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CONVERSION FACTORS

Area
1acre = 43,560 square feet (19
1 square mile (mi“) = 640 acres

Volume
1 cubic foot (f*) = 7.481 gallons

Flow (precipitation, stream discharge, or recharge)
1 inch/year = 47,580 gallons/day/square mile (gpdlmiz)

New Jersey Geological Survey Technical Memorandums are brief
reports prepared for timely response to issues of concern. This
memorandum may be quoted provided that the following format is
used:

" Quoted excerpt (in quotation marks), New Jersey
Geological Survey Technical Memorandum 88-2,
Houghton, 1988.

Use of brand, commercial, or trade names is for identification pur-
poses only and does not constitute endorsement by the New Jersey
Geological Survey.
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HYDROGEOLOGIC STUDY OF WATER-WELL FAILURES IN
ARGILLITE BEDROCK OF SOURLAND MOUNTAIN,
SOMERSET COUNTY, NEW JERSEY, IN 1982

by
Hugh F. Houghton

ABSTRACT _

The Sourland Mouatain area is underlain by hard, relatively impermeable sedimentary rock (argil-
lite) of the Lockatong Formation of late Triassic age, and hard intrusive igneous rock (diabase) of early
Jurassic age. Average well yicld from the diabase is among the lowest of any bedrock type in New Jer-
sey. The median yield from wells tapping argillite in the study area is between 2 and 3 gallons per
minute, Some of the lowest reported yields from wells tapping argillite occur where the argillite has
been baked by adjacent diabase.

Severe water-level declines were reported in several wells near the top of Sourland Mountain in
Hillsborough Township, Somerset County, New Jersey, late in 1982, This study was initiated to deter-
mine the cause of the well failures.

The principal cause of ground-water-level decline was overpumping in an area of closely spaced
wells. A three-year period of below-normal precipitation (1980-1982) contributed to the problem, but
was probably not the main cause of well failures in the study arca.

Water budget calculations for the years 1969 though 1986 suggest that a maximum deficit of ground-
water and soil-moisture storage occurred in 1980, during the first year of a three-year period of low
precipitation. Water levels in wells were probably recovering to nearly normal levels during 1982,

The rate of ground-water pumping on a particular 1.0-acre lot in the study area was estimated to ex-
ceed 500 gallons per day. This withdrawal rate was probably the main cause of depression of water
levels centered on two wells on this lot. Observed water levels in these wells and two adjacent wells
were more than 100 feet below regional ground-water levels in December, 1982. The areal extent of
water-level depression was small, indicating an aquifer witk low permeability.

INTRODUCTION

Purpose of Study

In the winter of 1982-83 the New Jersey Geological Survey investigated the geology and hydrology of
the northeast part of Sourland Mountain in Somerset County. The study area is delineated in figure 1.
The purpose of the study was to determine the causes of critically low ground-water levels and to im-
prove understanding of the ground-water system in this area.

Methods ol Investigation
The plan of investigation included the following tasks:

1. Compile records of wells in the area affected by lowered ground-water levels.
2. Measure ground-water levels and compare them with older levels, to determine whether long-term
changes had occurred. '
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Figure 1. Map showing Sourland Mountain and arca of study.
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3. Perform pumping tests and observe drawdown and recovery rates in order to determine aquifer

characteristics.

4. Obtain continuous water-level data from an observation well in the study area, to determine the mag-

nitude of short-term water-level fluctuations.

5. Inspect domestic water-supply systems to determine pumping capacity and other relevant data.

6. Provide data and interpretations to aid in planning ground- water use and delineate possible preven-

tive or remedial measures.

Data pertaining to ground-water occarrence, including well records, soil logs, soil maps, and
geologic maps and reports were compiled for the study area. Precipitation records for Wertsville,
stream discharge records for the Neshanic River at Reaville, and pan-cvaporation records for New
Brunswick were compiled for the period 1969-1985. A hydrologic budget for the Sourland area was
prepared from the above data.

This report contains more background information thar usual for a technically-oriented readership.
It is hoped that this additional material will make the results of the study accessible to a wider
audience, particularly among residents and officials of the Sourland Mountain region of New Jersey.
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. " Geologist of New Jersey. I thank several of my colleagues at the New Jerscy Geological Survey (NJGS),
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the U. S. Geological Survey (USGS) provided water-level recording instrumentation. The manuscript
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reviewers.

GEOLOGY

Regional Geology and Topography

Sourland Mountain is formed by the leading edge of a tilted slab of bedrock, or fault block, which
extends in New Jersey from the Delaware River northcastward into the Raritan Valley. The fault biock
is tilted northwestward, causing the rock layers to dip down toward the northwest (fig. 2). Slopes facing
northwest are moderate, roughly paralleling the layering of the rocks. The eroded surface of the fault
uplift faces to the southeast, where slopes are irregular and gencrally steeper than northwest- facing
slopes. The summit of Sourland Mountain is elongated in a northeast-southwest direction and rises to a
maximum ¢levation of about 560 feet. The highest ridges of the plateau-like summit are underiain by
diabase, while secondary summits on the north flank of the mountain are underlain by argillite.

Tke Sourland fault block consists of a thick section of sedimentary rocks intruded by a sheet-like sill
of diabase, an intrusive igneous rock commonly called "trap rock”. The sedimentary rocks are late Trias-
sic in age (215 to 200 million years old), while the diabase is somewhat younger, dating from earliest
Jurassic time (about 195 million years ago) {Cornet, 1977; Dallmeyer, 1975). The sedimentary rocks at
the base of the fault block are tan and red sandstone of the Stockton Formation. This sandstone is over-
lain by the Lockatong Formation, composed mostly of argillite, a gray, hard siltstone with abundant
finc- grained ccmenting minerals. Recent geologic mapping by the NJGS indicates that the argillite se-
quence is about 2200 feet thick and the diabase is about 1400 fect thick. The uppermost beds of the
Sourland fault block are part of the Brunswick Group, consisting mostly of reddish-brown siltstone and
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mudstone without hard cement. The direction of maximum dip of the sedimentary rocks is about 35
degrees west of north (N35W); the dip angle averages about 18 degrees near the study arca.
'I'heargillitcbclowandabovcthcintrmivesiﬂhasbccnbakedandhardcncd.Thcbakedorthcrmal-

" ly metamorphosed zone extends more than one hundred feet into the underlying rock, and several

hundred feet into the overlying sedimentary rock. At the land surface, the lower and upper baked
zones have an outcrop width of about 500 and 1400 feet respectively (H.B. Kummel, writtea com-
munication, 1896). '

Physical properties of the diabase are fairly uniform from the bottom to the top of the sill except for
minor changes in crystal size or mineral composition. These subtle changes in the diabase do not great-
ly affect its hydrologic character. However, vertical variations in sedimentary rocks can significantly af-
fect their hydrologic properties.

The sedimentary rocks consist of both thick beds (about 6 feet to more than 30 feet thick) of hard,

'sparscly fractured siltstone or argillite, and thinner-bedded interlayers (commonly totaling 1 to 15 feet

in thickness) of soft, highly fractured mudstone. Mudstone beds are not abuadant or thick in the upper
Lockatong Formation. In the lower Brupswick Group mudstone beds increase upwards in number and
thickness. Mudstone beds store more water per unit volume than the hard sandstone and argillite, due
to their greater porosity. The scarcity of mudstone beds in the upper Lockatong Formatioa diminishes
the available ground-water storage capacity of the bedrock aquifer. This is a factor in low yiclds and
low specific capacitics of wells in the study arca.

