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EXECUTIVE SUMMARY

This report summarizes the field activities conducted at March AFB for a short-term field
pilot test to compare vacuum-enhanced free-product recovery (bioslurping) to traditional free-product
recovery techniques to remove light, nonaqueous-phase liquid (LNAPL) from subsurface soils and
aquifers. The field testing at March AFB is part of the Bioslurper Initiative, which is funded and
managed by the U.S. Air Force Center for Environmental Excellence (AFCEE) Technology Transfer
Division. The AFCEE Bioslurper Initiative is a multisite program designed to evaluate the efficacy of
the bioslurping technology for (1) recovery of LNAPL from groundwater and the capillary fringe, and
(2) enhancing natural in situ degradation of petroleum contaminants in the vadose zone via bioventing.

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the
potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall
study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of
bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests
are being performed at many sites. The test at March AFB is one of more than 40 similar field tests
to be conducted at various locations throughout the United States and its possessions.

The intent of field testing is to collect data to support determination of the predictability of
LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping
technology for removal of free product and remediation of the contaminated area. The on-site testing
is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the
performance of more conventional LNAPL recovery technologies. The test method included an initial
site characterization followed by LNAPL recovery testing. The three LNAPL recovery technologies
tested at March AFB were skimmer pumping, bioslurping, and drawdown pumping.

Bioslurper pilot test activities were conducted at two monitoring wells located at the Panero
JP-4 Spill Site. Site characterization activities were conducted to evaluate site variables that could
affect LNAPL recovery efficiency and to determine the bioventing potential of the site. Testing
included baildown testing to evaluate the mobility of LNAPL, soil sampling to determine
physical/chemical site characteristics, soil gas permeability testing to determine the radius of
influence, and in situ respiration testing to evaluate site microbial activity.

Following the site characterization activities, the pump tests were conducted. At monitoring

- well MW-04, pilot tests for skimmer pumping and bioslurping were conducted. The LNAPL

recovery testing was conducted in the following sequence at monitoring well MW-04: 48 hours in the

iv




skimmer configuration, approximately 21 hours in the bioslurper configuration (with 24 hours of
downtime in the middle of the test), 10 hours in the drawdown configuration, and an additional 18
hours in the bioslurper configuration.

At monitoring well MW-03, pilot tests for bioslurping were conducted under low and high
vacuum. The low-vacuum pump test was conducted for approximately 20 hours and the high-vacuum
pump test was conducted for approximately 48 hours.

Measurements of extracted soil gas composition, LNAPL thickness, and groundwater level
were taken throughout the testing. The volume of LNAPL recovered and groundwater extracted were
quantified over time.

No LNAPL was recovered during any of the pump tests at monitoring well MW-04.
Groundwater was extracted at relatively high rates, ranging from 351 gallons/day during the initial
skimmer pump tests up to 6,400 gallons/day during the second bioslurper pump test. These results
indicate that free-product recovery was not possible at this monitoring well possibly due to the
relative immobility of the free product. "

The bioslurper pump test was conducted under low and high vacuum to evaluate the effects on
LNAPL recovery rates. Under low-vacuum conditions, LNAPL recovery averaged 2.2 gallons/day,
whereas groundwater recovery averaged 1,700 gallons/day. Under high-vacuum conditions, LNAPL
recovery increased significantly fo an average of 10 gallons/day. Groundwater recovery rates were

almost double those under low-vacuum, averaging 3,300 gallons/day. These results demonstrate that

_ operation of the bioslurper under high-vacuum conditions may improve free-product recovery;

however, significant quantities of groundwater also will be generated.

Implementation of vacuum-enhanced recovery at the March AFB test site may facilitate
enhanced recovery of LNAPL from the water table and simultaneous in situ biodegradation of
hydrocarbons in the vadose zone via bioventing. Groundwater extraction rates can also be expected
to be increased. The bioslurper pilot test demonstrated the feasibility of performing vacuum-enhanced
recovery at the Panero site at March AFB; however, to determine the sustainability of fuel and
groundwater recovery, longer term testing should be performed using the existing Panero system
extraction wells with an induced vacuum.

The soil vapor extraction test performed on Well #SVE-1A demonstrated that a significant
mass of hydrocarbons could be extracted from this well. During the 1-month test, approximately
6,400 Ib of petroleum hydfocarbons were extracted from the subsurface using an internal combustion

engine (ICE). Supplemental fuel usage was low initially, but increased toward the end of the test. It




is not known if the vertical contamination profile present in the vicinity of Well #SVE-1A is

representative of a large portion of the Panero site.
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1.0 INTRODUCTION

This report describes activities performed and data collected during field tests at March Air
Force Base (AFB), California, to compare vacuum-enhanced free-product recovery (bioslurping) to
traditional free-product recovery tecilnologies for removal of light, nonaqueous-phase liquid (LNAPL)
from subsurface soils and aquifers. The field testing at March AFB is part of the Bioslurper
Initiative, which is funded and managed by the U.S. Air Force Center for Environmental Excellence
(AFCEE) Technology Transfer Division. The AFCEE Bioslurper Initiative is a multisite program
designed to evaluate the efficacy of the bioslurping technology for (1) recovery of LNAPL from
groundwater and the capillary fringe and (2) enhancing natural in situ degradation of petroleum

contaminants in the vadose zone via bioventing.
1.1 Objectives

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the
potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall
study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of
bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests
are being performed at many sites. The test at March AFB is one of more than 40 similar field tests
to be conducted at various locations throughout the United States and its possessions. Aspects of the
testing program that apply to all sites are described in the Test Plan and Technical Protocol for
Bioslurping (Battelle, 1995). Test provisions specific to activities at March AFB are described in the
Site-Specific Test Plan provided in Appendix A.

