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ABSTRACT

Water levels were measured in 848 wells in
New Jersey, Pennsylvania, northeastern
Delaware, and northwestern Maryland during
October to December 1998. The water-level
altitudes were used to define the potentiometric
surface of 10 confined aquifers in the New
Jersey and Delaware Coastal Plain. Lines of
equal chloride concentration at 250 and 10,000
milligrams per liter are included to show the
extent of freshwater in the confined part of each
aquifer. Estimated water withdrawals from the
ten confined aquifers are reported for 1978-97.
Water-withdrawal maps and potentiometric
surface maps and sections, which include lines
of equal chloride concentrations, were prepared
for the Cohansey aquifer of Cape May County,
the Rio Grande water-bearing zone, the Atlantic
City 800-foot sand, the Piney Point aquifer, the
Vincentown aquifer, the Wenonah-Mount Laurel
aquifer, the Englishtown aquifer system, the
Upper Potomac-Raritan-Magothy, the Middle
and undifferentiated Potomac-Raritan-Magothy,
and the Lower Potomac-Raritan-Magothy
aquifers in New Jersey and the equivalent
aquifers in Delaware and Maryland.

From 1993 to 1998, water levels near the
center of the large cones of depression that
extend from Middlesex County to Monmouth
County rose as much as 47 ft in the Wenonah-
Mount Laurel aquifer and 51 ft in the
Englishtown aquifer system, thereby decreasing
the depth and extent of the cones of depression
along the coast. At the same time, water levels
declined about 5 to 10 ft in the Upper Potomac-
Raritan-Magothy aquifer, and the Middle and
undifferentiated Potomac-Raritan-Magothy
aquifers in the northern Coastal Plain.

Water levels in Burlington, Camden, and
Gloucester Counties declined as much as 67 ft
in the regional cone of depression in the
Wenonah-Mount Laurel aquifer. Water levels
declined as much as 34 ft in the Englishtown
aquifer system. In general, water levels in this
area rose as much as 51 ft in the Upper
Potomac-Raritan-Magothy aquifer, 31 ft in the
Middle and undifferentiated Potomac-Raritan-
Magothy aquifer, and 44 ft in the Lower
Potomac-Raritan-Magothy aquifer.

Water levels in the Vincentown aquifer have
remained relatively static since 1993. Water
levels in the Cohansey aquifer of Cape May
County remained constant in most areas;
however, water levels rose near Cape May City
after the completion of New Jersey's first
desalination well. The use of the desalination
well, which is screened in the Atlantic City 800-
foot sand, resulted in a large reduction in
withdrawals from the Cohansey aquifer after
spring 1998. A cone of depression that is
centered under the barrier islands of Cape May,
Atlantic, and Ocean Counties in the Rio Grande
water-bearing zone is mapped for the first time.
Water levels in the Atlantic City 800-foot sand
declined as much as 11 ft in the Atlantic City-
Ocean City area since 1993. Water levels in the
Piney Point aquifer declined about 5 ft near
Buena, declined 25 ft near Point Pleasant, and
rose about 10 ft near Dover, Delaware.

The potentiometric surface and cones of
depression in aquifers in Delaware that are
equivalent to the Wenonah-Mount Laurel aquifer,
and Upper, Middle, and Lower Potomac-Raritan-
Magothy aquifers in New Jersey are mapped for
the first time in this report series. Water-level
altitudes in these aquifers in New Castle County,
Delaware, were as low as -170 ft.

INTRODUCTION

Ground-water withdrawals from the confined
aquifers in the New Jersey and Delaware
Coastal Plain began in the late 1800's. Several
regional cones of depression in the
potentiometric surfaces of the aquifers have
developed as a result of the withdrawals. Before
1978, the cones of depression were mapped
locally on a sporadic basis. During 1978, the
U.S. Geological Survey (USGS), in cooperation
with the New Jersey Department of
Environmental Protection (NJDEP), first mapped
the potentiometric surfaces of the major aquifers
in the New Jersey Coastal Plain and developed
a plan to map the potentiometric surfaces of the
major confined aquifers at 5-year intervals. In
1984, the plan was expanded to include areas in
Delaware in order to map the extent of the
cones of depression that extend under the
Delaware River. This is the fifth report in the
series of reports that show the potentiometric
surfaces for the major confined aquifers of the
New Jersey Coastal Plain.