Most of the study area is underlain by argillite of the Lockatong Formation. All domestic wells with
sharp water-level declines reported in 1982 tap this formation. Three deep wells also penetrate the un-
derlying diabase. The argillite is thickest in the north, at its contact with the overlying siltstone of the
Brunswick Group. There, the argillite extends to a depth of about 800 feet (see fig. 9). The argillite
overlies the diabase sill which intersects the ground surface a few hundred feet southeast of the study
area.

Joints and Faults

In the rocks of the Sourland region, most of the ground water is stored in and moves through frac-
tures. These fractures are of two types: (1) high-angle joints and faults, and (2) bedding- plane joints.

High-angle joints are fracture planes which developed nearly perpendicular to the bedding of the
rocks while they were still nearly horizontal. These joints are nearly perpendicular to bedding
everywhere in the Newark basin, even where the bedding dips steeply. These joints occur in regular
sets, mostly trending 15 to 50 degrees east of north (N15E to N5OE). Spacing between high-angle joints
ranges from less than 6 inches in typical siltstone beds to more than 36 inches in massive argillite and
diabase. Joints are always more closely spaced in fault zones than they are in the same rocks elsewhere.

The low fracture permeability of some of the argillite beds of Sourland Mountain may have been fur-
ther reduced by thermal alteration by the intruding diabase. The diabase was probably emplaced -

before the formation of the prevalent high-angle joints. Thermal hardening by recrystallization of argil-

lite beds adjacent to the igneous intrusion may have increased the resistance of these beds to fractur-
ing. Argillite in the "baked" zones above and below the diabase sill may have fewer joints per unit
volume of rock and therefore, lower fracture porosity.

Faults are fractures along which differential movement has occurred. Most faults in the Newark

~ basin occur in subparallel groups referred to as fault zones. Major fault zones, such as the Hopewell

fault located southeast of the study area, can coasist of hundreds of individual fault planes in a zone
thousands of fect wide. Many faults in the Newark basin are oricated in a NE- SW direction, roughly

. parallel to the most common direction of strike of bedding and the strike of principal joints.

" Individual faults commonly bave a zone of broken rock ranging in width from less than one inch to
more than 36 inches. Some faults, especially those in the major fault zones, are continuous over long



distances. Such faults may connect water-bearing joints and beds and cause adjacent wells to interact
strongly.

Faults may be discernible during the drilling of a well and may be reported by the driller as soft
"scams" (a driller’s séam can also be a soft or highly fractured bed). Faults often contain mincrals such
as calcite, epidote, or pyrite, which may be reported by the driller. Large pieces of rock may appear in
well cuttings from a fault zone since the already broken rock can be flushed out of the hole before it is
pulverized by the rotary drilling bit. '

Porosity and permeability can be either greater or less than usual in fault planes. Many faults
produce ample supplies of water, especially from hard rocks such as sandstoae, argillite, and diabase.
In other instances, and particularly in soft rocks such as mudstone or shale, fault plancs may contain
large amounts of clay and pulverized rock. This pulverized rock, known as "fault gouge" can be quite im-
permeable, causing the fault plane to act as a flow boundary to ground water.

Joints are usually closely spaced in fault zones. As a result, fracture porasity of the bedrock may be
enhanced within a wide zone (thousands of feet or more) on either side of a major fault. With the ex-
ception of the extreme northeastern end, the north flank of Sourland Mountain is distant from major
fault zones, This factor may contribute to the low yields of wells in the study arca, compared to arcas
along the southern and eastern flanks of Sourland Mountain near the Hopewell fault zone.

The second general class of fractures is bedding plane joints. The spacing of these joints is depend-
ent upon rock type. Diabase is not bedded and therefore does not have bedding plane joints. Some
joints in the diabase are subparallel to the bedding of the enclosing sedimentary rocks; these are typical-
ly widely spaced (several feet to tens of feet). In sedimentary rocks bedding-plane spacing can range
from tens of feet in massive argillite, to tenths of an inch in fissile siltstone and shale. Bedding-plane
fracture porosity can thus range over several orders of magnitude in different rock types.

Solls

Soil logs based on percolation test pits in soil overlying the argillite bedrock of Sourland Mountain
typically show a thin (6 to 10 inches) organic-rich layer, and a much thicker (48 to 72 inches) inorganic
subsoil made up mostly of dense clay with a putty-like consistency when wet (fig. 3). Soil logs with per-
colation test results are prepared by engineering firms and filed with other site permits for each lot at
the local government offices. The Soil Conservation Service {SCS) soil report for Somerset County
describes the subsoil of the Lehigh series, which underlies much of the study area, as a silty clay loam
(Kirkham, 1976). Its clay content may be as much as 40 percent (Foth, 1983, p.26). The subsoil contains
progressively more broken rock with depth. Fractured argillite with some clay is usually encountered at
5-6 feet below the surface (fig3).

Soils of the study arca are shown in figure 4. Most of the soils are mapped as Lehigh silt loam (LhB
and LhC), and Penn shaly silt loam (PaC) (Kirkham, 1976). The "B” indicates slopes of 2-6 percent; the
"C" means 6-12 percent slopes. Some soil unit boundaries have been modified for this study to reflect
trends of the bedrock formations.

The arca whcrcf well problems occurred in 1982 is covered by Lehigh series soils. The water-bearing

characteristics of this series have been described by Kirkham (1976, p29) as follows:
' "Permeability is slow in the subsoil, and the available water capacity is moderate. These soils have

a water table perched at a depth of 172 foot to 4 feet during winter and early in spring.*

Thick, clay-rich subsoil which develops on the argillite hinders infiltration of water into the bedrock
aquifer. As a result, perched water tables develop within the subsoil zone during periods of high
precipitation. This perched water slowly percolates into the underlying bedrock, or returns to the at-
mosphere by transpiration and evaporation during drier parts of the year.
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GROUND WATER

Storage and Movemeat

Ground water is stored either in pores between grains or in fractures in bedrock. Moderately ce-
mented sedimentary rocks have pores between their grains. Tightly cemented sedimentary rocks such |
asargn'.llile,andmostigneousrodtssuchasdiabase,gcncraﬂylackporcsbetwecngainsormincrals.ln
these rocks, ground water occurs almost entirely in fractures. Storage and flow of ground water within
fractured bedrock is largely controlled by the orientation and density of fractures. Ground water flow
in systematically fractured bedrock is generally anisotropic, that is, it flows more readily in some direc-
tions than others. Ground water flows more casily parallel to continuous fractures such as principal
high-angle joints and bedding plane joints. It also flows more easily along beds with higher fracture per-
meability, such as fissile siltstone beds. ' .

Anisotropic ground-water movement causes wells which are closely spaced along a preferred flow
direction to interact:more strongly than wells oriented in other directions. Anisotropic flow parallel to
the strike of bedding has been reported in the Newark basin and the adjoining Gettysburg basin in Pen-
nsylvania by Herpers and Barksdale (1951), Longwill and Wood (1965), Vecchioli (1967), Vecchioli
and others (1969), Wood (1980), and Spayd (1985). Strike-paralle! preferred flow under pumping con-
ditions may result from any of several factors, including:

1. Some beds are more permeable than others, Wells drilled along strike of these beds are likely to tap
the same permeable horizons.

2. Principal high-angle joint strike is close to strike of bedding throughout much of the Newark basin.

3. Bedding-plane joints have the same strike as bedding.

4, High-angle fractures commonly terminate along bedding surfaces. As a result, the large-scale
geometry of fracture systems can be that of tabular zones oriented nearly parallel to bedding planes.

