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EXECUTIVE SUMMARY 

This report summarizes the field activities conducted at K.I. Sawyer Air Force Base (AFB) for 

a short-term field pilot test to compare vacuum-enhanced free-product recovery (bioslurping) to 

traditional free-product recovery techniques used to remove light, nonaqueous-phase.liquid (LNAPL) 

from subsurface soils and aquifers. The field testing at K.I. Sawyer AFB is part of the Bioslurper 

Initiative, which is funded and managed by the U.S. Air Force Center for Environmental Excellence 

(AFCEE) Technology Transfer Division. The AFCEE Bioslurper initiative is a multisite program 

designed to evaluate the efficacy of the bioslurping technology for (1) recovery of LNAPL from 

groundwater and the capillary fringe, and (2) enhancing natural in situ degradation of petroleum 

contaminants in the vadose zone via bioventing. 

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the 

potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall 

study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of 

bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests 

are being performed at many sites. The test at K.I. Sawyer is one of more than 40 similar field tests 

to be conducted at various locations throughout the United States and its possessions. 

The intent of field testing is to collect data to support determination of the predictability of 

LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping 

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

is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the 

performance of more conventional LNAPL recovery technologies. The test method included an initial 

site characterization followed by LNAPL recovery testing. The three LNAPL recovery technologies 

tested at K.I. Sawyer AFB were skimmer pumping, bioslurping, and drawdown pumping. 

Bioslurper pilot test activities were conducted at two monitoring wells at the POL Bulk Fuel 

Storage Area (Site ST-04): (1) monitoring well RW-2, and (2) monitoring well K30S. 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 monitoring 

well RW-2, pilot tests for skimmer pumping, bioslurping, and drawdown pumping were conducted. 

The LNAPL recovery testing was conducted in the following sequence at monitoring well RW-2: 

46. 75 hr in the skimmer configuration, approximately 47 hr in the bioslurper configuration, an 

additional 8 hr in the skimmer configuration, and 61.25 hr in the drawdown configuration. 

After the drawdown pump test at RW-2, LNAPL recovery testing was conducted in the 

following sequence at K30S: 8 hr in the skimmer configuration, followed by 37.5 hr in the 

bioslurper 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. 

Approximately 60 gallons of LNAPL were recovered during the series of pump tests at 

monitoring well RW-2. Groundwater was extracted at rates ranging from 640 gallons/day during the 

initial skimmer pump test up to 1,000 gallons/day during the bioslurper pump test. In general, fuel 

recovery rates decreased with time, with the highest rates during the initial skimmer pump test. 

There appeared to be little difference in recovery rates based on the configuration of the system. This 

may be due to the inability to achieve high vacuum during the bioslurper pump test due to the well 

construction and water table depth. It is possible that greater fuel recovery could have been achieved 

with higher well vacuums. 

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

monitoring well RW-2 determine whether the vadose zone was being oxygenated. Oxygen 

concentrations increased at all monitoring points by the completion of the test. These results 

demonstrated that the oxygen radius of influence was slightly larger than the pressure radius of 

influence measured during the soil gas permeability test. 

During the pump tests conducted at K30S, free-product recovery rates were significantly 

different between skimming and bioslurping, with higher recovery rates achieved during bioslurping. 

However, fuel recovery rates were still relatively low. During the bioslurper pump test, the average 

fuel recovery rate was approximately 8.7 gallons/day. Groundwater recovery rates over the 37-hour 

test averaged 450 gallons/day. Free product recovery at this monitoring well was fairly similar to 

that observed at monitoring well RW-2, although groundwater recovery was significantly less at this 

monitoring well. The inability to achieve a high vacuum on either well may have limited recovery 

rates. 
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Based on the results at monitoring wells RW-2 and K30S, implementation of bioslurping at Site 

ST-04 is unlikely to facilitate enhanced recovery of LNAPL from the water table. Different well 

construction which would allow for higher vacuums on the wells may facilitate improved free product 

removal via bioslurping; however, it should be noted that free product rates were low at this site and 

even with different well construction, it's possible that there is not sufficient quantities of mobile free 

product to recover. In situ biological activity is fairly low; therefore, bioslurping would be unlikely 

to enhance microbial degradation rates in the vadose zone. 
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DRAFf SITE-SPECIFIC TECHNICAL REPORT (A003) 

for 

FREE-PRODUCT RECOVERY TESTING AT K.I. SA WYER AFB, MICIDGAN 

October 18, 1996 

1.0 INTRODUCTION 

This report describes activities performed and data collected during field tests at K.1. Sawyer 

Air Force Base (AFB), Michigan 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 K.I. Sawyer AFB is part of .the Bioslurper 

Initiative, which is funded and managed by the U.S. Air Force Center for Environmental Excellence 

(AFCEE) Technology Transfer Division. The AFCEE Bioslurper Initiative is a multisite program 

designed to evaluate the efficacy of the bioslurping technology for (1) recovery of LNAPL from 

groundwater and the capillary fringe and (2) enhancing natural in situ degradation of petroleum 

contaminants in the vadose zone via bioventing. 

1.1 Objectives 

The main objective of the Bioslurper Initiative is to develop procedures for evaluating the 

potential for recovering free-phase LNAPL present at petroleum-contaminated sites. The overall 

study is designed to evaluate bioslurping and identify site parameters that are reliable predictors of 

bioslurping performance. To measure LNAPL recovery in a wide variety of in situ conditions, tests 

are being performed at many sites. The test at K.I. Sawyer AFB is one of more than 40 similar field 

tests to be conducted at various locations throughout the United States and its possessions. Aspects of 

the testing program that apply to all sites are described in the Test Plan and Technical Protocol for 

Bioslurping (Battelle, 1995). Test provisions specific to activities at K.I. Sawyer AFB are described 

in the Site-Specific Test Plan provided in Appendix A. 

The intent of field testing is to collect data to support determination of the predictability of 

LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping 

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

is structured to allow direct comparison of the LNAPL recovery achieved by bioslurping with the 
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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 K.I. Sawyer AFB were skimmer pumping, bioslurping, and drawdown pumping. The 

specific test objectives, methods, and results for the K.1. Sawyer AFB test program are discussed in 

the following sections. 

1.2 Testing Approach 

Bioslurper pilot test activities were conducted at two monitoring wells at the POL Bulk Fuel 

Storage Area (Site ST-04): (1) monitoring well RW-2, and (2) monitoring well K30S. Site 

characterization activities were conducted to evaluate site variables that could affect LNAPL recovery 

efficiency and to determine the bioventing potential of the site. Testing included baildown testing to 

evaluate the mobility of LNAPL, soil sampling to determine physical/chemical site characteristics, soil 

gas permeability testing to determine the radius of influence, and in situ respiration testing to evaluate 

site microbial activity. 

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

well RW-2, pilot tests for skimmer pumping, bioslurping, and drawdown pumping were conducted. 

The LNAPL recovery testing was conducted in the following sequence at monitoring well RW-2: 

46. 75 hr in the skimmer configuration, approximately 47 hr in the bioslurper configuration, an 

additional 8 hr in the skimmer configuration, and 61.25 hr in the drawdown configuration. 

After the drawdown pump test at RW-2, LNAPL recovery testing was conducted in the 

following sequence at K30S: 8 hr in the skimmer configuration, followed by 37.5 hr in the 

bioslurper 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 SITE DESCRIPTION 

The information presented in this section was obtained from site-specific information received 

by Battelle from K.1. Sawyer AFB and a document entitled Bioventing Pilot Test Work Plan for 

2 
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Installation Restoration Program: Site ST-04 POL Bulk Fuel Storage Area, K.J. Sawyer AFB, 

Michigan (Engineering-Science, Inc. 1992) 

K.I. Sawyer AFB is located in Marquette, Michigan, which is in the north-central portion of 

Michigan's Upper Peninsula. Site ST-04 is located on the south-central part of the base, and is 

bounded on the east and west by Avenues D and H, respectively, and on the north and south by First 

Street and Avenue A, respectively (Figure 1). Site ST-04 is approximately 500 ft by 500 ft in size. 

There are five aboveground jet fuel storage tanks and a vapor sphere. The fuel tanks have the 

following capacities: one each at 37,500, 20,000, 10,000 gallons, and two at 5,000 gallons. The 

vapor sphere has a capacity of 10,000 ft3• Each tank is contained in a diked area with concrete walls 

and base. A truck loading/unloading and tank car unloading area is located along the east side of Site 

ST-04. 

Air Force records show that five spills have been documented at the site since 1970, including 

a single spill of 40,000 gallons between tank No. 5 and Avenue D, of which only about 8,000 gallons 

were recovered. The total volume of JP-4 estimated to have been spilled is between 65,000 and 

74,000 gallons; however, the actual volume may be significantly greater due to undocumented spills 

before 1970. Long-term Base employees indicate that in the past, fuel was transferred by train cars, 

and spills were common. 

An oval-shaped free-product plume is located to the southeast of Site ST-04. The plume is 

approximately 950 ft by 500 ft. Groundwater depth appears to be approximately 72 ft below ground 

surface (bgs) and flows in a southeasterly direction across the site at a gradient of approximately 0.01 

foot per foot (ft/ft). In July, 1996, groundwater depth was measured at approximately 67 ft bgs. The 

site is upgradient from an alternative Base drinking water supply well and Silver Lead Creek, located 

approximately 1,700 feet east of the site. A previous study of the area showed that a plume of 

contaminated groundwater originated in Site ST-04 and extended under Silver Lead Creek. Site ST-

04 soils are glacial deposits of sand with some gravel and silt overlying relatively impermeable 

bedrock at a depth of approximately 100 ft. 

A soil vapor survey indicated that the highest levels of contamination occur along the 

southeastern edge of Site ST-04. A total aromatic volatile organic compound (VOC) concentration 

was reported at 292,000 mg/kg. Total petroleum hydrocarbon (TPH) concentrations were measured 

in excess of 7,000 mg/kg at a depth of approximately 15 ft. Groundwater analyses from 1988 

through 1990 indicate the presence of benzene (up to 5,200 µg/L), ethylbenzene (up to 630 µg/L), 

total xylenes (up to 1,000 µg/L), and toluene (up to 4,400 µg/L). 

3 
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Figure 1. Schematic Diagram Showing Locations of Monitoring Wells and Monitoring Points 
at Site ST-04, K.I. Sawyer AFB, MI 
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A bioventing pilot test was performed at Site ST-04 in September 1992. The radius of 

influence was determined to exceed 60 ft at depths down to 60 ft bgs. A subsequent I-year 

bioventing test demonstrated sizable reductions in soil concentrations of benzene, toluene, 

ethylbenzene, and xylenes (BTEX) indicating that fuel biodegradation progressed at a significant rate. 

A free-product recovery system was installed at Site ST-04 in March 1995. Six extraction 

wells were installed as part of the recovery system. The system was not successful in extracting 

recoverable floating product. In May 1996, monitoring well measurements were taken and baildown 

tests were performed to provide data to review and possibly reengineer the free-product recovery 

system. 

3.0 BIOSLURPER SHORT-TERM PILOT TEST METHODS 

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

and methods used for the short-term pilot test at K.I. Sawyer. 

3.1 Initial LNAPL/Groundwater Measurements and Baildown Testing 

Monitoring wells RW-2 and K30S 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 TeflonTII 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 21 hr at monitoring well RW-2 and 

for approximately 3.5 hr at monitoring well K30S. 

An LNAPL sample was collected from monitoring well RW-2 for analysis of BTEX and for 

boiling point fractionation. The sample was sent to Alpha Analytical, Inc., in Sparks, Nevada for 

analysis. 

3.2 Well Construction Details 

Short-term bioslurper pump tests were conducted at existing monitoring well RW-2 and at 

monitoring well K30S. Monitoring well RW-2 is constructed of 6-inch-diameter, schedule 40 PVC 
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with a total depth of 82 ft bgs and 25 ft long section of screen. Monitoring well K30S is constructed 

of 4-inch-diameter, schedule 40 polyvinyl chloride (PVC) with a total depth of 74 ft bgs and an 8-ft 

long section of screen. A schematic diagram illustrating well construction details for monitoring wells 

RW-2 and K30S is provided in Figure 2. There was some uncertainty regarding the construction 

details of the wells at Site ST-04, due to some inconsistency and incompleteness in the information 

provided. These completion details were a compilation of several sources provided by the Base. 

3.3 Soil Gas Monitoring Point Installation 

Three monitoring points were installed and labeled MPA, MPB, and MPC. The locations of 

the monitoring points are illustrated in Figure 1 and construction details are provided in Figure 2. 

The monitoring points consisted of ¼-inch tubing, with !-inch-diameter, 6-inch-long screened 

areas. The screened lengths were positioned at depths of 15, 25, 35, 45, 55 and 65 ft bgs, and the 

annular space corresponding to the screened length was filled with silica sand. The interval from the 

top of the screened length to the bottom of the next screened length, as well as the interval from the 

ground surface to the top of the first screened length, was filled with bentonite clay chips. After 

placement, the bentonite clay was hydrated with water to expand the chips and provide a seal. 

After installation of the monitoring points, initial soil gas measurements were taken with a 

GasTech portable OifCO2 meter and a GasTech TraceTechtor portable hydrocarbon ·meter. Oxygen 

concentrations observed at the monitoring points ranged from 3.0 to 19.5%, with the lowest 

concentrations corresponding with the deeper depths (Table 1). 

3.4 Soil Sampling and Analysis 

Two soil samples were collected during the installation of monitoring point MPB and were 

labeled KIS-S-1 and KIS-S-2. The samples were taken from 60 to 62 ft bgs using a split spoon 

sampler with brass sleeves. 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 were analyzed for BTEX, bulk density, moisture content, particle size, porosity, 

and TPH-purgeable. The laboratory analytical report is provided in Appendix B. 

