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Subject: Final Report
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Dear Mr. Monaco:

Tetra Tech NUS is pleased to submit the attached Final Area A/Offsite Water Level Study report.
The report summarizes the field effort and evaluates the data collected during the ten day water
level study that was conducted in conjunction with the shut-down of Warminster Municipal
Authority Well 26. Copies are being forwading to Technical SubCommittee (TSC) members.

Comments on the draft report were received from Earth Data Incorporated (on behalf of the

Warminster Municipal Authority), U.S. Geological Survey, and EPA and their contractor Gannett

Fleming (GF). Revisions have been made to the report to incorporate specific comments with the
: exception of two comments made by GF.

Specific comment number 3 from GF suggested that the water table graphs be revised to reflect

" the decreasing background water level trend and that the data be re-evaluated in light of this
trend. No adjustments to the data/graphs/figures were made. The trend of declining water levels
is likely due to a combination of pumping effects and a background water level decline due to the
lack of precipitation over the time period of the study. Extrapolating the decline in water levels
through the recovery time period and attributing that change solely to the stoppage of pumping
would overestimate the amount of recovery due. to the shutdown. It is questionable whether
several of the wells mentioned as having positive water level recoveries after factoring in the
“background” trend actually were infiuenced as suggested in the comment (HN-22S, HN-53S, HN-
56S). In any event, a correction of this type would not change any of the substantive conclusions
of the study and may add a level of uncertainty to the measurements. A sentence has been
added to the text pointing out the overall trend and the possibility that recoveries could be slightly
understated in some cases. .

- GF comment number 4 sugg'ested that a re-evaluation of the water level recoveries might result in
a change in the conclusion regarding the onbase effects of pumping at WMA-26. To allow for
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some expanded interpregation, the statement has been revised to say that the onbase effects of
the municipal well were canfined to the general vicinity of Area A rather than Site 1 as originally
written.
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1.0 INTRODUCTION

In response to Contract Task Order (CTO) No. 252 under Contract No. N62472-90-D-1296, Brown and
Root Environmental (B & R Environmental) (Note: The assets of B&R Envirormental were purchased on
January 1, 1988 by Tetra Tech NUS, inc.) was tasked by Naval Engineering Command (NAVFAC)
Northern Division (NORTHDIV), as part of continuing investigations at the Naval Air Warfare Center
(NAWC) Warminster, Pennsylvania, to perform a short-term water level survey for Area A and the
downgradient off-base area between the base and Warminster Municipal Authority well No. 26 (WMA 26).
This scope of work is outlined in a technical memorandum dated August 19,1997, The primary purpose of
the short-term water level survey was to evaluate the 'impacts that the pumping of WMA 26 has on water

levels both on base and in the area between the base and the municipal weil.
The following activities were performed as part of this survey:

. Groundwater elevations were collected in 40 wells within the vicinity of the base to
determine the influence of WMA 26 on water elevations. The study was performed over the
10 day period from September 19,1997 through September 29, 1997. Seventeen onsite
and 23 offsite wells were monitored before, during and after a 48-hour shut down of
Warminster municipal well No.26 (WMA 26). Water levels were collected using pressure
transducers/data loggers. The transducers were programmed to collect data points at

varying time intervals throughout the study.
. Barometric pressure and precipitation data were collected from nearby Willow Grove Naval
Air Station, to determine what roles barometric pressure and/or precipitation piayed in the

water level changes observed.

. Operating records were obtained from WMA 26, WMA 13, and base production wells, to

correlate the operation of these welis with water level data.
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2.0 FIELD INVESTIGATION PROCEDURES

As per the Technical Memorandum of August 19, 1997, Brown & Root Environmental personnel installed
pressure transducers/data loggers (transducers) in 40 wells located within the potentiai area of influence
of Warminster well 26 within and downgradient of Area A. The 17 onsite and 23 offsite wells were chosen
based on technical reviews by the Navy, EPA, and USGS, and take into account previous water level
studies. Offsite well clusters chosen for monitoring include HN-15S/I/D, HN-16S//D, HN-50S/1/D, HN-
525/1/D/DD, HN-53S/I/D, and HN-85S5/S2/1/12/D. A transducer was not installed in the Hobensack well as
planned because access could not be obtained from the property owner. However, transducers were
instailed in the open boreholes for wells HN-141 and HN-591, which had been drilled but not yet completed.
Onsite well clusters chosen for monitoring include HN-11S(WellC)/I/D, HN-22S/1/D, HN-558/1, SMC1/2,
HN-568/1, HN-80S/l, and HN-17S/I/D. Figure 2-1 shows the locations of the monitoring wells within and
around Areas A and D at NAWC Warminster that were monitored during this survey. The location of
municipal water supply well WMA 26 is also shown. Well construction details for the wells are provided in

Table 2-1.

The wells were sounded prior to installing each of the pressure transducers. Based on the depth to water
installation depths were selected for each transducer. On average the transducers were placed 10 to 15
feet below the water level in the shallow and intermediate depth wells and between 40 and 60 feet below

the water in the deep wells.