The intent of field testing is to collect data to support determination of the predictability of
LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping

“technology for removal of free product and remediation of the contaminated area. The on-site testing




is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the
performance of more conventional LNAPL recovery technologies. The test method included an initial
site characterization followed by LNAPL recovery testing. The three LNAPL recovery technologies
tested at March AFB were skimmer pumping, bioslurping, and drawdown pumping. The specific test
objectives, methods, and results for the March AFB test program are discussed in the following

sections.
1.2 Testing Approach

Bioslurper pilot test activities were conducted at two monitoring wells located at the Panero
JP-4 Spill Site. Site characterization activities were conducted to evaluate site variables that could
affect LNAPL recovery efficiency and to determine the bioventing potential of the site. Testing
included baildown testing to evaluate the mobility of LNAPL, soil sampling to determine
physical/chemical site characteristics, soil gas permeability testing to determine the radius of
influence, and in situ respiration testing to evaluate site microbial activity.

Following the site characterization activities, the pump tests were conducted. At monitoring
well MW-04, pilot tests for skimmer pumping and bioslurping were conducted. The LNAPL
recovery testing was conducted in the following sequence at monitoring well MW-04: 48 hours in the
skimmer configuration, approximately 21 hours in the bioslurper configuration (with 24 hours of
downtime in the middle of the test), 10 hours in the drawdown configuration, and an additional 18
hours in the bioslurper configuration.

At monitoring well MW-03, pilot tests for bioslurping were conducted under low- and high-
vacuum. The low-vacuum pump test was conducted for approximately 20 hours and the high-vacuum
pump test was conducted for approximately 48 hours..

Measurements of extracted soil gas composition, LNAPL thickness, and groundwater level
were taken throughout the testing. The volume of LNAPL recovered and groundwater extracted were
quantified over time.

At the request of the Air Force, an extended soil vapor extraction (SVE) test was performed
o‘n Well #SVE-1A, to investigate the feasibility of removing hydrocarbons from the subsurface

through vapor extraction alone.




2.0 SITE DESCRIPTION

March AFB is located at the north end of the Perris Valley in Riverside County, California.
The Panero aircraft refueling system site is located on 45 acres of land on the eastern half of the bése.
The refueling system at the site includes an underground tank farm comprising 34 50,000-gallon steel
underground storage tanks (USTé), one 25,000-gallon underground defueling tank, one 550-gallon
steel underground vapor recovery tank, a pump house consisting of 34 600-gpm jet fuel pumps, and
approximately 7,500 feet of associated underground steel piping used to deliver fuel to and from
fueling hydrants.

The soils at the Panero JP-4 Spill Site consist of alluvial deposits erodéd from the surrounding

' higher bedrock terrain. The deposits consist of alternating, discontinuous layers of fine- to coarse-

grained, unconsolidated material. A soil gas survey was conducted in November 1989; analyses of
the shallow soil borings (4 feet below ground surface [bgs]) indicated the presence of jet fuel
contamination to the south and west of the pump house. Analyses of deeper soil gas samples
indicated more extensive contamination, with the highest concentration being > 136,000 pg/L total
volatile organic compounds (VOCs). '

Figure 1 illustrates the location of groundwater monitoring wells at the Panero JP-4 Spill Site.

Free product has been detected at a number of the monitoring wells at this site.
3.0 BIOSLURPER SHORT-TERM PILOT TEST METHODS

This section documents the initial conditions at the test site and describes the test equipment

and methods used for the short-term pilot test at March AFB.
3.1 Initial LNAPL/Groundwater Measurements and Baildown Testing

Monitoring wells MW-04 and MW-03 were evaluated for use in the bioslurper pilot testing.
Initial depths to LNAPL and to groundwater were measured using an oil/water interface probe (ORS
Model #1068013). LNAPL was removed from the well with a Teflon™ bailer until the LNAPL
thickness could no longer be reduced. The rate of increase in the thickness of the floating LNAPL
layer was monitored using the oil/water interface probe for approximately 41 hours in MW-04 and 1
hour in MW-03.




2B~MW-4
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* Location of
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Figure 1. Schematic Diagram Showing Locations of Monitoring Wells at the Panero JP-4

Spill Site, March AFB, CA




An LNAPL sample was collected from monitoring well TF-03 for analysis of benzene,
toluene, ethylbenzene, and xylenes (BTEX) and for boiling point fractionation. The sample was sent

to Alpha Analytical, Inc., in Sparks, Nevada.
3.2 Well Construction Details

Short-term bioslurper pump tests were conducted at existing monitoring wells MW-04 and
MW-03. Monitoring well MW-04 is constructed of 4-inch-diameter, schedule 80 polyvinyl chloride
(PVC). Monitoring well MW-03 is constructed of 4-inch-diameter, stainless steel tubing. Exact

depths and screen lengths are unknown.
3.3 Soil Gas Monitoring Point and Thermocouple Installation

Three monitoring points were installed and were labeled MPA, MPB, and MPC. The
locations of the monitoring points are illustrated in Figure 2. |

The monitoring points consisted of sets of %-inch tubing, with 1-inch-diameter,” 6-inch-long
screened areas. The screened lengths were positioned at the appropriate depths, and the annular space
corresponding to the screened length was filled with silica sand. The interval between the screened
lengths was filled with bentonite clay chips, as was the space from the top of the shallowest screened
length to the ground surface. After placement, the bentonite clay was hydrated with water to expand
the chips and provide a seal. The screened interval in each monitoring point were installed at depths
of 15, 25, and 34 feet. Type K thermocouples were installed with monitoring point MPA at depths of
15 and 34 feet.

