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EXECUTIVE SUMMARY

This report summarizes the field activities conducted at Seymour Johnson AFB, for a short-
term field pilot test to compare vacuum-enhanced free-product recovery (bioslurping) to traditional
free-product recovery techniques to remove light, nonaqueous-phase liquid (LNAPL) from subsurface
soils and aquifers. The field testing at Seymour Johnson 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—phése 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 Seymour Johnson AFB is one of over 40 similar field

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

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

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

tested at Seymour Johnson AFB were skimmer pumping, bioslurping, and drawdown pumping.

Bioslurper pilot test activities were conducted at two locations at Site SS-12: (1) monitoring
well MW-2, and (2) monitoring wells MW-1, MW-3, and MW-6. 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.

iv




Following the site characterization activities, the pump tests were conducted. At monitoring
well MW-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 MW-2:
approximately 47 hours in the skimmer configuration, approximately 92 hours in the bioslurper
configuration, and approximately 46 hours in the drawdown configuration.

After the drawdown pump test at MW-2, ‘a bioslurper pump test was conducted at monitoring
wells MW-1, MW-3, and MW-6 by connecting the monitoring wells with a polyvinyl chloride (PVC)
manifold. The duration of the test was approximately 13 hours.

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

Overall, fuel recovery for all of the recovery technologies tested was low. Skimmer and
drawdown pumping were not as effective as bioslurping at recovering LNAPL at this site; however,
differences between the technologies was slight. Free product recovery rates were lower on average
during skimmer and drawdown pumping, with average LNAPL récovery rates of 0.26 gallon/day
during the skimmer pump test and 0.27 gallon/day during the drawdown pump test. LNAPL
recovery rates during bioslurping were approximately 0.44 gallon/day. ‘

Groundwater recovery rates during the bioslurper pump test were high in comparison to rates
during the skimmer pump tests, but were comparable to recovery rates during the drawdown pump
test. On average, groundwater was extracted at rates of 700 gallons/day during skimming, 1,700
gallons/day during bioslurping, and 1,300 gallons/day during drawdown pumping.

Soil gas concentrations w‘ere measured at monitoring points during the bioslurper test to
determine whether the vadose zone was being oxygenated. Initial oxygen concentrations at MPA-5.0,

MPB-4.0, and MPC-4.0 ranged from 13 to 17%, and would not be considered limiting to microbial

biodegradation processes. As the bioslurper test progressed, oxygen concentrations decreased while
carbon dioxide and TPH concentrations increased, possibly indicating the movement of oxygen-
limited soil gas towards the bioslurping well. Over time, it is likely that the area would become well
oxygenated. '

Implementation of bioslurping at the Seymour Johnson AFB test site does not appear to be
warranted based on the results of the short-term pilot test. Fuel recovery was low in all test
configurations (skimming, bioslurper, and drawdown). 'Bioslurping resulted in a fuel recovery rate of

0.44 gallon/day which is only 0.20 gallon/day more than skimming produced. The pilot test results




indicate that LNAPL is not sufficiently mobile to facilitate significant recovery in the existing wells.
It appears that recovery efforts beyond the current skimming system would be unlikely to increase

fuel recovery results.
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FINAL SITE-SPECIFIC TECHNICAL REPORT (A003)
for

BIOSLURPER TESTING AT SITE SS-12,
SEYMOUR JOHNSON AFB, NORTH CAROLINA

4 October 1996

1.0 INTRODUCTION

This report describes activities performed and data collected during a field test at Seymour
Johnson Air Force Base (AFB), North Carolina, 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 Seymour Johnson 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 Seymour Johnson AFB is one of over 40 similar field
tests to be conducted at various locations throughout the United States and its possessions. Aspects of
the testing program that apply to all sites are described in the Test Plan and Technical Protocol for
Bioslurping (Battelle, 1995). Test provisions specific to activities at Seymour Johnson AFB were
described in the Site-Specific Test Plan provided in Appendix A.

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

" LNAPL recovery and to evaluate the applicability, cost, and performance of the bioslurping
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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 foliowed by LNAPL recovery testing. The three LNAPL recovery technologies
tested at Seymour Johnson AFB were skimmer pumping, bioslurping, and drawdown pumping. The
specific test objectives, methods, and results for the Seymour Johnson AFB test program are

discussed in the following sections.
1.2 Testing Approach

Bioslurper pilot test activities were conducted at two locations at Site SS-12: (1) monitoring
well MW-2, and (2) monitoring wells MW-1, MW-3, and MW-6. Site characterization activities
were conducted to evaluate site variables that could affect LNAPL recovery efficiency and to
determine the bioventing potential of the site. Testing included baildown testing to evaluate the
mobility of LNAPL, soil sampling to determine physical/chemical site characteristics, soil gas
permeability testing to determine the radius of influence, and in situ respiration testing to evaluate site
microbial activity.

Following the site characterization activities, the pump tests were conducted. At monitoring
well MW-2, pilot tests for skimmer pumping, bioslurping, and drzlwdown pumping were conducted.
The LNAPL recovery testing was conducted in the following sequence at monitoring well MW-2:
approximately 47 hours in the skimmer configuration, approximately 92 hours in the bioslurper
configuration, and approximately 46 hours in the drawdown configuration.

After the drawdown pump test at MW-2, a bioslurper pump test was conducted at monitoring
wells MW-1, MW-3, and MW-6 by connecting the monitoring wells with a polyvinyl chloride (PVC)
manifold. The duration of the test was approximately 13 hours.

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

quantified over time.




2.0 SITE SS-12 SITE DESCRIPTION

Site SS-12 is part of the SAC Flight Line Fuel Hydrant System and is located at Pump House
#3 (Building 4553). Figure 1 shows existing wells at Site SS-12. Contamination at the site is
generally associated with JP-4 jet fuel. Depth to ground water is approximately 5 to 7 ft. According
to measurements taken in February 1995, free product was observed in monitoring wells MW-1,
MW-2, MW-3, MW-5, and MW-6. The greatest thickness was observed in MW-2, where nearly 2 ft

of free product was measured.

3.0 BIOSLURPER SHORT-TERM PILOT TEST METHODS AT SITE SS-12

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 Seymour Johnson AFB.
3.1 Initial LNAPL/Groundwater Measurements and Baildown Testing

Monitoring wells MW-1, MW-2, and MW-3 were evaluated for use in the bioslurper pilot
testing. Initial depths to LNAPL and to groundwater were measured using an oil/water interface
probe (ORS Model #1068013). LNAPL was removed from the well with a Teflon™ bailer until the
LNAPL thickness could no longer be reduced. The rate of increase in the thickness of the floating
LNAPL layer at the three monitoring wells was monitored for approximately 14 hours using the

oil/water interface probe.
- 3.2 Well Construction Details

Existing monitoring well MW-2 was selected for the primary bioslurper pilot testing, while
monitoring wells MW-1, MW-3, and MW-6 were used for a short-term bioslurper pump test. The
monitoring wells were constructed of 2-inch-diameter PVC, with a total depth of approximately 15 ft
and 10 ft of screen. A schematic diagram illustrating well construction details of monitoring well
MW-2 is provided in Figure 2. Speciﬁc construction diagrams for the monitoring wells are provided

in the Test Plan in Appendix A.
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3.3 Soil Gas Monitoring Point Construction Detail

Five soil gas monitoring points were installed in the area of monitoring well MW-2. The soil
gas monitoring points were located 5, 10, 20, and 30 ft frorﬂ MW-2 and were identified by Battelle as
MPA, MPB, MPC, MPD, and MPE. Distance from vent well and construction details are illustrated
in Figure 2. ‘

The monitoring points consisted of %-inch tubing, with 1-inch-diameter, 6-inch-lang screened
areas. The screened lengths were positioned at the appropriate depth, and the annular space
corresponding to the screened length was filled with silica sand. The space from the top of the
screened length to the ground surface was filled with bentonite clay chips. After placement, the
bentonite clay was hydrated with water to expand the chips and provide a seal. »

All monitoring points were installed in a 6-inch-diameter borehole. Screened lengths were
placed at the following depths: 4.5 to 5.0 ft in MPA; 3.5 to 4.0 ft in MPB; 3.5‘ to 4.0 ft in MPC; 4.5
to 5.0 ft in MPD; and 5.5 to 6.0 ft in MPE. Thermocouples were installed with monitoring points
MPB-4.0 and MPC-4.0. ‘

After installation of the monitoring points, initial soil gas measurements were taken with a
GasTechtor portable O,/CO, meter and a GasTech Trace-Techtor portable hydrocarbon meter.
Significant oxygen limitation was not observed, with oxygen concentrations ranging from 13 to 17%

(Table 1).