Four of the wells required a riser pipe be installed prior to installing the transducers because of flowing
artesian conditions. Each of the four wells was located in a different well cluster. Two of the wells (HN-561
and HN-151) were intermediate weils and two (HN-17D and SMC2) were deep wells.

The water level survey was conducted over a 10 day period. The first part of the survey provided
information on background conditions. The test was started on Friday September 19, 1997 with readings
collected every 10 minutes untit Monday September 22, 1997 at 10:00 AM. During this time period WMA
26 was operated continuously at a pumping rate of approximately 250 gallons per minute (gpm). At 10:00
AM on September 22, WMA 26 was turned off in order to determine the extent and magnitude cf water
level changes in the study area due to the shutdown of the municipal well. From 10:00 to 10:05 water
level readings were collected every 30 seconds. From 10:05 to 10:10 the readings were coilected every
minute. From 10:10 September 22, to 10:00 AM on Wednesday September 24, readings were collected
every 10 minutes. On Wednesday September 24, at 10:00 WMA 26 was turned back on, and water levels
obtained to determine the effects of the restart of the municipal well on local groundwater levels. From

~
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TABLE 21

WELL CONSTRUCTION DETAILS
AREA A/OFFSITE WATER LEVEL STUDY

NAWC WARMINSTER

WELL ELEVATION (FT MSL) BOREHOLE MONITORED WELL
GROUND/TOC DEPTH (FT) | INTERVAL (FT) | YIELD (GPM)
HN-11S NA 309.63 40 35-40 NA
HN-11} 307.90 308.30 88 70-88 2
HN-11D 307.73 309.28 301 151-170 1
HN-141 299.40 299.90 116 19-116 5
HN-15S NA 299.48 44 30-44 3
HN-151 297.29 297.08 152 96-113 <1
HN-15D 298.18 297.66 202 185-202 2
HN-16S 295.11 294.50 65 51-65 <1
HN-16l1 295.26 294.73 125 101-120 2
HN-16D 295.23 294.99 220 168-200 2
HN-17S 317.28 318.99 102 84-102 14
HN-17I 316.94 318.32 202 185-202 >15
HN-17D 316.56 317.00 304 252-289 <1
HN-22S 309.30 310.57 152 38-55 3
HN-22! 309.30 311.65 152 138-152 3
HN-22D 309.10 310.39 304 254-271 6
HN-50S 284.74 285.04 83 67-83 5
HN-501 284.57 285.32 243 105-122 4
HN-50D 286.13 160-174 5
HN-52S8 286.14 285.79 92 73-87 20
HN-521 286.63 285.92 163 115-132 3
HN-52D 285.48 285.90 220 178-194 3
HN-52DD 286.25 286.00 304 266-283 1.5
HN-53S 323.33 323.06 152 40-60 1.5
HN-531 323.16 322.75 152 69-83 2
HN-53D 323.66 323.40 206 189-206 4
HN-558 311.08 312.10 103 24-44 <1
HN-551 311.09 312.10 95 79-94 >15
HN-56S 316.46 316.03 163 33-50 5
HN-561 316.19 118-134 5
HN-591 306.00 306.87 103 19-103 3
HN-6581 281.07 280.84 103 78-103 5
HN-65S2 280.90 280.58 203 37-52 5
HN-6511 280.62 102-123 2
HN-6512 281.41 280.87 303 158-171 4
HN-65D ' 281.36 274-303 2
HN-80S 3221 323.44 44 27-44 5
HN-80! 3221 323.11 115 97-115 10
SMC-01 NA 313.91 60 20-60 20
SMC-02 NA 313.01 298 276-298 10
WMA 26 ~260 ~260 250 75-250 >250
NS - Not surveyed
NA - Not available
FT MSL - Feet above mean sea level
Borehole depth and monitored interval measured in feet below ground surface
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1D:00 to 10:05 water level readings were collected every 30 seconds. From 10:05 to 1.3:"0 the readings
were collected every minute. From 10:10 September 24, to Monday September 29 r-adings were

collected every 10 minutes, at which point the survey was discontinued.

In addition to collecting water level readings from the wells listed above, strip chart recorder sheets for
WMA wells 26 and 13 were obtained from Warminster Municipal Authority representatives. These strip
charts provided information regarding water levels in the municipal wells over the time period from
September 15 through September 29. Attachment A contains the strip chart recorder sheets for the two
municipal weils, along with available pumping information for base water supply welis SW-1, SW-2, SW-3,
and SW-4. Pertinent information regarding WMA 26 was gathered from the municipal authority and from
an existing document (Technical Memorandum - Downhole Testing of Production Well 26, Earth Data,
August 15, 1995), to aid in interpreting the data gathered. A summary of the information used for this

investigation is as follows:

. WMA 26 well depth - 250 feet

. Well diameter - 10 inches

. Surface casing depth - 75 feet

. Pumping rate - Approximately 250 gpm
. Primary water producing zones:

Zone 1 - 76-97 feet, specific capacity 0.24 gpm/ft of drawdown
Zone 2 - 107-128 feet, specific capacity 1.4 gpm/ft of drawdown
Zone 3 - 206-227 feet, specific capacity 2.55 gpm/ft of drawdown
Zone 4 - 222-250 feet, specific capacity 0.53 gpm/ft of drawdown

