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Hydrogeologic Framework in Three Drainage Basins in the
New Jersey Pinelands, 2004-06

By Richard L. Walker, Pamela A. Reilly, and Kara M. Watson

Abstract

The U.S. Geological Survey, in cooperation with the New
Jersey Pinelands Commission, began a multi-phase hydrologic
investigation in 2004 to characterize the hydrologic system
supporting the aquatic and wetland communities of the New
Jersey Pinelands area (Pinelands). The Pinelands is an ecologi-
cally diverse area in the southern New Jersey Coastal Plain
underlain by the Kirkwood-Cohansey aquifer system. The
demand for ground water from this aquifer system is increas-
ing as local development increases. To assess the effects of
ground-water withdrawals on Pinelands stream and wetland
water levels, three drainage basins were selected for detailed
hydrologic assessments, including the Albertson Brook,
McDonalds Branch and the Morses Mill Stream basins. Study
areas were defined surrounding the three drainage basins to
provide sub-regional hydrogeologic data for the ground-water
flow modeling phase of this study.

In the first phase of the hydrologic assessments, a data-
base of hydrogeologic information and a hydrogeologic frame-
work model for each of the three study areas were produced.
These framework models, which illustrate typical hydrogeo-
logic variations among different geographic sub-regions of the
Pinelands, are the structural foundation for predictive ground-
water flow models to be used in assessing the hydrologic
effects of increased ground-water withdrawals.

During 2004-05, a hydrogeologic database was com-
piled using existing and new geophysical and lithologic
data including suites of geophysical logs collected at 7
locations during the drilling of 21 wells and one deep bor-
ing within the three study areas. In addition, 27 miles of
ground-penetrating radar (GPR) surface geophysical data were
collected and analyzed to determine the depth and extent of
shallow clays in the general vicinity of the streams. On the
basis of these data, the Kirkwood-Cohansey aquifer system
was divided into 7 layers to construct a hydrogeologic frame-
work model for each study area. These layers are defined by
their predominant sediment textures as aquifers and leaky con-
fining layers. The confining layer at the base of the Kirkwood-
Cohansey aquifer system, depending on location, is defined
as one of two distinct clays of the Kirkwood Formation. The
framework models are described using hydrogeologic sec-

tions, maps of structure tops of layers, and thickness maps
showing variations of sediment textures of the various model
layers. The three framework models are similar in structure
but unique to their respective study areas.

The hydraulic conductivity of the Kirkwood-Cohansey
aquifer system in the vicinity of the three study areas was
determined from analysis of 16 slug tests and 136 well-perfor-
mance tests. The mean values for hydraulic conductivity in the
three study areas ranged from about 84 feet per day to 130 feet
per day.

With the exception of the basal confining layers, the
variable and discontinuous nature of clay layers within the
Kirkwood-Cohansey aquifer system was confirmed by the
geophysical and lithologic records. Leaky confining layers and
discontinuous clays are generally more common in the upper
part of the aquifer system. Although the Kirkwood-Cohansey
aquifer system generally has been considered a water-table
aquifer in most areas, localized clays in the aquifer layers
and the effectiveness of the leaky confining layers may act to
impede the flow of ground water in varying amounts depend-
ing on the degree of confinement and the location, duration,
and magnitude of the hydraulic stresses applied.

Considerable variability exists in the different sediment
textures. The extent to which this hydrogeologic variability
can be characterized is constrained by the extent of the avail-
able data. Thus, the hydraulic properties of the modeled layers
were estimated on the basis of available horizontal hydraulic
conductivity data and the range of sediment textures estimated
from geophysical and lithologic data.

Introduction

The New Jersey Pinelands area (Pinelands) (fig.1) is a
1.1-million-acre natural reserve area in southern New Jersey
that overlies the Kirkwood-Cohansey aquifer system in the
Atlantic Coastal Plain (fig. 2) (New Jersey Pinelands Commis-
sion, 1981). This ecologically diverse area supports a variety
of habitats and is home to many threatened and endangered
species. Cedar swamps, pine and oak forests, agricultural
areas, and newly developed commercial and residential areas
dominate the landscape. Demand for water from the Kirk-
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wood-Cohansey aquifer system is increasing as development
within the area increases.

The Pinelands Commission has been tasked with
evaluating increased water-supply demands within the
Pinelands area with respect to the potential of adverse effects
on the hydrologic and ecological systems in the area. The rela-
tion between key hydrologic and ecological attributes needs
to be characterized to (1) assess the effects of ground-water
diversions from the Kirkwood-Cohansey aquifer system on
stream and wetland water levels within the Pinelands, and (2)
determine the potential ecological effects of reduced water
levels on aquatic and wetland communities (New Jersey
Pinelands Commission, 2003). Therefore, the U.S. Geological
Survey (USGS), in cooperation with the Pinelands Commis-
sion, began a multi-phase hydrologic investigation in 2004 to
characterize the hydrologic system supporting the Pinelands
aquatic and wetland communities.

Three Pinelands drainage basins— Albertson Brook,
McDonalds Branch and Morses Mill Stream — were selected
for a detailed hydrologic assessment to provide the informa-
tion needed to develop a ground-water flow model that can
be used to predict hydrologic responses to increased ground-
water withdrawals. The first phase of this assessment consists
of a comprehensive hydrogeologic investigation of each study
area. The major objectives of this hydrogeologic investigation
are to (1) compile available hydrogeologic data (2) conduct
additional borehole and surface geophysical surveys and tests
to measure aquifer hydraulic properties, (3) characterize the
hydrogeologic framework, and (4) develop a hydrogeologic
framework model of each study area that will be used in
developing ground-water flow models for those areas.

Purpose and Scope

This report describes the methods used in, and results of,
the hydrogeologic investigations conducted in and near the
three study areas in the New Jersey Pinelands. The report doc-
uments the data-collection phase of the study, which included
compiling historical information on surficial geology, stratig-
raphy, and aquifer and confining-unit characteristics; drilling
21 wells; conducting surface and borehole geophysical sur-
veys; analyzing results of slug tests and well-performance tests
to estimate hydraulic properties; and interpreting the hydro-
geology of the localized Pinelands study areas. The interpre-
tations illustrate localized differences in the hydrogeology
in the vicinity of the three study areas that are typical of the
Pinelands and they provide the information needed to develop
and calibrate a ground-water flow model for each of the three
study basins. The hydrogeologic framework is presented as
structure-contour maps and maps that show the thickness of
hydrogeologic layers, differences in sediment textures, and
horizontal hydraulic conductivity (K) data estimated from slug
tests and well-performance tests.

Description of Study Areas

The three drainage basins were selected from a pool of
39 candidate basins because they represent a range of typical
hydrologic, geologic, and ecological conditions and landscape
features. Key hydrologic criteria for selection include aqui-
fer thickness, drainage area, stream length, drainage density,
past and current hydrologic monitoring and modeling, and
current (2004) and potential ground-water withdrawals from
the Kirkwood-Cohansey aquifer system. Major landscape
features such as land use, soil type, and landscape cover also
were considered. The Albertson Brook, McDonalds Branch,
and Morses Mill Stream drainage basins were selected for the
coordinated study of hydrology and wetland ecology (fig. 1).
For the purpose of this report, each study area consists of the
drainage basin surrounded by a buffer zone extending beyond
the drainage-basin boundary. The larger area created by the
buffer assures that a comprehensive hydrogeologic data set
is available for each of the study areas. The extended hydro-
geologic framework buffer boundaries also encompass the
planned ground-water flow model domain.

The Albertson Brook study area encompasses 84.7 mi?
consisting of a large part of the Albertson Brook drainage
basin (20.18 mi?) and the surrounding buffer zone. The Alb-
ertson Brook study area falls predominantly within Camden
County with its eastern-most part extending into Atlantic
County (fig. 1). The study area is bordered to the southwest
by the Gloucester County line and is situated south of the
Camden-Burlington County line. The dominant forested cover
in the study area consists of mixed pine and oak forests in the
uplands and hardwood and cedar swamps flanking the low-
lands. Agricultural land is common throughout the basin but
is nearly continuous south of the Albertson Brook. Residential
development is most dense in the northern part of the basin
in Camden County and along the highway corridors. Lightly
developed residential areas are present in the lower part of the
basin, which is largely agricultural or forested.

The McDonalds Branch study area is located in a mini-
mally developed area in Burlington County, New Jersey (fig.
1). The basin is small (5.52 mi?) and forested, containing a
mix of pine and oak forests that surround hardwood and cedar
swamps (Johnsson and Barringer, 1993). A small commercial
cranberry bog surrounds McDonalds Branch in the lower part
of the study area. Also in the lower part of the basin are lightly
developed residential areas and a small recreational lake. The
McDonalds Branch study area encompasses 28.08 mi?.

The Morses Mill Stream basin is relatively small (8.35
mi?), and the study area totals 35.28 mi2. The Morses Mill
Stream study area is located in Atlantic County (fig. 1). In
the eastern part of the study area, parts of the buffer zone
and drainage basin are situated outside of the New Jersey
Pinelands area boundary.

Developed and agricultural land are prominent features
of the Albertson Brook and Morses Mill Stream study areas,
and several production and irrigation wells, screened in the
Kirkwood-Cohansey aquifer system, are within each basin.
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All study areas contain wetlands, with varying vegetative
cover and soil conditions that typically have ground-water
levels ranging from O to 12 in. below land surface during the
growing season (U.S. Department of Agriculture, Natural
Resources Conservation Service (NRCS), 2000).

Hydrogeologic Setting

The three study areas are underlain by the sediments
of the Kirkwood-Cohansey aquifer system in the central
and southern Coastal Plain of New Jersey. The Kirkwood-
Cohansey aquifer system is the upper-most hydrogeologic
unit of a wedge-shaped sequence of Coastal Plain sediments
that lie on the pre-Cretaceous bedrock (Zapecza, 1989) (table
1). The Coastal Plain sediments are composed of sand and
gravel aquifers separated by silt and clay confining layers that
thicken and dip from the western limit of the Coastal Plain at
the Fall Line to the southeast, reaching a thickness of more
than 6,500 ft at Cape May, New Jersey (Gill and Farlekas,
1976). The Kirkwood-Cohansey aquifer system extends from
the updip limit of the Kirkwood Formation to the Atlantic
coast (fig. 2). The aquifer system is generally considered to be
an unconfined (water-table) aquifer, although locally extensive
clay layers can exist that can cause perched or semi-confined
conditions (Zapecza, 1989, p. B19).

The Kirkwood-Cohansey aquifer system is principally
composed of sands, silts, and clays of the Miocene age
Kirkwood Formation and gravels, sands, and clays of the
Cohansey Sand, also of Miocene age. Depending on location,
the Miocene age Bridgeton Formation and (or) Pleistocene
age and Holocene age sediments overlie the aquifer system in
the vicinity of the study areas. Where present, these surfi-
cial sediments are considered to be part of the Kirkwood-
Cohansey aquifer system. The material that composes the
Cohansey Sand typically is coarser grained than that of the
underlying Kirkwood Formation, which grades to clay near
its base (Zapecza, 1989). Carter (1978) described the Miocene
Cohansey Sand as a sequence of regressive barrier and barrier-
protected deposits ranging from surf zones to back bays and
marshes, a depositional environment that contributes to the
formation of discontinuous lenses of sand, silt, and clay.

The generalized hydrogeologic section shown in figure 2
illustrates the position of the Kirkwood-Cohansey aquifer sys-
tem in relation to other Coastal Plain sediments. The position
of the two regional basal surfaces of the Kirkwood-Cohansey
aquifer system, as described by Zapecza, (1989, p. B-19) are
shown in figure 2. In the western part of the aquifer system,
beneath the Albertson Brook and McDonalds Branch study
areas, the base of the aquifer system is the basal clay bed in
the lower part of Kirkwood Formation. About 8 mi west of the
Morses Mill Stream study area, the basal clay described above
dips below a thick diatomaceous clay, an extensive confin-
ing bed in the upper part of the Kirkwood Formation locally
known as the Upper Kirkwood confining layer (Zapecza,
1989, p. B18-B19) (table 1; fig. 2). The diatomaceous clay is

present locally and separates the Kirkwood Formation into
upper and lower sands. From the updip extent of its subcrop,
the diatomaceous clay dips and thickens toward the east to
approximately 200 ft (Zapecza, 1989, pl. 22, 23) in the vicin-
ity of Morses Mill Stream study area, locally forming the
basal clay confining layer of the Kirkwood-Cohansey aquifer
system. The upper sands of the Kirkwood Formation remain
hydraulically connected to the Cohansey Formation and retain
the name Kirkwood-Cohansey aquifer system. The lower sand
of the Kirkwood Formation that dips beneath the diatoma-
ceous clay is locally referred to as the Atlantic City 800-foot
sand (fig. 2).

Previous Investigations

The geology and hydrogeology of the Miocene Kirk-
wood Formation, Cohansey Sand, Bridgeton Formation, and
overlying Quaternary sediments that compose the Kirkwood-
Cohansey aquifer system have been discussed by numerous
investigators. The depositional environment of the Cohansey
Sand described by Carter (1978) and the surficial geology of
the central and southern Coastal Plain described and mapped
by Newell and others (2000) represent some of the most recent
work that interprets the origin and distribution of these sedi-
ments. The geology and ground-water resources of various
counties were studied previously including Burlington County
(Rush, 1968), Camden County (Farlekas and others, 1976),
Gloucester County (Hardt and Hilton, 1969), and Ocean
County (Anderson and Appel, 1969). Barksdale and others
(1958) discuss the Kirkwood Formation and the Cohansey
Sand over a four-county area in the New Jersey Coastal Plain.
These early investigators describe the Kirkwood Formation
and the Cohansey Sand as separate geologic units but often
indicate that they are hydraulically connected. In addition, the
Cohansey Sand and the overlying younger sediments were
recognized as forming a single hydrologic unit. Rhodehamel
(1973) discusses the geology and hydrology of the Kirkwood
Formation and Cohansey Sand in the vicinity of the Mullica
River basin in Atlantic and Burlington Counties (fig.1) and
describes the Cohansey Sand—upper Kirkwood Formation as a
single aquifer. Zapecza (1989) describes the Kirkwood-Cohan-
sey aquifer system as it applies to a multi-layer ground-water
flow model of the New Jersey Coastal Plain. The soils of Bur-
lington County are described by Markley (1971), and the geol-
ogy and soils of the McDonalds Branch basin are described
and summarized by Lord and others (1990) and Johnsson and
Barringer (1993), respectively.

Methods of Investigation

The methods discussed in the following sections describe
the work required to acquire and interpret data in order to
generate a hydrogeologic framework for each study area. The
hydrogeologic framework is intended to provide a structural



Table 1.

Geologic and hydrogeologic units in the New Jersey Coastal Plain in New Jersey.

Methods of Investigation

Albertson Brook and
McDonalds Branch
study area

Morses Mill
study area

SYSTEM | SERIES | GEOLOGIC UNIT LTHOLOGY HYDROGEOLOGICHYDROGEOLOGIC| 1ypROLOGIC CHARACTERISITICS
- Alluvial deposits Sand, silt, and black mud
o Holocene Surficial material, often hydraulically
° Beach sand Sand, quartz, light-colored, medium- to coarse-grained, . . . . connected to underlying aquifers.
= and gravel pebbly Undifferentiated | Undifferentiated | [ocally some units may act as
é confining units. Thicker sands are
. Cape May capable of yielding large quantities
Pleistocene Formation of water
Pensauken Sand, quartz, light-colored, heterogeneous, clayey,
Formation pebbly
Bridgeton
Formation
A major aquifer system.
i ight- . . G d wat 1l
Beacon Hill Gravel | Gravel, quartz, light-colored, sandy Klrkwovod-Cohansey Klrkwo_od-Cohansey unﬂé:? wng[;ﬁ%ctérgngﬁgﬁf; y
aquifer system aquifer system | In Cape May County the
X X X Cohansey Sand is a confined
Cohansey Sand Sand, quartz, light-colored, medium- to coarse-grained, aquifer
pebbly; local clay beds
Miocene
Confining unit
[ Eioi(araind: " | Thick diatomaceous clay bed occurs
) L A along coast and for a short distance
Kitwood | S g o e v velereang | i 'Rt e b <and
Formation diatomac%ous ciay g | 2zone’  |is present in the middle of this unit
g Confining unit
e Atlantic City . :
P 800-foot sand A major aquifer along the coast
Alloway Clay Member or equivalent
Piney Point
Formation ! ' ) )
Sand, quartz and glauconite, fine- to coarse-grained Piney Point aquifer Yields moderate quantities of water
Eocene Shark River
Formation =
=]
Manasquan Clay, silty and sandy, glauconitic, green, gray, and = .
Formation brown, contains fine-grained quartz sand :E Poorly permeable sediments
c
. Sand, quartz, gray and green, fine- to coarse-grained, Q " -
Vincentown glauconitic, and brown clayey, very fossiliferous, © Vincentown aquifer g}ew:tesrmiﬁ” atr?d T\%g?r?t? gﬁgm'"es
Formation glauconite and quartz calcarenite 2 P
Paleocene 2 area
o
Homerstown Sand Sand, clayey, glauconitic, dark green, fine- to g
coarse-grained o .
Poorly pemeable sediments
Tinton Sand .
infon_San Sand, quartz, and glauconite, brown and gray, —_—_————
Red Bank Sand fine- to coarse-grained, clayey, micaceous | Red Bank Sand1 Yields small quantities of water
in and near its outcrop area
Navesink Sand, clayey, silty, glauconitic, green and black, :
Formation medium- to coarse-grained Poorly permeable sediments
Sand, quartz, brown and gray, fine- to coarse-grained, .
Mount Laurel Sand slightlnglauconitic gray, 9 Weononah-Mount Laurel aquifer A major aquifer
. Sand, very fine- to fine-grained, gray and brown, silty,
Wenonah Formation slightly glauconitic
Marshalltown-Wenonah confining bed | A leaky confining bed
M”;l;snr;]aalﬁgnvn Clay, silty, dark greenish-gray, glauconitic quartz sand
Upper Englishtown Sand, quartz, tan and gray, fine- to medium-grained; Englishtown aquifer system A major aquifer. Two sand units in
® Cretaceous Formation local clay beds Monmouth and Ocean Counties
§ Woodbury Clay Clay, gray and black, micaceous silt
o . .o
S Merchantville-Woodbury confining bed |A major confining bed. Locally the
. - . Mechantville Formation may contain
Merchantville Clay, glauconitic, micaceous, gray and black; a thin water-bearing sand
Formation locally very fine-grained quartz and glauconitic sand
Sand, quartz, light-gray, fine- to coarse-grained.
Magothy Local beds of dark-gray lignitic clay. Includes Upper aquifer
Format D pper aq
ormation Old Bridge Sand Member B
3 A major aquifer system. In the
‘?E northem Coastal Plain, the upper
it . arai = Confining bed aquifer is equivalent to the
Raritan Sand, quartz, light-gray, fine- to coarse-grained T3 9 Old Bridge aquifer and the middle
" pebbly arkosic; contains red, white, and variegated clay.| g > " : h
Formation Includes Farington Sand Member £° aquifer is equivalent to the
S5 Middle aquifer Farrington aquifer. In the Delaware
T 9 River Valley, three aquif
T5 Valley, quifers are
& g recognized. In the deeper sub-
g Confining bed surface, units below the upper
. . 5 aquifer are undifferentiated
Lower Potomac Group Alternating clay, silt, sand, and gravel o
Cretaceous Lower aquifer

Pre-Cretaceous

Bedrock

Precambrian and Lower Paleozic crystalline rocks,
metamorphic schist and gneiss; locally Triassic
sandstone and shale and Jurassic diabase are

Bedrock confining bed

No wells obtain water from
these consolidated rocks,
except along Fall Line

"Minor aquifer not mapped in the report.

Modified from Zapecza, 1989
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foundation for ground-water flow modeling of the three study
areas. The framework investigations were extended outside
the study-area boundaries to provide additional information
used to determine the sub-regional structural characteristics of
the aquifer system and, thereby, improve the definition of the
framework model at the limits of the study areas.

The Kirkwood-Cohansey aquifer system has been
described predominantly as a water-table aquifer, within which
perched or semi-confined conditions can exist as a result of
localized clays (Zapecza 1989). Thus, the framework inter-
pretation ideally represents the structure of the aquifer system
in a way that accounts for local lithologic differences, yet
conforms to the sub-regional structural and depositional char-
acteristics. The approach for developing the hydrogeologic
framework model was to divide the aquifer system into aquifer
layers and leaky confining layers that generally conform to
the aquifer systems sub-regional structural and depositional
characteristics and then describe the aquifer system hydraulic
and physical properties associated with those layers.

The methods used to determine the aquifer system
properties from well-performance and slug tests are described,
including the details of the analytical methods used to cal-
culate horizontal hydraulic conductivity (K). These analyses
provided ranges of K values that represent the aquifer system
layers at locations where suitable wells were available. In
addition, methods of estimating sediment textures within the
hydrogeologic framework layers using geophysical and litho-
logic data are discussed in the following sections.

Data Acquisition

To characterize the hydrogeology of the Kirkwood-
Cohansey aquifer system in each study area and to establish
the ways this aquifer system interacts with water levels that
affect wetlands and surface water, a thorough understanding
of the continuity and effectiveness of the individual hydrogeo-
logic layers involved in the processes of transmitting or isolat-
ing ground water is needed. Data-collection activities used
to define the extent, thickness, and character of the principal
hydrogeologic layers in each of the three study areas include

* A search of hydrogeologic literature;
» Evaluation of available geophysical and lithologic data;
* Geophysical logging of boreholes during well drilling;

* Examination of aquifer sediment samples and drill
cuttings;

* Collection and analysis of surface geophysical data
obtained using ground-penetrating radar (GPR);

* Performing slug tests;

¢ Collection of well-performance test data; and
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» Compilation of a database of geophysical, lithologic,
and hydraulic property data.

Data were obtained from multiple sources including the
files of New Jersey Department of Environmental Protection
(NJDEP), Pinelands Commission, the USGS, and the U. S.
Environmental Protection Agency, and records of well drillers,
well owners, and previous studies.

Well-Numbering System

Water-level monitoring wells installed during this investi-
gation have a site name composed of the following codes:
A two-letter drainage basin identifier

e MB (McDonalds Branch),
e AB (Albertson Brook),

¢ MM (Morses Mill Stream);
followed by a two-letter well type code

e OW (Basin cluster observation wells),

e UP (upland water-level wells);
and a well number followed by a letter suffix
e S (shallow),

e M (middle),
e D (deep).

The letter suffixes indicate the relative depth of an individual
well within a cluster and are not intended to indicate that

the well is screened in a specific hydrogeologic layer of the
Kirkwood-Cohansey aquifer system.

Records of wells and boreholes included in this study
(table 2 at end of report) were compiled and entered into the
USGS Ground Water Site Inventory (GWSI) database (http://
waterdata.usgs.gov/nj/nwis/gwsi). These sites are
identified by the USGS well number (UID), a two-digit county
code number followed by a four-digit sequence number, and a
unique site name composed of the UID followed by the local
site identifier. The county code numbers used in this report
are 01 for Atlantic County, 05 for Burlington County, 07 for
Camden County, 15 for Gloucester County, and 29 for Ocean
County.

Altitude Data

All altitude data presented in this report are referenced
to the North American Vertical Datum of 1988 (NAVDSS).
Altitudes below NAVDS8 are preceded by a minus sign (-).
Altitudes used in this study have been determined in four ways
using differential leveling, from topographic maps, using a
surveying altimeter, or from a digital elevation model. All
land-surface altitudes were rounded to the nearest foot; the
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altitude values, the methods used to determine the altitudes,
and the levels of accuracy are given in table 2.

Altitude data determined at new wells by level or other
surveying method, with an accuracy of 1.0 ft or better, are
considered highly accurate and rounded to the nearest foot. All
other sites used for the hydrogeologic framework have associ-
ated altitude data that were previously manually interpolated
from 10-ft interval contours on 7.5-minute topographic quad-
rangle maps; these are considered accurate to within 5 ft.

A digital version of the 7.5-minute quadrangle maps,
referred to as the USGS 10-meter Digital Elevation Model
(10-meter DEM) of New Jersey, is a digital cartographic/
geographic dataset of altitudes in xyz coordinates derived
from contour lines and photogrammetric methods using USGS
7.5-minute topographic quadrangle maps. The 10-meter DEM
uses the same source as the historical altitude data, which are
manually derived from 7.5-minute quadrangle maps, but the
10-meter DEM also contains updated point data that provide
refined altitude values. The 10-meter DEM is considered to be
accurate to within 5 ft.

To ensure that the 10-meter DEM was reliable, its grid
was contoured and examined for anomalous data. In some
localized areas, the contouring revealed altitude errors in the
10-meter DEM, indicating that during the construction of the
10-meter DEM, incorrect values were assigned to unlabeled
contours on the quadrangle maps in a few areas. The errors
were corrected by comparing the contours with those on the
7.5-minute quadrangle maps. Where the contours were inter-
preted incorrectly, corrections were applied by cutting out the
affected area and patching in the corrected grid values for that
area.

The altitudes of pre-existing sites that were originally
determined from 7.5-minute topographic quadrangle maps
were compared electronically with the corrected 10-meter
DEM. Where the original site-altitude data were found to be in
error, altitudes were updated in the database with values from
the 10-meter DEM. The sites with more accurate altitudes,
such as those determined by leveling, were not changed. Thus,
the altitude used for a site is always based on the most accu-
rate information available.

Drilling Methods

A total of 21 wells were constructed during this phase of
the study in support of both the framework and water-level
investigations. In addition, 1 deep boring and 10 shallow bor-
ings were completed to obtain lithologic and geophysical data.
Locations of wells and borings were selected to fill gaps in
the existing stratigraphic and geophysical data, aquire data on
hydraulic properties of the aquifer system, and provide for col-
lection of water-level data for another phase of this study.

All 21 wells and the 1 deep boring (051597 MBTB-1)
were drilled by constructing open mud-filled boreholes using
standard hydraulic rotary drilling methods. The drilling mud
was composed of potable water mixed with a bentonite-clay-

based drilling fluid additive. To maintain an adequate flow of
cuttings from the borehole and to stabilize the borehole wall,
the drilling-mud viscosity was tailored to the conditions in
the borehole. During drilling, the materials penetrated by the
boreholes were described by USGS field staff on the basis of
drilling characteristics interpreted by the well driller, visual
examination of drill cuttings washed from the hole, and visual
examination of 12 aquifer sediment samples collected with a
2-in.-diameter split spoon sampler at selected locations and
depth intervals.

Sixteen of the new wells were installed in the three study
areas to determine aquifer hydraulic properties and to serve as
water-level monitoring sites. The wells were arranged in six,
3-well nests, two nests per study area. At each of two loca-
tions, one existing shallow well was used as part of the 3-well
nests. At the well nest locations, well screens were usually
installed at three depth intervals representing the major water-
bearing zones, which are distributed from the base of the
Kirkwood-Cohansey aquifer system to the water table. Five
additional wells were completed in the shallow part of the
surfical aquifer in the upland areas in the McDonalds Branch
basin by using the same methods and materials.

All monitoring wells were installed using hydraulic
rotary drilling methods by a New Jersey Licensed well driller
in accordance with New Jersey State regulations. Wells were
constructed of 2-in.-diameter flush joint polyvinyl chloride
(PVC) casings with 10-ft-long screens with 0.010-in. slots.
All wells were finished above land surface and secured with a
steel surface casing with a lockable cap. Pumping and surg-
ing methods were used to develop the wells after at least 24
hours had elapsed following well completion. Records of the
wells installed are given in table 2 and the lithologic logs are
provided (app. 1).

Geologic sediment samples were collected from a total of
10 shallow borings at various locations in the Albertson Brook
and McDonalds Branch basins using Geoprobe® sediment-
sampling equipment. Using these samples, the lithology pen-
etrated by each boring was described and their lithologic logs
are provided (app. 1). These data were used in the interpreta-
tion of the hydrogeologic framework and the GPR records
presented in the following sections.