After installation of the monitoring points, initial soil gas measurements were taken with a
GasTech portable O,/CO, meter and a GasTech TraceTechtor portable hydrocarbon meter. Oxygen
limitation was observed at most screened intervals, with oxygen concentrations typically less than

10% (Table 1).
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Table 1. Initial Soil Gas Compositions at the Panero JP-4 Spill Site, March AFB, CA

Mdnitoring Point Depth (ft) Oxygen (%) Carbon Dioxide (%) | TPH (ppmv)?

MPA 15 5.0 7.0 0

25 5.0 5.5 . 400

34 55 3.5 13,000
MPB 15 8.5 5.7 880

25 15.9 2.8 540

34 6.5 52 12,200
MPC 15 9.0 4.9 2,200

25 0 8.0 20,000

34 2.5 7.0 800

2 TPH is total petroleum hydrocarbons.
3.4 Soil Sampling and Analysis

Three soil samples were collected during the installation of monitoring point MPA and were
labeled MAR-MPA-32.0'-35.0’, MAR-MPA-35.0’-35.5’, and MAR-MPA-35.5-36.0. The soil
samples were collected using a Geoprobe. The samples were placed in an insulated cooler, chain-of-
custody records and shipping papers were completed, and the samples were sent to Alpha Analytical,
Inc., in Sparks, Nevada. Sample MAR-MPA-32.0'-35.0’ was analyzed for bulk density, moisture
content, particle size, and porosity. Samples MAR-MPA-35.0'-35.5" and MAR-MPA-35.5-36.0 were
analyzed for BTEX and TPH. The laboratory analytical report is provided in Appendix B. -

3.5 LNAPL Recovery Testing
3.5.1 System Setup

The bioslurping pilot test system is a trailer-mounted mobile unit. The vacuum pump

(Atlantic Fluidics Model A100, 7.5-hp liquid ring pump), oil/water separator, and required support




equipment were carried to the test location on a trailer. The trailer was located near the monitoring
well, the well cap was removed, a coupling and tee were attached to the top of the well, and the
slurper tube was lowered into the well. The slurper tube was attaéhed to the vacuum pump.
Different configurations of the tee and the placement depth of the slurper tube allow for simulation of
skimmer pumping, operation in the bioslurping configuration, or simulation of drawdown pumping.
Extracted groundwater was treated by passing the effluent through an oil/water separator and allowed
to settle in a 500-gallon tank. The groundwatef was then discharged to the sanitary sewer.

A brief system startup test was performed prior to LNAPL recovery testing to ensure that all
system components were working properly. The system checklist is provided in Appendix C. All
site data and field testing information were recorded in a field notebook and then transcribed onto

pilot test data sheets provided in Appendix D.
3.5.2 Initial Skimmer Pump Test

Prior to test initiation, depths to LNAPL and groundwater were measured. The slurper tube
was then set at the LNAPL/groundwater interface with the wellhead open to the atmosphere via a
PVC connecting tee (Figure 3). The liquid ring pump and oil/water separator were primed with
known amounts of groundwater to ensure that any LNAPL or groundwater entering the system could
be quantified. The flow totalizers for the LNAPL and aqueous effluent were zeroed, and the liquid
ring pump was started on February 9, 1996, to begin the skimmer pump test. The test was operated
continuously for approximately 48 hours. The LNAPL and groundwater extraction rates were
monitored throughout the test, as were all other relevant data for the skimmer pump tést. Test data

sheets are provided in Appendix D.
3.5.3 Bioslurper Pump Test

Bioslurper pump tests were conducted at monitoring wells MW-04 and MW-03. Both a low-
vacuum and a high-vacuum test were performed at monitoring well MW-03. Details of the tests are

described in the following sections.
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Figure 3. Slurper Tube Placement and Valve Position for the Skimmer Pump Test
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3.5.3.1 Monitoring Well MW-04

Upon completion of the initial skimmer pump test, preparations were made to begin the
bioslurper pump test. Prior to test initiation, depths to LNAPL and groundwater were measured.
The slurper tube was then set at the LNAPL/groundwater interface. The PVC connecting tee was
removed, sealing the wellhead and allowing the pump to establish a vacuum in the well (Figure 4). A
pressure gauge was installed at the wellhead to measure the vacuum inside the extraction well. The
liquid ring pump and oil/water separator were primed with known amounts of groundwater to ensure
that any LNAPL or groundwater entering the system could be quantified. The flow totalizers for the
LNAPL and aqueous effluent were zeroed, and the liquid ring pump was started on February 11,
1996, to begin the bioslurper pump test. The test was initiated approximately 2 hours after the
skimmer pump test and was operated for approximately 21 hours with 24 hours of downtime during
the middle of testing. The LNAPL and groundwater extraction rates were monitored throughout the
test, as were all other relevant data for the bioslurper pump test. Test data sheets are provided in

Appendix D.
3.5.3.2 Monitoring Well MW-03

Prior to test initiation, depths to LNAPL and groundwater were measured. The bioslurper
system was set up as described in Section 3.5.3.1. The liquid ring pump was started on February 15,
1996, and operated at a vacuum of approximately 8.5 inches of H,O to begin the low-vacuum
bioslurper pump test. The test was operated continuously for approximately 20 hours. The liquid
ring pump was started on February 16, 1996, and was operated at a vacuum of approximately 27
inches of H,O to begin the high-vacuum bioslurper pump test. The test was operated continuously
for approximately 48 hours. The LNAPL and groundwater extraction rates were monitored
throughout the tests, as were all other relevant data for the bioslurper pump test. Test data sheets are

provided in Appendix D.
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3.5.4 Drawdown Pump Test