. Pump depth setting - 205 feet

. Normal period of operation - Constant usage, 24 hours/day

. Operating water level - Approximately 60 feet above the pump (145 feet below the top of
the well) ’

. Shutdown water level - Approximately 160 feet above the pump (45 feet below the top of
the well)

. Well elevation - Approximately 260 ft msl (based on USGS topographic map ground

surface contours)

Barometric pressure and precipitation data for the survey duration was collected from the nearby Willow
Grove Naval Air Station (Attachment B). No significant barometric pressure fluctuations or precipitation
events were recorded over the duration of the survey, thus no adjustments were made to the water level

data collected.
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3.0 DATA EVALUATION

3.1 WATER LEVEL CHANGES

3.1.1 General Observations

Water level data was used to prepare water level graphs for each well, which are included in Attachment
C. The graphs show water level changes over time for the duration of the study. Background water level
data, collected for 3 days prior to the shutdown of WMA 26, shows a general trend of decreasing water
levels as indicated on the water level graphs. Following the shutdown of the municipal well, which had an
operating water level approximately 100 feet below static water level, water levels in the monitored wells
recovered (rose) by amounts ranging from zero (no recovery noted) to 12 feet. Following the restart of the
municipal well, water levels dropped in the same wells that responded to the shutdown of the municipal
well, in most (but not all) cases to below the pre-shutdown level. The steady background trend of
decreasing water levels continued throughout the entire survey time period, reflecting the lack of

precipitation and the municipal well pumping effects.

Earth tide effects (cyclical rising and falling of water levels approximately twice per day) of up t0 0.2 ft are
also evident in some of the wells, particularly the deeper wells. The graphs for wells HN-17S, HN-52DD,
and HN-65D show good examples of earth tide effects. On some of the graphs for other wells (i.e., wells
HN-16D, HN-50D, and SMC-2) the earth tide effects are muted by scaling effects (the greater range in
water level changes decreased the resolution of the graph and made smail fluctuations due to earth tides

maore difficult to see). .

In addition to preparation of the graphs, water level changes during the shutdown period were calculated
_for each well. To avoid any potential inaccuracies regarding the timing of the programming of the
transducers and the shutdown/restart of the municipal well, changes in water levels from 9:00 September
22 (one hour prior to WMA 26 shutdown) to 9:00 September 24 (one hour prior to restart) were calculated
for each well, as shown in Table 3-1. These water level changes were used to determine the approximate
magnitude of water level recovery due to the shutdown of the municipal well. Figure 3-1 shows the
magnitude and areal distribution of water level recoveries in shaliow, intermediate, and deep wells. No
corrections were made to the data to try to factor in background/pumping-related trends. It should be
recognized that the total amount of water level recovery may in some cases be slightly understated as a

result.
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TABLE 3-1
SELECTED WATER LEVELS
AREA A/OFFSITE WATER LEVEL STUDY
NAWC WARMINSTER

