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1.0  INTRODUCTION 
 

The Navy has performed multiple phases of remedial investigation (RI) and additional post-remedial 

investigation of the groundwater at Site 1 (the former Privet Road Compound) at the Naval Air Station 

Joint Reserve Base (NAS JRB) Willow Grove, Pennsylvania.  The results of these investigations have 

been presented in several documents, including the final Remedial Investigation Report for Site 1 - Privet 

Road Compound (Tetra Tech NUS, July 2002), the Site 1 Remedial Investigation Addendum  

Two (2) - Groundwater Human Health Risk Assessment Technical Memorandum (Tetra Tech NUS, 

August 2005), and the Site 1 Remedial Investigation Addendum Three (3) for Groundwater (Tech NUS, 

September 2005). 

 

One objective of the remedial investigation addenda process was to obtain additional data to support the 

conclusion, presented in the RI, that Site 1 is not the source of the volatile organic compounds (VOCs) 

that are detected in the Navy’s potable supply wells.  The purpose of this RI addendum report is to 

consolidate data, interpretations, and discussions from the previous remedial investigation reports 

referenced to demonstrate that VOCs are migrating onto the Base from an upgradient, off-Base source 

area. 
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2.0  GROUNDWATER CONDITIONS 
 

The RI for Site 1 delineated coalescing groundwater plumes that are  either migrating through the site 

under natural (ambient) conditions or are drawn to the site by the pumping of the two deep and high-

yielding Navy potable water wells.  The RI report concluded that Site 1 is not the major source of the 

VOCs detected in the Site 1 area groundwater (including the potable supply wells), but noted that the 

difficulty and uncertainty in delineating the individual extents of the multiple plumes and their sources was 

compounded by the complex hydrogeology, which is characterized by the presence of multiple 

(unconfined and semi-confined) aquifers that respond differently to the daily pumping and cycling 

(alternating between both wells “on” or both wells “off” multiple times per day) of the supply wells.  The 

transition zone between the unconfined and semi-confined portions of the aquifer occur between the 

subsurface depths of about 40 to 70 feet.   

 

The RI report concluded that an off-site source (possibly in the vicinity of the former Kellett Aircraft 

Facility) appears to be the most significant source of the VOCs in the vicinity of Site 1 and in the Navy 

potable supply wells, but the RI also delineated three potential on-Base, lesser sources of VOCs, 

including:  

 

• A potential source of PCE and TCE in the vicinity of Supply Well No. 1 or the Public Works Building. 

 

• A possible minor source of PCE at the Privet Road Compound. 

 

• A potential minor source of TCE southwest of the compound, in the vicinity of, or upgradient from, the 

Navy Fuel Farm. 

 

Confirmation of the presence of off-Base contamination migrating onto NAS JRB Willow Grove (and into 

the supply wells) was constrained by the lack of groundwater analytical data at the Base property line.  

Additional data was needed to document the quality of the groundwater as it flows onto the property at a 

location upgradient from the supply wells.  The delineation or identification of the potential lesser,  

on-Base sources was constrained to varying degrees by the absence of monitoring wells at some 

locations, or, if wells were present, by the absence of well clusters to simultaneously monitor the 

unconfined and confined portions of the aquifer.  Subsequent to the completion of the final RI report in 

2002, the Navy installed additional monitoring wells to address all of these data gaps.  The results from 

these additional wells, installed and sampled after the 2002 RI report was distributed, form the basis of 

this report.     
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2.1 OFF-BASE GROUNDWATER CONDITIONS 
 

The off-Base groundwater conditions, including groundwater quality and groundwater flow directions, are 

summarized and illustrated in Figure 1, and discussed in the following sections. 

 

2.1.1 Groundwater Flow Direction 
 

The regional groundwater flow patterns in the vicinity of the NAS JRB Willow Grove were interpreted by 

the USGS through a cooperative investigation with the Navy.  The USGS interpretation used groundwater 

elevations obtained from both on-Base monitoring wells and accessible off-Base wells located within the 

surrounding neighborhoods (USGS 2001, Open-File Report 01-149).  The groundwater elevation 

contours in the vicinity of Site 1 are included on Figure 1, and the complete map is included in Appendix 

A. 

 

The USGS report indicates that the regional direction of groundwater flow is dominantly to the northwest, 

which is the same site-specific direction previously interpreted for Site 1 (Tetra Tech NUS, July 2002).  

The USGS interpretation also indicates that in the off-Base area immediately east of Site 1, there is the 

potential for a local component of northward to northeastward flow, reflecting the local topography of an 

intermittent stream (in its uppermost reaches) to perennial stream.    

 

2.1.2 Groundwater Quality 
 

Information regarding the off-Base groundwater quality in the locations upgradient of Site 1 and the Navy 

supply wells (in the general vicinity along Route 611) was documented and discussed in detail in the RI 

report (Tetra Tech NUS, July 2002).  These results are also illustrated in Figure 1, and are summarized in 

the following discussions.    

 

2.1.2.1 Former Kellett Aircraft Corporation Facility 
 

The former Kellett Aircraft Corporation facility has been the subject of multiple environmental 

investigations.  EPA completed both a Preliminary Assessment (USEPA, 1987) and a Site Inspection 

(USEPA, 1988) for the property.  In addition, PADEP has monitored the facility and conducted limited field 

investigation, including the sampling and analysis of neighboring potable wells (PADEP project files). 

 

As part of their SI, EPA sampled the facility’s liquid waste holding tank.  These results (which are included 

in Appendix B) document that the VOCs that were present on site and used in the manufacturing process 
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at the time of sampling included trichloroethene (TCE), tetrachloroethene (PCE), 1,2-dichloroethane  

(1,2-DCA), chloroform, and 1,1,1-trichloroethane (1,1,1-TCA). 

