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Evaluation of Aquifer Quality in New Jersey .
in Terms of Criteria Established by the
Underground Injection Control (UIC) Program

_Background ' ) 1

This report presents the status of ground water quality in terms of

"~ total dissolved solids (TDS) for various agquifers in the State of

New Jersey, for the purpose of implementing the State Underground
Injection Control (UIC) Program. (44 FR 23738).

The New Jersey U.I.C. program has been established in response to
United States Environmental Protection Agency efforts, under the
Safe Drinking Water Act of 1974, to help individual states establish
programs to protect "Underground Sources of Drinking Water" (USDW)
from deterioration due to underground injection practices.

Protection Under The Act

The Federal UIC regulatlons propose that all agquifers presently
used as drinking water sources, or aquifers designated as possible
drinking water sources be protected. In order for an aquifer or
part of an aquifer to be targeted for protectlon under the act, the
aquifer must be classified as a USDW, which is defined as an
aquifer or. its portion which:

1) Supplies any public water system; or contains a sufficient

quantity of ground water to supply a public water system,
and;

- 2) Currently supplies drinking water for human consumption;
or;

3) Contains fewer than 10,000 mg/1 total dlssolved solids
and;

4) Is not an "Exempted Aquifer™.

Exempted Aquifers.

An aquifer or part of an aguifer may be determined under 40 CFR

122.35 to be an "Exempted Aquifer" if it meets the following
criteria: :

1) it does not currently serve as a source of drinking water,
and;
2) It cannot now and will not in the future serve as a source

of drinking water because:

a) It is‘mineral, hydrocarbon, or geothermal energy produc-
ing;



b) It is situated at a depth or location which makes
recovery of water for drinking water purposes econo-
mically or technologically impractical;

c) It is so contaminated that it would be econoﬁically or
' technologically impractical to render that water fit
for human consumption, or;

d) It is located over a Class III well mining area subject
to subsidence or collapse.

Ground Water Quality

For the purpose of this report, the concentration of total dissolved
solids (TDS) is used as an indication of ground water quality in

a well, or aquifer, in addition to being used to determine an
aquifer's qgualification as a USDW. The attached tables are

designed to give an overall view of the present quality of ground
water in New Jersgey.

Source of Data

The data used in this report was retrieved from the national
WATSTORE computer system located in Reston, Virginia. The system,
which is used by the United States Geological Survey, (USGS),
contains physical, hydrologic and geologic data collected by the
USGS, in cooperation with the New Jersey Department of Environ-
-mental Protection (NJDEP). The information was collected as part
of U.5.G.S. and State water resource investigations and water
quality monitoring programs and is incorporated into the WATSTORE
system under a separate file called the Ground Water Site Inventory
(GWSI) file. ' This well information was selected primarily because
of its availability.

As can be seen from the number of wells listed in Table I and

shown on the enclosed map, there is a limited amount of data
available in some geographic areas. Because the USGS has conducted
a larger number of studies in the Coastal Plain, a greater amount
of water guality information is available from counties located

in the southern part of the state. The information on TDS concen-
trations for individual wells was selected from the available

data for each county. Wells with more than one TDS analysis were
considered to produce a more reliable TDS value and better represent
the present background water quality for a given aquifer. Wwhere
mgltiple TDS analyses for a well were not available, wells with
Slngle samplings were used to give a representative water quality
value for an individual aquifer or a specific geographic area,
especially in areas of sparse sampling data. Wwhere many wells
provided data covering a single aquifer within a small geographic
area, only a few selected wells were used to represent the ground
water quality at the particular location.



Aquifer Tables

In Table I the locations of selected wells monitored for total
dissolved solids (TDS) are listed by county. The table includes

- the range and average of TDS concentrations from sampling results
for selected wells. The location of a sampled well is designated

~ by its latitude and longitude, and is represented in the table by

a "Well ID Number", which corresponds to the numbers on the map
(figure 2). Other information in the table includes the geologic
formation, the number of times a well has been sampled, and a
site-specific well identifier that consists of the name of the
well owner and, in some cases, a well number designated by the
well owner or by the State.

In Table II, "sStatistical Data of Aquifer TDS Values", the mean,
median, and standard deviation for total dissolved solids for
individual aquifers are tabulated. The information in this table
was compiled from all TDS values that were in the GWSI file for
New Jersey at the time of this report. Other information in
Table II includes the geclogic formation and aquifer symbol, the
number of wells sampled per site, the number of samples taken per
well, and the range of TDS values reported. :

Table ITII, "Record of Selected Wells with Total Dissolved Solids
Greater Than 1000 mg/1", lists those wells included in the GWSI
file that exhibit values for TDS which are considered to exceed
normal background values for the aquifers. Some wells appearing
Ain the table do not appear on the map, because for some areas, as
- mentioned previously, there is an abundance of data and they were
excluded to preserve the clarity of the map.