TOC. DEPTH |GWELEV.| DEPTH | GWELEV. | DEPTH | GW ELEV. |WL Cli{ANGE
ELEV. | INITIAL | INITIAL |9/22/9:00| 9/22/9:00 |9/24/9:00} 2/24/9:00 9/2/9:00
9/24/9:00
HN-11S 309.63 18.60 291.03 19.11 290.52 19.11 280.52 0.00
HN-111 308.30 17.79 290.51 18.14 290.16 17.92 290.38 0.22
HN-11D 309.28f 291 306.38 2.67 306.61 2.75 306.53 -0.08
HN-14} 299.90 17.76 282.14 18.35 28155 17.95 281.95 0.40
HN-158 299.48 10.10 289.38 10.43 289.05 10.23 289.25 0.20
HN-151* 307.08 3.70 303.38 3.78 303.30 3.86 303.22 -0.08
HN-15D 297.66 439 293.27 4.21 293.45 3.91 293.75 0.30
HN-16S 294.50 21.18 273.32 21.44 273.06 20.08 274.42 1.36
HN-16l 294.73 36.56 258.18 37.19 257.54 31.05 263.68 6.14
HN-16D 294.99 15.55 279.44 16.14 278.85 14.48 280.51 1.67
HN-17S 318.99 14.53 304.46 14.68 304.31 14.71 304.28 -0.03
HN-17! 318.32 3.33 315.00 3.30 315.03 3.51 314.81 -0.21
HN-17D* 320.00 1.95 318.05 1.86 318.14 1.85 318.15 0.01
HN-228 310.57 18.06 292.51 18.42 292.15 18.62 291.96 -0.20
HN-221 311.65 7.94 303.71 7.22 304.43 7.48 304.17 -0.26
HN-22D 310.39 15.83 294.56 15.57 294.82 15.59 294.81 -0.02
HN-508 285.04 18.24 266.80 18.75 266.29 16.99 268.05 1.76
HN-501 285.32 21.77 263.55 22,43 262.89 20.48 264.84 1.95
HN-50D 286.13 10.54 275.59 11.22 274.91 8.26 277.88 2.96
HN-52S8 285.79 59.96 225.84 60.78 225.01 51.04 234.75 9.74
HN-521 285.92 45.02 240.90 45.76 240.16 36.17 249.76 9.60
HN-52D 285.90 28.11 257.79 28.62 257.28 23.50 262.40 5.12
HN-52DD 286.00 6.09 279.91 6.58 279.42| . 6.43 279.57 0.16
HN-53S 323.06 18.92 304.14 19.33 303.73 19.38 303.68 -0.05
HN-3I 322.75 18.73 304.02 19.15 303.60 19.18 303.57 -0.03
HN-53D - 323.40 7.73 315.67 7.78 315.62 7.96 315.44 -0.18
HN-558 312.10 19.79 292.32 20.60 291.50 20.81 291.30 -0.20
HN-551 312.10 22.83 289.28 23.35 288.75 23.05 289.05 0.30
HN-56S 316.03 7.37 308.66 7.51 - 308.52 7.58 308.45 -0.07
HN-561* 320.54 2.59 317.95 2.64 317.90 3.18 317.36 -0.54
" |HN-591 306.87 17.08 289.79 17.64 289.23 17.66 289.21 -0.02
HN-65S8 280.84 41.68 239.16 42.90 237.94 42.39 238.45 0.51
HN-6582 280.58 41.11 239.47 42.02 238.56 42.03 238.55 -0.01
HN-651 280.62 57.78 222.84 58.60 222.02 46.59 234.03 12.01
HN-6512 280.87 38.14 242.74 38.80 24207 29.59 251.28 9.21
HN-65D 281.36 2.43 278.93 2.95 278.41 2.85 278.52 0.11
HN-80IS 323.44 11.33 312.11 11.64 311.80 11.83 311.61 -0.19
HN-801 323.11 3.95 319.16 4.06 319.05 4.31 318.80 -0.25
SMC1 313.91 18.57 295.34 19.32 294,59 19.80 294.11 -0.48
sSMC2* 320.014. 3.18 316.83 324 316.78 3.37 316.64 -0.13
*Artesian water level - Stickup added to wells as follows:
HN-151 -10.00 #t HN-17D - 3.00 ft " HN-561-4.55ft SMC -7.00 FT

Top of casing elevations were adjusted by these added stickups
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3.1.2 Onbase Observation Wells

0
onbase wells. The only onbase well clusters that had water level changes that could be attributed to the
shutdown and restart of the municipal well were HN-11S/l and HN-55S/1. HN-11l recovered approximately
0.2 feet after the shutdown of WMA 26, then dropped after the restart of the well. HN-551 recovered
approximately 0.3 feet following the municipal weil shutdown, then dropped following the restart. In both
cases, the water level declines following the restart are a combination of pumping effects and background
trend. The shallow wells at these two locations (HN-118 and HN-558) exhibited some flattening out of the

trend of declining water levels during the shutdown period of the municipal well, indicating that they may -

e -
be affected slightly by the municipal well.

558/1 may monitor the same lithologic interval a
WMA 26.

Onbase wells HN-11D, SMC1, SMC2, HN-22S/I/D, HN-80S/l, HN-17S/l/D, and HN-56S/1 did not exhibit
any responses that could be attributed to the shutdown and restart of the municipal well. In some cases
there were, however, water level responses observed that were attributed to other pumping activities.
Significant (> 0.5 ft) short duration (several hours) declines in water levels were observed in wells HN-171
(2.1 ft), HN-17D (0.8 ft), HN-561 (7.7 ft), HN-80I (2.3 ft), and SMC2 (3.2 ft) shortly after the restart of the
municipal well, however these effects are likely due to pumping activities other than the restart of WMA 26.
Lesser effects were noted in wells HN-17S, HN-56S, and HN-80S.

It appears, based on the timing of the water level changes, that the short term water level declines noted
in these wells are due to a common pumping event. The drops in water levels in these wells began at
approximately 10:30 on September 24 and generally reached a maximum decline at approximately 12:30 -
12:40 on the same day. The timing for reaching maximum water level declines varied sighiﬁcantly for
three wells - in HN-561 the maximum water level decline was observed at 12:00, in SMC2 the maximum
" decline was observed at 13:40, and in HN-17D the maximum water ievel decline was not reached until
17:40. The pumping event responsible for this short term spike in water levels is likely the operation of
onbase water supply wells SW-1 and SW-2. According to the available pumping records (Attachment A),
these wells were operating during the time period covered by the spike in water levels on September 24.
SW-1 was checked at 10:40 AM and was found to be pumping at a rate of 120 gpm. SW-2 was checked
at 10:50 AM and was found to be pumping at a rate of 63 gpm. Another factor indicating that the
operation of SW-1 and SW-2 is responsible for this water level spike in selected wells is that the maximum
water level decline was noted in well HN-561, which is the closest monitored well to the productlon wells

and is aligned approxnmately along strike with them.
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A second onbase water level response not related to WMA 26 was observed in wells HN-56! and HN-80L.
Minor, short term fluctuations were recorded in these two wells throughout the survey. These fluctuations
were in the form of sudden, brief drops followed by more gradual recoveries (best seen on the graph for
HN-561), a pattern that suggests that they are related to cyclical short-term pumping activities. The
magnitude of the fluctuations in HN-561 (0.4 - 0.5 ft) was greater than in HN-80! (0.1-0.2 ft). The shaliow

