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WELL AND AQUIFER TESTS, LAIRD TRACT WELL FIELD,

NEWARK, DELAWARE

ABSTRACT

Well and aquifer coefficients have been determined for
a crystalline rock aquifer system that provides part of the
water supply of the City of Newark, Delaware. Conventional
analytical methods can be used to derive coefficients for
crystalline rocks in the Newark area if the limitations of
such methods are recognized and if the local hydrologic
framework is known.

Values of transmissibility in the more permeable portion
of the aquifer tested range from 2.0 x 10 3 gpd/ft to 6.8 x 10 3

gpd/ft and coefficients of storage range between 3.0 x 10-~

and 4.6 x 10-~.

Small scale water-level fluctuations due to precipita­
tion, earth tides, barometric pressure, and streamflow
variations tended to mask the small drawdowns in several
observation wells. Discrimination between the various
effects was made possible by the use of continuous water­
level recorders.

INTRODUCTION

Purpose and Scope

Well and aquifer tests were run on a large production
well to determine the hydraulic properties of the crystalline
rock aquifer near Newark, Delaware. The well is owned and
operated by the City of Newark, and located in the Laird
Tract Well Field in the northwestern part of Newark on
University of Delaware property.
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Three tests were performed:(l) step-drawdown test;
(2) 101-hour test at a declining rate of discharge; and
(3) 24-day test at a constant discharge rate.

These tests were conducted in order to determine:

1. Well and aquifer coefficients.

2. Specific capacity.

3. The presence or absence of hydrologic boundaries.

4. The effectiveness of water-level monitoring
utilizing continuous response water-level recorders.

5. The extent and orientation of the major water­
bearing fracture zone in the well field.

Geologic and Hydrogeologic Setting

The Laird Tract is located in the Delaware Piedmont and
is underlain primarily by igneous and metamorphic rocks of
the Wilmington Complex and the Glenarm Series (Woodruff and
Thompson, 1974). The Wilmington Complex is present in the
Newark area as a narrow band of felsic and mafic gneiss (fmg)
with minor schist along the Fall Zone between the Coastal
Plain to the south and the Glenarm Series rocks to the
north (Figure 1).

The Glenarm Series is the most extensive Piedmont rock
unit in the Newark area. The Laird Tract Well Field is
developed in the Wissahickon Formation of the Glenarm Series.
This series has been divided into a metagraywacke facies (Wrng),
which consists of interbedded quartz-biotite-oligoclase
feldspar gneiss and schist, and into a pelitic facies (Wp)
consisting of foliated mica schist (Woodruff and Thompson,
1974). The pelitic facies appears to be less competent than
the metagraywacke facies. Both facies locally contain
pegmatites.

Six of the eight wells monitored during aquifer testing
are completed in the metagraywacke facies. The other two
wells are constructed in the pelitic facies. All eight wells
appear to fully penetrate the crystalline rock aquifer
systems present in the study area.

In this area foliation in the Wissahickon Formation
strikes N70 0 E and dips 55 0 -70 0 to the southeast. The dominant
joint directions are N-S and N55°-65°W with essentially
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Figure 1. Map of the study area showing general geology and
location of wells discussed in the report.
Wp = pelitic facies, Wissahickon Formation;
Wrng = metagraYwacke facies, Wissahickon Formation;
fmg = felsic and mafic gneiss, Wilmington Complex;

@ = pumping wells; • = observation wells;
- . - = geologic contact.
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vertical dips. Near-horizontal joints are also common. The
orientation of the joint sets as well as the regional strike
are often reflected in the topography and in the drainage
patterns.