Geophysical Methods

Borehole geophysical logs collected in seven of the deep
wells or boreholes drilled for this study and more than 27 mi
of GPR line were used to obtain information on the subsur-
face lithology. Interpretations of the data on Coastal Plain
sediments acquired using these methods require a working
knowledge of the local geology and hydrology, and an under-
standing of the application and limitation of the methods used.
Samples of geologic materials also were collected, examined,
and compared with geophysical logs during drilling, and these
data combined with historical drilling logs from locations with
geophysical data provided the basis for extending the inter-



pretation of the geophysical records. The following sections
describe the methods used, technical information related to the
acquisition and interpretation of the geophysical data, and the
limitations of these methods.

Borehole Geophysical Methods

Borehole geophysical logs are commonly used in ground-
water investigations to characterize the subsurface lithology
and to correlate stratigraphy. Qualitative analysis of geophysi-
cal logs for determining lithology involves using a working
knowledge of the local geology while comparing the response
on logs with site-specific information, such as cores or other
formation samples collected during drilling (Keys, 1987).

Geophysical logs (natural gamma, caliper, and various
electric logs including spontaneous potential (VSP), single-
point resistance (spr), and normal resistivity logs of 8-, 16-,
32-, and 64-in. electrode spacing), lithologic logs, and obser-
vations of drilling characteristics were made at six new wells
and one new borehole within the three study basins (app.1).
All of the logs were collected in open, mud-filled boreholes to
depths ranging from about 182 ft to 250 ft, which is generally
at or below the top of the basal clays of the Kirkwood-Cohan-
sey aquifer system. The geophysical logs and lithologic data
collected provided the information required for interpretation
of the lithology at each of the three areas of study.

The geophysical logs were compared in the field with
descriptions of the lithologic samples and with drilling char-
acteristics obtained in a manner that assured, to the greatest
extent possible, the collection of representative data. Geo-
physical log records are interpreted using knowledge of the
local geology and an understanding of the responses of logs
or of suites of logs to various lithologies. Natural gamma logs
typically show higher radiation in clays than in sands and
gravels. VSP logs tend to indicate a more negative electri-
cal potential in sands and gravels than in clays, and spr logs
usually indicate lower resistance in clays than in sands and
gravels. Normal resistivity electric logs typically measure
lower electrical resistivity in clays than in sands and gravels.
Caliper logs simply measure the borehole diameter. Suites of
geophysical logs where large variations in borehole diameter
were identified were analyzed by considering the effects of
variations in diameter on the response of geophysical logs col-
lected in that suite.

The data obtained from the geophysical logs were used
to develop a comprehensive interpretation of the lithology
at each well or borehole to guide the selection of screened
intervals during well construction and provide the basis for
interpreting lithology from other geophysical logs within the
geologic settings typical of each study area. These geophysi-
cal logs were used later to correlate important hydrogeologic
layers throughout the study areas.
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Surface Geophysical Methods

GPR is a surface geophysical method designed to inves-
tigate shallow earth materials using electromagnetic wave
energy (GPR waves) to acquire information about the sub-
surface. GPR surveys were conducted within the McDonalds
Branch, Alberston Brook, and Morses Mill Stream basins to
identify the presence, depth, and extent of the first subsurface
clay layer that might impede the flow of ground water to or
from the streams. The GPR surveys traversed accessible areas,
along sand roads and trails.

The survey was conducted using a MALA GeoScience
RAMAC GPR system equipped with 100 MHz (megahertz)
antenna. The antenna, distance measuring wheel, control unit,
and the computer used for data acquisition and recording are
attached to a sled pulled by the equipment operator. A total
of 27 mi of GPR line were surveyed within the three study
areas. The data were processed using the MALA Geosci-
ence RAMAC GroundVision proprietary software. The GPR
radargram, the image generated from the measured GPR data
(MALA Geoscience, 2003), displays a nearly continuous
image representing the subsurface material beneath the GPR
line. The radargram is an arithmetic graph of distance over the
ground and the travel time of the reflected electromagnetic
waves as they are affected by spatial changes in the conductiv-
ity-associated lithologic variability as the equipment is moved
along the GPR line. The depth of penetration of GPR waves in
relatively low conductivity material, such as sand, is typically
less than 80 ft using a 100 MHz antenna. Highly conductive
materials such as clay will attenuate the GPR waves, such that
no electromagnetic energy is reflected from below the top of
the first clay. As such, shallow clays mask all other geologic
features that may lie beneath.

The depth to the top of a conductive layer, such as clay,
is determined by recording the travel time of a reflected wave
at a representative velocity. The velocity of electromagnetic
wave energy in aquifer sediments was estimated by dividing
the known depth of a reflector (based on lithology from bor-
ings) by the actual travel time of the electromagnetic wave as
measured by the GPR system. The GroundVision software was
used to verify the velocity estimate, and if needed, the velocity
was adjusted so that the depth of a reflector observed on the
radargram matched the depth of the reflector determined from
the boring. Using these methods, the GPR wave velocity of
saturated aquifer sediments in the three study areas was deter-
mined to be about 225 ft per microsecond, a velocity typical of
saturated sand (Peter Joesten, U.S. Geological Survey, written
commun., 2004).

Based on available lithologic data in the vicinity of the
GPR lines and the erosional and depositional features inter-
preted from the GPR records, the extensive conductive layers
identified beneath the GPR lines were interpreted as clay. The
tops of the clays were interpreted on the radargram at a depth
and (or) travel time where electromagnetic wave reflections
cease. Where continuous clays were identified on the GPR
record, the location of the clay along the line of the survey was
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identified by its two endpoints and its approximate mid-point.
At these GPR points, the depth to the top of the clay was
determined from the GPR record, and the altitude of the GPR
point locations was determined from the 10-meter DEM.

Each GPR point was assigned an identifier that consisted
of a four-digit line number followed by a letter suffix. Inter-
pretations of previous GPR surveys in the McDonalds Branch
basin (Pierre Lacombe, U.S. Geological Survey, written com-
mun., 1990) also identified the extent and depth of clays, and
these interpretations were added to the recent GPR data set.
Those points are identified by either a BR (Butterworth Road)
or BP (Butler Place Road) suffix followed by a two-digit line
identifier and a line sequence letter suffix. Sites used in the
development of the hydrogeologic framework model are listed
in table 2.

A total of 273 GPR data points were interpreted in the
three study areas, including 98 in the Albertson Brook, 96 in
McDonalds Branch, and 79 in the Morses Mill study areas.
These data were used to define the altitude and extent of the
tops of the clays and to determine in which hydrogeologic
model layer the individual clays were identified. In addition
these data were used to describe the distribution and range of
textures associated with the near-surface framework model
layers.

The variability and density of the localized shallow
clays revealed by the continuous GPR data, greatly exceeds
the resolution needed for the sub-regional framework mod-
els, which are intended for use in ground-water flow models.
Sixteen representative GPR data points were selected for use
in developing the structure contour maps for the framework
model layers; five in the Albertson Brook study area, seven in
the McDonalds Branch study area, and four in the Morses Mill
Stream study area.

Interpretive Methods

The following sections describe the methods used to
compile a representative hydrogeologic data set, methods used
to interpret and summarize the hydrogeologic and geophysi-
cal data, and the methods used to summarize the interpreta-
tions derived from these data. The interpreted data provided
critical information about the hydrogeologic framework and
the hydraulic and physical parameters needed for the ground-
water flow models. All data derived by these methods are
stored in the hydrogeologic database, available at the USGS
New Jersey Water Science Center.

Database Compilation

Site information extracted from the Ground-Water Site
Inventory (GWSI) database was used to populate a hydro-
geologic framework database. The hydrogeologic database
was prepared in MS Access. The hydrogeologic database is
the repository for lithologic and geophysical data used for
framework interpretation and includes the interpreted values

that represent the tops of aquifers and leaky confining layers
and characteristics of the hydrogeologic framework layers.
The results of the slug test and well performance analysis are
stored in a similar file.

Available well site information— geophysical, lithologic,
and geologic data— were evaluated and compiled from mul-
tiple sources, including the NJDEP, Pinelands Commission,
USGS, U.S. Environmental Protection Agency, well drillers,
well owners, and previous studies. Data of acceptable quality
were processed for analysis and entered into the hydrogeologic
database.

The quality of the lithologic and geophysical data was
evaluated to assure the data were acceptable and representa-
tive. The assessment of data quality is, in part, subjective, but
knowledge and experience of the methods must be employed
to assess data acceptability. For example, a lithologic log
might be considered questionable when descriptions of sedi-
ments do not confirm the data from one or more good quality
geophysical log(s) collected from the same location; an obvi-
ously poor resolution geophysical log might show no response
in a zone where aquifer sediments described in the lithologic
log transition abruptly from sand to a thick clay. Determining
whether logs that contradict widely recognized geologic units,
such as thick regional clay, are representative of the geology
may require considerable scientific judgment.

Geophysical logs were preferred over lithologic logs
because they generally provide reliable and unbiased informa-
tion for interpreting and correlating lithology in Coastal Plain
sediments. Although the descriptive logs of sediments from
borings are useful in understanding lithology, the quality of
available lithologic logs is highly variable, largely because
descriptions of geologic sediments are often prepared by indi-
viduals representing a wide range of experience and interests,
sometimes resulting in confusing descriptions that use vague
or inconsistent terms to describe the observed sediment cut-
tings. Further complications include the difficulties in collect-
ing representative samples of cuttings from hydraulic rotary
drilled boreholes in unconsolidated sediments. Collection of
samples from cuttings requires a thorough knowledge of the
hydraulic rotary drilling process, but the ability to collect rep-
resentative samples demands additional considerations for the
travel time and stratification of cuttings in the mud-filled hole
and the observed drilling characteristics.

New data collected during 2004-05 include geophysical
and lithologic logs obtained from seven deep borings drilled in
the study areas and lithologic logs of borings for five shallow
wells in the McDonalds Branch study area. These data and the
altitudes of the tops of clays interpreted from surface geophys-
ical surveys were included in the hydrogeologic database.

Development of the Hydrogeologic Framework

A geologic data visualization software package called
Rockworks ™ was used to process and analyze hydrogeologic
data and to provide mapping and interpretative tools for the
construction of the hydrogeologic framework models. The



data set includes a site identifier (UID), site location, altitude
of land surface, lithologic descriptions from drilled boreholes,
digital geophysical log data, and interpretations of depths to
tops of shallow clays determined from GPR data.

Geophysical log suites, including natural gamma logs,
electric, and caliper logs (predominantly natural-gamma
logs), were examined with other subsurface lithologic and
geologic information to develop a conceptual model of the
hydrogeologic framework for each Pinelands study area. The
framework models are designed to support the three future
study-area ground-water flow models. The approach used for
preparing the framework models, discussed previously, divides
the Kirkwood-Cohansey aquifer system into aquifer layers and
leaky confining layers that reflect the aquifer systems sub-
regional, structural and depositional characteristics and defines
the range of variability of hydraulic and physical properties
in those layers. The erosional and depositional environments
of the Cohansey Sand, characterized by Carter (1978) and
the Pleistocene age and younger surfical geologic sediments
described by Newell and others (2000) provide valuable infor-
mation that corroborates the apparent discontinuous nature of
the lithology within the Cohansey Sand and the character and
extent of the younger surficial geologic units. The framework
models are intentionally based on the lithologic character
of the sediments to a greater extent than the distribution of
geologic formations because the framework model layers must
support the ground-water flow models, which will represent
the hydrogeologic system. The geologic environments leading
to the deposition and erosion of the surficial sediments that
has been described by previous investigators proved helpful in
understanding and describing the variable lithologic character
of the aquifer system.

Using the conceptual framework models, Rockworks™
was used to view and correlate geophysical and lithologic
data in two-dimensional (2D) vertical sections for multiple
sites with all geologic data presented in relation to a common
datum. Initially, these sections were oriented along and normal
to the recognized formation strike so that the regional dip of
the formation could be considered in the interpretation of the
framework layers. Using various sectional views, additional
correlations were made between adjacent boreholes, the
applicability of the conceptual framework model was con-
firmed, the structure tops of major hydrogeologic layers were
finalized, and their depths were recorded in the hydrogeologic
database. The altitudes of the tops of the hydrogeologic layers
were calculated on the basis of land-surface altitude, rounded
to the nearest foot.

Mapping Hydrogeologic Framework Layers

Structure contour maps of the tops of hydrogeologic lay-
ers, and thickness maps of these layers were prepared for each
of the three study areas using the altitudes determined from
geophysical and lithologic data. The Rockworks ™ surface
modeling software tool was used to create grid models of each
hydrogeologic framework layer. The process involved prepar-
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ing structure contour maps of the tops of the hydrogeologic
layers using the Kriging surface modeling algorithm, which
also generated a comparable grid-based data set. For each
study area, the boundary coordinates assigned to the modeled
hydrogeologic grid layers were located outside the buffer zone
(beyond the study area boundary), which allowed the use of all
available hydrogeologic data in the immediate area surround-
ing the study area. These data, although sparse, improved the
position of the structure contours at the study area boundary
by forcing the edge effects that are commonly associated with
limited, sparsely spaced data, to the fringes of the area of
investigation. The farther outside the study area boundary the
contours are, the more they tend to be of lower accuracy and,
thus for illustrative purposes, all contours were clipped to the
study area boundaries.

Given that the hydrogeologic layers lay one upon another,
the bottom of a layer is the same as the top of the underlying
layer. Thus, the thickness of each hydrogeologic layer was
determined by calculating the difference in altitude between
the modeled top of a layer and the top of the subjacent layer.
The results of these calculations generated a thickness grid
for each layer, and those grids were used to prepare structure
thickness contours using Environmental Systems Research
Institute, Inc., (ESRI) ArcGIS Spatial Analyst.

The extent of a layer is defined by the zero thickness con-
tour generated from the grids. Areas where a layer crops out
were identified as that area between its zero thickness contour
and the position of the zero thickness contour of the overlying
layer. All data used to prepare the structure contours are shown
on the maps presented in appendixes 2 through 4.

In some areas, the results of the contouring process
indicated either considerable stratigraphic variability and (or)
possible questionable geophysical and lithological data or
interpretations. In these cases, data were re-examined with
Rockworks™ using the previously described interpretative
process, hydrogeologic section views were examined to iden-
tify the cause of the observed variations, and interpretations
were adjusted where needed. In a few cases, data determined
to be of poor quality were removed from the data set. Because
of the known stratigraphic variability of the Kirkwood-
Cohansey aquifer system and the scarcity of data in some
areas where the data showed consistency with the depositional
environments described by Carter (1978) and (or) the surfical
sediments described by Newell and others (2000), variability
in the data was accepted as indicative of the degree of geo-
logic variability within the aquifer system.

Hydrogeologic Sections

Hydrogeologic sections were prepared for each study
area from the final three-dimensional hydrogeologic frame-
work model of each study area, which was created in Rock-
works ™ by stacking all of the layer grids. The sections illus-
trate four cross-sectional views for each study area, tracing
point to point through interpreted data points that are located
on the sections by a dashed vertical line. The 10-meter DEM
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was used to depict variations in the altitude of the land surface
along the line of section. Gamma logs are shown on the sec-
tions where digital logs were available.

Determination of Aquifer System Properties

The process of constructing the hydrogeologic frame-
work revealed considerable spatial variability in the lithologic
character and, therefore, the hydraulic properties of aquifers
and leaky confining layers within the Kirkwood-Cohansey
aquifer system. The observed local variability of sediment
textures that makeup the prominent hydrogeologic layers,
although consistent with the depositional history of the aquifer
system leaves uncertainty as to the distribution and ranges of
the hydraulic properties within the aquifer system.

Developing an understanding of the spatial variability of
hydraulic properties in the hydrogeologic layers provides a
means of estimating their ability to transmit ground water. To
examine the variability of hydraulic properties in the aquifer
system, estimates of horizontal hydraulic conductivity (K)
were made by analyzing results from well-performance tests.
Hydraulic conductivity describes the rate at which ground
water will move through porous media in a unit time at a unit
hydraulic gradient through a cross-sectional area measured at
right angles to the direction of ground-water flow (Lohman,
1972). Slug tests were performed to determine K at the loca-
tion of 16 monitoring wells. In addition, short-term well-
performance test data from 136 wells in the three study areas
were analyzed to estimate K. These methods are described in
the following sections.

In addition to the K values estimated from the two types
of well tests, sediment textures reported on lithologic logs
and interpreted from geophysical data for each hydrogeologic
layer represent the distribution and range of textures in these
layers and, therefore, the variability of aquifer system proper-
ties. The approach used to interpret these data is described in
“Estimation of Spatial Variability of Aquifer System Proper-
ties”.

Slug-Test Methods

Slug tests were performed on 16 new wells by using
either the air slug (Greene and Shapiro, 1995) or solid slug
displacement methods. Air slugs were used for 14 wells where
the screen was sufficiently submerged to allow air pressure to
displace enough water to produce a reliable test without the
risk of the air escaping through the screened interval. The air
pressure was used to displace a proportional column of water
from the well. Typically, the headspace in the well above the
water was pressurized to about 5 to 7 Ib/in? (11.5-16.2 ft of
water). The pressure head was allowed to stabilize to assure
there were no air leaks in the slug testing apparatus or well
casing. Once the pressure had stabilized, the test was started
by instantly releasing the pressure in the well to the atmo-
sphere and simultaneously starting to record the water-level
changes. Water-levels were recorded until they had stabilized

at or near the initial level prior to pressurization, at which time
the test was complete. At least two tests were run on each well.

The air slug method could not be used to create displace-
ment in 4 of the 16 wells because the water table was too close
to the screened interval. For these wells, a solid slug was used
to displace an equivalent column of water from the well. At
least two tests were run on each of these wells. The first of
these, a falling head test, was run by quickly inserting the slug
to a fixed depth and, at that instant, the test and the water-level
recording was begun. Once the water level had fallen and
stabilized at the initial level, the test was complete. Next, a
rising head test was started by instantly removing the slug and
starting the water-level recording. The rising water level was
recorded until it had recovered to the initial level.

Water levels before/during/after the slug tests were
recorded using a submersible data logger equipped with a
pressure transducer. The data loggers were set to record water
levels in log time, beginning with a time interval of three-
tenths of a second. The water-level records were examined in
the field for quality assurance and to determine whether the
test was suitable for analysis.

Slug-Test Analysis

Water-level responses from slug tests were plotted in rela-
tion to time to determine characteristics needed to calculate K.
The start time of the test and the initial static water level were
identified from these plots. Typically, the start of the test was
considered to be the time of the maximum displacement from
the static water level. Time series data prior to initial displace-
ment were removed from the record, and the time data were
adjusted by subtracting the new start time from the remaining
time data. In some cases the fully recovered water level at the
end of the slug test deviated from the initial static water-level
measurement by + 0.02 ft. In these cases, the final water level
was selected as the initial static water level when carrying out
the slug test analysis.

The initial water displacement for air slug tests was
defined as the maximum displacement from the static water
level. In the case of solid slug displacement tests, early-time
noise or oscillations were assumed to be caused by surging
induced by rapid insertion or removal of the solid slug and not
by the aquifer properties. The maximum displacement, in this
case, was not considered to be the initial displacement from
the static water level, but instead the initial displacement was
defined as the onset of a smooth recovery.

Saturated aquifer thickness is a required parameter for
each of the methods used for analysis. The total thickness of
a layer was determined from the final interpreted framework
thickness at each slug test well location. For the deep wells
in a confined or semi-confined aquifer layer, where the layer
is fully saturated, saturated thickness is equal to the total
thickness of the aquifer layer. For shallow unconfined wells,
the framework layer may be only partially saturated. In these
cases, the thickness of the saturated part of the aquifer layer
was used in the analysis.



Hydraulic conductivity for each well tested was deter-
mined by analyzing the water-level responses from slug tests.
Data from tests at the 16 new wells were analyzed using two
analytical methods in the AQTESOLV™ analytical software
package, which contains several analytical solutions for slug-
test analysis. Both methods involve the graphical matching of
theoretical type curves to plots of the water-level response in
relation to time. The method of Springer and Gelhar (1991),
which is well suited for unconfined formations with highly
transmissive zones prone to inertial oscillations, was effec-
tive in analyzing the slug test data from four wells screened
in unconfined aquifer layers. The method of Butler (1998),
which is also effective for analyzing test results for wells in
highly transmissive zones, was used to analyze data from 12
wells screened in confined or semi-confined aquifers. Both
test methods are appropriate for fully or partially penetrating
wells.

In both the Springer-Gelhar (1991) and Butler (1998)
slug-test analytical methods, the aquifer is assumed to be infi-
nite in areal extent, homogeneous, isotropic, and of uniform
thickness; the potentiometric surface of the aquifer is initially
horizontal, and flow is steady. The air or solid slug equivalent
column of water is injected or discharged from the well instan-
taneously. Horizontal hydraulic conductivities calculated using
these methods can be assumed to represent the aquifer only
in the vicinity of the screened interval. The Butler method is
a modification of the Hvorslev method (1951). The Springer-
Gelhar method is a modification of the method of Bouwer and
Rice (1976); modifications include treatment for oscillatory
responses. A summary of the test details and the estimated
horizontal hydraulic conductivities are given in table 3.

Well-Performance Tests

Water-transmitting properties of aquifers can be estimated
from well-performance tests, such as tests commonly con-
ducted to determine the specific capacity of a well. Specific
capacity is a measure of the productivity of a well and is cal-
culated as the pumping rate divided by the resulting drawdown
after the well is pumped at the same rate for some period of
time (Freeze and Cherry, 1979). Reported well-performance
data for 136 wells in the three study areas were retreived from
the USGS GWSI database for the purpose of estimating values
of hydraulic conductivity.

Values of aquifer transmissivity can be estimated from
specific capacity data if the duration of the withdrawal and the
well radius are known, assuming that effects of partial penetra-
tion, well loss, hydrologic boundaries, and well development
are all negligible. Walton (1970, p. 315) presents the follow-
ing equation to estimate aquifer transmissivity from specific
capacity data:

< (1
264log { } 65.5
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where

= specific capacity [(gallon/minute)/feet],
discharge (gallon/minute),

drawdown (feet),

transmissivity [(gallon/day)/feet],
storage coefficient (dimensionless),
well radius (feet), and

= time after pumping started (minutes).

r

~ SN Q=
I

Hydraulic conductivity can then be estimated from the trans-
missivity value as:

K=T/b, 2)
where
K = estimated hydraulic conductivity (feet/
day),
T = aquifer transmissivity (feet*day), and
b = aquifer thickness (feet).

In addition to specific capacity data for the 136 wells,
reported pumping duration, depths to the top and bottom of
open intervals, and well radius were used in applying equa-
tions (1) and (2). The practical application of equation (1)
requires an assumption regarding the storage coefficient. A
storage coefficient of 0.15 was assumed. This value is con-
sistent with the range of specific yield values for unconfined
aquifers presented by Freeze and Cherry (1979) and with
that for the Kirkwood-Cohansey aquifer system presented
by Rhodehamel (1973). Other important assumptions used
in the calculation are that the effects of partial penetration,
well loss, and hydrologic boundaries, as well as the effects of
well development on the effective well radius are all negli-
gible. The effects of partial penetration are uncertain because
the partial volume of the aquifer that is stressed during these
reported tests is unknown. This is because the reported pump-
ing rate and (or) duration may be insufficient to stress the full
thickness of the aquifer. An implicit assumption of the method
selected for the application of equation (2) is that the thickness
of the aquifer strata (b) stressed during the test is equivalent
to the length of the screened interval of the well. The relations
between the input variables and the estimated transmissivity
values also were examined, and a determination was made that
the estimated transmissivity values were only slightly affected
by the pumping rate, duration, or total pumped volume.

The effects of well loss and the presence of impermeable
boundaries (such as production zone pinch-out) could result
in a tendency to underestimate transmissivity. The effects of
the presence of recharge boundaries (such as nearby streams)
and well development could result in a tendency to overesti-
mate transmissivity. The net effect of these uncertainties and
assumptions could result in either an over- or underestimation
of transmissivity at a particular site. Results obtained using
equations (1) and (2) can provide some indication of the likely
range of hydraulic conductivities of water-bearing strata and a
general indication of the spatial distribution of hydraulic con-
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ductivity in the study areas. Horizontal hydraulic conductivi-
ties estimated using well-performance data are listed in table 4
(at end of report).

Estimation of Spatial Variability of Aquifer
System Properties

The distribution and range of aquifer system properties
within each hydrogeologic layer was estimated at a coarse
scale by characterizing sediment textures on the basis of the
range of grain sizes reported on lithologic logs and by estimat-
ing grain size from geophysical data. These data indicate that
within the aquifers and the leaky confining layers, lithology
can vary considerably. To illustrate this variability, sediment
textures were categorized into five ranges of sand content
using the approach described below.

A description of the spatial variability of aquifer system
properties was limited to the estimation of sediment tex-
tures as a percentage of non-clay content (“sand content” or
“percent sand”). Percent sand was described at locations and
depth intervals that represent each of the framework layers
penetrated by a borehole or well. This approach was limited
because it did not allow for differentiating possible ranges of
gravel or sand grain sizes and resulted in low percent sand
values that simply indicate high clay content.

The percent sand values were estimated as the percent-
age of a framework model layer thickness that is attributable
to the permeable sediment fraction, using the description from
a lithologic log and (or) the interpretation of geophysical data
at a specific location. Geophysical logs were interpreted using
methods described previously, and lithologic logs (drillers
or geologists logs) were evaluated in part by interpreting the
written log and by relying on the knowledge of how litho-
logic logs compare with geophysical logs interpreted at other
locations within the study area. Percent sand values also were
estimated from GPR records, but these values are limited
to representing only that thickness of permeable sediments
between the top of the framework layer that overlies the
interpreted clay and the top of the clay. In this case the actual
clay thickness is unknown (see previous GPR discussion in
“Geophysical Methods”); thus, the percent sand values may
be underestimated. Where the GPR records indicate that a
specific layer of the framework model layer contains no clay,
percent sand values are correctly stated as mostly sand.

The estimated percent sand values of hydrogeologic lay-
ers were illustrated by preparing a data grid using the inverse
distance statistical method in Rockworks™ . ESRI ArcGIS
Spatial Analyst was then used to classify the sand content of
the hydrogeologic layers into five categories, ranging from
mostly sand (80 to 100 percent sand) to mostly clay (0 to 20
percent sand).

Although it is widely recognized that grain size distribu-
tion and hydraulic conductivity are related (Freeze and Cherry,
1979), attempts to correlate K values from the results of
slug-test analyses with the percent sand values were unsuc-

cessful because textures were estimated at a coarse scale using
lithologic logs and geophysical data. Grain size distribution
from sieve analysis could have improved the correlation, but
that approach was beyond the scope of this study. In addition
the depth intervals commonly were not comparable because
the textures represent the entire framework layer thickness,
whereas the well-screen intervals were rarely equal to the
thickness of the hydrogeologic layers at the well locations.

Hydrogeologic Framework

For each study area, the Kirkwood-Cohansey aquifer
system, which Zapecza (1989) describes as a single hydrogeo-
logic layer, was subdivided into seven layers characterized by
their predominant grain size textures as aquifers or leaky con-
fining layers. These layers were defined through spatial com-
parisons of the new geophysical and lithologic data (app.1)
and similar available data for the vicinity of each study area.
The hydrogeologic framework modeling process described in
“Development of the Hydrogeologic Framework™ produced
three similar but distinctly separate framework models, each
one unique to a particular study area. The models, one for each
of the three study areas, are described and illustrated in the
following sections.

Many hydrogeologic sections were used to the develop
the framework models. Twelve sections (four for each study
area) were generated to illustrate the framework layers. The
sections trace from data point to data point along lines of
section, slicing through their associated three-dimensional
hydrogeologic framework model to show the relation of the
modeled layers to each other and to the land surface. Where
available, gamma logs were included to show the distribu-
tion of sediment textures and the extent of the sands and clays
associated with the leaky confining layers.