6 
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Table 1. Initial Soil Gas Composition at K.I. Sawyer AFB, MI 

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

MPA 15 19.5 0.8 

25 19.0 0.7 

35 18.0 0.7 

45 17.0 1.3 

55 16.0 1.5 

65 6.0 7.0 

MPB 15 18.5 1.0 

25 18.0 0.8 

35 18.0 0.8 

45 17.0 1.2 

55 17.0 1.5 

65 3.0 7.0 

MPC 15 18.0 0.8 

25 18.0 0.8 

35 18.0 0.8 

45 16 2.0 

55 LP* LP* 

65 16 2.5 

8 

TPH (ppmv) 

58 

150 

53 

14 

430 

>20,000 

58 

44 

36 

80 

180 

16,500 

66 

70 

112 

215 

LP* 
16,400 
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3.5 LNAPL Recovery Testing 

3.5.1 System Setup 

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

Fluidics Model AlOO, 7.5-hp liquid ring pump), oil/water separator, and required support equipment 

were carried to the test location on a trailer. The trailer was located near the monitoring well, the 

well cap was removed, a well seal was placed on 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 well seal 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 recovered fluid through a filter tank, an oil/water separator, 

and allowing it to settle in a 325-gallon tank. The groundwater was discharged into the base sanitary 

sewer system using a ¾-hp sump pump located inside the 325-gallon storage tank. 

A brief system startup test was performed prior to LNAPL recovery testing to ensure that all 

system components were working properly. The system checklist is provided in Appendix C. All 

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

pilot test data sheets provided in Appendix D. 

3.5.2 Skimmer Pump Test . 

Two skimmer pump test were conducted: one at monitoring well RW-2 and one at monitoring 

well K30S. Details of the tests are described in the following sections. 

3.5.2.1 Monitoring Well RW-2. Prior to test initiation, depths to LNAPL and groundwater 

were measured. The slurper tube was then set at the LNAPL/groundwater interface· with the wellhead 

open to the atmosphere. The drop tube was held in position by the well seal, and was positioned to 

leave the wellhead vented to the atmosphere (Figure 3). The liquid ring pump and oil/water separator 

were primed with known amounts of groundwater to ensure that any LNAPL or groundwater entering 

the system could be quantified. The flow totalizer for the LNAPL and aqueous effluent were zeroed, 

and the liquid ring pump was started on July 30, 1996 to begin the skimmer pump test. The test was 

operated continuously for approximately 46.75 hr. The LNAPL and groundwater extraction rates 
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were monitored throughout the test, as were all other relevant data for the skimmer pump test. Test 

data sheets are provided in Appendix D. 

3.5.2.2 Monitoring Well K30S. Upon completion of the drawdown pump test at monitoring 

well RW-2, preparations were made to begin the skimmer pump test at monitoring well K30S. 

Depths to LNAPL and groundwater were measured. The system was configured as described in 

Section 3.5.2.1. The liquid ring pump was started on August 6, 1996 to begin the skimmer pump 

test. The test was operated continuously for approximately 8 hr. 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. 

3.5.3 Bioslurper Pump Test 

Two bioslurper pump test were conducted: one at monitoring well RW-2 and one at 

monitoring well K30S. Details of the tests are described in the following sections. 

3.5.3.1 Monitoring Well RW-2 

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

pump test. The slurper tube was set at the LNAPL/groundwater interface. The LNAPL and 

groundwater depth were measured prior to any recovery testing. The sanitary well seal was 

positioned inside the well, sealing the wellhead and allowing the pump to establish a vacuum in the 

well (Figure 4). A pressure gauge was installed at the wellhead to measure the vacuum inside the 

extraction well. The liquid ring pump was started on August 1, 1996 to begin the bioslurper pump 

test. The test was initiated approximately 2 hr after the skimmer pump test on RW-2 and was 

operated for approximately 46.75 hr. The LNAPL and groundwater extraction rates were monitored 

throughout the test, as were all other relevant data for the bioslurper pump test. The data sheets are 

provided in Appendix D. 
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3.5.3.2 Monitoring Well K30S 

System setup at K30S was modified due to there having been inadequate information about the 

well construction. A 3-inch well casing, not secured to the bottom of the well, was positioned inside 

a stable 4-inch casing. A sanitary well seal was used to seal off the 4-inch well to ensure vacuum 

was not lost between the two casings. The liquid ring pump was started on August 6, 1996 to begin 

the bioslurper pump test. The test was initiated approximately 5 minutes after termination of the 

skimmer pump test at K30S. The LNAPL and groundwater extraction rates were monitored 

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

provided in Appendix D. 

3.5.4 Second Skimmer Test 

Upon completion of the bioslurper pump test at RW-2, a second skimmer test was performed 

on the well. The bioslurper system was configured as described in Section 3.5.2. The liquid ring 

pump was started on August 3, 1996 approximately 15 minutes after completion of the bioslurper 

pump test and was operated continuously for 8 hr. The LNAPL and groundwater extraction rates 

were monitored throughout the test, as well as all other relevant data for the bioslurper pump test. 

Test sheets are provided in Appendix D. 

3.5.5 Drawdown Pump Test 

Upon completion of the second skimmer pump test at RW-2, preparations were made to begin 

the drawdown pump test. The slurper tube was positioned 4 inches below the initial LNAPL/water 

interface measured prior to any recovery pump testing (Figure 5). The liquid ring pump was started 

on August 3, 1996 to begin the drawdown pump test at RW-2. The test was initiated approximately 

15 minutes after the second skimmer pump test was completed and was operated continuously for 

61.25 hr. 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. 
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3.6 Off-Gas Sampling and Analysis 

Two soil gas samples were collected during the bioslurper pump tests. Samples KIS-OGS-1 

and KIS-OGS-2 were collected from the bioslurper off-gas during the bioslurper pump test at 

monitoring well RW-2. Sample KIS-OGS-1 was collected following approximately 45 hr of 

operation, and Sample KIS-OGS-2 was collected after approximately 47 hr of operation. The samples 

were collected in SummaTlf canisters. The samples were sent under chain of custody to Air Toxics, 

Ltd., in Folsom, California, for analyses of BTEX and TPH, using EPA Method TO-3. 

3. 7 Groundwater Sampling and Analysis 

Two groundwater samples were collected during the bioslurper pump test at RW-2 and were 

labeled KIS-DW-1 and KIS-DW-2. Each sample was collected from the point of discharge into the 

base sanitary sewer system, after approximately 45 and 47 hrs of operation, respectively. Samples 

were collected in 40-mL septa vials containing hydrochloric acid (HCl) preservative. Samples were 

checked to ensure no headspace was present and were then shipped on ice and sent under chain of 

custody to Alpha Analytical, Inc., in Sparks, Nevada for analyses of BTEX and TPH (purgeable). 

3.8 Soil Gas Permeability Testing 

The soil gas permeability test data were collected during the bioslurper pump test at monitoring 

well K30S. Before a vacuum was established in the extraction well, the initial soil gas pressures at 

the three installed 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. 
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3.9 In Situ Respiration Testing 

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

approximately 24 hr beginning on August 3, 1996. 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 ½-hp diaphragm pump was used for air and helium injection. Air and helium were 

injected through monitoring points MPA-65', MPB-65', and MPC-65'. 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 August 6, 1996. 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 

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. 

4.0 RESULTS 

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

recovery pump test, and other supporting tests conducted at K.I. Sawyer. 

4.1 Baildown Test Results 

Results from the baildown test in monitoring well RW-2 are presented in Table 2. A total 

volume of 5 L was removed by hand-bailing from monitoring well RW-2. The LNAPL thickness 
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Monitoring 
Well 

RW-2 

K30S 

Table 2. Baildown Test Record at RW-2, K.I. Sawyer AFB, MI 

Sample Depth to Depth to LNAPL 
Collection Time Groundwater (ft) LNAPL (ft) Thickness (ft) 

Initial Reading 67.47 66.69 0.78 
7/29/96-1030 

7 /29/96-1125 69.14 68.82 0.32 

7 /29/96-1126 69.16 68.72 0.44 

7/29/96-1129 69.20 68.73 0.47 

7/29/96-1131 69.20 68.73 0.47 

7 /29/96-1137 69.27 68.70 0.57 

7 /29/96-1154 69.33 68.68 0.65 

7/29/96-1325 69.39 68.68 0.71 

7 /29/96-1448 69.40 68.65 0.75 

7 /30/96-0835 69.43 68.65 0.78 

7 /29/96-1335 69.55 69.09 0.46 

7 /29/96-1338 69.36 69.29 0.07 

7/29/96-1339 69.30 69.21 0.09 

7 /29/96-1342 69.30 69.18 0.12 

7 /29/96-1349 69.30 69.17 0.13 

7 /29/96-1357 69.31 69.17 0.14 

7/29/96-1415 69.35 69.16 0.19 

7/29/96-1445 69.38 69.15 0.23 
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recovered to approximately 99% of initial levels by the end of the 21-hour test period. The results of 

these tests indicate that this well may be suitable for bioslurping. 

A baildown test was also performed on monitoring well K30S (Table 2). A total of 0.65 L of 

LNAPL was removed. Fuel recovery into this well was significantly slower than that observed in 

monitoring well RW-2. Therefore, monitoring well RW-2 appeared to be the most suitable for 

bioslurping. 

4.2 Soil Sample Analyses 

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

ST-04. TPH and BTEX concentrations varied between the two samples. TPH concentration in KIS-

S-1 was 110 mg/kg, while in KIS-S-2, the concentration of TPH was 1,000 mg/kg. BTEX 

concentrations also varied between the two samples. Concentrations ranged from 0.18 mg/kg 

(ethylbenzene) to 1.0 mg/kg (toluene) in KIS-S-1. In contrast, all BTEX components were below 

detection limits in KIS-S-2. The results of the physical characterization and inorganic analysis of the 

soil are presented in Table 4. 

4.3 LNAPL Pump Test Results 

4.3.1 Initial Skimmer Pump Test Results 

4.3.1.1 Monitoring Well RW-2 

A total of 35 gallons of LNAPL was recovered during this test, with an average recovery rate 

of 19 gallons/day (Table 5). A total of 1,200 gallons of groundwater was extracted with an average 

extraction rate of 640 gallons/day (Table 5). Results of LNAPL recovery versus time are shown in 

Figure 6. 

4.3.1.2 Monitoring Well K30S 

A total of 0.9 gallons of LNAPL was recovered during this test, with an average recovery rate 

of 2.7 gallons/day (Table 6). A total of 14.4 gallons of groundwater was extracted ~ith an average 

18 
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I Table 3. TPH and BTEX Concentrations in Soil Samples for Site ST-04, K.I. Sawye 

AFB,MI 
r 

I Concentration (mg/kg) 

I Parameter KIS-S-1 KIS-S-2 

TPH as diesel 110 1,000 

I Benzene 0.48 <;:1.0 

Toluene 1.0 <1.0 

I Ethylbenzene 0.18 <1.0 

Xylenes 0.69 <1.0 

I 
I Table 4. Physical Characterization and Inorganic Analyses of Soil from Site ST-04, 

Sawyer AFB, MI 
K.I. 

I Sample 

I 
Parameter · KIS-S-1 KIS-S-2 

Moisture Content ( % ) 15.1 9.9 

I Porosity ( % ) 27.6 28.3 

Density (g/cm3) 1.92 1.90 

I Particle Size Sand 98.3 98.3 

Silt 0.0 0.0 

I Clay 1.7 1.7 

I 
I 
I 19 
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Table 5. Pump Test Results at Monitoring Well RW-2, Site ST-04, K.I. Sawyer AFB, MI 

Recovery Rate (gaVday) 

Initial Skimmer Second Skimmer 
Pump Test Bioslurper Pump Test Pump Test Drawdown Pump Test 

Tune (days) LNAPL Ground-ter LNAPL Ground-ter LNAPL Ground-ter LNAPL Ground-ter 

1 23.14 754 9.48 441 6.0 544.8 3.3 1,161 

2 14.15 521 4.98 1,611 NA NA 4.9 741 

3 NA NA NA NA NA NA 6.18 738 

Average 18.6 637.5 7.23 1,026 6.0 544.8 4.7 880 

Total 34.75 1,234 12.8 1,974 2.5 227 10.4 2,172 

Recovery 
(gal) 

NA = Not applicable. 
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Figure 6. Fuel Recovery Versus Time During Each Pump Test in Monitoring Well RW-2 
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Table 6. Bioslurper Pump Test Results at Monitoring Well K30S, Site ST-04, K.I. Sawyer 
AFB,MI 

Recovery Rate (gal/day) 

Skimmer Pump Test Bioslurper Pump Test 

Time (Days) LNAPL Groundwater LNAPL Groundwater 

1 2.7 43.2 7.6 798 

2 NA NA 4.6 311 

Average 2.7 43.2 6.1 554.5 

Total Recovery (gal) 0.9 14.4 8.9 765 

extraction rate of 43 gallons/day (Table 6). Results of LNAPL recovery versus time are shown in 

Figure 7. Total fuel recovered and recovery rates were significantly lower at this monitoring well 

than those measured under the skimmer configuration at monitoring well RW-2. 

4.3.2 Bioslurper Pump Test Results 

4.3.2.1 Monitoring Well RW-2 

LNAPL recovery rates decreased during the bioslurper pump test compared to the initial 

skimmer pump test (Figure 6). A total of 13 gallons of LNAPL and 2,000 gallons of groundwater 

was extracted during the bioslurper pump test, with daily average recovery rates of 7 .2 gallons/day 

for LNAPL and 1,000 gallons/day for groundwater (Table 5). The LNAPL recovery rate versus time 

is shown in Figure 8. The vacuum-exerted wellhead pressure on monitoring well RW-2 was kept 

relatively constant throughout the bioslurper pump test at approximately 0.05 inches of water. Due to 

the well construction and the water table depth, it was difficult to exert significant vacuum on the 

well. Higher vacuums may have resulted in improved free product recovery rates. 