In a detailed description of the geology of the Laird
Tract, Woodruff et al., (1972, p. 10) report:

In addition to the field-observed joints
and faults, inspection of aerial photos
revealed mile-long lineations cutting
across the general strike of the meta­
morphic rocks. These are interpreted as
the surface traces of steeply inclined
tabular fracture zones essentially
parallel to each other in two directions,
N70 o -S0 oW and N20 o -30 o W. The N70 o -S0 oW
zones are separated from each other by
600-S00 feet and are 'apparently inclined
to the south. The N20 o -30 oW fracture
zones are separated by approximately
1,100 feet and seem to be inclined to the
southwest. These parallel and regularly­
spaced fracture zones are probably due to
regional uplift with extensional forces
opening the fracture zones. "The areas
between the fracture zones, although
containing jointed rocks, are not as
disturbed.

WEL~ AND AQUIFER TESTS AT LAIRD TRACT

Background Data and Description of the Test Area Wells

Eight wells were monitored during the aquifer testing
(Figure 1). Historical data, including construction, use,
and hydrologic data, for each of the wells are presented
in Table 1.

Well Ca45-2l is a production well used for public water
supply by the City of Newark. The well was drilled in April,
1971 as a test well. Initial testing indicated that the well
could yield up to several hundred gallons per minute (gpm)
(Woodruff et al., 1972).
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Rock samples obtained from Ca45-2l indicate that it is
in the metagraywacke facies of the Wissahickon Formation.
The rock is extensively fractured at the depth interval
126-237 feet and at greater depths down to 400 feet, the
total depth of the well. Woodruff et al., (1972, p. 15)
reported that " ••. cuttings from the~est well were often
large fragments of schist with parallel joint surfaces
indicating closely spaced fracturing (1-2 inches apart) ••• "
The original static water level was 2.66 feet above land
surface and water flowed from the well at 7.5 gpm. A
pumping test, prior to conversion of the test well to a
production well, was conducted at a rate of 100 gpm for 24
hours. The test produced a drawdown of 15.67 feet, a speci­
fic capacity of 6.38 gallons per minute per foot (gpm/ft)
of drawdown, and a transmissibility of 4,700 gallons per
day per foot (gpd/ft) for the aquifer. The hydraulic char­
acteristics were calculated from the recovery data of well
Ca45-21 utilizing the Jacob modified non-equilibrium solu­
tion (Cooper and Jacob, 1946). The data also indicated
that a recharge boundary existed nearby. Woodruff et al.,
(1972) hypothesized that this boundary was probably-whIte
Clay Creek. This boundary was not identified during the
present aquifer tests.

The well was reamed to 8 inches, converted to a pro­
duction well, and put into service in August, 1973. Since
that time the well has pumped continuously and has yielded
a total of at least 278 million gallons at an average rate
of discharge of 165 gpm (March, 1978).

During the 1975-1976 test, production well Ca45-20 was
pumped continuously with the discharge rate fluctuating
between 39 and 48 gpm. Well interference between Ca45-2l
and Ca45-20 has been documented (Woodruff et al., 1972).
The original aquifer test suggested that Ca45-20 is located
in a less permeable part of the major water-bearing fracture
zone as indicated by its lower specific capacity (0.32 vs.
6.38 gpm/ft of drawdown) and lower transmissibility (1,100
vs. 4,700 gpd/ft) than well Ca45-2l (Woodruff et al., 1972).

Domestic wells Ca35-6 and Ca35-8 are located approxi­
mately 1,020 feet and 880 feet respectively north of
Ca45-2l. Each of the wells yielded 75-80 gpm while being
pumped with compressed air at depths of 200 feet below land
surface.

The water-bearing fracture zones in well Ca35-6 (187-192
feet) and in well Ca35-8 (118-135 feet) are hydraulically
connected to one another and to well Ca45-2l. The wells are
located near the mapped contact zone between the metagraywacke
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and pelitic facies of the Wissahickon Formation. Drill
cuttings indicate that the wells are completed in the
metagraywacke facies (Figure 1).

Domestic well Ca35-7 is located approximately 2,880
feet north of Ca45-21. The well is completed at a depth
of 460 feet in the pelitic facies of the Wissahickon For­
mation and yields approximately 5 gpm. No fractured rock
zones were encountered during drilling. The absence of
fractures was verified by the caliper log.

