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1. INTRODUCTION

This Final Pilot Study Report for the Navy Fuel Farm facility, Naval Air Station (NAS),
Willow Grove, Horsham Township, Pennsylvania has been prepared for Northern Division,
Naval Facilities Engineering Command under Contract No. N62472-92-D-1296), Contract
Task Order (CTQO) No. 0009.

1.1 OBJECTIVE

The objective of this project was to conduct remedial pilot studies to evaluate the effectiveness
of two technologies, as described below, in reducing source hydrocarbons at the Navy Fuel
Farm facility in order to recommend a full scale remedial design. This was accomplished by
assessing the effectiveness of both light non-aqueous phase liquid (LNAPL) recovery and soil
vapor extraction (SVE) as source hydrocarbon reduction technologies at the Navy Fuel Farm
facility through a 32-month pilot study. The pilot study included the installation, operation,
maintenance, and evaluation of a vacuum enhanced LNAPL recovery pilot system, one passive
LNAPL skimming device, and two automated LNAPL skimming pumps. The pilot study also
included performing and evaluating two SVE tests.

1.2 ORGANIZATION OF THE REPORT

This report is divided into five chapters. Chapter 1 is the Introduction and includes a summary
of the scope of work. Chapter 2 describes the pilot study area and includes a summary of the
site setting, characteristics, and history. Chapter 2 also compares past analytical results to
current regulatory action levels. Chapter 3 summarizes the pilot study methodologies and
Chapter 4 presents the pilot study results. Conclusions and recommendations for full scale
remedial implementation at the Navy Fuel Farm facility are included in Chapter 5.

1.3  SCOPE OF WORK

The Pilot Study was conducted in accordance with the Work Plan for Pilot-Scale Testing of
Free-Product Recovery and Aquifer Air Sparging (EA, 1993a). The scope of work outlined in
the work plan included two phases:

Phase I - LNAPL Recovery

. Installation of a pilot LNAPL recovery system at well NFFW-2R and initiation of

LNAPL recovery by water table depression and vacuum enhanced pumping at well
NFFW-2R; and

. installation of automated LNAPL skimming pumps in wells NFFW-6 and NFFW-19 to
assess the potential for continuous LNAPL yield without depressing the water table.
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Phase Il - Source and Residual Hydrocarbon Reduction

. Evaluation of the effectiveness of SVE in combination with Aquifer Air Sparging
(AAS) including the installation and operation of a 14 trench/24 well SVE/AAS pilot
system to remediate residual phase hydrocarbons in the zone of water table fluctuations.

Phase II of the scope of work was changed during the pilot study to substitute a two-part SVE
field test for the SVE/AAS evaluation. This change was made because of concerns that
SVE/AAS would not be appropriate due to the occurrence of LNAPL throughout the site. The
occurrence of LNAPL is closely, if not exclusively, related to water table fluctuations in the
fracture zone. Air sparging does not address LNAPL in this setting. Removal of LNAPL is
substantially more cost effective than dissolved-phase remediation. Therefore, this change in
scope allowed the LNAPL recovery portion (Phase I) of the pilot study to be extended and as a
result accomplish more remediation during the course of the pilot study than would be gained
by conducting the SVE/AAS evaluation. This change was authorized in a NAVFAC Record of
Change letter dated 27 January 95. The Record of Change letter included provisions for the
evaluation of small scale SVE testing during high and low water table periods (spring and
summer) at 3 existing monitoring wells.

Activities conducted during the Pilot Study are summarized on Table 1. The scope of work
included the following:

. gauging site monitoring wells to assess the nature and extent of LNAPL,
. evaluating the effectiveness of vacuum-enhanced LNAPL recovery,
. sampling of the pilot system ground-water effluent to demonstrate treatment prior to

discharge to the sanitary sewer

. monitoring of the air emissions to evaluate the performance of the air treatment system.




2. PILOT STUDY AREA DESCRIPTION

2.1  SITE SETTING

The Navy Fuel Farm is located along the north side of Privet Road and immediately south of
the Pennsylvania Air National Guard (PAANG) portion of the Air Reserve Facility (ARF) at
NAS Willow Grove. Figure 1 is a site location map and Figure 2 is a site plan of the Navy
Fuel Farm. The Navy Fuel Farm and a portion of the adjoining property to the north,
occupied by PAANG (Buildings 345 and 340), constitute the area requiring remedial efforts
and include the area within which the pilot test was conducted. The Navy Fuel Farm is
bordered on all sides by NAS grounds. Abutting the Navy Fuel Farm to the north are ARF
Buildings 330, 340, and 345. Several other base facilities exist within 1,000 ft of the site.
The Navy Fuel Farm is approximately 2 acres in area and consists of three aboveground
storage tanks, associated aboveground piping, and building Nos. 119 and 81.

The topography of the Navy Fuel Farm area is characterized as flat and gently sloping to the
north-northwest. There is a slight downgrade at the north end of the facility which encourages
runoff to flow northeast into the catchment basin or the adjacent ditch.

On and directly adjacent to the Navy Fuel Farm grounds exist several buried utilities,
including water, electric, sewer, telephone, and product piping. Several storm sewer and
sanitary sewer lines traverse the southern portion of Navy Fuel Farm grounds. In addition, a
water main also extends across facility grounds.

2.2 SITE GEOLOGY

Site geology has been characterized based on the geologic logs of 40 soil borings installed on
and adjacent to the Navy Fuel Farm, 21 of which were completed as ground-water monitoring
wells. Soil cover at the site varies in thickness from 6 to 21 ft. In general, soil depth
increases from south to north, reflecting the dip of the underlying strata. The northeast edge
of the site is underlain by soil types belonging to the Readington Silt Loam group; the
remainder of the site is covered with fill material. The site-specific shallow stratigraphy is
comprised primarily of silty clay and clayey silt with varying amounts of sand and little gravel.
The high proportion of clay in the soil leads to reduced permeability and slow infiltration
rates.

Unconsolidated materials at the site are underlain by the Middle Arkosic Member of the Late
Triassic Stockton Formation. This member consists of interbedded red shale, siltstone, and
gray-tan, medium-grained, Arkosic sandstone which was deposited as part of coalescing fluvial
channel system. Red shale and siltstone are predominant along the south edge of the site,
whereas the Arkosic sandstone underlies the remainder of the site.
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Depth to competent bedrock may range from 6 ft in areas where soil was previously removed
to competent sandstone bedrock during site construction activities to 20 ft in areas underlain by
shale or siltstone. Relict bedding structure is often present as a zone several feet thick and
overlying shale or siltstone units. Regional dip ranges from 5 to 15 degrees with strike to the
north-northwest (Rima er al. 1962). Beds vary in thickness, often pinching out or grading into
other facies, making interpretation of lithologic occurrence difficult.

Regionally, small displacement normal faults trending northeast-southwest are present
throughout the unit. Two sets of vertical joints, roughly parallel and perpendicular to the
strike direction, are well developed. A third set of joints, though not as well expressed as the
first two, trends northwest-southeast (Rima er al. 1962).

2.3 SITE HYDROGEOLOGY

The depth to static ground water at the site on 19 February 1996 ranged from approximately 4
ft (well NFFW-9) to 26 ft (well NFFW-20) below grade. However, water levels in the
monitoring wells fluctuate several feet annually due to seasonal influences. In most cases,
ground water is observed within bedrock fractures or within the weathered zone immediately
overlying competent bedrock. Static water levels not only reflect the regional potentiometric
surface but also the composite head resulting from the different water-yielding zones
penetrated during drilling. For this reason, water levels may show marked differences in
nearby wells depending on the number and size of fractures intercepted by each well.

Based upon several rounds of well gauging, historic ground-water flow at the Navy Fuel Farm
is predominantly to the north, as illustrated in Figure 3. However, because flow is primarily
through fractures within the bedrock or weathered bedrock, localized flow direction may vary.
Ground water flow through the Arkosic sandstone is more rapid than through the
shale/silistone as evidenced by more rapid recharge rates during well development and purging
than during sampling. This may be due to the greater size and density of the fractures present
within the sandstone.

Using the Neuman Method for unconfined aquifers, the average hydraulic conductivity, as
derived from pumping test data at wells NFFW-2R, NFFW-8, NFFW-12, NFFW-14, and
NFFW-16 (EA 1991), was estimated at 4.05 X 10° cm/sec. The average ground-water velocity
has been estimated at 30 ft/year, assuming an effective porosity of 7 percent and a hydraulic
gradient of 0.029 fi/ft (EA 1991). Aquifer tests conducted during low water table conditions
have indicated that the wells are low yielding, typically 0-2 gal per minute (EA 1991).




2.4 PREVIOUS INVESTIGATIONS

The pilot study was based on the conclusions and recommendations of the following reports
and regulations:

Plan of Action for Site Inspection, NAS Willow Grove, Pennsylvania. (EA
February, 1988a).

Draft Appendix B, Soil Vapor Contaminant Assessment at NAS Willow Grove.
(EA December, 1988b).

Interim Report, Electromagnetic Survey, Soil Vapor Contaminant Assessment,
and Revised Field Sampling Plan for Site Inspection Studies at NAS Willow
Grove. (EA March, 1989a).

Final Report, Environmental Test Boring Investigation at the Navy Fuel Farm,
NAS Willow Grove, Horsham Township, Pennsylvania. (EA June, 1989a)

Final Report, Site Inspection Studies at NAS Willow Grove, Horsham
Township, Pennsylvania. Volumes I and II. (EA May, 1990)

Final Interim Report on Investigations at the Navy Fuel Farm, NAS Willow
Grove, November 1990 - July 1991. (EA November, 1991).

Final Report of Interim Site Investigations, Navy Fuel Farm - Willow Grove
NAS. (EA September, 1993b).

Commonwealth of Pennsylvania Department of Environmental Resources
(PADER). Protective Levels and Criteria for the Excavation, Treatment,
Cleanup and Disposal of Virgin Fuel Contaminated Soil. (PADER October,
1991).

Commonwealth of Pennsylvania Department of Environmental Resources,
Ground Water Quality Protection Strategy. (PADER February, 1992).

Title 25 - Pennsylvania Code Chapter 245 Subchapter D, Storage Tanks;

Corrective Action. August. Commonwealth of Pennsylvania, Environmental
Quality Board (EQB 1993).
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2.5 HISTORY OF FUEL STORAGE AND PRODUCT RELEASES AT THE NAVY
FUEL FARM

From 1950 to 1991, two partially buried 210,000-gal JP-4/JP-5 aviation fuel tanks (Tank Nos.
115 and 116) were located at the site. A 500-gal underground waste oil tank and an
underground diesel tank were also located at the southwestern corner of the site. Figure4isa
site map of the Navy Fuel Farm prior to 1991.

In 1986, a spill occurred when Tank 115 was overfilled and fuel was released from the vent
pipe onto the ground. The event was attributed to faulty gauges which registered less fuel than
was actually present. During this same year, a utility trench was excavated along the western
boundary of the site but work discontinued when LNAPL was observed floating on the water
within the trench. The area where the LNAPL was discovered is immediately adjacent to a
former drywell. The drywell accepted water which was periodically siphoned from the bottom
of the fuel tanks.

In March 1989, JP-5 jet fuel was detected emanating from two patches of dead grass on the
west side of Tank 115. Heavy rains flushed this fuel into the ditch on the north side of the
site. Navy personnel responded with the placement of sorbant material in the ditch and
adjacent to Tank 115. With this evidence of tank leakage, it was decided to empty and remove
the two main fuel tanks (Tank Nos. 115 and 116). Removal of these tanks occurred in 1991.
Also during this time, the waste oil and diesel underground storage tanks were removed.
Inspection of the waste oil tank during removal revealed the tank was not intact as holes up to
1-in. in diameter were reported.

Subsequent to the completion of removal activities, a new aboveground tank system was
installed to the east of the former tank field location. In order to accommodate the newly
constructed Navy Fuel Farm, Building No. 157 was removed. The new tank system at the
Navy Fuel Farm consists of aboveground steel tanks set in a concrete berm. The Navy Fuel
Farm is currently inactive.

2.6 COMPARISON OF ANALYTICAL RESULTS TO REGULATORY ACTION
LEVELS

As listed in Section 2.4, several previous investigations have been conducted at the Navy Fuel
Farm. Regulatory oversight of the environmental concerns associated with the Navy Fuel
Farm is in the process of being transferred from the Navy's Installation Restoration (IR)
Program to the State of Pennsylvania’s UST/AST program. Therefore, this section presents a
comparison of the results of soil and ground-water sampling and analysis to the action levels
established by Pennsylvania’s Land Recycling Program.
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2.6.1 Soil Samples

Soil samples in the vicinity of the fuel farm were first collected in March 1989 as part of an
investigation to assess potential subsurface hydrocarbon contamination in areas planned for
future construction (EA 1989b). At that time a total of 24 soil samples were collected from 18
borings installed around Building 340 (Figure 5). The samples were analyzed for benzene,
toluene, ethylbenzene, and xylenes (BTEX). As shown on Table 2 none of the samples
collected contained individual BTEX components exceeding the action levels.

Also in 1989 as part of additional investigations at the Navy Fuel Farm 4 soil samples were
collected during the installation of 3 monitoring wells and one soil boring (EA 1989b). The
samples were analyzed for several volatile organic compounds and base neutral extractable
compounds. Only 1 of the 4 samples collected contained volatile organic compound
concentrations exceeding the regulatory action level. Methylene chloride and 2-butanone (or
methyl ethyl ketone [MEK]) were reported in the soil sample collected from monitoring well
NFFW-7. Methylene chloride was present at a concentration of 2,300 ug/kg and the action
level is 500 pg/kg. The concentration of 2-butanone was 88 ug/kg and the action level is 50
ug/kg. The results of the volatile organic compound analyses are summarized on Table 3.

Additional soil samples were collected in April 1991 during the installation of 4 monitoring
wells and analyzed for BTEX (EA 1991). Of the 4 samples collected, only 1 sample contained
a concentration of any analyte exceeding the regulatory action level. The sample collected
from monitoring well NFFW-8 reported a total xylene concentration of 290,000 ug/kg
compared to a action level of 5,000 ug/kg. These results are also summarized on Table 3.

2.6.2 Ground Water Samples

A total of 36 ground-water samples were collected from selected monitoring wells on 5
occasions from June 1989 through June 1993. Of the 23 ground-water samples collected prior
to June 1993, 8 samples contained concentrations of benzene in excess of the 5 ug/L guidance
criteria with concentrations ranging from 10 to 990 ug/L. These wells were NFFW-1, 2 (two
samples), 7 (two samples), 9, 13 and 16. None of the other anlytes tested exceeded the
guidance criteria. It should be noted that several existing wells were not sampled due to the
occurrence of LNAPL.

During the most recent, June 1993, sampling event 5 of the 13 ground-water samples collected
contained benzene concentrations in excess of the 5 ug/L guidance criteria with concentrations
ranging from 6-67 ug/L. These wells were NFFW-5, 9, 11, 17, and 19. Benzene was the
only analyte to exceed the action level. The results of the June 1993 sampling event are
summarized on Table 4. During this event wells NFFW-1, 2R, 6, 7, 12, 13, 14, 16, and 19
were not sampled due to the presence of LNAPL.,




Ground water samples were also collected from well NFFW-2R during the pilot study. A total
of 7 samples were collected between April 1995 and July 1996 and analyzed for BTEX,
naphthalene, and total petroleum hydrocarbons (TPH). Each sample exceeded the 5 ug/L
benzene and 20 pg/L naphthalene guidance criteria. The sample results are summarized on
Table 5.
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3. PILOT STUDY METHODOLOGIES

3.1 LNAPL RECOVERY PILOT SYSTEM - WELL NFFW-2R
3.1.1 Objective

The primary objective of the LNAPL recovery pilot system installed at well NFFW-2R was to
evaluate vacuum enhanced LNAPL recovery in conjunction with water table depression.

3.1.2 Technology Description

LNAPL recovery employing water table depression, vacuum enhancement, and automated
skimmers are proven technologies for the removal of LNAPL. Water table depression through
ground-water pumping during vacuum enhanced recovery maintains localized hydraulic control
and initiates a "cone of depression" around the pumping well. A conceptual diagram
illustrating the technology and the pilot system components is shown in Figure 6.

A complete, detailed description of the mechanisms of vacuum enhanced LNAPL recovery is
included in the Pilot Study Work plan (EA, 1993a). In summary, vacuum-enhanced recovery
involves the application of a vacuum to the recovery well which increases the pressure gradient
toward the recovery well, thus increasing the LNAPL recovery rate. Due to the higher
pressure differential, the travel time from the edge of the capture zone is decreased and project
life can be decreased. In addition, because the “effective” drawdown (pressure differential) is
increased without an increase in the actual water table drawdown, smearing of LNAPL in the
dewatered zone is decreased. Also, by applying a vacuum to the vadose zone, LNAPL entry
pressures are reduced to facilitate collection of LNAPL at the recovery well. As a result, the
amount of residual LNAPL is minimized and the potential for LNAPL recovery is maximized.

The potential advantages of employing vacuum-enhanced LNAPL recovery are: (1) increased
LNAPL recovery rates, (2) increased capture zone, (3) decreased project life, and (4)
increased LNAPL recovery from the unsaturated zone by inducing LNAPL collection at the
recovery well and vapor-phase recovery through vacuum extraction.

The potential disadvantages of employing vacuum-enhanced LNAPL recovery are:
(1) increased ground-water pumping rates may increase water treatment costs, (2) air emissions
may require treatment, and (3) additional capital costs associated with recovery equipment.

3.1.3 System Components
The LNAPL recovery pilot system was installed at well NFFW-2R during February and
March 1994 in accordance with the LNAPL recovery pilot system implementation plan (EA,

1993c) and design documents. The major system components include an integral water table
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depression/LNAPL recovery pump, LNAPL holding tank, two granular activated carbon
(GAC) units, vacuum blower, and a thermal oxidizer. A description of each system
component and its function is given below.

An ORS Small Diameter Filter Scavanger™ dual pumping system with an ORS SITEPRO™
2000 Control Panel are utilized for water table depression and LNAPL recovery. This system
consists of a 1/3 horsepower (HP) submersible pump with a maximum rating of 7 gallons per
minute (gpm) at 40 ft head and a gear driven LNAPL pump with a rating of 0.67 gpm ata
pressure of 40 pounds per square inch (psi). The LNAPL pump is equipped with a floating
intake and a LNAPL reservoir providing 1 ft of intake travel. Recovered LNAPL is pumped
directly to a 500 gallon (gal) double wall steel holding tank equipped with a high level shutoff.
Ground water is pumped through dual 200 pound liquid-phase GAC canisters in series; treated
ground-water discharge flows through an aboveground line approximately 400 ft to a sanitary
sewer manhole (Figure 2).

Vacuum enhancement is accomplished with a Rietschle Model VFT 40 rotary vane vacuum
pump capable of producing a flow rate of approximately 8 standard cubic feet per minute
(scfm) at a vacuum of 25 inches mercury (in-Hg). Extracted air flows through a moisture
separator and an in-line air filter prior to the vacuum pump and was initially treated with dual
200 pound vapor-phase GAC units in series prior to atmospheric discharge; however, elevated
hydrocarbon concentrations made this treatment method uneconomical. A thermal oxidizer,
Thermtech VAC-25, was later installed for vapor-phase hydrocarbon treatment.

All treatment equipment, with the exception of the thermal oxidizer, is contained in the
treatment building at the location shown on Figure 2. A schematic of the vacuum-enhanced
LNAPL recovery pilot system installed at well NFFW-2R illustrating the interconnection of
the various components is shown in Figure 6.

3.1.4 Data Collection

Site visits were generally conducted twice monthly to monitor the operation of the LNAPL
recovery pilot system. During each regular site visit all monitoring wells were gauged for
depth-to-LNAPL and water. Flow rate, total flow, and LNAPL recovery of the pilot system
were recorded and preventive system maintenance was conducted. Samples of influent,
primary GAC effluent, and secondary GAC effluent were collected on several occasions to
monitor the effectiveness of the GAC treatment system. These samples were analyzed at EA
Laboratories in Sparks, Maryland for BTEX and naphthalene via EPA Method 8020 and for
gasoline range TPH via EPA Modified Method 8015.

During vacuum-enhanced operations the vacuum system flow rate, temperature, vacuum, and
influent hydrocarbon concentrations were monitored weekly during the first three months of
operation and twice monthly thereafter. The thermal oxidizer operating temperature and
hydrocarbon emission concentrations were also recorded during each visit. Hydrocarbon

3-2

{
hl
l




concentrations (extracted soil vapor and air emissions) were field monitored with an organic
vapor analyzer (OVA) and/or a lower explosive limit (LEL) meter. Samples of the extracted
soil vapor and the air emissions were collected on several occasions and analyzed for TPH by
gas chromatography (reported as toluene equivalents).

3.2 AUTOMATED AND PASSIVE LNAPL SKIMMING
3.2.1 Objective

Automated skimming at wells NFFW-6 and NFFW-19 and passive skimming at various wells
including NFFW-14 and NFFW-16 without the aid of water table depression or vacuum-
enhancement was conducted to evaluate whether automated and passive skimming devices can
sufficiently diminish LNAPL occurrence at these locations.

3.2.2 Technology Description

Automated skimming utilizes a LNAPL pump to continuously remove LNAPL from a well
thereby inducing a LNAPL gradient toward the well. Passive skimming devices function in a
similar manner; however, they have a fixed LNAPL storage capacity. When the storage
capacity is reached, the device must be manually removed from the well, emptied, and
reinstalled. Each type of unit has a fixed intake range and must be manually positioned within
the LNAPL layer. Each of these technologies require the LNAPL to be at zero entry pressure
to move into the well. Therefore LNAPL trapped by capillary pressures or water pressures
that preclude movement of LNAPL, can not be recovered.

3.2.3 System Components

The two automated skimming systems utilize ORS Small Diameter Filter Scavenger™ LNAPL
pumps and ORS SITEPRO 2000™ Control Panels. As shown in Figure 7 the pumps discharge
directly to a secondarily contained 55-gallon drum equipped with a high-level shutoff device.
The passive skimming device was manufactured by Clean Environment Equipment and has a
19.5- inch intake travel range and a 0.37 gal storage capacity. The passive skimmer was
installed completely within the well and manually removed and emptied into a secondarily
contained 55-gallon drum.

3.2.4 Data Collection
As discussed in Section 3.1.4 site visits were regularly conducted twice monthly. During each

visit the depth-to-LNAPL/water was recorded and the volume of LNAPL recovered was
measured at each automated skimmer.
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The passive skimmer was removed from the well, volume of LNAPL recovered was
measured, LNAPL was transferred to a holding drum, depth-to-LNAPL/water was recorded
and the skimmer was reinstalled.

In both cases the skimmer intake levels were maintained to coincide with the LNAPL/water
interface.

3.3 SOIL VAPOR EXTRACTION TESTING
3.3.1 Objective

The objective of this phase of the pilot study was to evaluate the effectiveness of SVE as a
remedial technology for reducing concentrations of residual petroleum hydrocarbons known to
exist in the vadose and water table fluctuation zones. Because LNAPL occurrence varied with the
water table elevation, SVE tests were conducted during periods of both high and low water table
elevations to assess if SVE effectiveness also varies. Soil vapor extraction tests were conducted
to specifically evaluate the relationship between (1) applied vacuum and extracted air flow rate
and (2) applied vacuum and radial influence given different water table elevations. Petroleum
hydrocarbon concentrations and removal rates were also characterized as part of the radial
influence tests.

3.3.2 Technology Description

SVE is a proven and well documented technology effective in the removal of vapor and sorbed-
phase petroleum hydrocarbons from the vadose zone. It differs from vacuum-enhanced LNAPL
recovery in that the goal is to recover vapor and sorbed-phase petroleum hydrocarbons rather than
separate-phase hydrocarbons. Hydrocarbons are removed from the vadose zone as a negative
pressure (vacuum) is exerted by a vacuum pump connected to an extraction well. This results in
the generation of soil vapor flow towards the extraction well, while concurrently effecting an
interphase transfer from the immiscible and water phases to the vapor phase, which is
subsequently extracted (Marley et al. 1990). Another important remedial process which occurs
during SVE is in situ aerobic biodegradation. The pumping action of the SVE process provides
a continuous soil air flow, which in turn supplies rate-limiting oxygen, enhancing aerobic
biological degradation. For petroleum hydrocarbons, biodegradation has been reported to
contribute as much as 55-85 percent of the removal rate (of jet fuel) during SVE (Miller ef al.
1990). For purposes of this performance evaluation, biodegradation processes will be considered
part of the overall SVE hydrocarbon mitigation process. A more complete technology description
including a more detailed discussion of transfer and transport mechanisms is included in the Pilot
Study Work plan (EA, 1993a).
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3.3.3 Testing Methodologies

The testing methodologies employed during the high water table (April 1995) and low water table
(July 1995) SVE tests are summarized below. The complete reports of the April and July tests
are contained in Appendices A and B, respectively. In each case, the testing was conducted
utilizing a mobile SVE test trailer. The trailer consists of a vacuum pump equipped with a
moisture separator, activated carbon treatment canisters, flow and vacuum gauges, and sample
ports. The vacuum extraction system is shown schematically in Figure 8.

3.3.3.1 High Water Table Test (April 1995)

Individual SVE tests were conducted on wells NFFW-4, NFFW- 7, and NFFW-16 from 4 April
through 6 April 1995. Individual system head tests were conducted on each of the three test
wells in order to develop site specific relationships between applied vacuum and extracted air flow
rate. The tests were conducted by applying 5 different vacuums to the extraction well in a
decreasing stepped manner. Each vacuum was applied until the corresponding flow rate
stabilized, this occurred within approximately 20 minutes in each case. Once the flow rate
stabilized, a different vacuum was applied and the test was repeated. System head tests were
conducted before radial influence tests.

Radial influence tests were used to measure the radial distance influenced by the applied vacuum
at the extraction well and to assess hydrocarbon removal rates. The radius of influence was
measured by installing six soil vapor probes into the subsurface at various distances in two
directions from the extraction well. During each test a constant vacuum was applied to the
extraction well for approximately two hours and the induced vacuum on the soil vapor probes was
recorded regularly. Vapor flow rate and temperature were also recorded throughout the test.

To assess hydrocarbon removal rates, samples of extracted soil vapor were collected
approximately every 30 minutes and analyzed for petroleum range and chlorinated hydrocarbons.
The samples were analyzed onsite with EA’s mobile field gas chromatograph. The analysis results
and the extraction air volume flow rate were utilized to assess the hydrocarbon mass removal rates
associated with each test well.

3.3.3.2 Low Water Table Test (July 1995)

Individual system head and radial influence tests were conducted on wells NFFW-4 and NFFW-16
on 6 July 1995 in the manner discussed in Section 3.3.3.1.




4. PILOT STUDY RESULTS

4.1 RECOVERY SYSTEMS OPERATION
4.1.1 System Operation at NFFW-2R

The LNAPL recovery pilot system at well NFFW-2R began continuous operation in March
1994. Initial operation included only water table depression and LNAPL recovery as shown on
Table 1. Vacuum-enhancement was added in June 1994. Vacuum-enhanced LNAPL recovery
was only operated for a short time in June before it was apparent that hydrocarbon
concentrations in the extracted air stream where too elevated for conventional GAC treatment.
As a result the vacuum-enhanced portion of the system was turned off. Water table depression
and LNAPL recovery continued through July 1995. Vacuum-enhancement was once again
added in August 1995 upon the installation of a thermal oxidizer for vapor-phase hydrocarbon
treatment.

As aresult of circumstances noted, the LNAPL recovery pilot system was not operated for the
following intervals during the 24-month test period:

17 August 1994 - 4 October 1994 System inoperable due to lightning
damaged control panel

22 November 1995 - 26 February 1996 Vacuum system inoperable due to blower
mechanical failure, LNAPL system
operable

21 December 1995 - 23 February 1996 LNAPL recovery system inoperable due to
a damaged discharge line

4,1.2 System Operation at NFFW-6 and NFFW-19

The automated skimmers were installed in wells NFFW-6 and NFFW-19 in March 1994 and
the passive skimmer was first installed in well NFFW-16 in August 1994, The passive
skimmer was used in several site wells as site conditions (LNAPL occurrence) dictated. Due

" to the absence of LNAPL in well NFFW-6, the automated skimmer was moved to well

NFFW-14 in February 1996.

As aresult of circumstances noted, the automated skimmers were not operated for the
following intervals during the test period:

17 August 1994 - 4 October 1994 Both systems inoperable due to lightning
damage to control panels
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1 August 1995 - 26 February 1956 Both systems inoperable due to lightning
damage to control panels

4.2 GAUGING RESULTS

All site monitoring wells were gauged at least twice a month. Some of the monitoring wells
closer to the recovery well NFFW-2R were gauged more frequently. Complete gauging
results are included in Appendix A.

4.2.1 Water Table Fluctuation

The gauging results indicate a large seasonal fluctuation of the water table. Several wells
(NFFW-3, -4, -6, -7) went dry during the period of the pilot test. The average water table
fluctuation was 17.9 ft and the range of water table fluctuation was 12.5 ft in NFFW-1 to 24.4
ft in NFFW-21. This fluctuation is typically seasonal with the low water table elevations
occurring in the summer and the high water table elevations occurring in the spring.

However, the water table elevation is variable even over short time periods. For example, in
NFFW-14, the water table dropped 4.28 ft over a 12 day period from 290.08 ft on 1 July 1994
to 285.80 ft on 13 July 1994 and then rose 9.31 ft to 295.11 ft on § August 1994,

4.2.2 Ground Water Flow Direction

Throughout the pilot study the ground-water flow direction was primarily to the north-east.
This flow direction was consistent during periods of high and low water table elevations.
Figures 3, 9, and 10 show the potentiometric surface and ground-water flow directions on 4
April 1994, 27 April 1995, and 8 December 1995,

4.2.3 LNAPL Occurrence and Distribution

The occurrence of LNAPL in monitoring wells is directly related to periods where the water
levels are falling. LNAPL has been detected in 11 of the site’s 21 monitoring wells primarily
at times when the water table elevation was decreasing. The occurrence is more dramatic in
some wells (NFFW 2R and NFFW-14), however, it is an immediate and direct response. This
relationship between LNAPL occurrence and water table fluctuation is illustrated graphically in
Appendix B. The immediacy of the occurrence is indicative that the LNAPL’s time-of-travel
is short, indicating a more direct travel route and/or a short distance from the well. Obviously
one of the limitations of documented occurrence, is the limits of the monitoring network (i.e.
location of wells within the LNAPL plume). Table 6 summarizes the occurrence of LNAPL in
the monitoring wells. LNAPL was present most often in NFFW-14 (77% of the gauging
events), NFFW-2R (56%}), and NFFW-16 (42%). These wells were also the only wells where
a LNAPL layer over 1 ft thick was gauged.




Figures 11 through 16 are isopach maps for periods of both high and low water table
conditions throughout 1994 and 1995. These figures illustrate that LNAPL is found in only a
few wells during periods of high water table elevations and is more prevalent across the site
during periods of low water table elevations.

Intuitively, if the water table (and LNAPL levels) fluctuate so dramatically, when
LNAPL/water is below the intakes of the pump(s), vacuum (vapor) may facilitate removal (by
partitioning from separate to vapor-phase). However, the potential for success is limited by
air contacting separate or residual-phase hydrocarbons.

4.3 LNAPL RECOVERY

The LNAPL recovery systems at wells NFFW-2R, NFFW-6, and NFFW-19 were installed
during February-March 1994. This section summarizes the operational data from these
systems.

4.3.1 Well NFFW-2R

During the 32-month pilot period (March 1994 - October 1996) the LNAPL recovery pilot
system at well NFFW-2R was operated both with and without vacuum-enhancement. The total
volume of LNAPL recovered was 1,513 gal and 1,435,392 gal of ground water was pumped.
Additionally, the equivalent of approximately 401 gal of LNAPL was recovered in the vapor-
phase through vacuum-enhanced operation, for a total LNAPL recovery of 1,914 gal.

4.3.1.1 LNAPL Recovery Without Vacuum Enhancement

Operation of the LNAPL recovery pilot system started on 30 March 1994 and the results are
summarized on the data table for well NFFW-2R in Appendix A. At startup of the system
there was no LNAPL in NFFW-2R and the water pumping rate was approximately 4-6 gpm.
The recovery system operated without vacuum enhancement until 3 June 1994. From 30
March-3 June 1994, the recovery system at NFFW-2R recovered 215.75 gal of LNAPL and
pumped 151,922 gal of ground water. The average LNAPL recovery during this time period
was approximately 3.3 gal per day at a ground-water flow rate of 1.6 gpm. However, the
majority of the LNAPL was recovered between 13 May and 3 June when the LNAPL/water
interface elevation in the well fell to between 288 and 291 ft msl. During this time period
LNAPL recovery averaged approximately 9.7 gal per day at an average ground-water pumping
rate of 1.4 gpm.

After operating under vacuum enhanced conditions in June 1994, the recovery system at
NFFW-2R operated without vacuum enhancement from July 1994-July 1995. During this time
period, approximately 980 gal of LNAPL was recovered and 194,951 gal of ground water was
pumped. The average recovery was 2.5 gal of LNAPL per day at a ground-water flow rate of
0.3 gpm. However, during periods of low water table elevation the oil/water interface
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dropped below the intake for the recovery pump and LNAPL could not be recovered except by
bailing well NFFW-2R. Well NFFW-2R has an approximate depth of 35.5 ft from the top-of-
casing (TOC) and the water table depression/LNAPL skimming pump has a length of
approximately 6 ft with a LNAPL intake range of approximately 4.5 to 5.5 ft. Therefore,
when the LNAPL/water interface is greater than approximately 30 ft below TOC the LNAPL
layer is outside (below) the operable range of the pump. Furthermore, when the water table is
high, LNAPL appears to become isolated from the well.

The relationship between ground-water table elevation and LNAPL recovery is illustrated for
well NFFW-2R in Figures 17 and 18, These figures compare instantaneous and cumulative
LNAPL recovery and water table elevation, respectively. Figures 17 and 18 illustrate that
LNAPL recovery is greatest during periods of low water table elevation and virtually no
LNAPL is recovered during periods of high ground-water table elevations. In addition, both
figures reveal the optimum water table elevation for LNAPL recovery at well NFFW-2R falls
in the approximate range of 285 to 292 ft above mean seal level (msl); approximately 30 to 23
ft below TOC. Because there was no LNAPL in the well, LNAPL recovery was not
accomplished when the water table elevation at well NFFW-2R was greater than 292 ft above
msl. As a result it is apparent that water table depression is essential to optimize LNAPL
recovery; however, when the LNAPL/water interface fell below approximately 285 ft above
msl (30 ft below TOC), LNAPL recovery was limited by the well depth and the mechanics of
the recovery pump. This is a significant limitation at this site where the range of fluctuation is
up to 24 ft.

In order to assess the flow rate necessary to maintain drawdown and optimize LNAPL. recovery
during high water table conditions a 48-hour flow rate test was conducted on well NFFW-2R
from 27 through 29 March 1996. A 20 gpm capacity submersible pump and trailer mounted GAC
treatment system was utilized for the test. During the test, flow rates were varied from 4.71 to
8.25 gpm and drawdown in the pumping well reached a maximum of 15 ft. A total of 14,523 gal
of ground water was pumped at an average flow rate of 5.04 gpm; LNAPL thickness in well
NFFW-2R increased from 0.00 fi to 0.44 ft maximum, no LNAPL was recovered. Maximum
drawdown in wells NFFW-7, NFFW-14 and NFFW-16 was 0.71, (.66, and (.26 ft,
respectively. The water level in well NFFW-12 increased (0.14 ft) during the test. LNAPL
thickness in well NFFW-2R ranged from 0.01 ft to 0.44 ft at corresponding ground-water
elevations of 289.21 and 291.08 ft mean sea level (msl). Results of this rate check indicate
that ground-water pumping rates are significantly higher (5-10 gpm) when the water table is
high than when the water table is low (<1 gpm). The test results are summarized on Table 7.

After operating under vacuum-enhanced conditions from July through November 1995, the
recovery system at NFFW-2R operated without vacuum-enhancement from mid-November
1995 through June 1996. During this period, approximately 12 gal of LNAPL was recovered
and 659,263 gal of ground water was pumped. The average recovery was 0.05 gal of LNAPL
per day at a ground-water flow rate of 2.07 gpm. The low LNAPL recovery rate can be
attributed to the high amount of precipitation during the period. This is illustrated by the fact
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that the average ground-water elevation at NFFW-2R remained above 296 ft and fell below
292 ft on only one occasion. As a result, LNAPL recovery was limited.

Vacuum-enhancement was employed briefly during July 1996 as the water table elevation fell;
operation without vacuum-enhancement was then conducted from 18 July through 12
September. During this period, approximately 68 gal of LNAPL was recovered and 153,165
gal of ground water was pumped. The average recovery was 1.21 gal of LNAPL per day at a
ground-water flow rate of 1.9 gpm. In addition, the average water table elevation was
approximately 290.7 ft, or within the optimal range of 285 ft to 292 ft discussed previously in
this section. This period of operation further illustrates the need for water table depression in
conjunction with LNAPL recovery at the Fuel Farm.

Vacuum-enhancement was again briefly employed during September 1996 and operation
without vacuum-enhancement was then conducted from 19 September through 31 October.
During this period, approximately 3 gal of LNAPL was recovered and 85,470 gal of ground
water was pumped. The average recovery was 0.07 gal of LNAPL per day at a ground-water
flow rate of 1.4 gpm. During this period of operation, the average water table elevation
remained above 292 ft effectively limiting LNAPL recovery.

4.3.1.2 Vacuum Enhanced LNAPL Recovery

During June 1994, the vacuum enhanced system was started and operated for 4 days.
Approximately 70 gal of LNAPL was recovered and 1,643 gal of ground water was pumped.
During this period the average LNAPL recovery was 19.9 gal per day at a ground-water
pumping rate of less than 0.01 gpm. This represents a 105 percent increase in LNAPL
recovery using vacuum enhanced recovery. Petroleum hydrocarbons were detected at a
concentration of 25,000 parts per million by volume (ppmv) in the extracted air stream. This
converts to a hydrocarbon loading rate of 233 pounds per day (Ibs/day) based on the operating
flow rate of 30 cfm. This loading rate corresponds to an approximate GAC usage rate of 800
Ibs/day. Due to the high carbon usage, EA and the Navy decided to suspend vacuum
enhanced recovery.

After the installation of a thermal oxidizer for off-gas treatment, vacuum enhanced recovery
was conducted from August-November 1995. During this time a total of 21.61 gal of LNAPL
was recovered and 85,303 gal of ground water was pumped. All of the LNAPL was recovered
from 6 October to 21 November because prior to then the LNAPL/water interface was below
the intake on the recovery pump and hydrocarbon recovery was limited to the vapor phase.
The average LNAPL recovery from 6 October to 21 November was 0.5 gal per day at a
ground-water flow rate of 1.3 gpm. In addition, from August to November, the equivalent
liquid-phase volume of approximately 378 gal of LNAPL was recovered in the vapor-phase
through the action of the vacuum enhanced system.