 

EPA also conducted limited sampling of the site’s soil and surface water during the SI.  No groundwater 

samples were obtained.  The results of the media sampling indicated that the site’s surface water was 

contaminated with TCE, PCE, and 1,1,1-TCA.  These aqueous samples were obtained from a drainage 

swale that received the former Kellett process discharge and an intermittent tributary located 

downgradient of the Kellett building (see Figure 1).  The drainage swale and tributary flow into another, 

larger unnamed tributary that originates on NAS JRB Willow Grove property.  A surface water sample 

obtained from the larger tributary at a location downstream of NAS JRB Willow Grove, but upstream of 

the discharge contribution from the Kellett facility, contained only one VOC (carbon disulfide at 1 ug/L), 

indicating that neither the TCE, PCE, nor 1,1,1-TCA originates on NAS JRB Willow Grove property.  

 
2.1.2.2 Private Residence 
 

A private residence located north of the former Kellett facility is served by a well that is equipped with a 

water treatment system.  The construction details of the residential well are not known, but based on the 

advanced age of the house, the well is likely shallow (possibly less than 100 feet), or is almost certainly 

open through that interval.  Although the resident declined to participate in the EPA investigations, they 

did allow PADEP to sample their well.  The results from two sampling events (obtained from the PADEP 

project files) are summarized in Figure 1 and included in Appendix C.  The two results are markedly 

different and apparently contradictory, and range from very high concentrations of VOCs in 1996 

(including PCE at 1,800E ug/L and TCE at 69 ug/L) to essentially no detections in 2003 (only PCE at  

0.5 ug/L).  It is unlikely that both analytical results represent valid samples of untreated groundwater, 

because it is unlikely that the groundwater quality could be restored within that timeframe in the absence 

of a major remedial effort.  It is hypothesized that the 1996 event represents actual groundwater 

conditions and that the 2003 event may have inadvertently sampled treated groundwater.  Additional 

testing of this well would be required to test this hypothesis. 

 

Based on the interpreted directions of groundwater flow, the results of the 1996 sampling event indicate 

that the groundwater directly downgradient of the former Kellett facility is significantly contaminated with 

the same VOCs that were documented as present and used within the Kellett facility, and that occur 

within the surface waters of that facility.  These results document that the off-Base groundwater 

upgradient of NAS JRB Willow Grove is significantly contaminated with the same VOCs that are detected 

in the Navy supply wells.          
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2.1.2.3 Commercial Establishment 
 

A commercial establishment located south of the former Kellett facility was sampled by PADEP in 1997.  

The analytical results were obtained from the PADEP project files and are included in Appendix D.  These 

results indicate that the groundwater immediately upgradient of the Kellett facility contains the same suite 

of VOCs that are detected downgradient of the facility (in the residential well), although at much lower 

concentrations.  Records from the PADEP site sampling event mention a carbon filter and water softener, 

but do not indicate if the water sample was obtained from untreated groundwater.  The construction 

details of the commercial establishment well are not known, but as discussed in the RI  

(Tetra Tech NUS, July 2002), the well only serves the one establishment so it is likely to be constructed in 

a manner similar to a typical residential well and as such, it is unlikely to be cased entirely through the 

unconfined interval of the aquifer (typically, residential wells are cased into the top of competent rock, 

which generally occurs at a depth of about 20 feet in this area). 

 

Analytical results from the commercial establishment well further document the presence of VOCs in the 

groundwater upgradient of NAS JRB Willow Grove, although the source(s) of these VOCs is not known.  

Although the VOCs detected in this well are the same as those used in the former Kellett facility (or are 

breakdown products of those compounds), this well is located upgradient of the Kellett property, and it is 

uncertain if the capture zone of this well could be that extensive.  The presence of VOCs in the 

commercial establishment well could be indicative of multiple off-Base VOC sources in the general area 

located east of Route 611.   

 

2.1.2.4 Public Supply Well 
 

The Horsham Township Municipal Authority (HTMA) Well No. 10 is located approximately 3,600 feet 

southeast (upgradient) of Site 1.  According to the HTMA, this well is 271 feet deep and has surface 

casing set to a depth of 50 feet.  Historical analytical results from this well were obtained from the HTMA 

for the RI and discussed in that report (Tetra Tech NUS, July 2002).  Low concentrations of TCE and 

1,1,1-TCA were detected fairly frequently, but inconsistently, and included detections of 0.2 ug/L for both 

compounds for the most recent analysis that was available at that time (October 2001).  A review of the 

historical (post-1996) data indicated that although the data were incomplete, the concentrations reported 

for October 2001 were fairly typical for the well when VOCs were detected, although no detections were 

reported for many sampling events. 

 

The detections of VOCs in the nearby commercial establishment well and the absence (or very limited) 

detections of VOCs in the public supply well (which are approximately 1,600 feet apart) indirectly support 

the existence of an off-Base VOC source in the vicinity of these wells.  The casing depth of the public 
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supply well would effectively case off the shallow groundwater of the unconfined zone and place the open 

portion of the borehole within the semiconfined zone.  As discussed, it is unlikely that the surface casing 

of the commercial establishment well is set deep enough to entirely case off the groundwater of the 

unconfined zone, which would allow groundwater from that interval to enter the well.  Although 

circumstantial, the absence of VOCs in a well known to be cased off from the shallow groundwater and 

the presence of VOCs in a well that is probably not cased off from the shallow groundwater appears to be 

indicative of a shallow source of groundwater contamination in the vicinity of the wells. 

 

2.1.2.5 Tinius Olsen Property / Retail Gasoline Station / MTBE Plume 
 

The Tinius Olsen metal working (manufacturing) facility and the retail gasoline station are located 

approximately 4,000 feet and 5,000 feet southeast (upgradient) of Site 1, respectively.  In 1997, the Navy 

installed four shallow monitoring wells around the Tinius Olsen property (which lies along the west side of 

Route 611 and immediately adjacent to NAS JRB Willow Grove) due to the detection of the gasoline 

component methyl tert butyl ether (MTBE) in the Tinius Olsen supply well (Brown & Root Environmental, 

September 1997).  Based on the site-specific determination of groundwater flow to the northwest 

(consistent with the subsequent USGS investigation), the report concluded that the contamination did not 

originate on Navy property and that the retail gasoline station (which had a documented gasoline release) 

was a possible source.  Relative to the Site 1 investigation, chlorinated solvents were not common in the 

wells (one well contained 12 ug/L of carbon tetrachloride, but no wells contained TCE or PCE), indicating 

that neither of these properties is a potential source of the contamination detected in the NAS JRB Willow 

Grove supply wells.   

