied· to'rise- :is long as there was no . 
pumping-::that is, a condition ;of stability' ·w~s not r(lached, and evi-' 
dently would not be _reached for some time,, .. 

During the period of-observation the aver1J,ge water lev(ll rose several 
feet .. The reason for this was not determined. It may have been \due 
to one or a combination of two or more of the following conditions: 
less pumping of the old . well, iess pumping fro~ th'e ··horizon as a 
wh~le; sto;m~ which may have produced high tides which ih turn 
raised the- average wa,t~r: l~vel of the welt· During th~ period of ob-. 

, servation the maximum difference .of the water level was ne'arlY, ~ight, 
feet, and frequently the 'water rose or fell· three feet in as many !).ours. 

Margate City W ells.~On August 28, 1924, frequent measurements , 
at· intervals .. of 5. to 15 • mi:riutes':were made on a . well at the 
Chalfonte Hotel and on a·newly~completed well at the Margate City,· 
water works. These w:e'r(;)juade :o:q.Jhe s_a:n1e _day tq determine whether 
there wa; any general fluctuations throughout ·the entir~ ~i:-ea. The 
fluctuation-in the Margate well.is shown in Figure 7. . 

The observation well'1s·ahout. ibo :feeffroni the nearest of two wells 
that were pumped several ho"urs ·each day. The combined yield of 
thE;J two -wells is probablJnot more than: 200 to 250 gallons a minute. , 
Tlie times of pumping are clearly shown by the marked drop in curve. 
,In _!this test the wells were p11mped long-enough for a stable conditio·n. 
to be' reached, since the line becdrnes .. essentially horizontal. , In fact 
a very slight ris~ was. ob_servect This came ~hile the tide was rising, 
and, doubtless, was due to the effect or. it. It would have been . de-
sirnble to 1hav-~ c?ntinuecl. th~ p_umping _foi: at least another twelve 
hours to see if on the next low tide the. water level went still lower. 

• I ' \ . 

The total fluctuation in the new wel_l ·during the test was approxi-
mately five feet.·· 

Ohalfonte Ho-tel'Well.~The Chal:fonte Hotel well· (No. 19, Fig. 1) · 
is one of several wells situated with a f~w ·hundred to 'a 'thoU:sand' feet 
of each ~ther. A second. well at the: Ohalfonte is only 60, feet dis-
tant;' a well' at Hadd~n. HalLis about 400 fe~t distant.; one ·at the 
Strand Hotel less _than: 1'00 farther, and one at the Knick~rbocker 
Hotel is about 700 feet distant. The Ohalf~p.te WE:JH was puniped at 
irregular intervais as ~ere all'the others. The depth to ~ater ip. _the 
Chalfonte well was measured with a steel t!!,pe both when it was pump-

.. ing and when it was at rest:. The ·fluctuation of the water level during 
the test is shown on Figti.re 8. · · . 
. The time when tp.e Ohalfon:te: w:en was started and stopped 1is 

· clearly shown by the sharp drops and rises in the line. As the pump-
ing or. the.'. period .of rest continued the rate of. drop· or rise decrea!'led 
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and the line began to curve toward the horizontal, but as in the ])}lec-
tric Company well it never reached a ,pciint of stability. Numerous 
irregularities are shown in the curve. Some of thos~ of small magni-
tude, for example' about 5 P. _M., appear to be due to variations in the 
speed of the air compressor, but the inajor fluctuations are doubtless 
due to the starting or stopping of ne_ighboring wells. 

The highest point reached during successive periods of rest was two 
to three feet lower during midday than ,during the,morning and even-
ing.· Observations on the starti;ng pressure before and arter the test 
show that the level was still higher during the very early morning 
and late evening. This_ is shown in Figure 9, on which are plotted 

- the depths to water each time the well was started after a period o'£ 
r(lst. It was thought at first that thi~ variation in the so-called static 
level might be _due to the effect of the tide, but this 'is disproved by the 
plotting of the predicted times of _high and l_ow tide. The interval 
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betw,een successive high fides as .recorded by 'the 'Coast and Geodetic 
. Survey was about 13 hours, . wher~as the. interval of. .the highest 

water in the well was' approximately 24 hours. Furthermore, the 
.maximum observed range in the tide was only 5.2. feet, whereas "in 
the '\\Tell it ·was ·about 7.5 feet As shbwri. by observations at Longport 
(see page 57) the fluctuations of the ·water level in the 800-foot sand 
due to the t1de· is less ,than the ra,ng~ of the tide. It therefore appears 
quite conclqstve _that part of the fl:v.ctuation l>etween the p.igh and low 
static levels in the Ohalfonte well on. August 28 were not wholly due 
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starting pump; , hours cif pumping fi:9m. wells at Chalfo.nte and 
Knickerl;>ockei· Hoteis, and fluctuation of tide, Aug·ust 27 to 29, 
1924_. · · · 

to the tide..:: Nevertheless, the 1high points ·doubtl~ss we're' higher and , 
the low .points1lower · than they woukl.·_.have been if the tide had been 
in th!l opp9site.phase. . · , , · 

, : Sub~equent observa,tions b:fi the starting- pressure .taken daily for · 
· seve.;ral montb,s 'at the Chalfonte. Hotel and at the Hotel Brighton,', . 

• show _that cl;uti;ng the .day .the· water level is generally from t"'.'o to 
seyen feet 19'\'v-er in midday or late afternoon -t~an it'.is i:r;i. the peri9d : 
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from midnight,to 6 or 7 A. M. This lowering of the static water level 
during the day is explainable by the- fact that 'the pumping from many 
wells in the city' is heaviest at 'that· time and lightest at night. Dur-
ing the •night the periods of rest are longer and the periods of pump-

. ing shorter than during the day. 
· Gu'ai:antee Trust Building Well.-Evidence obtained in other tests 
.suggests that the piezometric surface, which represents the hydrostatic 
pressure on the formation, drops throughout a large part of the city 
-during the day, except where it is affected directly by the stopping·-
of wells that are pumping. This facf is indicated by the movement 
-of the water level in a well (No. 8, Fig. 1) at the Guarantee Trust 
Building. On December ;I.7th, 1924, measurements of the depths to 
water were made every 15 minutes from 8 :45 A. M. to 5 :30 P. M •. 

, This well is about 1,500 feet from the nearest wells that were pumped 
-on the day of the test. The water ievel dropped continuously from 
8 :45 :A- M. until 4 :30 P. M. , After 4 :30 it rose as long as the measure-
ments were continued. The rate of drop during the· day was some-
what irregular, with a noticeable slackening in the rate especially . · 
between 12 and 1 P. M., when several wells doubtless were shut off. 
The total drop was almost .two. feet. ._The period during which ob-
served lowering occurred was fully seven and three-quarter hours, or 
fully an hour longer than the interval between high and low tide. Fur-
thermore, on the day of the observations high tide occurred at about 11 _ · 

.A. M. and low tide at about 6 P. M. There is little doubt that at least 
part of the l_owering was due to the effect of pumping in the city. 

P,itz-Carlton, Ambassador, and Chelsea Hotel· w ells.-Valuable in-
formation was obtained during the test on January 20, 1925, of a . 
new well (No. 12, Fig 1) at the Ritz-Carlton Hotel, when frequent 
measurements were made on a well (No. 11) at the Ambassador Hotel, 

· :and on a well (No. 10) at the Chelsea Hotel, 360 feet and 585 feet, 
respectively, from the Ritz well. The movement of the water level 
in the wells is shown on Figure 10; The data at this locality are es-
-pecially valuable, because the o~servation wells . were farther from 
other working wells, about 3,200 feet southwest, than any to be fo-qnd 

0eelsewhere in the city. ' · 
The Ambassador well was ~hut down for the entire period of the , 

test as well as for two hours previous. The Chelsea well was shut -
dowp. as long as possible,_ but 1t was necessary to pump it for two 

· periods, and the well then could not be measured. It was not possible 
to measure the depth to water in the Ritz well. . The static level · 
before_ pumping ,was about 43 foet be_low the top of the casing and 
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. the pumping level was estimated to be lit.He more than 91 feet below 
the same reference point. During the test the yield of the Ritz wen, 
measured by an o~ifice, ranged froll1; 655 to 730 gallons a minute, but. 

· during most of the time it was between 660 and 695 gallons a minufo. 
The most striking feature of these graphs is' that the water level 

in the two observation wells dropped as long as th~ test lasted, nearly 
eight hours1; and. as soon as the Ritz well stopped. pumping the water 
level in the other wells rose contip.ually' except for short periods, when 
the Chelsea well 1vas pumped. The rate of· drop in the Ambassa,dor • 
well was ~lightly accelerated when the .Chelsea well, began pumping 
and the water rose about·~ foot in 20 minutes when that well stopped, 

. but thereafter the downward movement began again. The. latter half 
of the pumping test coincided with a falliIJ.g tide in the ocean; ;:ind 
some of the lowering may have been due to this. However, duri:q.g 
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the test a heavy storm :with easterly winds developed, and the after-
noon: low tide level of the day was more than a foot higher than the 
early morning low level. The effect due to tide would probably 
be not more than one to one and a half feet. Incidentally, as shown 
by Figures 12 and 13, the static water level in the entire region at the 
time of this test was about as high as at any time in many months. 

Pumping of the Ritz well caused an observe,d lowering of about 11 
feet of the water level in, the Ambassador well arn;l of nearly nine feet 
in the Chelsea well. It would have been quite desirable to continue 
the test for at least another 12 hours to see if the level in these wells 
continued to drop, but this was .not possiqle. Pumping of the Chelsea 1 

well affected the water level in the Ambassador well only about a' foot. 
This slight effect is apparently due partly to the fact, that the ,Chelsea· 
well does not yield nearly as much water as the Ritz well did during 
the test, and partly because the pumping of the Ritz well had al-
ready caused such a lowering of th'e water level' in the Ambassador 
well that the Chelsea well had relatively little effect on it. Subse-
quent measurements when the Ritz well was not pumping showed 
that the Chelsea well alone caused a low:ering of two to two and one-
h::1,lf feet in the Ambassador well, or nearly twice as much as when the 
two w~lls were operating. The effect of the Ritz well on the other 
two under ordinary conditions of operation is probably not as great· 
as described, because the rate of pumping is only about 500 gallons a 
minute, and. pumping doubtless does not continue for so long at, a . · 
single stretch as 1 during the test. . 

An attempt has been made to determine the radius of the cone of 
influence of the Ritz well during the test by means of formulre give~1 

· by Turneaure and Russell.12 The calculations give a radius of approxi-
mately 3,000 feet when pumping 700 gallons a minute. There is,· 
however, a question as to whether the Turneaure and Russell formula 
can be correctly applied to pumping tests in the Atlantic City region 
where the te:i;nporary static head is many feet below the original or. 
true static head and the head is also affected by many pumping wells. 
This problem requires further study before definite conclusions ca:q' 
be reached. · · 

I£ both the Ambassador and Chelsea. wells had been pumping dur" 
ing the. test the radius of the circle of influence, undoubtedly would 
have been somewhat greater, and the· combined area of influence of 
these three wells would overlap the circle of influence of the nearest 
wells in the central part of the city: Judg1ng from the data o·btained 

' 12Turneaure, F. E., and .Russell, FL L., PubJi.., ,vater Supplies; John Wiley 
& s·ous, 1924, pp. 254-265. •· 
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j:r;i. the test at the Ritz there is no area in the city where the static 
head is 'not affected more or less directly by the pumping of wells in 
ofb.er parts of the city. . ' _ 
· · Ventnor W ells.-On January 15, 1925, a test similar to that at the 

Ritz was made-on wells at the Ventnor W:ater Works, 'with somewhat 
similar ~esults. One well, ~Q. 5, was pumped at a rate of about 600 
gallons per minute, and measurements were rn,ade ·on two wells,· Nos. 
4 and 6, at ·distances of approximately .260 and 380 feet; respectively, 
from it. The fluctuations of the water level in the observat1on wells 
is shown in Figure 11. ,, 

As in the Ritz test 'the water level in the observation wells con-
tinu,ed to drop as long as No. 5 was pumped.· Also, as at the Ritz, low 
tide occurred near the end of the test. There is some reason to believe 
that if the test had .been prolonged the level in the observation ~ells 
would have ·dropped further during the succeeding period of low tide. 
The total decrease in head in the-nearest well, No. 4, was about 14 feet,. 
and in No. 6· about 11 feet. 
· · Significance of Observatio~s.-:-The tests described above show: cer-
tain facts. All the wells measured during the tests are affected by 
neighboring wells. The observed decrease in head in observation wells 
due to the pumping of neighboring wells has ranged from a foot or 
two, where the, distance to the nea~est wells was as muc.h as a thousand 
feet, to maximum of 14 feet where the wells were 'only.280 feet apart. 
The decrease i)l head varies according to the quantity of water pumped. 
Since the area of influence of single wells exteiids a thousand fe~t or 

_, more, and since practically all of the wells in the city are within a few 
hundred feet of one or more neighboring wells, the problem of deter-
mining, the effect of. individual wells becomes quite complicated. In 
a locality. where several wells are within a· few hundred- fE::et of each ,. 
other th~re must be several interfering areas of influence. Actually, 
as shown on page 72, the pumping of so many wells ;in the· city has _ 

_ created an immense area of depression of.the head on the formation. 
· :Wherever tests have been made the water level in the' observation · 

wells has contin~ed to drop as long as pumping conti:r;med, although 
-the rate of pump~ng was practically constant. Unfortu~ately in some 
of the niost important -tests it was impos~ible to measure the'water 
level. in the pumping well, and it is not. certain whether the water 
level also continued to drop in them. Any further lowering of the 
water level, if it occurred, would likely be so small that it migl).t be 
detected only by very careful measurements covering a considerable 
period. There is abundant evidence that when one or more wells are 
pµmped,the head does not immediately become_ adjusted to the pump-

\ 
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ll'IG. 11.-Graph showing fluctuation of wat~r level in wells Nos. 4 and 6 at 
Ventnor Water Works during'pumping of well No. 5, January 15, 1925. 
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ing conditions, but that there is a considerable lag. If the rate of 
pumping during the tests had been greater it' is probable that the time 
required to .reach a stable condition would have been much longer ' 
than for the rate that actually obtained. The lag in the lowering o~ the -
heacf when; a _well is· pumped is a 9o~dition that has been onservechn 
many tests _and m different formations in other 'regions, so that jt 
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. se~:rns to be a charl:!,cteristic of water-b~aring formations under ·arte~ 
,\ sian pressure. The reasons for this- .lag ate not fully known, but th~y , , 

are believed 'to be_ due in large pa:rt to the phenomena of coin.pressi~ 
bility lj,nd eiasticity of the 'Yater-bearing strata)3 I 

· ThE1re is good evidence that the so-called static h1ead on the Atlantic 
_. Oi~y. 809-f~ot sa:0:9- in different parts oftl).e region rise_s. and ,falls each: 

day from one 'to. several feet as the pump;tge, decreases or iri.creaS(:)S. 
On!l of the important results of the observations··on individual wells,, 
therefore, has b~~Il to show that a true, static head in the ;egion':iloes 
not exist in tl).e: sense tl+at the ·wat~r ,r~aches a stati~Ilary level w'.heµ 
pumping is stopped.- . A single measurE1ment has definite value only 
.i:n s~ far as information is avai,iable as 'to the ,length of time elapsing 
. aiter the Well was pumped previous to the time of measurem~nt, as to 
whether hear-·by. wells- were 111 operation or idle, and as to, whether, : 
the' tid~ was high ··o~ low.. I / • ' 

) ' 

S'EASO,NAL FLUOTU~TIONS OF HEAD· IN WELLS. 
I, ' '• • ' I 

I ,·) , 

,Observdti9n; in Atlantic Oity.7An ,importa~t ph~s~ of the .i~ves-
tigatio1'1 in the Atlantic City region has been: the ·makiµg of observa~_ 
tions in regard to ·iieasonal fluctgations of the -head ori. the- 800-foot- -_ · 
srund. · rt'.wa~ fidt,tho~ght that occasional measurements· at interv~ls 
of a' few ,weeks on favciraply sitµ.ated ~ells would be suflfaie\1t to ~how 
any 'seasonal trend in the static head on the formation that might' 
~ccur. However, the results of the tests ·deserib_ed above sho;wed: that 

). , . . ' ' • . I' 

t4ere m1ghf be a ;difference of several feet ~h .the water level at differ01 

' ent times of any day: I If, then, the, fluctuations due tb differences,iri 
seasonal pumpage ·were not 'great, it might not be possib~e to difitin~ . 
guish them from the daily ,ffoctuatiqns.' ' _ 
. Preliminary observations at the Ohalfonte .Hotel' showed that 'thE1. 

'static water -lev:el, and,' accordi;ngly the starting preSS'\lre, Wl:J,S higher ' . 
. in the ,early morning hours thary,during tlie dar; · Beginning on, Juiy-

2.6, 1924, the engineer on duty recorq_ed 'the pressure 'each day when. 
-he -started the pump between 3 A. M; and 7 A;• M. Beghmin~ on, Janu~. · 

. ary 8, 1925,. in order to obtain a more satisfactory record the pressure 
' - was read; not only it the e'ariy· morning start, but each· time .the _well 
·' was started and also the ·shut-in pressure was read eac4 tiine it was 
. shut down. Simil~r observations on the st~rting 'pr~ssure and ~hut-in . 
press~re Qn the B~ighto~ Hotel w-ell _were begun .on January 28, 192.5, 

13Meinzer, 0. El, Cllrilpfessib~ity·and elasi:J~ity of artesian aquifers; . Econ:o" I 

mic (}eo!QgY:, 'f°1· 2?, N~. 3, pp. 2~3°291, 192~. · 
, ' '· 

\·_ 
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Installation of water-level recorder on 14th Street 800-foot well of Boroitgh of Longport. 

PLATE V. 
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The observations on these two. wells are shown graphically up to 
December 31, 1925, in Figure 12. Only the starting pressu~e is !lhown 
for the Chalfonte, for the record of shut-in pressure during the period 
covered by the graph is incomplete. . The single line for the ChaP'onte 
pressure from July 26, 1924, to January 8, 1925, represents a 'single 
reading taken betwen 3 and 7 A .. M. each morning, when the water 
level was presumably as high as at any time during the day. The' 
double lin:s in all other parts of the diagram shows the highest and 
lowest starting or shut-in pressure, as the case may be, for each day. 
The depth to water for a given pressure is shown ~t the left of the 
graph.. , . 

The graph shows considerable variation in the water level from 
day to day, due in part to the variable conditions of pumping near-by 
wells. With several ,wells to be considered, it is evident that a con-
siderable. va:['.iety of possible conditions may be obtained. The varia-
tions also may be caused in part by the changing effect of the tide. · A 
further reason for the variation in water level from day to day is -that 
the consumption undoubtedly varies from day to day. 

In addition. to the observations on the wells at the Chalfonte and 
· Brighton Hotels valuable observations covering from a few days to 
· several months have beep made on several other w.ells in Atlantic City . 
. These include the operation of an automatic water-level recorder 1011 a 

well at the Atlantic City High School (No. 9, Fig: 1) for several weeks 
in the summer of 1925; regular claily readings on static and shut-in· 
pressure on a well at Galen Hall (No. 25) since July, 1926, andthe 
operation of an automatic recorder on a~1 abanc1oned well of the Citi-
zens Ice Co., on Baltic Avenue near Massachusetts Avenue, from Jan-
uary 17, 1928, on. These observation,s show fluctuations from month 
to month that are essentially similar to those observed in the Chal-
fonte, and Brighton Hotels. C1,1.rves showing the fluctuation of water 
level in wells in Atlantic City fro~ February, 1924, to April, 1928, 
inclusive, are shown in Figure 14. No one record is complete for the 
entire peribd, so the curves are .a composite~ based largely on the pres-
.sure records of the wells at the hotels 'mentioned. The depth to water 
at. a given time, as shown by the curves, is that existing in the area 
of· heaviest pumping in the city, and, therefQre, represents approx:i-' 
mately the low'est head in the entire Atlantic City region. The sig-
nificance of these curves is discussed on pages 59 and 67. 

Observations on Lor,i,gport W ell.-In the latter part of August, 1924, 
through the courtesy of the borough· officials, ai+ automatic water-level 
recorder was installed on a well belonging to the Borough of Long-
port. The well is located in the south end of the town near Four-

&....___,__ ____ ._ 
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teenth Avenue, and is about a mile from the nearest pumping well at 
the borough water works at Thirty-first Avenue. The well is one of 
the oldest in the region, having been drilled, in 1895. It had been 
pumped with a suction pump until the summer of 1924, when the 
water level dropped so low that suction could not be maintained, an_d 
the well was temporarily abandoned. A recorder has been maintained 
on the well continuously since the date stated, but because of tr_ouble 
with the mechanis:m. the record is incomplete for certain' periods, es-
pecially prior to April 1~' 1925. 

The records from this well show a rise and fall twice each day. 
These fluctuations agree with the tide in several ways, and there is 
little doubt that they are directly clue to the tide. The periods of 
rise and fall are practically that of the ocean tide. rrhe amount of 
fluctuation ,is a llttle more than half that of the tide and ranges from 
about one to three feet, depending upo:p_ tide conditions. The daily 
fluctuation is greatest during spring tides and least during neap tides. 
Generally, every other low is lower and every other high higher .than 
the alternate lows and highs, just as with the ocean tide. The recorcl 
from this well shows many features of scientific interest which nee~l 
not be described here.14 

The charts show no evidence that the well is directly affectecl by 
pumping of the nearest wells. The record of the Longport well, there-
fore, is especially important. However, in order to determine is far 
as possible the extent of fluctuations not due to tides, it is necessary 
to elimiriate the tidal fluctuations as far as possible. This has been 
accomplished partly by computing for each clay the mean of the two 
high and two low levels. The results for 1924 and 1925 are shown 
graphically in Figure 13. Circles show the mean water level where 
the record is complete for only a single day, or prior to August 24, 
1924, individual measurements with steel tape, corrected so far as 
possible for tide. 

The water level sliows many sharp ups and downs. which are due 
principally to irregular fluctuatioµs in the mean-tide level. This is 
rnadily shown by a comparison of it with the mean-tide level at the 
Steel Pier in Atlantic City, which is the average of the two high tides 
and two low tides recorded by the United States Coast and Geodetic 
Survey tide gage. The sharp peaks and trough of the two curves 
are found to coincide in a remarkable manner, although they do not 
always agree. The fluctuations .in the mean-tide level, as is well 

1 14Some of these features are discussed by Schureman, Paul, '.rides in wells: 
Geographical Review, vol. 16, pp. 479-483, 1926; and Meinzer, 0. ,E., Compres-
sibility and elasticity of artesian aquifers: Economic Geology, vol. 23, pp. 
273-276. 
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known, are due principally to weather conditions, easterly winds blow-
ing water in and'causing the mean-tide levelto be higher and westerly 
winds having the opposite effect. The range of these irregularities in 
the well line is about .55 of that in the tide line. By the use of this 
ratio, and determining the departure of the tide line. from the mean-
tid,e level, it has been possible to eliminate a large part of the irregu-
larity when shown in Fi•gure 13, but certain minor irregularities still· 

I 
persist. ~he corrected line, with these :minor irregularities elimi-
nated, is shown as the second line on Figure 14. 

Atlantic City Water W orlcs 600-foot W ell.-A water-level recorder 1 

ha.s been maintained .over a well about 600 feet deep at the Atlantic 
City Water Works on the mainland, which his shown: the fluctmdion 
•of head on the 800-foot sand at that locality. The sand ,at that place 
lies about 600 feet below the surface, so that the well· presumably 
,only enters the top part of the sand. 'Th~ well is ab~ut 650 feet fro~ 
±he 675-foot well at the water works that is pumped almost con-

. stantly .. The curve shows minor fluctuations each day, mostly from 
less than an inch up to three or four inches, which are presl\mably 
due to the tide. The fluctuation of the water level day by day from 
March 26 to December 31, 1925, is shown graphically in Figure 17, 
snd the generalized curve for March 26, 1924, to ·April 30, .1928, is 
shown on Figure 14. 

SIGNIFICANCE OF SEASONAL FLUCTUATIONS OF HEAD. 

In order to study the nature of the ~easonal fluctµations in the head 
on the water in the 800-foot, sand, the curves of the water level in· 
±he Longport well, the Atlantic City Water Works 600-foot well, and 
-o~ the pumping level and non-pumping level in Atlantic City as de-
termined from two hotel wells, for 1924 to 1927, inclusiv~, have 
been plotted together on the same diagram, Figure 14. For. further 
comparison there is shown on ,the same diagram the pumpage from 
±he 800-foot sand in the area between Brigantine and the southern encl 
of Ocean City, including the Atlantic City Water Works well on the 
mainland, and the accumulated departure from normal precipitation 
in the southern interior section of New Jersey since January 1, 19.24. 