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

determine whether the vadose zone was being oxygenated. Oxygen concentrations increased at all 

monitoring points by the completion of the test (Table 7). These results demonstrate that the oxygen 
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Table 7. Oxygen Concentrations During the Bioslurper Pump Test at RW-2, Site ST-04, 
K.I. Sawyer, MI 

Oxygen Concentrations (%) Versus Time (hr) 
Monitoring 

0 5 20 28 44 Point 

MPA-65 6.0 6.9 8.0 5.2 12.1 

MPB-65 3.0 4.0 4.0 5.0 17.0 

MPC-65 10.0 10.0 20.0 10.0 19.5 

radius of influence is slightly larger than the pressure radius of influence measured during the soil gas 

permeability test. 

4.3.2.2 Monitoring Well K30S 

Totals of 8.9 gallons of LNAPL and 770 gallons of groundwater were recovered during the 

bioslurper pump test, with daily average recovery rates of 6.1 gallons/day for LNAPL and 550 

gallons/day for groundwater (Table 6). Fuel recovery was significantly greater during the bioslurper 

pump test in monitoring well K30S than that observed during the skimmer pump test in the same 

well. Compared to results at monitoring well RW-2, fuel recovery rates were comparable, although 

groundwater recovery was substantially less. Fuel recovery versus time is shown in Figure 7. 

4.3.3 Second Skimmer Pump Test Results 

A total of 2.5 gallons of LNAPL was recovered during this test, with an average recovery rate 

of 6.0 gallons/day (Table 5). A total of 230 gallons of groundwater was extracted with an average 

extraction rate of 540 gallons/day (Table 5). Fuel recovery rates were significantly less than during 

the initial skimmer pump test, although groundwater recovery rates were similar. The fuel recovery 

rate also decreased slightly from that measured during the bioslurper pump test. 
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4.3.4 Drawdown Pump Test 

The free product recovery rate continued to drop during the drawdown pump _test. Totals of 10 
gallons of LNAPL and 2,200 gallons of groundwater were recovered during the drawdown pump test, 
with daily average recovery rates of 4. 7 gallons/day for LNAPL and 880 gallons/day for groundwater 
(Table 5). 

4.3.S Extracted Groundwater, LNAPL, and Off-Gas Analyses 

Results of groundwater analyses are shown in Table 8. Contaminant concentrations were 
similar between the two samples, with average TPH and total BTEX concentrations of 6.4 mg/L and 
2. 7 mg/L, respectively (Table 8). 

The results from the off-gas analyses are presented in Table 9. Given a vapor discharge rate of 
5 scfm and using a concentration of 88,000 ppmv TPH and 170 ppmv benzene, approximately 260 
lb/day of TPH and 0.25 lb/day benzene were emitted to the air during the bioslurper pump test. 

The composition of LNAPL is shown in Table 10 and 11 in terms of BTEX concentrations and 
distribution of C-range compounds, respectively. The distribution of C-range compc;mnds also is 
shown graphically in Figure 9. 

4.4 Bioventing Analyses 

4.4.1 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 H2O can be measured. Based on this 
definition, the radius of influence during the bioslurper pump test at monitoring well K30S was 
approximately 18 ft (Figure 10). 
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Table 8. BTEX and TPH Concentrations in Extracted Groundwater During the Bioslurper 
Pump Test at Site ST-04, K.I. Sawyer AFB, MI 

Parameter 

TPH 
Benzene 
Toluene 
Ethylbenz 
Total Xyl 

ene 
enes 

KIS-DW-1 

6.3 
0.37 
1.3 

0.17 
0.87 

Concentration (mg/L) 

KIS-DW-2 

6.5 
0.37 
1.3 

0.17 
0.89 

Table 9. BTEX and TPH Concentrations in Off-Gas During the Bioslurper Pump Test at 
K.I. Sawyer AFB, MI 

Parameter 

TPH 

Benzene 

Toluene 

ene Ethylbenz 

Total Xyle nes 

Concentration (ppmv) 

KIS-OSG-1 KIS-OGS-2 

98,000 78,000 

180 160 

600 460 

170 120 

620 460 
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Table 10. BTEX Concentrations in LNAPL from K.I. Sawyer AFB, MI 

Compound I Concentrations (mg/kg) I 
Benzene 680 

Toluene 5,600 

Ethylbenzene 1,800 

Total Xylenes 7,400 

Table 11. C-Range Compounds in LNAPL from Site ST-04, K.I. Sawyer, MI 

C-Range Compounds Percentage of Total 

<C8 50.75 

C9 9.58 

ClO 11.05 

Cll 10.70 

C12 6.72 

C13 4.78 

C14 2.40 

C15 1.43 

C16 0.81 

C17 0.58 

>C18 1.18 
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4.4.2 In Situ Respiration Test Results 

Results from the in situ respiration test are presented in Table 12. Oxygen utilization rates 

were relatively low, ranging from 0.020 to 0.029 %Oifhr. Biodegradation rates ranged from 0.33 to 
0.47 mg/kg-day. The helium concentration gradually decreased by as much as 34%, indicating that 

diffusion was possible. These results indicate that biodegradation in these locations is quite low. 

Table 12. In Situ Respiration Test Results at Site RW-2, K.I. Sawyer AFB, MI 

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

MPA-65' 0.020 0.33 

MPB-65' 0.026 0.42 

MPC-65' 0.029 0.47 

5.0 DISCUSSION 

Approximately 60 gallons of LNAPL were recovered during the series of pump tests at 

monitoring well RW-2. Groundwater was extracted at rates ranging from 640 gallons/day during the 
initial skimmer pump test up to 1,000 gallons/day during the bioslurper pump test. In general, fuel 
recovery rates decreased with time, with the highest rates during the initial skimmer pump test. 
There appeared to be little difference in recovery rates based on the configuration of the system. This 
may be due to the inability to achieve high vacuum during the bioslurper pump test due to the well 
construction and water table depth. It is possible that greater fuel recovery could have been achieved 

with higher well vacuums. 

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

monitoring well RW-2 determine whether the vadose zone was being oxygenated. Oxygen 

concentrations increased at all monitoring points by the completion of the test. These results 

demonstrated that the oxygen radius of influence was slightly larger than the pressure radius of 
influence measured during the soil gas permeability test. 
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During the pump tests conducted at K30S, free-product recovery rates were significantly 

different between skimming and bioslurping, with higher recovery rates achieved during bioslurping. 

However, fuel recovery rates were still relatively low. During the bioslurper pump test, the average 

fuel recovery rate was approximately 8.7 gallons/day. Groundwater recovery rates over the 37-hour 

test averaged 450 gallons/day. Free product recovery at this monitoring well was fairly similar to 

that observed at monitoring well RW-2, although groundwater recovery was significantly less at this 

monitoring well. The inability to achieve a high vacuum on either well may have limited recovery 

rates. 

Based on the results at monitoring wells RW-2 and K30S, implementation of bioslurping at Site 

ST-04 is unlikely to facilitate enhanced recovery of LNAPL from the water table. Different well 

construction which would allow for higher vacuums on the wells may facilitate improved free product 

removal via bioslurping; however, it should be noted that free product rates were low at this site and 

even with different well construction, it's possible that there is not sufficient quantities of mobile free 

product to recover. In situ biological activity is fairly low; therefore, bioslurping would be unlikely 

to enhance microbial degradation rates in the vadose zone. 
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This repon is a work prepared for the United States Government by 
Battelle. In no event shall either the United States Government or 
Battelle have any responsibility or liability for any consequences of 
any use, misuse, inability to use, or reliance upon the information 
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any way the accuracy, adequacy, efficacy, or applicability of the 
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SITE-SPECIFIC TEST PLAN FOR BIOSLURPER TESTING 
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FINt,\L 

to 

Air Force Center for Environmental Excellence 
Technology Transfer Division 

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

19 July 1996 

1.0 INTRODUCTION 

The U.S. Air Force Center for Environmental Excellence (AFCEE) Technology Transfer 

Division is conducting a nationwide application of an innovative technology for free-product recovery 

and soil bioremediation. The technologies tested in the Bioslurper Initiative include vacuum-enhanced 

free-product recovery/bioremediation (bioslurping) as well as traditional skimmer and groundwater 

depression approaches. The field test and evaluation are intended to demonstrate the feasibility of 

free-product recovery by measuring system performance in the field. System performance param-

eters, 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 concentra-

tions and different geologic conditions on bioslurping effectiveness. 

Plans for the field test activities are presented in two documents. The first is the overall Test 

Plan and Technical Protocol for the entire program 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 
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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 K.1. Sawyer Air 
Force Base (AFB), Marquette, Michigan. It was prepared based on site-specific information received 
by Battelle from K.I. Sawyer AFB and other pertinent site-specific information to support the overall 
Test Plan and Technical Protocol. 

Site-specific information for K.I. Sawyer AFB has identified subsurface hydrocarbon 
contamination at the Installation Restoration Program (IRP) Site ST-04, Petroleum, Oils, and 
Lubricants (POL) Bulk Fuel Storage Area. The contamination at the POL Area is primarily 
associated with JP-4 jet fuel. Free product, as light, nonaqueous-phase liquid (LNAPL), has been 
found in various well locations at the site. In field activities conducted in May 1996, 32 monitoring 
wells were measured for static groundwater and free product elevations. Free product was detected in 
21 wells with thicknesses ranging from 0.14 ft to 2.41 ft. Based on initial free product and recovery 
data, monitoring wells K30S and RW2 are possible candidates for conducting the bioslurper 
demonstration. 
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2.0 SITE DESCRIPTION 

The infonnation presented in this section was obtained from site-specific information received 

by Battelle from K.I. Sawyer AFB and a document entitled Bioventing Pilot Test Work Plan for 

Installation Restoration Program: Site ST-04 POL Bulk Fuel Storage Area, K.J. Sawyer AFB, 

Michigan (Engineering-Science Inc. 1992). 

K.I. Sawyer AFB is located in Marquette, Michigan, which is in the north-central portion of 

Michigan's Upper Peninsula. The POL Area is located on the south-central part of the base, and is 

bounded on the east and west by Avenues D and H, respectively, and on the north and south by First 

Street and Avenue A, respectively (Figure 1). The POL Area is approximately 500 ft by 500 ft in 

size. There are five aboveground jet fuel storage tanks and a vapor sphere. The fuel tanks have the 

following capacities: one each at 37,500 gal, 20,000 gal, 10,000 gal, and two at 5,000 gal. The 

vapor sphere has a capacity of 10,000 ft3• Each tank is contained in a diked area with concrete walls 

and base. A truck loading/unloading and tank car unloading area is located along the east side of the 

POL Area. 

Air Force records show that five spills have been documented at the site since 1970, including 

a single spill of 40,000 gal between tank No. 5 and Avenue D, of which only about 8,000 gal were 

recovered. The total volume of JP-4 estimated to have been spilled is between 65,000 and 74,000 gal; 
I 

however, the actual volume may be significantly greater due to undocumented spills before 1970. 

Long-term Base employees indicate that in the past fuel was transferred by train cars, and spills were 

common. 

An oval-shaped free-product plume is located to the southeast of the POL Area. The plume is 

approximately 950 ft by 500 ft (Figure 2). Groundwater depth appears to be approximately 72 ft 

below ground surface (bgs) and flows in a southeasterly direction across the site at a gradient of 

approximately 0.01 foot per foot (ft/ft). The site is upgradient from an alternative Base drinking water 

supply well and Silver Lead Creek, located approximately 1,700 feet east of the site. A previous 

study of the area showed that a plume of contaminated groundwater originated in the POL Area and 

extended under Silver Lead Creek. The POL Area soils are glacial deposits of sand with some gravel 

and silt overlying relatively impermeable bedrock at a depth of approximately 100 ft. Figure 3 shows 

a hydrogeologic cross section of the site. 

A soil vapor survey indicated that the highest levels of contamination occur along the 

southeastern edge of the POL Area. A total aromatic volatile organic compound (VOC) concentration 

was reported at 292,000 mg/kg. Total petroleum hydrocarbon (TPH) concentrations were measured 

3 
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in excess of 7,000 mg/kg at a depth of approximately 15 ft. Groundwater analyses from 1988 

through 1990 indicate the presence of benzene [up to 5,200 µg/L], ethylbenzene (up to 630 µg/L), 

total xylenes (up to 1,000 µg/L), and toluene (up to'4,400 µg/L). 

A bioventing pilot test was performed at the POL Area in September 1992. The radius of 

influence was determined to exceed 60 ft at depths down to 60 ft bgs. A subsequent 1-year 

bioventing test demonstrated sizable reductions in soil concentrations of BTEX indicating that fuel 

biodegradation progressed at a significant rate. 

A free-product recovery system was installed at the POL Area in March of 1995. Six 

extraction wells were installed as part of the recovery system. The system was not successful in 

extracting recoverable floating product. In May of 1996 monitoring well measurements were taken 

and baildown tests were performed to provide data to review and possibly reengineer the free-product 

recovery system. Appendices A and B give a summary of these test results. 

3.0 PROJECT ACTIVITIES 

The field activities discussed in the following sections are planned for the bioslurper pilot test 

at K.I. Sawyer AFB. Additional details about the activities are presented in the overall Test Plan and 

Technical Protocol. As appropriate, specific sections in the overall Test Plan and Technical Protocol 

are referenced. Table 1 presents the schedule of activities for the Bioslurper Initiative at K.I. Sawyer 

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 K.1. Sawyer 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 bioslurper pilot test equipment so that it will be easily accessible to the Battelle staff when 

they arrive with the remainder of the equipment. The exact mobilization date will be confirmed with 

the Base POC as far 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 K.I. Sawyer 

AFB. If the existing free.:.product removal system is operating, it will need to be turned off 1 week 

before Battelle is to mobilizes to the site. 