wells at these cluster locations did not fluctuate in the same manner, suggesting that the well responsible

portions of the bedrock aquifer or is located updip from the two well clusters. During the Abril 1995 Area D
pumping test, cyclical fluctuations in water levels were observed in HN-561 that were attributed to the
operation of base water supply wells SW-3 and/or SW-4. In addition, recent Area D Supply well testing
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has shown that the water level in HN-561 is 0
therefore considered likely that either or both of these weils may have caused the cyclical fluctuations

seen in HN-561 and HN-80!.

A third onbase water ievei response not reiated to WMA 26 was observed in weil HN-22I. Cyclical daily
water level declines of approximately 0.25 to 0.9 feet were noted in this well, beginning around 6:00 - 8:00
and extending into the late afternoon. This pattern of water level fluctuations was noted on all days
except Sundays, suggesting that a nearby commerciai well was responsible for the fluctuations. This
same pattern of water level changes was observed in offbase well HN-15D (located approximately 1350

feet west of HN-22l), however the daily wa
responsible for the fluctuations is unknown, however Aztec Corporation is located in the area between
these two wells and is known to have a well for commercial use. Well HN-22D aiso appears to be
influenced by some nearby pumping, but the pattern is different than what is observed in wells HN-15D
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3.1.3 Offbase Wells

“in géﬁé?al recoverylurawuown effects were much more pronouncec in the offsite well ciusters located in
the offbase area north of Area A. At least one well in each of well clusters HN-16S/I/D, HN-50 S/I/D, HN-
52S/I/D/DD, and HN-65S1/S2/11/12/D had a water level recovery of at least 2 feet in response to the
shutdown of WMA 26. The magnitude of water level changes in response to the shutdown and restart of
the municipal weil was observed to be highly variable and dependent on at least 2 factors; alignment
relative to WMA 26 and well denth.
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haced on Araa Aloffeite wall o

northwact
nornwest eg Area A/ontsiie w

«

il
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of the municipal well was 2.96 feet, in HN-50D. The intermediate weli in this cluster (HN-501} had a
recovery of 1.95 feet and the shallow well (HN-50S) a recovery of 1.76 feet. Based on geophysical logs
and strike and dip projections, HN-50D appears to intersect the same lithologic interval as Zane 4 of WMA
26.

The maximum water level recovery at well cluster HN-16S/1/D, located approximateiy 1150 feet south-
southwest of WMA 26 (approximately 40 degrees from the updip direction), was 6.14 feet, in HN-16l. The
deep well in this cluster (HN-16D) had a water level recovery of 1.67 ft, while the shallow well (HN-16S)
had a water level recovery of 1.36 ft. Based on geophysical logs and strike and dip projections, HN-161

appears to intersect the same lithologic interval as Zone 3 of WMA 26.

At well cluster HN-52S/1/D/DD, located approximately 1450 feet southwest of WMA 26 (approximately 70
degrees from the updip di‘rection), the maximum water levei recovery was 9.74 feet, in HN-52S. The
intermediate well in this cluster (HN-521) had a water level recovery of 9.6 ft. The deep wells in this cluster
(HN-52D and HN-52DD) had water level recoveries of 5.12 and 0.16 feet, respectively. Based on
geophysical logs and strike and dip projections, HN-52S appears to intersect the same lithologic interval

as Zone 2 of WMA 26, and HN-52I intersects the same lithologic interval as Zone 3 of the municipal well.

The maximum water level recovery at well cluster HN-6581/S2/11/12/D, located approximately 1950 feet
west-southwest of WMA 26 (approximately along strike), was 12.01 feet, in HN-6511 The other
intermediate well in this cluster (HN-6512) had a recovery of 9.21 feet. The deep well (HN-65D) had a
water level recovery of 0.11 ft, while the shallow wells (HN-65S1 and HN-6552) had water level recoveries
of 0.51 feet and no effect, respectively. Based on geophysical logs and strike and dip projections, HN-65I1
appears to intersect the same lithologic interval as Zone 2 of WMA 26.

The water level recovery responses in the four clusters described above clearly indicate that water level
responses are more pronounced along strike than along the dip direction from WMA 26, as shown on
" Figure 3-2. The alignment of the wells with respect to WMA 26, along with the strata intersected by the
observation wells, appear to be the primary controls governing the amount of water level change
observed. Distance from WMA 26 is a secondary controlling factor in the amount of water level response

observed.

A much less pronounced response to the shutdown and restart of WMA 26 was noted at well cluster HN-
158/1/D. HN-15S had a water level recovery of 0.2 feet during the shutdown period, similar in magnitude
to that observed in onbase well HN-111. A rise in water level of 0.3 feet was observed in HN-15D,
however this is attributed to factors unrelated to the municipal weﬂ shutdown, including the obvious
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pumping effect of a different well on HN-15! (as previously discussed in Section 3.1.2) and the timing of
the water level comparisons in combination with this outside pumping. No response to the
shutdown/restart of WMA 26 was observed in HN-151.

