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CONVERSION OF INCH-POUND UNITS TO INTERNATIONAL SYSTEM (SI)
OF METRIC UNITS

The following factors may be used to convert the inch-pound 
units used in this report to metric units.

Multiply inch-pound unit To obtain metric unit

inch (in.) 25.40

foot (ft) 0.3048

mile (mi) 1.609

cubic foot per second 0.02832 
(ftVs)

gallon per minute 0.06308 
(gal/min)

million gallons 0.04381 
per day (Mgal/d)

foot squared per day 0.0929 
(ft 2 /d)

millimeter (mm) 

meter (m) 

kilometer (km)

cubic meter per second 
(mVs)

liter per second (L/s)

cubic meter per second 
(mVs)

meter squared per day 
(mVd)

Temperature in degrees Fahrenheit (°F) can be converted to degrees 
Celsius (°C) as follows:

°C = 5/9(°F-32)

iv



FEASIBILITY OF ARTIFICIAL RECHARGE TO THE 800-FOOT SAND TO THE 

KIRKWOOD FORMATION IN THE COASTAL PLAIN NEAR 

ATLANTIC CITY, NEW JERSEY

ABSTRACT

Renewed economic development of the Atlantic City area, New 
Jersey, since the mid-1970's has increased the demand for water. 
The resulting increase in pumpage from the 800-foot sand of the 
Kirkwood Formation has reversed an antecedent water-level recovery 
in that aquifer, thereby reducing the quantity of water in storage 
and increasing the potential for saltwater intrusion.

Practicable approaches to providing a dependable water 
supply for the area while properly managing withdrawals from the 
800-foot sand include (1) development of surface-water supplies; 
(2) development of ground-water supplies; and (3) artifically 
recharging the 800-foot sand. The last approach is the principal 
alternative discussed in this report. The report includes a review 
of methods of artificial recharge with emphasis on attendant 
operational problems, investigation of local hydrogeologic condi 
tions, and collection and interpretation of limited water-quality 
data.

System design and quality of the water injected are 
important components of a successful artificial recharge well 
system. Mixtures of water in various proportions from the 
800-foot sand and from a representative local public-supply system 
may become supersaturated with oxygen. Oxygen, being highly 
reactive, would in all liklihood quickly react with the 
constituent minerals of the receiving aquifer, resulting in 
mineral oxidation and precipitation. Significant temperature 
differences between two such waters would likely exacerbate those 
conditions. Limited chemical analyses suggest that suspended 
solids concentrations in water from local public supplies may at 
times be high enough to cause clogging of recharge well screens. 
These problems are solvable by appropriate conditioning of 
recharge water. Such conditioning needs to be based on detailed 
investigation, however.



INTRODUCTION

The U.S. Geological Survey, in cooperation with the New 
Jersey Department of Environmental Protection, Division of Water 
Resources, studied the possibility that locally available water 
from various sources would be suitable for artificially recharging 
the principal deep aquifer in the Atlantic City area, New Jersey. 
Since the late 1970's, accelerated pumping from this aquifer has 
reversed an antecedent recovery of water levels, causing the 
regional cone of depression of long standing to deepen and expand, 
greatly increasing the potential of saltwater intrusion.

Purpose and Scope

This report presents the results of that study, including 
(1) an appraisal of the feasibility of recharging the 800-foot 
sand of the Kirkwood Formation in the study area, (2) a brief 
appraisal of operational problems resulting from the use of 
artificial recharge wells, (3) a brief appraisal of alternative 
sources of water other than artificial recharge, and (M) a cursory 
assessment of quality of water in the study area. The report 
includes a review of methods of artificial recharge, with emphasis 
on attendant operational problems, and a description of local 
hydrogeologic conditions. The work included a review of the 
literature, updating and verification of well records, and 
collection of six representative water samples from wells and from 
a local public supply system.

Methods of Investigation

Six water samples were collected during January and April 
1983 from the principal deep aquifer and from the Atlantic City 
Municipal Utilities Authority's (ACMUA) transmission main. The 
ACMUA supply was sampled to determine if water of that or similar 
chemical character would be suitable as a source of recharge. 
This water supply was selected for the present study because its 
quality is representative of that of other public supplies in the 
study area, and samples from it were conveniently obtained. The 
sampling period coincides with the time of year during which 
recharge might be feasible. The ACMUA main conveys a mixture of 
water obtained from Absecon Creek through an intake at the 
Atlantic City Reservoir (fig. 1) and from two principal aquifers. 
These aquifers are described in the hydrogeology section of this 
report. Selected data on local wells tapping these aquifers are 
presented in table 1.