As discussed previously, the base of the Kirkwood-
Cohansey aquifer system for this study is generally repre-
sented by the two different regional basal surfaces described
by Zapecza (1989). In the western part of the aquifer system,
beneath the Albertson Brook and McDonalds Branch study
areas, the base of the aquifer system is the extensive basal clay
bed in the lower part of Kirkwood Formation. Although no
attempt was made to correlate the basal clay layers between
these two study areas, the similarity of altitude of the basal
clays to the basal clay described by Zapecza (1989) indicates
this basal layer is common to both study areas. Beneath the
Morses Mill Stream study area, the base of the aquifer system
described previously in the “Hydrogeologic Setting” section is
the thick diatomaceous clay, a locally extensive confining bed
in the upper part of the Kirkwood Formation.

On the basis of new geophysical data collected for this
study, the top of the basal clays in some parts of the study
areas are represented by a geologic contact that grades from
coarse- to fine-grained sediments over as much as tens of



ft. In these cases gamma and electric logs may represent the
contact differently because of the composition of the geologic
material. Electric logs were usually preferred over gamma logs
because, generally, they represented the hydrologically signifi-
cant top of the basal clay bed more accurately than the gamma
logs. As a result of additional geophysical and lithological data
collected during this study, some of these interpretations may
differ from those of Zapecza (1989).

The deeper hydrogeologic framework layers tend to dip
to the southeast and generally conform to the slope of the
top of the basal clay in the Albertson Brook and McDonalds
Branch study areas. The deeper layers appear to dip to the
southeast and conform to the slope of the diatomaceous clay
in the Morses Mill Stream study area. The dip of the overly-
ing layers decreases slightly where the layers are closer to the
land surface. The tops of the shallower layers generally follow
the slope of the drainage basins, more than the deeper layers,
reflecting a closer relation to the erosion-incised valleys form-
ing those basins.

With the exception of the basal clay confining beds, the
variable and discontinuous nature of clays within the Kirk-
wood-Cohansey aquifer system was apparent in the geophysi-
cal and lithologic records. Low permeability layers appear
to be more closely spaced and the presence of discontinuous
clays generally more common, in the upper part of the aquifer
system, which is principally represented by the Cohansey
Sand. The increased presence of clays in this part of the
aquifer system is consistent with the depositional environment
of the Cohansey Sand, a sequence of regressive barrier and
barrier protected deposits that form discontinuous layers of
sand, silt, and clay (Carter 1978). In many areas the Cohansey
Sand is capped by the Bridgeton Formation, Pleistocene ter-
races, and (or) younger near-stream deposits. This study treats
these surficial geologic sediments as a hydraulically connected
part of the upper-most framework model layers that exist in
those areas. The hydraulic properties of these surficial deposits
were integrated into the framework analysis by considering
their depositional environment described by Newell and oth-
ers (2000) and Carter (1978) while characterizing variations
in sediment textures observed in geophysical and lithologic
records.

The tops of clays interpreted from GPR data recorded at
selected locations illustrate the full linear extent or absence of
clays lying beneath the GPR survey lines. Estimation of the
depths to the tops of clays was limited by the presence of the
first clay or the practical depth investigated by the equipment
used, which was generally less than 80 ft. In areas where the
first clay obscured all underlying sediments, no GPR data are
available to define the presence or extent of the underlying
clays. Altitudes of the clay tops determined from GPR data
were compared with the framework model, and the hydrogeo-
logic framework model layer within which the clays lie was
determined. Although clays were commonly identified in the
leaky confining layers, in all study areas, some clay layers
were found to lie within the aquifer layers.

Hydrogeologic Framework 17

Although the Kirkwood-Cohansey aquifer system
generally has been considered a water-table aquifer in most
areas, localized clays within the aquifers and the relative
effectiveness of the leaky confining layers may impede the
flow of ground water in varying amounts, depending on the
effectiveness of confinement and the duration and magnitude
of the hydraulic stresses applied. The available data indicate
considerable variation in sediment textures in the hydrogeo-
logic layers; the lack of sufficient available data limits the
extent to which these variations can be interpreted. Estimates
of hydraulic conductivity derived from slug tests and well-
performance tests at previously installed wells (tables 3 and 4)
and a general understanding of the distribution and range of
textures throughout the thickness of the hydrogeologic layers
provides additional information for understanding the spatial
distribution of aquifer system properties within and among the
modeled layers.

Site information for wells that were used to determine
hydraulic conductivity are listed in table 2 by data type code:
ST for wells with slug-test data, and WP for wells with well-
performance data. Slug tests were conducted in relatively
low-yielding, small-diameter wells with short screen intervals
(figs. 3-5); for these wells, K values represent point values
for specific aquifer layers. Some wells used to estimate K
from well-performance tests were of high capacity, have
long screened intervals that penetrate leaky confining layer
boundaries, and are open to multiple layers of the framework.
In these cases, the K values represent multiple hydrogeologic
framework model layers of the aquifer system. The hydrogeo-
logic layers penetrated by the well screens are identified in
table 4. The mean hydraulic conductivity values determined
from various well tests in the three study areas ranged from
84 to 130 ft/d. The estimated K values from well tests are
consistent with those reported by Rhodehamel (1973) for the
Kirkwood-Cohansey aquifer system, which ranged from 90 to
130 ft/d in the general vicinity of the study areas. K values for
the study areas are discussed in the following sections.

Hydrogeology of Albertson Brook Study Area
and Vicinity

The base of the Kirkwood-Cohansey aquifer system in
the vicinity of the Albertson Brook study area (fig. 2) is the
regionally extensive basal clay bed in the lower part of the
Kirkwood Formation (Zapecza, 1989). In this area, the Kirk-
wood-Cohansey aquifer system is composed of sand, gravel,
and clay that typically grade to fine sand, silt, and clay near
the base of the aquifer system, forming a gradational contact
with the basal clay confining bed.

The Albertson Brook study area lies at the approximate
southern limits of the Central Uplands described by Newell
and others, (2000). From this area to the south, the upper delta
plain deposits of the Miocene Bridgeton Formation overlie the
Cohansey Sand with an unconformable contact. The Bridgeton
Formation is generally a coarse-grained fluvial deposit,
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Figure 3. Location of wells with horizontal hydraulic-conductivity data, Albertson Brook study area and vicinity, New Jersey Pinelands.
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with numerous channel bars forming the higher topographic
features within the study area. In the areas flanking the drain-
ages, the Bridgeton Formation is absent where downcutting of
stream valleys has exposed the Cohansey Sand. In these areas,
Pleistocene to Holocene age deposits commonly are pres-

ent near the streams and swamps. The shallowest framework
layers consist of the surficial geologic sediments described by
Newell and others (2000). Depending on location, the upper-
most hydrogeologic layers may consist of highly permeable
sediments of the Bridgeton Formation and (or) the sediments
of the Cohansey Sand, which are capped locally with Pleisto-
cene to Holocene age deposits.

The upper tributaries of the Albertson Brook basin drain
from the upper delta plain deposits of the Bridgeton Forma-
tion northeast of the Egg Harbor River basin (not shown). In
the lower part of the Albertson Brook basin, Pleistocene age
terraces, and slope and valley deposits of the Central Uplands
border the stream channel where the Albertson Brook drains
to the Mullica River and Atlantic coast (Newell and others,
2000).

Soils in the Albertson Brook study area are generally
well-drained sandy loams and loamy sands with a moderate to
rapid permeability; permeability is reduced in areas of shallow
water table, where hydric soils are present and where muck
soils are common in the areas of streams and swamps (Mark-
ley, 1965).

The hydrogeologic framework of the Albertson Brook
study area is represented by four aquifer layers separated by
three leaky confining layers and a basal confining layer gener-
ally represented by the basal clay bed in the lower part of the
Kirkwood Formation described by Zapecza (1989). The fol-
lowing list describes the hydrogeologic framework layers for
the Albertson Brook study area and presents their identifiers.

Description of the hydrogeologic frame-

Layer identifier work of the Albertson Brook study area

AB A-1 Upper aquifer - upper layer
AB A-1C1 Upper leaky confining layer
AB A-1B Upper aquifer - lower layer
AB C-1 Middle leaky confining layer
AB A-2 Middle aquifer

AB C-2 Lower leaky confining layer
AB A-3 Lower aquifer

AB C-3 Lower Kirkwood basal clay

The location of the 57 sites including wells and selected
GPR data points used to describe the hydrogeologic frame-

work for the Albertson Brook study area are shown in figure 6.

Detailed site information is provided in table 2. The altitudes
of the tops of the hydrogeologic layers in the Albertson Brook
study area and vicinity are listed in table 5.

Hydrogeologic Framework 21

Four hydrogeologic sections (A-A', B-B', C-C', and
D-D') were generated from geophysical and lithological data
for selected well and borehole sites (table 2) in the Albertson
Brook study area. The location of these sections are shown
in figure 7. Two sections, A-A' and B-B', (figs. 8 and 9) trace
from site to site, slicing through the framework model from
the southeast and following the general orientation of the
drainage basin and the direction of the regional dip of Coastal
Plain sediments. The two other sections, C-C' and D-D', (figs.
10 and 11) cross the basin normal to the southeast trending
sections. The distribution of fine-textured sediments illustrated
by the gamma logs indicates the variable nature of the sands
and clays associated with the framework layers.

Structure contours were prepared from the altitudes of
the tops of seven of the hydrogeologic layers listed in table
5 using methods described previously. A contour map was
not prepared for the top or the AB A-1 layer because, where
the layer exists, it is the same as the land surface and is
best described by the 10-meter DEM. Thickness maps were
prepared for seven of the hydrogeologic layers, but none was
prepared for the lower Kirkwood confining layer, AB C-3,
because the thickness of this layer was not investigated during
this study. (See Zapecza, 1989, pl. 23.) The distribution and
range of textures estimated for the hydrogeologic layers are
shown on the thickness maps. In addition, K values represent-
ing individual framework layers are shown on their respective
thickness maps so that the distribution of K and the textures
can be compared. K values estimated from well-performance
tests (table 4) in the Albertson Brook basin ranged from
11 ft/day to 608 ft/day, and the average K was 130 ft/day. The
structure contour and thickness maps are presented in appen-
dix 2-1 through 2-14.

The results of the GPR surveys in the Albertson Brook
study area (fig. 12) confirm the variabilty of the altitude of
the tops of clays near the Albertson Brook stream. In the areas
investigated in the upper part of the basin, GPR records indi-
cated relatively few places where coarse sediments in any one
hydrogeologic layer are continuous down to the top of the AB
C-1 leaky confining layer. In this area a continuous clay prin-
cipally associated with the AB A-1C1 leaky confining layer
was identified (fig. 12). The AB A-1 aquifer layer obscured all
underlying sediments in a few areas, and the AB A-1C1 layer
obscured the other layers below. GPR records also indicate the
presence of erosional and depositional features in several areas
where sloping bedding planes were revealed in the coarse-
grained media, and (or) the tops of clays appear to be sloping,
truncated, or absent. These conditions appear to be more com-
mon in the lower (eastern) part of the Albertson Brook basin
where fewer clays were identified near Albertson Brook than
in the upper part of the basin. Given the depositional history of
the Cohansey Sand, it is also possible that some clays simply
represent discontinuous lenses that are eroded to the slope of
the drainage basin and may not be remnants of a single layer.
For the purpose of the framework model, however, these clays
are considered to represent one leaky confining layer of low
permeability sediments.
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Hydrogeology of McDonalds Branch Study Area
and Vicinity

The base of the Kirkwood-Cohansey aquifer system in the
vicinity of the McDonalds Branch study area is the regionally
extensive basal clay bed in the lower part of the Kirkwood
Formation (Zapecza, 1989). This is the same basal confin-
ing bed as that described previously for the Albertson Brook
study area; this determination is based on a comparison of the
altitude of the top of this basal clay unit with that of Zapecza
(1989). As in the Albertson Brook basin, the sands, gravels,
and clays in the upper layers of the Kirkwood-Cohansey
aquifer system grade to fine sand and eventually silts and
clays near the base, forming a gradational contact with the
basal clay bed in the lower part of the Kirkwood Formation
(Zapecza, 1989; fig. 2).

The McDonalds Branch study area lies within the
Central Uplands of the Coastal Plain. In this area, the heavily
weathered and eroded upper surface of the Cohansey Sand is
capped mostly with Quaternary terraces formed in extensively
variable depositional environments. The present day physio-
graphic features depict highly dissected terraces flanked by
slope deposits and broad, low gradient valleys covered with
sands and gravels eroded from nearby deposits (Newell and
others, 2000). Surficial geologic maps by Newell and others
(2000) illustrate localized exposures of the Cohansey Sand in
the upper part of the McDonalds Branch basin. Pleistocene to
Holocene age swamp deposits lie along the stream channels
throughout most of the basin. The shallowest hydrogeologic
framework layers consist of sediments of the surficial geol-
ogy described by Newell and others (2000). These layers,
depending on location, may contain clay and highly permeable
sediments eroded from the Quaternary age terrace and slope
deposits that cap much of the Cohansey Sand in this area,
the Holocene to Pleistocene age deposits that are found near
the streams and swamps, or sediments of the Cohansey Sand
where it is exposed in the upper part of the drainage basin.

The headwaters of the McDonalds Branch basin lies on
the western slope of the basin divide between the Delaware
River and Atlantic Coast basins (not shown). The McDonalds
Branch stream winds through an eroded westerly trending
valley that drains to the Delaware River through the Rancocas
Creek. Soils in the McDonalds Branch basin are principally
well-drained deep or loamy sands except where hydric soils
are present in areas where the water table is shallow and where
muck is present in the vicinity of the swamps and streams
(Lord and others, 1990).

The hydrogeologic framework of the McDonalds Branch
study area is represented by four aquifer layers separated by
three leaky confining layers and a basal confining layer gener-
ally represented by the clay confining bed in the lower part of
the Kirkwood Formation described by Zapecza (1989). The
following list describes the hydrogeologic framework layers
for the McDonalds Branch study area and presents their identi-
fiers.

Description of the hydrogeologic frame-

Layer identifier work of the McDonalds Branch study area

MB A-1 Upper aquifer - upper layer
MB A-1C1 Upper - leaky confining layer
MB A-1B Upper aquifer - lower layer
MB C-1 Middle leaky confining layer
MB A-2 Middle aquifer

MB C-2 Lower leaky confining layer
MB A-3 Lower aquifer

MB C-3 Lower Kirkwood basal clay

The locations of the 45 sites used to describe the hydro-
geologic framework for the McDonalds Branch study area
are shown in figure 13. Sites include wells, boreholes, and
selected GPR data points. Detailed site information is pro-
vided in table 2. The altitudes of the tops of the hydrogeologic
layers for the McDonalds Branch study area and vicinity are
listed in table 6.

Four hydrogeologic sections (A-A', B-B', C-C', and D-D")
were prepared from selected sites (table 2) for the McDonalds
Branch study area. The locations of these sections are shown
in figure 14. Section A-A' (fig. 15) traces from site to site
northwest to the southeast, following the orientation of the
drainage basin in the direction of the regional dip of Coastal
Plain sediments. Section A-A' slices through the framework
model showing the regional dip of the hydrogeologic layers
and the land-surface altitude sloping toward the northwest
away from the divide between the Delaware River and Atlan-
tic Coastal basins (not shown). A 55-ft-thick medium-density
clay is represented by MB C-2 a leaky confining layer at the
location of well 051074. Locally, this clay is a substantial
barrier to vertical ground-water flow that is absent at nearby
well 051560 about 2 mi to the northwest, thus illustrating the
discontinuity of thick clay layers typical of the Kirkwood-
Cohansey aquifer system.

Three hydrogeologic sections, B-B', C-C', and D-D' (figs.
16, 17, and 18 respectively) are positioned approximately
normal to section A-A' and cross the basin from southwest to
northeast (fig. 14). These sections show that layer MB C-2
thickens toward the southeast. The shallow layers are deeply
incised and absent in many areas in the lower part of the basin
as a result of downcutting that also broadened the stream val-
leys toward the northwest. The distribution of fine-textured
sediments illustrated by the gamma logs indicates the variable
nature of the sands and clays associated with the framework
layers.

Structure contours were prepared from the altitudes of
the tops of seven of the hydrogeologic layers listed in table 6
using methods described previously. A contour map was not
prepared for the top or the MB A-1 layer because it is the same
as the land surface and is best described by the 10-meter DEM
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Figure 13. Location of boreholes, wells, and ground-penetrating radar (GPR) data points used to describe the hydrogeologic
framework of the McDonalds Branch study area and vicinity, New Jersey Pinelands.
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EXPLANATION

Location of well or borehole shown in
hydrogeologic section. Number is
U.S. Geological Survey well number (UID)

McDonalds Branch

GAMMA LOG

RADIATION INCREASES
o

Hydrogeologic framework of the Kirkwood-Cohansey
aquifer system in the McDonalds Branch study area.

Layer Description

MB A-1 Upper aquifer - upper layer

MB A-1C1 Upper leaky - confining layer
MB A-1B Upper aquifer - lower layer

MB C-1 Middle leaky - confining layer
MB A-2 Middle aquifer

MB C-2 Lower leaky - confining layer
MB A-3 Lower aquifer

MB C-3 Lower Kirkwood - confining layer
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EXPLANATION

050691 Location of well or borehole shown in GAMMA LOG

hydrogeologic section. Number is RADIATION INCREASES
U.S. Geological Survey well number (UID)

MB McDonalds Branch

Hydrogeologic framework of the Kirkwood-Cohansey
aquifer system in the McDonalds Branch study area.

Layer Description

MB A-1 Upper aquifer - upper layer

MB A-1C1 Upper leaky - confining layer
MB A-1B Upper aquifer - lower layer

MB C-1 Middle leaky - confining layer
MB A-2 Middle aquifer

MB C-2 Lower leaky - confining layer
MB A-3 Lower aquifer

MB C-3 Lower Kirkwood - confining layer

Figure 16. Hydrogeologic section B-B’, McDonalds Branch study area and vicinity, New Jersey Pinelands. (Line of section shown on
figure 14.)
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Hydrogeologic section C-C’, McDonalds Branch study area and vicinity, New Jersey Pinelands. (Line of section shown on
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Layer Description
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Figure 18. Hydrogeologic section D-D’, McDonalds Branch study area and vicinity, New Jersey Pinelands. (Line of section shown on
figure 14.)



pared for seven hydrogeologic layers, but none was prepared
for the lower Kirkwood confining layer, MB C-3, because the
thickness of this layer was not investigated during this study.
(See Zapecza, 1989.) The distribution and range of grain
textures estimated for the hydrogeologic layers are shown on
the thickness maps. In addition, those K values that repre-
sent individual framework layers (table 4) are shown on their
respective thickness maps so that the distribution of K and the
textures can be compared. K values estimated from well tests
(table 4) in the McDonalds Branch basin ranged from 8 ft/day
to 269 ft/day, and the average K was 98 ft/day.The structure
contour and thickness maps are presented in appendix 3.

The results of the GPR surveys in the McDonalds Branch
study area (fig. 19) confirm the differences in the altitudes of
clay surfaces near the McDonalds Branch stream valley. In the
areas investigated in the upper part of the basin, GPR records
indicated an arealy extensive but discontinuous clay princi-
pally associated with the MB A-1C1 leaky confining layer.
The top of this clay slopes gently with the shallow stream
valley from the upper basin toward the northwest. Because of
the slope and apparent discontinuity of this layer it could also
represent various overlapping clays that have been eroded to
the gradient of the valley. Shallower clays also were identified
in the overlying MB A-1 aquifer layer in the upper part of the
basin, but this layer is principally sand in most areas, allowing
the GPR to penetrate to the deeper layers. Where shallow clays
did not obscure the MB C-1 leaky confining layer, only a lim-
ited number of MB C-1 clays were identified by GPR surveys.
In these areas, overlying sediments and possibly the upper
part of the MB C-1 leaky confining layer is composed largely
of coarse-grained sediments. Because the Cohansey Sand is
exposed in this area, the observed discontinuity of clays most
likely conforms to the depositional environment of the Cohan-
sey Sand described by Carter (1978). In the lower part of the
basin, GPR records identified the first clay in the MB A-1B
aquifer layer over an extensive area. This area forms a low
basin divide that is outside the main valley associated with the
McDonalds Branch stream, where sediments may have been
more resistant to weathering leaving the clay intact.

Hydrogeology of Morses Mill Stream Study Area
and Vicinity

In the Morses Mill Stream study area, the basal confining
layer of the Kirkwood-Cohansey aquifer system is the thick
diatomaceous clay (fig. 2) that forms an extensive confining
bed in the upper part of the Kirkwood Formation dividing the
Kirkwood Formation into upper and lower sands. The esti-
mated updip extent of this clay subcrops about 8 mi west of
the Morses Mill Stream study area, which indicates either an
abrupt change from sand to clay or that the clay was truncated
(Zapecza, 1989). From its estimated updip edge, the diatoma-
ceous clay thickens to as much as 200 ft in the vicinity of the
study area (Zapecza, 1989, pl. 22-c), isolating the lower part of
the Kirkwood Formation beneath it that is referred to locally

Hydrogeologic Framework a

as the Atlantic City 800-foot sand. The Atlantic City 800-foot
sand is considered an artesian aquifer in this area, whereas the
overlying the Kirkwood-Cohansey aquifer system is con-
sidered unconfined or, locally, a semi-artesian aquifer. The
Kirkwood-Cohansey aquifer system overlying the diatoma-
ceous clay is the focus of this study in the Morses Mill Stream
study area.

The Kirkwood-Cohansey aquifer system in the Morses
Mill study area is composed of sand, gravel, and clay that
grade to fine sand, silt, and clay near the base of the aquifer
system. Clays, although varying in extent and thickness, are
most common in the upper part of the aquifer system probably
as a result of the depositional environment of the Cohansey
Sand. Many coarse-grained zones are distributed throughout
the thickness of the aquifer system, but generally they lie well
above the gradational contact with the basal diatomaceous
clay. The surficial geology in the Morses Mill Stream study
area is similar to that of Albertson Brook study area, as they
both straddle the northern limits of the Bridgeton Formation
deposits. Surficial geologic maps by Newell and others (2000)
indicate that erosion has exposed the Cohansey Sand in some
areas surrounding the Morses Mill Stream and its tributaries.
Pleistocene to Holocene age swamp deposits have been identi-
fied as overlying the Cohansey Sand in the immediate vicinity
of the stream channels. In the upper reaches of the basin, these
deposits appear to lie directly on the weathered Bridgeton
Formation. At the downstream limits of the study area, the
Morses Mill Stream drains through a shallow valley eroded
through Pleistocene age deposits of the Cape May Formation
(Newell and others, 2000). Accordingly the shallowest hydro-
geologic layers, depending on location, may contain any of the
sediments that make up the surficial deposits within the study
area. Soils in the Morses Mill Stream study area generally are
moderately well-drained loamy sands with muck soils in the
immediate vicinity of swamps and streams (Johnson, 1978).

The hydrogeologic framework of the Morses Mill Stream
study area is represented by four aquifer layers separated by
three leaky confining layers. The base of the hydrogeologic
framework in the vicinity of the study area is the thick diato-
maceous clay in the upper part of the Kirkwood Formation
(Zapecza,1989). The following list describes the hydrogeo-
logic framework layers for the Morses Mill Stream study area
and presents their identifiers.



Ground penetrating radar
survey line

confining layer. Number is altitude of top

42 Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06
74°32' 74°30'
39° [~ ;
54' \\
74°35' W
Y MANCHESTER 11583120
MBERT ) K> — 051551
BERTOL ) AP WNSHIP 115 111 .
39° | ST 5\% "’0 = 1'312., 1:132
39° N = O\¢ 136 130 ]
52" > / %g\\\—\%\i
Z\ 051550
£ 128 134
29
TOWNSHIP
0 1 2MILES |
o
?—,%- i~ 0 1 2KILOMETERS
| Bl T
|
Base from U.S. Geological Survey digital line graph files, 1:24,000,
Universal Transverse Mercator projection, Zone 18, NAD83
EXPLANATION
Estimated extent of clay
along GPR survey lines 137 OO Clay identified in the MB A-1 aquifer 051550 @ Shallow boreholes used to interpret
layer. Number is altitude of top of clay GPR surveys. Number is the USGS
MB A-1 aquifer layer layer, in feet. Datum is NAVD 88 well number (UID) (table 2).
I'\gBef'1C1 leaky confining &) ' Clay identified in the MB A-1C1 leaky
Y confining layer. Number is altitude of top
[ MB A-1B aquifer layer of clay layer, in feet. Datum is NAVD 88
L Il\g:?erc-1 leaky confining 100 Q@ Clay identified in the MB A-1B aquifer
layer. Number is altitude of top of clay
McDonalds Branch study layer, in feet. Datum is NAVD 88
area
—_— 84 qp Clay identified in the MB C-1 leaky

basin

McDonalds Branch drainage

of clay layer, in feet. Datum is NAVD 88

Figure 19. Results of ground-penetrating radar (GPR) surveys used to describe the hydrogeologic framework of the McDonalds
Branch study area and vicinity, New Jersey Pinelands.



Description of the hydrogeologic frame-

Layer identifier work of the Morses Mill Stream study area

MM A-1 Upper aquifer - upper layer

MM A-1C1 Upper - leaky confining layer

MM A1B Upper aquifer - lower layer

MM C-1 Middle leaky confining layer

MM A-2 Middle aquifer

MM C-2 Lower leaky confining layer

MM A-3 Lower aquifer

MM C-3 Upper Kirkwood, Diatomaceous clay

The locations of the 63 sites used to describe the hydro-
geologic framework for the Morses Mill Stream study area are
shown in figure 20. Sites include wells and selected GPR data
points. Detailed site information is provided in table 2. The
altitudes of the tops of the hydrogeologic layers for the Morses
Mill Stream study area and vicinity are listed in table 7.

Four hydrogeologic sections (A-A', B-B', C-C', and D-D")
were prepared from selected sites (table 2) for the Morses
Mill study area. The locations of these sections are shown in
figure 21. Two sections, A-A' and B-B' (figs. 22 and 23), trace
from site to site slicing through the framework model, in a
southeasterly direction normal to the orientation of the drain-
age basin and in the general direction of the regional dip of
Coastal Plain sediments. The two other sections C-C' and D-D'
(figs. 24 and 25) lie along with the general orientation of the
Morses Mill Stream drainage basin normal to sections A-A'
and B-B'. The limited number of geophysial logs available
in the vicinity of the Morses Mill Stream study area required
a greater reliance on lithologic data than in the other study
areas; the geophysical logs illustrated on the sections, although
of good quality, tend to be localized within the drainage basin.
The distribution of fine-textured sediments illustrated by the
gamma logs indicate the variable nature of the sands and clays
associated with the framework layers.

Structure contours were prepared from the altitudes of the
tops of seven of the hydrogeologic layers at locations listed in
table 7 using the methods described previously. A contour map
was not prepared for the top or the MM A-1 layer because it
is the same as the land surface where the layer exists and is
best described by the 10-meter DEM. Thickness maps also
were prepared for seven hydrogeologic layers, but none was
prepared for the upper Kirkwood confining layer MM C-3
because the thickness of this layer was not investigated during
this study. (See Zapecza, 1989.) The distribution and range of
textures estimated for the hydrogeologic layers are shown on
the thickness maps. In addition, those K values that repre-
sent individual framework layers (table 4) are shown on their
respective thickness maps so that the distribution of K and
sediment textures can be compared. K values estimated from
well-performance tests (table 4) in the Morses Mill Stream
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basin ranged from 17 ft/day to 266 ft/day and the average K
was 84 ft/day.The structure-contour and thickness maps are
presented in appendix 4.

