WATER QUALITY IN THE POTOMAC-RARITAN-
MAGOTHY AQUIFER SYSTEM IN THE REGION OF
GREENWICH TOWNSHIP, GLOUCESTER COUNTY,
NEW JERSEY

By Cynthia Barton and Jane Kozinski

U.S. GEOLOGICAL SURVEY
Open-File Report 95-720

Prepared in cooperation with
GREENWICH TOWNSHIP, NEW JERSEY, and the
NEW JERSEY DEPARTMENT OF ENVIRONMENTAL PROTECTION

West Trenton, New Jersey
1996



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Gordon P. Eaton, Director

For additional information
write to:

District Chief

U.S Geological Survey
Mountain View Office Park

810 Bear Tavern Road, Suite 206
West Trenton, NJ 08628

Copies of this report can be
obtained from:

U.S. Geological Survey

Earth Science Information Center
Open-File Reports Section

Box 25286, MS 517

Denver Federal Center

Denver, CO 80225



Abstract..........
Introduction......

CONTENTS

.................................................

.................................................

Purpose and SCOPE. ... ...t iiiiiniinnerenneeennsssaoasaoncennes
Description of the study area........... ..t iinenannns
Physiography..........oiiiiiiiiiiiiiiiiiiienenannnnan
GeohYdrology. . it i e e
Historical land use..........iiiiiiiiiiiin e innaennns
Well-numbering system........ ...ttt iiiiiienniinrenenennnnnanns
Previous investigations........... ... ittt
Acknowledgments. . ..o oi vttt ittt ittt ettt
Methods of investigation.............. ... i e
Sampling nmetwork. ........ciiitiiiiriir et
Sampling methods........... .ot ittt
Field and laboratory analyses............oviiinnnnneneennnnnns
Quality @SSUranCe. .. .....cotiiiieirrrerrnonnneerosononenssennns
Statistical and graphical methods.................. .. Lt
Ground-water quality....... ...ttt ittt ittt e

Potable water

.................................................

Water from sites at which ground-water contamination has been

identified

.................................................

.................................................

Dissolved solids and specific conductance................
Dissolved ORYEeN. ... vvtieiitiiieeeeenrnneeeeaseocannansas
Major doms.......oiiiiiiiiii ittt iiten ittt enens
Bicarbonate, calcium, and magnesium.................
Sodium and chloride...... ... ..ot nnnnnnnn.

Sulfate

.............................................

.............................

Radioactivity.. ..ottt ieiaaannnnn
Priority pollutants.........ccviiiiiiinnnnnnnnennnns

................................................

Manganese...........ciiiiiiiiniiinerinonronnronnecnns

Other trace elements
Nutrients............. e eenan ceee
Organic compounds

----------------------------------------

Dissolved organic carbon.........c.oviiiiiiiernnnnens

Purgeable organic compounds
Phenols
Summary and conclusions

References cited..

-------------------------

---------------------------------------------

............................................

.................................................



Plate

1A.

1B.

2A.

2B.

2C.

2D.

3A.

3B.

4A,

4B.

ILLUSTRATIONS

Page

Map showing location of hydrogeologic section and

locations of wells used to assess ground-water

quality in the region of Greenwich Township,

Gloucester County, New Jersey........ceoeeveviieeenn. in
Map showing locations of sites in the region of

Greenwich Township, Gloucester County, New Jersey,

at which ground-water contamination has been

identified by the U.S. Environmental Protection

Agency and New Jersey Department of Environmental

Protection.........i ittt innnnnenananns in
Map showing distribution of dissolved solids in water

in the middle aquifer of the Potomac-Raritan-

Magothy aquifer system in parts of Paulsboro

Borough and Greenwich and West Deptford Townships,

Gloucester County, New Jersey, 1980-88.............. in
Map showing distribution of chloride in water in the

lower aquifer of the Potomac-Raritan-Magothy

aquifer system in the region of Greenwich Township,

Gloucester County, New Jersey, 1980-88.............. in
Map showing distributions of sodium and chloride in

water in the middle aquifer of the Potomac-Raritan-

Magothy aquifer system in parts of Paulsboro

Borough and Greenwich and West Deptford Townships,

Gloucester County, New Jersey, 1980-88.............. in
Map showing distribution of sulfate in water in the

middle aquifer of the Potomac-Raritan-Magothy

aquifer system in parts of Paulsboro Borough and

Greenwich and West Deptford Townships, Gloucester

County, New Jersey, 1980-88............. .ot in
Map showing distribution of dissolved and total

arsenic, cadmium, chromium, and lead in water in

the upper aquifer of the Potomac-Raritan-Magothy

aquifer system in the region of Greenwich Township,

Gloucester County, New Jersey, 1980-88.............. in
Map showing distribution of dissolved arsenic,

cadmium, chromium, and lead in water in the

middle aquifer of the Potomac-Raritan-Magothy

aquifer system in the region of Greenwich Township,

Gloucester County, New Jersey, 1980-88.............. in
Map showing distribution of dissolved arsenic,

cadmium, chromium, and lead in water in the

lower aquifer of the Potomac-Raritan-Magothy

aquifer system in the region of Greenwich Township,

Gloucester County, New Jersey, 1980-88.............. in
Map showing distribution of dissolved and total iron in

water in the upper aquifer of the Potomac-Raritan-

Magothy aquifer system in the region of Greenwich

Township, Gloucester County, New Jersey, 1980-88....in

pocket

pocket

pocket

pocket

pocket

pocket

pocket

pocket

pocket

pocket



Plate

Figure

5A.

5B.

6A.

6B.

6C.

1.