Wells Ca35-5, Ca45-39, and Cb41-10 are located 2,290
feet, 1,600 feet, and 2,530 feet respectively from Ca45-21.
Well Ca35-5 is a low-yielding well (5 gpm) completed in
the very micaceous and comparatively incompetent pelitic
facies. Wells Ca45-39 and Cb41-10 were drilled in 1973
as part of a ground-water exploration program for the City
of Newark (Talley, 1975). Both wells penetrated extensively
fractured rock zones in the metagraywacke facies and are
capable of yielding large quantities of water (200-300 gpm
each). These wells were monitored to determine to what
degree, if at all, the major water-bearing zones in the
study area are interconnected.

Instrumentation

Water levels in Ca45-21, the pumped well, were moni­
tored with an air line because access to the well with an
electronic water level detector or with wetted tape was not
possible. The discharge was measured with a flowmeter and
was pumped directly into the Newark municipal water system.
Water levels were monitored from 0900 hours on 12/14/75,
27 hours prior to the start of the testing, until 1600 hours
on 1/15/76.

Wells Ca35-5, Ca35-6, Ca35-7, Ca35-8, Ca45-9, and
Cb41-10 were equipped with continuous water-level recorders.
Water-level data were obtained for a period of 75 hours
prior to the start of testing and for the duration of the
test. utilization of continuous water-level recorders
allowed the effects of short-period fluctuations caused by
precipitation, earth tides, and changes in barometric
pressure to be detected and taken into account during
computation of aquifer coefficients.

7



Test Procedure

The testing procedure consisted of three phases. The
initial phase involved a step-drawdown test consisting of
four 40-minute long steps at discharge rates of 103, 167,
214, and 252 gpm. The second phase was a 101-hour long
test (1100 hours, 12/18/75 to 1600 hours, 12/22/75) at a
pumping rate of 235-200 gpm. The third phase involved
pumping well Ca45-21 at 155 gpm for 24 days, from 1600
hours on 12/22/75 to 1600 hours on 1/15/76.

Achronology of the various phases of pumping and
recovery is presented in Table 2.

TABLE 2. Chronology of aquifer testing.

DATE TIME EVENT DATA

week of 12/8/76

Time-drawdown
data.

Time-drawdown and
recovery data.

Recorders placed Background water-
on observation wells. level data.

Recovery data.

Time-drawdown
data.

Recovery data.

0900 hrs. Ca45-21 shut down.

1155 hrs. Commence step-draw-
down test.

1530 hrs. End step-drawdown
test.

1100 hrs. Commence 101-hr.
test (235-200 gpm)*.

1600 hrs. 101-hr. test ended.
Discharge adjusted
from 200 to 155 gpm.

Commence 24-day test.

12/14/75

12/15/75

12/1.5/75

12/18/75

12/22/75

1/15/76 1600 hrs. End of 24-day
test.

*Drawdown data for initial 2200 minutes of test are
very good. Data after this time are less reliable
for two reasons: (1) Discharge at the pumping' well
decreased gradually from 235 to 200 gpm because of
increased line pressures in the municipal water
mains; (2) Wells Ca35-6 and Ca35-8 were in use for
domestic purposes.

8



Limitations of Aquifer Tests

The Bruin and Hudson (1955) analytical method was used
for analysis of the step-drawdown test data. The non-equili­
brium well formula (Theis, 1935) and the modified non-equili­
brium well formula (Cooper and Jacob, 1946) were used to
analyze data acquired from the constant discharge aquifer
tests. The latter two formulae are based on the following
assumptions:

1. the aquifer is uniform in character and permeability
in both horizontal and vertical directions.

2. the aquifer has uniform thickness.

3. the formation is infinite in areal extent.

4. the pumped well penetrates and receives water from
the full thickness of the water-bearing formation.

5. the water removed from storage is discharged
instantaneously with lowering of the head.

