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

Muttiply by To obtain
Length
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Areq
acres 4.0469 square kilometer
Volume
gallon (gal) 3.785 liter
Flow
gallon per minute (gal/min) 0.06308 liter per second
Transmissivi
square feet per day (ft®/d) 0.09290 square meter per day
Specifi ,
gallon per minute per foot [(gal/min)/ft] 0.2070 liter per second per meter

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a geodet'~
datum derived from a general adjustment of the first-order level nets of the United States and Canada,
called Sea Level of 1929.
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Table 2. Summary of borehole geophysical logging done by U.S. Geological Survey and fractures at the
Boarhead Farms site, Bridgeton Township, Bucks County, Pa.

[USGS, U.S. Geological Survey; C, caliper log; G, natural-gamma log; S, single-point-resistance
log; F, fluid- resistivity log; T, fluid-temperature log; L, borehole television survey; ft, feet; LSD,

land surface datum; --, no apparent water-bearing zones)

dontfuion  Dateborehole  CooRtYIreboas MBI 4P pepin ofcasing DB
number logged suveysrun  (fibelow LsD)  (1PSPWLSD) h beiow LSD)
BK2631 Augwst9, 1994 G, G5 FT,L 147 m 15,22
BK-262 August9,194  C,G,SET,L 148 16 18,19.5,22.5,29
BK-2634 October11,199%  C,G,S,ET,L 78 13 175,19,23
BK-2635 August8, 1994  C,G,SETL 52 13 -
BK-263 August8, 1994  C,G,5ET,L 148 18 18
BK-2637  August8, 199 c,G 52 19 -
BK2638 August9, 1994  C,G,S,ET 138 14 145
BK-2639 August8 1994  C,G,S,ETL 149 10 12
BK-2640 October7,1994  C,G,S,ET,L 51 13 25, 35,51
BK-2641 August8, 1994  C,G,SET,L 60 13 165,18
BK2642 October12,199 C,G,S,FT,L 122 9 13,21,23,25.5, 63
BK-2643 October 11,1994  C,G,S,FT,L 50 16 28
BK-2644 October11,199% C,G,S,ET,L 49 13 -
BK-2701 October7,199  C,G,S,F,T 188 30 -
BK-2702  October 11,1994 c.c 199 33 -
BK-2703 October 11, 1994 C,G,S,FT 149 30 -
BK-2704 October 11, 1994 C,G,S,ET 147 30 -
BK-2705 October 12, 1994 .G 148 29 -

Table 3. Transmissivity determined by slug tests,
Boarhead Farms site, Bridgeton Township, Bucks

County, Pa.

[USGS, U.S. Geological Survey; ft*/day, square feet
per day: --, not determined)]

identification

USGS

number

Date of test

Transmissivity
estimates

(f%/day)

BK-2631
BK-2632
BK-2636
BK-2638
BK-2639
BK-2640
BK-2641
BK-2642
BK-2643

September 7, 1994
September 7, 1994
September 6, 1994
September 7, 1994
September 7, 1994
September 7, 1994
September 6, 1994
September 6, 1994
September 7, 1994

4.2

28
320
270

14

No acceptable curve matches were obtained.
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Constant-Discharge Tests in Isolated Zones

Constant-discharge tests in isolated zones were done in boreholes BK-2631, BK-2632, BK-2€36,
BK-2639, BK-2640, BK-2641, BK-2642, and BK-2643. The tests were done with a single or straddle inflatable
packer system. Specific capacities were calculated in isolated zones at the end of the pumping period. Data
from the isolated-zone constant-discharge tests are summarized in table 4.

An isolated-zone constant-discharge test was done in the upper zone of borehole BK-2631 on
October 6, 1994. A single packer was set at 47.4 ft below LSD and a pump was set above the packer at 43 ft
below LSD. The initial pumping rate was 1.5 gal/min. The rate was increased for the first several minutes
of the test until the rate was 3.0 gal/min, which was maintained for the duration of pumping. The upper
zone was pumped for 72 minutes. A plot of drawdown as a function of time for the upper zone is shown
in figure 8.

Y T T | S A I A | T T L T T T
o  DRAWDOWN DATA POINT 1
PUMPING RATE = 3.0 GALLONS PER MINUTE -‘
Time when pumping stopped ]
5 ~— -
. 1
.
*
E .
o 10 .
Z L]
- *
Z" e e °
P .
8 .
; ]
=15t . J
(o] L F
I ’ * . coe*?® o’
®e N
- ° e ® *
. ° . . . L]
*
20 - -
25 A T ] . 1 . ] . ] : ] , | . ] M| L 1 ] 1
10 20 30 40 50 60 70 80 90 100 110 120

ELAPSED TIME, IN MINUTES

Figure 8. Drawdown versus time in the upper zone of borehole BK-2631 for the isolated-zone constant-discha-ge
test, October 6, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.
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Maximum drawdown in the upper zone was 19.10 ft, and maximum drawdown in the lower zone
was 0.49 ft. However, the pressurization of the packer caused the 0.49 ft water-level decline in the lower
zone. Packer pressurization displaces a finite volume of water and causes the water levels in both zones to
rise. Because of the low permeability of the lower zone, the displaced water did not have sufficient time to
enter the formation for the water level to stabilize. After 46 minutes of stabilization time and before
pumping began, the water level in the lower zone was 3.10 ft higher than the water level in the upper
zone. The water level in the lower zone continued to decline throughout the duration of the pumping and
recovery periods of the upper-zone test, which also indicates the water level in the lower zone had not
stabilized. Therefore, the water level in the lower zone was not at static conditions when pumping began.

No vertical hydraulic connection between the upper and lower zones was apparent. Specific
capacity of the upper zone was 0.16 (gal/ min)/ft after 72 minutes of pumping.

A constant-discharge test of the lower zone of borehole BK-2631 was also done on October 6, 1994.
The packer was left in place at 47.4 ft below LSD. The pump was set at approximately 59 ft below LSD. The
water level in the upper zone was 18.5 ft below LSD and was not fully recovered from the packer test of
the upper zone. The water level in the lower zone was 4.1 ft above LSD at the start of the test. The
pumping rate was 1.5 gal/min. The drawdown was 50.27 ft after 4 minutes of pumping, and the water
level was below the pressure transducer. Water-level measurements were continued using electric tap=s.
The pump was shut off after approximately 16 minutes of pumping because the lower zone was
dewatered. Drawdown in the lower zone is listed in table 5.