Minor water level changes were observed in open borehofe welis HN-1412 and HN-5912 in response to the
shutdown/restart of WMA 26. In HN-1412, a 0.4 ft rise in water level was observed which is clearly in
response to the shutdown of the municipal well. In HN-59I12, the change in water level is much less
pronounced and consists of a flattening out of the background trend of decreasing water levels over the

period of time that the municipal well was shut down.

The remaining offsite welis monitored during the water level survey, HN-83S//D, did not exhibit any
changes in water levels that could be attributed to the shutdown/restart of WMA 26. Some irregular
fluctuations in water levels of approximately 0.2 to 0.3 ft were observed in HN-53S, however they could
" not be correlated to any other observed water level changes. No significant water level fluctuations were
noted in HN-531. In HN-53D, however, the same short term drop seen in several onbase welis shortly
after the restart of the municipal weil was observed. This short term drop of approximately 2.4 ft in water
level started at about 10:30 and reached a maximum low at about 12:40 on September 24, consistent with
what was seen onbase in several wells. As discussed in Section 3.1.2, the temporary decline in water
level may be related to the use of SW-1 and/or SW-2, but cannot be conclusively determined with the

information available.
3.2 GROUNDWATER FLOW DIRECTIONS

Two sets of potentiometric surface maps were prepared, showing groundwater gradients in shallow (<75
feet), intermediate (75-150 ft) and deep (150-275 feet) portions of the bedrock aquifer. Water level data
from immediately prior to the shutdown of WMA 26 well (to evaluate potential flow patterns under long
term usage conditions) and immediately prior to the restart of WMA 26 (to evaluate potential flow patterns

" after a short term shutdown of the well) were used to develop the two sets of maps.

Figures 3-3, 34, and 3-5 show groundwater elevation contours at 9:00 on September 22, immediately
prior to the shutdown of the municipal well. These figures show potentiometric contours that are indicative
of the flow pattern in the area while WMA 26 was in operation. The overall direction of the groundwater
gradient is to the north-northwest on all three maps, indicating a consistent ﬂew pattern with depth. The
gradients vary with depth, with the intermediate zone having the highest gradient and the shallow zone the
lowest (possibly due to the municipal well being cased to 75 feet, thﬁs not directly drawing water from the
shallow flow zone). Lowest water levels'were typically (but not alWays) observed in the intermediate wells.
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Water levels in the deep wells located west of Jacksonville Road were generally 10 feet or more higher
than in the companion intermediate wells at cluster iocations, and also higher than the shallow well water

levels, but to a lesser degree.

Figures 3-6, 3-7, and 3-8 show groundwater gradient patterns at 9:00 on September 24, immediately pror
to the restart of the municipal well. These maps show groundwater gradient patterns after a 47 h..ur
shutdown of WMA 26. As with the maps depicting groundwater gradients under pumping conditions,
these figures show a consistent overall direction of groundwater gradient to the north-northwest. These
gradient directions, and probable flow direction, vary little from the gradient directions observed under

WMA 26 operating conditions.

Shallow well water levels changed little if any in response to the 2 day shutdown of the municipal well.
The maximum rises in water levels in the shallow wells were approximately 1.8 ft in HN-50S and 1.4 ft in
HN-18S, both of which monitor the lower portion of the shallow zone. Water levels in the intermediate
wells remained lower than shallow and deep wells at most weli clusters, suggesting that the aquifer had
not yet fully recovered from the preceding pumping operations. Water level rises in the intermediate wells
in response to the municipal well shutdown ranged from 0 to slightly over 12 feet (in well HN-65i1). For

the deep wells, the greatest water level recovery observed was approximately 9.2 feet in well HN-65I12.

The potentiometric surface maps do not show groundwater migrating directly from the onbase area of
greatest groundwater impacts (Site 1, located in the HN-11 area) to WMA 26 under the pumping and
nonpumping conditions encountered. From the Site 1 area, groundwater gradients are toward cluster HN-
52. Given the pronounced strike-parallel drawdown pattern observed in the aquifer through comparisons
of water levels obtained during pumping and nonpumping conditions (Figure 3-2), however, thé water level
data indicates that an extended area of influence and drawdown exists for WMA 26 along the strike of the
geologic units and is probably large enough to capture groundwater migrating through the HN-52/HN-65
areas. Additional water level measuring points and measurements would be required to positively

~= " determine the extent of the capture zone of WMA 26.
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40 SUMMARY

“The operation of WMA 26 is the dominant influence on anthropogenic water level fluctuations within the
survey area, with changes in water levels attributable to WMA 26 of up to 12 feet observed in the wells
‘monitored during the survey. Other wells also cause short term water level fluctuations within the survey
area. The base water supply wells located in Area D are likely responsible for the short term fluctuations
seen in wells in the southern portion of the survey area. A well most likely located near Jacksonville Road
east of Area A (potentially the Aztec Corporation well) operates on a regular, cyclical schedule and
mnfluences water levels in the eastern portion of the survey area. No correlation was noted between the
pperation of WMA 13 (in operation daily from 6:00 AM until midnight) and water level fluctuations
observed during the survey, indicating that WMA 13 is too far away to influence groundwater within the

survey area.