Documentation of the potentiometric surface
at 5-year intervals provides a means to assess
past water-management decisions as well as to
develop a firm basis for future water-
management decisions.

Purpose and Scope

The purpose of this report is to define the
regional potentiometric surfaces during late fall
1998 for 10 confined aquifers of the New Jersey
Coastal Plain and the 5 equivalent aquifers in
northern Delaware. Water levels were measured
in 844 wells during October 18-December 11,
1998, and are listed together with water levels
measured during the 1978, 1983, 1988, and
1993 studies. Hydrographs of water levels for
103 observation wells during 1978-98 show
long-term changes and seasonal fluctuations for
each of the ten aquifers.

The 1998 potentiometric-surface map for
each of 10 aquifers is included. The aquifers
studied in this investigation include the
Cohansey aquifer in southern Cape May County,
the Rio Grande water-bearing zone, the Atlantic
City 800-foot sand, the Piney Point aquifer, the
Vincentown aquifer, the Wenonah-Mount Laurel
aquifer, the Englishtown aquifer system, the
Upper Potomac-Raritan-Magothy aquifer, the
Middle and undifferentiated Potomac-Raritan-
Magothy aquifer, and the Lower Potomac-
Raritan-Magothy aquifer. Each map shows the
location of three lines of equal chloride
concentration. One chloride line is in the
outcrop/unconfined part of the aquifer, and two
chloride lines are in the confined part of the
aquifer. Water-level tables and hydrographs, as
well as water-withdrawal maps and hydrographs,
are provided for each of the 10 aquifers.
Supplemental figures show precipitation during
1978-98, highlighting periods of summer
droughts. Three potentiometric-surface sections
show the vertical ground-water flow directions
and the gradients between the aquifers.

Study Area

The study area (fig. 1-1) is about 9,500 mi?
and includes the Coastal Plain of New Jersey
and Pennsylvania, Delaware Bay, Raritan Bay,
parts of the Coastal Plain in Maryland,
Delaware, and nearshore areas of the Atlantic
Ocean. The area of study focuses on Atlantic,
Burlington, Camden, Cape May, Cumberland,
Gloucester, Monmouth, Ocean, Salem, and
parts of Mercer and Middlesex Counties in New
Jersey; Kent and New Castle Counties in
Delaware; Bucks, Philadelphia, and Delaware
Counties in Pennsylvania; and Cecil, Kent,
Queen Annes, and Caroline Counties in
Maryland.

Hydrogeologic Framework

The aquifers and confining units included in
the study area are part of the wedge-shaped
deposits of sand, silt, and clay that range in age
from Cretaceous to Quaternary (table 1-1).
These deposits are less than 50 ft thick along
the western limit of the Coastal Plain and are
greater than 6,500 ft thick in southern Cape May
County. Zapecza (1989) describes in detail the
hydrogeology of New Jersey, and Vroblesky and
Fleck (1991) describe in detail the hydrogeology
of Delaware and Maryland. Sections A-A', B-B',
and C-C' show the positions of the aquifers and
confining units in the northern, central, and
southern New Jersey Coastal Plain (figs. 1-2 to
1-4).
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Precipitation