The results of the GPR surveys in the Morses Mill
Stream study area (fig. 26) confirm only minor differences
in the altitudes of clay surfaces identified within the drainage
basin. The study area is relatively flat lying and capped locally
in the upland parts of the basin with Bridgeton Formation
delta plain deposits, and younger sediments locally flank the
lower part of the drainage basin. Cohansey Sand sediments
are exposed in the shallow erosional valley where Morses
Mill Stream lies. The valley is not as deeply incised as those
in the other two study areas, and the shallow clays identified
in the Morses Mill Stream study area appear to be continuous.
In the areas investigated in the upper part of the basin near
well 011499, GPR records indicate an extensive continuous
clay associated with the surficial MM A-1 aquifer layer. This
surficial layer shows some clay in localized areas but the MM
A-1 aquifer is generally represented by coarse-grained sedi-
ments, and most clays identified in the basin were in the MM
A-1Cl1 leaky confining layer. Clays identified in the MM A-1B
aquifer layer appear to be more common in the lower part of
the basin, although these clays could be present elsewhere but
are obscured in the GPR record by the overlying MM A-1Cl1
leaky confining layer.
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Figure 20. Location of boreholes, wells, and ground-penetrating radar (GPR) data points used to describe the hydrogeologic
framework of the Morses Mill Stream study area and vicinity, New Jersey Pinelands.



45

Hydrogeologic Framework

* " . v - * * % 0T INOA 926010 926010
* % 6 8 1T 9% 6S % 19 INOA --L88010 L88010
* x I 4! LT * * * 9 INOA -988010 988010
* % " Sl or % % x 19 [-MIN A'TS -€L8010 €48010
* 88- 96- €T 8- b 91 6T 6T 1T Md —-€8L010 €8L010
* 06- 09- 9z I- € vl 8T 8T 0T Md --T8LOT0 78L010
* €6 9 8C- 1 I Tl LT LT 61 Md --18L010 18L010
91- 9L- 8¢- €T 1 Tl 9T % or T100 LS NLMLS --90L010 90L010
S61- €01- c9- ve- 61- €- 01 93 se VNOWOd VVA --€0L010 €0L010
% €01~ 99- ge- €T 9- % % T 91 Md 969010 969010
* 66- 89- I LT 0 81 I€ 1€ TOMS 689010 689010
* LL 6¢- 81- 11 11 €T 89 89 T TVNOLLN.LLLSNI --989010 989010
96- 6€- L * % * * % 1z €L-C NOLTIAVH --0S9010 0S9010
e st ¢8l1- 0S1- vTl- L9 St 9 9 8L-¥ML —-6¥9010 6¥9010
* vEl- c8- gs- LE- - I- % v T1 Md --$LS010 SLSO10
65T SLI- 911- 98- 8t~ vT- 6 01 o1 009 --995010 995010
Tlil- 8t 91- il or 8¢ €L 9L 9L WAL 622010 §TT010
* - 91- ¥ T St 89 * 9 WAL --902010 902010
* 6€- SI- z 0¢ 0S % % 19 [ AL --002010 002010
0€1- 6t e - 14 LE 89 * 9 S40 T --881010 881010
SL- 6€- 61- - 11 €T 89 89 I Md --€81010 €81010
10T- €11- 8L 65- 8t~ 61- 8- ST T S4O [ TTIANYADO --081010 081010
% 0L e o1- 8 6C 6€ % v I aNI --091010 091010
* 0zl- €L e 91- 8 €T w w HTVNYD-HIOHS --1S1010 1ST010
% L1- € LE " % % % or S Md ~-L11010 LI1010
SL- L1~ 8 9¢ * * * * or € Md 911010 911010

(83aAVN (ain) +aqunu

€I NN €V NN CINN Y NN 1-) NN a1-v NN 1J1-Y NN -V NN 199} u1) oweu oyg 119m Aaning

aaepns pue| |eaibojoan

(88AAVN (-) mojaq 10 anoqe 1aay} u1) 1ake| a16ojoabiospAy jo doj) jo apmunjy Jo apmy ‘SN

wa@~ wme(] [BoIIA UBdLIOWY YLON ‘YU AVN ‘Weans [[TJAl SISIOIA ‘JATA -BIep Ou ‘. I9quinN UOT)RIIJIIudp] o:@_:D ‘ainl

‘spuejauld Aasiap mapy ‘Aluloin pue eale Apnis |[I|A S8SJ0)\ ‘walsAs Jajinbe Aasueyog poomyiy ayi Jo siaAe| a160joabolpAy jo sdoy jo sapnuyy £ 3jqeL



Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

46

¥91- SL- I~ €T I 11 LT or 6€ AT-MO WA —-€0S 110 €0ST10
evl- 86- 1€ L1- o1- 91 43 S¢S 9 A1-MO WA 667110 667110
* SL- 0s- S1- I- 61 1€ 19 19 8 INOA —~+H¥110 YPPI10
* vL- 8t~ I- L 8T LE 1L 1L 6 INOd —-€H¥110 €PPII0
* ¢8- €s- 0z 8- 11 61 £ Ie 01 WOd ~-THF110 TP110
% % (14 * 3 % % % L9 Hy-0N --0€¥110 ([52800)
* L6 89- 6¢- 9z b * * 01 CAAL -FIH110 Y1110
% 201~ L9- ¢t LT 0 61 % 6¢ 1D AL - 11+110 11+110
* * * * 91 w LS * €9 16-9-M¥ --9SE110 9SET10
% % " " 81 a4 8¢ % 89 16-C-M¥ —-TSET10 TSET10
* * * ¥ LT * * * 9 €6-T-MY - 1SET10 ISETT0
% % e €T S1- L 61 % 9 T-dSD —-0vE110 OvE110
* % LS €9 L * * % L T A1 -60€110 60€110
* 9¢- 8T L T 0S €9 % 0L AE-AAL --L6T110 L6T110
* 1L e o1- €l 43 a4 9 9 I HAV TTHMOT --0TC110 0TT110
¥91- 69- I~ 6 91 LE IS 99 99 [ ¥ SALVD --81T110 81TII0
* c8- 9t 62 S1- S Iz St St AAL 666010 666010
* 69- e o1- I e I 29 29 T WA -L66010 L66010
* 66- 89- e 8T 0 61 43 43 TIINSSOIN L1/€ --€L6010 €L6010
* s- 8T o1- 4 T 8¢ €9 €9 I Md --2L6010 TL6010
* % " 6 €1 €¢ 0S 1L 1L NI AIANNVT/T ~-LS6010 LS6010
* 8L I~ - o1 6T 8t 8¢ 8¢ 1 AId N¥HHLNOS --956010 956010
% v6° 19 ge- 61- b 1T or or DLLSHINOA --+£6010 ¥€6010
* SL- 61 0z [ * * * o1 “SHY A HLOJVN —-0£6010 0€6010
% L 194 99 L9 % % % 18 INOA 626010 626010
* * * ¢e 8t * * * 09 WO --826010 826010
(83QAVN (ain) +aqunu
€I NN €V NN CINN Y NN 1-) NN a1-v NN 1J1-Y NN -V NN 199} u1) oweu oyg 119m Aaning
aaepns pue| |eaibojoan
(88AAVN (-) mojaq 10 anoqe 1aay} u1) 1ake| a16ojoabiospAy jo doj) jo apmunjy Jo apmy ‘SN

[886T WNje( [BOTIOA UBILIAWY YION ‘SYAVN ‘Wean§ [[TA SOSIOJA ‘JAIA ‘BIEp OU *,, tIoquuny uonesynuapy anbrun ‘qrn]

panunuog—'spuejauld Aasiap map ‘Alulain pue ease Apnis ||\ S8sJo|A ‘walsAs Jajinbe Aasueyoq poomyary ayl jo siahe| a1bojoabolpAy jo sdoy jo sepniyy ‘L 3jqeL



47

Hydrogeologic Framework

* * * * * 8¢ * 6¢ VIOET-AdONIN *
* * * * * * 6C * 84 d101T-ddONIN *
* * * * * LE * SY d10S0-AdONIN *
* i * * * * 143 * 1S4 DT0C0AdONIN *
* I~ 61- 8 0¢ * * * <9 OIT —-€S9110 €99110
* 09- E- cl- 9- 81 143 LS 9¢ d-90IMIN--TSOT10 ¢S9110
* 19- 4% 91- S 61 €€ 19 09 T MIN 169110 1S9110
* * * Cl- - 91 43 9¢ 89 d-7O0I-MIN--0S9110 089110
661- IT1- 69- ot 4% - 8 €C €C ¢ LSAL -6¥9110 6¥9110
LET- €G- SC- L~ 9 9T oy 89 89 d8-MIN VNOINOd --679110 679110
891- SL- oW SI- L- Sl SC 0S 0S dL-MIN VNOINOd --€29110 €79110
(88AAVN (ain) jaqunu
€I NN €V NN CINN Y NN 1-) NN a1-v NN 1J1-Y NN -V NN 199} u1) oweu oyg 119m Aaning
aoepns puej |eaibojoay
(88AAVN (-) mojaq 10 anoqe 333y ui) 1aAe] a1fiojoabospAy jo doy yo apmny jJo apmm|y ‘S'N

[886T WNje( [BOTIOA UBDLIAWY YION ‘SSAVN ‘Wean§ [[TA SOSIOJA ‘JAIA (BIEp OU *,, tIoquuny uonesynuapy anbrun ‘qrn]

panunuog—'spuejauld Aasiap map ‘Alulain pue ease Apnis ||\ S8SJ0|A ‘walsAs Jajinbe Aasueyoq poomyary ayl jo siahe| a1bojoaboipAy jo sdoy jo sepnuyy ‘L 3jqeL



48 Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

74°40' 74°35'
39° — ——
35' ‘/x/
AN Jxﬁ\J
011309
/ \Of
/ — ATLANTIC
/ 0010929 COUNTY
) \B 010117 011653 Q
010928
P 011298 -

39°
30'

—
A<0ﬁ 352
S, .
0113569

010188 .

010160
010997

011430

010650 010225

= > 011442
) ° \/ 4/0*”215 ° 010783
AN 010873 - 010957 /
% N TNA \
Y S . 010151@ . __—_

o
o 1 e ?"956 -
e L &ﬁ

—

i
P
& } { o) g
Base from U.S. Geological Survey digital line graph files, 1:24,000,
Universal Transverse Mercator projection, Zone 18, NAD83 0 0.8 1.6 MILES
0 0.75 1.5 KILOMETERS
EXPLANATION
A —— A' Hydrogeologic section line O WEell or borehole with lithologic log
—— Morses Mill Stream drainage basin ®  Well or borehole with geophysical log
Morses Mill Stream study area 010349  U.S. Geological Survey well number (UID) (table 2)

Figure 21. Location of hydrogeologic lines of section, and wells or boreholes with lithologic or geophysical data, Morses Mill Stream
study area and vicinity, New Jersey Pinelands.



FEET
300

200

100

NAVD 88

-100

-200

-300

Figure 22.
figure 21.)

Hydrogeologic Framework 49
A A’
— 011653 011652 011650 [
n 010706 011503 r
0 4,000 8,000 FEET
\ I | |
[T \
0 1,000 2,000 METERS
EXPLANATION VERTICAL SCALE GREATLY EXAGGERATED
011653 Location of well or borehole shown in GAMMA LOG
hydrogeologic section. Number is RADIATION INCREASES
U.S. Geological Survey well number (UID
g Yy (UID) )
MM Morses Mill
Hydrogeologic framework of the Kirkwood-Cohansey
aquifer system in the Morses Mill study area.
Layer Description
MM A-1 Upper aquifer - upper layer
MM A-1C1 Upper leaky - confining layer
MM A-1B Upper aquifer - lower layer
MM C-1 Middle leaky - confining layer
MM A-2 Middle aquifer
MM C-2 Lower leaky - confining layer
MM A-3 Lower aquifer
MM C-3 Upper Kirkwood - confining layer
Hydrogeologic section A-A’, Morses Mill Stream study area and vicinity, New Jersey Pinelands. (Line of section shown on



50 Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

FEET B
300
200.0
100
010116
NAVD 88

-100

-200

-300

010200 011499 011623

010116

EXPLANATION

Location of well or borehole shown in
hydrogeologic section. Number is
U.S. Geological Survey well number (UID)

Morses Mill

GAMMA LOG

RADIATION INCREASES
o

Hydrogeologic framework of the Kirkwood-Cohansey
aquifer system in the Morses Mill study area.

Layer Description

MM A-1 Upper aquifer - upper layer

MM A-1C1 Upper leaky - confining layer
MM A-1B Upper aquifer - lower layer

MM C-1 Middle leaky - confining layer
MM A-2 Middle aquifer

MM C-2 Lower leaky - confining layer
MM A-3 Lower aquifer

MM C-3 Upper Kirkwood - confining layer

5,000 10,000 15,000 20,000 FEET

0
\
\

0

ro \
2,000 4,000 METERS

VERTICAL SCALE GREATLY EXAGGERATED

Figure 23. Hydrogeologic section B-B’, Morses Mill Stream study area and vicinity, New Jersey Pinelands. (Line of section shown on

figure 21.)



FEET
300

100

NAVD 88

-100

-200

-300

Figure 24. Hydrogeologic section C-C’, Morses Mill Stream study area and vicinity, New Jersey Pinelands. (Line of section shown on

figure 21.)

MM A-1C1
010225 011430

011297

Hydrogeologic Framework

010972
011629 11499 011650 011652

010930

MM C-2

MM A-3

Top of MM c-3

-
|
|

51

010116

MM

EXPLANATION

Location of well or borehole shown in
hydrogeologic section. Number is
U.S. Geological Survey well number (UID)

Morses Mill

Ll |
| |
2,000 4,000 METERS

o ——— O

VERTICAL SCALE GREATLY EXAGGERATED

GAMMA LOG

RADIATION INCREASES
o

Hydrogeologic framework of the Kirkwood-Cohansey
aquifer system in the Morses Mill study area.

Layer Description

MM A-1 Upper aquifer - upper layer

MM A-1CA Upper leaky - confining layer
MM A-1B Upper aquifer - lower layer

MM C-1 Middle leaky - confining layer
MM A-2 Middle aquifer

MM C-2 Lower leaky - confining layer
MM A-3 Lower aquifer

MM C-3 Upper Kirkwood - confining layer

5,000 10,000 15,000 20,000 FEET



52 Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

FEET b D

300 — —

200 — —

b MM A-1C1 r

. 010160 L
100 —| 011218 011220 010997 011623 010686 C

010706 011503

010926 |

NAVD 88 —

W T
| |
_ I — L
100 — ‘ ‘ ‘ ‘ L
1 | ‘ | -
oo ] | Top of MMC-3 | i P ‘ o
] | -
- | | | | | | F
-300 l 1 | 1 | | ‘ 1 L
0 5,000 10,000 FEET
\ ! \ |
[T \ \
0 1,000 2,000 3,000 METERS
VERTICAL SCALE GREATLY EXAGGERATED
EXPLANATION
011218 Location of well or borehole shown in GAMMA LOG

hydrogeologic section. Number is

RADIATION INCREASES
U.S. Geological Survey well number (UID)

—>
MM Morses Mill

Hydrogeologic framework of the Kirkwood-Cohansey
aquifer system in the Morses Mill study area.

Layer Description

MM A-1 Upper aquifer - upper layer

MM A-1CA Upper leaky - confining layer
MM A-1B Upper aquifer - lower layer

MM C-1 Middle leaky - confining layer
MM A-2 Middle aquifer

MM C-2 Lower leaky - confining layer
MM A-3 Lower aquifer

MM C-3 Upper Kirkwood - confining layer

Figure 25. Hydrogeologic section D-D’, Morses Mill Stream study area and vicinity, New Jersey Pinelands. (Line of section shown on
figure 21.)



39°
30'

39°
25'

Hydrogeologic Framework 53

o . 74°30
74°37'30" | 7ess 74°28'30"
< T {
" 70 "1 2mLEs A
o
i ) et r @ F
ARBOR / 0 1 2KILOMETERS 7~
s | TV )

31
30"

39°
27' A

EGG HARBOR-
TOWNSHIP

GALLOWAY TOWNSHIP

%,
Ses Mily am -
5~ fne/ =

\

0 0.5 MILE
I |
\ \ \
/_._\ 0 0.25 0.5 KILOMETER
Base from U.S. Geological Survey digital line graph files, 1:24,000,
Universal Transverse Mercator projection, Zone 18, NAD83
EXPLANATION

Estimated extent of clay
along GPR survey lines

MM A-1 aquifer layer
I VM A-1B aquifer layer
MM A-1C1 leaky confining layer

=77 Morses Mill stream study area

Ground penetrating radar survey line

Morses Mill stream drainage basin

32 O Clay identified in the MM A-1 aquifer layer. Number
is altitude of top of clay layer, in feet. Datum is
NAVD 88

8 O Clay identified in the MM A-1B aquifer layer. Number
is altitude of top of clay layer, in feet. Datum is
NAVD 88

Clay identified in the MM A-1C1 leaky confining layer.
Number is altitude of top of clay layer, in feet. Datum
is NAVD 88

20 )

Figure 26. Results of ground-penetrating radar (GPR) surveys used to describe the hydrogeologic framework of the Morses Mill
Stream study area and vicinity, New Jersey Pinelands.



54 Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

Summary and Conclusions

The New Jersey Pinelands area (Pinelands) is a 1.1-
million-acre natural reserve area in southern New Jersey that
overlies the Kirkwood-Cohansey aquifer system in the Atlan-
tic Coastal Plain. This ecologically diverse area supports a
variety of habitats and is home to many threatened and endan-
gered species. Cedar swamps, pine and oak forests, agricul-
tural areas, and planned development dominate the landscape.
Demand for water from the Kirkwood-Cohansey aquifer sys-
tem is increasing as development within the area increases.

To assess the effects of ground-water withdrawals from
the Kirkwood-Cohansey aquifer system on stream and wetland
water levels, the U.S. Geological Survey (USGS), in coop-
eration with the New Jersey Pinelands Commission, began a
multi-phase hydrologic investigation in 2004 to characterize
the hydrologic system that supports the Pinelands aquatic and
wetland communities.

The Albertson Brook, McDonalds Branch, and the
Morses Mill Stream drainage basins (study areas) were
selected for detailed hydrologic assessment to provide the
information needed to develop ground-water flow models that
can predict the response of the aquifer system to increased
ground-water withdrawals. The first phase of this assessment
and the subject of this report is a comprehensive hydrogeo-
logic investigation. During 2004-05, a database of hydrogeo-
logic information was compiled, and a conceptual hydrogeo-
logic framework model was prepared for each of the three
study areas. Existing geophysical and lithologic data were
assessed and new borehole geophysical data were obtained
during the drilling of 21 new wells and one deep borehole
within the three study areas. These data were added to the
database and integrated into the analysis. In addition, surface
geophysical data acquired using ground-penetrating radar
(GPR) along more than 27 mi were analyzed for the three
study areas. Five additional wells installed in upland areas of
the McDonalds Branch basin provided shallow lithologic data.
Ten shallow boreholes were completed, providing lithologic
ground truth for analyzing the GPR records. The assessments
of the shallow lithologic data were added to the analysis, and
the hydrogeologic framework models were finalized.

The hydrogeologic framework models, developed in
preparation for the construction of a ground-water flow model
of each study area, subdivided the Kirkwood-Cohansey
aquifer system described by Zapecza (1989) into seven layers,
characterized by their predominant sediment textures, as aqui-
fers or leaky confining layers. The hydrogeologic framework
of each study area is represented by a model containing four
aquifer layers, separated by three leaky confining layers, and
a basal confining layer. The three hydrogeologic framework
models are similar, but they are distinctly separate; each one
is unique to a particular study area. Hydrogeologic sections,
maps of structure tops, and thickness maps were produced
for each study area model to show differences in sediment
textures within each model layer; the sections and maps are

based on geophysical and lithologic data. The key findings of
this study area are listed below.

The hydrogeology of the three study areas is similar
even though the sediment textures may vary through-
out the Kirkwood-Cohansey aquifer system.

The leaky confining layers are more closely spaced and
the presence of discontinuous clays is generally more
common in the upper part of the aquifer system, which
is principally represented by the Cohansey Sand and
younger surficial deposits.

With the exception of the basal clay confining layers,
the variable and discontinuous nature of clay layers
within the Kirkwood-Cohansey aquifer system was
confirmed by the geophysical and lithologic records.

Results of the investigation indicate considerable vari-
ability in the presence of different sediment textures;
the extent to which this hydrogeologic variability can
be characterized is constrained by the extent of the
available geologic and lithologic data.

Although the Kirkwood-Cohansey aquifer system has
been considered a water-table aquifer in many areas,
localized clays in the aquifers and leaky confining lay-
ers may act to impede the flow of ground water.

In the Albertson Brook and McDonalds Branch study
areas, sediment textures are typically coarser in the
upper 100 ft of the aquifer system than was observed
in the Morses Mill Stream study area.

In the Albertson Brook and Morses Mill Stream study
areas, sediments of layers AB A-3 Lower aquifer and
MM A-3 Lower aquifer, respectively, tend to show
increasing homogeneity as they dip and thicken toward
the southeast. In contrast, the MB A-3 Lower aquifer in
the McDonalds Branch does not thicken substantially
within the study area, does contain clays, and does
exhibit a thicker gradational interval approaching the
base of the aquifer system.

The base of the Kirkwood-Cohansey aquifer system for
this study is generally represented by one of the two
basal clay confining beds identified by Zapecza (1989).

* The regionally extensive basal clay in the lower
part of the Kirkwood Formation is common to
both the Albertson Brook and McDonalds Branch
study areas and is the only layer of the models that
can be correlated between the study areas.

* The base of the aquifer system in the vicinity of
the Morses Mill Stream study area is the thick dia-
tomaceous clay in the upper part of the Kirkwood
Formation.



e The deeper hydrogeologic framework layers tend to
dip to the southeast and generally conform to the slope
of the top of the basal clays. The dip of the overlying
layers appears to decrease slightly where the layers
are closer to the land surface. The tops of the shal-
lower layers generally follow the slope of the drainage
basins, reflecting a closer relation to the erosion-in-
cised valleys that form the basins.

The estimated mean horizontal hydraulic conductivity
(K) values determined from various well tests in the the three
study areas ranged from 84 to 130 feet/day. The estimated
K values from well tests are consistent with those reported
by other investigators for the Kirkwood-Cohansey aquifer
system.

Acknowledgments

The authors gratefully acknowledge the local and State
officials who provided assistance in identifying and access-
ing well drilling locations in Winslow Township in Camden
County; Brenden Byrne State Forest in Burlington County;
Wharton State Forest in Atlantic, Burlington, and Camden
Counties; and Richard Stockton College in Atlantic County
and for collection of surface-geophysical data. The authors
wish to thank their USGS colleagues Christine Wieben, Don-
ald Storck, Gregory Simpson, William Ellis, Ruth Larkins,
Donald Rice, Steven Tessler, Nicholas Smith, Robert Rosman,
Lawrence Feinson and Timothy Reilly for technical advice;
help with well installation, slug tests, and analysis; report
preparation, illustrations, and editing; database construction;
and data validation. Lloyd Mullikin of the New Jersey Geo-
logical Survey provided numerous geophysical logs and well
and borehole logs, as did representatives of the U.S. Environ-
mental Protection Agency who arranged access to geophysical
logs, well logs, and records for sites. The authors also thank
the reviewers of this report Dr. Allison Brown of the New Jer-
sey Pinelands Commission and Robert Nicholson, Emmanuel
Charles, and Ronald Sloto of the USGS for insights and com-
ments that greatly improved the quality of this report.

References Cited

Anderson, H.R., Appel, C. A., 1969, Geology and ground-
water resources of Ocean County, New Jersey: New Jersey
Dept. of Conservation and Economic Development, Divi-
sion of Water Policy and Supply Special Report 29, 93 p.

Barksdale, H.C., Geenman, D.W., Lang, S.M., Hilton, G.S.,
and Outlaw, D.E., 1958, The ground-water resources in the
tri-county region adjacent to the lower Delaware River:
New Jersey Dept. of Conservation and Economic Develop-
ment Special Report 13, 190 p.

References Cited 55

Bouwer, Herman, and Rice, R.C., 1976, A slug test for deter-
mining hydraulic conductivity of unconfined aquifers with
completely or partially penetrating wells: Water Resources
Research, v.12,n0.3, p. 423-428.

Butler, J.J., Jr., 1998, The design, performance, and analysis of
slug tests: Boca Raton, Florida, Lewis Publishers, 252 p.

Carter, C.H., 1978, A regressive barrier and barrier-protected
deposit: Depositional environments and geographic setting
of the late Tertiary Cohansey Sand: Journal of Sedimentary
Petrology, v.48,n0.3, p. 933-950.

Farlekas, G.M., Nemickas, Bronius, and Gill, H.E., 1976,
Geology and ground-water resources of Camden County,
New Jersey: U.S. Geological Survey Water-Resources
Investigations 76-76, 146 p.

Freeze,R.A., and Cherry, J.A., 1979, Groundwater: Engle-
wood Cliffs, New Jersey, Prentice Hall, Inc., 604 p.

Gill, H. E., and Farlekas, G.M., 1976 Geohydrologic maps of
the Potomac-Raritan-Magothy aquifer system in the New
Jersey Coastal plain: U.S. Geological Survey Hydrologic
Investigations Atlas HA-557.

Greene, E.A., and Shapiro, A.M., 1995, Methods of conduc-
tion air-pressurized slug tests and computation of type
curves for estimating transmissivity and storativity: U.S.
Geological Survey Open-File Report 95-424, 43 p.

Hardt, W. F., Hilton, G.S., 1969, Water resources and geol-
ogy of Gloucester County, New Jersey: New Jersey Dept.
of Conservation and Economic Development, Division of
Water Policy and Supply Special Report 30, 130 p.

Hvorslev, M.J., 1951, Time lag and soil permeability in
ground-water observations: Vicksburg, Miss., U.S. Army
Corps of Engineers Waterways Experiment Station Bulletin
36,50 p.

Johnson, J.H., 1978, Soil Survey of Atlantic County, New
Jersey: U.S. Soil Conservation Service, 60 p., 51, maps.

Johnsson, P.A., and Barringer, J.L., 1993, Water quality and
hydrogeochemical processes in McDonalds Branch basin,
New Jersey Pinelands, 1984-88: U.S. Geological Survey
Water-Resources Investigations Report 91-4081, 111 p.

Keys, W.S., 1987, Borehole geophysics applied to ground-
water investigations: U.S. Geological Survey Techniques of
Water-Resources Investigations, book 2, chap. E2, 149 p.

Lohman, S.W., 1972, Ground-water hydraulics: U.S. Geologi-
cal Survey Professional Paper 708, 70 p., 9 pl.



56 Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

Lord, D.G., Barringer, J.L., Johnsson, P.A., Schuster, P.F.,
Walker, R.L., Fairchild, J.E., Sroka, B.N., and Jacoben,
Eric, 1990, Hydrogeochemical data from an acidic deposi-
tion study at McDonalds Branch basin in the New Jersey
Pinelands, 1983-86: U.S. Geological Survey Open-file
Report 88-500, 132 p.

MALA GeoScience, 2003, RAMAC GroundVision GPR Mea-
surement Software, Version 1.4.1: Sweden (Available from
http://www.malags.com).

Markley, M.L., 1965, Soil survey of Camden County, New
Jersey: U.S. Soil Conservation Service, 94 p., 33 maps.

Markley, M.L., 1971, Soil survey of Burlington County, New
Jersey: Washington D.C., U.S. Department of Agriculture,
Cartographic Division, Soil Conservation Service, 103 p.

Macbeth Division of Kollmorgen Instruments Corporation,
1975, Munsell Soil Color Charts: New Windsor, N.Y.

Newell, W.L, Powars, D.S., Owens, J.P., Stanford, S.D., and
Stone, B.D., 2000, Surficial geologic map of central and
southern New Jersey: U.S. Geological Survey Miscella-
neous Investigations Series Map 1-2540-D, p. 1-19, 3 sheets.