A review of the literature focused on problems resulting 
from the use of artificial recharge systems. The review included 
study of connector well systems and pressure recharge systems.
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Table 1. Selected data on wells. 
(Locations shown in fig. 1; all information from 

Ground-Water Site Inventory of the U.S. Geological Survey)

Well 
number

1-5
1-7
1-11
1-21

1-37
1-564
1-565
1-566
1-567
1-568
1-569
1-572
1-573
1-574
1-575
1-682

1-696
1-697
1-698
9-103
9-159
25-244

Local number 
or name Owner Aquifer 1

9
10
11

1922

Galen Hall
2
14

ACWD 600
3

15
13
4A
8
7
12

1-1980

16
17
18

2 Recharge
WWD 35

Recharge 1

ACMUA
ACMUA
ACMUA
Bally f s Park
Place
ACMUA
ACMUA
ACMUA
ACMUA
ACMUA
ACMUA
ACMUA
ACMUA
ACMUA
ACMUA
ACMUA
Resorts
International
ACMUA
ACMUA
ACMUA
Wildwood WD
Wild wood WD
Gordon f s
Corner WC
(in Marlboro)

CKKD
CKKD
CKKD
KRKDL

KRKDL
CKKD
KRKDL
KRKDL
CKKD
KRKDL
CKKD
CKKD
CKKD
CKKD
CKKD
KRKDL

CKKD
CKKD
CKKD
KRKDL
CNSY
FRNG

Depth2

210
195
190
823

837
97

660
565
208
633
90
105
100
211
195
840

202
202
202
970
360
594

Water 
Use3 
(1984)

PS
PS
PS
C

0
U
PS
0
U

PS
U
U
U

PS
PS
C

PS
PS
PS
DP
DP
DP

Dis 
charge1*

811
837
1320

-

250
1223
1056

_
721
1050
1190
1012
1204
981
688
-

1200)
1200)
1200)
1050)

- £
1500)

Remarks

Analyses
in table 2

Analyses
in table 2
New wells,
drilled
in 1984
Approximate
locations
in inset
map
(fig. 1)

Aquifer codes are as follows: CKKD, Kirkwood-Cohansey aquifer system;
CNSY, Cohansey Sand; FRNG, Farrington Sand Member of Raritan Formation;
KRKDL, 800-foot sand of Kirkwood Formation.
Depth to bottom of screen, in feet.
Water-use codes are as follows: C, commercial; DP, dual-purpose; 0,
observation; PS, public supply; U, unused.
In gallons per minute.



Previous Studies

The concept of artificial recharge of ground water is not 
new. Todd (1959) cited recharge projects in southern California 
dating back to about 1895. Signor and others (1970) listed more 
than 500 references on artifical recharge dating from 1955-67. 
Several different methods of artifical recharge have been tried in 
shallow aquifers. However, only two methods have proven feasible 
in deep confined aquifers: (1) the connector well system (Bush, 
1983)i and (2) the pressure recharge system (Brown and Silvey, 
1977; Fleming and Speitel, 1980; Koch and others, 1973; Sniegocki, 
1963a; and Sniegocki and others, 1965).

Decription of Study Area

The approximate extent of the study area is shown in 
figure 1. This area is bounded by the Garden State Parkway on the 
west, Atlantic City's boundaries on the north, the Atlantic Ocean 
on the southeast, and Longport's boundaries on the southwest (fig. 
1). The study centered around Absecon Island. Coastal communities 
such as Atlantic City, Ventnor City, Margate City, and Longport 
(fig. 1) have been summer resorts for generations. More residents 
are now remaining in these communities throughout the year. 
Although summer is still the principal tourist season, the 
development of the casino and attendant industries since 1978 has 
brought more than 25 million daily visitors per year into the area 
(Thomas Flynn, New Jersey Casino Control Commission, oral commun., 
1984).

Visitors were initially attracted to the area by the mild 
summer climate and proximity to the ocean. The average annual 
temperature from 1951 to 1980 is 54°F; average monthly temperature 
ranges from about 34°F in January to 74°F in July and August. 
Annual precipitation for the same period averages 40 to 45 inches 
(Ludlum, 1983).

Well-Numbering System

The well-numbering system used in this report is that used 
since 1978 in New Jersey by the U.S. Geological Survey. The well 
number consists of a county code number and a sequential number 
assigned at the time the well was originally inventoried. County 
codes used in this report include Atlantic (1), Burlington (5), 
Cape'May (9), Cumberland (11), and Ocean (29). For example, well 
number 1-137 is the 137th well inventoried in Atlantic County.

Acknowledgments

Special thanks are extended to Gary Ziegler of A. C. 
Schultes and Sons, Inc., and William H. Fleming of Gerald E. 
Speitel Associates, who contributed information on artificial 
recharge projects in New Jersey; to Otto S. Zapecza and LeRoy L. 
Knobel of the U.S. Geological Survey, who contributed information 
on the hydrogeology of the study area and assisted with



water-quality interpretations, respectively; and to those who 
permitted sampling of their water supply.