In the study area wells are more likely to interfere with each other if they:

- are aligned parallel to the strike of major high-angle joints, averaging about N35E, or
- tap the same bedding-plane joints or permeable beds, which depends on both depth and direction
between wells,

Water occurs in two zones in the subsurface: the shallow unsaturated zone and the underlying
saturated zone. The interface between these two zones is called the water table. All frec water which
occurs in the saturated zone is considered ground water, In the saturated zone, all pores in the subsur- -
face material are filled with water. Ground water below the water table moves in response to differen-
ces in head from recharge to discharge areas. Recharge areas are mostly uplands, where clevations and
potentiometric levels are higher than elsewhere, Discharge areas are found at low clevations, at
springs, swamps, ponds, and strecams. Ground water also flows toward manmade depressions in the
water table, such as the cone of depression around a pumped well

A scmiconfined aquifer is a stratum or bed with relatively high permeability, bounded above and
below by less permeable strata, of which one or both are leaky. Semiconfined conditions can occur
where interconnected fractures form discrete networks bounded vertically by less fractured rock. The
pressure surface for such an aquifer connects points at the highest saturated clevation in the aquifer.
Ground water at any point within a scmiconfined bed or fracture system will rise in tightly-cased wells
to the same height as the top of the pressure surface. Thus, water in a well will risc to a height which is
called the potentiometric surface or head. The static head is the head or potentiometric surface in a
well which is not being pumped. The pumping level is the leve! to which the head drops under pumping
conditions. :



Water Wells

Wells drilled into fractured rock first penetrate an upper water- saturated zone, which is commonly
a shallow water-table aquifer. Shallow ground water may be subject to contamination from on-site sep-
tic dxsposal and otber sources, so a steel casing long enough to reach below the shallow water tabie is
cemented into the wellbore. This casing inhibits water from flowing directly to the well from this zone.
The well is then decpened, usually until one or more semiconfined aquifers are penetrated.

Most modern wells are equipped with a submersible pump which is lowered into the wellbore at the
end of a steel or plastic pipe. The pipe serves as a conduit for the well water. The pump is set far
enough above the bottom of the well so that it does not stir up sediment and draw it into the pump and
piping system.

When the pump is operating, water is withdrawn from the wellbore, which lowers the water level in
the well. Lowering of bead by pumping is called drawdown. Drawdown in the well depresses the water
table or the potentiometric surface surrounding the well, forming a cone of depression. As drawdown
increases, the area of the water-table depression expands. If drawdown is sufficiently decp and the

| cone of depression expands out to nearby wells, their water levels will drop. This effect is well Inter-
ference, Figure 5 illustrates drawdown in a well drilled in fractured bedrock.

At the time of completion of a well, the driller is required to perform a pumping test to determine
the yield of the well and observe the drawdown after a period of time, generally at least one hour. Ideal-
| ly, the test should be rua for a period long enough for the water level to stabilize. For low yield frac-
tured- rock welis, however, the pumping test usually ends when the water level drops below the pump
- intake.
The yleld of a well is determined either by blowing air into it or pumping it and measuring the dis-
charge rate. The specific capacity of a well is the aumber of gallons pumpod per minute divided by the
- oumber of feet of drawdown. Specific capacity is expressed in gallons per minute per foot. Wells with
high spec:ﬁc capacity produce more water and recharge more quickly than those with low specific
capacity.
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The Hydrologic Cycle

The hydrologic cycle is the closed system through which water moves from the atmosphere to the
earth as precipitation, enters surface water and ground water bodics, flows toward oceans, and returms
to the atmosphere by evaporation and transpiration. The source of all fresh ground water is precipita-
tion. The amount of water which circulates through the earth-atmosphere system varics from place to
* place, depending on the climate. The total amount of ground water available in any particular area
depends mainly on two factors: 1) annual excess of precipitation over evaporation and, 2) volume of
ground-water storage and permeability of the local aquifer(s).

The hydrologic cycle can be expressed by the following equation:

PRECIPITATION = RUNOFF + EVAPOTRANSPIRATION + CHANGES IN STORAGE

Precipitation is moisture in any form which falls from the atmosphere. Runoff includes all forms of
surface-water flow and some shallow subsurface flow, as explained below. Evapotranspiration includes
moisture which evaporates directly from the land surface or from free-water surfaces to the atmos-
phere, and water lost to the air from plants (transpiration). Storage changes include changes in surface-
water volume, soil moisture content, and ground-water volume.

and Cherry (1979, p4). The chart is reproduced here as figure 6. The three main components of the
cycle (precipitation, runoff, and evapotranspiration) are in tablet-shaped boxes. Terms involving
storage are in rectangular boxes, and those involving rates of mavement are in hexagonal boxes. The
part of the cycle involving ground water is at the bottom of the chart. In this chart throughfall is the
component of precipitation w ich falls directly on land or water surfaces, while interception includes
any precipitation which is intercepted by foliage. The system chart assumes no underflow of ground
water into or out of drainage basin.
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Figure 6. System chart of the hydrologic cycle. Modified from Freeze and Cherry (1979). Reproduced by

permission of Preatice- Hall, Inc.
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From the relationships shown in figure 6, an equation can be written for ground-water recharge:

GROUND-WATER RECHARGE GROUND-WATER DISCHARGE +

EVAPOTRANSPIRATION (from ground water) + STORAGE CHANGE (in ground-water

storage)

The equation above shows that ground-water recharge is greater than ground-water discharge, ex-
cept when ground-water storage change is both negative and greater in absolute value than

' evapotranspiration from ground water.

HYDROLOGIC DATA

Precipitation
Precipitation data from the U.S. Weather Service record station at Wertsville for the years 1969-

1986 are shown in figure 7 (National Occanic and Atmospberic Administration, 1969-1986). The loca-

tion of the precipitation gauge is shown in figure 1. The average annual precipitation for the years
shown was 47.33 inches. The cumulative deficit for the dry years of 1980-82 was over 28 inches, based
on the 18-year average. Reports of well failures in thé fall of 1982 correspond with the later stages of

. this three-year period.

AVERAGE ANNUAL
PRECETTATION
FOR 18-YEAR PERIOD
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' Figure 7. Anaual precipitation and annual stream discharge near Sourland Mountain. Discharge given in
inches of water over the area of the drainage basin, Sources of data given in text. Location of
precpitation and stream gaging stations shown in figure 1.
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Runolf

Discharge data are available for two streams draining watersheds partly in the Sourland Mountain
area for the period 1969-1985. The records are for the Neshanic River at Reaville, and Stony Brook at
Princeton. Back Brook tributary near Ringoes, which drains a small watershed on the north slope of
Sourland, has records from 1977. The quality of records from Back Brook tributary is fair to poor
(US.GS., 1982, for example). Stream flow data are published annually by the US. Geological Survey
(1970-87).

The patterns of discharge of the Neshanic River and Stony Brook are similar, therefore only
Neshanic River data are shown in figure 7. The location of the stream gauge is indicated in figure 1.
Stream discharge is given in inches of water (over the arca of the drainage basin) so it may be com-
pared directly with precipitation at Wertsville. Precipitation and stream-discharge data arc also listed
in table 4.

Evaporation

Evaporation measurements in central New Jersey are made by the meteorology department at Cook
College in New Brunswick (Keith Arnesen, written communication, 1987). Measurements are of pan
evaporation, that is the amount of water in inches that evaporates daily from an open pan of water. The
data reflect daily changes in relative humidity and air temperature; they do not, however, accurately
reflect transpiration or evaporation from foliage. Pan evaporation data are listed and discussed in a
later section, as part of a water-budget calculation.