New Jersey Pinelands Commission, 2003, The Kirkwood-
Cohansey project work plan, accessed at http://www.state.
nj.us/pinelands/Kirkwood-Cohansey%20Project%20
Work%20Plan pdf

New Jersey Pinelands Commission, 1981, Comprehensive
Management Plan, (periodically updated) accessed May 15,
2006, at http://www.state .nj.us/pinelands/cmp/summary.

Rhodehamel, E.C., 1973, Geology and water resources of the
Wharton Tract and the Mullica River Basin in southern New
Jersey: New Jersey Department of Environmental Protec-
tion, Special Report Number 36, 58 p.

Rhodehamel, E.C., 1979, Geology of the Pine Barrens of New
Jersey, in Forman, R.T.T., ed., Pine Barrens: ecosystem and
landscape: New York, Academic Press, p. 39-60.

Rush, FE., 1968 Geology and ground-water resources of
Burlington County, New Jersey: New Jersey Department
of Conservation and Economic Development, Division of
Water Policy and Supply Special Report 26, 65 p.

Springer, R.K., and Gelhar, L.W., 1991, Characterization of
large-scale aquifer heterogeneity in glacial outwash by
analysis of slug tests with oscillatory responses, Cape Cod,
Massachusetts, in U.S. Geological Survey Toxic Substances
Hydrology Program — Proceedings of the technical meeting,
Monterey, California, March 11-15, 1991: U.S. Geological
Survey Water-Resources Investigations Report 91-4034,
730 p.

U.S. Department of Agriculture, Natural Resources Conserva-
tion Service (NRCS), 2000, Hydric soils criteria, accessed
June 20, 2006, at http://soils.usda.gov/use/hydric/criteria.
html

Walton, W.C., 1970, Groundwater Resource Evaluation: New
York, McGraw-Hill Book Company, 664 p.

Zapecza, O.S., 1989, Hydrogeologic framework of the New
Jersey Coastal Plain: U.S. Geological Survey Professional
Paper 1404-B, 49 p., 24 pl.

Zapecza, O.S., Voronin, L.M., and Martin, Mary, 1987,
Ground-water-withdrawal and water-level data used to
simulate regional flow in the major Coastal Plain aquifers
of New Jersey: U.S. Geological Survey Water-Resources
Investigations Report 87-4038, 120 p.



57

Table 2

1 1 ¥0/20/90 S NAa 0S qdo qv 19-971V --L6¥110 L6¥110

g 4! ¥0/20/90 S Wad 19 qdo av -9V 96110 96¥110

1 091 o 091 091 S661/1T/L0 S NAa L R av  L9TLyiE L I --SLETTO SLETTO

g €LT or €LT €LT L86T/0€/70 S INAA 09 RE| av  1ve9Tie L-3d1 €110 YrETT0

1 001 0¢ 001 001 $661/¥0/¥0 S NAd ¢8 RE| av  €1e9vie 9 WAL -€FETT0 €FEITO

g! €01 €8 €01 €01 6861/£2/20 S NI ¥9 dIdm AV 8PEOElE ¥ ¥AL --6€€T10 6€€T10

T Ss Sy 96 s S861/07/L0 S INFA 1L qd v  epeetie € WA1 -81€T10 8I€T10

g! 091 001 091 091 1661/1€/L0 S Wad oL dIdm 9V 1669€1€ S WAL -LIETTO LIETTO
el s el el 8861/%1/90 S NAd 19 dm av  81.8TI¢ 8861 AII --+TOT10 Y0110
08T o1 081 08T ¥961/L0/01 S Wada 00T dm av  99L¥01¢ T A1 --€20110 €20110
(9% €€ 57 4 €561/87/01 S Wada L dm gy LITT0TE T INODSIA --859010 859010
06 0L 06 06 8L61/90/%0 S NAd 8L dm av  18zelle AL --$+9010 S¥9010
S8 S9 S8 S8 8L61/20/S0O S Wad 0L dm av  TLEETIE 8L61-Td1 --€+9010 €49010
8¢ 8t 8¢ 8¢ 6L61/90/S0 S NAd 0L dm av  6LTElle $AI --1+9010 1+9010

. ML 60LT
DD“1 SIe 68l 86¢ SIe 8L61/81/10 S NAd 011 gd av  LepTlle STE/OE —S09010 S09010
(VR hg 8¢l 9¢1 S WHa 19 Ul av 9 SEO0 ~~L8E010 L8€010
(S dSA'DDT T LT 4! 4 SL6T/LO/LO  TO'0 [0A9T 8¢ RE| av SE€T --15€0T0 1S€0T0
. . ac
QA ---

D1 0ST SPl LTT 0ST SL6T/LT/90  TO'0 [oA9T 8¢ ud av VOTTION ~6V£010 6¥€010
081 01 081 081 ¥961/L0/01 S INFA 001 dm qav I AT --+2€010 ¥TE010
001 St 001 001 L961/10/20 S NG 68 dm vy 7S0sol¢ A1 --982010 982010

(103y)
(s1q (siq (siq laqunu (ain) 1equnu
199)) 199)) (s14 3094) 199))  uonANNSU0I (a3}) poyraw 88QAVN adhy eale yuuad l19m Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy pdap jo ayeq apmnjy ejeq Apmg Kasiap |eaifojoag
sjoyaiog apmnjy puej jo
udaIdg UG 11I3M - MapN SN

[e18p OU ‘--- "AJATISISAI ‘Y S fenuaod JSA cewwes ‘[ :30] [eorsAydoas ‘0 30 s1o[[up T :odK1, S0 ~ooryIns pue| M0[aq ‘S[q 399 ur yIdo( "SUIOAJ[ ‘[9AT [OPOJA UONRAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIOLIdd-[[oMm WOIJ POALISP AJATIONPUOD IINEIPAY ‘JAN BIEP 1S9} SN[S WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘Yo ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNEB(] [BINIA UROLIDWY YLON ‘S§8AAVN "Weans [[IA SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qn]

‘Aasiap map ‘Aluloin pue
seale Apnis spuejauld ui walsAs Jajinbe Aasueyog-poomyry ayi jo yJomawely a1bojoaboipAy ayl aquosap 03 pasn saus uonebisanul 9160j0ipAy pa1os|as jo sploday ‘g alqer



Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

58

- 6cl 0¢ 6Cl 9961/€1/%70 S Ndd 06 dm av  rev0le JII-C —-€€70LO €ev0L0
aL
] QA9 _—
0o 0cl STl 0LT 0ocl SL61/€C/90 1070 [9A9] €6 ud av VOITIOW ~0S40L0 0€0L0
I SH
()R} gee Sl See [L61/¥71/90 S Ndda L91 ud av  879501¢ SRITHO ~1650L0 16€0L0
1 00¥ 943 SLY 10t L961/80/60 S NAd 4! qd av 6€1501¢ ! :Umﬂmw%b\w 8CC0LO
1 €IL 059 gs6 €IL SS61/ST/LO S INAd 4! qd av 6L0201¢ 6 Md 8100L0
NITIH4 --8100L0
1 SvL SL9 LyL SvL CLOT/TT/LO S Ndd ovl dd av 802901¢ I Ad S100L0
NITIdd --ST100L0
(S dSA'DOT 091 S9! Sl¢ 091 SL6I/01/LO 100 [9A9] a9 ud av gesioce VOITION --woooMN 809050
‘ . ari
QA ---
MOD1 0ST 84! (4% 0S1 SL6I/10/LO 100 [9A9T] €€ ud av VOITINN —8650S0 865050
(4dS dSA) D (2% 611 8%S (124 CLOT/T10/T1T S NAd 9¢ qd av €1600C¢ ¢ OLS1Ivd --8810S0 887050
ac
) Ad ---
0o (44! LET gec ol SL61/10/60  10°0 [9A9] SY ud av VOITIOW ~bSh0<0 ¥S¥0S0
D1 001 g6 944 001 SL61/10/60 1070 [2A9] Ly qd av - aot L1¥0S0
VOITIN L1050
. . q.L
0o 9C 9 9¢ 9T S Waa 97 ud av NSIV #5AI 905050 901050
- 6 78 001 6 ¥00¢/C1/80 S NAd 9¢ LS av  686LcCe  INT-MO 9V —-90ST10 905110
- 0S ov 99 0S ¥00T/11/80 S INFd 9¢ IS av 066LTCE ST-MO gV —-S0ST10 SOSTIO
(M4dS‘dSA‘DDT 091 0SI 00¢ 091 #002/01/80 S Nda 9¢ IS4 9V 886LTCE  dT-MO 9V --+0SI10 Y0ST10
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo o
u33l1dg U3AIIG 113M spmly MaN SN

[e18p OU ‘--- "AJATSISAI ‘Y S fenuaod JSA cewwes ‘[ :3o] [eorsAydoas ‘0 <30 s1o[[uIp T :odK1, S0 ~ooryIms pue| m0[aq ‘S[q 399 ur YIdo(] "SUIOAJ[ ‘[9AIT [OPOJA UONBAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIONIdd-[[oMm WOIJ POALISP AJATIONPUOD IINBIPAY ‘JAN {BIEP 1S9} SO[s WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘YJoO ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNE(] [BONIA UROLIDWY YLON ‘S§8AAVN "Weans [T SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qrn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry 8yl Jo ylomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160[01pAy palaa|as Jo spioday 'z a|qel



59

Table 2

(VRN 96¢ 143 0S¥ 96¢ S NAd or1 A v 6€S00I€ € LNODSIA --69%0L0 69¥0L0
<91 Syl 91 [L61/TT/LO S WAd o1 dm av  9ILS0lE 9-INOd --89+0L0 89%0L0
IL 9 1L S NAa 06 dm qav INOA --L9+0L0 L9YOLO
1 4% 90¢ SLE 433 S NAd 611 REl av  0¥S00I€ ¢ 'LNODSIA --99%0L0 99%0L0
Y01 0L Y01 S961/91/11 S NG 601 dm av  906+¥01¢ T NI --29+0L0 T9¥0L0
002 0T 00T 9961/90/S0 S NI 011 dm av WAL --1970L0 19%0L0
1 €¢ €¢ 19T €¢ $961/L0/60 S NAd Y01 Y dM 9V I NI --09%0L0 09¥0L0
081 o 081 9961/07/S0 S WAd 101 dm av  Le6v0lE WAL --6$70L0 65¥0L0
€01 L6 €01 S NAd 201 dm av INOA --8S+0L0 8S+0L0
L9 LS L9 6961/07/11 S WAd 86 dm av INOA --LS¥0L0 LS¥0LO
1 ovl o€l Pl ovl 6961/87/L0 S WAd 86 dAdM AV 68€S01¢€ [ LSAL --9$+0L0 96¥0L0
el 0¢ el S NAa 201 dm av  6£2501¢ AL --SSH0LO SSHOLO

. . ait
QA —

(VRN | 991 191 cTe 991 SL61/10/60 1070 [0AYT] 121 qd av VOITTION ~LSHOLO 1S¥0L0

I8 L I8 8961/L1/01 S NAd 991 dm av  167S01¢€ I INOQ --0S+0L0 0S¥0L0
‘ 9

(DD1 09% 0cy 09t 091 S NAd 091 R E| av - oevore OTSNIM ~8V+0L0 8%70L0
78 6L 8 8 SS61/81/S0 S NAd 891 dm av  65S0201¢ INOA --L¥+0L0 L¥Y0LO
(43 7L 43 TS61/80/11 S NAd 801 dm av  8LLO0IE INOA --LEY0LO LEYOLO
o€l 011 o€l 9961/62/+0 S WA 8IT dm av  €S6v0I¢ WAL --9€+0L0 9€¥0L0
o1 001 o1 SS61/11/80 S NAd 16 dm av  §TTeole INOA --S£¥0L0 SEY0LO
o€l o1 o€l 9961/21/%0 S NG 16 dm av  1v6v0I¢ WAL --F€40L0 ¥€70LO

(103))
(s1q (siq (siq laqunu (ain) faqunu
199)) 199)) (s14 3094) 199))  uonANNSU0I (a3}) poyraw 88QAVN adhy eale yuuad l19m Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy pdap jo ayeq apmnjy ejeq Apmg Kasiap |eaifojoag
ajoyalog apmn|y pue| jo -
udaIdg UG 11I3M - MapN 1]

[e18p OU ‘--- "AJATISISAI ‘Y S fenuaod JSA cewwes ‘[ :30] [eorsAydoas ‘0 30 s1o[[up T :odK1, S0 ~ooryIns pue| M0[aq ‘S[q 399 ur yIdo( "SUIOAJ[ ‘[9AT [OPOJA UONRAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIOLIdd-[[oMm WOIJ POALISP AJATIONPUOD IINEIPAY ‘JAN BIEP 1S9} SN[S WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘Yo ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNEB(] [BINIA UROLIDWY YLON ‘S§8AAVN "Weans [[IA SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry| 8yl Jo slomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160(01pAy palaa|as Jo spioday 'z a|qel



Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

60

- L9 19 L9 9S61/1¢/10 S Waa 091 dm av - NOd --¥1S0L0 ¥1S0L0
- L6 06 L6 - S NAd ovl dm av - INOd --80S0L0 80S0LO
. aoom
Sl SII ¢el 6961/01/90 S JAE e 8LI dm av  Tresole IO ~-90S0L0 90S0L0
‘ ‘ ISH
(adS) D1 Or1 01 OLI 011 LS61/01/60 S INFd VLI dd'dm  av LLTEOTE TVNOIOTH —-S0S0L0 S0S0LO
. . I
ocl 0ocI 0ocl 9961/71/10 S Waa 891 dm av MAIVAAA —-Z0S0L0 ¢0S0L0
- 84! oIl oSl Il 6961/50/80 S Nad 651 dm av S6¢s0Ie CANI --10S0L0 10S0L0
05DH71 9L IL 9L 9L - 100 [9A97] el qd av §T6S0IE  SHO IL61-¥ --86¥0L0 86%0L0
- 06 9 9¢l 101 - S Ndda i dm av EPSSole € d0Yd --L6v0LO L6¥0LO
- €0l L 611 el 0L61/0T/Cl S Waa 911 dm av  Tresole [ AO¥d --06¥0L0 0610L0
- 06 78 06 ¢S61/11/20 S INAd gel dm av - INOd --6870L0 68¥0L0
MOD1 €0l LL 1€l €01 - S Waa €l ud av  orrbole S0 T --88¥0L0 88¥0L0
- 6¢l 811 6¢l 8961/20/S0 S NAd oIt dm av - €-INOd ~-€8+0L0 €870L0
1 LOT YL Yl IT1 €L61/€T/€0 S nWaa €Cl dd'dm 9V PL890IE €L61-¢€ - 18170L0 18¥0L0
- 00T (V1% 001 L961/¥1/¥0 S JAE e 6¢l dm av  8L0S0I¢ AAI --0870L0 08¥0L0
0OD1 Sovl 314! 060C SOST 0961/L1/80 100 [9A97] OIT dd av - M AN --owwwwqo 9L¥0LO
1 - - 949 gce - S INFd Y01 qd av - NIV —-€L¥0L0 €LY0LO
. . S TVNOILL
8¢1 LIT 8¢l S Waa Y01 dm av  966001¢ “OLLLSNI ~1L¥0L0 [LY0LO
- ‘ ¥
1 L91 34! 9LI1 L91 S INdd Orl dd'dm  9v S66001¢ TTAM LSAL —-0Lb0LO 0L¥0LO
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo o
u33l1dg U3AIIG 113M spmly MaN SN

[e18p OU ‘--- "AJATSISAI ‘Y S fenuaod JSA cewwes ‘[ :3o] [eorsAydoas ‘0 <30 s1o[[uIp T :odK1, S0 ~ooryIms pue| m0[aq ‘S[q 399 ur YIdo(] "SUIOAJ[ ‘[9AIT [OPOJA UONBAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIONIdd-[[oMm WOIJ POALISP AJATIONPUOD IINBIPAY ‘JAN {BIEP 1S9} SO[s WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘YJoO ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNE(] [BONIA UROLIDWY YLON ‘S§8AAVN "Weans [T SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qrn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry 8yl Jo ylomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160[01pAy palaa|as Jo spioday 'z a|qel



61

Table 2

- 00¢ 0¢ 00T 00T 9961/90/50 S Nad LOT dm av  ovevole [ 41 --8080L0 8080L0
- 0clI 001 0clI 0clI €861/71/€0 S INFd 06 dM av 768611¢ € ¥4I -L080LO L080LO
1 €l 8 €l €l °661/C1/90 S INFd 0L qd av  Clgegle € Zd —-0¥L0LO 0¥LOLO
. cay
IT1 16 ocl 611 1661/€0/S0 S Waa 191 dm av €SPOCIE VE-NITIAST ~LELOLO LELOLO
- 96 18 LST L6 1L61/5C/10 S Nad wl dm av 8LSSOI€E € Md —9¢€L0LO 9€L0LO
1 ¥01 76 ¥01 ¥01 8861/S1/CI S depy 16 dd'dM 9V 6666T1¢ T INOd --STLOLO STLOLO
- 801 86 801 801 8861/¥0/€0 S NAad 1! dm av  8¢oLllE S INOd --€1L0LO €1L0LO
1 001 06 001 001 9861/01/11 S INFd o1t dd'dm 9v (XXALAES INOd --01L0LO 0TLOLO
- ocl 06 ocl 0oclI S861/+0/10 S Ndda (44! dm av €LETTIE €-M.L --80L0LO 80L0LO
- 98 9L 06 06 S861/¥1/€0 S INFd 4! dM av I81CCIE INOd --S0L0LO S0LOLO
- o1l 001 o1l o1l 8861/01/60 S Waa LTI dm av  ¥699CI¢ NOAd --6690L0 6690L0
- 91 121! ¥0C L91 L861/5T/€0 S INAd 01 dm av €CI9tle ¥ 'ddd/8 --8690L0 8690L0
- 0s 0% 0s 0S LS61/ST/LO S NAd €Cl dm av  v61c0l¢ Y61€-1€ --9890L0 9890L0
- YL Y9 YL YL SL61/90/90 S Waa €LI dm av €99801¢ INOAd --7890L0 890L0
- 001 08 001 001 S86I/T1/CI S Nad 6cl dm av Te0vcle I --8L90LO 8L90L0
L TVNOIL
1 24! oIl 981 124! YL61/C0/LO S NFd YOI dd av 6L0801¢ “OLLLSNI ~1£90L0 1L90L0
- 91 91 91 ¥961/S0/01 S Nda 18 dm av SOLYOIE [ I --9090L0 9090L0
I
1 SLI 0ST 061 SLI €861/L1/01 S Waa Ortr ud av  0vL0TIE MOTSNIM ~86S0L0 86S0L0
0IMOTIS
1 1483 Y0€ 1483 1483 8L61/80/01 S NAd LOT dd av 8LOVITE NI —-ZLSOLO CLSOLO
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo o
u33l1dg U3AIIG 113M spmly MaN SN

[e18p OU ‘--- "AJATISISAI ‘Y S fenuaod JSA cewwes ‘[ :30] [eorsAydoas ‘0 30 s1o[[up T :odK1, S0 ~ooryIns pue| M0[aq ‘S[q 399 ur yIdo( "SUIOAJ[ ‘[9AT [OPOJA UONRAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIOLIdd-[[oMm WOIJ POALISP AJATIONPUOD IINEIPAY ‘JAN BIEP 1S9} SN[S WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘Yo ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNEB(] [BINIA UROLIDWY YLON ‘S§8AAVN "Weans [[IA SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry| 8yl Jo slomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160(01pAy palaa|as Jo spioday 'z a|qel



- ovl 09 orl ovl 0661/01/L0 S JAE e 0cl dm av  00vvele € JAI --200T1LO 2001L0
1 001 0L SOl 001 ¥661/60/L0 S Nad 94! qd av  coeervle ¢ ¥d1 -0001L0 000T1L0
- 14! Y01 14! 14! 6L61/91/80 S INAd IS1 dM av LOTYITE I Md —-2660L0 T660L0
- SOl ¢8 011 SoI [L61/¥1/470 S Ndda 0ST dm av  LI19S0I¢ T Md —1660L0 1660L0
- 0SI 09 0ST 0ST 7661/€7/30 S INFd €L dM av  Tesrple 9 JdI --0660L0 0660L0
- 16 18 16 16 661/82/50 S Ndd 8¥1 dm av  tescle nod 8860L0
6CdDSNS --8860L0
- 9¢l oIl 9¢l 9¢l 8861/8¢/01 S JAE (e OLT dm av  veLecle aoom £€860L0
-HDdd --€860L0
1 6¢l 611 6v1 6¢1 8961/20/S0 S Waa 901 dd'dm 9V 67TS0I€ I 4Ly 860L0
NOUYIANH --T860L0
- 94! €01 181 0SI ¥661/80/L0 S NAd €51 dm av 6CeIsIe 8 Md --T1060L0 1060L0
. I
ocl OrT LeT (31 9961/6¢/¥0 S JAE e ocl dm av  ovevole ANOA 0 N ~8180L0 8180L0
1 0¢l 06 0¢l 0¢l 8861/L0/LO S INFd 9¢l qd av 8888CI¢ 8861 JII -L180LO LT80LO
- 8¢CI LL 8¢CI 8¢CI 8L61/90/80 S Nda LIT dm av  ¥8S¢elle [ ddI --9180L0 9180L0
1 78 94 06 78 8961/L0/€0 S INFd ol Yd'dm 9v 01csore [ JdI --S180L0 S180L0
- Sel ge Sl gel ¥861/80/90 S Waa 0ocl dm av SPeITie [ JdI --#180L0 ¥180L0
1 ¥6 143 001 ¥6 L961/20/20 S Ndd 8¢€1 dd'dm vV T€0S01€ Tl -€180L0 €180L0
- ISI 11 IS1 Is1 6961/€1/90 S NAd €8 dM av 6v€S0IE  6961-C YII --C180L0 CI80L0
- 0cl €6 ocl 0cl ¥S61/SC/01 S Waa 9L dm av  69vIole ¥S61-C--0180L0 0180L0
. L MO
(0191 oy 0cl o€l 661/€1/40 S NAd Y01 dm av  OvL8EIE ¥ DNTHAS 60800 6080L0
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo o
u33l1dg U3AIIG 113M spmly MaN SN

Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

62

[e18p OU ‘--- "AJATSISAI ‘Y S fenuaod JSA cewwes ‘[ :3o] [eorsAydoas ‘0 <30 s1o[[uIp T :odK1, S0 ~ooryIms pue| m0[aq ‘S[q 399 ur YIdo(] "SUIOAJ[ ‘[9AIT [OPOJA UONBAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIONIdd-[[oMm WOIJ POALISP AJATIONPUOD IINBIPAY ‘JAN {BIEP 1S9} SO[s WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘YJoO ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNE(] [BONIA UROLIDWY YLON ‘S§8AAVN "Weans [T SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qrn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry 8yl Jo ylomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160[01pAy palaa|as Jo spioday 'z a|qel



63

Table 2

. 40 HONI
DDT %43 10€ 43 €ce 1L61/91/21 S INFA 06 RE| N SLLOOTE PP .womwmo 99€050
. ¥ Md
D1 0€€ 062 or 0c€  0961/S1/60 S NAa 6 A dN  98£00C€ - QINEd —-<950<0 $9€0S0
(r9dSdSA) DT 86 o 0S¢ 61 8961/81/60 S NAA 0T dIdM  GN 18S00-C€ AT --LSE0S0 LSE0S0
S NFd 68 WD 9V H1081-4dDIV
S NAd IL LIWIO gV q10S1-4dD9av
S (el I LIWIO 9V D7060-4dDgV
S WAd 57 A1¥dD gV 42060-4dD9V
S NAd 8t I ¥dO gV V2060-4dD9V
(4dS dSA ‘D D 09% ocy S WAd 001 R E| av  6698S1¢ T LSHL--T6STST TO6STST
e LSHL TN
(MdS‘dSA‘D D 09t S INFA LT A v 8698S1¢ STTOD ~6651S 1 €6SIST
(MdS‘dSA‘D D oty S INFA €l A v L698S1¢ LS4l Y6STST
HSYOH 19 --+6S 161
(4dS ‘dSA ‘D D 06€ S wdad 8¢l | av  1z6v91¢ 1A LY 11LO L¥11LO
(ddS dSA ‘D D 8¥1 801 STl €SI S WAd 961 RE| av  $06v91¢ TTTAM —-S601.L0 S601L0
0ST o1t 091 SST 000T/12/21 S NAa 091 dm av  8Te6SI¢ ITML--€601L0 €601L0
(S dSA‘D DT 091 0ST 081 09T  $00¢/LT/80 S WAd 961 ISMd 9V $LT8YIE  dI-MO 9V --T601LO T601L0
S6 8 66 6 Y00T/¥T/6 S NAa SS1 IS av  6LT891¢  I-MO 9V --1601L0 1601L0
1 8C £0/£0/90 S NAA 16 udo av v-4TV --6801L0 6801L0
g! 0C £0/20/90 S WA 6L qdo qav ¢d-d'1V --8801.L0 8801.L0
€6 €8 6 €6 9861/20/10 S NAd K41 dm av  0€Ivcle  HOS WHTH --#801L0 #801L0
or1 0L 0S1 or1 6861/10/90 S INFA STl dm av  She0gle T ¥ --€001L0 €001L0
(103)) n n
s ) U ool ogosios 0% pogaw BN oy s wwed oo
wonoq doy pdap jo ayeq apmnjy ejeq Apmg Kasiap |eaifojoag
udaI19g UulaAIIg eloyaiog 11em epmuy %%:M“h“ Map SN

[e18p OU ‘--- "AJATISISAI ‘Y S fenuaod JSA cewwes ‘[ :30] [eorsAydoas ‘0 30 s1o[[up T :odK1, S0 ~ooryIns pue| M0[aq ‘S[q 399 ur yIdo( "SUIOAJ[ ‘[9AT [OPOJA UONRAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIOLIdd-[[oMm WOIJ POALISP AJATIONPUOD IINEIPAY ‘JAN BIEP 1S9} SN[S WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘Yo ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNEB(] [BINIA UROLIDWY YLON ‘S§8AAVN "Weans [[IA SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry| 8yl Jo slomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160(01pAy palaa|as Jo spioday 'z a|qel



Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

64

- L8 99 - L8 - S Waa 0cl dm N SI€r0ce YLO1-€d --€690S0 £69050
(4dS dSA) D1 - - Y56 Y56 1S61/9/S S Nad 901 qd g 1€000CS ITTH LSL 169050 169050
((V2s) I8 9L I8 - 1’0 [9A97] 94! qd 304\ - cds 069050
NONVEdT --069050
(4dS dSA) D1 - - 06 06 Isel/61/v S Waa ! ud N 62000CS 8 TH .LS.L --8890S0 889050
(4dS dSA) D1 - - 876 876 1S61/T/S S INAd 101 dd g 0€000CS 0T TH LSL --L890S0 L890S0
(4dS dSA) D1 - - LOTI LOcTl Isel/ce/e S Waa 9¢l ud N L2T000T$ € TH .LSL --989050 989050
(4dS dSA) DT - - 006 006 IS6l/LT/e S Waa 6¢Cl ud g 82000CS ¥ TH LS.L 689050 689050
¢ ‘ ¢ . 1 9DV1d
A9 —
(C°4dSdSA) DT LlIT c0lc L6tt LIIT  ¥961/0€/60 o [9A97] 6¢l dd an AL —€890S0 £€89050
(4dS dSA) D1 - - 188 188 1S61/91/¢ S INFd 0¢l qd g 92000CS CTH LSL 789050 789050
¢ ‘ . . I
(4dS dSA) D1 Ly1l orIl [S6l/T1/€ S Waa IT1 ud N ST000T8 ATOH LSL — 189050 189050
¢ ¢ ¢ . S8
Ad —
(£ “4dS dSA) D1 0s Sy gee 0s SL61/T0/60 1070 [9A97] ITI qd an VOITIAN ~8£90<0 8L90S0
LIOddIV
-—- ¥ QAQ -—-
0o ors 0€s S6S (0129 100 [9A9T] 861 ud an ATAOD —9290S0 9L90S0
‘ ‘ . . . 4!
(4dS dSA) D1 61S1 6161 S Nad €8 qd g 2€000Cs ATOH LSAL —£29050 €L90S0
¢ ¢ ¢ . as
Ad ---
(f4dS dSA) DT OLT S91 SIc OLT SL61/10/60 1070 [9A97] 9 qd an VOITIAN ~1SH0<0 17050
¢ ‘ S TVNOILL
(4dS dSA) D1 89¢ 8¢C¢ oy 89¢ CL61/€0/€0 S Waa 99 ud N S6L00TE ALLLSNI ~8.£0S0 8L£0SO
6/¢€ LSNI
1 8LE eve 1494 8LE 9s61/¢1/01 S NAd IL dd dN  9LT00CE 00 ¥4 —-SL£0S0 SLEOSO
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo
u33l1dg U3AIIG 113M spmly MaN SN