7 
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Table 1. Schedule of Bioslurper Pilot Test Activities 1 

Pilot Test Activity 

Mobilization 

Site Characterization 

LNAPL/Groundwater Interface Monitoring and Baildown Tests 

Soil Gas Survey (Limited) 

Monitoring Point Installation (3 monitoring points) 

Soil Sampling (BTEX, TPH, physical characteristics) 

System Installation 

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) 

Demobilization/Mobilization 

8 

~I 
Days 1-2 

Days 2-3 

Days 2-3 

Day4 

Days 4-5 

Days 5-8 
Day 5 
Day9 

Day9 

Days 10-13 
Days 10-11 

Days 12-13 
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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 

also are useful for evaluating 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 for the bioslurper extraction well. A sample of LNAPL will be collected at 

this point for analyses of boiling point distribution and concentrations of benzene, toluene, 

ethylbenzene, and xylenes (BTEX). Detailed procedures for the baildown tests are provided in 

Section 5.6 of the overall Test Plan and Technical Protocol (Battelle, 1995). 

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 4. 

Upon completion of the initial soil gas survey and 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 5. 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. 

9 
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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 bioslurper test installation at K.I. Sawyer 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 bioslurper candidate 

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

site, and the bioslurper system will be assembled. Figure 6 shows a flow diagram of the bioslurper 

process. Figure 7 illustrates a typical bioslurper well that will be used at K.I. Sawyer AFB. 

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

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, 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 bioslurper test installation will 

be identified to station the equipment required for bioslurper system operation. Additional informa-

tion on bioslurper system installation is provided in Section 6.0 of the overall Test Plan and Technical 

Protocol. 

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. 

12 
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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. 

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

discharge, aqueous effluent, 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-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 Proflle/O:xygen Radius of Infiuence 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. 

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 
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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 bioslurper pilot tests. The 

in situ respiration test will involve injection of air and helium into selected soil gas 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 K.I. Sawyer 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 K.I. 

Sawyer AFB. 
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4.0 BIOSLURPER SYSTEM DISCHARGE 

4.1 Vapor Discharge Disposition 

Battelle expects that the operation of the bioslurper test system at K.I. Sawyer AFB will not 

require a waiver or a point source air release registration per a conversation with Brian Brady, 

Marquette District Supervisor MI DEQ/AQD (Appendix C). It can be estimated 1that the 

concentrations of TPH released to the atmosphere will be approximately 60 lb/day and benzene will 

be < 1.0 lb/day without treatment. This value is based on the average discharge rates at three 

bioslurper test sites (Warner Robins AFB, Travis AFB, and Wright-Patterson AFB) that are 

contaminated with a type of fuel similar to that found at the POL Area. 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 eight 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 air flow instruments. If state regulatory requirements. will not 

permit the expected amount of organic vapor discharge to the atmosphere, the Base POC should 

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 

Benzene TPH 
Extraction Benzene TPH Discharge Discharge 

Site Location Fuel Type Rate (scfm) (ppmv) (ppmv) Ob/day) Ob/day) 

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

Bolling AFB, Site 1 No. 2 Fuel Oil 4.0 0.20 153 0.00030 0.0090 

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

Johnston Atoll JP-5 Jet Fuel 10 0.60 915 0.0017 5.7 

Warner Robins AFB, JP-4 Jet Fuel 5 515 37,000 0.74 110 
UST 1on2 

Warner Robins AFB, JP-4 Jet Fuel 5.5 13 680 0.021 2.2 
SS0lO 

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 

ND Not detected. 
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Table 3. Air Release Summary Information 

I Data Item I Air Release Information 

Contractor Point of Contact Jeff Kittel, (614) 424-6122 

Contractor address Battelle, 505 King Avenue, Columbus, OH 43201 
Estimated total quantity of petroleum product to be recovered To be determined 

Description of petroleum product to be recovered JP-4 jet fuel 

Planned date of test start To be determined 

Test duration 9-10 days (active pumping) 

Maximum expected VOC level in air -60 lb/day TPH, < 1.0 lb/day benzene 
Stack height above ground level 10 ft 

4.2 Aqueous Influent/Effluent Disposition 

The flowrate of groundwater pumped by the bioslurper will be less than 10 gpm. TPH 
concentrations in the discharge water are expected to be less than 50 mg/L based on data from past 
bioslurper tests conducted at Wright-Patterson AFB, Warner Robins AFB, Travis AFB, McGuire 

I 

AFB, and Dover AFB. These sites are contaminated with a similar type of fuel as that found at the 
POL Area. It may be necessary in Michigan 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 pe~t. Battelle intends to release the recovered groundwater to the local sanitary sewer at 
the point of discharge of the current treatment system. An on-site water treatment plant does exist; 
however, it is not currently functioning. 

4.3 Free-Product Recovery Disposition 

The bioslurper system will recover free-phase product from the pilot tests performed at K.I. 
Sawyer 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. 
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5.0 SCHEDULE 

I 

The schedule for the bioslurper fieldwork at K.I. Sawyer AFB will depend on approval of the 

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

received. Battelle will have two to three staff members on site for approximately 2 weeks to conduct 

all necessary pilot testing. At the conclusion of the field testing at K.1. Sawyer 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. 

19 
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6.0 PROJECT SUPPORT ROLES 

This section outlines some of the major functions of personnel from Battelle, K.1. Sawyer 

AFB, and AFCEE during the bioslurper field test. 

6.1 Battelle Activities 

The obligations of Battelle in the Bioslurper Initiative at K.I. Sawyer AFB will be to supply 

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

provide technical ~upport in the areas of water and vapor discharge permitting, digging permits, staff 

support during the extended testing period, and any other technical areas that need to be addressed. 

6.2 K.I. Sawyer AFB Support Activities 

To support the necessary field tests at K.1. Sawyer AFB, the Base must be able to provide the 

fo llowi~g: 

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 probe 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 1 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 not 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 
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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. 
Battelle will provide technical assistance in preparing regulatory approval documents. 

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 bioslurper 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 K.I. Sawyer 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. 
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Table 4. Health and Safety Inf onnation Checklist 

Emergency Contacts 

Hospital 

Fire Department 

Ambulance and Paramedics 

Police Department 

EPA Emergency Response Team 

Program Contacts 

Air Force 

Battelle 

K.I. Sawyer AFB 

Other 

Emergency Routes 

Name 

Emergency Switchboard 

Emergency Switchboard 

Emergency Switchboard 

Switchboard 

Patrick Haas 

Jeff Kittel 

Gary Koski/Mark Hansen 

Telephone Number 

911 

911 

911 

(800) 424-8802 

(210) 536-4314 

(614) 424-6122 

Hospital _____________________________ _ 

Other ______________________________ _ 

22 
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The following is a listing of Battelle, AFCEE, and K.1. Sawyer AFB staff who can be 

contacted in case of emergency and/or for required technical support during the Bioslurper Initiative 

tests at K.I. Sawyer AFB. 

Battelle POCs 

AFCEE POC 

K.I. Sawyer AFB POC 

Regulatory POCs 

Jeff Kittel 

Patrick Haas 

Gary Koski/Mark Hansen 

Diane Maley 

Mark A. Petrie 

23 
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Table 1 
Free-Phase Product Thicknesses (Pre-Baildown Static Levels) 

Site ST-04 
Kl Sawyer AFB, Ml 

Location ID Depth to Depth to Thickness 01 Remarks 
LNAPL (ft) Water (ft) LNAPL (ft) 

K30S* 70.03 72.03 2.00 3-inch ID PVC 
K72S 72.5 74.14 1.64 4-inch ID Carbon Steel ' 

K4S 73.79 74.22 0.43 4-inch ID Carbon Steel 
K124S* 74.8 76.59 1.79 4-inch ID Carbon Steel 
K126S ND 75.66 ND 4-inch ID Carbon Steel 
K182S* 74.89 77.15 2.26 4-inch ID Carbon Steel 
K165S 74.54 75.81 1.27 4-inch ID Carbon Steel 
K13SS ND 77.11 ND 4-inch ID Carbon Steel 
K13S ND 77 ND 4-inch ID Carbon Steel 
K180S 74.28 75.73 1.45 4-inch ID Carbon Steel 
K181S* 73.36 75.61 2.25 4-inch ID Carbon Steel 
K71S 72.25 73.69 1.44 4-inch ID Carbon Steel 
K123S 71.16 71.63 0.47 4-inch ID Carbon Steel 
K62S 69.76 70.59 0.83 2-inch ID Carbon Steel 
K63S* 70.49 72.9 2.41 2-inch ID Carbon Steel 
K114S 68.64 69.42 0.78 4-inch ID Carbon Steel 
K110S ND 68.21 ND 4-inch ID Carbon Steel 
K109S ND 67.95 ND 4-inch ID Carbon Steel 
K113S 68.24 68.38 0.14 4-inch ID Carbon Steel 
K112S ND 68.1 ND 4-inch ID Carbon Steel 
K61S* 68.31 69.32 1.01 2-inch ID Carbon Steel 
K60S 67.37 68.36 0.99 2-inch ID Carbon Steel 
K121S 68.06 68.95 0.89 4-inch ID Carbon Steel 
K120S 67.74 68.28 0.54 4-inch ID Carbon Steel 
K119S\· ND 66.95 ND 4-inch ID Carbon Steel 
K127S' 74.62 75.97 1.35 4-inch ID Carbon Steel 
K128S' ND 75.9 ND 4-inch ID Carbon Steel 
K129S 1 ND 76.46 ND 4-inch ID Carbon Steel 
K131S 1 ND 74.1 ND 4-inch ID Carbon Steel 
K197S 1 ND 72.44 ND 4-inch ID Carbon Steel 
K115S* 69.95 71.43 1.48 4-inch ID Carbon Steel 
RW-2*1 70.89 72.46 1.57 6-inch PVC 

Notes: 
* Baildown test conducted 
1 Additional wells used to determine plume boundary 

m\10k77•011w,nword\ecpUnapl.xls 5129196 11.21 AM Page 1 of 1 

Date 

5/14/96 
5/14/96 
5/14/96 
5/14/96 
5/14/96 
5/14/96 
5/14/96 
5/14/96 
5/14/96 
5/14/96 , 
5/14/96 
5/14/96 
5/14/96 
5/14/96 
5/14/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/15/96 
5/16/96 
5/16/96 
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Location ID: K30S 
Well Diameter (inch): 3; PVC 

INITIAL (Pre-Baildown Test) 
PIO Reading at well head (oom): 

Baildown Test Record Form 
Site ST -04, Kl Sawyer AFB, Ml 

Date (mm-dd-yy): 5-15-1996 @17:17 
Conducted By: M. Kesebir, M. Goydas 

FINAL (Post-Baildown Test) 
PIO Reading at well head (oom): 

Depth to LNAPL (ft. below TOC): 70.03 Depth to LNAPL (ft. below TOC): 70.06 
Depth to water (ft. below TOC): 71.99 Depth to water (ft. below TOC): 71.84 
Thickness of LNAPL (feet): 1.96 Thickness of LNAPL feet): 1.78 

BAILING OUT LNAPL 
Volume Depth to LNAPL Depth to Water Thickness of LNAPL Remarks 
(ml) (ft. below TOC) (ft. below TOC) (feet) 

4,000 Not measured Not measured Not measured 
6,600 70.4 70.91 0.51 1,000 ml water purged 

, 

BAILDOWN TEST 
Time Elapsed Time Depth to LNAPL Depth to Water LNAPL Thickness Remarks 
(HH:MM:SS) (minute) (ft. below TOC) (ft. below TOC) (feet) 

17:34:15 0:00:00 70.4 70.91 0.51 
17:35:15 0:01:00 70.35 70.93 0.58 
17:35:30 0:01:15 70.32 70.94 0.62 
17:35:45 0:01:30 70.29 70.93 0.64 
17:36:00 0:01:45 70.26 70.95 0.69 
17:36:15 0:02:00 70.26 -70.96 0.7 
17:36:45 0:02:30 70.24 70.99 0.75 
17:37:15 0:03:00 70.23 71.02 0.79 
17:37:45 0:03:30 70.22 71.05 0.83 
17:38:15 0:04:00 70.21 71.09 0.88 
17:38:45 0:04:30 ·10.2 71.11 i 0.91 
17:39:15 0:05:00 70.19 71.14 0.95 
17:40:15 0:06:00 70.18 71.19 1.01 
17:41 :15 0:07:00 70.17 .71.24 1.07 
17:42:15 0:08:00 70.16 71.28 1.12 
17:43:15 0:09:00 70.15 71.32 1.17 
17:44:15 0:10:00 70.14 71.38 1.24 
17:45:15 0:11:00 70.13 71.4 1.27 
17:46:15 0:12:00 70.13 71.44 1.31 
17:47:15 0:13:00 70.13 71.47 1.34 
17:48:15 0:14:00 70.12 71.5 1.38 
17:49:15 0:15:00 70.11 71.52 1.41 
17:54:15 0:20:00 70.09 71.63 1.54 
17:59:15 0:25:00 70.08 71.71 1.63 
18:04:15 0:30:00 70.08 71.76 1.68 
18:09:15 0:35:00 70.07 71.8 1.73 
18:14:15 0:40:00 70.06 71.84 1.78 

m:\10k77401\w,nword\ecplk30s.xts 5128196 12:16 PM 
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Location ID: K63S 

Baildown Test Record Form 
Site ST-04, Kl Sawyer AFB, Ml 

Date (mm-dd-yy): 5-16-1996 @.16:14 
Well Diameter (inch): 2 : Carbon Steel Conducted Bv: M. Kesebir, M. Goydas 