Table 1. Initial Soil Gas Compositions at Site SS-12, Seymour Johnson AFB, NC

Monitoring Point! Depth (ft) Oxygen (%) Carbon Dioxide (%) | TPH (ppmv)
MPA 5.0 13.0 2.0 >10,000
MPB . 4.0 17.0 3.0 2,000
MPC 4.0 17.0 1.5 60

! Initial soil gas concentrations were not obtained at monitoring points MPD or MPE,

" because these monitoring points were installed after the pump tests were initiated.




3.4 Soil Sampling and Analysis

Two soil samples were collected during installation of the soil gas monitoring points. The
soil samples were collected in brass sleeves with a hand auger used to drill the monitoring points.
The samples were labeled as follows: SI-S-MPA-5.0" and SJ-S-MPD-5.5' The samples were placed
in insulated coolers, chain-of-custody records and shipping papers were completed, and the samples
were sent to Alpha Analytical, Inc., in Sparks, Nevada by overnight express. Samples were analyzed
for benzene, toluene, ethylbenzene, and xylenes (BTEX), bulk density, moisture content, particle size,

and TPH. Laboratory analytical reports are provided in Appendix B.
3.5 LNAPL Recovery Testing
3.5.1 System Setup

The bioslurping pilot test system is a trailer-mounted mobile unit. The vacuum pump
(Atlantic Fluidics Model A100, 7.5-hp liquid ring pump), oil/water separator, and required support
equipment were carried to the test location on a trailer. The trailer was located near Pumphouse #3,
the well cap was removed, a coupling and tee were attached to the top of the well, and the slurper
tube was lowered into the well. The slurper tube was attached to the vacuum pump. Different
configurations of the tee and the placement depth of the slurper tube allow for simulation of skimmer
pumping, operation in the bioslurping configuration, or simulation of drawdown pumping as described
in Sections 3.5.2, 3.5.3, and 3.5.5, respectively.

Vapor emissions were discharged directly to the atmosphere for these short-term tests. After
treatment through the oil/water separator, groundwater was transferred to a 1,500 gallon polyethylene
storage tank where it was stored until disposal at the Base Sanitary Sewer.

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

pilot test data sheets provided in Appendix D.




3.5.2 Initial Skimmer Pump Test

Prior to test initiation, depths to LNAPL and groundwater were measured. The slurper tube
was then set at the LNAPL/groundwater interface with the wellhead open to the atmosphere via a
PVC connecting tee (Figure 3). The liquid ring pump and oil/water separator were primed with
known amounts of groundwater to ensure that any LNAPL or groundwater entering the system could
be ciuantiﬁed. The flow totalizers for the LNAPL and aqueous effluent were zeroed, and the 1iquid
ring pump was started on June 13, 1996, to begin the skimmer pump test. The test was operated
continuously for approximateiy 48 hours. The LNAPL and groundwater extraction rates were
monitored throughout the test, as were all other relevant data for the skimmer pump test. Test data

sheets are provided in Appendix D.
3.5.3 Bioslurper Pump Test
3.5.3.1 Bioslurper Pump Test at Monitoring Well MW-2

Upon completion of the skimmer pump test, preparations were made to begin the bioslurper
pump test. Prior to test initiation, depths to LNAPL and groundwater were measured. The slurper
tube was then set at the LNAPL/groundwater interface, as in the skimmer pump test. However, in
contrast to the skimmer pump test, the PVC connecting tee was plugged, sealing the wellhead and
allowing the pump to establish a vacuum in the well (Figure 4). A pressure gauge was installed at the
wellhead to measure the vacuum inside the extraction well. The liquid ring pump and oil/water
separator were primed with known amounts of groundwater to ensure that any LNAPL or
groundwater entering the system could be quantified. The flow totalizers for the LNAPL and aqueous
effluent were zeroed, and the liquid ring pump_was started on June 15, 1996, to begin the bioslurper
pump test. The test was initiated approXimately 7.5 hours after the skimmer pump test and was
operated continuously for approximately 92 hours. The LNAPL and groundwater extraction rates
were monitored throughout the test, as were all other relevant data for the bioslurper pump test. Test

data sheets are provided in Appendix D.




, Valve
Tee T
Compression fr _ [ — 6" Header
Screws ’ _|_r—| Valve
AT TN Rubber
Metal -
g
2" Tee T —@— | 2" Valve Open

—
) )/é Land Surface

2"PVC
1" Suction Tube Y Bioventing Well
= Screen
=Vl
Free Phase ===
Product |=—==|==
———scEST T T
Water Table _

NKA/Kittel/ 10-01c

Figure 3. Slurper Tube Placement and Valve Position for the Skimmer Pump Test

9




Valve
Tee T

| — 6" Header

Compression fﬁ

Screws , _Lr—l Valve
Metal Y S Rubber
Plates Yoy e Vi

— Gasket
2"
2" Tee ® Valve'

P

CLILS S ST S 4

B!

2" PVC
1" Suction Tube Bioventing Well
Screen
~
Free Phase
Product —
R == = =
N Water Table -

NKA/Kittel/ 10-01b

Figure 4. Slurper Tube Placement and Valve Position for the Bioslurper Pump Test

10




3.5.3.2 Bioslurper Pump Test at Monitoring Wells MW-1, MW-3, and MW-6

Upon completion of the bioslurper pump test at monitoring well MW-2, preparations were
made to begin a bioslurper pump test at monitoring wells MW-1, MW-3, and MW-6. Prior to test
initiation, depths to LNAPL and groundwater were measured. The monitoring wells were connected
with a PVC manifold. The valve and slurper tube configuration were identical to that used for the
bioslurper pump test at monitoring well MW-2. The liquid ring pump and oil/water separator were
primed with known amounts of groundwater to ensure that any LNAPL or groundwater entering the
system could be quantified. The flow totalizers for the LNAPL and aqueous effluent were zeroed,
and the liquid ring pump was started on June 19, 1996, to begin the test. The test was initiated
approximately 1.5 hours after the bioslurper pump test at MW-2 and was operated continuously for
13 hours. The LNAPL and groundwater extraction rates were monitored throughout the test, as were

all other relevant data for the bioslurper pump test. Test data sheets are provided in Appendix D.
3.5.5 Drawdown Pump Test

Upon completion of the bioslurper pump test at monitoring wells MW-1, MW-3, and MW-6,
preparations were made to begin the drawdown pump test at MW-2. Prior to test initiation, depths to
LNAI;L and groundwater were measured. The slurper tube was then set so that the tip was 24 inches
below the oil/water interface with the PVC connecting tee open to the atmosphere (Figure 5). The
liquid ring pump and oil/water separator were primed with known amounts of groundwater to ensure
that any LNAPL or groundwater entering the system could be quantified. The flow totalizers for the
LNAPL and aqueous effluent were zeroed, and the liquid ring pump was started on June 20, 1996, to
begin the drawdown pump test. The test was initiated approximately 24 hours after the initial
bioslurper pump test on MW-2 and was operated continuously for 46 hours. 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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3.5.6 Off-Gas Sampling and Analysis