WELL AND AQUIFER CHARACTERISTICS

Well Yields and Specific Capacities

Water-well statistics for the bedrock of the Sourland Mountain area are given in table 1. Median
values rather than means of yield and specific capacity were reported by Hordon (1984), because the
median is less affected by extreme values. This is especially important for small data sets, such as those
in this report. The median is the middle value in a set, that is, 50 percent of the values are larger and 50
percent are smaller than the median.

. Table 1 summarizes water-well data for Brunswick and Lockatoeg Formations and diabasc in three

reporting arcas: Hunterdon County (Kasabach, 1966), the Sourland Mountain region (Hordon, 1984),
and the Newark basin in New Jersey (Carswell, 1976; Carswell and Rooney, 1976; Kasabach, 1966;
Miller, 1974; Nichols, 1968; Vecchioli and Miller, 1973; Widmer, 1965). Median yiclds could not be
computed from statewide data.

Records are available for 24 wells in the study area; 18 include drawdown and specific capacity data

(tabie 2). Well locations are shown in figure 8.
_ Median yield of 24 wells in the study area, as reported by well drillers, is between 2 and 3 gpm (gal-
lons per minute), compared to 7 gpm for the Lockatong argillite in the entire Sourland Mountain
region (Hordon, 1984). Median specific capacity for 18 wells in the study area is 0.02 gpm/ft, less than
half of the 0.06 gpm/ft for argillite in the entire Sourland region (Hordon, 1984). Reported yield data
are based on pumping tests that are usually of short duration and generally do not reflect pumping
rates at which water level stabilizes in the well Therefore, actual long-term yiclds arc probably lower,
especially where the record indicates that pumping level was near the bottom of the well at the end of
the test. '



TABLE 1. Yield and specific capacity of bedrock wells,
Yield given in gallons per minute (gpm). Specific capacity
units are gpm per foot of drawdown (gpm/ft). Number of wells
included in computation denoted by letter n. Sources of data

given in text.

Formation

Brunswick

Hunterdon County

Sourland Mountain

Statewide

Lockatong

Hunterdon County

Sourland Mountain

Statewide

Diabase

Hunterdon County

Sourland Mountain

Statewide

Mean
yield
(gpm)

19
(n=528)

16.3
(n=1196)

12

(n=186)

9.5
(n=393)

(n=65)

1.4

(n=141)

Mecdian specific
capacity

(gpm/ft)

1.41
(n=272)

0.24
(n=112)

0.37
(n=63)

0.06
(n=426)

0.35
(n=21)

0.07
(n=91)



Water Levels

Static-water levels of wells in the study area following completion of drilling are listed in tabic 2.
Some are shown along with historic water-level data in figure 9. These data show an arca of decline in
water level in several wells Jocated downslope from David’s Lane. The maximum decline in nonpump-
ing level was more than 120 feet, in well 67.

In December 1982 water levels were measured in several wells during a two-day period to observe
typical ranges in drawdown and recovery. The results are shown graphically in figure 10. Wells 65 and
67 were not operated on the morning of December 16. The decline of more than 90 feet measured in
well 66F at 11:00 am on December 16 followed the use of a washing machine in the residence. Declines

of water level in wells 65 and 67 correspond with the time of greatest drawdown in well 66F, suggesting
that some interfercnce was occurring,

Continuous Water-Level Measurement

A clock-driven water-level recorder was installed on well 117R and records were kept for a 3-month
period in 1982-83. Water levels rose gradually from 25.6 feet to 23.5 feet below top of casing during
December. Between early January and mid-February the water level rose from 235 feet to 16.7 feet
below top of casing, Rhythmic daily fluctuations of water level averaged about 0.1 foot, with a maxi-
mum of about 0.2 foot. Daily declines occurred usually betweea 8 PM and 2 AM, presumably cor-

responding to the hours of maximum water use in the front well (117F), located approximately 250 feet
from the recorder well.

EXPLANATION
88, weil Water—ieveis meesured for this study (table 2}

Fo trom well, Ry ronr wall

11
® Wel  Locstion approximate, data compied from wel recorde.

— BIOCK Dermdary

Lot bourciary

Figure 8, Well-location map. Modified from Hillsborough Township tax map, 1959, Aero Service Corp.
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TABLE 2. -+ Records of wells in study ares.
Depths are in feet below land surface. ALl wells are &-inch nominal diameter. Gpm, gallons per minute.
ALl walls tap the Lockatong Formation. Wells 70 and 43C also penetrate the BrunsWwick Formation; wells
668, 115, and 117R also penetrate disbase.

Casing Static weter Static level Tield ot P ump burstion dater lovel, Orasw- Specific Approximste

wetl Sate well lerngth  (ovel at o 12716782 completion depth capecity of pumping end of pp  down copacity elevation of
maber completed depth(ft) (ft)  compietiondit) (lest) (o) (fest) (gpm) tmt(hrs)  test {f0) (feet) (gpmsit) well heac(ft}
& 11/82 300 . 10 - 2 0 & 1 0 280 0.01 ==
Ta e 283 0 3 .- & s [} 3 W5 Fat] 0.02 38
n - 3% & 10 - ” e - - 80 n .- %o
x (Y[ ] 30 &0 0 L H 230 - - ?50 2] 0.0% 355
n vnr W 0 o - 2t3 X0 - s 300 " S W 345
[ ] /8 580 40 & - 4.5 o H [} o ] 0.02 400
n o TS o & - 2.5 .- .- . 400 353 ;.01 Les ]
12 1901 - b a2 2] 80ty - .- .. .- .- 53
434 /73 0 & 20 e L . .- 3 in 158 0.0 &0
()] e Bo 0 10 . 10 .- . - ] ”0 0.13% s
& wn 300 so - . 21t} . . - .- - . 380
43 n 300 S0 50 .. 3 300(1) ~-- 12 300 b1 0.0% 410
a3 1965(1) %o - p 4] 20 2o} 75 - b .. .- . 430
(] 1972 T T2 40 .= 130 112 $6(7) .- == 544 144 0.00 440
[ nwa 300 n 100 190 172 00 & t 0 190 0.00 445
a7 19 250 &0 0 o 4 %0 b -~ 240 160 0.03 [
& o ms 2 13 .- 3 m 1 1 mm 155 0.0 40
109 &y 00 43 0 - 2 p b0} -- 4 ne o 0.01 80
10 - ™ (1] 3 .- L] 50 .- .. a0 45 0.02 475
m ‘ - U3 3 10 .- 4.5 190 . - - w0 180 0.03 9
"3 TS 400 50 0 .- 1 90 1 3 ag 330 0.00 510
s e 450 .- .- 7 e o .- - . - . st
1tm s 8% A2, n .3 174 none as - - - . $00
un T 303 40 30 4] 3 - H 8 v .t 202 0.02 &80
.
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HYDROGEOLOGIC INTERPRETATIONS

Estimates of Recharge and Sustainable Yield

Ground-water studies usually include an estimate of recharge to the aquifer. The average annual
recharge may be referred to as perennial or sustained yield, based on the idea that long-term
withdrawal of ground water at a rate exceeding natural recharge will reduce storage. The actual
relationship between ground- water pumping and aquifer storage change is complex and depends on
porosity and permeability of the aquifer, topograpby, climate, vegetation, impervious cover, sewering,
and other variables.