Upon completion of the bioslurper pump test, preparations were made to begin the drawdown
pump test. Prior to test initiation, depths to LNAPL and groundwater were measured. The slurper
tube waé positioned similar to the skimmer configuration, but the pump was operated to achieve
drawdown of the water table (Figure 5). The liquid ring pump and oil/water separator were prﬁned
with known amounts of groundwater to eﬁsure that any LNAPL or groundwater entering the system
could be quantified. The flow totalizers for the LNAPL and aqueous effluent were zeroed, and the
liquid ring pump was started on February 13, 1996, to begin the drawdown pump test. The test was
initiated approxirﬂately 1 hour after the bioslurper pump test and was operated continuously for 10
hours. The LNAPL and groundwater extraction rates were monitored th:oughopt the test, as were all

other relevant data for the drawdown pump test. Test data sheets are provided in Appendix D.
3.5.5 Second Bioslurper Pump Test

Prior to test initiation, depths to LNAPL and groundwater were measured. The bioslurper
system was set up as described in Section 3.5.3.1. The liquid ring pump was started on February 15,
1996, to begin the bioslurper pump test. The test was operated continuously for approximately 18
hours. The LNAPL and groundwater extraction rates were monitored throughout the tests, as were

all other relevant data for the bioslurper pump test. Test data sheets are provided in Appendix D.
3.6 Off-Gas Sampling and Analysis

Five soil gas samples were collected during the bioslurper pump tests. Samples MAR-SL-01
and MAR-ICE-01 were collected during the bioslurper pump test at monitoring well MW-04 and were
collected from the seal tank headspace and the off-gas of the internal combustion engine (ICE) unit,
respectively. Samples STACK-02, MAR-SL-02, and MAR-ICE-02 were collected during the high-
vacuum bioslurper pump test at monitoring well MW-03. Sample STACK-02 was collected from the
bioslurper off-gas shortly after bioslurper initiation because the ICE unit stopped. Samples MAR-SL-
02 and MAR-ICE-02 were collected from the seal tank headspace and the ICE unit off-gas,
respectively, approximately 45 hours after test initiation. The samples were collected in Tedlar™ bags
and transferred to Summa™ canisters. The samples were sent under chain of custody to Air Toxics,
Ltd., in Rancho Cordova, California, for analyses of BTEX and TPH.
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3.7 Groundwater Sampling and Analysis

Two groundwater samples were collected during the bioslurper pump test. Both samples were
collected from the oil/water separator and were labeled HAV-OWS-Water-Sampl and HAV-OWS-
Water-Samp2. Samples were collected in 40-mL septa vials containing HC preservative. Samples
were checked to ensure no headspace was present and were then shipped on ice and sent under chain

of custody to Alpha Analytical, Inc., in Sparks, Nevada for analyses of BTEX and TPH.
~ 3.8 Soil Vapor Extraction Testing

It was determined that extended testing using the trailer mounted bioslurper was impractical at
this site both technically and logistically. At the request of the Air Force an extended soil vapor
extraction (SVE) test was conducted in place of the bioslurper extended test. The model V-3 ICE
used for vapor treatment during the bioslurper pilot testing was connected to an existing site vapor
extraction well, Well# SVE-1A. The SVE test was initiated on February 22, 1996. The system was

monitored remotely via modem by the ICE manufacturer, VR systems of Anahiem California.

4.0 RESULTS

This section documents the results of the site characterization, the comparative LNAPL

recovery pump test, and other supporting tests conducted at March AFB. -

4.1 Baildown Test Results

Results from the baildown test in monitoring wells MW-04 and MW-03 are presented in
Table 2. A total volume of 1.2 L (0.32 gallons) was removed by hand-bailing from monitoring well
MW-04. In monitoring well MW-04, the LNAPL thickness recovered to approximately 60% of
initial levels by the end of the 41-hour test period. In monitoring well MW-03, the LNAPL thickness

14




Tablg 2. Results of Baildown Testing in Monitoring Wells MW-04 and MW-03

Depth to

Monitoring | Sample Collection Time | Depth to LNAPL
Well (Date-Time) LNAPL (ft) | Groundwater (ft) Thickness (ft)

MW-04 Initial Reading 35.00 35.73 0.73
2/5/96-1545
2/5/96-1615 35.09 35.46 0.37
2/5/96-1617 35.07 35.46 0.39
2/5/96-1620 35.06 35.48 0.42
2/5/96-1715 35.04 35.47 0.43
2/6/96-0740 35.03 35.47 0.44
2/7/96-0845 34.90 35.33 0.43

MW-03 Initial Reading - 36.78 37.02 0.24
2/15/96-1416
2/15/96-1430 36.715 - 36.98 0.265
2/15/96-1500 36.71 36.95 0.24
2/15/96-1510 36.72 36.98 0.26
2/15/96-1527 36.71 36.97 0.26

recovered to initial levels within 1 hour. The results of these tests indicate that these wells may be

suitable for bioslurping.

Table 3 shows the TPH and BTEX concentrations measured in soil samples collected from the
Panero JP-4 Spill Site. TPH and BTEX concentrations were relatively low with TPH and most BTEX

components below detection limits.