ILLUSTRATIONS - -Continued

Map showing distributions of dissolved nitrate plus
nitrite and ammonia in water in the middle aquifer
of the Potomac-Raritan-Magothy aquifer system in
parts of Paulsboro Borough and Greenwich and West
Deptford Townships, Gloucester County, New Jersey,

1980-88. . ittt ittt et e ittt i s in pocket

Map showing distribution of dissolved organic carbon
in water in the middle aquifer of the Potomac-
Raritan-Magothy aquifer system in parts of
Paulsboro Borough and Greenwich and West Deptford

Townships, Gloucester County, New Jersey, 1980-88...in pocket

Map showing distribution of the total concentration of
25 purgeable organic compounds in water in the
upper aquifer of the Potomac-Raritan-Magothy
aquifer system in the region of Greenwich Township,

Gloucester County, New Jersey, 1980-88.............. in pocket

Map showing distribution of the total concentration of
25 purgeable organic compounds in water in the
middle aquifer of the Potomac-Raritan-Magothy
aquifer system in the region of Greenwich Township,

Gloucester County, New Jersey, 1980-88.............. in pocket

Map showing distribution of the total concentration of
25 purgeable organic compounds in water in the
lower aquifer of the Potomac-Raritan-Magothy
aquifer system in the region of Greenwich Township,

Gloucester County, New Jersey, 1980-88.............. in pocket

Map showing location of the region of Greenwich
Township, Gloucester County, New Jersey.............
Hydrogeologic section through the region of Greenwich
Township, Gloucester County, New Jersey.............
Boxplots of selected water-quality measurements and
concentrations of constituents in potable water in
the Potomac-Raritan-Magothy aquifer system in the
region of Greenwich Township, Gloucester County,
New Jersey, 1980-88......c.ciiiiiniiniierrnnennnnnn
Trilinear diagram showing percentage concentrations of
major ions in potable water in the Potomac-Raritan-
Magothy aquifer system in the region of Greenwich
Township, Gloucester County, New Jersey, 1980-88....
Stiff diagram showing regional variations in ionic
composition of water in the upper aquifer of the
Potomac-Raritan-Magothy aquifer system in the region
of Greenwich Township, Gloucester County, New Jersey,
1980-88............ e i ettt i e e
Stiff diagram showing regional variations in ionic
composition of water in the middle aquifer of the
Potomac-Raritan-Magothy aquifer system in the region
of Greenwich Township, Gloucester County, New Jersey,
1980-88. ... e e e e

Page

20

23

28



Figure

7.

8.

Table 1.

9.

ILLUSTRATIONS - -Continued

Stiff diagram showing regional variations in ionic
composition of water in the lower aquifer of the

Potomac-Raritan-Magothy aquifer system in the region
of Greenwich Township region, Gloucester County, New

Jersey, 1980-88. ... ... . i i e e
Graph showing concentrations of dissolved sodium and

chloride in samples of water from the middle aquifer

of the Potomac-Raritan-Magothy aquifer system and

from the Delaware River in the region of Greenwich

Township, Gloucester County, New Jersey, 1951-88....
Graphs showing variation in concentration of dissolved

sulfate in water from public supply wells in

Greenwich Township and Paulsboro Borough,

Gloucester County, New Jersey, 1965-88..............

TABLES

Summary of sites and aquifers in the region of Greenwich
Township, Gloucester County, New Jersey, at which
ground-water contamination has been identified or is
suspected by the U.S. Environmental Protection Agency
and New Jersey Department of Environmental Protection;
contaminant types; and sources of data.................

Results of analyses of water samples for physical and
chemical properties and inorganic and organic consti-
tuents, Potomac-Raritan-Magothy aquifer system, region
of Greenwich Township, Gloucester County, New Jersey,
1986-88. .. it e e e e i e

Location, altitude, well-construction, and hydrogeologic
data for wells used to assess the quality of ground
water, and results of water-quality assessment, region
of Greenwich Township, Gloucester County, New Jersey...

Physical and chemical properties and chemical constitu-
ents measured in ground-water samples, and analytical
detection limits........ .ottt

Summary of potable-water quality in the Potomac-Raritan-
Magothy aquifer system, as a whole and by aquifer, in
the region of Greenwich Township, Gloucester County,
New Jersey, 1980-88........ ... . it iiiiiennnnn.

Constituents frequently detected or measured at concen-
trations equal to or greater than drinking-water regu-
lations in water from wells in the Potomac-Raritan-
Magothy aquifer system in the region of Greenwich
Township, Gloucester County, New Jersey, 1949-88.......

vi

Page

30

36

40

66

73

104

13

18

22



CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED
WATER-QUALITY UNITS

Multiply By To obtain

foot 0.3048 meter

mile 1.609 kilometer

foot per mile 0.1894 meter per kilometer
square mile 2.590 square kilometer

Sea level: 1In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929--a geodetic datum derived from a general adjustment
of the first-order level nets of the United States and Canada, formerly
called Sea Level Datum of 1929.

ABBREVIATIONS
mg/L, milligrams per liter °C, degrees Celsius
pg/L, micrograms per liter pCi/L, picocuries per liter
#S/L, microsiemens per liter meq/L, milliequivalents per liter

vii






WATER QUALITY IN THE POTOMAC-RARITAN-MAGOTHY AQUIFER SYSTEM IN THE
REGION OF GREENWICH TOWNSHIP, GLOUCESTER COUNTY, NEW JERSEY

By Cynthia Barton and Jane Kozinski
ABSTRACT

Results of water-quality analyses of ground water from 185 wells were
used to describe regional variations in water chemistry in the Potomac-
Raritan-Magothy aquifer system, the sole-source aquifer in northern
Gloucester County, New Jersey. The effects of industrial and other urban
land uses on the quality of potable-water supplies were evaluated.

The chemistry of water in shallow parts of the upper and middle
aquifers is affected by the quality of precipitation, recharge from
overlying wetlands (some of which are filled with dredge spoils from the
Delaware River) and from the Delaware River estuary, chemical reactions with
aquifer materials, and contamination from industrial and landfill sites.
Although local variations in ground-water chemistry are great, pH, specific
conductance, and concentrations of dissolved solids generally are low in the
ambient ground water. The predominant dissolved cation generally is calcium
or sodium and the predominant anion is sulfate or bicarbonate. Dissolved
sodium and bicarbonate predominate and pH, specific conductance, and
concentrations of dissolved solids generally are higher in the confined part
of the aquifer system downgradient from the recharge area than in the
shallow part, near the recharge area. These characteristics reflect
continued chemical reactions with aquifer materials (including mineral
dissolution, oxidation-reduction reactions, cation exchange, and oxidation
of lignite) and the quality of water leaking from overlying marine deposits.
Concentrations of sodium and chloride are greater in the southern part of
the region than in the northern part, most likely as a result of mixing with
saline water from deep parts of the aquifer system in southern Gloucester
County. Water in most of the confined lower aquifer is slightly saline,
probably as a result of limited recharge through the overlying confining
unit; however, water in the northeastern part of the region, near the area
in which the hydrologic units crop out in Pennsylvania, is more dilute
because it receives more recharge.