INITIAL (Pre-Baildown Test) FINAL (Post-Baildown Test) 
PIO Reading at well head loom): 50 PIO Reading at well head loom): 
Depth to LNAPL (ft. below TOG): 70,48'- Depth to LNAPL (ft. belew TOG):. 70:48 · 
Depth to water (ft. below TOG): 72.79 Depth to water (ft. below TOG}: 72.61 
Thickness of LNAPL (feet): 2.33 Thickness of LNAPL feet): 2.13 

BAILING OUT LNAPL 
Volume Depth to LNAPL Depth to Water Thickness of LNAPL Remarks 
(ml) (ft. below TOG) (ft. below TOG) (feet) 

4,100 70.92 71.25 0.33 100 ml water purged 

BAILDOWN'TEST 
Time Elapsed Time Depth to LNAPL Depth to Water LNAPL Thickness Remarks 
(HH:MM:SS) (minute) 'ft. below TOG) (ft. below TOG) (feet) 

16:24:00 0:00:00 70.92 71.25 0.33 
16:25:00 0:01:00 70.90 71.25 0.35 
16:25:15 0:01:15 70.88 71.26 0.38 
16:25:30 0:01:30 70.85 71.27 0.42 
16:25:45 0:01:45 70.85 71.28 0.43 
16:26:00 0:02:00 70.83 71.28 0.45 
16:26:15 0:02:15 70.82 71.29 0.47 
16:26:30 0:02:30 70.80 71.31 0.51 
16:26:45 0:02:45 70.80 71.32 0.52 
16:27:00 0:03:00 70.79 71.33 0.54 
16:27:15 0:03:15 70.78 71.35 0.57 
16:27:30 0:03:30 70.77 71.36 0.59 
16:27:45 0:03:45 70.77 71.37 0.6 
16:28:00 0:04:00 70.75 71.39 0.64 
16:28:30 0:04:30 70.74 71.41 0.67 
16:29:00 0:05:00 70.72 71.43 0.71 
16:29:30 0:05:30 70.72 71.46 0.74 
16:30:00 0:06:00 70.71 71.48 0.77 
16:30:30 0:06:30 70.70 71.51 0.81 
16:31:00 0:07:00 70.69 71.53 0.84 
16:32:00 0:08:00 70.67 71.59 0.92 
16:33:00 0:09:00 70.66 71.64 0.98 
16:34:00 0:10:00 70.65 71.69 1.04 
16:35:00 0:11:00 70.64 71.73 1.09 
16:36:00 0:12:00 70.63 71.77 1.14 
16:41:00 0:17:00 70.60 71.95 1.35 
16:46:00 0:22:00 70.57 72.08 1.51 
16:52:00 0:28:00 70.57 72.2 1.63 
16:56:00 0:32:00 70.55 72.27 1.72 
17:01:00 0:37:00 70.54 72.31 1.77 
17:11:00 0:47:00 70.53 72.4 1.87 
17:21:00 0:57:00 70.51 72.46 1.95 
17:31:00 1:07:00 70'.51 72.5 1.99 

ftl 1101<77401 ..,,MOI dlecp-..63s.Jds 5/28196 11:44 AM 
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Baildown Test Record Fonn 
Site ST-04, Kl Sawyer AFB, Ml 

Location ID: K181S Date ( m m-dd-vv): 5-15-1996 15 :36 
Well Diameter (inch): 4 ; Carbon Steel Conducted By: M. Kesebir, M. Goydas 

INITIAL (Pre-Baildown Test) FINAL (Post-Baildown Test) 
PIO Readino at well head (oom): PIO Reading at well head loom): 3.6 
Depth to LNAPL (ft. below TOC): 73.42 Depth to LNAPL (ft. below TOC): 73.41 
Depth to water (ft. below TOC): 75.67 Depth to water (ft. below TOC): 75.41 
Thickness of LNAPL (feet): 2.25 Thickness of LNAPL (feet): 2.00 

BAILING OUT LNAPL 
Volume Depth to LNAPL Depth to Water Thickness of LNAPL Remarks 
(ml) (ft. below TOC) (ft. below TOC) (feet) 

3,000 73.75 74.45 0.7 450 ml water purged 

BAJLDOWN TEST 
Time Elapsed Time Depth to LNAPL Depth to Water LNAPL Thickness Remarks 
(HH:MM:SS) (minute) (ft. below TOC) (ft. below TOC) (feet) 

15:50:30 0:00:00 71.08 72.04 0.96 
15:52:00 0:01 :30 71.08 72.08 1 
15:52:30 0:02:00 71.06 72.04 0.98 
15:53:00 0:02:30 71.05 72.05 1 
15:53:30 0:03:00 71.05 72.03 .. 0.98 
15:54:00 0:03:30 71.04 72.05 1.01 
15:55:00 0:04:30 71.04 72.06 1.02 
15:56:00 0:05:30 71.05 72.07 1.02 
15:57:00 0:06:30 71.04 72.08 1.04 
15:58:00 0:07:30 71.03 72.07 1.04 
15:59:00 0:08:30 71.03 72.09 1.06 
16:00:00 0:09:30 71.02 72.09 1.07 
16:01 :00 0:10:30 71.02 72.09 1.07 
16:06:00 0:15:30 71.01 72.09 1.08 
16:11 :DO 0:20:30 71.01 72.12 1.11 
16:16:00 0:25:30 71.01 72.11 1.1 
16:21 :00 0:30:30 71.01 72.12 1.11 
16:31:00 0:40:30 71.01 72.16 1.15 
17:01 :00 1 :10:30 71.00 72.16 1.16 
18:03:00 2:12:30 71.00 72.19 1.19 

m ll0k77•01-pllc1110s.xts 5129196 11 12 AM 
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APPENDIX C 

CONVERSATION CONFIRMER BETWEEN 
PATRICK HAAS (AFCEE) AND BRIAN BRADY (Ml DEQ/AQD) 

C-1 
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JUL. -17' 96(WED) 13:42 HQ AFCEE/ERT TEL:210 536 4330 

,.,cu: 
TECRNOLOCY 

TRANSFER 
Dl'VISION 

Date: 01 ..lt1fy 199t, 

TECHNOLOGY PROJ CT MANAGER 
CONVERSATION ONFIRMER 

Time: --~-------

P. 002 

Organization: MT, OW/ QQO 

Contract#:--------

Conversation with: Baa., B f'..J,t 

Project: E,.u.J?.mt;~....tlt.~'f-.!:..d:dl:......i.ra::s;.._ 

FIie #: --4----~~i'i'Ti'.r,--

By: _f~~..Hm~.:!.:..---::::--: 
Media: ..Jt"'Telephone 

Office Meeting 
- Other 

, '" • f" Fr~.. Proolv -I- Reto
1

v1.-<../ AJ;v;fl•d 
suBJECT: v~-r o;,c.°kAY",~ \,,V(ll\lC..,... _ht" - , 

~+ K. 't. ~tt(' ,qF5 M:t. 

MW', s .. :Ao;\ f, r.J,t i, f"e. fll.ri i,e.lk, o,;+r:c.+ "'twT\/1 .., 0 t M::t Oc.~/AG 0 

!he., a.c.J.,~;&is -c.q.,, /li-v, .... /. ~kMI.; ..-~1~W -b p\Q.~t'\d AFC.EE/Etrr 

P, lo f- h:.sJ- ..,,I- K. :C Stu.,yer AFe, 111:r:, Wt-.-e. J;-,. ,,,.e,1_ i~ J...J..:, J. "1"e. 

+,./;"'j ~•enee ,;,_vo'Yv,, cl<,,..~.,.- f•-f' -k~ "JI t.Jl,-J 1't -'"<uoJ-

evo. c.e( ,r. I I.-' o/ d....ou J.. "'"'- "'-e,,. C d.; !'t;; .J. v.(!O<' -e- ~I~"'' 

f ,.- VO.CU o""' f' o,,,,,_ ps ..,,_,.._ ,/.,; "I ...Jed "-S ./- . '''f fr",. ,-. /e.1y rkt S. 

IJ.. e.< clvs; '"' ~< d; rec../- J.. ·,,_ 1 e. "t r:,,,./..-o., "I J do<~ 

iiw.l- ' 
~s ..,...'-'!"~sld. M..-. 8,0 .,_ ,de.,.!;[:· "ht, u'"<k,.,.~.J..od +~ · 
"'q_J.,r e o f ~L..e, J.; j "- "'-J. , V"A-•J r,. w~..,e.- +., co ... Joc./-
Jl "'~c .J- d,.;ch&v3-e w~fliavf Vl\fO< ..J-,,.~ ~..--_,.,...J._ 

I. a.s kJ, ;p a..,._y v-11 le. o-r 

c", l.J.. 1111..-. 6r°o/ ,/<t.leJ, +~J +li~s 

,.,t(;,·,.,~y._f h, fv-oeeer/. w~+~ + 
.:c ,di.,,,.J.; .C:~ t~} +h.~ ec,""'vie~s o.. J.;""' 
deve..i,y,d +o t;exv~ ~uo.,,d.. 0 

-'f(C-·•11 ec c.l"t'~"' 't'\u.J. k 
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f'A"'~ ol\t'f!C,} tl~c.~v',_e, 

C0"4 ~.,.~ v- woi.>lal k. 
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• • OCT 02 '96 07:50 ~YTICAL P.1 . . 
Alpha Analytical, Inc. 
266 Glendale Avenue, Suite 21 
Sparks, Nevada 89431 
(702) 855--1044 
FAX: 702-355-0406 
1-800-283-1188 

Boise, Idaho 
(208) 836-4145 

2505 Chandler Avenue, Suite 1 
Laa Vegas, Nevada 89120 

(702) 498-3312 
FAX: 702-736-7628 

l-800-283-1183 

ALPHA ANALYTICAL FAX COVER SHEET 

DATE: 

TIME: 

FROM' cg""=( 
ro, ~\aJk G;wµ 
NUMBER OF PA~ES TO ~OW: _ .... b __ -_______ _ 
COMMENTS: 
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02 '96 07:51 ALPHA Ft-lALYTICAL · 

Alpha Analytical, Inc. 
255 Glendale Avenue, Suite 21 
Sparks, Nevada 89431 
(702) 365-1044 
FAX: 702-355-0406 
1-800-283-1183 

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

ANALYT+CAL REPQBt 

P.2 

2505 Chandler Avenue, Suite 1 
Las Vegas, Nevada 89120 

(702) 498-3312 
FAX: 702-736-7623 

1-800-283-1183 

Battelle 
505 King Ave 

. Columbus Ohio 43201 

Job#: G46220l-30B210l 
Phone: (614) 424-6199 
Attn: Al Pollock 

Sampled: 08/03/96 Received: 08/06/96 Analyzed: 08/08/96 

Matrix: [ ] Soil [ X] Water Waste 

Analysis Requested: TPH - Total Petroleum Hydrocarbons-Purgeable 
Quantitated As Gasoline 

Methodology: 

Results: 

Client ID/ 
Lab ID 

KIS-DW-1 
/BMio·so696-06 

KIS-DW-2 
/BMIOB0696-07 

Approved by: 

BTEX - Benzene,Toluene,Ethylbenzene,Xylenes 

TPH - Modified 8015/OHS LOFT Manual/BLS-191 
BTEX - Method 624/8240 

• 

Detection 
Parameter Concentration Limit 

TPH (Purgeable) 6.3 s.o mg/L 
Benzene 370 10 ug/L 
Toluene l,300 10 ug/L 
Ethylbenzene 170 10 ug/L 
Total Xylenes 870 10 ug/L 

TPH (Purgeable) 6.5 5.0 mg/L 
Benzene 370 10 ug/L 

·Toluene 1,300 J.0 ug/L 
Ethylbenzene 170 10 ug/L 
Total Xylenes 890 10 ug/L 

~:£~te•§4b Roger.Scholl, Ph. D, · 
Laboratory Director 
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P.3 

Alpha Analytical, Inc. 
2!55 Glendale Avenue, Suite 21 
Sparks, Nevada 89431 
(702) 355-1044 

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

2505 Chandler Avenue, Suite 1 
Las Veeas, Nevada 89120 

(702) 498-3312 
FAX: 702-7:36-7523 

l-800-283-1183 
FAX: 702-355-0406 
1-800-283-1183 ANALYTICAL REPORT 

Battelle 
sos King Ave 
Columbus Ohio 43201 

Job#: G46220l-30B210l 
Phone: (614) 424-6199 
Attn: Al Pollock 

Sampled: 07/30/96 

Matrix: [ X] Soil 

Received: 08/06/96 

l Water [ 

Analyzed: 08/08-09/96 

] Waste 

Analysis Requested: TPH - Total Petroleum Hydrocarbons-Purgeable 
Quantitated As .Gasoline 

· Methodology: 

Results: 

Client ID/ 
Lab ID 

KIS-S-1 
/BMI08069Ei-08 

KIS-S-2 
/BMI080696-09 

BTEX - Benzene,Toluene,Ethylbenzene,Xylenes 

TPH - Modified 8015/DHS LUFT Manual/BLS-191 
BTEX - Method 624/8240 

Detection 
Parameter Concentration Limit 

TPH (Purgeable) 110 10 mg/Kg 
Benzene 480 20 ug/Kg 
Toluene 1,000 20 ug/Kg 
Ethylbenzene 180 20 ug/Kg 
Total Xylenes 690 20 ug/Kg 

TPH (Purgeable) 1,000 500 mg/Kg 
Benzene ND 1,000 ug/Kg 
Toluene ND 1,000 ug/Kg 
Ethylbenzene ND 1,000 ug/Kg 
Total Xylenes ND l,000 ug/Kg 

ND - Not Detected 

Approved by: /:~ g}/~r"-6 
~l?h. D, . 
Laboratory Director 
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02 '96 07: 52 ALPHA f:V'IAl. YTICAL 