Soil gas samples were collected from the bioslurper off-gas during the bioslurper pump test at
MW-2.. Samples were collected in Summa™ canisters approximately 47 and 91 hours after test
initiation and were labeled SJ-Stack Gas-1 and SJ-Stack Gas-2, respectively. The samples were sent
under chain of custody to Air Toxics, Ltd., in Rancho Cordova, California, for analyses of BTEX

and TPH.
3.5.7 Groundwater Sampling and Analysis

One groundwater sample was-‘collectéd during the bioslurper pump test at MW-2. The sample
was collected from the bottom of the 1,500 gallon polyethylene storage tank and was labeled SJ-
OWS-1. The sample was collected in a 40-mL septa vials containing HCI preservative. The sample
was checked to ensure no headspace was present and was then shipped on ice and sent under chain of

custody to Alpha Analytical, Inc., in Sparks, Nevada for analyses of BTEX and TPH.
3.6 Soil Gas Permeability Testing

The soil gas permeability test data were collected during the bioslurper pump test at MW-2.
Before a vacuum was established in the extraction well, the initial soil gas pressures at the five
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 five 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. Pressures were used to determine the

radius of influence in the vadose zone. Test data are provided in Appendix E.
3.7 In Situ Respiration Testing

Air containing approximately 2% helium was injected into five monitoring points for
approximately 24 hours beginning on June 20, 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
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al., 1992). A Vs-hp diaphragm pump was used for air and heliuin injection. Air and helium were
injected through the following monitoring points at the depths indicated: MPA-5.0’, MPB-4.0’, MPC-
4.0’, MPD-5.0’, and MPE-6.0'. After the air/helium injection was terminated, soil gas
concentrations of oxygen, carbon dioxide, TPH, and helium were monitored periodically. The
respiration test was terminated on June 24, 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 AT SITE SS-12

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

recovery pump test, and other supporting tests conducted at Seymour Johnson AFB.
4.1 Baildown Test Results
Total volumes of 27, 15, and 750 mL were removed by hand bailing from monitoring wells
MW-1, MW-2, and MW-3, respectively. Results from the baildown tests on MW-1, MW-2, and

MW-3 are presented in Table 2. These results indicated that monitoring well MW-2 was the most

suitable for the three wells for bioslurper field testing.
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Table 2. Results of Baildown Testing in Monitoring Wells MW-1, MW-2, and MW-3

LNAPL

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

MW-1 Initial Reading 6.97 5.36 1.61
6/11/96 16:25

6/11/96 16:40:30 6.13 572 0.41

6/11/96 16:41:00 6.13 5.71 0.42

6/11/96 16:42:00 6.13 5.70 0.43

6/11/96 16:42:30 6.13 5.68 0.45

6/11/96 16:44:00 6.11 5.66 0.45

6/11/96 16:46:30 6.13 5.65 0.48

6/11/96 16:48:30 6.13 5.65 0.48

6/11/96 16:50:30 6.13 5.65 0.48

6/11/96 16:55:30 6.14 5.65 0.49

6/11/96 17:00:00 6.14 5.65 0.49

6/11/96 17:10:00 6.15 5.65 0.50

6/11/96 17:25:00 6.16 5.65 0.51

6/11/96 18:040:00 6.18 5.65 0.53

6/11/96 18:57:00 6.19 5.65 0.54

6/11/96 19:05:00 620 _ 5.65 0.55

6/11/96 19:40:00 6.20 5.65 0.55

6/11/96 21:24:00 6.22 5.67 0.55

6/11/96 22:44:00 6.24 5.68 0.56

6/12/96 7:40:00 6.25 5.68 0.57

MW-2 Initial Reading 7.31 4.95 2.36
6/11/96 17:32

6/11/96 17:48 6.04 5.60 0.44

6/11/96 17:49 6.03 5.56 0.47

6/11/96 17:49 6.00 5.53 0.47

6/11/96 17:50 6.00 5.51 0.49

6/11/96 17:50 5.98 5.49 0.49

6/11/96 17:51 5.97 5.48 0.49

6711/96 17:51 5.97 5.48 0.49

6/11/96 17:52 5.96 5.46 0.50

6/11/96 17:52 5.94 5.45 0.49
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Table 2. Results of Baildown Testing in Monitoring Wells MW-1, MW-2, and MW-3 (continued)

Monitoring Sample Collection Depth to Depth to LNAPL LNAPL Thickness
Well Time Groundwater (ft) (ft) (ft)
MW-2 6/11/96 17:52 5.94 5.45 0.49

6/11/9617:53 5.95 545 0.50
6/11/96 17:54 5.95 5.44 0.51
6/11/96 17:55 5.95 5.43 0.52
6/11/96 17:56 5.95 5.43 0.52
6/11/96 17:58 5.95 5.42 0.53
6/11/96 18:00 5.95 5.42 0.53
6/11/96 18:02 5.95 5.42 0.53
6/11/96 18:07 5.95 5.40 0.55
6/11/9618:12 5.95 5.40 0.55
6/11/96 18:22 5.96 5.40 0.56
6/11/96 18:35 6.01 5.40 0.61
6/11/96 19:00 6.04 5.39 0.65
6/11/96 19:35 6.07 5.37 0.70
6/11/9621:22 6.14 5.38 0.76
6/11/9622:42 6.19 5.38 0.81
6/12/967:38 6.21 5.34 0.87
6/13/967:15 6.24 5.29 0.95
MW-3 Initial Reading 6.38 5.87 0.51
6/11/96 18:51
6/11/9619:12 6.35 6.07 - 0.28
6/11/96 19:12 6.36 6.07 0.29
6/11/9619:13 6.36 6.06 0.30
6/11/9619:13 6.36 6.04 0.32
6/11/96 19:14 6.37 6.06 0.31
6/11/9619:16 6.37 6.05 0.32
6/11/9619:18 6.38 6.04 0.34
6/11/96 19:20 6.38 6.04 0.34
6/11/96 19:25 6.39 6.04 0.35
6/11/96 19:30 6.39 6.04 0.35
6/11/96 19:40 6.40 6.03 0.37
6/11/9621:20 6.43 6.03 0.40
6/11/9622:38 6.43 6.03 0.40
6/12/967:34 6.42 6.01 0.41
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4.2 Soil Sample Analyses

Table 3 shows the BTEX and TPH concentrations measured in soil samples collected at Site
SS-12. Concentrations at MPD-5.5’ were relatively high, with a TPH concentration of 6,800 mg/kg
and a total BTEX concentration of 212 mg/kg. The TPH concentration at MPA-5.0 was below the |
detection limit, while total BTEX at MPA-5.0 was 0.38 mg/kg. The results of the physical

characterization of the soils are presented in Table 4.
4.3 LNAPL Pump Test Results
4.3.1 Initial Skimmer Pump Test Results

The LNAPL thickness prior to the initial skimmer pump test was 0.95 ft (Table 5). A total of
0.5 gallons of LNAPL was recovered during this test, with an average recovery rate of 0.26
gallons/day (Table 6). A total of 1,384 gallons of groundwater was extracted with an average
extraction rate of 702 gallons/day (Table 6). Results of LNAPL recovery versus time are shown in

Figure 6.
4.3.2 Bioslurper Pump Test Results
4.3.2.1 Bioslurper Pump Test Results at MW-2

LNAPL recovery rates increased slightly during the bioslurper pump test (Figure 6). The
increase in recovery rate indicates that LNAPL was mobilized to the extraction well under vacuum-
enhanced conditions. A total of 1.7 gallons of LNAPL and 6,586 gallons of groundwater was
extracted during the bioslurper pump test, with daily average recovery rates of 0.44 gallons/day for
LNAPL and 1,700 gallons/day for groundwater (Table 6). The LNAPL recovery rate versus time is
shown in Figure 7. The vacuum-exerted wellhead pressure on monitoring well MW-2 was kept
relatively constant throughout the bioslurper pump test at approximately 1.8 inches of mercury.

Soil gas concentrations were measured at monitoring points during the bioslurper pump test to
determine whether the vadose zone was being oxygenated. Initial oxygen concentrations at MPA-5.0,

MPB-4.0, and MPC-4.0 ranged from 13 to 17%, and would not be considered limiting to microbial
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Table 3. BTEX and TPH Concentrations in Soil Samples from Site SS-12, Seymour
Johnson AFB, NC
Concentration (mg/kg)
Parameter SJ-S-MPA-5.0 'SJ-S-MPD-5.5
TPH! <10 6,800
Benzene 0.11 24
Toluene 0.15 80
Ethylbenzene <0.020 15
Xylenes 0.12 93
1 Components are primarily in the range of jet fuel, kerosene, and diesel #1. Lab report,

quantitated as gasoline.