During the period from August-November 1995 the vacuum system operated at vacuums
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ranging from 2 to 19 in-Hg at corresponding flow rates of 39 and 14 cfm, respectively.
Higher vacuums and decreased air flow rates were present during late October and November.
The lower air flow rate is a result of air being extracted from a smaller screened interval on
well NFFW-2R due to high water table conditions. Recovered hydrocarbon vapor
concentrations and mass loading rates ranged from 4,500 to 19,000 ppmv (TPH as toluene
equivalents) and approximately 7.21 to 130.45 Ibs/day, respectively.

Vacuum-enhanced operations were conducted briefly during July and again in September
1996. During an eight day period in July the system recovered 19.11 gal of LNAPL at an
average recovery rate of approximately 2.4 gal per day. An additional 15.20 gal of LNAPL
was recovered in the vapor-phase. The rising water table then inhibited vacuum-enhanced
operation; however, the water table fell sufficiently for a 6 day period of vacuum-enhanced
operation in September. During that time, 11.75 gal of LNAPL was pumped at an average
recovery rate of approximately 2 gal per day and an additional 6.7 gal of LNAPL was
recovered in the vapor-phase. The complete results of the vacuum-enhanced portion of the
pilot system are summarized on Table 8.

4.3.2 Automated and Passive LNAPL Skimming Operations

As shown on Table 9, automated skimming operations recovered a total of 1.86 and 0.00 gal
of LNAPL from wells NFFW-6 and NFFW-19, respectively. Passive LNAPL skimming
recovered a total of 55.11 and 14.32 gal of LNAPL from wells NFFW-14 and NFFW-16,
respectively. Small amounts of LNAPL were also recovered through hand bailing at wells
NFFW-1, NFFW-7, NFFW-12, and NFFW-20. LNAPL skimming and hand bailing
recovered a total of 86.32 gal of LNAPL or approximately 6% of the 1,513.09 gal of LNAPL
recovered during the pilot study.

The low volume of LNAPL recovered from well NFFW-6 and the lack of recovery from well
NFFW-19 is attributable to the general absence of LNAPL from those wells during the pilot
study. Prior to the pilot study LNAPL was consistently present in the two wells at thicknesses
up to 1.20 and 2.00 ft, respectively. During the pilot study LNAPL was detected in well
NFFW-6 at a maximum thickness of 0.27 ft and has been detected on only one occasion (at a
thickness of 0.01 ft) since 25 October 1994 and was detected in well NFFW-19 at a maximum
thickness of only 0.10 ft and has not been detected since 1 July 1994 (Appendix A). Based on
the graphs of ground-water elevation and LNAPL thickness vs time for wells NFFW-6 and
NFFW-19 contained in Appendix B, it appears that LNAPL is no longer present in those areas
of the site. This conclusion is supported by the predominant absence of LNAPL in both wells
throughout more than one year of seasonal ground-water fluctuations.

The automated skimmer from well NFFW-19 was installed at well NFFW-14 in February
1996 and has recovered approximately 12 gal of LNAPL through October 1996. This
represents an increase in recovery of approximately 2.4 gal over the same time period in 1993.
Based on the gauging data in Appendix A, it is apparent that LNAPL occurrence in well
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NFFW-14 is similar to that in well NFFW-2R in that it is dependent on water table elevation.
Thus automated skimming had limited success at well NFFW-14 due to the high water table.

4.4 INFLUENT AND EFFLUENT MONITORING

Average hydrocarbon concentrations in extracted ground-water as determined from the 7
samples collected from April 1995 through July 1996 were 1,106.3 ug/l total BTEX, 317.14
pg/l naphthalene, and 10,100 ug/l TPH as gasoline, the complete results of each sampling
event are summarized on Table 5 and included as Appendix C. As discussed in Section 2.6.2
and illustrated on Table 5, each sample exceeded the 5 ug/L benzene and 20 ug/L naphthalene
site cleanup criteria.

The 200 Ib GAC treatment units were changed out on three occasions during the pilot study.
In February 1995, both the primary and secondary units were replaced after pumping a total
146,925 gal of ground water resulting in a carbon usage rate of 0.002 pounds per gallon. In
November 1995 only the primary GAC unit was replaced after processing a total of 279,765
gal of ground water. This corresponds to a carbon usage rate of 0.0007 pound per gal. At
that time the new GAC unit was placed in the secondary position and the former secondary
unit was rotated to the primary position. Both units were again changed out in August 1996
after processing an additional 863,190 gal of ground water at a carbon usage rate of 0.0005

pounds per gal.
4.5 SOIL VAPOR EXTRACTION TESTING

As previously described, dual-phase (LNAPL and ground water) recovery is generally limited
not only by the LNAPL/water level but also by the physical constraints of the system, such as
the ability to raise/lower the pump intakes in response to water table fluctuations of up to 24
ft. The alternative to LNAPL pumping is inducing a phase change to vapor and using vacuum
extraction as the removal mechanism. This method though less direct and efficient is
nonetheless not constrained by the physical location of a pump intake.

In order to evaluate the effectiveness of vapor-phase extraction SVE tests were conducted from
several site wells on two separate occasions as discussed in Section 3.3. The results of the
SVE tests are summarized below, the complete results for the April and July tests are included
in Appendices D and E, respectively.

4.5.1 High Water Table Test (April 1995)

Soil vapor extraction (SVE) tests were conducted on monitoring wells NFFW-4, NFFW-7,
and NFFW-16 from 4-6 April 1995. The purpose of the SVE tests was to evaluate the
potential for SVE as a remedial technology during periods of high water table elevation.

These wells were chosen to assess SVE performance in areas with varying amounts of
LNAPL. LNAPL has not been observed in NFFW-4, has been present periodicaily in NFFW-
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7, and has consistently been present in NFFW-16.

The SVE tests consisted of a system head test and a radial influence test. The system head test
evaluates the relationship between the applied vacuum and the extracted air flow rate. The
radial influence test evaluates the radial distance from the well influenced by the applied
vacuum at the extraction well and to assess the volatile organic compound (VOC) removal
rates.

The results of the system head test indicate the area is characterized by a low permeability
subsurface resulting in a high vacuum - low flow rate relationship. Applied vacuums ranged
from 2 to 14.8 in-Hg while observed flow rates ranged from 2.18 to 43.6 cfm. In general,
the three test wells (NFFW-4, NFFW-7, and NFFW-16) responded similarly to the range of
vacuums applied and no significant differences were observed.

The results of the radial influence tests indicate that preferential pathways may exist in the
subsurface. The tests on wells NFFW-4, NFFW-7, and NFFW-16 were conducted at vacuums
of approximately 7, 9, and 10 in-Hg, respectively, with corresponding average air flow rates
of 33, 33, and 26 c¢fm. In general, the greatest radial influence was observed from well
NFFW-16 and the least radial influence was present in the vicinity of well NFFW-4. The
inconsistent nature of the results does not allow the determination of an effective radius of
influence about each well. However, it should be noted that vacuum influence was observed
during each test at distances of up to 25 feet from the extraction well.

Removal rates in 1bs/day were calculated for each sample collected based on TPH as toluene
equivalents. Extraction from well NFFW-7 produced the highest average hydrocarbon
removal rate (28.46 Ibs/day) while extraction from wells NFFW-4 and NFFW-16 resulted in
lower average removal rates of 0.74 and 11.46 lbs/day, respectively.

The results of the chlorinated hydrocarbon analysis indicated the presence of several target
compounds in samples from each of the three test wells. Chlorinated hydrocarbons were most
prevalent in the extracted air samples from well NFFW-4 where methylene chloride was
present at a maximum of 19.18 ppmv. The occurrence of chlorinated hydrocarbons is not
coincident with the occurrence of LNAPL since NFFW-4 is in an area where LNAPL has not
been detected.

4.5.2 Low Water Table Test (July 1995)

Soil vapor extraction (SVE) tests were conducted on monitoring wells NFFW-4 and NFFW-16
on 6 July 1995. The purpose of the SVE tests was to evaluate the potential for SVE as a
remedial technology during periods of low water table elevation. This test was conducted at a
time when water table was approximately 3 to 7 ft lower than it was during the high water
table (April) test. It was anticipated that improved removal efficiencies would be observed
during the low water table test. These wells were chosen to assess SVE performance in areas
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with varying amounts of LNAPL. LNAPL has not been observed in NFFW-4 and has
consistently been present in NFFW-16. An SVE test was not conducted on NFFW-7 because
it had been damaged during the removal of a large soil stockpile at he Navy Fuel Farm.

The SVE tests consisted of a system head test and a radial influence test. The system head test
evaluates the relationship between the applied vacuum and the extracted air flow rate. The
radial influence test evaluates the radial distance from the well influenced by the applied
vacuum at the extraction well and to assess the volatile organic compound (VOC) removal
rates.

During the system head tests applied vacuums ranged from 1 to 5 in-Hg while observed flow
rates ranged from 8.7 to 37.6 cfm. In general, a higher flow rate was achieved in NFFW-4
than in NFFW-16 for the same applied extraction pressures.

The radial influence tests again produced varying results. The tests on wells NFFW-4 and
NFFW-16 were conducted at extraction pressures of 4 in-Hg with corresponding average flow
rates of 37 and 16 cfm respectively. In general, the greater radial influence was observed
from well NFFW-16 and minimal radial influence was present in the vicinity of well NFFW-
4. The effective zone of radial influence about each well, which is defined as the area within a
differential pressure of 0.10 inches of water (Keech, 1989), is approximately 5 ft for NFFW-4
and 25 ft for NFFW-16. This estimate is based on an observed vacuum of 0.1 inches of water
in the monitoring points.

Extraction from well NFFW-16 produced the highest average petroleum hydrocarbon removal
rate (1.0 1b/day) while extraction from well NFFW-4 resulted in a minimal average removal
rate of less than 0.05 Ibs/day.

The results of the chlorinated hydrocarbon analysis indicated the presence of several target
compounds in samples from NFFW-4 while samples from NFFW-16 contained no detectable
level of chlorinated hydrocarbons. As discussed in Section 5.2.1, the occurrence of
chlorinated hydrocarbons in NFFW-4 is not consistent with the occurrence of LNAPL as
NFFW-4 is in an area where LNAPL has not been detected. The most prevalent chlorinated
hydrocarbon present in the extracted air samples from NFFW-4 was methylene chloride which
was detected at a maximum concentration of 25 ppmv. The maximum total hydrocarbon
removal rate at NFFW-4, which includes both petroleum and chlorinated hydrocarbons, was
0.26 Ibs/day.

A comparison of the two SVE tests is presented below:
* Flow rates for NFFW-4 in July were consistent with those found in April but
extraction pressures were significantly less to achieve the same flow rate,
12 in-Hg in April and 4 in-Hg in July to achieve the same flow of 37 cfm. NFFW-
16 exhibited significantly lower flow rates in July (18.5 cfm) than in April (44
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cfm). Noting that the same vacuum extraction blower was utilized during both
tests, the maximum achievable extraction vacuum was also significantly less during
July (4 in-Hg) than in April (18 in-Hg). This is a result of more screened interval
(3-7 ft) in the wells being exposed during the low water table SVE test than during
the high water table SVE test.

The July radial influence tests indicate a significant difference in radial influence
between NFFW-4 (5 ft) and NFFW-16 (25 ft). These results are similar to those
found during the April test with the exception that the July results were more
symmetrical for the two axis. The results of the April investigation indicate that the
radial influence was not symmetrical.

Average petroleum hydrocarbon removal rates (< I Ib/day) were minimal during
the July testing event for both wells tested. These removal rates were also less than
those found during the April testing event where the average petroleum
hydrocarbon removal rate was 28 1bs/day.

The results are counter-intuitive since the high water levels generally preclude

efficient vapor interaction with the LNAPL while a low water table promotes access
for air flow and interaction with LNAPL.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1 SUMMARY AND CONCLUSIONS OF THE PILOT STUDY
5.1.1 Occurrence and Distribution of LNAPL

Significant amounts of LNAPL remain in the subsurface at the Navy Fuel Farm and the
occurrence of LNAPL is related to the ground-water table elevations. During periods of high
ground-water table elevations, LNAPL is present sporadically in a few wells. However,
during periods of low or falling ground-water table elevations, LNAPL is found throughout the
Navy Fuel Farm. LNAPL was observed in a 4.6 acre area bounded by monitoring wells
NFFW-19, NFFW-6, NFFW-20, NFFW-12, and NFFW-8 excluding NFFW-5.

LNAPL tends to be present in monitoring wells when the ground-water table elevation is in the
fractured rock zone and not when the ground-water table elevation is in the overburden. For
example, in NFFW-2R, LNAPL was typically present in the well only after the water table
was depressed or fell to a level approximately 20 ft below the top of the well casing (295 ft
above msl). One possible explanation for the relationship between the water table elevation
and the occurrence of LNAPL in the monitoring wells is that the LNAPL is present in the rock
fractures and flows into the wells during periods of low ground-water table elevation.
However, during periods of high ground-water table elevation, the LNAPL becomes
hydraulically isolated from the well. The result is that the LNAPL can not enter the well and
therefore, no LNAPL is observed in the well during periods of high ground-water table
elevation.

5.1.2 LNAPL Recovery without Vacuum Enhancement

LNAPL recovery without vacuum enhancement was successful when the ground-water table
was depressed. While operating the recovery system at NFFW-2R without vacuum
enhancement from July 1994 to July 1995, the average LNAPL recovery rate was 2.5 gal per
day at a ground-water pumping rate of 0.3 gal per minute. However, the fluctuation of the
ground-water table had a large influence on the rate of LNAPL recovery. In addition to the
absence of LNAPL when the ground-water table elevation was high, heavy rainfalls also
affected LNAPL recovery. Heavy rainfalls often raised the water table elevation fast enough
that the water table depression pump (rated at 7 gpm) was often not able to pump as fast as
water recharged the well. As a result, the recovery pump would become submerged. The
ground-water pumping rate needed to maintain the desired drawdown in NFFW-2R during
periods of high water table elevation is estimated at 10-15 gpm, based on results of a rate
check conducted in March 1996.
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Furthermore, recovery was also limited during drought periods when the LNAPL/water
interface dropped below the level of the recovery pump intake. The option of deepening the
wells was considered, however, because of the potential to cross-contaminate the lower portion
of the Stockton Formation, which is utilized as a water supply, this option was ruled out.
Appendix F contains the letter report recommending against deepening well NFFW-2R,

Depending on the monitoring well, the pilot study reports limited success in skimming of
LNAPL. Typically, both automated skimming and hand bailing are effective methods of
recovering LNAPL in the immediate area of the well but do not create a significant capture
zone. Based on the hand bailing and automated skimming results, the automated skimmers
were not deployed in the proper wells. Manual bailing of LNAPL from NFFW-14 and
NFFW-16 recovered 55 gal and 14.32 gal respectively. The hand bailing results indicate that
automated bailing should also be effective. Based on the available information at the start of
the pilot study, automated skimming systems were installed in NFFW-6 and NFFW-19,
However, the amount of LNAPL recovered from wells NFFW-6 and NFFW-19 (1.86 gal and
0 gal respectively) did not justify the effort of installing the automated skimmers. The
automated skimmer from NFFW-19 was subsequently moved to NFFW-14, but high ground-
water table elevations have limited LNAPL recovery. However, 12 gal of LNAPL was
recovered in 1996 through the use of the automated skimmer at well NFFW-14 representing
nearly a 25 percent increase in recovery over the same period in 1995,

5.1.3 Vacuum Enhanced LNAPL Recovery

Vacuum enhanced LNAPL recovery was also hampered by the fluctuations in the water table.
For much of the time that vacuum enhanced recovery was conducted, the LNAPL/water
interface was below the level of the recovery pump intake. As a result, during the August-
November 19935 time period, most of the hydrocarbons recovered during the vacuum enhanced
recovery operations were recovered in the vapor-phase. The equivalent of approximately 4.1
gal per day was recovered in the vapor phase compared to 0.24 gal per day of LNAPL.
Comparing the amount of LNAPL recovered during the July 1994-July 1995 period of
recovery without vacuum-enhancement and the August-November 1995 period of vacuum-
enhanced recovery; vacuum-enhanced recovery resulted in a 64 percent increase in
hydrocarbon recovery when vapor-phase recovery is considered.

Vacuum-enhanced recovery also increased the LNAPL recovery rate during the June 1994
vacuum-enhanced recovery operations when compared to the 30 March-3 June 1994 recovery
operations without vacuum-enhancement. Approximately 9.7 gal per day of LNAPL was
recovered without vacuum-enhancement as compared to 19.9 gal per day with vacuum-
enhancement. This is a 105 percent increase in LNAPL recovery using vacuum-enhanced
recovery. However, the June 1994 vacuum-enhanced recovery operations were of too short a

duration to draw any conclusions about the long-term effectiveness of vacuum-enhanced
recovery.
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Based on each period of vacuum-enhanced recovery operations, ground-water table
fluctuations had a large impact on the amount of LNAPL recovered. As discussed above,
deepening of NFFW-2R is not recommended. However, when the ground-water table
elevation fell below the recovery pump intake, vacuum-enhanced recovery did result in the
removal of significant amount of hydrocarbons which would not have been recovered
otherwise. In addition, oxygen is typically the limiting factor for subsurface biological activity
and the biodegradability of petroleum products is well documented. Therefore, it is likely that
vacuum-enhanced recovery will stimulate biological degradation of residual-phase petroleum
hydrocarbons in the vadose zone.

5.1.4 Soil Vapor Extraction Testing

Based on the results of two sets of SVE tests, SVE appears to be of limited use as a remedial
option for this site. This is a result of the small radial influences observed, low vapor flow
rates, and low vapor phase hydrocarbon recovery rates. The results from the April 1994 test
(high ground-water table conditions) indicate hydrocarbon recovery rates between
approximately 11.5 and 28.5 1bs/day are attainable for wells NFFW-7 and NFFW-16,
respectively. During the July 1995 test (low water table conditions) recovery rates for the
same two wells were less than 1.0 1b/day. However, as with vacuum-enhanced recovery, SVE
would resuit in the removal of some residual phase hydrocarbons which would not otherwise
be recovered and would stimulate biodegradation of the residual phase petroleum
hydrocarbons.

5.1.5 Conclusions

Based on the results of the pilot study, the following conclusions can be made. These form the
basis for the recommendations contained in Section 5.3.

. Based on a comparison of the analytical results from previous investigations to the
Pennsylvania cleanup levels, the remedial action objectives at the Navy Fuel Farm
should include source reduction through recovery of LNAPL and ground-water
remediation.

. Significant amounts of LNAPL remain at the Navy Fuel Farm. Recoverable amounts
of LNAPL have been gauged in wells NFFW-1, NFFW-2R, NFFW-7, NFFW-14,
NFFW-16, and NFFW-20.

. LNAPL occurrence is directly related to ground-water table elevation. During periods
of high ground-water table elevation, LNAPL is present in only a few monitoring
wells. During periods of low ground-water table elevation, the occurrence of LNAPL
increases, both in areal extent and in thickness of the LNAPL layer observed in the
monitoring wells.
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. Recovery of the LNAPL is limited by the hydrogeology of the site. In particular, the
LNAPL appears to be present in the fractures of the bedrock and becomes isolated from
the site wells during periods of high ground-water table elevation. The ground-water
table fluctuates seasonally and with rainfall. The large and relatively quick acting
fluctuations (up to 24 ft) make maintaining the pump intake at the proper level very
difficult.

. LNAPL recovery using ground-water table depression without vacuum-enhancement
was an effective method of recovery. Automated skimming of LNAPL was nof an
effective method of recovery.

. LNAPL. recovery using vacuum-enhanced recovery was limited due to both high and
low ground-water table elevations resulting in the LNAPL/water interface being either
above or below the level of the intake of the recovery pump during portions of the
periods that vacuum-enhanced recovery was tested. However, when vapor-phase
recovery of LNAPL is accounted for, vacuum-enhanced recovery did increase the
amount of petroleum hydrocarbons recovered.

. Because of small radius of influence and low vapor recovery rates, SVE is only
marginally effective at the Navy Fuel Farm.

5.2 OPTIONS FOR FULL SCALE REMEDIATION SYSTEM

Based on the results of the pilot study the following options for LNAPL recovery were
considered for the full-scale remedial system:

. vacuum-enhanced recovery using water table depression operating all year

. LNAPL recovery using water table depression without vacuum-enhancement operated
only during periods of low water table elevations

. LNAPL recovery using vacuum-enhanced recovery when conditions are favorable and
only ground-water table depression when conditions for vacuum-enhanced recovery are
not favorable

. bioslurping

Each option would include expansion of the recovery efforts to include new wells installed in
the vicinity of NFFW-2R, NFFW-14 and NFFW-16, except bioslurping which would require
additional extraction points due to the anticipated minimal radius of influence as evidenced by
the results of SVE tests. Furthermore, each option would be supplemented by a bailing
program to recover LNAPL which occurs intermittently at other site wells. The following
discusses the advantages and disadvantages of each option. Approximate design, construction
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and operation and maintenance costs are also provided.
5.2.1 Vacuum-Enhanced Recovery

The advantages to operating a full scale vacuum-enhanced recovery system include the
increased rate of LNAPL recovery; recovery of vapor-phase hydrocarbons during periods
when the water table elevation falls below the well; reduction of residual-phase hydrocarbons;
treatment of dissolved-phase hydrocarbons; and increased biodegradation. All of these
advantages result in a decreased duration for remediation as compared to the pump and treat
option.

The disadvantages include the high cost of treating the air emissions and the increased water
flow rates. In addition, to accommodate the water flow rates which would result from
expanding the system, larger water table depression pumps and water treatment equipment will
be required.

Currently, the vacuum-enhanced recovery system at NFFW-2R utilizes a dual pumping system
(individual ground-water and LNAPL pumps). During periods of extremely low water table
elevations, the LNAPL/water interface falls below the LNAPL intake and the pump can not
recover LNAPL; however vapor-phase extraction and bioremediation are enhanced in this
situation. Because, as discussed in section 5.1.2, deepening NFFW-2R is not an option other
pumps, such as a total fluids pump could be used. However, use of a total fluids pump would
require an oil/water separator and possibly iron removal.

Treatment of the air emissions is an expensive part of the vacuum enhanced recovery system.
The recovery rate of vapor phase hydrocarbons varies with the water table elevation and the
amount of LNAPL in the well. This makes selection of an off-gas treatment technology
difficult. For example, when vapor-phase concentrations are high as is the case when the
water table is low, the cost of carbon treatment is prohibitive; conversely, when vapor-phase
concentrations are low, the cost of providing supplemental fuel for the thermal oxidizer is also
expensive. The thermal oxidizer currently at the site is large enough to handle the increased
air flow from additional wells. The operating costs of the thermal oxidizer can be decreased
by adding a heat exchanger and/or a catalytic oxidizer option to the thermal oxidizer. These
features will reduce the amount of supplemental fuel required to treat the air emissions.

The approximate cost for design of this option ranges from $25,000 to $30,000 with
construction costs in the range of $320,000 to $510,000. This assumes installation of three
new wells, purchasing the existing thermal oxidizer, installing new ground-water treatment
units, and equipping the system with telemetry. Average annual operation and maintenance
costs are estimated to range between $72,000 and $120,000. Approximate cost ranges for
each option considered are summarized on Table 10.



5.2.2 LNAPL Recovery Using Water Table Depression Without Vacuum-Enhancement
Operated Only During Periods of Low Water Table Elevations

This option would operate only during periods of low water table elevation. This option
would recover significant amounts of LNAPL at the lowest cost. The disadvantage is that
during periods of high water table elevation no remediation would be accomplished.

Several additions to the current system would be required to expand recovery operations.
Three new larger diameter wells would be installed, new ground-water depression pumps
would be required, and the water treatment system would need to be expanded to add larger
carbon adsorption units to accommodate the increased water flow.

The approximate cost for design of this option ranges from $20,000 to $25,000 with
construction costs in the range of $250,000 to $420,000. Additionally, average annual
operation and maintenance costs are estimated to range between $40,000 and $60,000.
Approximate cost ranges for this option are also summarized on Table 10.

5.2.3 LNAPL Recovery Using Vacuum-Enhanced Recovery when Ceonditions are
Favorable and Only Ground Water Table Depression When Conditions for
Vacuum Enhanced Recevery are not Favorable

This option is a combination of the first two options. When conditions are favorable, selective
use of vacuum-enhancement would increase the LNAPL recovery rate and allow remediation
to continue when the LNAPL/water interface drops below the well. Remediation of the
residual phase and increased biodegradation would also occur.

The approximate cost for design of this option ranges from $25,000 to $30,000 with
construction costs in the range of $320,000 to $510,000. Average annual operation and
maintenance costs are estimated to range between $72,000 and $120,000. These cost ranges
are summarized on Table 10.

5.2.4 Bioslurping

Conceptually, bioslurping and vacuum enhanced recovery (as discussed in Section 5.2.1) are
the same remedial technology. Both options extract LNAPL, ground water, and soil vapor.
The difference is that bioslurping uses a uses a vacuum pump to withdraw liquids and vapors
from the extraction well. Vacuum pumps are limited to 1 atmosphere of pressure (33 ft of
water). Therefore, accounting for head losses, after the LNAPL/water interface dropped more
than 20-25 ft below the ground surface, bioslurping would not be able to extract liquids.
While the extraction of LNAPL and a ground water/soil vapor mixture may allow recovery
from depths greater than 20-25 ft, an advantage of bioslurping is that it minimizes the amount
of water pumped. However, due to the large water table fluctuation at this site, placement of
the intake in a bioslurping system would be well below the ground water table during much of
the year and the amount of water pumped may not be decreased. Therefore, bioslurping is not
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an appropriate technology at this site because of the large water table fluctuations. Because
bioslurping, using a single vacuum pump, is not appropriate, costs have not been estimated.

53

RECOMMENDATION

Based on the results of the pilot study to date, operation of an LNAPL recovery system using
ground-water table depression and vacuum-enhancement is recommended. This
recommendation allows recovery of LNAPL to be conducted during periods of low and high
water table elevations at a cost which is in the same order of magnitude as the other options
considered. The following items should be incorporated into the design of the full scale
remedial system.

Install new 6-in. or 8-in. diameter recovery wells in the vicinity of wells NFFW-14 and
NFFW-16 to accommodate dual pumping systems.

Expand the vacuum-enhanced recovery system to include the two new wells along with
existing well NFFW-2R. Install dual pumping systems in each well that are amenable
to vacuum-enhanced operation within the range of ground-water table elevation
fluctuations observed during the pilot study. It is anticipated that the three LNAPL
pumps currently in use at the Fuel Farm can also be utilized as part of the final design;
however, three new ground-water pumps will be required. Also install variable speed
drives and pressure transducers on each pump. This will allow manipulation of
pumping rates in relation to ground-water table elevations in order to maintain the
desired level of drawdown. Expected flow rate is <1-15 gpm per well.

Install individual underground lines (LNAPL, ground-water and SVE) to each recovery
well along with underground electrical service.

Upgrade the ground-water treatment system to accommodate a flow rate of up to 45
gpm. This could be accomplished by installing two new 1,000 pound high pressure
carbon treatment vessels. These units along with the ground-water system controls
should be placed in a new non-explosion proof enclosure. The existing explosion proof
enclosure will continue to house the existing vacuum portion of the system and will
also provide equipment and material storage space. It should be noted that air stripping
is not recommended due to the low carbon usage during the pilot study and because
Pennsylvania Regulations (25 PA Code Chapter 127) require treatment of air
emissions.

Upgrade the water discharge line to 6-in diameter PVC pipe or larger and install below
ground.

Install telemetry to allow for remote monitoring of the entire system. This will enable
a timely response to any system malfunctions that may occur.

5-7




REFERENCES

Commonwealth of Pennsylvania Department of Environmental Resources (PADER).

Protective Levels and Criteria for the Excavation, Treatment, Cleanup and Disposal of
Virgin Fuel Contaminated Soil. October (PADER 1991).

Commonwealth of Pennsylvania Department of Environmental Resources, Ground Water

EA.

EA.

EA.

EA.

EA.

EA.

EA.

EA.

EA.

Quality Protection Strategy. February (PADER 1992).
1988a. Plan of Action for Site Inspection, NAS Willow Grove, Pennsylvania. February.

1988b. Draft Appendix B, Soil Vapor Contaminant Assessment at NAS Willow Grove.
December.

1989a. Interim Report, Electromagnetic Survey, Soil Vapor Contaminant Assessment,
and Revised Field Sampling Plan for Site Inspection Studies at NAS Willow Grove.
March.

1989b. Draft Report, Environmental Test Boring Investigation at the Navy Fuel Farm,
NAS Willow Grove, Horsham Township, Pennsylvania. June.

1990. Final Report, Site Inspection Studies at NAS Willow Grove, Horsham Township,
Pennsylvania. Volumes I and II. May.

1991. Final Interim Report on Investigations at the Navy Fuel Farm, NAS Willow
Grove, November 1990 - July 1991. November.

1993a. Final Work Plan for Pilot-Scale Testing of Free-Product Recovery and Aquifer
Air Sparging at the Navy Fuel Farm Facility - NAS Willow Grove. November.

1993b. Final Report of Interim Site Investigations, Navy Fuel Farm - Willow Grove
NAS. September.

1993c. Final Implementation Pan for Pilot-Scale Testing of Free-Product Recovery and
Aquifer Air Sparging at the Navy Fuel Farm Facility - NAS Willow Grove. November.

Keech, D.A. 1989. Surface Venting Research and Venting Manual by the American

Petroleum Research Institute. Presented at the Workshop on Soil Vacuum Extraction,
R.S. Kerr Environmental Research Laboratory. 27-28 April. Ada, Oklahoma.

Marley, M.C., S.D. Richler, R.J. Cody, and B.J. Cliff. 1990. Modeling of In Situ

Evaluation of Soil Properties and Engineered Vapor Extraction System Design. National
Water Well Association/American Petroleum Institute Conference on Petroleum
Hydrocarbons and Organic Chemicals in Groundwater: Prevention, Detection and
Restoration. Houston, Texas.




REFERENCES (Continued)

Miller, R.N., R.E. Hinchee, C.M. Vogel, R.R. Dupont, and D.C. Downey. 1990. A Field
Scale Investigation of Enhanced Petroleum Hydrocarbon Biodegradation in the Vadose
Zone at Tyndal AFB, Florida. National Water Well Association/American Petroleum

Institute Conference on Petroleum Hydrocarbons and Organic Chemicals in Groundwater:

Prevention, Detection and Restoration. Houston, Texas.

Rima, D.R., H. Meisles, and S. Longwill. 1962. Geology and Hydrology of the Stockton
Formation in Southeastern Pennsylvania. Bulletin W-14, Pennsylvania Topographic and
Geologic Survey. 111 pp.

Title 25 - Pennsylvania Code Chapter 245 Subchapter D, Storage Tanks; Corrective Action,
August. Commonwealth of Pennsylvania, Environmental Quality Board (EQB 1993).




FIGURES




-

. 'A v .\ . ” .
. 2 raeme” "
e XFrQdricat Site)
g S 1 SEEREN
o ;e ; g 7
™

-

U S NAVA

-
!

o ATR=-STATION
G ETIEEEN
R\

Figure 1. Site location map, Navy Fuel Farm facility, Naval Alr Station, Willow
Grove Grove, Pennsyivania.




AIRCRAFT
PARKING
APRON

@ NFFW-15

ASPHALT -

eene O\ 0
,.
,.

VACUUM ENHANCED FREE @ _
PRODUCT TREATMENT BLD NFFW-16
ASPHALT Ll ?/‘/
il NFFWS ’ WATER DISCHARGE LINE
AREA 386

NFFW-14@

FUEL TRUCK
PARKING AREA

FUEL FARM

o
NFFW-21

)
NFFW=20,
AIRCRAFT
PARKING
APRON
-] MONITORING WELL
----- DRAINAGE DITCH
§
'
NOTE: £
150 75 0 150
BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED “
BY EA (1993). NO AS-BUILT DRAWINGS OF NEW FUEL FARM FACILITY WERE &
AVAILABLE FROM NAVY PERSONNEL PRIOR TO DEVELOPMENT OF BASE MAP. BASE GRAPHIC SCALE IN FEET &
MAP IS INTENDED AS A REFERENCE ONLY. ANY DECISIONS MADE BASED ON THE APPROXIMATE SCALE ;
CONTENT OF THIS MAP ARE THE SOLE RESPONSIBILITY OF THE USER. ‘é
SCIENCE, AND NAVAL AIR STATION SITE PLAN
TECHNOLOGY, INC. WILLOW GROVE, PENNSYLVANIA
rPRNEC\’ MGR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
CR TBL CJV/PMH CR 1" =150* 3-21-95 29600.09




295
N ARCRAFT
“HrON NFW-17_
297.07"
/ /

P
7 M
-
-
NFFW-15
@ 207,60 M
%

¥ NFFW
M e
r frrf n)}\ M o
A w NFFW-12 @ /\ PARKING

ABOVEGROUND
AIRCRAFT \ ELECTRIC
PARKING

hY
APRON N \
@\TH=20  MONTTORING WELL WITH GROUND-, N\

30157  WATER ELEVATION {FT. MSL)

AN
POTENTIOMETRIC ELEVATION _)\305
~=300— CONTOUR (FT. MSL)
CONTOUR INTERVAL = 5 FT. \

* APPARENT GROUNDWATER

NOTE:

BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED
BY EA (1993). NO AS-BUILT DRAWINGS OF NEW FUEL FARM FACILITY WERE
AVAILABLE FROM NAVY PERSONNEL PRIOR TO DEVELOPMENT OF BASE MAP. BASE
MAP (S INTENDED AS A REFERENCE ONLY, ANY DECISIONS MADE BASED ON THE
CONTENT OF THIS MAP ARE THE SOLE RESPONSIBILITY OF THE USER.

) . AREA -
\ 288.35 P
r - //’/
VACUUM ENHANGED FREE ~NFFW-1 -
s PRODUCT TREATMENT BLDG 299.28 - NFFW.

WATER DISCHARGE LINE

)

-2 w2
g \i N
7‘7@ N

b
\\

FUEL TRUCK

EXISTING /™

O\ FUEL FARM N\
« NS

N
\ ARKING AREA
q\}\\ PARKING A
N\

N

e’

FILE: F\2850005\ DWG2\CW=-4-94.0%G

EA ENGINEERING,

SCIENCE, AND NAVAL AIR STATION

NAVY FUEL FARM FACILITY

POTENTIOMETRIC SURFACE

TECHNOLOGY, INC. WILLOW GROVE, PENNSYLVANIA 4 APRIL 1994
PROJECT MGR DESIGNED 8Y DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
CR TBL CJv/PMH CR 1"=150" 4-8-96 29600.09 3




NEFYL0 0 d
NFFW.9 )
NAPL Not o | NFFW-8
Observad / é‘ -
L r
Bullding 340 - NAPL e [ Calchment
Observed 1989 Basin
—— -
— o A Grass
- NFFW-1] | ¥ [NFFB-1 Bidg.
s — » v
NFF 1 Tralter | |
NFFW-12 | 2
NFFW.-3-
] [Te terwa i
«
®
£
a.
m %
Bullding 345 Parking NFFW-2R
Undergroung
\ Waste Qif Tank
. w0
_ NFFW-6 Wall Underground
0] o Utility Trench N F:,, Diosel Tank
NFFW-13 NRRW-14 [ oo i
. . - ” "
LEGEND )
® 4’ Pravious Monitoring Well
W 6° Previous Moniloiing Welt { FEET
© 4* Now Moniloring Well P—
[1 6° New Moniloring Wall ° 65 ."°

Figure 4. Site plan showing relevant site features, prior to 1991.
Navy Fuel Farm Facility, Naval Air Station, Willow Grove, Horsham Township, Pennsylvania,




Proposed Construction Area
A Test Boring Location
FFB-1
FFB-1 FFB-14 FFB-15
A
FFB-2 FFB13 FFB-18
ArrBo
—
Building 330 Building 340 ‘
FFB-17
Building 345
Temporary
Building
FFB-16
Figure 5. Location of soil borings installed in March 1989. .
Navy Fuel Farm Facility, Naval Air Station, Willow Grove, Horsham Township, Pennsylvania.




Treated Air ?
to Atmosphere

Sampling Ports
\f
. Access Port Moisture
Sampling Ports . Tra
High Level Shutoff ) P
Product Vacuum Line
Discharge
Hose Sample
Port Blower
Control
Panel Thermal f
o Oxidizer

Figure 6. Schematic of vacuum-enhanced free product recovery system installed at L
Well NFFW-2R, Navy Fuel Farm facility, NAS Willow Grove, Horsham Township, Pennsylvania.

FA28600093690:2960009.0dr



High-level Shutoff Control Panel

Secondarily Contained
55 Gallon Drum
(Product Storage)

Product Discharge Hose

Grpund Surface

Figure 7. Schematic of automated product skimming system utilized
at wells NFFW-6, NFFW-14, and NFFW-19, Navy Fuel Farm facility,

NAS Willow Grove, Horsham Township, Pennsylvania. FA2960009\3690:2950000.cdr



!
------—--‘—t----ﬁ--_

Air Effluent
Fresh Air Intake Sample
(Vacuum Adjustment) Port
Vécuum Vacuum
auge Sample
Port s Pump
1 —p
Flow
Meter Vapor PhasecGrznular
Moisture Activated Carbon
Sep'aratror Ball Valve Adsorption Unit Surtace
Monitoring »
Well =
11
I
[
v
I -—=- 'I" "" __________ e i Static Ground-Water Level
11
11
LI
Figure 8. Soil vapor extraction test equipment schematic, . *
Naval Fuel Farm Facility, Naval Air Station Willow Grove, Horsham Township, Pennsylvania.

F2860009\ReportsiFig8.cdr



NFFW—20
@ 20382

300 —

i

NOTE;

MAP S INTENDED

AIRCRAFT
FARKING
APRON \

BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED
BY EA (1993). NO AS-BUILT DRAWINGS OF NEW FUEL FARM FACILITY WERE
AVAILABLE FROM NAVY PERSONNEL PRIOR TO DEVELOPMENT OF BASE MAP. BASE GRAPHIC SCALE IN FEET

AIRCRAFT
PARKING
APRON

ASPHALT
NFFW-12 a PARKING

VACUUM ENHANCED
FREE PRODUCT
TREATMENT BLDG

N
/Em@ \

EL FARM

LEGEND

P
e

ELECTRICAC G

UBSIATION €~

MONITORING WELL WITH GROUND-
WATER ELEVATION (FT. MSL)

POTENTIOMETRIC ELEVATION
CONTOUR (FT. MSL)
CONTOUR INTERVAL = 2 FT.