Table 5. Drawdown in the lower zone of borehole
BK-2631, October 6, 1994, Boarhead Farms site,
Bridgeton Township, Bucks County, Pa.

[ft, feet; min, minutes]

Elapsed time
Time since pumping Drawdown (ft)

began (min)
1:53 p.m. Pump turned on
1:54 1 20.88
1:56 3 4493
1:57 4 50.27
2:09 16 62.75
2:09 Pump shut off
2:12 19 61.44
2:13 20 61.43
2:15 22 61.42
2:16 23 61.43
2:18 25 61.44
2:20 27 61.42
2:23 30 6141
2:26 33 61.41
2:30 37 6141

Maximum drawdown in the lower zone was 62.75 ft. Drawdown decreased slightly after the pump
was shut off due to water draining down the discharge line. The water level in the lower zone did not
recover, indicating no water-producing zones are below 47 ft below LSD. The upper zone continued to
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recover while the lower zone was being pumped, which suggests no vertical hydraulic connection
between the lower and upper zones. Specific capacity of the lower zone was not determined because the
drawdown could be attributed to only withdrawing water from borehole storage.

An isolated-zone constant-discharge test was done in the upper zone of borehole BK-2632 on
September 27, 1994. A straddle packer was set with the center of the upper packer at 15.6 ft below LSD,
which was above the bottom of the steel casing. The center of the lower packer was set at 34.2 ft below
LSD. A pump was set at 27 ft below LSD. The initial pumping rate was 2.5 gal/min. The rate was lowered
to 1.3 gal/min after 8 minutes of pumping, which was maintained for the duration of the test. The upper
zone was pumped for 47 minutes. A plot of drawdown as a function of time for the upper zone i< shown
in figure 1 of appendix 2.

Maximum drawdown in the upper zone was 20.35 ft. No water-level change was measured in the
lower zone. No vertical hydraulic connection between the upper and lower zone was apparent. Specific
capacity of the upper zone was 0.06 (gal/min)/ft after 47 minutes of pumping.

On September 28, 1994, the packer string was lowered in borehole BK-2632. The upper packer was
inflated with the center of the packer set at 57.6 ft below LSD. A pump was set below the packer at a depth
of approximately 69 ft below LSD. The initial pumping rate was 1.3 gal/min. Drawdown was 50.2? ft after
10 minutes of pumping and discharge from the zone stopped. The pump was shut off after 14 minutes of
pumping because the lower zone was dewatered. A plot of drawdown as a function of time for tt'= lower
zone in borehole BK-2632 is shown in figure 9.
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Figure 9. Drawdown versus time in lower zone of borehole BK-2632 for isolated-zone constant-discharge test,
September 28, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.
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Maximum drawdown in the lower zone was 50.29 ft. The water level of the lower zone did not
recover, indicating no significant water-producing zones are below 58 ft below LSD. Maximum drawdown
in the upper zone was 0.13 ft, which was probably because of a small leak in the seal of the packer. No
vertical hydraulic connection between the lower and upper zones was apparent. Specific capacity o the
lower zone was not determined because the drawdown could be attributed to only withdrawing water
from borehole storage.

An isolated-zone constant-discharge test was done in the upper zone of borehole BK-2636 on
September 22, 1994. A straddle packer was set with the center of the upper packer at 16.5 ft below LSD,
which was above the bottom of the steel casing. The center of the lower packer was set at 35.1 ft below
LSD. A pump was set at approximately 28 ft below LSD. The pumping rate was 4.1 gal/min. The u»per
zone was pumped for 60 minutes. Because of pressure transducer malfunctions, water-level
measurements in borehole BK-2636 were made with electric tapes. A plot of drawdown as a function of
time for the upper zone is shown in figure 2 of appendix 2.

Maximum drawdown in the upper zone was 4.62 ft. The lower zone had a static water level of 4.38 ft
below the top of the riser pipe just before the start of pumping. At the end of pumping, the water level in
the lower zone was 4.92 ft below the top of the riser pipe. Pressurization of the packer caused the 0.54 ft
water-level decline in the lower zone during the test. The water level in the upper zone recovered to
within 0.32 ft of initial static level 10 minutes after the pump was shut off. The water level in the lower
zone continued to decline, which indicates the lower zone was not at static conditions when the test bean.

No vertical hydraulic connection between the upper and lower zone was apparent. Drawdown in
the upper and lower zones are listed in table 6. Specific capacity of the upper zone was 0.89 (gal/min)/ft
after 60 minutes of pumping.

Tabie 6. Drawdown in the upper and lower zones of borehole BK-2636 during upper-isolated-zone test on
September 22, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.

[ft, feet; min, minutes; --, measurement not taken]

Elapsed time Drawdown (ft) Elapsed time Drawdown (ft)
Time since pumping Time since pumping

began (min) Upper Zone  Lower Zone began (min) Upper Zone  Lowe- Zone
1:28 p.m. Pump turned on 2:08 p.m. 40 4.52 0.37
1:29 1 3.88 0.01 2:13 45 455 -
1:30 2 3.92 - 2:18 50 458 -
1:31 3 4.04 .01 2:23 55 4.61 -
1:32 4 4.08 - 2:28 Pump shut off 4.62 54
1:33 5 4.10 = 2:29 61 .60 -
1:34 6 4.15 .02 2:30 62 .55 -
1:36 8 420 07 2:31 63 .50 55
1:38 10 4.24 10 232 64 47 -
1:40 12 4.29 -- 233 65 43 -
1:42 14 431 - 2:34 66 40 .58
146 18 4.36 .18 235 67 39 -
1:48 20 4.38 -- 2:36 68 37 -
1:53 25 4.42 .26 2:37 69 .35 -
1:58 30 448 .29 2:38 70 .32 -
2:03 35 4.49 - 2:39 71 .30 -
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A constant-discharge test of the lower zone of borehole BK-2636 was also done on September 22,
1994. The packer string was lowered, and only the upper packer was inflated. The center of the packer was
set at 58.0 ft below LSD. A pump was set at 69 ft below LSD. The initial pumping rate was less than
1.0 gal/min. The pump was shut off after 12 minutes of pumping because the lower zone was dewatered.