The presence of contaminated ground water at 34 industrial and landfill
sites in the region was identified and investigated by the U.S.
Environmental Protection Agency (USEPA) and the New Jersey Department of
Environmental Protection. 1In general, ground water at or near all of these
sites was potable but had a lower pH, a higher specific conductance, a lower
concentration of dissolved oxygen, and higher concentrations of chloride,
sulfate, calcium, magnesium, iron, manganese, nitrate, ammonium, and
dissolved organic carbon than did ground water regionally. In addition,
trace elements designated "priority pollutants" by the USEPA frequently were
detected at concentrations greater than USEPA drinking-water regulations,
and purgeable organic compounds were detected most frequently in ground-
water samples from these sites or nearby areas. Ground-water chemistry at
these sites is affected by addition of chemicals through leaks, spills, and
disposal practices and by chemical reactions with aquifer materials,
Recharge of slightly to moderately saline water from the estuary during
drought can contribute to elevated concentrations of major ions in ground



water at these sites. Detection of halogenated aliphatic compounds,
decreases in pH, and increases in iron and sulfate concentrations in samples
from public-supply wells in the region through time suggest that the water
quality has degraded, possibly as a result of migration of contaminated
ground water from industrial areas upgradient from the wells. Additional
investigations are needed to identify specific sources of these
constituents.

INTRODUCTION

In this report, the Greenwich Township region is defined as a
rectangular, ll5-square-mile area between latitudes 39°45'00" and 39°52'30"
north and longitudes 75°07'30" and 75°22'30" west (fig. 1). The region
includes Greenwich Township and immediately adjacent areas in northern
Gloucester County, New Jersey, on the southeastern side of the Delaware
River, and in Delaware and Philadelphia Counties, Pennsylvania, on the
northwestern side. This area includes the outcrop and (or) shallow subcrop
areas of the southeastward-dipping units that comprise the Potomac-Raritan-
Magothy aquifer system, which underlies the Coastal Plain physiographic
province of New Jersey (fig. 1). This aquifer system is the major source of
water in southern New Jersey and is the principal source of potable-ground-
water supplies in the Greenwich Township region. The local ground-water
supply may be threatened by municipal and industrial sources of
contamination (John Redmond, Greenwich Township, oral commun., 1985) and by
recharge of saline water (Barksdale and others, 1958; Fusillo and others,
1984).

Contaminated ground water is present in the Greenwich Township region
in an industrial complex in the recharge area of the aquifer system (table
1, at end of report). Petroleum and chemical industrial plants and storage
facilities have existed along the Delaware River since the late 1800's.
Current operations at these facilities include the use, production, storage,
and disposal of organic and inorganic chemical compounds. At most sites,
routine plant operations have resulted in spills or leaks of hazardous
compounds, and elevated concentrations of organic and inorganic compounds
have been detected in both deep and shallow parts of the aquifer system
(table 1). Subsurface migration of ground water from these industrial
facilities may threaten potable-water supplies. One of the six public-
supply wells in Greenwich Township and Paulsboro Borough downgradient from
the industrial complex is in danger of closure because of contamination by
organic compounds (John Redmond, Greenwich Township, oral commun., 1985),
and ground-water samples from four additional public-supply wells have been
found to contain detectable concentrations of purgeable organic compounds
(table 2, at end of report).

Most of the water in the Potomac-Raritan-Magothy aquifer system in the
Greenwich Township region naturally consists of freshwater, water containing
less than 1,000 mg/L dissolved solids (Heath, 1983, p. 64). Results of
previous water-quality investigations have indicated, however, that slightly
to moderately saline water (water containing dissolved solids in
concentrations ranging from 1,000 to 3,000 mg/L) is found in parts of the
aquifer system within this region (Barksdale and others, 1958, p. 124-128,
fig. 24; Hardt and Hilton, 1969, p. 12-15, fig. 4; Kozinski and others,
1990). The saline water in the aquifer system may have entered the system



75° 74°

EXPLANATION SN

REGION OF
GREENWICH TOWNSHIP

7 Outcrop of the Potomac
Group and the Raritan
and Magothy Formations

4ar°

PENNSYLVANIA

PHILADELPHIA
COUNTY <

\/\\\
AN
40° < “Phiadeiphia

F/f)ELAWARE .G
,~ COUNTY

BURLINGTON
COUNTY

N

SALEM
COUNTY

20 MILES
)

39° 10 20 KILOMETERS

Base from U.S. Geological Survey
1:250,000 quadrangies

Figure 1. Location of the region of Greenwich Township,
Gloucester County, New Jersey.

3



by means of induced recharge of slightly to moderately saline water from the
Delaware River estuary and from deeper, confined parts of the aquifer system
in southwestern Gloucester County (Barksdale and others, 1958, p. 125; Hardt
and Hilton, 1969, p. 14 and 15). Hence, the encroachment of saltwater into
the aquifer system is an additional threat to the potable-water supplies in
the Greenwich Township region that may worsen as development and ground-
water withdrawals increase.

In order to manage the potable-water supplies in the Greenwich Township
region effectively, a detailed assessment of current ground-water
contamination is needed. Therefore, the U.S. Geological Survey (USGS), in
cooperation with Greenwich Township and the New Jersey Department of
Environmental Protection (NJDEP), conducted an investigation of the ground-
water resources in the Greenwich Township region during 1985-88. The
objectives of the study were to (1) define the hydrogeologic framework, (2)
assess the ground-water quality, (3) evaluate the threat of contamination to
the potable-water supplies, (4) simulate the ground-water flow system, and
(5) investigate alternatives for the future management of ground-water
resources. This report addresses the second and third objectives.

Purpose and Scope

This report assesses the quality of ground water in the Potomac-
Raritan-Magothy aquifer system in the Greenwich Township region by
characterizing the chemistry and distribution of both potable and
contaminated ground water. It presents water-quality data for 185 selected
wells screened in the Potomac-Raritan-Magothy aquifer system, identifies
water samples containing constituents in concentrations that exceeded
applicable drinking-water regulations, and gives statistical summaries of
the water-quality characteristics of the potable water in the aquifer
system, as a whole and by aquifer. Regional trends in ground-water quality
among and within the aquifers of the aquifer system are shown in Stiff
diagrams and on distribution maps of selected chemical constituents in
ground water from each aquifer. A map showing sites at which ground-water
contamination has been identified by the USEPA and NJDEP and a table that
summarizes the most frequently detected contaminants at these sites also are
presented. Known and potential sources of contamination are listed and the
affected aquifers at each site are identified. Ground-water-quality
anomalies are identified and described. Changes in the quality of potable-
ground-water supplies are estimated on graphs showing the change in
concentrations of selected chemical constituents in samples of water from
selected wells through time.