APPARENT GROUNDWATER
FLOW DIRECTION

150 75 0 150

AS A REFERENCE ONLY. ANY DECISIONS MADE BASED ON THE APPROXIMATE SCALE

CONTENT OF THIS MAP ARE THE SOLE RESPONSIBILITY OF THE USER.

e
T 7
’rr /
-~ ’
//
MANHOLE
NFFW-9 A
29351Q@ <\>

FLE: FA\2860009\0WG2\GW~4~95

EA ENGINEERING, NAVY FUEL FARM FACILITY POTENTIOMETRIC SURFACE
FECHNOUOGY, Inc. | NAVAL AR STATION WILLOW GROVE 27 APRIL 1995

PROJECT MOR
CR

DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE

BS MSM BS 1"=150" 4-8-96 29600.09 9




‘ AIRCRAFT
N PARKING
APRON P
~
J -
o //
7
NFFW-15 -
@ 29541 e
~ MANHOLE
Pl
™ 296~
ASPHALT -~
NFFW-13 PARKING
L NFFW~12 AREA
? 295.99
-~ y}} VACUUM ENHANCED FREE : Q
- pﬂ,u) PRODUCT TREATMENT BLDG g -
u < A
D) - - ~ -~
P /\ . /{C p / . \)
/ <<__“WATER DISCHARGE LINE f 7
2 298
NFFW=7 S . }
N ) N\ NFFW=21
N WO\ FUEL TRUCK N, 28807
TN q\\mmms AREA ~N
// \\ \\\\\ N S
- \ EXISTING X >~
. @ \Q)EL FARM— >
NFFW-20 ( Ve
29752 '30? P
~N/
.
N\ S
ARCRAFT w N P~ yd ~
AN AN :
APRON / N q s ’&7,\
/ ; ,‘93 ELECTRICAL e ~
. // N SUBSTATION, ~.
NFFW-19 ", .~
LEGEND , X /\\? o
N/ P s
NFFW~20  MONITORING WELL WITH GROUND- . <7D /7 : g
B29752 WATER ELEVATION (FT. MSL) \\ \\ ¢ Q M — S _——
e Y
G
POTENTIOMETRIC ELEVATION N 7 /y>§7
—=300— CONTOUR (FT. MSL) AN "\ . - y
CONTOUR INTERVAL = 2 FT. “ \ NFFW-4
\ 31490 g
APPARENT CROUNDWATER \ N - . 7
FLOW DIRECTION £
€
NOTE: 2
150 75 0 150
BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED .
BY EA (1993). NO AS—BUILT DRAWINGS OF NEW FUEL FARM FACILITY WERE g
AVAILABLE FROM NAVY PERSONNEL PRIOR TO DEVELOPMENT OF BASE MAP. BASE GRAPHIC SCALE IN FEET 2
MAP S INTENDED AS A REFERENCE ONLY. ANY DECISIONS MADE BASED ON THE APPROXIMATE SCALE "
CONTENT OF THIS MAP ARE THE SOLE RESPONSIBILTY OF THE USER. !
TECHNOLOGY, INC. HORSHAM TOWNSHIP, PENNSYLVANIA
JPROJECT MOR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
CR BS DWM BS 1°=150" 4-8-96 23600.09 10




FUEL TRUCK
PARKING AREA

FUEL FARM

(“ ] MONITORING WELL
@0.0 LNAPL THICKNESS

.0
== — LNAPL ISOPACH CONTOUR (FT.) 0 g
CONTOUR INTERVAL = 1 FOOT g
150 75 0 150
BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED F
BY £A {1993). NO AS—BUILT DRAWINGS OF NEW FUEL FARM FACILITY WERE
AVAILABLE FROM NAVY PERSONMEL PRIOR TO DEVELOPMENT OF BASE MAP. BASE GRAPHIC SCALE IN FEET &
MAP IS INTENDED AS A REFERENCE ONLY. ANY DECISIONS MADE BASED ON THE APPROXIMATE SCALE ‘é

CONTENT OF THIS MAP ARE THE SOLE RESPONSIBILITY OF THE USER.

ISOPACH MAP OF LNAPL MEASURED
IN MONITORING WELLS

NAVY FUEL FARM FACILITY

BN oalP e NAVAL AIR STATION

WILLOW GROVE, PENNSYLVANA 5 AUGUST 1994
PROJECT MGR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
CR TBL CJV/PMH CR 1" =150' 3-21-95 29600.09 1




NFFW-15
@ 0.0

2o
ASPHALT PR
NFEW-12 @ PARKING -
0.0 AREA -
-
=2 O O
NFFW-1 -

VACUUM_ENHANCED FREE % == s O
Ay » 0.0
PRODUCT TREATMENT BLD NFTW-16 ”

FUEL TRUCK
PARKING AREA

EXISHNG
FUEL FARM

AIRCRAFT
PARKING
APRON

LEGEND

(-] MONITORING WELL
@0.0 LNAPL THICKNESS
~—( —  LNAPL ISOPACH CONTOUR (FT.)

NOTE:

BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED
8Y EA (1993). NO AS—BUILT DRAWINGS OF NEW FUEL FARM FACILITY WERE
AVAILABLE FROM NAVY PERSOMNEL PRIOR TO DEVELOPMENT OF BASE MAP. BASE
MAP [S INTENDED AS A REFERENCE ONLY. ANY DECISIONS MADE BASED ON THE
CONTENT OF THIS MAP ARE THE SOLE RESPONSIBILTY OF THE USER.

EA ENGINEERING,
SCIENCE, AND
TECHNOLOGY, INC.

GRAPHIC SCALE IN FEET
APPROXIMATE SCALE

FRE: F\2960009\DWGZ\ BEDROCK4.00G

NAVY FUEL FARM FACILITY
NAVAL AIR STATION

ISOPACH MAP OF LNAPL MEASURED
IN MONITORING WELLS

WILLOW GROVE, PENNSYLVANIA 4 APRIL 1994
§PROJECT MGR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
CR TBL AMPLS CR 1" =150’ 3-21-95 29600.09 12




ot ‘/. D
NFFW—9 P
00 @ P O
P
G
ASPHALT P

PARKING

FUEL TRUCK
PARKING AREA

LEGEND @00
@ MONITORING WELL
0.0 LNAPL THICKNESS
—0 —  LNAPL ISOPACH CONTOUR (FT.) §
CONTOUR INTERVAL = 1 FOOT g
150 75 0 150
BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED W g
BY EA (1993). NO AS-BUILT DRAWINGS OF NEW FUEL FARM FACILITY WERE &
AVAILABLE FROM NAVY PERSONNEL PRIOR TO DEVELOPMENT OF BASE MAP. BASE GRAPHIC SCALE IN FEET &
MAP IS INTENDED AS A REFERENCE ONLY. ANY DECISIONS MADE BASED ON THE APPROXIMATE SCALE o
CONTENT OF THIS MAP ARE THE SOLE RESPONSIBILITY OF THE USER. E’
a EA ENGINEERING, NAVY FUEL FARM FACILITY ISOPACH MAP OF LNAPL MEASURED
SCIENCE, AND NAVAL AIR STATION IN MONITORING WELLS
TECHNOLOGY, INC. WILLOW GROVE, PENNSYLVANIA 21 DECEMBER 1994
BPROJECT NGR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
CR TBL CJV/PMH CR 1" =150’ 4-12-96 29600.09 13




4
N

LEGEND
] MONITORING WELL
@00 LNAPL THICKNESS
.._1 —_—

CONTOUR INTERVAL = 1 FOOT

NOTE:

LNAPL ISOPACH CONTOUR (FT.)

‘BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED
BY EA (1993). NO AS-BUILT DRAWINGS OF NEW FUEL FARM FACILITY WERE
AVAILABLE FROM NAVY PERSONNEL PRIOR TO DEVELOPMENT OF BASE MAP, BASE
MAP IS INTENDED AS A REFERENCE ONLY. ANY DECISIONS MADE BASED ON THE
CONTENT OF THIS MAP ARE THE SOLE RESPONSIBIUTY OF THE USER.

150 75

0

FUEL TRUCK
PARKING AREA

150

e T ———

GRAPHIC SCALE N FEET
APPROXIMATE SCALE

FUE: F\29600090\DHGZ\ BEDROCK2.0MG

EA ENGINEERING,
SCIENCE, AND

NAVY FUEL FARM FACILITY
NAVAL AIR STATION

ISOPACH MAP OF LNAPL MEASURED

IN MONITORING WELLS

TECHNOLOGY, ING. WLLOW GROVE, PENNSYLVAMA & JANUARY 1995
PROJECT MGR DESIGNID 8Y DRAWN BY CHECKED &Y SCALE CATE FROECT NGO Biviis
CR 8L CJV/PMH CR 1" =150" 3-21-85 29300.09 14




LEGEND

") MONITORING WELL
@000  LNAPL THICKNESS (FT.)

AVAILABLE FROM NAVY PERSONNEL PRIOR TO DEVELOPMENT OF BASE MAP. BASE
MAP IS INTENDED AS A REFERENCE ONLY. ANY DECISIONS MADE BASED ON THE
OONTENTOFW!SMAPAQETHESOLERESPONS%B!UTYOFTHEUSER.

FUEL TRUCK
PARKING AREA

NOTE:

150 75 0 150
BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED W
BY EA (1993). NO AS—-BUILT DRAWINGS OF NEW FUEL FARM FACIITY WERE

GRAPHIC SCALE IN FEET

APPROXIMATE SCALE

@
NFFW~21

FULE: F\2960009\DWGZ\ BEDROCK OWG

NAVY FUEL FARM FACILITY

B S
REIENCE. LAV ne. NAVAL AIR STATION WILLOW GROVE

LNAPL DISTRIBUTION MAP

HORSHAM TOWNSHIP, PENNSYLVANIA 27 APRIL 1995
rmoascr MGR DESIGNED BY DRAWN BY CHECKED BY SCALE DATE PROJECT NO FIGURE
CR TBL CJV/PMH BS 1" =150" 4-12-96 29600.09 15




@076 -

-
Cd
- Kmm DISCHARGE LINE

FUEL TRUCK

]
PARKING AREA NFFW-21

0.00

NAVY
FUEL FARM

@ MONITORING WELL

@286  LNAPL THICKNESS (FT.)
10— LNAPL ISOPACH CONTOUR (FT.)
CONTOUR INTERVAL = 1 FOOT

NOTE:

BASE MAP DEVELOPED FROM EA FIELD MEASUREMENTS AND SITE PLAN DEVELOPED
BY EA (1993). NO AS-BUILT DRAWINGS OF NEW FUEL FARM FACILITY WERE
AVAILABLE FROM NAVY PERSONNEL PRIOR TO DEVELOPMENT OF BASE MAP. BASE
MAP [S INTENDED AS A REFERENCE ONLY. ANY DECISIONS MADE BASED ON THE
CONTENT OF THIS MAP ARE THE SOLE RESPONSIBILTY OF THE USER.

GRAPHIC SCALE IN FEET
APPROXIMATE SCALE

FRE: F\2960009\DWGZ\ BEDROCKA.DNG

NAVY FUEL FARM FACILITY

NAVAL AR STATION WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

ISOPACH MAP OF LNAPL
MEASURED IN MONITORING WELLS

a EA ENGINEERING,
SCIENCE, AND
TECHNOLOGY, INC. 28 SEPTEMBER 1995

JFROJECT WoR
CR

DESIGNED BY
TBL

DRAWN BY
CJV/PMH

CHECKED BY
BS

SCALE
1"=150"

DATE
4-12-96

PROJECT NO
29600.09

FIGURE
16




T':'.q

FIGURE 17

GrOund /\later E!n\l ve P

W e ¥ W 1

roduct Recovery

Well NFFW-2R NAS Willow Grove
320 350
ey Vacuum-enhanced recovery was in operation
E during June 199, from August through
T Novermber 1995, and in Septemeber 1996, --300
5310+ o
-§ +250
(0]
i 300 + 1200
| -
2 -+150
© 290 + M
; i Gmund.water
g A e -+ 100
S 280 + R
e A ‘-\A T 50
(D i A , o b
270 -2 :2"}&'-;‘:.-;:.::.-;.:»- l - “.‘.‘-A-.‘ 7. WOV .&Aéax.-.'-:‘,:»:—»;:-. -0
Mar-94 Sep-94 Apr-85 Oct-95 May-96 Dec-96

Date

—+— Ground Water Elev. (ft) —=a— Product Recovered (gal)

Product Recovered in Period (gal)

N G ME N BN an R aE B ow TR BN S BN EBE EE ..




FIGURE 18
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TABLE 1 SUMMARY of PILOT STUDY ACTIVITIES

NAVY FUEL FARM FACILITY
NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

PHASE 1

Install Free Product Recovery Pilot System at Well NFFW-2R

February - March 1994

Operate Free Product Recovery Pilot System at Well NFFW-2R

March 1994 - October 1996

Operate Vacuum Enhanced Free Product Recovery Pilot System at Well
NFFW-2R Utilizing GAC for Off-gas Treatment

June 1994

Operate Vacuum Enhanced Free Product Recovery Pilot System at Well
NFFW-2R Uitilizing Thermal Oxidizer for Off-gas Treatment

August 1995 - November 1995
September 1996

Operate Automated Product Skimmer in Well NFFW-6

March 1994 - September 1996

Operate Automated Product Skimmer in Well NFFW-19

March 1994 - January 1996

Operate Passive Product Skimmer in Well NFFW-14

March 1994 - January 1996

Operate Automated Product Skimmer in Well NFFW-14

February - September 1996

Conduct High Water Table Rate Check on Well NFFW-2R March 1996
PHASE II

Conduct First SVE Test (High Water Table) April 1995
Conduct Second SVE Test (Low Water Table) July 1995




TABLE 2 SUMMARY OF SOIL SAMPLE RESULTS—SOIL BORINGS

NAVY FUEL FARM FACILITY, NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

Results of Soil Samples Collected on 2-16 March 1989

*Cleanup
Parameter Units | Standard | FFBL | FFB2 | FFB3 | FFB4 | FFBS | FFB6 | FFB7 | FFB-8 | FFBY | FFB10 | FFBI10 | FEBI1

s

Sample Depth ft 1 1 4.5 4.5 6 3.5 35 55 5 2 5 4

Benzene pekg | 800 ND 2 2 2 Nb | ND | ND | N | ND | ND | ND | ND

Ethylbenzene | pg/kg | 70,000 ND ND ND ND ND ND ND ND ND ND ND ND

Toluene pe/kg | 100,000 ND ND ND ND ND ND ND ND ND ND ND ND

Xylenes, total | pg/kg | 5,000 ND ND ND ND ND ND ND ND ND ND ND ND

Parameter | Units *sfm FFBLI | FFBI2 | FFBI2 | FFB-13 | FFB14 | FFBIS | FFBIS | FFB16 | FFB16 | FFB17 | FFB18 | FFBIS
Sample Depth | ft 5 6 8 6.5 45 6.5 7 5 8.5 4 3 9
Benzene perkg | 800 ND | ND | ND ND ND | ND | ND | ND | ND | ND | ND | ND
Ethylbenzene | ug/kg | 70,000 | ND | ND 52 ND ND | ND | ND | ND | ND | ND | ND | ND
Toluene pe/kg | 100000 | ND | ND | ND ND ND | ND | ND | ND | ND | ND | ND | ND

Xylenes, total | pg/k 5,000 ND ND ND ND ND ND ND ND ND ND ND ND

ND: Not Detected.
*: Cleanup Standard per Pennsylvania’s Land Recycling Program, Technical Guidance, 18 July 1995, Soil to Ground Water Pathway.
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TABLE 3 SUMMARY OF SOIL SAMPLE RESULTS—WELL INSTALLATIONS

NAVY FUEL FARM FACILITY, NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

Results of Soil Samples Collected in 1989

*
Parameter Units S(t:z::jil::g NFB-1 (5 ft) NFFW-5 (3 ft) NFFW-6 (9 fi) NFFW-7 (7 f1)
2-Butanone (MEK) pg'kg 50 ND ND ND 88
4-Methyl-2-pentanone pg'kg NA ND 29 ND ND
Acetone pg’ke 400,000 42 120 ND 190
Ethylbenzene pnelkg 70,000 ND ND ND 160
Methylene chloride nglkg 500 ND ND ND 2,300
Toluene ng/kg 100,000 ND ND ND 83
Xylenes, total u;g/_k_g‘ 35,000 ND ND ND 1,500

Results of Soil Samples Collected in April 1991

*

Parameter Units S(t:;:l:lig NFFW-8 (5 i) | NFFW-9 (5 ft) | NFFW-10(5 ft) | NFFW-11 G fy | NFFW-12 (5 fi)
Benzene preglkg 800 ND ND ND ND ND
Ethylbenzene pg'ke 70,000 39,000 ND ND 6,000 ND
Toluene pelkg 100,000 6,000 ND ND 13,000 ND
Xylenes, total pelkg 5,000 290,000 ND ND 4,000 ND

NFFW-1 (5 ft): Sample Identification (depth)
ND: Not Detected.

*:  Cleanup Standard per Pennsylvania’s Land Recycling Program, Technical Guidance, 18 July 1995, Soil to Ground Water Pathway.
88:  Bolded result exceeds Cleanup Standard.



TABLE 4 SUMMARY OF GROUND-WATER SAMPLING RESULTS

NAVY FUEL FARM FACILITY, NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

Results of Ground-Water Samples Collected on 10-21 June 1993

*Cleanup NFFW-5
Parameter Units Standard NFFW-3 NFFW-4 NFFW-5 DUP NFFW-8 NFFW-9 NFFW-10
Benzene pg/L 5 ND ND 53 52 ND 29 ND
Toluene peg/L 1,000 ND ND ND ND ND ND ND
Ethylbenzene pg/L 700 ND ND 23 21 30 ND ND
It Xylenes, total p.g/L 10,000 ND ND 12 11 9 ND ND
*Cleanup

Parameter Units Standard NFFW-11 NFFW-15 | NFFW-17 | NFFW-18 | NFFW-19 | NFFW-20 | NFFW-21

Benzene pg/L 5 16 ND 6 2 67 2 1
Toluene pe/L 1,000 ND ND ND’ 1 17 6 1
Ethylbenzene pg/L 700 70 ND ND ND 320 2 ND
Xylenes, total pg/L 10,000 ND ND ND ND 500 ND ND

Wells NFFW-1, NFFW-2R, NFFW-7, NFFW-13, NFFW-14, NFFW-16, and NFFW-19 not sampled due to presence of free-product in well.
ND: Not Detected.
*:  Cleanup Standard per Pennsylvanian’s Land Recycling Program, Technical Guidance, 18 July 1995, Aquifer Ingestion Standard.
53:  Bolded result exceeds Cleanup Standard.



TABLE 5 FREE PRODUCT RECOVERY PILOT SYSTEM ANALYTICAL
RESULTS - GROUND WATER

NAVY FUEL FARM FACILITY
NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

ffé?ﬁf,i ....... T ( oD ] imim?e o
BEFORE 4/27/95 420 15 400 420 20 1,275 260 8,900
CARBON 5/11/95 410 12 470 610 30 1,532 310 9,800
UNITS 6/15/95 410 24 510 470 24 1,438 290 7,400
1072595 | 260 10 450 460 19 1,199 310 13,000
11/21/05 | 140 14 340 330 16 840 480 6,300
03/27/96 | 140 ND 420 450 23 1,033 390 18,000
07/18/96 | 100 9.2 180 130 8.2 427.4 180 7,300
BETWEEN | 4/27/95 8.4 ND ND ND ND 8.4 ND ND
CARBON 5/11/95 6.2 ND ND ND ND 6.2 ND 260
UNITS 6/15/95 ND ND ND ND ND ND ND
10/25/95 | ND ND ND 2 ND 2 ND 390
112195 | ND ND ND ND ND ND ND 140
03/27/96 | NA NA NA NA NA NA NA NA
07/18/96 | 120 ND 13 2.3 ND 135.3 ND 690
' AFTER 4127195 ND ND ND ND ND ND ND ND
CARBON 5/11/94 ND ND ND ND ND ND ND ND
UNITS 6/15/95 ND ND ND ND ND ND ND ND
10/25/95 | ND ND ND ND ND ND ND 150
11/21/95 | ND ND ND ND ND ND ND ND
03127196 | ND ND ND ND ND ND ND ND
07/18/96 ND 3.5 ND ND__|
e e
B:H:mw Cl S per Pennsylvania’s Land Recycling Program, Technical Guidance, 18 July 1995, lqulferln ion standard. Standsrds in ug/l are s follows: benzene = 5

toluene = 1,000, ethylbenzmezmo lonlxyleuu=10000 and naphthalene = 20,
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TABLE 6 FREE-PRODUCT OCCURRENCE and THICKNESS DISTRIBUTION

NAVY FUEL FARM FACILITY
NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

Well # Number of Free-Product Occurrence and Thickness Distribution Product
Monitoring Occurrence
Events 00If-0.10ft jO.I1H -=0.50 ft |0.51ft-1.008 > 1.00 ft Total
NFFW-1 72 9 8 0 0 17
NFFW-2R 92 13 9 7 23 52
NFFW-6 68 19 6 0 0 25
NFFW-7 71 14 15 2 0 31
NFFW-8 61 S 0 0 0 S
NFFW-12 71 9 2 0 0 11
NFFW-14 77 28 18 4 9 59
NFFW-16 72 12 7 3 8 30
NFFW-19 71 4 0 0 0 4
NFFW-20 62 3 11 2 0 16
NFFW-21 62 1 0 0 0 lm
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WELL NUMBER
NFFW-2R NFFW-.7
Flow Rste Totsl Flow |Depth o Product Depih fo Water Product Thick Elevaton D Depth 1o Product Depthto Water  Product Thickness
(gpm) (gal) " ] L] [ () (4] (W] 4]
- 0 - 15.40 000 29978 000 - 1396 0.00
825 - 2837 2638 001 28878 1088 - 13.9¢ 0.00
8.10 - - 2863 000 28652 1323 - 13968 0.00
73 - - 27.38 000 28777 1198 - 1396 000
733 - 2658 2662 004 28858 N2 . 13.98 000
715 2655 2661 008 28858 1121 - 1397 0.00
.13 673 2643 2651 008 28870 1111 - 1397 000
722 788 2132 2738 0.04 28782 1196 - 1398 000
707 909 - 2168 000 28747 1228 - 1398 000
483 6.085 24.07 2451 [R1] 23095 9N - 1429 0.00
100 6.345 - 2040 Q00 28575  14.00 - 1431 0.00
562 6632 . 27686 .00 28749 1226 . 1431 0.00
560 7.085 - 28.40 000 28678 1300 . 1433 000
5.67 1322 - 2850 000 28865 1310 - " 000
5589 7692 . o] 0.00 28541 1434 - 1435 0.00
an 7.870 - 2508 0.00 20009 9865 . - -
463 13350 2505 2548 043 28997 1008 - 1463 000
20 13638 2655 2691 036 28849 1S - 1463 000
488 13.942 2580 2583 003 234 104 - 1464 000
mafuncion, not pumping un 1420
570 14336 . 3040 000 28475 1500 - 1468 000
43 14 459 2594 2598 004 28920 1058 . 1467 000

TABLE 7 FLOW RATE TEST RESULTS - WELL NFFW-2R

NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

NAVY FUEL FARM FACILITY

Elevation Drswdown
[ ()
300.12 000
300.12 0.00
300.12 000
300.12 0.00
300.12 0.00
300.1¢ 001
30011 001
30010 002
30010 002
299.79 033
299.77 035
29N 038
299.75 037
299.74 038
2973 039
299 45 067
29945 067
2944 068
299 42 070
294 074

Degih 1o Product Deplh 1o Water  Product Thick

(L)

[ A A

D S A

NFFW-12
Elevation Dx
" ul )
000 29709 000
000 28709 000
000 20708 000
0.00 29709 000
0.00 29708 001
0.00 29709 000
0.00 209709 000
0.00 29709 000
000 28708 001
000 23699 010
0.00 29699 010
000 29699 010
000 29699 010
000 29699 010
0.00 29699 010
000 28718 009
000 29720 0N
000 29729 012
000 29723 -0
000 w23 ou




TABLE 7 (cont.) FLOW RATE TEST RESULTS - WELL NFFW-2R

NAVY FUEL FARM FACILITY
NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

WELL NUMBER
NFFW-14 NFFWY-16

Time Date  FiwRate TomiFlow [Decthio Product Dapthto Water Product Thick Elevaton Or Dephio Product Deapth b0 Water  Product Thick Elevaton Dre

(gpm) (ps) ity m i) ) ) ") ] i m mn
1520 oz - 0 - 1493 000 302 0w - 1297 0.00 20377 0.00
1535 027 825 . . 1493 000 30022 000 - 13.47 000 20977 0.00
1350 G327 810 - . 1493 000 3022 000 - 13.97 000 20977 600
1603 0327 733 - - 1493 Q00 3022 000 - 13.48 000 29978 001
1620 0327 738 . . 1493 000 30022 00 . 13148 000 29978 601
1633 [re 715 600 - 1493 000 30022 o00g - 1318 000 20976 001
1650 0327 713 6 - 7493 000 30022 000 . 1348 000 299.76 001
1705 oz 1<l 788 - 1482 000 30023 o0 . 1318 000 20978 o
720 0327 707 K9 - 1483 000 0z am - §3.19 909 29978 802
1013 [zl ] 483 6.085 15.19 1520 091 29986 027 - 1331 000 29963 0.14
1100 6328 700 6.:45 - 1523 003 22 030 - 133 000 26563 0.14
1200 03728 5§62 8632 - 1528 000 2099 032 - 1331 000 29963 014
1300 03728 560 7.088 . 1528 000 29389 03 - 1330 000 29564 013
1400 s 567 7.322 - 1527 000 B8 04 - 1329 000 299 65 612
1500 gaza 559 7.692 - 1528 800 29987 035 - 1228 €00 299 65 012
1538 0328 471 7870 - - - . - - - . - -
1110 0329 463 13350 1556 1558 002 20958 065 - 1344 000 2985 o027
1218 0328 820 13638 1587 1360 003 20957 067 - 344 000 2995 027
1310 0329 436 13942 . i858 @00 2395 o0e3 - 134 000 289.51 026
1410 0329 Pump maunction, not pumping untd 1420
1430 0328 870 94.336 . 1558 000 28957 068 - 343 000 239 51 [ ]
1320 0328 433 14,558 . 1558 000 29986 06E - 1343 1oy 299 81 028
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TABLE 8 SUMMARY OF VACUUM ENHANCED OPERATIONS -

Date

08/17/95
08/18/95
08/21/95
024195
08729195

0901/95
09/05/95
08/07/35
014,95
08721195

10/06/35
1001395
V18,95
10021485

1170935
114/95

12/01/56*
0101/96
02/26/96

07/10/96
0118196

09/12/96

0196
09/18/96

Notes.

Vapor System Thermal Oxidizer
("Hg)  (ctm) {ppav) (% opan) (F) (Ppm/%)
2 24 8% LEL 100 1410 0% LEL
2 g 24 33% LEL % 1410 0% LEL
34 284 40% LEL 15 1410 0% LEL
28 2834 1457160 15 1412 40/
25 2B 180% LEL 12 1414 0% LEL
27 2856 92% LEL 30 1410 0
28 2834 192% LEL 0 1412 0
3 2725 402125 0 1418 0
32 218 250047125 0 1412 24011
25 23 1692778 0 1410 61/0
58 22 49% LEL [ 1410 [}
48 2 AS%LEL 0 1410 0
48 20 72% LEL 0 1410 0
14 15 >100% LEL 0 1410 0
10 4 47% LEL [} 1415 0
19 14 40% LEL [] 1415 1]
NA NA NA NA NA NA
NA NA NA NA NA NA
38 a7z 300720 1] 1408 250
32 65 4267268 ¢] 1410 0
System off due to high water table. System remalned off through 09/12/96.
46 7 33560 0 1420 0
38 15 192179 (/] 1409 250

* The thermal oxidizer was tumned off on 22 November
dus o a damaged vacuum extraction blower,
The blower was repalred and of

The system was not op

ted trom March th

cfm - cubic fest per minute
OVA - organkc vapor analyzer (Hame lonlzation detector)
LEL - lower axplosive limht

TPH - totat petraleum hydrocarbons

NA - not

Recovery/Emissions rates caiculated as foflows:

not coltected

{poundsiday) =

Whare:

(] ¥

d on 26 February 1996.
gh June dus to high water table conditions.

NAVY FUEL FARM FACILITY
NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

Recovery/Emissions Rates
Vacuum Flow Rate Influsnt OVA/LEL Fresh ak Operating Temp, Effuent OVALEL Infiuent TPH as Toluen TPH Recovery Rate as Recovery Cumulative Emuom TPH as Toluen TPH Emiasion Rate as

Equivalents
(ppmv)
1000 (est.)
4000 (est )
4500
7000
8000

NA
4000
4000 (eat.)
8000 (est)
15000
2000 (est)
2000 (est )
3000 (est)
10000

2000 (est )
2000 (est )

NA

NA

NA
10000 {est )

3,000 (est)
2,000 (est)

Toiusne Equivalents (in period)

(pounds/day)
1"
4685
807
59 22
7631

NA
3340
nn
68.09
130.45

10.26
1161
14.67
46 13

206
855

NA

NA

NA
19.76

12.00
7.26

Ofctm) X C{ppmv x 1EE-6) X P(atm) X V(L) X 0 4719 (L/sec) X BE400({sec/day) X §2 1{gimol} X 0.0022pound/q)

R(L-atmimol-K) X T(K)

Q{CFM) X Clppmv) X 0 0083

0.082 X T(K)

Q = vapor volume flow mn

CaTPH¢

P = atmospheric prusuu {1 atm)
V = volumae (1 Litre)
R = ideal gas constant (0.082 L-atmymot-K)

T = vapor influsnt temperature
Volume product recovered = Recovery rats {p y)/ 8.5 (pounda/gation) x days of operath
imated (from LEL ent) for dates i

Récovery rate

(gal)
0.90
.21
1nn

an
5870

NA
3597
9.91
49.97
14048

1263
10.72
4.8
355

222
101

NA

NA

NA
1520

0.00
&N

Aoal

¥

(gal) {oprm)

0.90 NA

8.1 NA

13 82 0.00
2893 NA
8763 NA
87.63 NA
123.60 NA
13351 NA
18348 NA
323.96 0.00
33659 NA
347.31 NA
372.14 NA
37569 000 (est)
Ny NA
37892 000 {est)
37892 NA
ars sz NA
31892 NA
39412 0.00 (est)
394,12
40083 0.00 (est.)

THERMAL OXIDIZER DATA

Toluens Equivalents
(poundaiday)
NA
HNA
0.00

NA
NA

NA
NA
NA
NA
0.00
NA
NA
NA
0.00 {est )

NA
0.00 (o1t )

NA
NA
NA

000 (est)

000 (est)
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TABLE 9 SUMMARY OF FREE PRODUCT RECOVERY

NAVY FUEL FARM FACILITY
NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

NFFW-2R 1427.02/400.83

NFFW-6 1.86

NFFW-7 2.00

NFFW-12 0.25
NFFW-14 67.29
NFFW-16 14.32
NFFW-19 0.00
NFFW-20 0.35

TOTAL 1513.09/400.83

Note: * Where two numbers appear (1312.75/378), the first number references product

recovered as liquid-phase and the second number estimates the liquid equivalent of
product recovered via vapor-phase during vacuum enhanced free product
recovery. Vacuum enhanced free product recovery from well NFFW-2R began on
17 August 1995 and has been operated on an intermittent basis.




TABLE 10 COST COMPARISON SUMMARY - REMEDIAL ALTERNATIVES

NAVY FUEL FARM FACILITY

NAVAL AIR STATION, WILLOW GROVE
HORSHAM TOWNSHIP, PENNSYLVANIA

Approximate “Approximate
Constriction Cost Operation and -
R Maintenance
‘‘‘‘‘ Cost (Annual)

Vacuum-Enhanced Recovery Using
Water Table Depression
Operating All Year

$25,000-30,000

$320,000-510,000

$72,000-120,000

LNAPL Recovery Using Water Table
Depression Without Vacuum-Enhancement
Operated Only During Periods of

Low Water Table Elevations

$20,000-25,000

$250,000-420,000

$40,000-60,000

LNAPL Recovery Using Vacuum-Enhanced
Recovery when Conditions are Favorable
and Only Ground-Water Table Depression
when Conditions for Vacuum-Enhanced
Recovery are Not Favorable

$25,000-30,000

$320,000-510,000

$55,000-65,000




APPENDIX A

SUMMARY OF GROUND WATER MONITORING RESULTS




Appendix A
Wilkow Grove HAS - Pllot Preduct Recovary Sysiam Monitoring - Project No, 20680.09 Task 3613
TANK  TANK
DEPTH DEPTH (INAPL CORR. DEPTH DEPTH TANK . CUMM. FLOW
WELL W TO TO THICK-  WATER TO TO LNAPL LNAPL LNAPL METER
€5G. GAUGE LMAPL WATER  HESS ELEV.  LNAPL WATER THICKNESS RECOV. RECOV. READING
ELEY. DATE [iay] 1as] ia ) ] [ia)] [ias] {ET} (GAL (GAL) (GAL)
NEFW-1  ONIOMM - 11.60 0.00 24958 -
e OL04 - 11.80 0.00 %028 .
04/0854 . 1212 0.00 24004 -
0T - 12% 900 2498 -
D4i12/04 - 1220 000 29835 -
0412004 - 13.04 0.00 29014 -
042704 . 1331 0.00 b8 -
050454 - i 0.00 270 .
OS24 . 14.20 0.00 20098 .
[k - 1427 000 2401 -
o184 - 1454 000 20064 .
. 1535 .00 €503 -
0502184 - 15.60 0.00 8558 .
V0V . 1038 000 26483 -
0811594 17.20 1.2¢ 0.00 2198 -
D884 17 11.% ol »n .
T L R} 19.18 003 b 7% ) -
011304 2082 a0 018 2024 025 0.25 -
- 1742 0.00 nn 008 [%-] -
o114 - 17.68 0.00 83% 000 [ 5] .
- 1620 0.00 24N 0.00 (-] .
OO0 . 1646 €00 4.2 0.00 b k-] -
o144 . o 1] 40 0.00 02 .
O0/10/4 . 1753 (1] %188 0.00 [F-] .
- 1748 000 NN 0.00 05 -
1011784 0.2 2033 008 0.0 000 025 -
142 H% 014 €974 0.00 0.8 -
111154 a0 058 03 218 000 028 -
12274 322 2358 oM w8t 000 02 -
120104 201 2148 on 908 0.00 028 -
122104 18.40 1070 [ ] 218 0.00 02 -
010498 18.52 1048 Q.16 M 000 028 .
atnens 1178 1788 008 209 006 0 -
oS . 1607 000 U4N 000 02 .
oM1693 - 16.04 000 2424 oM 0 .
. 15.08 0.00 w522 008 0.5 .
010/ . 1480 0.00 2638 00 0 .
[ ] - 1484 00d 4.4 000 [F] .
040483 - 15.24 000 X5M 000 0.5 . ‘
[ - 1640 0.00 248 008 025 . 3
051198 . 18.50 060 4.0 0.00 025 - ‘
02485 - 1885 000 X4 0 028 .
08/1585 - 17.38 000 »n 0.09 025 .
0238 . 1018 000 myer 000 0 .
070858 - 10.50 0 nan 000 0% -
[1fres 2001 202 001 »ar 008 025 .
080158 204 2043 0.00 2048 00 0B .
02188 2310 D42 oxn 28.04 000 0 .
o145 o .90 0.10 K00 00 028 -
02888 258 245 010 22062 0.00 (%] .
10/0895 21.08 70U 008 20008 008 0.2 -
12505 - 16.97 000 250 0.00 025 -
12105 . 126 0.00 %83 0.00 025 .
1200895 . .11 000 20161 0.00 028 .
1272195 . 14.1% 0.0 %103 0.0 028 .
0112306 - 1208 000 2820 0.00 035 .
- 1202 000 2018 0.00 05 -
(27 - 13.28 000 3718 .00 0.28 .
0N2Tm8 - 13.01 0.00 »47
[ el - nmn 0.00 0.4
042498 - 1 0.00 x*0.2¢
0520106 - 138 0.08 27.50
06/13/98 - 1472 006 24848
. 14.54 (1] 0080
071088 - 14.73 0.0 9645
07725098 - 1368 0.m nr KR
osnsee - 3% ) 0.00 96.94
oa3088 - 15.00 om 0808
01290 - 1582 000 X520
ow2asved - “n 0.00 238 40
10/09/98 - 1190 000 b 1F ]



Aggendix A
Wilklow Grove NAS - Fiot Praduct Recsvery Sysiam Monllaring - Project Mo, 2868868 Taek 3893

TANY, TARK
DEFTH  DEPTH  LMAPL  CORR  DEPTH  DEPTH TARE CUMM. FLOW
WELLS 10 7O THOK.  WATER T 0 LKARE, LNAPL LNABL METER
€53, GMIGE  ENAFL  WATER  MESS  ELEV. LWAPL WATER THCKNESS RECOV RECOY REATNG
ELEY, DATE L] o {1} TR D i 134} L€ e ] =N
NFFVEZR DNIOS4 - 1258 800 X287 - - - - - -
31548 03154 - 1383 €.05 331.63 - - - - 800 084408
Seand - 1383 600 30183 - - - - 800 -
SuBs4 2440 P Xl 30 2074 B - - - 680 $995820
845484 - 1758 (1] 207.83 B - - B 080 -
B4p484 - 950 662 8508 - - - - 14 5080
- Buies - %08 860 w07 344 3 062 087 83?7 35000
472084 - 1873 1] 20842 388 300 902 -1 -] 28y 0
QU288 - 4823 660 5580 in 391 862 828 2 :] 21930
oo - 1875 860 wae 38g N a4 6o 285 87449
G524 18.00 1862 ge2 0613 38 3ot 007 L] 823 #0207
21388 1623 1625 e62 Heaz igy 361 802 068 683 -
571374 a8 382 [ ]+ inies des 38t 202 808 83 9690
6571094 24 M 062 oW 342 388 048 4242 4333 191445
€524 2450 .08 283 29058 342 3% 048 e 81 11815
Lzl ] 74 .42 66t 704 a8 e 13 2 10N 124490
OLT34 - bk ] 668 g4 a2 383 168 e 878 138429
[ gihal - - - - - - 600 21878 141037
68074 - - - . - 603 1878 141048
ON0784 - . - - - . 008 21575 141040
08:57:04 - - - - 000 21575 141080
030724 - - - - - - . 600 20878 141086
080754 - - - - - - 800 215.1% 141100
0207754 - - - - - - - 1921 23498 “ine
a7/ - - . - 208 390 184 1653 24549 141120
080774 - - - - . . - ¢ 00 24549 141355
08/08/54 nn B a8t 022 107 RL 1.92 14.28 2817 141629
] . - - . - - - (-] 2877 142063
[Lhe xiistggxoi}gi*.giggig
031584 08 an o.18 241.00 184 383 10 260 20209 1“N10
081584 - - - - - - - 000 porkig 143128
Ouises - - - - - - - 000 po &g 143132
Q61544 - - - - - - [ 0] 337 143138
6841584 - - . - - . (1] 28237 143142
015594 - - - . - - 008 223 143188
0154 - - - - - - - am 2237 143288
081604 - »8 060 2053 18¢ kX 165 5% 8782 143004
01054 . - - - . - - 8.0% 28782 143908
gl o] - - - - - - - 005 w762 143048
081884 - - . - - - - a0e 207 62 43022
0379654 - - - - - . - -1 e 143860