 

Also, relative to the USGS interpretation of groundwater flow, these shallow monitoring wells are located 

along the Navy property boundary in an area where a potential north to northeastward component of 

groundwater flow from the Navy property to the off-Base properties (and generally toward the former 

Kellett facility) could be inferred.  The absence of site-related VOCs in these wells indicates that this 

portion of NAS JRB Willow Grove is not the source of the off-Base groundwater contamination.   

 
2.1.2.6 Willow Grove Air Reserve Station (ARS) 
 
The ARS is a Department of Defense (DOD) Air Force facility that is contiguous with the NAS JRB and 

lies within the installation’s fenced boundaries.  Although EPA provides regulatory oversight to the ARS 

and the NAS JRB as a common Superfund site, these activities are operated by different defense 

services, Air Force and Navy, respectively.  The ARS is not part of the NAS JRB, and is therefore 

considered to be off-Base relative to the Navy’s property. 
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The ARS Site SD-4 (Aircraft Wash Rack/Trickling Filter Site) lies several hundred feet west of the Privet 

Road Compound (Figure 1). Unlike the Privet Road Compound Site where no historic investigation 

detected Target Compound List (TCL) VOCs contamination in subsurface soils, an ESI at ARS SD-4 

detected PCE at 1 mg/kg in a subsurface soil sample.  PCE and its breakdown product TCE have 

historically been detected in the monitoring wells at Site SD-4.  The ground water extent of contamination 

at the ARS Site SD-4 and the impact to the Navy Supply wells from this source are unknown, at this time. 

Therefore, ARS SD-4 cannot be eliminated as a present or historic off-Base contributor of ground water 

contamination to the underlying aquifer.  

 

2.1.3 Off-Base Groundwater Condition Discussion Summary 
 

The off-Base groundwater located south and east of NAS JRB Willow Grove is significantly impacted by 

the same VOCs that are detected on the Navy property, at Site 1 and in the two Navy potable supply 

wells.  The results of investigations conducted by EPA and PADEP at the off-Base locations indicate that 

there is at least one potential source (the former Kellett aircraft facility) of the VOC contamination in the 

immediate vicinity of the off-Base impacted groundwater, although this facility has not been confirmed as 

a source, and it is possible that other off-Base sources of contamination may exist.  Planned future 

investigation by EPA at the Kellett facility may provide additional information regarding the specific 

source(s) of the off-Base groundwater contamination. 

 

The results of groundwater flow studies conducted specifically for Site 1 (by the Navy) and for the region 

(by the USGS) indicate that the impacted off-Base groundwater (in the vicinity of the former Kellett facility) 

is located hydraulically upgradient of NAS JRB Willow Grove, and that the general direction of 

groundwater flow is from this off-Base area towards the Base.  These observations confirm the potential 

for the source of the groundwater contamination at Site 1 and in the supply wells to be an off-Base 

location.  

 

The surface water contamination at the former Kellett facility indicates that TCE, PCE, and 1,1,1-TCA 

(which have been documented as having been used at the facility) were apparently released there to the 

environment.  PCE is the dominant contaminant at both Kellett and within the Navy supply wells.  The 

Kellett facility sits on or very near the outcrop area of the most highly contaminated lithologic unit  

(Unit “H”) beneath the Privet Road Site (Figure 1).  In their initial report (USGS 2001), the USGS also 

noted that the fractures associated with Lithologic Unit H formed one of the more pervasive fracture sets 

(in terms of interconnectedness and continuity) beneath the Privet Road Site and in the two supply well 

boreholes.  Michalski and Britton (Ground Water, Vol 35, No. 2, 1997) point out that within the Triassic 

Basin, updip extensions of the major bedding fractures into the weathered zone provide dominant 

pathways for downdip drainage across the weathered zone.  Thus, a plausible conceptual model would 
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include the introduction of the TCE, PCE, and 1,1,1-TCA into the aquifer near the Kellett facility, the 

downdip (and downgradient) migration of the contaminants within the bedding plane fractures, and the 

subsequent capture of these contaminants by the Navy supply wells.  This model also explains why the 

VOCs detected in the vicinity of Site 1 occur dominantly within the semiconfined zone as opposed to the 

shallower unconfined zone, where they would be expected if these wells were located in the proximity of 

the contamination source.  

 

Regulators have questioned whether the off-Base contamination could be the result of a groundwater 

plume originating at, and migrating from NAS JRB Willow Grove property to off-Base locations; because 

the USGS interpretation of groundwater flow indicates a local north to northeastward component of flow in 

the vicinity of the former Kellett facility (see Figure 1).  The Navy monitoring wells installed around the 

Tinius-Olsen property are located in a position that is generally upgradient of the former Kellett facility, 

based on topography and the USGS interpretation of local groundwater flow direction.  The groundwater 

analytical results from these wells do not contain chlorinated VOCs, indicating that the contamination 

detected in the vicinity of the former Kellett property does not originate on the NAS JRB Willow Grove 

property. 

 

2.2 GROUNDWATER QUALITY AT THE BASE PROPERTY BOUNDARY 
 

Subsequent to the submittal of the RI report for Site 1, the regulatory community expressed the opinion 

that the lack of groundwater information at the NAS JRB Willow Grove property boundary along Easton 

Road was a key data gap in the technical discussions linking the off-Base groundwater conditions to the 

on-Base impacts to the Navy supply wells.  As a result, the Navy contracted with ECOR Solutions 

(ECOR) to perform field work and data collection in accordance with the approved Work Plan for 

Groundwater Investigation, summer 2005 Continued Groundwater Source Investigation,  

Site 1 - Groundwater (OU 3) (Tetra Tech NUS, September 2005).      