The water-quality data in this report are adequate to define, in
general, the extent of ground-water contamination in the Greenwich Township
region; however, they are inadequate to define the extent of contamination
at specific sites. Defining the extent of contamination at individual sites
was not an objective of this study.

Although the area studied during this investigation (fig. 1) includes
small parts of Delaware and Philadelphia Counties, Pennsylvania, no water-
quality samples were collected in the Pennsylvania part of the Greenwich



Township region during this study. All water-quality data presented herein
were obtained from analyses of ground-water samples from northern Gloucester
County, New Jersey.

Description of the Study Area
Physiography

In the extreme northwestern part of the Greenwich Township region in
Pennsylvania, Precambrian and lower Paleozoic metamorphic and igneous rocks
of the Piedmont physiographic province either crop out or are present as
suberops beneath a veneer of upper Cenozoic deposits (fig. 1). The Piedmont
physiographic province is bounded on the southeast by the Fall Line (fig.
1). East of the Fall Line, the crystalline rocks of the Piedmont province
are covered by deposits of the Coastal Plain physiographic province. The
Coastal Plain, which extends across the rest of the region, is a
southeastward-dipping, seaward-thickening wedge of unconsolidated to loosely
consolidated sediments that range in age from Quaternary to Cretaceous. The
maximum land-surface elevation in the New Jersey part of the region, 142
feet above sea level, is found in the southeastern part of the region. Most
surface water drains northwestward into the Delaware River (pl. 1A) and,
except for headwaters reaches, is affected by tides.

Geohydrology

A detailed discussion of the geohydrology of the Greenwich Township
region is available in Barton and Kozinski (1991); this information is
summarized here to define the aquifers and to identify the mineral sources
of dissolved chemicals.

Upper Cenozoic alluvial deposits, consisting primarily of sand and
gravel and averaging about 30 feet in thickness, mantle the surface
throughout most of the region. Adjacent to the Delaware River, the
underlying aquifers and confining units have been partly eroded and replaced
by upper Cenozoic deposits as much as 100 feet thick. Upper Cenozoic sand
and gravel deposits probably are connected hydraulically to the underlying
aquifers.

A southeastward-dipping, seaward-thickening wedge of predominantly
Cretaceous sediments underlies the upper Cenozoic deposits and constitutes
the regional system of aquifers and confining units in the Greenwich
Township region (fig. 2). The Englishtown aquifer system (fig. 2), a minor
aquifer beneath the surface veneer of upper Cenozoic sediments in the
southern part of the region, consists of a 0.5- to 2-mile-wide band of less
than 50 feet of white-gray or yellow-brown fine- to coarse-grained quartzose
sand containing local lenses of clay. Mica, glauconite, and lignite are
found in sand beds within the unit, and calcareous fossils and fossiliferous
siderite concentrations have been found in the massive, dark-colored beds.
This deposit is marine or marginal marine in origin.

The Merchantville-Woodbury confining unit underlies the Englishtown
aquifer system (fig. 2) or the surface veneer of upper Cenozoic sediments.
The confining unit consists of brown, greenish-black, dark blue, or black
interbedded silt, clay, and sand that reaches a thickness of more than
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190 feet in the southeastern part of the Greenwich Township region. The
strata consist mostly of quartz, muscovite, and about 10 percent glauconite
(Hardt and Hilton, 1969, p. 15), and contain marine-fossil fragments.

The oldest Cretaceous sediments, the Potomac Group and Raritan and
Magothy Formations, underlie the Merchantville-Woodbury confining unit.
Together, these geologic units form the Potomac-Raritan-Magothy aquifer
system (fig. 2). These units crop out! in a 3- to 5-mile-wide band covering
44 square miles adjacent to and underlying the Delaware River. The deposits
generally strike northeast-southwest and dip to the southeast at 40 to 60
feet per mile within the region (Barton and Kozinski, 1991). The aquifer
system consists predominantly of nonmarine delta-plain deposits (Owens and
Sohl, 1969, p. 239-242) that reach a total thickness of more than 850 feet
in the southeastern part of the Greenwich Township region. The deposits are
composed mainly of quartz, feldspars, micas, rock fragments, and lignite.
Common opaque minerals in the deposits include magnetite, ilmenite, and
pyrite; common accessory minerals include zircon, tourmaline, hornblende,
rutile, staurolite, sillimanite, and other metamorphic minerals.

The aquifer system consists of three major aquifers and two confining
units (Zapecza, 1989, p. 10; Barton and Kozinski, 1991)--the upper aquifer,
the confining unit between the upper and middle aquifers, the middle
aquifer, the confining unit between the middle and lower aquifers, and the
lower aquifer (fig. 2). A third confining unit locally divides the middle
aquifer into two parts. The upper and middle aquifers are connected
hydraulically in some places because the confining unit between them is
sandy and discontinuous. Upper Cenozoic deposits are thickest where parts
of the Cretaceous aquifer system adjacent to the Delaware River have been
eroded. Areas with significant thicknesses of upper Cenozoic deposits
include an area adjacent to Raccoon Creek in Logan Township, where the upper
Cenozoic clay and silt is as much as 60 feet thick, and an area in northern
Paulsboro Borough and Greenwich and northwestern West Deptford Townships,
where the sand and gravel is as much as 100 feet thick (pl. 1A).

The Potomac-Raritan-Magothy aquifer system is underlain by the
relatively impermeable and predominantly metamorphic bedrock of the
Wissahickon Formation (fig. 2). The Wissahickon Formation acts as the lower
confining unit of the Potomac-Raritan-Magothy aquifer system.

The shallow ground-water flow system is regionally discontinuous and is
most accurately defined on a local basis. In general, the water table is a
subdued replica of the land surface, such that water flows from areas of
high elevation to areas of low elevation. Throughout most of the region,
the water table is above sea level. Some shallow ground water discharges to
nearby surface water, which eventually drains into the Delaware River.

