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EXECUTIVE SUMMARY 

This report summarizes the field activities conducted at Tinker 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 Tinker 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 tests at Tinker AFB are two of over 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 Tinker AFB were skimmer pumping, bioslurping, and drawdown pumping. 

Bioslurper pilot test activities were conducted at two sites at Tinker AFB: the 290 Fuel Yard 

and the North Tanks Area.  Results from the two test sites are presented separately in the following 

sections. 

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. 
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Following the site characterization activities, the pump tests were conducted. At the 290 Fuel 

Yard, pilot tests for skimmer pumping, bioslurping, and drawdown pumping were conducted at 

monitoring well MW-MF-12.  The LNAPL recovery testing was conducted in the following sequence: 

approximately 24 hours in the skimmer configuration, 92.3 hours in the bioslurper configuration, an 

additional 24 hours in the skimmer configuration, and 4 hours in the drawdown configuration. 

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 North Tanks Area, pilot tests for skimmer pumping, bioslurping, and drawdown 

pumping were conducted at monitoring well NTA-10a. The LNAPL recovery testing was conducted 

in the following sequence: 48.1 hours in the skimmer configuration, 74.1 hours in the bioslurper 

configuration (there were two shutdown periods), an additional 23 hours in the skimmer 

configuration, and 44.1 hours in the drawdown configuration. 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. 

290 Fuel Yard 

A baildown recovery test was conducted at monitoring well MW-MF-12.  Baildown recovery 

tests provide a qualitative indication of the presence of mobile; free-phase LNAPL and LNAPL 

recovery potential.  Overall the baildown recovery test indicated a relatively rapid rate of LNAPL 

recovery into the well, with the LNAPL thickness recovering to approximately 50% of initial levels 

by the end of the 2.5-hour test period.  Pilot testing was initiated in this well to determine if vacuum- 

enhanced conditions would facilitate free product recovery. 

A series of pump tests were conducted at monitoring well MW-MF-12: skimmer pumping 

(before and after bioslurping), bioslurping, and drawdown pumping.  Skimmer pump testing initially 

was conducted in a continuous extraction mode for approximately 24 hours.  No significant free-phase 

LNAPL was recovered during skimmer pump testing, indicating that gravity-driven recovery is 

minimal.  Bioslurper testing was conducted for approximately four days resulting in relatively high 

recovery in comparison to skimmer pumping.  During the first day of pumping, no free product could 

be recovered; however, by day 2, the free product recovery rate was 24 gallons/day, decreasing to 

7.7 gallons/day by day 4.  There was no significant LNAPL recovery during the second skimmer 

pump test although groundwater was produced.  Drawdown pump testing was conducted to determine 
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if a cone of groundwater depression would enhance LNAPL recovery. The water table was depressed 

approximately 6 inches below the static water table.  Large quantities of particulate material were 

pulled into the system during drawdown, forcing the early discontinuation of the test. The pump test 

was not operated for a long enough period to properly judge performance.  Overall, these results 

indicate that gravity-driven recovery techniques were not as effective means of free product recovery 

as vacuum-enhanced recovery. 

Groundwater production rates during bioslurping were significantly higher than rates during 

the skimmer or drawdown pump tests. The average rate was 2,000 gallons/day, which was 

transferred directly to a pipeline to the Base Industrial Wastewater Treatment Plant. 

Bioslurping also promotes mass removal in the form of volatilization and in situ 

biodegradation via aeration of the vadose zone.  Vapor phase mass removal is the result of soil gas 

extraction as well as volatilization that may occur during the movement of free-phase LNAPL through 

the extraction network.  Assuming a vapor flowrate of 2 scfm and measured vapor concentrations, 

approximately 79 lb/day of TPH and 0.14 lb/day benzene were emitted to the air during the 

bioslurper'pump test.    Thus, mass removal in the vapor phase is fairly low. 

In situ biodegradation rates of 28 to 33 mg/kg-day were measured at three different locations. 

Based on the radius of influence of 38 ft and a hydrocarbon-impacted soil thickness of 15 ft, mass 

removal rates via biodegradation are on the order of 170 to 200 lbs of hydrocarbon per day.  Thus, 

mass removal rates via biodegradation could be significant.  These results indicate that bioventing is 

feasible at this site.  Air injection bioventing is preferable over bioslurping and soil vapor extraction 

with respect to the elimination of hydrocarbon vapor emissions. 

The initial soil gas profiles at the site displayed oxygen-deficient, carbon dioxide-rich, high 

total volatile hydrocarbon vapor conditions in portions of the site initially, although further movement 

of soil gas further reduced oxygen concentrations, indicating that the initial oxygen measurement may 

have been elevated due to installation activities. These conditions indicate that natural biodegradation 

of residual petroleum hydrocarbons has occurred, but is limited by oxygen availability.  Soil gas 

concentrations were measured during the bioslurper test at monitoring points adjacent to monitoring 

well MW-MF-12 to determine if the vadose zone was being oxygenated via the bioslurper action. 

Oxygen concentrations were impacted at most monitoring points in the vicinity of MW-MF-12. 

However, oxygen concentrations typically dropped over time, possibly due to pulling contaminated, 

oxygen-deficient soil-gas past the monitoring points.  It is likely that over time these areas would 

vi 



become oxygenated.  In short, a four day extraction time frame at approximately 2 scfm is 

insufficient to exchange sufficient pore volumes of soil gas to fully oxygenate the zone of influence. 

In summary, the on-site testing at the 290 Fuel Yard, Tinker AFB, included the direct testing 

of gravity-driven and vacuum-driven LNAPL recovery techniques, bioventing, physical sampling, and 

tests relevant to soil vapor extraction. Free-phase LNAPL recovery was only sustainable in the 

bioslurper mode and therefore, bioslurping is recommended at this site provided a cost-effective 

means for long-term water treatment is viable. The in situ respiration test and vadose zone radius of 

influence testing demonstrate that bioventing is feasible at this site. 

North Tanks Area 

A baildown recovery test was conducted at three monitoring wells at the North Tanks Area: 

NTA-14a, RC-5, and NTA-10a.  Although there was some fuel present in monitoring wells NTA-14a 

and RC-5, there were very large quantities present in monitoring well NTA-10a (10.28 ft initial 

thickness).  Also, recovery was faster in monitoring well NT A-10a than in the other wells. 

Therefore, monitoring well NT A-10a was selected for the bioslurper pump tests. 

A series of pump tests were conducted at monitoring well NTA-10a: skimmer pumping 

(before and after bioslurping), bioslurping, and drawdown pumping.  Skimmer pump testing was 

conducted in a continuous extraction mode for approximately 47 hours.  LNAPL recovery during 

skimmer pumping was significant with a total of 45 gallons of LNAPL was recovered during this test, 

with an average recovery rate of 22 gallons/day.  LNAPL recovery rates were higher during the 

bioslurper pump test than during the skimmer pump test.  A total of 170 gallons of LNAPL were 

extracted during the bioslurper pump test, with daily average recovery rates of 55 gallons/day.  These 

results demonstrate that operation of the bioslurper system in the bioslurper mode was an effective 

means of free-product recovery.  LNAPL recovery dropped during the second skimmer pump test 

compared to the initial skimmer pump test.  Totals of 10 gallons of LNAPL were recovered, with a 

daily average recovery rate of 10 gallons/day.  These results indicate that free-product recovery may 

not be sustainable.  Drawdown pump testing was conducted to determine if a cone of groundwater 

depression would enhance LNAPL recovery.  The water table was depressed approximately 1 ft 

below the static water table.  LNAPL recovery was significant with a recovery rate of 43 gallons/day 

initially. The recovery rate did drop to 22 gallons/day by the second day of testing.  Groundwater 

production was significant, with a total of 2,054.2 gallons produced.  These results demonstrate that 

operation of the bioslurper system in the drawdown mode was effective, but may not be sustainable. 

Vll 
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Groundwater production rates during bioslurping were significantly higher than rates during 

the skimmer or drawdown pump tests. The average rate was 2,200 gallons/day, with a total recovery 

of 6,795 gallons. Contaminant concentrations in groundwater were low and groundwater was able to 

be discharged to the Base Industrial Wastewater Treatment Plant. 

Bioslurping also promotes mass removal in the form of volatilization and in situ 

biodegradation via aeration of the vadose zone.  Vapor phase mass removal is the result of soil gas 

extraction as well as volatilization that may occur during the movement of free-phase LNAPL through 

the extraction network.  Given, the measured vapor flowrate and vapor concentrations, initial 

hydrocarbon removal rates were approximately 21 lb/day of TPH and 0.023 lb/day of benzene. 

Thus, mass removal in the vapor phase is not significant. 

In summary, the on-site testing at the North Tanks Area, Tinker AFB, included the direct 

testing of gravity-driven and vacuum-driven LNAPL free product recovery techniques, bioventing, 

physical sampling, and tests relevant to soil vapor extraction.  Liquid-phase recovery was possible in 

all extraction modes, although slightly higher in the bioslurper mode than during skimmer or 

drawdown pumping.  However, groundwater production during bioslurping was significant and could 

pose a logistical problem for the Base.  Skimmer pumping appeared to be effective at free-product 

recovery, while generation 10% of the groundwater produced during bioslurping. Therefore, 

skimmer pumping is probably a better option for free-product recovery at this site. 
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for 

FREE PRODUCT RECOVERY TESTING 
AT THE 290 FUEL YARD AND THE NORTH TANKS AREA, 

TINKER AFB, OKLAHOMA 

28 May 1997 

1.0 INTRODUCTION 

This report describes activities performed and data collected during field tests at Tinker Air 

Force Base (AFB), Arkansas, to compare vacuum-enhanced free-product recovery (bioslurping) to 

traditional free-product recovery technologies for removal of light, nonaqueous-phase liquid (LNAPL) 

from subsurface soils and aquifers.  The field testing at Tinker 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 tests at Tinker AFB are two of over 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 Tinker AFB were 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 

I 



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 Tinker AFB were skimmer pumping, bioslurping, and drawdown pumping.  The specific test 

objectives, methods, and results for the Tinker AFB test program are discussed in the following 

sections. 

1.2 Testing Approach 

Bioslurper pilot test activities were conducted at two sites at Tinker AFB: the 290 Fuel Yard 

and the North Tanks Area.  Results from the two test sites are presented separately in the following 

sections. 

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 the 290 Fuel 

Yard, pilot tests for skimmer pumping, bioslurping, and drawdown pumping were conducted at 

monitoring well MW-MF-12.  The LNAPL recovery testing was conducted in the following sequence: 

approximately 24 hours in the skimmer configuration, 92.3 hours in the bioslurper configuration, an 

additional 24 hours in the skimmer configuration, and 4 hours in the drawdown configuration. 

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 North Tanks Area, pilot tests for skimmer pumping, bioslurping, and drawdown 

pumping were conducted at monitoring well NTA-10a.  The LNAPL recovery testing was conducted 

in the following sequence: 48.1 hours in the skimmer configuration, 74.1 hours in the bioslurper 

configuration (there were two shutdown periods), an additional 23 hours in the skimmer 

configuration, and 44.1 hours in the drawdown configuration.  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. 

2.0 FREE PRODUCT RECOVERY TESTING AT THE 290 FUEL YARD 

2.1  Site Description 

Tinker AFB is located southeast of Oklahoma City in central Oklahoma and occupies 4,541 

acres. It is bound to the north and west by residential, industrial, and commercial land uses and to 

the south and east by agricultural land uses. 

The Petroleum, Oil, and Lubricants (POL) Yard was operative from 1942 to 1986 and 

recovery operations were begun in June of 1987 as an interim action.  Figure 1 shows the layout of 

the 290 Fuel Yard and the monitoring well network.  The original system consisted of 4 pumps which 

recovered product from monitoring wells MF-24 and MF-26.  Average fuel recovery was 

approximately 10 gallons/week.  The system underwent modifications in 1988, after which time an 

auto-skimmer was used and extraction took place only from monitoring well MF-24.  Average fuel 

recovery following these modifications was approximately 17 gallons/week.  During the operational 

period from June 1987 to December 1988, a total of 1,450 gallons of fuel and 190,000 gallons of 

water were removed (U.S. Army Corps of Engineers, 1989).  An Expedited Response Action (ERA) 

report estimated 50,000 gallons of free product at the site; however, this calculation was based on 

apparent product thicknesses.  The amount should be revised to 12,500 gallons to reflect actual 

thicknesses (U.S. Army Corps of Engineers, 1989). 

Previous investigations indicate that contamination is only in the perched aquifer and that the 

regional aquifer seems to remain unaffected.  Groundwater flow in the regional aquifer is generally to 

the southwest.  Monitoring wells where free product has recently been measured include MF-12 and 

2-46B.  Respective thicknesses of 1.2 ft and 0.4 ft were found at these wells in October 1996. 

2.2 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 the 290 Fuel Yard. 



Figure 1.  Site Diagram and Monitoring Well Locations at the 290 Fuel Yard 
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2.2.1 Initial LNAPL/Groundwater Measurements and Baildown Testing 

Monitoring well MW-MF-12 was 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 2.5 hours. 

2.2.2 Well Construction Details 

A short-term bioslurper pump test was conducted at existing monitoring well MW-MF-12. 

The well is constructed of 2-inch-diameter, schedule 40 polyvinyl chloride (PVC).  The monitoring 

well was installed to a total depth of 20 ft with 10 ft of screen.  The casing stickup is 3.7 ft.  A 

schematic diagram showing general construction details and location of the monitoring well is shown 

in Figure'2. 

2.2.3 Soil Gas Monitoring Point Installation 

Three monitoring points were installed in the area of monitoring well MW-MF-12 and were 

labeled MPA, MPB, and MPC. The locations and construction details of the monitoring points are 

illustrated in Figure 2. 

The monitoring points consisted of sets of '4-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.  Monitoring point MPA was installed to a depth of 8.0 ft into a 6-inch 

diameter borehole and was screened to three depths: 2.5 to 3.0, 4.5 to 5.0ft, and 7.5 to 8.0 ft. 

Monitoring points MPB and MPC were installed to a depth of 7.0 ft into a 6-inch diameter borehole 

and were screened to three depths: 2.5 to 3.0, 4.5 to 5.0 ft, and 6.5 to 7.0 ft.  A Type K 

thermocouple was installed with the screened interval at MPA-8.0' and MPB-3.0'. 
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After installation of the monitoring points, initial soil gas measurements were taken with a 

GasTechtor portable 02/C02 meter and a GasTech Trace-Techtor portable hydrocarbon meter. 

Oxygen levels were depressed at monitoring point MPB only, although TPH concentrations were 

elevated at several locations (Table 1). These results indicate that contamination may not be uniform * 

in this area. 

2.2.4 Soil Sampling and Analysis 

Four soil samples were collected during the installation of monitoring points MPA and MPC 

and were labeled T2-MPA-7-7.5, T2-MPA-7.5-8.0, T2-MPC-5-5.5, and T2-MPC-6.25-6.75.  The 

soil samples were collected in a brass sleeve using a split-spoon sampler.  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.  Samples T2-MPA-7-7.5 and T2-MPC-6.25- 

6.75 were analyzed for benzene, toluene, ethylbenzene, and total xylenes (BTEX) and TPH.  Samples 

T2-MPA-7.5-8.0 and T2-MPC-5-5.5 were analyzed for bulk density, particle size, and porosity.  The 

laboratory analytical reports are provided in Appendix B. 

2.2.5 LNAPL Recovery Testing 

2.2.5.1  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 are carried to the test location on a trailer.  The trailer was located near monitoring well 

MW-MF-12, the well cap was removed, a coupling and tee were attached to the top of the well, and 

the drop tube was lowered into the well.  The drop tube was attached to the vacuum pump.  Different 

configurations of the tee and the placement depth of the sharper 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 to a 325 gallon tank 

and then pumped to a connection to the Base Industrial Wastewater Treatment Plant. 

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 



Table 1. Initial Soil Gas Compositions at the 290 Fuel Yard 

Monitoring Point Depth (ft) Oxygen (%) Carbon Dioxide (%) TPH (ppmv) 

MPA 3.0 20.9 0.75 16 

5.0 14.9 6.9 8,000 

8.0 20.9 0.9 320 

MPB 3.0 8.5 6.2 16,000 

5.0 6.9 6.5 20,000 

7.0 6.8 6.5 18,000 

MPC 3.0 20 3.5 280 

5.0 17.9 2.0 560 

7.0 17.5 3.1 1,450 

site data and field testing information were recorded in a field notebook and then transcribed onto 

pilot test data sheets provided in Appendix D. 

2.2.5.2 Initial Skimmer Pump Test 

Prior to test initiation, depths to LNAPL and groundwater were measured.  A peristaltic 

pump was used to conduct the skimmer pump test.  The tube was held in place at the oil/water 

interface and the peristaltic pump was started at 1002, 15 January 1997, to begin the skimmer pump 

test.  The test was operated continuously for approximately 24 hours.  The LNAPL and groundwater 

extraction rates were monitored throughout the test, as were all other relevant data for the skimmer 

pump test.  Test data sheets are provided in Appendix D. 

An LNAPL sample was collected during the skimmer pump test and was labeled T2-LNAPL. 