Table 4. Physical Characterization of Soil from Site SS-12, Seymour Johnson AFB, NC

Sample
Parameter SJ-S-MPA-5.0' SJ-S-MPD-5.5'
Moisture Content (%) 15.28 14.67
Porosity (%) 56.2 53.2
Specific Gravity (g/cm®) 1.16 1.24
Particle Size ‘| Gravel (%) 0 0
' Sand (%) 91.1 95.5
Silt (%) 2.4 2.3
Clay (%) 6.5 2.2
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Table 5. Depths to Groundwater and LNAPL Prior to Each Pump Test at MW-2

Test Start Depth to Depth to LNAPL
Test - Date LNAPL (ft) | Groundwater (ft) | Thickness (ft)
Skimmer Pump Test 6/13/96 5.29 6.24 0.95
Bioslurper Pump Test 6/15/96 NM 5.78 0.0
Drawdown Test 6/20/96 5.77 5.90 0.13
NM = Not measured.
Table 6. Pump Test Results at Site SS-12, Seymour Johnson AFB, NC
Initial Skimmer
" Pump Test Bioslurper Pump Test Drawdown Pump Test
Recovery Rate
(gal/day) LNAPL Groundwater LNAPL Groundwater LNAPL Groundwater
Day 1 0.5 618 0.75 1,267 0.0 1,474
Day 2 0.01 766 0.34 2,294 0.53 1,085
Day 3 NA NA 0.29 1,527 NA NA
Day 4 NA NA 0.29 1,498 NA NA
Average 0.26 702 0.44 1,724 0.27 1,331
Total 0.51 1,384 1.7 6,586 0.53 2,559
Recovery
(gal)
NA = Not applicable.
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biodegradation processes (Table 7). As the bioslurper pump test progressed, oxygen concentrations
decreased while carbon dioxide and TPH concentrations increased, possibly indicating the movement
of oxygen-limited soil gas towards the bioslurping well. Over time, it is likely that the area would

become well oxygenated.
4.3.2.2 Bioslurper Pump Test Results at MW-1, MW-3, and MW-6

Totals of 3.4 gallons of LNAPL and 2,300 gallons of groundwater were recovered ;Iuring the
bioslurper pump test, with daily average recovery rates of 3.7 gallons/day for LNAPL and 2,500
gallons/day for groundwater. A significant portion of the LNAPL quantified was recovered in the
first few minutes of the bioslurper pump test. As the test progressed, fuel recovery dropped

substantially.
4.3.3 Drawdown Pump Test

Totals of 0.51 gallon of LNAPL and 2,559 gallons of groundwater were recovered during the

~ drawdown pump test, with daily average recovery rates of 0.27 gallon/day for LNAPL and 1,300

gallons/day for groundwater (Table 6). These results demonstrate that operation of the bioslurper
system in the drawdown mode was not as effective a means of free-product recovery as the bioslurper

system at this site.
4.4 Extracted Groundwater and Off-Gas Analyses

During the initial bioslurper pump test, a groundwater sample was collected from the bottom
of the 1,500 gallon polyethylene tank used for storage prior to disposal. BTEX concentrations were
0.58 mg/L, while the TPH concentration was 2.1 mg/L (Table 8).

Off-gas samples from the bioslurper system also were collected during the bioslurper pump
test. The results from the off-gas analyses are presented in Table 9. Given a vapor discharge rate of
25 scfm and using an average concentration of 310 mg/L TPH, approximately 696 Ib/day of TPH was
emitted to the air during the bioslurper pump test. Benzene emissions were approximately 0.52
1b/day.
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Table 7. Oxygen Concentrations During the Bioslurper Pump Test at Site SS-12,
Seymour Johnson AFB, NC
Oxygen Concentrations (%) Versus Time (hours)
Monitoring Point 0! 2 52 71
MPA-5.0’ 13.0 5 7.5 7
MPB-4.0’ 17.0 10 6 6
MPC-+4.0’ 17.0 10 6 6
MPD-5.0’ NR 21 21 20
MPE-6.0’ NR 6 8.5 6
NR  No reading
Table 8. BTEX and TPH Concentrations in Extracted Groundwater During the
Bioslurper Pump Test at Site SS-12, Seymour Johnson AFB, NC
- Concentration (mg/L)
Parameter SJ-OWS-1
TPH' 2.1
Benzene .- 0.16
Toluene 0.26
Ethylbenzene 0.024
Total Xylenes 0.14

1" Components are in the range of jet fuel, diesel, light oil, and motor oil.
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Table 9. BTEX and TPH Concentrations in Off-Gas During the Bioslurpér Pump Test
at Site SS-12, Seymour Johnson AFB, NC

Concentration (ppmv)

Parameter SJ-Stack Gas-1 SJ-Stack Gas-2
TPH as jet fuel 48,000 72,000
Benzene 72 380
Toluene 250 400
Ethylbenzene 24 38
Xylenes 64 110

The composition of LNAPL is shown in Tables 10 and 11 in terms of BTEX concentrations

and distribution of C-range compounds, respectively. The distribution of C-range compounds is

shown graphically in Figure 8.

4.5 Bioventing Analyses

4.5.1 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 H,O can be measured. Based on this

definition, the radius of influence at this site is approximately 21 ft (Figure 9).

4.5.2 In Situ Respiration Test Results

Results from the in situ respiration test are presented in Table 12. Oxygen depletion was

relatively slow, with oxygen utilization rates ranging from 0.012 to 0.078 %0O,/hr. Biodegradation

rates ranged from 0.25 to 1.5 mg/kg-day. The helium concentration was significantly lower than

initial concentrations injected into the monitoring points indicating that leakage and diffusion may

have resulted.
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Table 10. BTEX Concentrations in LNAPL from Site SS-12, Seymour Johnson AFB, NC

Compound Concentrations (mg/kg)
Benzene <200
Toluene 580
Ethylbenzene 5,700
Total Xylenes 720

Table 11. C-Range Compounds in LNAPL from Site SS-12, Seymour Johnson AFB, NC

C-Range Compounds

Percentage of Total

<C9 15.14
C10 15.37
cl1 20.84
C12 22.10
C13 15.78
Cl4 7.35
C15 2.03
Ci16 0.64
C17 0.23
>Cl18 0.53
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Table 12. In Situ Respiration Test Results at Seymour Johnson AFB, NC

Monitoring Point ' Oxygen Utilization Rate (%/hr) | Biodegradation Rate (mg/kg-day)
MPA-5.0’ 0.012 0.25
MPB-4.0’ 0.078 1.5
MPC-4.0’ 0.019 0.37
MPD-5.0’ 0.040 0.80
MPE-6.0’ 0.025 0.50

5.0 DISCUSSION OF RESULTS AT SITE SS-12

Overall, fuel recovery for all of the recovery technologies tested was low. Skimmer and

drawdown pumping were not as effective as bioslurping at recovering LNAPL at this site; however,

differences between the technologies was slight. Free product recovery rates were lower on average

during skimmer and drawdown pumping, with average LNAPL recovery rates of 0.26 gallon/day
during the skimmer pump test and 0.27 gallon/day during the drawdown pump test. LNAPL
recovery rates during bioslurping were approximately 0.44 gallon/day.

Groundwater recovery rates during the bioslurper pump test were high in comparison to rates
during the skimmer pump tests, but were comparable to recovery rates during the drawdown pump
test. On average, groundwater was extracted at rates of 700 gallons/day during skimming, 1,700
gallons/day during bioslurping, and 1,300 gallons/day during drawdown pumping.