Alpha Analytical, Inc. 
255 Glendale Avenue, Suite 21 
Sparks, Nevada 89481 
(702) 365-1044 
FAX: 702-355-0406 
l-800-283-1183 

e-mail: alpha@powernet.net 
. httpl/www.powemet.net/-alpha 

ANALY'l'+CAL REPORT 

P.4 

2505 Chandler Avenue, Suite 1 
w Veras, Nevada 69120 

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

1-800-283-'1183 

Battelle 
505 King Ave 
Columbus Ohio 43201 

Job#: G462201-30B2101 
Phone: (614) 424-6199 
Attn: Al Pollock 

Sampled: 08/05/96 

Matrix: [ · ] Soil 

Received: 08/06/96 Analyzed: 08/08/96 

l Water [ X ] Other 

.Analysis Requested: BTEX - Ben~ene,Toluene,Ethylbenzene,Xylenes 

Methodology: BTEX - Method,624/8240 

Results: 

Client ID/ Detection 
Lab IO Parameter concentration Limie 

KIS-FP-1 Benzene 680 480 mg/Kg 
/BMI080696-10 Toluene 5,600 480 mg/Kg 

Ethylbenzene l,800 480 mg/Kg 
Total Xylenes 7,400 480 mg/Kg 

. Approved by: ~f~e: koger.sciiof1, Ph. D, 
Laboratory Director 
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. • OCT 02 '96 07:52 ALPHA A'RYTICAL 

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.powemet.net/-alpha 

P.S 

2505 Chandler Avenue, Suite 1 
Las Vegas, N~vada 89120 

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

1-800-283-1183 
ANALDJCAL BVQBI 

Battcllc 
505 King Ave 
Columbus Ohio 43201 

Alpha Analytical Number. BMI0806796-l 0 

Job#: G462201·30b2101 
Phone: (614) 424-6199 
Attn: Al Pollock 

Client ID. Number: IQS-FP-1 

Date Sampled: 08/0S/96 Date Receiwd: 09/04/96 

Approvedby: /4~ f p~ 
Roger L. S . II, Ph.D. 
Laboratory Director 
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Saq:,le 

OCT 02 '96 07:53 Fl.A-f:l A'R..:YTIOL 

Laboratory 
• · Analysis Report 

.• 

AUJSA AlU&LftICAL 
2H m.DDALII AVDUB, SUl!S 21 
SPARlCS HV 89431 

MOISTURE 
Coll~t@d CONTlliT 

Date Time. X 

OEN&I.TT 

li/CHJ 

8"1080696•08 • KIS-S-1 7/30/96 I 15,1 1.92 
BMI0!0696~09 • KIS•S•2 7/30/96 t 9.9 1.90 

. . ~:- ....... - -· :· .. ~- . ... ' . . ., . . . . .. . . 
' ..... ·-: ...... ,•• ..... . 

Sierra 
Environmental 
Monitoring. Inc. 
Date 9/09/96 
ClJAnt. a ALP-855 
~•ken bra CLIBHT 
lleporl l 17333 
PO# 

PAATICI.E SIZE POR0$1TY 
DJST1BU11011 

. ,RACT ION x· 
·A!PORT 27.6 

Rl!PORT · 28.3 

. '• •••• ; ',l •,, 

.,·:• ~··; • ! .... · ... _. .:,. • • ;.,. ,"' ,•,:, •• ;· ... .•tt' • ~• I ' ' ••• ., .. ,,: •· 

-~~:.: .. :• ... :~ .. -; .. .:.:..:."':::·~-;~~i'!' .. ':=·· ,-:,,.,,:';: ,•: .. : ; ·• :. : ' ' ... ........ 

William F. Pillsbury 
President 

1135 Ananolal Blvd. 
Aeno, NV 89502 
Phone (702) 8S7,2400 
FAX (702) 857-2404 

P.6 

John C. Seher 
Mamrg9r 
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• • AUG;-1 3-96 TUE 14 : 09 AIR TOXICS LTD FAX NO. 9169851020 

@ 
180 BLUE RAV1NE ROAD 

Suite B 
Falsom, CA 95630 

Phone (916) 985•1000 
FAX (916) 985-1020 

Hours 8:00 A.M. to 6:00 P.M. Pacific 

COMPANY: -~..,..._atle(!_(tc ___________ _ 

ATTENTION: fknOM/µ < em,~ 
FAX#: {,A-fli:1-3Lk? 

FROM: Mb-
# PAGES ( Including cover ) __ 6 ___________ _ 

COMMENTS: 

P. 01 

180 BLUE RAVINE ROAD, SUITE'S' FOLSOM, CA 95630 (916) 985-1000 

7 
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, AUq:13-96 TUE 14:09 

CLIENT: 

PHONE: 
FAX: 
DATE RECEIVED: 
DATE COMPLETED: 

FR,A,CDQNt 
OIA 
02A 
03A 

Misc. Charges 

.AIR TOXICS LTD FAX NO. 9169851020 

WORK ORDER#: 9608061 
Work Order Summary 

Ms. Amanda Bush 
Battellc Memorial InstiNtc 
!505 King A venue 
Columbus, OH 43201-2693 

614-424-4996 
614-424-3667 

BILL '1'0: Same 

INVOICE# 
P.O.# 

P.02 

816196 PROJECT# G462201-30Bl301 Bioslurper 
AMOUNTS: $303.69 

NAMI 
KIS-OGS-1 
KIS-OGS-2 
Lab Blank 

:rm 
T0-3 
T0-3 
T0-3 

1 Liter Summa Canister Preparation (2)@ Sl!J.00 each. 
Shipping (7/30/96) 

PRELIMiNAR'( 

Page 1 

RECEIPT 
VAC./PRES. 

t.S "Hg. 
l.O"Hg 

NA 

PRJCE 
$120.00 
$120.00 

NC 

$30.00 
$33.69 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1· 
I 
I 
I 
I 
I 
I 
I 
I 

AIR TOXICS LTD FAX NO. 9169851020 

Com und 
Benzene 
Toluene 
Ethyl Benzvn• 
Total Xylenes 

Compound 
TPH* (C5+ Hydrocarbons) 
C2 • 04'"" Hydrocarbons 

•TPH reforonced to Jot Fuel (MW:156) 

AIR TOXICS LTD. 
SAMPLE NAMB: KIS-OOS-1 

ID#: 9608061..01A 

EPA METHOD T0-3 
(AromaUc Volatile Organics In Air) 

GC/PID 

Det, Umlt Del, Umlt 
mv uGIL 

5.3 17 
6.3 20 
5.3 23 
6.3 23 

TOTAL PETROLEUM HYDROCARBONS 
GCIFID 

(Quantltated as Jet Fuel) 

Del Limit 
p mv 

53 
53 

Det. Limit 
uGIL 
3!0 
g7 

--c2 - 04 Hydrocarbons referenced to Propane (MW::44) 

Container Type: 1 Utet Summ• Canister 

Pag•2 

Amount· 
mv 

180 
600 
170 
620 

Amount 
mv) 

98000 
6000 

• I 

P.03 

Amount 
dGIL 
680 
2300 
760 
2700 

Amount 
UGIL 

640000 
11000 
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AUG-13-96 TUE 14:10 AIR TOXICS LTD FAX NO. 9169851020 

Com ound 
Benzene 
Toluene 
Ethyl Benzene 
Total Xylenes 

com ound 
TPH" (C5+ Hydrocarbons) 
C2 • C4 .. Hydrocarbons 

•TPH referenced to Jet Fuel (MW=158) 

AIR TOXICS LTD. 
SAMPLE NAME: KlS-00S-2 

ID#: 9608061-02A 

EPA METHOD TD-3 
(Aromatic Volatile Organloe In Air) 

GCIPID 

Det. Umlt Det. Limit 
(ppmv UGIL 

2.8 8.!I 
2.6 10 
2.6 12 
2.6 12 

TOTAL PEfflOLEUM HYDROCARBONS 
GCIFID 

(Quantltated as Jet Fuel) 

DeLUmit 
mv 

26 
28 

Det. Umlt 
uGIL) 
170 
'48 

.. C2 • 04 Hydrocarbons referenced to Propane (MW::44) 

Container Type; 1 Liter' Summa Can11ter 

Page3 

Amount' 
(ppmv 

160 
460 
120 
460 

Amount 
(p mv) 
78000 
9800 

P.04 

Amount 
uGIL 
520 
1800 
530 

· 2000 

Amount 
uG/L 

500000 
18000 

~--t 
rtM~ itfA';.;:;,,. ·~ 
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• , . AUG..- ].3-96 TUE 14 :t 1 AIR TOXICS LTD FAX NO. 9169851020 

Compound 
Benzene 
Toluene 
Ethyl Benzene 
Total Xylemn 

Com und 
TPH* (C5+ Hydrocarbons) 
C2 - C4 ... Hydrocarbons 

*TPH referenced to Jet Fuel (MW•158) 

AIR TOXICS LTD. 
SAMPLE NAME: Lab Blank 

ID#: 9608061-03A 

EPA METHOD T0-3 
(Aromatic Volatile Organics In Air) 

GCIPID 

DeL Limit Del Limit 
m1 uGIL 

0.001 0.003 
0.001 0.004 
0.001 0.004 
0.001 0.004 

TO"TAL PETROLEUM HYDROCARBONS 
GOIFID 

(Quantlteted as Jet Fuel) 

Det. Umlt 
(p rnv 
0.010 
0.010 

Det. Limit 
(uGIL 
0.085 
0.018 

.. 02 • C4 Hydrocarbons referenced to Propane (MW:::44) 

container Type: NA 

Page4 

. I 

. ; 

Amount. 
mv ' 

Not Detected 
Not Detected 
Not Detected 
Not Detect~ 

Amount 

Not Detected 

P,05 

Amount 
uG/L 

Not Detected 
Not Detected 
Not Detected 
Not Detected 

Amount 
UGIL 

Not Detected 
Not Detected 
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APPENDIX C 

I SYSTEM CHECKLIST 
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-------------------
Checklist for System Shakedown 

Site: ):::., "5Aw'-f6A--~~.8 

Date: :J - -Z.., 7 - C, b Operator's Initials: 

Equipment Check if C@mments 
Okay 

Liquid Ring Pump 

Aqueous Effluent Transfer Pump : . 
Annunciator Panel 

Equalizing Tank 

Heat Exchanger 

Dehumidifier 

Blower Ni\ 
Off-Gas Treatment System ~-A. 
Vapor Flow Meter 

Water Flow Meter V 
Emergency Shut o'rr Float Switches / ' 

. 
Analytical Field Instrumentation 

- GasTechtor O/CO2 Analyzer 
- TraceTechtor Hydrocarbon Analyzer v 
- Oil/Water Interface Probe 
- Magnehelic Boards 
- Thermocouple Thennometer 
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APPENDIXD 

DATA SHEETS FROM THE SHORT-TERM PILOT TEST 
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. : . ,. 
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Site: Kl $A'tJ~i( Af fl;J 

Dateffime 

! . 

ATMOSPHERIC OBSERVATIONS , 
: : 

I 

Operators: /!t.P/Ac£ * M.BRA\!£5 

Ambient 
Temperature 

Relative 
Humidity 

Barometric 
Pressure 



Baildown Test Record Sheet 

Site: Kl SAWYER AF £? 
Well Identification: __ R ........... w_-_i ____ _ 

/I/II Well Diameter (OD/ID): --~----------

Date at Start of Test: 1/fq/9/p • 
Time at Start of Test: 11 J5'J-112.s 
Initial Readings 

Test Data 

Depth to 
Groundwater (ft) 

1-

Sample 
Collection 

Time 

Depth to LNAPL 
(ft) 

Depth to 
Groundwater 

(ft) 

LNAPL 
Thickness (ft) 

Depth to LNAPL 
(ft) 

Revision 1 
Page: 47 of 86 
November 29, 1994 
DRAFI' 

Sampler's Initials:~ 

Total Volume 
Bailed (L) 

6.() 

LNAPL 
Thickness 

(ft) 

Figure 9. Typical Baildown Test Record Sheet 



1tJ 
1·J 
I J 
1-J 
I J 
I J 
I J 
I J 
I .J 
I J 
I J 
I 
I _J 

I J 
I 
I J 
I J 
I J 
I J 

Baildown Test Record Sheet 

Site: kl~ AFB 
Well Identification: · _ ..... K.-?iJ...-..6 ______ _ 

:'= Well Diameter (OD/ID): 

Date at Start of Test: J/l!J/CJ(p 
Time at Start of Test: / ??8 H f<.5 

Initial Readings 

Test Data 

Depth to Depth to LNAPL 
Groundwater (ft) .- (ft) 

Sample 
Collection 

Time 

.oq 

Depth to 
Groundwater 

(ft) 

LNAPL 
Thickness (ft) 

Depth to LNAPL 
(ft) 

Revision 1 
Page: 47 of 86 
November 29, 1994 
DRAFI' 

Sampler's initials: '1J,/// 

Total Volume 
Bailed (L) 

4NAPL 
Thickness 

(ft) 

, 

Figure 9. Typical Baildown Test Record Sheet 



-------------------

N 
'° 

---------------------------------------- ··--·--------

Site: K.:?Q S tneP-5/..Jr«A , 
Test Type (skimmer, bloslurper vacuum extraction, drawdown): 

Bloslurpln1 PIiot Tut 
(Data Shed I) 

Wtll Characltrlstlcs 

RW}~~ 
Depth t~ Groundwater: ____ _ Depth to Fuel: ____ _ Depth of Slurper Tube: ____ _ 

: Dale at Start of Test: ____ _ 

Time at Start of Test: ____ _ 

Well lD1 1'{ - ?./JS Well ID: Well ID: 
I LNAPL Waler Prusure LNAPL Waler Pressure LNAPL 

Dalefflme Level uni (In 1110) Level Levtl uii 1110, Level 

<Z / I I c;;,(p (o'J. 5'1 fdlC. 
9.Jz,JCJi lo CJ u(J fn9.~~t 
<~/{ 1/~l 11 ln't 4-4 &>?.~ 

I -

Figure 11. Typical Record Sheets for Bioslurper ~lot Testing 

Page __ of __ 

Operator'• Initials: "'8/Me 
Waler 
Level (In 1110) 

.. 