 

The purpose of this investigation was to acquire the additional data needed to support the hypothesis that 

the volatile organic compounds (VOCs) detected in the Navy supply wells are emanating from an off-

Base source.  Three new monitoring wells were installed at two locations adjacent to the NAS JRB Willow 

Grove boundary along Easton Road (Figure 1).  These wells, which are located geologically updip and 

hydraulically upgradient from Site 1, were installed to determine the quality of the local groundwater that 

is migrating onto NAS JRB Willow Grove from upgradient, off-Base locations.  

 

 

 

 



L/DOCUMENTS/NAVY/2192/21228  CTO-003 2-8 

2.2.1 Scope Continued Groundwater Investigation 
 

The following field investigation tasks were completed to measure the quality of groundwater migrating 

onto NAS JRB Willow Grove property from upgradient, off-Base locations. 

 

• Monitoring Well Installation Three new monitoring wells were installed at two locations (see Figure 1).  

One of the wells (01MW09S) was installed at a location in a direct line between the former Kellett 

facility and the Navy supply wells.  Two of the wells (01MW10S and 01MW10D) were installed at a 

location geologically downdip of the former Kellett facility and generally along bedrock strike from the 

Navy supply wells. 

  

• Groundwater Sampling and Analysis The new monitoring wells were sampled for VOCs.  Before 

permanent monitoring well construction within the borehole, groundwater samples were obtained 

from multiple horizons at each location by performing packer tests within the open borehole.  

Samples were also obtained from the permanent monitoring wells that were subsequently installed 

within the boreholes. 

 
2.2.2 Monitoring Well Installation 
 

The locations of the new monitoring wells are illustrated on Figure 1. The rationale for each location 

relative to the site conceptual model and to the identified data gaps is discussed briefly in Section 2.2.1 

and in detail in the work plan (TtNUS, September 2005).  Construction details for each well are 

summarized in Appendix G. 

 

2.2.2.1 Borehole Drilling 
 
The drilling subcontractor was Eichelbergers, Inc., of Mechanicsburg, Pennsylvania.  The monitoring well 

boreholes were drilled by the air percussion drilling method.  At each location, an 8-inch I.D. steel casing 

was grouted into a 12-inch borehole that was drilled to a depth of 30 feet, or approximately 20 feet below 

the overburden/bedrock interface.  At each location, a nominal 8-inch diameter borehole was drilled out of 

the casing to the total depth of the borehole, 150 feet for 01MW09 and 350 feet for 01MW10. 

 

The boreholes were logged by an ECOR geologist.  The geologist also monitored the borehole for 

organic vapors with a photoionization detector (PID).  The boring logs are included in Appendix E.  

 

 

 



L/DOCUMENTS/NAVY/2192/21228  CTO-003 2-9 

2.2.2.2 Geophysical Borehole Logging 
 

Geophysical logs of the open-bedrock boreholes were obtained by the United States Geological Survey 

(USGS) under their interagency agreement with the Navy.  The boreholes were logged a minimum of  

2 days after their drilling completion to allow the borehole parameters to return to ambient conditions.  

The borehole logs generated by the USGS included the following: 

 

• Caliper 

• Natural gamma 

• Single point resistance 

• Fluid temperature 

• Fluid conductivity 

• Fluid velocity by heat pulse flowmeter 

• Borehole television 

• Digital acoustic televiewer 

 

Copies of the logs and documentation of the borehole logging program are provided in a report published 

by the USGS (USGS, 2007). 

 

2.2.2.3 Aquifer-Isolation (Packer) Testing 
 

The boring logs generated by ECOR and the geophysical logs generated by the USGS were reviewed by 

the Navy, EPA, ECOR, TtNUS, and the USGS.  For each borehole, several vertical intervals were 

identified as potential screen zones for permanent monitoring wells to be built in the boreholes.  Because 

selection of the zone to be screened was not unequivocal, packer testing of the potential zones was 

performed to determine VOC concentrations of those zones.  Laboratory analytical results from the 

packer tests are included in Appendix F (these results did not receive validation).  The documentation of 

the aquifer isolation tests is provided in a report published by the USGS (USGS, 2007).  The analytical 

results for PCE are also illustrated on the hydrogeologic cross-section presented as an inset to Figure 1. 

 

The packer tests were performed by the USGS.  Inflatable straddle packers were used to isolate the 

water-bearing zones of interest, and a submersible pump was used to obtain groundwater samples from 

these zones.  ECOR collected groundwater samples and submitted them via overnight air courier to a 

Navy-approved laboratory for low-concentration VOC analyses on a quick-turnaround (48-hour) schedule.  

Groundwater samples were analyzed fro VOCs by laboratory analytical method SW-846 Method 8260B.  

Analytical data from the packer samples was used for field screening purposes to guide permanent 

monitoring well construction details only, and therefore was not validated. 
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In addition to obtaining groundwater samples, the USGS investigated the hydraulic connection between 

the pumped interval and other stratigraphic intervals in both the newly installed monitoring wells and 

adjacent wells by installing pressure transducers and monitoring water level changes induced by 

pumping.  During this investigation, the USGS noted that water levels in 01MW09 were somewhat 

influenced by the pumping of the Navy supply wells and that water levels in 01MW10 were strongly 

influenced by the pumping of the Navy supply wells, confirming the frequently-noted observation of 

enhanced drawdown along bedrock strike within the Stockton Formation and establishing that the zone of 

influence of the supply wells extends at least to the vicinity of 01MW10. 

 

2.2.2.4 Monitoring Well Installation and Development 
 

The boreholes were fitted with screened monitoring wells constructed to monitor groundwater from a 

specific vertical interval.  The interval to be monitored in each monitoring well was generally based upon 

the approximate depth where hydrogeological and chemical data were needed to fill the data gaps at that 

location, and was based upon the evaluation criteria discussed above, including the boring logs, 

geophysical logs, and packer test results.  Well construction details for the three new monitoring wells are 

summarized in Table 1.  Well construction diagrams are included in Appendix G. 