4.2 Soil Sample Analyses

The results of the physical characterization of the soil are presented in Table 4.
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4.3 LNAPL Pump Test Results

Results from the LNAPL pump tests are presented in the following sections. Due to thev very

 low LNAPL recovery at monitoring well MW-04, a graph illustrating LNAPL recovery during each

pump test was not prepared.
4.3.1 Pump Test Results at Monitoring Well MW-04

No LNAPL was recovered during any of the pump tests at this monitoring well (Table 5).
Groundwater was extracted at relatively high rates, ranging from 351 gallons/day during the initial
skimmer pump tests up to 6,400 gallons/day during the second bioslurper pump test (Table 5). These
results indicate that free product recovery was not possible at this monitoring well possibly due to the

relative immobility of the free product.
4.3.2 Bioslurper Pump Test Results at Monitoring Well MW-03

The bioslurper pump test was conducted under both low and high vacuum to evaluate the
effects on LNAPL recovery rates. Results from these two pump tests are presented in Table 6.
Under low-vacuum conditions, LNAPL recovery averaged 2.2 gallons/day, while groundwater
recovery averaged 1,700 gallons/day. Under high-vacuum conditions, LNAPL recovery increased
significantly to an average of 10 gallons/day (Figufe 6). Groundwater recovery rates were almost
double the rates under low-vacuum conditions, averaging 3,300 gallons/day. These results
demonstrate that operation of the bioslurper under high-vacuum conditions may improve free product

recovery; however, significant quantities of groundwater also will be generated.
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Table 3. TPH and BTEX Concentrations in Seil Samples from the Panero JP-4 Spill
Site, March AFB, CA

Concentration (mg/kg)
p MAR-MPA-35.0'-35.5' | MAR-MPA-35.5'-36.0’
arameter
TPH as diesel <10 <10
Benzene 0.028 0.11
Toluene <0.020 0.057
Ethylbenzene <0.020 <0.020
Xylenes <0.020 <0.020
Table 4. Physical Characterization of Soil from the Panero JP-4 Spill Site, March AFB,
Sample
Parameter MAR-MPA-32.0-35.0
Moisture Content (%) 15.5
Porosity (%) 61.5
Specific Gravity (g/cm?) 1.02
Particle Size (%)
Sand 65.5
Silt 25.9
Clay 8.6
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Table 5. Pump Test Results at Monitoring Well MW-04, Panero JP-4 Spill Site, March
AFB, CA
Initial Skimmer Second Bioslurper

Recovery Pump Test Bioslurper Pump Test Drawdown Pump Test Pump Test
Rate ;

(gal/day) LNAPL | Groundwater | LNAPL | Groundwater | LNAPL | Groundwater | LNAPL Groundwater
Day 1 0 577 0 3,016 0 3,816 0 6,408
Day 2 0 140 0 4,690 NA NA NA NA

Average 0 351 0 4,370 0 3,816 0 6,408
Total 0 690 0 3,825 0 3,722 0 4,996

Recovered
(gal)

NA = Not applicable.

Table 6. Pump Test Results at Monitoring Well MW-03, Panero JP-4 Spill Site, March
AFB, CA
Low-Vacuum (~8.5" H,0) High-Vacuum (~27" H,0)
Bioslurper Pump Test Bioslurper Pump Test
Recovery Rate .

(gal/day) LNAPL Groundwater LNAPL Groundwater

Day 1 2.15 1,691 13.80 3,274

Day 2 NA NA 7.13 3,316

Average 2.15 1,691 10.13 3,297

Total Recovered (gal) 1.8 1,416 20.0 6,512

NA = Not applicable.
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4.3.3 Extracted Groundwater, LNAPL, and Off-Gas Analyses

The groundwater samples collected during the bioslurper pump test were not analyzed due to
a lab error.

Off-gas samples from the bioslurper system also were collected during the bioslurper pump
test. The results from the off-gas analyses are presented in Table 7. Given a vapor discharge rate of
23 scfm and using an concentration of 66 ppmv TPH and 0.021 ppmv benzene, approximately 0.89
Ib/day of TPH and 0.00014 1b/day benzene were emitted to the air during the bioslurper pump test.

The BTEX composition of LNAPL is shown in Table 8. The distributibn of C-range
compounds were not analyzed. A new fuel sample wili be taken during the in situ respiration test for

C-range analysis, and will be included in the final report.
4.4 Bioventing Analyses: Soil Gas Permeability Testing

The radius of influence is calculated by plotting the log of the pressure change at a specific
monitoring point versus the distance from the extraction well. The radius of influence is then defined
as the distance from the extraction well where 0.1 inch of H,O can be measured. Results from the

soil gas permeability testing were inconclusive, possibly due to low-vacuum conditions.
4.5 Soil Vapor Extraction Results

The SVE test was conducted on Well #SVE-1A from February 22, 1996 through March 21,
1996. The system operated for a total of 688 hours, or 28.6 days. The SVE test ran continuously
except for one shutdown on March 10, 1996, due to a high-level alarm in the moisture knockout tank.
The tank was drained and the system was restarted on March 11, 1996.