6. the aquifer receives no recharge from any source.

Most of the assumptions upon which the Theis method is
based are violated to some degree because of the local
geology. Precise determination of hydraulic parameters such
as transmissibility and storage may not be possible.

Nevertheless, the well formulae may be applicable if
the physical characteristics of the aquifer are understood
and if the limitations of the aquifer test solutions are
recognized.

The following assumptions or conditions were made for
the area of investigation at the Laird Tract:

1. Water occurs in and flows through fractures, joints,
and other secondary structural features in the
rock.

2. The fractures, joints, and solution openings are
interconnected in such a manner that regionally
the system approaches a radially homogeneous
aquifer.

9



3. The aquifer is confined by rock and regolith of
variable thickness.

4. Recharge occurs principally as vertical leakage
through the overlying rock and regolith. Some
recharge probably occurs where the fractured­
rock zone intersects the surface near streams.

5. Discharge boundaries represent changes in lithology
and/or changes in the physical continuity of the
fracture system.

RESULTS OF TESTING

Step-Drawdown Test

The purpose of conducting the step-drawdown test at
well Ca45-2l was three-fold:

1. To determine the critical pumping level in the well
or the pumping level below which drawdowns will
increase substantially and to assess the propor­
tional contribution of this zone to the total well
yield.

2. To approximate the hydraulic characteristics of the
well (B and C in Table 3) and to use these charac­
teristics to calculate well efficiency.

3. To give preliminary indication of sustained-yield
capacity so that an optimum long-term testing
rate could be selected.

Because of prevailing line pressures in the water system
during the test and the performance characteristics of the
pump, rates of discharge sufficient to lower the pumping level
below the fractured water-bearing zones could not be attained.
Consequently, the water level remained in the cased portion
of the well throughout the testing and the critical pumping
level could not be determined precisely.

Table 3 summarizes the results of the step-drawdown
test, indicating calculated values for "B," "C," and well
efficiency.

10



TABLE 3. Results of step-drawdown test on Ca45-2l.

STEP DISCHARGE DRAWDOWN CUMULATIVE DRAWDOWN
(gpm) s (ft. ) Sw (ft.)

1 103 10.70 10.70

2 167 7.50 18.20

3 214 8.20 26.40

4 252 7.20 33.60

EFFICIENCY

68%

57%

52%

47%

Duration: 40 minutes/step
Static Water Level: 45.00 ft.
B (calculated): 0.0625 ft/gpm *
C (calculated): 0.0003 ft/gpm2 *

* Band C are aquifer and well coefficients used in
characterizing the components of the total drawdown
in a pumping well, where Sw = BO + C02

• BO is
"aquifer loss" and C02 is "well loss."

The calculated well efficiencies are apparently an indi­
cation of the condition of the well bore where it has pene­
trated the fractured, water-bearing zone. A comparison of
calculated efficiencies for well Ca45-2l with those of similar
crystalline rock wells differing only in construction,
suggests that well diameter as well as the density of physical
properties of the openings through which water enters the
well are criti,cal to overall well efficiency. It seems
that a larger well diameter, with correspondingly higher
efficiency, permits the extraction of greater volumes of
water, particularly where the restriction of flow at the well
bore is a limiting factor.

On the basis of step-drawdown test results, a long-term
pumping rate of 235 gallons per minute was selected. It was
determined that this rate could safely be sustained by the
aquifer. However, as noted in Table 2, fluctuations in
discharge main pressures and the limited capacity of the
pump resulted in a decline in discharge rate from an original
235 gpm to approximately 200 gpm by the end of the 101-hour
test.
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One Hundred One-Hour Test

Aquifer coefficients were determined for wells Ca45-2l,
Ca35-6, Ca35-8, and Ca35-5 utilizing both the Theis non­
equilibrium and the Cooper-Jacob modified non-equilibrium
well formulae. Graphic plots of drawdown versus time for
each of these wells are presented in Figures 2 through 8.
Transmissibilities and storage coefficients are reported
as T, T l , S, and SI in Table 4.

