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Mr. Lonnie Monaco
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Lester, Pennsylvania 19113

Reference:

Subject:

CLEAN Contract No. N642472-D-1298
Contract Task Order (CTO) No. 252

Final Report
Area NOffsite Water Level Study
Naval Air Warfare Center (NAWC) Warminster, Pennsylvania

Dear Mr. Monaco:

Tetra Tech NUS is pleased to submit the attached Final Area NOffsite 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
Author~ 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 influenced as suggested in the comment (HN-22S. HN-535, HN
565). 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 overafi trend and the possibility that recoveries could be slightly
understated in some Cases.

GF comment nuniber 4 sl,lggested 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 interpretation, the statement has been revised to say that the onbase effects of 
the municipal well were mnfined to the general vicinity of Area A rather than Site 1 as originally 
written. 

GG/ejc 

c: Thomas Ames (NAVFACENGCOM) 
Dunnie Wrngo (NAVFACENGCOM) 
Darius Ostrauskas (EPA Region Ill) 
Kathryn Davies (EPA Region III) 
April Flipse (PADEP) 
Ron Sloto (USGS) 
David Fennimore (EarthData, Inc.) 
Anthony Bartolomeo (Pennoni Associates, Inc.) 
Jeffrey Orient (Tt NUS) 
Neil Teamerson (T!t NUS) 



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 Environmental 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 well. 

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. Seventeein 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 played in the 

water level changes observed. 

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

correlate the operation of these wells 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 potential 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-lGS/l/D, HN-SOS/I/D, HN- 

52S/I/D/DD, HN-53S/I/D, and HN-65S/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 

installed 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-1 lS(WellC)/l/D, HN-22S/llD, HN-55S/l, SMCl/2, 

HN-56S/I, HNSOS/I, and HN-17S/I/D. Figure 2-l 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-l. 

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 ,I0 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 wells 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 IO minutes until Monday September 22, 1997 at IO:00 AM. During this time period WMA 

26 was operated continuously at a pumping rate of approximately 250 gallons per minute (gpm). At 1O:OO 

AM on September 22, WMA 26 was turned off in order to determine the extent and magnitude of water 

level changes in the study area due to the shutdown of the municipal well. From IO:00 to IO:05 water 

level readings were collected every 30 seconds. From IO:05 to IO:10 the readings were collected every 

minute. From IO:10 September 22, to IO:00 AM on Wednesday September 24, readings were collected 

every IO minutes. C+ Wednesday September 24, at IO: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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TAtiiE 2-1 
WELL CONSTRUCTION DETAILS 

AREA AlOFFSlTE WATER LEVEL STUDY 
NAWC WARMINSTER 

NS - Not surveyed 
” NA - Not available 

FT MSL - Feet above mean sea level 
Borehole depth and monitored interval measured in feet below ground surface 

c 
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l&O0 to lo:05 water level readings were collected every 30 seconds. From IO:05 to 1.2: :,I) the readings 

we collected every minute. From 1O:lO September 24, to Monday Septembet 29 r:-adings were 

a#ected 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 wells, along with available pumping information for base water supply wells SW-I, SW-Z, 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: 

. 
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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-l 28 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. 

Q. 
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3.0 DATA EVALUATION 

.-- 

3.1 WATER LEVEL CHANGES 

3.1 .I 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 to 0.2 ft are 

also evident in some of the wells, particularly the deeper wells. The graphs for wells HN-17S, HN42DD, 

and HN-65D show good examples of earth tide effects. On some of the graphs for other wells (i.e., wells 

HN-IGD, 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 small fluctuations due to earth tides 

more 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 th,e 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 approxiimate 

magnitude of water level recovery due to the shutdown of the municipal well. Figure 3-l shows the 

magnitude and areal distribution of water level recoveries in shallow, 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 AlOFFSlTE WATER LEVEL STUDY 
NAWC WARMINSTER 

. .- - 

HN-60lS 323.44 11.33 312.11 11.64 311.80 11.83 311.61 -0.19 

HN-601 323.11 3.95 319.16 4.06 319.05 4.31 318.80 -0.25 
SMCI 313.91 18.57 295.34 19.32 294,59 19.80 294.11 -0.48 

SMCZ* 320.01 3.18 316.83 3.24 316.78 3.37 316.64 -0.13 

*Artesian water level - Stickup added to wells as follows: 
HN-151- 10.00 ft HN-17D - 3.00 ft HN-561 - 4.65 ft SMC - 7.00 FT 
lop of casing elevations were adjusted by these added stickups 

c 
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3.1.2 Onbase Observation Wells 

Water level responses to the shutdown and restart of the municipal well were minimal or assent in the 

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-1 lS/I and HN-5%/I. HN-11 I 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 well 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-1 IS and HN-55s) exhibited some flattening out of the 

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

be affected slightly by the municipal well. Based on strike and dip projections, wells HN-11 S/I and HN- 

55S/I may monitor the same lithologic interval as (or slightly below) the lowermost strata intersected by 

WMA 26. 

Onbase wells HN-llD, SMCl, SMC2, HN-22S/l/D, HN-80S/I, HN-17SII/D, and HN-56S/I 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-801 (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 lo: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 significantly 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 level 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 ‘IO:40 AM and was found to be pumping at a rate of 120 gpm. SW-2 was checked 

at IO:50 AM and was found to be pumping at a rate of 63 gpm. Another factor indicating that the 

operation of SW-l 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 production wells 

and is aligned approximately along strike with them. 
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A second onbase water level response not related to WMA 26 was observed in wells HN-561 and HN-801. 