The pumpage is shown for three sections of the region separately, 
namely, for the well at the Atlantic, City Water Works in Pleasant-
ville, for the private wells in Atlantic City and a single well at Brig-
sntine Beach, and for the public and private wells in the stretch from 
Ventnor to the so1;thern encl of Ocean City. The total for the whole 
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area is also shown. The pumpage from the wells of public supplies is 
largely metered and daily ,records are .kept for each supply, so tliat the 
data are rather accu'rate. The figures for pumpage from private wells 

192.4 t92.S fa26 1927 1926 
Q m-1JVAu1 ,J ON1r FMIAIMJ ONO FMAMJ.JA1c::ONO.JFMr.Q.M. JASONQ.llfM 

vATLANTIC Cl Y W TESWOR<S , 10 f----,f--'-'-'-"1',~'t'~-l----'-"f"-'C"f'"-"'"+'-"--l---l------l---+---+---l-----1----l-----+--+-~1 B . & 690- T. vs ELL b, _ 
IL ZQ 1----+~.-+---+--+-----lf-~--'>;f----l-----l----+-+--l-----+--+--+---l---f---.---l----l: ·z '\ r"-. ,_.,,..... "'-. 

o, 1,,,,,------ --~ I "-----------'"---' ' "-
30 f-----f---f'.>,,;;::0 ,+-t-----j--\f--+;(-:::J==k-'-.--t---cc--=t===J==p=_,;-k~:--+1--'""----jc---------:=::::jc~-j 

:'.c \ \ 
u 40 r----t--+----t--t-------1---+l---"s '::ii::-+-+--f----tr'---h-",-----+-:----,--,·•---',h-----t--+-----'---+------,±---I 

s· n v · 1 \ I"-. /·c..----' --LON ·poRrr 14 H AV NUE WEI L: "'-/ I \ 
n_ - 50 l------t--+--+--+-----l---+---+-+--+--l-----+---+-+--+-----1~---l,'-----1----+------I 

f:'. -~ /~\ I~ 
S 60 1--~----1-:--+-t--+--l---'s-----t--+-+--t---+--+--+--+-------'l----+---+--+----I 

1~11 \ -11~~ 
ill 70 1------t--+--+--+-~1------t--,,'~+--t-"rl--+--+--+-----ll----+--+--+----I 
0:: TV\,O. Wf LLS I EAF THI r 1\:/ 'P., I ,,--t---...__ 
W CEN ER ( F TH AT AN IC) ~ON_-1 UMP NG l EVELI \ . I/ I ' i 80 .... r{,T Ho EL [

1
,~ T l PUMI 1Ns, EVE1-1 - v I~ 1 ; 

f:'. '90 f----+1---+ '-'<+--+---l-/+---f---"~rt--+~,L+ /""_::o..+l/_+--+---1-----l----l\,---ILl/~+---l---
I '1'-L/ ' \ V "" '-' 

- ; 100 f-----+--+----+---'---+--1---------+[\-'.'V~--!+--+--1------t'<--+-"'-~+--c.=·"'-'---+--l--~----l---
O' \J, r--...- l/' 1' 

110 1----+--+---+--+-----11----+---+-+--1------t--+--+--+-I--' '-"1----l---,-/'.~-f-------l---

1/ 
l20 TOlf':<L) LL 1/1 E:LL_5 PUI PIN,bJ-1 

FROM ATLANTIC CITY 
80 l-FT. HOF 120' 

'. +8 l------t-mt--+--+------1--1--+-+-c,-'--l----+---+-+--+---l----l------1-'-~--l----.j 

"' f=~6-p;f01;?;JZ'1'0;!??~ 
- "11 

I A_CCUMU ATE DEi ARTLJRE RO 
1-8 NORMAL PRE< IPffa TIbr SIN< E JAN. 1,1: 24_ - • Jf' -16 f----t--+-+-+--l----+--+-+--+---l--+--+--+-'~f£"---+--+---l---

f;2 

-24 ~-L_--'--+--'--~L__j_ _ _L _ _j__.L____j _ _j__---+-_ _J___j__J _ __[__,___L~ 

I z 

I 0 

8 

6 

FIG. 14.-Diagra,m showing fluctuation of water level in, and pumpage from, 
wells tapping_ Atlantic City 800-foot sand in the area between 
'Brigantine, Pleasantville and Ocean City, and accumulated depar-
. ture from normal precipitation in -southern interior section of New 

Jersey since January 1, 1924. -

If> z 
0 
--' --' <: 
<!) 

LL. 
0 

"' z 
0 ::; 
=! 
-~ 
Z· 



SEASONAL FLUCTVATIONS OF HEAD. 61 

are to a large extent only estimates and much less accurate than those 
for the public supplies. Only one ,private :Supply is m~tered. Prior 
to July 1, 1926, daily records were available of the pumpage from one · 
to four wells, and after that date such records were obtained from 15 
to 18 of the private wells. With this informa~ion, and with some 
knowledge of the character of ·general fluch1atioris of use of water from 
the other wells, an estimate was made of the average daily cQDsurnp-
tion by months from each of the 28 private wells in Atlantic City 
and four private ~ells i~ Ocean City. For most of the wells it was 
not possible to measure the yield, and the assumed yield. is generally 
that reported from a test at the time of completion or when_ the well ' 
was cleaned,, in most cases several years prior to 1924. With the re-
cession of tl1e water level during the period elapsed since those tests 
were made the yields have presumably declined. · Therefore, the esti-
mated consumption from private· wells· is probably too high.· Fur-
thermore, since the water level is· much lower in summer than in 
winter, the. consumption in summer is probably relatively more in· 
error in being too high. The departures f~om normal precipitation are 
based on recordfi of the United States Weather Bureau for the so-called 
·"southern interior section" of New J ersey.15 

The curves of water-level movement in Figure· 14 .show two 
,significant features. There is a very distinct seasonal fluctuation 

· -a decrease in head in summer and a11 increase in winter-
and there has been a progressive lowering of the head in. suc-
•cessive years. The curve's for the' .water levels in the observation 
wells in the three widely-separated localities-Atlantic City, Pleasant-
. ville and· Longport-are very similar except for minor details. Ob-
·servations on several other wells .for shortkr periods 'Of a few weeks. to 
.a few months show similar, trends. There is much evidence that the 
major seasonal fluctuations occur over a large area and, that they are· 
,due to the same cause. · 

The most evident cause of the seasonal fluctuation on head, as well 
as of the permane1~t decrease in head from year to year, is changes in 
the rate ofpumpil).g.' The decrease in head fro'm winter to summer is 
concurrent with a considerable increase in pumpage from the wells 
in the region. Furthermore, there has been an increase in the average 
daily pumpage, in each successive winter and summer. This is just 
what is to be expected from a consideration of the principles of hy-

. draulic fl.ow involved in the movement of underground water, for, as 

15U. S. Weather Bur .. Climatological Dat11, New Jersey section, for years 
'1924 to 1927, inclusive. Cei-tain errors in the published records have been cor-
'rected in Figure 14 ,in ?onsultation with. G. ,Harold ·Noyes, meteorologist in 
charge of New . Jersey section. 
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, has already been stated on page 39, the head on the water in, a water-
bearing sand decreases approximately as the rate of movement of the, 

\ , 

water increases. 
I 

In seeking other possible explanations as to the cause of the fluctu-
ations of the static head on the 800-foot sand variations in the pre~ · 
cipitation must be considered. Since the head on the formation in· 
the Atlantic region' is dependent largely upon the elevation to which 
the water fills the formation at its outcrop, a change in the elevation 
of' the water table at the o~tcrop might produce a cl1ange in the head 

) 

elsewhere in the formation. To consider the possible effect of changes 
in rainfall from 1mon'th to month, comparison may ,be made with the 
monthly depa;rtures from the normal precipitation ,in the "southern 
interior section" of New Jersey, as shown in Figure 14. 

rrhe "southern interior section," as used by the Wea,ther Bureau; 
includes all of the co£stal plain section of New Jersey, which is that 
part of the State that lies south and east of a line, drawn between 
Metuchen and Trenton; but it does not include the several stations 
directly on the coast, ipcluding Atlan,tic City. The records of the 

, southern interior section have been used, rather than those of the 
coast section, because fluctuations in rainfall could produce a direct 
effect on the head in the ,800-foot sand at Atlantic City only through 

, changes in the water levi:)1 in the outcrop area. Rainfall in the At-
' lantic City region cannot reach the 800-foot sand because the 300 feet 

or ,more of clay overlying the sand pr,evE;nts percolation to it. 
In Figure 14, positive departures from the normal precipitation, 

representing excessive precipitation, 'are plotted up, and negative de-
partures, representing deficient precipitation, are plotted down from 
a line tl~at represents the theoretic1tl 1total normal precipitation since 
January 1, 1924. It. is assumed that the precipitatij)n conditions at 
that tfrne were nonnal. Actually this may 'not have been true. The 
value, of the diagram, however, lies in the fact that it sho;s the con-
ditions at a given time in the period shown as compared to some other 
time. It shows that the precipitation was above normal in nearly 
every m~mth from January i, 1924, to July l of the same year. 
Thereafter, with some minor variations, the precipitation was notably 
below normal for two years, until July 1, 1926., During the next six 
months there was not much dyparture from, normal,, but irom January 
1 to July 1, 1927, it was notably below i:iormal. In the last six months 
of 1927 the precipitation was sufficiently above normal to more than 
offset the deficiency in the first half of the year., In the whole period 
from January 1, 1924, to December 31, 1927, ,however, th1re was a, 
net deficiency of about eight inches. 

I , ' 
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The trend ~f the cu'.r~e for dep.arture fro~ nor~al precipitation, 
with a downward_ trend from June, 1924,: reaching a maximum in 

. June, 1927, suggests that the progressive decrease in the head o:0. the 
800-foot sand has been due to .a deficiency in rainfall. However, a 
close examination of the data shown on Figure 14 leads the writer 
to conclude that, although .it is entirely probable that some of the 

. loss in head is due:to deficient rainfall~ the loss due to such condition 
'i., only a small part of the total los!;l in head. 

If the .head on the 800-foot sand fluctuated entirely in accord with 
the departures from precipitation the water level lines in Figure, 14. 
_should show a trend similar to that of the accumulated departure 
line. It is true that at certain, times the direction of the lines is _the 
same, bu.t there are radical differences at critical times. For example, 
the water level d:r:opped from February to Au.gust, in 1924, although 
there was an increasing excess _in precipitation .through June. Al~ 
though there w,as an increasing deficiency of rainfall from October, 
1924, to June, 1925; inclusive, except for a slight excess during Janu~ , 

'ary, the water' level eithe·r arose or was approximat~ly stationary· at a 
high level through Ma~ch. And despite a c,onsiderable .excess of pre-
cipitatio'n i;n July, 1925, the· static head continued to drop through 
that moiith. Thereafter, there was· an almost continuous progressive 
de~ciency until June, 1926,. but during :part of this period the water 
_level rose. The theory may be advanced that the high and low points 
in the water level curve,s do not coincide exactly with similar points 
in the precipitation curve because of a lag in the response of the 
ground-water head to the rainfall. If this were true, it is to be ex-
pected that the same lag would be, evident affair each marked departure . 

. from the normal condition. • A study of the diagram shows very ob-
viously that there is no such relation. 

If the. net decline in the 'water level from .1924 to 1927, 20 to 25 
• fe~t along the beach, is considered to be due to deficient precipitation, 

it is then a logical conclusion that the decline of 30 to 60 feet below, 
the qriginal static head betwe.en Longport and Atlantic Oity prior to 
1924 must also have bet;n due to the same cause. This decline has· 
been more or less. gradual throughout the period, but ~here is no evi-
dence of a progressive deficiency in rainfa1l thtqughout t_he entire 
period. , , . . 

If deficient rainfall has produced the loss of head in th'e Atlantic 
. Oity region amounting to 20 to 25 feet, it seems that there should ' 
have been an equivalent lowering of head in the outcrop are~. No .. , 
data are available showing fluctuations in the water table in the out., 
crop area of the Kirkwood formation, However, if there· ha.d been. 
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any such great drop in the water level in wells in the putcrop area, as 
just- stated, it seems certain that the fact would have received wide 
comment. There has b~en no indication of such a condition iu- south-
ern New Jersey. . As indicative of the probable effect on tlie water 

· table, of th~ deficient rainfall in southern_ New Jersey, certain obser-
vations in the northern part of the coastal plane may be cited. Since 
August, 1923, records of the movement of the wat~r level from a shal-
-lo~ well in. the outcrop· area of the Raritan formation ·near 'Runyon 
have been obtained by an automatic recorder, and soine 20 wells in 
an area of about 25 square miles have been measured periodically 
about onc() a month. The depth of the wells range· fr~m about .5 feet 
to 50 feet, and they are located in a variety of topographic situations. 
Taking into consideration the geologic conditions, it is believed that 

· the fluctuations of the water table· in the Kirkwood outcrop area 
directly up the clip from ·:Atlantic City will not be greatly different 

, · from those_ in the Runyon area. · The water--level in the wells in the 
Runyon area shows more or less response. to precipitation, rising after 
rains and dropping during the intervals between :i-~ins: But in the 
summer mo:p.ths there is some departure from this_ rule for the 'wat_!lr 
level drops · more or le'ss continually except after unusually heavy 
rains. In this respect the water table curve is somewhat similar to 

_ that of the head in the Atlantic City r~gion. The summer drop in 
the shallow wells, however, is due principally to an increase in the · -
evaporation over that of the colder months. 

Although the water table in the wells in the Runyon region in sum-
mer shows a trend similar to that of the head in;the Atlantic City' 
region there is this' difference. The ma:x:imum difference in the water 
level in different wells in the Runyon regioi'i between_ January, 1924, 
and January, 1926, was about 7.5 feet, and in most of the wells it wa·s 

· only two or, three feet; whereas in the same period the difference in 
head in observation wells in the Atlantic City region was about 30 to 40 
feet. The greatest difference in the low lever of the summer· of '1924 

. and that of 1925 in any of the Runyon area wells was only about four 
feet, and for most of the wells •it was less than 2.5 feet-the water 

· in 1925 being lower. In the wells in the Atlap_tic City region for 
the same period the difference was about 10 feet.· Even if the fluctu-
ation of the water fable in the outcrop area of the Kirkwood forma-
. tion were as great as the maximum fluctuation in the Rmi.yon area- the 
fluctuations of li~a(l on the 80_0-foot sand during the same period were 
so · much greater that they cannot be attributed 'so~ely _to fluctu-
ations at, the outcrop 'ba~ed on excesses or deficie~cies in the precipita-
tion. · Each winter the water level in the Runyon wells .has come back ' . . \ 

/ 

"' 
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t~ practically, the sa:melevel,- aMd only in the different summer seasons 
has there been any great 1difference in the water level: The lowest 
level was reached in1925, ana the summer levels of 1926 ·and i927 ' 
were COnf'\iderably above that of 1925. •.· ... 

It is believed that a given· :fluctuation in the water table at the•out-
crop wilh10't produce as greata fluctirntion in the heacljn 'the Atlantic 
City region. For reasons given on page ,113 it is believed-that the 800-
foot sancl has a more or less free outlet beneath the ocean. This being 
the ca~e, the static head at the outlet is practically constan,t, .and a 
change in head at the outcrop will produce no noticeable change in the 
suboceanic. outlet. At places between the outcrqp and the outlet the 
change in head would bear a r~lation to the change at the outcrop 
som~what in proportion to its distance from the two encl points. Con-
sidering the greatest possibl,e distance from ·the outcrop ·of the Kii;k-
wood formation. to its subocea11ic outlet ( see pages 30 a'.nd 113), it ap-
1pears that the :fluctuation in ,heacl at Atlantic City could be no more· 
tlia1{ two-thirds that occurring in the outcrop ~tea: Assuming th~t the 
deficiency in precipitation may.have caused some of the excess lowering 
of head; the data presented suggest th.at only two or three feet at the 
most,. or 11ot more than a thiid of the decline in 1924-1925 could have 
be<;n clue directly tq this cause. It may be point~cl out, in thi~ conr · 
nection, that if a cl~ficiency of rainfall of only about ~ight inches-
the. net deficiency from J!],11UJ:Lry 1; 1924, to December 31, l927-has 
been s11fficient to cause a loss of head of 20 to 25 feet in the Atlantic 
City region, the. recharge capacity of·the intake ·area of the _SOO~foot 
sand must be extremely limited. If this is true, with future increases. 

· · in consumption· the head may be expected to decline aCan increas-
ingly rapid rate, ancl there is no possibility of developing. additional 

· supp!ies without cau~ing an overdraft 911 the formation. · 
The close agreement. between the major fluctuations of the head on' 

the. 800-foot sand and of the pumpage from the sand has already been 
pointed out. That the head over a. large area is affected by local 
changes i1~ the draft is' shown by certai.n details·of the curves. · The 
fluctuation' of the w[l.ter level in observation wells in Atlantic City has 
been greater than in the area between' Ventnor and Ocean City,. but 
the· fluctuatimi in pumpage has been much less. It appears, there-
fore, that some of the very considerable increase 'in pumpage in sun).~· 
mer in the Ventnor-Ocean City area is responsible for some of the loss 
of heacl in Atlantic City. This is consistent with the principles of 
hydraulics •that govern the flow of ground water, for an increase in· 
flow to the ·wells in the V~ntnor-Ocean City area would lower the 

5 
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.head between Atlantic City and Ventnor. This would decreas~ 'the 
gradient toward wells in Atlantic City an.d reduc~ the yield of the' 
wells, To maintain the gradient 11ecessary to -produce a given flpw 

· to the Atlantic ,city 1Vells ,a still further ,lowering of head would be. 
necessary. . ,· . .• . . 

· The pumpage from the' 675-foot well ,at the Atlantic City Water 
Wo~ks has been nearly consta:µt, but it has been slightly lower in suc-
cessive su.mmers as a result of a decrease in t,he rate of yiel(l. (See 
Figs. 14 and 18, and pages '86 and 87.) .. In spite 9£' the fact that less 
water was pumped each year, there h'as been a: loss of head in the 600~ 
!foot observation ~ell amotmting to aliout eight feet between S,eptem-

. ber, 1925, and September, 1927. This is attributed to the in~rease in. 
, ·' pmnpage in Atlai1tic City or the Vehtnor-0.cean C1ty area .. 'rhere , · 
· was an even. greatei decline in head, abo;nt 10 feet, between May l and 

September 1, 1925; ]:rut a,large pa:r:t of ,this is believed to bl; due to the 
, fact that the 675-fobt .well was first put into operation about May 22, 
. arnfthere ·was a ·lag ~f several. w,eeks before ,a stable pumping condi-
tion was reached .. That such a lag probably occurred is .shown by the 
following conditions. On March 22, 1926, the, 675-foot weli'was shut 

· dow~ and was not started again. until about May 15, when it was 
• operated for one d~y. Thereafter, it was not operated' untii the latter 
·part of June. From the time the weHwl}s shut off in Mar9h the water 
.rose steadily until the middle of May. During th1s. period the pump-
age in the Venti1or-Ocean c_ity aiea was practically unifo!m ·and iii. · 
Atlantic City it 1ncreased slightly. , Therefore, the, rise in the 600-
foot well cannot be attributed to' changing conditions elsewhere/but 
~U:st have resulted from a lag in adjustme11t to stable conditions after 
the' 675-foot well was shut down. Thereis other evidenc~ of a lag in 

· .. adjustment to. chang~s in pumping .'conditions. · For example, the 
· highe~t or lowest level in;the seasonal movem~nt of water leveUn' the 

·. several obs(ir~ation w~lls' gen:erally is not .reached. until' some 1-flay1s 
.':after, tl;i.e corr~sponding 'points in conimmption. ' The explanation of 
. · th,i~. phenomenon is suggesfa)d . on ,page ·· 84_. . . · . , 

, In, August, 1927, the average daily consumption from wells in the 
, area b~tw:een Ve11tJ1or and Ocean OitJ Was,1ess than ,it wa~ the preced-
ing rnonth. · In spite. of this fact the water level in ,the Longport well . , 

' ccfntinued to drop throughout the month ai1d reached its low: point-
. after September i .. Alternative explanations ,of .this condition are 
either that there Wf/,S considerable lag in,the movement of the water 

· level .after- the maximum· pumpage was 'reached, or else the incre~se · 
i~1 p;umpage from wells. in. Atlantic· City d~ring August was· effective · 
in lowering ,the lfead as· fa'r away as Longpod .. A third possibility)s 

I; 
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that on certain days in A:ugust, ·especially near the encl of ,the month, 
pumpage ,may 'have reached a ,maximum for the season, and this was 
sufficient to cause a continual lowering of heaci, even though on othe:r 
days the pumpage may have been, so low-because of rain or cool 
weather~to make the average for the entire month less than that of 

:August .. 
In the latter part of March and durir1g April, 1927, there was a· 

rather sharp drop in the head in the wells in Atlantic City and the 
I ' -

Longport well. This, apparently, was clue ,to a considerable increase 
in pumpage in Atlant~c City. Most of the increase was from a single 
well, which was put into service with a yield of _about 700,000 gallons 
R day. It is noteworthy that the' head declined in the Longport 'well 
about as much as. in the Atla_p_tic City wells, although the increase in' 
pumpage in the yentnor-Oce_an. City ,r1e~io~ was not nearly as great 
as in Atlantic City. On the other hanc1, iii May, 1927, the curves for 
the wells in both regions became flatter. This' evidently was clue to a 
reduction in pumpage 'from certain wells in Atlantic City. Th~ 
pumpage in the _Ventnor-Ocean City area increased more in May than 
in ·April, and yet the increase ,vas not sufficient to offset the effect of 
the decrease in pumpage in Atlantic City. In the latter part of Feb-
ruary, anc1 early part of March,. 1928, there was a sudden rise of about 

- five feet in the water level in the _wells in Atlantic City. This ap- , 
parently was clue to the fact that between February 7 and March 17 , 
the well previously referred to, which_ usually was pumped at a .rate 
pf about ,700,000 gallons .a day, was shut clown. The decrease in 
pumpage was reflected by a slight rise in the water level in the Long-
port well. It is noteworth:y that the rise of the water level in the 
Atlantic City wells was about the same as the drop in the same wells 
in March and April, 1927, when the same well was start~d. 

It is apparent from the facts just cited that the pumpage from th(:l , 
800-foot sand in any one section of the Atlantic City region produces 
changes in the head on the water in _the sanc1. When the change in 
pumpage is considerable, the charge in head may be sufficient to, be 
noticed over a large area. However, since the water level in the 600-
foot well at the Atlantic City Water Works did not show as great 
changes in head as in the other_ parts of the region, i't appears that the 
local distribution of draft may have some influence in· detern1ining 
the extent to which the 'effect of pumping is felt in different direc-
tions. _ The evic1e~1ce as a whole indicates, however, that changes in 
pu:n1page, anc1 not fluctuations in precipitation, are the principal cause 
of changes in the head on the water. ' ' · 
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REGIONA1, EFFECTS OF PUMPING ... 

Originnl stcitic hectd.-ln order to appreciate the significance of 
. tlm present conditions of the static head on the water in the Atlantic 

City 800-foot horizon it is necessary to know what the original static 
head was before pumping was begun in the region. 

The first wells, two in number, that are definitely known to nave 
drawn from the 800-foot horiz01;i W:re drilled in 1893.16 No infor- -
mation is available as to the head in the. one of these drilled at At-
1[).ntic City. In the other, at Ocean City; the water rose in the casing. 
15 feet above the surface. No data as to the static head are available 
for the single well drilled_ to the 800-foot horizdn in Atlantic City in 
1894. It is reported that this well "flowed" seven feet above the sur-
face at the rate of 40 gallons a minute.17 This probably means that 
the top of the casing was seven feet above the surface and not that a 
streai'n spouted seven feet into the air. If the water ·were _confined 

. _ in a pipe it would have risen several feet higher. Mr. Scott Price has 
informed the writer that the head on a well drilled at Brigantine in 
1895 was so great that the water rose into a tank 14 feet above the 
surface at the old railroad station. In a well at Longport, completed 
in. the same year, the water rose 14 feet ab'ove the ground, , which is · 
reported to have been about two feet above high tide. (probably at 
least five feet above mean sea level) .18 In the following year the 
water in a well drilled to the 800-foot hoiizon at Sea Isle City 'rose 
14 feet above the surface.19 In the published reports the statement 
that the water rose to a certain height above the surface appears to 
mean that it rose a:ncl stood at the elevation given in a pipe that ex~ 
tended still higher, so. that there was no fl~w. The figures given, 
therefore, represent the true static l;iead. In all of these wells; for 
,which definite information_ is given, the original head was 14 or 15 
feet above the surface. If the ground level was only five feet above 
mean sea level the head ~as fully 20 feet above sea 'level. The surface 
elevation may have been a few feet higher, but probably no more than 
10 feet above sea level. The wells mentioned are scattered at inter-
vals along a stretch of coast of about 25 miles and at the .completion 
of drilling WE!re not near any pumping wells. 1t is therefore reason-
able to believe that the original static head, on the 800~foot sand in the 
~tlantic City region was between 20 feet and 25 feet above mean sea 

16Annnal report of the State Geologist for 1893, pp. 397-399: 
17Annual report of the. State Geologist for 1S94, p. 1S0. 
lSAnnuai .report of the State Geologist for 1895, pp. 83-84. 
19Annual repor,t of the State Geologist for 1896. pp. 175-176. 
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level. As"aresult of the rapid development of the horizon in thenext 
few years the head d,ecreased over the entire area so that data from 
later wells are not indicative of the true head. 