The drawdown data for the initial 2,200 minutes of
the test are very reliable. However, subsequent data are
less reliable as the water levels in wells Ca35-6 and
Ca35-8 were affected by the pumping of these wells for
domestic supply purposes during December 21-22, 1975. In
addition, the discharge of 235 gpm in well Ca45-2l could not
be maintained and decreased gradually from 235 to 200 gpm.

Time-drawdown data from well Ca45-2l (Figure 2) suggest
that a discharge boundary was encountered approximately 600
minutes into the test. The effects of this boundary were
not encountered in wells Ca35-6 and Ca35-8 until approxi­
mately 1600-1700 minutes into the test (Figures 4 and 6).
The values of transmissibility calculated from time-drawdown
data for Ca45-2l ranged from 2.0 x 10 3 to 2.6 X 10 3 gpd/ft
depending on the type of analysis and the period of testing
analyzed (Table 4). As is generally the case, values of
transmissibility declined as the duration of testing
increased. Nevertheless, the computed values are relatively
consistent.

The decline in transmissibility with time can also be
detected by comparing these 1975-1976 values with those
derived during initial testing in 1971; 2.5 x 10 3 gpd/ft
(1975) vs. 4.7 x 10 3 gpd/ft (197l). The specific capacity
after 24 hours in 1971 was 6.38 gpm/ft of drawdown and the
specific capacity after 24 hours of testing in 1975 was
3.38 gpm/ft of drawdown. This decrease in specific capacity
with time is not unusual and may be the result of either
incrustation near the well bore (decreasing well efficiency)
or long-term decline in storage.

Coefficients of transmissibility and storage derived
for wells Ca35-6 and Ca35-8 are in good agreement. Trans­
missibilities using early time-drawdown data are 6.8 x 103

gpd/ft for both wells and late time-drawdown data yield
values of 4.8 x 10 3 gpd/ft to 4.4 x 10 3 gpd/ft (Cooper­
Jacob). Values using the Theis method ranged from 6.1 x 10 3

to 6.4 X 10 3 gpd/ft. Coefficients of storage (6 calculations)
range between 3.0 x 10-4 and 4.6 x 10-4 , suggesting con­
fined aquifer conditions.
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Although fluctuations in water levels in well Ca35-5
were compounded by interferences due to earth tides and
changes in barometric pressure, fairly reliable data were
extracted from the records and values of transmissibility
and storage were computed. Transmissibilities ranged
between 10.7 x 10 3 gpd/ft and 18.0 x 10 3 gfd/ft~ coeffi­
cients of storage ranged between 5.8 x 10- and 5.1 x 10- 4 •

The drawdown in well Ca35-5 was substantially less than
anticipated as shown on the distance-drawdown graph
(Figure 9). Consequently, computed values of transmissi-
bility were greater than those computed for nearby wells.
If the aquifer were isotropic and homogeneous, the slope
of the trace of the cone of depression would be a straight
line connecting drawdowns in each of the three wells on
the distance-drawdown graph. However, this is not the
case. The drawdowns at various times in well Ca35-5 are
less than predicted by solution using calculated aquifer
coefficients. A hydrologic discharge boundary for the
area between wells Ca35-5 and Ca35-6 is postulated.
Differences in lithology and yields for wells Ca35-6,
Ca35-8, and Ca35-5 suggest a lithologic and hydrologic
boundary condition in the area. Wells Ca35-6 and Ca35-8
are completed in the metagraywacke facies (Wmg) of the
Wissahickon Formation and well Ca35-5 is completed in the
pelitic facies (Wp) of the Wissahickon Formation (Figure 1).
This boundary may be represented by a decrease in permea­
bility across the gradational contact between the facies
due to a lower competency of the pelitic rocks and with
an associated decrease in fracture density. Ca35-5 is
finished in soft to medium-hard micaceous schist with few
detectable fracture zones. The well yielded about 5 gpm.
In comparison, wells Ca35-6 and Ca35-8 penetrated highly
fractured water-bearing zones.