 

The monitoring wells were constructed with 2-inch-diameter (at 01MW10) or 4-inch-diameter  

(at 01MW09), flush-joint and threaded PVC well casing and corresponding 2-inch or 4-inch-diameter, 

Schedule 40, 0.020-inch slotted well screen fitted with a bottom cap.  At location 01MW09, a single well 

was installed within the borehole, and at location 01MW10, two wells were installed within the borehole.  

At each location, the bottom of the well screen was installed above the bottom of the borehole.  The 

interval between the bottom of the monitoring well screen and the bottom of the borehole was backfilled 

with bentonite at 01MW09 and with gravel at 01MW10, because the interval to be sealed at the latter 

location was short and no significant water-bearing zones were identified within that interval.  The annular 

space between the well screens and the boreholes was packed with No. 2 quartz sand to a height of  

5 feet above the top of the screens and a bentonite seal with a thickness of 5 feet was emplaced above 

the sand pack.  The remainder of the annular space from the bentonite seal to the ground surface was 

grouted with a 5 percent bentonite/cement grout.  The monitoring wells were subsequently developed 

with a submersible pump.  Reference elevations were established by James M. Stewart, Inc., a 

Pennsylvania-licensed surveyor.  The survey data is included in Appendix H. 

 

2.2.3 Groundwater Sampling and Analysis 
 

The three new monitoring wells were sampled for low-concentration TCL VOCs.  The analytical data are 

summarized in Table 2.  The complete set of validated analytical data is presented in Appendix I.      
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Low-concentration TCL VOC analyses were performed by SW-846 Method 8260B.  A Practical 

Quantitation Limit (PQL) of 1 ug/L was achieved for most compounds.  Samples from all monitoring wells 

were also analyzed in the field for the following parameters. 

 

• Dissolved oxygen (meter) 

• pH 

• temperature 

• conductivity (meter)  

 

Groundwater samples were obtained by the low-flow purging and sampling method following EPA  

Region 3 guidelines (Bulletin QAD023 - June 16, 1999).  The new monitoring wells were sampled a 

minimum of 2 weeks after their development.   

 
2.2.4 Groundwater Quality at the Base Boundary Discussion 
 

Analytical results from the new monitoring well locations installed along the fence line (see Figure 1) 

confirm the presence of VOCs in the groundwater at the NAS JRB Willow Grove property boundary.  

Based on the site-specific groundwater flow directions interpreted by the Navy for Site 1 and the regional 

groundwater flow directions interpreted by the USGS, the new wells are at a location that is hydraulically 

upgradient of Site 1 and the Base potable water supply wells, and hydraulically downgradient from the 

identified area of off-Base VOC groundwater contamination (Section 2.1).  These results confirm that 

contaminated groundwater originating at an off-Base location is migrating onto the NAS JRB Willow 

Grove property along the eastern boundary of the Base. 

 

Monitoring well 01MW09 was installed at a location between the Navy supply wells and the off-Base 

former Kellett facility.  Based on the overall regional groundwater flow direction to the northwest, this well 

is located almost directly downgradient of the Kellett facility, and directly upgradient of the Navy supply 

wells.  The analytical results from 01MW09, however, indicate that the groundwater at this location is not 

highly contaminated (see Cross-Section Inset, Figure 1).  These results are interpreted to indicate that the 

local groundwater east of the Base and in the vicinity of the Kellett facility flows in a more northward 

direction in response to the local topography (as indicated by the intermittent-to-perennial stream valley, 

and as interpreted by the USGS).  This northward direction of groundwater flow places 01MW09 along 

the western fringe of the off-Base plume (in agreement with the low VOC concentrations detected in this 

well), and places the off-Base residential well (Section 2.1.2.2) nearly directly downgradient of the former 

Kellett facility (in agreement with the high VOC concentrations detected in this residential well).  Together, 

the regional groundwater flow interpretation and the analytical results from these wells indicate that an 
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off-Base groundwater plume originating somewhere in the vicinity of the former Kellett facility flows in a 

generally northward direction. 

 

Monitoring well cluster 01MW10 was installed at a location downgradient of the former Kellett facility, and 

along the bedrock strike of the Navy supply wells.  The water level in the 01MW10 borehole was strongly 

influenced by the pumping of the Navy supply wells (approximately 4.7 feet of hydraulic head per 

pumping cycle), which reflects the characteristic enhanced drawdown along bedrock strike that is typical 

for the Stockton Formation, and which places the 01MW10 location within the zone of influence of the 

pumping wells.  Although there are insufficient hydraulic head data along Rte. 611 to define the actual 

capture zone of the wells, the magnitude of the head fluctuations within the zone of influence and the 

similarity of the chemical signature (VOC concentrations) between 01MW10 and Supply Well No. 1 

strongly suggest that the VOCs detected in the Navy supply wells are attributable to the off-Base plume 

that is migrating under ambient conditions to the vicinity of 01MW10, where the plume is captured by, and 

drawn into, the Navy supply wells.  The generally similar vertical distribution and concentrations of VOCs 

in 01MW10 and Navy Supply Well No. 1 are consistent with this interpretation.  The VOC concentrations 

in Supply Well No. 2 are historically lower than Well No. 1, but Well No. 2 is a much less efficient well  

(as determined by specific capacities).            

 

In conclusion, the available hydrogeological and chemical data for the off-Base areas located adjacent to 

the NAS JRB Willow Grove, and the delineation of the Base’s boundary conditions (located between the 

off-Base areas and the Navy’s supply wells), are consistent with the existence of a VOC plume that 

emanates from an off-Base source (possibly from multiple sources) somewhere in the vicinity of the 

former Kellett facility, and flows in a generally northward direction under ambient conditions until the 

plume is captured by the Navy supply wells, and drawn along strike into the wells.     