Soil gas concentrations were measured at monitoring points during the bioslurper test to
determine whether the vadose zone was being oxygenated. Initial oxygen concentrations at MPA-5.0,
MPB-4.0, and MPC-4.0 ranged from 13 to 17%, and would not be considered limiting to microbial
biodegradation processes. As the bioslurper test progressed, oxygen concentrations decreased while
carbon dioxide and TPH concentrations increased, possibly indicating the movement of oxygen-
limited soil gas towards the bioslurping well. Over time, it is likely that the area would become well

oxygenated. -
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Implementation of bioslurping at the Seymour Johnson AFB test site does not appear to be
warranted based on the results of the short-term pilot test. Fuel recovery was low in all test
configurations (skimming, bioslurper, and drawdown). Bioslurping resulted in a fuel recovery rate of
0.44 gallon/day which is only 0.20 gallon/day more than skimming produced. The pilot test results
indicate that LNAPL is not sufficiently mobile to facilitate signiﬁcémt recovery in the existing wells.
It appears that recovery efforts beyond the current skimming system would be unlikely to increase

fuel recovery results.
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SITE-SPECIFIC TEST PLAN FOR BIOSLURPER FIELD ACTIVITIES AT a
‘ SEYMOUR JOHNSON AIR FORCE BASE, NORTH CAROLINA

U.S. Air Force
Brooks AFB

April 11, 1996

1.0 INTRODUCTION

The Air Force Center for Environmental Excellence is conducting a nationwide application of an inno-
vative technology for free-product recovery and soil bioremediation. The technology tested in the
Bioslurper Initiative is vacuum-enhanced free-product recovery/bioremediation (bioslurping). The field
test and evaluation are intended to demonstrate the initial feasibility of bioslurping by measuring system
performance in the field. System performance parameters, mainly free-product recovery, will be
determined at numerous sites. Field testing will be performed at many sites to determine the effects of

different organic contaminant types and concentrations and different geological conditions on
bioslurping effectiveness. -

Plans for the field test activities are presented in two documents. The first is the overall test plan and
technical protocol for the entire program, titled Test Plan and Technical Protocol Jor Bioslurping
(Battelle, 1995). The overall Plan is supplemented by plans specific to each test site. The concise site-
specific plans effectively communicate regulatory background to Base personnel. ‘-.3-

The overall test plan and protocol was developed as a generic plan for the Bioslurper Initiative to

This letter report is the site-specific plan for application of bioslurping at Seymour Johnson Air Force
Base, North Carolina. It was prepared based on site-specific information received by Battelle from
Seymour Johnson AFB and other pertinent site-specific information to support the generic test plan.

Site-specific information for Seymour Johnson AFB included data.for the Bulk Fuel Storage Area (Sites
ST-01, SD-02. SD-03. and ST-05) and the Strategic Air Command (SAC) Flight line Fuel Hydrant
System (Sites SS-04 and SS-12). An initial review of the data indicates that either Site $S-04 or SS-12
are the most likely candidates for the bioslurper pilot test. Significant LNAPL thickness is present in
wells at both S$S-04 and SS-12. If Sites SS-04 and SS-12 are determined to be unsuitable for testing,
the Bulk Fuel Storage Area could be used as a viable alternative for the bioslurper pilot test activities.




2.0 SITE DESCRIPTION

The sites of interest at Seymour Johnson AFB are Sites $S-04 and SS-12, both facilities are part‘of the .
SAC Flight line Fuel Hydrant System. Site SS-04 is located at Pump House #1 (Building 4551) on the -
Fuel Hydrant System and Site SS-12 is located at Pump House #3 (Building 4553).

- Figure 1 shows the SS-04 site and the monitoring well locations within the area. Figure 2 shows
existing and proposed wells for SS-12. Depth to ground water at both sites is approximately 5 to 7 ft.
The well boring records for SS-04 and SS12 monitoring wells (Law Environmental, 1992) are shown
in Appendix A and B, respectively.

Table 1 displays product thickness measurements taken from monitoring wells and boreholes for Site
SS-04. The greatest levels of contamination occur south-southwest of Building 4551. Figure 3 shows
the extent of the free-product plume at Site SS-04. From these data, the well that appears most likely
to yield significant amounts of free product is Well #MW- 15028 Monitoring wells 1508s and 1510s
also exhibit significant LNAPL thicknesses.

Table 2 (adapted from Law Environmental, 1992) displays the results of groundwater analysis in the
area of Pump House 1 (Law Environmental, 1992). Total petroleum hydrocarbon (TPH)
concentrations as high as 2,900 ppm were observed at this site. Figure 4 shows the water sample
locations and the interpreted extent of the groundwater contamination.

At Site SS-12 monitoring wells 1, 2, 3, and 6 all exhibit significant LNAPL thicknesses. Table 3
presents free-product thicknesses observed in February 1995. :

‘Site characterization (see Section 3.2) will begin with baildown testing at the wells residing in the free-
product plume at both sites. Based on results of bail down testing at each site and depending on site
logistics, the best site for the bioslurper pilot test will be selected. If preliminary site characterization
indicates that the wells at both sites are unsuitable, or if site logistics prevent their use, the Bulk Fuel
Storage Area could be used as a substitute bioslurper test site.

to
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Table 1. Subsurface Apparent Fuel Thickness for Wells at Site SS-04

Well Identification

Date Measured

Product Thickness (feet)

MW-1 312191 0
MW-2 3/21/91 ¥ 0
MW-3 3/21/91 0
MW-4 3/21/91 0
MW-5 3/21/91 0
MW-6 3/21/91 0
MW-1501 3/21/91 0
MW-1502S 2/2/95 1.51
MW-1503D 3/21/91 0
MW-1504 3/21/91 0
MW-1505 2/2/95 0
MW-1506 3/21/91 B 0
MW-1507 3/21/91 < 0
MW-1508S 212195 0.95
MW-1509D 212195 0
T MW-15108 212195 0.91
MW-1511 212195 0
MW-1512 212195 0
SB-1501 2/591 0
SB-1502 2/5/91 0
SB-1503 215191 - 0
SB-1504 2/5/91 0
SB-1505 215191 0
SB-1506 2/5/91 1.49
SB-1507 2/5/91 1.23
SB-1508 2/5/91 1.44
SB-1509 2/5/91 0
$B-1510 215191 0
SB-1511 215191 0
SB-1512 25191 0
SB-1513 2/5191 1.17
SB-1514 2/5/91 2.10
5
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Table 2. Groundwater Contamination Concentrations at Site §S-04,
Pump House #1, Seymour-Johnson AFB '
Benzene Toluene Ethylbenzene Xylenes TPH
Sample ID (zg/L) (pg/L) (pg/L) (pg/L) (ug/L)
"15CS-1 <2 <2 <2 <4 <2
15CS-2 | <480 78,000 <440 <700 760.000 -
15CS-3 <2 <2 <0.2 <2 <2
15CS4 <1 <1 <1 <1 \ <1
15CS-13 <1,700 34,400 <1,500 <2,500 2,900,000
15CS-14 3,200 2,400 <15 <25 17.000
15CS-15 1,000 . 560 <3 70 3,600
15CS-16 <2 <2 <2 <2 37
15CS-17 <1,700 100,000 <1.500 <2,500 2.900,000
15CS-18 <0.3 1 <0.3 <0.5 6

Table 3. Subsurface Apparent Fuel Thickness for Wells at Site SS-12

Well Identification

Date Measured

Product Thickness (feet)

MW-10 12/21/95 0
MW-11 12/21/95 0
MW-8 12/21/95 0
MW-11 1/23/96 0

" MW-10 . 1/23/96 0
MW-7 1123196 0.02
MW-8 1/23/96 0
MW-9 1/23/96 0
MW- 5 1723196 0.63
MW-] 1/23/96 1.66
MW-6 1123196 0.92
“MW-2 1123/96 1.92
MW-3 1123/96 0.98
MW-4D 1/23/96 0

8
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3.0 PROJECT ACTIVITIES

The following field activities are planned for the bioslurper pilot test at Seymour Johnson AFB.
Additional details about the activities are presented in the Test Plan and Technical Protocol for
Bioslurping (Battelle, 1995). As appropriate, specific sections in the generic Bioslurping Protocol
assessment are referenced. Table 4 shows the schedule of activities for the Bioslurper Initiative at

" Seymour Johnson AFB.
Table 4. Schedule of Bioslurper Test Activities
Pilot Test Activity Schedule
Mobilization day 1-2‘
Site Characterization T ) day 2-3

Bajldown Tests and Product/Groundwater Interface
Monitoring

Soil-Gas Survey (limited)
Monitoring Point (MP) Installation (3 MPs)
- Soil Sampling (TPH, BTEX®, physical characteristics)

System Installation day 2-3

Test Startup day 3
Skimmer Test (2 days) _ ' day 3-4
Bioslurper Vacuum Extracti;)n (4 days) ‘ day 6-9.
Soil-Gas Permeability Testing day 6
Skimmer Test (continued) day 10 v
In Situ Respiration Test — air/helium injection day 10
In Situ Respiration Test — monitoring day 11-16 ’
Drawdown Pump Test (2 days) : day 11-12

Demobilization/Mobilization day 13-14

o BTEX. = benzene, toluene, ethylbenzene, and xylenes.