The ICE performance data were printed out once daily as shown in Table 9. An estimate of
the mass of hydrocarbons extracted from the subsurface can be made based on the supplemental fuel
usage. Based on a run time of 688 hours, and an estimated total fuel requirement (supplemental +

extracted soil hydrocarbon vapors) of 15 Ib/hr (provided by VR Systems), a total of 10,320 Ib of
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Table 7. BTEX and TPH Concentrations in Off-Gas During the Bioslurper Pump Test
at March AFB, CA

Concentration (ppmv)

Parameter | MAR-SL-01 [ MAR-ICE-01 | Stack-02 | MAR-SL-02 | MAR-ICE-02
TPH as jet fuel 5,900 34 100,000 48,000 0.28
Benzene 460 0.047 1,600 590 <0.0020
Toluene 460 0.055 . 3,100 1,400 <0.0020
Ethylbenzene 69 0.016 110 170 <0.0020
Xylenes 340 0.072 340 2,900 <0.0020

Table 8. BTEX Concentrations in LNAPL from March AFB, CA

Compound Concentrations (mg/kg)
Benzene <30
Toluene <30
Ethylbenzene 31
Total Xylenes 81
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Table 9. ICE Performance Data

Fuel Fuel Gal Eng
Date Time Rpm Exh Carb Bypass Flow Vac Duty cfm Total Prop hrs
2120 - 1709 1137 26 10.3 56 43 57 0.0 69488 555
2121 - 1721 1138 26.8 10.3 53 46 55 70013 14.6 578
2/22 - 1740 | 1125 25.7 9.5 52 48 52 70682 18.6 601
2/23 - 1752 | 998 21.7 0 36 33 76 71419 20.5 626
224 AM 2000 1119 30 6.3 44 ? 49 0.0 72824 39 -—
2/24 17:00 2000 1098 30.8 3.7 40 ? 47 1.26 73087 73 -
2/24 21:00 Change rpm to 1800
224 21:00 1800 1159 29.9 12.3 55 23 52 0.0 73470 10.6 660
2125 09:00 1800 1161 29 12.3 56 26 52 0.0 73977 14 672
2126 10:00 1800 1160 29 12 56 26 57 0.0 74882 25 697
2127 07:00 17711 1157 28.2 14.1 60 26 49 72 75635 21 718
2/27 13:00 1800 1112 27 8.3 52 18 82 0.0 75664 1 724
2/28 18:30 1793 1152 28 14 60 28 41 .83 76380 20 742
2/29 07:00 1783 1159 27 14 61 26 47 0.0 77i89 22 766
31 07:00 1750 1154 ? 13 60 23 55 0.0 77905 20 790
31 13:30 1800 1151 27 9.6 54 21 48 0.0 77994 2.5 797
3/4 AM 1764 1158 27 16 65 28 53 0.0 80231 62 863
3/5 08:00 1750 1160 29.5 16 66 26 51 0.0 81176 26 887
3/6 07:30 1750 1153 26 16.7 67 25 54 0.0 82112 26 911
3/6 14:45 1738 1173 27.6 16.6 67 26 54 0.0 82312 5.5 918
317 07:28 1790 1161 26.0 16.6 68 27 52 0.0 83020 20 935
3)8 06:00 1747 1149 26 16.5 69 28 46 92 83953 26 958
3/8 18:00 1800 1164 28 16.4 67 24 55 0.0 84289 19 969
3/9 09:30 1750 1178 274 16.4 68 23 56 0.0 84965 19 985
3/9 21:30 1760 1165 26.9 " 16.4 68 25 48 .82 85461 14 997
3/10 16:38 SHUTDOWN
3/11 13:16 RESTART DRAIN 50 GALLON WATER CHANGE DITHERING VALVE
3/13 18:00 UNIT RUNNING NO INFORMATION RECORDED
3/14 19:29 1829 1157 28.7 17.9 70 27 53 1.08 90881 151 1082
3/15 6:25 1822 1152 26.3 17.9 71 28 52 1.14 91688 22 1093
3/18 6:07 1847 1152 30.0 18.6 71 28 49 1.23 96588 135 1165
3/19 9:08 1832 1167 28 18.1 69 28 59 .85 98538 54 | 1192
3/20 6:29 1823 | 1147 254 17.8 71 28 58 1.15 100157 45 1213
321 12:05 1847 1156 28.6 17.0 66 25 41 1.3 102454 64 1243
22




fuel was required to operate the system for the 1-month-long test. A total of 3,937 Ib (915 gal x 4.3
Ib/gal propane) of supplemental propane were used during the test, leaving 6,383 Ib of hydrocarbons
extracted from Well #SVE-1A. Note that this estimate is based on ICE performance assumptions and
not from direct measurement of the hydrocarbon concentration of the extracted well gas.

During the test the initial supplemental fuel usage was quite low at approximately 20 gallons
of propane per day. After the system shutdown, supplemental fuel usage increased to more than 50

gallons per day.

5.0 DISCUSSION

No LNAPL was recovered during any of the pump tests at monitoring well MW-04.
Groundwater was extracted at relatively high rates, ranging from 351 gallons/day during the initial
skimmer pump tests up to 6,400 gallons/day during the second bioslurper pump test. These results
indicate that free-produét recovery was not possible at this monitoring well possibly due to the
relative immobility of the free product. |

The bioslurper pump test was conducted under both low and high vacuum at MW-03 to
evaluate the effects on LNAPL recovery rates. Under low-vacuum conditions, LNAPL recovery-
averaged 2.2 gallons/day, while groundwater recovery averaged 1,700 gallons/day. Under high-
vacuum conditions, LNAPL recovery increased significantly to an average of 10 gallons/day.
Groundwater recovery rates were almost double those under low vacuum, averaging 3,300
gallons/day. These results demonstrate that operation of the bioslurper under high-vacuum conditions
may improve free-product recovery and significantly increase groundwater extraction rates.

Implementation of vacuum-enhanced recovery at the March AFB test site may facilitate
enhanced recovery of LNAPL from the water table and simultaneous in situ biodegradation of
hydrocarbons in the vadose zone via bioventing. Groundwater extraction rates also can be expected
to be increased. The bioslurper pilot test demonstrated the feasibility of performing vacuum-enhanced
recovery at the Panero site at March AFB; however, to determine the sustainability of fuel and
groundwater recovery, longer term testing should be performed using the existing Panero system
extraction wells with an induced vacuum.