HYDROGEOLOGY OF THE ATLANTIC CITY AREA

The study area is in the Coastal Plain of New Jersey, which 
is underlain by unconsolidated deposits of gravel, sand, silt, and 
clay. The major aquifers and accompanying clay confining layers 
are of Tertiary age and in ascending order are divided into two 
units: (1) the Atlantic City 800-foot sand of the Kirkwood 
Formation and (2) the Kirkwood-Cohansey aquifer system (fig. 2).

The Atlantic City 800-foot sand, commonly referred to in 
this report as the 800-foot sand, is the principal aquifer 
supplying water to barrier-island communities in the study area. 
It is composed of gray, medium- to coarse-grained quartz sand and 
gravel containing interspersed shell fragments (Zapecza, 1984). 
This aquifer thickens to the southeast; at Atlantic City it is 
more than 150 ft thick (Zapecza, 1984). The 800-foot sand is 
confined between an underlying thin clay layer and an overlying 
thick massive clay layer, both within the Kirkwood Formation (fig. 
2). In the Atlantic City area, the overlying layer is more than 
300 ft thick (Zapecza, 1984). The 800-foot sand is a highly 
permeable artesian aquifer. Values of transmissivity, based on 
about 30 tests of the aquifer in and near the study area, range 
from 6,000 to 12,000 feet squared per day (ftVday). Values of 
storage coefficient, computed from three of these tests, range 
from 1.2 x 10"" 1* to 2.8 x 10" 1* (M. M. Martin, U.S. Geological 
Survey, written commun., 1984).

In the study area, the Kirkwood-Cohansey aquifer system 
consists chiefly of the upper part of the Kirkwood Formation and 
the overlying Cohansey Sand (fig. 2). Because of their similar 
hydrologic and geologic properties, these units are not recognized 
individually; instead, they are generally considered to be 
components of the larger aquifer system. In coastal areas, the 
upper part of the Kirkwood Formation consists of thick clay layers 
containing zones of sand and gravel; farther inland, it is 
composed chiefly of silty sand and fine- to medium-grained sand 
(Zapecza, 1984). The Cohansey Sand is typically a light-colored 
quartz sand with lenses of clay and silt (Vowinkle and Foster, 
1981, p. 9). Locally, it may contain small but thick clay lenses 
(fig. 2). Natural recharge to the Cohansey Sand averages about 
0.95 million gallons per day (Mgal/d) (Rhodehamel, 1970, p. 18). 
The Kirkwood-Cohansey aquifer system thickens to the southeast; in 
the Atlantic City area it is approximately 400 ft thick (Zapecza, 
1984). Commonly, this aquifer system is highly permeable and 
unconfined. Values of transmissivity, based on about 45 tests of 
the aquifer system in and near the Atlantic City area, range from 
8,000 to 11,000 ft 2 /day. The value of the storage coefficient, 
estimated from one of these tests, was 4.2 x 10~ 4 (M. M. Martin, 
U.S. Geological Survey, written commun., 1984).
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Zapecza (1984) presents additional information on the 
hydrogeology of the Atlantic City area including maps and geologic 
sections showing the extent and thickness of the 800-foot sand and 
the Kirkwood-Cohansey aquifer system.

GROUND-WATER LEVELS 

Regional Cone of Depression at Atlantic City

The regional cone of depression in the 800-foot sand has 
been recognized since the early 1900's. Thompson (1928) reported 
that in the early 1890's, wells drilled into the 800-foot sand in 
the area, flowed at the land surface. By 1900, water levels in 
three wells at Atlantic City barely rose to land surface. 
Barksdale and others (1936, p. 99) reported that "...in the summer 
of 1929 the water level in unpumped wells in the center of 
Atlantic City was about 104 ft below original static level." From 
1929 to 1934, water levels recovered somewhat due to a con 
siderable decrease in pumping. "In the summer of 1934 the water 
level in an unpumped well near the center of pumping in Atlantic 
City was 82 feet below original static level" (Barksdale and 
others, 1936, p. 99). Clark and others (1968) illustrated a cone 
of depression in 1963 in which the generalized potentiometric 
surface surrounding Atlantic City was 40 ft below sea level. 
Walker (1983) illustrated a potentiometric surface of the same 
area during October through December 1978 which was as much as 70 
ft below sea level (fig. 3). The minimum water level of record 
in each of the two observation wells in the Atlantic City area 
shown in figure 4 occurred in the early 1970 f s (Bauersfeld and 
others, 1984). These minimums were followed by recovery from 1973 
until 1978, and decline since 1978. The recent decline of level 
has resulted from increased pumpage due to renewed demand for 
water, including that by casino and attendant industries.