[e18p OU ‘--- "AJATSISAI ‘Y S fenuaod JSA cewwes ‘[ :3o] [eorsAydoas ‘0 <30 s1o[[uIp T :odK1, S0 ~ooryIms pue| m0[aq ‘S[q 399 ur YIdo(] "SUIOAJ[ ‘[9AIT [OPOJA UONBAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIONIdd-[[oMm WOIJ POALISP AJATIONPUOD IINBIPAY ‘JAN {BIEP 1S9} SO[s WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘YJoO ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNE(] [BONIA UROLIDWY YLON ‘S§8AAVN "Weans [T SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qrn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry 8yl Jo ylomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160[01pAy palaa|as Jo spioday 'z a|qel



65

Table 2

¢ ¢ ¢ . I NO4
A
(S dSA) DT 0T6 006 9101 0c6 L661/€0/¥0 1’0 [9A97] 901 qd g S00TTTe “STT MAN —68€1S0 68€150
- SOl g6 SOl SOl ¥661/02/01 S Waa orl dm N 0sselce INOd --68€1S0 G8¢1S0
1 08 0L 08 08 €661/91/¥0 S INAd 6¢l dd'dm 9N [6161c¢ INOd --¥8€150 ¥8€150
1 L9 9 L9 L9 §661/20/90 S NAd 78 dddm N 9TLOTTE S661 INOA —-LEETSO LEETSO
1 06 SL g6 06 8861/0¢/€0 9 Nda 611 RE N CorpIce AL -SEETSO GeCISo
1 001 c6 OrT 801 9861/81/C1 S Nad 801 qd N vlIclce INOd --¥¢€150 YEE1S0
1 S6 c8 001 001 8861/80/C0 S JAE e 911 ud N e9evice INOd --€€€1S0 €ee1s0
. RGAR
L6 LL 0cl L6 0861/LT/SO S NAd (191 dm dN  €8090c¢ NAD AT —€L11S0 €LTTISO
. ¢ TVNOIL
¢8 99 ¢8 ¢8 861/S1/T1 S Waa 611 dm dN 88980C¢ ALLLSNI ~260150 60150
T1aM
: A9 —
1 Sy (4% 8Y St S861/81/60 o [9A97] ILT dd 304\ AVAT L0150 ¥LOTSO
(D1 €8¢ LT 98¢ €8¢ 1961/8¢/¥0 S INFd €L qd gN 8L£00T¢  TTHM 1961 --LE£L0SO LELOSO
. . . . I
[ 9L 9L S Waa 0ocl ud an TN VS —-9££0S0 9€L0S0
1 01 L8 LOT LO1 [L6T/¥1/LO S INdd OrT dddm N 9TLOOTE CNV'L 60L0S0
-dOOM [N --60L0S0
‘ SIOM
1 6 LL L6 6 [L6T/¥T/LO S Waa €Cl dd'dm 9N LTLOOTE -SSVIO —-80L0SO 80L0SO
(4dS dSA) D1 - - 006 006 1S61/5/¥ S NAd 6¢l qd 304\ - 9 TH LSL --L690S0 L690S0
(4dS dSA) D1 - - 006 006 1S61/0¢/€ S Waa yel ud an - ¢ TH .LSL --969050 969050
‘ ¢ VL1
(4dS dSA) D1 961 8¢y 6vS 961 YL61/60/S0 S NAd 1ol dd dN  0vCI0cE ATOH LSAL —S69050 $690S0
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo
u33l1dg U3AIIG 113M spmly MaN SN

[e18p OU ‘--- "AJATISISAI ‘Y S fenuaod JSA cewwes ‘[ :30] [eorsAydoas ‘0 30 s1o[[up T :odK1, S0 ~ooryIns pue| M0[aq ‘S[q 399 ur yIdo( "SUIOAJ[ ‘[9AT [OPOJA UONRAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIOLIdd-[[oMm WOIJ POALISP AJATIONPUOD IINEIPAY ‘JAN BIEP 1S9} SN[S WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘Yo ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNEB(] [BINIA UROLIDWY YLON ‘S§8AAVN "Weans [[IA SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry| 8yl Jo slomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160(01pAy palaa|as Jo spioday 'z a|qel



(rads

“ASA D) DT - - 00T ¥002/02/60 S Nda €l ud dN 0608CCE [-dL 9N --L6S1S0 L6STSO
- oy 0¢ or (0% ¥00T/CT/6 S Ndd eIl dd g €608CCE S-dN 9N 965150 96S150
- LT Sl LT S¢ ¥00C/L1/6 S NAd eel qd dN  1608CCE -dN dIN --S6S150 S6SIS0
- [43 [4¢ [43 [43 ¥00T/L1/6 9 Nda 6¢€1 g gN  S608TC¢ €-dNl gIN —-T6ST1S0 T6ST1S0
- 6¢ 61 6¢ 6¢ ¥00T/€C/6 S Nad 6¢l qd dN  L608TCE I-dN N --68S150 685150
- T cl ¥C (44 ¥00¢/91/6 S JAE (e 8¢CI ud dN 9608cCCE <dN 9N --L8STS0 L8STSO
mmmwww ‘1 e8I SLI gec S81 #002/€0/60 S Ndda orl IS4 dIN T66LTCE  AT-MO 9N --09S1S0 096150
- Se 94 ge Se ¥00T/CC/6 S INAd ol LS g €66LTCE  ST-MO dIN 655150 6SS1S0
- 00T 06 001 001 ¥00¢/91/6 S Waa orl LS dN co6LccE  INT-MO 9N --8SSTS0 86S160
- 06 08 S6 06 ¥00¢/02/6 S NAd IS1 LS g S66LTCE  INT-MO dIN --LSSTS0 LSSISO
mmmwww ‘1 o6l 081 0S¢T 061 ¥00T/71/60 S JAE e IS1 IS4 9N ¥66LTCE  AT-MO 9N --9SST1S0 96C1S0
1 - - 61 ¥0/61/S0 S Ndda €Cl qdD an - Sd-ddIN —-SSSISO GSSISo
1 - - 61 ¥0/61/S0 S Nda el qdD an - Ya-ddN --¥SS1S0 ¥SSIS0
1 - - 8¢ ¥0/02/S0 S INFd gel ddd 304\ - 94-ddIN --€SS150 €6S1S0
1 - - 91 ¥0/61/S0 S Waa ocl qdD an - €d-ddIN --TSS1S0 ¢SSIS0
1 - - 61 ¥0/81/50 S Ndd 6cl ddod 304\ - ¢d-ddIN --1SS150 [SS1S0
1 - - 8¢ ¥0/81/S0 S Waa 8¥1 qdD an - 14-9dN --0SSTS0 0SS1S0
1 41! L 81 81 €661/€7/60 9 Nda 0cI1 dd'dm N 0ST61TE S WAL -vLY1SO YLY1S0
sS40
: A9
[ 9evl 91yl 08LI [R24! L661/10/90 o [9A97] 981 dd dN  S08Icce 2 ATROD —-16€150 16€150
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo
u33l1dg U3AIIG 113M spmly MaN SN

Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

66

[e18p OU ‘--- "AJATSISAI ‘Y S fenuaod JSA cewwes ‘[ :3o] [eorsAydoas ‘0 <30 s1o[[uIp T :odK1, S0 ~ooryIms pue| m0[aq ‘S[q 399 ur YIdo(] "SUIOAJ[ ‘[9AIT [OPOJA UONBAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIONIdd-[[oMm WOIJ POALISP AJATIONPUOD IINBIPAY ‘JAN {BIEP 1S9} SO[s WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘YJoO ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNE(] [BONIA UROLIDWY YLON ‘S§8AAVN "Weans [T SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qrn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry 8yl Jo ylomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160[01pAy palaa|as Jo spioday 'z a|qel



67

Table 2

- 651 811 80¢ 6S1 0L61/LT/01 S INFd ¥9 dM NN 0CT#009¢€ [ LSHL 681010 681010
(4dS‘dSA) DT 80¢C 80¢C S Waa 79 A NN 81+009€ S0 T --881010 881010
- 9 074 9 6961/LT/€0 100 [0A9T] €¢ dM WIN - CTTdM --9810T0 981010
- €LI orl €LI €LT L961/8C/%0 S NFd S9 dm NN T6€009¢ CANI --S81010 ¢81010
1 61 TLI 90T 61 L61/61/90 9 Nda 89 dd'dM WIN - €PP009€ T Md --€81010 €81010
‘ ‘ ‘ . [ HTTA
(MdS‘dSA‘DDT  0LS 09¢ 2001 0LS S Ndda Y4 ud IWIN  $62009¢ NVADO0 ~081010 081010
- 9 8¢ ¥9 9 LS61/0T/20 ¢ Nda 8% dM NN S92009¢ INOd --6L1010 6L1010
1 991 841 L91 L91 7961/S1/C1 S INFd 7€ dddM IWIN - L9€009€ [ ANI 091010 091010
. ‘ HIVNVD
MOD1 80¢ TLI €eT 80¢ TLOT/TT/TT 9 Nda (4% YI'dM  IWIN 8TH009¢ “TMOHS —1S1010 ISTOTO
(4dS ‘dSA) D1 (497 0S¢ LOS (494 YO61/T1/11 S Ndd (1% ud IWIN  LL¥00TE S Md —-LT1010 LITOI0
05D1 ¥6¢ [4%3 10¥ 10¥ ro61/81/€0 S INAd ov qd NN - € Md 911010 911010
- - - - S INFd 0SI1 Y4 YdD 9N - gy 1dd-d4dDdIN
- - - - S NAd 6vl A4 UdDO 9N - deTId-IdDIGN
- - - - S INFd oVl Y4 YdO 9N - Verdd-d4dDaN
- - - - S Nda Syl AL YdD 9N - dC1I9-IdDIGN
- - - - - - S INHA LS1 Y4 9dO  dIN - D10V ddDIdIN -
- - - - S NAd 8¢l I YIDO I - DT0LO-IdDIIN
- - - - 9 Nda 6vl A4 YdD 9N - D1070-ddOIIN
¢ STIIN
——— [ —— —— . o>® [
DO1 8¥¢ o [9AT] LTI ud an SATAM —STHO6T STr06¢
(3294)
(s1q (s1q (s1q laqunu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmny puej jo
u33l1dg U3AIIG 113M spmly MaN SN

[e18p OU ‘--- "AJATISISAI ‘Y S fenuaod JSA cewwes ‘[ :30] [eorsAydoas ‘0 30 s1o[[up T :odK1, S0 ~ooryIns pue| M0[aq ‘S[q 399 ur yIdo( "SUIOAJ[ ‘[9AT [OPOJA UONRAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIOLIdd-[[oMm WOIJ POALISP AJATIONPUOD IINEIPAY ‘JAN BIEP 1S9} SN[S WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘Yo ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNEB(] [BINIA UROLIDWY YLON ‘S§8AAVN "Weans [[IA SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qn]

panuiuog—Aasiap ma ‘ANuIdIA pue

seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry| 8yl Jo slomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160(01pAy palaa|as Jo spioday 'z a|qel



Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

68

- 891 8¢CI ¢8I 891 9L61/1¢/80 9 Nda <9 dM NN 89¥009¢ € ANI --80L0T0 80L0T0
‘ ‘ TI0D
(MdS ‘dSA) D1 0¢s 0cs 089 939 G861/L0/T0 S INFd (1% qd NN 1286709¢ LS NLYLS ~90L010 90L010
¢ ¢ VNOIWOd
(4dS dSA) D1 0LS 09¢ 809 SLS G861/11/€0 S INFd ge qd NN 2760S09¢ VYV —€0L010 €0L010
1 081 0¢T 0T 081 ¥861/17/20 o [9A9] 94 YL 'dM I PE€6£09€ 91 Md 969010 969010
1 081 0¢l 0C 081 1861/81/L0 S Ndd £3 dd'dM WIN - €€¥T09€ CIOMS --689010 689010
¢ ‘ ‘ CTVNOIL
(4dS ‘dSA) D1 691 671 SLI CLI 861/7T/T1 S INFd 89 dd'dM NN 0I1€09¢€ “ALLLLSNI —-989010 989010
. . . €L-CLSHL
09D 08¢ 08¢ St Nda 1T ud NN “NVH ~0S9010 0S9010
(MdSdSA ‘D DT 0501 1L6 0S0T 0S01 - (Syé Nda 9 q WIN - 8L-¥ML 69010 6¥9010
1 sol Syl sol Sol - I [9A97] 4 qd NN €€0009S ¢l Md —-SLSOT10 SLSOT0
0o - - g9¢ - 100 [0A9T] ol ud WX - 009 --996010 996010
1 LST LET 88C 091 9S61/L0/60 ¢ INAd 9L dd'dM I 092009¢ YA --$TT010 §Teo10
- 811 86 811 811 YL61/9T/T1 S INdd 8¢S dm WX 6£17009€ O1-YdI --812010 812010
1 001 94 (1181 001 L961/¥0/¥0 S INAd 9¢ dd'dM IWIN €6£009€ YA --902010 902010
1 ocl 0¢ gl 0ocl 9961/ST/LO S Ndda 19 Yd'dM I 06£009€ [ I --002010 002010
- 94! SL 94! S961/S1/¥0 S INFd €S dM NN SI¥009¢ I TTdM —-L61010 L61010
- CTVNOIL
Syl Scl 0S1 94! [L61/¥2/S0 S Waa 0¢ dM IWIN  $2¥009¢ -ALLLSNI 61010 761010
- [ TVNOIL
0ST (91 0S1 0S1 [L61/L0/90 S INFd [43 dm WX STH009¢ ALLLSNI —-€61010 €61010
- 6S1 gel 80¢ 6S1 OL6T/TT/TT S INFd 9 dM NN TCr009¢€ € LSHL 161010 161010
- L91 9¢l 80T L91 0L61/6C/01 S Nda 9 dm WX TTH009¢€ ¢ .LS4L 061010 061010
(3294)
(s1q (s1q (s1q laqunu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo
u33l1dg U3AIIG 113M spmly MaN SN

[e18p OU ‘--- "AJATSISAI ‘Y S fenuaod JSA cewwes ‘[ :3o] [eorsAydoas ‘0 <30 s1o[[uIp T :odK1, S0 ~ooryIms pue| m0[aq ‘S[q 399 ur YIdo(] "SUIOAJ[ ‘[9AIT [OPOJA UONBAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIONIdd-[[oMm WOIJ POALISP AJATIONPUOD IINBIPAY ‘JAN {BIEP 1S9} SO[s WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘YJoO ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNE(] [BONIA UROLIDWY YLON ‘S§8AAVN "Weans [T SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qrn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry 8yl Jo ylomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160[01pAy palaa|as Jo spioday 'z a|qel



69

Table 2

¢ INY Add
1 001 6 001 001 ¥861/L0/€0 S INAd 1L YI'dM NN +#86£09¢ NAVT/Z ~LS6010 LS6010
‘ Sl
1 991 ol 6L1 991 6861/0¢/Cl S Waa 8¢ dd'dM NN TST909¢ AIQ NHLS ~956010 966010
1 94! ovl 94! 94! 1661/90/90 S NAd oY qd IWIN  9¥ST19¢ ‘INOd —-7£6010 ¥€6010
'SHY MEO
1 001 06 001 001 6861/0C/¥0 S NFd or ud IWIN  CTPLIT9E ALOOVN ~0£6010 06010
1 08 SY 08 08 8861/€C/11 S Ndda 18 dddM IWIN - 9LLYITE NOAd --626010 626010
1 S9 0S S9 S9 0661/82/€0 S INFd 09 dd'dM WIN - TT89ITE INOd --826010 876010
1 09 99 09 09 8861/0/%0 S Waa 0¢ ud IWIN  S€6609¢€ NOAd --926010 926010
- 99 94 LS LS 9861/12/10 S INAd Cl dm NN 8TylICE INOd --916010 916010
- (1]81 001 Ol (1181 8861/0¢/C1 S NAd 09 dm NN S9evIce INOd --968010 968010
1 08 0L 08 08 L86I1/C1/€0 4 Waa 19 ud IWIN  $CT809¢ INOAd --L88010 L880T10
1 L8 LL L8 L8 8861/81/80 ST Nad S9 dddM IWIN - ¥OP019€ INOd --988010 988010
. TJ0d
001 06 001 001 €861/80/60 S NFd 99 dm IWIN  $99€09¢ NIV OV ~S/8010 GL80I0
1 9 (44 9 [ G861/LT/LO 100 [9A9T] 19 ud NN TLY9S09€  T-MIN A7IS --€L8010 €L8010
- 9LI Scl 0¢ LI 6861/02/90 S Waa €€ dm IWIN  L6TS09¢€ ¥Z Md --98L010 98L0T10
1 €81 (43! 0C €81 - S Ndd 6¢ dd'dM IWIN - S6TS09€ [T Md —-€8L010 €8L010
1 081 (31 0¢ 081 G861/S1/S0 S Waa 8¢C dd'dM IWIN - 96TS09€ 0C Md --C8L0T0 ¢8L0OT0
1 41! 1€l 10T 41! §861/02/S0 S NAd LT YddM NN T6TS09€ 61 Md —-18L010 18L010
€861-T-MIN
--- : A
8¢ 8¢ 8¢ 8¢ €861/¢1/10 o [9A9] 9¢ dm WX L81€09¢ TS 192010 19,010
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo o
u33l1dg U3AIIG 113M spmly MaN SN

[e18p OU ‘--- "AJATISISAI ‘Y S fenuaod JSA cewwes ‘[ :30] [eorsAydoas ‘0 30 s1o[[up T :odK1, S0 ~ooryIns pue| M0[aq ‘S[q 399 ur yIdo( "SUIOAJ[ ‘[9AT [OPOJA UONRAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIOLIdd-[[oMm WOIJ POALISP AJATIONPUOD IINEIPAY ‘JAN BIEP 1S9} SN[S WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘Yo ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNEB(] [BINIA UROLIDWY YLON ‘S§8AAVN "Weans [[IA SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry| 8yl Jo slomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160(01pAy palaa|as Jo spioday 'z a|qel



1 LL L9 LL LL €661/01/€0 S NAd S9 qd NN 68061C¢ €6-C-MYd - 1SETT0 ISETT0
1 801 88 i 801 9L61/20/60 S nWaa SY dd'dM IWIN 697009€ ¢~dSD —-0v€110 orerTo
- 061 ovl 0ce 061 661/62/170 S Nad S9 dm NN 189619¢ [-dd1 --S2eT 1o STello
- 0L (V1% 0L 0L SL61/L1/90 S JAE e 6S dm WX TS1009¢€ [ —-€CET10 €eelno
1 00¢ 001 00T 00T L861/8¢/S0 S Nad L dd NN 8evelce AL --60€110 60€I10
- 101 ¢8 101 101 €861/6C/S0 S NAd 0L dm NN $E¥S09¢€ AAI -86C110 86CI10
1 0SI 09 0ST 0ST 2661/50/90 S INFd 0L dd'dm IWIN TI8SI9€ YE-FAI --L6TTT0 L6TITO0
I HAV
1 09 439 €v9 <09 ¥661/90/€0 S Waa SY ud ININ  6€€LT9E TTAMOT 022110 0ceI10
. 1 adg
1 019 0cs 019 019 ¥661/12/S0 e Nad SY qd NN SS9LI9E SALVD —-81Z110 8ICIT0
. LS
0clI 001 0clI 0cl 0661/02/€0 S INFd 09 dM NN L90€19¢ MATNANG ~Z00110 200110
1 061 OLI 00C Sol 6861/€2/80 S NAd St dddmM NN €12T19€ AL 666010 666010
1 091 08 091 091 8861/0¢€/€0 S nWaa 29 dd'dM WIN - 068609€ AT dAI -L66010 L660T0
- 0l L6 0l 0l 8861/11/60 S Nad S9 dm NN L¥2019¢ 8861-INOd --¢66010 266010
- ¢8 08 c8 c8 7861/LT/S0 oyé INAd €S dM NN 788T09¢ dovid LL60TO
-H INOd --LL6010
1 e8I yel 10¢ e8I 1661/90/S0 S Waa [43 dd'dM IWIN - SIPPI9¢ TN €L6010
-SSOI LT/€ —-€L60T0
1 49! 0ocI 01¢ 9¢1 L861/01/60 S Waa €9 dd'dM IWIN SP8809¢ I Md --CL60T10 C¢L60TO
. AVM
00¢ OLI 00T 00T 0861/81/C1 S NAd St dm NN 0L0209¢ NOATVA —0L6010 0L6010
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo o
u33l1dg U3AIIG 113M spmly MaN SN

Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

10

[e18p OU ‘--- "AJATSISAI ‘Y S fenuaod JSA cewwes ‘[ :3o] [eorsAydoas ‘0 <30 s1o[[uIp T :odK1, S0 ~ooryIms pue| m0[aq ‘S[q 399 ur YIdo(] "SUIOAJ[ ‘[9AIT [OPOJA UONBAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIONIdd-[[oMm WOIJ POALISP AJATIONPUOD IINBIPAY ‘JAN {BIEP 1S9} SO[s WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘YJoO ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNE(] [BONIA UROLIDWY YLON ‘S§8AAVN "Weans [T SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qrn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry 8yl Jo ylomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160[01pAy palaa|as Jo spioday 'z a|qel



n

Table 2

MOoD1 8LI 891 081 8LI 000T/ST/T1 S JAC(el €9 a4 IWIN  vCSYCoe CMIN 169110 169110
MOD"1 ¢ col G'S6 L'¥01 S0l - o [9A9] cs a4 WIN  LpSSToE A0 MIN 09110 089110
(4dS dSA) D1 - - - 169 SLO6T/11/8 S INFd €C dd WX $S1009¢€ C.LSHL —-6¥9110 6¥9110
05DH71 90¢ 961 Y1¢ 90¢ 6861/81/10 S [9A] 89 dd NN [8¥8019¢ WNOd -.AMWWK_/WM 629110
MOD1 ¢lc €0¢ 0ce €Ic 6861/61/C1 S [9A97] 0S a4 IWIN  L¥8019¢ ALmn €a9110
‘INOd —-€79110
(C4dSdSA) DT OLI 091 gec OLT ¥002/ST/80 S INFd 6¢ IS¥Md  WWIN  18€879€  dT-MO IWIN —-€0ST10 €0SIT0
- €L €9 c8 €L ¥00¢/01/6 S INFd (1% LS NN C8€879¢  INT-MO INWIN --C0STTO0 COST10
- oy 0¢ 0S ()% ¥00¢/01/6 S INHd oy LS NN €8€879¢  ST-MO WA --10STT10 T0STI0
- C cl 0€ C ¥00¢/1¢C/6 S INFd 9¢ LS NN 98¢879¢  SI-MO WA --00STT10 00ST10
(f4dS dSA) DT S91 N9 0ce S ¥002/L1/80 S NFd 9¢ IS4 WIN  $8€879¢  dI-MO WIN 661110 667110
. S9 gs 0L S9 ¥002/61/30 S INFd LS LS NN 68€879¢  INT-MO WA --86¥110 8677110
- cs ce 8¢ cs 8861/6¢/11 S INFd SY dm NN €€8019¢ [-M¥ —-S6¥110 S6vIIo
1 SLI 91 SLI SLI 8861/20/S0 S JAC(l 19 a4 IWIN  S8L609¢€ 8 INOd ~—-v¥¥110 Yry110
1 91 49! 01¢ 0Ic 9861/L0/S0O S INFd IL dd'dM IWIN T6S909€ 6 INOd —¢¥v110 (A44810)
1 811 801 ocl 811 6861/01/01 S JAC(el Ie a4 IWIN  €0SCI9¢ 0l NOd --¢¥vI10 (444810
1 €6 89 96 96 S661/1¢/C1 ¢c INFd L9 dd IWIN  CS1619¢ Hy-DN —-0ev 110 (54810
1 OLT 091 0LT 0LT L661/10/S0 IS¢ INHd ol dd IWIN  S61179¢ LAl —vIvII0 YIvII0
1 081 (041 00¢ 081 8661/CC/¥0 4 INFd 6¢ a4 IWIN  6C6179¢ 1D Al - T1YI10 R84 810
- 061 orl 0ce 061 ¢661/6C/¥0 S INFd <9 dm NN 089S19¢ AL —-v9¢1 10 Y9€I10
1 SY Sy SY SY 1661/ST/T1 S NFd €9 dd IWIN  0ITST19¢ 169-M¥ —-9S€110 96elI10
1 09 or 09 09 1661/CI/11 S INFd 89 a4 IWIN 90TS19¢ 16-C-MY --CSETT0 (433810
(1094)
s ) U ool ogosios 0% pogaw BN oy s wwed oo
wopoq  doy ydap j0 ajeq apmny ejeq  Apms  Assiap |eaibojoan
usasog uearag 104198 o epmuy %_”__H__ h“ Mmap ‘SN

[e18p OU ‘--- "AJATISISAI ‘Y S fenuaod JSA cewwes ‘[ :30] [eorsAydoas ‘0 30 s1o[[up T :odK1, S0 ~ooryIns pue| M0[aq ‘S[q 399 ur yIdo( "SUIOAJ[ ‘[9AT [OPOJA UONRAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-0INSBAW IPMIN[E JO POYIRIA "BIep d0uBWLIOLIdd-[[oMm WOIJ POALISP AJATIONPUOD IINEIPAY ‘JAN BIEP 1S9} SN[S WOIJ PIALIIP ANATIONPUOD OINEIPAY ‘IS ‘elep Jepel Sunensuad-punoin) ‘Yo ‘ejep ylomowerj
-0130109301pAY Y :2dA1 BIR( 8861 WNEB(] [BINIA UROLIDWY YLON ‘S§8AAVN "Weans [[IA SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry| 8yl Jo slomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160(01pAy palaa|as Jo spioday 'z a|qel



Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

12

- - - - S NAd 6¢ Y AdD WA - VI0ET-4dONWIN
- - - - 9 NAd 8% Y4 YdD WA - d10TT-4dDONIN
- - - - S INFd 99 Y4 YdD WA - d10S0-IdONIN
- - - - S NAd St YL AID WA - DT0C0-AdONIN
1 - - (Y44 9S61/8T/¢ S INFd S9 qd NN 81000CS OIT —-€S9110 €S9110
MOD1 Locr Lol ocl Lozl - o [9A9T] 99 ud NN L8€ST9¢E A-90IMIN --TS9110 ¢S9110
(1094)
(s1q (s1q (s1q laquinu (ain) 1equnu
133}) 133}) (s14103)) J39))  uUONBINISUOD (0a)) poyaw 88QAVN adhy eale ynuuad 11am Aaning
adhy 6o ypdap Aaeinaoe ‘aoeuns aweu ajg
wonoq doy ypdap jo ajeq apmy ejeq Apms  Aesiap |eaibojoay
ajoyaiog apmly puej jo o
u33l1dg U3AIIG 113M spmly MaN SN