The sample was sent to Alpha Analytical, Inc., Sparks, Nevada for analysis of BTEX, 1,2,4- 

trimethylbenzene, 1,2,5-trimethylbenzene, and C-range compounds.  The laboratory analytical report 

is provided in Appendix B. 



2.2.5.3 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 3). 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 at 1153, 16 January 1997, to begin the 

bioslurper pump test.  The test was initiated approximately 2 hours after the skimmer pump test and 

was operated continuously for 92.3 hours. The pump head vacuum was approximately 25"Hg and the 

well head vacuum was approximately 20.5"H2O. The vapor flowrate was so low that it did not 

register on the pitot tube.  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. 

2.2.5.4 Second Skimmer Pump Test 

Upon completion of the bioslurper pump test, preparations were made to begin the second 

skimmer pump test.  Prior to test initiation, depths to LNAPL and groundwater were measured.  The 

liquid ring pump was used to conduct the skimmer pump test (Figure 4).  The drop tube was held in 

place at the oil/water interface and the liquid ring pump was started at 0855, 20 January 1997, to 

begin the second skimmer pump test.  The test was initiated approximately 0.75 hour after the 

bioslurper pump test and was operated continuously for approximately 24 hours.  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. 

2.2.5.5 Drawdown Pump Test 

Upon completion of the second skimmer pump test, preparations were made to begin the 

drawdown pump test.  Prior to test initiation, depths to LNAPL and groundwater were measured. 
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The sharper tube was then set so that the tip was approximately 6 inches below the oil/water interface 

with the PVC connecting tee open to the atmosphere (Figure 5). 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 at 0927, 21 January 1997, to begin the 

drawdown pump test.  The test was initiated approximately 2 hours after the second skimmer pump 

test and was operated continuously for approximately 4 hours. An excessive amount of particulate 

material was pulled into the pump during the drawdown pump test, forcing an early shutdown.  The 

pump head vacuum was approximately 6"Hg and the vapor flowrate was approximately 9.9 scfm. 

The LNAPL and groundwater extraction rates were monitored throughout the test, as were all other 

relevant data for the drawdown pump test.  Test data sheets are provided in Appendix D. 

2.2.5.6 Off-Gas Sampling and Analysis 

Two soil gas samples were collected from the off-gas during the pump tests.  The samples 

were collected in a Tedlar® bag, transferred to Summa® canisters, and were labeled Tinker-MF-12-1 

and Tinker-MF-12-2.  Sample Tinker-MF-12-1 was collected during the bioslurper pump test after 

approximately 48 hours after initiation of bioslurping.  Sample Tinker-MF-12-2 was collected during 

the second skimmer pump test after approximately 5 hours after initiation of skimmer pumping.  The 

samples were sent under chain of custody to Air Toxics, Ltd., in Rancho Cordova, California, for 

analyses of BTEX and TPH. 

2.2.5.7 Groundwater Sampling and Analysis 

Two groundwater samples were collected during the pump tests.  The samples were collected 

from the oil/water separator and were labeled Tinker-MF-12-1 and Tinker-MF-12-2.  Sample Tinker- 

MF-12-1 was collected during the bioslurper pump test after approximately 48 hours after initiation of 

bioslurping.  Sample Tinker-MF-12-2 was collected during the second skimmer pump test after 

approximately 5 hours after initiation of skimmer pumping.  The samples were collected in 40-mL 

VOA vials containing HC1 preservative.  The 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. 

12 



Compression 
Screws 

_ Valve 
Tee f 

Metal 
Plates <ki 

<s I— 6" Header 
Valve 

Rubber 
Gasket 

2" Tee 

1" Suction 
Tube 

2" Valve Open 

yy? Land Surface 

2" PVC 
Bioventing Well 

Free Phase 
Product 

Water 

NKA/K!tM/1CH)1d 

Figure 5.  Drop Tube Placement and Valve position for the Drawdown Pump Test 

13 



2.2.6 Bioventing Analyses 

2.2.6.1 Soil Gas Permeability Testing 

Soil gas permeability test data were collected during the bioslurper pump test in monitoring 

well MW-MF-12.  Before a vacuum was established in the extraction well, the initial soil gas 

pressures at the monitoring points were recorded.  The start of the bioslurper pump test created a 

steep pressure drop in the extraction well which was the starting point for the soil gas permeability 

testing. Soil gas pressures were measured at each of the three monitoring points at all depths to track 

the rate of outward propagation of the pressure drop in the extraction well.  Soil gas pressure data 

were collected frequently during the first 20 minutes of the test.  The soil gas pressures were recorded 

throughout the bioslurper pump test to determine the bioventing radius of influence. Test data are 

provided in Appendix E. 

2.2.6.2 In Situ Respiration Testing 

Air containing approximately 2 % helium was injected into three monitoring points for 

approximately 24 hours beginning on 20 January 1997.  The setup for the in situ respiration test is 

described in the Test Plan and Technical Protocol a Field Treatability Test for Bioventing (Hinchee et 

al., 1992).  A V^-hp diaphragm pump was used for air and helium injection.  Air and helium were 

injected through the following monitoring points at the depths indicated: MPA-5.0', MPB-7.0', and 

MPC-7.0'.   After the air/helium injection was terminated, soil gas concentrations of oxygen, carbon 

dioxide, TPH, and helium were monitored periodically.  The in situ respiration test was terminated on 

22 January 1997.  Oxygen utilization and biodegradation rates were calculated as described in 

Hinchee et al. (1992).  Raw data for these tests are presented in Appendix F. 

Helium concentrations were measured during the in situ respiration test to quantify helium 

leakage to or from the surface around the monitoring points.  Helium loss over time is attributable to 

either diffusion through the soil or leakage.  A rapid drop in helium concentration usually indicates 

leakage.  A gradual loss of helium along with a first-order curve generally indicates diffusion.  As a 

rough estimate, the diffusion of gas molecules is inversely proportional to the square root of the 

molecular weight of the gas.  Based on molecular weights of 4 for helium and 32 for oxygen, helium 

diffuses approximately 2.8 times faster than oxygen, or the diffusion of oxygen is 0.35 times the rate 
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of helium diffusion. As a general rule, we have found that if helium concentrations at test completion 

are at least 50 to 60% of the initial levels, measured oxygen uptake rates are representative.  Greater 

helium loss indicates a problem, and oxygen utilization rates are not considered representative. 

2.3 Pilot Test Results 

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

recovery pump test, and other supporting tests conducted at the 290 Fuel Yard. 

2.3.1 Baildown Test Results 

Results from the baildown test in monitoring well MW-MF-12 are presented in Table 2.  A 

total volume of approximately 0.67 L (0.18 gallons) was removed by hand bailing from monitoring 

well MW-MF-12.  The LNAPL recovery rate was relatively rapid, with the LNAPL thickness 

recovering to approximately 50% of initial levels by the end of the 2.5-hour test period.  Pilot testing 

was initiated in this well to determine if vacuum-enhanced conditions would facilitate free product 

recovery. 

2.3.2 Soil Sample Analyses 

Table 3 shows the BTEX and TPH concentrations measured in the soil samples collected from 

the 290 Fuel Yard.  BTEX and TPH concentrations were low, with an average TPH concentration of 

98 mg/kg.  All BTEX compounds were below detection limits.  The results of the physical 

characterization of the soil are presented in Table 4. 

2.3.3 LNAPL Pump Test Results 

2.3.3.1 Initial Skimmer Pump Test Results 

No significant quantities of LNAPL or groundwater were recovered during this test during 24 

hours of continuous pumping (Table 5).  Figure 6 illustrates the fuel recovery versus time during each 
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Table 2.  Results of Baildown Testing at Monitoring Well MW-MF-12, 290 Fuel Yard 

Sample 
Collection Date Time (min) 

Depth to 
Groundwater (ft)1 

Depth to 
LNAPL (ft)1 

LNAPL 
Thickness (ft) 

Initial Reading 
1/3/97 

0 12.93 11.85 1.08 

1/3/97 1 13.80 - 0 

1/3/97 2 13.05 — 0 

1/1/97 3 12.70 — 0 

1/3/97 4 12.42 — 0 

1/3/97 5 12.19 12.18 0.01 

1/3/97 10 12.08 12.06 0.02 

1/3/97 15 11.97 11.94 0.03 

1/3/97 30 11.93 11.85 0.08 

1/3/97 60 11.90 11.79 0.11 

1/3/97 90 11.87 11.76 0.11 

1/3/97 120 12.12 11.72 0.40 

1/3/97 150 12.29 11.69 0.60 

Depth from top of casing, which was 3 ft above ground level. 
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Table 3.  TPH and BTEX Concentrations in Soil Samples from the 290 Fuel Yard 

Parameter 

Concentration (mg/kg) 

T2-MPA-7-7.5 T2-MPC-6.25-6.75 

TPH (purgeable) 190 <10 

Benzene < 0.020 < 0.020 

Toluene < 0.020 < 0.020 

Ethylbenzene < 0.020 < 0.020 

'Total Xylenes < 0.020 < 0.020 

Table 4.  Physical Characterization of Soils from the 290 Fuel Yard 

Sample 

Parameter T2-MPA-7.5-8.0 T2-MPC-5-5.5 

Density (g/cm3) 1.27 1.13 

Particle Size Sand 49 80.2 

Silt 29 10.3 

Clay 22 9.5 

Porosity (%) 52.1 57.4 
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Table 5. Pump Test Results at Monitoring Well MW-MF-12, 290 Fuel Yard 

Time 
(days) 

Recovery Rate (gallons/day) 

Skimmer Pump Test Bioslurper Pump Test 
Second Skimmer 

Pump Test 
Drawdown Pump 

Test1 

LNAPL Groundwater LNAPL Groundwater LNAPL Groundwater LNAPL Groundwater 

1 0 0 0 1,400 0 920 0 0 

2 NA NA 24 2,200 NA NA NA NA 

3 NA NA 12 2,000 NA NA NA NA 

4 NA NA 7.7 2,700 NA NA NA NA 

Average 0 0 8.9 2,000 0 920 0 0 

Total 
Recovery 

(gal) 

0 0 34.1 7775.5 0 426.1 0 0 

NA 
l 

= Not applicable. 
The drawdown pump test was only conducted for approximately four hours.  In the 
drawdown configuration, so much sand was pulled with the groundwater that the system 
was becoming plugged with sand in a very short time; therefore, the test could not be 
conducted. 
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Figure 6.  Fuel Recovery Versus Time During Each Pump Test at the 290 Fuel Yard 
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pump test. These results indicate that gravity-driven recovery techniques are not feasible for free- 

product recovery. 

2.3.3.2 Bioslurper Pump Test Results 

LNAPL recovery rates increased significantly during the bioslurper pump test as compared to 

the skimmer pump test.  A total of 34.1 gallons of LNAPL and 7,777.5 gallons of groundwater were 

extracted during the bioslurper pump test (Table 5).  During the first day of pumping, no free product 

could be recovered; however, by day 2, the free product recovery rate was 24 gallons/day, decreasing 

to 7.7 gallons/day by day 4.  Figure 7 presents the fuel recovery rate versus time during the 

bioslurper pump test. 

Soil gas concentrations were measured at monitoring points during the bioslurper pump test 

to determine whether the vadose zone was being oxygenated.  Oxygen concentrations were impacted 

at most monitoring points in the vicinity of MW-MF-12 (Table 6).  However, oxygen concentrations 

typically dropped over time, possibly due to pulling contaminated, oxygen-deficient soil-gas past the 

monitoring points.  It is likely that over time these areas would become oxygenated. 

2.3.3.3 Second Skimmer Pump Test 

No significant fuel was recovered during the second skimmer pump test, although, in contrast 

to the initial skimmer pump test, a total of 426.1 gallons of groundwater were produced (Table 5). 

These results demonstrate that operation of the bioslurper system in the skimmer mode was not an 

effective means of free-product recovery. 

2.3.3.4 Drawdown Pump Test 

Drawdown pump testing was conducted to determine if a cone of groundwater depression 

would enhance LNAPL recovery.  The water table was depressed approximately 6 inches below the 

static water table.  Unfortunately, large quantities of particulate material were pulled into the system 

during drawdown, forcing the early discontinuation of the test.  The pump test was not operated for a 

long enough period to properly judge performance. 

20 



48 

Time (hours) 

96 

c:\plot50\bioslurp\tinker\290\fuelrate.sp5 

Figure 7. Fuel Recovery Rate Versus Time During the Bioslurper Pump Test at the 290 
Fuel Yard 

21 



Table 6. In Situ Oxygen Concentrations During the Bioslurper Pump Test at Monitoring 
Well MW-MF-12, 290 Fuel Yard 

Monitoring 
Point 

Oxygen Concentrations (%) Versus Time (hours) 

0 4.5 21 44.5 68 

MPA-3.0 20.9 20.5 20.5 14 21 

MPA-5.0 14.9 10 3.5 2.9 4.0 

MPA-8.0 20.9 20 F F F 

MPB-3.0 8.5 8.4 8.5 21 2.75 

MPB-5.0 6.9 13 7.5 12 0 

MPB-7.0 6.8 12.5 4.9 0.5 0.25 

MPC-3.0 20 19.9 20 20.1 15.5 

MPC-5.0 17.9 15 9.2 7.0 4.0 

MPC-7.0 17.5 13.5 F 7.0 3.25 

F =        Frozen.  Monitoring point could not be sampled due to water freezing in line. 

2.3.3.5 Extracted Groundwater, LNAPL, and Off-Gas Analyses 

Contaminant concentrations in groundwater were relatively low, with average TPH 

concentrations of 25 mg/L and average total BTEX concentrations of 5.8 mg/L (Table 7).  These 

values typically meet discharge requirements. 

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 8.  Off-gas concentrations were 

relatively high; however, the vapor flowrate was so low that it did not register on the pitot.  If a 

vapor flowrate of 2 scfm is assumed and using a concentration of 67,500 ppmv TPH and 245 ppmv 

benzene, approximately 79 lb/day of TPH and 0.14 lb/day benzene were emitted to the air during the 

bioslurper pump test.  The composition of LNAPL in terms of BTEX, trimethylbenzenes, and C- 

range compounds is shown in Tables 9 and 10.  The C-range fractionation is also shown in Figure 8. 
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Table 7. BTEX and TPH Concentrations in Extracted Groundwater During the 
Bioslurper Pump Test at the 290 Fuel Yard 

Parameter 

Concentration (mg/L) 

Tinker-MF-12-1 Tinker-MF-12-2 

TPH (purgeable) 23 27 

Benzene 1.4 2.1 

Toluene 0.89 0.48 

Ethylbenzene 0.61 0.58 

Total Xylenes 2.9 2.7 

Table 8. BTEX and TPH Concentrations in Off-Gas During the Bioslurper Pump Test 
at the 290 Fuel Yard 

Parameter 

Concentration (mg/L) 

Tinker-MF-12-1 Tinker-MF-12-2 

TPH referenced to jet fuel 66,000 69,000 

C2 - C4 Hydrocarbons 6,000 2,400 

Benzene 270 220 

Toluene 140 <5.3 

Ethylbenzene 96 100 

Total Xylenes 300 280 
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Table 9. BTEX Concentrations in LNAPL at the 290 Fuel Yard 

Compound Concentration (mg/kg) 

Benzene <530 

Toluene <530 

Ethylbenzene <530 

Total Xylenes 9,200 

1,2,5-Trimethylbenzene 4,700 

1,2,4-Trimethylbenzene 5,500 

Table 10.  C-Range Compounds in LNAPL from the 290 Fuel Yard 

C-Range Compound Percentage of Total 

<C8 26.18 

C9 16.39 

C10 16.86 

Cll 12.07 

C12 12.26 

C13 8.43 

C14 4.87 

C15 1.72 

C16 0.60 

C17 0.63 
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Figure 8.  C-Range Compounds in LNAPL from the 290 Fuel Yard 
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2.3.4 Bioventing Analyses 

2.3.4.1 Soil Gas Permeability and Radius of Influence 

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 H20 can be measured.  No significant 

pressure change could be detected during the bioslurper pump test; however, based on changes in 

oxygen levels, it appears that a radius of influence of at least 37.5 ft (distance of furthest monitoring 

point) is possible. 

2.3.4.2 In Situ Respiration Test Results 

Results from the in situ respiration test are presented in Table 11.  Oxygen depletion was 

relatively fast, with oxygen utilization rates ranging from 1.7 to 2.0 %02/hr.  Biodegradation rates 

ranged from 28 to 33 mg/kg-day. 

Table 11. In Situ Respiration Test Results at the 290 Fuel Yard 

Monitoring Point Oxygen Utilization Rate (%/hr) Biodegradation Rate (mg/kg-day) 

MPA-5.0 1.7 28 

MPB-7.0 2.0 33 

MPC-7.0 1.8 29 

2.4 Discussion 

A baildown recovery test was conducted at monitoring well MW-MF-12.  Baildown recovery 

tests provide a qualitative indication of the presence of mobile, free-phase LNAPL and LNAPL 

recovery potential.  Overall the baildown recovery test indicated a relatively rapid rate of LNAPL 

recovery into the well, with the LNAPL thickness recovering to approximately 50% of initial levels 

26 



I 
I 
1 
1 
1 
I 
I 
I 
I 
I 
I 
I 
1 
I 
1 
I 

1 
1 
I 

by the end of the 2.5-hour test period. Pilot testing was initiated in this well to determine if vacuum- 

enhanced conditions would facilitate free product recovery. 