Monthly precipitation at National Climatic
Center stations in Hightstown, Glassboro, and
Atlantic City ranged from less than 1 in. to more
than 10 in. during 1978-98 (fig.1-5). Mean
precipitations during 1978-98 at the three
stations were 3.93, 3.72, and 3.33 in.,
respectively. For this study, droughts are defined
as periods of 4 months and longer when
precipitation was less than the 20-year mean
from 1978 to 1998. These drought periods are
highlighted in figure 1-5. Water withdrawals are
much greater during the summer months than
during the rest of the year; therefore, the
summer months also are highlighted. When
droughts occur during the summer, large
quantities of ground water typically are
withdrawn, and low water levels are observed on
hydrographs. Summer droughts occurred at all
three climate stations in 1980, 1984, and 1998.
Summer droughts occurred at two climate
stations during 1981, 1982, 1983, and 1993. The
summer droughts explain many, but not all, of
the exceptionally low summer water levels
shown on the hydrographs. During the summer
drought of 1998, water levels were exceptionally
low in some observation wells in the Atlantic City
800-foot sand, Piney Point aquifer, Wenonah-
Mount Laurel aquifer, and Upper, Middle, and
Lower Potomac-Raritan-Magothy aquifers.

Methods of Data Collection

Estimated water-withdrawal data were
compiled from NJDEP records and stored in the
USGS, State Water Use Data System. Estimated
water withdrawals in Delaware were provided by
the Delaware Department of Natural Resources
and Environmental Control. Static water-level
altitudes were measured in 792 wells in New
Jersey, Pennsylvania, and Maryland by USGS
personnel. Water levels were measured in 56
wells in Delaware under the authority of
Delaware Geological Survey personnel. Water
levels, which were measured during late October
to early December 1998, represent the annual
average water level. Low water levels typically
occur during late summer, and high water levels
typically occur during spring. Water levels were
measured in public-, industrial-, commercial-,
irrigation-, and domestic-supply wells and
observation wells.

Wells were selected on the basis of aerial
distribution for each aquifer. As in previous
studies, water-level altitudes were measured by
using steel or electric measuring tapes, which
are the most accurate devices, or by using an
airline, which is the least accurate. The airline
method was used for only a few wells that were
inaccessible for measuring with a steel or
electric tape.

The pumps in high-capacity supply wells were
turned off for at least 1 hour before
measurement of the water level in the well. In
addition, pumps in all other high-capacity supply
wells screened in the same aquifer within 0.25
mi. of the measured well were turned off for at
least 1 hour before measurement of the water
level. Following USGS methods for water-level
measuring, field personnel made several
measurements in each well until two similar
readings were obtained at least 5 minutes apart
to ensure that the water-level measurement
reflected the local static water level. In this
report, "observation well" means a well that had
not been pumped during the previous 24 hours.
In addition, "production well* means a well that
had not been pumped in the hour before water-
level measurement but may have been pumped
during the previous 24 hours. In the reports for
1978, 1983, and 1988, the terms "observation
well" and "production well" were applied to the
original use of the well, not to its use during the
investigation.

Water levels were referenced to the land-
surface altitude at each well site. The altitude of
land surface was used to adapt water levels to
the sea-level datum.

The location of the 10,000-mg/L line of equal
chloride concentration was estimated by Pope
and Gordon (1999) based on a computer model
simulation for each major aquifer of the New
Jersey Coastal Plain and by Vroblesky and Fleck
(1991) for aquifers in the Delaware Coastal
Plain. The location of the 250-mg/L chloride line
typically is based on published maps that are
cited for each aquifer. The 250 mg/L chloride line
shows the limit of potable water in each aquifer.
If no map was available to show the location of
the 250-mg/L chloride line in a particular aquifer,
the chloride line was determined from chloride
data stored in the U.S. Geological Survey Water
Quality Data Base. The 250-mg/L chloride line
designates the limit of the fresh drinking water
as defined by the NJDEP secondary drinking-
water standards (N.J. Department of
Environmental Protection, 1989). The surface-
water saltwater/freshwater interface near the
coastline is based on U.S. Fish and Wildlife
Service (1990) wetland delineation maps that
separate estuarine and marine wetlands
populated by saltwater-tolerant plants from
palustrine, lacustrine, and riverine wetlands and
upland areas not populated by saltwater-tolerant
plants. The locations of the three chloride lines
are used to determine the extent of freshwater
supplies and the location of the saltwater,
density-driven component of ground-water flow.