[e18p OU ‘--- "AJATSISAI ‘Y S fenuaod JSA cewwes ‘[ :3o] [eorsAydoas ‘0 <30 s1o[[uIp T :odK1, S0 ~ooryIms pue| m0[aq ‘S[q 399 ur YIdo(] "SUIOAJ[ ‘[9AIT [OPOJA UONBAS[H [BUSI(] IAjoW-()[ ‘NHJ Judw
-2INSeaW ApNIN[e JO POYIRJA "BIep ddueWLIOIad-[[9M WOIJ PAALIOP AATIONPUOD JINBIPAY ‘JAA ‘BIBP 159) SN[S WOIJ PIALIAP ANAIONPUOD OINEIPAY ‘S ‘ejep Jepel Sunenauad-punoln “YJoO ‘erep ylomawerj
-0130109301pAY Y :2dA1 BIR( 8861 WNE(] [BONIA UROLIDWY YLON ‘S§8AAVN "Weans [T SISIOIN ‘INIA ‘yduelg SPlRUOCIIA ‘gIA $00Ig Uosiqly ‘gV :ealy Apmg “1oquinN uonesynuap] anbiun :qrn]

panuiuog—Aasiap ma ‘ANuIdIA pue
seale Apnis spuejaulg ul walsAs Jajinbe Aasueyoq-poomyry 8yl Jo ylomawely 0160j0aBolpAy sy 8quIasap 01 pasn salis uonehnsaaul 2160[01pAy palaa|as Jo spioday 'z a|qel



3

Table 4

ev-d1v ¥8- 9¢ 081 ov 96 081 78 dM qav 6Sv0L0
[44 1- S €01 L6 01 €01 LS dM av 8SY0L0
1D [£3 8% L9 LS 86 L9 a9 dM qav LSY0LO
eV - (4 ol 0cl 86 orl 66 4 dm av 96¥0L0
(s a4 0¢- L l 0¢ <0l l 69 dM qav SS0LO
(a4 ¢8 S6 18 1L 991 18 801 dmM av 0S¥0L0
44 78 68 78 6L 891 78 i dM av LY¥0LO
(a4 9¢ 9¢ 8 <L 801 8 SCl dmM av LEYOLO
€v-2O Cl- 8 0¢l 011 811 o€l 809 dM av 9¢v0L0
[4e] YI- 6- SOl 001 16 SOl 9¢l dmM av SEY0LO
EV-ID1V 6¢- 18 0cl 01 16 0cl 86 dM qav 7E¥0LO
ev-d1v 6¢- 09 6¢Cl 0¢ 06 6¢Cl SIT dm av €Ev0LO
(40 a4 9¢- 9C- 6 8 9¢ 6 0L LS qav 90S110
da1v 9 91 Y oy 9¢ 0s SIT LS av SOSTI10
eV 01~ ¥6- 091 0S1 9¢ 091 [43 LS ¥4 qav ¥0S110
(s a4 6¢- 61- €01 €8 9 €01 8¢ ¥d ‘dm qav 6¢€I10
ev-2D 06" 0¢- 091 001 0L 091 14 4 dm av LIETTO
ev-1D YL- 9 Sel gs 19 Sel Ly dM qav 20110
evV-1V 08- 06 081 01 001 081 99 dM av €¢0110
dIv 8¢C 8¢ 194 € IL (3% 19¢ dM qav 859010
V1D Cl- 8 06 0L 8L 06 ovl dm av 9010
[Aalte SI- S S8 S9 oL ¢8 81¢ dM qav £79010
10-4d1v Cl (44 8¢ 14 0L 8¢ 911 dm av 179010
ev-1V 18- 68 081 01 66 081 99 dM qav y2e010
1D-101V - 144 001 Sy 68 001 €9 dm av 982010
aoepns 1aqunu
__:__EQHMM__ __Mv\,o:_ Eozm.m_. m_._wahum ._ohu_w“.hom EAE_ L‘_o_oﬂ_ A””M“MH“_M_ :.M”w_._w_wmn__u\_,_‘““,_ (103}) >-_ﬁ“ur"wh_vou adhy ejeq eale Apmg A_n__ﬂ_*ﬁ >w.~_==w
/a160j0afioipAY Jo apmny jo apnun|y 103}) wionog do) uaaiog jo apmny thdap 119M ouneIphy _mu_.a_.u_oac
TEETRIN pajewnsy sn

[o1qe[TeABUN BIED ‘-- {886 WNJB(] [BONIAA UBOLIOWY YMON ‘SRAAVN ‘Aep 10d 109] ‘p/J ‘eyep doueuriofrad [[om WOIJ POALIOP AJATONPUOD OI[NBIPAY ‘d M
‘eJep 159} SN[S WOIJ PAALIOP ANATIONPUOD JI[NBIPAY ‘LS ‘BIep uone)ardIojur-yromawel)-or30[0a501pAy Y] :2dA) eje ‘weang [[TA SOSIOIN ‘AN ‘youelg SPIRUOOIA ‘A Y0olg uosieqly ‘ gV :eare Apms]

‘AasJap map ‘ANUIDIA pue seale Apnls spue|auld 8y} Ul Sa)Is 10j sanjeA (y) AuAnonpuod ainelpAH palewnsy ‘p ajqer



[%e; 81 8¢ 011 001 8¢C1 Ort S8 dm av 6690L0

eV €9- €e- 91 el 101 L9T (444 dM av 8690L0
[D0-d1V IL I8 0$ ov 1Tl 0s YLE dM qav 9890L0
[44 98 96 YL 9 091 YL LS dM av 7890L0
¢vV-1D LT Ly 001 08 LTl 001 34! dM qav 8L90L0
evV-1V 18- <9 91 91 18 91 6L dmM av 9090L0
44 €6 66 L9 19 091 L9 11 dM av ¥160L0
[4e; 149 6S L6 06 94! L6 LOC dmM av 8050L0
[4e] €S €9 gCl Sl 8LI Scl 14! dM av 9050L0
[ a4 9 L 0Ll 01 VLI Or1 e8P 4 dm av S0S0L0
€v-2O 6¢ (914 0cl 0cl 691 0cl 781 dM qav 20S0L0
eV ¢ 0s vl 911 991 vl 144! dm av 1050L0
€v-2O [43 8¢ 06 ¥9 cl 101 ol dM qav L6¥0LO
ev-2O el 144 €01 L 911 ell 1€¢ dm av 06¥0L0
(40 a4 9% 59 06 78 Sel 06 9¢ dM qav 6870L0
eV 0¢- 6- 6¢l 81T 601 6¢l e dM qav €810L0
eV 91 (914 LOL YL €Cl 11 Q91 4 dm av 18¥0L0
O dlv 6¢ 66 001 oy 6¢l 001 14! dM qav 08¥0L0
ev-2D Ye- el- 8¢l L11 701 8¢l ¥9 dM av 1L¥0LO
eV LS~ Ie- L91 vl 011 L91 09 ¥d ‘dm qav 0LY0LO
eV €9- 7 91 St 01 SOl 901 dm av 8970L0
1D 61 94 IL S9 06 IL (44 dM qav L9Y0LO
V1D S 6¢ 01 0L 601 701 oy dm av 29%0L0
ev-1V 06- 06 00¢ 0c 011 00¢ <9 dM qav 1910L0
qdI1v 16 IL 139 €e 701 €S 6¢C 4 dm av 09¥0L0
aoepns 1aqunu
__:__EQHMM__ __Mv\,o:_ Eozm.m_. m_._wahum ._ohu_w“.hom EAE_ L‘_o_oﬂ_ A””M“MH“_M_ :.M”w_._w_wmn__u\_,_‘““,_ (103}) >-_ﬁ“ur"wh_vou adhy ejeq eale Apmg A_n__ﬂ_*ﬁ >w.~_==w
/a160j0afioipAY Jo apmny jo apnun|y 103}) wionog do) uaaiog jo apmny thdap 119M ouneIphy _mu_.a_.u_oac
TEETRIN pajewnsy sn

Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

14

[o1qe[TeABUN BIED ‘-- {886 WNJB(] [BONIAA UBOLIOWY YMON ‘SRAAVN ‘Aep 10d 109] ‘p/J ‘eyep doueuriofrad [[om WOIJ POALIOP AJATONPUOD OI[NBIPAY ‘d M
‘ejep 159} SN[S WOIJ PAALIAP ANATIONPUOD JI[NBIPAY ‘LS ‘BIep uone)ardIojur-yromawel-or30[0a501pAy Y] :2dA) eje ‘weang [[TA SOSIOIN ‘AN ‘Youelg SPIRUOOIN ‘A Y0olg uosiaqly ‘ gV :eare Apms]

panuiuo)—-Aasiap maN ‘ANUIOIA pue seale Apnls spue|auld 8y} Ul Sa)Is 10j sanjeA () Auanonpuod ainelpAH palewnsy ‘p ajqer



15

Table 4

ev-1D 0¢- 09 orl 09 0cl ol L9 dM qav ¢001L0
(o a4 LT LY 4! 701 161 el 194 dM av ¢660L0
[Aate (414 69 SOl ¢8 123! SOl €Cl dM qav 1660L0
ev-1D LL- el 0S1 09 €L 0ST [43 dM av 0660L0
[ a4 LS L9 16 18 871 16 Sve dM qav 8860L0
[4e] 143 S 9¢l 911 0L 9¢l 18 dmM av £€860L0
eV €e- cl- 6¢l 611 901 6¢l 8¢¢C d dm av 860L0
evV-2O 8 0¢ Syl €01 €C1 0S1 65T dmM av 1060L0
€v-2O (U 0l 0¢l 011 0ocl o€l 809 dM av 8180L0
evV-IvV Cl- 6¢ 8¢CI LL 911 8¢l 68 dmM av 9180L0
cv-d1yv 8¢ L11 78 94 wl 8 8¢S dd dm qav S180L0
ev-1D G- S6 Sel 93 0¢l Sel [44 dm av ¥7180L0
-dI-v 144 701 Y6 143 8¢1 16 Cl dd dm qav €180L0
ev-2O ¥9- e IS1 k4! L8 161 661 dm av C180L0
(40 a4 - L1- 0cl €6 9L 0cl 6¢ dM qav 0180L0
O dlv 9¢- 9 0¢l oy Y0l 0cl 49 dM qav 6080L0
evV-1V €6- L8 00¢C 0¢ LOIT 00T <9 dM av 8080L0
(40 0¢- 0l- 0cl 001 06 0ocl €S dM qav LO80LO
(40 0S 0L 111 16 191 611 (Va4 dM av LELOLO

(s a4 9t 19 96 18 (44! L6 08 dM qav 9€L0LO
[4e; 9- 14 01 76 86 701 98 4 dm av S1L0OLO
[4e] 9t 9¢ 801 86 129" 801 el dM qav €1L0LO
evV-2O 0l 0¢ 001 06 (8! 001 LY 4 dm av 0TLOLO
ev-2O (44 4 0cl 06 i 0ocl €9 dM qav 80L0LO
OV €9 €L 98 9L 94! 06 (943 dm av S0LOLO

aoepns 1aqunu
__:__EQHMM__ __Mv\,o:_ Eozm.m_. m_._wahum ._ohu_w“.hom EAE_ L‘_o_oﬂ_ A””M“MH“_M_ :.M”w_._w_wmn__u\_,_‘““,_ (103}) >-_ﬁ“ur"wh_vou adhy ejeq eale Apmg A_n__ﬂ_*ﬁ >w.~_==w
/a160j0afioipAY Jo apmny jo apnun|y 103}) wionog do) uaaiog jo apmny thdap 119M ouneIphy _mo_.a_.u_ooc
TEETRIN pajewnsy sn

[o1qe[TeABUN BIED ‘-- {886 WNJB(] [BONIAA UBOLIOWY YMON ‘SRAAVN ‘Aep 10d 109] ‘p/J ‘eyep doueuriofrad [[om WOIJ POALIOP AJATONPUOD OI[NBIPAY ‘d M
‘eJep 159} SN[S WOIJ PAALIOP ANATIONPUOD JI[NBIPAY ‘LS ‘BIep uone)ardIojur-yromawel)-or30[0a501pAy Y] :2dA) eje ‘weang [[TA SOSIOIN ‘AN ‘youelg SPIRUOOIA ‘A Y0olg uosieqly ‘ gV :eare Apms]

panuiuo)—-Aasiap maN ‘ANUIOIA pue seale Apnls spue|auld 8y} Ul Sa)Is 10j sanjeA (y) Auanonpuod ainelpAH palewnsy ‘p ajqer



eV 801- SL- €Ll orl SY €LT 144 dm NN ¢81010

eV 1% Y01~ [4q! LI 89 ol 8¢ dd dm WIN €81010
dIv 91- 0l- 9 8¢ 8 9 8¢ dM JAIAN 6L1010
ev-2d 6" L9 991 vl YL L9T 8¢C¢C 4 dm WIN 091010
eV 991~ (S 80¢C CLI w 80¢ 10T ¥d ‘dm NN IST010
eV S~ g¢- S8l SLI ol G81 oy LS A dN 096150
da1v SOl Sl ¢ 94 ol 93 69 LS qaN 655150
[44 oy 0¢ 001 06 ol 001 €8 LS dN 866160
44 19 IL 06 08 161 06 9¢1 LS qaN LSST1SO0
eV 6¢- 6¢C- 061 081 161 06l Ol LS A dN 96S1S0
19O NA 9- 8 8l <L 0cl (41! 19 dd dm dN YLYISO
[ a4 8¢ 8 SOl S6 vl SOl SL dm dN S8¢1S0
[44 6S 69 08 0L 6¢l 08 61 dd dm dN ¥8€150
eV Ll (44 L9 29 78 L9 (44 A dm dN LEETSO
(40 a4 [43 4 L6 LL 6¢Cl L6 8 dM dN €LITSO
(s a4 9¢ 99 S8 gs 1Tl ¢8 80¢ dM qaN 260150
(40 8 €C 01 L3 (8! LOT £C 4 dm dN 60L0S0
(s a4 [£3 o1 6 LL €Cl 6 1C¢ dd dm dN 80L0SO
(o a4 ¢ S L8 99 0cl L3 69¢ dM dN £69050
evV-Cv cl 0L 86 oy 011 ol 901 ¥d ‘dm qaN LS€0S0
evV-2O L LY 081 011 LST SC1 88 dm av €601L0
eV G- S 091 0S1 SCl 091 L6 LS ¥4 qav ¢601L0
(a4 09 0oL S6 ¢8 S¢Sl S6 €C LS av 1601L0
44 8¢C 8¢ €6 €8 IC1 €6 LET dM qav ¥801L0
10 0l- 09 ol 0L 0cl ovl 6¢ dm av €001L0
aoepns 1aqunu
__:__EQHMM__ __Mv\,o:_ Eozm.m_. m_._wahum ._ohu_w“.hom EAE_ L‘_o_oﬂ_ A””M“MH“_M_ :.M”w_._w_wmn__u\_,_‘““,_ (103}) >-_ﬁ“ur"wh_vou adhy ejeq eale Apmg A_n__ﬂ_*ﬁ >w.~_==w
/a160j0afioipAY Jo apmny jo apnun|y 103}) wionog do) uaaiog jo apmny thdap 119M ouneIphy _mu_.a_.u_oac
TEETRIN pajewnsy sn

Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

16

[o1qe[TeABUN BIED ‘-- {886 WNJB(] [BONIAA UBOLIOWY YMON ‘SRAAVN ‘Aep 10d 109] ‘p/J ‘eyep doueuriofrad [[om WOIJ POALIOP AJATONPUOD OI[NBIPAY ‘d M
‘ejep 159} SN[S WOIJ PAALIAP ANATIONPUOD JI[NBIPAY ‘LS ‘BIep uone)ardIojur-yromawel-or30[0a501pAy Y] :2dA) eje ‘weang [[TA SOSIOIN ‘AN ‘Youelg SPIRUOOIN ‘A Y0olg uosiaqly ‘ gV :eare Apms]

panuiuo)—-Aasiap maN ‘ANUIOIA pue seale Apnls spue|auld 8y} Ul Sa)Is 10j sanjeA () Auanonpuod ainelpAH palewnsy ‘p ajqer



n

Table 4

(s a4 G- 0l S9 0g 09 S9 6¢ ¥d ‘dm JAIAN 826010
(o a4 - e 89 Sy 11 LS €9 dM WIN 916010
ev-2O 0¢6- ot~ (81 001 09 011 o dM JAIAN 968010
(40 (4% cl- L8 LL <9 L3 vl 4 dm WIN 988010
(44 ye- Y- 001 06 99 001 ¢ dM JAIAN SL80I0
eV evi- 6 9L1 STl €e 9L1 18 dmM WIN 98L0T10
eV vel- €01~ €81 cel 6¢C €81 8L d dm WIN €8L010
eV Sl 01~ 081 0cl 8¢ 081 901 4 dm WIN ¢8LOI0
eV S Y01~ 8l I€1 LT (411 IL d dm WIN I8L010
v 81 8¢ 8¢ 8¢C 9¢ 8¢ €9 dm WIN 19L010
eV €01~ €9- 891 8¢l S9 891 S6 dM WIN 80L010
eV SSl- SOI- 081 0¢l S¢ 081 €8 A dm NN 969010
eV 6¥1- 66~ 081 0cl [£3 081 ¢cl dd dm WIN 689010
eV 1o1- 18- 691 94! 89 CLI Sel A dm NN 989010
eV 18- 19- LS LET 9L 091 16 dd dm WIN ¢ceol0
ev-2O 09- ot~ 811 86 8¢ 811 GSl dM JAIAN 812010
ev-div - I 001 ¢C 9¢ 001 144! 4 dm WIN 902010
ev-d1v 66- 1€ 0cl 0¢ 19 0ocl 49 ¥d ‘dm NN 002010
evV-IvV CL- (45 SCl SL €S el vl dM WIN L61010
eV cll- 6~ Syl SCl € Syl ¥6 dM NN 61010
eV vIL- ¥6- 081 0cl 9¢ 0S1 €01 dm WIN €61010
eV S6- 69- 651 eel 9 6S1 6t dM WIN 161010
eV €01~ L L91 9¢l 9 L91 LS dm WIN 061010
eV S6- Y6 651 811 9 6S1 ¥C dM WIN 681010
cv-d1yv 6- el 29 (V% €S 9 L dm WIN 981010
aoepns 1aqunu
__:__EQHMM__ __Mv\,o:_ Eozm.m_. m_._wahum ._ohu_w“.hom EAE_ L‘_o_oﬂ_ A””M“MH“_M_ :.M”w_._w_wmn__u\_,_‘““,_ (103}) >-_ﬁ“ur"wh_vou adhy ejeq eale Apmg A_n__ﬂ_*ﬁ >w.~_==w
/a160j0afioipAY Jo apmny jo apnun|y 103}) wionog do) uaaiog jo apmny thdap 119M ouneIphy _mu_.a_.u_oac
TEETRIN pajewnsy sn

[o1qe[TeABUN BIED ‘-- {886 WNJB(] [BONIAA UBOLIOWY YMON ‘SRAAVN ‘Aep 10d 109] ‘p/J ‘eyep doueuriofrad [[om WOIJ POALIOP AJATONPUOD OI[NBIPAY ‘d M
‘eJep 159} SN[S WOIJ PAALIOP ANATIONPUOD JI[NBIPAY ‘LS ‘BIep uone)ardIojur-yromawel)-or30[0a501pAy Y] :2dA) eje ‘weang [[TA SOSIOIN ‘AN ‘youelg SPIRUOOIA ‘A Y0olg uosieqly ‘ gV :eare Apms]

panuiuo)—-Aasiap maN ‘ANUIOIA pue seale Apnls spue|auld 8y} Ul Sa)Is 10j sanjeA (y) Auanonpuod ainelpAH palewnsy ‘p ajqer



eV 0¢cl- 0CI- OLT 091 (01% OLT Sy LS ¥4 NN €0SIT0

cvV-1D £e- € €L €9 ov eL IL LS WIN 20STI0
dIv 0 ol ov 0¢ or or ICl1 LS NN 10ST10
v 143 (4% (44 Cl 9¢ (44 <9 LS WIN 00STT10
eV Ol1- 001~ S91 SCl gs 91 9¢ LS ¥4 JAIAN 661110
10-4d1v 6- ! <9 ¢S 9¢ <9 YL LS WIN 861110
[D-d1V 01 0¢ S¢S 93 S9 ¢SS 99¢ dM WIN Sov110
eV 16- 18- 91 4! 1L 01¢C SC 4 dm WIN eryi10
eV SCl- SL- 061 ovl S9 061 9¢ dM WIN Y9€110
OV €y € 801 88 <9 801 01 4 dm WIN orerto
eV gCl- GL- 06l ol S9 061 9¢ dM WIN Geelrlo
ov-dIv I- 61 0L oy 6S oL 06 dm NN €Ccero
(40 a4 Ie- Gl- 101 ¢8 0L 101 6S dM WIN 86CI10
ev-1D 08- ol 0S1 09 oL 0S1 61 A dm WIN L6CITO
€v-2O 09- ov- 0cl 001 09 0cl 8¢S dM WIN 200110
eV Syl- SCl- 061 OLT Sy Sol LT ¥d ‘dm JAIAN 666010
evV-IvV 86~ 81- 091 08 29 091 0¢ 4 dm WIN L66010
(40 e LE- (40! L6 09 0l 86 dM JAIAN 266010
qdIv (4% LT S8 08 €S ¢8 0L dM WIN LL60TO
eV €Sl [ G81 12! 43 S81 LOI ¥d ‘dm JAIAN €L6010
eV 68- LS 4! 0cl €9 961 L3I 4 dm WIN L6010
eV SClI- SCl- 00¢ OLT Sy 00¢ 6S dM WIN 0L6010
[44 6¢C- 1¢- 001 6 1L 001 €8 4 dm WIN LS6010
eV 801~ 88- 991 14! 8¢ 991 8¢l dd dm WIN 966010
evV-2O I 91 08 <9 18 08 6¢ 4 dm WIN 626010
aoepns 1aqunu
__:__EQHMM__ __Mv\,o:_ Eozm.m_. m_._wahum ._ohu_w“.hom EAE_ L‘_o_oﬂ_ A””M“MH“_M_ :.M”w_._w_wmn__u\_,_‘““,_ (103}) >-_ﬁ“ur"wh_vou adhy ejeq eale Apmg A_n__ﬂ_*ﬁ >w.~_==w
/a160j0afioipAY Jo apmny jo apnun|y 103}) wionog do) uaaiog jo apmny thdap 119M ouneIphy _mu_.a_.u_oac
TEETRIN pajewnsy sn

Hydrogeologic Framework in Three Drainage Basins in the New Jersey Pinelands, 2004-06

18

[o1qe[TeABUN BIED ‘-- {886 WNJB(] [BONIAA UBOLIOWY YMON ‘SRAAVN ‘Aep 10d 109] ‘p/J ‘eyep doueuriofrad [[om WOIJ POALIOP AJATONPUOD OI[NBIPAY ‘d M
‘ejep 159} SN[S WOIJ PAALIAP ANATIONPUOD JI[NBIPAY ‘LS ‘BIep uone)ardIojur-yromawel-or30[0a501pAy Y] :2dA) eje ‘weang [[TA SOSIOIN ‘AN ‘Youelg SPIRUOOIN ‘A Y0olg uosiaqly ‘ gV :eare Apms]

panuiuo)—-Aasiap maN ‘ANUIOIA pue seale Apnls spue|auld 8y} Ul Sa)Is 10j sanjeA () Auanonpuod ainelpAH palewnsy ‘p ajqer






Appendix 1

Lithologic and geophysical logs of selected boreholes and newly installed wells in
Kirkwood-Cohansey aquifer system, New Jersey Pinelands.
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GAMMA LOG ELECTRIC LOGS

VSP SPR RESISTIVITY

DEPTH, IN FEET

—— R8 ohm-m
180 1 B i i ——— R16 ohm-m
-------- R32 ohm-m
L L L F em——— R64 ohm-m
200 s s ‘ R N D P
0 500 0 1,000 2,000 0 5,000 10,000
> +—> —>
RADIATION INCREASES MILLIVOLTS OHM OHM METERS

Figure 1-1. Geophysical logs of AB OW-1D (Well number 071092).
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AB OW-1D Boring Log (Well Number 071092, location shown on figure 6.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft)! (ft)
0 20 Sand and gravel, medium to very coarse, orange brown and brownish yellow
20 25 Sand and gravel, medium to very coarse, contains thin clay layers, tan
Sand and gravel, medium to very coarse, trace iron cemented sand, with some layers of clay, medium
25 30 .
dense, silty, yellow, 10yr7/6
30 40 Fine sand indicated by drilling - cuttings contain fine sand and soft clay
40 45 Sand indicated by drilling — cuttings contain sand medium to very coarse gravel fine and some clay, very
soft, tan
45 50 Sand, very coarse, gravel fine, some iron cemented sand, cuttings contain 30% to 40% clay, silty, soft, tan
50 60 Clay indicated by drilling from 53 ft to 55 ft — cuttings contain clay, light gray some heavily oxidized to
yellow, 10YR 7/6 and fine gravel, 20%
60 65 Clay, tan and very dark gray, trace lignite, mud color turns brown at about 63 feet
65 70 Clay, yellow and very dark gray with little gravel, fine grained
70 76 Clay, sandy, silty, tan/yellow oxidized to orange and clay, very dark gray 10YR 3/1
76 85 Sand indicated by drilling — cuttings contain fine to very coarse sand and about 50 % clay
85 90 Sand, fine to very coarse, trace iron cemented sand
90 95 Sand, fine to very coarse, trace iron cemented sand, and 30% clay, sandy in cuttings
95 100 Sand, medium to very coarse and gravel, fine, and 10% clay, sandy in cuttings
100 105 Sand, medium to very coarse and gravel, fine 20%
105 110 Gravel, fine to coarse and 20% sand, medium to very coarse
110 115 Gravel, medium to very coarse and 20% sand, medium to very coarse, trace clay
115 120 Gravel, medium to very coarse and 20% sand, medium to very coarse, 20 % clay
120 135 Sand, very coarse and gravel, medium to very coarse, trace cemented sand
135 140 Gravel, very coarse. Clay layer indicated by drilling at 137 feet
Gravel, fine to medium, cuttings contain about 20% clay, soft, sandy, mixed with gravel. Drilling indi-
140 145 :
cates sand and gravel. Lenses of sand and gravel are likely
145 150 Gravel, fine to medium, trace clay, trace cemented sand
150 160 Gravel, fine to medium, trace clay, trace cemented sand
160 169 Sand, very fine to coarse, trace clay
169 176 Clay, very dark gray, soft, organic
176 180 Clay, medium dense, very dark gray 10YR 3/1, 10 % mica
180 181.8 Clay, very dark gray 10 YR 3/1, <10% mica, silty, dense--Split spoon sample, 100% recovery

'The soil matrix and color descriptions for all newly drilled boreholes were determined by comparing appropriate samples using the Munsell Soil Color Charts
(1975 ed.), available from Macbeth Division, Kollmorgen Instruments Corporation, 405 Little Britain Rd. New Windsor, N.Y. 12553
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Figure 1-2. Geophysical logs of AB OW-2D (Well number 011504)
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AB OW-2D Boring Log (Well Number 011504 location shown on figure 6.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 40 Sand, fine to medium and fine gravel, drilling indicates 1-ft thick white clay at 38ft
40 45 Sand, fine to medium, some gravel, trace clay
45 50 Sand, fine to medium, some gravel, with some layers of clay
50 65 Sand, fine to coarse, and gravel, iron cemented grains, some clay
65 70 Sand, fine to coarse, and gravel, iron cemented grains, some clay, increasing clay content
70 75 Sand, fine to coarse, and gravel, iron cemented grains, some clay
75 80 Sand, fine to very coarse, and gravel, and Clay — 50% clay in cuttings
30 g2 Split spoon sample, 50% recovery — Clay, light gray and yellow layers bedded with sand, fine to medium
with some silt, little gravel
Sand, fine to coarse, abundant rose quartz, increasing coarseness with depth,
82 89
10% clay
89 100 Sand, coarse, abundant rose quartz, iron cemented sand
100 105 Sand, medium
Clay, indicated by drilling — cuttings contain sand very coarse, and gravel and dark clay, dark brown,
105 111
10YR2/2
111 120 Sand, fine to medium
Sand, medium to coarse, fine, medium brown, trace tan clay in cuttings from
120 130
125-130 ft.
130 140 Sand, very coarse, 10% clay, very dark gray
140 145 Sand, medium to very coarse, trace very dark gray clay
145 150 Sand, medium to very coarse, clay becomes soft, and color changes to red
150 155 Sand, medium to very coarse, 40% clay, very dark gray, change noted at 154 ft.
155 160 Sand, medium to very coarse, 40% clay, very dark gray, clay appears to be in thin layers
160 178 Sand, fine — very little cuttings returned, 20% clay, dark brown
178 180 Clay, medium dense, very dark gray, 10YR3/1, trace mica
180 200 Clay, silty, very dark gray (10YR3/1), trace sand, trace to little lignite




Appendix 1

Shallow boreholes completed in the Albertson Brook basin using Geoprobe® sediment sampling equipment and used in the
interpretation of GPR records.