Maximum drawdown in the lower zone was 52.8 ft. After pumping stopped, the pump was
removed from the borehole, and the water in the discharge line drained out causing the sli=ht decrease in
drawdown. The lower zone recovered at a rate of 0.02 ft/min, which was probably due to a small leak in
the packer seal. No water-level change was measured in the upper zone. No vertical hydraulic connection
between lower and upper zones was apparent. Specific capacity of the lower zone was not determined
because the drawdown could be attributed to only withdrawing water from borehole storace. Drawdown
in the upper and lower zones of borehole BK-2636 are listed in table 7.

Table 7. Drawdown in the upper and lower zones of torehole BK-2636
during lower-isolated-zone test on September 22, 1994, Boarhead Farms
site, Bridgeton Township, Bucks County, Pa.

[ft, feet; min, minutes; --, measurement not taken]

Elapsed time Drawdown (ft)
Time since pumping

began (min) Upper Zone Lower Zone
3:49 p.m. Pump turned on
3:52 3 - 6.0
3:53 4 - 19.60
3:54 5 - -
3:55 6 0.0 2590
3:57 8 0.0 33.80
3:58 9 - 37.20
3:59 10 - 41.30
4:00 11 0.0 46.70
4:01 12 0.0 52.80
401 Pump shut off
4:22 33 0.0 5145
4:24 34 - 51.40
4:26:30 36.5 - 51.32
4:29 40 - 51.28

An isolated-zone constant-discharge test was done in the upper zone of borehole BK-2639 on
September 29, 1994. A single packer was set at47.4 ft below LSD and a pump was set above the packer at a
depth of 42 ft below LSD. The initial pumping rate was 3.0 gal/min. The rate was adjustec to 3.5 gal/min
after 30 minutes of pumping and was maintained at that rate for the duration of the test. "he upper zone
was pumped for 50 minutes. A plot of drawdown as a function of time for the upper zone is shown
figure 3 of appendix 2.

Maximum drawdown in the upper zone was 34.68 ft, and maximum drawdown in the lower zone
was 1.01 ft. The pressurization of the packer caused the 1.01 ft water-level decline in the lowser zone during
the test. The water level in the upper zone recovered 5.6 ft in 14 minutes after pumping stooped; the water
level in the lower zone continued to decline, which indicates the water level in the lower zone had not
stabilized before the start of the test.

No vertical hydraulic connection between the upper zone and lower zones was apparent. Specific
capacity of the upper zone was 0.10 (gal/min)/ft after 50 minutes of pumping.
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An isolated-zone constant-discharge test of the lower zone of borehole BK-2639 was done on
October 4, 1994. The packer was left in place at the same depth as for the upper zone test. The pump was
set at 58 ft below LSD. The pumping rate was 2.0 gal/min. The drawdown was 35.5 ft after 3 minutes of
pumping. The pump was shut off after 3 minutes of pumping because discharge from the lower zone
stopped. The water level recovered 6.5 ft in 13 minutes. Pumping was started for a second period at a rate
of 3.0 gal/min. The drawdown was approximately 48 ft below LSD after 11 minutes of pumping ar the
pump shut off because the lower zone was dewatered.

Maximum drawdown in the lower zone at the end of the first pumping period was 35.5€ ft. A
drawdown of 0.02 ft was measured in the upper zone at the end of this period, which was probably
because of a small leak in the seal of the packer. The recovery of the water level in the lower zon~ was
probably caused by a combination of the small leak in the packer seal and water draining down the
discharge hose. Maximum drawdown in the lower zone at the end of the second pumping period was
48.3 ft. An additional 0.04 ft of water-level decline in the upper zone during the second pumping period
was probably caused by a small leak in the packer seal. The water level in the lower zone did not re-over
after the end of the second pumping period, indicating no significant water-producing zones are I~low
47 4 ft below LSD. No vertical hydraulic connection between the lower and upper zones was apparent.
Specific capacity of the lower zone was not determined because the drawdown could be attributed to only
withdrawing water from borehole storage.

An isolated-zone constant-discharge test was done in the upper zone of borehole BK-2640 on
September 27, 1994. A single packer was set at 27.3 ft below LSD on September 26, 1994, and left in‘lated
overnight. The initial pumping rate was 3.75gal/min. The rate was adjusted to 3.3 gal/min after
9 minutes of pumping and was maintained at that rate for the duration of the test. The upper zone was
pumped for 54 minutes. A plot of drawdown as a function of time of the upper and lower zones is shown
in figure 4 of appendix 2.

Maximum drawdown in the upper zone was 5.48 ft, and maximum drawdown in the lower zone
was 4.9 ft. The drawdown in the lower zone was caused by the pumping, which indicates a vertical
hydraulic connection between the upper and lower parts of the borehole. Specific capacity of the upper
zone was 0.60 (gal/min)/ft after 54 minutes of pumping. Drawdown in the lower zone before, during, and
after pumping are listed in table 8. The lower zone was not tested because of a vertical connection between
the upper and lower parts of the borehole was established by the previous test.

An isolated-zone constant-discharge test was done in the upper zone of borehole BK-2641 on
September 28, 1994. A single packer was set at 27.0 ft below LSD and a pump was set at 22 ft below LSD.
The initial pumping rate was 1.3 gal/min. The rate was increased to 3.0 gal/min after 6 minutes of
pumping. The drawdown rate increased, and the pumping rate was continually decreased to a rate of
0.5 gal/min, which was maintained for the duration of the test. The upper zone was pumped for
68 minutes. A plot of drawdown as a function of the time of the upper zone is shown in figur: 5 of
appendix 2.

Maximum drawdown in the upper zone was 21.55 ft, and maximum drawdown in the lower zone
was 1.92 ft. The pressurization of the packer caused the 1.92 ft water-level decline in the lower zone d-iring
the tests. The water level in the lower zone was 2.9 ft higher than the water level in the upper zone after
38 minutes of stabilization time. The water level in the lower zone continued to decline throughotit the
duration of the test, which indicates that the water level in the lower zone had not stabilized.