1 In this report, the terms "outcrop" and "subcrop” are used to
describe areas in which the Cretaceous sediments are exposed at land surface
or are overlain by Cenozoic sediments, respectively. The aquifers and
confining units discussed herein have a one-to-one correspondence with the
geologic formations in the study area, as described by Barton and Kozinski
(1991, table 1, p. 8).
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Adjacent to the river, horizontal hydraulic gradients between surface water
and the shallow ground-water system are low and are affected by tides. 1In
parts of Greenwich Township and Paulsboro Borough, the water table and
stream stages are below sea level because the Delaware River is diked and
floodgates are positioned at the mouths of major tributaries. In this area,
the potential for river water to recharge the aquifer system is great.
Recharge of the aquifer system occurs where streambeds and dike materials
are sufficiently permeable so that water can move through or beneath the
dike. Throughout most of the region, water potentially can move downward
through leaky confining units to the deeper ground-water system. At some
industrial sites, the water table is below ambient levels because of
extensive pumping of shallow ground water. 1In the vicinity of these sites,
vertical hydraulic gradients between the shallow and deep ground-water
systems are reversed.

Ground-water levels in each aquifer of the Potomac-Raritan-Magothy
aquifer system in 1986 ranged from near sea level in the subcrop area to
more than 50 feet below sea level in eastern parts of the Greenwich Township
region. Water levels decrease toward the east as a result of a large
regional cone of depression that surrounds pumping centers in the Camden
region (fig. 1). Similarity in the potentiometric surfaces of aquifers in
the system probably is caused by the hydraulic connection among the aquifers
that results from leaky confining units and a regionally similar
distribution of ground-water withdrawals (Luzier, 1980; Eckel and Walker,
1986). Subsurface flow of ground water is primarily toward the southeast
from the subcrop areas of each aquifer to areas downdip. Flow in the
downdip parts of the upper and middle aquifers is eastward toward Camden
County. Flow in the downdip parts of the lower aquifer is northeastward
(fig. 1). Vertical hydraulic gradients among aquifers in the subcrop areas
and shallow downdip parts of the aquifer system indicate a potential for
water to move from the Delaware River into the aquifer system and downward
through leaky confining units to deeper parts of the system. In the deep
confined parts of the aquifer system in the southeastern part of the region,
vertical hydraulic gradients among aquifers are reversed such that water
potentially can move upward to the upper aquifer. Hydraulic heads in the
overlying Englishtown aquifer system range from 60 feet above sea level in
the subcrop area to less than 20 feet above sea level in eastern parts of
the Greenwich Township region. Water probably leaks downward from the
Englishtown aquifer system through the Merchantville-Woodbury confining unit
to the upper aquifer.

Historical Land Use

The history of land use in the Greenwich Township region was discussed
in detail by Evans and others (1974, p. 7-19) and is summarized here as a
background for the subsequent discussion relating ground-water quality to
land use.

Most of the Greenwich Township was settled by 1685. Upland parts of
the region initially were favored for settlement because the land was better
drained and comparatively free of mosquitoes, yet provided easy access to
the river. Development of the region generally took the form of scattered
farms rather than villages.



As early as 1749, dikes and floodgates were built on tributaries to the
Delaware River to protect marshlands from tidal flooding so they could be
farmed. These dikes and floodgates were precursors of the extensive flood-
protection measures that exist today (1990) within Greenwich Township.

Industrial development in the region began in the late 1800's, when a
second rail line was completed. A phosphate-fertilizer plant was built in
Billingsport (northern Paulsboro Borough) and a dynamite plant was built in
northeastern Greenwich Township about 1880. By the beginning of World War
11, Paulsboro Borough had a sulfuric acid factory and an oil refinery.
Greenwich Township, whose development was dominated by the sulfuric acid
plant, still had some agriculture.

Since World War II, industrial growth has been responsible for most of
the development in the region. Land devoted to industry, much of it "heavy"
industry related to the manufacture, refining, storage, and transport of
petroleum products or solvents, has replaced much of the farmland and some
of the marshland. Most industrial development and population growth has
been near the mouths of the tributaries to the Delaware River. Since the
construction of U.S. Highway 130 and Interstate 295 (pl. 1lA), however,
development has increased throughout the region. Construction of bridges
over the Delaware River in and near the Greenwich Township region in the
1950’'s was followed by residential development of much of the eastern and
southeastern parts of the region because of the proximity of these areas to
Philadelphia.

VWell-Numbering System

Two systems are used by the USGS in New Jersey to identify wells. One
uses a 15-digit station number or USGS National Water Data Storage and
Retrieval System (WATSTORE) identifier. The first six digits represent
degrees, minutes, and seconds of latitude, and the next seven digits
represent degrees, minutes, and seconds of longitude at the well location at
the time the well was inventoried. These numbers should not be used to
provide well locations because they are not updated as new information
becomes available. Current information about well locations is stored as
latitude and longitude in the USGS National Water Information System (NWIS)
data base. The remaining two digits of the station number indicate the

sequence in which wells with the same latitude and longitude designation
were inventoried.

The second numbering system employs a six-digit number developed by the
New Jersey District of the USGS. The well number consists of a two-digit
county code and a four-digit sequence number which indicates the order in
which wells within the county were inventoried. The county code used in
this report is 15, for Gloucester County.

Previous Investigations

Many regional investigations of the quality of water in the Potomac-
Raritan-Magothy aquifer system adjacent to or including the Greenwich
Township region have been published by the USGS, the NJDEP, and other State
and county agencies. In an assessment of the water resources of the tri-
State region in the lower Delaware River valley, Barksdale and others (1958)



described the quality of water in the Potomac-Raritan-Magothy aquifer system
and noted the presence of ground-water contamination from saltwater
intrusion and hazardous-waste disposal in the northern Gloucester County
area. Ground-water-quality data for the Potomac-Raritan-Magothy aquifer
system were reported by Greenman and others (1961) for southeastern
Pennsylvania, by Hardt and Hilton (1969) for Gloucester County, and by
Rosenau and others (1969) for Salem County. Langmuir (1969a and 1969Db)
studied the geochemistry of iron in Coastal Plain aquifers in parts of
Gloucester County and adjacent counties. Fusillo and Voronin (1981) and
Fusillo and others (1984) compiled water-quality data for southwestern New
Jersey, including the Greenwich Township region. Schaefer (1983) examined
the distribution of chloride in Coastal Plain aquifers, including the
Potomac-Raritan-Magothy aquifer system in the Greenwich Township region.
Fusillo and others (1985) studied the distribution of purgeable organic
compounds in the outcrop of the Potomac-Raritan-Magothy aquifer system.
Kozinski and others (1990) investigated the chemistry of ground water at
hazardous-waste sites in Logan Township. Ervin and others (1994) examined
the inorganic and organic chemistry of ground water in the Potomac-Raritan-
Magothy aquifer system in Camden County and surrounding areas.