A series of pump tests were conducted at monitoring well MW-MF-12: skimmer pumping 

(before and after bioslurping), bioslurping, and drawdown pumping.  Skimmer pump testing initially 

was conducted in a continuous extraction mode for approximately 24 hours.  No significant free-phase 

LNAPL was recovered during skimmer pump testing, indicating that gravity-driven recovery is 

minimal. Bioslurper testing was conducted for approximately four days resulting in relatively high 

recovery in comparison to skimmer pumping. During the first day of pumping, no free product could 

be recovered; however, by day 2, the free product recovery rate was 24 gallons/day, decreasing to 

7.7 gallons/day by day 4.  There was no significant LNAPL recovery during the second skimmer 

pump test although groundwater was produced.  Drawdown pump testing was conducted to determine 

if a cone of groundwater depression would enhance LNAPL recovery.  The water table was depressed 

approximately 6 inches below the static water table.  Large quantities of particulate material were 

pulled into the system during drawdown, forcing the early discontinuation of the test.  The pump test 

was not operated for a long enough period to properly judge performance.  Overall, these results 

indicate that gravity-driven recovery techniques were not as effective means of free product recovery 

as vacuum-enhanced recovery. 

Groundwater production rates during bioslurping were significantly higher than rates during 

the skimmer or drawdown pump tests.  The average rate was 2,000 gallons/day, which was 

transferred directly to a pipeline to the Base Industrial Wastewater Treatment Plant. 

Bioslurping also promotes mass removal in the form of volatilization and in situ 

biodegradation via aeration of the vadose zone.  Vapor phase mass removal is the result of soil gas 

extraction as well as volatilization that may occur during the movement of free-phase LNAPL through 

the extraction network.  Assuming a vapor flowrate of 2 scfm and measured vapor concentrations, 

approximately 79 lb/day of TPH and 0.14 lb/day benzene were emitted to the air during the 

bioslurper pump test.    Thus, mass removal in the vapor phase is fairly low. 

In situ biodegradation rates of 28 to 33 mg/kg-day were measured at three different locations. 

Based on the radius of influence of 38 ft and a hydrocarbon-impacted soil thickness of 15 ft, mass 

removal rates via biodegradation are on the order of 170 to 200 lbs of hydrocarbon per day.  Thus, 

mass removal rates via biodegradation could be significant.  These results indicate that bioventing is 

feasible at this site. Air injection bioventing is preferable over bioslurping and soil vapor extraction 

with respect to the elimination of hydrocarbon vapor emissions. 
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The initial soil gas profiles at the site displayed oxygen-deficient, carbon dioxide-rich, high 

total volatile hydrocarbon vapor conditions in portions of the site initially, although further movement 

of soil gas further reduced oxygen concentrations, indicating that the initial oxygen measurement may 

have been elevated due to installation activities. These conditions indicate that natural biodegradation 

of residual petroleum hydrocarbons has occurred, but is limited by oxygen availability.  Soil gas 

concentrations were measured during the bioslurper test at monitoring points adjacent to monitoring 

well MW-MF-12 to determine if the vadose zone was being oxygenated via the bioslurper action. 

Oxygen concentrations were impacted at most monitoring points in the vicinity of MW-MF-12. 

However, oxygen concentrations typically dropped over time, possibly due to pulling contaminated, 

oxygen-deficient soil-gas past the monitoring points.  It is likely that over time these areas would 

become oxygenated.  In short, a four day extraction time frame at approximately 2 scfm is 

insufficient to exchange sufficient pore volumes of soil gas to fully oxygenate the zone of influence. 

In summary, the on-site testing at the 290 Fuel Yard, Tinker AFB, included the direct testing 

of gravity-driven and vacuum-driven LNAPL recovery techniques, bioventing, physical sampling, and 

tests relevant to soil vapor extraction.  Free-phase LNAPL recovery was only sustainable in the 

bioslurper mode and therefore, bioslurping is recommended at this site provided a cost-effective 

means for long-term water treatment is viable.  The in situ respiration test and vadose zone radius of 

influence testing demonstrate that bioventing is feasible at this site. 

3.0 FREE PRODUCT RECOVERY TESTING AT THE NORTH TANKS AREA 

3.1  Site Description 

The North Tank Area, operative since 1943, is located north of Building 3001 and is used as 

an informal staging area.  Building 3001 was placed on the National Priorities List (NPL) in 1987, 

and the North Tanks Area has been designated as an operable unit of the Building 3001 site. 

Five underground storage tanks (USTs) have at one time stored various liquid fuels at the 

North Tanks Area; however, four USTs have since been removed leaving only one remaining active 

tank.  Tank 3401 is a 20,000-gallon diesel tank installed in 1972 to replace a previously existing tank 

and is still operative.  USTs which have been removed from the site include Tank 3403, Tank 3404, 

and Tank 3405, which were used to contain waste oil, No. 2 fuel oil, and gasoline respectively.  An 
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unnumbered sump tank was also removed from the site.  Slow chronic leaks were known to exist in 

Tanks 3404 and 3405.  Other primary contaminants at the site include trichloroethane (TCE) and 

chromium resulting from solvents and liquid wastes from Building 3001. 

The uppermost stratigraphic unit underlying the North Tanks Area is a low-permeability 

surficial clay unit ranging from 6 to 10 ft in thickness. Below the surficial clay unit is a 5- to 11-ft 

upper sandy layer consisting primarily of silty sand to poorly graded sand. An upper shale unit 

consisting of weathered shale and siltstone underlies the upper sand unit and is found at thicknesses of 

3 to 11 ft.  The next underlying unit is described as fine- to medium-grained cross-bedded sandstone 

and is referred to as the lower sandstone layer.  A lower shale unit which extends laterally across the 

entire North Tanks Area underlies the 7- to 16-ft thick lower sandstone unit.  These five stratigraphic 

units represent a vertical depth of approximately 40 ft and correspond with hydrogeologic formations 

underlying the North Tanks Area.  The upper shale layer acts as an upper confining layer, therefore 

resulting in an upper perched aquifer corresponding to the upper sand unit.  Similarly, the lower shale 

unit serves as a lower confining layer, resulting in a lower perched aquifer which corresponds to the 

lower sandstone unit.  Groundwater flow in the upper perched aquifer is primarily to the south and in 

the lower perched aquifer to the northwest and west.  Locations and screened intervals of existing 

wells are detailed in Figure 9. 

Soil analysis data reveals that total petroleum hydrocarbons as diesel (TPH-D) is found at 

greatest concentrations in the lower perched aquifer.  A maximum TPH-D concentration of 130,000 

mg/kg is found at NTA-10A and NTA-10B and decreases to the south and west with concentrations of 

approximately 10,000 mg/kg found at NTA-7A and NTA-7B.  Concentrations are seen to decrease 

rapidly outside of the free-product zone.  BTEX contamination in soil also tends to be highest in the 

lower perched aquifer and is most pronounced in the soil near Tank 3404.  High concentrations of 

total xylenes, ethylbenzene, toluene, and benzene are 18,000 Mg/kg, 10,000 jug/kg, 4,000 /*g/kg, and 

500 Mg/kg respectively. 

Groundwater data indicates TPH-D concentrations in the upper perched aquifer to be less 

than 0.5 mg/L and concentrations in the lower perched aquifer to be 10 mg/L in the free-product 

zone.  Groundwater BTEX concentrations in the upper perched aquifer were generally below 

detection limits.  The lower aquifer tends to have elevated benzene, ethylbenzene, and xylene 

concentrations in the vicinity of Tank 3401 and 3404 and elevated toluene concentrations near Tank 

3401 and NTA-4A.  Chlorinated ethene solvents are found at highest concentrations to the northwest 

of the North Tanks Area in both the upper and lower aquifers, with the most pronounced levels 
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being found near NTA-4.  Detected solvents include trichloroethene (TCE), tetrachloroethene (PCE), 

vinyl chloride, and cis-1,2- dichloroethene. 

Free product has been observed in a 50,000 ft2 area of the North Tanks Area and tends to be 

greater in the lower than in the upper perched aquifer.  Free-product thicknesses tend to be greatest 

immediately north of Tank 3404 and at the western boundary of the free-product area near NTA-10A. 

Wells with greater than 10 ft of apparent free product include NTA-8A, NTA-10A, NTA-11, 1-30, 

and RC-4.  Product thickness measurements for individual wells can be found in Appendix A. 

Although various recovery operations have been in place since 1991, the primary pumping wells since 

1994 have been RC-4, NTA-11, NTA-8, 1-30, and RC-3 which are all completed in the lower 

formation.  One product-only pump has been operating almost constantly at RC-4, and another has 

been alternated between NTA-8 and NTA-11.  The average daily production of product since 1994 

has been 8 to 9 gallons per day (gpd).  Free product is encountered at depths of 13 to 17 ft below 

ground surface (bgs) in the upper perched aquifer; however, free product is primarily recovered from 

wells screened at deeper intervals to recover free product which has been trapped beneath the upper 

shale layer. 

3.2 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 the North Tanks Area.  No monitoring wells were 

installed at this site, because the monitoring well that was selected was located between a building and 

a road, making the installation of monitoring points impractical.  Therefore, no soil samples were 

collected at this site. 

3.2.1 Initial LNAPL/Groundwater Measurements and Baildown Testing 

Monitoring wells NTA-14a, RC-5, and NTA-10a 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 24 hours at 

monitoring wells NTA-14a and RC-5 and for approximately 15 hours at monitoring well NTA-10a. 
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3.2.2 Well Construction Details 

A short-term bioslurper pump test was conducted at existing monitoring well NTA-10a. The 

well is constructed of 4-inch-diameter, stainless steel. The well was installed to a depth of 33 ft with 

10 ft of screen. 

3.2.3 LNAPL Recovery Testing 

3.2.3.1 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 are carried to the test location on a trailer.  The trailer was located near monitoring well 

NTA-10a, 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 attached 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 a filter box, oil/water separator, 

then to a 325 gallon tank and then pumped into a 6,200 gallon storage tank which was periodically 

drained and the groundwater transported to the Industrial Wastewater Treatment Plant. 

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. 

3.2.3.2 Initial Skimmer Pump Test 

Prior to test initiation, depths to LNAPL and groundwater were measured.  A peristaltic 

pump was used to conduct the skimmer pump test.  The tube was held in place at the oil/water 

interface and the peristaltic pump was started 1050, 23 January 1997, to begin the skimmer pump 

test. The test was operated continuously for 48.1 hours. The LNAPL and groundwater extraction 
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rates were monitored throughout the test, as were all other relevant data for the skimmer pump test. 

Test data sheets are provided in Appendix D. 

3.2.3.3 Bioslurper Pump Test 

Prior to test initiation, depths to LNAPL and groundwater were measured.  The drop 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. 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 at 1120, 25 January 1997, to begin the 

bioslurper pump test.  The test was initiated approximately 0.5 hr after the skimmer pump test and 

was operated for 74.1 hours with two shutdown periods.  The pump head vacuum was approximately 

23 "Hg, the well head vacuum was approximately 13"H20, and the vapor flowrate was approximately 

9.6 scfm.  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. 

An LNAPL sample was collected during the bioslurper pump test and was labeled NTA-10a. 

The sample was sent to Alpha Analytical, Inc., Sparks, Nevada for analysis of BTEX, TPH,1,2,4- 

trimethylbenzene, and 1,2,5-trimethylbenzene. 

3.2.3.4 Second Skimmer Pump Test 

Upon completion of the bioslurper pump test, preparations were made to begin the second 

skimmer pump test.  Prior to test initiation, depths to LNAPL and groundwater were measured.  The 

liquid ring pump was used to conduct the skimmer pump test.  The drop tube was held in place at the 

oil/water interface and the liquid ring pump was started at 1247, 30 January 1997, to begin the 

second skimmer pump test.  The test was initiated approximately 2 hours after the bioslurper pump 

test and was operated continuously for approximately 23 hours.  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. 
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3.2.3.5 Drawdown Pump Test 

Upon completion of the second skimmer 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 was then set so that the tip was approximately 1.0 ft below the oil/water interface 

with the PVC connecting tee open to the atmosphere. 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 at 1305, 31 January 1997, to begin the drawdown pump test. 

The test was initiated approximately 1.5 hours after the bioslurper pump test and was operated 

continuously for 45.6 hours.  The pump head vacuum was approximately 12"Hg and the vapor 

flowrate was approximately 36 scfm.  The LNAPL and groundwater extraction rates were monitored 

throughout the test, as were all other relevant data for the drawdown pump test.  Test data sheets are 

provided in Appendix D. 

3.2.3.6 Off-Gas Sampling and Analysis 

A soil gas sample was collected from the system off-gas during the bioslurper pump test. 

The sample was collected in a Tedlar® bag and transferred to a Summa® canister.  The sample was 

labeled Tinker-NT A-10 A-1 and was collected approximately 48 hr after test initiation. The samples 

were sent under chain of custody to Air Toxics, Ltd., in Rancho Cordova, California, for analyses of 

BTEX and TPH. 

3.2.3.7 Groundwater Sampling and Analysis 

One groundwater sample was collected during the bioslurper pump test.  The sample was 

collected from the oil/water separator and was labeled Tinker-NTA-10A-1 and was collected 

approximately 48 hr after test initiation. The sample was collected in a 40-mL VOA vial containing 

HC1 preservative.  The sample was checked to ensure no headspace was present and was then shipped 

on ice and sent under chain of custody to Alpha Analytical, Inc., in Sparks, Nevada for analyses of 

BTEX and TPH. 
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3.3 Pilot Test Results 

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

recovery pump test, and other supporting tests conducted at the North Tanks Area. 

3.3.1 Baildown Test Results 

Results from the baildown tests are presented in Tables 12 through 14.  Although there was 

some fuel present in monitoring wells NT A-14a and RC-5, there were very large quantities present in 

monitoring well NT A-10a (10.28 ft initial thickness). Also, recovery was faster in monitoring well 

NT A-10a than in the other wells. Therefore, monitoring well NT A-10a was selected for the 

bioslurper pump tests. 

3.3.2 LNAPL Pump Test Results 

3.3.2.1 Initial Skimmer Pump Test Results 

LNAPL recovery during skimmer pumping was significant with a total of 45 gallons of 

LNAPL was recovered during this test, with an average recovery rate of 22 gallons/day (Table 15). 

A total of 400 gallons of groundwater was produced with an average production rate of 200 

gallons/day (Table 15).  Fuel recovery versus time during each pump test is shown in Figure 10. 

These results indicate that gravity-driven recovery techniques may be feasible at this site. 