Conversion of Saltwater Level to
Freshwater Level

Water in two of the observation wells
measured in this study have chloride
concentrations in excess of 10,000 mg/L. Water
levels in these wells were converted from a
measured saltwater level to a calculated
freshwater level. The conversion equation follows
a modification of the Ghyben-Herzberg relation
(Todd, 1980) to determine the equivalent length
of freshwater in a well filled with saltwater:

le= (/PP L

where [ is length of the freshwater column in the
well casing, p, is the density of salty water, p; is
the density of freshwater, and 1 is the length of
saltwater column in the well casing. The density
of freshwater is 1.00, and the density of the
saltwater increases with increasing
concentrations of ions. The varying density is
presented in the body of the report.

Description of Data Presented

The data presented and discussed include
ground-water withdrawals, extent of freshwater,
and ground-water levels for each aquifer (Sheets
2 to 10). Estimated water-withdrawal data are
presented as maps and hydrographs for each
aquifer. The 250- and 10,000-mg/L chloride lines
delineate the extent of freshwater and are shown
on the potentiometric-surface maps and
sections. Water-level data are presented as
tables, hydrographs, maps, and sections to show
regional and long-term trends in water levels for
each aquifer.

The long term water-withdrawal data, 1997
water-withdrawal data, and long term water-level
data are presented with the potentiometric-
surface maps to integrate the regional and
temporal effects of ground-water withdrawal on
the potentiometric surface of an aquifer.
Furthermore, the locations of the 250 and
10,000 mg/L chloride lines are included to
demonstrate the proximity of saltwater to the
major pumping centers.

The water-level tables contain the well-
identification number for each well; site location
(latitude, longitude, and land-surface altitude);
owner's name; local well identifier; year drilled;
screen interval; date of 1998 water-level-altitude
measurement; water-level altitudes measured for
the previous surveys in 1978, 1983, 1988, and
1993, if available; and changes in water levels
from 1993 to 1998, if available.

The scale of the 1998 potentiometric-surface
maps, like previous maps in this series, is
1:250,000. The maps were prepared from the
water-level data listed in respective tables and

adapted from water levels simulated by Martin
(1984, 1998), Leahy (1979), and Phillips (1987).
The simulated potentiometric contours on the
maps are represented by the dashed contour
lines in the eastern part of most maps and are
labeled "approximate". Changes in water levels
during 1993-98 of 10 ft or more are discussed in
some detail. The accuracy of the potentiometric
contours depends on the distribution of wells, the
accuracy of land-surface-altitude data, and the
accuracy of the water-level measurements.
Differences in heads in a few randomly spaced
wells may be caused by local variations in
withdrawal or recharge, measurement-accuracy
limitations, or differences in the recovery periods
at recently pumped wells. Seasonal water-level
fluctuations and long-term trends in the altitude
of the potentiometric surface can be extrapolated
from the water-level hydrographs. Water-level
hydrographs from observation wells show water-
level trends during 1978-98.

Potentiometric surfaces are shown in map
view and in three section views for each aquifer.
The map view shows water-level altitudes, the
near horizontal flow direction, and the near
horizontal flow gradient. The framework for each
section view was developed from structure maps
by Zapecza (1989). The potentiometric surface
shown in each section was developed from the
potentiometric surface of the aquifer shown in
the respective plates in this report and from
published water-table maps. The potentiometric-
surface section shows the vertical flow directions
and flow gradients between the aquifers and
through the confining units. The sections also
show the near horizontal flow directions and flow
gradients within the aquifers.