No data are available as to the original head on the 800-foot sand 
on: the ma~nla11d in the vicinity of Absecon ancl Pleasantville. Prior 

· to 1924 only one well was drilled to the Atlantic City 800-foot horizon 
, on the mainland, that being completed in 1899 at the Atlantic County 

Hospital at Smith's Landing.20 The water rose i~1 the well to ·within 
17 feet of the surface, the .elevation of which is reported to 1:/e 30 feef. 
The static level was therefore about 13 feet above sea level. This is ' 
not as high as r~ported at the beach wells originally, but it may be due 
in part to an error in r_eporting the altitude which is doubtless only 
approximate, and in part to the fact that pumpii1g had been going on 
in the region for several years and the head on the formation had been. 
lowered considerably in Atlantic City. For example, the water in 

· wells drilled at Atlantic City and. Sea Isle. City in 1899 barely rose to 
the surface, showing a loss of head of about 15_ feet. 21 Conceivab_ly? 
thei;e may have been likewise some lowering of the head on the main-
land by this time. . . 

Since the head on· the formation is• due to the greater elevation of 
the formation at its intake many miles west of the coast, the origin~l 
head ought to have been greater 'and greater at points farther and 
farther west ... Therefore, the head on the mainland· must have been 
fully as great and even a little- greater than in thebeach wells. In 
wells at Egg Harbor, which are believed to have reached the horizon, 
the water stood within.a foot or two of the surface.in 1897. The.ele- · 
vation of the wells is reported as 50 feet above sea level, but from the 
topographic map it is estimated to be only a.bout 35 feet above sea 
level. At Hammonton, at a surface elevation of 120 feet, in 1902 the 
head in a horizon that is believed to be the same as the 800-.root 
sand was about 30 feet below the surface or about 90 feet above sea 
level. At Winslow Junction the water level stood about 86 feet abo.ve 
sea level in 1916. 

On the basis of the data given above, the gradient of the head · 
appears to have been about five feet per mile between Hammonton and 
Egg Harbor City, but only about one foo't per mile between Egg Har-
bor and Atlantic City. It must not be supposed that there was a 
sudden change in the gradient at Egg Harbo_r City, but this apparent 
change is due only to the fact that data ?,re available at the points " 
mentioned. J)oubtless there was a gradual change over a considerable 
area. The original head near the c;oast possibly was affected by rela-. 

20Annual report of th~ State Geologist for 1899, pp. 104-105. 
21Idem, pp. 106-109. 
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tions between salt and fresh water in the horizon off shore as shown.on 
page 115 in the discussions of salt-wate~· problems. ,These statements 
in this' paragraph are based on the assumption that the data given for 
place~ on the mainland represent the original head., It will be noted, 
however, that they show conditions at different dates, all of. whicJi 

. are some years later than the date when pumping of the 800-foot sand 
had begun. It is possible that the head at Egg Harbor City 111 1897 1 

had been re¢luced as a result of pumping in Atlantic City, and th;is 
· might account for the apparent difj'erence in gradient northwest of 

Egg Harbor City and southeast thereof. However, unless the 800-
foot sand· is a very poqr water-beartng sand, it hardly seems possible 
that the pumpage in Atlantic City in 1897, doubtless much less than 
at present, would cause, any great lm':ering of head some 18 miles from 
the city. · 

Present conditions.-Bearing in mind the results of the obse~va- · 
tions · described in the previous pages consideration may now be given 
t9 'the effects of pumping throughout the entire region. 

On the basis of the data that were collected in 1924 a profile was 
drawn showing the piezometric surface from Brigantine Beach south-
westward to Corson's Inlet. This is reproduced in Figure 15, A. 
This line shows the static water level in existing wells, and between 
them it·shows approximately the level to which th.e water wol1lc1 rise 
if wells were drilled. 

Necessarily the profile is only approxirrrnte. As shown by. the ob-
servations at several points the so-called static level, . even several 
hours after a· well has stopped pumping; is slowly. rising or falling,· 
and the difference from day to day or week to week may be several feet. 
It was not possible to get ob~ervations o_n some of the wells during the 

, late summer when the, head was lowest, and the only available meas-
urements ivere on elates considerably earlier or ,later: In order to 
make these comparabl~ to 0late summer measurements some allowance. 
was ma.de £or the change in water level during the intervening inter-
vals in accordance with observations on other wells. Observations 
in 1928 showed that the profile then hacl much the same outline', but 
throughout its length it was from a few feet to 20 feet further below 
sea level in different places. 

There is no means of determining just what the head is at localities 
some distance from pumping wells. Doubtless the water level imme-
diately surrounding wells that are pumped frequently is not quite as 
high as some distance from them-that is, the cone of depression of 
the head is perhaps never completely eliminated before the well is , 
started again. However, after a study of the data obtained in several . 

-1 
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tests, it is the belief of the writer that the difference in the static 
,level at points midway between two observation - wells, ·for example, . 
is not very different from the average of· the head in the two wells. 
This, of course,. de-pends upon conditions in each locality. Confirma-
tion of this opinion was obtained in 1925 when a well was drilled at· 
the i\..tlantic City High School, and, the depth to ~ater was found to 
be about as would be expected from the profile, allowing for the dif- · 
fenence in water level in ·th!) entire region between 1'924 and 1925. 

Fi~ure 15, A, shows that since the first wells wer~ drilled the ,static 
head has been lowered more or less ·over a very large area. r The 
greatest lowering has been in Atlantic City, where, as shown, by the 
table 'on page 21, the pumping is heaviest. ''l'he following data give 
some ide~ as to -the extent orthis decrease in head .. 

ThE;J lowest ·static observed 111: the , present imestigation _ was 
about 90, feet below . the top of the, casiI).g or 80 ·feet below ' . . 
mean sea level in wells in Atlantic City. · Northeast of At- -
la_ntie City the only well known definiteiy · to reach. the Atlantic 
-City 800-foot hb~izon is at , Brigantine. Measurenie~1ts on ab. · 
old well made for the writer in August; 1924, through the courtesy 
of Mr. H. I. Eaton, engineer for the Island Development Co., -showed 
a depth to wat!)r of about 28 feet below the top of the casing. In 
April, 1925, the depth to water in -a new well, was 26 .feet below, the 
top ·of the casing or about 16 feet below sea l~vel. Presumably dur~ 

1 ing the summer the water level was several feet lower. The profile 
northeast 'of the Brigantine well is· necessarily hypothetical, bging 
drawn mainly by connecting the_ levels in that well-with the level in 

_ the Royal -Palace· well. Actually the' piezometric surface probably 
,is not a straight line, but ris.es. in a curve, the slope of which becomes 
more gradual at points farther and farther from _ the area of heavy 
pumping. Therefore, the slope of the profile is probably not as steep 
as shown, and the area o:r influence extends farther northeast than 
shown. _. _ _ _ , _ . . , 

The following r_ather meager_ data rel:i,te to the water lev!)l' in_ r"ells 
along the coast southwest of the Fifty-fifth Street well in Ocean City. 
Mr. Warren Smith, Superinte;ndent of the ,Ocean City Water Co., and 

· also in charge of the Corson's Inlet Water Co., states that the well at 
Corson's Inlet flowed until the summer of 1924, when it became-
n,ecessary to use_ a, pu'inp. The stat~c water level d01.1-btless .· was only 
a few feet below the surface; Further south, at Sea llille City, the- . 

. water level in two wells drawing on the 800-foot' sand was 7.5 feet 
·below the surface on N civember 7_, 1925, and it was at about_'the $ame 
depth in wells at Avalon in October of the sa±ne year. A. H. Van de 
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Pol, Superintendent of· the Stone Harbor Water Department, reports 
a measureme~t of 32 feet to water below the top of the casing in 
August, 1925. The reference point is six to eight feet above Uie 
general land surface, and probably at least 12 to 15 feet above 
sea level, so the corrected depth was between 15 and 20 feet below . 
mean sea level. On March 5; 1926, it was 12 feet below the top of 
the casing and probably about at mea.n sea level. In a well at Pine 
and Holly Beach Avenues, in Wildwood, the depth to water in the 
fan of 1924 is reported to have been 10 feet below the surface. · When 
the well was completed in 18.94 the water rose seven feet above the 
surface,22 or to an elevation of about 15 feet above "tide level." 
In the fall of 1925 the water stood at the surface, or' not more than 
8 or 10 feet above sea level, in a new.well drilled to the Atlantic City 
800~foot sand in Wildwood Crest, about two miles farther southwest. 
On April 25, 1928, the water level in this well was four feet below the 
surface .. 

The observations show that the head on the 800-foot sand has de-
clined where,ver wells have been pumped. The minimum decline, at 
Wildwood, has been some 10 or 15 feet considering the ·winter level, 
and probably at least 10 feet greater in summe'r. The greatest depres- · 
sion has occurred between Atlantic City and Ocean City. There is 
little doubt that this is due to heavy pumping in this area. Whether 
the effect of pumping of the wells in Atlantic City alone would cause 
the depression to extend as far as Wildwood is uncertain. However, 
pumping irr the city doubtless has an indirect effect in that it causes 
the depression to be so .extensive. In winter the Wildwood wells are 
not pumped and the consumption from the wells south of Ocean City 
is very small. It therefore see!lls likely that some of the depression 
even so far southeast as Wildwood is clue to pumpage farther north-
east. The hydraulic profile apparently arises more rapidly from At-
lantic City northeastward than it does southwestward. This is to be 
expected, since pumping at each well field sopthwest from the city 
lowers the head a little more than if there were .no pumping there, 
whereas in .the opposite direction there has been no pumping. 

Until a well was clriHed to the Atlantic City 800-foot water-bearing 
horizon at the At1antic City Water Works in Pleasantville, in April, 
1925, 110 data were available as to the extent of the lowering of the 
static head in that direction. When that well wa~ completed the 
water stood 9.5 feet belqw the top of the casing or 3.9 feet below mean 
sea level referred to a datum used by the city water department .. It 

22An:riual report of State G<;ologist for 1894, p. 159. In one place it is stated 
that water floV\'ed "sevm1 feet above the surface," and in another that "the 
water flows over the surface, and will rise· above it seven feet." 
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has not yet been possible to correlatt2_ this dat1.un with the United 
States Coast and Geodetic Survey datum at the Absecon lighthouse, 
but there is probably not much difference between the two. T_he fluctu0 

ation of the water level in this well, as obtained by the a-uto}Jlatic' 
' recorder, is shown. on Figure 14. 

In Figure 15, B, an attempt has been 'made to determine graphi-
cally the extent of the area in which the head in the Atlantic iCty 
water horizon has been depressed at right angles to the coast. The 
profile of the piezometric surface as it was in April and May, 1925, 
has beendrawn as a practically straight line from a well on the west 
side of Atlantic City through the Atlantic City Water Works well. -
Actually, the curve doubtless becomes flatter at 1:i~ints farther and 

. fartherfrom the city, so that the area of depression probably e_xtends 
somewhat farther than shown. As shown by Figure 15, B, the head 
has been lowerf:)d somewhat below its original position at least some 10 
miles_ inland.. · \ 

There seems to be no reason why the head should not be depressed _ 
for some distance bei1eath, the sea, just as it, is inland. · The distance 
· to which the area of depression will extend seaward probably will not 

be as great as in the opposit~ direction, b~cause the o;iginal piezo-
mefric surface sloped-seaward. Howev~r, as indicated in Figure 15, B/ 
it seems likely that the area of depression extends at le_ast six or seven 
miles out beneath the ocean. · 

Rate of lowering of static 7ieaa'.-Information: in regard to the rate 
of lowering of the static head in the past is obtained partly from tn\ 
annual reports of the State Geologist and partly from data ·obtai:n_ed _ 

· )n the prnsent investigation. The informa_tion available must be con-
-sidered in: the light of the observations described on pages 42 and 59, 
which show that the measure~1ents on the static level may differ by as 
much as 10 to 20 feet at different times in the year, ,and in different 
wells by several .feet, even at the same time, depencling upon whether 
th,e observation wen is near or far from pumping wells. 

As shown in the discussion op_ page 68, the original static head on 
. the Atlantic City 800-fo~t horizon was sufficient to cause the water ' 
to rise at least 14 or 15 feet above the surface or between 20 and 25-
feet above mean sea level. It evidently,Jiegan to decrease soon af.ter, 
the first wells were drilled in 1893. In 1895 the water 111 a well at 
the old Atlantic City Cooli;ng Co.'s plant rose only 9.5 feet above the 
surface, whereas in the same year at Brigantfr1e,· s~me distance from 
the area of pumping, it rose 14 feet.23, In 1896 the water level at 
Haddon Hall rose six feet, above the surface. By 1899. the head , 

23Annual repo'rt of the State. Geologist for 1895, p; 82, and information 
furnished by Mr. Scott Price. 
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had dropped so that the water barely rose to the surface in three, wells 
in different parts of the city.24 By this time the head seems to have 
been reduced over a large area .. A new well at .Ocean City overflowed, 
hut in one at Sea Isle City the water ~ose only to within one foot of 
the surface.25 In 1901 the static level on the 800-foot horizon in 
Young's Ocean Pier well is reported as about 10 feet above tide level. 
After 1901 few records of value have been published. 

The trend ot the decline in head is. welL shown by the following 
data. Mr. Scott Price, forme'rly chief engineer of Haddon H~ll, 

. states that when the first well was drilled at that hotel in 1'896 the 
water rose about six feet above the surface. The well was pumped 
entirnly by a suction pump. At times during the summer of 1901 the 
water level fe11 to 30 feet when pumping 250 gallons a minute. In 

' June, 1904, it was necessary to install an air lift for pumping when 
the water level1 was low in the summer. T,he suction pump, however, 
was used in winter until January, 1909, when the water leyel had 
dropped so low that it could. no longer be ttsed. Further data are not 
available for Haddon Hall until 1924, but in 1913 the depth to water 
in a new well at the Chalfonte Hotel, ad9ss the street, was 39 feet. 
In Febru31y, 1923, the writer obtained a measurement on the Chal-
fonte well of about 50 feet to wateT. During the year from July;,, 
1924, to February, 1925, inclusive, the highest water level in the 
·Chalfonte well ~luring periods of rest at different times of the year 
ranged from about 45 to 65 feet below the surface. (See pages 54 and 
55 and Fig. 12.) In the late summer of 1925 it dropped to 76 feet, or 
11 feet leiwer than at any time during the, previous ~ummer. Obser-
vations are not available for 1926 and 1927, but by comparison with 
the movement of the water level in the well at another 'hotel in the 
summer of 1927 the water was probably about 90 feet below the sur-
:face. 

'The histoty of pumping in otlier parts of the region has been some-
what similar, except that different stages, were reached at earlier or 
later .dates, according as to whether there was 'much pumping in the 
vicinity. For example, at Longport the water lev~l rose 14 feet above · 
the surface when the fhst well was chilled in 1~95. When another 
well was drilled in 1911 the water ·rose to within a. few feet of the 
surface. It was' possible to Fse direct suction pumps on both 9f these 
wells until 1924, when the water level fell below the limit of suction. 
As late as March, 1926, the water level was still within the limit of 
,suction lifts at points from Corson's Inlet southwestward. However, 

24Annual report of the State Geologist for 1899, p. 102. 
25Idem, p. 109. · · 
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in the, summer of 1,925 at Stone Harbor,. where,the consumption is 
greater, it would probably have been im1Jossible to use suction pumps. 

The rate of lowering of the water level in wells at Haclclon Hall 
ancl Chalfonte Hotel, and the well at Longport from 1893 to April; 
1928, is shown graphically in Figure 16. 'rhe exact trend between 
the f~w scattered dates prior to 1924 is uncertain, but it seems certain 
that the head has dropped much more rapidly since that elate than 
before .it. 

PROBABLE FUTURE LOSS OF HEAD. 

'l'he history of pumping in the region shows that there has been a 
more or less continual lowering of the water level, but it does not 
show whether it has been at a uniform rate frm'n year to year, or 
whether it ha~ been greater in so.me years than in others. From a 
~tudy of the available, data it appears that if the curve of lowering 
were definitely known it would be somewhat irregular, but in general 
it would show the water to have gone down in accordance with in-
crease 111 consumption. In years when the increase was great the 
lowering doubtless was more rapid than in other years. In. other 
words, the water level in the whole· region appears to :fluctuate with 
changes in the pumpage from the formation, much in the same way 
that the pumping level in a well :fluctuates with the rate of'pumping. 
If this theory is correct, a further lowering of the head on the horizon 
may be expected whenever there is an increase in the pumpage. H 
there is any definite mathematical relation between the rate of pumpage 
and the regional static head, it may be possible to determine rather 
closely the effect of a given increase in the pumpage. In an effort to, 
determine whether any such exists the following a~alysis may be made. 

Ij all of the water drawn from the 800-foot sand were pumped from 
a single large well it is probable that the head would :fluctuate essen-
tially directly with changes in the nte of pu,mping. A consideration 
of the principles of hydraulics involved leads to the belief that, if 
changes in pumpage were distributed equally among .all wells,- in a 
given observation well the head would vary practically directly as 
the rate of pumping. This condition does not hold in the Atlantic 
City region. For example, in th~ Ventnor-Ocean City area the con-
sumption in summer is from 3 to 3.5.million gallons more than the 
consumption in winter, whereas in the Atlantic City-Brigantine area 
it is only from 1.5 to 2 million gallons a day m.ore. Also, from time 
to time, a suclclen draft is begun in a single locality when a new well 
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is put into service'. For these. reasons it is impossible to, determine 
accurately any' e~act relation between changes j:q. pumpage and changes ... · 
in head in the region. N everth'.eless, certain relations have been· 
discovered which :i;nay be of value in ,determining the effects of future 
increases in pumpage. . . 

For each month for which data ai;-e availabie there has been calcu-
lated the ·ratio between the depth to water ,below the original static 
level in the Longport observation well and .the rate of pumping in the 
entire region and in the Yentnor-Ocean City area. · Similarly,, there 
has been computed the ratio between the depth to water below the 
original static head, when pumpi1~g, in observation wells in Atlantic 

· City, and the rate of pumping both in the entire, region and in the 
more restricted Atlantic City-Brigantine area. The data in regard 
to waterlevel are based on the composite curve of the pumping level 
f9r wells in Atlantic City shown in Figure 14. The values for the 
depth to water used in the computations is that at the, end of each 

. p1onth .. A different value might have been used by taking the average 
1 between the level at the beginning and end of the month. This woµld 

hav.e given different actual values, but the relative results would have . 
been essentially the same. The depth to water at the end . of each 
month· has been used, because if there .is any lag in adjustment, of 
water level , to pumping conditions-;-and there is good 'evidence of 

· tliis-the.. water level at that time is more nearly in adjustment than 
'ear~ier in the month. The base 1data and resulting ~alculations are 
given in the accompanying tables. To simplify the headings alg13braic 
notation has been used, and the symbols are explai11ed in footnotes ap~ 
pended. to the tables. 

RELATION· BETWEEN DEPTH TO WATER, BELOW ORIGINAL 
, STATIC LEVEL, IN. LONGPORT OBSERVATION . WELL, AND · 

AVERAGE DAILY PUMPAGE FROM 800-FOOT SAND IN 
ENTIRE ATLANTIC CI'l.'Y REGION AND VENTNOR- 1 

OCEAN CITY REGION; 1924-1927. 

MONTH cD1 eDJ' 
. aD1 hQ1 ' Q1 dQ', Q, 

.1924 
May .. 30.0 6.058. 5.0 1,556 . '19.3 
June 35.0 6.702 5.2 2.136 16.4 
July .. 39.5 8.906 4.4 4.027 9.8 
August ....... 42.0 9.593 4.4 4:474 9.4 
September I 39.5 7.746 5.1 2.925 13.5 
October . . . . . . . . . . 36.5 6.058 6.0 1.728 • 1 21.1 .. 
November 35.0 5.309 6.6 1.394 25.1 
December 34.5• 4.869 7.1 1.107 31.2 

-
.; 
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RELATION BETWEEN DEPTH_ TO WATER AND .AV~JH,AGE 
i>pMPAGE-Contin1ied._ DAILY 

MONTH cD, 'eD, 
aD1 bQ, Qi.• dQ, ,Q, 

1925 
.Janirnry 34.0 4.817 7.1 1.077 31.6 
lfebruary 34.0 5.193 6.5· 1.086 31.3 
March 34.0 5.446 6.2 1.133 31.3 
April 35.0 5 .. 865 6.0 1.398 .' 25.0. 
May 37.0 7.201 5.1 1.849 20.0 
June 43.5 9 .. 529 4.6 . 3.612 12.0 
July 48.0 ro.509 4.6 4.323 n.1 

· August 51.5 11.293 -· 4.6 4.582 11.2 
Septembe,r 49.0 9.167 5.3 2.903' 16.9· 
October 44.0 7.386 6.0 1,.760 25.0 
November 42.0 6.801 6.2 1.485 28.3 
December .. 41.5 fi .4.21 6.5 1.485 27,9• 

1926 
January 41.0 6.561 6.2 1.528 26.8 
J!~ebruary 41.0 6.636 6.2 1.468 27.9 
March 41.0 6.692 6.1 1.495 27.4 
April 42.0 5.729 7.3 1.699, 24.7 
May •· 43.5 ·6.654 6.5 2.436 17.9• 
June 47.5 9.777 4.9 3.392 14.0' 
July 52.5 10.958 4.8 4.302 12.2 
August 55.5 11.754 4.7 4.787 11.6 
September 52.5 10,.415 5.0 3.566 14.8 
October 49.5 8.681 5.7 2.156 23.0 
November '48.0 7.826 6.1 1:151 27.4 
December 47.5 7.592 6.3 1.728, 27.5 

1927 
· January 47.0 7 .. 829 6.0 1.710 '. 27.5 
February 47.0 7.907 5.9 1.623 29.0 
March 48.0 8.120 5.9 1.691 28.4 
April 53.0 9.046 5.9 1.917 27.6 
May •· 54.0 9.375 5.8 2.453 22.0 
June 59.5 10.510 5.7 3.676 16.2 
July .. 63.5 12.014 5.3 4.796 13.2 
August 65.5 12.412 5.3 '4.775 13.7 
September 62.5 10.950 5.7 3.846 16.3 
October ,57,.5 9.192 6.3 2.394 24 .. 0· 
November 55.5 8.392 6.6 2.036 27 .. 3 
December 53,5 8.0,81 6.6 1.917 27.9 

aD,==Depth to water, in feet, below estimate.d original static level in Long-
port observation well~ This is · depth to water below top of casing 
plus five feet. 

bQ,=Average daily pumpage from 8Q0-foot sand, in million gallons a day, in 
entire Atlantic City region (not including area from Corson Inlet to-
Wildw<iocl). · · · 

cD, 
-=Loss of head, in Longport well, for a pumpage · of one million gallons• a 
Q, clay, assuming loss to be clue to pumpingc--in ,the entire region. 

dQ,=Pump_age in area from Ventnor to 'ocean City, inclusive. 
eD1 
-=Loss of head in Longport well for puinpage of one million gallons a clay, 
Q, assuming. loss. to he clue. to pumpage from -Y entiior-Ocean City .are:). • 

only. 
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ATLANTIC CITY GROUN:D WATER SUPPLY: 

RELATION BETWEEN:. DEPTH TO WATER,·•WHEN_ NOT.PUMPING, 
. BELOW ORIGINAL STATIC HEAD, IN OBSERVATION WELLS 

IN ATLANTIC CITY AND AVERAGE DAILY PUMPAGE 
FROM 800-FOOT SAND. IN ENTIRE REGION AND IN 

ERIGANTINE-ATLANTIC CITY REGION, 1924-1927. 

MONTH 

January 
February 
March 
April 
May· 
June 
July .. 

' August .... 
September, 
October .. 

1924 

November ..... . 
December 

1925 
January 

'February .. . 
,March ...... . 
April ' 
May ...... . 
June ......... . 

.59.0 
~9.5 

·61.0 
63:5 
66.0 
68.5 
71.0 
70.0 
66.0 

. 63.0 
61.5 

61.0 
61.0 
62.5 
67.,0 
71.5· 
76.0. 
80.5 , · J1-1ly 

Augtist 
· September .. 
October : ... 1 , . . . 
November' .. · .. . 

. December ......... . 

. . . . 81.0 
77.5 
72.5 
69.0 
69,0 

1926 
.January' ......... . 
February 
March .. 
April' .. 
May .. 
.June 
July ........... . 
Aug·ust 
Sentember ............. . 
October ........ ·. , ...... . 
November 
December ........... . 