3.3.2.2 Bioslurper Pump Test Results 

LNAPL recovery rates were higher during the bioslurper pump test than during the skimmer 

pump test (Figure 10).  A total of 170 gallons of LNAPL and 6,795 gallons of groundwater were 

extracted during the bioslurper pump test, with daily average recovery rates of 55 gallons/day for 

LNAPL and 2,200 gallons/day for groundwater (Table 15).  Figure 11 presents the fuel recovery rate 

versus time during the bioslurper pump test.  These results demonstrate that operation of the 

bioslurper system in the bioslurper mode was an effective means of free-product recovery. 
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Table 12.  Results of Baildown Testing at Monitoring Well NTA-14a, North Tanks Area 

Sample 
Collection Date Time (min) 

Depth to 
Groundwater (ft) 

Depth to 
LNAPL (ft) 

LNAPL 
Thickness (ft) 

Initial Reading 
1/2/97 

0 20.39 19.75 0.64 

1/2/97 1 21.69 21.52 0.17 

1/2/97 2 21.55 21.39 0.16 

1/1/97 3 21.45 21.28 0.17 

1/2/97 4 21.38 21.19 0.19 

1/2/97 5 21.30 21.13 0.17 

1/2/97 10 21.13 20.95 0.18 

1/2/97 15 20.75 20.57 0.18 

1/2/97 30 20.65 20.47 0.18 

1/2/97 60 20.59 20.40 0.19 

1/2/97 1,080 20.04 19.85 0.19 

1/2/97 1,440 20.04 19.83 0.21 

1 
I 
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Table 13. Results of Baildown Testing at Monitoring Well RC-5, North Tanks Area 

Sample 
Collection Date Time (min) 

Depth to 
Groundwater (ft) 

Depth to 
LNAPL (ft) 

LNAPL 
Thickness (ft) 

Initial Reading 
1/2/97 

0 17.83 17.73 0.10 

1/2/97 1 19.72 — 0 

1/2/97 2 19.61 — 0 

1/1/97 3 19.51 — 0 

1/2/97 4 19.43 -- 0 

1/2/97 5 19.35 19.33 0.02 

1/2/97 10 19.19 19.13 0.06 

1/2/97 .15 19.05 18.95 0.10 

1/2/97 30 18.97 18.87 0.10 

1/2/97 45 18.90 18.78 0.12 

1/2/97 60 18.85 18.73 0.12 

1/2/97 1,080 17.80 17.73 0.07 

1/2/97 1,440 17.82 17.73 0.09 

I 
I 
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Table 14. Results of Baildown Testing at Monitoring Well NTA-10a, North Tanks Area 

Sample 
Collection Date 

Depth to 
Groundwater (ft)1 Depth to LNAPL (ft) 

LNAPL Thickness 
(ft) 

Initial Reading 
1/17/97-1515 

30 19.72 10.28 

1/17/97-1609 30 23.60 6.40 

1/17/97-1640 30 24.00 6.00 

1/1/97-1647 30 23.25 6.75 

1/17/97-1651 30 23.00 7.00 

1/17/97-1657 30 22.68 7.32 

1/17/97-1713 30 22.18 7.82 

1/17/97-1718 30 23.09 6.91 

1/17/97-1756 27.17 21.67 5.50 

1/18/97-0800 29.69 20.78 8.91 

1  Bottom of well was at 30 ft bgl.  Depths to groundwater of 30 ft indicate that the entire well was 
filled with free product.  No groundwater could be detected. 
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Table 15.  Pump Test Results at Monitoring Well NTA-10a, North Tanks Area 

Time 
(days) . • 

Recovery Rate (gallons/day) 

Skimmer Pump Test Bioslurper Pump Test 
Second Skimmer 

Pump Test 
Drawdown 
Pump Test 

LNAPL Groundwater LNAPL Groundwater LNAPL Groundwater LNAPL Groundwater 

1 25 240 70 2,300 10 830 43 1,500 

2 20 160 72 2,400 NA NA 22 720 

3 NA NA 27 2,200 NA NA NA NA 

Average 22 200 55 2,200 10 830 33 1,100 

Total 
Recovery 

(gal) 

45 400 170 6,795 10 800 60 2,054.2 

NA Not applicable 
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Figure 10.  Fuel Recovery Versus Time During Fach Pump Test at the North Tanks Area 
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Figure 11.       Fuel Recovery Rate Versus Time During the Bioslurper Pump Test at the North 
Tanks Area 
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3.3.2.3 Second Skimmer Pump Test 

LNAPL recovery dropped during the second skimmer pump test compared to the initial 

skimmer pump test. Totals of 10 gallons of LNAPL and 800 gallons of groundwater were recovered, 

with daily average recovery rates of 10 gallons/day for LNAPL and 830 gallons/day for groundwater 

(Table 15). These results indicate that free-product recovery may not be sustainable. 

3.3.2.4 Drawdown Pump Test 

Drawdown pump testing was conducted to determine if a cone of groundwater depression 

would enhance LNAPL recovery.  The water table was depressed approximately 1 ft below the static 

water table.  LNAPL recovery was significant with a recovery rate of 43 gallons/day initially. The 

recovery rate did drop to 22 gallons/day by the second day of testing. Groundwater production was 

significant, with a total of 2,054.2 gallons produced (Table 15).  These results demonstrate that 

operation of the bioslurper system in the drawdown mode was effective, but may not be sustainable. 

3.3.2.5 Extracted Groundwater, LNAPL, and Off-Gas Analyses 

Contaminant concentrations in groundwater were relatively low, with a TPH concentration of 

53 mg/L and a total BTEX concentration of 0.78 mg/L (Table 16).  These values typically meet 

discharge requirements. 

An off-gas sample from the bioslurper system also was collected during the bioslurper pump 

test.  The results from the off-gas analyses are presented in Table 17.  Given a vapor discharge rate 

of 9.6 scfm and using an average concentration of 3,700 ppmv TPH and 8.2 ppmv benzene, 

approximately 21 lb/day of TPH and 0.023 lb/day benzene was emitted to the air during the 

bioslurper pump test.  The composition of LNAPL in terms of BTEX and trimethylbenzene 

concentrations is shown in Tables 18 and 19.  The C-range fractionation also is shown in Figure 12. 

3.4 Discussion 

A baildown recovery test was conducted at three monitoring wells at the North Tanks Area: 

NTA-14a, RC-5, and NTA-10a.  Although there was some fuel present in monitoring wells NTA-14a 
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Figure 12.  C-Range Compounds in LNAPL from the North Tanks Area 
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Table 16. BTEX and TPH Concentrations in Extracted Groundwater During the 
Bioslurper Pump Test at the North Tanks Area 

Parameter 

Concentration (mg/L) 

Tinker-NTA-10A-1 

TPH (purgeable) 53 

Benzene < 0.050 

Toluene 0.082 

Ethylbenzene 0.18 

Total Xylenes 0.49 

Table 17. BTEX and TPH Concentrations in Off-Gas During the Bioslurper Pump Test 
at the North Tanks Area 

Parameter 

Concentration (ppmv) 

Tinker-NTA-10A-1 

TPH referenced to JP-4 jet fuel 3,700 

C2 - C4 Hydrocarbons 150 

Benzene 8.2 

Toluene 14 

Ethylbenzene 22 

Total Xylenes 54 
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Table 18.  BTEX Concentrations in LNAPL at the North Tanks Area 

Compound Concentration (mg/kg) 

Benzene <48 

Toluene <48 

Ethylbenzene <48 

Total Xylenes 370 

1,2,5-Trimethylbenzene 390 

1,2,4-Trimethylbenzene 1,000 
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Table 19. C-Range Compounds in LNAPL from the North Tanks Area 

C-Range Compound Percentage of Total 

<C8 0.40 

C9 0.85 

CIO 2.42 

Cll 6.16 

C12 11.27 

C13 12.47 

C14 14.18 

C15 12.05 

C16 10.56 

C17 9.19 

C18 7.46 

C19 5.29 

C20 3.63 

C21 2.24 

C22 1.09 

C23 0.43 

C24 0.32 

and RC-5, there were very large quantities present in monitoring well NTA-10a (10.28 ft initial 

thickness).  Also, recovery was faster in monitoring well NTA-10a than in the other wells. 

Therefore, monitoring well NT A-10a was selected for the bioslurper pump tests. 

A series of pump tests were conducted at monitoring well NTA-10a: skimmer pumping 

(before and after bioslurping), bioslurping, and drawdown pumping.  Skimmer pump testing was 

conducted in a continuous extraction mode for approximately 47 hours.  LNAPL recovery during 

skimmer pumping was significant with a total of 45 gallons of LNAPL was recovered during this test, 

with an average recovery rate of 22 gallons/day.  LNAPL recovery rates were higher during the 
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bioslurper pump test than during the skimmer pump test.  A total of 170 gallons of LNAPL were 

extracted during the bioslurper pump test, with daily average recovery rates of 55 gallons/day. These 

results demonstrate that operation of the bioslurper system in the bioslurper mode was an effective 

means of free-product recovery.  LNAPL recovery dropped during the second skimmer pump test 

compared to the initial skimmer pump test.  Totals of 10 gallons of LNAPL were recovered, with a 

daily average recovery rate of 10 gallons/day.  These results indicate that free-product recovery may 

not be sustainable.  Drawdown pump testing was conducted to determine if a cone of groundwater 

depression would enhance LNAPL recovery. The water table was depressed approximately 1 ft 

below the static water table.  LNAPL recovery was significant with a recovery rate of 43 gallons/day 

initially. The recovery rate did drop to 22 gallons/day by the second day of testing.  Groundwater 

production was significant, with a total of 2,054.2 gallons produced.  These results demonstrate that 

operation of the bioslurper system in the drawdown mode was effective, but may not be sustainable. 

Groundwater production rates during bioslurping were significantly higher than rates during 

the skimmer or drawdown pump tests.  The average rate was 2,200 gallons/day, with a total recovery 

of 6,795 gallons.  Contaminant concentrations in groundwater were low and groundwater was able to 

be discharged to the Base Industrial Wastewater Treatment Plant. 

Bioslurping also promotes mass removal in the form of volatilization and in situ 

biodegradation via aeration of the vadose zone.  Vapor phase mass removal is the result of soil gas 

extraction as well as volatilization that may occur during the movement of free-phase LNAPL through 

the extraction network.  Given, the measured vapor flowrate and vapor concentrations, initial 

hydrocarbon removal rates were approximately 21 lb/day of TPH and 0.023 lb/day of benzene. 

Thus, mass removal in the vapor phase is not significant. 

In summary, the on-site testing at the North Tanks Area, Tinker AFB, included the direct 

testing of gravity-driven and vacuum-driven LNAPL free product recovery techniques, bioventing, 

physical sampling, and tests relevant to soil vapor extraction.  Liquid-phase recovery was possible in 

all extraction modes, although slightly higher in the bioslurper mode than during skimmer or 

drawdown pumping.  However, groundwater production during bioslurping was significant and could 

pose a logistical problem for the Base.  Skimmer pumping appeared to be effective at free-product 

recovery, while generation 10% of the groundwater produced during bioslurping.  Therefore, 

skimmer pumping is probably a better option for free-product recovery at this site. 
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ACRONYMS AND ABBREVIATIONS 

AFB Air Force Base 
AFCEE/ERT   Air Force Center for Environmental Excellence, Technology Transfer Division 

bgs below ground surface 
BTEX benzene, toluene, ethylbenzene, and xylenes 

ERA Expedited Response Action 

gpd gallons per day 

LNAPL light, nonaqueous-phase liquid 

ND not detected 
NPL National Priorities List 
NTA North Tank Area 

PCE tetrachloroethene 
POC Point of Contact 
POL petroleum, oil, and lubricants 

TCE trichloroethene 
TPH total petroleum hydrocarbons 
TPH-D total petroleum hydrocarbons as diesel 

UST underground storage tank 
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SITE-SPECIFIC TEST PLAN FOR FREE-PRODUCT RECOVERY TESTING 
AT TINKER AIR FORCE BASE, OKLAHOMA 

DRAFT 

to 

Air Force Center for Environmental Excellence 
Technology Transfer Division 

(AFCEE/ERT) 
Brooks AFB, Texas 78235-5357 

November 8, 1996 

1.0 INTRODUCTION 

The AFCEE/ERT is conducting a multi-site initiative to develop more effective methods of 

determining the feasibility of light, nonaqueous-phase liquid (LNAPL) free-product recovery as well 

as the best method of recovery. The technologies tested in the Bioslurper Initiative are skimming, 

vacuum-enhanced free-product recovery/bioremediation (bioslurping), and drawdown pumping.  The 

field test and evaluation are intended to demonstrate the initial feasibility of each technology by 

measuring system performance in the field.  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 free-product recovery 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 entitled Test Plan and Technical Protocol for 

Bioslurping (Battelle, 1995).  The overall plan is supplemented by plans specific to each test site. 

The concise site-specific plans effectively communicate planned site activities and operational 

parameters. 

The overall Test Plan and Technical Protocol was developed as a generic plan for the 

Bioslurper Initiative to improve the accuracy and efficiency of site-specific Test Plan preparation. 

The field program involves 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 report is the site-specific Test Plan for application of bioslurping at Tinker Air Force 

Base (AFB), Oklahoma. It was prepared based on site-specific information received by Battelle from 

Tinker AFB and other pertinent site-specific information to support the overall Test Plan and 

Technical Protocol. 

Site-specific information for Tinker AFB has identified subsurface hydrocarbon contamination 

both at the North Tank Area (NTA) and at Tank 290. Free-product thicknesses of greater than 10 ft 

have been found at NTA-8A, NTA-10A, NTA-11A, 1-30, and RC-4; therefore, these wells will be 

the most likely candidates for free-product recovery testing in the North Tank Area.  Based on limited 

information on the Tank 290 site, the most likely wells for free-product recovery testing are MF-12 

and 2-46B. These wells have recently shown product thicknesses of 1.2 ft and 0.4 ft, respectively. 

2.0 SITE DESCRIPTION 

Tinker AFB is located southeast of Oklahoma City in central Oklahoma and occupies 4,541 

acres. It is bound to the north and west by residential, industrial, and commercial land uses and to 

the south and east by agricultural land uses. 

2.1 North Tank Area 

The North Tank Area (NTA), operative since 1943, is located north of Building 3001 and is 

used as an informal staging area (Figurel). Building 3001 was placed on the National Priorities List 

(NPL) in 1987, and the NTA has been designated as an operable unit of the Building 3001 site. 

Five underground storage tanks (USTs) have at one time stored various liquid fuels at the 

NTA; however, four USTs have since been removed leaving only one remaining active tank.  Tank 

3401 is a 20,000-gallon diesel tank installed in 1972 to replace a previously existing tank and is still 

operative.  USTs which have been removed from the site include Tank 3403, Tank 3404, and Tank 

3405, which were used to contain waste oil, No. 2 fuel oil, and gasoline respectively. An 

unnumbered sump tank was also removed from the site. Refer to Figure 1 for tank locations. Slow 

chronic leaks were known to exist in Tanks 3404 and 3405.  Other primary contaminants at the site 

include trichloroethane (TCE) and chromium resulting from solvents and liquid wastes from Building 

3001. 
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The uppermost stratigraphic unit underlying the NTA is a low-permeability surficial clay unit 

ranging from 6 to 10 ft in thickness. Below the surficial clay unit is a 5- to 11-ft upper sandy layer 

consisting primarily of silty sand to poorly-graded sand. An upper shale unit consisting of weathered 

shale and siltstone underlies the upper sand unit and is found at thicknesses of 3 to 11 ft. The next 

underlying unit is described as fine- to medium-grained cross-bedded sandstone and is referred to as 

the lower sandstone layer. A lower shale unit which extends laterally across the entire NTA underlies 

the 7- to 16-ft thick lower sandstone unit. These five stratigraphic units represent a vertical depth of 

approximately 40 ft and correspond with hydrogeologic formations underlying the NTA. The upper 

shale layer acts as an upper confining layer, therefore resulting in an upper perched aquifer 

corresponding to the upper sand unit. Similarly, the lower shale unit serves as a lower confining 

layer, resulting in a lower perched aquifer which corresponds to the lower sandstone unit (Figure 2). 

Groundwater flow in the upper perched aquifer is primarily to the south and in the lower perched 

aquifer to the northwest and west.  Locations and screened intervals of existing wells are detailed in 

Figure 3. 

Soil analysis data reveals that total petroleum hydrocarbons as diesel (TPH-D) is found at 

greatest concentrations in the lower perched aquifer.  A maximum TPH-D concentration of 130,000 

mg/kg is found at NTA-10A and NTA-10B and decreases to the south and west with concentrations of 

approximately 10,000 mg/kg found at NTA-7A and NTA-7B.  Concentrations are seen to decrease 

rapidly outside of the free-product zone.  Benzene, toluene, ethylbenzene, and xylenes (BTEX) 

contamination in soil also tends to be highest in the lower perched aquifer and is most pronounced in 

the soil near Tank 3404.  High concentrations of total xylenes, ethylbenzene, toluene, and benzene 

are 18,000 Mg/kg, 10,000 jig/kg, 4,000 /tg/kg, and 500 pg/kg respectively. 

Groundwater data indicates TPH-D concentrations in the upper perched aquifer to be less than 

0.5 mg/L and concentrations in the lower perched aquifer to be 10 mg/L in the free-product zone. 

Groundwater BTEX concentrations in the upper perched aquifer were generally below detection 

limits.  The lower aquifer tends to have elevated benzene, ethylbenzene, and xylene concentrations in 

the vicinity of Tank 3401 and 3404 and elevated toluene concentrations near Tank 3401 and NTA-4A. 

Chlorinated ethene solvents are found at highest concentrations to the northwest of the NTA in both 

the upper and lower aquifers, with the most pronounced levels being found near NTA-4. Detected 

solvents include trichloroethene (TCE), tetrachloroethene (PCE), vinyl chloride, and cis-1,2- 

dichloroethene. 

Free product has been observed in a 50,000-ft2 area of the NTA and tends to be greater in the 

lower than in the upper perched aquifer.  Free-product thicknesses tend to be greatest immediately 
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Figure 2.  Cross Section of the Northeast Part of Tinker AFB, Oklahoma 
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north of Tank 3404 and at the western boundary of the free-product area near NTA-10A. Wells with 

greater than 10 ft of apparent free product include NTA-8A, NTA-10A, NTA-11, 1-30, and RC-4. 

Product thickness measurements for individual wells can be found in Appendix A. Although various 

recovery operations have been in place since 1991, the primary pumping wells since 1994 have been 

RC-4, NTA-11, NTA-8, 1-30, and RC-3 which are all completed in the lower formation. Well 

construction details appear in Appendix B.  One product-only pump has been operating almost 

constantly at RC-4, and another has been alternated between NTA-8 and NTA-11. The average daily 

production of product since 1994 has been 8 to 9 gallons per day (gpd). Free product is encountered 

at depths of 13 to 17 ft below ground surface (bgs) in the upper perched aquifer; however, free 

product is primarily recovered from wells screened at deeper intervals to recover free product which 

has been trapped beneath the upper shale layer. 