= -




Appendix A
Willow Grove KAS - Pilot Product Recavery System Monloring - Project No. 20600.69 Task 3813

TANK TANK
DEPTH DEPTH LNAPL CORR. DEPTH DEPTH TR CUMM. FLOW
WELL & TO 10 THICK-  WATER T0 TO LNAPL LNAPL LRAPL METVER
3. GAUGE  LNAPL WATER NESS  ELEV. INAPL WATER THICKNESS RECOV. RECOV. READING
ELEY., DATE (D (N I (e [(a1] fia)] &N (GALY (GAL) (GAL)
NFFW-2R 06184 - - - B - - - 0.00 207.62 1438851
N5.18 O&/18/84  Vacuum erhanced system shut down ot 1115 Irs. System operated under nonnel conditions
08120094 . - - - 1.8 385 202 1252 280 44 145544
0872184 - - - - 180 e 208 492 8594 145768
082184 - - - - - - - 000 20538 145818
ON21/84 - - - - . - - 000 2538 145834
om284 - - - - - . - 000 538 145884
- . - - - - - 0.00 28538 145840
o2 2850 225 15 m» 1.74 EL n " €*5.197 145064
06224 - - - . - - - 000 €517 145870
0822194 . 240 0oy 28078 1.1 388 218 882 3188 145087
Q24704 - - - . - - - Q00 301.69 146380
0a24/84 - aT10 000 26805 164 b1 ] 2 " mna 148430
aTotee 218 263 1.48 mwmn 1.84 s N 000 31143 -
oTiiMe4 3208 na 1.3 28204 1.70 388 215 000 na -
oI 3208 nx 1.3 224 184 0 219 848 e .
28 nan 0es a2 162 380 218 0.00 31968 .
08084 2205 a6 [ L] 2211 160 1N 20 000 o -
0814 268 447 140 2198 184 380 218 116 N -
01184 20 a7 149 2190 100 n 210 000 Mot -
0830784 2008 235 027 %50 1.60 n 217 000 321.4 -
00804 1054 1wn 0.1 20558 160 wm 217 000 .04 -
oVl 2115 n.e3 048 @ 1.0 an 247 000 304 -
oived 2107 R0 643 2064 10 wm 297 0.00 MM .
03 2283 24.00 1.37 22 1.6 e 20 0.00 321.04 148450
w211 nn 610 .U 1.4 e 24 000 N0 148450
e 2083 W47 082 284.38 164 i 14 000 N0 148450
1A N3 35.30 105 085 1.64 7 244 000 N 148450
1122794 IFP BROKE DURING GAUGING, NO INFORMATION AVAILASLE - 2.4 148450
120194 008 .18 407 20454 1.5¢ b 2] 218 31604 8307 148450
22m B33 228 R X P 1] [3: ] 3 295 110.74 H“n 148457
12154 - - - . 028 in 288 45.00 R 146457
o1oues 2542 2008 308 2985 I8 N 0.00 0.00 1492 146480
or/1e08 4.1 b 31 5.00 200.3% 384 i (-3 1085 0s.76 148002
ones 2512 208 I 208 In 1 .18 008 0o 146850
ouens N a1s 190 2062 3% b X, ] [X1] M 008 85 e s
[ ] - 118 000 4200 3% p X 020 638 3.3 147045
0W1085 . 24.45 000 20070 2M b X 1.9 160.89 974.20 173100
oV2e8 - 1624 SHEEN 20881 217 mn 154 DM 1007.44
04/04/95 . 2w 0.00 288 21 n 158 251 100003 220415
02185 . 20.15 000 269 00 132 bR ] % 1.5 144.20 279610
o188 2028 02 (1) 200.00 1.18 30N 282 03 116555 289820
05024195 . 2005 000 20910 OM 38 278 09 120084 31661
Q1508 - i 000 748 038 1M 3 8.20 126404 337480
ovues % ue 080  M97  0M 368 1 $98 127063
orwens 2335 254 018 878 IM 402 (1] 000 127083 H01%
[1zc oI 2848 084 .4 3 i [ ] 20N 129143 3
0801935 2 an 147 29914 et i 03 000 120113 187
00/214% COULD NOT OPEN 68 3 [ 3] 0.00 120113 M8
[ 4l ORY 0.00 an .08 (X 0.00 129143 1387
»n 250 288 28508 n i 022 0.00 120113 13807
100888 2655 2785 140 28842 EX. ] a2 (3] 1.3 129237 7
WS 2878 148 m .10 st in 0 16.08 1308 44 381340
12598 26402 w0 010 28852 348 187 04t 430 11275 B218)
12188 170 1700  sheen 758 248 30 0.3 0.00 131278 428800
120088 207 2108 0.34 WO 348 o 0¥ 0.00 11278 806860
122198 4.0 1432 2] 20061 345 an [ 3] 000 11278 527650
0172398 - 1y 600 00800 348 pX ) 03 0.00 1278 b
020 17.00 1780 020 2752 348 n 0.3 0.00 2718 $28240
02/15/08 . 17.00 a0h b A IEE-Y ) s 0.3 0.00 11278 585830
owvarRee - 20.18 0.00 B440 348 s 0.3 0.00 131278 692000
N1se 1940 1040 0.00 24715 kX an 0.3 244 131518 14613
02498 161 1.5 1.04 208.80 40 A8 035 000 1318.18 983250
05248 1590 16.50 0.80 89017 340 bR 03 0.00 1315.1¢ 1013210
052006 21.8¢ 248 087 NS 340 318 0% 0.00 131518 1026879
oLIVDS 17.85 18.10 oM H1.28 k) 3680 035 189 1317.1% 1013003
osn2em . M40 000 20075 328 365 040 7.58 132474 1085953
(108 - an 000  assee 312 aer (2] kAL 134385 $131910
oIXes 2085 208 005 20459 284 364 0 225 1380.38 1169248
08202708 - 29 0.00 218 2 b X [ k4] 084 1387.4 1184140
[ - 3N 0.00 26 28 32 048 0.00 1387.34 1209390
ON15/98 - 215 0.00 200 2¢2 364 an 4 1370.78 $233000
0813008 - 2310 000 20005 28) 62 [ X ] [} 137078 1289880
Woues 2188 825 1.40 ;a2 21 s 0es IS 1383.50 1303905
00/12196 - 24 0.00 zn 2208 368 0. M #1224 1322410
01308 2848 000 2970 25 3.6 1.04 118 H2340 1324900
[l - 2018 000 2897 258 amn 104 050 1424.00 1334420
oV2eNe  22% 255 0.05 w1 258 e 14 600 1424.00 1351100
[ - 2.4 0.00 73] 258 362 1.04 000 1424.00 1353850
10/08/08 . 255 000 %260 2% 360 1.02 2 1420.00 1385400
101478 201 2078 0.04 2443 19 382 1.08 000 1426.00 1400219
1042494 1990 1282 9.04 20828 28 bE ] $.0¢ 182 $427.62 1410756
10731798 - oo 000 2825 287 350 1.02 0.00 1427 02 1419850



Agpendix A
¥Wilow Greve HAS - PEot Praduct Recovery Sysiem Morltedng - Prepact Mo, 21880.69 Task 3443

TANE  TANK
DEFTH  BEFTH  INAFL  CORR.  DEPTH  DEPTH TAKK CLM FLOW
WELL & o 10 THICE-  WATER 10 T0 LRASY LMARL LNAPL METER
C58. GADE  LRAFL  WATER MESS  ELEV. INSPL  WATER THICKNESS RECOV RECOV. READING

HEF#-3 0304
32288 LA

12,18 2% 31049
1217 9% o8

41294 . o84 998 31274
0420084 - M® 058 N
ow1254 . 1793 098 30558
o872 - 1835 050 3D
2820394 . 43 000 28918
07194 . 235 009 2830 Tosidephofwel= 29268
07184 . BRY 000 .
000N - 0N 08 MR
o184 . %65 995 29008
/30054 . 1872 908 30288
. 223 908 019
o184 - 2160 % 2846
Ca M1 008 244
W74 . %20 808 MM
- 018 990 MM
111184 . W21 890 20437
1172284 - M2 800 M7
1207584 - 217 900 28441
1272184 - A9 800 28439
8120455 - 810 800 20440
9172393 - BT 80 2
821643 . MM 66 20IM
022665 . 308 800 30182
ov10%3 . 084 200 5
oN26% . 1048 800 810
040408 . 1740 800 30818
oINS . 2142 000 30148
o115 . 218 eod 30078
052495 . nMW e 20628
0815795 . 2742 080 26848
. A2 000 M
8220888 . F XTI T I
0772504 . 215 800 2044
0020155 . 2020 800  2M28
0072145 . BRY 000 ™
001495 - DRY 000 NA
WIS - DRY 800 NA
100085 - B 00 21
102595 . 1580 660 SMT
1972198 . 132 88 MWW
1210895 - 1500 8® IS
12188 . 1501 680 3187
0172398 . 1228 88 31032
. 1288 080 19
02198 . 1904 609 .
6v27/e8 . WoL  e0)  Meu
Qa1 - 123 600 31834
04r4ia - 1300 600 3mse
05208 . 1530 809 01
981398 - 1968 803 580
- 1560 805  eee
9710/88 . 1563 803 478
0172508 . 462 600 30764
o888 . 1585 000 M8y
083698 . 9738 809 3R
1398 . 1933 ep M3
02698 . 1608 €00 30850
16,998 - 1510 €00 30748
10724758 . 1261 800 30067




Appendix A

Willow Grove NAS - Piot Product Recavery System Monitoring - Project No. 2860089 Task 3613

DEPTH

L R L I T T T T T S T S S S S S S S S O S

DEPTH

CORR,
WATER
ELEV.

[ias
3647
e s

TANK TANK
OEPTH  DEPTH TARK
TO TO LNAPL LMAPL
LNAPL  WATER  THICKNESS  RECOV.
fias} [ia)] [1as] (9AL)
Wl inaccessiie

CUMM.
LNAPL

RECOV.
QAL



Appendiz A
Wilkow Grove NAS - Pt Preduct Recevery System Menltoring - Praject Ko, 20854.09 Task 3413

TARK TANK
CEPTH  DEFTH  IMAPL  CORR.  DEPTH  DEPTH TN CUMM, FLOWY
WELL & TO T2 THICK-  WATER 10 T0 LNABL LRAPL LHARL

METER
C53.  GAUGE  LWAPL WATER  NESS  ELEV.  LNAPL  WATER THICKNESS RECOV.  RECOV. READMO
PATE | N D FE D ian ] (BALY QA {e.1]

MRS 030084 - 340 2.0 348
688 e lad - 569 am 31069
B2 - 443 900 Na5
- "8 -] 538

[ e - 12.12 690 36479
fespii . 1385 800 poxlind
Q804 o 1549 000 48
070184 - 1284 000 04
Q1134 . wnes 600 X563
- 132 600 16

081754 - 8.3 008 0265
O&/3084 . 1285 806 03N
080834 . 638 (1] 3055
001084 - 1253 1] 30438
. 1264 B 264

106124 - 1835 868 53
1 . 128 086 a5
Yiramd . 1216 L] 30478
1902204 o 457 600 328
1200194 B 487 6.00 161
1272084 . 1504 .00 30184
8104584 - 858 6.00 31030
8112383 - 58 8.00 3149
821648 - 432 [Xe] 39264
G2 . 285 00 340
651088 - 400 [-Xo] 2z

[ 7] 1368 [X] X302
Nat Gauged
427085 - 1578 000 ¥1.00
05148 - 113 000 31067
05248 - 15.41 000 147
oar18es - 068 000 208 92
- 19.16 [ ] 2078
0758748 . 15.98 g08 b 37
[zt - 448 800 30242
0670195 - 1aes a6 29800
oar2imes . 2w 909 3168
ortans . 849 06 ko h ]
ov2en8 . (14 (-] 31028
1000895 . 417 (1] a2z
102595 - 10.19 a0 300 60
112995 . (X ] 898 310378
1208485 . 12.74 .08 304 14
kil - LX) 0.90 L0
[:31ray ] - 5.18 .00 ne
£200068 - 262 608 314.03
[ - 11.82 1] 304 84
Gv2nee - 208 208 a0
G4 1288 - 424 000 31284
[t - i1.22 (1] 588
- s.e8 .60 3100
06138 - 5.2 60 31178
. 13.28 060 30182
67108 . 19.22 1= 308 88
QTia8r6 - 28 900 30354 -
08208/38 . 1263 0.0 30323
08/35056 - 1348 869 36
ORri2n4 - 14.27 80 30281
W80 - $1.61 845 304 87
1008/59 - 42 86 kg
tvaves - 10.08 00 308 63




Appendix A
Wiklow Grove NAS - Plot Product Recevery System Monltering - Project No. 28608.89 Task 3613

TANK  TANK
DEPTH DEPTH  LMAPL  CORR. DEPTH DEPTH TANK CUMM. FLOW
WELLW TO TO THCK-  WATER TO T0 UNAPL LRAPL LNAPL METER
CS4. GAUGE  INAPL  WATER NESS  ELEV. LNAPL WATER THICKNESS RECOV. RECOV READING

ELEY, DATE jia)] (D Eias N iay ] i} [ian} [i2s] (GAL) (GAL GAL)
NFFWLS  0330/4 1573 1592 .18 m e - - - 0.00 0.00 .
3862 0N0N4 1568 1588 020 ma - - - 0.00 0.00 -
04104204 104 1646 005 man 287 20 008 124 124 .
040804 18640 1643 003 mn 268 an 007 []] 145 .
0420784 - 1658 000 nIM 268 n (X4 000 145 .
0412704 1788 18.00 014 .74 208 27 0or 0.00 148 .
- 18.09 9.00 301.83 284 7% 008 041 188 .
04121504 1017 18.18 002 30145 2685 273 008 0.00 168 -
nwa L ¥ ] 007 300.3%9 265 an 0.08 e.00 108 -
0511294 1034 1945 0.1t M 262 wmn 000 0.00 188 -
[h 1049 1850 0.0t 300.13 - - - 000 188 -
051804 - 1004 .00 e 264 268 004 000 188 -
0872404 2076 xn 8.0 mu 264 2 (1.4 000 188 .
027784 21.04 21.05 001 20458 284 21 0.0 000 188 -
2184 e 002 bg ] 264 .73 0.08 000 188 .
081iSmd 320 124 oM %041 264 n 0.0 000 188 -
om0 2348 005 2w 264 an 0.00 0.00 188 -
082184 24.40 24.50 0.10 250 268 wmn 0.0% 0.00 188 .
0101784 244 2062 (31 243.18 285 214 008 0.00 188 .
v 2130 2.3 0.0t 2.0 265 m 008 000 188 B
2138 21.40 002 .24 263 6 008 0.00 180 .
oMt 2292 20 002 0830 262 8 007 000 168 -
2002 2065 003 .00 202 208 0.07 0.00 188 -
E nes 00e 2904 262 18 0.07 000 188 .
oVl 2n 20 0.08 4.0 202 20 0.07 000 1.8 .
Q1M 24.0% 411 0.08 205.58 202 2.6 0.07 0.00 188 -
03074 .08 000 265.57 29 268 007 0.00 108 .
101784 .90 a7 on 20208 268 170 0.0 0.00 184 -
10725084 - 22.6% 000 . 268 70 0.04 0.00 188 -
111184 - DRY 000 NA 268 270 0.04 0.00 180 -
1172294 - DRY 000 A 288 271 0.04 9.00 188 .
1200794 . 7.5 000 2117 288 2710 0.04 000 188 -
122104 . ue 000 294.80 2608 270 0.04 0.00 188 -
010455 - 254 600 24.00 266 270 0.04 0.00 188 -
o1hens - 208 000 3653 280 270 Q.04 0.00 188 .
o1ves - 21.03 008 200 59 287 265 0.00 0.00 188 .
[l . 2220 000 na 1% 265 0.08 000 188 .
028185 - on 000 X85 284 265 o 000 188 -
o105 - 1w 000 300.30 25 2685 000 000 188 -
0208 . 19.66 0 2908 5 265 0068 0.00 185 .
04nares Hot 1% 265 0.08 0.00 188 .
[l . 182 000 2790 254 265 008 0.00 168 .
oS58 . 2182 000 0% 25 285 008 000 168 .
. 140 000 nrn 25 265 0.08 0.00 168 .
0811545 . 267 [X: ] 2865 259 265 008 oo 188 -
0872098 . 2488 000 2478 25 285 008 800 188 -
07menes . 514 0.00 w8 15 285 008 0.00 188 -
0712585 - b=l 0.00 p L] 25 285 008 .00 188 -
0801785 - 2548 000 2414 259 265 008 000 186 .
0321763 . DRY 0.00 RA 259 2685 0.08 0.00 188 -
08/14%5 - DRY 0.00 25 285 008 0.00 188 -
032805 . an 0.00 16t 25 285 008 0.00 188 -
10/06/08 - 5.0 0.00 204 52 25 265 0.08 0.00 188 -
1072505 - 2015 .00 20947 250 2485 0.08 0.00 188 -
1R . 17.30 8.00 3232 250 265 0.08 0.00 188 .
1200005 - 19.51 0.00 300.14 250 265 008 000 188 .
1272185 . 1037 0.00 30028 250 265 008 0.00 188 -
012358 - 1.0 0.00 30252 250 265 008 0.00 168 .
0210806 - 18.00 0.00 362 259 265 0.08 0.00 188 -
ounene . 1040 0.00 a2 25 265 008 000 188 .
032186 - 18.08 0.00 1.5 25 265 0.08 0.00 188 -
041158 - 1637 0.00 30328 % 265 0.08 .00 1.88 -
042498 - 121 6.00 w4 259 26% 008 0.00 188 -
[ - 18.64 0.00 300.68 158 265 008 0.00 188 .
06/13/99 . 00 0.0 %5 25 265 008 0.00 128 -
08/2658 . 19.02 0.0 2870 259 285 008 0.00 188 -
aTiones - 2047 ons 209.48 259 205 008 9.00 188 -
07125008 - 18.80 0.00 301.02 25 285 0.08 9.00 1.88 -
08089 . 2001 000 29.01 258 285 0.08 0.00 188 -
08730/58 - 2054 000 209.00 258 2488 00¢ 0.00 188 .
WIS 2132 2.3 an 290.30 250 205 008 0.00 188 .
. 1% 0.00 300.23 250 285 008 0.00 188 -
100098 . 1935 0.00 300.27 258 265 0.08 0.00 188 -
10724798 - 16.74 0.00 N 250 285 0.08 0.00 1.5 -



Agpendix A
Willaw Grave MAS - Piiot Product Recavery System Mondtoring - Project No, 20606.08 Tesk 8843

TANK TANK
DEPTH  DEPTH  LNAPL,  CORR,  DEPTH  GEPTH TANK CUMM FLOW
WELL # Lid T THICK-  VWATER TO T0 LMAPL LNAPL LNAPY, METER
€53, GAIGE LRAPL  WATER  RESS ELEV.  LMARL WATER THICKRESS RECOV RECOV, READING
ELEV, DATE 23] 121} £h 1} [y HaN (3AL) 1340} (GALY
NFFWL? Q030084 . 15 000 258
31408 a2 - 142 06 X264
GO - 128 0@ 280
S04 . " 068 30208
G457/84 - 1218 068 30182
284 - 1387 800 300 8¢
. 14.08 808 3800
G2IM4 . 1950 808 30558
- 14.84 ] 28944
S84 - 1489 ] 28848
SENAed - 1493 6869 &8 18
L) 15682 1563 80t 8.1
@idame 1982 1658 064 n7 98
@ime 1@ 1778 208 k]
020294 1852 18.68 908 2585
o154 2008 2.2 2 HIN
oaNees 208 208 (3] 36
oM 492 445 LX) 2882
orINeE 2857 b4 03 22748 058 0.50
00/05/94 - 1938 (1] R4 10 000 030
08/12204 0K 028 901 Xy ) 908 650
0800 . 97.33 [ ] 2478 909 0%
3808754 104t 1042 (] xnse? 000 050
Qatamnd 1008 087 N 28492 092 650
nwe 1.8 .8 o6z H218) 900 050
119 2119 908 pord ] 900 (-]
1i7me 478 24 86 B34 938 900 650
12534 2714 2748 034 e X 009 650
1184 - CRY a0 HA 090 650
1972294 - DRY a0 NA b (%]
120754 e 00 802 817 000 (%]
152154 2292 n8 0&s .08 200 650
016488 B97 am 074 HOsi 1.60 1.50
i 308 3.8 0 2o 009 153
012398 1508 i0.92 ear w5.03 0.00 156
[0 - T3] .93 813 wH 008 150
k1814 17.2 (3] 36 60 608 156
ovives 1842 1845 063 o 1] 009 1.50
140 1498 en 2940 (X -] 1.50
nues 1844 .51 068 27.69 0.60 150
[ lret ] SL ) 1848 063 w562 000 1.50
51 1S 76 1798 968 397 .00 1.50
050249% 19.08 1025 1 8.00 1.50
BY/1543 Wl Knocked Over During Soll Reaaval 8.00 156
n 2 .23 perd~] 0.00 1.56
crmems 308 2330 8, 51.08 828 1.75
[ {7 B k] BN 8.15 @079 .00 9.78
@mmes 2342 2368 633 %) 63 8.2% 200
o215 CRY 60 BA .00 20
651405 DRY -3 ] BA 600 200
2803 GRY 663 KA 0.00 240
v0ess 87 2408 614 200.19 8.00 260
172505 1668 668 &1 8.00 200
112185 21 600 301,38 200 209
1208/95 1468 1) 280 .32 2.00 260
122108 15.48 .50 MW 6.00 268
617298 263 963 30123 .00 26
820808 1948 660 30282 800 268
218 14.92 a. 2998 008 205
62158 1408 868 300.02
61158 1272 260 30138
Q248 1228 kgl
G2wed 1448 068 Fadid
Ga1388 18710 662 38
0372808 AL ] 63 28799
62010/98 183 668 W78
0712588 1469 683 b X ]
ORRNE 568 605 298.18
1982 (1) x0.18
SN153 18.0% 1] 29893
18 5¢ 1] ok
o 1574 068 M
tvaees f23 [L:] .77

3 - . - g




Appendix A

Willow Grave NAS - Pifot Product Recovery Systsm Monltoring - Project No, 2800.88 Task 3813
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Appesds A
Wekow Grave NAS - Piok Praduct Recovery System Monitering - Project Ho, 29089.68 Tesk 3843

TANK TANK
DEPTH  DEFTH  LNAPL  CORR. DEFTH  DEFTH TANK CUMM FLOW
WELL W T0 10 THICK-  WATER TO T0 LNAFL LRASL L8P, METER
£E8. GAGE LNAFL  WATER  HESS  ELEV. INAPL WATER THCKNESS REOOW RECON. REACIG
ELEY. CATE 2] i) 121 B30 {2k £ id1] 8L QALY (B
HFFWS 04 - 282 L] N7.9%
308 G044 - I eas 297
Ganand - i [:10] 870
0452094 - 45 895 2838
o%itams - 518 o0 85 43
0572484 - 819 a0 0442
GaNed - 744 860 28317
Q1184 o L] L] 2075
OrVes - 1263 0898 07w
- [ 1.+ 058 8168
o4 - 943 808 wma
O304 - 733 608 iz
CROBR4 e (30) 5] 28243
Rt - [X1] 669 WM
- 934 (1] 147
11784 - 11.63 008 49 68
1002554 - 11.5¢ 00 9 19
1171954 - 1583 (1] 87 08
117224 - 1318 098 28748
121754 - $6 38 868 29025
122154 - o8 0400 89 97
0100445 - 614 000 24047
013455 - - 040
02898 . 754 090 53907
2rass - - 0.06 -
[ - 43 009 N822
[ 7] - 854 900 0453
Dumens - LE:] 203 20388
Ca278% - Ea L) 860 x2e7
051183 . 863 .60 3344
05724185 - 7% 0.80 30249
0215595 - 082 0.00 30155
08,2995 - 788 000 30212
970685 - .63 860 3038
[ifre: - 045 208 30 02
oamins - 10.65 1) 2912
02im5 - $4.48 (1] 05 58
CW14R5 - 17.84 808 243
[ 7 - e85 (1] 0.2
100805 - 78 3] 0272
12593 - (1] 000 304 .63
NS - 419 8.60 o807
120095 - - 800 -
22195 - - 800 .
012098 - IM a0 308.13
020008 - 360 800 208647
021998 - 428 600 50
632258 - 43 000 3578
041158 - Iu 0.00 3873
042458 - 3N (1] 30833
0512049 - 474 (2] 3333
081348 - §08 860 X 04
- Well Insccassiia
67108 - Well inscsaseibis
6725008 - 465 860 3542
il - 528 290 30479
OR300 - £43 864 504 24
031296 - 842 803 %385
[ - $.27 66 364 80
100048 - 38t 662 3828
/2408 - 491 663 %208

>, i p 4 ‘ — -




Appendix A
Willow Greve NAS - Pilot Praduct Recovery System Monitoring « Project No, 20890.89 Task 313

TANK  TANK
DEPTH DEPTH  LMAPL CORR. DEPTH DEPTH TANK CUMM_ FLOW
WELL & T0 T0 THICK-  WATER TO TO LNAPL LNAPL LNAPL METER
CSG. GAUGE LNAPL  WATER  NESS  ELEV. INAPL WATER THICKNESS RECOV. RECOV. READMNG
ELEY. DATE [1ay] 2] Kiar B2 ] fias] {En (D (QAL) 1GAL) (GAL
NFFW-10  OM30%4 - 53 0.00 n5n
301.10 O4marse - S48 000 265.64
041204 - (1] 0.00 20450
. 898 000 20414
0512184 - RL ] 000 207.48
0701184 . 1245 000 22888
ATHNe4 . 1518 0.00 28532
- 11.05 0.00 290 08
08T - 1mnyM 00 9.7
08,304 - (1. 00 mn
[t ) . 058 (2] WS¢
[l o) . 1R 000 978
0030794 . 1.2 000 087
1017794 . 1421 000 8003
10725084 - 1566 000 ws.u
111784 - 19.18 000 1.9
1"HRaM - nwnn 000 0133
120184 . 1575 000 28538
122104 - 138 000 »;mn
010485 - 12.68 000 28744
012398 - 107 000 200
01848 - - o0 -
022875 - s78 900 w2H
0108 . 172 (2] 03
02005 - - 000 .
040488 - mn 000 *n
oyI%s - " 000 2210
95111193 - (X)) 0.00 n210
0524195 - 953 0.00 mu
081548 - 1087 0.00 200.8)
- - 000 -
070845 - - 0.00 -
07/1254% - 1208 000 28824
08/01/95 . 12.7% 0.00 2,0
082188 - 17.718 0.00 2338
ov14ns - 29 0.0 amn
002095 - 15.00 0.00 28810
10/06/95 - 12.08 900 28901
1002548 . [ ¥ 000 2288
1255 - - 0.00 -
120058 - (1] 000 2450
1222155 - - 9.00 .
01723/08 - - 000 -
Q2000 - - 0.00 .
o108 - - 000 -
02706 CAR ON WELL
0411198 - en 000 %40
02408 - 612 000 M0
- 831 000 204.79
081308 - 0 000 204.08
. Vol Inmccesshie
0110/98 - Vel inmccesshie
0125058 - 854 0.00 204.50
[t - 858 000 84.54
0A30/08 . 632 000 a4
012708 « 0.03 000 ny0
[ read . 150 000 3180
10/00/98 - (1] 0.00 2425
1072408 . 850 0.00 U8
NFFRETE 033044

149 04204784




Appensix A
Prillow Grove HAS - Pl Preduct Recavery Syrtem Monliaring - Praject He. 20609.08 Task 3613

TARK, TANE
GEFTH BEPTH  INAPL  CORR.  DEPTH  DEPTH TR CUMM FLOW
WELL W TO 7O THICK.  WATER 0 T0 LNAPL LEARY, LRAPL METER
CEG. GAUGE  LNAPL WATER  MNESZ  ELEY.,  LMAPL  WATER THICENESS  RECOV RELTY. READNG
[ 3137 DATE i I £ e iay] ia)] jiay] iGALY ] sk
RFEW-12 0330 - 873 803 Haey
30738 0404054 - 9ot (] 23S
0420894 - 932 om Zis4
[y - 928 0w 28808
Q424 - 18.04 @ %732
G2 . 1043 068 2463
42754 - 18.74 908 22462
- 11722 008 2584
S . 1163 068 29548
[ - i1.88 908 259
[l - 1238 oM 2301
Q5720084 - 132 % 284 18
85127194 - 13¢€5 008 2N
6320384 - 1445 408 28262
084 15.74 15728 682 w162
0371844 e 1562 882 145
10154 .83 091 408 3932
GriM 2008 po bl 812 8728 02 05
GRS 1882 864 802 H044 eos 828
BivIna 835 1837 ge2 @0 009 [ F]
OB - 1497 [1:-4] bRl 009 028
0004 - H“n 6% w308 900 e
o144 - 14.97 (-] 29318 500 [P
R4 - 1568 000 201.37 900 05
0273004 - 1877 o] 200 50 200 018
10794 1885 19.95 019 229 49 090 935
10/25/4 - X 000 2854 000 LE+]
15 M ne7 (-1 ] 29348 LD ] 228
$1722/64 P BROKE (URING GAUGING, HO INFORMATION AVAILABLE L] 035
v 1252 252 000 28484 000 05
122154 - 1830 a0 20808 009 0%
0104198 - 16.10 609 2826 009 9
(0] - 1754 209 s 82 (1 -] [ ]
[y lzaid - 1563 0% 3141 800 05
cuieRs - 1533 908 a2 (1] 028
. 14.14 069 @ 006 (R ]
0311043 - 1280 a6 B4 006 0
C32ared - 1232 908 8504 L] 028 ?
04204155 - 1362 (1] B4U 6.60 0.25
0412793 . 14.84 200 ®172 (1] 825
[ ] - 1457 (1] @’ 600 .25
- i5.18 a0a 02147 .00 823
081598 - 10.14 % 28122 8.00 8.2
G820/% - 17.14 ] @022 6.06 82
070858 - 17.84 0 28952 §.00 025
[1lrid - 1888 008 8848 ens 6.2%
[l ] - 1905 900 26831 (11 .25
2es 2237 238 X4 2400 (1 (<]
e 2338 %585 ez7 28104 0o0d (=]
faems  Iise 2164 668 5.7 606 635
100883 . 1928 L] 8318 60o (D]
12585 - 1378 860 358 08 025
142983 - 970 0.00 768 00D 0.35
1200083 - 137 000 58 om 833
12058 - 11.80 009 55 [ 1] 035
6472354 - 10.37 a6a el 009 035
G209/ . 943 (3] e o8 LR ]
C1eas . 16.60 260 A T8 809 83
e pr - 16.28 9m 27.18
b - e (1] e
L2408 . 925 ® 3841
[l - 1.8 L] B»ea?
08138 - 1382 808 2408
082858 - 12 008 26510
[ gt - 124% 808 46
G7i3508 ° 1162 o] bk
. 1074 ] 28582
083008 - 1282 o 28454
Gorame - 1368 808 2348
Gwi2ere - 23 (L] ik
10088 - 1.7 208 8568
1072423 - LK ] .83 3758




Appendix A

Wiktow Grave NAS - Pt Product Recevesy System Monlloring - Project No. 20600.00 Task 3813

WELL &

ELEY.
NEFVE13
305.10

NFFW-14
10

3548

e

DEFTH  DEPTH  LRAPL
T0 TO THICK-
LRAPL  WATER  NESS
(ED JED
- 85 0.00
- 002 000
- 838 0.00
- 10.28 0.00
. 1019 0.00
- 1008 0.00
- 1.0 0.00
1287 1258 as
1287 1268 (]
e 12681 902
1365 1288 0.04
“n 1428 008
a7 uis (1)
1530 155 [T ]
14 1850 008
17.04 17.08 008
178 17.08 008
1054 1054 004
1012 108 011
0 nn 0.3%
270 nu 504
1753 2158 40
1270 a0 4.00
1028 19 0.03
1015 19.42 o
an 2080 [ 1]
ne 002 902
ns 2% 0.01
p-% ] 2548 0.10
768 N0 S84
3131 3854 L=
IFP BROXE DURING GAUGING
.88 NN 604
a4q pe ] 1
U0 448 948
ny 258 an
- 064 000
203 Pk 14 0.01
- 1883 000
- 1773 000
10.60 1.7 [ A1)
1029 18.54 0.2
200 2061 045
2011 2038 0.24
207 1.22 0.15
2100 212 0.2¢
arn D 010
852 u58 0.08
452 u, oM
B4 x84 0.20
388 BN 358
n 345 052
U9 218 38
292 an 065
15.78 18.02 (2]
. 1203 074
1.3 1438 o
- - 0.00
- - 0.00
- - 003
. - 003
- 14.48 000
272 13.74 o2
13.2 1.2 0.19
156 15.69 001
- 1.0 .00
17148 1749 0.01
1762 17.66 o
- 1535 000
16.45 18.190 0.04
mn 1712 (1]
- 1741 0.00
15.12 15.30 0.18
10.58 180 on
199 1w 0
- 1848 0.00
- 16.08 000
LX) 1885 008
1558 15.50 0.04
13.88 1365 0.00
1403 14.08 003

CORR.
WATER
ELEV.
(EDe
2851

TANK
DEPTH
TO

(N

TARK
DEPTH
T0

fiar]

TANK

LNAPL
LNAPL  WATER  THICKNESS
[1as]

LRAPL
RECOV.
(GAL)

CUMM,
LNAPL
RECOV.
(GAL)

FLOW
METER
READING
(<A

L R R




Appendiv A
Wikow Greve KAS - Pt Product Recovery System Monltaring - Project Mo, 2#800.00 Task 3443

TANK TANK
OEFTH  DEFTH  INARL  COAR.  DEFTH  DEPTH TARK CLMM FLOW
WELL % TO 10 THICK-  WATER TO T LRAPL LNAPL LWAPL, METER
€53 GAUGE  EMAPL  WATER NESS  ELEV. LNAPL WATER THICKMESS RECOV RECWV READING
DATE (N i) 3 B V] 121} ian] G ALY

ELEY,
NFFW.1S  QU30MM
0687 OuANY

Q41294 - 1548 .00 e 41
- €28 600 w4
Sz - 133 o0 w182
QWa4m4 - 14.81 600 2%
04 - 10.15 LR w02
070154 - 2148 900 2338
Pk - 4.8 000 29250
0e0ER4 - 17.28 000 958
D174 - 1738 808 28859
08730/84 - 1385 1] 20282
[ ] - 1483 088 2164
L] - 12.32 (1) 2955
- i8.3i (1] 2388
100784 - 2137 1] 50
1S - 2382 200 2308
111154 - 7% 208 bkl
1422%4 . 2% 1] awesr
120754 - 80 1] #3584
Y2184 - 1663 6.00 %382
AL - 2658 000 3
[alre ] - 17.01 ©.00 388
ontens - 17217 000 .0
oyaens - 1572 Qo0 .15
el - 1342 000 maé
[ re o] - 1w .00 2360
faeues - 14 .64 1] pord
04s27%5 . e 08.00 290 83
o155 - 1670 0.60 0017
RS - 17.38 600 mise
0611585 - 18.50 800 8137
- 2049 1] Pkl
[l - 29.88 -1 d 8532
[t - 232 [ £:] 285.15
BA0IRS - 2254 6.00 bl
Y2188 - me 600 aees
o3 - 31.6 0.09 271489
[zl - el ] 0.00 22167
10055 - 1861 (3] 708
10025105 - 1342 06.09 a3 a8
12195 - g 50 ] ko 2k ]
1200055 - 1" 8.0 28541
272188 - 1248 [ L] 24
e sl - - ] -
o2end - (L] (3] b 151
Q2189 - 10.92 om 23508
V21 - 10.34 o 29053
Qai1158 - [ 2.5 0m 29002
Qi - 9.2¢ (3 %768
olreng - 11.78 [ 3] 26599
W38 . 1369 900 4318
- 12353 808 B4 54
871088 - 9280 009 4.7
0712556 - 1108 908 w578
080898 - 1167 908 w508
853008 - 13.24 ade Mmea
[ arisd - 1474 [ X ] i PRk
[ el - 1228 (3] .67
1ovoans - 11.38 ode 6 59
1248 - 8.71 X ;e




Appendix A
Willow Greve NAS - Pot Product Recavery System Monioring - Project No. 20400.00 Task 3413

TANK  TANK
DEPTH DEPTH  LNAPL CORR. DEPTH DEPTH TANK CuMM. FLOW
WELL & T0 TO THICK-  WATER TO TO LNAPL LNAPL LNAPL METER
CSG. GAUGE  LNAPL WATER NESS  ELEV. LNAPL WATER THICKNESS RECOV. RECOV. READING
ELEY, DATE (N [ias] SN (e (ED (D [ias] i3] (GAL) QAL
NFFVE18 03054 - 11.40 0.00 30154
M2 04704754 - 120 0.00 30165
0420854 . 11.03 000 nin
04207764 - 121 000 .0
0411204 - 13.08 000 205 08
- 1344 000 299.50
02704 . 3.3 0.00 30984
- 14.45 0.00 2870
O5/12194 . 14.32 0.00 208 82
051354 - 1439 0.00 20855
05164 - 14.08 000 208 08
0524194 - 131 0.00 210
052104 16.18 1819 000 20870
oaovM 10.04 1607 (1] 208 60
081594 wa 10y oo 2M.08
0816784 1840 1054 607 204 45
0701784 2182 an 0.15 M
071394 4.1 uee 050 #3870 028 025
7.4 1866 123 205.28 1.00 1.2
08/17/04 18.52 19.26 074 2422 0.50 1.78
16.45 1858 0.1y 20647 0.25 200
{00804 1.4 12.17 Q.0 w8 0.00 200
03/14/04 2an 2000 [ X 220217 0.00 200
01004 12 19.2 (X)) poa Xl 007 2m -
1838 1938 000 20358 0.00 207
10/17/84 2% ne (X ] 2041 6.00 207
1 U0 2820 1.4 276t 0.00 207
111194 ne 23 256 ma 200 20
1mass na 34.19 am 21.3 000 201
120184 21545 20 345 28704 090 200
122154 nes N1 p ¥ mn 400 607
0108 1y 20 are 287 100 107
011875 19.33 1984 on 20357 1.00 807
012345 12.12 1267 0 20519 (1] 807
(2400 ] 175 177 0.15 H5M 000 .
020/0% - 104 000 208 53 000 007
[l . 1584 0 267.10 000 007
0v2048 . 1400 0.0 200.04 028 032
040495 - 1547 000 %47 0.00 032
215 1608 16.60 003 2500 0.00 2032
05111785 - 1888 (2] 296.08 000 32
0512405 1750 17.60 00 205.35 0.00 832
08/15/95 1046 1847 00 8449 0.0 832
08720095 "wn 19.68 o0 20345 0.00 032
07085 - 21.08 0.00 .8 0.00 832
o2ses N8 1ne 00 0118 0.00 032
020185 2190 iR ] (1] 21.0) 0.00 an
s 2172 210 1.9 n5.04 0.00 [ R ¥
091485 5 3860 301 e 600 74232
ow28%S 2108 2704 078 579 0.00 14.32
1ooems 2220 2% a1s 0.72 000 1432
102598 - 1582 0.0 x7.02 (1] R
112195 - 129 0.00 300.77 060 1432
12/0885 - 14.00 000 20804 0.00 4R
122198 - 14.15 0.00 xnen 0.00 432
01723768 . 1255 0.00 300.39 0.00 “uan
020008 . 1" 0.00 301.70 000 14.32
02119%¢ . 13.26 0.00 6 0.0 14.32
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APPENDIX B

GRAPHS OF GROUND WATER ELEVATION AND PRODUCT THICKNESS FOR
SELECTED WELLS
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APPENDIX C

FREE-PRODUCT RECOVERY PILOT SYSTEM LABORATORY REPORTS
GROUND WATER



EA Engineering, Science, and Technology Corporate Headquarters
11013 McCormick Road
Hunt Valley, MD 21031
Telephane: 410-584-7000
Fax- 410-771-1625

M
12 May 1995

Mr. Carl Reitenbach

EA Engineering, Science and Technology, Inc.
15 Loveton Circle

Sparks, Maryland 21152

Re: NAVY-BRAC - Willow Grove (29600.09)
Dear Mr. Reitenbach:

Enclosed is our report on the analysis of three water samples collected for the NAVY-BRAC -
Willow Grove project on 27 April 1995. The invoice is included.