Relationship Between TDS and Salinity in Aquifers

Elevated concentrations of TDS in Coastal Plain aquifers are most
often associated with saline ground waters. The presence of o
saline ground waters in Coastal Plain Formations has been attributed
primarily to several possible sources:

1. Naturally occurring "connate" water trapped in sediments
when they were deposited in the sea;

2. Water made saline through the leaching of salts contained in
sediments in earlier geclogic epochs, and;

3. Infiltration of sea water into sediments.

Saline ground water can enter fresh water aquifers through natural
processes or through disturbances in the equilibrium of the fresh
water system. Some researchers contend that a natural rise in

sea level is occurring in Yesponse to the effects of the present
Post—glacial epoch, causing the fresh water/saline water boundary
In Coastal Plain Formations to migrate inland. This phenomenon
represents a potential regional change in aguifer quality in some



formations, but would most likely occur at an extremely. slow

rate. Localized changes in water gquality related to saline water
are a result of changes in the dynamic equilibrium of the fresh
water system at well pumping centers. Cases of saltwater intrusion
of fresh water aquifers are documented for several locales in the
Atlantic Coastal Plain and in the Newark area of the Triassic
Newark Basin of New Jersey. Where salt water intrusion associated
with ground water withdrawals brings about elevated levels of
dissolved solids in aquifers, the resulting concentrations of
dissolved solids are generally less than the 10,000 mg/l criteria
established under the UIC regulations to define a USDW.

Salt water intrusion represents a response to local ground water
diversion and is not an indication of regional ground water
quality. In some cases the changes in water quality brought
about can be arrested or even reversed through proper water
management practices.

Salt water intrusion into New Jersey agquifers has been studied
extensively by the U.S. Geological Survey. Increases in the
salinity of agquifers attributable to ground water withdrawals
occurs in the aquifers and counties listed below:

Aquifer County
Cohansey Sand Atlantic, Cape May
Kirkwood Sand Ocean, Cape May
Magothy-Raritan (Kmr, undiffereniated) Gloucester, Salem
0ld Bridge Sand (Kmr) . Middlesex

" Farrington Sand (Kmr) . Middlesex
Glacial Drift and Brunswick Essex
Formation

In general, a hydrologic interface exists between fresh water and
saline water zones. This interconnection is demonstrated by _
cases of salt water intrusion wherein an increase in the concen-
tration of chlorides with time will take place in certain formations
during the pumping of wells, as a result of the landward migration
of the freshwater/saline water front. During periods of reduced

pumpage, the chloride concentrations may decline as the front
retreats again.

A generalization between water quality and depth cannot easily be
made, because water quality may 1mprove or worsen with depth.

For example, the salt water front in the Upper Rio Grande aquifer
(Klrkwood Formation) occurs farther inland than the salt water

" front in the Lower Rio Grande aguifer (Gill, 1962). Another
example of lack of correlation between inland migration of salt
water and depth can be cited in the Atlantic City Area where
fresh water is pumped from the "200 foot sand" of the Cohansey
Formation and "800 foot sand" of the Kirkwood Formation but
saltwater has been encountered in the "100 foot sand" of the
Cohansey and below the Y800 foot sand".



Magothy-Raritan Formation .

Total dissolved solids concentrations in the ground water in the
Magothy-Raritan Formation are elevated locally by salt water '
intrusion, and regionally in the base of the formation,’downdip
of its outcrop area. Localized salt water intrusion has caused

. the concentrations of dissolved solids to exceed 10,000 mg/l in a
few instances. In contrast, natural concentrations of dissolved
solids in the ground water in excess of 10,000 mg/1l, and as high
as 44,500 mg/l, have been measured in deeper portions of the
formation in Cumberland County.

Localized salt water intrusion into the Magothy-Raritan Formation
has occurred in the Delaware and Raritan Bay Areas. Salt water
intrusion linked to overdevelopment of ground water has impaired
.the 0ld Bridge Sand aquifer in Middlesex County. In the same
vicinity widespread encroachment by salt water from Raritan Bay
has raised TDS levels in the Farrington Sand aquifer. Intrusion
into the Farrington Member of the Magothy-Raritan has also been
linked to heavy pumpage, and to the dredging of the Washington
Canal. Concentrations of dissolved solids associated with the
encroachment of salt water into the 0l1d Bridge and Farrington
Sands are well below 10,000 mg/l.