2.2 POL Yard 

The Tank 290 Fuel Farm was operative from 1942 to 1986 and recovery operations were 

begun in June of 1987 as an interim action.  Figure 4 shows the layout of Tank 290 and the 

monitoring well network.  The original system consisted of 4 pumps which recovered from 

monitoring wells MF-24 and MF-26.  Average fuel recovery was approximately 10 gal/week.  The 

system underwent modifications in 1988, after which time an auto-skimmer was used and extraction 

took place only from MF-24.  Average fuel recovery following these modifications was approximately 

17 gal/week.  During the operational period from June of 1987 to December of 1988 a total of 1,450 

gallons of fuel and 190,000 gallons of water were removed (U.S. Army Corps of Engineers, 1989). 

An Expedited Response Action (ERA) report estimated 50,000 gallons of free product at the site; 

however, this calculation was based on apparent product thicknesses.  The amount should be revised 

to 12,500 gallons to reflect actual thicknesses (U.S. Army Corps of Engineers, 1989). 

Previous investigations indicate that contamination is only in the perched aquifer and that the 

regional aquifer seems to remain unaffected.  Groundwater flow in the regional aquifer is generally to 

the southwest. Monitoring wells where free product has recently been measured include MF-12 and 

2-46B.  Respective thicknesses of 1.2 ft and 0.4 ft were found at these wells in October 1996. 



Figure 4.  Tank 290 Layout and Monitoring Well Network, Tinker AFB, Oklahoma 

8 



3.0 PROJECT ACTIVITIES 

The field activities discussed in the following sections are planned for the free-product 

recovery pilot test at Tinker AFB.  Additional details about the activities are presented in the overall 

Test Plan and Technical Protocol (Battelle, 1995). As appropriate, specific sections in the overall 

Test Plan and Technical Protocol are referenced.  Table 1 presents the schedule of activities for the 

free-product recovery pilot test activities at Tinker 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 Tinker AFB prior to staff arrival. The Base 

Point of Contact (POC) will have been asked in advance to find a suitable holding facility to receive 

the free-product recovery 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 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 confirmation that the shipped equipment has been received by Tinker 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 

are also useful for the evaluation of actual versus apparent free-product thicknesses. 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 as 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 (Battelle, 1995). 



Table 1.  Schedule of Bioslurper Pilot Test Activities 

' 

Pilot Test Activity Schedule 

Mobilization Days 1-2 

Site Characterization 

LNAPL/Groundwater Interface Monitoring and Baildown Tests 

. Monitoring Point Installation (3 monitoring points) 

Soil Sampling (BTEX, TPH, physical characteristics) 

Days 2-3 

System Installation Days 2-3 

Test Startup 

Skimmer Pump Test (2 days) 

Bioslurper Pump Test (4 days) 

Soil Gas Permeability Testing 

Skimmer Pump Test (continued) 

In Situ Respiration Test - Air/Helium Injection 

In Situ Respiration Test - Monitoring 

Drawdown Pump Test (2 days) 

Day 3 

Days 3-4 

Days 5-8 

Day 5 

Day 9 

Day 9 

Days 10-13 

Days 10-11 

Demobilization/Mobilization Days 12-13 

10 
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Figure 6.  Schematic Diagram of a Typical Monitoring Point 
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3.2.2 Monitoring Point Installation 

Monitoring points must be installed to determine the radius of influence of the bioslurper 

system in the vadose zone. A general arrangement of the bioslurping well and monitoring points is 

shown in Figure 5.  Upon completion of the baildown tests, at least three soil gas monitoring points 

will be installed (unless existing monitoring points are available for use) to measure soil gas changes 

that occur during bioslurper operation.  These monitoring points should be located in highly 

contaminated soils within the free-phase plume and should be positioned to allow detailed monitoring 

of the in situ changes in soil-gas composition caused by the bioslurper system.  A schematic diagram 

of a typical monitoring point is shown in Figure 6.  Information on monitoring point installation can 

be found in Section 4.2.1 of the overall Test Plan and Technical Protocol (Battelle, 1995). 

3.2.3 Soil Sampling 

Soil samples will be collected from each boring to determine the physical and chemical 

composition of the soil near the bioslurper test site.  Soil samples will be collected from the boreholes 

advanced for monitoring point installation at two or three locations at the site chosen for the 

bioslurper test.  Generally, samples will be collected from the capillary fringe over the free product. 

Soil samples from each boring will be analyzed for BTEX, bulk density, moisture content, 

particle size distribution, porosity, and TPH.  Section 5.5.1 of the overall Test Plan and Technical 

Protocol (Battelle, 1995) contains additional information on field measurements and sample collection 

procedures for soil sampling. 

3.3 Bioslurper System Installation and Operation 

Once the well to be used for the free-product recovery pilot test installation at Tinker AFB 

has been identified, the bioslurper pump and support equipment will be installed, and pilot testing will 

be initiated. 

3.3.1  System Setup 

After the preliminary site characterization has been completed and the free-product recovery 

candidate well has been selected, the shipped equipment will be mobilized from the holding facility to 

13 



E o 
JS 
et 
2 
O 

F 
<! 
u 

C 

85 

O 
S 

U o u 
PH 
kl 

& 
kl 

j3 
»i 
o 
S 

S 

14 



Compression Screws 

Metal Plates 

1__R Valve 

Rubber Gasket 

2-in Tee 

1-in Suction Tube 

Sand 

Free-Phase Product 

Valve 

Lt -6-in Header 

Land Surface 

2-in PVC Bioventing Well 

Water Table 

Figure 8.  Schematic Diagram of a Typical Bioslurper Well 
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the test site, and the bioslurper system will be assembled.  Figure 7 shows a flow diagram of the 

bioslurper process.  Figure 8 illustrates a typical bioslurper well that will be used at Tinker AFB. 

Before the LNAPL recovery tests are initiated, all relevant baseline field data will be collected 

and recorded.  These data will include soil-gas concentrations, initial soil-gas pressures, the depth to 

groundwater, and the LNAPL thickness. Ambient soil and all atmospheric conditions (e.g., tempera- 

ture and barometric pressure) also will be recorded. All emergency equipment (i.e., emergency 

shutoff switches and fire extinguishers) will be installed and checked for proper operation at this time. 

A clear, level 20-ft by 10-ft area near the well selected for the free-product recovery pilot test 

installation will be identified to station the equipment required for bioslurper system operation. 

Additional information on bioslurper system installation is provided in Section 6.0 of the overall Test 

Plan and Technical Protocol (Battelle, 1995). 

3.3.2 System Shakedown 

A brief startup test will be conducted to ensure that the system is constructed properly and 

operates safely.  All system components will be checked for problems and/or malfunctions.  A 

checklist will be provided to document the system shakedown. 

3.3.3 System Startup and Test Operations 

After installation is complete and the bioslurper system is confirmed to be operating properly, 

the LNAPL recovery tests will be started.  The Bioslurper Initiative has been designed to evaluate the 

effectiveness of bioslurping as an LNAPL recovery test technology relative to conventional gravity- 

driven LNAPL recovery technologies.  The Bioslurper Initiative includes three separate LNAPL 

recovery tests: (1) a skimmer pump test, (2) a bioslurper pump test, and (3) a drawdown pump test. 

The three recovery tests are described in detail in Section 7.3 of the overall Test Plan and Technical 

Protocol (Battelle, 1995). 

The bioslurper system operating parameters that will be measured during operation are vapor 

discharge composition, aqueous effluent contaminant concentration, LNAPL recovery volume rates, 

vapor discharge volume rates, and groundwater discharge volume rates.  Vapor monitoring will 

consist of periodic monitoring of TPH using hand-held instruments supplemented by two samples 

collected for detailed laboratory analysis.  Two samples of aqueous effluent will be collected for 

analysis of BTEX and TPH.  Recovered LNAPL volume will be recorded using an in-line flow- 
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totalizing meter.  The off-gas discharge volume will be measured using a calibrated pitot tube, and the 

groundwater discharge volume will be recorded using an in-line flow-totalizing meter.  Section 8.0 of 

the overall Test Plan and Technical Protocol (Battelle 1995) describes process monitoring of the 

bioslurper system. 

3.3.4 Soil-Gas Profile/Oxygen Radius of Influence Test 

Changes in soil-gas profiles will be measured before and during the bioslurper pump test. 

Soil gas will be monitored for concentrations of oxygen, carbon dioxide, and TPH using field 

instruments.  These measurements will be used to determine the oxygen radius of influence of the 

bioslurper system. 

3.3.5 Soil-Gas Permeability Tests 

A soil-gas permeability test will be conducted concurrently with startup of the bioslurper 

pump test.   Soil-gas permeability data will support the process of estimating the vadose zone radius of 

influence of the bioslurper system.  Soil-gas permeability results also will aid in determining the 

number of wells required if it is decided to treat the site with a full-scale bioslurper system.  The soil- 

gas permeability test method is described in Section 5.7 of the overall Test Plan and Technical 

Protocol (Battelle, 1995). 

3.3.6 LNAPL and Groundwater Level Monitoring 

During the bioslurper pump test, the LNAPL and groundwater levels will be monitored in a 

well adjacent to the extraction well if such a well exists.  The top of the monitoring well will be 

sealed from the atmosphere so the subsurface vacuum will be contained.  Additional information for 

the monitoring of fluid levels is provided in Section 4.3.4 of the overall Test Plan and Technical 

Protocol (Battelle, 1995). 

3.3.7 In Situ Respiration Test 

An in situ respiration test will be conducted after completion of the free-product recovery 

pilot tests.  The in situ respiration test will involve injection of air and helium into selected soil-gas 
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monitoring points followed by monitoring changes in concentrations of oxygen, carbon dioxide, TPH, 

and helium in soil gas at the injection point. Measurement of the soil-gas composition typically will 

be conducted at 2, 4, 6, and 8 hours and then every 4 to 12 hours for about 2 days. The timing of 

the tests will be adjusted based on the oxygen-use rate. If oxygen depletion occurs rapidly, more 

frequent monitoring will be required. If oxygen depletion is slow, less frequent readings-will be 

acceptable.  The oxygen utilization rate will be used to estimate the biodegradation rate at the site. 

Further information on the procedures and data collection of the in situ respiration test is provided in 

Section 5.8 of the overall Test Plan and Technical Protocol (Battelle, 1995). 

3.4 Demobilization 

Once all necessary tests have been completed at the Tinker AFB site, the equipment will be 

disassembled by Battelle staff. The equipment then will be moved back to the holding facility, where 

it will remain until its next destination is determined.  Battelle staff will receive this information and 

will be responsible for shipment of the equipment to the next site before leaving Tinker AFB. 

4.0 BIOSLURPER SYSTEM DISCHARGE 

4.1 Vapor Discharge Disposition 

Battelle expects that the operation of the bioslurper test system at Tinker AFB will require a 

waiver or a point source air release registration and may require some additional permits.  It can be 

estimated that approximately 60 lb/day of TPH and <0.1 lb/day of benzene will be released to the 

atmosphere without treatment. These values are based on the average discharge rates at previous 

bioslurper test sites.  These values were based on sites with more volatile fuels, however, it is likely 

that Tinker AFB also contains heavier fuels which will result in decreased vapor discharge levels. 

The discharge value may vary depending on concentrations in soil gas and the permeability of the 

soil.  The data for benzene and TPH discharge levels for 8 previous bioslurper sites are presented in 

Table 2. 

To ensure the safety and regulatory compliance of the bioslurper system, field soil-gas 

screening instruments will be used to monitor vapor discharge concentration.  The volume of vapor 

discharge will be monitored daily using airflow instruments. If state regulatory requirements will not 

permit the expected amount of organic vapor discharge to the atmosphere, the Base POC should 
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inform AFCEE and Battelle so that alternative plans can be made prior to mobilization to the site. 

Table 3 presents information typically required to complete an air release registration form. 

Table 2. Benzene and TPH Vapor Discharge Levels at Previous Bioslurper Test Sites 

Site Location Fuel Type 
Extraction 
Rate (scfm) 

Benzene 
(ppmv) 

TPH 
(ppmv) 

Benzene 
Discharge 

Ob/day) 

TPH 
Discharge 

Ob/day) 

Andrews AFB No. 2 Fuel Oil 8.0 16 2,000 0.0010 0.20 

Boiling AFB, Site 1 No. 2 Fuel Oü 4.0 0.20 153 0.00030 0.0090 

Boiling AFB, Site 2 Gasoline 21 370 70,000 2.3 470 

Johnston Atoll JP-4 Jet Fuel 10 0.60 975 0.0017 5.7 

Travis AFB JP-4 Jet Fuel 20 100 10,800 0.58 130 

Wright-Patterson AFB JP-4 Jet Fuel 3.0 ND 595 0 1.0 

Warner Robins AFB, 
UST 70/72 

JP-4 Jet Fuel 5.0 515 37,000 0.74 110 

Warner Robins AFB, 
sspio 

JP-4 Jet Fuel 5.5 13 680 0.021 2.2 

ND =    Not detected. 

Table 3. Air Release Summary Information 

Data Item Air Release Information 

Contractor Point-of-Contact 

Contractor address 

Estimated total quantity of petroleum product to be recovered 

Description of petroleum product to be recovered 

Planned date of test start 

Test duration 

Maximum expected volatile organic compound level in air 

Stack height above ground level 

Jeff Kittel, (614)424-6122 

Battelle, 505 King Avenue, Columbus, OH 43201 

To be determined 

North Tank Area - No. 2 Fuel Oil, Gasoline 

To be determined 

9-10 days (active pumping) per site 

-60 lb/day TPH, < 1.0 lb/day benzene 

10 ft 
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4.2 Aqueous Influent/Effluent Disposition 

The flowrate of groundwater pumped by the bioslurper will be less than 10 gpm. However, it 

may be necessary in Oklahoma to obtain a groundwater pumping waiver or registration permit. If 

one is required, the Base POC will inform Battelle of the necessary steps in obtaining the waiver or 

permit. The intention of Battelle staff will be to dispose of the wastewater by discharge directly to 

the Base wastewater treatment facility. 

4.3 Free-Product Recovery Disposition 

The bioslurper system will recover free-phase product from the pilot tests performed at Tinker 

AFB.  Recovered free product will be turned over to the Base for disposal and/or recycling.  The 

volume of free product recovered from the Base will not be known until the tests have been 

performed.  The maximum recovery rate for this system is 10 gpm, but the actual rate of LNAPL 

recovery- likely will be much lower. 

5.0 SCHEDULE 

The schedule for the bioslurper fieldwork at Tinker AFB will depend on approval of the 

project Test Plan.  Battelle will determine a definitive schedule as soon as possible after approval is 

received.  Battelle will have two to three staff members on site for approximately 3 weeks to conduct 

all necessary pilot testing.  At the conclusion of the field testing at Tinker AFB, all staff will return 

their Base passes.  Battelle staff will remove all bioslurper field testing equipment from the Base 

before they leave the site. 

6.0 PROJECT SUPPORT ROLES 

This section outlines some of the major functions of personnel from Battelle, Tinker AFB, 

and AFCEE during the free-product recovery pilot test. 
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6.1 Batteile Activities 

The obligations of Battelle in the Bioslurper Initiative at Tinker AFB will be to supply the 

staff and equipment necessary to perform all the tests on the bioslurper system.  Battelle also will 

provide technical support in the areas of water and vapor discharge permitting, digging permits, and 

any other technical areas that need to be addressed. 

6.2 Tinker AFB Support Activities 

To support the necessary field tests at Tinker AFB, the Base must be able to provide the 

following: 

a. Any digging permits and utility clearances that need to be obtained prior to the initiation 

. of the fieldwork.  Any underground utilities should be clearly marked to reduce the 

chance of utility damage and/or personal injury during soil-gas monitoring point and 

possible well installation.  Battelle will not begin field operations without these clearances 

and permits. 

b. The Air Force will be responsible for obtaining Base and site clearance for the Battelle 

staff that will be working at the Base.  The Base POC will be furnished with all necessary 

information on each staff member at least one week prior to field startup. 

c. Access to the local sanitary sewer must be furnished so that Battelle staff can discharge 

the bioslurper aqueous effluent directly to the Base treatment facility. 

d. Regulatory approval, if required, must be obtained by the Base POC prior to startup of 

the bioslurper pilot test.  As stated previously, it is likely that a waiver or permit to allow 

air releases or a point source air release registration will be required for emissions of 

approximately 60 lb/day of TPH and < 1.0 lb/day benzene without treatment.  A waiver 

for pumping and discharging groundwater at a rate of 10 gpm may be required.  The Base 

POC will obtain all necessary Base permits prior to mobilization to the site. 
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e. The Base also will be responsible for the disposition of all waste generated from the pilot 

testing.  Such waste includes any soil cuttings generated from drilling and all aqueous 

wastestreams produced from the free-product recovery tests.  All free product recovered 

from the bioslurper operation will be disposed of or recycled by the Base.  Battelle will 

provide technical assistance in disposing of the waste generated from the bioslurper pilot 

test. 

f. Before field activities begin, the Health and Safety Plan will be finalized with information 

provided by the Base POC.  Table 4 is a checklist for the information required to 

complete the Health and Safety Plan. All emergency information will be obtained by the 

Site Health and Safety Office before operations begin. 

6.3 AFCEE Activities 

The AFCEE POC will act as a liaison between Battelle and Tinker AFB staff.  The AFCEE 

POC will ensure that all necessary permits are obtained and the space required to house the bioslurper 

field equipment is found. 