1927 
'.January .. , .. , .. ' .. , • , , , , 
February 
March ..... , .............. . 
... .\.];)ril ...... ., ..... ' ....... ,-.. 
May ..................... . 
.Jtine 
.July .. 
August 

. September , . : . : . , .. ,· .... . 
October .. ,,·, . , .. . 
November· 
December 

70,0 
71.0 
72.5 
73;5 
76,0 
79.0 
84.5 
88.0 
86.0 
82.5 
80.0 
80.0 

81.5-. 
82.0 
88.0 
90,0 
90.5. 
94.0 
98.0 
99 5 
96.0 
91.0 
86:0 
85.5 

4.772 
4.823 
5.012' 
5.417 
6.058. 
6.'702 
8.906 
9.593-· 

, 7.746 
6 .. 058 
5.309 · 
4.869 .. 

4:817 
5.193 

, 5.446 
5.865 
7.20i 
9 .. 529 

10 509 
11.293 
9:167 
7.386 · 
6.801 
6,421 

,6.,561 
6.636 

-6,692 
5.729 
6.654 

-9_777 
· 10.958 
11. 754, 
10.415 

8.681 · 
7:82(1' · 
7,592 

7,$29 
7.907 
8.:120 

· 9.04('! 
f),375 

. 10.510 
12,014 
12.412 
10.950 
9.192 
8.392 
8.081, 

12.2 
11.9. 
11.3 

·10.5 

,. 

9.8 
7.7 
7.4 
7.3 

10.9 
11.9 
·12.6 

1·2,7 
11. 7, 
11.5 
11.4 
9.9 
8,0 
7.7 
7 .. 2 
S.5 
9.,8 

-10.1 
10.7 

10.7 
10.7 
10.8 
12.8 
11.4 
8.1 
7.7 
7.5 
8.3 
9.5 

10.2 
10.5 

10.¥ 
10.4. 
10.8 
.9.9 
· 9.7 
I 8.9 

8.2 
·8.o 
8.8 
9.9 

10.2 
10.6 

dQs 

3.593 
'. 3.618 
3,863 
4:058 
4,502. 
4.566 
4.879 
5.141 
4.821 
4.330 
3,915 
3.-762· 

3.740 
4.121 
4.313 
4,467 
4.502 
4.482 
4.806-. 
5.315 
4.914 1 

4 .. 276 
3.931 
3,.576 

3.663 
3,759 
3.797 
4.mo 
4.218 
4,885 
5.165 
5.513 
5.439 • 
5.105. 
4,655 
4.444, 

4.709 
4,876 
5.029 
5·.819 
5.612 
5.534, 

· 5.918 
6.385 
5.904 
5.498 
4.956 
4.764 

16.3 
-15.4 
15.0 
14.1 
14,5 · 
14.0 
13.9 
14.5 
15,'2 

· 16.1 
16.3 

16.3 
14.8 
14.5 
:15:0 
.15.9 
17.0 
16.7 
15.2) 
15.8 
17.0 ·. 
17.6, 
19.3 

19.1 
18.9 
19.1 
18,2 
18.0 

) 

. 16.2 
16.4 
16.0 
15.8 
16.2 
17.2 
18.0 

17,3 
16.6 
17.5 
15.5 
16.1 

'17.0 
i6.6 
15.6 
16.3, 
16.6. 
11.4' 
17,.9 



PR0:/3ABLE FUTURE LOSS of HEAD. 

·RELATION BETWEEN DEPTH TO. WATER AN:Q AVERAGE. 
-DAILY PUMP AG E-0Qntiriued. 

81 

aD.=Depth to water not when pumping, in feet below estimated original static 
level, in observation wells in Atlantic City. This is depth to ·water 
below top of casing plus 10 'feet. · 
, 

bQ1=Average daily pumpage from, 8000foot sand in million gallons a day in 
entire Atlantic City regi()n (not including area. from Corson Inlet ,, , 
to Wildwood). 

cD" 
~-Loss cif head in wells in Atlantic City for' ·a pumpage of one milli~n · 
Q1 gailons a day· assuming loss to be due to pumping•'in the entire region. 

dQa==Average daily pmripage from 800-foot sand. in million gallons a day,' from. 
-wells irr Atlantic City and Brigantine only; · 

e:i;;,2 . . . . 
~Loss of head in wells in Atlantic City for pumpage of one million gal-
_Q, · lons a day from Atlantic City-Brigantine area only. 

The ratio of the rate of pmnping divided by the depth to water 

belm~, ori~inal st~tic level { g ) isin a w~y comparable t~ the specific· 
capacity of a well, for it is. the quan'tity of water obtained ,by lowering 
the head one foot._ Of conrse, sin9e the water is not all comirig from 
the observation well-and none of: it ·is obtaine~ from the Lo_ngport 
well-the comparison is only a general one. ' 

Tp.e ratio wo1;ld have a; maximum value if an. the water came from 
one well-that is, if the :ratio actually were the spec:i.fic capacity: It 
would have a very ·small value if the observation well in which the 
head were determi:qed were situated at a very great' distance from the 
pumping wells. Obviously, the value of the ratio will depend in part 

· on the situation of the observation well with respect. to the centers of 
pumping. The ratio of the d~pt:q to water div~ded by the rate of 

, pumping gives the number of feet that the_ water must be lower!Jd to 
produce one million gallons a day.. It would have a maximum value 
if the wate~ were all 'pumped from a single well and. the loss in he.ad 

. were measured in that well; and Its value would be very small when 
based on loss of head in. a; well at a great distance from the pumping. 
wells. · 

The ratios given in the two tables show cons~derable range, not only 
for the values for different sets -of conditions, but even for the same set . 
of 'conditions in the same ~onth. For example, the ratio of the depth ; · 
to w~ter in the Longport well to' the. average daily pumpage from the 

. .· (D1 · . -.. . 
area between Ventnor and Ocean City -· in the first table) has a 

Q2 

6· 
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range between 8.3 ('Augiist, 1924) and 26.9 ( January, 1925). At fh;st 
' glance there appears to be 1io relation between given depths to water 

. and given rates of pumping. For example, in June, 1925, when ,the 
water level was 30 feet below the original static level, the rate of 
pumping was 2.136 million gallops a day, whereas in April,· 1925, 
with the water at the same level, the rate of pumping was only 1.398 . 
milliwY gallons a day. Even more striking is the difference in the ' 
pumping rate. in June, 1926, and December of 'the same yea:i;, ~hen 
the depth to,water was 42.5 feet. In June the pumpage was 3.392 

· million 'gallons a day or nearly twice ,that in December, when it was· 
only 1. 728 million gallons a day. Considering these facts, are the 
ratios of any value? 

' : • ' Q 
A study of the tables shows that in general the value for - de-, -D 

' I , ' ' ' 

crea~es during the -spring and su,mmer, and increases duriiig the ,fill 
and winter. In other words~ in the latter part of the summer 'the 
loss in head required to produce a given quantity of water is less than · 

· that required in wiriteri. For example, in: July, 1925, the'1oss in head 
for each million gallons_ was only 9.9 feet, whereas' in January of the 
same year it w~s 26.9 feet. This seems to be a very unusual condi-
tion, especially• considering the fact that the head on the water ,de-
creases considerably in summer. 

The explanation of this condition is bett~r u;nderstood · if ,the 
monthly , data are plotted, using the depths to water and rate of ,. 
pumping as co-ordinates, and drawing a curve that connects the points 
in chronological order. Such a curve, for the relation betw~en depth· 

· to water in the Longport well ,ii,nd the pumpage. in the Ventnor-Ocean 
· City area, is shown in Figure 17. In this curve the direction of pro--
gression is sh'own by arrows. At the , beginning or end of certain 
years the points are so crowded th,_at one or. 'more have been _omitted. 
If the average' depth to water during each month had been used in-
stead of the depth at the end of the month most of the points would 
be sitirnted differently, ,and the shape of the curve would be altered 
slightly,.but it would be of the same general type. 

The cµrve shows two significant features. The first is the shape of 
the curve for individual years. The line for the ID(!nths after August. 
rises towa_rd the starting point for the year, but for a given tate of 
pumpage it lies at a lower point .than for tlie same pumpage in .the 

' first half of the year. This type of curve indicates the condition 
known as hysteresis, :which. is a "1agging of one of two related ph~-
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Fm. 17.-Graph showing relation between depth to water, below original static 
lev~l, · in I Longport observation well, and average daily pumpage 
from Ventnor-Ocean City area, by successive months, May, 1924, 
to December, 1927, inclusive. 

I 

11om~na behind the other."26 The condition of hysteresis in the curve· 
in Figure 17 indicates conclusively a lag in the movement of water 
level following changes in pumpage which has already been suggested 
from other observations (see pages 53 and 66). It shows that. as the 
pumpage increases _in the spring ancl summer months the head does 
not fall as rapidly as would be expected if the law of direct :relation 
rate of .flow and head held without modification. On the other hand, 
when the pumpage decreases rapidly in the fall, the head does not 
rise as rapidly as it should. If the average pumping rate during the 
month of maximum consumption were maintained rong enough the 
water level would drop lower than it does. However, the maximum 

, rate. is reached generally in the later part of August or fore part of 
, Septem\Jer, and, immediately thereafter there is a very great decrease 

in pumpage. So great is the decrease, in fact, that the head cannot 
respond as rapidly; Iii winter, generally from December to March, 

26Century. dictionary. 
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there is not nmph change in pumpage, and the head has a chance to 
· "catch up" and reach a condition where it is more in the proper posi~ 
tion correspond,ing to the existing rate of pumping. During the other 
months of the year the head that would correspond to a given rate of 
pumpage, if stable conditions ~vere reached, would be shown by a line 
drawn approximately half way betwe~n the two lines of the curve for 
each year. ' 1 

· It is noteworthy that studies of the elasticity and compressibility of 
sands and clays by' Terzaghi have shown a condition of hyster~sis or 
lag in the adjustment of the material to ch~nge in press;.ue.27 This 
fact favors the suggestion on page 54 that the lag in the adjustment 
of the head in the 80ei-foot sand is presumably related to ·the phe-

. nomena of elasticity and compression of the water-bearing material. 
The second significant feature of the Gurve shown in Figure 17 'is 

the fact that each yeaT the head has chopped to .lower and lower levels 
fc;-r a given rate of pumping in-the Veµtnor-Ocean City region. The 
data given in the table on pages 78 a~1d 79 show that if the pumpage 
from the entire rngion is considered, instead of that from the m\lre 
restricted region, the same condition is found. In other words, in 
so, far as the Longport well is concerned, the lowering of head in 
that well, resulting from an increase in a unit quantity of water 
pumped, is increasii:ig from year to year. The reason for this is not 
,fully known~ but it appears that it may be clue to one or more of 
several possible factors. C011ceivably it may be clue to a loss of head 
in the outcrop area resulting from deficient precipitation; to a _re-
duction ,in the porosity, and hence permeability of the water-bearing 
imncl as a result of withdr'awl of water from storage and subsequent 
compression of the sand; or to an inc~ease in. pumpage near the ob-
servation well relatively greater than that in other parts of the region. 
In the years covered by the record there has b~en an unusual increase 
in the consumption from the 800-foot sancl at the Margate City Water 
Works, and it is believed that this may be largely responsible for the 
increasing loss in head. The data in the table on pages 80 and 81 in re.-
gard to the observation wells in Atlantic City do not show such definite 
evidence of a progressive increase in lpss of head per unit quant1.ty of 

Do D2 
water pmnpecl. In fact, at cei'tain times the ntti0 -- and -. vary 

, Q1 Q3 
irregularly. This is probably because there have been sudden changes 
__ 1_~ ' . ' 

27Terzaghi, Charle~, Principles of soil mechanics: Eng. News-Rec9rd, vol. 95, 
pp. 743-744, and 987, 1925; Principles of final soil classification: Mass. Inst. 
_Technology Publications, vol. 63, pp. 41-53, 1927. 

" 
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in the pumpage in Atlantic City resulting from the stai·ting of new 
wells· or shutting down of wells for long periods. . . 

Bearing in mind the factors described above, which affect the ratio 
between the loss of head in the observation wells and the pumpage in 
different parts of the Atlantic City region, the results in the tables 
may be applied to determine approximately the effect cif future in-

. I)., . . 
crease in punipage. 1! sing the winter values of · : it appears that if 
. . . Q1 

· future ir1creases are distributed in the region as they have been during 
. the period of observation the loss of head in Atiantic City will be 
some 10 to 12 feet for each increase of one million gallons a day. If 
the pumpage in winter, which in 1927 was about eight h1illion gallons 
a day, is increased by 10 million gallons, the non-pumping level in 
the observation wells in Atlantic City may be exRectecl to be lowered 
to a depth between 180 and 220 feet below the original static level 
or 170 to 210 feet below the surface of the ground. The level_ in 
pumping wells will be 25 to 50 feet or more lower, c1epeni:1ing upori 
the rate of pumpi1ig. If the greater part of the increase in pumpage 
occurs within Atlantic City the loss in head will be even greater, and 
iJ' it occurs largely in mor.e distant parts of the region it will be less. 
· The loss in head in the Longport well per million gallons per clay 

of pumpage in the entire region in winter months has ranged between 
. six and seven feet. . Accordingly, assuming the pumpage to• change 
proportionately in all parts of the area as it has done between 1924 
and 1927, an increase of 10 million gallons a day to a total of 18 
million gallons would lower the ·head in that well to a point from 
110 to 125 feet below the original static level or 100 to 115 feet below 
the surface; The t:ru(:) figure· likewise may be greater or less than 
that stated, depending upon. whether the greater part of the increase 
takes place near the observation wells or at a distance of several miles 
from them. 

If the maximum rate of 18 million gallons a clay is maintained for 
only a month or two in the summer, the loss _in head probably will not 
be as great as indicated in the above estimates because of the lag in 
the cha{1ge of head. · 

It cannot be expected that the estimates given above will be verified 
within the limits given, for too many factors are involved concerning 
which our knowledge is quite uncertain. It is believed, however, that. 
the estimates are of considerable value in indicating the magnitude 
of the loss in head that may result from an increase in pumpage of 
10 million gallons a day, or other quantitie_s in proportion. They are 
oe especial sigi1ificance in considering the possibility of developing 
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future public supplies from the 800-foot sand. According to .esti-
mates on page 22 the 'increase in consumption from all public sup- ·'+ 

plies in the region in the next 20 years: may be expected to. be at least 
20 million gallons'.· If this were all developed from the 800-foot sand, 
the head would be lowered severlj,l hu~dred feet below the surface. ·In 
fact, it might be drawn down to •such a great_ depth that the 'cost of · \J' 

. , pJimpirig would become prohibitive if the wells were not _in the mean~ 
time contaminated by salt water. · 

EFFECTS OF FURTHER LOSS OF HEAD. 

If c~msumption from the 800-foot sand continues to increase and 
· the head to decrease the final effects will be several. Probably :the 
fir.st noticeable effect will be a 'decrease in the. yield of wells. This· 
has alreacly occurred ~o some extent, but. methods of testing ,the yield 
i:r1 most ca~es have been so crude that the decrease has not been evi.: · 
dent., The,ability of a weli''to yield a given quantity of w~ter may 
not be impaired, but the yield with the original equipment ~ill 
decrease. In: order to maintain the original yield it will be necessary 
to lower the cylinder ir the pump is ol the reciprocating type, or the 
bowJs if it is qf the turbine type, or to increase the length of the 01:ir 
pipe and-compressor capacity if air lift·is used. _Iri any case, more 

, pow;er will be required to obtain' a given quantity of. water and the 
pumping cost will increase. If the water level is lowered far enough, 
and no other factor· places a limit on pumping; it is probable that 
eventually a. further increase in the draft in the horizon would be · 
p~·ohibited by the rising cost of pumping the water to the surface. 

, The decrease in the yield of a well as the head decrease~ is well . 
illustrated by' the -~esults '.of rather accurate observations, on the new/ 
well d~illed at the Atlantic City Water Works in April, 1925, which 
draws on the - Atlantic City 800-foot water-bearing horizon. · When· 
the' well wits. test'ed on May 13, 11925,, by the drilling contractor, _the 
yield 'as measured by an orifice was 1,050 gallons a _minute. Subse-

. quently the orifice was checked with 1)-_1 pitom~ter and the discharge 
was measured at intetv~ls of about a ;month by one or the o,ther of the 
two methods. The. results computed to a uniform speed of pumping 

· are shown graphically in Figure +s. The graph also shows tp.e fluctu:a-
. tions of the :water in an old well nearby, 600 feet deep ( see' page 59). 
, The fluctuations in water level are due largely to fluctuations in the 
draft from the forrnation in Atlantic City and other coast.towns,, (see 
pages 66 and 67). Although there are minor irregularities, it is appar-

' I 
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Discharge of 6"/5°foot well at Atlantic City Water Works, May 13th, 1925. Rate of discharge 1,050 gallon.~ a minute .. 
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Fro. 18.-Discharge of 675-foot well ,at Atlantic City Water Works and 
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ent that the .yield of the wells changes with fhe head in the formation,, 1 

_declining when the head becomes less, and increasing if the h~ad iµ-
creases. At its lowest the yield was 930 ·gallons a minute, a decrease 
of 11 per pent from· the or1ginal yield. On' December 4, 1925, the 
yield was 970 gallons a minute, or about eight per cent less than the 
original yield. The pump installations havB been changed' slightly 
since then so that conditions. are not· entirely comparable, but the 
yield on January 13, 1926, was practically the same, 974 gallons a 

· minute. On March 5, 1926~ however, it .was a little lower, 958 gallons 
a minute at 1,163 revolutions a minute. During the summer of 1927 
the yield decreased still further, and in August it was only· about 850 
gallons a minute. 

'.As another illustration of the effect of a decline in the static head 
the experience ot a well ow:p_er in Atlantic City may be cited. When 
a new well was completed -in April, 1924, the depth to water was 

. . I 

about 40 feet. Equipment was ordered to set the pump at a depth of , 
about 50 feet. The pump was not installed until the latter 'part of 
the summer. When first started no water could be 9btained, but 
better success was hid after the pump was pri:q1ed. The static water 
level at that time was about 5.0 feet from _the surface and the pump-

i 
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ing ievel l11Ust have been coi1siderably lower. Thus the pump was 
undoubtetdly operating with a suction lift instead of being submerged 
a8 it should be to obtain the geratest efficiency .. In the spring of 1925 
the pump was lowered to 75 feet from the surface, but difficulty in 
obtaining water occurred d~ring the ·following summer. Since ob-

. servations elsewhere in the, city showed the st~tic level then to be about 
7 5 feet below the surface, the pumping level in the well doubtless was 
so low that the suction could not be maintained. , 

Several of the turbine pumps in wells in Atlantic City are set only 
100 feet below the surface with 10 to 20 feet of suctiqn pipe below the 
pump bowls. If the decline in head in the next few years is com-
parable to that in 1925 the water will drop below the limit of suction 
lift, and the pmnps become useless. The difficulty can be rerr'iedied 
by lowering the pump bowls to a greater depth if the casing is large 
enough to receive the:in, Because of the possibility of a considerable 
lowering in head it is desirable, when drilling a, new well, that the 
upper casing be of large enough diameter to receive the pump bowls 
to a depth of at least 125 or 150 feet. The pump need not be set so 
low at :first, as the loss in head in pumping through the greater length 
of pipe would unnecessarily increase the cost of pumpi1~g the water. 
In several wells that are pumped by air lift it has already been neces'-
sary to increase_ the length of the air pipe, but this is done compara-
tively easily. 

A factor .which may cause a serious trouble before the pumping cost 
becomes excessive is the possible invasio11 of salt water. This sub-
ject is discussed 011 pages 112 and 119. 

TESTS ON SAND SAMPLES. 

More than twenty-five samples of sand have been obtained from 
wells drilled between 1923 and 1926 to the Atlantic City· 800-foot 
horizon, and tests have been made on them by br .. Norah n Stearns 
in the hydrologic laboratory of the U11ited States Geological Survey. 
The fosts that are of special value in the present investigation include 
the determination of the mechanical composition, porosity and per-

. 1:neability.28 

. 28The methods used are described _in a report by Norah D. St<;arns, Labora 0 

tory tests of physical properties of water-bearing materials: U. S. Geol. Survey 
Water-Supply Paper 596-F, 1927. 



MECI-L'\NICAL ANALYSES, COEF]'ICIENT OF PERMEABlLI'J'Y, AND POROSI'l'Y QJ,' SA.ND SAMPLES ]'ROM THE 80_0-
FOOT HORIZON IN THE ATLANTIC CI'l'Y REGIO_N. 

I 
I. 

Laboratory/ 
Number J 

SOURCE OF SAMPLE 

I ' . I 
1 

Mechanical Composition (Pei.· Cent) . · · . --1--1-·-1--1 1--
1 

/ I Coefficient . 
· I · I Less I of Perme- Porosi_ty · I 5-2 I 2-1.11-.5 I .5-.25 .25-.10 I .10-.05 J .05--.005 Jthan .005 ability I Per cent 

I I mm. I iom. mm. I mm. I mm. I 111111. I mm. I mm. I I 
109 Layne well, Margate City ·water 

,vorks, from depth of 745-795 feet. 10.18 45.09 29.87 11.65 3.13 .08 ...... 2,561 41 
r· 

111 'l'hirty-fifth Street well of Ocean City 
Water Co., coarse material charac- -

I teristic of upper part of 800-foot I 
I sand .. . . . . . ........ ''' '.' 22.99 35.11 16.051 16.64 6.43 .23 .66 1.89 10,464 38 
I I 

112 ISame well as No. 111, material I 
characteristic of middle part of 
800-fo6t sand 8.35 22.44 35.75 19.66 11.54 .68 .56 ·1.02 2,554 30 

113 
I 

Same well as No. 111, fine material in I 
1.141 

I 
lower part of 800-foot_ sand . '' .... . _ I 16.13 60A2 17.21 4.27 .25 .58 2,6091 36 

301 Fifty-fifth Street well, Ocean City I 
Water Co., from sand bed lying be- I 
tween 735 and 810 feet, probably 
near bottom of horizon 7.41 22.60 ,41.09 26.69I 1.34 .461 .41 869 34 

Atlantic City High School \vell, from 
I I 

316 I I I 
upper part of section between 770 ! I I 
and 796 feet; sample washed in I I I 
laboratory 5.12 13.76 35.74 26.72 16.03[ '781 .51[ 1.33 6Hll 27 

Same materi~l as No. 316, btit w~shed 
I I I I 

317 I I I I 
by driller . . . . . . . . . . . 5.03 15.42 41:02 31.87 5 50I Tracel 1.15I 1,944I 30 

/ I ! I - I 

1-:3 
trj 
w 
1-:3 w 
0 z 
w 
> z -
t:I 
w 
> 
hj r 
trj 
w 



MECHANICAL ANALYSES, COEFFICIENT OF PERMEABILITY, AND POROSITY OF SAND 'SAMPLES FROM THE 800-
FOOT HORIZON IN THE ATLANTIC'OITY REGION-Continued .. 

Laboratory 
Number 

-318 

319 

324 

325 

326 

, 327 

328 

I _ - I 

SOURCE OF. SAMPLE 
\ 

Mechanical Composition (Per Cent) . \ 
---1------1 I 1---1 · I Coefficient 

I - Less -1 of Perme- Porosity 
[ 5-2 2-1 1-.5 I -5-.25 .25-.10 I -10-.05 j .05-.005 jthan .005 ·ability I Per cent 
II· mm. mm .. nim. I mm. mm. I mm. I mm: I :mm. I I _ 

Same well as No. 316, but from lower 
. part of secti01i between 770 and 796 

feet ; sample washed by driller. 

Same material as No. 318, but washed 

7. 94 23.62 33. 92 23.60 

-I 
I 

4.79 Trace 

in laboratory . . . . . . . . . . . . . . . . l. 87 10. 59 31.183 35. 32 18 .15 1. 03 

Atlantic City Water ·works 675-foot 
well, representing- material -from 
598-675;feet . . . . . . . . . . . . . . .... a39.32 30.89 -13.47 7.55 

Haddon Hall well, representing- ma-
terial· between a depth ·of. 760 and 
840 feet •................ -. . . 9.90 50.46 24.63 11.57 

Royal Palace Hotel well, at a depth 
of 768 feet ................... . 7 . 91 56 . 45 33 .49 

From same well as No. 326 at a depth 
of 800 feet . . . . . . . . . . . . . . . . . . . 3.35 41.67 43.19 10.60 

!From same ~vell as No. 326, at a 

.44' · Trace 

2.36 Trace 

1.96 

.64 Trace 

-

-.41 .5.73 1;762 35 

.85 .35 473 30 

_1.02 .30 5,505 34 

.52 .56 2,419 32 

.19 ....... . 2,500 34 

.41 .14 3,754 36 

· I depth of 830 feet ·. _ ........ . 7.46 79.18 11.87 1.181 - .30 .... . . . . C . . 4,362 33 

329 
I . 
!Ritz-Carlton Hotel _well, from upperl. · -
I- f:ett of·.sand 'b~t~een _779 _a~-~-812

1
1 26 _91 1· 34 _73 

I . . . . 

( 
23.13 13.651 

. 
1.06 Trace .51 

I 
4,1891 33 

I 



MECHANICAL ANALYSES, COEFFICIENT OF PERMEABILITY, AND POROSITY OF 8AND SAMPLES FROM_TIIE 800c 
FOOT HORIZON IN THE ATLANTIC CITY REGION-Continued. 