3.1 Mobilization to the Site

After the site-specific test plan is approved. Battelle staff will mobilize equipment. All of the
equipment will be driven via cargo van to Seymour Johnson AFB by Battelle staff. The Base Point of
Contact (POC) will have been asked in advance to find a suitable holding facility to receive any
bioslurper pilot test equipment that could be sent in advance of Battelle staff. The storage facility
should allow Battelle staff to easily set up the bioslurper pilot demonstration when they arrive on site.




employee who will be on site.

3.2.1 Baildown Tests

Protocol.

-~

3.2 Site Characterization Tests 1

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 Air Force POC with information on each Battelle

The baildown test is the primary test for selection of the bioslurper test well. Baildown tests will be
performed at wells that contain measurable thicknesses of light, nonaqueous-phase liquid (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. Table 5 presents
the volume of fuel that would be present in a 1-foot measured thickness for various size wells.
Detailed procedures for the baildown tests are provided in Section 5.6 of the generic Bloslurpmg

Table 5. Volumes per Unit Length for Common Well Casing Diameters A

Nominal Gal/ft _ Gal/ft
Pipe Size (Schedule 40 Pipe) g (Schedule 80 Pipe)
2.0 . 0.174 0.153
3.0 0.384 0.343 |
4i0 0.661 0.597
6.0 1.50 1.35

to

- Protocol.

3.2.2 Soil-Gas Survey (Limited)

A small-scale soil-gas survey will be conducted to identify the best locatlon for installation of the bio-
slurping system. The soil-gas survey will be conducted in areas where historical site data indicate the
highest contamination levels. Table 1 shows the wells with substantial free product. The area around
these wells will be surveyed to select the locations for installation of soil-gas monitoring points. Soil-
gas surveying will be concentrated around areas that exhibit the following characteristics.

l. " Soil vapor from the site will exhibit high total petroleum hydrocarbon (TPH)
concentrations (10.000 ppm or greater).

Soil vapor will contain relatively low oxygen concentrations (between 0% and 2%).

3. Soil vapor will have relatively high carbon dioxide concentrations
(depending on soil type. between 2% and 10% or greater).

To obtain further information about the soil-gas survey, consult Section 5.2 of the generic Bioslurping




BN BT A AP AT A AT B e

3.2.3 Monitoring Point Installation

Monitoring points must be installed to determine the radius of influence that the free-product recovery
system has on vadose zone contaminated soils. A general arrangement of the bioslurping well and
monitoring points is shown in Figure 5. -

* Upon conclusion of the initial soil-gas survey and baildown tests, at least three soil-gas monitoring

points will be installed to measure soil-gas changes that occur during the operation of the bioslurper.
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. The components of soil-gas monitoring points are shown in Figure 6. A
conceptual arrangement for soil-gas monitoring points at SS-04 is presented in Figure 7. Information
on monitoring point installation can be found in Section 4.2.1 of the generic Bioslurping Protocol.

11
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Watertight Cast lron Well Box

Finish Concrete

Quick Couples
to Drain Away
from Box - - - Box Setin Above
Metal Tags Ground Concrete
Finish .
Fimsh at Grade
\ ; E %/ /j\‘ Also Acceptable

Gravel
(for box drainge)

.........

|_ A iIII i.ln r,:}_, ,,L._J rya .iiill i. . II

Bentonite 2'
' Gravel 1-2'

Bentonite 2
. Backfiii
l Bentonite 2
. Gravel 1-2
. ) Bentonite 2"

1/4" Nylon Tubing

' i Backfill or Other Material
a Bentonite I 2
. Gravel 1-3*
. Borehole Thermocouple with Leads

Figure 6. Diagram of a Typical Bioslurper Soil-Gas Monitoring Point
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Figure 7. Conceptual Arrangement for Soil-Gas Monitoring Points at SS-04

3.2.4 Soil Sampling ' -

Soil samples will be collected to determine the physical and chemical composition of the soil near the
bioslurper test site. Soil samples will be collected from the boreholes advanced for monitoring point
installation at two or three locations at the site chosen for the bioslurper test. Generally, samples will
be collected from the capillary fringe over the free product.

Soil samples will be analyzed for particle-size distribution: bulk density; porosity; moisture content;
benzene, toluene, ethylbenzene, and xylenes (BTEX): and TPH. Section 5.5.1 of the generic
Bioslurping Protocol will be consulted for information on the 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 Seymour Johnson AFB has been

identified. the bioslurper pump and support equipment will be installed and the pilot test 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 equipment will be mobilized from the holding facility to the test site, and the
bioslurper system will be assembled. Figure 8 shows a flow diagram of the bioslurper process. Fxgure

" 9 is a generic diagram of the bioslurper extraction well that will be installed at Seymour Johnson AFB.

Before the LNAPL recovery tests are initiated, all relevant baseline field data will be collected and
recorded. These data will include soil-gas concentrations, initial soil-gas pressures, the depth to
groundwater, and the LNAPL thickness. Ambient soil and all atmospheric conditions (e.g.,
temperature, humidity, barometric pressure) also will be recorded. All emergency equipment (i.e.,
emergency shutoff switches and fire extmgmshers) will be installed and checked for proper operation at
this time.

A clear, level area near the well selected for the bioslurper test installation will be identified for the
20" X 10’ flatbed trailer that holds the equipment required for bioslurper system operation. For more
information on bioslurper system installation, consult Section 6.0 of the generic Bioslurping 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.

Procass

Off-Gas | > 1stack
Settling/Baftie
Chamber
. Recovered
* Petroleum
. e
Pump Level > Oil/water
Maintenance Separator
Tank ———
‘ Wastewater
. ) Dewatering Pump
Bioslurping {Uiquid Ring
Well Vacuum Pump)

Figure 8. Bioslurper Process Flow

v Water Table
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Figure 9. Diagram of a Typical Bioslurper Well
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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 technology relative to conventional gravity-driven
LNAPL recovery technologies. The Bioslurper Initiative includes three separate LNAPL recovery

" tests: (1) a skimmer simulation test, (2) a vacuum-assisted bioslurper test, and (3) a groundwater

drawdown LNAPL recovery test. The three recovery tests are described in detail in Section 7.3 of the
generic Bioslurping 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 continuous on-line monitoring
of TPH supplemented by two samples collected for detailed laboratory analysis. A total of two samples
of aqueous effluent will be collected for analysis of BTEX and TPH content. Recovered LNAPL
volume will recorded using an in-line flow-totalizing meter. The off-gas discharge volume will be
measured using a calibrated pilot tube, and groundwater discharge volume will recorded using an
in-line flow-totalizing meter. Section 8.0 of the generic Bioslurping Protocol describes process
monitoring of the bioslurper system.

3.3.4 Soil-Gas Permeability Test

A soil-gas permeability test will be conducted concurrently with startup of the vacuum-assisted bio-
slurper operation. 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 large-scale bioslurper system. The
soil-gas permeability test method is described in Section 5.7 of the generic Bioslurping Protocol.