The soil vapor extraction test performed on Well #SVE-1A demonstrated that a significant

mass of hydrocarbons could be extracted from this well. During the 1-month test, approximately
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6,400 1b of petroleum hydrocarbons were extracted from the subsurface using an ICE. Supplemental
fuel usage was low initially, but increased toward the end of the test. It is not known if the vertical
contamination profile present in the vicinity of Well #SVE-1A is representative of a large portion of

the Panero site.
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SITE-SPECIFIC TEST PLAN FOR BIOSLURPER FIELD ACTIVITIES AT
MARCH AIR FORCE BASE, CALIFORNIA

FINAL

U.S. Air Force Center for Environmental Excellence
Technology Transfer Division
(AFCEE/ERT)

Brooks AFB, TX

October 5, 1995

1.0 INTRODUCTION

The Air Force Center for Environmental Excellence (AFCEE) Technology Transfer Division is
conducting a nationwide application of an innovative technology for free-product recovery and soil
bioremediation. The technology tested in the Bioslurper Initiative is vacuum-enhanced free-product
recovery/bioremediation (bioslurping). The field test and evaluation are intended to demonstrate the
initial feasibility of bioslurping by measuring system performance in the field. The Bioslurper
Initiative has been designed to evaluate the effectiveness of bioslurping as a light, nonaqueous-phase
liquid (LNAPL) recovery technology relative to conventional gravity-driven LNAPL recovery
technologies. System performance parameters, mainly free-product recovery, will be determined at
numerous sites. Field testing will be performed at many sites to determine the effects of different
organic contaminant types and concentrations and different geological conditions on bioslurping
effectiveness.

Plans for the field test activities are presented in two documents. The first is the overall Test Plan
and Technical Protocol for the entire program, titled Test Plan and Technical Protocol for Bioslurping
(Battelle, 1995). The overall Test Plan and Technical Protocol is supplemented by plans specific to
each test site. The concise site-specific plans communicate vapor and water discharge rates for
dealing with regulatory issues to base personnel.

The overall Test Plan and Technical Protocol was developed as a generic plan for the Bioslurper
Initiative to improve the accuracy and efficiency of Test Plan preparation. The field program requires
installation and operation of the bioslurping system supported by a wide variety of site
characterization, performance monitoring, and chemical analysis activities. The basic methods to be
applied from site to site do not change. Preparation and review of the overall Test Plan and
Technical Protocol allows efficient documentation and review of the basic approach to the test
program. Peer and regulatory review were performed for the overall Test Plan and Technical
Protocol to ensure the credibility of the overall program.

This letter report is the site-specific plan for application of bioslurping at March Air Force Base
(AFB), California. It ‘was prepared based on site-specific information received by Battelle from
March AFB and other pertinent site-specific information to support the overall Test Plan and
Technical Protocol.




Site-specific information for March AFB included data for the Panero JP-4 Spill Site (IRP Operable
Unit 3, or OU-3). After reviewing the data, Well PAN MW-15 appears to be the best candidate for
the bioslurper field test; however, the water table has been rising in this area, which may make this
well unsuitable. If PAN MW-15 is unsuitable for testing, other wells will be tested as alternatives for
bioslurper field test activities and dewatering to 1 ft below the water table will be evaluated.

2.0 SITE DESCRIPTION

The information presented in the Site Description portion of this Test Plan was obtained from the
document titled Remedial Investigation Report for March Air Force Base OU-3 (Panero Site). This
document is referenced as RIRM, 1993 in the Test Plan text.

March AFB is located at the north end of the Perris Valley in Riverside County, California. The
base is approximately 60 miles east of Los Angeles and 90 miles north of San Diego. Most Air
Force activity occurs in the eastern section of the base. The Panero aircraft refueling system site is
located on 45 acres of land on the eastern half of the base. Figure 1 is a map that shows the location
of the Panero JP-4 Spill Site. The refueling system at the site includes an underground tank farm
comprising thirty-four 50,000-gallon steel underground storage tanks (USTs), one 25,000-gallon steel
underground defueling tank, a 550-gallon steel underground vapor recovery tank, a pump house
consisting of thirty-four 600 gpm jet fuel pumps, and approximately 7,500 ft of associated
underground steel piping used to deliver fuel to and from fueling hydrants.

The soils beneath the Panero JP-4 Spill Site consist of alluvial deposits eroded from the surrounding
higher bedrock terrain. The deposits consist of alternating, discontinuous layers of fine- to coarse-
grained, unconsolidated material. A soil gas survey was conducted in November 1989; analyses of
the shallow soil borings (4 ft bgs) indicated the presence of jet fuel contamination to the south and
west of the pump house. Analyses of deeper soil gas samples (7 to 14 ft bgs) indicated more
extensive contamination, with the highest concentration being > 136,000 pg/L total volatiles.

Groundwater at the Panero JP-4 Spill Site typically occurs at depths ranging from 33 to 44 ft bgs.
Groundwater investigations (RIRM, 1993) included pump testing on selected wells and slug testing at
all monitoring wells within the site to determine aquifer transmissivity and hydraulic conductivity.
The average hydraulic conductivity found at the Panero JP-4 Spill Site was 12.47 ft/day. The
groundwater migration in the vicinity of the site tends to follow the regional gradient to the southeast.
At the Panero JP-4 Spill Site, the gradient varies from 0.0058 ft/ft to 0.0033 ft/ft. Data taken during
a pumping test on various wells at the Panero JP-4 Spill Site gives an average aquifer transmissivity
of 357.3 ft?/day.