-------------------
- -····· -· .. ------------------------------------------------------~-------------------------

N 
\0 

Sile: 1' W {h Measure_ d 

Bloslurpln& PIiot Tut 
'(Data Shetl I) 

Well Characteristics 

Tesl Type (skimmer, bloslurper vacuum e11rac1lon, drawdown): K !ti s l)l~ we.l1 
Deplh I~ Oroundwaler: ____ _ Deplh to Fuel: ____ _ Dcplh or Slurper Tube: ____ _ 

.:Dale.ii S11rt ofTcSI: ____ _ 

Time 11 Sia rt of Test: ____ _ 

~w-9' Well lD1 4 Well ID: Well ID: 

LNAPL Waler Prusure LNAPL Waler Pressure 'LNAPL 
Dalefflme Level . Level (In 1110) Level Level uii 1110> Level 

<?/(.P/P}(p la o4"8 &~.-11-
<g J-:1-' I~ '& lpl ?,4-fp /do. ~L 
~/: ,, t t:. 

J l/o /dt),£f+ rl)w. ~s 
,. 

; I -

Figure 11. Typical Record Sheets for Bioslurper Pilot Testing 

Page_or_ 

Operator'• lnhlali: ft)J i,tf' 
Waler Pres,ure 
Level (In 1110) 

.. 
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Bloslurpint Pilot Test 
(Data Sheet l) 

Pilot Test Pumpint Data 

Sire: t.l Jo.·Mh(f=A£0 . 
Opemors: ((/Hare m ~-
Test Typ&lhslW:p{~' 
Depth to Gnlundw.u.cr: ___ Dcpf:!l to Fuel: __ _ 

Vapor Extraction 

Stack Carbon Pump Stack 
Run Pressure Drums Flo'llTSte Temp 

Datefl'ime Time (In. ~O) ·(In. l!iO) (sdm) c•q 

'iJ.l?u 1~5 6hrs LO.b05 - ~£5 41. i,1-
~Ii.Jc1t, ~tn Jq ,-~ 0.005 - '5 4tJ. t..g 
"i.1L}'11.- l:J-4{ 

,;; · o.oo 5 5 41, ;X)· t?, ... -
"iih /tr 1, f!13i. 4,~i~ IJ. {)() s - '54.10 -

; 

I 

i 

i 
' ' 

I 

i 

! 

I 

.l 
-I 

i 

•-. 
·• 

Page.l_or_l_ 

Sian Dau:: ~" ' '? (p 
Sian Tune: / ~' 4-5 
Well ID: ]) LJ.} .. .z_ 
Dcpth,ofTube; (.gi": w 

Pump Bud Extraction Well 
Vacuum Vacuum 
fm. H:> fm. H.zO) 

~3 0.Qj 
6'3 o. (Ad. 
.:l.3 o. ot; ~, o. 7-o 

.. . 

.. 

' -

Figure 11. Typical Record Sheets for· Bioslurper Pilot Testing (Continued) 

30 
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Stack 
Run Pressure 

BloslurpiJli Pilot Test 
(Data Sheet l) 

Pilot Test Pumpinz Data 

Vapor Ex:trac:tion 

Carbon Pump Stack 
Drums Flo~ Temp 

S12rtDatc: 

S12rt Tune: 

Well ID: 

Pagcj_orl_ 

q/i/9~ 
(f5'? 
K.3aS 

Dcpth,ofTubc; (;9 t 3 

Pump Head Extraction Wdl 
Vac:uum Vacuum 

D:atetnme Time (In. ~O) "(In. ~0) (scfm) c·C> Cm.II:) (In. ff:0) 

< 

)t 
I 

'l'J 
I 

5( 

.. 

~t; l34o IJ.{)/6 . - <g 4-/, ?~ 
·,4(p 0~ t, .hJ5· - CZ -~91'3 ;J.3 
tn lftt 0 o1)t: ~.;;.?. -. 
l% bll'i /j. DI - :,.- ?;q}¥ d\3 

·-. 

.. 

. 

i 

- I 

Figure 11. Typicai R~ord Sheets for· Bioslurper Pilot Testing (Co~tinued) 
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Site: f I Sf1l1/fr AFt3 
Start Date:1h/J/1 liJ5hr'5 

Run 

Bioslurping Pilot Test 
(Data Sheet 3B) 

Fuel and Water Recovery Data Page of - -
:]w~ Test Type: JKlh'lm-ur . 

· Operators: M.Plare Af.Gt4Vf.S 
LNAPL Recovery Groundwater Recovery 

Datemme Time (volume collected in time period) (volume collected in time period) 
1Flho /<1, tp:fj lo. u1Jw< II A.,,~~ ,--200 f-la..lirns. 

1/jj /tJio (11.'5~ !.'" IAil L I ~?bl5 1-IAIJ -,n_ II '/Ill 

r1/~;1q,/) IY>1 o 9..t --~, 1/. • {)hltl o.O "~9 ,/,~ V) J1.1'1.'1i~ ~tlhJ (P.5 J5.J. I 
, 

. . 
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Bioslurping Pilot Test 
(Data Sheet 3B) 

Fuel and Water Recovery Data Page j_ of _f _ 

Site: n ~m~, Aff; } U)-f}, 
Start Date: Z lp J 6 

Test Type: 1>w.slw-PUIJ . • 
. Operators: m . Y{tUI! 4 /'{/, brt)JJ(5 

Run LNAPL Recovery Groundwater Recovery 
Datemme Time (volume collected in time period) (volume collected in time period) 

151 I /qf 1'6/? \.'5/v-!l 4-, '- 7j /kl) fl/FM\ anC'lnc 

11:J l/t7Jt; 03nJ ~:1!ln,. rnr& ,q15.1 -,Li /J ...,/ .J. l-
. J/ I/ .... p } , 3 

1$ klJ"1 l:-+-4'? ~.i5ltl5 ML J.'5 l 'J; 1-4-
~/3/~ IJi?i, 15. ;5/,M ~t:;fb~ c25 ,,._Ji:,t '-=I-I- 19-~4-

I 
I 

. 
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:1 
I 
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Run 
Datemme Time 

i/3t1ls- . Z:Z,1.() ~i3h~ 

I 

Bioslurping Pilot Test 
(Data Sheet 3B) 

Fuel and Water Recovery Data Page _l_ of j_ 

Test Type: · SeaJnti Sk 1.111/YU' 
Operators: m. fl/I_ [(} 1)1: (bt?JJK5 

LNAPL Recovery Groundwater Recovery 
(volume collected in time period) (volume collected in time period) 

rJ. 5 1'111 tlrvt .-... .~=t /JAf fAd 
J J 

- . 

-
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Bioslurping Pilot Test 
(Data Sheet 3B) 

Fuel and Water Recovery Data Pagej_ofL 

s;,., (J~r /l~ 
Start Date: = ]J 'IQ~ 

·1(uJ~ Test Type: -~d,..;JiurL 
Operators·1Yt'l?ace j/Y}. Gta.ll'(t 

Run LNAPL Recovery Groundwater Recovery 
Oatemme Time (volume collected in time period) (volume collected in time period) 

11~./-/tJ v 13+-D 11. /1J1r4: I .4-- !f/5 
8J~IVJll 7tJ'JiJ 611i/Jf1 ~t,.J I.CJ f4-{c 
x/7/0J v t lo4- l5.lr3%~ f1.J,.;_ 0 'J;,. 4- .. ?)!}) 
~~h& i.io/ 1.13) f?.~ ~hill J.1 &rl 
5/t,/1"'1 tf1Zf 

I 0-~ 1-~~ r-f1t,hJ 1.. C/ c)~1--

-

. -



I 
I 
I 
I 
I 

.s k '° ~"'e.r-
1 

6,;_, ,~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Bioslurping Pilot Test 
(Data Sheet 3B) 

Fuel and Water Recovery Data Page j of J - -
Site: n Xl««ft Affi K!o.S 
Start Date: J,,/IJ / '?{f 1)94'3 

Test Type: (.FJfslJ.i.rplr 
Operators: frl.Iftm ! m ~,1J.1J(r 

Run LNAPL Recovery Groundwater Recovery 
Datemme Time (volume collected in time period) (volume collected in time period) 

f1r1J/'Jt, /?'!JO r.zr~ OL q ll/JPJ~J- r1- tJ"' 1/.1""\ 
v 

4?S lv/'1w 1~ bias,. . 
- -

• /:Ht:t. 61Jj ,i.i,hrD 'J ,f.'f- .J 

1-loO 
IS 1/'1{; /54{] t'l't/ lO.-. /j ' t512.3 '6-Mil 
i, i11, "11, 15.<i,

1

?>/ ~. ,_ 'N 
-/11 II 1.5 8~ 
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APPENDIXE 

SOIL GAS PERMEABILITY TEST RESULTS 



-·---.. ·-···---------------

BATTELLE SOIL GAS SURVEY INFORMATION DATE: iJ // / h.,, 
METERS (SERIAL NUMBERS): 0 2 CO2 TPH SITE: k JJJ tvYEJ't ~'P-i4 

DEPTH READINGS PUMP Recorded by: ) 'J.; ~,1tp 3 /YI OmUt\ 
POINT (ft. & tenths) PRESS 

# (e.g., 10.2') 02 (%) CO2 (%) TPH (ppm) (in Hg. Vac.) Comments 

1'---tP-Pr /5'· I q &:; 0.5' 08' -x!t/lJ(p 0~ \ h~--tuJ 1:ol 
II /J5' /'1 D 0. ,. )!JJ ; " " \ " I 

II \. ~-5' 1ft] () - /j/};, ,, ., ,. 
• l ,, 45' /1,/J I. ?J 1~ II I/ II 

,, 65' J/1J.O /.) 4-IJfJ . - II I/ II 

,, ( l)t; I lo.O 1,~ IO !11Jn1- Ii., '1 1, II 

I I- I - -
I/ 10· /o/. / 0(/ /{}I) ;, Jq,/) ,~z.o ') 

I/ cXJ' )q ~. I}_ ... :iav ,, II 

,, \..') ,.5' /7,~1 0'1- )JI) If ,, 
,, 15' /lo. I;, .,., 91) . ,, ,, 

.' 

,, l-11'. lt/J i ;} . /l ~-- 11 ,, 
/I /06 (j;. 9 f5,g. · i~ 1(/.)) h II 

, 

" l'5' lJ. o.~ -, \g~------- ~,lflt/) --- -d')_ ~-------- - ·· -- · ···--------------- .. - - . -- -
·- -----· ------- ---- -· - ...... -- - ····-

" 25' 1q 0 0 'I (l)fp ,, " . , ,, ~' 19.D ~). 4<-J ,, ,, 
,, 4':' /'J,, I J. D IJ.ilo ,, II 

,, \.._~.' 11-,5 "h I. WJ . ,, ,, 
,, u;5' f.p, l 1/ZJJD h ll 

- - - - - - - - - - - - - - -- - - - -



.•. _,_ ,i ~- ·. __ .-·.,:·. -;.::~. :! .r:~,:-~_!(·j'"~ .. iirliH 

BATI'ELLE SOIL GAS SURVEY INFORMATION DATE: 

METERS (SERIAL NUMBERS): 0 2 CO2 TPH SITE: Kl < :A:w,JtlZ f\/\-P--P... r ,n1-± 
DEPTH READINGS PUMP Recorded by: 

POINT (ft. & tenths) PRESS 
# (e.g., 10.2') 02 (%) CO2 (%) TPH (ppm) (mHg. Vac.) Comments 

MP-A 11'· /0/, IJ. o.~ 41> ~/2./9~ Jl-55 
II /ZJ' 111- {J' 7- -1fJ . i/ /; 

; ' 
If l • ~{"' lr.q o.-:;- -i1- ,, ii 
(I iJ~' I IP. I JJ /. 0 l~ 

/1 II 

I( '-Ffj I //IJ,5 ./ ~Vll) -· , ,, I/ ,, (p5' /j,~ \/f.C) 'J ;J} · 11 l/ 
- -

I( /!)' '~-~) o.R 7() 5(}~/CJo Io 1:,0 
I I /4 'Ii' JK.~ (). i ·fY JI if ,, .. ;-5 7 /?-. CJ /),'1- f::'li II II 

'd' 
" 45' 11-.a ), 3 ?-()· ti ,, .' 

' ,, ,'1 . I /IP, 'J I U, . 140 ,, ,, 
.. Pj' .· 

j ' 

I I (r/5' /1,,./ r;2- .· ArAT'T\. ,, : ll tl)UV . 
.. 

- ----- - . . -· --· -- - - ·-- - ------- ---··· . - . - .... - ·--- --··· -------------- -------------- . . ····• ---·. -- -··--•·-·--------------------·--··--------

: 

- - - - - - -- - - - - - - - -· - - - -



BATIELLE 

METERS (SERIAL NUMBERS): 0 2 

POINT 
# 

DEPTH 
(ft. & tenths) 
(e.g., 10.2') 

SOIL GAS SURVEY INFORMATION I DATE: 

CO2 TPH SITE: 

READINGS PUMP 
PRESS 

0 2 (%) I CO2 (%) TPH (ppm) (in Hg. Vac.) 