 
2.3 GROUNDWATER CONDITIONS IN THE VICINITY OF THE SUPPLY WELLS 
 

The RI report (Tetra Tech NUS, July 2002) concluded that the nature and three-dimensional extent of 

TCE and PCE in the vicinity of Site 1 and the Navy supply wells is extremely complex, and that possibly 

two PCE plumes and four TCE plumes coalesce (at least laterally, if not vertically) in this area.  Based on 

the convergence of multiple lines of evidence, the report concluded that an off-Base source was the most 

significant source of the VOCs detected in the Navy supply wells (this interpretation is summarized in 

Sections 2.1 and 2.2 of this report).  Based on the site conceptual model (including the nature and extent 

of the VOCs and the groundwater flow characteristics relative to the unconfined and semiconfined 

portions of the aquifer) the report also postulated three potential on-Base, lesser sources of VOCs that 

could not be the primary source of the VOCs in the supply wells, but might still be impacting the wells to a 

lesser extent.  These potential sources included:  
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• A possible minor source of PCE at the Privet Road Compound (Site 1). 

 

• A potential source of PCE and TCE in the vicinity of Supply Well No. 1 or the Public Works Building. 

 

• A potential minor source of TCE southwest of the compound, in the vicinity of, or upgradient from, the 

Navy Fuel Farm. 

 

In the 2002 RI report, the identification of these potential lesser, on-Base sources was constrained to 

varying degrees by the absence of monitoring wells at some locations, or, if wells were present, by the 

absence of well clusters to simultaneously monitor the unconfined and semiconfined portions of the 

aquifer.  Subsequent to the completion of the 2002 RI report, the Navy installed additional monitoring 

wells to address these data gaps.  The results from the additional wells (combined with the previously 

existing data) are summarized in the following discussion, and are presented and discussed in much 

more detail in the Remedial Investigation Addendum 3 for Site 1 Groundwater - Privet Road Compound 

(Tetra Tech NUS, September 2005). 

 

The monitoring wells existing in the vicinity of Site 1 and the Navy supply wells are illustrated in Figure 1, 

and their analytical results for TCE and PCE in the unconfined and semiconfined portions of the aquifer 

are illustrated in Figure 2 through Figure 5.  The analytical results from interval packer (isolation) tests 

conducted in the Navy supply wells is summarized in Table 3, and the PCE results from these packer 

tests are illustrated on the hydrogeologic cross-section (Inset on Figure 1).   

 
2.3.1 Groundwater Conditions in the Vicinity of Site 1 
 

As discussed in detail in the RI report (Tetra Tech NUS, July 2002), the lateral extent and vertical 

distribution of TCE and PCE at Site 1 (relative to their concentrations upgradient and downgradient of the 

site, and their concentrations in the unconfined versus the semiconfined portions of the aquifer) indicate 

that the primary source of VOCs in the Site 1 monitoring wells is not located in the immediate vicinity of 

the former Privet Road Compound, but must be at some unknown, upgradient location.   

 

Site 1 may be a minor source of PCE because of the detections of PCE in monitoring wells located 

downgradient of the northwestern corner of the site at concentrations ranging from 4 - 6 ug/L in the 

unconfined zone (Figure 4) to 5-11 ug/L in the semiconfined zone (Figure 5).  The absence of PCE in the 

Site 1 soils, the absence of PCE in other downgradient monitoring wells, and the absence of PCE in the 

monitoring wells located between Site 1 and the supply wells, however, indicate that the site is not a 

substantial source of PCE to the groundwater, and that this groundwater is not the primary source (or not 

a source at all) of the PCE detected in the supply wells.  
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2.3.2 Groundwater Conditions in the Vicinity of Supply Well No. 1 
 

The 2002 RI report concluded that a minor source of TCE and PCE might exist in the general vicinity of 

Supply Well No. 1 and the Public Works Building (Bldg. No. 78).  As a result, the Navy subsequently 

installed a well cluster to monitor the unconfined (10MW27) and semiconfined (10MW28) portions of the 

aquifer at this location. 

 

2.3.2.1 TCE  
 

TCE was detected at a maximum concentration of 0.2J ug/L in the unconfined zone (10MW27), indicating 

that a very minor source of TCE exists in this area (Figure 2).  TCE was detected at a concentration of  

2 ug/L in the semiconfined zone (10MW28) (Figure 3).  The higher concentrations of TCE in the 

semiconfined aquifer versus the unconfined aquifer supports the conclusion that the source of the TCE is 

not in the immediate vicinity of the monitoring wells, but must be at some hydraulically upgradient 

location. 

 

Although the higher concentration of TCE in the semiconfined aquifer (10MW28) versus the unconfined 

aquifer (10MW27) overall are consistent with the site conceptual model, the presence of TCE in 10MW28 

(screened from 98 - 108 feet) and its absence in Supply Well No. 1 within the packered intervals of similar 

depth (79 - 85 feet, 106 feet, and 124 - 152 feet) represents an apparent inconsistency in this 

compound’s distribution.  Former monitoring well MW-1 (a former monitoring well that was reportedly 

damaged by construction and apparently covered by a building foundation or asphalt paving) was located 

near (approximately 200 feet northeast) of 10MW28.  This well was cased to a depth of 40 feet, and was 

an open borehole between the depths of 40 - 200 feet.  An historical (1984) groundwater sample from 

MW-1 contained TCE at a concentration of 2.3 ug/L, which is similar to the concentrations detected in 

10MW28 (2 ug/L) and in the fracture within Supply Well No. 1 located at a depth of 182 feet (2.4 ug/L).  

The RI concluded that under non-pumping conditions, the vertical hydraulic gradient in this area is 

oriented upward, indicating the tendency for groundwater (in the absence of a confining layer) to flow 

upward from the confined interval to the unconfined interval and potentially redistribute the deeper 

contamination into the shallower horizons.  The circumstantial evidence discussed above indicates that 

this vertical flow may account for the presence of the shallow groundwater contamination detected in the 

vicinity of these wells.  The Navy has tried to locate the former well MW-1 (using historical site drawings 

and a magnetometer), but without success.  If the former monitoring well MW-1 is the cause of the low 

levels of TCE detected in this area, there is no way to confirm that relationship now.    
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2.3.2.2 PCE 
 

PCE was not detected in the unconfined zone (10MW27) (Figure 4), and was detected at a maximum 

concentration of 5 ug/L in the semiconfined zone (10MW28) (Figure 5).  The non-detection of the PCE in 

the shallow groundwater and the detection of PCE in the semiconfined aquifer at the same location 

support the conclusion that the source of the PCE is not in this immediate area.  If the source was in this 

area (or just upgradient of this area), then PCE would have been expected in the unconfined aquifer.  The 

absence of PCE in the unconfined aquifer and the presence of PCE in the semiconfined aquifer indicates 

that the primary source of the PCE contamination in this area must be located hydraulically upgradient 

and at a sufficient distance to allow the PCE to migrate to the depths where it is detected within the 

semiconfined aquifer.   