Recharge and sustained ground-water yield have been estimated by several different methods, in-
cluding hydrograph scparation, flow- duration analysis, and water-budget analysis. Buller and Sweigard
(1978) used water-budget analysis in a study in Hopewell Township. Posten (1982) used the
hydrograph separation method on several fractured-rock drainage basins in New Jerscy, including one
basin underlain by Lockatong argillite ncar Flemington. Hordon (1984) conducted bydrograph separa-
tion and stream-flow- duration analyses on data from several watersheds in the vicinity of Sourland
Mountain, Wright (1982) used the hydrograph scparation method in other areas of the ceatral
Delaware valley. The results of these analyses and some other published estimates of recharge or sus-
tainable yields are given in table 3.

Water-budget analysis has been used to estimate recharge (Williams, 1981, for example), although
some components of recharge cannot be directly assessed from hydrologic and meteorological data.
Ground-water discharge is approximately cquivalent to base flow of streams and has been used directly
as an indicator of "safc” yield (Hordon, 1984). A valid cstimation of recharge must include estimates of
ground-water discharge or base flow, direct evapotranspiration from ground water, and changes in
ground-water storage.

Water Budget for the Sourland Mountain Area

In order to determine whether long-term meteorologic conditions could have had an cffect on
ground-water levels, a ycarly water- budget analysis was conducted. No water-budget method was
found in the literature which was suitable for yearly hydrologic data. Most published water-budget
methods are designed to track and predict monthly evaporation for use in irrigation planning. The most
accurate methods use an energy-balance approach (Penman, 1956; Tanner and Pelton, 1960; Van
Bavel, 1966; among others). The data requirements of these methods are beyond the scope of this

A water-budget method was developed for this study which is based on a simple water-balance
equation and uses annual hydrologic data. Hydrologic data include precipitation, stream discharge
(runoff), and pan evaporation. The equation used is the simplest expression of the hydrologic cycle:

PRECIPITATION = RUNOFF + EVAPOTRANSPIRATION + CHANGES IN STORAGE

Subtracting runoff from precipitation yields a remainder which is equal to evapotranspiration (ET)
plus changes in storage. When summed over a large number of years, storage changes will approach
zero (unless the climate is changing, or the physical environment is altered significantly). The long-term
difference between precipitation and runoff, thercfore, is equal to average ET. Annual estimates of ET
can be normalized to match the calculated average value.

Yearly ET was estimated by using the ratio of pan evaporation to precipitation. Annual ET plus
storage change was multiplied by this ratio, to yield a preliminary or unadjusted estimate of ET. This
step is equivalent to assuming that the water which does not leave the watershed as stream runoff is
evaporated at the same ratio as that between measured rainfall and evaporation from a water-filled
pan. The final estimate of ET is made by multiplying the first estimate by a factor which makes the
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TASLE 3. Published estimates of rechsrge or sustained vyield.

Resylts given in gellons per day

per square mile (gpd/mi2), Recurrence interval is the aversge time interval within which the
predicted volume will be equaled or exceeded once, '

Aquifer &
rock type

Brunswick

shele &
siltstone

; siltstone
L shale

shale

shale &
siltstone

siltatone
& shale

siltstone
& shale

siltstone
& shale

“Lockntong
argillite

mixed, mostly
Lockatong

argillite

I

argillite
mixed
lithologies
Dfabese
disbese

disbase

disbase

Orainege
besin

Niddle Delsware
River Basin

Sourisnd region
foyee Brook trib.,
near Belle Mesd

Middle Delavare
River besin

Flemington ares,

W. Conewego Creek,
PA (Gettysbury Fm.)

Stony Brook at
Princeton

¥almut Brook, MJ

Storry Brook at
Glermoore, NJ

Walryt Brook, nesr

Flemington, NJ

Stony Brook et
Princeton

Stony Brook at
Princeton

Hunterdon ares

Stony Brook at
Princeton

Walrwt Brook, NJ

" kY et i Tumms e R w a4 e

varisble
estimated

Baseflow
Safe yield
Baseflow
Baseflow
Baseflow
Recharge -

Recharge

Safe yield

Baseflow
Baseflow
Recharge

paseflow

Safe yield

fRecharge

Baseflow

Analytical methed

Nydrograph
separation

Flow durstion
Hydrograph
separation

Hydrograph
separation

.

Sustained
Yield
(gpd/mi2)

53,000

110,000

125,000

220,000

Wydrogreph sepsration 231,000

& specific yleld ratio

Water budget

Discharge fregquency
(=flow duration)

Flow duration

Hydrograph
separation

Wydrograph
separation

Flow durstion

Hydrograph

separation

Flow duration

“Flow duration

Hydrograph separation
& specific yield retio

288,000

300,000

45,000

83,000
92,000
100,000
119,000
40,000
50,000

83,000

Recurrence

interval Reference

1 yr. in 10 Uright(1982)
1 yr. in <§  Hordon{1984)
1 yr. in 10 Hordon(1984)
1yr.in 2 Wright(1982)
long-term Hordon{ 1984)
sverage :
N.A. Wood( 1980)
long-term Geraghty and
aversge Miller(1973)
1 yr. in <5 Hordon(1984)
1 yr. in 10  Hordon{1984)

99% exceedence Posten(1982)

gross Geraghty and
average Hiller(1973)
1 yr. in 10 Hordon(1984)
1 yr. in <5 Hordon(1984)
gross Geraghty ard
average Miller(1973)
Llong+term Hordor( 1984 )
sverage



average ET equal to that computed from the hydrologic data. Evaporation data were available for the
years 1969 through 1986, Results of the water budget for those years are given in table 4. The source of
data or method of calculation for each column is discussed in footnotes to the table.

The water-balance method presented here, and two variations of the method, were checked for in-
ternal consistency by conducting linear regression analysis on various pairs of values. This technique
evaluates how well a straight line fits a Cartesian (X,Y) plot of two variables. The water-balance
method shown yields high positive corrclation values for critical pairs of variables, including precipita-
tion vs. estimated storage change and stream flow vs. estimated storage change, and high negative cor-
relation between stream flow and estimated evapotranspiration. The high correlations are mostly the
result of factoring precipitation into estimated evapotranspiration by the ratio method used. Two other
methods tested involved scaling of pan evaporation by (1) the difference between average pan evapora-
tion and average ET plus storage change and (2) the ratio between those variables. These methods had
very low correlation between critical variables. The method shown in table 4 was judged most ap-
propriate on the basis of these correlations, -

Another way to check the validity of water-budget results is to compare estimated values with ob-
served water-level records from an observation well. The U. S, Geological Survey has maintained an ob-
servation well tapping the Stockton Formation at Sergeantsville, New Jersey since 1965 (well number
19-0002). The well is located about 9 miles from the study area, at an elevation of 342 fect. Topography
is gentler at Sergeantsville than in the study area. Annual mean water levels were computed from
published and unpublished data of the USGS (U. S. Geological Survey, 1978-1987; Frederick L.
Schaefer, USGS, written communication, 1988).

Annual mean water levels at Sergeantsville were compared with annual values for several other vari-
ables for the period 1969- 1986. Other variables were:

1. estimated storage change (dSe) from water budget,

2. cumulative dSe from water budget,

3. precipitation, and

4. cumulative departure from mean precipitation.

The last two variables were checked to see if they were more closcly correlated with water levels than
values derived from the water budget.