Labor,atory 
Number 

330 

335 

336 

337 

340 

341 

342 

344 

345 

I L Mechanical Oom11osition (Per Cent) 

SOURCE OF SAMPL:rn 
-1-/--1---1---1---1 1---1----f----1 Coefficient ' I - I I I . Less of Perme- Porosity 

I. 5-2 I 2-1 11-.5 I .5-.25 I ,25-.10 I .10-.05 I .05-.005 [than .005[ ability [Percent 
i mm. mm. mm. \ mm. I mm. I mm._ I 111111. I . mm_- I ·1 , 

From same well as No. 329 from 
lower pµrt of sand between -779 and 
812 feet .................... . 31. 58 35 . 26 19 . 79 12 . 27 .51 Trace 

Guarantee Trnst Building well, from 
a depth of 772 feet, representing 
upper part of 800-foot sand ... .. 53 68.52 30.49 Trace 

Fron'f same well · ,rn No. 335, at a 
depth of 815 feet, representing -
middle of 800-foot sand 1. 04 7. 32 15. 81 39. 85 

From same well as No. 335, at a 
depth of 842 feet, representing 
lower 11art of 800-foot sand Trace 2. 67 28. 84 58. 70 

Atlantic City High School ·well, typi-
cal of sand between 796 and 816 
feet; washed by driller 

Same niaterial as- No.· 340, washed in 
laboratory 

From same well as No. 340, between 
816 and 827 feet, washed· in field. 

Same material_as No. 342, but washed 
in laboratory ......... ·. . . . . . ... . 

I 

11.98 31.14 32.78 17.06 

22.91 39.03 21.19 10.10 

9.84 33.06[ 20.01[ 16.991 
I I 
I 

14.17 33.06 20 84[ 16.29 
I 

From same well as No. 340, from a . I 
depth of 836 feet. Sample \vashed I ' I 
in laboratory . : . . . . . . . . . . . . . . . I 19'. 02[ 22. 041 20. 86[ 19. 02[ 

I I I I I 

I 
, I 

26.621 
I 
I 

• I 
8.961 

I 
I 

.64 

.45 

I I 
3.55[ ....... I 

I i 
I I 

3.821 .621 
I I 
I I 

18.07[ .381 
I I 
I I 

14.541 .461 
I I 
I I 
I I 

14.061 1.931 
I I 

.58 ...... . 3,981 35 

I 

.21 .26 1,321 35 

- . 

1.16 7:55 688 29 -

.37 '' '' .... 1,428 36 

.57 2.92[. 
. I I 

I 
3,353. 34 

I I 
1.471 .86[ 1,146 31 

I I I 
I I I 

1.641 ....... -1 2,114! 32 
I I I 
I I I 

.651. .. I 972[ 38 
I I I 
I I 
I - I 

I 
I -

2.771 .20[ 1,114[ 29 
I I I -

a This sample also contained 7. 02 per cent greater than 5 mm., which is nut 'included above. 
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The "coefficient of permeability" is clefinecl as the number of gallons 
of water a clay at 60° ·F., that is conducted laterally through each mile 
o£ the watercbearing heel under investigation, measured' at right angles 
to the direction of flow for each foot of thickness of the heel ancl for 
each foot per mile of hydraulic graclient.29 Having the coefficient. of 
permeability, ancl other requisite clata as to the temperature of the 
water ancl thickness of the water-bearing heel, there ma:y be- cleter-
minecl the head necessary to yield a given quantity of water 'or con-
versely the amount of water that can, be obtained with a given heacl. 
Certain practical difficulties are - encountered which in the present 
stage of the work make it impossible to consider the results conclusive. 
For example, the thickness of the heel may vary from place to place, 
ancl the factor of thicki1ess cannot be cleterminecl accurat~ly. Fur-
thermore, as shown by samples already tested, the permeability of 
the sancl in different parts 0£ a water-bearing heel varies considerably, 

I -

even in the same well, so that it may be quite difficult to properly 
evaluate this factor. Another probable cause of error is the impos-
sibility of getting a sample into the testing equipment just as it was 
in the sancl heel. ' 

In drilling the sancl is washed ouf. of the well. If the rotary hy-
draulic process is usecl it is mixed with thick m~cl. ;If ,the jet process 
iti usecl the mucl is not so thick. In either case, in order to obtain a 
sample of the sancl the nmcl is washed out by the driller. It is im--
possible to wash out all of the mucl usecl in drilling without also 
washing away some of the finer sancl. The upward current in the well 

'during drilling may not be strong enough to carry to the surface ap.y · 
coarse sancl or gravel whe:ri it is struck. Therefore, the sample may, 
be finer than the water-bearing heel as a whole. It is a well known fact 
that, .other conditions being the same, the greater the variation in the 
size of material the less is its permeability, ancl the more uniform 
its size the greater the permeability. Since the coarner materials may 
remain in the well ancl the fine be washed out with the mucl, the sam-, 
ples obtained pfobably show permeabilities higher than the permea-
bility of the formation unclergrouncl. ·Despite these difficulties, it is 
believed that the tests of samples are of some value in showing the 
rela~ive quantities of water than can be obtai~1ecl fro~ different for~ 
mat10ps. · · _ -

As shown by the table ( see pages 89 ancl 91) there is a considerable 
range in the coefficient of permeability of the samples tested-from 616 
to 10,464. The coefficient of permeability of sample No. 111 is sq much 
higher than that of any other sample that is believed not a true sample 

29Stearns, Norah D., op. <:it:, p. 148. 
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of the sand. It may have' been washed ~n undue ainount. It is there~' 
fore not considered in the following discussion. Tests were made on 
four pairs of samples of the same material (Nos. 316 and 317, 318 and 
319,340 and 341,342 and 344). In 01~e sample of each pair the mud 
used-in clriUing was Wiishecl by the cliiller and the other was washed 
more carefully in the laboratory. The method used by the driller was to ' 
turn a stream of water from a hose into a bucket, stir the sand, and 
let the· fine material flow over the . top. By· this method some of the 
fine sand, and perhaps even some of the coarse, was washed out. In 
the laboratory the' sample was stirred in water, it was allowed to settle, 
and the water carrying the fine material was carefully decanted. This 
process was repeated many times. In the samples thus washed the 
fine sand was left in the sample. As shown by the table the result 
was that the coefficient of permeability of the samples washed in the 
laboratory was much lower than -that of the less carefully wash~d 
samples. The average coeffici1:mt of permeabilitf of four samples 
washed in the laboratory was 8.02, and of the samples of the same 
material washed by the driller it was 2?93, or nearly thre(;) ti~es as 
great. Since all of the samples; except those otherwise indicated, were · 
washed by the driller/ it .is probable that the coefficients of perm'ea-
bility are in general too high. With these limitations in mind an 
application of the results may be attempted. 

The average of the coefficient of permeability of 18 samples washed 
by the driller is 2,662. This means that in one clay 2,662 gallons will 
move through a strip of sand one foot thick and one mile in length, 
at right angles to the direction of flow when the head is one foot per 
mile and the temperature of the w'ater is 60° Fahrenheit. 

The flow varies according to temperature, a hi$h temperature in-
•creasing the rate of flow and a low temperature retarding it.30 The 
temperature of water from five wells in the region ranges from 60° 
to 65 ° Fahrenheit, w:ith an average of 63 °. According to Slichter's 
table, the flow at 63° is approxim!l,tely 1.05 times that at 60°, and 
the corrected aver;age permeability coefficient is practically 2,800. · A 

. study of a number of logs shows that the average thickness of the sand 
is about 80 feet.. On this basis, with a head of one foot per mile, the 
•quantity of water passing through a strip one mile long would be 
80 x 4,000, or 224,000 gallons a day. If the strip' were h~o miles 
lpng the quantity would be twice that much or 448,000 gallons a day, 
and so on. The distance between the. northeastern and southwestern-
most wells in Atlantic City is approximately two miles. On this basis 

30Slichter, C, S., Field measurements of ui·e 1rate of movement of under-
:ground waters: U. S. GeoL Survey Water-Supply Paper 140, p. 13, 1905, 
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the head required to provide a flow of five million gallons a day would' 
be 11.2 feet per mile. , This assumes that the water is mov:ing to the · 
wells from on,e direction only at right angles to the coast and down 
the dip of the bed from the west. Actually, some water is probably 
mo;ving from other directions. Doubtless about half water moves up 
the dip, being, replenis,hed by ,flow around the end~ of .the zone. If 
this is true the quantity coming from the regiqn directly north-
west of the pumping area would be about half that estimated, and the 
head need be ·only 5.6 feet per mile. ' , 

By similar computation a comparison :rp.ay be made with the .head 
belween the new welf at the Absecon pumping station and wells i~ , 
Atlantic City,. When completed in May, 1925, the water level in the· 
pumping station !"ell was about five feet below mean sea level. .· On 
the basis of the observations ll,t the Ohalfonte, in Atlantic City, it is: 
esti:r;nated that the static level in the western part of the city was about 
35·feet belo}V mean se_a level, .and that the differenee in head·or gra-
dient, was about 6:7 feet per mile. The average daily consumption 
from wells in the city, in. M11y, 1925, is estimated to have been abo,ut 
4.5 million g~llons 'a ,day ( see Fig 14) .' In the following table 
is shown the head required· to yield this quantity of water using the 

_ average coefficient of permeability determined· from samples washed 
by the driller and .thos~ washed in the laboratory. · 

Assuming that the water moves to the wells in Atlantic City from 
two..'di;ections, the gradient in May, 1924, was interme.diate between 
the gradients co:mputed from samples washed .in a;ifferent w1:1-ys. · It 
was, in fact, -not much 'different froni the gradient based on the l11rgest 

_ number of samples. ' Considering 'factors involved which cannot pe 
1 - accurately evaluated, th'e results are as good as can be expected. They 

are believed to i'ndicate that the determinations of coefficient of per- -
meability are. usefol within certain limits. In the table on page 95, 
there is given the gradient required for a draft of 10 million' gallons 
a day fr~m W\JllS 'in the city. If the larger average coefficierl·t is 

, more u'early correct,' the gradi_ent required to draw five million gal-
lons a d::i,y in 'Atlantic City would be about, 1:), feet per mile, and the 
head in Atlantic City would be about 50 feet lower than at the At~ 

· la:ntic City Water Works on the mainland. If .the lower c6e:fficiei1t 
was c1orrect the difference in 'head between the, two places would b:e . 

- neatly 150 feet. Sin~e the l~ead ·at the water works would be lower 
than it is ·no:w the head in Atlantic_ City would be much more than 
150 ,feet below the surface. 

Applied in a different way the test data as to the permeability of , 
, th~ 800-foot sand are of significance .in showing the area from which 

I I ., ' 
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HYDRAULIC GRADIENT, IN FEET PER MILE, REQUIRED TO PRODUCE FLOW EQUIVALENT TO CER'l'AIN 
RATES OF PUMPING FROM 800-FOOT SAND IN ATLANTIC CITY, AS DE'l'ERMINED FROM 

PERMEABILITY TESTS ON SAND SAMPLES. 

Example-
Number 

A ........... . 

-B 

Observed 
coefficient 

of 
permeability 

=C 

2,662 

864 

-

Coefficient of 
permeability 
corrected for 
temperature 
= Cx 1.05 -

-

2,800 

910 

Rate of flow 
gallons per day 

_in sectio.n 
2 miles long and 

80 feet thick, 
and head of 1 
foot per mile 

448,000 

145,600 

Gradient required for a4.5 
million gallons a day 

V\Tater coming 
from one 
direction 

Feet per mile 

10.0 

30.9 

_. 

Water coming 
from two 
directions 

E'J)et per mile. 

5.0 

15.5 

_ A Average of 18 samples washed by driller, coefficient of permeability probably too high. 
B Average of 5 .samples washed in laboratory. 
aEstimated average daily pumpag·e for month of May, 1924. 

I 
Gradient required for 10 

. million gallons a day 

Water coming 
from one 
direction 

Feet per inile 

- 22.3 

68.7 

Water coming 
from two 
directions 

F'eet per mile 

11.2 

34.4 
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2; 
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water is being drawn. As 'stated on page 69, the original heaq on 
the formation near Atlantic City appears to have been only about. 

· one foot per mile. A.s shown on page 73, using a,n average·coefficient 
of permeability of 2,800, the · quantity of water passing through a. 
strip of the for~ation one mile long under a head of one foot per mile, 
is 224,000 gallons. . To. obtain 5,000,000 gallons a day :With the 
:natural gradient of one foot per mile, it would be necessary to draw 
on a strip more than 22 miles long. To obtain 12,000,00'0 g·allons 
a day, whicJ:i. is· approximately the average daily pumpage in sum-
111!ll'. in the area from Brigantine to Ocean City, water would 
be drawn from a stnip more th.an 50 miles long. This assumes 
that the draft is equal in all parts of the strip of water-bearing 
formation. Actually, since the draft is concentrated in a rela-
tively small area toward which the water must move. rapidly, 

· the head required is great where' the pumping is heavy,' and becomes' 
'less along lines radiating out from the pumping wells. Nevertheless, 
before the ·intake area is reached the wate:i; must be moving- in a zone 
whose length is· of the magnitude just stated. , That this is actually 
the case is shown by the profile, of the· piezometric surface along the 

_ coast (see Fig. 15, A), 

CONTAMINATION OF WELLS BY SALT WATER. 

General statement.-A problem that has given concern to some of 
the owi1ers of deep wells in Atlantic City h~s, been the contamination 
-0£ their wells by salt. water. The seriousness of this problem is better 
uiiderstood when it is realized that the static water level in the wells 

· in different parts of the city is from 60 to 80 feet below sea level, 
and that-salt water is heavier than'fresh water. Lf sea water in suffi-
9ient quantity finds access either to the water-bearing bed or to wells, - , 
tapping it, a large part of the formation may be G011taminated, and 
this valuable source of water will be destroyed. ·, ';['herefore, · a con-
sideration of the danger of salt-water contamination becomes de-
sirable in a study'of the quantity of ground water ·that may safely be. 
drawn from,the 800-foot sand in the Atlantic City region, . 

Certain general relations between fresh water and salt water along 
seacoasts are well known, and_ the literature on this subject has been 
summarized by Browri.31 To show the danger that conceivably may 

. . 
SiBrown, Jol;n ·s., A study of coastal ground w~ter with,special reference,·to . 

Connecticut: U. S. Geo!. Survey Water-Supply _Paper 537, 1925. A summary 
,of the principal points in the paper has also been published under the title, 
"Relation of' sea water to .ground water along \!Oasts," in the American Journal 
of ,'Science, 5th series, vol. 4, pp. 274-294, 1922. 

. . 
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confront well users in Atla~1tic City conditions on Long Island, N. Y:., 
may be cited where heavy pumping of wells near the ocean resulted in 
the drawing ii1 of salt water and necessitated partial or complete 
abandonment of certain well1 :fields.32 However, certain conditions in 
the Atlantic City region seem to indicate that there is less danger of 
widespread contamination, at least for the present, than at the Long 
Island localities, but because of a lack of knowledge 01f certain factors 
that may favo1· intrusion of salt water this ptoblem cannot be neg-
lected. 

The relative saltiness of water is ordinarily determi1;ed by its 
. ' ' ·-

chloride · (Cl) content, which is one of the two elements of common 
salt (sodium chloride, NaCl). Ordinary ocean water contains be-
tween 19,000 and 20,000 parts per million of chloride. Water con-
taining as much as 1,500 parts per million is intolerable to n:-ost 
people for drinking, and to be acceptable for, ordinary household use 
it should not contain more than 200 to 250 parts per ;million. As 
shown by 'the analyses I on page 15, the waters now being used in At-
lantic City are v_ery low in chloride, the maximum, with a few excep-
tions, to be discussed below, being only about 15 parts per million. 

'I'he wells in Atlantic City are on a .narrow island practically sur-
rounded by salf water. Samples of water collected by the writer froni 
the channel, Main Thoroughfare, where it is crossed by Absecon Boule-
vard, show a chloride content of about 17,000 parts per million ~s 
compared to about 19,000 parts in sea water-that is, the water in the 
thoroughfare between Absecon Island and the mainlanc1 is essentially 
Rf salty as ocean water. Salt water is found in the beds overlying the 
800-foot ·horizon, and there is some indication that the water in the 
formations beneath it, at least below the 950-foot horizon, is at least 
brackish. With these conditions in mind a perus,al of Brown's paper 
would lead one almost immediately to the conclusion that co11tamina-
tion of the 800-foot horizon by salt water is inevitable, and, in fact, 
should have occurred long before this. However, the geologic condi-
tions in the Atlantic City region are different from those in other 
regions where studies have been made, and because of the different 
conditions there is no precedent to follow in determining the likeli-
hood of' salt-water contamination. 
, The conditions at Atlantic City appear so favorable to contamina-
tion that when some wells i1\ the city began to yield salt water the 
first conclusion was that the heavy, pumping was drawing the salt 
water into the formation, and soon a considerable part of it would be 

32Spear, W. E., Long Island sources-an additional. supply of water for the 
-City of New York, vol. 1, pp. 144-157, 1912; Brown, J. S., Virater-Supply 
Paper 537, pp. 44-48, 1925 .. 
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' spoiled by salt water, There 'is abundant evidence, however, that 
such is not the case. in the pre~ent investigation samples have' been I 

analyzed from about 15 wells situated 'in the stretch from Brigantine 
Beach on the northeast to Wildwood on the southeast. With the ex-
ception of the water from wells that have been more or less contami, · 

· nated by leaks in the well casing the chloride content in every ca~e 
, was very low, ranging from 6 to 37 parts p!?r million of chloride. 

That there has been no general contamination of the. 800-foot hori-
zon by salt water is, shown by 'a comparison. of samples· taken at dif-
£e1;ent times. Water from the well at the Ohalfonte Hotel, analyzed 

. • I I 

in 1905, contained eight parts per million of chloride, a sample 
analyzed in 1911 contained 9.'7 parts per million, and one in 1924 
contained 10 parts per, million. In several samples analyzed at i1:i-
.tenals between 'December 3; 1925, and February 24, 1928, .the chlo-

·. ride ranged from only from 5.5 to 9.9 parts per rp_illion. These dif-
ferences are so small that they are i:Usignificant. An analysis for a 
sample from the well at the Hotel Dennis in 1899 shows a chloride 
content of 10.12 parts per million.33 o sample~ f~om the Brighton 1 

w:ell have been analyzed recently, but the. results on samples from other 
wells are so' close to the chloride in this very ~arly analysis that it may 
be said there has been no inaterial· change in the many years of pump-

/ ' • , , I ' , ' 

'ing. · 
. On the other hand, several. wells have become so salty th~t they 

· could not .be used. , All of the facts point to local contamination, the 
salt water ~ntering the wells thrbugh openings in the upp~ part of 

. the casing .. When the difficulty has been overcome either by filling 
the old well and drilling 'a new one, pr by some other· expedient, hesh 
water has again been obtained. The writer has a record of five wells 
that have gone saltY'since• 1922. .It is probable that salt watei· was the 
reason for abandoning a nµmber of other wells. , ' \ 

Specific exarnples of contarnination:~In the fall of 1921 a well', 
, (No. 4 on Fig. 1) at the Supplee-Wills-Jones Dairy, which had been 

completed , only about, six months, began to show signs of salt-water 
contamination: An, analysis on. October 13, 1921, showed 16.93 
grains per gallon ( about 290 parts per million) of sodium -and potaf?-
siu_m chloride.34 By May 23, 1922,,it had increased to 56.094 grains 
p13t gallon ( 96.0 parts 1 per million). ,The well ,vas abandoned shortly. 
afterward and .filled, and a new well was drilled by the rotary hy-
draulic process, using mud fluid about 20 feet from it . 

. The new well was completed in June, 1923. W,. P. Tramel, the 

3_3Annual report of State Geologist for 1899, p. 147. 
· 34Analysis by Dearborn Chemical Co, 
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driller, states that a sample collected after it had been pumped' 
steadily for about seven hours showed ,the water to be of good quality. 

· A sample collected by tl:ie writer on ,July 14, 1923, contained 37 parts 
per million of chloride micl 183 parts per minion of total clissolvecl 
solids. Another, sample, collected about November 14, 1923, con-
tained eight parts per million of chloride ancl 132 of total solids. In, 
14 samples colle~ted at intervals of one to several mo.i'iths between 
that date an~ February 24, 1928, the chloride has, ranged from 5.0 
to ~.8 parts per million, ancl most of the time it has been Jess than six 

. parts per million. • This is the lowest chioricle content found in any 1 

· sample collected by the writer from the 800-foot horizon, except a 
sample from the well at the Atlantic City Water Works in the main-
land, which contained only three parts' per millidn of chloride. The 
weU has been pumped at a rate of 100,000 1 to 300,00 gallons. almost 
every clay since it was completed. If contamination of the formation 
was general and the result of heavy pumping, surely it should have 
proven so at this place; but the evidence shows that after the old well 1 

was filled up, water of a quality that appears to be the normal 
for the horizon was obtained. 

The ol_d well was of the type known locally as a "single0 cased well." 
The casing record as furnished by Mr .. Osgood, chief engineer of the 
Supplee Dairy, is as follows: 200_ feet of 10-inch, 193 feet of eight-
inch, 381 feet of six-inch 'ancl 5,0 feet of four-inch screen. There was a 
short overlap at the bottom of each string of casing and that .of next 
smaller diameter inside. No data are available as to.the length of the 
overlap, but a:ppa1'ently it was not great. The space between tpe two 
casings at these overlaps was pluggged with wood plugs. The reduc-
tion from the l0-i11.ch to 8-inch casing was made well above the 400-
foot I clay 'becl, and probabJy was in or near salt-water bearing sand. 
Although each casing extended to the top during drilting it was cut off 

· and w1thclrawn. The expense of drilling was thereby lessened by an 
amount approximately equal to the cost of the, casing. It is sup-
posed that the wood plug either, dicl not fit properly when first put 
in or else broke out in some way and admitted the salt water. In con-
firmation of this theory it is repqrtecl that pieces of wood were pumped 
from the well. In this c01{nection attention may be drawn to the · 
fact that in a well where the water level when pumping is 50 feet 
below the ocean level the difference in pressure between the fresh 
water in the well and the salt rater in the upper formations outside it 
is. about 22 pounds per square inch; Unless a plug were very tightly 
inserted this might easily be pushed out by the pressure on ,it from the 
salt watercbearing horizon. 
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A case 'Of salt-water contamination, concerning which valuable jn~ 
formation is availaple, occurred during 1924 in a well (No. 26 on Fig. 
1) at the Royal Palac.e Hotel. The first evidence of · contamination 
occurred fa the spring of 1924. Apparently .the leakage at this time 
was small, and as the pumpage increased during the summer the salt 
·water that entered was sufficiently diluted by fresh water from the 

, 800-foot sand so as not to be noticeable. .The first real indication of 
salt water was observed about the mid~le of September-that is, soon 
after tM pumpage from the well had increased considerably. It 
soon became so bad that the well had to. be abandoned. 

The well stood as it was unti.l about December_l, 1924, when it was 
fiUed up just prior to drilling a new well .about 25 feet away., Just 

. , 'before it wits filled, at the request of the writer it was pumped for . 
one and a half hours and samples taken at half-hour intervals. The 
first sample, taken when the water first flowed, contained 20,000 parts 
per million-that is, it was as salty as sea water. The other samples, 
taken half an hour, an hour, and one and a half hours after starting,· 
contained, respectively, 13,300, 10,650 and 8,450 parts per million of 
chloride. On plotting the results it is found that the chloride ap-
parently would hav:e continued to be at least several thousand parts 
per million for some tifne. Salt water was leaking, into the well at 
this time in such quantity that the dilution by the fresh water was 
insufficient to reduce the .chloride low enough to make it usable. 

The new well was completed about January 15, 1925. A san:iple 
collected as soon as the water had cleared up, when it was first 
pumped, showed 490 parts per million of .chloride. · After a couple 
of clays pumping .a disagreeable taste was noticed and the water could 
not be used for drinking. A sample collected on February 11 showed 

· 567 parts per million. At the suggestion: of the driller thereafter the· 
~ell was pumped into the street about 14 hours daily for ~everal 
months, and samples were taken at intervals. The chloride content 
i~t these samp,les is shown graphically in Figure 19. As show11 by 
the graph the chloride content declined very slowly, until finally, on 
October 30, '1925, i,t was clown to 15 parts per million, which, although 
it ·is slightly higher than the chloride in most wells in the city, can be 
considered normal for the region. , . , , 

During the early weeks of tests of this well the question arose as to 
the source of the salt. water-whether it was leaking into the new well · 
or whether it had entered the formatiqn from the old. If it was from 
the old well, was that well still leaking or was the salt water residual- . 
some that entered the formation during the two months or more 
before the well wa:s filled after being abandoned? . In an attempt to 



CONTAMINATION o:F vVELLS BY SALT WATER. 101 

/ 
1925 

000 
F'E:B 11AR APR MAY JUN.: JULY AUG SE:PT OCT 

' 0 

-
4-00 V 

0 

/-~ 

300 
I 

(l Do 
'cf) zoo 

E-

0 

ll'. 
<( ·o 0 -
Q.. 100 " 0 0 0 

0 0 

0 

1 Fm. 19.-Graph showing clrloride content in water sam{iles from Royal. 
Palace Hotel. · 

answer these questions a series of sai11ples were taken at frequent 
intervals on successive days. The amount of chloride in these sam-
ples on one day, JVIarch 24, 1925, is shown in Figure 20, A. The first 
water that came from the well contained 325 parts per millibn of 
chloride, but within 10 minutes the chloride dropped to 55 parts. 
Thereafter it rose again, at first rather rapidly and then more slowly, 
and when the pump was stopped at the encl of 12 hours it was nearly 
as high as in the first sample. A series of samples collected for a 
short time on the following day showed a similar rapid drop in the 
chloride during the first few minutes of pumping and rise thereafter. 