Balmer and Davis (in press) reported water-quality data for the Wissahickon
Formation in Delaware County, Pennsylvania.
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METHODS OF INVESTIGATION

Sampling Network

The water-quality sampling network consists of 187 wells; 185 are
screened in the Potomac-Raritan-Magothy aquifer system or undifferentiated
upper Cenozoic deposits, one is screened in the Englishtown aquifer system,
and one is screened in the Wenonah-Mt. Laurel aquifer (table 3, at end of
report). Three additional wells listed in table 3 were used only for
geologic information (wells 15-64, 15-96, and 15-412) and not for water-
chemistry data. Of the 185 wells, 60 are screened in the upper aquifer (or
undifferentiated upper Cenozoic deposits), 70 are screened in the middle
aquifer, 46 are screened in the lower aquifer, and 9 are screened in a part
of the Potomac-Raritan-Magothy aquifer system where individual aquifers
could not be differentiated.

Sixty of the wells in the Potomac-Raritan-Magothy aquifer system, the
well in the Englishtown aquifer system, and the well in the Wenonah-Mt.
Laurel aquifer were sampled during this study (table 2). The 60 wells were
chosen to obtain as uniform a distribution as possible throughout the
Greenwich Township region, and to obtain samples from each of the aquifers
of the Potomac-Raritan-Magothy aquifer system. Some wells were sampled
specifically because they were known to contain elevated concentrations of
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certain organic or inorganic compounds. All public-supply wells in
Greenwich Township and Paulsboro Borough were sampled to determine and
monitor the quality of the potable-water supply. The median depth to the
bottom of the screen in all sampled wells is 135 feet below land surface.
The areal distribution of wells, especially those screened in the middle
aquifer, is skewed toward wells screened in the shallow part of the aquifer
system, biasing the assessment of regional variations in water quality.

Water-chemistry results for four of the 185 sampled wells in the
Potomac-Raritan-Magothy aquifer system have not been reported in any
previously published USGS reports, but are stored in the USGS WATSTORE
system (tables 2 and 3). Analytical results used in this study are stored
in the USGS NWIS data base. The locations of wells included in the network
are shown on plate 1lA. Location, well-construction, and hydrogeologic data
for each well are listed in table 3.

Sampling Methods

Ground-water samples were collected during October 1986-September 1988.
Sampling procedures varied with the type of well sampled. Wells equipped
with vertical turbine pumps were sampled at discharge valves near the well
head. Samples from domestic wells were collected at spigots located before
holding tanks and water-treatment systems. Observation wells were sampled
with a portable submersible pump; samples for analysis of purgeable organic
compounds were collected with a Teflon? bailer. For all wells sampled, the
temperature, pH, specific conductance, and dissolved-oxygen concentration of
the discharged water were monitored as the well was pumped. Samples were
collected after a minimum of three casing volumes of water were evacuated
from the well and when the field measurements did not vary by more than 5
percent. After sample collection, alkalinity was determined by means of an
incremental field titration. If organic contamination was suspected at a
well site, sampling equipment was cleaned after sampling by flushing the
pump and other equipment with a soap solution and then with deionized water

to reduce the potential for cross-contamination of samples from different
wells.

eld d borato nalyse

Ground-water samples collected for this study were analyzed in the
field for temperature, specific conductance, pH, alkalinity, and dissolved-
oxygen concentration, and in the laboratory for nutrients, major and trace
inorganic constituents, purgeable organic compounds, and pesticides (tables
2 and 4). Only samples from wells with a high probability of containing
pesticides (for example, wells in or near agricultural areas) were analyzed
for pesticides.

2 yse of trade or brand names in this report is for identification
purposes only and does not constitute endorsement by the U.S. Geological
Survey. *
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Results of analyses of additional samples collected from wells in the
network as part of a number of previous investigations are available in
reports referenced in table 3. These samples generally were not analyzed
for all of the same constituents as the samples collected during this study.
Samples collected before 1980 were analyzed for most of the constituents
listed in table 4 with the exception of organic compounds.

Analytical results generally are reported in units of micrograms per
liter or milligrams per liter (tables 2 and 4). These units express the
concentration of chemical constituents in solution as weight of solute per
unit volume of solution. One thousand micrograms per liter is equivalent to
one milligram per liter; one milligram per liter is generally equivalent to
one part per million.

After collection, all samples were refrigerated and, with the exception
of those analyzed for purgeable organic compounds, were mailed to the USGS
National Water Quality Laboratory (NWQL) in Arvada, Colorado, within 72
hours. Analytical methods used by the NWQL for the determination of
concentrations of dissolved solids, nutrients, and inorganic constituents
are documented in Fishman and Friedman (1985). Concentrations of chloride
and nutrients were determined by colorimetric methods. The concentration of
sulfate was determined by turbidimetric methods. Concentrations of
aluminum, arsenic, chromium, and potassium were determined by atomic
absorption. Concentrations of the other inorganic constituents were
measured by atomic emission with an inductively coupled argon radiofrequency
plasma (ICP) excitation source.

Wershaw and others (1987) described the methods used by the NWQL to
determine organic carbon, organic nitrogen, phenols, purgeable organic
compounds, and pesticides in water. Organic carbon was measured by wet
oxidation methods. Phenols were determined by colorimetric methods.
Samples were analyzed for specific purgeable organic compounds (table 4) at
the USGS New Jersey District laboratory (NJDL) with a purge-and-trap sample
concentrator/gas chromatograph with a Hall detector in series with a photo-
ionization detector (Kammer and Gibs, 1989). The detection limit (the
concentration below which the presence of the purgeable organic compound
being determined can be neither verified nor denied) is 0.80 ug/L. If any
purgeable organic compound was detected, samples were shipped to the NWQL
and analyzed for purgeable organic compounds by gas chromatography with a
mass spectrometer. Detection limits for this method typically are either
0.20 or 3.0 uwg/L, but can be several orders of magnitude higher if dilution
of samples containing high concentrations of organic contaminants is
required. Because the NJDL was uncertified for analysis of purgeable
organic compounds at the time of the study, these analyses were done by the
NWQL for quality-assurance/quality-control purposes. Carbamate pesticides
were determined by high-performance liquid chromatography, and triazine
pesticides were determined by gas chromatography.