The changes in water levels in response to the operation of WMA 26 are most pronounced along geologic
strike and are also strongly depth-dependent. The capture zone of WMA 26 under pumping conditions is
aiso expected to be elongated along strike. Water levels in the offbase area north-northwest of Area A
were most affected by the municipal well, with the observed onbase effects minimal and confined to the
general vicinity of Area A. Groundwater gradients and inferred flow directions across the survey area
were to the north-northwest in shallow, intermediate, and deep flow zones within the bedrock aquifer
during the time periods when WMA 26 was pumping and when it had been shutdown for approximately 2
days.

DOCS/NAVY/6883/088012 4-1




ATTACHMENT A
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ATTACHMENT B
BAROMETRIC PRESSURE/PRECIPITATION DATA



DEPARTMENT OF THE NAVY
NAVAL TRAINING METEOROLOGY AND OCEANOGRAPHY DETAC=NT
POBOX 8
NAS WILLOW GROVE. PA 19090-5008

3140
Ser 00/082
16 Oct 97

From: Chief Petty Officer in Charge, Naval Training Meteorology and Oceanography
Detachment
To:  Charles Meyer, Brown and Root Environmental

Subj: REQUESTED WEATHER DATA

1. The requested data is enclosed. Please ensure the data is used only for the purpose of
NAS JRB Willow Grove’s CLEAN Contract No. N62472-90-D-1298 and Contract Task
Order (CTO) No. 252; to do so would be a violation of the Freedom of Information Act.

2. Please contact me if there are any questions at (215) 443-6576.

e ’V“i%-éﬁ—-’,
L. FORNWALT
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ATTACHMENT C
WATER LEVEL GRAPHS



WATER LEVEL CHANGE

(feet)

HN11-S

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

9/22

9/23

9/24
DAY

9/25

9/26

9/27

9 10
9/28 9/29




WATER LEVEL CHANGE

(feet)

WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

9/22

9/23

9/24
DAY

6

9/25

7
9/26

8

9127

9

9/28

10
9/29




WATER LEVEL CHANGE

0.50

0.25

0.00

(feet)

-0.25

-0.50

-0.75

HN11-D
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

0 1 2 3 4 5 6 7 8 9 10 11

9/19  9/20 9/21 9/22 9/23 924 9/25 9/26 9/27 9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HN14-|
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

9/22

9/23

9/24
DAY

9/25

9/26

8
9127

9 10
9/28 9/29




WATER LEVEL CHANGE

(feet)

HN15-1
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

9/20  9/21

4 5 6 7
9/22 923 924 9/25 = 9/26
DAY




WATER LEVEL CHANGE

(feet)

" HN15-S

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

Pump On

9/19

9/20

9/21

9/22

9/23

5
9/24

DAY

6
9/25

7
9/26

8
9/27

9 10 11
9/28 9/29



WATER LEVEL CHANGE

HN15-D
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

0 1 2 3 4 5 6 7 8 9 10 11
9/19 9/20 921 9/22 9/23 924 9/25 9/26 9/27 9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

1.0

0.5

o
o

-1.0

-1.5

HN16-S

ADC ~CAIT
NAVAL AIR WARFARE CENT

0 1 2 3 4 5 6 7 8 9 10 11

919 920 9/21 9/22  9/23 9/24 9/25 9/26 9/27 9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HN16-I
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

919 920 9/21 9/22  9/23 9/24 9/25 9/26 927  9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HN16-D

NAVAL AIR WARFARE CENTER

P I\ il

WARMINSTER, PENNSYLVANIA

1.5

0 1 2 3 4 5 6 7 8 9 10 11
9119 920 921 9/22 923 924 925 9/26 927 928 9/29
DAY




WATER LEVEL CHANGE

(feet)

HN17-|
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

) 1 2 3 4 5 6 7 8 9 10 11
919  9/20 9/21 9/22 923 9/24 925 9/26 927  9/28 9/29
DAY




WATER LEVEL CHANGE

(feet)

HN17-S

NAVAL AIR WARFARE CENTER

WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

4 5 6 7
9/22 9/23 9/24 9/25 9/26
DAY

8
927

9
9/28

10
9/29




WATER LEVEL CHANGE

(feet)

HN17-D ' ‘
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

0 1 2 3 4 5 6 7 8 9 10 11
9/19 920 9/21 922 9/23 9/24 925 926 927 9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

0.25

0.00

-0.25

-0.50

-0.75

-1.00

-1.25

-1.50

HN22-S

E CEN

TN

[ ol p ¢

WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

9/22

9/23

9/24
DAY

9/25

9/26

0127

9 10

9/28 9/29

11



WATER LEVEL CHANGE

(feet)

1.50

125

1.00

0.75

0.50

0.25

0.00

-0.25

HN22-|
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

0 1 2 3 4 5 6 7 8 9 10 11

919 920 9/21 9/22  9/23 924 9/25 9/26 9/27  9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HN22-D
NAVAL AIR WARFARE CENTER