Seasonal Fluctuations

Increased pumpa^e from the 800-foot sand for public-supply 
use during the spring and summer results in large concurrent 
water-level declines accompanying reduction of ground water in 
storage. As demand for water lessens during autumn and winter, 
water levels rise. This yearly cycle is shown in figure 4. The 
amplitude of fluctuation is related to the distance between the 
point of observation and the main pumping centers on Absecon 
Island (fig. 3). Observation well 1-37 (table 1) is at the 
approximate center of a cone of depression on Absecon Island (fig. 
3). Its annual water-level amplitude was nearly 20 ft in the early 
1980's. Observation well 1-566 (table 1) in Pleasantville is six 
miles northwest of the main pumping centers. Its .annual 
water-level amplitude was only about 5 ft during the same period. 
Because natural ground-water flow, and hence recharge, is a slow 
process, summer usually recurs before water levels have fully
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sand of the Kirkwood Formation, October-December 1978
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recovered. This accounts for the resumption of the long-term 
decline beginning in 1978 in observation well 1-37 and, in 1979, 
in the more distant well 1-566.

ALTERNATIVE SOURCES OF WATER

A significant increase in pumpage from the 800-foot sand 
will exacerbate water-level declines and could result in saltwater 
intrusion into the aquifer. A regional approach to water 
management is necessary to minimize such problems. Several 
options have been studied: (1) development of surface-water 
supplies, (2) development of ground-water supplies, (3) recharge 
to the 800-foot sand during low-demand periods to offset the 
seasonal pumping stress on the aquifer.

Thompson (1928) proposed a surface-water reservoir for 
storage of excess flow of Absecon Creek (fig. 1) to augment summer 
supplies. The Atlantic City Reservoir is not of sufficient 
capacity to supply the entire water needs of the ACMUA service 
area, although as much as 8 Mgal/d of water are withdrawn from the 
reservoir by that utility authority (John Snidenbach, ACMUA, oral 
commun., 1983)  The water is finished at the filtration plant in 
Pleasantville and distributed through the ACMUA system. In the 
study area, additional fresh surface water is sparse. All streams 
are small, tidal, and help maintain the ecological balance of 
nearby marshes. The other reservoirs and lakes in Atlantic County 
are far from the coast and any prior rights to their water would 
restrict their use as an alternative supply.

Additional supplies of ground water for the study area are 
restricted to a few localities. Four ACMUA wells (see table 1 and 
fig. 1) are not 'in use because of the U.S. Environmental 
Protection Agency's concerns about Price's Landfill (fig. 1) (John 
Snidenbach, ACMUA. oral commun., 1984). Gray and Hoffman (1983, p. 
9) report that these wells "are threatened by the landfill con 
tamination." The landfill was used for disposing of large 
quantities of uncontained toxic liquid chemicals between May 1971 
and November 1972 (Gray and Hoffman, 1983)- The Cohansey Sand 
(Kirkwood-Cohansey aquifer system of this report) at Atlantic City 
contains brackish water (Thompson, 1928; Barksdale and others, 
1936; Clark and others, 1968; Schaefer, 1983). Current (1984) data 
indicate that this aquifer is brackish throughout much or all of 
Absecon Island (F. L. Schaefer, U.S. Geological Survey, oral 
commun., 1984). Provisions of the National Parks and Recreation 
Act of 1978 and the New Jersey Pinelands Protection Act of 1979 
creating the Pinelands Preservation Area (New Jersey Pinelands 
Commission, 1980) have limited the availability of sites for 
developing additional ground-water supplies to a narrow area along 
the coast.

The ACMUA has developed a new well field in the Kirkwood- 
Cohansey aquifer system (table 1) on the north side of the 
Atlantic City Reservoir, west of the Garden State Parkway

11



(fig. 1). Because the Kirkwood-Cohansey is a shallow aquifer 
system, it is much more vulnerable to contamination from toxic 
chemicals and leachate from landfills than is a deep confined 
aquifer such as the 800-foot sand. Additional study is needed to 
determine if other inland sites in the Kirkwood-Cohansey could be 
developed for alternative water supplies and safeguarded from 
contamination.

Another option for supplementing the water supply on 
Absecon Island is to artificially recharge the 800-foot sand 
during low-demand periods. This approach is discussed in detail 
in the next section of this report.

FEASIBILITY OF ARTIFICIAL RECHARGE

Artificial recharge to a ground-water system is a means of 
supplementing natural recharge. During low-demand periods excess 
water from the Atlantic City Reservoir that is otherwise 
discharged finally to the ocean, or water from the Kirkwood- 
Cohansey aquifer system could be recharged into the 800-foot sand. 
Augmented water in aquifer storage would then be available for 
withdrawal during high-demand periods.

Confined aquifers can be artificially recharged using 
either a connector well system or a pressure recharge well system 
(fig. 5). The connector well (see following section) is generally 
smaller in diameter because it does not require a pump to force 
water into the receiving aquifer (Bush, 1983). The pressure 
recharge well (see section following connector-wells) is larger in 
diameter to accommodate a pump and injection pipes. Three 
possible ways of artificially recharging the 800-foot sand would 
be by (1) connector wells on the mainland, (2Y pressure recharge 
wells on the mainland, and (3) pressure recharge wells on Absecon 
Island .