Soil samples were collected from borings made in June 1990. The highest TPH concentration was
66,000 mg/kg. Benzene also was detected at a maximum concentration of 210 mg/kg. This
concentration was detected in borings sampled from the southwest area of the pump house and found
at a depth of 50 to 52 ft bgs.

A site map that shows the locations of groundwater monitoring wells at the Panero JP-4 Spill Site is
provided in Figure 2. Free product thicknesses shown on this map are from May 1993; a more
current estimate of the free product thicknesses is provided in Figure 3. Additional maps showing the
areal extent of free product thicknesses from February 1993 through February 1995 are provided in
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Schematic Diagram Showing Groundwater Monitoring Well Locations at the
Panero JP-4 Spill Site, March AFB, CA
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Figure 3. Schematic Diagram Showing Free Product Thickness and Estimated Areal Extent
of Free Product, March 1995, at the Panero JP-4 Spill Site, March AFB, CA
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Table 1. Screened Interval and Free Product Thickness in Wells at the Panero JP-4 Spill
Site, March AFB, CA (April 1995)

Screened Interval Depth to Free Free Product

Well Number (ft bgs) Product (ft) Thickness (ft)
PAN MW-01 40 — 80 38.29 0.35
PAN MW-11 32.9—629 35.65 2.62
PAN MW-15 40.5 — 70.5 34.61 6.21
PAN FP-01 38 — 68 38.34 3.07
PAN Fp-02 35—65 37.64 0.10
PAN FP-04 35 — 65 37.20 0.30
PAN FP-06 36.6 — 66.6 38.63 0.27
PAN TF-05 38 — 68 38.05 3.68
PAN TF-08 345 — 64.5 37.25 2.97

Appendix A. Free-product (JP-4 jet fuel) was observed in several wells at this site (Table 1). Well
PAN MW-15 had the largest free product thickness during April 1995. Site characterization will be
limited to the Panero JP-4 Spill Site and the initial focus will be on Well PAN MW-15. If
preliminary site characterization indicates that Well PAN MW-01 is unsuitable or if site logistics
prevent the use of this well, other wells will be evaluated as a substitute for the bioslurper test. Due
to the rising water table, dewatering to 1 ft below the water table may be evaluated.

3.0 PROJECT ACTIVITIES

The field activities described in the following sections are planned for the bioslurper pilot test at
March AFB. Additional details about the activities are presented in the overall Test Plan and
Technical Protocol. As appropriate, specific sections in the overall Test Plan and Technical Protocol
are referenced. Table 2 shows the schedule of activities for the Bioslurper Initiative at March AFB.

3.1 Mobilization to the Site

After the site-specific Test Plan is approved, Battelle staff will mobilize equipment to the site. Some
of the equipment will be shipped via air express to March AFB prior to staff arrival. The Base Point
of Contact (POC) will be asked in advance to find a suitable holding facility to receive the bioslurper
pilot test equipment so that it will be easily accessible to the Battelle staff when they arrive with the

remainder of the equipment. The exact mobilization date will be confirmed with the Base POC as far




Table 2. Schedule of Bioslurper Pilot Test Activities

Pilot Test Activity Schedule

Mobilization Day 1-2
Site Characterization ‘ Day 2-3

LNAPL/Groundwater Interface Monitoring and Baildown Tests
Soil Gas Survey (Limited)

Slug Tests

Monitoring Point Installation (3 monitoring points)

Soil Sampling (benzene, toluene, ethylbenzene, and xylenes
(BTEX); TPH; physical characteristics)

System Installation . Day 2-3

Test Startup Day 3
Skimmer Pump Test (2 days) Day 3-4
Bioslurper Pump Test (4 days) Day 6-9
Soil Gas Permeability Testing Day 6
Skimmer Pump Test (continued) Day 10
In Situ Respiration Test - Air/Helium Injection Day 10
In Situ Respiration Test - Monitoring Day 11-16
Drawdown Pump Test (2 days) Day 11-12

Demobilization/Mobilization Day 13-14

in advance of fieldwork as is possible. The Battelle POC will provide the Base POC with information
on each Battelle employee who will be on site. Battelle personnel will be mobilized to the site after
receiving confirmation that the shipped equipment has been received by March AFB.

3.2 Site Characterization Tests
3.2.1 Baildown Tests

The baildown test is the primary test for selection of the bioslurper test well. Baildown tests will be
performed at wells that contain measurable thicknesses of LNAPL to estimate the LNAPL recovery
potential at those particular wells. In most cases, the well exhibiting the highest rate of LNAPL
recovery will be selected for the bioslurper extraction well. A sample of free LNAPL will be
collected at this point for analyses of boiling point distribution and BTEX concentration. Detailed




procedures for the baildown tests are provided in Section 5.6 of the overall Test Plan and Technical
Protocol.

3.2.2 Soil Gas Survey (Limited)

A small-scale soil gas survey will be conducted to identify the best location for installation of the soil
gas monitoring points. The soil gas survey will be conducted in areas where historical site data
indicate the highest contamination levels. Soil gas monitoring points will be located in areas that
exhibit the following soil gas characteristics.

1. Relatively high TPH concentrations (10,000 ppmv or greater).
2. Relatively low oxygen concentrations (between 0% and 2%).

3. Relatively high carbon dioxide concentrations (depending on soil type,
between 2% and 10% or greater).

Additional information on the soil gas survey is provided in Section 5.2 of the overall Test Plan and
Technical Protocol.

3.2.3 Slug Tests

Slug tests will be performed to determine aquifer characteristics where the bioslurper test well is
located. Slug te