In the Delaware Bay region concentrations of dissolved solids in
the range of 1000 to 2500 mg/l are associated with areas experiencing
salt water intrusion. '

On a regional scale, the quality of ground water in the Magothy-
Raritan Formation downdip of its outcrop area, at depths exceeding
approximately 1500 feet, exceeds the USDW criteria of 10,000

mg/ 1. ﬂ '

At the USGS Ragovin observation well in Cumberland County con-
centrations of TDS in excess of 19,700 mg/l have been measured
(Table III). Total dissolved solids concentrations increase with
depth in the formation, as determined from measurements in the
Ragovin well (fig. 1). Although no additional monitor wells are
available to detect trends to the southeast (seaward), even higher
concentrations of TDS would probably be encountered in the formation
seaward of Cumberland County. Additional monitor wells would be
required to accurately delineate a trend in TDS in the Magothy-
Raritan in the southern Coastal Plain of New Jersey.

Chloride concentrations can be used as an indicator of those

~areas not likely to meet the 10,000 mg/l TDS criteria. From
information in the USGS Salinity Outpost Network, Meisler (1980)
has delineated, on the basis of depth, those areas of the Coastal
Plain where the concentration of chloride would approximate

10,000 mg/1. It is assumed that these zones would also represent
zones where TDS exceeds 10,000 mg/l. The 10,000 mg/1 isobaths from
Melsler's report were included on figure 3.



Depth Below Surface (ft,)

Fig. 1| Concentration of Total Dissolved Solids in
Magothy-Raritan Formation vs. Depth Below
Surface (Data from USGS Ragovin Observation Well)
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The U.S. Geclogical Survey in 1976 conducted an inventory of

geologic deposits beneath the Atlantic Coastal Plain in order to
delineate potential underground waste storage sites (Brown and

Reid, 1976). Potential consolidated and unconsolidated sand-dominated
-and clay-dominated units of Early Jurassic to Early Cretaceous

age were identified. '

Three potential waste storage reservoir sands were identified.

The sand units delineated are present beneath Atlantic, Burlington,
Cumberland, Ocean and Cape May Counties at a depth of 1800 feet

or greater. These units correspond to the Potomac-Raritan-Magothy
Group. Although these units represent potentially suitable
subsurface injection zones in their evaluation, there is insuffi-
cient information available to evaluate their stratigraphic
relationship with potential cap (confining) units or overlying
aquifers, and little information available concerning ground

water quality in the sands, other than that discussed for the
Magothy-~-Raritan Formation above.

Conclusions

In summary, the data compiled for this report indicate that water
quality in New Jersey's aquifers generally meets the criteria for
USDWs. Localized instances of elevated TDS concentrations are
attributable to salt water encroachment, along coastal areas, or
to ground water contamination.

‘Regional trends of higher TDS concentrations in specific portions
. of aquifers are related to prehistoric sea levels. When sea
level rose it initiated the inland movement of seawater and
pushed the connate salt water found in some aquifers landward.
Some evidence exists that the 10,000 mg/l of TDS criteria for a
USDW is exceeded in the seaward portions of some aquifers. Wwell
log and water quality data is very sparse in the deep, seaward
portions of New Jersey's aquifers and would need to be cbtained -
before the exemption of any aquifer portion could be considered.:



Index of Geologic Symbols used in Tables" |

Symbel Formation

BRCK Brunswick

CKKD Cohansey/Kirkwood (Combined)
CNSY Cohansey

CPMY Cape May

CRNL Cornwall

EGLS : Englishtown

ESPS Esopus

FRNG Farrington

HGFL High Falls

KRKD Kirkwood (Undifferentiated)
KRKDL Kirkwood (Lower)

KRKDU Kirkwood (Upper)

KTTN Kittatinny

LCKG Lockatong

MCVL Merchantville .
MGRR Magothy-Raritan (Undifferentiated)
MLRL Mount Laurel Sand

MLRW Mount Laurel/Wenonah

MNSQ ' ManasJquan

MRBG Martinsburg

ODBG : 0ld Bridge

OTSH Pleistocene Outwash

Q2WG Watchung

PCMB Precambrian

PLCC Pleistocene/Cohansey (Combined).
PNPN Piney Point

PNSK Pennsauken

SCKN Stockton

SNGK Shawangunk

TILL Pleistocene Till

VNCN Vincentown

* The geologic symbols listed above are those used in the
U.S5.G.S. WATSTORE computer file system and are different
than those used in figure 2,
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