Please contact me if you have any questions or require further information and refer to report
050541. Unless other arrangements are made, we reserve the right to dispose of your samples
sixty (60) days from the date of this letter. We will retain the raw data for seven years from

this date.

Sincerely, I

Mary E. Asper

Laboratory Project Manager
enclosure




LABORATORY DATA REPORT

Prepared for:

NAVY-BRAC - Willow Grove

Prepared by:
EA Laboratories

19 Loveton Circle
Sparks, Maryland 21152

May 1995
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1. NARRATIVE




EA Laboratories
ANALYTICAL NARRATIVE
Client: NAVY-BRAC Laboratory Project Manager: Mary E. Asper
Site: Willow Grove " EA Laboratories Report:950541
Project number: 29600.09 Date: 12 May 1995

This report contains the results of the analysis of three water samples collected on 27 April 1995
in support of the referenced project.

SAMPLE RECEIPT

The samples arrived by Federal Express at EA Laboratories on 28 April 1995. Upon receipt, the
samples were inspected and compared with the chain-of-custody record. The samples were then
Jogged into the laboratory computer system with assigned laboratory accession numbers and
released for analysis.

le Desi i EA Lab Number
BEFORE 9505690
BETWEEN 9505691
AFTER 9505692

Following this narrative section are a glossary of data qualifiers used in this report ( Table 1) and
the original chain-of-custody record. Analytical results and quality control information are
summarized in the appended data package which has been formatted to be consistent with the
deliverable requirements of this project.

QUALITY CONTROL

The following sections are ordered as the data appears in this report. They contain observations
made during sample analysis, summarize the results of quality control measurements, and address
the impact on data usability based upon project Data Quality Objectives. For each fractional
analysis the narrative includes:

e Sample chronology: This section summarizes the sample history by fraction including the
sample preparation method and date, analytical method, and analysis date. Anything unusual
about the samples, digestates, or extracts is identified. Holding time compliance is evaluated
in this section.



EA Laboratories

ANALYTICAL NARRATIVE
Client: NAVY-BRAC Laboratory Project Manager: Marv E. Asper
Site: Willow Grove EA Laboratories Report:950541
Project number: 29600.09  ~ ' Date: 12 May 1995

e [aboratory method performance: All quality contro! criteria for method performance must be
met for all target analytes for data to be reported. These criteria generally apply to instrument
tune, calibration, method blanks, and Laboratory Control Samples (I.CS). In some instances
where method criteria fail, useable data can be obtained and are reported with client approval.
The narrative will then include a thorough discussion of the impact on data quality.

e Sample performance: Quality control field samples are analyzed to determine any
measuremnent bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix
spike duplicates (MSDY), and laboratory duplicates (D). If acceptance criteria are not met,
matrix interferences are confirmed either by reanalysis or by inspection of the LCS results to
verify that laboratory method performance is in control. Data are reported with appropriate
qualifiers or discussion.

AROMATIC VOLATILES BY GC - WATER (EA9505690 - EA9505692)

Sample Chronology: Three samples were analyzed on 10 May 1995 for benzene, toluene,
ethylbenzene, xylenes and naphthalene by USEPA SW-846, Methods 5030/8020. All specified
holding times were met.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VTPH) - WATER
(EA9505690 - EA9505692)

Sample Chronology: Three samples were analyzed on 9 May 19935 for JP-4 fuel by USEPA SW-
846, Methods 5030/8015-modified. All specified holding times were met.

Sample BEFORE required a 2X dilution in order to achieve concentrations of target analytes
within linear calibration range.




EA Laboratories
ANALYTICAL NARRATIVE
Client: NAVY-BRAC Laboratory Project Manager: Mary E. Asper
Site: Willow Grove EA Laboratories Report:950541
Project number: 29600.09 - Date: 12 May 1998

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.

CERTIFICATION OF RESULTS

The Laboratory certifies that this report meets the project requirements for analytical data as stated
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory
certifies that the data as reported meet the Data Quality Objectives for precision, accuracy, and
completeness specified for this project or as stated in EA Laboratories Quality Assurance program
for other than the conditions detailed above. Release of the data contained in this report has been
authorized by the appropriate Laboratory Manager as verified by the following signature.

f/ /() @UM{KQ,Q/—/ 12 May 1995

Walter E. Miller, Organics Division Manager




TABLL 1. ORGANIC ANALYSIS DATA QUALIFIERS

NDor U Indicates 2 compound on the target compound list (TCL) was analyzed for but not detected. The sample quantitation Hmit must be

TRord

E

b

corrected for dilution and. if 2 soil sample, for percent moisture. For example, 10 U is used for phenol in water if the sample final
volume is the protocot-specified final volume. If 2 1-to-10 diluton of the extract was necessary, the reported limit is (10 x 10 Wor
100 U. For a soil sample, the value is also adjusted for percent moisture. For example, 1f the sample had 24% moisture and a 1-to-10
dilution factor, the soil sample quanueation limit for phenol (330 Uy would be corrected as follows:

Repored limit = (330 Uy 2 df ¢ D

where: df = dilution factor = 10
D o= {100 - % moiswure) £ 100 (AL 24 % moisture, D = {100-24) / 100 = 0.76)

Reponed limit = (330 Uy x 107 0.76 = 4300 U (rounded to two significant figures)

For soil samples subjected to gel permeation chromatography {GPC) cleanup procedures, the contract required quantitation limit
{CRQL) is also muliplied by 2 1o account for the fact that only half of the extract is recoversd. Note: If GPC procedures are
employed, the factor of 2 i3 not included in the dilution factor reported; a “Y™ is entered for GPC (Y/N).

Indicates an esumated value. This flag is used under the following circumstances: 1) when estimating a concentration for tentatively
idendfied compounds where a 1:1 response is assumed, 2) when the mass spectrzl and retention time data indicate the presence of a
compound that meets the volatle and semivolatile GC/MS identification criteria, and the result is less than the CRQL but greater than
zero, 3} when the retention time daw indicate the presence of a compound that meets the pesticide/Aroctor identification criteria and
the result is less than the CRQL but greater than zero. Note: the “J" code is not used and the compound is not reporned as being
ilentified for pestcide/Arocior results less than the CRQL. if the wchnical judgement of the pesticide residue analysis expert determines
that the peaks used for compound identification resulted from instrument noise or other interferences (column bleed. solvent
conmmination, efc.). For example, if the sample quantiation limit is 10 ug/L but a concentration of 3 ug/L is calculated, report it as
3 1. The sample quantitation bimit must be adjusted for dilution as discussed for the U flag

This flag applies to pesticide results where the identification has been confirmed by GC/MS. Single component pesticides with
concentration equal to or greater than 10 ngful. in the final extract must be confirmed by GC/MS.

This flag is used when the analyte is found in the associated blank as well as in the sample. It indicates possible/probable blank
conaminaton and wars the dam user to ke appropriate action, This flag is used for a TIC as well as for a positively identified TCL
compound.

This flag iendfies compounds whose concentrations exceed the calibration range of the GC/MS instrument for that specific analysis,
This flag does not apply to pesticides/PCBs analyzed by GC/EC methods. If one or more compounds have a response greater that
full scale, the sample or extract must be diluted and reanalyzed according to the specifications listed in the SOW. All such compounds
with a response greater than full scale should have 2 concentration flagged with an “E” on Form [ for the original analysis. If the
dilution of the eatract causes any compounds identified in the first analysis to be below the calibration range in the second analysis,
then the resuits of both analyses are repornied on separate Forms . The Form ! for the diluted sample will have the "DL" suffix
appended to the sample number, NOTE: For wtal xylenes, where three isomers are quantified as two peaks, the calibration range of
each peak is considered separately; e.g., a diluted analysis is not required for total xylenes unless the concentration of either peak
separately exceeds 200 ug/L.

This flag identifies all compounds identified in the analysis at a secondary ditution factor. If 2 sample or extract is reanalyzed at a
higher dilution factor, as in the "E* flag above, the "DL" suffix is appended to the sample aumber on the Form | for the diluted
sample, and all concentration values reported on that Form I are flagged with the D" fiag.

This {flag indicates that a TIC is a suspected aldol-condensation product.

Oher specific flags may be required o properly define the results. If used, they are fully described and such description arached to
the Sample Dawa Summary Package and the Case Narrative. The flags begin by using “X". If more that one flag is required, "Y"
and "Z"° are used, as needed. For instance, the “X" flag might combine the A", "B, and "D" flags {or some sampdle.

Indicates presumpuve evidence of 2 compound. This flag is only used for tentatively identified compounds, where the identification
is based on & mass specrral library search. [t is applied to all TIC results. For generic charactenization of a TIC, such as chiorinated
hydracachon, the M code is not used.

This flag is used for GC analyses when there is greater than 25% difference for detected concentrations berween the two GC columns.
The lower of the two values is reporied on Form § and flagged with a "P~,




2. CHAIN-OF-CUSTODY
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WHITE - EA Laboratories YELLOW - EA Laboratores PINK - Project Manager Shaded Areas for Lab Use Only




3. ORGANIC DATA




A. BTEX Data




iA . EPA SAMPLE NO.
' VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
BEFORE
ib Name: EA LABS ‘ Contract:29600.09
b Code: EAENG Case No: SAS No: SDG No:
!trix: (soil/water)WATER Lab Sample ID: 9505690
ample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B895F
'velz (low/med) LOW Date Received: 04/28/95
% Moisture: not dec. Date Analyzed: 05/10/95
(l: Colunmn:RTX502.2 ID:0.53 (mm) . Dilution Factor: 1
Soil Extract Volume: (ul) Soil Aliquot Volume: {ul)
l CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
l 71-43-2-————=—=—= BENZENE 420
108~88=3—=———erw- TOLUENE 15
100~-41l-4——=—————-— ETHYLBENZENE 400
l 108-38-3/106-42-3META & PARA XYLENES 420
9547 «f~—mmme——— ORTHO XYLENE 20
l 91-20=3=~==m=—mm——— NAPHTHALENE 260
l FORM I VOA 3/90



1A EPA SAMPLE NO.
VOLATILE COMPOUNDS OCRGANICS ANALYSIS SHEET .
BETWEEN
Lab Name: EA LAES Contract:29600.0%
Lab Code: EAENG .Case HNo: SAS No: SDG No: l
Metrix: (soil/water)WATER Lab Sample ID: 9505691 l
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B891F
Levels (low/med) LOW Date Received: 04/28,/35 l
¥ Moisture: not dec. Date Analyzed: 05/10/9%
3C Column:RTX502.2 ID:0.53 (mm) Dilution Factor: 1 .
30il Extract Volume: (uL) Soil Aliguot Volume: (ul)
CONCENTRATION UNITS '
CAS NO. COMPOUND (vg/L or ug/Kg} ug/L Q
T71=43-2——m—m——mm— BENZEHNE 8.4 '
108~88=3——memmmmo TOLUENE 1.0 {U
1004 l=dmemmemam—— ETHYLBENZENE 1.0 |{U
108-38-3/106-42-3MET2& & PAR2: XYLENES 1.0 (U I
§95-47~f——rmmmm=—— ORTHC XYLENE 1.0 U
91l-20=-3~rmemme——— NAPHTHALENE 5.0 |U
FORM I VOA 3/90 l




(uL)

1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
AFTER
Lab Name: EA LABS Contract:29600.09
b Code: EAENG Case No: SAS HNo: SDG No:
Etrix: (soil/water)WATER Lab Sample ID: 9505692
mple wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B890F
vel: (low/med) LOW Date Received: 04/28/95
% Moisture: not dec. Date Analyzed: 05/10/95
l: Column:RTX502.2 ID:0.53 (mm) Dilution Factor: 1
Soil Extract Volume: (ulL) Soil Aliquot Volume:
. CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg} ug/L Q
l 71=-43-2-===———e==— BENZENE 1.0 |0
108-88-3~=———=——== TOLUENE 1.0 U
100-41-4~~———————= ETHYLBENZENE 1.0 |U
l 108-38-3/106-42-3META & PARA XYLENES 1.0 U
95-47=6———=—————e ORTHO XYLENE 1.0 |U
91-20-3—-———————== NAPHTHALENE 5.0 |U
I FORM I VoA 3/90




1a EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET l
VBLK1
Lab Name: EA LABS ‘ Contract:29600.09 l
Lab Code: EAENG Case No: SAS HNo: SDG No:
Matrix: (soil/water)WATER Lab Sample ID: VG7BEES l
sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B888F
Level:  (low/med) LOW Date Received: / [/ l
¥ Moisture: not dec. Date Analyzed: 05/10/95
3C Column:RT¥502.2 ID:0.53 {mm) . Dilution Factor: 1 I
Zoil Extract Volume: (ulL) Soil Aliguot Volume: (uL)
CONCENTRATION UNITS I
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
Tl=43=2mmmm—————— BENZENE 1.0 |0 l
108-B8-3~wem=m————= TOLUENE 1.0 |U
1004 1 =& oo o e o com com oo e ETHYLBENZENE 1.0 {0
108-38-3/106~42-3META & PARA XYLENES 1.0 |U l
95=47-f——————— - ORTHO XYLENE 1.0 U
Gl =20 =3 o mo e o e o oo o o NAPHTHALENE 5.0 |U l
FORM I VOA 3/90 l




B. TPH-Gas Data




12 EPA SAMPLE NO. l
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

BEFORE !
Lab Name: EA LABS Contract:29600.09 I
Lab Cocde: EAEHNG Case No: SAS No: SDG No:
Matrix: (soil/water)WATER ' Lab Sample ID: 9505690 l
Sample wt/vol: 5.0 (g/mL} ML Lab File ID: VD4D400
Level: {(low/med) LOW Date Received: 04/28/95 l
% Moisture: not dec. Date Analyzed: 05/09/9% l
GC Column:RTX1 ID:0.83 (mm} Dilution Factor: 2
Soil Extract Volume: __ (uL) Soil Aliquot Volume: mLI
CONCENTRATION ﬁNITS
CAS HNO. COMPOUND (vg/L or ug/Kg) ug/L Q I
----------------- TPH 8900 E l
1
i
i
1
i
1
i
i
i
FORM I VOA 3/90 l
I




I . 1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
l BETWEEN
b Name: EA LABS Contract:29600.09%
b Code: EAENG Case No: SAS No: SDG No:
.fltrix: (soil/water)WATER Lab Sample ID: 9505691
lnmple wt/vol: 5.0 (g/mL) ML Lab File ID: vD4D403
Level: (low/med) LOW Date Received: 04/28/95
%.Moisture: not dec. __ ‘ Date Analyzed: 05/09/95
GC Column:RTX1 ID:0.53 (mm) Dilution Factor: 1
i"il Extract Volume: ___ (uL) Scil Aliquot Volume: _ (ul)
CONCENTRATION UNITS
I CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
l ————————————————— TPH 100 IU '

FOEM I VOa 3/80




1A EPA SAMPLE NO.

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

AFTER
Lab Name: EA LARBS Contract:29600.09
Lab Code: EAENG Case HNo: SAS No: SDG HNo:
Matrix: (soil/water)WATER Lab Sample ID: 9505692
Sample wt/vol: 5.0 (g/mL} ML Lab File ID: vD4D402
Level: (low/med} LOW Date Received: 04/28/95
% Moisture: not dec.’ Date Analyzed: 05/09/95
GC Column:RTX1 ID:0.53 {(mm} Dilution Factor: i
Soil Extract Volume: ___ (ul) Soil Aligquot Volume: ____
CONCENTRATION UNITS
CAS HO. COMPOUND (ug/L or ug/Kg) ug/L Q
----------------- TPH 100 EU l
FORM I VOA 3/90

‘




1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

. -
.

I VBLK1
ab Name: EA LABS Contract:29600.09

ab Code: EAENG Case No: SAS No: SDG No:
atrix: (soil/water)WATER ' Lab Sample ID: VD4D399
:ample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4D399%
:Level: (low/med) LOW Date Received: / 7/
lMoisture: not dec. __ ) Date Analyzed: 05/09/%5
GC Column:RTX1 ID:0.53 (mm) Dilution Factor: 1
loil Extract Volume: ___ (uL) Soil Aliquot Volume: _ (uL)
, CONCENTRATION UNITS
' CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
I l ----------------- TPH 100 |U
i

1

1

i

1
|

|

i

l FORM I VOA 3/90
i



EA Laboratories 19 Loveton Circle
Sparks, MD 21152

Telephone: 410-771-4320
Fax: 410-771-4307

23 May 1995

Mr.Carl Reitenbach

EA Engineering, Science and Technology, Inc.
15 Loveton Circle

Sparks, MD 21152

Re: Willowgrove N.A.S. - Fuel Farm (29600.09)

Dear Mr. Reitenbach:

Enclosed is our report on the analysis of three water samples collected for the Willowgrove N.A.S.
- Fuel Farm project on 11 May 1995. The invoice is included.

Please contact me if you have any questions or require further information and refer to report
950637. Unless other arrangements are made, we reserve the right to dispose of your samples sixty
(60) days from the date of this letter. We will retain the raw data for seven years from this date.

Sincerely,

oy lopen

Laboratory Project Manager

enclosure




Final Invoice

Invoice# : L7013
Invoice Date: 24-MAY-95

Carl G Reitenbach, IR FED. IDf: 52-093-1911
Petroleum Envircnmental Services - New York Please Remit to:

3 Washington Cenier EA Engineering, Science,
Newburgh, NY 12550 and Technology, Inc.

PO Box 75031
Baltimore, Maryland 21275

Project# : 29600.05 NAV-BRAC-FUEL FARM AIR SPARGING PIL Deptfi: 5120 Task#: 3613 Reportfi: 950637
Quotation#: Client POH:
e STD QkTnAr Cont Volume Adj Total
Catalog#f Description . Price  QTY Prem(%) Disc(%) Disc(y) Price Price
C051 TPH, as Gasoline by GC $125.75 3 32,50 $84 .89 §254.64
C049 BTEX anz Naphthalene by GC $125.75 3 32.50 $84.88 $254.64
Subtotal $509.28
%) ($)
Quick Turn-Around Premium: .00 - $0.00 $509.28
Electronic Data Deliverable Premium: .00 $0.00 $509.28
Contract Discount: .00 5$0.00 $509.28
Volume Discount: .00 §0.00 §509.28
Total Payment Due $509.28

EA#: 9507266-9507268



LABORATORY DATA REPORT

Prepared for:

Willowgrove N.A.S. - Fuel Farm

Prepared by:
EA Laboratories

19 Loveton Circle
Sparks, Maryland 21152

May 1995
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1. NARRATIVE




EA Laboratories
ANALYTICAL NARRATIVE

Client: EA Eng., Sci. and Tech., Inc. EA Laboratories Report: 950637
Site: Willowgrove N.A.S. - Fuel Farm Laboratory Project Manager: Mary E. Asper
Project number: 29600.09 Report Date: 23 May 1995

This report contains the results of the analysis of three water samples collected on 11 May 1995 in
support of the referenced project.

SAMPLE RECEIPT

The samples arrived by hand at EA Laboratories on 12 May 1995. Upon receipt, the samples were
inspected and compared with the chain-of-custody record. The samples were then logged into the
laboratory computer system with assigned laboratory accession numbers and released for analysis.

i mple Designation EA Lab Number
BEFORE 9507266
BETWEEN 9507267
AFTER 9507268

Following this narrative section are a glossary of data qualifiers used in this report (Table 1) and the
original chain-of-custody. Analytical results and quality control information are summarized in the
appended data package which has been formatted to be consistent with the deliverable requirements
of this project.

QUALITY CONTROL

The following sections are ordered as the data appears in this report. They contain observations
made during sample analysis, summarize the results of quality control measurements, and address the
impact on data usability based upon project Data Quality Objectives. For each fractional analysis the
narrative includes:

e Sample chronology: This section summarizes the sample history by fraction including the sample
preparation method and date, analytical method, and analysis date. Anything unusual about the
samples, digestates, or extracts is identified. Holding time compliance is evaluated in this section.

e Laboratory method performance: All quality control criteria for method performance must be
met for all target analytes for data to be reported. These criteria generally apply to instrument
tune, calibration, method blanks, and Laboratory Control Samples (LCS). In some instances
where method criteria fail, useable data can be obtained and are reported with client approval.
The narrative will then include a thorough discussion of the impact on data quality.

e Sample performance: Quality control field samples are analyzed to determine any measurement



EA Laboratories
ANALYTICAL NARRATIVE

Client: EA Eng., Sci. and Tech., Inc. EA Laboratories Report: 950637
Site: Willowgrove N.A.S. - Fuel Farm Laboratory Project Manager: Mary E. Asper
Project number: 29600.09 Report Date: 23 May 1995

bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates
(MSD), and laboratory duplicates (D). If acceptance criteria are not met, matrix interferences are
confirmed either by reanalysis or by inspection of the LCS results to verify that laboratory method
performance is in control. Data are reported with appropriate qualifiers or discussion.

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VTPH) - WATER
(EA9507266 - EA9507268)

Sample Chronology: Three samples were analyzed on 17 May 1995 for JP-4 fuel by USEPA SW-
846, Methods 5030/8015-modified. All specified holding times were met.

Sample BEFORE required a 2X dilution in order to achieve concentrations of target analytes
within linear calibration range.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.
AROMATIC VOLATILES BY GC - WATER (EA9507266 - EA9507268)

Sample Chronology: Three samples were analyzed on 17 and 18 May 1995 for benzene, toluene,
ethylbenzene, xylenes and naphthalene by USEPA SW-846, Methods 5030/8020. All specified
helding times were met.

Laburatory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.
CERTIFICATION OF RESULTS

The Laboratory certifies that this report meets the project requirements for analytical data as stated
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory certifies

that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness
specified for this project or as stated in EA Laboratories Quality Assurance program for other than

Cothe conditions detatted shove




EA Laboratories
ANALYTICAL NARRATIVE

Client: EA Eng., Sci. and Tech., Inc. EA Laboratories Report: 950637
Site: Willowgrove N.A.S. - Fuel Farm Laboratory Project Manager: Mary E. Asper
Project number: 29600.09 =~ Report Date: 23 May 1995

Release of the data contained in this report has been authorized by the appropriate Laboratory
Manager as verified by the following signature.

//( )M./{/L/QQ/\/ | 23 May 1995

Walter E. Miller, Organics Division Manager
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Inficates 2 compourd oo the target compound list (TCL) was anafyzed for but not detected, The sample quantitation firnit must be cormected for dilution
and, if a soil sample, for pervent moisture. For example, 10 U is used for phenol in water if the sample final volurne is the protocol-specified fina]
wolume. Ifa 1-t0-10 dilution of the extract was necessary, the reportad lmit i (10 % 10 Uy or 100 U, For a soil sample, the value is also adjusted for
percent moisture. For example, if the sample had 24% moisture and 2 1-40-10 dilution factor, the soil sample quarpitation limit for phenol (330 &}
would be corrected as follows: :

Reperted limit = (330 Uy x &/ D

where:  df = dilution factor = 10
I = {100 - % moisture} / 100 (At 23% moisture, D = (100-243 / 100 = 0.76)

Reported limit = (330 Uy x 10/ 0.76 = 4300 U ({rounded to two significant fgures)

For soil samples subjected to gel permeation chromatography (CGPC) cleanup procedurss, the contract required quartitation lirnit {CRQL) is also
multiplied by 2 to account for the fact that only half of the extract is recovered. Note: IfGPC procedres are employed, the factor of 2 is not included
in the dilition factor reported; 2 "Y™ is entered for GPC (YAN).

Indicates an estimated value. This flag is used under the following circumstances: 1} when estimating a concentration for tentatively identified
compourds where 2 1:1 response is assumed, 2) when the mass spectral and retention time data indicate the presence of a compound that meets the
volatile and semivolatite GCAMS identification eriteria, and the result is less than the CRQL bt greater than zero, 3) when the retention time data
indicate the presence of a compound that meets the pesticide/Aroclor identifteation criteria and the resuk is less than the CRQL bunt greater than zero,
Mote: the "J* code is not used and the compotund is not reported as being identified for pesticide’ Araclor resuits less than the CRQL, if the tachnical
judgement of the pesticide residue analysis expert determines that the peaks used for compound identification resulted from instrument noise or other
interferences (colurmn bleed, solvert contamination, etc.). For example, if the sample quantitation limit is 10 ugL but a conceriration of 3 ug/L. is
caleulated, report it as 3 J. The sample quantitation limit must be adjusted for dilution as discussed for the U flag

This flag applies to pexicide results where the identification has been confirmed by GOMS, Single componend pesticides with concentration equal o
or greater than 10 ngful. in the final extract must be confirmed by GU/MS.

This fag is used when the anabyte is found in the associated blank: as well as in the sample, 1t indicates possible/probable blank contamination and warms
the data user to take appropriate action, This flag is used for a TIC as well as for a positively idertified TCL compound.

This flag idetifies compounds whose concentrations exceed the calibration range of the GC/MS instrumentt for that specific analvsis. This flag does not
apply to pesticidesPCBs analyzed by GC/EC methods. I one or more compotunds have a response greater that full scale, the sample or extract must
be dilited and reanalyzed acconding to the specifications listed in the SOW, All such compounds with a response greater than full scale should have 2
corcentration flagged with an "E” on Forrn 1 for the original analysis. I the diliution of the extract catises any compounds identified i the first analysis
to be below the calibration range in the second analysis, then the resuits of both analyses are reported oa separate Forms I The Form [ for the diluted
sample will have the "DL" suffix appended to the sample number. NOTE: For total xylenes, where three isomers are quantified as two peaks, the
calibration sange of cach peak is considered separately; e.g., a diluted analysis is not required for total xylenes unless the concentration of either peak.
scparately exceeds 204 ugl.

This flag identifies all compounds identified in the analysis at a secondary dilution factor. I 2 sample or extract is reanalyzed at a higher dilution factor,
a5 in the “E" flag above, the “DL" suffix is appended to the sample nurmber on the Form [ for the diluted sarmple, and all eoncentration values reported
on that Form [ are flagged with the "I)" flag.

This flag indicates that a TIC is a suspected aldol-condensation product.

Other specific flags may be recuired to properly define the results. If used, they are fully described and such description attached to the Sampie Data
Summary Package and the Case Narrative. The flags begin by using *2C", If more that one flag is required, "™ and "Z" are used, as needsd. For
inutance, the *7 flag might combine the "A", "B", and "D" flags for some sanple.

Inclicates premmmptive evidence of a compound. This flag is only used for terdatively identified compounds, where the identification is based on 2 mass
spectral library search, It is applied to all TIC results. For generic characterization of 2 TIC, such as chlorinated hydrocarbon, the N eode is not usad.

Thas flag ts used for GO analyses when there is greater than 25%% difference for detected concentrations between the two GC columms. The lower of the
two values is reperted on Form | and flagged with a “P~.

N g
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3. ORGANIC DATA




A. TPH GRO Data




l VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

'..ab Name: EA LABS
Lab Code: EAENG Case No:

atrix: (soil/water)WATER

SAS No:

EPA SAMPLE NO.

BEFORE

Contract:29600.09

SDG No:
Lab Sample ID: 9507266

ample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4D460
ievel: (low/med) LOW Date Received: 05/12/95
Moisture: not dec. Date Analyzed: 05/17/95
(C Column:RTX1 ID:0.53 (mm)' Dilution Factor: 2
l;oil Extract Volume: ___ (ulL) Scil Aliquot Volume: __ (ulL)
CONCENTRATION UNITS
' CAS NO. COMPOUND (ug/L or ug/Kg) ug/L o)
| l ----------------- TPH

9800 l !

FORM I

3/90



1A EP2 SAMPLE NO, '
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

’ BETWEEN /
Lab Name: EA LABS Contract:29600.09 '
Lab Code: EAENG Case No: | SAS No: 5DG No:
Matrix: (soil/water)WATER ' Lab Sample ID: 9507267 l
Sanple wt/vol: 5.0 (g/mL) ML : Lab File ID: vD4D458
Level: (low/med) LOW Date Received: 05/12/95 '
% Moisture: not dec. ___ Date Analyzed: 05/17/95 “
GC Column:RTX1 ID:0.53 (mm). Dilution Factor: 1 -
S5o0il Extract Volume: (ul) Scil Aliquot Volume: (uL‘s\
CONCENTRATION UNITS
CAS HNO. COMPQUND (ug/L or ug/Kg} ug/L Q
————————————————— TPH 260 E g

FOEM I WVOA 3760




l VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

'ab Name: EA LABS

/Lab Code: EAENG Case No:
atrix: (soil/water)WATER

Sample wt/vol: 5.0 (g/mL)

level : (low/med) LOW

g Moisture: not dec.

SAS HNo:

EPA SAMPLE NO.

AFTER

Contract:29600.09

SDG No:
Lab Sample ID: 9507268
Lab File ID: VD4D457
Date Received: 05/12/95
Date Analyzed: 05/17/95

C Column:RTX1 ID:0.53 (mm) Dilution Factor: 1
'oil Extract Volume: . (ul) Soil Aliquot Volume: (ulL)
CONCENTRATION UNITS
. CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
[ ----------------- TPH

100 IU '

YORM I

3/90



|
1A EFPA SAMPLE NO. I
VOILATILE COMPOUNDS ORGANICS ANALYSIS SHEET
VBLK1 I
Lab Name: EA LABS Contract:29600.09 l
Lab Code: EAENG Case No: SAS No: SDG No:
Matrix: (soil/water)WATER Lab Sample ID: VD4D456 '
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4D456
Level: {(low/med) LOW Date Received: ;S l
% Moisture: not dec. Date Analyzed: 05/17/95 l
GC Column:RTX1 ID:0.53  (mm) Dilution Factor: 1
S0il Extract Volume: (ul) Soil Aligquot Volume: (uL} .
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L ] I
----------------- TPH 100 !U }
|
|
i
i
|
|
i
|
I
FORM I VoA =X l
1




B. BTEX and Naphthalene Data



ia EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
~ BEFORE {
Lab Name: EA LABS Contract:29600.09 !
Lakb Code: EAENG Case No: SAS HNo: SDG No:
Matrix: (soil/water)WATER Lab Sample ID: 9507266
Sample wt/vol: 5.0 {(g/mL} ML Lab File ID: VG7B927F
Level: (low/med) LOW Date Received: 05/11/95
% Moisture: not dec. Date Analyzed: 05/17/95
GC Column:RTXS502.2 ID:0.53 (mm)‘ Dilution Factor: 1
Soll Extract Volume: (uL) Soil Aligquot Volume: (uLy
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
T1=43=Zmmmemmmm——— BENZENE 410
108883 mmmmm———— TCLUENE iz
100-4l-df————m———e ETHYLBENZENE 470
108-38-3/106-42-3META & PARA XYLENES €610 ‘ﬂ
95=47 -6 mmmme ORTHO XYLENE 30
91-20~3———ememea— NAPHTHALENE 310
W »

FORM I VOA 3/90
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' 1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

X BETWEEN
lab Name: EA LABS Contract:29600.09
Lab Code: EAENG Case No: SAS No: SDG No:
Watrix: (soil/water)WATER Lab Sample ID: 9507267
iample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B914F
evel: (low/med) LOW Date Received: 05/11/95
!" Moisture: not dec. Date Analyzed: 05/17/95
C Column:RTX502.2 ID:0.53  (mm) Dilution Factor: 1
loil Extract Volume: (uL) Soil Aliquot Volume: (ul)
CONCENTRATION UNITS
l CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
71=43-2——————em—— BENZENE 6.2
108-88-3====————- TOLUENE 1.0 |U
' 100-41l-4-—~~m———— ETHYLBENZENE 1.0 {U
108-38-3/106-42-3META & PARA XYLENES 1.0 U
95~47-6=————————m ORTHO XYLENE 1.0 |U
' 91~20-3===—rm—m——= NAPHTHALENE 5.0 [U
. FORM I VoA 3/90




1A EPA SAMPLE NO. .
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
AFTER '
Lab Name: EA LABS Contract:29600.09
Lab Code: EAENG Case No: SAS Ho: SDG No: l
Matrix: (soil/water)WATER ' Lab Sample ID: 9507268
Sample wt/vol: 5.0 (g/mL} ML Lab File ID: VG7B913F l
Level: {low/med) IOW Date Received: 05/11f95
% Moisture: not dec. Date Analyzed: 05/17,/95 l
GC Column:RTX502.2 ID:0.53 (mm)' Dilution Factor: 1
Seoil Extract Volume: (uL) Soil Aliguot Volume: (ul) l
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg} ug/L Q l
71-43-2=———mmmmem BENZENE 1.0 {U
108-88-3=mmm————— TOLUENE 1.0 |U .
100-4l-f=mmmm—m——— ETHYLBENZENE 1.0 10U
108-38-3/106-42-3META & PARA XYLENES 1.0 (U
9547 — e ORTHC XYLENE 1.0 (U
91-20m3mmm—m——————— NAPHTHALENE 5.0 U l
FORM I VOA 3/60 l




l T

1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

. : VBLK1
',ab Name: EA LABS Contract:29600.09
Lab Code: EAENG Case No: SAS No: SDG No:
'Iatrix: (soil/water)WATER ' Lab Sample ID: VG7B912
iample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7B912F
evel: (low/med) LOW Date Received: / /7
i Moisture: not dec. Date Analyzed: 05/17/95
C Column:RTX502.2 ID:0.53  (mm) Dilution Factor: 1
loil Extract Volume: (ul) Soil Aliquot Volume: (ul)
CONCENTRATION UNITS
' CAS NO. COMPOQUND (ug/L or ug/Kg) ug/L Q
71-43-2- == BENZENE 1.0 |U
108-88-3——==~==w- TOLUENE 1.0 |U
. 100-41-4-~—m——mwem ETHYLBENZENE 1.0 U
108-38-3/106~42-3META & PARA XVLENES 1.0 |U
9547 —6m——rmem——— ORTHO XYLENE i.0 {U
I 91-20-3—==r——eue—- NAPHTHALENE 5.0 |U
' FORM I VOA 3/90



EA Labaoratories i3 Loveton Cirele
Soarks, WD 21192
Tzizohone: $10-771-463
Fax: $10-771-4407

28 June 1995

Mr. Carl Reitenbach
EA Engineering, Science and Technology, Inc.

15 Loveton Circle
Sparks, MD 21152

Re: Willowgrove N.A.S. - Fuel Farm (29600.09)
Dear Mr. Reitenbach:

Enclosed is our report on the analysis of three water samples collected for the Willowgrove N.A.S.
- Fuel Farm project on 15 June 1995. The invoice is included.

Please contact me if you have any questions or require further information and refer to report
950863. Unless other arrangements are made, we reserve the right to dispose of your samples sixty
{60) days from the date of this letter. We will retain the raw data for seven vears from this date.

Sincerely,

enclosure
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LABORATORY DATA REPORT
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Willowgrove N.A.S. - Fuel Farm
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EA Laboratories

19 Loveton Circle
Sparks, Maryland 21152
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TABLE OF CONTENTS
Willowgrove N.A.S. - Fuel Farm
EA Laboratories Report No. 930863

1.

2

d o

3.

NARRATIVE
CHAIN OF CUSTODY
ORGANIC DATA

A. TPH GRO Data
B. BTEX and Naphthalene Data




1. NARRATIVE




EA Laboratories
ANALYTICAL NARRATIVE

Client: EA Eng., Sci. and Tech., Inc. EA Laboratories Report: 950863
Site: Willowgrove N.A.S. - Fuel Farm Laboratory Project Manager: Mary E. Asper
Project number: 29600.09 Report Date: 28 June 1998

This report contains the results of the analysis of three water samples collected on 15 June 1995 in
support of the referenced project.

SAMPLE RECEIPT

The samples arrived by hand at EA Laboratories on 16 June 1995, Upon receipt, the samples were
inspected and compared with the chain-of-custody record. The samples were then logged into the
laboratory computer system with assigned laboratory accession numbers and released for analysis.

EA Lab Number

9508902
BETWEEN 9508903
AFTER 5508904

Following this narrative section are a glossary of data qualifiers used in this report (Table 1) and the
original chain-of-custody. Analytical results and quality control information are summarized in the
appended data package which has been formatted to be consistent with the deliverable requirements
of this project.

QUALITY CONTROL

The following sections are ordered as the data appears in this report. They contain observations
made during sample analysis, summarize the results of quality control measurements, and address the
tmpact on data usability based upon project Data Quality Objectives. For each fractional analysis the
narrative includes: .

e Sample chronology: This section summarizes the sample history by fraction including the sample
preparation method and date, analytical method, and analysis date. Anything unusual about the
samples, digestates, or extracts is identified. Holding time compliance is evaluated in this section.

e [aboratory method performance: All quality control criteria for method performance must be
met for all target analytes for data to be reported. These criteria generally apply to instrument
tune, calibration, method blanks, and Laboratory Control Samples (LCS). In some instances
where method criteria fail, useable data can be obtained and are reported with client approval.
The narrative will then include a thorough discussion of the impact on data quality.