Evaluation of Artificial-Recharge Procedures

Connector Wells

A connector recharge well is screened in two aquifers, 
allowing water to flow from one aquifer into the other using head 
differences between them as the driving force. For example, in 
Florida, Bush (1983) established an experimental 8-inch-diameter 
well screened in a shallow sand aquifer, cased through a confining 
layer, and finished as an open hole in cavernous limestone of the 
Floridan aquifer. The bottom of the shallow sand aquifer is MO 
feet (ft) below land surface, and the top of the Floridan aquifer 
is 196 ft below land surface. Total well depth was 296 ft. The 
head of water in the shallow aquifer was about 45 ft higher than 
that in the Floridan aquifer. Although the rate of recharge from 
the shallow sand aquifer to the Floridan aquifer varied as a 
result of seasonal head differences, it averaged about 50 gallons 
per minute (gal/min). Biological clogging of the screen by iron

12
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bacteria progressively diminished the efficiency of this well; 
nevertheless, it performed satisfactorily until it was abandoned 
at the conclusion of the experiment.

In the study area, the connector-well design is unlikely to 
be effective. Many such wells would be needed to recharge at rates 
high enough to arrest or reverse the regional water-level decline. 
In addition, the amount of water of suitable quality available 
from the Kirkwood-Cohansey aquifer system in the area is limited. 
On the mainland, leachate from Price's Landfill has locally 
contaminated the aquifer system (Gray and Hoffman, 1983), and in 
much or all of Absecon Island, water in the Kirkwood-Cohansey 
system is brackish (Schaefer, 1983); thus, suitable sites for 
multiple connector recharge wells are limited. Maintenance of 
well screens would likely be difficult if pumps to backflush them 
were unavailable. Moreover, bacterial clogging would probably be 
difficult to control.

Pressure Recharge Wells

A pressure recharge system uses a pump to force water into 
the receiving aquifer. Experiments with irrigation water in 
Arkansas were designed to investigate problems encountered in such 
a system (Sniegocki 1963a, 1963b; Sniegocki and others, 1965). 
They showed that clogging of the well screen or filter pack re 
sulted from air entrainment, suspended material and microorganisms 
in the recharge water, and precipitates caused by chemical reac 
tions. Recharge operations were conducted only during the winter. 
Injection of water colder than the native ground water caused 
clogging and nonmixing with the native water due to the release of 
dissolved gases and differences in viscosity. Observation wells 
screened at various depths v/ere installed in the filter pack of 
the recharge well and at various other locations near that well. 
The observation-well layout enabled quick determination of 
clogging problems within and flow patterns near the recharge well.

Several recharge projects in the Atlantic Coastal Plain 
have been successful. In Norfolk, Virginia, Brown and Silvey 
(1977) found that physical clogging of the well screen resulted 
from dispersion of interstitial clay but they suppressed it by 
pretreating the aquifer with a chemical stabilizer. They 
concluded that storage of freshwater in a brackish-water aquifer 
and its subsequent retrieval are feasible in that area.

Probably the most widely known artificial recharge project 
in the Atlantic Coastal Plain is the "Long Island Project" at Bay 
Park, New York, which was conducted during the early 1970 T s. 
Tertiary-treated sewage was injected through a 480-foot-deep well 
into the lower part of the Magothy aquifer. The recharge facility 
was designed to pump water into and from the aquifer and to pump 
and surge the well for redevelopment. Various water-quality 
characteristics, constituents, and flow rates were monitored 
continuously. Eighteen observation wells were used to monitor the 
effects of injection on the geochemistry and other properties of



the aquifer (Koch and othei^, .*,_>,, .-.. ,.-^- growth on the 
well screens was minimized by maintaining a chlorine residual of 
at least 2.5 milligrams per liter (mg/L) in the recharge water 
(Ehrlich and others, 1979). Although su c chemical clogging 
occurred, most clogging was mechanical, resulting from suspended 
solids in the injected water. Redevelopment of the well by 
pumping and surging, particularly after a rest period of several 
weeks, partly restored specific capacity which had declined during 
injection (Ragone, 1977; Vecchioli and others, 1980).

In the Coastal Plain of New Jersey, dual-purpose pressure 
recharge wells are currently (1984) being used by the Wildwood 
Water Department and by the Gordon's Corner Water Company in 
Marlboro (see fig. 1 and table 1) (Gary Ziegler, A. C. Schultes 
and Sons, Inc.. oral commun., 1983). In both communities, ground 
water from public supplies is recharged into confined aquifers 
during low-demand periods. These wells are then used as dis 
charging wells during high-demand periods (Fleming and Speitel, 
1980). In the study area, wells of this type would be likely to 
be most effective on Absecon Island within the deepest part of the 
regional cone of depression (fig. 3). Recharged water could 
thereby be stored in the 800-foot sand near the main pumping 
centers.