The mean ground-water level record was closely matched by both the storage change estimated by
the water budget (dS¢) and by annual precipitation at Wertsville. These variables are plotted in Figure
11. Cumulative storage change does not predict ground water levels as well as annual storage change.
The close match of curves indicates that the water budget works at least moderately well. Estimated an-
nual storage change can thus be used directly to estimate ground-water level changes. Figure 11b shows
that precipitation could also be used to estimate water- level changes; this would require additional cal-
culation to convert to estimated storage change. :

The estimated storage change curve (fig. 11a.) reaches a low point in 1980 and recovers somewhat
during 1981-1982. The Sergeantsville observation well follows a similar pattern. The observation-well
level was only 0.4 foot below the long-term mean in 1982, The estimated storage change for 1982 in the
study arca was -1.9 inches.

Estimated storage change can be converted to an estimate of water-level decline if two other
parameters are known or can be estimated: 1) specific yield of the aquifer, and 2) ratio of soil-moisture
to aquifer-storage change. The storage-change ratio will vary throughout the year, but can be assigned
an approximate average yearly value. Using 1.9 inches storage deficit and varying the ratio of soil-mois-
ture to aquifer-storage change from 3:1 to 1:2, in an aquifer with 3 percent specific yield, results in
water-level decline between 16 and 42 inches. This suggests that below-average precipitation could not
have produced the decline in water levels observed in the most severcly impacted wells in the study
area in 1982, This conclusion is supported by the fact that ia two wells in the study area,water levels
measured in December, 1982 were higher than thosc reported at the time of drilling. Although the two
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Figure 11. Mean annual ground-water levels Seargentsville, New Jersey observation well, plotted along with

a) estimated annual storage changes from water budget (table 4), and b) annual precipitation at
Wertsville, New Jersey. Ground-water levels before 1977 are based on periodic manual
measurements; levels from 1977-1986 are based on average monthly vatues from recorder data
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TABLE

4. - Annual water budget for the study area, 1969-1986.

All data in inches of water except E ratio.

Calendar
Yeor

1949
1970
1971
1972
1973
1974
1975
1978
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986

Aversge

(A}

)

(D)

(B}
r)

(H)

(1}

Precip Streem Pon E ET+d$ E ratio Unad] ET ETe dse dSe
Flow C(A-B) (C/A) (ExD} (0-G) cumulat

(1 }] (9 () (o) (E) (F) (G) (H) (1
&5.77 18,41 42.3 27.36 0.92 25.3 32.0 N -h,6
44,37 19.01 3a.7 25.36 0,87 22.1 28.0 -2.6 -7.3
$2.5¢ 32.10 40,1 20.49 0.76 15.6 19.8 0.7 -6.5
$3.23 30.91 35.7 22.32 Q.47 15.0 18.9 3.4 -3.2
§7.40 30.48 39.46 26,92 0.69 18.6 23.5 3.4 0.3
£6.36 20.33 343 26,03 0.74 19.3 2b.4 1.7 1.9
59.20 31.28 33.4 27.92 0.56 15.8 19.9 8.0 9.9
35.98 11.90 38.6 24.08 1.07 25.8 32.7 -8.6 1.3
49.32 22.33 37.0 26.99 0.75 20.2 25.8 V.4 2.7
44.00 23.90 33.7 20.10 0.77 15.4 19.5 0.6 3.3
56.48 38.40 51.5 18.08 0.56 10.14 12.8 5.3 8.6
34.39 11.5¢ I7.4 22.80 1.09 24,8 3.4 -8.6 9.0
38.14 11.24 37.6 26.90 Q0.9 26.5 33.6 -6.7 -6.6
40,20 15.91 34.4 23.29 0.86 19.9 25.2 -1.9 -8.5
59.02 33.78 32.% 25.24 0.5% 13.¢9 17.6 7.7 -0.9
48,44 26.12 34.6 22.32 o.M 15.9 20.2 2.1 1.3
42.0% “%. 1 37.6 27.94 0.89 5.0 31.6 -3.7 2.4
45,00 22.88 n.r 22.14 6.70 15.6 19.7 2.4 0

47.33 23.09 36.2 26,24 19.2 26.2
Precipitation - annual measured rainfall at Wertsville, New

Jersey. Source: NOAA, National Weather Service, Summary of Climatic
Data for New Jarsey, 1969-1986.

Stream flow = calendar-year total discharge in inches for the
watershed of the Neshanic River above Reaville, HWJ. Source: UsGs,
Water Resources Data for New Jarsey, 1969-1985:also Robert Schopp,
U.S. Geological Survey (oral communication, 1987}.

Pan evaporation =~ annual evaporation totaled from monthly data
peasured at New Brunswick, NJ. Source: Department of Meteorology,
Cook College, Rutgers, the State University.

Total evapotranspiration plus storage changes - calculated by
subtracting stream discharge from precipitation. The average of
this column is equal to average evapotranspiration only, since
average storage change (45} will be zero, unless the climate is
changing.

Evaporation ratio - pan evaporation divided by precipitation.

Unadjustad evapotramspliration - evaporation. ratio multiplied by
total ET plus dS (column D).

Estimatsd svapotranspiration - Values in column (F} are multiplied
by a factor which makes the average of this column equal to the
average of column (D). This causes estimated average storage
change to equal zero. The factor is 24.2 divided by 19.2, or 1.27.

Estimated storage changa =~ Evapotranspiration plus storage change
(column D) 2inus estimated evapotranspiration (column G} equals net
estimated storage change.

Cumulative storags change - Running total of annual storage changes




sets of measurements were not taken under the same conditions, the data do suggest that water- level
decline outside the severely impacted area was minimal. The conclusion is also supported by water
levels in the Sergeantsville observation well, which were only slightly below average in 1982. Even if the
specific yield of the Lockatong is ten times less than the Stockton Formation, water levels would be ex-
pected to be only 4 feet below normal in the study area in 1982, based on the obscrvation well record.

The water-budget calculations can be used in at least one other way- to estimatc partitioning of

 storage changes between soil moisture and aquifer storage. If a reasonabic value for specific yield of

the Stockton Formation is used, say 10 percent, the storage changes estimated from the water budget

" for the Neshanic watershed will produce close correlations with water level changes in the Ser-
. geantsville well if a storage change ratio of 3:1 is used (soil-moisture to aquifer storage). This estimate

is very rough, due to uncertainty in specific yield and because of differences in bedrock, topography,
and soils between the Neshanic watershed and the observation well

The water budget approach was an expedient method of estimating the magnitude of ground-water
fluctuations produced by ncar- drought conditions of 1980-1982. The method is unproven, and was not
verified experimentally for this study. The water budget appears to work reasonably well for the arca in-
vestigated. If the method can be validated by further study it may have wider applicability.

Rate of Ground-Water Withdrawal .
Withdrawal rate of ground water in the study area was estimated by assuming 100 galions per day

. (gpd) use per person in cach housebold, and dividing the total usage by the number of square miles in

I
I
|

the arca of interest. The use estimate is somewhat high, but has been used as a planning criterion in
New Jersey (Hoffman and Canace, 1986). Withdrawal rates for cach of four lots are given in units of
gpd/mi? in table 5, to facilitate direct comparison with safe yicld and recharge estimates in table 3.
High withdrawal rates occurred in an area much smaller than one square mile; the high rates should

. not be interpreted as large pumping volumes.

TABLE 5. - Estimated ground-uater-u{thdrlull tates in 1982 for part of
study area where water level declines were measured.