No vertical hydraulic connection between the upper and lower zones was apparent. Sgecific
capacity of the upper zone was 0.02 (gal /min)/ft after 68 minutes of pumping.

A constant-discharge test of the lower zone of borehole BK-2641 was done on September 29, 1994.
The packer was left in place at 27.0 ft below LSD. The pump was set at 38.6 ft below LSD. The pumping
rate was 1.5 gal/min. The pump was shut off after 19 minutes of pumping because the lower zone was
dewatered.
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Table 8. Drawdown in the lower zone of borehole BK-2640, September 27, 1994, Boarhead Farms site,
Bridgeton Township, Bucks County, Pa.

[ft, feet; min, minutes, -, not applicable]

Elapsed time Elapsed time
Time since pumping Drawdown (ft) Time since pumping Drawdowr (ft)
began (min) began (min)
9:29 a.m. - 0.0 10:13 44 4.74
9:29 Pump turned on 10:19 50 4.84
9:30 1 28 10:22 52 4.88
9:31 2 .78 10:24 54 4.90
9:32 3 1.28 10:24 Pump shut off
9:33 4 1.78 10:25 55 4.60
9:34 5 2.28 10:26 56 4.10
9:35 6 2.60 10:27 57 3.50
9:36 7 2.98 10:28 58 3.00
9:40 11 3.30 10:29 59 2.56
9:45 16 3.88 10:30 60 212
9:50 21 4.17 10:32 62 1.66
9:55 26 4.36 10:34 64 1.40
10:00 31 4.52 10:35 65 1.32

Maximum drawdown in the lower zone was 35.10 ft, which was at the pump intake. The water level
of the lower zone did not recover. The water level of the upper zone did not change, which indicates no
vertical hydraulic connection between the lower and upper zones. Specific capacity of the lower zone was
not determined because the drawdown could be attributed to only withdrawing water from borehole
storage. Drawdown in the lower zone are listed in table 9.

Table 9. Drawdown in the lower zone of borehole BK-2641,
September 29, 1994, Boarhead Farms site, Bridgeton Township,
Bucks County, Pa.

[ft, feet; min, minutes; --, measurement not taken]

Elapsed time
Time since pumping  Drawdown (ft)
began (min)
10:19 Pump turned on
10:23 4 25.53
10:26 7 34.93
10:28 9 34.93
10:34 14 34.90
10:38 Pump shut off
10:40 21 35.10
10:45 26 35.07
10:49 30 35.05
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A constant-discharge test was done in the upper zone of borehole BK-2642 on October 4, 1994. A
single packer was set at 67.9 ft below LSD and a pump was set at a depth of 63 ft below LSD. The initial
pumping rate was 4.0 gal/min. The rate was increased to 4.5 gal/min after 22 minutes of pumping and
was maintained at that rate for the duration of the test. The upper zone was pumped for 72 minutes. A plot
of drawdown as a function of time for the upper zone for the pumping and recovery periods is shcwn in
figure 6 of appendix 2.

Maximum drawdown in the upper zone was 4.18 ft, and maximum drawdown in the lower zone
was 0.14 ft. The pressurization of the packer caused the 0.14 ft water-level decline in the lower zone cluring
the test. The water level in the lower zone was 2.18 ft higher than the water level in the upper zone after
35 minutes of stabilization time. Water levels in the lower zone were measured for 40 minutes after
pumping stopped, and the levels continued to decline, which indicates that the water level in the lower
zone had not stabilized.

No vertical hydraulic connection between the upper and lower zones was apparent. Specific
capacity of the upper zone was 1.1 (gal/min)/ft after 72 minutes of pumping.

A constant-discharge test of the lower zone of borehole BK-2642 was done on October 5, 1994. The
packer was left in place at 67.9 ft below LSD. A pump was set at 75 ft below LSD. The pumping rate was
3.0 gal/min. The pump was shut off after 5 minutes of pumping because the lower zone was dewatered.
The water level in the lower zone did not recover, indicating no significant water-producing zon=s are
below 68 ft below LSD.

Maximum drawdown in the lower zone was 61.37 ft. The water level in the upper zone continued to
rise during the pumping of the lower zone, which indicates no vertical hydraulic connection between the
lower and upper zones of the borehole. Specific capacity of the lower zone was not determined because
the drawdown could be attributed to only withdrawing water from borehole storage.

An isolated-zone constant-discharge test was done in the upper zone of borehole BK-2643 on
October 5, 1994. A single packer was set at 26.6 ft below LSD and a pump was set at approximately 22 ft
below LSD. The initial pumping rate was 2.5 gal/min. The rate was decreased to 1.7 gal/min after
5 minutes of pumping and was maintained at that rate for the duration of the test. The discharg= rate
declined throughout the test because of rapid drawdown. The pump was shut off after 35 minutes of
pumping because the upper zone was dewatered.

Maximum drawdown in the upper zone at the end of pumping was 21.24 ft, which was at the pump
intake, and the maximum drawdown in the lower zone was 0.13 ft. The pressurization of the packer
caused the 0.13 ft water-level decline in the lower zone during the test. The water level in the lower zone
continued to decline after the pump was shut off, while the water level in the upper zone recovered at a
rate of 0.01 ft/min. No vertical hydraulic connection between the upper and lower zones was apparent.
Specific capacity of the upper zone was not determined because the drawdown could be attributed to only
withdrawing water from borehole storage.

A constant-discharge test of the lower zone of borehole BK-2643 was also done on October 5, 1994.
The packer was left in place at 26.6 ft below LSD. The pump was set at 38 ft below LSD. The water level in
the upper zone was 20.41 ft below LSD and was not fully recovered from the test of the upper zone. The
initial pumping rate was 2.0 gal/min. The rate was increased to 2.75 gal/min after 32 minutes of pumping
and was maintained at that rate for the duration of the test. The lower zone was pumped for 68 minu‘es. A
plot of drawdown as a function of time for the lower zone is shown in figure 7 of appendix 2.

Maximum drawdown in the lower zone was 25.16 ft. The water level in the upper zone continued to
rise during pumping of the lower zone. Specific capacity of the lower zone was 0.11 (gal/min)/ft after
68 minutes of pumping.