Even if they were located on the mainland, pressure 
recharge wells might alleviate excessive drawdowns on Absecon 
Island, although they would thereby be less effective. A mainland 
location would enhance the availability of recharge water 
requiring little or no treatment and shorter ^onveyance distances.

The rate of recharge to an aquifer through a well is 
closely related to, if not identical to, the rate of discharge 
from that aquifer through a well, other factors being equal. Of 
the seven wells listed in table 1 that tap the 800-foot sand, 
discharge data are available for four and of these, three yields 
exceed 1,000 gal/min. A group of three wells recharging the 
800-foot sand continuously at the rate of 1,000 gal/min each 
during a 100-day low-demand period would be capable of recharging 
more than 430 million gallons of water.

System design and suitable quality of injected water are 
important components of a successful artificial recharge well 
system. In many instances, a properly designed system will ensure 
that the injectant is of suitable quality.

System Design Considerations

Design criteria are usually determined by constructing a 
test well and analyzing the resulting data on aquifer geology and 
hydraulic properties, Well depth; screen aperture width, setting, 
and length; and filter pack grain diameter are examples of such 
design criteria. Injection rates depend on these factors as well 
as on values of transmissivity, storage coefficient, and water 
level in the recharge well.
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All system components that come in contact with water 
should be constructed of corrosion-resistant materials which 
include stainless steel, fiberglass-reinforced epoxy, polyvinyl 
chloride, and steel coated with epoxy or coal-tar enamel (Koch and 
others, 1973)* Use of such materials promotes low maintenance cost 
and long well life.

Entrainment of air in the injected water can decrease the 
efficiency of recharge wells. Designs that enable water to be 
injected substantially below the water level in the well limit 
this decrease. Positive pressure to suppress development of 
turbulent flow can be maintained by remote-control valves or by 
utilizing pipe friction (Reeder, 1975). Injection below the 
dual-purpose redevelopment-production pump minimizes additional 
turbulence. Air can also be entrained when the temperature of the 
injectant is lower than that of water in the aquifer, thus causing 
degassing. Dissolved gases are liberated as the injected water is 
warmed.

Sand in recharge systems can be very destructive to pumps 
and pipes (Fleming and Speitel, 1980). A sand trap can be attached 
to the bottom of the well screen to collect sediment settled from 
the recharge water. Proper sizing of screen apertures and 
filter-pack grain diameter minimizes sand intrusion from the 
aquifer. Proper well development also limits sand intrusion.

As mentioned previously, several communities in New Jersey 
are artificially recharging aquifers by means of wells. In 
Wildwood (fig. 1, inset map), rates of artificial recharge into 
the 800-foot sand and the Cohansey Sand range from 225 to 250 
gal/min. The 800-foot sand at Wildwood is much finer grained and 
its transmissivity is lower than at Atlantic City (Gary Ziegler, 
A. C. Schultes and Sons, Inc., oral commun., 1983). Therefore, a 
similar well at Atlantic City might be capable of higher rates of 
recharge. The use of a sand filter in the recharge system of 
Gordon's Corner Water Company in Marlboro (fig. 1, inset map,) has 
eliminated most mechanical clogging problems. This dual-purpose 
well (table 1) taps the Farrington Sand Member of the Raritan 
Formation. Water pumped from the well is treated to meet public 
supply standards and is then recharged back into the aquifer for 
storage and subsequent withdrawal. Recharge rates ordinarily 
range from 250 to 300 gal/min, but under optimal conditions may be 
as high as 500 gal/min (Gary Ziegler, A. C. Schultes and Sons, 
Inc., oral commun., 1983).

Water-Quality Considerations

Proper filtration of injected water can prevent suspended 
solids from clogging the well screen, filter pack, or aquifer 
matrix and minimize additional head buildup (Sniegocki, 1963a; 
Vecchioli and others, 1980). Smith (1980) described a project in 
California in which a well recharging at 32 gal/min with water 
containing 3.3 mg/L suspended solids showed significant additional 
head buildup within nine days. However, he also described a well
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in Nebraska recharging at 750 gal/min for six months with water 
containing 0.004 mg/L suspended solids which had only minimal 
additional head buildup.

Potential problems of artificially recharging aquifers in 
the study area may be minimized by controlling the quality of 
injected water. Such water should be free of or very low in 
constituents and characteristics that could harm the recharge 
system or degrade the quality of water in the receiving aquifer. 
Reduction of air entrainment, sand, and other suspended solids 
through proper system design have been discussed previously. 
Another factor to be considered is biological growth, which is a 
potential well-screen clogging problem, particularly when surface 
supplies are the source of recharge water. Such clogging may be 
minimized by maintaining in the recharge water a chlorine residual 
of at least 2.5 mg/L (Ehrlich and others, 1979). Recharge 
operations would likely take place mostly during the winter, and 
viscosity differences resulting from the difference in temperature 
between injectant and native ground water may hinder flow into the 
aquifer (Sniegocki, 1963b; Ragone, 1977). Cold water is more 
viscous than warm water and does not flow as readily.