The affects of pumping were not detected in well
Ca35-7. Wells Ca45-39 and Cb41-10 may have been affected
slightly by pumping.

Twenty-Four-Day Test

Interpretation of the 24-day test must take into account
the response of ground-water levels to precipitation, baro­
metric changes, earth tides, and changes in stream stage.
The objectives of the sustained yield testing were to: (1)
identify possible sources of ground-water recharge~ (2) char­
acterize the effects of surface water infiltration and leak­
age from the overlying rego1ith~ and (3) evaluate the effec­
tiveness of utilizing continuous response water-level
recorders.
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Because of the effects of such variables as barometric
pressure, precipitation, and stream stage, causal relation­
ships between ground-water levels and anyone of the other
variables were difficult to establish. However, several
general conclusions become evident in examining the data
presented in Table 5.

1. With the exception of well Ca35-7, all wells
exhibited some response to pumping at well
Ca45-21. The effects of pumping were readily
apparent in wells Ca45-20, Ca35-5, Ca35-6, and
Ca35-8 while the effects in wells Ca45-39 and
Cb41-10 were hardly detectable.

2. It was difficult to separate the effects of pre­
cipitation, barometric changes, and changes in
stream stage (discharge) from one another be­
cause the effects of these closely related
variables in time on water levels during pumping
were very small. However, in one instance it was
possible to isolate the effects of a particular
event. For example, an increase in stream stage
(discharge) resulting from precipitation that
occurred in the upper portion of the drainage
basin affected most of the wells.

3. The effects of earth tides, causing water-level
fluctuations of as much as 0.1 feet during both
pumping and non-pumping periods, were detectable
in most of the wells.

4. The absence of a distinct and readily identifiable
recharge boundary associated with White Clay
Creek emphasizes the importance of storage afforded
by the extensive network of fracturing within the
rocks and in the regolith.

Configuration of the Fracture Zone

Upon confirmation that wells Ca45-20, Ca45-21, Ca35-6,
and Ca35-8 were hydraulically connected, two three-point
correlation solutions were attempted on the fractured rock
zone. The initial solution utilizing wells Ca45-20, Ca45-21,
and Ca35-6 yielded a strike of N2°-3°W and a dip of 14°SW.
A second solution utilizing wells Ca45-21, Ca35-6, and
Ca35-8 yielded a strike of NIOoW and a dip of 30 0 SW (Table 6).
Thus, the strike of the fracture zone is consistent with a
major N-S joint set; however, the dip of the zone is not
consistent with the nearly vertical dips of the joints as
measured at the surface.
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TABLE 6. Data for three-point correlation solutions.

Laird Tract Well .Field

Laird Tract Wells

Elevation Top of water-bearing Water-bearing
(feet above zone below land zone

Well MSL) surface (feet) (feet below MSL)

Ca45-20 93.6 342 - 248.4

Ca45-2l 74.6 126 51.4

Ca35-6 88.2 187 98.8

Ca35-8 83.6 118 34.4

Ca45-20, Ca45-2l, Ca35-6: Strike N3°Wi Dip l4°SW

Ca45-2l, Ca35-6, Ca35-8 : Strike NlOoWi Dip 300 SW

This zone appears to become much less permeable to the
north near the lithologic contact of the metagraywacke and
pelitic facies. The presence of a possible discharge
boundary at this location between wells Ca35-5 and Ca35-6
was discussed previously (page 18). A southern boundary
of the zone was postulated to occur approximately immediately
south of well Ca45-20 by Woodruff et al., (1972). There are
not enough wells and data available-to-determine the eastern
and western limits of the fracture zone. However projection
of the zone up-dip to the east indicates that the zone would
rise to the surface adjacent to and immediately east of
White Clay Creek.