3.3.5 In Situ Respiration Test

The oxygen utilization rate will be used to estimate the biodegradation rate at the site. An in situ
respiration test will be conducted after completion of the bioslurper operating tests. The in situ respira-
tion testing will involve injection of air/helium injection into selected soil-gas monitoring points
followed by monitoring changes in concentration of oxygen, carbon dioxide, petroleum hydrocarbons,
and helium in soil-gas near 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. Timing of the tests
will be adjusted based on oxygen-use rate. If oxygen depletion occurs rapidly, more frequent moni-
toring will be required. If oxygen depletion is slow. less frequent readings will be acceptable. Further
information on the procedures and data collection for in situ respiration testing is given in Section 5.8
of the generic Bioslurping Protocol. '

17
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3.3.6 Extended Testing

The Air Force has the option of extending the operation of the bioslurper system for up to 6 months if
LNAPL recovery rates are promising. If extended testing is to be performed, the Air Force will need
to provide electrical power for long-term operation of the bioslurper pump. Disposition of all
generated wastes and routine operation and maintenarce of the system will be the Air Force's
responsibility. Battelle will provide technical support during the extended testing operation.

3.4 Demobilization

Once all necessary tests have been completed at the Seymour Johnson AFB site, the equipment will be
disassembled by Battelle staff. The equipment will then 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 departing from Seymour Johnson

AFB.

18
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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 the Seymour Johnson AFB site may

" require a waiver or a point source air release registration and may require some additional permits.
Due to the short duration of the bioslurper pilot test (approximately 2 weeks), discharge of vapors
directly to the atmosphere may be allowed.

The concentration of petroleum hydrocarbon constituents in the bioslurper discharge varies widely.
The fuel type, degree of weathering and soil permeability all factor heavily into the discharge
concentration. The data for the TPH and benzene discharge levels at four previous bioslurper sites are
presented in Table 6. The actual concentration during the Seymour Johnson bioslurper pilot test is
expected to be in the range observed at Wright-Patterson AFB and Travis AFB.

Table 6. Benzene and TPH Discharge Levels at Previous Bioslurper Test Sites

; Extraction ~ Benzene TPH®
' Rate Benzene TPH Discharge | Discharge
Site Location Fuel Type (scfm) (ppmv) | (ppmv) (Ib/day) (Ib/day)
Wright- Jet Fuel 3 nd® 595 0.0 1.0
Patterson AFB '
Bolling AFB No. 2 Fuel 4 0.2 153 0.0003 0.009
(Site #1) " Oil - ‘
Bolling AFB Gasoline 21 370 70,000 2.3 470.1
(Site #2)
Andrews No. 2 Fuel 8 16 2,000 0.001 0.2
0il
Travis AFB Jet Fuel . 20 100 10.800 0.58 126.4

“nd = not detected.

To ensure the safety and regulatory compliance of the bioslurper system, vapor discharge samples
(TPH. O,. and CO,) will be collected periodically throughout the bioslurper pilot test, and field soil-
gas screening instruments will be used to monitor vapor discharge concentration variability. 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 Point of Contact (POC) should inform AFCEE and Battelle so that alternative plans can be made
prior to mobilization to the site. Table 7 presents information typically required to complete an air
release registration form.
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Table 7. Air Release Summary Information

Data Item 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 TBD
Description of petroleum product to be recovered | JP-4 jet fuel
Planned date of test start : ’ TBD
Test duration 9 days (active pumping)

Maximum expected VOC concentration in air ~125 Ib/day (64 Ib TPH. < 1.0 Ib benzene)

Maximum total quantity of VOC release ~125 Ib/day

Expected contaminants in air release TPH, benzene
Expected quantity of fuel use (for electrical generator) | 125 gallons.

Type of fuel used Gasoline and diesel fuel
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 5 gpm. However, it may be
necessary in North Carolina to obtain a groundwater pumping waiver or registration permit. If one is
required, the base POC will inform Battelle of the necessary steps in obtaining the waiver or permit.

Operation of the bioslurper system will generate an aqueous waste discharge that will be passed through
an oil/water separator. The intention of Battelle staff will be to dispose of the wastewater by -
discharging directly to the Base sanitary sewer system or into a large holding tank for later disposal by
the Air Force. If existing Base wastewater channels can be used, no National Pollutant Discharge
Elimination System (NPDES) or other water discharge permits will be required.

4.3 Free-Product Recovery Disposition

The bioslurper system will recover free-phase product from the pilot tests performed at Seymour
Johnson AFB. Free product recovered by the bioslurping tests 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 5 gpm, but the actual
rate of LNAPL recovery likely will be much lower.

-

.




5.0 SCHEDULE

The schedule for the bioslurper fieldwork at Seymour Johnson AFB will depend on approval of the
project test plans. Battelle will determine a definitive schedule as soon as possible after approval is
received. Battelle will have two to three staff members on site for approximately 2 weeks to conduct
 all necessary pilot testing. At the conclusion of the field testing at Seymour Johnson 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.
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6.0 PROJECT SUPPORT ROLES

This section outlines some of the major functions of personnel from Baftelle, Seymour Johnson AFB,
and AFCEE during the bioslurper field test.

6.1 Battelle Activities

Battelle's responsibility in the Bioslurper Initiative at Seymour Johnson AFB will be to supply all
necessary staff and equipment to perform all the tests on the bioslurper system. Battelle also will
provide technical support in the areas of water and vapor discharge permitting, digging permits, staff
support during the extended testing period, and any other technical areas that need to be addressed.

6.2 Seymour Johnson AFB Support Activities

To support the necessary field tests at Seymour Johnson AFB, the Base must be able to provide the
following: : :

1. 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.

2. 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.

3. 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. If discharge water
is stored on site, the base will be responsible for final disposition.

4. Regulatory approval, if required. must be obtained by the Base POC prior to

“startup of the bioslurper pilot test. 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.

5. 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 waste streams 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.

6. Before field activities begin. the Health and Safety Plan will be finalized with
information provided by the Base POC. Table 8 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.
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Table 8. Health and Safety Information Checklist

Emergency Contacts

Hospital Emergency Room:

Point of Contact:

Fire Department:

Emergency Unit (Ambulance):
Security:

Explosives Unit:

Community Emergency Response Coordinator:

Other:

Program Contacts

Name

Medical Officer

Telephone
Number

919-736-6911 (or
911)

Greg Ditzler

919-736-6501

Fire/Spill Officer

919-736-6911 (or
911)

911

Fire Department

919-736-6911 (or
911)

Air Force: L Patrick Haas 210-536-4314
Battelle: Jeff Kittel 614-424-6122
Other: -
Emergency Routes
Hospital map (Figure 10)
Other:

23
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1 6.3 AFCEE Activities
— The Air Force Center for Environmental Excellence (AFCEE) POC will act as a liaison between .
‘_' Battelle and Seymour Johnson Base staff. The AFCEE POC will ensure that all necessary permits are

obtained and the space required to house the bioslurper field equipment is found. The following is a
’ ' listing of Battelle, AFCEE, and Seymour Johnson Base staff who can be contacted in cases of
i * emergency and/or required technical support during the bioslurper field initiative tests at Seymour
’ Johnson AFB. :
“ Battelle POCs Jeff Kittel 614-424-6122
_ AFCEE POC . Patrick Haas 210-536-4314
_' Seymour Johnson AFB Greg Ditzler 219-73§-6561

POC :
x Regulator POCs
Air:

t Water:
. 24
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Route to Base Hospital from Fuel Recovery: System (Site SS-12),

Tumn left on SAC Flight Line Road.
Turn nght on Tower Road.

Tum right on Dargue Road,

‘Turn left on Tinker Street.

Take Tinker Street directly to Hosputal.

‘Route to Base Hospital from POL Yard Sutes (SD-02. SD-03, ST-05):

Tum left on Curtiss Avenue,
Take Curtiss Avenue directly to Hospital.