Qualjty Assurance

The quality-control program followed by the NWQL is described by
Friedman and Erdmann (1982), Peart and Thomas (1983), and Wershaw and others
(1987). The program involves analyzing a large proportion of samples to
evaluate accuracy and precision of laboratory measurements. The NWQL also
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Table 4. Physical and chemical ppoppetiéesaackichmiéal ! conntftasatssmassnedd inggoondduaseer sempbees , aack
analytical detection limits

[uS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; ug/L, micrograms per Lliter;

C, degrees Celsius; pCi/L, picocuries per Liter; *, the compound also was determined by using gas chromatography
with a photoionization detector and an electrolytic conductivity detector in series at the U.S. Geological Survey,
New Jersey District laboratory with a detection Limit of 0.80 ug/L; +, the concentration of the compound was used

in the calculation of the total concentration of purgeable organic compounds]

Field and laboratory Detection _ _ Detection
measurements limit Nutrients (dissolved) Limit (mg/L)
alkalinity (as bicarbonate), field 0.1 mg/L nitrogen, ammonia, as N 0.010
dissolved ox{gen, field .1 mg/L nitrogen, ammonia + organic, .10
dissolved solids (residue on . as N L
evaporation, 180 °C) 1 mg/L nitrogen, nitrite, as N .010
hardness (as calcium carbonate), lab . nitrogen, nitrite + nitrate, .10
pH, field .1 unit oh a's)hN hophosphat 010
osphorous, ort osphate, .
specific conductance, field 1 uS/cm as P
water temperature, field .1°C
Detection . Detection
Inorganic constituents limit Organic constituents Limits
Major ions (dissolved) (mg/L) organic carbon (dissolved) 0.10 mg/L
. total recoverable phenols 1 ug/L
calcium 0.02 .
chloride .1 Purgesble organic compounds .20-3.0 ug/L
magnes ium .01 * + benzene
potassium .1 * + bromoform
silica .006 * + carbon tetrachloride
godium .2 * + chlorobenzene
sulfate .2 * + chlorodibromomethane

Metals and trace elements (dissolved) (f‘csll.) chloroethane

* 4
aluminum * + 2-chloroethyl vinyl ether
arsenic * + chloroform
barium_ 2 1,2-dibromoethylene
beryllium .5 * 1,2-dichlorobenzene
cadmium 1
. * 1,3-dichlorobenzene
chromium 10 * 1.4-dichlorobenzene
cobalt 3 * + dichlorobromomethane
copper 10 dichlorodifluoromethane
fluoride (mg/L) 3.1 * + 1,1-dichloroethane
iron
lead 10 * + 1,2-dichloroethane
Lo * + 1,1-dichloroethylene
Lithium 4 * 4+ 1,2-cis/trans-dichloroethylene
xngansse 1 5 * . 1 ,§-gic={oropropane
reur . ,3-dichloropropane
mol ybdenum 10 opropa
strontium .5 * + cis-1,3-dichloropropene
vanadium 6 * trans-1,3-dichloropropene
zinc 3 * o+ ethzl benzene
R _ ) * + methylbromide
Radionuclides (pCi/L) * methylchloride
Gross-alpha 0.1
Gross-beta .1 * + methylene chloride
Radium- 226 .1 styrene
Radium-228 1.0 + 1,1,2,2-tetrachloroethane
_ * + tetrachloroethylene
. Detection * + toluene
Pesticides Limit
* + 1,1,1-trichloroethane
* +1,1,2-trichloroethane
Carbamates (total) 2.0 ug/L * + trichloroethylene
carbaryl trichlorof Luoromethane
methomy L * + vinyl chloride
prophan
sevin xylenes
Triazines (total) 0.10 ug/L
alachlor
ametryne
atrazine
cyanazine
metolachlor
metribuzin
prometone
prometryne
propazine
simazine
simetryn
trifluralin
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is checked under the Quality Assurance Program of the USGS's Water Resources
Division, in which standard samples are submitted for analysis and
statistics on the results are tabulated.

A quality-assurance program was used during the current study to test
the accuracy of the NWQL’'s determinations. Successive samples were
collected from wells and were submitted "blind" to the laboratory. Two
successive ground-water samples were collected from wells for which the
probability of containing nutrients, selected inorganic constituents, or
pesticides in concentrations greater than detection limits was high. Wells
from which two successive samples were collected, and the type of analyses
performed, are indicated in table 2 as two sets of analytical results--one
for each sample from the same well collected on the same day.

Successive samples analyzed for nutrients were collected from wells 15-
345, 15-357, 15-564, 15-620, 15-657, 15-668, 15-674, 15-676, 15-680, 15-713,
15-715, and 15-728 (table 2 and pl. 1A). Concentrations of ammonia plus
organic nitrogen and phosphate as orthophosphate in successive samples were
outside precision limits for comparison suggested by Feltz and others (1984)
in 3 of the 12 successive sample sets that were analyzed. All other
successive analyses were within suggested precision limits, were less than
detection limits, or could not be compared to suggested precision limits
because the concentrations were outside applicable concentration ranges.

Successive water samples that were analyzed for inorganic constituents
were collected from wells 15-212, 15-296, 15-615, 15-668, 15-680, 15-712,
and 15-728 (table 2 and pl. 1A). Concentrations of each of the constituents
aluminum, cadmium, copper, iron, sulfate, and dissolved solids were outside
suggested precision limits (Feltz and others, 1984) in one of the seven
successive sample sets analyzed. For the other analyses, one of the
following situations applied: results were within suggested precision
limits, results were less than detection limits, results were outside
applicable concentration ranges, or no precision limits were available.

Three successive samples were collected from each of the 62 wells
sampled during this study for analysis for purgeable organic compounds. One
of the samples from each set of three successive samples was analyzed for
purgeable organic compounds at the NJDL within 72 hours of collection. The
second sample from each set of successive samples was sent to the NWQL and
analyzed within 3 weeks of collection for purgeable organic compounds to
verify the NJDL analytical results. Successive samples from only 53 of the
62 sampled wells were chosen for analysis at the NWQL; 29 were wells in
which purgeable organic compounds were detected by the NJDL and 24 were
wells in which no purgeable organic compounds were detected. Results of
analyses of successive samples done at the NWQL confirmed the results of
those done at the NJDL both in the purgeable organic compound detected and
in the order of magnitude of the concentration. In cases in which the
results of analyses done by the two laboratories differed by an order of
magnitude or more (without dilution of one of the samples), or in which
detection limits were comparable but the analytical results from the two
laboratories differed with regard to the presence or absence of a particular
compound, a data check was performed and, if necessary, the analysis was
rerun by both laboratories. Successive collection of samples and
differences in holding times did not appear to affect variations in
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purgeable-organic-compound concentrations. The third sample from each set
of three successive samples was refrigerated and held in reserve to be
analyzed in the event that a sample was damaged or lost.