The limited chemical analyses in table 2 suggest that at 
least some of the water distributed to Atlantic City may have been 
unsuitable for recharge without treatment. Water samples were 
collected in January and April 1983 at two and four sites, 
respectively (see fig. 1 for site locations). The samples ranged 
in pH from 7.1 to 9.2. The difference in pH of 0.9 unit between 
water at the treatment plant and at the Atlantic City Central 
Junior High School on the same date suggests that water quality 
may vary within the ACMUA transmission main. Suspended solids 
concentrations ranged from 0.5 to 1.0 mg/L. Vecchioli and others 
(1980) reported that the severity of clogging of the well screen 
at the Bay Park, New York, recharge site increased significantly 
whenever the suspended solids concentration in the recharge water 
exceeded 1.0 mg/L. Therefore, water from the representative 
municipal system described In this report, as well as that from 
other local systems may at times require treatment if they are to 
be used for recharge.

Mixtures of water in various proportions from the 800-foot 
sand and the ACMUA distribution system as sampled at the Atlantic 
City Central Junior High School may become supersaturated with 
oxygen (L. L. Knobel, U.S. Geological Survey, oral commun., 1983). 
Oxygen is highly reactive and would probably react immediately 
with various minerals in the receiving aquifer, resulting in 
mineral oxidation arid precipitation. Temperature differences of 
10-15°C between the two waters during winter may cause degassing 
of oxygen and other gases as the injectant warms, likely reducing 
injection efficiency.

Detailed analyses of the chemical quality of the intended
injectant and native ground water at the recharge site would be
needed to determine if the two will mix favorably. These analyses
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would also indicate any changes in the quality of native ground 
water since samples were collected in 1983 (table 2). Detailed 
study of the mineralogy of the 800-foot sand would also be needed 
to predict likely effects of introducing oxygenated water of mixed 
origin into that aquifer.

SUMMARY AND CONCLUSIONS

This report evaluates the suitability of locally available 
water and the practicability of augmenting supplies in the 
Atlantic City area, New Jersey. Renewed economic development of 
the area since the mid-1970 f s has increased the demand for water. 
The resulting increase in pumpage from the 800-foot sand has 
reversed an antecedant water-level recovery in that aquifer, 
thereby reducing the quantity of water in storage and increasing 
the potential for saltwater intrusion.

Practicable approaches to providing a, dependable water 
supply for the area while properly managing withdrawals from the 
800-foot sand include: (1) development of surface-water supplies; 
(2) development of ground-water supplies; and (3) artificially 
recharging the 800-foot sand. The last approach is the principal 
alternative discussed in this report.

The evaluation includes a review of methods of artificial 
recharge with emphasis on attendant operational problems, 
investigation of local hydrogeologic conditions, and collection 
and interpretation of limited water-quality data.

Deep confined aquifers such as the 800-foot sand can be 
recharged artificially using either a connector well or a pressure 
recharge system. In the study area, a pressure recharge system 
would probably be more efficient, because many connector wells 
would likely be required to recharge the aquifer at rates high 
enough to arrest or reverse present water-level declines.

System design and quality of the injected water are 
important components of a successful artificial recharge system. 
Mixtures of water in various proportions from the 800-foot sand 
and from a representative local public-supply system may become 
supersaturated with oxygen. This would promote reactions with the 
constituent minerals of the receiving aquifer, possibly resulting 
in their oxidation and precipitation. Significant temperature 
differences between the two waters would be likely to exacerbate 
that condition. A few chemical analyses suggest that suspended 
solids concentrations in water from local public supplies may at 
times be high enough to cause clogging of recharge well screens. 
These problems are solvable by appropriate conditioning of 
recharge water. Such conditioning needs to be based on detailed 
investigation.
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Table 2. Chemical analyses of water samples.
[Results in milligrams per liter; 

all constituents are dissolved unless otherwise noted]

SOURCE OF WATER SAMPLES COLLECTED IN 1983 

January April

Specific
conductance
(micro-

siemens/cm
at 25°C)

pH (units)
Temper
ature (°C)

Dissolved
oxygen

Calcium

Magnesium

Sodium

Potassium

Bicarbonate
Total alka
linity

Sulfate

Chloride

Fluoride
Suspended
solids,
residue
at 105°C

Volatile
suspended
solids

ACMUA 1
system
at Atlantic
City Central
Jr. High
School

118

7.1

7.5

9.9

8.3

1.6

10

1.7

14

13

10

16

0.6

 

   

Resorts
Inter
national
well 2 ,
number
1-682

183

7.6

18.5

0.30

7.6

1.6

28

3.0

77

66

14

8.0

0.2

 