Minor, short term fluctuations were recorded in these two wells throughout the survey. These fiuctuations 

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-801 (0.1-0.2 ft). The shallow 

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

for the cyclical pumping-related fluctuations in the intermediate wells is either drawing from deeper 

portions of the bedrock aquifer or is located updip from the two well clusters. During the April 19!35 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 

has shown that the water level in HN-561 is drawn down by the operation of SW-3 and SW-4. It is 

therefore considered likely that either or both of these wells may have caused the cyclical fluctuations 

seen in HN-561 and HN-801. 

A third onbase water level response not related to WMA 26 was observed in well HN-221. Cyclical daily 

water level declines of approximately 0.25 to 0.9 feet were noted in this well, beginning around 6:OO - 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 commercial 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-221) however the daily water level fluctuations were in the l-2 foot range. The well 

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 also appears to be 

influenced by some nearby pumping, but the pattern is different than what is observed in wells HN-15D 

and HN-221. 

3.1.3 Offbase Wells 

-- - In general, recovery/drawdown effects were much more pronounced in the offsite well clusters located in 

the offbase area north of Area A. At least one well in each of well clusters HN-lGS/I/D, HN-50 S/I/D, HN- 

52S/I/D/DD, and HN-65Sl/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 well was observed to be highly variable and dependent on at least 2 factors; alignment 

relative to WMA 26 and well depth. 

At well cluster HN-SOS/I/D, located approximately 880 feet directly updip from WMA 26 (the Stockton 

Formation in the vicinity of Area A has a strike of north 64 degrees east and a dip of 7 degrees to the 

northwest, based on Area AIoffsite well log data), the maximum water level recovery due to the shutdown 
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of the municipal well was 2.96 feet, in HN-SOD. The intermediate well in this cluster (HN-501) had a 

recovery of 1.95 feet and the shallow well (HN-SOS) a recovery of 1.76 feet. Based on geophysical logs 

and strike and dip projections, HN-SOD appears to intersect the same lithologic interval as Z;ne 4 of WMA 

26. 

The maximum water level recovery at well cluster HN-lGS/I/D, located approximately 1150 feet south- 

southwest of WMA 26 (approximately 40 degrees from the updip direction), was 6.‘l4 feet, in HN-161. 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/I/D/DD, located approximately 1450 feet southwest of WMA 26 (approximately 70 

degrees from the updip direction), the maximum water level 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-521 intersects the same lithologic interval as Zone 3 of the municipal well. 

The maximum water level recovery at well cluster HN-65Sl/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-65Sl and HN-65S2) had water level recoveries 

of 0.51 feet and no effect, respectively. Based on geophysical logs and strike and dip projections, HN-6511 

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- 

15S/I/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-11 I. A rise in water level of 0.3 feet was observed in HN-15D, 

however this is attributed to factors unrelated to the municipal well shutdown, including the obvious 

. 
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pumping effect of a different well on HN-151 (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 borehole wells 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-5912, 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 wells monitored during the water level survey, HN-53S/I/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 wells shortly 

after the restart of the municipal well was observed. This short term drop of approximately 2.4 ft in water 

level started at about ‘lo: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-l 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, 3-4, 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 VI/MA 26 was in operation. The overall direction of the groundwater 

gradient is to the north-northwest on all three maps, indicating a consistent flow 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, thus not directly drawing water from the 
” 

shallow flow zone). Lowest water levelswere typically (but not always) observed in the intermediate wells. 

DocsI~wt68831oaao~ 2 
. 

3-8 

1 



‘b\ 

‘+: ‘, 
./-’ 

,’ 
------ _ 

- .-. 
-.-- ---i-- ._.____’ 

\ ,> 
’ /’ 

/’ 1, 
; : _I’ 
._, I 

i 1” 
>. --...^ 

I,~ -+.’ _ j 

, , ,\, : ‘i, 

/’ \ 
- --.---+- ‘\ 

--t--- , _*’ 
‘--- -..- - _ , ., 

- ---- ; 

9 MONITORING WELL 

. . . 



/ / 

/ 

,POTEN~IOMETRIC SURFACE CONTOUR 

nnCSINAW/6883/0880~2 3-10 



- 

DOCSNAW16883/088012 

63 MONITORING WELL 

~~POlXN710hiElRIC SURFACE CONTOUF 

273.85 WATER LEVEL ELEVATION 



.- 

Water levels in the deep wells located west of Jacksonville Road were generally IO feet or more higher 

than in the companion intermediate wells at cluster locations, 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 pr’or 

to the restart of the municipal well. These maps show groundwater gradient patterns after a 47 h..Jr 

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 HNdOS and 1.4 ft in 

HN-16S, 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 well 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-6511). For 

the deep wells, the greatest water level recovery observed was approximately 9.2 feet in well HN-6512. 

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, the 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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4.0 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 

influences water levels in the eastern portion of the survey area. No correlation was noted between the 

operation 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 

also 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. 
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ATTACHMENT B 

BAROMETRIC PRESSURE/PRECIPITATION DATA 



DEPARTMENT OF THE NAVY 
NAVAL TRAINING METEOROLOGY AND OCEANOGRAPHY DETACk?‘“C:.?U 

POSOXS 

NAS WILLOW GROVE. PA 1909045008 

3140 
Ser 001082 
16Oct97 

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. 
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ATTACHMENT C 

WATER LEVEL GRAPHS 
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