 

The PCE concentration in the semiconfined zone is consistent with the PCE concentrations (ranging from 

1.7J - 6.2J ug/L) that were detected in the shallower packer test intervals (between the depths of  

52 - 152 feet) in the adjacent Supply Well No. 1 (see Figure 1 and Table 3).  The RI report had tentatively 

attributed these shallower PCE detections in the supply well to groundwater impacts within the 

unconfined zone, but also concluded that based on the depths of the packered intervals and the 

conceptual site model, most of these zones were potentially in the semiconfined portion of the aquifer.  

The analytical data from the 10MW27/28 well cluster (see Figure 2 through Figure 5) indicate that the 

shallower packered intervals within Supply Well No. 1 are within the semiconfined portion of the aquifer, 

and that the VOCs detected in this zone are attributable to a hydraulically upgradient source. 

 

2.3.2.3 cis-1,2-Dichloroethene (cis-1,2-DCE) 
 

Cis-1,2-DCE was not detected in the unconfined zone (10MW27), and was detected in the semiconfined 

aquifer (10MW28) at a low concentration of 0.2J ug/L.  Cis-1,2-DCE generally occurs as a dechlorination 

(breakdown) product of TCE, and typically has a similar extent or occurrence pattern as the parent 

compound.  In the Supply Well No. 1 packer tests, cis-1,2-DCE was detected at concentrations ranging 

from 1.0J - 4.7J ug/L in the four zones ranging between the depths of 182 - 354 that also contained 

detections of TCE (Table 3).  Similarly, cis-1,2-DCE was not detected in the four shallower zones (ranging 

between the depths of 52 - 152 feet) where TCE was not detected.  Within the other Site 1 monitoring 

wells, cis-1,2-DCE was only reported from 05MW07I, which is also the monitoring well that is most heavily 

impacted by TCE.  At the new monitoring well cluster 10MW27/ 10MW28, the absence of cis-1,2-DCE in 

the unconfined aquifer and its occurrence at a very low concentration in the confined aquifer are 

consistent and proportional to the concentrations of TCE reported from these wells, and similarly indicate 

that there is not a significant source of TCE (or cis-1,2-DCE) in the immediate vicinity of these monitoring 

wells. 



L/DOCUMENTS/NAVY/2192/21228  CTO-003 2-16 

2.3.2.4 1,1,1-Trichloroethane (1,1,1-TCA)  
 

1,1,1-TCA was detected in both the unconfined (10MW27) and semiconfined (10MW28) zones, but the 

concentrations in the unconfined aquifer are greater by approximately one order of magnitude.  The 

concentrations of 1,1,1-TCA in the unconfined zone range between 3 - 6 ug/L, and the concentrations in 

the semiconfined zone range between 0.5J - 0.9J ug/L. 

 

For the Supply Well No. 1 packer tests, 1,1,1-TCA was detected at concentrations ranging between  

1.5J and 2.6 ug/L in four of the five zones tested between the subsurface depths of 52 - 182 feet, but it 

was not detected in the three deeper zones tested between the subsurface depths of 241 - 354 feet 

(Table 3).  For the Supply Well No. 2 packer tests, 1,1,1-TCA was not detected in any of the five zones 

tested between the subsurface depths of 68 - 314 feet.  At Site 1, the only two historical detections of 

1,1,1-TCA were at 01MW01S (1J ug/L in 1991 but not detected in 1997), and at 01MW06I  

(3J ug/L in 1991 but ND in 1997). 

 

The observations that the highest concentrations of 1,1,1-TCA are detected in the shallower (unconfined) 

portions of the aquifer, and that the detections (except for the two low detections in 1991) are restricted to 

the immediate vicinity of Supply Well No. 1, are apparently indicative of a minor source of 1,1,1-TCA in 

the general vicinity (or just upgradient) of 10MW27.  This VOC, however, has also been detected 

upgradient and off-Base at the former Kellett facility (Section 2.1.2.1) and in the adjacent residential well 

(Section 2.1.2.2). 

 

2.3.2.5 1,1-Dichloroethene (1,1-DCE) 
 

1,1-DCE was detected in both the unconfined (10MW27) and semiconfined (10MW28) zones, but the 

concentrations in the unconfined aquifer are greater by approximately one order of magnitude.  The 

concentrations of 1,1-DCE in the unconfined zone range between 2 - 4 ug/L, and the concentrations in 

the semiconfined zone range between 0.1J - 0.4J ug/L. 

 

1,1-DCE was not detected during the Site 1 RI in either the Navy supply wells or the Site 1 monitoring 

wells.  The limited areal extent of 1,1-DCE in the vicinity of the new monitoring well cluster, and the 

observation that the highest concentrations are detected in the shallower (unconfined) portion of the 

aquifer, appear to be indicative of a minor source of 1,1-DCE in the general vicinity (or just upgradient) of 

10MW27.  This VOC, however, has also been detected upgradient and off-Base in the residential well 

adjacent to the former Kellett facility (Section 2.1.2.2), and in the commercial establishment well  

(Section 2.1.2.3). 
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2.3.2.6 Discussion of Groundwater Conditions in the Vicinity of Supply Well No. 1 
 

The groundwater analytical results from the new monitoring well cluster 10MW27/10MW28 and the 

packer test results from the Navy supply wells indicate that there is no significant source of TCE or PCE 

in the vicinity of Supply Well No. 1.   

 

Although the concentrations are low in an absolute sense, the relatively higher concentrations of  

1,1,1-TCA and 1,1-DCE in the unconfined aquifer versus the semiconfined aquifer indicate that a minor 

source of these VOCs may exist in this general area.  Both of these VOCs, however, are also detected in 

the off-Base, upgradient groundwater, and their vertical distribution in the vicinity of Supply Well No. 1 

may also have been influenced by redistribution through the open borehole of former monitoring well  

MW-1. 