Lot # Lot size Number of Estimated daily Withdrawal rate
; (Block 171) (acres) cccupants water usage(gpd) (Opdlniz)
65 2.30 & 400 111,000
66 1.00 6 600" 384,000
67 1.84 & 400 140,000
117 .3.12 2 200 " 41,000
4-lot total 8.26 14 1600 124,000

L
Census at lot 66 findicated 9 occupants, therefore water use
estimate is conservative.

<l




Estimated water use on lot 66, with two deep wells in an area of 1.0 acre is 600 gallons per day. Ex-
tended o an area of one square mile the estimated withdrawal rate on lot 66 is equivalent to 380,000
gpd/miZ. Lot 117 has the lowest estimated withdrawal, about 41,000 gpd/miZ, Pumping and recovery
levels in well 117F were not particularly low. The average for the 8.26- acre arca in the table is ap-
proximately 124,000 gpd/mi’, equivalent to about 2.6 inches of water per year. This exceeds published
estimates of sustainable ground-water yicld for the Lockatong Formation (table 3), During drought
periods the ground-water deficit is increased by continued high rates of pumping. Water pumped from
wells is removed from ground-water storage and is subject to evapotranspiration from septic fields or
from Lawns and other surfaces. Only a small proportion of water pumped from wells returns to the

aquifer as recharge, particularly during hot and dry weather.

DOMESﬁC WATER SYSTEMS

In the study area, the typical domestic water-supply system coasists of a submersible pump of 1/2 to
3/4 horsepower and a 42- gallon compressed-air pressure tank. The above-ground storage capacity of
these systems is approximately 20-25 gallons. No auxiliary storage tanks or separate pressure pumps
were observed in any systems. One household had two independent supply systems of standard design,
each hooked up to a separate well.

In wells of exceptionally low yield, the quantity of water available is little more than that stored in
the borehole, because the rate of recovery is insignificant compared to pumping rates. Many wells in ar-
gillite and diabase bedrock are in this category. Measured recovery rates are as low as 4 gallons per
hour, equivaleat toless than 100 gallons per day (see well 67, figure 10). Even this quantity may be un-
available unless adequate storage capacity is present in a well bore of sufficicnt depth or in an auxiliary
tank. :

Wells 65 and 67 illustrate some of the problems resulting from low yields, diminished storage, and
heavy pumping, The well at lot 65 is 140 feet deep, with the pump set at about 135 feet below land sur-
face. The water level was observed to rise to about 112 feet below land surface overnight, during
December, 1982. At that time the well contained only about 35 gallons of recoverable water. At lot 67
the pump setting is about 240 feet below land surface. The highest observed overnight recovery was to a
level of about 190 feet. This is equivalent to about 75 gallons of water in the well. Because of localized
decline in water léye!s during the period preceding this study, storage in wells was inadequate to sup-
plement the low yields and provide a dependable supply.

‘ CONCLUSIONS
Largewater-level declines in the study area in 1982 resulted from two principal factors. These are:

1. Heavy pumping centered on wells 66R and 66F created a local cone of depression affecting these
wells and nearby wells 65 and 67.

2. A 3-year périod of below-normal precipitation from 1980- 1982 reduced recharge to the bedrock
and probably lowered the regional water table. Regional decline of water levels by this cause was
probably not more than a few feet in 1982 .

The effect of local overpumping alone was probably sufficient to cause the water level declines ob-

served. In addition to the two immediate causes, there were additional underlying causes which made
wells in the study arca susceptible to failure; these are:

1. Wells in the'study area all tap argillite, a rock which has low capacity to store and transmit ground
water. Soils that form on this bedrock have a high clay content and impede infiltration of water into
the subsurface.

2. The study area is on high ground with moderately sieep slopes that accelerate runoff and iphibit in-
filtration.



3. The affected area is distant from major fault zones. Bedrock in the area is probably not as highly
fractured as it would be if it were closer to major faults.

! 4 Much of the recharge arca for the aquifer is forested. Evapotranspiration rates are higher in areas

of mature forest than in areas with crops, grasses, or bare ground (Johnston, 1970).

f DISCUSSION AND RECOMMENDATIONS

, Spacing of Wells and Lot Slze

. The cone of depression of the potentiometric surface around wells on lot 66 had a diameter of at

| least 360 feet, which is the distance between wells 65 and 67. The water-level decline in these 2 wells
was at least 100 feet, indicating the cone extended beyond these wells, The area in which ground-water

; level declines were observed to be greater than 100 feet was about 3 acres. The total area of the first 3

" lots in table 5, with severe water- level declines in 1982 is 5.14 acres.

 Hillsborough Township had a minimum lot size requirement of 5 acres for the Sourland Mountain

! zone in 1982, Evenly spaced wells in square lots of 5 acres would be about 470 feet apart; spacing could

i be less for rectangular lots. This is more than double the spacing between wells with severe water level

1 declines. Serious well interference is less likely to occur in areas of 5-acre zoning with similar geology,
even under extreme circumstances as observed in the study area. Serious interference can still occurin

i areas of older development with more closely spaced wells. '

 Widcly spaced wells are less likely to fail than closcly spaced ones, other factors being equal, par-
» ticularly if they have a substantial depih of uncased hole and pump at low or moderate rates. Some

wells will continue to be subject to failure, especially during protracted droughts, if they are shallow,
: closely spaced, or are heavily pumped.

' Depth of Wells

Well failure on lot 65 would have been less likely to occur if the well had been at least 100 feet
' deeper, or more than 235 feet deep, with a corresponding increase in depth of pump setting. Deepen-
, ing of well 67 by the same amount, to more than 340 feet, probably would have cnabled it to continue
' yielding some water, evea if it were only from well storage, under the prevailing conditions.

»  Recent drilling practice in the Sourland Mountain area is to construct wells about 300 fect deep, or
| decper where yields are very low in order to increase storage capacity in the well. Shallower wells

_generally date from the early 1960s or earlier; this trend is partly due a change in drilling methods from
! cable- tool to air-rotary.

Roadway Drainage

An extensive roadway drainage system was installed along the south side of David’s Lane in 1975,
uphill from the impacted wells. Open-joint cement pipe drains were buried near the top of bedrock, in
;the most permeable shallow subsurface zone. The system directs storm runoff down Montgomery
'Road. The alignment of David’s Lane roughly perpeadicular to the slope of the mountain may increase
| the tendency of the drainage system to collect runoff watcr and intercept water in the shallow zone
‘above unweathered bedrock which is periodically saturated. It is possible that the drains could either

ireduce or increase recharge under varying flow conditions. Available data are insufficient to assess the
roie of the drain, if any, in well failures. '




Because of the possibility that storm drains could have an adverse impact on recharge, it is sug-
gested that roadway drainage design be carefully assessed, in areas of extremely low-yield wells such as
the summit and stecply-sloped parts of Sourland Mountain.

Possible Remedies for Well Failures in the Study Area

Decpening of Wells

The most expedient remedy for the situation in Hilisborough Township is to deepen the affected
wells. This solution does not address the question of long-term pumping in excess of recharge,
however. This study suggcsts that ground-water pumpage may locally exceed the average rate of
rccharge. Unless recharge is increased or pumpage rate decreased, the ground water deficit may con-
tinue to accumulate. In that case deepening of wells would only be a temporary remedy.

Recharge Augmentation

Recharge basins have been used in some areas, particularly Long Island , New York, to dispose of
storm runoff (Seaburn, 1970). These basins are mostly located in areas undcrlam by highly permeable
sand and gravel dcpo&ts.Itnsunhkelythatopcnrechargcbasmswouldbepramcalmthcsmdyarea,
because of low bedrock permeability, steep slopes, and thin soil. Slow infiltration would require ex-
tremely large basing to bandle peak flows. Uader these conditions artificial recharge basins modeled
after infiltration beds for septic systems might be designed to accept part of storm runoff. More study
would be required to evaluate the feasibility of such a system.