   

ACMUA 1
system at
treatment
plant

81

8.3

13.0

11.4

8.1

1.1

5.7

1.3

21

17

10

8.2

0.5

1.0

0.5

ACMUA1
system
at Atlantic
City Central
Jr. High
School

88

9.2

10.5

10.4

9.8

1.2

5.7

1.3

23

22

10

8.5

0.5

1.0

0.2

Resorts
Inter
national
well 2 ,
number
1-682

183

7.7

19.0

0.25

7.9

1.7

28

3.0

92

66

15

8.2

0.2

0.7

0.3

Bally f s Park
Place back
up well 2 ,
number
1-21

635

8.1

19.5

0.30

7.8

3.0

120

5.3

196

154

26

94

0.3

0.5

0.5

1 ACMUA (Atlantic City Muncipal Utilities Authority) supplies a mixture of water from
Absecon Creek, the Kirkwood-Cohansey aquifer system, and the Atlantic City 800-foot sand.

2 Well taps the Atlantic City 800-foot sand.
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GLOSSARY

Aquifer. A formation, group of formations, or part of a formation 
that contains sufficient saturated permeable material to yield 
significant quantities of water to wells and springs.

Brackish water. Water intermediate in salinity between freshwater 
and saltwater.

Cone of depression. An indentation produced in the potentiometric 
surface or wa~ter table by the withdrawal of water from an 
aquifer; it has the general shape of an inverted cone with its 
apex at the area of greatest pumping.

Confining layer. A body of relatively impermeable material 
overlying or underlying one or more aquifers. The hydraulic 
conductivity of the confining layer may range from nearly zero 
to some value distinctly lower than that of the aquifer.

Dissolved. As used in this report refers to that material in a 
representative water sample that passes through a 
0.45-micrometer membrane filter.

Evapotranspiration. Water discharged from land areas by evapora 
tion from water surfaces and moist soil plus transpiration by 
plants.

Filter pack. An envelope of coarse sand or gravel emplaced around 
a well screen. It increases the effective diameter of the 
well and helps prevent clogging of the screen.

Head, static. The height above a standard datum of the surface of 
a column of water (or other liquid) that can be supported by 
the static pressure at a given point. The term head, as used 
in this report, means static head.

Hydraulic conductivity. The volume of water at the prevailing 
kinematic viscosity that will move in unit time under a unit 
hydraulic gradient through a unit area measured at right 
angles to the direction of flow. Formerly called field 
coefficient of permeability.

Hydraulic gradient. The change in static head per unit of 
distance in a given direction. If not specified, the 
direction is customarily that of the maximum rate of decrease 
in head.

Milligrams per liter (mg/L). A unit expressing the concentration 
of chemical constituents in solution as the mass (milligram) 
of solute per unit volume (liter) of water. One mg/L is 
approximately equal to 1 part per million (ppm) in aqueous 
solutions of low dissolved-solids concentration.
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GLOSSARY Continued

National Geodetic Vertical Datum of 1929 (NGVD of 1929). A 
geodetic datum derived from a general adjustment of the first 
order level nets of both the United States and Canada, 
formerly called mean sea level. NGVD of 1929 is referred to 
as sea level in this report.

Potentiometric surface. A surface which represents the static 
head in an aquifer. It is defined by the levels to which 
water will rise in tightly cased wells. See also "head, 
static".

Saltwater. Water containing appproximately 35,000 mg/L of 
dissolved solids, including about 19,000 mg/L of chloride.

Saltwater intrusion. The movement of brackish water or saltwater 
into a freshwater aquifer due to the lowering of the 
freshwater head below sea level by pumping.

Specific capacity. Of a well is the rate of discharge (gal/min) 
of water from the well divided by the drawdown (foot) of water 
level in the well. Specific capacity usually decreases slowly 
as the duration of pumping increases.

Specific conductance. A measure of the ability of a water to 
conduct an electrical current and is expressed in microsiemens 
per centimeter at 25°C. Because specific conductance is 
related to the number and specific chemical types of ions in 
solution, it may be used for approximating the dissolved- 
solids concentration in water. Commonly, the concentration of 
dissolved solids in milligrams per liter is about 65 percent 
of the specific conductance in microsiemens per centimeter at 
25°C. However, this relation may vary with source and 
composition of the water.

Storage coefficient. The volume of water an aquifer releases from 
or takes into storage per unit surface area of the aquifer per 
unit change in head.

Tertiary. The geologic period dating from 65 to 1.8 million years 
before present.

Transmissivity. The rate at which water of the prevailing 
kinematic viscosity moves through a unit width of aquifer 
under a unit hydraulic gradient. Transmissivity equals the 
hydraulic conductivity of an aquifer multiplied by its 
saturated thickness.

Water year. The twelve-month period, October 1 through September 
30, designated by the calendar year in which it ends.
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