Section A-A' shows ground-water-flow
directions and gradients in the northern Coastal
Plain (fig. 1-2). The section location was selected
to show the potentiometric surface highs that are
west of Freehold (fig. 1-1) and the cones of
depression in the Point Pleasant area. The
water-table contours are from Watt, Johnson,
and Lacombe (1994). Section B-B' shows
ground-water-flow directions and gradients for
the central New Jersey Coastal Plain (fig. 1-3).
The section location was selected to show the
cones of depression in the greater Camden
County and Atlantic City areas. Water-table
contours are from Watt and Johnson (1992) and
Johnson and Watt (1996). Section C-C' shows
ground-water-flow directions and gradients in
Cape May County (fig. 1-4). The section location
was selected to show the cones of depression in
southern Cape May County. Water levels in the
unconfined aquifer and shallowest confined
aquifers are from data on file at the USGS New
Jersey District office.

Previous Investigations

Previous potentiometric-surface maps in this
series show ground-water levels at 5-year
intervals from 1978 through 1993: 1978, Walker
(1983); 1983, Eckel and Walker (1986); 1988,
Rosman, Lacombe, and Storck (1996); and
1993, Lacombe and Rosman (1997).

This series is augmented by water-table maps
for the unconfined aquifers within the following
basins of the New Jersey Coastal Plain: Mullica
River Basin (Johnson and Watt, 1996); Salem
River, Raccoon, Oldmans, Alloway, and Stow
Creek Basins (Johnson and Charles, 1997);
Upper Maurice River Basin (Lacombe and
Rosman, 1995); Great Egg Harbor River Basin
(Watt and Johnson, 1992); and Toms River,
Metedeconk River, and Kettle Creek Basins
(Watt, Johnson, and Lacombe, 1994).

Well-Numbering System

The well-numbering system used in this
report is based on the system used by the USGS
office in New Jersey since 1978. The well
number consists of a county code and a
sequence number for the well inventoried in that
county. The codes for New Jersey, Pennsylvania,
and Maryland Counties in this report are

Atlantic, 1 Mercer, 21
Burlington, 5 Middlesex, 23
Camden, 7 Monmouth, 25
Cape May, 9 Ocean, 29
Cumberland, 11 Salem, 33

Gloucester, 15

Philadelphia County, Pa, P
Caroline County, Md, CO
Cecil County, Md, CE

For example, well number 7-221 is the 221st
well inventoried in Camden County. The well
numbers used in Delaware are assigned by the
Delaware Geological Survey.
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Figure 1-1. Location of study area.
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Figure 1-2. Section A-A' showing the potentiometric surface lines in the aquifers of the northern New Jersey Coastal Plain, 1998.
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Figure 1-3. Section B-B' showing the potentiometric surface lines in the aquifers of the southern New Jersey Coastal Plain, 1998.

Table 1-1. Geologic and hydrogeologic units in the New Jersey Coastal Plain and hydrogeologic units of the Delaware Coastal Plain
[Modified from Zapecza (1989, table 2); shading indicates aquifers in this study]
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SUMMARY AND CONCLUSIONS

The principal sources of ground-water supply
in the New Jersey and northern Delaware
Coastal Plain are 10 confined aquifers that
underlie the region. Ground-water withdrawals
have stressed many of the aquifers, causing the
formation of large regional cones of depression

Water withdrawal from the Rio Grande water-
bearing zone remained at just below 1 Mgal/d.
The potentiometric-surface map shows a
regional cone of depression in the aquifer near
the shore areas of Atlantic and Cape May
Counties. This is a sympathetic cone of
depression caused by withdrawals from the
Atlantic City 800-foot sand. A local cone of
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Figure 1-4. Section C-C' showing the potentiometric surface lines in the
aquifers of Cape May County, 1998.

Water withdrawals from the Vincentown
aquifer ranged from 0.5 to 1 Mgal/d. The
previous potentiometric-surface map was
produced in 1988. The configuration of the
potentiometric surface in 1998 is nearly identical
to that in 1988.