ALB-B1 (Well Number 011497, location shown on figure 12.)

85

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 4 Sand, fine to medium grained, poorly sorted — saturated at 3 feet
4 6.2 Sand, fine to medium with some coarse sand and gravel
6.2 8 Sand, fine to medium grained
8 12 Sand, fine to coarse grained

ALB-B2 (Well Number 011496, location shown on figure 12.)

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 12 Sand, fine to very fine grained
12 23 Sand, fine to coarse grained, becoming fine to very fine at 2.3 feet
23 40 No recovery
40 6.4 Sand, fine grained, saturated at 6 feet
64 8.0 Alternating layers of clay and sand, very fine to fine grained
8.0 114 Sand, fine, well sorted, clay present in thin layers, some oxidized zones

ALB-B3 (Well Number 071088, location shown in figure 12.)

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 6.7 Sand, fine grained, poorly sorted
6.7 7 Clayey sand
7 16 Sand, fine to coarse grained, little clay layers, occasional gravel, saturated at 9 feet
16 20 Sand, fine to very fine grained, with thin clay layers in the interval from 16 to 17.6 feet

ALB-B4 (Well Number 071089, location shown on figure 12.)

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 4 Sand, fine to medium grained little gravel
4 8 Sand, fine grained to gravel, small amount of clay
8 13.5 Sand, fine grained to gravel, saturated at 12 feet
135 142 Clay with fine grained sand
142 16 Sand, fine grained to gravel
16 20 Sand, fine to medium, with coarse sand and gravel
20 235 Sand, fine to very fine grained
235 24 Sand, fine to coarse grained

24 28 Sand, fine to very fine grained
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MB OW-1D Boring Log (Well Number 051556, location shown on figure 13.)

87

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 1 Clay
1 5 Sand, fine to very coarse, trace gravel
5 15 Sand, fine to very coarse, 20% gravel
15 23 Sand, fine to very coarse, 20% gravel, clay indicated by drilling at 23 ft
23 25 Sand, fine to very coarse, 20% gravel, trace yellow sandy clay in cuttings
25 34 Sand, fine to very coarse, 20% gravel
34 40 Clay indicated by drilling, cuttings: Clay, medium dense, mottled red and gray and very coarse grave, trace
iron cemented sand
40 50 Sand, medium to very coarse, 20% fine gravel, clay in cuttings
50 53 Sand, fine to very coarse, 10% clay
53 54 Clay indicated by drilling
54 61 Clay and sand and gravel layers - cuttings contain clay red, white, and yellow and 30% gravel
Sand and clay layers indicated by drilling — cuttings contain clay, silty and sandy, mottled, yellow, light gray
61 80 - T
and tan and 30% sand medium to very coarse with iron cemented sand
80 83 Sand, medium to very coarse and fine gravel
33 35 Sand and Clay, light to medium gray layers, fine to very coarse, trace iron cemented sand, and 30% clay,
sandy in cuttings
85 93 Sand, coarse to very coarse, layered with 20% clay, light gray
93 100 Sand and gravel indicated by drilling- cuttings contain sand medium to very coarse and gravel fine to coarse
100 110 Sand, fine to very coarse and gravel, fine
110 115 Sand, coarse to very coarse and gravel, fine to coarse, 20% clay
115 119 Sand, coarse to very coarse and gravel, fine to coarse, increased clay content, sandy, light gray, cuttings con-
tain iron cemented sand, chert, friable limestone fragments
119 120 Clay, light gray — drilling mud turns gray
120 126 Sand indicated by drilling, cuttings contain 60% clay
126 140 Clay, medium dense, silty, very dark gray 10YR 2/2
140 145 Clay, medium dense, silty, very dark brown, trace mica
145 160 Clay, medium dense, silty, very dark brown, trace mica, increasing mica content, trace, yellow clay
160 178 Sand indicated by drilling — cuttings contain only clay
178 200 Sand, medium to very coarse — principally clay in cuttings
200 220 Finer sediments indicated by drilling — cuttings contain 10% gravel, 10% yellow sand, fine and 80% clay
220 228 Sand or silt indicated by drilling - no cutting returned
228 240 Clay and fine silt or sand layers indicated by drilling
240 250 Clay, brown and dark gray, occasional sand layers indicated by drilling
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MB OW-2D Boring Log (Well Number 051560; location shown on figure 13.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 10 Sand, medium, heavily oxidized,
10 15 Sand, medium, heavily oxidized — Thin clay indicated by drilling at about 11-12 ft
15 19 Sand, fine to coarse, 10% very coarse gravel — cuttings contain clay, medium light brown and yellow
19 21 Clay, mottled yellow, I0YR 7/6 and light gray with very fine sand in matrix
21 25 Sand and gravel, poorly sorted, trace clay — sand is oxidized yellow and brown — (Drill crew mixes mud)
25 40 Sand and gravel, poorly sorted, 15% clay — Coarse sediments may be due to increased mud viscosity
40 50 Sand and gravel, fine to very coarse, poorly sorted, trace clay, yellow sandy
50 55 Sand and gravel, poorly sorted, 15% clay, yellow, 10YR 7/6 in cuttings not identified by drilling
55 63 Sand and gravel, poorly sorted, 15% clay, yellow, I0YR 7/6 in cuttings not identified by drilling, 10% iron
cemented sand
63 80 Sand, coarse to very coarse and gravel coarse to very coarse
80 90 Gravel, coarse to very coarse
90 95 Gravel, coarse to very coarse, trace gray clay
95 100 Gravel, medium to very coarse, 25% iron cemented sand, trace light gray clay, sandy
100 117 Gravel, coarse to very coarse
117 140 Sand and gravel, fine to coarse, poorly sorted with clay layers - 20% clay, soft, sandy, light gray and yellow
140 150 Sand, fine to coarse, cuttings contain up to 30% light gray clay
150 155 Sand, fine to coarse, cuttings contain up to 60% yellow and light gray clay
155 160 Sand, fine to coarse, cuttings contain 20% clay, very dark gray, 10YR 3/1
160 160.6 Split spoon sample — sand, very fine, grading to clay, yellow and white with very coarse gravel in matrix,
' grading to sand, silty very fine, trace mica
160 165 Sand indicated by drilling, cuttings contain clay, soft, silty — Mud turns grayish yellow
165 175 Sand indicated by drilling- cuttings contain up to 70% clay, sand coarse to very coarse and fine gravel, trace
clear mica — drilling mud turns very dark gray
175 180 Sand, medium to very coarse, well sorted, very dark gray 10YR4/1
180 185 Sand, medium to very coarse, well sorted, very dark gray 10YR4/1, trace lignite
185 190 Sand, medium to very coarse, well sorted, very dark gray 10YR4/1, 10 % lignite, trace very dark gray silty
clay
190 195 Sand, very coarse, dark gray
195 200 Sand, very coarse, dark gray, clay 10%, very dark gray - appears to be thin layers of clay
200 219 Sand, very fine, dark gray — cuttings contain clay, sand trace mica and lignite
219 229 Clay, very soft, dark gray, trace mica
229 235 Clay, medium dense, very dark gray, trace mica
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MB TB-1 Boring Log (Well Number 051597, location shown on figure 13.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 6 Clay layers, trace gravel
6 17 Drilling indicates sand and clay layers — clay is medium dense, light gray
17 20 Sand, medium to coarse, well sorted, trace gravel
20 30 Sand indicated by drilling — cuttings contain sand, very coarse and 50% clay
30 35 Sand indicated by drilling — cuttings contain sand, iron cemented sand and some clay
35 40 Sand, fine to very coarse, trace fine gravel some iron cemented grains
40 50 Sand, very fine to coarse, some iron cemented grains, 20% clay and silt, mud turns from yellow to gray by 50
feet
Sand indicated by drilling — cuttings contain sand very fine to very coarse and up to 15% clay, low density,
50 60 . .
silty, mottled, grayish yellow 10YR6/6
60 70 Sand, fine to very coarse, trace gravel, 10% clay - drilling indicates thin clay layers in section
70 75 Sand, 10% clay, very dark gray 10YR3/1, mud turns dark gray at 72 feet
75 80 Sand, very fine to very coarse — cuttings contain sand, gravel, iron cemented grains, 10 % clay
80 90 Sand, coarse to very coarse, well sorted, very dark brown, 10YR2/2
90 100 Brown sand grades to gray (10YRS5/1) sand, very coarse, well sorted, trace iron cemented sand, trace fine
white coarse gravel
100 106 Sand, medium to coarse, trace lignite and dark gray clay in cuttings
106 110 Sand or silt indicated by drilling — cuttings contain fine to medium gray sand, trace lignite, mud turns very
dark gray
110 115 Sand, medium to coarse and clay soft, very dark gray, trace lignite
115 120 Sand with clay layers indicated by drilling — cuttings contain sand, very coarse and clay, dark gray, silty
120 139 Sand, very coarse, gray, trace soft dark gray, trace lignite in cuttings 125 to 139
139 140 Clay, soft, black (10YR2/1), mica rich, organic
140 145 Sand indicated by drilling, cuttings contain sand, very coarse and soft silty very dark gray clay
145 150 Very file sand or silt indicated by drilling — cuttings contain silty clay, very dark gray, trace mica
150 155 Sand, very fine, very dark gray — cuttings include soft silty clay, abundant mica
155 165 Clay, soft silty, very dark gray, trace mica
165 170 Drilling indicates layers of soft silty clay bedded with sand — cuttings contain clay, very dark gray, soft silty,
trace gravel
170 175 Clay, silty a few sand or gravel layers
175 188 Sand, very fine, clay - soft easy drilling, possibly sand and clay layers or sandy clay
188 195 Clay, very dark brown — traces of olive gray clay with dark sand grains
195 200 Clay, olive gray (5YR4/2) containing dark sand grains, abundant mica
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Boring logs for the five shallow wells completed in the upland areas of the McDonalds Branch basin.

MB UP-1 (Well Number 051589, location shown on figure 13.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 5 Sand, fine to coarse, trace gravel
5 16 Sand, fine to very coarse, gravel (20%), trace iron cemented sand, trace clay, mud color change to yellow
16 20 Sand, medium to very coarse, (20%) iron cemented sand, trace clay, mud color change to brown
20 27 Sand, medium to coarse grained, tan, trace clay

MB UP-2 (Well Number 051587, location shown on figure 13.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 5 Sand, medium to coarse
5 15 Sand, medium to coarse, and clay, sandy, yellow
15 20 Sand, coarse to very coarse, with fine to medium gravel, layer of iron cemented sand at 17 feet
20 22 Sand, coarse to very coarse, with fine to medium gravel
22 23 Clay, light gray, silty with very fine sand, medium dense
23 24 Clay, very dark grayish brown (10YR 3/2), silty

MB UP-3 (Well Number 051592, location shown on figure 13.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 7 Sand and gravel, yellowish brown, clay (20%), yellow, sandy
7 10 Sand and gravel, fine to medium, some clayey sand in cuttings
10 19 Sand and gravel, fine to medium, some clayey sand in cuttings with stringers of medium to coarse iron
cemented sand
19 20 Clay, sandy, silty, very soft, contains 60% sand
20 24 Clay, sandy, silty, very soft, contains 60% sand
24 32 Sand, medium to coarse, well sorted, gravel at 31 feet, contains iron cemented sand

MB UP-4 (Well Number 051595, location shown on figure 13.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 8 Sand and gravel
8 11 Clay, soft, sandy
11 20 Sand, medium to very coarse and gravel, fine to medium
20 27 Sand, tan, medium to coarse, well sorted, trace very coarse grains

MB UP-5 (051596, location shown on figure 13.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 20 Sand, coarse to very coarse with clay layers
20 40 Sand fine to very coarse, trace clay in cuttings
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Shallow borings completed in the McDonalds Branch basin using Geoprobe® sediment sampling equipment and used as ground
truth for analyzing the GPR survey lines.

MDB-B1 (Well Number 051550, location shown on figure 19.)

93

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 6.0 Sand, fine to coarse grained
6.0 6.2 Clay
6.2 7.5 Sand, very fine grained
8.6 92 Sandy clay
9.2 11.5 Sand, fine grained, with some clay in matrix, saturated at 11.5
11.5 15.5 Sand, medium to fine grained, trace clay in layers
15.5 16.1 Clay with some thin sand stringers
16.1 19.5 Clay, organic rich
19.5 19.6 Sand layer
19.6 225 Clay, organic rich
22.5 275 Sand, fine to coarse grained

MDB-B2 (Well Number 051551, location shown on figure 19.)

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 8 Sand, fine to coarse grained, saturated at 6 feet
8 9 Clay
9 15.1 Sand, medium to fine grained
15.1 19.1 Sand, very fine to coarse grained

MDB-B3 (Well Number 051552, location shown on figure 19.)

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 15 Sand, fine grained
1.7 23 Sand, some silt and clay
35 6.9 Sand with some clay, saturated at 3.5 feet
7.5 15.5 Sand, very fine to fine grained, some clay

MDB-B4 (Well Number 051554, location shown on figure 19.)

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 114 Sand, fine, with some very fine and medium grained sand
114 154 Sand, very fine, well sorted grading to poorly sorted at 15.2 feet
154 194 Sand, medium and fine grained
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Shallow borings completed in the McDonalds Branch basin using Geoprobe® sediment sampling equipment and used as ground
truth for analyzing the GPR survey lines.—Continued

MDB-B5 (Well Number 051555, location shown on figure 19.)

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 34 Sand and gravel
34 114 Sand, medium grained, saturated at 8 feet
114 154 Sand, coarse, grading to medium and some fine sand at base, clay 13.8 to 14.0
154 17.5 Sand, medium and some fine sand
17.5 194 Sand, coarse

MDB-B6 (Well Number 051553, location shown on figure 19.)

Top of Bottom of
interval interval Description of sediments from core samples
(ft) (ft)
0 7.8 Sand, fine grained, little gravel, trace silt and clay
7.8 94 Silt, clay and sand, fine grained
94 12.0 Layers of clay, silt and fine sand
12 13.1 Sandy clay, with clay layers, saturated at 12.7 feet
13.1 16 Sand, medium with some fine grains
16 20 Sand, medium to fine, grading to coarse sand with some gravel at 20 feet
20 24 Sand, medium with some fine sand, trace coarse sand near 24 feet

24 28 Sand, fine and medium trace silt
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MM OW-1D Boring Log (Well Number 011499, location shown on figure 20.)

Top of Bottom of

interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 8 Sand and gravel coarse
8 15 Sand tan clayey in (?) gravel
15 20 Gravel very coarse with layers of white dense sandy clay
20 23 Sand and gravel fine to coarse color changes to tan
23 34 Clay tan and oxidized silt and very fine sand in matrix
34 45 Sand and gravel very coarse some clay between 40 and 45
45 50 Sand and gravel very coarse 50% clay in layers
50 55 Sand fine to very coarse with very coarse gravel
55 60 Clay yellow and very dark gray with little gravel fine grained
60 70 Sand fine to very coarse, drilling indicates one thin (?) clay layer in the 60-65 interval
70 74 Clay indicated by drilling
74 80 Sand fine to very coarse little gravel (20%)
80 84 Sand fine to very coarse and gravel very coarse trace limestone like grains
84 88 Clay light grayish brown sandy
88 91 Sand very coarse
91 100 Clay light gray sandy contains very coarse gravel grades to light brownish gray (10yr 6/2)

Split spoon sample: 100 ft to 100.2 ft - Clay light gray soft silty over 100.2 to 100.8 - Sand fine to medium well

100 1008 sorted about 15% clay in matrix

100 104 Sand soft contains clay

104 109 Sand fine to coarse

109 110 Sand coarse gravel and 50% clay in cuttings

110 115 Layered sand and clay - clay very dark gray(Syr 3/1) sandy and contains lignite

120 125 Sand fine to medium

125 130 Drilling indicates very coarse sand and gravel: Cuttings contain clay sand fine to medium and gravel

130 140 Sand fine to medium some clay and gravel in cuttings

140 145 Sand fine to very coarse

145 150 Sand fine to very coarse fine gravel some (30%) clay

150 155 Sand ranges from very fine to very coarse some gravel little clay; possibly in thin layers

155 160 Sand very fine to medium trace very coarse grians grayish brown (2.5yr 5/2)

160 189 Sand gray (Syr 5/1) fine well sorted lignite content increases from 170 to 180 - 175 to 180 includes traces of
mica

189 212 Clay dark gray (5y 4/1) lignite and mica no sand in cuttings

212 216 Drilling indicates very fine sand or soft clay

216 220 Clay
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MM OW-2D Boring Log (Well Number 011503, location shown on figure 20.)

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
0 20 Sand medium to very coarse and gravel fine to very coarse encountered thin lense of clay at 17.2 feet
20 25 Sand medium to very coarse trace clay
25 30 Sand medium to very coarse little clay (20%)
30 35 Sand medium to very coarse trace clay
35 40 Sand medium to very coarse - drilling indicates no clay from 20-40 ft
40 60 Sand and gravel very coarse trace clay 20% friable limestone like gravel size pieces
60 74 Sand and gravel very coarse limestone like pieces little (20%) sandy clay
74 76 Clay sandy brownish yellow (10YR 6/8)
76 71 Sand and gravel very coarse
77 80 Clay very pale brown (10YR 8/2) sandy
74 80 Sand fine to very coarse little gravel (20%)
80 98 Clay very pale brown sandy soft and sand and gravel color change to darker brown at 89 feet
98 100 Clay dark gray (7.5YR 4/0) sandy and clay gray (10YR 6/1) fine sand in martix
100 108 Sand and clay layers Rod change at 100 feet indicated 4 feet of wash in bottom hole
108 115 Sand very fine cuttings contain clay
115 120 Clay very dark brown (10YR 2/1)
120 130 Drilling indicates sand cuttings contain sand medium and up to 50% clay
135 140 Sand fine to coarse
109 110 Sand coarse gravel and 50% clay in cuttings
110 115 Layered sand and clay - clay very dark gray(Syr 3/1) sandy and contains lignite
115 120 Clay very dark brown (10YR 2/1)
120 125 Drilling indicates sand cuttings contain sand medium and up to 50% clay
125 130 Drilling indicates sand cuttings contain sand medium little clay
135 140 Sand fine to medium driller indicates sand but some clay in cuttings
140 145 Sand tan fine to very coarse
145 150 Sand tan medium to very coarse
150 155 Sand coarse to very coarse fine gravel trace clay in cuttings
155 160 Sand coarse to very coarse fine gravel trace dark gray silt stone
160 170 Sand tan fine to very coarse trace black grains and white friable hard clay like minerals
170 175 Sand indicated by drilling; cuttings contain coarse to very coarse sand trace dark gray sandy clay
175 180 Sand coarse to very coarse with fine gravel trace medium dark gray clay and white friable hard clay like
minerals
180 185 Sand indicated by drilling; cuttings contain little light and dark gray clay trace to 15% lignite and coarse to
very coarse sand
185 190 Sand some clay and lignite
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MM OW-2D Boring Log (Cont.) (Well Number 011503, location shown on figure 20.)—Continued

99

Top of Bottom of
interval interval Description of cuttings unless noted otherwise
(ft) (ft)
190 195 Clay, gray, very soft organic 20% lignite mud change color
195 200 Sand fine and clay (50%) dark gray lignite trace mica
200 209 Sand very fine well sorted micaeous
209 216 Clay, gray, soft, micaeous, easy drilling
216 220 Clay with sand layers
220 225 Sand grading to clay gray soft
225 230 Clay very dark gray (Sy 3/1), soft, contains silt
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Altitude, thickness, estimated sand content, and (or) horizontal hydraulic conductivity of
hydrogeologic layers of the Kirkwood-Cohansey aquifer system, Albertson Brook study
area and vicinity, New Jersey Pinelands.
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Figure 2-1. Thickness and estimated sand content of the AB A-1 aquifer layer of the Kirkwood-Cohansey aquifer system, Albertson
Brook study area and vicinity, New Jersey Pinelands.
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Figure 2-6. Structure contours of the top of the AB C-1 leaky confining layer of the Kirkwood-Cohansey aquifer system, Albertson

Brook study area and vicinity, New Jersey Pinelands.
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Figure 2-7. Thickness, estimated sand content, and horizontal hydraulic conductivity of the AB C-1 leaky confining layer of the
Kirkwood-Cohansey aquifer system, Albertson Brook study area and vicinity, New Jersey Pinelands.
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Figure 2-8.  Structure contours of the top of the AB A-2 aquifer layer of the Kirkwood-Cohansey aquifer system, Albertson Brook study

area and vicinity, New Jersey Pinelands.
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Altitude, thickness, estimated sand content, and (or) horizontal hydraulic conductivity of

hydrogeologic layers of the Kirkwood-Cohansey aquifer system, McDonalds Branch study
area and vicinity, New Jersey Pinelands.
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Figure 3-1. Thickness and estimated sand content of the MB A-1 aquifer layer of the Kirkwood-Cohansey aquifer system, McDonalds
Branch study area and vicinity, New Jersey Pinelands.
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Figure 3-3. Thickness and estimated sand content of the MB A-1C1 leaky confining layer of the Kirkwood-Cohansey aquifer system,
McDonalds Branch study area and vicinity, New Jersey Pinelands.
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Figure 3-4.  Structure contours of the top of the MB A-1B aquifer layer of the Kirkwood-Cohansey aquifer system, McDonalds Branch
study area and vicinity, New Jersey Pinelands.
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Figure 3-5. Thickness, estimated sand content, and horizontal hydraulic conductivity of the MB A-1B aquifer layer of the Kirkwood-
Cohansey aquifer system, McDonalds Branch study area and vicinity, New Jersey Pinelands.
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Figure 3-7. Thickness and estimated sand content of the MB C-1 leaky confining layer of the Kirkwood-Cohansey aquifer system,
McDonalds Branch study area and vicinity, New Jersey Pinelands.
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Figure 3-8.  Structure contours of the top of the MB A-2 aquifer layer of the Kirkwood-Cohansey aquifer system, McDonalds Branch

study area and vicinity, New Jersey Pinelands.
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Figure 3-9. Thickness, estimated sand content, and horizontal hydraulic conductivity of the MB A-2 aquifer layer of the Kirkwood-
Cohansey aquifer system, McDonalds Branch study area and vicinity, New Jersey Pinelands.
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Figure 3-10.  Structure contours of the top of the MB C-2 leaky confining layer of the Kirkwood-Cohansey aquifer system, McDonalds

Branch study area and vicinity, New Jersey Pinelands.
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Figure 3-11. Thickness, estimated sand content, and horizontal hydraulic conductivity of the MB C-2 leaky confining layer of the
Kirkwood-Cohansey aquifer system, McDonalds Branch study area and vicinity, New Jersey Pinelands.
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Figure 3-13. Thickness, estimated sand content, and horizontal hydraulic conductivity of the MB A-3 aquifer layer of the Kirkwood-
Cohansey aquifer system, McDonalds Branch study area and vicinity, New Jersey Pinelands.
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Altitude, thickness, estimated sand content, and (or) horizontal hydraulic conductivity

of hydrogeologic layers of the Kirkwood-Cohansey aquifer system, Morses Mill Stream
study area and vicinity, New Jersey Pinelands.
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Figure 4-1. Thickness, estimated sand content, and horizontal hydraulic conductivity of the MM A-1 aquifer layer of the Kirkwood-
Cohansey aquifer system, Morses Mill Stream study area and vicinity, New Jersey Pinelands.
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Figure 4-3. Thickness and estimated sand content of the MM A-1C1 leaky confining layer of the Kirkwood-Cohansey aquifer system,
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Figure 4-4. Structure contours of the top of the MM A-1B aquifer layer of the Kirkwood-Cohansey aquifer system, Morses Mill Stream

study area and vicinity, New Jersey Pinelands.
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Figure 4-5. Thickness, estimated sand content, and horizontal hydraulic conductivity of the MM A-1B aquifer layer of the Kirkwood-
Cohansey aquifer system, Morses Mill Stream study area and vicinity, New Jersey Pinelands.
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Figure 4-6. Structure contours of the top of the MM C-1 leaky confining layer of the Kirkwood-Cohansey aquifer ststem, Morses Mill

Stream study area and vicinity, New Jersey Pinelands.
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Figure 4-7. Thickness and estimated sand content of the MM C-1 leaky confining layer of the Kirkwood-Cohansey aquifer system,
Morses Mill Stream study area and vicinity, New Jersey Pinelands.
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Figure 4-8. Structure contours of the top of the MM A-2 aquifer layer of the Kirkwood-Cohansey aquifer system, Morses Mill Stream
study area and vicinity, New Jersey Pinelands.
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Figure 4-9. Thickness, estimated sand content, and horizontal hydraulic conductivity of the MM A-2 aquifer layer of the Kirkwood-
Cohansey aquifer ststem, Morses Mill Stream study area and vicinity, New Jersey Pinelands.
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Figure 4-10. Structure contours of the top of the MM C-2 leaky confining layer of the Kirkwood-Cohansey aquifer ststem, Morses Mill
Stream study area and vicinity, New Jersey Pinelands.
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Figure 4-11. Thickness, estimated sand content, and horizontal hydraulic conductivity of the MM C-2 leaky confining layer of the
Kirkwood-Cohansey aquifer system, Morses Mill Stream study area and vicinity, New Jersey Pinelands.
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Figure 4-12.  Structure contours of the top of the MM A-3 aquifer layer of the Kirkwood-Cohansey aquifer system, Morses Mill Stream

study area and vicinity, New Jersey Pinelands.
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Figure 4-13. Thickness, estimated sand content, and horizontal hydraulic conductivity of the MM A-3 aquifer layer of the Kirkwood-
Cohansey aquifer system, Morses Mill Stream study area and vicinity, New Jersey Pinelands.



Appendix 4 147

\LANTIC

39°
30'

39°
25'

Base from U.S. Geological Survey digital line graph files, 1:24,000,

Universal Transverse Mercator projection, Zone 18, NAD83 0 1 2 MILES
0 1 2 KILOMETERS
EXPLANATION

=——-110—— STRUCTURE CONTOUR-Shows approximate
altitude of the top of the MM C-3 Upper Kirkwood
confining layer, in feet. Contour interval 10 feet.
Datum is NAVD 88

=-.=  Morses Mill Stream drainage basin

Morses Mill Stream study area

-130 @  Well or borehole. Number is altitude of the top
of the layer, in feet. Datum is NAVD 88

Figure 4-14. Structure contours of the top of the MM C-3 Upper Kirkwood confining layer of the Kirkwood-Cohansey aquifer system,
Morses Mill Stream study area and vicinity, New Jersey Pinelands.
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