No vertical hydraulic connection between the lower and upper zones of the borehole was apparent.
The water level in the upper zone recovered 0.54 ft during the 94-minute pumping and recovery period of
the lower zone test. BK-2643 is the only borehole on the site where the primary water-producing frecture
was in the lower zone.
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Open-Hole Constant-Discharge Tests

Open-hole constant-discharge tests were done in boreholes with reported yields greater than
1.0 gal/min, which included BK-2632, BK-2636, BK-2638, BK-2639, BK-2640, BK-2641, and BK-2643.
Transmissivities ranged from 3.1 to 100 f*/day with a median of 50 ft*/day. Results from tests in
boreholes BK-2638 and BK-2641 were not used in determining the median transmissivity because
transmissivities could not be determined. Transmissivities from the open-hole constant-discharge tests are
summarized in table 10.

Table 10. Pumping rate, pumping duration, and transmissivity for open-hole
constant-discharge tests, Boarhead Farms site, Bridgeton Township, Bucks
County, Pa.

[USGS, U.S. Geological Survey; ft, feet; gal/min, gallons per minute; min,
minutes; ft>/day, square feet per day; --, not determined]

USGS Pumping Pumping A
identification Date of test rate duration Tra(nf:zt;;:s;vny

number (galimin) (min) y
BK-2632 October 27, 1994 1.0 240 31
BK-2636 October 26,1994 6.0 450 100
BK-2638 October 24, 1994 9.0 335 -
BK-2639 October 19, 1994 25 67 50
BK-2640 October 18, 1994 32 240 83
BK-2641 October 28, 1994 10 160 -
BK-2643 October, 20 1994 1.9 240 12

An open-hole constant-discharge test was done in borehole BK-2632 on Octob=r27,1994. A
submersible pump was set at a depth of 32 ft below LSD. Water-level response to the pumping stress was
measured in the pumped borehole and four observation boreholes BK-2631, BK-2633, BK-2643, and
BK-2707 (table 11). BK-2631 is about 145 ft southwest of BK-2632, BK-2633 and BK-2643 are 80 ft east of
BK-2632, and BK-2707 is 150 ft southwest of BK-2632 (fig.10). The pumping rate for the test was
1.0 gal/min. The test duration was 240 minutes.

A plot of logarithm of drawdown as a function of the logarithm of time overlain by the type-curve
F(p, a) versus 1/p with a equal to 0.1 is shown in figure 11. An acceptable match to the type curve was
apparent between elapsed time 200-10,000 seconds, and a match point was chosen to estimate
transmissivity. The early-time part of the plot shows more drawdown than would be predicted by the type
curve. The deviation from the type curve could be the result of drill cuttings filling fractures near the well
bore and decreasing permeability, which can effect the early-time data. The early-time data were not used
in the curve match analyses. The late-time part of the graph (time greater than 10,000 seconds) is flat and
deviates from the type curve. The deviation is probably because of a slight decrease in the pumping rate.
Transmissivity determined from the open-hole constant-discharge test for borehole BK-2632 is 3.1 ft“/day.
The pumping stress had no apparent effect on the water levels in any of the observation boreholes
(table 11) indicating that no significant hydraulic connection exists between BK-2632 and observation
boreholes BK-2631, BK-2633, BK-2643, and BK-2707. The estimated discharge rate adjusted to an 8-hour
pumping period is 0.3 gal/min. Borehole BK-2632 could be pumped at a rate of 0.3 gal/min for 8 hours
without dewatering the borehole.

An open-hole constant-discharge test was done in borehole BK-2636 on October 26,1994. A
submersible pump was set at a depth of approximately 39 ft below LSD. Water-level rsponse to the
pumping stress was measured in the pumped borehole and five observation boreholes, BK-2635, BK-2637,
BK-2638, BK-2706, and BK-2708 (table 12). BK-2635 is about 105 ft west of BK-2636, BI'-2637 is 100 ft
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Table 11. Water-level measurements in observation boreholes BK-2631, BK-2633, BK-2643, and BK-2707
during open-hole constant-discharge test of borehole BK-2632, October 27, 1994, Boarhead Farms site,
Bridgeton Township, Bucks County, Pa.

[min, minutes; --, measurement not taken]

Elapsed time Depth to water, in feet below top of casing
Time since pumping
began (min) BK-2631 BK-2633 BK-2643 BK-2707
10:00 a.m. - 5.94 4.11 473 5.53
11:00 Pump turned on
11:01 1 5.95 412 475 5.56
11:17 17 5.95 - - 5.56
11:23 23 - 4.12 474 --
12:05 p.m. 65 5.95 413 4.74 5.55
12:42 102 5.95 412 474 5.54
1:30 150 5.94 4.13 4.72 553
2:12 192 5.94 413 4.72 5.53
2:48 228 5.93 412 472 5.53
3:00 Pump shut off
3:53 293 594 41 4.71 5.54

northwest of BK-2636, BK-2638 is 235 ft north of BK-2636, BK-2706 is 15 ft east of BK-2636, and BK-2708 is
100 ft northwest of BK-2636 (fig. 10). The pumping rate for the test was 6.0 gal/min. The test duration was
450 minutes.

Figure 1 of appendix 3 shows the plot of logarithm of drawdown as a function of the logarithr of
time overlain by the type curve F(u, o) versus 1/ with a equal to 0.01. An acceptable match to the type
curve was apparent between elapsed time 100-7,000 seconds, and a match point was chosen to estimate
transmissivity. The early-time part of the plot is a straight line, which indicates borehole-storage effects.
Transmissivity determined from the open-hole constant-discharge test for borehole BK-2636 is 100 ft?/day.
Observation borehole BK-2706, which is completed in the weathered bedrock zone, was the only
observation borehole affected by the pumping stress suggesting a hydraulic connection exists between
these boreholes. The pumping stress had no effect on the water levels in observation boreholes BK-235,
BK-2637, BK-2638, and BK-2708 (table 12). The estimated discharge rate adjusted to an 8-hour pumping
period is 7.5 gal/min. Borehole BK-2636 could be pumped at a rate of 7.5 gal/min for 8 hours witknout
dewatering the borehole.