The results of these tests are interpreted as follows: , If salt water 
were leaking into the new well tlrrough holes in the casing such water 
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df high chlo~ide content would fill the :casing from the point of leak to 
, the bottom of th~ casing, and since salt water is heavier than _fresh 

. water, it would spread out into the water-bearing formation. There- . 
. fore, water from the lower part of the casing, which would rea~h th!l 

surface after the pump had operated a few minutes, should contain 
the most. chloride, and as pumping _continued the salt water wo,uld be 
removed an'd the chloride content should diminish. This did not 
happen in the Royal Palace 'well, and it was therefore. concluded that· 
the water of high chloride content.did not come from a leak in the new 
well but from the. old wen: The first sample was of water left in the 
casing on the ~essation of pumping the previous day, and rep~esented 
the con6entration of the ~ater in th,e sand at that .time. This w,atet 
had been drawn in from the direction of the old .well. The sample 

· that contained only 55 parts per 'million reached the surface after 
.p~mping for several minutes and must have come from the formation. 
Evid1:mtly the water 'iif1 the formation near the new well had become 
better in quality during the night, ~nd this :could occur only by u~der-
flow past the well. The hydraulic gradient in this locality is known· 
to slope 'in the' ge~eral direction of the old well, which was neare,r the 

. center of ~eavy pumping in the city. Therefore, conditions were 
favorable for fresh· water moving toward. the new well auring the 
period when the well was not pumped. The increase in chloride as 
pumping continued during the day occurred as water was drawn in 
from 'the direction of the old well. . I , . • . 

If salt water were still entering the. formation from ·the old well a 
1 cessation of pumping would res,ult in an increase, and this increase 
should show up when the n-ew well was pumped. This did not occur, 
and it was concluded that'there was then no leakage from the old well. 
The salty water that reached the new weHwas part of the sea water 
that had entered the formation before the old well was filled, up, and 

· it took several months before that water was pumped out o.r mixed 
with fresh w_ater in the for:mation. . 

None of the cases of salt contamination that has come to th,e atten-
tion of the writer has showed a chloride content approaching that of 
the 9ld Royal Palace well. The first sample, wh1ch. contained 20,000 
parts per million of chlori~e, undoubtetdly was water that entered , 
the upper part of the well. That a co~1siderable quantity of it entered 
the water~bearing bed is shown PY the sample taken after an hour and' 
.a half of pumping, which contained.more than 8,000 1parts per million 
,of chloride'. Rough comp11tations show that this water mq.st have 
,come from that part of the formation several feet from the' well. If. 

1 this water were so salty, it would not be surprising that the water as 

. I 
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far away as 'the new well would show some containin1ation. The cause 
of the leakage into the old well has 1;ot been determined. Nor is it 
clear why the chloride. should be so mucli_ higher tha1: i,n most, wells 
that have shown salt water. Perhaps this apparent difference is re11,lly 
due 'only to a lack of definite data at ci;icital t1mes in regard to the 
other wells.. , The Royal Palace well is nearer the ~cean than most 
wells and, is so situated near the Inlet that the ocean is not far ~w~y 
in two directions. At thislocality wave action may have broken pro-
tective beds that :p:iay be present in other yells, and allowed easier 
access for water from the ocean. 

Another instructive record of contamination is that of a well at 
the Atlantic Brewing and Ice Co. (No. 7 on Fig. 1). The well is 846 
fe~t cleep with a four and one-half-inch screen. The water froin it' 
,::howed the first sign of being brackish in 1922. It is said that ap 
analysis showed 105 grains (equivalent ,to approximately 1,800 parts 

· per million) of "salt," but it is not certain whether the term was · 
used to indicate s9dium chloride or only chloride.' An attempt was 
made to shut 01,1-t the salt by putting a four and one..:half-,inch pip"e 
clown to the screen and placing a "packer" between the pipe and 
the casing to prevei{t the salt water moving down the intervening 
space to the screen. The "salt" content was reduced to 17 grains 
per gallon ( about 290 parts per million), and a sec:011d attempt 
was made to reduce the chloride still ,more. , In working on the 
well a string of 380 feet of four and one-half-inch pipe accidentally. 
was dropped in the well and all efforts to pull it out were unavailing. 
Finally, a special packer, known as a "step expanding gas anchor 
packer" manufactured for use in oil and ,gas wells, was put in the well. 
'11his packer consists of two parts, a lower section of gum rubber and 
a,ii upper section of pipe, which i.s small at the lower end and in-
cre~ses in outside diameter by steps. The upper section t13lescopes 
into the lowering, being pushed down by the weight of a string of cas-
ing above. As it enters the rubber.the latter is squeezed outward until 
it meets the side of the casing forming a tight seal. The ,packer was 
placed just above the 380-foot string or six-inch casing at a depth be-, 
lieved to be ab~ut 340 feet, and four and one-half-inch pipe was con-
tinued to the surface. When a sample of water was collected about 
August 10, 1925, shortly after this work "'.as completed, the chloride 
was reduced to 46.8 parts per millioi1. A sample collected on No-
vember 20, 192(\, contained only 10 parts pe'r million of chloride and 
127 parts per million o.f total ·solids, which shows that water of the 
normal mineral content was being obtained. The salt water had tlfus 
been effectively shut out at a c9st ~uch less than that of a new well. 
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Unfortunately, the shut-out was not permanent. In June, 1n6, 
the water was again' reported to be salty. A well about 500 feet away 
,vas known to have been abanclonecl several months before, and, ac-
cording to rumor, was contaminated by salt water. It was therefore 
th?ught possible that the salty water might be con;iing from that 
w~ll, but the very fact that the well of the Atlantic B~ewing and Ice 
Co. had earlier been known to have a leaky casing in the salt-water 
zone cast suspicion on it. : 
, A series of samples were collected as -during the test of the Royal 
Palace well, and the quantity of chloride in them is indicated graphi-
cally it1 Figure 20, B. The fluctuation of the chloride is just the op-
p_osite of that in the Royal Palace well-low ,at first, with a very rapid 

, rise occurriilg within a few minutes aft'er pumping started and imme-
diately thereafter a sudden drop. The cu!ve flattens even more 
rapidly than in that of the Royal Palace, and apparently the chloride. 
would conti'trae to be between 200 and 300 parts per million for at 

· least many clays. In accorcla:nce with the decision on page ,102 the 
character of the fl_uctuation of chloride in the Atlantic City Brewing 
ai1cl Ice Co. well is considered to indicate quite clearly that· the' salt 
water was entering through. a leak in that well and was not being 
drawn infrom the nearby well. I 

It is Rossible that in the future other wells in the region may be-
come contaminated from local sources, either clirectly by leaks in their 
own casing or indirectly by leaks in nearby wells.- It is believed that 
the method used to determine the source of the salt water in the Royal 
Palace ancl Atlantic City Brewing and Ice Co. wells may be applied to 
determine the sour,ce,of contamination in othe_r wells. 

A fourth case of local salt-water contamination has occurred at 
Brigantine B~ach. An old well, unused for many yeafs, was cleaned 
out in th~ summer of 1924. Samples collected between that time and 
June 24, 1925, contained from 300 to 700 parts per million of chlo-

, ride. In June, 1924, a new well close to. the old one was' begl1n and 
water for mixing the mud fluid used, in drilling was obtained from 
the old well. Before the well was finished the old well collapsed and, 

-it was impossible to obtain water from it. A large quantity of, water 
is required in the drilling process, and in order to finish the well salt 
water was pumped from the bay. A sample collected 'on August 19, 

_ shortly after the well was completed, contained 325 parts per million. 
-Thereafter, as the well was pumped a few hours each day, the chloride 
decreased. Subsequent analyses showed the following chloride con-
tent: September 21, 183 parts per million; October 29, 136 parts 
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per million; about November 8, 129·part9 per million; January 18, 
1925, 85 parts per million, and March 23, 58 parts PE:lT million. 

Thllre ,may have ,been som_e slight leakage of salt water from an 
upper horizon in the old well, but the contamination of the new. well 
doubtless resulted largely. from the use of SE;)a water in drilling that 
probably contained 15,000 to 18,000 parts per million of· chloride. 
However, it was used for only a short time and was mixed with mud, 
and doubtless did ~10t move very far; from the well into the form'ation. 
Furthermore, a large quantity of the salt water was pumped dvririg I 
the developing and testing of the well. The observations on the B:dg-
antine wells, like those on the Royal' Palace well, are significant in 
showing how long it takes to freshen the horizon when it has once 
become contaminated. even_locally and only-to a slight extent. 

Cause of present contamination.-The evidence is convincing that 
salt water, has not yet be_en drawn into the 800-foot horizon from its 
oceanward etxension. The salt-water horizons lie above the. great 
clay bed and salt· water enters the well holes above that depth or 
p~ss~s down along the casing. Practically none of the casings have 
been pulled out, so that the exact causes of the trouble can only be_ con-
jectured. . , 

Several persons who have followed the development of the Atlantic 
City horizon for many years have stated to th~ writer their belief that, 
salt water trouble wa_s due to the use of reciprocating pumps-that is, 
pumps in which a cyli1:ider that contains valves· is placed in the well, 
generally below th,e. static water level, and the :water is lifted by the 
alternate raising and lowering of ·the valves by means of rods con-
nected to an engine at the surface._ In support of, their coritentio~i 
they stated that every well they knew of which had become salty 
had at some time been equipped with' this type of pump. It was their 
belief that the reciprocating movement of the pump rods crea{ed a . 
jar that caused a strain on the casing to the point where it would'_ 
break. It ,was iurther said that sand carried in the water settles 
around the cylinder when purµping is started, and when pumping is 
resumed the jarring drives' this between the cylinder and casing like a 

, ' 

wedge, helping to break it. , 
The first examples that came to the writer's attent_ion supported 

this_ theory; for reciprocating pumps had been used in the_ wells. 
However, three wells which are said never to.have been equipped with 
that type of pump, nevertheless, have become salty. These wells are 
at the Ventnor Water Works, the Royal Palace Hotel and the Atlantic 
City Brewery. They were either originally equipped with suction 
pumps whtch were. abandoned for air lifts when the water level got too 
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low or air was used from. the begin'ni:n:g. The reciprocating pump, , 
therefore, must not be blamed for all the trouble; from salt water. 
Although the reciprocatiI).g pump has been rather generally discredited, 
for use 911 the deep wells in the region, for t:he reason just stated, it 
still has a few advocates.•· At least four pumps of this type ar{) known 
to be in use. One engine~r who :has studied the situation carefully 
believes that if casings have been broken by the jarring of the pumps 
H has beei~ due to ,the fact that the pump is attached rigidly to the 
top of the well piping. He has' recently installed a reciprocaWig 
pump on a new well. Thi"s particular pump is not connected to the 
well pipe, and he believes he will have no trouble. Another engineer, 
whose wen' has been contaminated, although only air lift had been 
used, ,expects to use a reciprocating pump in his repaired well.- It is 
the opinion of the writer that, although there is circumstantial. evi-
dence against the reciprocating pump, the case has 110t been sati~-
factorily proved. As shown below, there am other possible causes of· 
holes in the casing that are equally as potent'. · 

In at least ·one instanc{) it seems probable that the salt watecgained 
entrance into the well through faulty construction where tne size of 
the casing was reduced .. Either the plug that was to close the space 
between the inner a;nd outer casing was not properly placed or it was_ 
,subsequently forced out by the greater head on the salt water outside 
the well. Salt water may gain access to the fresh-water be~ if proper 

1 care i~ not used in putting in the casing through tµe upper horizons, 
for the hole is always necessarily a little larger than the casing. 'l'o 
prevent trouble from this source one string of c~sing should be set, 
firmly into the great clay bed and below that the diameter of the hole 
should be reduced. To be doubly sure the hole could be cemented at 
this point before drilling farther, according to methods used in oil 
fields to shut out water.35 However, the fact that most wells have 

, shown no contamination in the early part of their life is believed to 
indicate that there has been little, if any, _leakage along. the outside 
of the casing. Where air lift is used the lower end of the air pipe 
may vibrate and wear a hole in the casirig unless some method is used 
to prevent this. . 

Aside from mechanical. causes such as vibration, and rubbing of 
pump parts, it seem:s that corrosion is probably the most potent cause 
of salt-water contamination. The problem of protection of well equip-
ment against corrosion is especially important in oil fiields·, ,and has 
.been th.e subj{)ct of a comprehensive investigation by R., Van A. Mills 

· 35Tough, F. B., Methods of shutting off water in oil and gas wells: U. S. 
Bureau Mines Bull. 163, 1918. ' 
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of the_ Bureau of Mines.36 The conclusions reached in that investiga-
. tion may well be ,appli~d to well con~itions in the Atlantic cjty area; 

for the problem of preventing corrosion in .oil and gas wells relates 
largely to the shutting OUF of both salt and fresh water from the wells. 
T.he followi.ng extracts point out important factors in the salt~water 
problem :37 . 

"The corrosion .of metal is essentially an electro-chemic.al process 
· .accomplislied through the agency 9f water. The presence of a:n aque-
,ous solution in contact with a·metal is the one condition that is essen-: 
tial to all the electro-chemical reactions involved. * '* * 

"Corrosion in the wells falls within one or the othet of two classes, 
according tct water .conditions. These classes are asifollows: 

''1. Corrosion of well casing from outside. In this phase of under-
ground corrosion the corrosive :waters stand around the outside of the 
casing. 

"2. Corrosion of _casing from inside, with ,corros~on of tubing and 
·.other equipment -inside the casing. The waters that cause· corrosion 
.stand either between different strings of casing or inside .tlie inner 
s_tring of casing, or possibly- both. * * , *,. . · 
. ,"If the c~rrosive waters stand between different strings of basing 

,or around the tubing and other equipment inside the casing, the .cor-
·rosion of th'e different strings of pipe is .closely analogous to corrosion 
.of the plates in galvanic cells. The wells are, in effect, large galyanic 
cells in which the casing, the tubing and the 1other, metal equipment 
immersed in salt water are the electodes and salt water the electolyte. 
-Galvanjc action takes place between different parts of the equipment 
very much as it does between the different plates in ordinary galvanic 
·wet cells. * * * 

"Corrosion processes in the· wells are self-stimulating, and eorrosion 
tends to become progressively more vigo'r01is as it continues." 

Prevention of .contamination from overlying · horizons.-After salt 
-water has once gained access to a well it may be difficult to ~hut it' out, 
partly because of the· impossibility of knowing Just where the leak 
·may be. It may be more expensive to attempt to reclaim the weil than 
to abandon it and drili a new one. It is' obvious that care ·in drilling.·· 
the wells to shut out salt water 'is by far more important than attempt-
ing to rehabilitate old wells._ In pointing out precautions that should 
be taken the methods of drilling u~ed in the regio:n must be considered 
briefly. 

Until the'last two or three years most of the wells have been drilled 
I ' ' • • • 

36Mills, R. Van A.,. Protection -~f oil and gas fi~ld eqqipment against cor-
:rosion•: U.S. Bureau of Mines Bull.'233, 1925: 

87_Mills, R. Yan A'.., op. cit., pp. 3-5. , 
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by the so-called je-t metl)_od. When using this method the casing is: 
put dowµ as the h(?le :progresses and is never more than a few feet' 
from the hottom of the hole. The hole is generally slightly larger 
than the· casi~g, and there is thus a channel_ outside of it through 
which the water from the upper horizons may move. Ordinarily this 
channel soon fills with caving sand, but if only with sand there is still 
opportunity for the water to move along it.. _ 

It is the common practice_ to drill the hole with a certain diameter 
to a depth of 100 to 300 feet, and then reduce the dia)Jleter of the hole 
by about two inches. In many wells a second reduction in size is i;nade-
at a greater depth. In the earlier wells it was the common practice to · 
have an overlap of only a few feet between the' successive casings. 
The' space between them was filled with a wooden plug. Since the 
driller is workiii.g more or less_ in th·e dark, he can 'never be sure that . 
lie has made a tight plug, and the point of reduction therefore m~y be 
a source of contami!)ation.1 Because-there is only one casing at a given 
point, except for a few feet at the reductions, wells of this kind have 
been called single-cased wells. , · 

· Mo_st of the wells in Atlantic 'City 'that were ·drilled by 'the jet 
, method are now of a type called double-cased well~. In -these the 
_ seconµ c_asing; instead of overlapping the first or outer casing for _only 
a few feet, extends to the surface. .'.l'here is thus a double thickness 
of casing in. the salt~water hor1zons whi~h to a certain extent gives 
added protectioµ against corrosion. However, Mills points out, with 
water standing between two strings of casing, the conditions are favor-

, able for ·produci~g corrosion similar to that of the plates iii galvaµic 
_ cells.38 · Since it c'osts several hundred dollars to cauy the second 

casing to the surface, in recent years some persons have omitted this 
precaution in. order to save money. · This h_as proven to be false 
economy, for when the single casing. corrodes the ,cost of rehabili-
tating the well or drilh11;g a riew one will be far greater than the cost 
of the additional few hundred feet of casing. Experience shows that 
wheIJ. wells are drilled by the jet method they should be double cased: 
through the beds that carry salt water. _ Sin.re there appears to be 
no widespread clay bed capable of shutting out the ocean water above 
the great clay bed ·1n_ order to be safe, the outer casing should be carried 
down into. that ,clay sev.eral feet. As an added precaution, w.hich .will 
probably eventually pr.ove to.be of valu\J far in excess of the small ad-
ditional _cost, cement or mud· fluid should be poured between the two 

. casings. The ceme'nt ·serves two purpose~it displaces the water be-
tween the two casings which' might produce galva•nic cmrent; and if 

38Mills, R. Van A., op. cit., p. 5. 

/ 
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€_ither cas1~1g shou.ld corrode it forms a pipe independent of the casing. 
Because of the small space between the casings care must .be used in 
mixing and pouring the cement to be' sure complete-filling of the space 
between the casings i_s obtained.39 · 

During- the last two or three years a number of wells have been put 
down in the Atlantic City region by the rotary-hydraulic method. In 
;Such wells only a single casing is used th~ough the salt-water horizons. 
In view of the, experience with single-cased wdls drilled by the jet 
method, there has been some question as to whether double casing 
should not be required in these newer wells. This important question · 

, bas been given considerable attention by the writer . 
. _ , The rotary-hydraulic method of drilling differs considerably from 

the jet method. The hole is scraped out, as it were, by a bit which is 
rotated on the end of a s-tring of pipe. During the drilling heavy mud 
fluid is pump~d down the pipe and-rises up the hole, carrying witk it 
fhe cuttings. In so far as a mud fluid is pumped down the pipe and 
rises in the hole outside of it, this method is similar to the jet method. 
ln the rotary-hydraulic method, however, the fluid is much .thicker 
and heavier and much more of it is used. The principal purpose of 
the mud is to hold up the walls of the hole. until the casing is put in. 
This it does in sand formations by filling in the pore spaces between 

, the sand grains, causing the mass to stick together. The casing is not 
put in until the_ hole is completed to the desired depth. The users of 
the hydraulic-rotary method claim that, in addition to holding up th~ 
wall of the hole, the clay forms an effective s~al, which prevents the 
salt water from reaching and attacking the casi:ng. 

The rotary-hydraulic method is used very extensively in oil fields 
where the formations consist 9f unconsolidated or semi-consolidated 
materials.· In such fields one of the most important problems is that 
-of shutting out water, both fresh and salt, from the wells. Accord-
ingly, information was sought as to the use of mud fluid in shutting 
out water in oil fields. The subject has been investigated extensively 
by the United States Bureau of Mines.40 The value of mud-laden 
fluid in preventing corrosion is summai;ized by Mills, as follows :41 

39For methods of cementing wells see Tough, F. B., Methods of shutting off 
water in oil and gas. wells: U. S. Bureau of Mines Bull. 163, 1918. 

40See the following bulletins of the United States Bureau of Mines: Lewis, 1 
.T. 0., and McMurray, W. F., The use of mud-laden fluid in oil and gas wells: 
Bull. 134, 1916. Tough, F. B., Methods of shutting off water in oil and gas 
wells: Bu!L 163, 1918. Ambrose, A. W., Underground conditions in oil fields: 
Bull. 195, 1921. Collom, R. E., Prospecting and testing for oil and· gas: 

. Bull. 201, 1922. Swigart, T. E., and Beecher, C. E., Manual for oil and gas . 
-operations:· Bull0 232, 1923. Mills, R. Van A., Protection of oil and gas field 
,equipment against corrosion: Bull. 233, 1925. 

41Mills, R. Vai1 A., op. cit., pp. 74-75. 
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"Th~ use of mud-laden fluid,s to protect well casing agai~st ihe cqr.: · 
rosive action of waters. standing ·either between different strings. of 

· casing or around the outside of casing' has been· repeatedly described! 
in. the literature' on petroleum engineering;· * * · *.:The three 'chief. 
fea,trres. in the use of mud-laden fluid for the protectim:r of casing 
against coqosion are-: . · . · · 

·"l.. Displacement .of corrosive water whe11. the mud fluid, is forced 
.into place _around or between casing. · · 

"2. The clogging action of mud fluid as it enters the interstices of. 
a sand: T½is clogging action' tends to render the sands . around . the 
well impermeable, thus stopping or restricting circulation .. 

"3, The exclusion of corrosive waters and gases from contact with 
the ·casing, not only by displacement and clogging' action of the mud, . 
. but also by ·the static pressure of the column of mud fluid standing 
back of the casing, which continu!;!,lly opposes the nipyement of tl:if 
corrosive w1J,ter back into the well and into contact with the casing. ' 

':Salt b~ines are sometimes used for mud-laden :fluids, but as a rule· ' 
su~h waters· tend to drop. the clays from suspension and to facilitate· 
corrosion. The effort should be made to use waters: that are non-
corrosive, br 'that are less co;rosive tha11 deep-seated fo:ine,s; This, 

.. with the exclusion of. circ~lating waters and gases from around the· 
·outside of casing, affords a val_uable protection against corrosion as 

· is indicated by the relatively long life of casing in wells where the· 
mud-laden-fluid method has been applied." 

1-Hter citing examples of the :value of mud-laden fluid in p;event-- · 
l~1g or reducing corrosion Mills states: ''The mud-laden-fluitmethod 
is undoubt~dly mie of the most .effective as well as one of. the most 
inexpensive< methods of protecting water strings . against corrosion ' 
from thf outside." . , . · . . . . . · 

In connection with the use of mud-laden fluid for the ·prev.ention of. 
corrosion the follo;wing stateme~ts are pertinent: The specific ·gravity 

. _of the aver~ge mud. fluid is stated. to''be between 1.05 and 1.30.42_ The_ . 
lower specific g;avity is heavier than sea water, which ranges from 
1.02 to 1.03. Therefore, the weight of the mud fluid is sufficient to 
displace the salt wat~r from around the well. )t is believed that the 
mud pe1~etrat~s the sand for at least several feet from the w~ll, _thus 
replacing the salt water. In drilling one. well ,at Atlantic City mud 
wa,s pumped from anotaer well about 20 feet distant, showing that 
some of it traveled that far. · In oil field wells similar evidence shows 
th~f the mud in some formati011s has traveled as far as 1,000 feet. 

:42Swigart,· T. E., ahd Beecher; 0. E., iv. cit., p. 33. - ,, 
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An essential <;!Ondition when. mud is used to prevent corrosion is that· 
the mud remain in a fluid condition, for the effectiveness depends upon 
its ·weight as a fluid to hold' back the corrosive water. If the mud 
were te dry out it wo_y.ld doubtless crack so that the salt.water could 
reach the casing. ]j]xperiments show that when air was excluded.fro:rp. 
tubes containing mud fluid the original ·condition. was still main- ' 
tained after a pe~iod. of at least two years.43· Doubtless this condition 
would. be maintained· indefinitely i:ri a well if there were no oppor-
tunity for evaporation. In the Atlantic City r!lgion the ground ie 
S!l,turated to within a few feet of the shrface, so that conditions are 
favorable for the maintenance of the fluidity of the mud indefinitely. 
If the ,mud flued were drained away p\J,rtly or wholly from the hole 

· the corrosive water could again reach the casing. However, condi-
tions in Atlantic City region are such that, barring some 'very unusual 
circumstances, this is not likely to happen. · 

A fov.rth import!!-nt condition to be observed when using mud fluid, 
as mentioiied by Mills ( see ab9ve), is that the water used in mixing 
the mud should, so far as possible, be noncorrosive or nonsaline. 
Salt water tends to cause the mud to settle out of suspension. This 
factor may conceivably be important in the Atlantic City region if 

. wells are drilled at locaiities near the ocean, where the public supply, 
or other water of good quality from deep wells is ~1ot available tor · 
drilling,, and water us,ed from temporary shallow wells may be salty. -
The 'water from the public supplies and deep wells is noncorrosive or 
only slightly so, and its use should cause no difficulty. 