6.4 Points of Contact 

The following is a listing of Battelle, AFCEE, and Tinker AFB staff who can be contacted in 

case of emergency and/or for required technical support during the Bioslurper Initiative free-product 

recovery tests at Tinker AFB. 

Battelle POCs Jeff Kittel (614)424-6122 

AFCEE POC Patrick Haas (210) 536-4314 

Tinker AFB POC     

Regulatory POCs 
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Table 4.  Health and Safety Information Checklist 

Emergency Contacts Name Telephone Number 

Hospital 

Fire Department 

Ambulance and Paramedics 

Police Department 

EPA Emergency Response Team 

Program Contacts 

Air Force 

Battelle 

Tinker AFB 

Other 

Emergency Routes 

Hospital Map attached in Appendix C 

Other __ 

Emergency Room 

Emergency Switchboard 

Emergency Switchboard 

Emergency Switchboard 

Switchboard 

Patrick Haas 

Jeff Kittel 

(405) 734-8249 

911/737-1117/117 ' 
(Base) 

911 

911 

(800) 424-8802 

(210) 536-4314 

(614) 424-6122 
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Table 5.15 

Apparent Product Thickness Measurements (ft) 

Sampling Date 

Well 11/23/93 12/02/93 12/06/93 

Upper Aquifer 

NTA-2B no product no product ro product 
NTA-3B no product no product no product 
NTA-4B no product no product no product 
NTA-7B no product no product no product 
NTA-10B no product no product no product 
NTA-16B no product no product no product 

Lower/Undifferentiated Aquifer 

NTA-2A- no product no product no product 
NTA-4A no product no product no product 
NTA-5 0.01 0.02 0.02 
NTA-7A 0.11 0.13 0.13 
NTA-8A 1135 1533 16.89 
NTA-10A 19.86 19.46 1920 
NTA-11 7.14 11.81 12.18 
NTA-13A 0.79 135 0.98 
NTA-14 L33 3.19 4.11 

NTA-17 no product no product no product 

NTA-16A L19 ' 233 2.73 

1-30 14.63 14.43^ 1432 

MM-2 0.44 0.48 0.72 

RC-3 2.68 6.53 839 
RC-4 15.26 15.94 15.95 

RC-5 0.18 0.49 0.74 

RC-6 0.06 0.07 0.12 

Top of Regional Aquifer 

NTA-12 no product no product no product 

(a) Well may be filled with product; no water. 

72606M1000/01790S/SECTTON 5.OTA 09/22/94 bat 



I 
I 
i 
i 
f 
i 
i 
l 
i 
t 
i 
i 

i 
i 
i 
I 
i 
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AS-BUILT  DIAGRAM 
Boring or Wafl Number NTA-8A Sheet    1     of    1 

Location  North Tanks, Tinker AFB      ■Prqect 

Loggedby   SS Teel. JB Topping, CJ Perry, CA Payne 

Reviewed by Dais 

Depth 
in Feet 

(flush completion w/manhole cover 

r Dia. Carbon Steel Casing (0-20') 

Cement Grout (2-20'> 

12" Dia. Borehole 

4" Dia. Stainless Steel Casing 
(0.39 - 22.391) 

Depth to product (13.37\ 12/10/93) 

Cement Grout(2-18') 

Bentonite Pellets (18-21") 

7.88" Dia. Borehole 

4" Dia. Stainless Steel Screen 
(22.39-32.89') 

Sandpack (21-33.0') 

Depth to water (31.70', 12/10/93) 

3entonite Pellets (33-35') 

Note: Depth of screen placemen*" 

was determined aftei examining 

iithologic descriptions and 

geophysical logs. 

All diameter measurements 
are nominal. 

AD. 

A5- 

DateWell Started   10-13-93 

Date We» Completed   10-28-93 

Geologic/ Hydrologe Data 

fi 

Sample Method 

Uthobgic 
Diagram 

^M. V^«. ^J». >/V *^\. *+    _A*   _A*    _A*    .A, 
-^* -A* ^+ ^+ ^* 
jf** JP* jf** *f*+ ^* rf*V v*  +s*  v*   v* A*   **   *v   A* -A. 
-A* A -A^ ;*** ^A| 
,-A* .a^"* -A* -A^   A 

Uthologic Description 

No 

NoRacowy 

^^      ^^      ^^      ^^      ^^"* 

nontoMcy 

NsFtoowwy 

^^** ^^* ^^^ ^^** ^^ 

Sirty Clay (CL) (0-3.57 

Clay (CUCH) (3.5-5") 

Clay (CUCH) (5-9') 

Sand (SP) (9-10') 
Silty Clay (CL) (10-11*) 

Sand (SP) (11-14") 10-15" recovery « 4' 

Sandy Shale (15-15.5) 

Sandy Silt (ML/MH) (15.5-18') 
15-20" recovery-? 

Claystone(20-21.5") 
Siltstone(21.5-22.5") 
Sandstone(22.5-23.5") 

20-25" recovery « 3.5 

25-30"recovery « none 

Sandstone(30.5-32.6")       30-35" recovery . 4S 

Claystone(Shale)(32.6-35.0') 

ASTM D 2488 classification 

shown in parenthesis 

Drill Bit / Sample Method Used: 

□ Rotary       gj Air Rotary ; Mud Rotary      A Air Percussion     A Back Hoe      O Auger        Q Drive BarTs)     # Hard Tool $ Split-Barrel 

A-1BO0-186(12-gi) 



I 
I 
1 
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1 
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1 
I 

AS-BUILT  DIAGRAM 
Boring or We« Number NTA-10A 

Location  Tinker AFB  

Shea    1     of    1 

Project     North Tank Area 

Loggedby   SS Teel, JB Topping, CJ Perry, CA Payne 

Reviewed by  Dale. 

Well Construction Data 

Drill Bit 

Description 

Concrete (4000 psi) (0 - 2")    
(flush completion w/manhole cover) 

12* Dia. Borehole    

Cement Grout (2-19*)  ;  

8" Dia. Carbon Steel Casing (0-20") 

Cement Grout (2-20*)        

Depth to product (1327,12/10/93) 

4' Dia. Stainless Steel Casing (-0.3-23') 

Depth to water (19.3V, 12/10/93) 

Bentonite Pellets (19-21.8") 

Bentonite Hole Plug (20-23') 

4' Dia. Stainless Steel Screen (23-33*) 

7.88" Dia. Borehole 

Sandpack (21.8-36') 

Bentonite Hole Plug (36^0') 

Note: Depth of screen placement 
was determined after examining 
lithologic descriptions and 

geophysical logs. 

All diameter measurements 
are nominal. 

nFeet 

_LD_ 

J_L 

20 

25 

_3_L 

_3_5_ 

40 

__5_ 

50 

Date Well Started   10-22-93 

Date We« Completed   11 -4-93 

Geologic / Hydrologie Data 

fi 

Sample Method 

LJthobgic 
Diagram 

No R«cov«ry 

iC -f?f_l 
" *»/ /\/ <S*" A*," A, 

No Racovary 

No Recovery 

No Racovery 

,^* ^* s^^ ^^« 

Lithologic Description 

Concrete (0 - 0JS") 

No recovery (Oü - &) 

Gravelly Clay (CL/CH) (backfill?) (6-7*) 
Silty Oay (CH) (7-8.5-). Clay (CH) (8.5-9.-) 
Sandy Silty Clay to Clayey Silty Sand 

(CL/CH to SM/SC) (9.5-13.51) 

Sand (SP-SM) (13.5-16*) 

Silt (ML) (16-20-) 

Shale (20-23-) 

Sandstone (25-29') 

No recovery (29-30') 
Sandstone (30-33)' 

No recovery (33-35') 

Claystone (35-40') 

ASTM D 2488 classification 
shown in parenthesis 

Drill Bit / Sample Method Used: 

□ Rotary       _| Air Rotary | Mud Rotary      _, Air Percussion     AB—* Hoe      O Auger        Q Drive Barrel »HardTool     ® Split-Barrel 
A-1800-186 (12*1) 



AS-BUILT  DIAGRAM 
Boring or WeB Number NTA-11 

Lxafcn  Tinker AFB 
Sheet    1     of    1 

Project     North Tank Area 

laggedby   S S Teel, J B Topping, CJ Perry, CA Payne 

Reviewed by Date 

Wei Construction Data 

Description 

Concrete (0-2*) (4000 psi)  
(flush completion w/manhole cover) 
9-7/8-in. dia. borehole   

6* Dia. Stainless Steel Casing 
(0.63-22.28*) 

Cement Grout Seal (2-17.3*) 

Depth to product (13.85'. 12/10793) 

Benton'rte Pellets (17.3-19.8") 

Silica Sand (19.8-35.4")   

6" Dia. Stainless Steel Screen 
(22.28 - 32.28') 

Depth to water (27.22*. 12/10/33)   $&■ =z= 

FBentonite Hole Plug (35.4 - 36.4") 

Slough (36.4 - 38")   

I 
I 
I 
1 
i 
i 

r 

Note: Depth of screen placement 
was determined after examining 
lithologic descriptions and 
geophysical logs. 

AU diameter measurements 
are nominal. 

Date WeB Started   11-8-93 

Date WeB Completed   11-10-93 

Geologic / Hydrobgic Data 

Sample Method 

DnTl Bit/Sample Method Used: 
□ Rotary       gg Air Rotary 

UhologJc 
Diagram 

^* .-.'*»' _*Nr   "sr ^ 

Utrologic Description 

Backfill Clay (CLCH) (0 - 9.9*) 

Concrete (9.9-22") 

r-^S?zl Sa/id*Siitstone f22-23-8') 
^ä*;.^!*':*^*;»^^«?^* - 

^* !• ^^* I *51^ ■ * ^^* J ^^« 

No recovery (23.8-26') 

Clayey Sandy Siitstone (26-30.8") 

Sandstone, well cemented, some silt and 

day laminae (31 -36*) 

Claystone (36-37.5) 

Silt (37.5-38) (gradational contact with 

above claystone) 

ASTM D 2488 classification 
shown in parenthesis 

Mud Rotary      A Air Percussion     A Back Hoe      O Auger O Drive Barrel     9 Hard Tool      @ Split-Barrel 
A-1800-186 (12-91) 
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APPENDIX C 

HOSPITAL LOCATION MAP 



Health and Safety Plan EMERGENCY ROUTE MAP TO HOSPITAL 
Southwest Tanks Site April 26, 1994 

0       1500    3000 6000 

LOCATION PLAN 

BASE HOSPITAL LOCATION 
TINKER AIR FORCE BASE 

BIOREMEDIATION DEMONSTRATION 

PNL DATE    4/Ö34 



APPENDIX B 

LABORATORY ANALYTICAL REPORTS 



Alpha Analytical, Inc. 
255 Glendale Avenue, Suite 21 
Sparks, Nevada 89431 
(702)355-1044 
FAX: 702-355-0406 
1-800-283-1183 

e-mail: alpha@powernet.net 
http//www.powernet.net/~alpha 

ANALYTICAL REPORT 

2505 Chandler Avenue, Suite 1 
Las Vegas, Nevada 89120 

(702)498-3312 
FAX: 702-736-7523 

1-800-283-1183 

Battelle 
505 King Ave 
Columbus Ohio 43201 

Job#: 
Phone: (614) 424-6199 
Attn: Martin Wheeler 

Sampled: 01/14-29/97  Received: 01/31/97    Analyzed: 02/05-06/97 

Matrix: [   ] Soil    [   ] Water    [ X ] Other 

Analysis Requested: BTEX - Benzene,Toluene,Xylenes,Ethylbenzene 
1,3,5-Trimethylbenzene,1,2,4-Trimethylbenzene 

Methodology: EPA Method 624/8240 

Results: ,- 
Detection 

Client ID/ Concentration Limit 
Lab ID Parameter mg/Kg mg/Kg 

MF-12* Benzene ND 530 
/BMI013197- •01 Toluene ND 530 

Ethylbenzene ND 530 
Total Xylenes 9,200 530 
1,3,5-Trimethylbenzene 4,700 530 
1,2,4-Trimethylbenzene 5,500 530 

NTA-10A Benzene ND 48 
/BMI013197- 02 Toluene ND 48 

Ethylbenzene ND 48 
Total Xylenes 370 48 
1,3,5-Trimethylbenzene 390 48 
1,2,4-Trimethylbenzene 1,000 48 

ND - Not Detected 

*  - The sample was received and analyzed outside of holding time, 

I 
Approved by: 

Roger &.   Scholl, Ph.D. 
Laboratory Director 

^z? ate: z-////?? 



Alpha Analytical, Inc. 
255 Glendale Avenue, Suite 21 
Sparks, Nevada 89431 
(702)355-1044 
FAX: 702-355-0406 
1-800-283-1183 

e-mail: alpha@powernet.net 
http//www.powernet.net/~alpha 

2505 Chandler Avenue, Suite 1 
Las Vegas, Nevada 89120 

(702) 498-3312 
FAX: 702-736-7523 

1-800-283-1183 
ANALYTICAL REPORT 

Battelle 
505 King Ave 
Columbus Ohio 43201 

Job#: 
Phone: (614) 424-6199 
Atta: Martin Wheeler 

Alpha Analytical Number: BMI013197-01 

Date Sampled: 01/14/97 

Client I.D. Number: MF-12 

Date Received: 02/03/97 

C-range 
Compounds Sft:;s|Kfcthöd:;:sffi;: 

Percentage 
ofTotal 

Detection Limit 

(Not Applicable) 
Date-Analyzed 

<C8 GC/FID 26.18 NA 02/03/97 

C9 GC/FID 16.39 NA 02/03/97 

C10 GC/FID 16.86 NA 02/03/97 

Cll GC/FID 12.07 NA 02/03/97 

C12 GC/FID 12.26 NA 02/03/97 

C13 GC/FID 8.43 NA 02/03/97 

C14 GC/FID 4.87 NA 02/03/97 

C15 GC/FID 1.72 NA 02/03/97 

C16 GC/FID 0.60 NA 02/03/97 

C17 GC/FID 0.63 NA 02/03/97 

Approved by:. 
Roger L.^oll, Ph.D 
Laboratory Director 

Date 



Alpha Analytical, Inc. 
255 Glendale Avenue, Suite 21 
Sparks, Nevada 89431 
(702)355-1044 
FAX: 702-355-0406 
1-800-283-1183 

e-mail: alpha@powernet.net 
http//www.powernet.net/-alpha 

ANALYTICAL REPORT 

2505 Chandler Avenue, Suite 1 
Las Vegas, Nevada 89120 

(702) 498-3312 
FAX: 702-736-7523 

1-800-283-1183 

Battelle 
505 King Ave 
Columbus Ohio 43201 

Job#: 
Phone:(614)424-6199 
Atta: Martin Wheeler 

Alpha Analytical Number: BM013197-02 

Date Sampled: 01/29/97 

Client I.D. Number: NTA-10A 

Date Received: 01/31/97 

1 
m

m
 

»T
.vow

: 

Method 
Percentage 

ofTotal 
Detection Limit 

(Not Applicable) 
Date Analyzed 

<P8 GC/FTT) 040 NA 07/03/97 

C.Q GC/FID 085 NA 07/03/97 

cm GC/FTT) 7 47 NA 07/03/97 

c.^^ GC/FTT) 6.16 NA 07/03/97 

c\o GC/FTT) 1177 NA 07/03/97 

en GC/FTT) 17 47 NA 07/03/97 

cu. GC/FTT) 14.18 NA 07/03/97 

r.15 GC/FTT) 17.05 NA 07/03/97 

c.\a GC/F1T) 10 56 NA 07/03/97 

C17 GC/FTT) 9.19 NA 07/03/97 

n» GC/FTT) 7 46 NA 07/03/97 

no GC/FTT) 5.7.9 NA 07/03/97 

c?n GC/F1T) 3 63 NA 07/03/97 

r?.i GC/FTT) 7 74 NA 07/0V97 

C77 GC/FTT) 1 09 NA 07/03/97 

rm GC/FTT) 0 43 NA 07/03/97 
rid GC/FTT) n^7 NA n?/m /07 

Approved by:_ g^ ^ 
Roger L. Sefibll, Ph.D. 
Laboratory Director 

Date: 
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Alpha Analytical, Inc. 
255 Glendale Avenue, Suite 21 
Sparks, Nevada 89431 
(702)355-1044 
FAX: 702-355-0406 
1-800-283-1183 

e-mail: alpha@powernet.net 
http//www.powernet.net/~alpha 

\ 

ANALYTICAL REPORT 

2505 Chandler Avenue, Suite 1 
Las Vegas, Nevada 89120 

(702) 498-3312 
FAX: 702-736-7523 

1-800-283-1183 

Battelle 
505 King Ave 
Columbus Ohio 43201 

Job#: 
Phone: (614) 424-6199 
Attn: Martin Wheeler 

Sampled: 01/29/97 

Matrix: [  ] Soil 

Received: 01/31/97      Analyzed: 02/05/97 

[ X ] Water   [  ] Waste 

Analysis Requested: TPH - Total Petroleum Hydrocarbons-Purgeable 
Quantitated As Gasoline 

BTEX - Benzene,Toluene,Ethylbenzene,Xylenes 

Methodology; TPH - Modified 8015/DHS LUFT Manual/BLS-191 
BTEX - Method 624/8240 

Results: 

Client ID/ Detection 
Lab ID Parameter Concentration Limit 

Tinker-NTA-10A-1 TPH (Purgeable) 53 25  mg/L 
/BMI013197-03 Benzene ND 50  ug/L 

Toluene 82 50  ug/L 
Ethylbenzene 180 50  ug/L 
Total Xylenes 490 50  ug/L 

ND Not Detected 

Approved by: 
Roger L: Scholl, Ph.D 
Laboratory Director 
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REVISED 

Laboratory 
Analysis Report 

ALPHA ANALYTICAL 
255 GLENDALE AVENUE, SUITE 21 
SPARKS NV  89431 

Sierra 
Environmental 
Monitoring, inc. 
Date : 3/03/97 
Client     : ALP-855 
Taken by: CLIENT 
Report     : 18697 
PO#            : 

Page:  1 

lamp I e 

Collected 
Date    Time 

PARTICLE SIZE 
CLASSIF. 
HYDROMETER 

DENSITY 

G/CM3 

POROSITY 

BMI012797-03 
BMI012797-05 

■ T2-MPA-7.5-8 
- T2-MPC-5-5.5 

1/20/97   r 
1/20/97   : 

. SEE REPORT 
SEE REPORT 

1.27 
1.13 

52.1 
57.4 

Approved By: 

1 
is report is^gßMcafetS only to the sample received by the laboratory. The liability of the laboratory is limited to the amount paid 

this report. This report is for the exclusive use of the client to whom it is addressed and upon the condition that the client 
umes all liability for the further distribution of the report or its contents. 