Total water withdrawals from the Wenonah-
Mount Laurel aquifer ranged from 5 to 10 Mgal/d
during 1978-98. Withdrawals in the northern
Coastal Plain decreased from 1.4 to 0.7 Mgal/d
during 1978-97 because of NJDEP's mandate to
reduce withdrawals. Water-level altitudes at the
center of the cone of depression rose as much
as 47 ft since 1993 to about -90 ft in the center
of the cone in 1998. Water withdrawals from the
aquifer in the southern Coastal Plain increased
from 3 to 9.5 Mgal/d during 1978-97. As a result
of increased withdrawals, the cone of depression
centered in the greater Camden County area
expanded into Gloucester County. Water levels
in the center of this cone of depression declined
20 to 40 ft during 1993-98 to altitudes of about
-50 to -80 ft in 1998. Water withdrawals in
Delaware were negligible and water-level
altitudes ranged from +3 to +32 ft. The extent of
freshwater appears to be about the same as in
1988.

Total water withdrawals from the Englishtown
aquifer system decreased from 11 to 7 Mgal/d
during 1978-98. Withdrawals in the northern
Coastal Plain remained constant at about 5 to 6
Mgal/d during 1993-98 as a result of NJDEP's
mandate to reduce withdrawals from this aquifer.
Water withdrawals in the southern Coastal Plain
increased from about 1 to 1.5 Mgal/d during
1993-97. Water levels in the one major cone of
depression in the aquifer in the northern
counties rose about 60 ft during 1988-93 and
about 50 ft during 1993-98. As a result, the
altitude of the center of the cone of depression is
about -110 ft. The potentiometric surface
declined about 5 to 10 ft the greater Camden
County area. Chloride concentrations in water
samples were less than 25 mg/L in all but one
well. Observation well 25-771 installed in 1997
and screened in a lower sand unit of the
Englishtown aquifer system at Sandy Hook
produced water that contained a chloride
concentration of 16,000 mg/L.

Total water withdrawals in the Upper Potomac-
Raritan-Magothy aquifer decreased from about
80 to 50 Mgal/d during 1978-98. Water
withdrawals in the northern Coastal Plain
decreased from 31 to 28 Mgal/d during 1993-97
as a result of NJDEP's mandates. Water
withdrawals remained relatively constant at
about 30 Mgal/d in the southern Coastal Plain
counties. Water withdrawals in Delaware were
less than 0.5 Mgal/d. Decreased withdrawals in
the northern counties resulted in generally
constant water levels during 1993-98. The
minimum water-level altitude in the northern
counties was -42 ft in well 29-134. The cone of
depression in the greater Camden County area
had a minimum altitude of -102 ft. Water levels
have risen about 20 to 30 ft in the greater
Camden area since 1993. The minimum water-
level altitude was about -25 ft in the cone of
depression in the Salem and New Castle
Counties.

Water withdrawals from the undifferentiated
and Middle Potomac-Raritan-Magothy aquifer in
the northern Coastal Plain decreased from 95 to
70 Mgal/d during 1978-98 because of the
NJDEP mandate to decrease withdrawals. The
decrease in withdrawals caused the
potentiometric surface at the center of the cone
of depression to rise about 60 ft during 1988-93,
but then it declined about 5 ft during 1993-98.
Water levels in the cone of depression centered
under the greater Camden County area rose as
much as 20 ft during 1993-98. Water-level
altitudes at the center of the cone of depression
were about -90 ft during 1993 and -60 ft during
1998. The extent of freshwater remained about
the same as in 1993. The water-level altitude at
the center of the cone of depression in southern
Salem and New Castle Counties was about
-60 fi.

Water withdrawals from the Lower Potomac-
Raritan-Magothy aquifer decreased from 69 to
42 Mgal/d during 1982-97. As a result of
decreased withdrawals from this and other
aquifers in the Potomac-Raritan-Magothy aquifer
system, the center of the cone of depression
decreased in size in the greater Camden area,
and water levels rose as much as 44 ft. The
water-level altitude in the center of the cone of
depression in the lower Potomac aquifer of
Delaware was -179 ft. The extent of freshwater
remained about the same as in 1993.
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