Statistical and Graphical Methods

The quality of potable water in the Potomac-Raritan-Magothy aquifer
system in the Greenwich Township region is summarized in this report by
means of descriptive statistics. Nontransformed and log-transformed
concentration data were examined for normal distribution by using histograms
to determine whether parametric statistics could be applied. Because most
of the data are not normally or log-normally distributed, the 25th, 50th
(median), and 75th percentiles are listed as measures of the central
tendency and variability of the data. The concentration at a given
percentile is the value at or below which the given percentage of the cases
lie. The median, interquartile-range (25th and 75th percentiles), skewness,
and extreme values for selected constituents in water in the Potomac-
Raritan-Magothy aquifer system, as a whole and by aquifer, are illustrated
graphically by means of boxplots. Boxplots display the major statistical
features of a group of data and facilitate comparison of several groups
(Helsel, 1987, p. 182; Ryan and others, 1985, p. 126-127). For these
statistical analyses, the data set was limited to the period 1980-88.

The difference in water quality among the aquifers of the Potomac-
Raritan-Magothy aquifer system was evaluated by use of the Kruskal-Wallis
test--a nonparametric method for comparing the mean rank of the total sample
to those of two or more independent groups on the basis of one factor
(Conover, 1980). This method was used to test the null hypothesis that
water-quality characteristics and chemical concentrations are similar in
each aquifer. The alternative hypothesis is that the quality of water in at
least one aquifer is different from that in the other aquifers. The
significance level of the test is determined by using the H-value adjusted
for ties in rank from the Kruskal-Wallis test, and a Chi-square distribution
table. Differences among the mean ranks for all observations and the mean
rank for each group were considered significant at or above the 0.05
significance level.

If the Kruskal-Wallis test indicated a significant difference in the
data among aquifers, a multiple-comparisons test (Ryan and others, 1985,
P. 98b) was used to determine whether the mean rank of a group was higher or
lower than the mean rank for all observations. Groups with a mean rank
greater than or less than two standard deviations from the mean rank of the
pooled sample were considered significantly different. Results of the
multiple-comparisons test are reported by indicating which aquifer was
associated with a significantly higher or lower constituent concentration
than that of the pooled sample.

The results of these statistical tests should be used with caution, as
they may be biased by the uneven distribution of wells within the network.
For example, few wells are screened in the deep confined part of the aquifer
system in the south-southeastern part of the region, especially in the
middle aquifer. Hence, some differences in water quality among aquifers may
reflect a lack of data from this area.
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Trilinear and Stiff diagrams were prepared to illustrate variations in
major-ion concentrations among individual water samples (Hem, 1985, p. 173-
180). Both illustrative techniques express ion concentrations in units of
milliequivalents per liter, the molar-charge equivalent concentration of a
chemical constituent relative to the hydrogen ion, which has unit mass and
charge (Hem, 1985, p. 56). The major-ionic character of each water sample
is characterized by plotting the relative proportions of the major dissolved
ionic constituents, in percent milliequivalents per liter, on a trilinear
diagram (presented in the section on potable-ground-water quality) (Piper,
1944; Back, 1966, p. Al4, fig. 4; Freeze and Cherry, 1979, p. 149; Hem,
1985, p. 56, 173-180). The triangles at the lower left and lower right of
the diagram graphically express the water composition in percent of cations
and anions; each vertex represents 100 percent of a particular ion or group
of ions. The relative composition of each water sample with respect to
those ions is indicated by a point plotted within each triangle that
indicates the percentage of the total cation or anion charge that results
from the particular ions. The coordinates at each point total 100 percent.

The major ionic constituents of the water are illustrated in a slightly
different way in the central, diamond-shaped part of the diagram. Points
plotted on the diamond are located by intersection of lines extended from
the two sample points plotted on the triangles to the central diamond,
giving a point that represents the major-ion composition of each water
sample on a percentage basis with respect to the total of all ions shown.

Regional trends in major-ion chemistry of water in the aquifers of the
Potomac-Raritan-Magothy aquifer system are illustrated in a series of Stiff
diagrams representing the chemistry of water samples along approximate flow
paths (presented in the section on variations in major-ion chemistry). For
a single water sample, the concentrations of major ions (in milliequivalents
per liter) are plotted on line graphs that are stacked to form a distinctive
graphical shape. Comparison of the graphical shapes provides a quick visual
means for comparing the ionic composition of the water samples.

GROUND-WATER QUALITY

The quality of ground water is affected by the chemical composition of
precipitation; the nature of the land cover, including slope, soil type,
vegetation, and land use; the mineralogy of the aquifers; and ground-water
flow patterns and residence times in the aquifer. In the Greenwich Township
region, the quality of water in the Potomac-Raritan-Magothy aquifer system
also is affected by induced ground-water recharge from the Delaware River
estuary, anthropogenic contamination in the outcrop of the aquifer system,
mixing with slightly to moderately saline water from downdip in the aquifer
system in southern Gloucester County (Barksdale and others, 1958, fig. 16),
and vertical leakage of variable-quality water from overlying aquifers.

Many field and laboratory measurements can be used to describe the
quality of ground water. Those discussed in this report include pH (the
negative logarithm to base 10 of the hydrogen-ion activity), alkalinity,
specific conductance, and the concentrations of dissolved or total
constituents such as major ions, trace elements, nutrients, and organic
compounds. Properties of the minerals and water in the aquifer and
biological factors affect the mobility of these constituents and their
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partitioning between water and aquifer materials. Properties of the aqueous
system include temperature, pressure, pH, oxidation-reduction (redox)
potential, and the concentrations of solutes and dissolved gases, such as
oxygen and carbon dioxide.

Potable Wate

The quality of potable water in the Potomac-Raritan-Magothy aquifer
system in the Greenwich Township region is described statistically in table
5 and graphically by means of boxplots in figure 3. 1In this report, potable
water is defined as water that conforms to primary drinking-water regula-
tions (U.S. Environmental Protection Agency, 1988a; New Jersey Register,
1989). These regulations establish maximum contaminant levels (MCL's),
enforceable health-based standards for <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>