- & Sample performance. Quality control field samples are analyzed to determine any measurement

IR WS Ay BN A R AN B B e A am T




EA Laboratories
ANALYTICAL NARRATIVE

Client: EA Eng., Sci. and Tech., Inc. EA Laboratories Report: 950863
Site: Willowgrove N.A.S. - Fuel Farm Laboratory Project Manager: Mary E. Asper
Project number: 29600.09 Report Date: 28 June 1995

bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates
(MSD), and laboratory duplicates (D). If acceptance criteria are not met, matrix interferences are
confirmed either by reanalysis or by inspection of the LCS results to verify that laboratory method
performance is in control. Data are reported with appropriate qualifiers or discussion.

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VTPH) - WATER
(EA9508902 - EA9508904)

Sample Chronology: Three samples were analyzed on 21 May 1995 for JP-4 fuel by USEPA SW-
846, Methods 5030/8015-modified. All specified holding times were met.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.
AROMATIC VOLATILES BY GC - WATER (EA9508902 - EA9508904)

Sample Chronology: Three samples were analyzed on 22 June 1995 for benzene, toluene,
ethylbenzene, xylenes and naphthalene by USEPA SW-846, Methods 5030/8020. All specified
holding times were met.

Sample BEFORE required a 2X dilution in order to achieve concentrations of target analytes
within linear calibration range.

Laboratory Method Performance: All laboratory method performance criteria were met fcr the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.

CERTIFICATION OF RESULTS

The Laboratory certifies that this report meets the project requirements for analytical data as stated
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory certifies
that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness
specified for this project or as stated in EA Laboratories Quality Assurance program for other than

the conditions detailed above.



EA Laboratories
ANALYTICAL NARRATIVE

Client: EA Eng., Sci. and Tech., Inc. EA Laboratories Report: 950863
Site: Willowgrove N.A.S. - Fuel Farm Laboratory Project Manager: Mary E. Asper
Project number: 29600.09 Report Date: 28 June 1995

Release of the data contained in this report has been authorized by the appropriate Laboratory
Manager as verified by the following signature.

s " .
(/(/) (;CB:\.%/; /”L@?/J 28 June 1995

Walter E. Miller, Organics Division Manager




2. CHAIN OF CUSTODY
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3. ORGANIC DATA




A. TPH GRO Data




|
1A EPA SAMPLE NO.
l VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
: . BEFORE
ab Name: EA LABS Contract:29600.08
Lab Code: EAENG Case No: SAS No: SDG No:
Iatrix: (soil/water)WATER | Lab Sample ID: 9508502
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4D6E58
level: (low/med) LOW Date Received: 06/15/95
% Moisture: not dec. Date Analyzed: 06/21/95
C Column:RTX1 ID:0.53 (mm) Dilution Factor: 1
g0il Extract Volume: ___ (ul) Soil Aliquot Volume: ___ (uL)
' CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L< Q
l , ————————————————— TPH 7400 l l
i
i
i
i
i
i
i
i
i
l FORM I VOA 3/90
i




: 1a EPA SAMPLE NO,
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

‘ BETWEEN %
Lab Name: EA LABS Contract:29600.09
ab Code: EAENG Case No: SAS No: SDG Ho:
Matriw: (soll/water)WATER | Lab Sample ID: 9508903
Sample wit/vol: 5.0 (g/mL) ML Lab File ID: VD4aDES7
Level: (low/med) LOW Date Received: 06/15/95
% Moisture: not dec. Date Analyzed: 06/21/95
GC Column:RTXL ID:0.53 {mm) Dilution Factor: 1
Soil Extract Volume: ___ (ul) Soil Aligquot Volume: __ (uL)
CONCENTRATION UNITS
CAS NO. COMPOUND (uvg/L or ug/Kg} ug/L Q
----------------- TPH 100 ﬁu t

FORM I VOA 3/90




|
1A EPA SAMPLE NO.
' VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
, AFTER
g2 Name: EA LABS Qontract:29600.09
!:b Code: EAENG Case No: SAS No: SDG No:
latrix: (soil/water)WATER ‘ Lab Sample ID: 9508904
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4D656
Ievel: (low/med) LOW Date Received: 06/15/95
% Moisture: not dec. Date Analyzed: 06/21/95
l: Column:RTX1 ID:0.53 (mm) bilution Factor: 1
Soil Extract Volume: (ul) Scil Aliquot Volume: __ (ul)
l CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
l ' ----------------- TPH 100 IU ’
i
i
i
i
|
i
i
]
i
FORM I VOA 3/90
i
I



, N
VOLATILE COMPOUNDS OIJ?..éMICS ANATLYSIS SHEET EPA SAMPLE NO.
VBLK1 I l
Lab Name: EA LABS Contract:25600.09
Lab Code: EAENG Case No: SAS No: SDG No: '
Matrix: (soil/water)WATER : Lab Sample ID: VD4D6S54
Sample wt/vel: 5.0 (g/mL) ML Lab File ID: vD4D654 '
Level: (low/med) LOW Date Received: ;S
% Molsture: not dec. Date Analyzed: 06/21/95 l
GC Column:RTX1 ID:0.53 (mm) Dilution Factor: 1
Soil Extract Volume: {(ul) Scil Aliguot Volume: _ (uL‘;‘
CONCENTRATION UNITS
CAS HNO. COMPOUND {ug/L or wg/Kg)} ug/L Q \
---------------- TPH 100 iU E l
I
i
i
i
i
i
i
i
FORM I VOA 3/90 l
i
I




B. BTEX and Naphthalene Data



1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
BEFORE
Lab Name: EA LABS Contract:29600.09
Lab Code: EAENG Case No: . SAS No: SDG HNos
Matrix: (soil/water)WATER Lab Sample ID: 9508902
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7C128R
Level: (low/med) LOW Date Received: 06/16/95
% Moisture: not dec. Date Analvzed: 06/22/%95
3C Column:RTX1 ID:0.53 (mm) Diluticn Factor: 2
Zoil Extract Volume: (ul) Soil Aligquot Volume: (uL)
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
T1=43-2 = cmmmom omom oms n om BENZENE 410
108-88~3-————mmwm TOLUENE 24
100=4 1 o d omomom o om o e oo e ETHYLBENZENE 510
108-38-3/106-42-3META & PARA XYLENES 470
b R ORTHO XYLENE 24

FCRM I VOA 3/90

DL 2 (m 3 o om oo m com o em NAPHTHALENE 2390 '




(ul)

l 1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
BETWEEN
lab Name: EA LABS Contract:29600.09
Lab Code: EAENG Case No: ' SAS No: SDG No:
Iatrix: (soil/water)WATER Lab Sample ID: 9508503
imple wt/vol: 5.0 (g/mL) ML Lab File ID: VG7C1l24R
vel: (low/med) LOW Date Received: 06/16/95
"!CMoisture: not dec. Date Analyzed: 06/22/95
Column:RTX1 ID:0.53 (mm) | Dilution Factor: 1
lsil Extract Volume: (ul) Soil Aligquot Volume:
CONCENTRATION UNITS
l CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
71-43-2-=====———— BENZENE 1.0 U
108-88-3-—===—=—— TOLUENE 1.0 |UO
l 100-4l-4-=-——m—=——m ETHYLBENZENE 1.0 |{U
108-38-3/106-42-3META & PARA XYLENES 1.0 |U
95=47—f6=m———m———e ORTHO XYLENE 1.0 |U
l 91-20~3-———wom———- NAPHTHALENE 5.0 |U
l FORM I VoA 3/90



1A EPA SAMPLE HNo,
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

. AFTER
Lab Name: EA LABS Contract:29600.09 .
Labh Code: EAENG Case HNo: ‘ SAS HNo: SDG MNo:
Matrix: (soil/water)WATER Lab Sample ID: 9508904 '
Sample wt/vol: 5.0 (g/mL} ML Lab File ID: VG7C123R
Level: {(low/med) LOW Date Received: 06/16/95 .
% Moisture: not dec. Date Analyzed: 06/22/95 l
GO Column:RTX1 ID:0.52 {mm) Dilution Factor: 1
Scil Extract Volume: (uL) Soil Aliguot Volunme: (u}'
CONCENTRATION UNITS
CAS HO. COMPOUND (ug/L or ug/Kg) ug/L Q \
F1=43 =2 oo oo o BENZENE 1.0 (U
10B8=B8=3mem e e omom TOLUENE 1.0 U
100=4)l=d——ome—oe—— ETHYLBENZENE 1.0 U \‘
108-38-3/106=-42-3META & PARA XYLENES 1.0 |U -
GE—f T o o oo o e ORTHC XYLENE 1.0 U i
Gl=20=3mmme e ————— NAPHTHALENE 5.0 |U .
FORM T VOA 3/90 '




1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

. VBLK1
.sb Name: EA LABS Contract:29600.05
Lab Code: EAENG Case No: ' SAS No: SDG No:
latrix: (soil/water)WATER Lab Sample ID: VG7Cl1l19
imple wt/vol: 5.0 (g/mL) ML Lab File ID: VG7C1l18R
vel: (low/med) LOW Date Received: / /
lMoisture: not dec. Dzte Analyzed: 06/22/95
Column:RTX1 ID:0.53  (mm) Dilution Factor: 1
ril Extract Volume: _____ (ul) Soil Aliquot Volume: (uL)
CONCENTRATION UNITS
l CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
71-43-2——=——c—w—- BENZENE 1.0 |U
108-88-3—===—===—= TOLUENE 1.0 |U
l 100-41l-4—————m=—= ETHYLBENZENE 1.0 |U
108-38-3/106-42-3META & PARA XYLENES 1.0 |U
95=47-6————==———— ORTHO XYLENE 1.0 |U
l 91-20-3-==m=————= NAPHTHALENE 5.0 |U
' FORM I VOA 3/90




EA Laboratories 15 Loveton Circle
Sparks, MD 21152
Telephone: 410-771-4320
Fax: 410-771-4407

M

Mr. Carl G. Reitenbach, Jr.

EA Engineering, Science and Technology, Inc.
15 Loveton Circle

Sparks, MD 21152

November 13, 1995

Re: Willow Grove (29600.09)
Dear Mr. Reitenbach:

Enclosed is our report on the analysis of three water samples collected for the Willow Grove project
on 25 October 1995. The invoice is included.

Please contact me if you have any questions or require ﬁ:rthef information and refer to report
951698. Unless other arrangements are made, we reserve the right to dispose of your samples sixty
(60) days from the date of this letter. We will retain the raw data for seven years from this date.

Smccreiy,

f AKS mf@ﬁ‘r
Natasha K. Sulliv

Laboratory Project Manager

enclosure




LABORATORY DATA REPORT
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EA Engineering, Science, and Technology, Inc.
Willow Grove

Prepared by:

EA Laboratories

19 Loveton Circle

Sparks, MD 21152

Report 951698

November 1995
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1. NARRATIVE




EA Laboratories
ANALYTICAL NARRATIVE
Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan
Site: Willow Grove EA Laboratories Report: 951698
Project number: 29600.09 Date: 13 November 1995

This report contains the results of the analysis of three water samples collected on 25 QOctober 1995
in support of the referenced project.

SAMPLE RECEIPT

The samples arrived intact by Federal Express at EA Laboratories on 26 October 1995, Upon
receipt, the samples were inspected and compared with the chain-of-custody record. The samples
were then logged into the laboratory computer system with assigned laboratory accession numbers
and released for analysis.

Client Sample Designation EA Lab Number
Before 9515557
Between 9515558
After 9515559

Following this narrative section are data qualifiers (Table 1) and the original chain-of-custody.
Analytical results and quality control information are summarized in the appended data package
which has been formatted to be consistent with the deliverable requirements of this project.

QUALITY CONTROL

The following sections are ordered as the data appears in this report. They contain observations
made during sample analysis, summarize the results of quality control measurements, and address
the impact on data usability based upon project Data Quality Objectives. For each fractional analysis
the narrative includes:

e Sample chronology: This section summarizes the sample history by fraction including the
sample preparation method and date, analytical method, and analysis date. Anything unusual
about the samples, digestates, or extracts is identified. Holding time compliance is evaluated in
this section.

e Laboratory method performance: All quality control criteria for method performance must be
met for all target analytes for data to be reported. These criteria generally apply to instrument
tune, calibration, method blanks, and Laboratory Contro! Samples (LCS). In some instances
where method criteria fail, useable data can be obtained and are reported with client approval.
The narrative will then include a thorough discussion of the impact on data quality.




EA Laboratories
ANALYTICAL NARRATIVE
Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan
Site: Willow Grove EA Laboratories Report: 951698
Project number: 29600.09 Date: 13 November 1995

e Sample performance: Quality control field samples are analyzed to determine any measurement
bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates
(MSD), and laboratory duplicates (D). If acceptance criteria are not met, matrix interferences
are confirmed either by reanalysis or by inspection of the LCS results to verify that laboratory
method performance is in control. Data are reported with appropriate qualifiers or discussion.

AROMATIC VOLATILES BY GC - WATER (EA9515557-EA9515559)

Sample Chronology: The samples were analyzed for BTEX plus naphthalene on 31 October 1995
and 01 November 1995 by USEPA SW-846, Methods 5030/8020. All specified holding times were

met.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VTPH) - WATER (EA9515557 -
EA9515559)

Sample Chronology: Three samples were analyzed on 27 October 1995 for gasoline range organics
by USEPA SW-846 methods 5030/8015-modified. All specified holding times were met.

Sample BEFORE was diluted 10X prior to analysis in order to bring the response for the gasoline
range organics within the linear range of the calibration curve.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported sample.

Sample Performance: All quality control criteria were met for the reported sample.




EA Laboratories
ANALYTICAL NARRATIVE
Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan
Site: Willow Grove EA Laboratories Report: 951698
Project number: 29600.09 Date: 13 November 1995

CERTIFICATION OF RESULTS

The Laboratory certifies that this report meets the project requirements for analvtical data as stated
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory certifies
that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness
specified for this project or as stated in EA Laboratories Quality Assurance program for other than
the conditions detailed above. Release of the data contained in this report has been authorized by
the appropriate Laboratory Manager as verified by the following signature.

CW { MA_ Lo 13 November 1995

Walter E. Miller, Organics Division Manager
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TABLE 1. ORGANIC ANALYSIS DATA QUALIFIERS

ND or U Indicates a compound on the target compound list (TCL} was analyzed for but not detected. The sample quantitation limit must be

TRorJ

corrected for diluton and, if a soil sample, for percent moisture. For example, 10 U is used for phenol in water if the sampie final
volume is the protocol-specified final volume. If a 1-to-10 dilution of the extract was necessary, the reported limit is (10 x 10 U) or
100 U. For a soil sample, the value is also adjusted for percent moistre. For example, if the sample had 24% moisnire and 2
1-to-10 dilution factor, the soil sampile quantitdon {imit for phenol (330 U) would be corrected as follows:

Reported fimit = (330 ) xdf/ D

where: df = dilution factor = 10
D = (100 - % moisture) / 100 (At 24% moiswre, D = (100-24) / 100 = 0.76)

Reported limit = (330 U) x 107 0.76 = 4300 U (rounded to two significant figures)

For soil samples subjected to gel permeation chromatography (GPC) cleanup procedures, the contract required quantitation limit
(CRQL)} is also multiplied by 2 to account for the fact that only half of the extract is recovered. Note: If GPC procedures are
employed, the factor of 2 is not included in the dilution factor reported; a "Y™" is entered for GPC (Y/N).

Indicates an esimated value. This flag is used under the following circumstmances: 1) when estmating a concentradon for
tentatively identified compounds where a 1:1 response is assumed, 2) when the mass spectrat and retention time data indicats the
presence of a compound that meets the volatile and semivolatile GC/MS identification criteria. and the result is less than the CRQL
but greater than zero, 3) when the retention time data indicate the presence of 2 compound that meets the pesticide/Aroclor
identification criteria and the result is less than the CRQL but greater than zero. Note: the *J* code is not used and the compound
is not reported as being identificd for pesticide/Araclor results less than the CRQL, if the technical judgement of the pesticide
residue analysis expert determines that the peaks used for compound identification resulted from instrument noise or other
interferences (column bleed, solvent contamination, etc.). For example, if the sample quantitation limit is 10 ug/L but 2
concentration of 3 ug/L is caiculated, reportitas 3 J. The sample quantitation limit must be adjusted for dilution as discussed for
the U flag

This flag applies to pesticide resuits where the identification has been confirmed by GC/MS. Single component pesticides with
concentration equal to or greater than 10 ngful in the final extract must be confirmed bty GC/MS.

This flag is used when the analyte is found in the associated blank as well as in the sample. It indicates possible/probabie blank
contamination and wamns the dat user to taks appropriate action. This flag is used for a TIC as well as for a2 positdvely identified
TCL compound.

This flag identifies compounds whose concentrations exceed the calibration range of the GC/MS instrument for that specific
analysis. This flag does not apply to pesticides/PCBs analyzed by GC/EC methods. If one or more compounds have 2 response
greater that full scale, the sample or extract must be diluted and reanalyzed according to the specifications listed in the SOW.

All such compounds with a response greater than full scale should have a concentration flagged with an "E” on Form I for the
original analysis. If the dilution of the extract causes any compounds identified in the first analysis to be below the calibration
range in the second analysis, then the resuits of both analyses are reported on separate Forms 1. The Form I for the diluted sample
will have the “DL* suffix appended to the sampie number. NOTE: For total xylencs, where three isomers are quantified as two
peaks, the calibration range of each peak is considered separately; ¢.g., 2 diluted analysis is not required for total xylenes unless the
concentration of either peak separately exceeds 200 ug/L.

This flag identifics all compounds identificd in the analysis at a secondary dilution factor. If 2 sample or extract is reanalyzed ata
higher dilution factor, as in the *E” flag above, the "DL° suffix is appended to the sampie number on the Form [ for the diluted
sample, ard ail concentration values reported on that Form I are flagged with the "D" flag.

This flag indicates that a TIC is a suspected aldol-condensation product.

Other specific flags may be required to properiy define the resuits. If used, they are fully described and such description attached
to the Sample Dat Summary Package and the Case Narrative. The flags begin by using *X". If more that one flag is required,
“Y" and "Z" are used, as nceded. For instance, the "X" flag might combine the "A®, *B*, and "D" flags for some sample.

Indicates presumptive evidence of 2 compound. This flag is only used for tentatively identified compounds, where the identification
is based on a mass spectral library search. It is applied to all TIC results. For generic characterizadon of a TIC, such as
chiorinated hydrocarbon, the N code is not used.

This flag is used for GC analyses when there is greater than 25% difference for detected concentrations between the two GC
columns. The lower of the two values is reportied on Form 1 and flagged with a "P".
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A. Aromatic Volatiles Data
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1a
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

Lab Name: EA& LABS

Lab Code: EAENG Case No:

Matrix: (soil/water)WATER
Sample wt/vol: 5.0 (g/mL} ML

Level: {low/med) LOW

<

% Moisture: not dec.

GC Column:DB=524

Contract:29600.09%
SAS No:

EPA SAMPLE NO.

BEFORE

SDG HNo:
Lab Sample ID: 9515557

Lab File ID: VFEH281R
Date Received: 10/286/95

Date Analyzed: 11/01/95

ID:0.53 (mm} Dilution Factor: 1
Soll Extract Volume: (uL) 'Soil Aliquot Volume:
CONCENTRATION UNITS
cas NO. COMPOUND (ug/L or ug/Kg) ug/L Q
T 1wl 3w om o omm m o o o e e BENZENE 260
108=88=3=mmmmomm—— TOLUENE 10
100-41-4=——mm—mm—n ETHYLBENZENE 450
108-38-3/106-42~3META & PARA XVLENES 460
985=47-6 ORTHO XYLENE 19
G120 3 e mom on o o e e e NAPHTHALENE 310
FORM I VoA 3/90




1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
' BETWEEN
Lab Name: EA LABS Contract:29600.09
lab Code: EAENG Case No: SAS No: SDG No:
‘Matrix: (soil/water)WATER Lab Sample ID: 9515558
l:ample wt/vol: 5.0 (g/mL) ML Lab File ID: VF6H249R
mievel: (low/med) LOW Date Received: 10/26/95
% Moisture: not dec. : Date Analyzed: 11/01/95
):C Column:DB-624 ID:0.53 (mm) Dilution Factor: 1
“Soil Extract Volume: __ (ulL) 'Soil Aliquot Volume: (uL)
' CONCENTRATION UNITS
/ CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
l 71-43-2—====—=—=" BENZENE 1.0 |u
* 108-88-3—==—=——=—= TOLUENE 1.0 o
. 100-41-4==—mm——=— ETHYLBENZENE 1.0 |u
‘ 108-38-3/106-42-3META & PARA XYLENES 2.0
95-47-6 ORTHO XYLENE 1.0 |U
91=-20-3—=—mm————— NAPHTHALENE 5.0 |U
FORM I VOA 3/90



1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET '
AFTER '
Lab Name: EA LABS Contract:29600.09 _
Lab Code: EAENG Case No: SAS No: _ SDG Ho: l
Matrix: (socoil/water)WATER Lab Sample ID: 9515559 '
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VFEH248R |
Level: (low/med} LOW Date Received: 10/26/95 4 '
% Moisture: not dec. , Date Analyzed: 11,/01/95
GC Column:DB-624 ID:0.53 (ram) Dilution Factor: 1 l
Soil Extract Volume: ___ (uL} ' Soil Aliquot Volume: (uL)
CONCENTRATION UNITS .
CAS HO. COMPOUND (ug/L or ug/Kg) ug/L Q
71-43-2~———=—m——— BENZENE 1.0 (U .
108-88=3==—=m===m—m TOLUENE ____ 1.0 |u
100=4l=dmmme—m oo e ETHYLBENZENE 1.0 |U )
108-38-3/106-42~3META & PARA XULENES 1.0 |U I
95=47~6 ORTHO XYLENE i.¢ iU
91-20-3 = mmm————— NAPHTHALENE 5.0 lu
FORM I voa 3/90 .
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VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

Lab Name: EA LABS
Lab Code: EAENG Case No:
Matrix: (soil/water)WATER
Sample wt/vol: 5.0 (g/mL)
Level: (low/med) LOW

% Moisture: not dec.

Contract:

SAS Ho:
Lab Sample ID: 9515557
Lab File ID:
Date Received: 10/26/95
Date Analyzed: 10/27/95

EPA SAMPLE NO.

BEFORE I

SDG Ho:

VD4EB66

i
|
I
|
¥
1
|

GC Column:RTX1 ID:0.53 (mm) Dilution Factor: 10
Soil Extract Volume: {(uL;} 'Soil Aliguot Volume: (uLy
CONCENTRATION UNITS l
CAS HNO. COMPOUND (ug/L or ug/Kg) ug/L o]
———— - ~-TPH 13000 l ' .
FORM I VOA 3/90




1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
l BETWEEN

Lab Name: EA LABS Contract:

ab Code: EAENG Case No: SAS No: SDG No:

Matrix: (soil/water)WATER Lab Sample ID: 9515558
iample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4ESES
mevel: (low/med) ILOW Date Received: 10/26/95
lMoisture: not dec. ___ . Date Analyzed: 10/27/S5
§C Column:RTX1 ID:0.53  (mm) Dilution Factor: 1
Soil Extract Volume: ___ (ul) "Soil Aliquot Volume: - (uL)

3 l CONCENTRATION UNITS
. CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
' t ~TPH | 390 l l

i
i
|
i
]

i
i
i
‘ FORM I VoA 3/90
i




VOLATILE COMPOUNDS OééANICS ANALYSIS SHEET EPA SAMPLE Ho.
AFTER
Lab Name: E& LABS Contract:
Lab Code: EAENG Case No: SAS No: ____ SDG No:
Matrix: (soil/water)WATER Lab Sample ID: 951555¢
Sample wt/vol: 5.0 (g/mL)} ML Lab File ID: VD4ES 64 :
Level:  (low/med) LOW Date Received: 10/26/95 ‘
% Moisture: not dec. . Date Analyzed: 10/27/95
GC Column:RTX1 ID:0.53 (mm} Dilution Factor: i
Soil Extract Volume: {ul) Soil Aliquot Volume: __ (L
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
TPH 150 i {
FORM I VOBA 3/90




EA Lahoratories 19 Loveton Circle
Sparks, MD 21152
Teleghone: 410-771-4320
Fax: 410-771-4407

m

Mr. Carl G. Reitenbach, Jr.

EA Engineering, Science and Technology, Inc.
15 Loveton Circle

Sparks, MD 21152

December 13, 1995

Re: Willow Grove (29600.09)

Dear Mr. Reitenbach:

Enclosed is our report on the analysis of three water samples collected for the Willow Grove project
on 21 November 1995. The invoice is included.

Please contact me if you have any questions or require further information and refer to report
951859. Unless other arrangements are made, we reserve the right to dispose of your samples sixty
(60) days from the date of this letter. We will retain the raw data for seven years from this date.

Sincerely,

—L

Natasha K. Sullivan
Laboratory Project Manager

enclosure

|




LABORATORY DATA REPORT

Prepared for:

EA Engineering, Science, and Technology, Inc.
Willow Grove

Prepared by:

EA Laboratories

19 Loveton Circle

Sparks, MD 21152

Report 951859

December 1995
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1. NARRATIVE




EA Laboratories
ANALYTICAL NARRATIVE
Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan
Site: Willow Grove EA Laboratories Report: 951859
Project number: 29600.09 Date: 13 December 1995

This report contains the results of the analysis of three water samples collected on 21 November 1995
in support of the referenced project.

SAMPLE RECEIPT

The samples arrived intact by hand at EA Laboratories on 22 November 1995. Upon receipt, the
samples were inspected and compared with the chain-of-custody record. The samples were then
logged into the laboratory computer system with assigned laboratory accession numbers and released
for analysis.

Client Sample Designation * EA Lab Number
Before 9516925 ‘
Between 9516926
After 9516927

Following this narrative section are data qualifiers (Table 1) and the original chain-of-custody.
Analytical results and quality control information are summarized in the appended data package which
has been formatted to be consistent with the deliverable requirements of this project.

QUALITY CONTROL

The following sections are ordered as the data appears in this report. They contain observations
made during sample analysis, summarize the results of quality control measurements, and address the
impact on data usability based upon project Data Quality Objectives. For each fractional analysis the
nairative includes:

e Sample chronology: This section summarizes the sample history by fraction including the sample
preparation method and date, analytical method, and analysis date. Anything unusual about the
samples, digestates, or extracts is identified. Holding time compliance is evaluated in this section.

e [aboratory method performance: All quality control criteria for method performance must be met
for all target analytes for data to be reported. These criteria generally apply to instrument tune,
calibration, method blanks, and Laboratory Control Samples (IL.CS). In some instances where
method criteria fail, useable data can be obtained and are reported with client approval. The
narrative will then include a thorough discussion of the impact on data quality.




EA Laboratories
ANALYTICAL NARRATIVE
Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sulfivan
Site: Willow Grove EA Laboratories Report: 951859
Project number: 29600.09 Date: 13 December 1995

e Sample performance: Quality control field samples are analyzed to determine any measurement
bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates
(MSD), and laboratory duplicates (D). If acceptance criteria are not met, matrix interferences are
confirmed either by reanalysis or by inspection of the LCS results to verify that laboratory method
performance is in control. Data are reported with appropriate qualifiers or discussion,

AROMATIC VOLATILES BY GC - WATER (EA9516925 - EA9516927)

Sample Chronology: Three samples were analyzed for BTEX plus naphthalene on 30 November
through 01 December 1995 by USEPA SW-846 methods 5030/8020. All specified holding times
were met.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VTPH) - WATER (EA9516925 -
EA9516927)

Sample Chronology: Three samples were analyzed on 29 November 1995 for gasoline range
organics (JP-4) by USEPA SW-846 methods 5030/8015-modified. All specified holding times were

met.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.

The chromatographic pattern of field sample BEFORE was indicative of gasoline range organics
as JP-4.

CERTIFICATION OF RESULTS

. The Laboratory certifies that this report meets the project requirements for analvtical data as stated
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory certifies




EA Laboratories
ANALYTICAL NARRATIVE
Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan
Site: Willow Grove EA Laboratories Report: 951859
Project number: 29600.09 Date: 13 December 1995

that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness
specified for this project or as stated in EA Laboratories Qualitv Assurance program for other than

P L T T 2 Ty Aatailad alas, Dalancns Af+ Antn mmemdontomn o Ea A

the conditions detailed above. Release of the data contained in this T€poIlt has been authorized by
the appropriate Laboratory Manager as verified by the following signature.

@ 5 3—9«- Fom_ 13 December 1995

Walter E. Millef. Organics Division Manager




TABLE I. ORGANIC ANALYSIS DATA QUALIFIERS

ND or U Iadicates 2 compound on the wrget compound list (TCL} was analyzed for but not detected. The sample quantitation limit must be

TRaord

E

X

N

corrected for diludon and, if a soil sample. for percenmt mowsture. For example. 10 U is used for phenol in water if the sample
final volume is the protocol-specified final volume. If a l-to-10 dilution of the extract was necessary, the reported lmit is (10 x
10 U) or 100 U, For a soil sample. the value is also adjusted for percent moisture. For example, if the sample had 24% moisture
and a I-to-10 dilution factor. the soil sample quantiztion Hmit for phenol {330 UY would be corrected as follows:

Reported limit = (330 Uy x df/ D

where:  df = dilution tactor = 10
D = {100 - % moistere) / 100 (At 24% moistre, D = (100-24) 7 100 = (.76}

Reported limit = (330 Uy x 10/ 0.76 = 4300 U {rounded to two significant figures)

For soil samples subjected to gel permeaton chromatography (GPC) cleanup procedures, the contract required quantitation limit
(CRQL} is also multiplied by 2 to account for the fact that only half of the extract is recovered. Mote: If GPC procedures are
employed. the factor of 2 is not included in the dilution factor repored: a "Y" is entered for GPC (Y/N).

Indicates an estumated value. This flag is used under the following circumstances: 1) when estimating a concentration for
tentatively tdentitied compounds where a §:1 response ts assumed, 2) when the mass speciral and retention time data indicate the
presence of a compound that meets the volatile and sermivolatile GC/MS identitication criteria, and the result is less than the
CRQL but greater than zero. 3) when the retention time dat indicate the presence of a compound that meets the pesticide/Aroctor
identification crieria and the result is less than the CRQL but greater than zero. Note: the "J” code is not used and the compound
is not reported as being wentified for pesticide/Aroclor results less thar the CRQL, if the technical judgement of the pestiside
residue analysis expert determunes that the peaks used for compound identification resulted from instrument noise or other
interferences (column bleed. solvent contamination, etc.). For example, if the sample quantitation limit is 10 ug/L buta
concentration of 3 ug/L 15 calcutated. report it as 3 J. The sample quantitation limit must be adjusted for difution as discussed for
the U flag

This flag apphies to pesticide results where the identification has been confirmed by GC/MS. Single component pesticides with
concentration equal to or greater than 10 ng/ul, in the final extract must be confirmed by GC/MS.

This flag is used when the analyte is found in the associated blank as well as in the sample. It indicates possible/probable blank
conmmination and warns the data user (o take appropriate action. This flag is used for a TIC as well as for a positively identified
TCL compound.

This flag identifies compounds whose concentrations exceed the calibration range of the GC/MS instrument for that specific
analysis. This flag does not apply to pesticides/PCBs analyzed by GC/EC methods. If one or more compounds have a response
greater that tull scale, the sample or extract must be diluted and reanalyzed according 1o the specifications lisied in the SOW.

All such compotnds with a response greater than full scale should have a concentration flagged with an "E® on Form I for the
ornginal analysis. If the dilution of the extract causes any compounds identified in the first analysis w be below the calibration
range in the second analysis, then the results of both analyses are reponted on separate Forms §. The Form | for the diluted
sample will have the "DL” suffix appended w the sample numbes. NOTE: For ol xylenes, where three isomers are quaniified
ag two peaks, the calibration range of each peak is considered separately; e.g., 2 diluted analysis 1s not required for total xylenss
unless the concentration of either peak separately exceeds 200 ug/L.

This fiag idemifies all compounds identified in the analysis at a secondary dilution factor. If a sample or extract is reanalyzed ata

higher dilution factor, as in the " &" fiag above, e "DL" suffix is appended to the sample number on the Form | for the diluted
sample, and all concentration values reported on that Form [ are flagged with the "D" flag,

This flag indicates that 2 TIC is a suspected aldol-condensation produet.

Other specific flags may be required 1o properly define the results, If used, they are fully described and such description attached
to the Sample Data Summary Package and the Case Narrative. The flags begin by using "X". If more that one flag is required,
*Y" and "Z" arc used, as needed. For instance, the "X flag might combine the A", "B", and "D" flags for some sampie.

Indicates presumptive evidence of a compound, This flag is only used for tenatively identified compounds, where the
identification ts based on a mass spectral library search. [t is applied to all TIC results, For generic characterization of a TIC,
such as chlorinated hydrocarbon, the N code is not used.

This flag is used for GC analyses when there is greater than 25% difference for detected concentrations between the two GC
columns. The lower of the two values is reponted on Form | and flagged with a “P",
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A. AROMATIC VOLATILES DATA




1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

|
i
] | | BEFORE
i

ab Name: EA LABS Contract:

ab Code: EAENG Case No: SAS No: SDG No:

atrix: (soil/water)WATER Lab Sample ID: 9516925F

ample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7DO36F
“Level: (low/med) LOW Date Received: 11/22/95

' Moisture: not dec. Date Analyzed: 12/01/95

GC Column:RTX502.2 ID:0.53 (mm) Dilution Factor: 1
.oil Extract Volume: (ul) Soil Aligquot Volume: (uL)
CONCENTRATION UNITS

' CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
71-43-2=—==—=———- BENZENE 140

l 108-88-3-—==——=—- TOLUENE 14
100-4l-4-—=—m=——- ETHYLBENZENE _ 340
108-38-3/106-42-3META & PARA XYLENES 330
95=47=6———=mm———— ORTHO XYLENE 16

' 91-20-3~—=m==m——m NAPHTHALENE 480

l FORM I VOA 3/90




1a EPA SaMP .
VOLATILE COMPOUNDS ORGANICS ANALYSTS SHEET RMPLE No.

Lab Name: EA LABS Contract: SETWEEN / '
Lab Code: EAENG Case No: SAS No: SDG HNo: '
Matrix: (soil/water)WATER Lab Sample ID: 9516926F
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D0O32F '
Level: {(low/med) LOW Date Received: 11/22/95
% Moisture: not dec. Date Analyzed: 12/01/95 '
GC Column:RTX502.2 ID:0.53 (mm) Dilution Factor: 1

So0il Extract Volume: (uL) Soil Aliguot Volume:

Gt

CONCENTRATION UNITS

CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
71=43=2-m—omm———— BENZENE 1.0 |U L |
108-88-3=mmmmmmen TOLUENE 1.0 lu
100=4l=fmm——————— ETHYLBENZENE 1.0 |U
108-38-3/106-42~-3META & PARA XYLENES 1.0 (U
GO md T = o oo e e o ORTHO XYLENE 1.0 o
91-20=3=m——mme——= NAPHTHALENE 5.0 |U

FORM I voaA 3/20 '




. 1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
. AFTER
Lab Name: EA LABS Contract:
P Lab Code: EAENG Case No: SAS No: SDG No:
Matrix: (soil/water)WATER Lab Sample ID: 9516927F
'Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7DO30F
| Level: (low/med) LOW Date Received: 11/22/95

'% Moisture: not dec. Date Analyzed: 11/30/95

GC Column:RTX502.2 ID:0.53 (mm) Dilution Factor: 1

Soil Extract Volume: (uL) Soil Aliquot Volume: (uL)

CONCENTRATION UNITS

l CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
71-43~2-—mmm e BENZENE 1.0 |u
l 108-88-3—=mm=mm==m TOLUENE 1.0 |u
100-41-4——m—mmm==m ETHYLBENZENE 1.0 |u
108-38-3/106-42~3META & PARA XVLENES 1.0 |U
95=47~6—mmmmmmm e ORTHO XYLENE 1.0 |0
' 91-20~3———mmmmmmm NAPHTHALENE 5.0 |U
l FORM I VOA 3/90




1A EPA saMp .
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET LE Ho.
VBL¥1 '
Lab Hame: EA LABS Contract:
Lab Code: EAENG Case No: SAS Nos ___ SDG No: '
Matrix: (soil/water)WATER Lab Sample ID: VG7DO29F
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D0O29F '
Level: {low/med) LOW Date Received: /S /
% Moisture: not dec. Date Analyzed: 11/30/95 '
GC Colunmn:RTX502.2 ID:0.53 (mm) Dilution Factor: 1
Soil Extract Volume: ___ (ul) Soil Aliquot Volume: (u:)‘
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q \
\
71=43—gmmmm——em—- BENZENE 1.0 U -
108-88=3mmmm—m——— TOLUEKE 1.0 (U
100=41l-dmmmmm——— ETHYLBENZENE 1.0 |U
138-38=-3/106-42~-3META & PARA XYLENES 1.0 (U
YT L P S U — ORTHO XYLENE 1.0 |U .
G =203 oo ome m o e om NAPHTHALENE 5.0 (U
FORM I VoA 3740 l




B. TPH GRO DATA

R N ER N SR A U W B Un B S e N
L




VOLATILE COMPOUNDS OééANICS ANALYSIS SHEET EFA SAMPLE No. '
BEFORE I '
Lab Name: EA LABS Contract:
Lab Code: EARENG Case No: SAS HNo: SDG No: '
Matrix: (scil/water)WATER Lab Sample ID: 9516925
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4E735F l
Level: (low/med) LOW Date Received: 11,/22/95%
% Moisture: not dec. Date Analyzed: 11/29/95 l
GC Column:RTX1 ID:0.53 (mm) Dilution Pactor: 1
Soil Extract Volume: ___ (ul) Soil Aliquot Volume: (U-L).
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L 0 ‘
----------------- TPH 6300 i \ l
)
|
|
i
|
|
|
|
FORM I VOA 3/90 .
|




1A

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

Lab Name: EA LABS
Lab Code: EAENG Case No:

Matrix: (soil/water)WATER
'Sample wt/vol: 5.0 (g/mL) ML
Level: (low/med) LOW
'% Moisture: not dec.

GC Column:RTX1 ID:0.53 (mm)

.Soil Extract Volume: (ul)

CAS NO. COMPOUND

SAS No:

EPA SAMPLE NO.