Alternative Water Supply

A public-water supply for the Sourland Mountain area would be a reliable but expensive solution to
well failures. A public- supply well could be drilled in the Brunswick siltstone north of the study area
and water could be pumped uphill to a standpipe on the highest part of Sourland Mountain. Such a sys-
tem would also serve fire-fighting purposes. The high cost of a community system is the main obstacle
to its implementation, Public funding sources would have to be sought, because housing density in the
area is probably too low to attract a commercial water purveyor.

REFERENCES CITED
Buller, R.D., and Sweigard, RJ., 1978, Impact of sewering and increased demand on groundwater resour-
ces in Hopewell Township, New Jerscy (unpub. report for Hopewell Twp. Munic. Utilities Authority):
Plymouth Meeting, PA, Betz-Converse-Murdoch 37p., appendices.
Carswell, L.D., 1976, Appraisal of water resources in the Hackensack River basin, New Jersey: U. S. Geol.
Survey Water Resources Investigations 76-74, 68p.

CarswelLL.D., and Rooney, J.G., 1976, Summary of geology and ground water resources of Passaic Coun-
ty, New Jersey: U. 8. Geol. Survey Water Resources Investigations 76-75, 49p.

Cornet, B, 1977, Thc palynostratigraphy and age of the Newark Supergroup (unpublished Ph.D disser-
tation): Umvcmty Park, PA, Penna. State Univ., 506p.

Dallmeyer, R.D., 1W5 The Palisades sill: A Jurassic intrusion? Evidence from 40Ar/39Ar incremental
release ages: Geology, v.3, p.243-2435.

Foth, HD., 1983, Fundamcntals of soil science (7th edition): New York, John Wiley and Sons.

Freeze R A and Cherry, JA., 19, Groundwater: Eaglewood Cliffs, NJ., Prentice-Hall, 604 p.

Geraghty and Miller Company, 1973, Stony Brook regional sewerage project environmental assessment
report {(unpub. consultant’s report): Port Washington, N.Y., appendix E.



Herpers, H., and Barksdale, H.C., 1951, Preliminary report on the geology and ground water supply of
the Newark, New Jersey area: New Jersey Dept. Conservation and Econ. Development, Div. of Water
Policy and Supply, Spec. Report 10, 52 p.

Hoffman, J.L, and Canace, R., 1986, Two-part pump test for evaluating the water supply capabilities of
domestic wells: N.J. Geol. Survey Ground-Water Rept. Series 1, 12p.

Hordon, R.M., 1984, Sourland Mountain ground water management report: Princeton, Middlesex-Mer-
cer-Somerset Regional Study Council, Inc.

. Johnston, R.S., 1970, Evapotranspiration from bare, herbaceous, and aspen plots: a check on a former

study: Water Resources Research, v.6, p324-327,

Kasabach, H.F., 1966, Geology and ground water resources of Hunterdon County, New Jersey: NJ. Dept.
Cons. Econ. Dev., Div. Water Supply, Special Rept. 24, 128p. _

Kirkham, W.C., 1976, Soil survey of Somerset County, New Jersey: U.S. Dept. of Agriculture, Soil Con-
serv. Service, Somerset, N.J, 114 p., 42 maps (scale 1;15,840).

Kummel, H.B., 1896, Unpublished ficld maps of the Newark basin: Trenton, NJ. Geol. Survey map files;
scale 1:21,120.

Longwill, S.M., and Wood, C.R., 1965, Groundwater resources of the Brunswick Formation in

Montgomery and Bucks Counties, Pennsylvania: Penna. Geol. Survey, 4th Ser., Bulletin W-22, 59p.

Miller, J.W., 1974, Geology and ground water resources of Sussex County and the Warren County por-

tion of the Tocks Island impact area: N.J. Dept. of Eavir. Protection, Bureau of Geology and Topog-
raphy, Bulletin 73, 143p.

! National Oceanic and Atmospheric Administration, 1969-1986, €lhimatological data: New Jersey:

Asheville, N.C, U.S. Dept. of Commerce.

' Nichols, W.D., 1968, Ground-water resources of Essex County, New Jersey: NJ. Geol. Survey Spec.

Report 28, 56p.
Penman, HL., 1956, Estimating evaporation: Transactions Amer. Geophys. Unioa, v.37, p.43-50.

" Posten, S.E., 1982, Estimation of mean groundwater runoff and safe yield using bydrograph analysis in

selected New Jersey hard rock aquifers (unpub, Master’s thesis): New Brunswick, Rutgers Univ., 336p.

Seaburn, G.E., 1970, Preliminary results of hydrologic studies at two recharge basins on Long Island, New
York: US. Geol. Survey Prof. Paper 627-C, p.C1-C17.

Spayd, $.E., 1985, Movement of volatile organics through a fractured rock aquifer: Ground Water, v.23,
p- 496-502. :

Tanner, C.B,, and Pelton, W.L., 1960, Potential evapotranspiration estimates by the approximate energy
balance method of Penman: Jour, Geophys. Research, v.65, p3391-3413.

U.S. Geological Survey, 1970-87, Water resources data, New Jersey, water year 1969-86, volume 1: U.S.
Geol Survey Water- Data Reports NJ-69-1 to NJ-86-1 (published annually).

weewe 1978-87, Water resources data, New Jersey, water year 1977-86, vol. 2: U.S. Geol. Survey Water-Data
Reports NJ-77-2 to NJ-86-2 (published annually). ) .

Van Bavel, C.HM,, 1966, Potential evaporation: The combination concept and its experimental verifica-
tion: Water Resources Research, v.2, p.455-467.

Vecchioli, J., 1967, Directional hydraulic behavior of a fractured shale aquifer in New Jersey, in, Interna-

tional symposium on hydrology of fractured rocks, Yugoslavia, 1965, proceedings, v.1: Internat. Assoc.
Sci. Hydrology, Pub. 73,p. 318-326.

Vecchioli, J., Carswell, L.D., and Kasabach, H.F., 1969, Occurrence and movement of ground water in

the Brunswick shale at a site near Trenton, New Jersey: U.S. Geol. Survey Prof. Paper 650-B, p. B154-
B157.

Vecchioli, J., and Miller, E.G., 1973, Water resources of the New Jersey part of the Ramapo River Basin:
U.S. Geol. Survey Water- Supply Paper 1974, 77p.

27



Widmer, K., 1965, Geology of the ground water resources of Mercer County, New Jersey: NJ. Dept. Con-
serv, Econ. Dev., Geologic Report Series 7, 115p.
Williams, P.M., 1981, Ground-water availability, Hockessin, Delaware: Ground Water, v.19, p58-66.

Wood, C.R, 1980 Groundwater resources of the Gettysburg and Hammer Creek Formations,
southeastern Pe.nnsylvama. Penna, Geol. Survey, 4th Ser., Water Resources Report 49, 87p.

Wright, RE. Company, 1982, Special groundwater study of the middle Delaware River basin (unpub.):
Trenton, Dclawe River Basin Commission,



HYDROGEOLOGIC STUDY OF WATER-WELL FAILURES IN ARGILLITE BEDROCK OF SOURLAND MOUNTAIN,
SOMERSET COUNTY, NEW JERSEY, IN 1982 (N.J. Geological Survey Technical Memorandum 88-2)