An open-hole constant-discharge test was done in borehole BK-2638 on October 24,1994. A
submersible pump was set at a depth of 35 ft below LSD. Water-level response to the pumping stress was
measured in the pumped borehole and four observation boreholes, BK-2635, BK-2636, BK-2639, and
BK-2640 (table 13). Borehole BK-2635 is about 235 ft southwest of BK-2638, BK-2636 is 235 ft south of
BK-2638, BK-2639 is 95 ft north of BK-2638, and BK-2640 is 175 ft north of BK-2638 (fig. 10). The pumping
rate for the test was 9.0 gal/min. The test was originally designed for a 480 minute pumping perod;
however, the fracture system was dewatered, and the pumping water level fell below the pump intake
after 335 minutes. Because the data logger malfunctioned, all drawdown data were lost. The test was not
re-run because the fracture system was dewatered and the treatment of discharge water was costly. Data
collection was complete in the observation boreholes, and no drawdown was measured indicating no
apparent hydraulic connection exists between borehole BK-2638 and observation boreholes BK-2635,
BK-2636, BK-2639, and BK-2640. An 8-hour estimated discharge rate could not be determined.
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Table 12. Water-level measurements in observation boreholes BK-2706, BK-2635, BK-2637, BK-2638, and BK-2708
during open-hole constant-discharge test of borehole BK-2636, October 26, 1994, Boarhead Farms site, Bridge*on
Township, Bucks County, Pa.

[min, minutes; --, measurement not taken]

Elapsed time Depth to water, in feet below top of casing
Time since pumping
began (min) BK-2708 BK-2635 BK-2637 BK-2638 BK-2708

8:05a.m. -- 2.69 11.32 9.83 - 8.07

9:20 - -- 11.34 9.84 - 8.10

9:30 Pump turned on

9:35 5 2.96 - - - -

9:39 9 3.14 11.33 9.83 - 8.10

9:50 20 340 - - -- -
10:00 30 359 11.34 9.84 6.89 8.11
10:15 45 3.76 11.34 9.83 6.89 8.11
10:30 60 3.85 11.33 9.84 - 8.11
10:46 76 393 11.33 9.84 - 8.12
11:20 110 403 11.33 9.83 - 8.11
11:45 135 4.06 - - - --
11:53 143 - 11.33 9.83 - 8.11
12:38 p.m. 188 4.13 11.34 9.83 - 8.09

1:29 239 - 11.33 9.81 6.80 8.1

1:47 257 4.20 - - -- --

2:11 281 -~ 11.34 9.82 - 8.10

2:50 320 4.24 11.33 9.81 - 8.13

3:30 360 427 11.32 9.80 6.77 8.15

4:30 420 4.31 1133 9.80 6.75 8.15

4:57 447 - 11.31 9.80 -- 8.19

5:00 Pump shut off

5:15 465 - 11.31 9.79 - 8.20

An open-hole constant-discharge test was done in borehole BK-2639 on October 19,7994, A
submersible pump was set at a depth of approximately 38 ft below LSD. Water-level response to the
pumping stress was measured in the pumped borehole and two observation boreholes BK-2¢38 and
BK-2640 (table 14). BK-2638 is about 95 ft south of BK-2639 and BK-2640 is 85 ft northwest of I'K-2639
(fig. 10). The pumping rate for the test was 2.5 gal/min. A pumping period of 240 minutes was originally
planned; however, the fracture system was dewatered and the pumping water level fell below the pump
intake after 656 minutes.

Figure 2 of appendix 3 shows the plots of logarithm of drawdown as a function of the logarithm of
time overlain by the type-curve F(u, o) versus 1/p with o equal to 0.001. An acceptable match to the type
curve was apparent between 200-900 seconds of pumping, and a match point was chosen to estimate
transmissivity. The early-time part of the plot shows more drawdown than would be predicted by the type
curve. The deviation from the type curve could be the result of drill cuttings filling fractures near the well
bore and decreasing permeability, which can effect the early-time data. The early-time data were not used
in the curve match analyses. The late-time part of the logarithm drawdown versus logarithm time plot
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Table 13. Water-level measurements in abservation boreholes BK-2635, BK-2636. BK-2639, and BK-2€40
during open-hole constant-discharge test of borehole BK-2638, October 24, 1994, Boarhead Farms site,
Bridgeton Township, Bucks County, Pa.

[min, minutes; --, measurement not taken]

Elapsed time Depth to water, in feet below top of casing
Time since pumping
began (min) BK-2635 BK-2636 BK-2633 BK-2640
8:10 a.m. - - - 6.87 -
9:30 Pump turned on
11:00 90 - 1.42 6.88 4.97
11:40 130 11.42 145 6.84 4.96
12:10 p.m. 160 11.42 143 6.83 494
1:00 210 1143 142 6.80 491
1:50 260 1143 1.41 6.78 4.89
2:36 306 11.43 1.40 6.77 4.87
3:05 Pump shut off
3:10 340 11.42 1.40 6.77 4.87

(time greater than 900 seconds) is a straight line with an increasing slope that deviates from the type curve.
The deviation probably is because of a dewatering of the water-bearing zone, and the drawdown
represents only water pumped from well-bore storage.

Transmissivity for borehole BK-2639 determined before the water-bearing fractures were dewatered
is 50 £t /day. The pumping stress had no effect on the water levels in observation boreholes BK-2638 and
BK-2640 (table 14). No hydraulic connection exists between BK-2639 and observation boreholes BK-2638
and BK-2640. Since the primary water-bearing fractures were dewatered, an 8-hour estimated discharge
rate was not determined.

Table 14. Water-level measurements in boreholes BK-2638 and
BK-2640 during open-hale constant-discharge test of borehole
BK-2639, October 19, 1994, Boarhead Farms site, Bridgeton
Township, Bucks County, Pa.