CONCLUSIONS

Well and aquifer testing at well Ca45-2l has provided
some of the data required to accurately assess the occurrence
and availability of ground water in the crystalline rocks in
the vicinity of Newark. Conclusions are:

1. Locally the application of conventional aquifer
analytical methods appears to provide a reasonable
solution of data for crystalline rock aquifers as
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determined from long-term results. However, the
anisotropic nature of these aquifer systems requires
that the techniques be applied cautiously and that
the limitations of the solutions of testing be
recognized. Knowledge of the local hydrologic
framework is essential to properly evaluate aquifer
conditions indicated by the test results.

2. Transmissibilities calculated for the pumping well
(Ca45-21) ranged from 2.5 x 10' gpd/ft using early
time-drawdown to 2.0 x 10' gpd/ft using late time­
drawdown data. These values are less than the
transmissibility of 4.7 x 10' gpd/ft determined
during initial testing of the aquifer in 1971.
Transmissibilities calculated from observation
wells Ca35-6 and Ca35-8 were, as expected, sub­
stantially larger than the transmissibility from
Ca45-21. The values using early time-drawdown
data averaged 6.5 x 10' gpd/ft.

3. The calculated specific capacity after 24 hours of
pumping at 235 gpm was 3.38 gpm/ft of drawdown.
This value probably would have been larger if the
aquifer had been allowed to fully recover prior
to testing. Unfortunately, prior commitments for
the water precluded full recovery.

4. Coefficients of storage, derived from time-drawdown
data in wells Ca35-6 and Ca35-8, averaged 3.3 x 10- 4

indicating artesian conditions.

5. One or more discharge boundaries were thought to
have been encountered during the tests. The
initial boundary is thought to occur in the vicinity
of well Ca45-20 and may be attributable to discharge
from Ca45-20 during the pumping of Ca45-21.

Another discharge boundary is postulated between
wells Ca35-6 and Ca35-5 as suggested by the data in
Figure 9. This boundary may mark a gradational zone
across which a decrease in permeability occurs as
a result of a change in lithology.

6. Continuous water-level recorders proved very useful
in identifying short-period water-level fluctuations
resulting from earth tides, barometric pressure
changes, precipitation, and stream discharge.

7 . The major aquifer beneath the Laird Tract is
preted as a fracture zone believed to strike
with a dip to the west between 10° and 30°.

23

inter­
N-S
This



zone is part of the regional crystalline rock
aquifer system which is hydraulically connected
through a complex system of fracturing. The
highly permeable zones that are associated with
other major fracture zones in the area are separated
from each other by less permeable zones.

8. Recharge to the aquifer appears to be occurring for
the most part from storage within the overlying
regolith as vertical leakage. Streambed leakage,
where subsurface fracturing intersects the land
surface at points coincident with streams, may also
be significant although no definitive recharge
boundary conditions were noted during aquifer
testing in 1975-1976. It is possible that maximum
leakage rates from White Clay Creek were exceeded
during the testing and that if a recharge boundary
was encountered it came in too quickly to be
recognized from time-drawdown data.

9. The complexity of crystalline rock aquifers requires
that adequate precautions be taken to insure that
the quality of surface and ground-water sources be
maintained. The protection of those areas in the
vicinity of the well field serving as sources of
ground-water recharge appears to be equally
important.
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APPENDIX

Conversion Factors

The following factors may be used to convert data from
the English Units published herein to the International
System of Units (SI).

MU1tifly English units ~

inches (in) 25.4

To obtain SI units

millimeters (rom)

inches (in)

feet (ft)

miles (mi)

gallons (g)

gallons per minute
(gpm)

gallons per minute
(gpm)

gallons per day per
foot (gpd/ft)

0.0254

0.3048

1.609

0~0038

0.0038

0.0631

0.0124
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meters (m)

meters (m)

kilometers (km)

cubic meters (m 3
)

cubic meters per minute
(m 3/min)

liters per second
(l/s)

meters squared per day
(m 2 /d)