BETWEEN

Contract:

SDG No:
Lab Sample ID: 9516926
Lab File ID: VD4E738F
Date Received: 11/22/95
Date Analyzed: 11/29/95
Dilution Factor: 1

Soil Aliquot Volume: (ul)

CONCENTRATION UNITS
(ug/L or ug/Kg) ug/L Q

140 l '

FORM I voa

3/90




|
|
VOLATILE COMPOUNDS OljiéMJICS ANALYSIS SHEET EPA SAMPLE No.
AFTER ‘ l
Lab Name: EA LARS Contract:
Lab Code: EAENG Case No: SAS No: SDG No: '
Matrix: (soil/water)}WATER Lab Sample ID: 9516927
Sample wt/vol: 5.0 (g/mL} ML Lab File ID: VD4E739F l
Level: (low/med) LOW Date Received: 11/22/95
% Moisture: not dec. Date Analyzed: 11/29/95 '
GC Column:RTX1 ID:0.53 (mm} Dilution Factor: 1
Scil Extract Volume: (uL) Soil Aliquot Volume: — (u;).
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q '
----------------- TPH 100 EU I ‘
|
|
|
|
|
|
|
!
FORM I VOA 3/90 '
|




EPA SAMPLE NO.

' VOLATILE COMPOUNDS O%ZéANICS ANALYSIS SHEET
VBLK1
Lab Name: EA LABS Contract:

'Lab Code: EAENG Case No: SAS No: SDG No:
Matrix: (soil/water)WATER Lab Sample ID: VD4E732
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4E732F

'Level: (low/med) LOW Date Received: / 7/

% Moisture: not dec. Date Analyzed: 11/29/95

'GC Column:RTX1 ID:0.53 (mm) Dilution Factor: 1
Soil Extract Volume: (uL) Soil Aliquot Volume:

CONCENTRATION UNITS

CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
' ’ ----------------- TPH 100 lU I
FORM I VOA 3/90

(uL)



EA Laboratories N : 19 Loveton Circle

" : Sparks, MD 21152
Telephone: 410-771-4620

Fax: 410-771-4407

m@

Mr. Carl G. Reitenbach, Jr.

EA Engineering, Science and Technology, Inc.
15 Loveton Circle

Sparks, MD 21152

April 10, 1996

Re: Willow Grove (29600.09)
Dear Mr. Reitenbach:

Enclosed is our report on the analysis of two water samples collected for the Willow Grove project
on 27 March 1996. The invoice is included.

Please contact me if you have any questions or require further information and refer to report

960429, Unless other arrangements are made, we reserve the right to dispose of your samples sixty

(60) days from the date of this letter. We will retain the raw data for seven years from this date.
Sincerely,

W NES flefoe

Natasha K. Sullivan
Laboratory Project Manager

enclosure
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LABORATORY DATA REPORT

Prepared for:

EA Engineering, Science, and Technology, Inc.
Willow Grove

Prepéred by:

EA Laboratories
19 Loveton Circle
Sparks, MD 21152

~ Report 960429

April 1996
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1. NARRATIVE




EA Laboratories
ANALYTICAL NARRATIVE
Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan
Site: Willow Grove EA Laboratories Report: 960429
Project number: 29600.09 Date: 10 April 1996

This report contains the results of the analysis of two water samples collected on 27 March 1996 in
support of the referenced project.

SAMPLE RECEIPT

The samples arrived intact by Federal Express at EA Laboratories on 29 March 1996. Upon receipt,
the samples were inspected and compared with the chain-of-custody record. The samples were then
logged into the laboratory computer system with assigned laboratory accession numbers and released
for analysis.

Client Sample Designation EA Lab Number
Before 9603801
After 9603802

Following this narrative section are data qualifiers (Table 1) and the original chain-of-custody.
Analytical results and quality control information are summarized in the appended data package which
has been formatted to be consistent with the deliverable requirements of this project.

QUALITY CONTROL

The following sections are ordered as the data appears in this report. They contain observations
made during sample analysis, summarize the results of quality control measurements, and address the
impact on data usability based upon project Data Quality Objectives. For each fractional analysis the
narrative includes:

e Sample chronology: This section summarizes the sample history by fraction including the sample
preparation method and date, analytical method, and analysis date. Anything unusual about the
samples, digestates, or extracts is identified. Holding time compliance is evaluated in this section.

e [aboratory method performance: All quality control criteria for method performance must be met
for all target analytes for data to be reported. These criteria generally apply to instrument tune,
calibration, method blanks, and Laboratory Control Samples (LCS). In some instances where
method criteria fail, useable data can be obtained and are reported with client approval. The
narrative will then include a thorough discussion of the impact on data quality.

e Sample performance: Quality control field samples are analyzed to determine any measurement

“‘-- )
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EA Laboratories
ANALYTICAL NARRATIVE
Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan
Site: Willow Grove EA Laboratories Report: 960429
Project number: 29600.09 Date: 10 April 1996

bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates
(MSD), and laboratory duplicates (D). If acceptance criteria are not met, matrix interferences are
confirmed either by reanalysis or by inspection of the LCS results to verify that laboratory method
performance is in control. Data are reported with appropriate qualifiers or discussion.

AROMATIC VOLATILES BY GC - WATER (EA9603801, EA9603802)

Sample Chronology: Two samples were analyzed on 1, 2 and 3 April 1996 for BTEX plus
naphthalene by USEPA SW-846, Methods 5030/8020. All specified holding times were met.

The batch matrix spikes and matrix spike duplicates were analyzed on other client’s samples.

Sample BEFORE required a 2X dilution in order to achieve concentrations of target analytes
within calibration range.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sampie Performance: All quality control criteria were met for the reported samples.

VOLATILE TOTAL PETROLEUM HYDROCARBONS (VIPH) by GC - WATER
(EA9603801, EA9603802)

Sample Chronology: Two samples were analyzed on 2 and 3 April 1996 for Gasoline Range
Organics (GRO) as JP-4 by USEPA SW-846, Methods 5030/8015-Modified. All specified

holding times were met.

Sample BEFORE required a 5 dilution in order to achieve concentrations of target analytes within
calibration range.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported sample.

Sample Performance: All quality control criteria were met for the reported sample.

The chromatographic pattern of sample BEFORE appears to be indicative of JP-4 fuel as well as



EA Laboratories
ANALYTICAL NARRATIVE
Client: EA Eng. Science and Tech. Laboratory Project Manager: Natasha K. Sullivan
Site: Willow Grove EA Laboratories Report: 960429
Project number: 29600.09 Date: 10 April 1996

a heavier petroleum product.
CERTIFICATION OF RESULTS

The Laboratory certifies that this report meets the project requirements for analytical data as stated
in the Analytical Task Order (ATO) and the chain-of-custody. In addition, the Laboratory certifies
that the data as reported meet the Data Quality Objectives for precision, accuracy, and completeness
specified for this project or as stated in EA Laboratories Quality Assurance program for other than
the conditions detailed above ~Release of the data contained in this report has been authorized by
the appropriate Laboratory Xanager as verified by the following signature.

10 April 1996

‘ / ‘: j /
LPJa_yﬂis‘ﬁhrist ‘ﬁﬁ; Proaﬁ/c/‘.Manager



2. CHAIN-OF-CUSTODY




Company Name: Pra;e?gt {dﬂﬂigﬂf‘ S&Cﬂntfm Paramaters/Method Numbers for Analysis Chain of Custgdy Record
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3. AROMATIC VOLATILES DATA




A. QC Summary




' LCS RECOVERY REPORT

lLAB NAME: EA LABORATORIES DATA FILE: VG7D617F
INSTRUMENT: VG7 DATE: 04/02/96

lSAMPLE ID: GV3063a MATRIX: WATER
ANALYST: SSB % MOISTURE: O

SPIKE COMPOUND SPIKE v SAMPLE $REC.
ADDED CONC.

Benzene 100 116.030 116

Chlorobenzene 100 128.080 128

Toluene 100 121.210 121

CURRENT VOLATILE LCS LIMITS

WATER SOIL
Benzene 87 - 121 87 - 119
Chlorobenzene 81 - 133 75 - 119
Toluene 81 - 125 82 - 117

LCcs is outside limits, a non-conformance form is required.

e LCS has been checked and ig:w1th1h/outside current limits.

HE A N S AE IR S R R R

i, el {24, x5,

SNATYST ) DATE Non-conformance form #

-




 1LCS RECOVERY REPORT

LAB NAME: EA LABORATORIES DATA FILE: VG7D593F;
INSTRUMENT: VG7 DATE: 04/01/96
SAMPLE ID: GV3060a MATRIX: WATER
ANALYST: 58B % MOISTUERE: ¥
SPIKE COMPOUND SPIKE SAMPLE $REC.
ADDED CONC.
Benzene 100 110.940 111
Chlorcbhbenzene 100 116.180 116
Toluene 100 115.1%90 118

CURRENT VOLATILE LCS LIMITS

WATER SOIL
Benzene 87 - 121 87 - 119
Chlorobenzene 81 -~ 133 75 - 11%
Toluene 81 - 128 gz - 117

If ICS is outside limits, a non-conformance form is required.

The LCS has been checked and is(@EEEEEgoutside current limits.

Chyereoy Wi PR
gty pongl e "

ANALYST W DATE Non-conformance form %




| l , 1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

VBLK1
Lab Name: EA LABS Contract:
lLab Code: EAENG case No: SAS No: SDG No:
Matrix: (soil/water)WATER Lab Sample ID: VG7DS595F
lSample wt/vol: 5.0 (g/mL) ML Lab File ID: VG7D595F
Level: (low/med) LOW Date Received: / 7/
% Moisture: not dec. Date Analyzed: 04/01/96
GC Column:DBVRX ID:0.53 (mm) Dilution Factor: 1
lSoil Extract Volume: (ul) Soil Aliquot Volume: (ul)
CONCENTRATION UNITS
l CAS NO. COMPOUND (ug/L or ug/Kg) ug/L o)
T1l-43=2=r———e——— BENZENE 1.0 (U
108-88~3————————= TOLUENE 1.0 (U
100-4l~4~==—m—== ETHYLBENZENE 1.0 |U
108-38-3/106-42-3META & PARA XYLENES 1.0 |U
I 95-47-6————me———— ORTHO XYLENE 1.0 {U
91-20=3===mmm=en=- NAPHTHALENE 5.0 |U
l FORM I VOA 3/90




VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

Lab Hame: EA LABS

Lab Code: EAENG Case No:

Matrix: (solil/water)WATER

Sample wt/vol: 5.0 (g/nL)

Level: (low/med) LOW

[}

% Moisture: not dec.

ia

Contract:

SAS No:

EPA SAMPLE NO '

VBLK2

o,

SDG No:
Lab Sample ID: VG7D61SF

Lab File ID: VG7DE19F

v

Date Analyzed: 04,/02/96 l
Y

Date Received:

GC Column:DBVRX ID:0.53 {mm) Dilution Factor: 1
Soil Extract Volume: (ulL) Soil Aliquet Volume: (L
CONCENTRATION UNITS
Cas NC. COMPOUND (ug/L or ug/Kg) ug/L Q i
71-43=2mmm e BENZENE 1.0 |U ‘
1l08~88=3mmm——me—m— TCLUENE 1.0 (U
100-4l—f———m=—e——— ETHYLBEHNZENE 1.0 U
108-38-3,/106~42-3META & PARA XYLENES 1.0 19U
SE=d T =6 mam o o o o e o e ORTHC XYILENE 1.0 11U l
91-20-3————c=n——- NAPHTHALENE 5.0 {U
FORM I VOA 3/90 l




B. Sample Data




| 1A EPA SAMPLE No '
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET .

BEFORE '
Lab Name: EA LABS Contract:
Lalb Code: EAEHNG Case No: SAS No: SDG No: '
Matrix: (soll/water)WATER Lab Sample ID: 9603801F
Sample wt/vol: 5.0 ({(g/mL} ML Lab File ID: VG7D642F .
Level: (low/med) ILOW Date Received: 03/29/96
% Moisture: not dec. Date Analyzed: 04/03/96 .
GC Column:DBVRY ID:0.53 (mm) Dilution Factor: 1
Soil Extract Volume: {(ul} Soil Aliguot Veolume: (1‘
CONCENTRATION UNITS
CAS HO. COMPQUND (ug/L or ug/Xg)} ug/L Q
t
T7l=43-2r—m—mmmome—— BENZENE 180 .
108=B8=3m=cm—m———— TOLUENE 1.0 U
100=4l=fm—mmm— e ETHYLBENZENE 540 E
108-38-3/106~42~-3META & PARA XYLENES 570 E
9= T === —— ORTHO XYLENE 49 l
91=-20=3m—m—————— NAPHTHALENE 600 E
FOERM I VOA 3/90 .




!l 1A EPA SAMPLE NO.

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

BEFOREDL
Lab Name: EA LABS Contract:
.Lab Code: EAENG Case No: SAS No: SDG No:
Matrix: (soil/water)WATER Lab Sample ID: 9603801D
'Sample wt/vol: 5.0 (g/mL) ML Lab File ID:  VG7D624F
Level: (low/med) LOW Date Received: 03/29/96
% Moisture: not dec. Date Analyzed: 04/02/96
lGC Column:DBVRX "ID:0.53 (mm) Dilution Factor: 2
Soil Extract Volume: (ul) Soil Aligquot Volume:
| CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
' 71-43-2—=———=—=—==— BENZENE 140
108-88~3——=—m—===— TOLUENE 2.0 |UO
100-41-4———w——w—— ETHYLBENZENE 420
108-38-3/106-42-3META & PARA XYLENES 450
l 9547 =6-————————— ORTHO XYLENE 23
91-20-3=————=—=——=— NAPHTHALENE 390
l FORM I VOA 3/90

(ul)




VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

Lab Name: EA LABS

Lab Code: ERENG Case HNo:
Matrix: (soil/water)WATER
Sample wt/vol: 5.0 (g/f
Level: (low/med) ILOW

% Moisture: not dec.

ia

Contract:

SAS No:

mL) ML

EPA SAMPLE NO.

AFTER

SDG Ho:
Lab Sample ID: 9603802F
Lab File ID: VC7DEOOF
Date Received: 03,/29/96

Date Analyzed: 04/01/96

GC Column:DBVRX ID:0.53  (mm) Dilution Factor: 1
S50il Extract Volume: (uL) Soil Aliguot Volume: (uL
CONCENTRATION UNITS

CAS NGC. COMPCOUND (vg/L or vwg/Kg; ug/L Q
Ty 3o 2 o e o cm m cm cm e om BENZENE 1.0 U
108-88-3~=——ce—w= TOLUENE 1.0 10
100=4l=d—memmmm——— ETHYLBENZENE 1.0 {U
108-38-3,/106—-42~-3META & PARA XYLENES 1.0 |0
95-47-6 ORTHO XYLENE 1.0 |U
9]1l=20=3~mmmmm=m—— NAPHTHALENE 5.0 (U

FORM I VOCA

3/90




4. TPH as JET FUEL DATA




A. QC Summary




' LCS RECOVERY REPORT

lLAB NAME: EA LABORATORIES
INSTRUMENT: VD4

lSAMPLE ID: GV3065
ANALYST: SSB

DATA FILE: VD4F504

DATE: 04/02/96
MATRIX: WATER
$ MOISTURE: O

SPIKE COMPOUND SPIKE ' SAMPLE $REC.
' ADDED CONC.
TPH 500 449.000 90
CURRENT VOLATILE LCS LIMITS
WATER SOIL
TPH 50 - 150 50 - 150

pNALYST " ' DATE

X&ULﬂ %@ﬁg& qﬁ”?&

f LCS is outside limits, a non-conformance form is required.

he LCS has been checked and isoutside current limits.

N.A.

Non-conformance form

44
™



- LCS RECOVERY REPORT

LAB NAME: EA LABORATORIES DATA FILE: VD4F513
INSTRUMENT: VD4 DATE: 04/03/96
SAMPLE ID: GV2066 MATRIX: WATER
ANALYST: SSB % MOISTURE: ©
SPIKE COMPOUND SPIKE ‘SAMPLE FREC.
ADDED CONC.
TPH 500 426.000 85

CURRENT VOILATILE LCS LIMITS

WATER SOIL
TPH 50 - 150 50 - 150

If LCS is outside limits, a non-conformance form is required.

The LCS has been checked and ishfffgéiyoutside current limits.

S,

uitlugr Mg J[lgis

| §?
LHNALYST é / ] v UDATE Non—-conformance form =2




1A EPA SAMPLE NO.

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

l VBLK1
Lab Name: EA LABS Contract:

ILab Code: EAENG Case No: SAS No: SDG No:
Matrix: (soil/water)WATER . Lab Sample ID: VD4F505

lSample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4F505
Level: (low/med) LOW Date Received: /7
% Moisture: not dec. __ Date Analyzed: 04/02/96
GC Column:RTX1 ID:0.53 (mm) Dilution Factor: 1

'Soil Extract Volume: ___ (uL) Soil Aliquot Volume: (ul)

CONCENTRATION UNITS
‘ . CAS NO. COMPQUND (ug/L or ug/¥g) ug/L Q
l ’ ----------------- TPH 100 iU ‘

I

i

]

i

]

i

I

I

. FORM I VOA 3/90

i

I



( 14 EPA SAMPLE NO. l
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

Lab Name: EA LABS Contract:
Lab Code: EAENG Case No: SAS No: SDG No: l
Matrix: (soil/water)WATER Lab Sample ID: VD4F514
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4FS514 '
Level: (low/med) ILOW Date Received: S/
% Moisture: not dec. Date Analyzed: 04/03/96 l
GC Column:RTX1 ID:0.53 (mm} Dilution Factor: 1
Scil Extract Volume: __ (ul) Soil Aliquot Volume: (uLl
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L 0 '
————————————————— TPH 100 !U l '
i
]
i
i
i
i
]
i
FORM I WVOa 3/90 '
i
I




B. Sample Data




12 EPA SAMPLE
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

BEFORE
Lab Name: EA LABS Contract:
Lab Code: EAENG Case No: SAS No: SDG No:
Matrix: (soll/water)WATER Lab Sample ID: 9603801
Sample wt/vol: 5.0 (g/mL} ML Lab File ID: VD4F518
Lavel: (low/med}) LOW Date Received: 03/29/96
% Moisture: not dec. Date Analvzed: 04/03/96
GC Column:RTX1 ID:0.53  (mm) Dilution Factor: 5
Sc0il Extract Volume: __ (ul) Scil Aligquot Volume: ___
CONCENTRATION UNITS
CAS NO. COMPOUND (vg/L or ug/Kg) ug/L Q
----------------- TPH 18000 i E
FORM I VOa 3/90




l . 1A : EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

IL AFTER

ab Name: EA LABS Contract:

ILab Code: EAENG Case No: SAS No: SDG No:
Matrix: (soil/water)WATER Lab Sample ID: 9603802

lSample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4F506
Level: (low/med) LOW Date Received: 03/25/96
¢ Moisture: not dec. __ Date Analyzed: 04/02/96
GC Column:RTX1 ID:0.53  (mm) Dilution Factor: 1

ISoil Extract Volume: __ (ul) Soil Aliquot Volume: ___ (uL)

, CONCENTRATION UNITS

l CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q

I ' ----------------- TPH io00 IU I

i

|

i

i

i

i

i

i

l FORM I VOA 3/90

|

i
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Mr. Carl G. Reitenbach. Jr.

EA Engineering, Science and Technology. {nc.

I5 Loveron Circle
Sparks. MD 21152

Re: Willow Grove (29600.09)

Dear ivir. Reitenbach:

July 30. 1996

Enclosed is our report on the analysis of three water samples collected for the Willow Grove project

on 18 July 1996. The invoice is included.

Please contact me if vou have any questions or require further information and refer to report
961148. Unless other arrangements are made. we reserve the right to dispose of vour samples sixty

(60} days from the date of this letter. We will retain the raw data for seven vears from this date.

Sincerely,
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Mary E. Asper
Laboratory Project Manager
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EA Laboratories
ANALYTICAL NARRATIVE

Client: EA Eng. Science and Tech. Laboratory Project Manager: Mary E. Asper
Site: Willow Grove LA Laboratories Report: 961148
Project number: 29640.09 Date: 30 July 1996

This report contains the results of the analysis of' three water samples collected on 18 July 1996 in
support of the reterenced project.

SAMPLE RECEIPT

The samples arrived intact by hand at EA Laboratories on 19 July 1996, Upon receipt. the samples
were inspected and compared with the chain-of-custody record. The samples were then logged into
the laboratory computer system with assigned laboratory accession numbers and released for
analysis.

Client Sample Designation EA Lab Number
Before 5610596
Between 9610597
After 9610598

Following this narrative section arc data qualifiers (Table 1) and the original chain-of-custody.
Analvtical results and quality control information are summarized in the appended data package
which has been formatted to be consistent with the deliverable requirements of this project.

QUALITY CONTROL

The following sections are ordered as the data appears in this report. They contain observations
made during sample analvsis. summarize the results of quality control measurements. and address
the impact on data usability based upen project Data Quality Objectives. For each fractional analysis
the narrative includes:

e Sample chronoiogy: This scction summarizes the sample history by fraction including the
sample preparation method and date. analytical method, and analysis date. Anything unusual
about the samples. digestates. or extracts is identified. Holding time compliance is evaluated in
this section.

e [aboratory method performance: All quality control criteria for method performance must be
met for all target analvtes tor data o be reported. These criteria generally apply to instrument
tune. calibration. method blanks. and Laboratory Control Samples (1.CS). In some instances
where method criteria fail. uscable data can be obtained and are reported with client approval.
The narrative will then include a thorough discussion of the impact on data quality.
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EA Laboratories
ANALYTICAL NARRATIVE

Client: EA Eng. Science and Tech. LLaboratory Project Manager: Mary E. Asper
Site: Willow Grove ECA Laboratories Report: 961148
Project number: 29600.09 Date: 30 July 1996

® Sample performance: Quality control field samples are analvzed to determine any measurement
bias due to the sample matrix based on evaluation of matrix spikes (MS), matrix spike duplicates
(MSD). and laboratory duplicates (D). [t acceptance criteria are not met, marrix interferences
are confirmed either by reanalysis or by inspection of the LCS results to verify that laboratory
method performance is in control. Data are reported with appropriate qualifiers or discussion.

AROMATIC VOLATILES BY (iC - WATER (EAY610596-EA9610598)
Sample Chronology: The samples und associated quality control were analyzed on 24 July 1996 for

benzene. toluene. ethylbenzene. xylenes and naphthalene by SW-846 Methods 5030/8020. All
holding times were met.

Laboratory Method Pertormancc: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.
PURGEABLE TPH BY GC - WATER (EA9610596-EAY610598)

Sample Chronology: The samples und associated quality control were analyzed on 26 July 1996 for
purgeable TPH as JP-4 by SW-846 Methods 5030/8015M. All holding times were met.

Laboratory Method Performance: All laboratory method performance criteria were met for the
reported samples.

Sample Performance: All quality control criteria were met for the reported samples.

The chromatographic pattern for sample BEFORE was very similar to that of the JP-4 calibration
standards. The pattern for sampic BETWEEN was not similar to the calibration standards but did
have some individual peaks which were present in the calibration standards.

CERTIFICATION OF RESULTS

The Laboratory certifies that this report meets the project requirements for analytical data as stated
in the Analytical Task Order (ATO) and the chain-of-custody. [n addition. the Laboratory certifies
that the data as reported meet the Data Quality Objectives for precision. accuracy, and completeness




EaA Laboratories
ANALYTICAL NARRATIVE

Client: EA Eng. Science and Tech. Laboratory Project Manager: Mary E. Asper
Site: Willow Grove A Laboratories Report: 961148
Project number: 29660.09 Date: 30 July 1996

specified tor this project or as stated in EA Laboratories Quality Assurance program for other than
the copdnions dutailed above. Release of the data contained in this report has been authorized by
the“appropriate L Adanuger as verified by the following signature.

7}
| //\/’ 30 July 1996

oy A
her. Produ?mn Manager
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2. CHAIN-OF-CUSTODY
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3. AROMATIC VOLATILES DATA



A. QC Summary




LCS RECOVERY _REPORT

'LAB NAME: EA LABORATORIES DATA FILE: VG7E770F
INSTRUMENT: VG7 DATE: 07/24/96
ISAMPLE ID: VL607241 MATRIX: WATER
ANALYST: SSB N % MOISTURE: 0
SPIXKE COMPOUND SPIKE SAMPLE %REC.
ADDED CONC.
Benzene 50 47.840 96
Chlorobenzene 50 46.860 S4
Toluene 50 49.310 99

CURRENT VOLATILE LCS LIMITS

WATER SOIL
Benzene 87 - 121 87 - 119
Chlorobenzene 81 - 133 75 - 119
Toluene 81 - 125 82 - 117

&’ LCS is outside limits, a non-conformance form is required.

he LCS has been checked and is /w’nﬁm%mtside current limits.

N~
o o
gm&t ' &r\\«df\ T{fd\UIQlc N.A.
ANALYST N DATE Non-conformance form %



1A
VOLATILE COMPOUNDS ORGANICS

Labh Name: EA LABS Contract:

Lab Code: EAENG Case No: SAS No:
Matriz: (soil/water)WATER

Sample wt/vol: 5.0 {g/mL} ML

Level: (low/med) LOW

% Moisture: not dec.

GC Column:DBVRX ID:0.53 (mm)

EPA SAMPLE NO.

ANALYEIS SHEET

VBLEL

e r—

SDG No: 8020
Lab Sample ID: VB&607241
Lab File ID: VGT7ETT72F
Date Received: ;7

Date Analvzed: 07/24/96

Dilution Factor: 1

501l Extract Volume: (ul) Soil Aliguot Volume:
CONCENTRATION UNITS

CAS HO. COMPOUND (ug/L or ug/Kg) ug/L o)
T1=4 3 =2 o oo omm com o o crm e BENZENE 1.0 U
108=-88=3—m==——m——-— TOLUENE 1.0 |UJ
100=dl-d—w—m——a— ETHYLBENZENE 1.0 iU
108=38-3/106-42-3META & PARA XYLENES 1.0 (U
GEam ] T o ) o e o o o o o e ORTHO XYLENE 1.0 (U
GLmZ O3 om0 o o o e e NAPHTHALENE 5.0 U

FORM I VQOA 3/90

(ul)




B. Sampie Data




1a EPA SAMPLE NO. '
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET
BEFORE l
Labh Name: EA LABS Contract:
Lab Code: EAENG case No: SAS No: SDG No: 8020 '
Matrix: (soil/water)WATER lLab Sample ID: 26103%€F
Sample wi/vol: 5.0 (g/mL} ML Lab File ID: VGT7E778F .
Level: (low/med) LOW Date Received: 07/19/96
% Molsture: neot dec. Date Analyzed: 07/24/96 '
GC Column:DBVRX ID:0.53 (mm) bilution Factor: 1 3
Solil Extract Volume: {(ul) Soil Aliquot Veolume: (ul) .
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L 0 '
T1=d3—2 ———emom oo o e BENZENE 100
108-88=3 == m=memem=— TOLUENE 9.2
100=dl=dm—mm—————— ETHYLBENZENE 180
108-38-3/106~42-3META & PARA XYLENES 130 .
G547 —fmmmmmmm e ORTHO XYLENE 8.2 '
Gle=2(=3—— e s om e NAPHTHALENE 180 '
FORM I VOA 3/90 '




1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

I BETWEEN
Lab Name: EA LABS Contract:
l,ab Code: EAENG Case No: SAS No: SDG No: 8020
Matrix: (soil/water)WATER Lab Sample ID: 9610597F
sample wt/vol: 5.0 (g/mL) ML Lab File ID:  VG7E775F
tevel: (low/med) LOW Date Received: 07/19/S96
» Moisture: not dec. Date Analyzed: 07/24/96
tc Column: DBVRX ID:0.53 {(mm) Dilution Factor: 1
oil Extract Volume: (ulL) Soil Aliquot Volume: (uL)
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
' 71-43-2———mmmm——— BENZENE 120
108~-88-3——~=w—~=—=— TOLUENE 1.0 |U
100=-4l~4==~mm=——— ETHYLBENZENE 13
, 108-38-3/106-42-3META & PARA XYLENES 2.3
l 98=47-6—=—~m————m— ORTHC XYLENE 1.0 U
91=-20=3=—-~—==——— NAPHTHALENE 5.0 U
l FORM I VOA 3/90




1A EPA SAMPLE NO.
VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

AFTER
Lab Name: EA LABS Contract:

Lab Code: EAENG Case No: SAS HNo: SDGE Nos: 8020 '

Matrix: (soil/water)WATER Lab Sample ID: 9610598F

Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VGET7E7T74F

Level: {(low/med) LOW Date Received: 07/19/96

% Moisture: not dec. Date Analyzed: 07/24/96

GC Celumn:DBVRY ID:0.53 (mm) Dilution Factor: 1

Soil Extract Volume: {ul) Soil Aliguot Volume: {ul)

CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q l
T1 =g 3o 2 o om oo o o o o BENZENE 3.5
108 =883 momam am oo o omn e TOLUENE 1.0 U
100~4l-d=mmmmm——— ETHYLBENZENE 1.0 U
108-38-3/106-42-3META & PARA XYLENES 1.0 (U
QE =l T o e o e e e e ORTHO XYLENE 1.0 (U '
L2 03 oo o o e e s o e NAPHTHALENE 5.0 {U
FORM I VOA 3/%0 l




4. TPH as GAS DATA




A. QC Summary




LCS RECOVERY .REPORT

' LAB NAME: EA LABORATORIES DATA FILE: VD4G310
INSTRUMENT: VD4 DATE: 07/26/96

' SAMPLE ID: VL607262 MATRIX: WATER
ANALYST: SSB % MOISTURE: O

SPIKE COMPOUND SPIKE SAMPLE %REC.
ADDED CONC.
TPH 500 561.000 112

CURRENT VOLATILE LCS LIMITS

WATER SOIL
TPH 50 - 150 50 - 150

f LCS is outside limits, a non-conformance form is required.

Whe LCS has been checked and is(wfthin/butside current limits.

Ay s [+ LG N.A.

SNALYST DATE Non-conformance form #

b~



ia

EPA SAMPLE NO.

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

VBLKL
Lab Name: EA LABS Contract:
Lab Code: EAEHNG Case Ho: SAS No: SDG No: 801is5M
Matrix: (soil/water)WATER Lab Sample ID: VBE0O7262
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4G311
Level: {(low/med} LOW Date Received: ;S o/
% Moisture: neot dec. Date Analvzed: 07/26/98
GC Column:RTX1 ID:0.53 (mm) Dilution Factor: 1
So0il Extract Volume: (ul) Scil Aliguot Volume:
CONCENTRATION UNITS
CAS HNO. COMPOQUND (ug/L or ug/¥g) ug/L Q
----------------- TPH 100 iu l
FORM I VOA 3/90




B. Sample Data

| ] B . & [
H I




o ouone e, |
VOLATILE COMPOUNDS OééAI\K_ICS ANALYSIS SHEET EFA SAMPLE NO.
BEFORE ‘ .
Lah Name: EA LABS Contract:
Lab Code: EAENG Case No: SAS No: SDG No: 8015M l
Matrix: (soil/water)WATER Lab Sample ID: ©6108%¢6
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4G314 '
Level: {low/med) LOW Date Received: 07/18/96
% Molsture: not dec. __ Date Analyzed: 07/26/96 .
GC Column:RTX1 ID:0.53 (wmm) Dilution Factor: 1
Soil Extract Veolume: {uLl) Seil Aligquot Volume: _ (uL} .
CONCENTRATION UNITS ‘
CAS HO. COMPOUND (ug/L or ug/Kg} ug/ o] .
----------------- TPH 7300 t l I
1
i
|
|
|
|
i
FORM I VOA 3/90 .
l




. .

VOLATILE COMPOUNDS ORGANICS ANALYSIS SHEET

EPA SAMPLE NO.

BETWEEN
Lab Name: EA LABS Contract:
.Lab Code: EAENG Case No: SAS No: SDG MNo: 8015M
Matrix: (soil/water)WATER Lab Sample ID: 9610597
'Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4G313
Level: (low/med) LOW Date Received: 07/19/96
¥ Moisture: not dec. Date Analyzed: 07/26/96
GC Column:RTX1 ID:0.53 (mm) Dilution Factor: 1
lSoil Extract Volume: ___ (ul) Soil Aliquot Volume: __ (uL)
CONCENTRATION UNITS
l CAS NO. COMPOUND (ug/L or ug/Kg) ug/L Q
I j ----------------- TPH 690 l ’
|
i
'
|
|
|
|
' FORM I VOA 3/90
'
i



1A EPA SAMPLE NO: '
VOLATILE COMPCOUNDS ORGANICS ANALYSIS SHEET
AFTER ! .
Lab Name: EA LABS Contract:
Lab Code: EAENG Case No: SAS No: SDG No: 8015M '
Matrix: (soil/water)WATER Lab Sample ID: 9610398
Sample wt/vol: 5.0 (g/mL) ML Lab File ID: VD4G312 l
Level: (low/med) LOW Date Received: 07/19/96
% Melisture: not dec. Date Analyzed: (07/26/96 .
GC Column:RTX1 ID:0.53 (mm} Dilution Factor: 1
Scil Extract Volume: (ul) Soil Aliguot Volume: (uL)'
CONCENTRATION UNITS
CAS NO. COMPOUND (ug/L or ug/Kg) ug/L o] l
----------------- TPH 100 EU l .
|
I
1
|
i
|
FORM I VOA 3/90
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APPENDIX D

RESULTS OF SOIL VAPOR EXTRACTION TEST (April 1995)
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" 'EAEngineering, Science, and Technology ’ EA Mid-Atiantic

15 Loveton Circle
Sparks, MD 21152
Telephone: 410-771-4950
Fax: 410-771-4204

i) A P

Mr. Paul Briegel

Northern Division

Design Division (Code 4051/PB)
Naval Facilities Engineering Command
Mail Stop 82

10 Industrial Highway

Lester, Pennsylvania 19113-2090

RE: Contract No. N62472-92-D-1296, CTO No. 0009, NAS Willow Grove
Results of Soil Vapor Extraction Test

Dear Mr. Briegel:

This letter report presents the results of soil vapor extraction (SVE) testing conducted at the
Naval Fuel Farm Facility, Naval Air Station Willow Grove, Horsham Township,
Pennsylvania. The testing was conducted in order to evaluate the potential for SVE during
high water table conditions. The testing, as outlined in the Revised Work Description dated 22
February 1995, was conducted from 4 April through 6 April 1995 and included both system
head and radial influence tests on wells NFFW-4, -7, and -16. These wells were chosen to
assess SVE performance in areas with varying amounts of free phase product. Product has not
been observed in NFFW-4, has been present periodically in NFFW-7, and has been
consistently present in NFFW-16. The well locations are indicated on the Site Plan in Figure
1. The following describes the testing and data collection methodologies and presents the
testing and sample analyses results. '

1.0 INTRODUCTION

Soil vapor extraction is a widely used remedial technique capable of removing volatile organic
compounds (VOC) from the subsurface. In this process, a vacuum is applied to an extraction
point inducing air flow through the vadose zone. As air moves through the soil, residual phase
VOC are volatilized and removed from the subsurface through the extraction well.

In order to effectively assess the applicability of SVE as a remedial technology in the areas
surrounding wells NFFW-4, -7, and -16, three individual SVE tests were conducted. These
tests were designed to evaluate the relationships between (1) applied vacuum and extracted air
flow rate and (2) applied vacuum and radial influence. VOC concentration and removal rates
were also characterized as part of the radial influence test.



Mr. Paul Briegel 31 May 1995
Naval Facilities Engineering Command Page 2

2.0 TESTING METHODOLOGY

The testing was conducted utilizing a mobile vent trailer. The trailer consists of a vacuum
pump equipped with a moisture separator, activated carbon treatment canisters, flow and
vacuum gauges, and sample ports. The vacuum extraction system is shown schematically in
Figure 2. '

2.1  System Head Test

Individual system head tests were conducted on each of the three test wells in order to develop
site specific relationships between applied vacuum and extracted air flow rate. The tests were
conducted by applying 5 different vacuums to the extraction well in a decreasing stepped
manner, Each vacuum was applied until the corresponding flow rate stabilized, this occurred
within approximately 20 minutes in each case. Once the flow rate stabilized, a different
vacuum was applied and the test was repeated. System head tests were conducted before radial
influence tests.

2.2  Radial Influence Test

Radial influence tests were used to measure the radial distance influenced by the applied
vacuum at the extraction well and to assess VOC removal rates. The radius of influence was
measured by installing six soil vapor probes into the subsurface at various distances in two
directions from the extraction well. The distances and orientation of the probes are indicated
on Figures 3, 4, and 5, for the tests conducted from wells NFFW-4, -7, and -16, respectively.
The 0.75-inch diameter soil vapor probes were driven to a depth of approximately 5 to 8 feet
below grade and fitted with gauges capable of sensing changes in soil air pressure. During
each test a constant vacuum was applied to the extraction well for approximately two hours
and the induced vacuum on the soil vapor probes was recorded regularly. Vapor flow rate and
temperature were also recorded throughout the test.

To assess VOC removal rates, samples of extracted soil vapor were collected approximately
every 30 minutes and analyzed for petroleum range and chlorinated hydrocarbons. The
samples were analyzed onsite with EA’s mobile field gas chromatograph. The analysis results
and the extraction air volume flow rate were utilized to assess the VOC mass removal rates
associated with each test well.




.
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3.0 RESULTS

3.1 System Head Test

The results of the system head test are contained and displayed graphically in Attachment A.
The individual tests produced relationships between applied vacuum and observed flow rate
consistent with the nature of the subsurface at the Naval Fuel Farm Facility. In general, the
results indicate the area is characterized by a low permeability subsurface resulting in a high
vacuum - low flow rate relationship. Applied vacuums ranged from 2 to 14.8 inches mercury
(Hg) while observed flow rates ranged from 2.18 to 43.6 cubic feet per minute (cfm). In
general, the three wells responded similarly to the range of vacuums applied and no significant
differences were observed.

3.2 Radial Influence Test

The radial influence tests produced varying results. Relationships between applied vacuum and
radial influence for each test are summarized on Table 1. The resuits indicate that preferential
pathways may exist in the subsurface. The tests on wells NFFW-4, -7, and -16 were conducted
at vacuums of approximately 7, 9, and 10 inches Hg, respectively, with corresponding average
flow rates of 33, 33, and 26 cfm. In general, the greatest radial influence was observed from
well NFFW-16 and the least radial influence was present in the vicinity of well NFFW-4. The
inconsistent nature of the results does not allow the determination of an effective radius of
influence about each well. However, it should be noted that vacuum influence was observed
during each test at distances of up to 25 feet from the extraction well.

The analytical results of petroleum and chlorinated hydrocarbon analyses along with
corresponding vacuum, flow rate, and influent air stream temperature readings are summarized
on Tables 2 and 3, respectively. Table 2 also includes the estimated VOC removal rates.
Removal rates in pounds per day were calculated for each sample collected based on total
petroleum hydrocarbons (TPH) as toluene equivalents; the equation used is given in Table 2.
Extraction from well NFFW-7 produced the highest average hydrocarbon removal rate (28.46
pounds per day) while extraction from wells NFFW-4 and NFFW-7 resulted in lower average
removal rates of 0.74 and 11.46 pounds per day, respectively. Tables 2 and 3 also include
the results of one treated effluent sample per test; this sample is labeled “After Carbon”.