[min, minutes; --, measurement not taken}

Depth to water, in feet below top of

Elapsed time .
Time since pumping casing
began (min) BK-2638 BK-2640
8:10 a.m. - 6.71 -
9:40 - - -
9:45 Pump turned on
10:00 15 - 5.38
10:15 30 - 5.38
10:49 64 - 5.37
10:52 Pump shut off
11:25 100 6.69 -
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An open-hole constant-discharge test was done in borehole BK-2640 on October 18,1994. A
submersible pump was set at a depth of approximately 29 ft below LSD. Water-level rezponse to the
pumping stress was measured in the pumped borehole and three observation boreholes, BK-2639, BK-2641
and BK-2642 (table 15). BK-2639 is about 85 ft southeast of BK-2640, BK-2641 is 135 ft north of BK-2640,
and BK-2642 is 180 ft northwest of BK-2640 (fig. 10). The pumping rate for the test was 3.2 gal/min. The
test duration was 240 minutes.

Table 15. Water-level measurements in observation boreholes BK-2639, BK-2641,
and BK-2642 during open-hole constant-discharge test of borehole BK-2640,
October 18, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.

[min, minutes; --, measurement not taken]

Elapsed time Depth to water, in feet below top of casing
Time since pumping
began (min) BK-2639 BK-2641 BK-2642
8:30 a.m. - 7.03 5.20 --
8:59 - 7.03 5.20 -
9:00 Pump turned on
9:15 15 7.03 5.20 -
9:30 30 7.03 5.20 522
10:00 60 7.03 5.19 521
10:20 80 7.03 5.20 522
10:40 100 7.02 5.20 5.21
11:00 120 7.02 5.19 5.21
11:25 145 7.01 5.19 5.20
11:40 160 7.01 5.19 5.19
12:00 p.m. 180 7.01 5.18 5.19
12:45 225 7.01 517 517
1:00 Pump shut off
1:04 244 7.00 517 5.16
1:50 290 6.98 - 5.14

Figure 3 of appendix 3 shows the plot of logarithm of drawdown versus logarithm of time overlain
by the type-curve F(u, a) versus 1/ with a equal to 0.01. An acceptable match to the type curve was
apparent between elapsed time 200-2,000 seconds, and a match point was choser to estimate
transmissivity. The slope of the graph for the late-time part of the logarithm drawdown versus logarithm
time plot (time greater than 10,000 seconds) is increasing and may indicate the dewatering of the fracture
system supplying water to the borehole. Transmissivity determined from the open-hole
constant-discharge test for borehole BK-2640 is 83 ft*/day. The pumping stress had no effect on the water
levels in any of the observation boreholes (table 15). No apparent hydraulic connection exists between
BK-2640 and observation boreholes BK-2639, BK-2641, and BK-2642. The estimated discharge rate adjusted
to an 8-hour pumping period is 7.7 gal/ min. Borehole BK-2640 could be pumped at a rate of 7.7 gal/min
for 8 hours without dewatering the borehole.

An open-hole constant-discharge test was done in borehole BK-2641 on Octob~r 28, 1994. A
submersible pump was set at a depth of approximately 32 ft below LSD. Water-level response to the
pumping ‘stress was measured in the pumped borehole and two observation boreholes BK-2640 and
BK-2642 (table 16). BK-2640 is 135 ft south of BK-2641, and BK-2642 is 115 ft west of BK-2641 (fig. 10). The
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pumping rate for the test was 1.0 gal/min. A pumping period of 240 minutes was originally planned;
however, the fracture system was dewatered and the pumping water level fell below the pump intake
after 160 minutes.

Figure 4 of appendix 3 shows the plot of logarithm of drawdown as a function of the logari‘hm of
time. A deviation from the straight line after 4,500 seconds of pumping was the result of a slight decrease
in the pumping rate. No acceptable match to the type curves was apparent, and transmissivity could not
be calculated. Most of the plot is a straight line, indicating water only is being removed from well-bore
storage, and no water from the formation is entering the borehole. An 8-hour estimated discharze rate
could not be determined.

Table 16. Water-level measurements in abservation boreholes BK-2640
and BK-2642 during open-hole canstant-discharge test of borehole
BK-2641, October 28, 1994, Boarhead Farms site, Bridgeton Township,
Bucks County, Pa.

[min, minutes; --, measurement nat taken]

Depth to water, in feet below top of

Elapsed time .
Time since pumping casing
began (min) BK-2640 BK-2642
8:35a.m. -~ -- 3.80
8:50 Pump turned on
9:08 18 4.72 -
9:40 50 4.73 3.82
10:20 90 4.72 3.81
10:55 125 - 3.81
11:05 135 471 -
11:30 Pump shut off
11:35 165 4.71 3.80

An open-hole constant-discharge test was done in borehole BK-2643 on October 20, 1994. A
submersible pump was set at a depth of approximately 28 ft below LSD. Water-level response to the
pumping stress was measured in the pumped borehole and five observation boreholes, BK-2632, BI"-2633,
BK-2634, BK-2644, and BK-2709 (table 17). BK-2632 is about 80 ft west of BK-2643, BK-2633 is 25 ft north of
BK-2643, BK-2634 is 60 ft northeast of BK-2643, BK-2644 is 45 ft northeast of BK-2643, and BK-2709 is 60 ft
northeast of BK-2643 (fig. 10). The pumping rate for the test was 1.9 gal/min. The test duration was
240 minutes.

Figure 5 of appendix 3 shows the plot of logarithm of drawdown as a function of the logarithm of
time for the pumped borehole BK-2643 and observation borehole BK-2633 with the type curve F(p, o)
versus 1/p with a equal to 0.01 overlain on the plot for the pumped borehole. An acceptable match
between the plot for the pumped borehole and the type curve was apparent between elapsed time 200-
10,000 seconds of pumping, and a match point was chosen to estimate transmissivity. The early-time part
of the plot for the pumped borehole shows more drawdown than would be predicted by the type curve.
The deviation from the type curve could be the result of drill cuttings filling fractures near the well bore
and decreasing permeability, which can effect the early-time data. The early-time data were not used in the
curve match analyses. Transmissivity determined from the open-hole constant-discharge test for borehole
BK-2643 is 12 f*/day. The pumping stress had no effect on the water levels in observation boeholes
BK-2632, BK-2634, BK-2644, and BK-2709 (table 17). The estimated discharge rate adjusted to an 8-hour
pumping period is 1.4 gal/min. Borehole BK-2643 could be pumped at a rate of 1.4 gal/min for 8 hours
without dewatering the borehole.
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Observation borehole BK-2633 was affected by the pumping of borehole BK-2643, and a hydraulic
connection exists between these boreholes. The water level in borehole BK-2633 declines ¢t a steady rate
during the pumping period (table 17). The maximum drawdown in borehole BK-2633 after 240 minutes is
7.2 ft. However, the water-level declined an additional 0.7 ft after pumping stopped and did not recover
for an additional 50 minutes (fig. 5 of appendix 3). This response could be attributable to tI:~ depth of the
interconnected fracture system between these two boreholes. The depth of the fracture system is most
likely just below the casing. Once the water level in the pumped borehole fell below the elevation of the
connecting fracture system, the water in the fracture system of borehole BK-2633 continually drained ata
constant rate until the water level in the pumped borehole recovered to the elevation of the connecting
fracture system.