Mud-laden fluid has been used very extensively in drilling oil wells 
in California. Probably no state jn the country has more stringent 
regulations in regard to the e~clusion ,of water from oil wells, for a 

' rigid test under state supervision rriust be made befote welts can b'e -
put into- use. Believing that there should be ample evidence in this 
state as to the effectiveness of the mud fluid in shutting •out Salt water, 
the salt-water problem in. the Atlantic Ci,ty region was described 
rather fully in a letter to -the State Oil and, Gas Supervisor of the 
California Mining Bureau. In h~s reply the supervisor, Mr. R. D. 
Bush, states: . • 

"It is my opinion that if. these wells are drilled and cased with 
one string of casip.g to the t~p of the fresh-water sand and a 
column of mud fluid maintained on the outside of the casing to 
the sur,face, the salt water will be effectively prevented from 
coming in contact fith the metal casing, ana' corrosion. thereby 

43Tough, F. B., op. cit., J). 5.9. 
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prevented. I believe that while drilling the mud fluid will pene-
trate the porous sands to some extent, but· the hydrostatic pres-
sure of the mud fluid is relied upon to keep the. salt water back . 

. in the formation away from the casing, and, therefore, a well in 
this condition should be inspected from time to 'time ama the 
column of mud fluid maintained to the surface.· 

"I do not know of any cases in California of oil w.ells driiled 
in this method where the mud fluid has subsequently disappeared 
and allowed water to have ·access to the oil sands .. While oil 
wellfl are drilled principally in this manner in this State, there, 

· is also an additional protection provided by-placing cement back 
of the casing for a considerable distance 3ibove the shoe, and in 
some instances cement has. been forced .to the surface: on the out-

, side of the casing, which, if the casing is in. the center of the hole 
and not touching the sides, for.ms a protective coatipg, of cement 
between the casing and the walls of the hole, and it seems to me 
that this practice would be ·advisable in the drilling of these 
water wells, if it is in fact corrosion which causes the trouble, or 
e'veri. if it is the water leaking around the shoe of the casing 'which 
causes the· trouble. 

"I would suggest that in wells that are not drilled by the hy-
draulic method using mud-laden fluid, two strings of casing should 
be used to the top of the fresh-water sands, and in the event 
that' the outside string became corroded allowing salt .water to 
have contact with the1 inside string, which, in turn, would become 
corroded, the inside string ~ould be pulled out easily and the eor~ 
roded joints replaced with very little cost." 

Summ~rizing the methods of preventing the contamination of wells 
by invasion of salt water from the overlying horizons,. it is believed 

. that either of two methods will prqve effective~namely, ( 1) double 
casi:r;tg the well, using due care to see that the outer casing is set. 
tightly 111 the big clay bed,1 and (2) drilling with a heavy mud· fluid 
which will push back the salt water from the casing. Care in drilling 
and setting the casing .is the, important thing, for in the long run it 
will prove to be most economical. 

DANGER OF SALT-WATER CONTAMINATION DUE TO' 
HEAVY PUMPING. 

Althougj:i so far there has been no ·contam_ination by shoreward per-
colati?n in the 800-foot sand,. experience in other localities empha-
sizes the importance of considering the possibility of contamination, 
from this soii;ce. The cond1tions at Atlantic City present elements 
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of 'special danger in I that the static head is so far. below sea level, not 
oi1ly in that city; but also presumably for some distance out beneath 
the ocea1i. · 

The problem is one that does not permit of. definite solution with 
our present kirnwledge, for the most important factors are related to 
conditions beneath the ·ocean concerning which we have no informa-
tion. Therefore, we must depend upon a more 01; less theoretical con-. 

, sideration of cond.itions off shore.44 

A.factor hindering contamination of the 800-foot sand at Atlantic 
City is the presence of the' overlying 300 feet of impervious clay, which 
preve1~ts the direct access, of ocean water. · A question of moment is , 
whether the 800-foot sand contains only fresh water throughout its·, 
entire extent or whether, at some place it carries salt water which 
may be drawn into the wells at some future time. In view. of the prac-
tical importance of the problem, the writer has been led to speculate 
on conditions beneath the ocear~ with th~ following results. 

The ·soo~foot sand is a marine bed and must once have contained 
sea water., The presence of fresh water can be, explained only by 
movement of the original salt water seaward to a sub-oceanic outlet. 
If the dip of the sand at Atlantic City, about 25 feet per mile, con-
tinues off shore, its .outcrop would be at the edge of the continental 
shelf about 90 1niles out and at a depth of about 3,000 feet, as shown 
in Figure 21, A. If the sand is filled with fresh water to the outcrop, 
the weight of th,e salt water i:i;i contact with it at the outlet, assuming 
an average density for salt wat~r of 1.025, would create a head suffi-
cient to cause the fresh.w~ter to rise at least 75 feet above sea level.45 

It must be remembered' that 'this head would exist at the outcrop 
~t the ~dge of the continental shelL It' would be fully as great at 
Atlantic City, and if the :fresh water were moving oceanwa~d it would 
necessarily be even greater'. Th:qs, if the hydraulic gradient 'required 

• 
1 for movement of the wat.er were only one foot per mile, the static head 

at Atlantic City would .have ,to be about 165 feet above sea .level. 
. When the first ;wells were drilled no such high head as· this existed-· 

44This problem . has been considered b'y the 'Writer· in "Grqund wat.er prob-
lems on the. barrier beaches of New JerseY": Bull. Geol. Soc. Amer., vol. 37, 
pp. 468-474, 1926. Additional data are presented in the present discussion. 

45According to H. B. Bigelow (Exploration of the Coastal Water between 
Nova Scotia and Chesapeake Bay, July and August, 1913, by the U. S. Fish-
eries Schooner Grampus, Bull. Mu_s. C9mpar. Zool. Harvard Coll., Vol. LIX 
NQ. 4, Sept., 1915, Fig. 59, p. 219) the ocean water in the great abyss beyond 

. the continental shelf abreast of Barnegat, N. J., has a density of about 1:023 
near the surface, which increases to. 1.025 at a depth of about 120 feet and. 
·of 1.029 at a depth of about 1,500 feet. The average density of the column• 
,of water to a depth .of 3,000 feet is therefore somewhat greater than 1.025 so 
that the figure given above is conservative. · s, 
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FIG. 21.-Diagrams showing possible alternative conditions that would accol\nt 
for a .head of 25 feet on the 800-foot sand at Atlantic City. 

nor even as high as 7 5 feet. It is therefore evtclen t that the 8.00-foot· 
sand cloes not contain fresh water to a depth of 3,000 feet. 

The 9riginal static head of 20. to 25 feet at Atlantic City is equivalent 
to a column of salt water only 800 to 1,000 feet high ancl naving a den-
sity ,of 1.025. From the facts stated the following alternative conclu-
sions arise: 1.- If the sancl does outcrop at the eclge of the continental 
shelf at a depth of 3,000 feet, it must be filled with salt water back to a 
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point where its depth is less than 1,000 feet, as shown in Figure 21, A. 
2. The dip of the sand off shore may be much less than 25 feet per 
mile, and the outcrop may be at a depth, of less than 1,600 ,feet, as 
s11own in Figure 21, B. 3. The salt w~ter creating the head on the 
sand may gain access to it much nearer shore than the edge of the 
continental shelf through relatively permeable overlying materials, 
as in Figure 21, C. It will be noted in Figure 3 that the Kirkwood 
formation is be,velled off beneath the ocean along the coast some 50 -
miles north. of Atlantic City and in the lower part of Delaware river. 
Doubtless salt water has gained access to the formation at least i1~ the 
former locality. ' 

In the above discussion no consideration has been given to several 
questions of a strictly stratigraphic nature, such as the likelihood that 
the 800-foot sand extends to the1edge of the continental shelf, some 
135 miles from its outc1;op on the land; or the probability that the 
thick clay bed is continuous over, the sand and wholly effective in pre-

. venting salt water from reaching the sand except at the edge of the 
continental shelf; or the possibility that some unsuspected structural 
condition might give salt water access to the formation at a depth of 
less than J,000 feet. Regardless of the reasonableness of any of these 
possibilities, there seems to be no escape from the conclusion based on 
hydraulic data that the zone of diffusion between salt and fresh water 
is at a depth of less than 1,000 feet below sea level. 

If the dip of the sand off shore is 25 feet per mile, as at Atlantic 
City, the diffusion zone must be less than eight miles out, and if 
allowance is made for loss of head clue to flow, probably several miles 
less. At Wildwood the sand lies at a depth of about 900 feet, and con-· 
ditions there should be somewhat comparable to those about fo'lir 
miles off shore at Atlantic City. If the salt water is within a few 
miles of Atlantic City the water in the Wildwood region may' be ex-
pected to show a somewhat greater chloride content. The following 
table gives the range of chloride in water from wells drawing on the1 

800-foot sand as determined by analyses made at frequent intervals 
during the past 15 years. The localities are arranged in order froH1 
north to south. ' 
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RANGE IN .CHLORIDE. CONTENT OF WATER FROM WE:LLS 
TO SO-CALLED 800-FOOT SAND . 

. (From analyses by N. J; State Departme!'1t of Health, 1906-1925, and 
U. S. Geological Survey, 1924-1927,a) 

Absecon (mainland) 
Atlantic City ........ . 
·Ventnor .. 
Margate 
Longport 
Ocean· City .. 
Corson's Inlet 
Sea Isle City 
Avalon 
Stone Harbor . . ............... , . 
Wildwood 
Wildwood· Crest 

Depth 
of wells 

675 
800-840 

825 
815 

"850 
840 
856 

863-875· 
925-935 

890 
931 
930 

Chloride 
Parts per million 

lVIin. Max. 
3 6 
6 11 
5 13 
3.5 15 
5 .. 5 11 
6.5 12.5 

14 26.5 
15 25 
30 36.5 
16 49 

134 648 
284 383 

South of Wildwood, in a well at Lewes, Dela,vare, the water from 
a formation at a depth of 891 to 950 feet, which is believed to be the 
same as the 800-foot sand at Atlantic City, was so salty that it was 
not used.46 The data thus show, as was suggested, a progressive in-
crease in chloride with increase in the depth to the formation. 
. The situation at Wildwood deserves fortner consideration. The 

· analyses for Wildwood are of samples of water frorp. a ,well drilled in 
1894 at the corner of Pine and Holly Beach Avenues. '.The highest 
chloride content, 648 parts per million, was found in a sample col-
lected on November 2, 1927, and a sample collected on September. 
28, 1926, contained 534 parts per million. The lowest chloride con-
tent has also been found within the same period, 134 parts per mil-
lion on January 1, 1927, and 172 parts per millioll on April 29, 1928'. 
However, the chloride in samples collected on nine other days between 

· July 20, 1926, and September 1, 1927, in some cases several samples 
on the same day, ranged between 198 and 239 parts per million. There·. 
is reason to believe that the unusually high samples are due to a slight 
leak in the casing at some point, and that the unsually low samples 
are of water that has been forced into the well from _the distributing 
main, for the samples contained the smaller amounts of chloride were 
of the first water qoming from the wells. Samples analyzed in 1906-

. , 1907 indicate that the chlor:ide content of water from the Atlantic 

aSome of the figures in this table differ from those given in the paper· by the 
writer in the Bulletin of the Geological Society of America, additional analyses 
having been found in published reports of the State Department of Health for · 
the years 1906 to 1910, inclusive, 

· 46Woolman, Lewis, Artesian and other wens in New Jersey: Annual. report 
of State Geologist for 1898, p, 83 .. · 

. I 
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City 800°foot sand at Wildwood was even then as much as rso to 207 .5 
parts per million.,47 The evidence points strongly to the fact that the 
normal chloride content in the water at this well is about 200 parts 
per million, and has been so for at least the past 1 20 years. 
· Jn September, 1925, a new well that draws from. the Atlantic City 

800-foot 'sand was completed, at Wildwood Crest, about a !Ilile south. 
of the old well i;it Pine 1:1nd Holly Beach Avenues. A sample analyzed. 
at that time by the State Department of Health contained 370 parts 
per :million of chloride.. In samples collected on 18 diff~rent days . 
between March 8, 1926, and July 2,. 1927, at intervals of a.few days 
to several months, including ,several samples on_ cedain days, the 
chloride has ranged between 284 and 383 parts per mi1lion. On only 
two occasions, however, has it been less than 300. parts per :million,' 
and in most of the samples it was more than 325 parts per million. 

At first it was believed that there. might be some -leakage either 
. through a break in the casing or through imperfect packing where the 

different strings of casing overlapped. The well is double cased to the 
water-bearing sand and leakage through breaks seemed impossible. 
The drilling contractor carefully repacke,d the space between the cas-
ing and screen, but the high chloride persisted. Tests according to 
the method used in determining' the source of contaminatio~1 in the 
Royal Palace Hotel and Atlantic City Brewing Co. wells (see pages 
100 and 104) failed to reveal any condition that would indicate con-
tamination through leakage. 'rhe conditions rather indicate that the . 
chloride content shown in the analysis was essent1ally the normal for 
the water contained in the formation.' 

Since the density of salty water is heavier than fresh water, and the 
salt water tends to seek the lowest part of an aquifer, it was considered 
possible ,that wate~ in the upper part •Of the sand might contain some 0 

what les,s chloride than that of the samples. Favoring this hypothesis. 
is the fact that the water was drawn from two separate horizons, be-
tween the depths of 810 a11d 850 feet and 877 and 937 feet. There-
fore, the lower part of the screen was plugged off and water eritered 
only through the upper section. Apparently the most of the water 
com~s from the lower horizon, for after that part of the aquifer had 
.been plugged off the supply was so diminished .that the pump suction 
was broken and .the water was delivered in 1ntermittent gushes. Sub'.. 
sequently, the yield of the well increased somewhat, indicating either · 
that the upper horizon· had opened up or that some water was reach-· 
ing the well from the lowe,r horizon. The wel.l was pumped for several 

47;Report of New Jersey Department of Health for 1907, pp, 198-199. 
' -,, . I 



' 118 ATLANTIC CI'l'Y GROUND WATER. SUPPLY .. 

days'. and although the chlorid~ content mostly ranged between 305 
.and 315,parts per million-that is, somewhat lower than most of the.-

. previous samples---:-there was no indication of any progressive' declin~. 
It was therefore concluded that the upper horizon was also filled with 
water the chloride content of which was too high for use.· The well 
has been temporarily abandoned, but an attempt is to be made to pull 
back the screen and develop a water~bearing sand encountered at shal-
lower depth. ' 

The differences in chloride content between Atlantic City ~nd Wild- , 
wood are small, but they assume greater significance when it is 
understood, as has beep. shown by experience elsewhere, that the zone 
of diffusion betweeil fresh water and _practically. pure sea water may 
be only a few feet to a few hundred feet in width, and that the change 
fiom fresh water to salt water in a field that is pumpec1 heavily :i:nay 
occur .within a very short time .. Fm example, on the Holland coast 
the diffusion zone has been found to be only 60 to 100 feet wide.48 

In the· Spring Creek ~ell station of the New York Board of Water 
Suppl3; on Long Island the chloride was found to increasefrom 10 to 
1,400 parts per million in wells only about 20 feet apart.49 At the 
Shetucket well field on Long Island the chloride incrt)ased from 45 
to 100 part~ per million in a little more than a year, and in five ye~rs · 
it increased to 500 parts per million, although the pumpage .had b~en 
greatly decreased.50 · A case is recorded of a well at Eastbourne, Eng-
land, in which the chloride rose to some 2,000 parts per million in 12 
months,51 

In view of the evidence presented it seems eiitiTely possible that salt . 
water may even now' be only a few thousand feet from the coast in the 
Wildwood region. If similar conditions originally existed fo;ur or five 
miles off 'shore at Atlantic City the salt water may .be well within the 
ai·ea in which the head has ah'eady been lowered,. which, as shown on 
page '14, probably extends some seven miles se,award. Consequently, the 
saltwater may be moving toward the Atlantic City well. If this is true,· 
it is only a question as to the time required for the salt water to reach 

· the wells. The landward movement of the salt water would not begin 
until the area influenced by pumping had reached the diffusion zone 
som~ years after the first wells were used. At first, the land:ward 

4SBrown, J. S., ~P- cit., p. 3.6. 
49Burr, "\V. IL, Hering, Rudolph .and Freeman, J. D., .Report of the Com-

·mission on additional water supply for the City of New York, p. 419, 1904, 
wells Nos. 47 west and 50 west;· and Spear, W. E., Long island sources of an 
additional supply of water for the City of New York, vol. 1, 1912, diagram on 
'sheet 56, showing layout of well field. 
• 50Spear, W. E., op. cit., pp. 145-147, and Brown, J. S., op. cit., p. 47. 

51Mason, W. P., Damage to wells by sea water: Jour. Am. Water Works 
. Assoc., vol. 8, No. 1, discussion by William Gore, p. 71, Jan., 1921. ' 

i 
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movement of. salt. water WQuld be slow, b~t it would become increas-
• ingly rapid as the head declined. , Rough computations show that if 

the average pumping draft from a two-mile section along the beach 
in Atlap_tic City were five million ga~lons a day, it probably 'would 
require about 10 years for the water to move one .mUe. This .rate has 
not been maintained since the first wells were. drilled to the horizon, 
but iri the 35-year period since that time there has been opportunity 
for it to move at lea~t a mile or more toward the beach. Since the -

, total quantity, pumped from the horizon promises to increase the rate 
of movement will be accelerated. For example, if the pumping. rate 

,, reaches an average of 10 million gallons a day, the advance of the salt 
water would be of the magnitude of about one mile in five years. 
Therefore, even though danger of widespread contamination of the 
formation may not be immediately imminent, it may conceivably_ 
occur within a very few decades; It appears that the clanger of salt-
water contamination may become fully as· important a. controlling 
factor as the economic pumping lift in determining the ultimate safe 
,yield of the 800-foot sand at Atlantic City. 

SHALLOW HORIZONS ON THE MAINLAND. 

' ' GEOLOGIC CONDITIONS. 

011 the mainland water is obtained in sand beds within 200 feet of 
'the surface. 'These beds have been used principally at the Atlantic 
City Water Works in ·Pleasantville, and to a much less extent by in- ; 
dustries and institutions between the Sea View Golf Club; north of 
Absecon, and Somers Point._ The localities- where wells exist_ are 
fewer and less definite_ information is available as. tci the geologic 
conditions than for the. 800-foot horizon. Accordingly there is a less 
'satisfactory basis upon which to· draw conclusions as to the water, 
bearing capacity of the formations. 

Logs are available for wells at the Atlantic City Water Works, 
at the Sea View Golf Club about three miles northeast of the water 
works; at the Atlantic County Hospital for Mental Diseasefl, about 
2½ miles south~est of the water works, and in Somers Point, about 
7½ miles southwest of the water works. The important features of 
the log of the water~works well is that the materials. down to a 'depth 
of 25_0 feet are dominantly sand witp.· distinct beds of clay from 18 to 

-29 feet and fr.om 100 to 120 feet, and a •mixture of sand and clay from 
120 to 138 feet. The logs of the wells in the other localities men-
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, tioned likewise show a J?I'.edominance of ,sand beds, with several clay 
beds from 2 to 30 feet thick. But neither on the basis of lithologi,c 
_character or depth can any ,of th~m be said definitely to be con-
tinuous over ,a large area. In contrast tcdhe Atlantic Citf 800-foot ' 
sand, wh,ich is easily recognized over a very large area as a distinct 
formation sandwiched in between clay- beds, the shallow horizons in · 
the mainland seems to be mainly a series of S!!Iid beds with lenses 
of clay that thin or thicken from place to place and are not cop_-

, tinuous for any great distance; Considering the ·geologic history of 
the region, it is probable that the blue clay that lies near the _surfa~e 
at the At~antic City Water Works covers only a small area along pre-
existing stream channels. The deeper. clay, struck at 100 feet, may 
be •more extensive, but it has :qot yet been proven to und~rlie the e~'tire 
area. The clay lying beliny 280 feet at.the _water works is fae great 
clay bed that is rea_ched about 100 feet lower- in Atlantic City. It 
is known to reach to a ·depth of 1;1,bout 600 feet where the Atlantic City 
sand is found. At th~ County Hospital for Mental Diseas_es this 'clay 
bed extended from 310 feet to 640 feet below the surface with prac-
tically no water-bearing sand,.in: that thickness; Therefore,' unlmis a 
weil is to be drilled to the Atlantic City 800-foot sand, it is usel~ss•to 
drill deeper than about 275 to 300 feet below, sea level at points above 
the shore road. 

MINOR DEVELOPMENTS OF SHALLOW HORIZONS. 

: - . , '. 

· With the exception of the Atlantic City Water W 0rks there has been 
fir less development of the s:(iallow horizons on the· m~inl1;1,nd than o:f 
the 800,-foot horizon on the_ beaches. At the Sea View Golf Club about 
150,000 gallon~ per day is pumped fr9m a 231-fo.ot well for use 
around the club house. In addition, in sum:r_ner aboyt •734,000 gal-

·' lons a day is. pumped from six wells 85 to 97 feet deep, and one wel! 
195 feet deep on 'the lowesr part of the goff links for lawn sprinkling. · 
Doubtless most of the water used in this way returns allllOSt imme-• . 
diat~ly to the formation, so that it cannQt be considered an ·actual 

· draft on it, At the Atlantic Cou;nty Hospital for Mental Dis~as~s be- 1 i 

twefln 50,000 and 100,000, gallons is used daily from wells about ,150 
feet deep .. At the Atlantic County Tuberculosis Hospital nearb,y a few 
thousand gallons is used from a 300-foot well. The Atlantic County 
Water Company u:ses · an average of 46,000 g!l,llons per day from its, 
new well at Somer~ Point and an old' one at ~ts Bargaintown 'pond 
with a, maximum average daily consumption of 106,000 gallons' in 
July. Water from wells is used at a laundry and.an _ice plant_ in 

.,' 
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Pleasantville and 011e or two other places. However, excluding ,the , 1 .-

pmhpage at· the Atlai{tic City Water Works, which is considered 
below, and the consump,tion of water at the Sea View Golf Club for 
sprinkling, the maximum daily consumption at the mainland plants 
described above is probably not more than half a million gallo:0:s. 

DEVELOPMENT AT ATLANTIC CITY WA1:ER WORKS. 

Well data.-At the Atlantic City Water Works, near the dividing 
line between Pleasantville and Absecon, the shallow horizons are 
drawn upon by 32 wells distributed over an L-shaped area. (See Fig. 
22.) ' 

The actual area occupied by the wells· is not mo.re than 20 acres. 
Two of the wells are 95 feet deep, 16 are 100 feet, 12 are 200 fef)t, one 
is 206 and one is 225 feet. The wells are generally consiclerecl, how-
ever, as_ penetrating the so-call eel 100, arid 200-foot sands. The wells 
are mostly. 10 inches in diameter with 8-inch screens. The length 
of screen in different wells ranges from 20 to 50 feet. Four kinds of 
screens are in use~Cook, W ooclbine, which is somewhat similar to 
tlm Cook, plain. slotted pipe, galvanized after cutting, and concrete ' 
screen. 

The wells are pumped by sucti_on. They are distributed along-
.four separate suction sy~tems, each pumped by a horizontal centri-
fugal pump. Two of the 'systems pump 10 wells each, one ,pumps seven 
and the fourth pumps five. Three of the systems discharge into a 
storage basin from which t]:ie water is drawn to. the pumps of the.· 
distribution system. The fourth discharges directly into the suction 
well f;om which the force pumps draw. 

The 32 wells are so distributed that in general a· 100-foot well alter-
, mites with a 200-foot well, but this is not true everywhere in the field. 

(See depths of wells on Fig. 22.) . They are mostly spaced 150 feet 
apart, and with the scheme of alteration two wells of the same 
depth in most places are 300 feet apart. However, two of the 200-foot 
wells are only a·bout 55 feet apart and two of the lOO~foot wells only 
110 feet apart. Several of the other wells, are more than 150 feet, but· 

. less than 300 feet from the nearest well of the same depth. 
From July, 1923, until the Fall,-of 1925, one system of 10 wells was, 

out of commission, because it was not possible ,to n;iaintain suction. 
This difficulty was at first thought to be clue either I to leaks in the 
suction main or possibly to an abnormal lowe:("ing of th'e water level in 
the wells during the unusually dry summer. It _has since been proven 

\ ' ,\ I 
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that the difficulty was clue to the clogging of the screens in ·the older 
wells so badly that enough water could not enter to supply the pumps. 
In 1925 and 1926 these wells were replaced by new ones equipped 
with Kelly concrete scree11. · These new wells have given such large 
yields that it is obvious that the water-bearing capadty of the sands 
has not bee!1 impaired. 