61 I J"J(p D'Yh 11 ~'""'' • .,,, I c n I 'v ·"" I ' · v I '-'(../ I I ., u " 0 T 1"::+:":::C:C: II J-,...... H ""'-- - - • JI\ " /I ,, ,, 
II 

l\ 

\\ 

II ,, 

II 

II 

II 

I I I . I . I !J /1(p J '{2..0 11 IA • ..., ---- I 
/I 

II 

It ,, 
It 

I/ 

d/Z./'1<P O'no 11 ' ... \-~ Y I 1;1.= ~'. I '.' ... { I •. " I '':' I I II 
" 
II 

LI 

l( ,, 

-------------------



.,.:. --•~-~-.. .:.. __ .... · ·· ·. ··· r .;·;,;,1½::ft.-.. : itdiH 

. 
DATE: j/ fJil%1 BAITELLE SOIL GAS SURVEY INFORMATION 

METERS (SERIAL NUMBERS): 0 2 CO2 TPH SITE: kl "'AWVtR MP--!? 
DEPTH READINGS PUMP Recorded by: /YI. Pia.re.-~ {YI. (11?1_~ 

POINT (ft. & tenths) PRESS ,J 
# (e.g., 10.2') 02 (%) CO2 (%) TPH (ppm) (m Hg. Vac.) Comments 

M/2-fA JP:·/ / 
> 0. I t)_ 0 ~]i)q;d /JPJ1 !"')I 

/1 '?_5' j .4- o.(p i1 ,, 71 , I ,, . Jn' It, JJ-- D-lP /z_ ,, 1, 

" ~I Uo.tf I . I -~' ,, ,, 
,, . -'51' )fO,/\ I. IJ . l·~2_ ... - ·, II 

,, 
lnC5' t\. ~-D 4-.'1 JlffD(1.1) .,, ,, 

-

,, 15' oo 0.15 w 'xl'1f:L JO '2tJ 
11 ?.~' '. .5. /). c; 15 II 

,, 
11 \. ~, 1t ·~ 0 t,,'j ,, ,, 
h 15' u . , 0 44-- 7, II ' , ,, .... '?5' .- Y.'7 2.0 · ,. ?f)( /:/) ,, ij 

,, (of' 1-1. 0 rt-•~ .· JP>oo )( 0 

. - -· - . -- ·•·- ·-- ----. . . ........ .... . .. . . ·- ·-· ·-·- -·------·-·---- ----------- -- -- .... ··-· ---·. -- -··--·--··-------····-----·--·------•·------

,, 
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e/1 Ii 
cR ,, 
II 

II 

l I 

3/1~ lfrlO 
ll 

\I 

i/t..J'/{p {ff 

• ,, 
(4 

BATI'ELLE 

METERS (SERIAL NUMBERS): 0 2 

DEPTH 
POINT (ft. tenths) 

# (e.g., 10.2') 

NP-C J~ +'-I-
,U D-f'., Z'5 µ 
/lJ, fJ--G ·35 8-
Iv 4G ~\-
N r:l.-(' ln5 +t---
Ne-c 15"' -tt-
f\,t v-c.. z_;;- -8-
r'v l,JJ-l. 3Cj~ 
Vv)-c_ 15 ~+-
\A 1--(__ /4C:, ~+-
.II I n ~M.J ,-

/LI j P.(I 1;;:, i:+ 
JU J}-(' ·it; µ 
Mv-C ;q r..\-
M )-( J \:+-Mv-~ (,?') rt 

SOIL GAS SURVEY INFORMATION DATE: {) /J /'1~ 
CO2 TPH SITE: &f Pl G 

READINGS PUMP Recorded by: M P/ ti II' j /l1. hm V 
PRESS 

02 (%) CO2 (%) TPH (ppm) (in Hg. Vac.) Comments 

10 .0 o.e I.PO th 1h a o R-l a 
{(;tO 0. 8 10 \ ,, , ,, d 
/'6 .o o.<a JIIJ- /I ,, 
/lP.0 ;). . (J !lrt:S ,, ,, 
/lb. 0 4.'3 f??VJ (/: J~ /J I I 

/9.~ o. :,-
/8.'J. o.~1- L. 

. I q /) ,- qJJ,- . 

~/5 I 4- Jt D 
//J. (J 3.(J ).,~(J:1) . 

q_':} I .IJ ,q 
/t). 6 d.f? 't-0 
fl f', /j,g zi 

,,; __ Cj t. tJ F54-
1.1). () I. 0 -~_/) 

-------------------
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BATI'ELLE SOIL GAS SURVEY INFORMATION DATE: i 

METERS (SERIAL NUMBERS): 0 2 CO2 TPH SITE: ( J <~ ''JI--'? A. A 0-~. r Ii\,\ r 
DEPTII READINGS PUMP Recorded by: f>1 . PIA rt. 1 !YI. {jm ()f) 

POINT (ft. & tenths) PRESS 
# (e.g., 10.2') 02 (%) CO2 (%) TPH (ppm) (in Hg. Vac.) . i Comments 

/\AP-C /61. Jq 0 0.1 1,,,Z.. 'K lzJ1u I -. ,...-:_~ 
I \. J ,, 1'1' ,ri /1.·1- 7~-L -. ,, It 

' 
I I :½' r tJ fJ.li ,z,c;, , ,, l1 
II '15' l'1). n l .4- ~tl- 1, u 
II [p5' l1J.D lo. ·t- -~ 

~/)' - ,, II 

,, 5' ff.~1 /).$ 1Jo - g/J/7{A -/030 -
I I 7~'5' tr. :J 0.'1 1~ " II ., ~5' 7 IJ . t'. i 7_<l ,, If 

) . 
II ) r&5 I "15 I . t I &5fS ,, JI 

'-' l I j__p5' Jt .D {), j /4D ,, J-1 _. 

0 .. 
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APPENDIX F 

I IN SITU RESPIRATION TEST RESULTS 
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.Record Sheet for In Situ Respiration Test 

Site Monitoring Point MP-PJ (ovj I 

Shutdown Date O2/CO2 Meter No. TPH Meter No. 
Shutdown Time Recorded by M . Pra..ce., (vt . tJXl),\ftS. 

Oz CO2 TPH He Temperature 
Date Tbne (%) (%) (ppm) (%) (OC) Comments 

1{ I J. 
i-1 r?(o l~A-0 di. D (J D 61-,-:/- \. r/A..1 l /,;, tJ 

<gj 'J --l1f4 J~C-1_,. 
-, r 'IV' :ll .D 0 0 I. 5 

c,( r4-/'11'J /&;1'1; !l!J.5 {} 0 I. lb 
i/4-/q(p 1/J~I) r!l.O. '? 0 I. IA i A-·/qb 0~ ra / O.t; 0 J (.p I. IP 
i L'5/C/" tO!l _t; !O.O h o. 'J... 4-4- /.~ 
<?15/ql/; ;o140 ,,::)I)./) 0-~ ::J..4{_) /.5 
5V ~l1l> (} '7 fl A 7 r .,_,. /CJ.°1'Pj tJ. ,.j (J7) I. ,1, . . 

,· . 

I 

INSITU.RS (G462201-1001 DISK) -------------------



Record Sheet for In Situ Respiration Test 

Site Monitoring Point fl.if J)- f, (j;5. 
Shutdown Date O2/CO2 Meter No. TPH Meter No. 
Shutdown Time Recorded by M .. Pia {l j M. (1((/i {f e_\ 

02 CO2 TPH He Temperature 
Date Time (%) (%) (ppm) (%) (OC) Comments 

<ii~ t ryh 1./J:A f) :J/. I) 0 () I. Cj 
8'!~ L/J/t., /,¥/ /J j_J_ 0 0 0 I-~ ' i 

<k 4f.1b JIM [( I) r:;o.5 0 .?vJ J. !)' ! 

<rl~ //A/_ '#'I" -JV/ w~./J ~-5 IJ rflrJV I. '3 i 

'8/1 ' fr; FF 
I .J ·o a~ (} -:2o .0 0 bl+O /, 3 

11'5/~ Vo It I/J-5 /9. 7--'3 O·'? 14-ob /. j 
I 

~'/'5/~ 'n ~j ~1 (J 20.0 0-Z 11i/) {). 1/p 
<li 1; '6 rn ().:/

11 "i_n /~ o.z ~D 0. (_pt:; . 

,· 

' 

. 

I 

INSITU.RS (0462201-1001 DISK) -------------------
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' - - - - - - - - - - - - - - - - -I •· '• 

In Situ Respiration Test 
Date: 8/4/96 

Monitoring Point: MP-A 

.I 1ll / Date/Time Time Oxygen Carbon • 
(mm/dd/yr hr:min) (hr) (%) Dioxide (%) Helium (Vo) 

8/4/96 13:40 0.0 20.80 0'.00 1.70 
8/4/96 14:56 1.3 20.80 -0.00 1.50 
8/4/96 16:46 3.1 20.50 0.00 1.60 
8/4/96 20:30 6.8 20.50 0.00 1.50 

. 8/5/96 3:40 14.0 20.50 0.00 1.60 
8/5/96 12:25 22.7 20.00 0.30 1.30 
8/5/96 21 :40 32.0 20.00 0.30 1.30 
8/6/96 7:24 41.7 20.00 0.00 0.62 

' 
0 2 Utilization Rate 

Ko / <LOOO !¼Jffihf' ? 

::: lr:i: lli~:1:1:: 

25 

Site Name: KI Sawyer AFB, MI 

Depth of M.P. (ft): 65' 

1.80 

2~~t • A • • A • A - 1.60 
1.40 
1.20 0 15 

u 1.00 E 
"C 
; 10 

0 
5 

A 
0.80 :E 

GI 
0.60 ::c 
0.40 
0.20 

0 ~OE )E I )( t X I X t • I 0.00 
0.0 10.0 20.0 30.0 40.0 50.0 

Time (hr) Oxygen Cone. 
-02 Regression 

X CO2 Cone. 
-CO2 Regression 

A Helium Cone. 

Regression Lines 02 CO2 
lope -0.0203 0.0043 

~tercept 20.6957 0.0092 
etermination Coef. 0.8356 0.2340 
o. of Data Points. 8 8 

"I 

·~ 

- -



- - - ----------------

Date/rime 
(nun/dd/yr hr:mln) 

8/4/96 13:40 

8/4/96 14:56 

8/4/96 16:46 

8/4/96 20:30 

8/5/96 3:40 

8/5/96 12:25 
8/5/96 21 :40 

8/6/96 9:55 

,' 1' 

In Situ Respiration Test 
Date: 8/4/96 

Monitoring Point: MP-B 
,r 

Time Oxygen Carbon Helium(%) 
(hr) (¾) Dioxide(¾) 

0.0 21.00 0.00 2.70 
1.3 21.00 0.00 1.50 
3.1 20.50 0.00 1.60 
6.8 20.50 0.00 1.60 
14.0 20.50 0.00 1.60 
22.7 20.00 0.20 1.50 
32.0 20.00 0.20 1.30 ill 44.3 19.75 0.20 1.30 

' 
0 1 Utilization Rate 

Ko \i (\\~iit~:,,~~iii( 
: 1::::m~i~::~,ij~~: :: 

Site Name: KI Sawyer AFB, MI 

Depth of M.P. (ft): 65' 

25 

_ 2or• • 
t-

0 15 1 ... o 11,,.A 
"g 10 
"' N 
0 

5 

• ,. 

A A 
A A 

3.00 

2.50 

2.00--;-

1.50 ,; 
'ii 

1.00 :z: 

0.50 
0 .L. •• • • • -- - I )E I )C I )C I I: I 0.00 AO<>< >< 

0.0 10.0 20.0 30.0 
Time (hr) 

Regression Lines 02 
Slope -0.0265 

~•=~• 20.8169 
etermination Coef. 0.8560 
o. of Data Points. 8 

40.0 

CO2 
0.0057 
-0.0142 
0.8030 

8 

50.0 

Oxygen Cone. 
-02 Regression 

X C02Cone. 
-CO2 Regression 

.A. Helium Cone. 

f 



-------------------

Date/Tbne 
(mm/dd/yr hr:mln) 

8/4/96 13:40 
8/4/96 14:56 
8/4/96 16:46 
8/4/96 20:30 
8/5/96 3:40 

8/5/96 12:25 
8/5/96 21:40 
8/6/96 7:24 

I., 

In Situ Respiration Test 
Date: 8/4/96 

Monitoring Point: MP-C 
,. 

Tbne Oxygen Carbon 
Helium(%) 

(hr) (•le) Dioxide (-lo) 

0.0 21.00 0.00 j 1.90 
1.3 21.00 0.00 1.20 
3.1 20.50 0.00 1.30 
6.8 20.50 0.00 1.30 
14.0 20.50 0.00 1.30 
22.7 19.75 0.30 1.10 
32.0 20.00 0.20 0.96 

111 41.7 19.75 0.20 0.65 

0 2 Utilization Rate 
Ko{;) olooO)¾JfufrV) 

•
1•9;ij!t•••i~1• ... ••!:1!1••::j::• 
tRf ~?J rw~,, r·• 

' 

25 

Site Name: KI Sawyer AFB, MI 

Depth of M.P. (ft): 65' 

20~¼ ... 
... • I --A 

1.80 
1.60 
1.40 
1.20 
1.00 
0.80 :E 

0 15 
(J 

"g 10 ., 
6 

5 

.A. GI 
0.60 :J: 

0.40 
0.20 

•m >E , >E , x , x , • I o.oo , _,,,,. , 
0.0 10.0 20.0 30.0 

Time (hr) 

Regression Lines 02 
ISlope -0.0288 
Intercept 20.8126 
~etermination Coef. 0.7977 

o. of Data Points. 8 

40.0 50.0 

CO2 
0.0065 
-0.0110 
0.6508 

8 

Oxygen Cone. 
-02 Regression 

X C02Cone. 
--CO2 Regression 

.A. Helium Cone. 

-..... 
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