Table 17. Water-level measurements in observation boreholes BK-2632, BK-2633, BK-2634, BK-2644, and BK-2709
during open-hole constant-discharge test of borehole BK-2643, October 20, 1994, Boarhead Farms site, Bridgeton
Township, Bucks County, Pa.

[min, minutes; --, measurement not taken}

Elapsed time Depth to water, in feet below top of casing
Time since pumping
began (min) BK-2632 BK-2633 BK-2634 BK-2644 BK-2709

8:00 a.m. -~ 8.61 443 9.39 534 9.20

9:30 - - 438 940 5.34 9.23

9:35 Pump turned on

9:45 10 - 450 9.40 534 921
10:00 25 - 488 9.40 5.34 9.21
10:15 40 - 534 9.39 5.34 9.21
10:30 55 - 583 940 5.34 9.21
10:45 70 - 6.34 940 5.34 9.21
11:00 85 -- 6.87 940 534 9.21
11:20 105 -- 754 9240 534 921
11:40 125 - 830 940 5.34 921
12:00 p.m. 145 - 894 9.40 5.34 9.21
12:20 165 - 958 - 9240 5.34 9.21
12:40 185 - 10.18 940 5.34 9.21

1:00 205 - 1074 9.40 5.34 9.21

1:10 215 8.61 - - - -

1:20 225 - 1132 940 5.34 9.21

1:30 235 - 11.62 940 5.34 9.21

1:35 Pump shut off

1:45 250 - 11.90 9.40 5.34 9.21

2:00 265 8.62 1214 940 5.34 9.21

2:55 320 8.61 11.95 9.40 5.35 921

3:35 360 - 1122 940 5.35 921
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SUMMARY AND CONCLUSIONS

The Boarhead Farms site is underlain by a diabase aquifer that is comprised of a shallow and areally
limited fracture system that is poorly connected and low yielding with little to no ground-water storage in
a thin overburden soil and weathered bedrock zone. The thickness of the overburden soil ranges from 4 to
14 ft. The overburden soil has a high clay content and acts as a confining unit for the underlying bedrock
aquifer. A weathered bedrock zone that consists of broken diabase ranged from 2 to 15 ft thick. The
openings in the weathered bedrock zone were filled with clay. Because of the clay-rich overburden so‘l and
the thin, clay filled weathered bedrock zone, little ground-water storage is available to supply the shallow
fracture systems. No water-producing fractures were penetrated at depths greater than about 50 ft b~low
land surface.

In seven of the eight boreholes in which isolated-zone constant-discharge tests were completed, no
vertical connections existed between the upper and lower zones of the boreholes. A hydraulic connection
exists between the upper and lower zones of borehole BK-2640.

Little or no hydraulic connection exists between adjacent boreholes. A hydraulic connection is
present between boreholes BK-2636 and BK-2706, which are 15 ft apart. A hydraulic connection is present
between boreholes BK-2643 and BK-2633, which are 25 ft apart. No drawdown was measured in any
observation borehole that was 45ft or more from a pumping borehole during the open-hole
constant-discharge tests. No hydraulic connection was observed between boreholes BK-2632, BK-2638,
BK-2639, BK-2640, and BK-2641 and nearby observation boreholes during open-hole constant-discharge
tests.

Transmissivities determined from five open-hole constant-discharge tests ranged from 3.1 to
100 2/ day with a median of 50 ft>/day. Estimated discharge rates adjusted to a common 8-hour pumping
period are 0.3, 7.5, 7.7, and 14 gal/min for boreholes BK-2632, BK-2636, BK-2640, and BK-2643,
respectively. These boreholes could be pumped at these rates for an 8-hour period without dewaterin-.

During open-hole constant-discharge tests of boreholes BK-2638, BK-2639, and BK-2641, the fra-ture
systems were dewatered, which indicates the fracture systems supplying water to these boreholer are
limited in areal extent. Estimated 8-hour discharge rates for these boreholes were not determined.
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APPENDIX 1. GRAPHS OF DRAWDOWN PLOTS FOR SLUG TESTS
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APPENDIX 2. GRAPHS OF DRAWDOWN PLOTS FOR ISOLATED-ZONE
CONSTANT-DISCHARGE TESTS
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Figure 1. Drawdown versus time in the upper zone of borehole BK-2632 for the isolated-zone constent-discharge
test, September 27, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.
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Figure 2. Drawdown versus time in the upper zone of borehole BK-2636 for the isolated-zone constant-discherge
test, September 22, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.
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APPENDIX 2. GRAPHS OF DRAWDOWN PLOTS FOR ISOLATED-ZONE CONSTANT-DISCHARGE TESTS
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Figure 3. Drawdown versus time in the upper zone of borehole BK-2639 for the isolated-zone
constant-discharge test, September 29, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.
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Figure 4. Drawdown versus time in the upper and lower zones of borehole BK-2640 for the isolated-zone
constant-discharge test, September 27, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.
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Figure 5. Drawdown versus time in the upper zone of borehole BK-2641 for the isolated-zone
constant-discharge test, September 28, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.
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Figure 6. Drawdown versus time in the upper zone of borehole BK-2642 for the isolated-zone
constant-discharge test, October 4, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.
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Figure 7. Drawdown versus time in the lower zone of borehole BK-2643 for the isolated-zone constant-
discharge test, October 5, 1994, Boarhead Farms site, Bridgeton Township, Bucks County, Pa.
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