%i illiam F. Pillsbury 
President 

1135 Financial Blvd. 
Reno, NV 89502 
Phone (702) 857-2400 
FAX (702) 857-2404 

John C. Seher 
Manager 





Sierra 
Environmental 
Monitoring, Inc. 

February 6, 1997 

TO:      Alpha Analytical 

FROM:    Sierra Environmental Monitoring, Inc. 

RE:      Particle Size Distribution Analysis for Samples: 

SEM 9701-0669        BMI 012797-03-T2-MPA-7.5-8 

SEM 9701-0670        BMI 012797-05-T2-MPA-5-5.5 

As per your request, we have performed particle size analysis 
on the samples submitted to our. laboratory. Test results are as 
follows: 

9701-0669      Clay: 22.0 %   Silt: 29.0 %   Sand: 49.0 % 

9701-0670      Clay: 9.5 %    Silt: 10.3 %   Sand: 80.2 % 

The samples were passed through a #10 sieve prior to analysis 
as per procedure. All results are based on oven dry sample 
weights. 

We appreciate this opportunity to provide our laboratory 
testing services. If you have any questions or require further 
testing, please feel free to contact us at your convenience. 

Sincerely, 
SIERRA ENVIRONMENTAL MONITORING, INC. 

Johi _ 
Laboratory Manager 

a 1135 Financial Blvd. 
I Reno, NV 89502 
^/illiam F. Pillsbury Phone (702) 857-2400 John C. Seher 

President FAX (702) 857-2404 Manager 



Alpha Analytical, Inc. 
255 Glendale Avenue, Suite 21 
Sparks, Nevada 89431 
(702) 355-1044 
FAX: (702)355-0406 
1-800-283-1183 

e-mail: alpha@powernet.net 
http//www.powernet.net/~alpha 

ANALYTICAL  REPORT 

Las Vegas, Nevada 
(702) 498-3312 

FAX: (702)736-7523 
Sacramento, California 

(916) 366-9089 
FAX: (916)366-9138 

Battelle 
505 King Ave 
Columbus Ohio 432 01 

Job#: 
Phone: (614) 424-6199 
Attn: Al Pollock 

Sampled: 01/20/97   Received: 01/27/97  Analyzed: 01/29-31/97 

Matrix: [X ] Soil    [   ] Water   [  ] Waste 

Analysis Requested: TPH  - Total Petroleum Hydrocarbons-Extractable 
Quantitated As Diesel 

BTEX - Benzene,Toluene,Ethylbenzene,Xylenes 

Methodology: TPH  - Modified 8015/DHS LUFT Manual/BLS-191 
BTEX - EPA Method 624/8240 

I 

TPH/BTXE Results: 

Client ID/ 
Lab ID 

T2-MPA-7-7.5 
/BMI012797-04 

T2-MPC-6.25- 
6.75 
/BMI012797-06 

Parameter 

TPH * 
Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

TPH 
Benzene 
Toluene 
Ethylbenzene 
Total Xylenes 

Detection 
Concentration Limit 

190 10 mg/Kg 
ND 20 ug/Kg 
ND 20 ug/Kg 
ND 20 ug/Kg 
ND 20 ug/Kg 

ND 10 mg/Kg 
ND 20 ug/Kg 
ND 20 ug/Kg 
ND 20 ug/Kg 
ND 20 ug/Kg 

* - Components are in the range of jet fuel. 

ND - Not Detected 

Approved By: f. 
Roger l/C  Scholl, Ph.D, 
Laboratory Director 

Date: ?'/W'?Sr 



Alpha Analytical, Inc. 
255 Glendale Avenue, Suite 21 
Sparks, Nevada 89431 
(702)355-1044 
FAX: (702)355-0406 
1-800-283-1183 

e-mail: alpha@powernet.net 
http//www. powernet.net/~alpha 

ANALYTICAL REPORT 

Las Vegas, Nevada 
(702) 498-3312 

FAX: (702)736-7523 
Sacramento, California 

(916) 366-9089 
FAX: (916)366-9138 

Battelle 
505 King Ave 
Columbus Ohio 43201 

Job#: 
Phone: (614) 424-6199 
Attn: Al Pollock 

Sampled: 01/18-20/97  Received: 01/27/97   Analyzed: 01/29/97 

Matrix: [   ] Soil    [ X ] Water    [   ] Waste 

Analysis Requested: TPH - Total Petroleum Hydrocarbons-Purgeable 
Quantitated As Gasoline 

BTEX - Benzene,Toluene,Ethylbenzene,Xylenes 

Methodology: TPH - Modified 8015/DHS LUFT Manual/BLS-191 
BTEX - Method 624/8240 

Results: 

Client ID/ 
Lab ID 

Tinker-MF-12-1 
/BMI012797-01 

Tinker-MF-12-2 
/BMI012797-02 

I 

Parameter Con< sent 

TPH (Purgeable) 23 
Benzene 1 ,400 
Toluene 890 
Ethylbenzene 610 
Total Xylenes 2 ,900 

TPH (Purgeable) 27 
Benzene 2 ,100 
Toluene 480 
Ethylbenzene 580 
Total Xylenes 2 ,700 

Detection 
Limit 

5.0 mg/L 
10 ug/L 
10 ug/L 
10 ug/L 
10 ug/L 

5.0 mg/L 
10 ug/L 
10 ug/L 
10 ug/L 
10 ug/L 

Approved by: 
Rogers. Scholl, Ph.D. 
Laboratory Director 

Date:   2/¥/<r7 



I 

II Batteile CHAIN OF CUSTODY 

Company Contact: Al-   tt> MA&(£~ Telephone: Uh " ^H - V»^ 

Samples Collected bv:     M-A^^   Lö^£^MtX^/Q^ 4g*ch'Wö        Date: tS/ZoSt^^     Time:   IZco/zyj^ 

Sample Location:      TVi^ A^g>   .    ~^P   *%*£ f//i#l>  

Ice Chest No.:     F'e'd Logbook Page No.:   

Remarks:  . : :  

Method of Shipment: TrkXX&l^ 

TUAJßs_.--/VVF:-l'L.- \ 6 V/'lAtC, 

TVVA_V   M.P- -17. - c: ■5 u fw£_ 

T--M.PA - "T..7-8 
-_- M,PA - >-T-<S- 
Ti- f^PC_-    5"- ^-5" 

r_-/^.pc— (p-^'-t.f^ 

* 

Sample Identification __ 

"&TW. ,T?a 

Chain of Possession 

Relinquishes Date/Time: 

^ate/Time: 

Relinquished by: Received by: Date/Time: 

Relinquished by: Received by: Date/Time: 

r,r   . -mr,   1AC /m,on\ 





Laboratory 
Analysis Report 

ALPHA ANALYTICAL 
255 GLENDALB AVENUE, SUITE 21 
SPARKS NV  89431 

Sierra 
Environmental 
Monitoring, Inc. 
Date    :  2/07/97 
Client  : ALP-855 
Taken by: CLIENT 
Report  : 18697 
PO#     : 

Page:      1 

Collected 
Sample                   Date   Time 

ALKALINITY, 
TOTAL 
MG/L CAC03 

PARTICLE SIZE 
CLASSIF. 
HYDROMEfER 

DENSITY 

Ö/CM3 

POROSITY 

I 
BMI012797-03 - T2-HPA-7.5-8   1/20/97   : 
BHI012797-05 - T2-MPC-5-5.5    1/20/97   : 

<*p SEE REPORT 
SEE REPORT 

1.27 
1.13 y 57.4 

7& A<\ 
a AüO 

Approved By:  
This report is applicable only to the sample received by the laboratory. The liability of the laboratory is limited to the amount paid 
Ir this report. This report is for the exclusive use of the client to whom it is addressed and upon the condition that the client 

sumes all liability for the further distribution of the report or its contents. 

■Wil llliam F. Pillsbury 
President 

1135 Financial Blvd. 
Reno, NV 89502 
Phone (702) 857-2400 
FAX (702) 857-2404 

John C. Seher 
Manager 



AN ENVIRONMENTAL ANALYTICAL LABORATORY 

WORK ORDER #:   9701261 
Work Order Summary 

CLIENT: Ms. Amanda Bush 
Battelle Memorial Institute 

BILL TO: Same 

505 King Avenue 
Columbus, OH 43201-2693 

PHONE: 
FAX: 
DATE RECEIVED: 
DATE COMPLETED: 

614-424-4996 
614-424-3667 
1/31/97 
2/5/97 

INVOICE # 13219 
P.O. #91221 

PROJECT # G462201 Bioslurping Tinker AFB 

FRACTION* 
01A 
02A 
03A 
04A 

NAME 
Tinker-MF-12-1 
Tinker-MF-12-2 
Tinker-NTA-10A-1 
Lab Blank 

RECEIPT 
TJESX                               VAC/PRES. 
TO-3                                      1.5 "Hg 
TO-3                                      1.5 "Hg 
TO-3                                       0 "Hg 
TO-3                                         NA 

CERTIFIED BY: DATE:   "2, 
Laboratory Director 

u sa- 

180 BLUE RAVINE ROAD, SUITE B    FOLSOM, CA 95630 
(916) 985-1000 • (800) 985-5955 • FAX (916) 985-1020 

Page 1 
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AIR TOXICS LTD. 
SAMPLE NAME: Tinker-MF-12-1 

ID#: 9701261-01A 

EPA METHOD TO-3 
(Aromatic Volatile Organics in Air) 

GC/PID 

FileName:                                           6013108 
Dil. Factor:   ;   '•-'-               "             '_.-'  5325 ~?ii-~-'-? •:   .   '       ...\ .—-■■:■■    ■' 

Det. Limit              Det. Limit 
Compound                                                                (ppmv)                  (uG/L) 

Date of Collection- 1/18/97 
.Date of Analysis:. 1/31/97  y  :   ^7;     { 

Amount                   Amount 
(ppmv)                      (uG/L) 

Benzene                                                                        5.3                         17 
Toluene     .                                                                   5.3                         20 

■: Ethyl-Benzene. -;i.^:;.:.^iv:....-^v ■ •...:-■' :':::.-—-- —:£,;^5.3'■'•.'••.    -!7-■•■":■ ■■■. 24 •..•:.-...r.- 
Total Xylenes                                                                 5.3 "                      24 

270                              880 
140 M -   •;:,,.;.  540 U„±-y-::'- 

300                             1300    ' 

TOTAL PETROLEUM HYDROCARBONS 
GC/FID 

(Quantitated as Jet Fuel) 

File Name:                                           6013108 
Dil. Factor:                                              - 5325 

Det. Limit              Det. Limit 
Compound                                                                    (ppmv)                   (uG/L) 

Date of Collection: 1/18/97 
Date of Analysis: 1/31/97 

Amount                    Amount 
(ppmv)                       (uG/L) 

TPH* (C5+ Hydrocarbons)                                                53                          350 
C2 - C4" Hydrocarbons                                                   53                           97 

66000                         430000 
6000                           11000 

*TPH referenced to Jet Fuel (MW=156) 

**C2 - C4 Hydrocarbons referenced to Propane (MW=44) 

M = Reported value may be biased due to apparent matrix interferences. 

Container Type: 1 Liter Summa Canister 

Page 2 



AIR TOXICS LTD. 
SAMPLE NAME: Tinker-MF-12-2 

ID#: 9701261-02A 

EPA METHOD TO-3 
(Aromatic Volatile Organics in Air) 

GC/PID 

File Name: | 
DM. Factor: 

Compound 

6013109 
5325 

Benzene 
Toluene 

Ethyl Benzene 

Total Xylenes 

: Date of Collection: 1/20/97 ' 
'■■•-■»v. -: •'■■'•it. •'.: .>>;,'<;   '„, -J?ate of Analysis: 1/31/97 

Det. Limit              Det. Limit               Amount                    Amount 
(PPmv) (uG/L) (ppmv) (UG/L) 

5.3 
5.3 
5.3 
5.3 

17 
20 

24 
24 

220 

Not Detected 
.100 ^ 
280 

710 
Not Detected 

1200 

TOTAL PETROLEUM HYDROCARBONS 
GC/FID 

(Quantitated as Jet Fuel) 

File Name: 
DM. Factor: 

Compound 
TPH* (C5+ Hydrocarbons) 

C2 - C4" Hydrocarbons 

*TPH referenced to Jet Fuel (MW=156) 

**C2 - C4 Hydrocarbons referenced to Propane (MW=44) 

6013109 Date of Collection : 1/20/97 
5325 Date of Analysis: 1/31/97 

Det. Limit Det. Limit Amount Amount 
(ppmv) (uG/L) (ppmv) (uG/L) 

53 350 69000 450000 
53 97 2400 4400 

Container Type: 1 Liter Summa Canister 

Page 3 
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AIR TOXICS LTD. 
SAMPLE NAME: Tinker-NTA-10A-1 

ID#: 9701261-03A 

EPA METHOD TO-3 
(Aromatic Volatile Organics in Air) 

GC/PID 

File Name: 
Dil. Factor: 

6013110 
337 

Date of Collection: 1/29/97:"\ 
Date of Analysts: 1/31/97   I 

Det. Limit Det. Limit Amount Amount 
Compound (ppmv) (uG/L) (ppmv) (uG/L) 
Benzene 0.34 1.1 8.2 27 
Toluene 0.34 1.3 14 54 
Ethyl Benzene :.::^0.34 ■--...:...■ .----       1-5 22 97 
Total Xylenes 0.34 1.5 54 240 

TOTAL PETROLEUM HYDROCARBONS 
GC/FID 

(Quantitated as Jet Fuel) 

File Name: 
Dil. Factor: 

Compound 

6013110 
337 

Det. Limit Det. Limit 
(ppmv) (uG/L) 

3.4 22 
3.4 6.2 

Date of Collection: 1/29/97 . 
Date of Analysis: 1/31/97 

Amount                    Amount 
(ppmv) (uG/L) 

TPH* (C5+ Hydrocarbons) 
C2 - C4" Hydrocarbons 

*TPH referenced to Jet Fuel (MW=156) 

**C2 - C4 Hydrocarbons referenced to Propane (MW=44) 

3700 
150 

24000 
270 

Container Type: 1 Liter Summa Canister 

Page 4 
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AIR TOXICS LTD. 
SAMPLE NAME: Lab Blank 

ID#: 9701261-04A 

EPA METHOD TO-3 
(Aromatic Volatile Organics in Air) 

GC/PID 

File Name: 

DiL Factor: 

6013106 

1.00! 

Date of Collection: NA 

Vate of Analyslsr 1/31/971 

Det. Limit Det. Limit Amount Amount 

Compound (ppmv) (uG/L) (ppmv) (uG/L) 

Benzene 0.001 0.003 Not Detected Not Detected 

Toluene <■■■•■-.. 0.001    v 0.004 Not Detected Not Detected 

Ethyl Benzene ..        ':.,:i;:>5,:.0.001,.;;r^.v ■;y::i Ö.Ö04 Not Detected Not Detected     'L? 