 
2.3.3 Groundwater Conditions in the Vicinity of the Navy Fuel Farm 
 

The RI report (Tetra Tech NUS, July 2002) concluded that although the data were considered incomplete 

and inconclusive, the quantitative distribution of TCE within the upper portion of the semiconfined aquifer 

at, and downgradient of, Site 1 (Figure 3) was indicative of possible TCE sources located either in the 

general vicinity, or upgradient, of Site 10 (the Navy Fuel Farm), and Site Screening Area 11 (the Aircraft 

Parking Apron).  As a result, three new deeper monitoring wells were installed adjacent to existing 

shallow wells at the fuel farm (new wells 10MW24, -25, and -26) to create cluster locations monitoring 

both the unconfined and semiconfined portions of the aquifer. 

 

The analytical results for all of the Site 10 and Site 11 monitoring wells for TCE are included in Figure 2 

(unconfined zone) and Figure 3 (semiconfined zone), and for PCE in Figure 4 (unconfined zone) and 

Figure 5 (semiconfined zone).  These analytical results indicate that overall, the VOCs of concern occur 

infrequently and at very low concentrations (typically less than 1 ug/L) in the general vicinity of the Fuel 

Farm. 

 

2.3.3.1 TCE 
 

The Fuel Farm is not a significant source of TCE.  TCE is detected in only a few wells at low 

concentrations (none exceeding 0.5J ug/L), which is not indicative of a significant source in this area, or a 

source large enough to account for the TCE concentrations detected within the upper portion of the 

confined aquifer at Site 1.  The low detections of TCE in the unconfined aquifer (Figure 2) indicate that 

several very minor sources of TCE may exist in this area, including the Aircraft Parking Apron  

(Site Screening Area 11). 
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2.3.3.2 PCE 
 

PCE is detected in only one shallow well at a low concentration (0.6J ug/L) at the Fuel Farm (Figure 4), 

indicating that this site is not a source of this VOC.  PCE is detected in the semiconfined aquifer at low 

concentrations (less than 0.5 ug/L) in only two monitoring wells (Figure 5) that also have corresponding 

and similarly low concentrations of TCE. 

 

The concentrations of PCE (and TCE) detected at the Fuel Farm are consistent with the concentrations 

detected further upgradient at the Navy property boundary in monitoring well 01MW09 (Figure 1,  

Cross-Section inset).  Based on the regional groundwater flow patterns, the limited detections of VOCs at 

low concentrations within the confined aquifer at the Fuel Farm are interpreted to represent the western 

lateral extent of the large off-Base VOC plume that originates in the general area of the former Kellett 

facility.      

 

2.3.3.3 Other VOCs 
 

A minor source of 1,1-DCA may exist in the general vicinity (but upgradient) of the Fuel Farm.  Multiple 

wells monitoring both the unconfined and confined portions of the aquifer contain low concentrations  

(1 ug/L or less) of 1,1-DCA, which are located upgradient of the Fuel Farm.  The presence of 1,1-DCA in 

the unconfined aquifer at the Fuel Farm, and its absence in the adjacent off-Base groundwater, suggest 

that the minor source of this VOC may be on Base. 

 

Multiple monitoring wells at the Fuel Farm contain BTEX compounds that have been addressed by a 

remedial action.  These compounds are not discussed in this report because they are not detected in the 

Navy supply wells, and their distribution does not impact the evaluation of the Fuel Farm vicinity as a 

potential source of the VOCs in the supply wells or the Site 1 monitoring wells.   

 

2.4 OTHER POTENTIAL SOURCE AREAS IN THE VICINITY OF THE SUPPLY WELLS 
 

Regulators questioned the function and use of the NAS JRB Willow Grove administrative buildings that 

are clustered in the vicinity of the main entrance gate, in the east-central portion of the Base  

(see Figure 1).  These buildings lay directly upgradient from Site 1 and the Navy supply wells, based on 

both the regional and Site 1 - specific interpreted groundwater flow directions.  In addition, the regional 

groundwater flow interpretation suggests that the groundwater in this area could potentially be influenced 

by the local northward component of groundwater flow.  Thus, if the groundwater plume were to originate 

in this portion of the Base, it would be possible for the plume to either migrate directly downgradient to the 
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vicinity of Site 1 and the supply wells, or to initially migrate off-Base (and either cause or contribute to the 

off-Base groundwater plume) before ultimately being captured by the Navy supply wells. 

 

In response to these concerns, the Navy (in 2005) conducted a desktop survey and assessment of these 

buildings, and concluded that they are administrative buildings in which VOCs were neither used nor 

stored.  Although documentation of this survey is no longer available, these conclusions were recently 

reinforced and documented by the CERFA (Community Environmental Response Facilitation Act) 

Identification of Uncontaminated Property at the NAS JRB Willow Grove (Tetra Tech NUS,  

December 2006).  
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3.0  SUMMARY OF CONCLUSIONS 
 

The major source of the VOCs that are detected in the Site 1 groundwater and in the Navy potable supply 

wells is located upgradient of Site 1, at an off-Base location.  The integration of the hydrogeological and 

chemical data produced by the Navy during multiple field investigations, combined with the results 

produced by the regulatory agencies in their investigations of off-Base facilities, documents the existence 

of the VOCs in the off-Base groundwater, and the flow of this groundwater onto the NAS JRB Willow 

Grove property. 

 

Potential on-Base sources of the Site 1 VOCs that were identified in the RI report (Tetra Tech NUS,  

July 2002) have had data gaps filled through additional post-RI investigation.  These new data support 

the interpretations and conclusion drawn in the RI that although Site 1 and the adjacent areas may locally 

constitute a minor source of VOCs, they cannot account for the higher concentrations of VOCs that are 

detected in the deeper, semiconfined aquifer beneath Site 1, in the Navy supply wells, and at the off-Base 

locations.   
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