The results of the chlorinated hydrocarbon analysis indicated the presence of several target
compounds in samples from each of the three test wells. Chlorinated hydrocarbons were most
prevalent in the extracted air samples from well NFFW-4 where methylene chloride was
present at a maximum of 19.18 parts per million by volume (ppmv). The occurrence of
chlorinated hydrocarbons is not consistent with the occurrence of free product as NFFW-4 is
in an area where free product has not been detected. As noted above, the complete results of
chlorinated hydrocarbon analysis are summarized on Table 3.
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4.0 DISCUSSION

The results of the system head tests on each of the three test wells indicate that high vacuum
low flow rate conditions persist throughout the areas tested. This is not a limitation to
potential remediation as equipment capable of operating in the required vacuum and flow range
is readily available. However, the radial influence tests indicate the presence of preferential
pathways about each test well and as a result, an estimate of the effective radius could not be
determined. As noted in Section 3.2, the radial influence test results may be characteristic of
the subsurface environment. The tests did indicate influence up to at least 25 feet in one
direction from each well. .

Petroleum hydrocarbon removal rates were greatest during extraction from wells NFFW-7 and
NFFW-16 indicating remedial action in these areas including soil vapor extraction may be

" effective. Soil vapor extraction utilizing well NFFW-4 is not recommended at this time.
However, it should be noted that the tests were conducted during times of seasonally high
water table and increased hydrocarbon removal rates (for each well) may be attainable when
low water table conditions predominate.

Please contact us at (410) 771-4950 if you have any questions or would like to discuss the
testing results further.

Sincerely,

Do R S

Brian R. Stempowski
Project Engineer

Carl G. Reitenbach, P.E.
CTO Manager

ce: P. Greco (NAS-Willow Grove)
1. Colter (NORTHDIV)
C. Houlik (EA)
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Table 1

Results of Radial Influence Test

Navy Fuel Farm Facility
Naval Alr Station Willow Grove
Horsham Township, Pennsylvania

NFFW-4
Time  Applied Vacuum Flow rate Cbserved Vacuum (inches water) at Radial Distance (ft)
(min} (inches g} {cfm) g 10 15 20 25 30
10 7 30.5 o 285 0 0.005 0.008 0
20 7 30.5 o 2.87 o 0.005 0.005 o
38 6.8 33 0 3 0.01 0.01 0.005 a
50 6.8 33 e 3 0.01 0.005 0.005 0
65 66 33 ¢ 3 y 0 0.005 0
80 6.6 33 ¢ 3.1 0 0 0.002 0
110 6.6 33 0.02 3.1 0.01 0.015 0 o
140 6.6 33 0.025 3.1 0.005 0.005 Y o
NFFW-7
Time  Applied Vacuum Flow rate Cbserved Vacuum (inches water) at Radial Distance (ft)
{min) {inches Ha} {cfm) 5 10 15 20 25 30
3 8.8 33 0 8.3 o 0.02 0 g.02
9 9 33 o) 6.4 0 o o ]
12 9 33 0 ) 0 0.005 o 0.005
15 8.25 33 0 6.5 0 0.005 0 0.01
25 10 305 o € 0 0.01 0 0.025
35 108 30.5 o 57 g 0.01 0.01 0.03
60 11 30.5 0.01 5.4 ¢ 0.01 0.015 0.03
75 11 0.5 0.01 52 0 0.015 0.015 0.035
105 1028 33 0.025 5 0 0.045 0.015 0.045
138 10.25 33 0.045 5 0 g.082 0.015 0.045
158 10.25 33 0.05 5 4] 0.065 0.012 0.05
NFFW-16
Time  Applied Vacuum Flow rate Observed Vacuum (inches water) at Radial Distance (ft)
{min} {inches Hg) {cfm) 5 10 15 20 25 30
1 10 26 1.8 2.8 1.65 0.23 0 0.18
2 10 26 1.8 28 1.65 8.23 0 0.23
5 - 10 26 1.8 2.8 1.68 0.23 0.005 0.25
10 10 26 1.7 265 1.65 0.23 0 0.05
15 10 28 1.6 2.65 1.8 022 0 0.14
25 10.1 26 1.6 2.55 1.58 0.21% 0 0.31
35 10.4 26 1.58 2.55 1.5 0.215 0 0.58
50 102 26 1.5 2.45 1.5 0.22 0 0.44
65 10.2 26 1.5 25 1.5 0.22 0 0.445
85 10.2 26 1.5 24 1.5 0.215 0 0.445
100 10.2 26 1.5 2.45 1.5 022 0 0.45
115 10.2 26 1.5 2.45 1.5 0.21 0.005 0.46
165 10.2 26 1.5 2.45 1.5 0.21 0.005 0.44




Table 2
Sofl Vapor Contaminant Assessment Results Summary - Petroleum Hydrocarbons
Navy Fuel Farm Faclity

Naval Alr Station Willow Grove
Horsham Township, Pennsyivania

Sample Date Time  Vacuum FlowRate  Influent Benzene Toluene Ethyibenzene MA&P -Xylenes O-Xylenes TPH as Toluene TPH Removal Rate as  TPH Emission Rate as Total VOC
Temperature Equivatents Toluene Equivalents  Toluene Equivalents  Emission Rate (b)
(Hog)  (cfm) ) (ppmv)  (ppnw) (pprv) (pprmy) {pprr) (PP} (poundis/day) {pounds/day) (pounds/day)
NFFW-4 8-Apr-35 1100 8 44 54 ND ND ND ND ND 46 0.08 NA
NFFW-4 8-Apr-95 1135 88 41 55 ND ND ND NO ND 57 072 NA NA
NFFW-4 6-Apr-95 1205 7 30 56 0.56 ND NO NO ND 61 0.56 NA NA
NFFW-4 8-Apr-95 1235 6.8 33 58 ND ND ND ND ND 95 0.98 NA NA
NFFW-4 8-Apr-95 1335 6.6 33 59 ND ND NOD ND ND 140 1.41 . NA NA
NFFW-4 After Carbon  6-Apr-95 1235 68 kX] 58 ND ND ND ND ND ND NA 0.00 0.00
NFFW-7 S.Apr-95 1458 88 33 48 299 155 25 1.9 3 4000 41.62 NA NA
NFFW-7 5-Apr-95 1538 10.5 30 49 167 96 6 1.7 6 3000 28.29 NA NA
NFFW-7 S-Apr-85 1615 " 30 49 98 53 13 ND 0.8 1800 18.97 NA NA
NFFW-7 S5-Apr-85 1645 10.25 3 49 (a) 86 6.2 21 05 2600 26.97 NA NA
NFFW.7 After Carbon  5-Apr-95 1615 1" 30 49 1.9 45 ND ND ND 130 NA 1.23 1.23
NFFW-16 5-Apr-95 1132 10 26 48 56 444 15 ND 35 1600 13.12 NA NA
NFFwW-18 5-Apr-95 1215 101 26 48 44 75 4 ND 41 1300 10.68 NA NA
NFFW-16 5.Apr-95 1238 102 26 50 48 394 ] ND 22 1300 10.59 NA NA
NFFW-16 After Carbon 5-Apr-95 1215 10.1 26 43 . ND ND ND ND ND 25 NA 0.20 0.20

Note: ND - Not Detected
{a) - unable to quantify
(b) - includes total petroleum and chiorinated hydrocarbons
TPH emission rates calculated as follows:

Emission Rate(pounds/day) = _Qfcfm) X Clpprmv) X P(atm) X V(L) X 0 4719(L/sec) X 86400{sec/day) X 82.1(g/mol) X 0.0022(pound/g)
R{L-stm/mol-K) X T(K)

= Qfcfm) X C{ppmv) X 0.0083
0.082 X T(K)

Where: Q= Vapor volume flow rate
C = TPH concentration as toluene equivalents
P = Vapor pressure of 1 ppm toluene (1EE-6 atm)
V = Volume (1 Litre)
R = Ideal gas constant (0.082 L-atm/mol-K)
T = Vapor Influent temperature




Tania 2 .

Sol Vapor C nant A m Resutt Y ~ Chicrinated Hydrocatbons

Kavy Fuel Farm Facity
Nava! A Station Wiliow Grove

Horsham Townskip, Pennsyank
Sample Date Tine  Vacuum FlowRats  influemt  Trichiorosthans Catbon T e Trichiorosthiane Tetrach iyl Methylene Chlcride Trans-1,2-Dichlorosth Cin-1,2-1 th Chiorinated Hydrocarbon Chiorinated Hydrocarbon
CHE)  (cfm)  Tempeture {pprrd) {pos) (pp} {ppend) {ppow) (o) {ppre) Removal Rate Emiesion Rete
() {poundsidey) {poundadsy)
NFFWN-4 Saprgd 1100 8 44 84 S0 ND ND HD 482 ND KD 0.08 KA
NEFW-A 84p0-94 1138 a8 A1 L= [e3105] ND ND ND 19.18 ND ND [1R-24 N4
NFFW-4 GApe9s 1208 7 ] ] 0034 ND HD o002 178 ND .04 0.15 NA
NFFW-4 8Apr-95 1228 [.1] a3 ) 0004 D KD 0002 17.67 ND 1] 6.18 KA
NEFW-§ GApr-§8 1338 88 33 49 6054 KD RO Q002 818 ND ND 8.7 Ha
NFFV-4 After Carbon  E-Apr-83 1233 88 23 88 6002 ND ND ND O ND D HNa 000
NFEW-T SAprG3 1458 28 33 48 KD ND ND ND 3t 42 NG [Xix] NA
NFFwe-7 LA 98 1538 105 0 49 0008 ND G oG4 NG 3t oés ND 003 KA
NEFW-1 SApr-88 1815 it 30 a8 NO KD ND NO 33 084 ND 603 NA
NEFW-? B-Aprg3 1843 1028 33 L ] NO RO ND NG g ND 04 004 NA
NFFW.T After Carbon  S-Apr-68 1818 i1 30 49 0.034 ND HO ND KO NO ND NA 0.00
NFFW-18 SApr-g8 1132 10 28 45 ND ND 0003 048 ND KD 000 NA
NFFW-18 SAp-94 118 104 -] 43 4] RO KD 0 00% [ 1] No ND 000 HA
NFF- 18 B-Ape-95 1238 102 2% 80 a.on HD HD 0 004 R NO ND 0.00 HA
NFFW-16 After Carbon 8-Api-83 1218 0% 8 43 NO NG ND NO ND ND D NA 0.00
Nobs: ND - Not Detected
Chilornated hy 1> rates d an follows:
Emiesion Rats{poundaday} « _Ofetm) X Clppmvd X Platm) X VL) X _0 4719(Lisec) X 86400(s0c/day) X 84 S4ig/mol) X 0 0022{poundig)
R{L-stmimot-X) X T{K}
s Oetm) X Clppmv} X 00078
0.082 X T(X)
Where. Q= Vapor volume flow rate
© = Mathylens chioride
P e Vapor p of 1 ppm y skl {iEE-8 atm}
V = Voluma (3 Litre)
R = kdea! gas congtang {2 082 L-amimol-K}
T © vaper influent tamperature




l

ATTACHMENT A

System Head Test Data and Graphs



System Head Test - NFFW-4

Navy Fuel Farm Facility
Naval Air Station Willow Grove
Horsham Township, Pennsylvania

VACUUM Velocity Flow Rate
(in Hg) (fom) (cfm)
12 1700 37.08
8.1 1500 32.70
5 1300 28.34
3.2 1000 21.80
2 500 10.80




.

Flow (cfm)
- - N N (2] [ H
n o [¢)] (=] n o (4} Q

Q

Naval Air Station Willow Grove
System Head Test - NFFW-4

i i i f
4 6 8 10 12
Vacuum (inches Hg)

14



System Head Test - NFFW-7

Navy Fuel Farm Facility
Naval Air Station Willow Grove
Horsham Township, Pennsylvania

VACUUM Velocity Flow Rate
{in Ha) (fom) (cfm)
10 1700 37.06
7.5 1300 28.34
4.5 1000 21.80
2.8 500 10.80
1.8 250 5.45
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System Head Test - NFFW-18

Navy Fuel Farm Facility
Naval Air Station Willow Grove
Horsham Township, Pennsylvania

VACUUM Velocity Fiow Rate
(in Ho) (fom) (cfm)
14.8 2000 43.60
11 1500 32.70
6.8 1000 21.80
3.5 500 10.80
2 100 2.18
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APPENDIX E

RESULTS OF SOIL VAPOR EXTRACTION TEST (July 1995)




RESULTS OF SOIL VAPOR EXTRACTION TESTS - 6 JULY 1995

1.0 INTRODUCTION

This report presents the results of the second soil vapor extraction (SVE) tests conducted 6 July
1995 at the Naval Fuel Farm Facility, Naval Air Station Willow Grove, Horsham Township,
Pennsylvania. These tests were conducted during a period of low water table elevation. The
first SVE tests were performed on 6 April 1995 during high water table conditions. Results of
the April 1995 testing were issued in a letter report dated 31 May 1995. The second tests were
conducted in order to evaluate the potential for SVE during low water table conditions. The
tests, as outlined in the Revised Work Description dated 22 February 1995, included both
system head and radial influence tests on wells NFFW-4 and NFFW-16. NFFW-7, which was
tested in April 1995, was not tested a second time because it had been damaged during the
removal of the soil piles from the surrounding area. The well casing had been cracked and
would allow ambient air to enter the well from the surface when a vacuum was applied.
NFFW-4 and NFFW-16 were chosen to assess SVE performance in areas with varying
amounts of free phase product. Product has not been observed in NFFW-4 and has been
consistently present in NFFW-16. The well locations are indicated on the Site Plan in Figure
1. The following describes the testing and data collection methodologies and presents the
testing and sample analyses results.

Soil vapor extraction is a widely used remedial technique capable of removing volatile organic
compounds (VOC) from the subsurface. In this process, a vacuum is applied to an extraction
well inducing air flow through the vadose zone. As air moves through the soil, residual phase
VOC are volatilized and removed from the subsurface through the extraction well.

In order to effectively assess the applicability of SVE as a remedial technology in the areas
surrounding wells NFFW-4 and NFFW -16, two separate SVE tests were conducted. These
tests were designed to evaluate the relationships between (1) applied vacuum and extracted air
flow rate and (2) applied vacuum and radial influence. VOC concentration and removal rates
were also characterized as part of the radial influence test.
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2.0 TESTING METHODOLOGY

The testing was conducted utilizing a mobile vent trailer. The trailer consists of a vacuum
pump equipped with a moisture separator, activated carbon treatment canisters, flow and
vacuum gauges, and sample ports. The vacuum extraction system is shown schematically in
Figure 2.

2.1  System Head Test

Individual system head tests were conducted on each of the two test wells in order to develop
site specific relationships between applied vacuum and extracted air flow rate. The tests were
conducted by applying different extraction vacuums to the well in a increasing stepped
manner. Each vacuum was applied until the corresponding flow rate stabilized, this occurred
within approximately 15 minutes in each case. Once the flow rate stabilized, a different

vacuum was applied and the test was repeated. System head tests were conducted before radial

influence tests.
2.2 Radial Influence Test

Radial influence tests were used to measure the radial distance influenced by the applied
vacuum at the extraction well and to assess VOC removal rates. The radius of influence was
measured by installing six soil vapor probes into the subsurface at various distances in two
directions from the extraction well. The distances and orientation of the probes are indicated
in Figures 3 and 4, for the tests conducted from wells NFFW-4 and NFFW-16, respectively.
The 0.75-inch diameter soil vapor probes were driven to a depth of approximately 5 to & feet
below grade and fitted with gauges capable of sensing changes in soil air pressure. During
each test a constant vacuum, determined from the system head test, was applied to the
extraction well for approximately two hours and the induced vacuum on the soil vapor probes
was recorded regularly. Vapor flow rate, extraction pressure and temperature were also
recorded throughout the test.

To assess VOC removal rates, samples of extracted soil vapor were collected approximately
every 30 minutes and analyzed for petroleum range and chlorinated hydrocarbons. The
samples were analyzed onsite with EA’s mobile field gas chromatograph. The analysis results
and the extraction air volume flow rate were utilized to assess the VOC mass removal rates
associated with each test well.
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3.0 RESULTS

3.1 System Head Test

The results of the system head test are contained and displayed graphically in Attachment A.
The individual tests produced relationships between applied vacuum and observed flow rate
consistent with the nature of the subsurface at the Naval Fuel Farm Facility. In general, the
results indicate the area is characterized by a low permeability subsurface resulting in a high
vacuum - low flow rate relationship. Applied vacuums ranged from 1 to S inches mercury
(Hg) while observed flow rates ranged from 8.7 to 37.6 cubic feet per minute (cfm). In
general, a higher flow rate was achieved in NFFW-4 than in NFFW-16 for the same applied
extraction pressures.

3.2 Radial Influence Test

The radial influence tests produced varying results. Relationships between applied vacuum and
radial influence for each test are summarized in Tables 1 and 2 for wells NFFW-4 and NFFW-
16, respectively. The tests on wells NFFW-4 and NFFW-16 were conducted at extraction
pressures of 4 inches Hg with corresponding average flow rates of 37 and 16 cfm respectively.
In general, the greater radial influence was observed from well NFFW-16 and minimal radial
influence was present in the vicinity of well NFFW-4. The effective zone of radial influence
about each well, which is defined as the area within a differential pressure of 0.10 inches of
water (Brown ef al. 1991; Keech 1989), is approximately 5 ft for NFFW-4 and 25 ft for
NFFW-16. This estimate is based on an observed vacuum of 0.1 inches of water in the
monitoring points.

The analytical results of petroleum and chlorinated hydrocarbon analyses, along with
corresponding vacuum, flow rate, and influent air stream temperature readings, are
summarized on Tables 3 and 4, respectively. Table 3 also includes the estimated petroleum
and total VOC removal rates while Table 4 also includes the estimated chlorinated VOC
removal rates. Tables 3 and 4 also include the results of one treated (after carbon) effluent
sample per test. The results of this sample were non detect. The effluent sample was
collected to demonstrate effective treatment of the air emissions was attained during the SVE
tests.

Petroleum VOC removal rates in pounds per day were calculated for each sample collected
based on total petroleum hydrocarbons (TPH) as toluene equivalents; the equation used is
given in Table 3. Extraction from well NFFW-16 produced the highest average petroleum
hydrocarbon removal rate (1.0 pound per day) while extraction from well NFFW-4 resulted in
a minimal average removal rate of less than 0.05 pounds per day.

The results of the chlorinated hydrocarbon analysis indicated the presence of several target
compounds in samples from NFFW-4 while samples from NFFW-16 contained no detectable
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level of chlorinated hydrocarbons. The occurrence of chlorinated hydrocarbons in NFFW-4 is
not consistent with the occurrence of free product as NFFW-4 is in an area where free product
has not been detected. The most prevalent chlorinated hydrocarbon present in the extracted air
samples from NFFW-4 was methylene chloride which was detected at a maximum
concentration of 25 parts per million by volume (ppmv). The maximum total VOC removal
rate at NFFW-4, which includes both petroleum and chlorinated VOCs, was 0.26 pounds per
day. .




4.0 DISCUSSION

The results of the second SVE test are summarized below followed by a comparison of the
first and second SVE test results. Recommendations based on the second SVE test are also

presented.

The results of the second SVE test are summarized as follows:

Applied vacuums during the system head test from NFFW-4 ranged from 1 to 4
inches Hg at observed flow rates of 17.5 to 37.6 cfm while applied vacuums
during the system head test from NFFW-16 ranged from 1 to 5 inches Hg at
observed flow rates of 8.7 to 18.5 cfm (NFFW-16).

The effective zone of radial influence about each well was estimated at
approximately 5 ft for NFFW-4 and 25 ft for NFFW-16.

Extraction from well NFFW-4 resulted in an average petroleum hydrocarbon
removal rate of less than 0.05 pounds per day while extraction from well
NFFW-16 resulted in an average removal rate of 1.0 pound per day.

Chlorinated hydrocarbons, mainly methylene chloride, were detected in samples
from NFFW-4 while samples from NFFW-16 contained no detectable level of
chlorinated hydrocarbons.

A comparison of the two SVE tests is presented below:

Flow rates for NFFW-4 were consistent with those found in April but extraction
pressures were significantly less to achieve the same flow rate, 12 in. Hg in
April and 4 in. Hg in July to achieve the same flow of 37 cfm. NFFW-16
exhibited significantly lower flow rates in July (18.5 cfm) than in April (44
cfm). Noting that the same vacuum extraction blower was utilized during both
tests, the maximum achievable extraction pressure was also significantly less
during July (4 in. Hg) than in April (18 in. Hg).

The radial influence tests indicate a significant difference in radial influence
between NFFW-4 (5 ft) and NFFW-16 (25 ft). These results are similar to
those found during the April vent test with the exception of these results were
more symmetrical for the two axis. The results of the April investigation
indicate that the radial influence was not symmetrical.

Average petroleum hydrocarbon removal rates (<1 pounds per day) were
minimal during this testing event for both wells tested. These removal rates
were also less than those found during the April, (high water) testing event,
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where the average petroleum hydrocarbon removal rate was 28 pounds per day.

The following presents recommendations based on the SVE testing results:

The results of the second SVE test, as summarized above, indicate that SVE is
not favorable during low water table conditions. As a result SVE from NFFW-4
and NFFW-16 for the sole purpose of soil vapor recovery during low water
table conditions is not feasible and is therefore not recommended.

i
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Table 1 - Radial Influence Test Results for NFFW-4. Ohserved Vacuums (in. H,0) at Radial Distances (ft) During the SVE Test
Performed on 6 July 1995, Navy Fuel Farm Facility, NAS Willow Grove.

Time (min) | Applied Vacuum (in. Hg) | Flow Rate (cfim) 5ft 10 ft 15 & 20 ft 251t 30 ft
15 4 37 0.05 0.01 0.01 0.03 0.02 0.05
30 4 ” 37 005 | 001 | o001 looz |oo2 |oo0s
45 4 37 0.13 0.04 0.03 0.04 0.02 0.06
60 4 37 0.26 0.07 0.05 0.04 0.02 0.09
75 4 37 0.30 0.05 0.05 0.05 0.02 0.09
90 4 37 0.32 0.04 0.09 0.05 0.02 0.09
105 4 37 0.32 0.04 0.10 0.05 0.02 0.09
120 4 37 0.32 0.04 0.10 0.05 0.02 0.09
135 4 37 0.32 0.04 0.10 0.03 0.02 0.09




Table 2 - Radial Influence Test Results for NFFW-16. Observed Vacuums (in. H,0) at Radial Distances (ft) During the SVE Test
Performed on 6 July 1995, Navy Fuel Farm Facility, NAS Willow Grove.

Time (min) | Applied Vacuum (in. Hg) | Flow Rate (cfm) 5ft 10 ft 15 ft 20 ft 25 ft 30 f
15 4 16.3 0.50 0.40 030 ]0.10 0.00 0.00
30 4 16.3 2.1 1.8 1.2 0.8 0.2 0.03
45 4 16.5 22 1.8 1.3 0.5 0.15 0.02
60 4 16.3 2.1 20 1.2 0.7 0.2 0.01
75 4 16.3 23 2.0 1.1 0.7 0.2 0.02
90 4 16.3 23 2.0 1.2 0.7 0.2 0.02
105 4 16.3 23 2.0 1.2 0.7 02 0.02
120 4 16.3 23 2.0 1.2 0.7 0.2 0.03
135 4 16.3 2.3 2.0 1.2 0.7 0.2 0.03




Table 3 - Summary of Petroleum Hydrooatban Analyses of Extracted Soll Vapor During SVE Tests, & July 1985, Navy Fusl Farm Faciiity, NAS Witiow Grove

Sample Date Time  Vacuwm FlowRate  Influent
Temperature
{hgh fcfmy {C} {Ppr}

MNFFW-4 Goluly -85 1047 4 37 a2 ND
NFFW-4 B-July -85 1112 4 37 a2 ND
NFFV-4 8-Juiy -05 1142 4 az 8z WD
NFFVy-4 8-July -85 1220 4 37 az D
NFFW-18 G-July -85 1440 4 16 84 j252]
NFFW-18 S-July -85 1534 4 16 84 15
NFFW.18 S-July -85 1800 4 18 84 12
NFFW-16 G-July -95 1835 4 18 84 19
NFFW-16 ARer Carbon 6-July -85 1700 4 18 120 ND

Mote ND - Not Detected
{a} - unable to quantdy
{0} - nciudes total petroleum and chionnated hydrocarbons
TPH emigsion rates calculated as follows

Ermission Rate{pwndsiéaﬁ = Qicfm) X Cippmyi X Piatm)

Equivalents
{ppav) {ppmw) {ppmv} {pprvi {ppmvi

D i N ND N
ND ND ND ND ND
ND MDY NG ND 2

NO ND ND ND

23 8 ND 85 185
a4 ND ND 78 234
g2 ND ND 85 253
81 ND ND 83 220
ND ND ND ND ND

X VILI X 0 4713iL/se0) X 86400iseciday) X 82 1{gimoll X 0. 8022 poundig)

= Gielim) X Cippmvi X0 0083

0.082 X TiKj

Whare Q= vapor volume flow rate

C = TPH concentration as toluene equivaients

pressure of 1 ppm toluene {1868 atmy

e {T Litee)

Qa8 constant (0082 L-atmmolK

of wifluent temperature

R{L-atmimol-Kj X TiG

Benzene Toluene Ethylbenzene MAPR Xylenes O-Xylenes TPH as Toluene  TPH Remaoval Rateas TFH Emission Rate as

Toluene Equivalants

{poundsiday) ipoundsiday} ipoundsfday)
0.00 NA 014
003 Na 023
a.02 N& a.z28
2.03 NA 0z
278 NA Q.78
108 NA 106
115 NA 1145
100 NA 100

NA gon 0.00

Total VOO

Toluzne Equivalents  Emission Rate )]

u—__




Tabie 4 - Summary of Chiorinated Hydrocerbon Analyses of Extracted Soil Vapor During SVE Tests, 6 July 1995, Navy Fue! Farm Faciity, NAS Wilow Grove

[nfluent
Sampie Date Time  Vacwm Flow Rate Temperatwe Trichioroethane Carbon Tetrachioride Trichioroethene Tetrachioroethyiene  Methylene Chioride  Trans-1.2-Dichioroethene  Cis-1.2-Dichiorosthene  Chiorinated Hydrocarbon Chiorinated Hydrocarbon
("Hg)  {ctmy {C) {ppmv} {ppem) (pprv) (ppmv) {ppmv) {pprrwv) (pprmvy Removal Rate Emission Rate
(poundsiday) (poundsiday)

NFFW-4 B-Juty -95 1047 4 37 82 ND ND ND 0.004 14 ND ND 0.14 NA
NFFW-4 6-July -95 1112 4 37 82 ND ND ND 0.004 24 ND ND 03 NA
NFFW-4 8-Juty -85 1142 4 37 82 ND ND ND 0.005 25 ND 0.04 024 HA
NFFW-4 & Juby -95 1220 4 37 82 ND ND ND 0.002 22 ND 403 024 NA
NFFW-16 6-July-95 1440 4 16 84 ND ND ND ND ND ND ND 0.00 NA
NFFW-16 B-July-95 1534 4 16 84 ND ND ND ND ND ND ND 0.00 NA
NFFW-16 6-aufy-95 1600 4 16 84 ND ND ND ND ND ND ND 0.00 NA
NFFW-18& B-July-95 1635 4 16 84 ND ND ND NO ND ND ND Q00 NA
NFFW-16 After Carbon 8-July-95 1700 4 16 120 ND ND ND ND ND ND ND NA 0.00

Note. ND - Not Detected

Chiorinated hydrocarbon removaemission rates caicutated as folows:

Emission Rate(pounds/day) = Q(cfm) X C(ppmwv} X Pratm) X VIL} X_0.47 19{Lisec) X 86400{sec/day) X 84 94(gimol) X 0.0022(poundiq)
RiL-atmAmol-K} X T(K)

= Qicfmi X Cippmvi X 0.007¢
0082 X T{K)

Where O = Vapor volume flow rate
< = Methwiene chioride concentration
P = Vapor pressure of 1 ppm methylene chioride { 1EE-6 atm)
V = Volume {1 Litre}
R = ideat gas constant {0 082 L-atmmok-K)
T = Vapor influent lemperature



ATTACHMENT A

System Head Test Data and Graphs




Results of System Head Test Performed on 6 July 1995 on NFFW-4. Navy Fuel Farm Facility,

NAS Willow Grove.

Vacuum (in. Hg) Velocity (fpm) Flow Rate (cfin)
4 1723 37.6
3 1416 30.9
2 1168 25.5
1 801 17.5

Results of System Head Test Performed on 6 July 1995 on NFFW-16. Navy Fuel Farm Facility,
NAS Willow Grove.

Vacuum (in. Hg) Velocity (fpm) Flow Rate (cfin)
5 849 18.5
4 749 16.3
3 633 13.8
2 566 12.3
] 401 8.7
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ZA Engineering. Science, 2ng Technology P L

®
m 31 March 1995

Mr. Paul Briegel

c/o Commanding Officer, Northern Division

Naval Facilities Engineering Command '
Mail Stop 82, Attn.: Code 4051/PB

10 Industrial Highway

Lester, Pennsylvania 19113-2090

RE: Contract No. N62472-92-D-1296, CTO No. 0009, NAS Willow Grove
Dear Mr. Briegel:

The primary purpose of this letter is to explain why EA feels it is not prudent to deepen well
NFFW-2R by 20 fi. Secondly, it serves to present hydrogeological site conditions based on the
data collected over the past year.

Issue of Deepening NFFW-2R

In EA’s letter of 22 February 1995 which presented a revised work plan description, it was
proposed that well NFFW-2R be deepened. At the time of this proposition EA requested
additional hydrogeological information regarding the Naval Air Station from the Navy. The
reports received were reviewed in conjunction with Fuel Farm data collected by EA to assess
whether or not deepening NFFW-2R would create a possible cross-contamination situation.
Based upon review of the RI report prepared by Halliburton NUS (Remedial Investigation Report
for Sites I, 2, 3, and 5, Naval Air Station, Willow Grove, Pennsylvania, February 1993, Vols. 1
and IT), and the hydrogeology report prepared by Earth Data (Hydrogeologist’s Report, Potable
Water Treatability Study, Willow Grove Naval Air Station, August 1985); EA believes that if
NFFW-2R is deepened approximately 20 fi, there would be the possibility of cross-contaminating
the lower portion of the Stockton Formation which is utilized for onsite water supply. Following
are pertinent geological and hydrological details about the Willow Grove site which aided in the
determination.

NAS Willow Grove is underlain by the middle member of the Stockton Formation, which consists
of interbedded shale. siltstone, and sandstone. Competent bedrock typically begins at depths
ranging from 6 to 33 fi below ground surface. The overburden consists mainly of fill material,
silt, and clay. The regional dip of the bedrock strata is approximately 12 degrees to the
northwest,
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The middle member is the most productive aquifer in the Stockton Formation. Two aquifer
systems are present in the middle member - the water-table aquifer and the confined, artesian
aquifer. Literature reports that the water table aquifer extends to a depth between 75 and 100 &
below ground surface at NAS Willow Grove. The water-table aquifer is capable of storing water
which infiltrates from the surface and it acts as a reservoir that supplies the underlying artesian
aquifer. Fully developed artesian conditions are generally encountered below 150 ft. A semi-
artesian or semi-confining unit exists between the two. A drop in pressure in the artesian aquifer
will induce a release of water from water-table storage through the semi-artesian zone. Water
supply wells installed in the Stockton Formation in the vicinity of Willow Grove are generally set
between 300 and 600 ft below ground surface. The two Navy water supply wells onsite at NAS
Willow Grove are set at 398 ft (NW-1) and 352 ft (NW-2), respectively. Fractures within the
bedrock are the primary providers of ground water. Due to fracture irregularity {in number, size,
orientation, and connectedness), exactly determining ground-water conditions at depth is difficult.

Navy Fuel Farm well NFFW-2R is 35.5 ft deep. Deepening this well 20 additional feet would
place it approximately 55 ft below ground surface. There are no wells at the Fuel Farm deeper
than approximately 38 fi and therefore lithological logs are only available to that depth deeper.
In order to determine likely lithological and hydrogeological conditions at roughly 55 £, sources
other than EA reports were reviewed.

The RI report prepared by Halliburton NUS in 1993 was reviewed. Although this report does not
include any investigations at the Fuel Farm, work was conducted at the Privet Road site located
approximately 0.25 miles northeast of the Fuel Farm. In addition to existing site wells,
Halliburton installed intermediate wells at depths between 85 and 92 ft (10 ft screens), and
shallow wells between 28 and 40 ft (20 ft screens). Under standard supply well pumping
operations (which tend to be cyclical) of NW-1 and NW-2, the shallow water-table aquifer at the
site flows toward the northwest and the deeper “confined” portion of the aquifer flows toward the
east southeast or toward the production wells. Cyclical drawdown, mimicking supply well
pumping, was observed in the intermediate wells. Minor fluctuations were noted in the shallow
wells but did not coincide with the pumping cycles. During pumping tests conducted in
production wells NW-1 and NW-2, a very strong response was observed in the intermediate
wells. No observable drawdown in shallow wells was noted during the NW-2 test but a subdued
response was noted in shallow wells during the NW-1 test. In one exception, a direct drawdown
response was observed in one shallow well (PRW-4) while pumping WW-1. The subdued
drawdown observed in most shallow wells indicates that some restricted inter-connection berween
the shallow and deeper portions of the aquifer exists. The direct drawdown response in PRW-4
indicates that in some cases significant transmissivity exists between the shallow and deeper
aquifer zones. This occurrence, coupled with the fact that intermediate wells closer to the
pumping wells did not always show the greatest drawdown, is indicative of an anisotropic fracture
system,
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The Hydrogeologist’s Report prepared by Earth Data in 1985 was also reviewed. Earth Data
conducted pumping tests on production wells which showed responses similar to the Halliburton
aquifer testing - with the deeper wells being strongly influenced and the shallow wells showing
subdued responses to the pumping. One exception to this was a strong response exhibited in
MW-4, a shallow well (31.5 ft deep with 10 ft of screen) installed by Earth Data. Earth Data’s
conclusion was “This would indicate that the shallow aquifer is hydraulically interconnected with
the deep aquifer”. ‘

As a result of this review, EA’s assessment is that well NFFW-2R should not be deepened
because of the possible risk of introducing contamination into the lower portion of the aquifer.
The key reasons for this recommendation are:

1. There is no lithological information deeper than approximately 40 ft at the Fuel Farm. As
a result, the lithology which will be encountered at approximately 55 ft is unknown. Ifthe
Halliburton logs are utilized, and a 55 f depth at the Fuel Farm is correlated to the Privet
Road site, the lithology encountered would most likely be sandstone/siltstone.
Unfortunately at the Privet Road site, this is the same lithology logged from beneath the
overburden to the depth of the intermediate wells (set approximately between 80 and 90
ft) which show a strong response to aquifer pumping. There is no way of knowing where
the lithological transition zone from the water-table aquifer to the confined aquifer lies
between these depths. Even if the lithology was known, there is no way of knowing the
fractures which may or may not be encountered.

2. The Halliburton intermediate wells screened between 80 and 90 feet show a strong
response to production well pumping, and the shallow wells, screened to depths between
20 and 40 feet generally showed only subdued responses (with a few exceptions showing
stronger responses). The Earth Data report presented similar findings. Without additional
investigative drilling/coring, there is no way to know where in the 40 ft to 80 ft interval,
the transition to a direct response to supply well pumping would occur. At any rate, a
subdued response in the shallow wells is reason enough to believe that there is some
communication between the water-table aquifer and the confined aquifer.

Again, fractures pose a problem. Regardless of knowing the exact lithology and the depth
of the “transition zone™; the irregularity of fractures and fracture systems (size , number,
interconnectedness), would not allow one to state definitely that a well set to 55 ft would
not be a conduit for contamination to lower depths via fractures.

L)
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In order to characterize geological conditions at the Fuel Farm, two cross-sections were
constructed. Figure 1 is a site map which shows the lines of section. Figures 2 and 3 represent
cross-sections A-A’ and B-B’, respectively. An overburden isopach map (Figure 4) was also
constructed to visually present the approximate thickness of unconsolidated sediment overlying
the bedrock at the site.

Figures 5 through 14 represent potentiometric and product isopach maps for the dates of gauging
ranging from 4 April 1994 to 4 January 1995. Each gauging date is represented by two maps.
The first map is the potentiometric or ground-water elevation map, and the second is the product
thickness or isopach map. These maps present a picture of the hydrogeological nature of the site.
As evidenced from the maps, when the water-table elevation falls, the areal extent of product
measurable in wells and the product thickness in wells increases at the site. During periods of low
water-table elevation, product occurs over much of the site (NFFW wells 1, 2R, 6, 7, 12, 14, 16,
19, and 20). When the water-table elevation is high, as shown for example on the 4 April 1994
gauging event maps (Figures 5 and 6), fewer wells (in this case only NFFW-6) have an occurrence
of product.

In summary, the hydrogeologic data indicate that as the water-table elevation decreases, the
amount of free-phase product increases; both in aerial extent and in thickness of the product layer
observed in individual wells. Furthermore, during very dry periods, the water table drops below
the bottom of the recovery well. Based on the evaluation of pumping test data as presented
above, we cannot rule out the possibility that deepening well NFFW-2R has the potential to cross-
contaminate the lower partion of the aquifer which serves as the drinking water supply. Asa
result, deepening NFFW-2R is not recommmended.

Continued Recovery Activities

Although taking the conservative approach of not deepening NFFW-2R reduces the potential of
separate phase recovery during dry/low water-table elevation periods; the addition of the thermal
oxidizer will allow continued recovery during those periods. The installation of the thermal

. oxidizer, as outlined in the revised work description letter dated 22 February 1993, will allow the
vacuum-enhanced recovery system at NFFW-2R to be put back into operation in 2 more cost-
efficient manner than with carbon absorption as previously used. The thermal oxidizer will enable
the vacuum-enhanced recovery of petroleum hydrocarbons from the subsurface to continue even
when the water table falls below the bottom of well NFFW-2R. As a result, remediation of the
site can continue even during periods of low water-table elevation.
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Please contact either of the undersigned at (410) 771-4950 if you have any questions or
comments regarding this letter.

Sincerely,

Terri B. Lindsay
Geologist

AP

Carl G. Reitenbach, P.E.
CTO Manager

cc: P. Greco, NAS Willow Grove
J. Colter, North Div
C. Houlik, EA
S. Morekas, EA
B. Pamelia, EA

11296000 etters\Briegel. 395
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