Total Xylenes 0.001 0.004 Not Detected Not Detected 

1 
I 
I 
I 
I 
I 
I 
1 
I 

File Name: 
Dil. Factor: 

Compound 

TOTAL PETROLEUM HYDROCARBONS 
GC/FID 

(Quantitated as Jet Fuel) 

6013106 

Det. Limit              Det. Limit 
(ppmv)                  (uG/L) 

Date of Collection: NA 
Date of Analysis: 1/31/97 

Amount                    Amount 
(ppmv)                      (uG/L) 

'     0.010                       0.065 

0.010                       0.018 
Not Detected             Not Detected 
Not Detected             Not Detected 

TPH* (C5+ Hydrocarbons) 

C2 - C4" Hydrocarbons 

*TPH referenced to Jet'Fuel (MW=156) 

**C2 - C4 Hydrocarbons referenced to Propane (MW=44) 

Container Type: NA 

Page 5 
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APPENDIX C 

SYSTEM CHECKLIST 
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APPENDIX D 

DATA SHEETS FROM THE SHORT-TERM PILOT TEST 
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I 
1 
1 
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I 
I 
I 
1 
t 
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Sheetl 

WELL K£-lt- DATE ^>3liw %> 
TIME DEPTH TO PRODUCT DEPTH TO WATER PRODUCT LAYER 

C> M< V1A1» /.tfS 
\ »"5B0 
'L \x.o<T 
*> (7 .^KJ 
4 \<T ,«AX 
fT '7-, «g It 111 ■ o\ 

\0 \TsOU woft .01 
vr W^H lVvQ> ,rt* 
-ho It .ÖT »KR5 .08 
\^ It .<*°l w .«0 - it 

\'.^\JT i».-*L. \\v«> .11 
"£, n^Ä. l^VZ- .HO 
2.5" 11, L* rz.."z-\ *[aO 

.. 
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I 
1 
i 
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i 
i 
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i 
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i 
i 
i 
i 
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FUEL AND WATER RECOVERY DATA 

Site:  ZqoSMWT^Keg. 

Test Type:    Slugging 

Start Date .   Ho Sfto'H-       I /S-5 

Operators: Leeaoj /tVgAp;^\&t/^Ueelec 

Date/Time Time LNAPL Recovery Groundwater Recovery 

t>5lfco^,>   Ofcoo G>Öö6 £°' VWt. Scc**.t*P fr^JL t>l»S" <JAU 

ll-3fWO^    n-3>o MO^ — I0-2A    qote. 

l'&SnuoHT-   08K) 0 8*0^ I"i«l 

tH3KWa> 0%oo l*^ 8^    +  *& tootle«* iqr* 
Zo 5KU1T 8\0 <\V^ l-.fc T6,9V~ 



PILOT TEST PUMPING DATA 

Site: ^0 fV)t.\ MA^D MnKee. Start Date:      lUSfl^q?- 

Operators: Le6So), t-teap^tao, Vlte&ce.. Start Time:      II5"$ 

Test Type:    Slotplio^  Well ID:    Mf-12- 

Depth to Groundwater:  \ZPtZT Depth to Fuel: IZ.IZ. Depth of Tube:     13-SZ. 

Date/Time 
Run 
Time 

Vapor Extraction 
Pump 
Stack 
Temp 
(°Q 

Pump 
Head 

Vacuum 
(inHg) Comments Stack 

Pressure 
(inH.0) 

Carbon 
Drums 

(in H,0) 
Flowrate 

(scfin) 

l"*3fi»i  Ofiflo ZOMai. 
TCBUJW TO 

ZH.«\ zr 
»*3Äri  two 2*1.5 

H       It u      »A %.s Z5~ 

lSs**i   o8*> MH.b" w,      »A vl           * 10.8 25" 

tf\ 3W>^   Ofcoo (ofc H        A u      tv *8-.H 2H 

UStSftd   «SID 12- <x         H ,,       K "VH.0 2i 

I 
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1 
1 
1 
1 
1 
I 
I 
1 
I 
I 

I 
I 
I 
1 
I 

PILOT TEST PUMPING DATA 

Site: gto K*A ^p/r\iJ<£g, 

Operators: ^EESOM, t-teffCftNJ&T&Q, WttßQgg. 

Test Type:   SKIWAMIPQ  

Depth to Groundwater:   Depth to Fuel: 

Start Date .   Z,0 2t*o <*T~ 

Start Time:    08SV 

Weil ID:     MP-I*L 

Depth of Tube:     l^HZ. 

Date/Time 
Run 
Time 

Vapor Extraction 
Pump 
Stack 
Temp 
(°Q 

Pump 
Head 

Vacuum 
(in Hg) Comments Stack 

Pressure 
(in H,0) 

Carbon 
Drums 

(in H,0) 
Flowrate 

(scfin) 

z«05w^ eesr 0 •ff\ *>5."V (7- 

'' 



PILOT TEST PUMPING DATA 

Site: "2flO CötA ^/r>/Q^£g. 

Operators: Ue<c^/t4eftT>.*^/fcfleefcg   . 

Test Type: T^flcQ'Qgxo'O.  

Depth to Groundwater:   Depth to Fuel: 

Start Date:   ZlSArfO^l- 

StartTime:     0^11- 

Well ID:      MF-R_ 

Depth of Tube:       /(g 

Date/Time 
Run 
Time 

Vapor Extraction 
Pump 
Stack 
Temp 

Pump 
Head 

Vacuum 
(inHg) Comments Stack 

Pressure 
(inBUO) 

Carbon 
Drums 

(in H,0) 
Flowrate 

(scfm) 

i\3t+> cm- O .0\ Art* 10 

1 



I 
1 Sheetl 

WELL COS- DATE -CSfrjIb 
TIME DEPTH TO PRODUCT DEPTH TO WATER PRODUCT LAYER 

O n-^i \-^8^ w\ 

I —- »^/tt. .—- 

z .  \«*.M — 
$ ,—— l*-*l — 
^  • >H-M3 '— 
r ^Vi» lS."iT .tiZ. 
ib ^a.rs i*i.^ .nfc 
IT IÖ.VT 1^0$- • f 
r\0 iia.tftT- ififl> >l 
HT /"«iT-^ l&^D M\t 
\ Vv* I*/*"* /K.ec I IT. 

•iStaV"'1^ i-»?4 ra.ftii .0"V 
*"£»4W«_ /*.?* /■».Ät- .©1 

, 
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Sheetl 

WELL A>r* WA- DATE ZSWW- 
TIME DEPTH TO PRODUCT DEPTH TO WATER PRODUCT LAYER 

0 R/W Z.ü,*°l .W 
\ »-A^ T^\.^^ ZAvUA . I> 

P'N^ Z.I ,*<* 7- \, 5T . lb 
äfJVAÖ *■ 4 £\.M<T .»> 
U g*,»o 7.1.3* . H 
5"V>M^ Z.\vl"& ^\•■so .\"V 

IÖ   MjlM> tö,^ Z-\,\2> ,\R 
ISW** IQ «5> •zn.T-C .l& 
30 IAW> 2.0 . M~V ?.n. ^T .^ 
I   V^ To  MO ?.w.^"l . IS 
isNW'igur IV &5" TO, OH ,1°i 
10   SMwt. \<^,£5> ?AoH **-! 

- 
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PILOT TEST PUMPING DATA 

Site:    NoZTti  TAN*c/rnol££g. 

Operators:  ti&fö**FOK>jvdUe£teg. 

Test Type:     S&»».«WtiO^  

Depth to Groundwater: x>exf*x*& 

ZS'.Kp 

Stan Date:   £5 JAM^H- 

StartTime:     HOQ 

Well ID:    NTA~IOA 

Ä&i.to 
Depth to Fuel: >t-ST—5Z..V      Depth of Tube:  ?£&      ZT.r 

Date/Time 
Run 
Time 

Vapor Extraction 
Pump 
Stack 
Temp 
(°Q 

Pump 
Head 

Vacuum 
(inHg) Comments Stack 

Pressure 
(in H,0) 

Carbon 
Drums 

(in H,0) 
Flowrate 

(scfm) 

Z3>3ft*0   Itoo 1.3V« .IM l,Z.\. H^/si MS.o 10 

2H SA£ 08H2- Z\ HZ. .z-% 54 MH.t> °{ 
?S" 3*) tftq "zH-T-t- .ZH s-M.r 4V.>* 1- 

-, 



PILOT TEST PUMPING DATA 

Site:  NQgnV TboK /"H io\üeZ 

Operators: topu$ W U&Cetee. 

TestType:   S*JLQ\^  

Depth to Groundwater:   2-M'^to Depth to Fuel: 

Stan Date:   "ZS^KWO 91- 

StartTime: _J\Z0 

Well ED:    NTA-10% 

Depth of Tube:   IfiA' 

Date/Time 
Run 
Time 

Vapor Extraction 
Pump 
Stack 
Temp 
("Q 

Pump 
Head 

Vacuum 
(inHg) Comments Stack 

Pressure 
(inHjO) 

Carbon 
Drums 

(in H,0) 
Flowrate 

(scfm) 

ZSCJJVa   \\Do © .Ol IT SH.\ r*> 
2^3"fti4   lieo **fO ,01 if ZH 
28SW> tfWO zo.s 

Tea i*-> to TOO<*O n> 
S5-.T i*\ 

Et 3*4   •*» z^-V if M 5SM- ^H 
5o 3tw0   6B\1 uH U t v T-H 

T-^V» 
■tet»>ft. 



PILOT TEST PUMPING DATA 

Site:   Kxpgnv -Txwd/Tt^&gg 

Operators: Ugpötio^insO /uXv€£$€g. 

Test Type:   5&»M»A.t,jq  

Depth to Groundwater:   Depth to Fuel: 

Stan Date:    3o 5ft^q> 

Start Time:      CZW^h 

WellED:     MXK-IOA- 

Depth of Tube:     ?S»f 

Date/Time 
Run 
Time 

Vapor Extraction 
Pump 
Stack 
Temp 
(°Q 

Pump 
Head 

Vacuum 
(inHg) Comments Stack 

Pressure 
Cm H,0) 

Carbon 
Drums 

(in H,0) 
Flowrate 

(scfm) 

IxsSlw KH> 0 az 5H 1 
3l3WJ  ote> mi *T-\ 5"l H-i-l 1 



PILOT TEST PUMPING DATA 

Site: MeeTv^-mo^/niv^&Z- 

Operators: J%SO>^Wj/ulv6£tof 

Test Type: DeA^ÖQu>^  

Depth to Groundwater:   Depth to Fuel: 

Start Date:   *3\ 3¥V> °C^- 

S tart Time:     11)0^ 

Well ED:    MTA--ICV 

Depth of Tube:   ^t   ^ lg 

Date/Time 
Run 
Time 

Vapor Extraction 
Pump 
Stack 
Temp 
(°Q 

Pump 
Head 

Vacuum 
(inHg) Comments Stack 

Pressure 
(in H20) 

Carbon 
Drums 

(in H,0) 
Flowrate 

(scfim) 

Z> «\5 ST iza VL 

\ «W* 2fc.U . 1ST SZ HVI \o 
Z.«V*1>** ^H.U- .1ST HT- H3.L 1 

- 



FUEL AND WATER RECOVERY DATA 

Site:   Ktoen*--nwK./t"\iOKeg. 

Test Type:  S£l \M<vCtiJc 

Start Date: Z^yAO^T-   lo'.^D 

Operators:  ti&t*** ^ /^ l4€£/ä/g_ 

Date/Time Time LNAPL Recovery Groimdwater Recovery 

2HsvN^*n- 064^. 18  *■ S^V*» t>«^>hw>A "UZ O  Oflli. 

25" SViV* o°t!S A^ '      /T?/A> UT 
Vo^4>N 

<ä^WDX^   '^ \5 
'  i 

< ^©^ ^s HoO 



FUEL AND WATER RECOVERY DATA 

Site:   Ntoerty TYvWnoV^g- 

TestType:   SloepNiog 

Start Date:  JSI^^LJI.
1
^ 

Operators:   tteaVt^k^ /oUtd&L 

Date/Time Time LNAPL Recovery Groundwater Recovery 

*BäO<\T- crwo^ "iO qaU -* 4° 2.7.80 qoU> 

'2-c\3^O0t> OÄol^^ ^^>0 Q^ "+ 40 7,l>iT   ^/vfcs 

"k> ^KNJ^T- ©sn-*^ So  <?/& T.XCTO   ^^ 

ioH7_.A*N 

TXie*^ y^epiroq , 
vi 

2-6  'V  ^ V^l <o (L^-ßA^ü^^v    ^yu^ A- 

»4 5 3 

\*>^\ "§J^CMU^V3-Y- 

T-^-V  tA^^w \vsrc> Vl><ife>^ 
A 



FUEL AND WATER RECOVERY DATA 

Site:  Negm TztM- /"H^gg 

Test Type:   t5V6 tM.rwtvg 

Start Date:    1>Q   SlfrvO 9,1-     ^Z^C^ 

Operators:  /MafcVV^ipo / LOtte^aC 

Date/Time Time LNAPL Recovery Groundwater Recovery 

3>\ 5*«0<W /O <?A& ÖÖO   9A^ 



FUEL AND WATER RECOVERY DATA 

Site:   fOcCTrTAN^ 

Test Type: DZQu3T5eco^ 

Start Date: 3ii^±^3z_l^0<5 

Operators:   IteaTOiVvfe^ /'"-Ws^eL 

Date/Time Time LNAPL Recovery Groundwater Recovery 

tXft^Hl- (11^'" Hb     q^> 15^^       Q&^ 

Z4t6t> &\ID v\^ '            10      G,.l*b, £> 5~k . 7__   o^./A. 

ioMo^ SULbötaru^ 



APPENDIX E 

SOIL GAS PERMEABILITY TEST RESULTS 



^ 

Record Sheet for Air Permeability Test 

Site:     V{-;!     '•';.,,  A Monitoring Point:      \^\ y A 

Liquid ring pump size:     "i    ^  ^ r; Distance from recovery well:   fo T -*- V 
1                                               V 

Depth of points: Green =     ^ Recorded by:    v.V v—;■  ...—-? .;»■      \. ..„A.- . v.>. 

Blue=          S F>    U.o  *t 
Red=          % 
  — ■*-■                                              ■ — 

C   -   V^.«S R 
Time Green Blue Red Time Green Blue Red 

0 0 z,c'x>:J\C -C,ec£5 

1 O OvGtMt> 0.0t>lS> 

3 O 0.'&c/+D o.ooTS 

5 n CcDOMTJ D^CTiSt» 

10 o o O 

3J} 0 O O f- 

[H^ o r> <—>> *»- 

y 

j^." 

' 
*- ■'.' 

-•# 
;•'■';" 

..■■"-'"''' 

"^marks: 



Record Sheet for Air Permeability Test 

Site:   TTA,^   M^I     7%D  "fbU^Stt^t Monitoring Point:            lAAp" j2> 

Liquid ring pump size:      ~\ •% Distance from recovery well:     ~£X,S"^ 

Depth of points: Green =      3> Recorded by:    MQ&tkit? 

Blue=           5 

Red=            ^ 

Time Green Blue Red Time Green Blue Red 

l    IVA^^r .01 .01 ,07_ 

^ *wO .oir •07, ,0Z- 

S  lyv^ iO"L- ,ot_ .oz~ 
ID 1*4^ ,07. <VZ •ÖT^ 

^UA^J ctfZL ^oz. <cr*~ 
H*>MW id. ^(fL ,o3 

' 

-■■■' 

Remarks: 



Record Sheet for Air Permeability Test     s/^ßf-   /JS~3H-/l 

Site:   TT^kgg.     ftfß /M.A   ixo 

Liquid ring pump size:   *7 'h    M? 

Depth of points: Green =   V*- 

Blue=     ^.e 

Red =     "7 A 
/ 

Time 

/wW 
tfjWtN 

/Vcm,nl 

Green 

0,0 
a 

II 

0,o 
o>o' 
6-c 

Blue 

0*0 
H 

0,o 

0,0 ' 
ö,o 

U/Ar+tTfc? 

Red 

0*0 
/I 

0,0 
if 

0,0 
It 

C'-C 

J ' -Tcv"" 

^#W7t 

0 / (A»*» 

toi,g 

zL.rt, 

IfftJ-CL^vSÄ   IMSU 

Monitoring Point:       £L 

Distance from recovery well:   5   ' " ?> 
/ 

Recorded by:       ) 4^ ^ 

S\v*-?^\( ^. J^ 12- ,f12/) 

fr\\AJ  — rwF- 12. 

Time 

Ttrt^'l 

V7'L 
3&*£ 

Green 

^ 
/W?/7 

\/A* 

^6' 

^V. y¥ 

Blue 

40" % 

2fc"VU 

Kh 

6 Ä*. 

to" & 

Red 

£**/< 

F)*w 

*- 

^TS 

***■ in/üxZl 

J53S 

/1LL±£L 

D>o// f>f 

J2^j 

fM2^ H*. 

.1 4 £ n\,Ai 

/C/vi,'\] 

\ S^^iw 

Remarks: l^'HjiA,  jvufcf W^ ö?^ Cftllorjj, 
NOh =7     f-/l<L      A */te/^   -f-^N/c /rW    h> f.'U 

iA' / r^\ «y/i -A/r^7 ?• f    /^7<? -Ux i?eAO/i<Jb <. /hz& *&. 

w ■ ' "      .... -- 

="—r^*ä~=£^?' 



APPENDIX F 

IN SITU RESPIRATION TEST RESULTS 
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