Yield of wells and effect of pumping.-Measurements made during 
the spring of 1924 showed a yield from the three. serviceable systems 
-of 22 wells of approximately 4.25 million gallons a day. When meas-
urements were made several years ago the yield ,of all four systems 
was about six mil.lion gallons a day. Since the data for the tests of 
the three systems in 1924 checked rather closely' with that for the 
,same systems during the previous test, it may be safely assumed that 

. :since the fourth system has bee11 put in service the original yield 
of ~x million gallons a day is now being obtained. This would be 
.an average yield of about 130 gallons a minute from each, well. How~ 
ever, the yield from all the wells is not equal. One well is said to 
'have yielded 400 gallons a minute when first put in service, and some 
have yielded less than 10.0 gallons. 

During the present investigation rather detailed tests were made to 
-determine the 'effect of pumping each of the two horizons and their 
relative water-bearing capacity. Under existing operating cqndi-
hons it is very difficult to obtain adequate data as to the yield of in-
dividual ~ells or as to the comparative yield of the 100 and 200-foot 
horizons. The pumps could not be slowed down enough to pump only 
,one well without losing suction, nor even to pump only two at a time. 
The best that could be done was to pump, for example, one. of the 200-
foot wells with all of the 100-foot weHs on that systefa, but with the 
-other systems shut off. Later, a second 200-foot well was added, then 
a third, and so on. This caused ·complications. The system pump 
,develops only a constant. amount of power. Under theoretically ideal 
conditions all wells would .yield the same quantity and the friction 
loss' between each well and the pump 'would be the same, but ui1der the 
,existing conditions the friction loss in the pipe lines several hundred 
feet long naturally differs, depending upon whether wells in operation 
:are near the pump or far from it. Also, it is not known whethe~ a 
newry added well on the 200-foot horizon yields less water than those 
previously pumped, for _there automatically occurs a change in tlie 
yield of the other wells being operated to bring about a balancing of 

·the draft exerted by the pump on different parts of the system. Thus, 
if a certain quantity of water is discharged when several 100-foot wells 
,and one 200-foot well were pumped: there is no way of telling how 
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' ' much comes from each well; and if a second 200-foot well is added, 
even though the discha1:ge may increase, it cannot be said with assur-
ance that the increase comes from that one well. 

The first tests were made to dete:r:mine the effects of pumping wells 
of the 200-foot ho~izon. All 200-foot wellk were shut off for about 

. four· days, to allow the head on the formation to reach a true non-
pumping static level. The water level in the wells rose rapidly to 
above the surface. Most of the wells :ffowed and the level was deter- . 
mined accurately in only one well to .which a glass tube was tightly. 
connected. The static level in that well was 9.5 feet above sea mean 
level, and was constant with less than a .tenth of an inch :fluctuation 
for at least three days .. However, since there was still discharge from 
some of the wells, this was not a true static level. 

With five 100-foot wells pumping, one 200-foot well (No. 15, on 
Fig. 22) was turned pn and pumping continued about 24 hours until 
the water 1ev(ll in the observation .wells became stable. The draw-
down' in the 200-foot well was approximately 25 feet. It was not pos-
sible to determine the pumpage from well No. 15, b.ut it was probably 

· not more than 285 gallons a minute, and may have been as low as 200 
gallons a minute. In the 200-foot well farthest from the pumping 
well, a distance of 1,200 feet, the head was lowered almost exactly.one 
foot. Without attempting a mathematical solution, but I by a gr~phic 
solution in which the curve representing the head is continued as 
straight ljne between two of the observation wells, it is estimated that 
the radius of the circle of influence or point where the lo.ss in hea'd 
became negligible was,approximately 1,800 feet. (See Fig. 23.y 

]'allowing this, tests were made with two, three and four 200-foot · 
wells, respectively, in addition to the. five 100-foot wells. . The details 
of each test need not be given, bu(the results are shown graphically in 
Figure 23.. In the· diagrams the shape of the ,profile betwe.en · 
pumping wells is necessarily theoreticaL The location of the non- -
pumping wells is determined by their distance from the nearest 
pumping well, and, therefore, in the different profiles wells 28 and 31 
are not always in the same position. with respect to well 15. With 
four. 200-foot well~ pumping, the water level in the most _remote 
observation w(lll ( about 1,125 feet from the nearest pumping well) 
was lowered about ,4.4 feet below the static level. The total yield of 

. the four 200-foot wells during this test was probably not more than 
930 gallons a minute, and was very likely somewhat less. By con-
tinuing .the profile of the_ piezometric surface for this test line with 
the same slope as between. the two observation wells farthest ,from 
the pumping wells, it was found that the radius of the 9ircle of in:flu-

' 1 
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Water-lmJ_el recorder installation on well No. !138, Atlantic .Oity ·water 
Works well field. 
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-ence would be at least 2,000 feet. As a matter of fact, the hydraulic 
profile is not a straight line with a given gradient between any two 
points, but :flattens away• from the pumping wells. Therefore, the 
radius of influence is actually greater than estimated, probably at least 
2,500 feet or about half a mile froni the nearest pumping well. 

' ' . . ' \ 

It was not possible fo obtain data of any value relating to the 200-
foot horizon with more than the fo"?-~ wells pumping at the same time, 
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£°or the additional wells would have been so close to the observation wells 
that a reasonably accurate profile coilld not be develop~d. From a 
.study of the tests made, however, it appears that with ii,ll 15 of the 200-_· 
foot wells pumping the influence of the wells would extend probably·. 
at least three-fourths of a mile to a mile beyond ih'e border~ of the 
well field. The lowering of the head in the outer part of this area . 

1 o;f influence~ however, would be only a few inches. The· total pump--. 
age from all the 200-foot wells would be probably somewhat less tharr , -
half of the total pumpage for both h~rizons-that is, less than 3,000,-
oqo gallons a, day; for there is evidence _.that the 200-foot well _yields. 
less water tha~1 the 100-foot wells. 

Tests similar to those just described, except in somewhat less detail,. 
were niade on the 100-foot wells. The essential results are as follows: 
After all the 100-foot wells had been shut off for nearly 48 hours the-
static level stood not quite six feet above sea level-that is, abo-q.t'thr_ee· 
an.cl a half feet lower than the static head in the 200-foot horizon. 
When a singl_e well was pumped, with a yield esti~ated to be between 
200 and 275 gallons ·a minute, at the end of seven hours the head in 
two wells, each about 1,000· feet_ distant frqm the pumping well, .was· 

. lowered less than four-tenths of a foot.- It was evident that the head 
would not have dropped much farther. When five wells, distributed_ 
along a line 800 feet long, were pumped to yield about 1,430 gallons a'_ 
minute, the head in an observati?n well 920 feet from the nearest ob-
servation well was lowered only about 2.5 feet: This compares with a 
fowel'mg of 4.4 feet at a distance,of 1,125 feet for four 200-foot wells 
pumping only about 930 gallons a minut1;J-tha,t is, the loss of head was 
considerably less for pumping 1,400 gallons from the 100-foot horizon . 

· than for p~mping only a,bout two-thirds as much from the 200-foot 
horizon. With three systems in operation, comprising' nine of the 
deeper wells -and 13 of the shallow wells, charts from· automatic 
water-level tecorders on observation wells on each horizon show that 
the loss in head below static level is at least two feet greater on the 
200-foot horizon. Presumably, the lO0~foot wells were yielding more 
water than the deeper wells. There- is therefore good reason to believe 

· that the 100-foot sand is somewhat more permeable than the 200_-foot 
_ 'bed. . This conclusion corroborates the observations of the engineers 

of the Atlantic City Water Department during the development of the 
well field. 

It was not pos~ible to estimate the pr~bable rad_ius of the circle of 
influence when the five 100-foot ·wells were pumping, because the clif-
fence·.1n the observed lo~eri{ig of the head in the ob_servati~n wells' 
was· so small that' the graphic method could not be used with any 
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:reasonable degree of accuracy. However, on .the basis of the relative · 
lowering of the head on the two horizons, it is evident that the ra.dius 
of the circle of influence of the 100-foot horizon would be considerably 

, ,shorter than that of the 200-foot horizon. when equal qu~ntities of 
water were being pumped. 1 

Comparison of shallow and deep water-bearing forniations.-Al-
though it has not been possible to cletel'mine th() actual effects of 
pumping for more than a_ few hundred feet from th~ pumping wells, 
the tests give valuable data for a comparison of the \vate,r 0 yielcl capaoiti 

. of the 100-foot, 200-foot and 800-foot sands of Atlantic City. 
When the four syf:lte~s at the water works are in operation ·six mil-

lion gallons is pumped with suction pumps and .the clrawdown is 
definitely limited to about 30 feet below static level. Each of the 
two shallow h~rizons yields approximately three million gallons as 
compared to 3.5 to 5 millions gallqns in 1924 from the deep horizon i11 
Atlantic City alone. Because of these differences in.·pumpage. exact 
comparisons cannot be made. . Nevertheless, there is good evidence 
that the effect ~f pump1ng ,is considerably less for the shallow po~izons 
than for the deep one. The pumping level in each of .. the shallow 
horizons during the tests was not more than 30 feet below the original 

_ static level, whereas forthe 800-foot horizon in 1924 it was 75 to 100 
feet below the original static head in. the city. The area of influence 
of each of the shallow horizons probably at rµost extends oi1ly a little 
more· than a mile. from the well field as. compared to the great depres-
sion of the head for several miles in every direction from the wells in 
Atlantic City. In 1925 the decline in head on the 800-foot sand.ap~ 
parently extended at leaf:,t 8 or 10 miles' both to the northeast ~'ncl ' 
northwest, although there has been. 110 pumping in those diredions 

. until that year. The shallow horizons respond to changes in pump-
ing conditions very quickly. If all· of the wells are shut off 
the water level reaches a practically constant -static level in a few 
hours, and when pumping is resumed a constant pumping 1eveLis 
likewise reached in a short time. The present static head is not any 
lower than it" was several years ago. On the other hand, ,vhen the 
pumpage from the Atlanti9 City 800-foot horizon is increased or de'-
creased comparatively rapidly, a stable condition is not reached for 
many clays. On the basis of these facts it is concluded that the water-
bearing capacity of the 100-foot and 200-foot horizons is much 
greater than that of the 800-foot horizon . 

.4,dditional · SUJJplies from shallow, horizoris,-;-:--Since. the shallow hori-
, zons at the water works seem to be _better water-bearing fo1·mations 
than the 800-foot horizon; and the effect of pumping them has been 
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considerably less than for the deeper horizon, there is li'ttle doubt that 
a considerable additional quantity' of water can, be developed from 
them. The data are too inadequate to warrant any accurate esti-
mate as to the ultimate total quantity that can be obtained. U the 
geoiogic conditions over a cpnsiderable area are the same as in the 
water-works well field, it is reas,onable to suppose that at least two 
or three times as much water as is now pumped can be obtained with-
,out causing a permanent overdraft. However, lacking the necessary 
information as to conditions outside of the present field, one is not 
justified in considering this statement as a conclusion upon which to 
base further development·. Much infor,mation should be oqtained in 
regard to several important problems which are briefly . discussed 
below. 

A very, important problem relates• to the location of future wells. 
The pumping level in the existing field at the water, works is on1y 
about 25 feet below the ground surfa~e. · Probably a large quantity of 
water could be pumped from wells in the same field, by 111creasing the 
drawdown. For example, on the basis of the well-recognized fact that 
within certain limits lthe yield of a well is directly proportional to the 
drawdown, if the pumping le~el were lowered to 50 feet about twice ' 
:as much water could be obtai11ed from the existing wells as at present. 

It should be remembered ,that to obtain a,n additional quantity of 
water from the present well field the lowering of the pumping head will 
be essentially the same w;hether the water is taken from an increased 
number of wells or the draft on the existing wells is increased. It is 
well known that as the number of wells .in a field ,is increased the yield 
per well decreases, and, therefore, that beyond a· certain point the cost 
of drilling additional wells causes a disproportionate increase in the 
cost of getting the water. For this reason it has be~ri found ,to be 
more ecqnomical to spread the wells over a la1'.ge area ,than to attempt 
to obtain too large a supply in a rest;ricted · space of a comparatively 
few acres. A1~ increase ip. the yield of the p~esent well field by in~ 
,creasing the drawdown cannot be accomplished with the present 
pumping equipment, which is operating practically at the limit of 
suction lift, but it wo=uld require .the· installation of air-lift or deep-
well turbine pumps. The extent to wl;iic~ 8:n increased supply may 
be developed economically in the present wen field requires a 'careful 
analysis of the initial cost of dr~lling ~1ew w:ells and of additional 
pumping equipment, and of the increased operlting cost of raising 
the water from a greater depth-.-factors that are' not within the scope 
-0f the present report. 

A factpr that should be carefully considered in developing addi-

l<I 
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· tional s~ppli~s i.s thf possible danger of sa}.t water_.b~ing drawn into 
the wells. The 100 and 200-foot. horizons dip about 10' feet per 
mile toward the ocean.·· Therefore, along the shore 1n 1Atlantic City ' 
they would lie at approximately 160 and 260 feet below sea level. A 
study of well logs indicates that probably there is no impervious clay 
bed that would prevent salt water entering the horizons above the 
big clay bed along the coast. This conclusion is supported by obse~-
vations on a test hole put down in Atlantic City in 1891 by J. H. 
Robinson,52 which is the only well for which reliable data are .recorded 
as to the fresh or brackish character of the water. In it fresh water 
w:as found at a d~pth ~f 75 feet, but all the water reported at depths 
below that to 328 feet was either salty Dr became so on pumping. It 
is probable that the water from the 75-foot horizon, if it has not since 
become salty, would quickly become so if pumped very heavily, for. 
the fresh water in the uppermost horizons must exist only as a rela-
tively thin layer replenished by local rains. A sample of water from 1 

a well 100 feet deep at Atlantic City Brewing and Ice Co. contai:µed 
1,825 parts per million of chloride. A sample from wells at the 
American Ice Co., 64 .to 125 feet deep, contained 1,177 parts per 
million of chloride. · 

In view of these facts there is little doubt that salt water exists in 
the seaward extensions of the 100 and 200-foot horizons at least within 
:five or six miles of the Absecon pu~ping station. It probably is pre'sent 
even nearer to the water-works well. :field, for the water .in Absecon 
Bay is salty and at times of unusually high tide this water covers the ' 
meadow to within half or three-quarters of a mile of the well :field. 
Samples of water from Absecon Creek, near the Pennsylvailia Rail-

. road station in Absecor{, showed .a range from 5,200 parts Ber· mil-
lion of chloride when collected shortly after. low tide tq 15,000 part~ 
per million two hours after high tide. A sample collected at low tide 

· at! the bridge over the creek O!]. ,the so-called "new road" half a mile 
farther upstream contained 4,900 parts per million of chloride. A 
sample collected at low tide from: the creek j-µst below the dam of 
Absecon pond contained 725 parts per million of chloride. At the 
time of collection som() water was disch:;irging from the pond, and this 
undoubtedly reduced the salt content of the creek below the dam. 
Doubtl.ess, under ordinary conditions at high tide, the water in the 

, creek as far up as the dam is nearly as salty as the water in the ·bay. 
Therefore, at such times salt water is present within three0 rourths of 
a mile northeasterly from the well :field. There is no reliable informa-

52Annual report of the State Geologist .for 1892, p. 277. 
9 
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tion to show. whether the salt wat(lr has penetrated the water-bearing 
' ( ' . ' 

sands to any depth beneath the bay, th;e meadows, or Absecon Creek, 
or whether in) these areas local day beds may shut it out. A well 
drilled recently to ·a depth of 100 feet or more on the Fox development 
on the south side of the .Pleasantville Boulevard .about half a mile out 
in 't.J:ie meadows and only a .few feet from the bay found only salt 
water. A sa~ple from this contained 8.075 · parts per million of 
chloride. ' · 

Analyses of the water froll). .the 100 and 200-foot horizons, given on '· 
page 15, do not show any .indications of salt water entering the. forma-
tion., However, as shown· in the discussimi of the possibility of salt 
water invading th,e 800-foot horizon (pages 112 and 119), this cam;ot 
be corisidered as conclusive evicl~nce that salt water may not' be drawn 
in with even a comparatively small increase in pumpage. As has been 
pointed out above, the :radius of tne .area of influence of the 200-foot 
horizon when pumping three million' gallons a day is probably not 
l'.9-0re than three:fourths of a mile to ,a mile, and of the 100-foot hori-
zon it is pr:obably considerably less .. The areas of influence thus barely 
extend out to the limits of nearest approach of salt water on the sur-
face to 'the wells. · However, if the pumpage in t):ie present water-
works well field were greatly increased, for example, doubled or tripled, 
the areas of influence would be greatly widened, .and the consequent 
greater ;lowering of the head pen.ea th the meadows, bay or creek would 
tend to cause a greater 'flow, of water from the immediat.e vicinity 
toward the wells. Whether or riot. salt water would move toward the 
wells would obviously depend upon whethe~ the nearest salt ,water in 
the formation was within the circle of influ~nce of the well · field. 

,. The only, way in which this. can be determined. is by drilling• test 
borings. 

It has been suggested that additional supplies of gro'lind water can· · 
be developed fro:rn wells to be drilled on property now owned by tlfe ' 
city along the pipe .line between .the pumping statiqn. and Absecon 
Pond; likewise, one or two wells might be placed along the pipelirie 
·froin the. station. across the .meadows to the city. Presumably,' the 
wells would be of large: diameter and placed several hundred feet 
apart, in accord with mod.em practice. Each well would be equipped 
with a de~p-well turb1ne pump-the iveHs along t4e line fo. the. city 
to the pµmp di_rectly into the distribution system, ,and the others ' 
to pump into the conduit from Absecon Pond. I 1n view of the 
presence of salt water in the shallow norizons at Atlantic City and 
its possible existence even much near~r to the mil:inland it is surely 
not wise to locate w~llfl nearer · the meadows' -without dr:iH.ing test 
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wel!s and making exhaustive pumping tests to prove whether or not 
salf water is likely to be drawn in. Tlre wells to be drilled along the 
right of way between the pumping station and Absecon Pond would 
be dangerously near Absecon Creek if the salt water from i~ has: 
access. to the water-bearing horizons. Therefore, similar test ,vells 
should be drilled near the creek to determine the conditions there. 

Even though pumping tests failed to draw in salt water, it could not 
be assumed with assurance that salt water would not be drawn in 
with increasing draft upon the water-bearing hOTizons. The most 
exhaustive tests would doubtless place a far less draft on the beds 
than would result from continuous pumping. The quantity of 
water to be drawn in before salt water reached a well, even if it lay 
only a comparatively short distance away, would require a consid~ 
erabl~ period under ordinary testing conditions. This can .be shown 
by the following assumed example: Suppose a well be drilled ap-
proximately 1,000 feet from a possible source of salt water, that it 
drew from a 50-foot bed of sand overlain by clay so that the water 
could move only laterally, that the water moved with equal velocity 
from all directions, and. that the effective porosity of the sand was 
33.3 per cent The volume of water stored in the sand within a 
radius of 1,000 feet of th.e well would be about 390 million gallons. 
Pumping at the rate of a million gallons a day, it would take 390 
days for water 1,000 feet from the well to reach it. Obviously, it 
would have to be a very severe test that would show the presence of 
salt water under the conditions cited, especially in view of the fact 
that the transition zone between fresh and salt water may be only 
,60 to 100 feet wide ( see page 118), and the further fact that fresh 
water coming from the landward direction would greatly dilute the 
salt water. But under actual operating conditions, even if the rate 
of pumping were no greater, the salt water would be dra,wn in a 
little more than a year. 

Qonclusions regarding shcillow horizons.-It is belie.ved that the 
wisest policy will be not to attempt to greatly increase the supply 
from the present field of the Atlantic City Water Works or to develop 
new supplies near, likely sources of salt water contamination, but to 
get as far away froIIJ. them as can be done. A region that seems to 
offer favorable conditions is the watershed of Absecon Creek, already 

- owned largely by the city. This area presents a possible important 
advantage over others in that, unless there is a very extensive bed of 
iliipervious clay beneath tlie Absecon and Doughty ponds and around 
their borders, the13e bodies of water will. serve as excellent storage 
reservoirs from which the ground-water supply may be replenished, 
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and. s1ome ~f the flow of Absecon Creek that now is wasted. could'. be 
· saved. A serie~ of wells drilled. around these ponds would_ essentially 

constitute a natural filter system. ' If such conditions do exist, the 
yield of the well system .would probably be greater than if an over-
lying impervious bed necessitated' slower recharge by essentially 
horizontal ~ovement of the water. Furthermore, the· eleva,.tion -of 
the water level in the reservoirs, being above the natural level if there 
·were nQ storage, provides ,a greatEir head to hold back salt water and 
therefore a, great~r factor of safety than in the area below the clam; 
It is not certain, that the co~1ditio11s, around the ponds are favorable 
for recharge from them, but this could be readily ascertained by a 
few test holes. 

An obvious feature revealed by the above discussion is the fack of 
data ,in regard to critical conditions. It is not known definitely, fo:i; 
example, just ho,w far-reaching is the area of influence of wells now 
in operation in the 100 and 200-foot horizons at the Absecon water 
works, nor how near to the well field saltcwater may be except th3:t 
it exists bene~th Atlantic City and probably is even nearer. No 
information is available as to the extent of the water-bearing beds-
whether beds with w'ater-bearing capacities similar to those in the 
water works well field exist beneath the wate,rshed of Absecon Creek 
and elsewhere. These and other questions can be answered only by 
drilling wells and making extensive tests. 

To obtain the most prudent developmei~t of the shallow hOTizons 
no large project should be undertaken without first making these 
necessary tests, for, if started in ignorance, after considerable ex-' 
penditure of money conditions may be found that will necessitate 
the abandonment, of the project, resulting not only in the financial 
loss but also loss of valuable time when, water may .be 'needed. A few 
thousand dollars and a few months! time spent in obtaining the 
necessary information will, in the long run, be found to pay for 
itself on a' project that must eventually cost at least several hundred 
thousand dollars. Plans must be made not only for its. imm~diate 
needs but for those of two or three decades hence. If it is found 

, that conditions elsewhere in the region are not as favorable as in 'the 
'water works well field, it may be' wiser and m~re economical to 
undertake· one of the projects conside:i;ed in the past to', obtain surface 
water from one of the more distant watersheds. The problem re-
quires a careful analysis of ultimate cost as well as a study of the 
hydrologic conditions. 

.. 
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. Observations should be continued on the fluctuations of the head 
on the water in the 800-foot sand. The Citizens Ice Co. well in 
Atlantic City, and the Longp01'.t well', present opportunities to obtain 
valuable records and every effort should be made to continue the 
operation of automatic recorders on these wells.. Continuous observa-

, tions should also be made at other loc:;1lities between Brig_antine 
and_ Wildwood and on the mainland at the Atlantic City Water Works. 

Recent developments emphasize the need of more accurate data on 
'the head on the Atlantic City 800-foot sand between the coast and 
the outcrop area. If possible, observations should be made on fluctu-
atioi1s of tl;te head at Egg Harbor City and Hapunonton. Periodic 
measurements should be ·made on a number of wells in or near the 

I 

outcrop area to determine the extent of the fluctuation of the water 
level as a result of seasonal changes in precipitation; 

In order to interpret accurately fluctuations of head in the western 
part of the area underlain by the Kirkwood' formation more 'informa-
tio11 is desired as to the geologic conditions to determine just where 
is the intake area of th'e Atlantic City 800cfoot sand. Data are. 
needed as to the thickness and permeability of the sand'. Well drillers 
should be asked to report data on wells in this area. 

In order to determine more accurately the relation between changes 
in pumpage and fluctuations of the head it is necessary to have more 
accurate data as to the pumpage from private wells. An effort, there-
fore, should be made to enlist the interest of every private well owner 
in the Atlantic City region in keeping daily records of pumpage. An 
important p~oblem is that of keeping track of new wells, or of wells 
that are abandoned, to determine marked changes in draft from year 
to year. More information is needed in changes in the yield of wells 
as the head on the water changes. 

The possibility of salt-water contamination, although now seem-
ingly remote, is so important that a careful watch should be kept 
for the slightest indication of its enci·oachment. Samples fro:in sev~ral 
wells should be analyzed 11eriodically to determine whether the chloride 
content increases in summer when the pumpage is heavy. Since the 
key to the situation may be found in conditions in the vicinity of 
WildwoCld, the developments there should be :Vatched as well as those 
in Atlantic City . 
. Since .accurate data are la.eking on the distribution of the shallow 
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water-bearing horizons on the mainland, it is impo~tant to obtain logs, 
,of any wells that may be drilled. All possible data in regard to yield 
,of wells and fluctuations of the head in the formation should be ob-
tained. Where. wells are near to salt water observations should be 
111ade to determine the possible danger of contamination -of the wells. 
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