WARMINSTER, PENNSYLVANIA

9/19 920 921 9/22  9/23 924 9/25 9/26 927 9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HN50-S
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA
1.75

1.50
1.25
1.00
0.75

0.50
0.25
0.00
-0.25
-0.50

-0.75

0 1 2 3 4 5 6 7 8 9 10 11
919 9/20 9/21 9/22 9/23 9/24 9/25 9/26 927  9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HN50-I

[l Y ol N i ald ol to

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

2.0

0 1 2 3 4 5 6 7 8 9 10 11
9/19  9/20 9/21 922 9/23 924 925 926 927 9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HN50-D
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

0 1 2 3 4 5 - 6 7 8 9 10 11
919 920 9/21 9/22  9/23 9/24 9/25 9/26 9/27 9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HN52-S
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

0 1 2 3 4 5 6 7 8 9 10 11
9/19 9/20 9/21 9/22 9/23 9/24 9/25 9/26 9/27 9/28 9/29
DAY




WATER LEVEL CHANGE

(feet)

10

I

HN52-|

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

9/22

9/23

9/24
DAY

9/25

9/26

9127

9 10

9/28 9/29




WATER LEVEL CHANGE

(feet)

HN52-D
NAVAL AIR WARFARE CENTER

NI | Ll

WARMINSTER, PENNSYLVANIA

0 1 2 3 4 5 6 7 8 9 10 11
919 9/20 9/21 9/22 9/23 9/24 9/25 9/26 9/27 9/28 9/29
DAY




WATER LEVEL CHANGE

(feet)

HN52-DD
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

4 5 6 7
9/22 9/23 9/24 9/25  9/26
DAY

8
9127

9
9/28




(feet)

WATER LEVEL CHANGE

HN53-S
NAVAL AIR WARFARE CENTER

WARMINSTER, PENNSYLVANIA

0.00

-0.25

-0.50

-0.75

-1.00

_1 . 25 i ; H H i H ; ; ; ;
0 1 2 3 4 5 6 7 8 9 10 11
919 9/20 9/21 9/22 9/23 9/24 9/25 9/26  9/27 9/28 9/29
DAY




WATER LEVEL CHANGE

(feet)

0.00

-0.25

-0.50

-0.75

-1.00

HN53-|
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

.

0 1 2 3 4 5 6 7 8 9 10 11

919 9/20 9/21  9/22 9/23 9/24 9/25 9/26 9/27  9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HN53-D

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

.Pump On

9/19

9/20

9/21

9/22

9/23

9/24
DAY

6
9/25

.
9/26

8
927

9
9/28

10
9/29

11



WATER LEVEL CHANGE

(feet)

0.25

0.00
-0.25
-0.50
-0.75
-1.00
-1.25
-1.50
-1.75

-2.00

HN55-S

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA
5 8 9 10
919  9/20 9/21 9/22  9/23 9/24 9/25 9/26 9/27 9/28 9/29

DAY




WATER LEVEL CHANGE

(feet)

025

0.00

-0.25

-0.50

-0.75

-1.00

HN55-|

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

9/22

9/23

9/24
DAY

9/25

9/26

8
0127

9 10

9/28 9/29




WATER LEVEL CHANGE

(feet)

HN56-S

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

9/22

9/23

9/24
DAY

6
9/25

7
9/26

8
9/27

9
9/28

10
9/29

11



WATER LEVEL CHANGE

(feet)

HN56-I

[l e sad Qi o mmd o)

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

9/19

9/20

9/21

9/22

9/23

9/24
DAY

9/25

7
9/26

8
9/27

9
9/28




WATER LEVEL CHANGE

HNS59-|
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

0.5

.Pump Oh

B PP

0 1 2 3 4 5 6 7 8 9 10 11
9/19  9/20 9/21 922 923 9/24 9/25 9/26 927 9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

HNG5-S1
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

Pump On

0 1 2 3 4 5 6 7 8 9
919  9/20 9/21 9/22 923 924 925 926 9/27  9/28
| DAY

10 11
9/29



WATER LEVEL CHANGE

(feet)

HN65-S2

NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

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

Pump On

DAY

0 1 2 3 4 5 6 7 8 9 10 11 12
9/19 9/20 9/21 9/22 9/23 9/24 9/25 9/26 9/27  9/28 9/29



WATER LEVEL CHANGE

(feet)

HNG65-|

— e —

NAVAL AIR WARFARE CENTER

WARMINSTER, PENNSYLVANIA

0 1 2 3 4 5 6 7 8 9 10 11
9119 9/20 921 9/22 923 924 925 926 927 928 9/29
DAY




WATER LEVEL CHANGE

(feet)

HNG5-12
NAVAL AIR WARFARE CENTER
WARMINSTER, PENNSYLVANIA

0 1 2 3 4 5 6 7 8 9 10 11
919 9/20 9/21 9/22 9/23 9/24 9/25 9/26 927 9/28 9/29
DAY



WATER LEVEL CHANGE

(feet)

0.2

Q
o

o
N

S
N

NA

HN65-D

AIA
VAL AIR WA

R
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