Figure 10. Route to Seymour Johnson AFB Hospital
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APPENDIX A

BORING RECORDS FOR MONITORING WELLS
SITE SS-04, SEYMOUR JOHNSON AFB




-

TYPE | PIEZOMETER INSTALLATION DIAGRAM |

KENNESAW, GEORGIA

P WELL NO. P JOB NO_11:0657
= = LAWENVIRONMENTAL, INC. | yoB NAME__SEYMOUR JOHNSON AFB
4 = GOVERNMENT SERVICES DIVISION DATE 4.25-91 TIME—_0908

WELL LOCATION ____NW CORNER OF POL YARD-SITE 14

GROUND SURFACE ELEVATION 9379 i DRILLING TECHNIQUE AUGER

REFERENCE POINT ELEVATION __93.64' (TOC)
TYPE SAND PACK_SILCA POOL RLTER SAND GRADATION-—10-40 _ BOREHOLE DIAMETER

8"

SCREEN MATERIAL WW LAW ENVIRONMENTAL, INC. M__
MANUFACTURER TRI LOCK FIELD REPRESENTATIVE

~ISER MATERIAL _ THREADED SCHEDULE4OPVC  DRILLING CONTRACTOR —LAW ENGINEERING

MANUFACTURER TRI LOCK AMOUNT SAND USED 2-100 LB, BAGS
RISER DIAMETER 2.0" 1D STATIC WATER DEPTH (after dev.) .
STRATUM SCREENED INTO THE SURFICIAL AQUIFER '
m——
(NOT TO SCALE)
WELL PROTECTOR LOCKABLE COVER = GROUND SURFACE 7
DIMENSIONS OF a S
. CONCRETE PAD
—2x 2'x4" 20 S
TOTAL DEPTH
:.:.:. R OF WELL
RISER —— 3~ |- LENGTH OF 1412
o0 SOLID RISER
] —s08
DEPTH TO TOP OF R
GRANULAR MATERIAL
e
: STABILIZED WATER
LENGTH OF LEVEL 8 _ FEET
- GSL
SCREEN SCREEN
900
j MEASURED ON
SOIL BACKFILL | — LENGTH OF TAL A2
CAP A PIPE _ 10T +

GRANULAR BACKFILL

INSTALLED BY: . WAYNE MELVIN INSTALLATION OBSERVED BY:__CHRIS KNOCHE
DISCREPANCIES:

QA/QC




LAW ENVIRONMENTAL, INC.

GOVERNMENT SERVICES DIVISION
KENNESAW, GEORGIA

TYPE Il MONITORING WELL INSTALLATION DIAGRAM
JOB NAM

WELL NO. _MW-15028 ___ JOB NO_11-0657

DATE
WELL LOCATION _SITE 15, PUMPHOUSENO 1

GROUND SURFACE ELEVATION 7533
TOP OF SCREEN ELEVATION 72.31°
REFERENCE POINT ELEVATION 77.89' (TOC)

TYPE SAND PACK_StLicA PoOL RLTER SAND GRADATION__10-40 _
SAND PACK MANUFACTURER___BH&WH.INC,

__2-25-91 TIME__1800

BENTONITETYPE . ¥8"PELLETS
MANUFACTURER ____BRAINABRD-KILMAN

CEMENT TYPE PORTLAND CEMENT TYPE]
MANUFACTURER COPLAY ,
BOREHOLE DIAMETER g

SCREEN DIAMETER 128710 _SLOT SIZE_Q.0107

LAW ENVIRONMENTAL, INC.
FIELD REPRESENTATIVE __SEIF LEHMAN, CHRIS KNOCHE

DRILLING CONTRACTOR—LAW ENGINEERING
AMOUNT BENTONITE USED__1/2 OF § GALLON BUCKET

AMOUNT CEMENT USED..

3-94 b, BAGS

AMOUNT SAND USED

5-50 b, BAGS

MANUFACTURER TRI LOCK
RISER MATERIAL
MANUFACTURER TRILOCK -
RISER DIAMETER — 207D
DRILLING TECHNIQUE HOLLOW STEM AUGER

AUGUR SIZE AND TYPE___8" HOLLOW STEM

STATIC WATER DEPTH (after dev.) 10.27 3-21-91

STRATUM _SCREENED INTO THE SURFICIAL AQUIFER

(fest)

(NOT TO SCALE) / LOCKABLE COVER
WELL PROTECTOR ~— | GROUND SURFACE
; _2.5T_ STICKUP ;
S /O * 5 o :{‘fj ﬁ
DIMENSIONS OF Y. .. .
CONCRETE PAD 1 b
!l}‘ !l]‘ !- " : ...- B N .'
: oS
DEPTH TO TOP OF 3
BENTONITE SEAL . Sgiggzgli s%fa 1o
_Q‘-— . I
301
DEPTH TO TOP OF
GRANULAR MATERIAL
—_2r
RISER
| K STABILIZED WATER
* LENGTH OF LEVEL _5.00 FEET
GSL
SCREEN SCREEN
. N < -
GROUT MEASURED ON
BENTONITE cAP LF%ECESTHOFTAIL + ~2:25-91
* ]
GRANULAR BACKFILL A Q28— NOTE 3.00' ON 3/5/91
R
INSTALLED BY: _WAYNE MELVIN INSTALLATION OBSERVED BY:_JEFF LEHMAN

QA/QC

RODUCT DEPTH 6.26° (TOC) 3/21/91; (PRODUCT THICKNESS: 4.01)

DISCREPANCIES: P

R




TYPE Il MONITORING WELL INSTALLATION DIAGRAM
== JOBNAME_SEYMOURLOHNSONAFR
= Z= LAW ENVIRONMENTAL, IPgC- WELL NO. _MW-1504 ____ JOB NO_11-0657
£ 5 GOVERNMENT SERVICES DIVISION 55501 _
¥ T N AW, GEORGIA DATE 25-91 TIME
—_— WELL LOCATION _SITE 15, PUMP HOUSE NQ. 2
p‘
~ BENTONTETYPE _____VE"PELLETS
GROUND SURFACE ELEVATION 81.80° — I ANUFACTURER -
TOP OF SCREEN ELEVATION 7497 CEMENT TYPE PORTLAND TYPE 1
REFERENCE POINT ELEVATION 84.08' (TOC) MANUFACTURER —— COPLAY
TYPE SAND PACK Silcapoot mreasie_ GRADATION_10-49  BOREHOLE DIAMETER =
SAND PACK MANUFACTURER BH & JH. INC, SCREEN DIAMETER._1Z/8"1D SLOT SIZE_Q.010%
SCREEN MATERIAL CONTINUOUS SLOT THREADED SCHEDULE 40 PVC LAW ENVIRONMENTAL, INC. )
‘ _
MANUFACTURER TRILOCK FIELD REPRESENTATIVE _CHRIS KNOCHE
DRILLING CONTRACTOR ——LAW ENGINEERING
RISER MATERIAL _____THREADED SCHEDULE 40 PYC
MANUFACTURER IRILOCK AMOUNT BENTONITE USED_1/2-5 GALLON BUCKET
RISER DIAMETER ___20"LD AMOUNT CEMENTUSED.____3-94b BAGS
DRILLING TECHNIQUE AUGER AMOUNT SAND USED £50 b, BAGS ,
AUGUR SIZE AND TYPE___8" HOLLOW STEM STATIC WATER DEPTH (after dev.) 11.89' (TOC) 3-21-91
STRATUM __SCREENED INTQ THE SURFICIAL AQUIFER
(feet) : -
(NOT TO SCALE) | P LOCKABLE COVER
WELL PROTECTOR ~ [y GROUND SURFACE
T_Z.AL STICKUP 7
DIMENSIONS OF_/‘ T I A
CONCRETE PAD X ‘
—x4axdr L Il ¥
Iy TogéL wDEELizTH
DEPTH TO TOP OF K I |
BENTONITE SEAL I8 I S SENGTHOR —1692
zl z . ..','. y ','.
870
DEPTH TO TOP OF
GRANULAR MATERIAL
AT
RISER
,, STABILIZED WATER
LEVEL _11__ FEET
SCREEN LENGTH OF GsL
9230
GROUT MEASURED ON
BENTONITE LENGTH OF TAIL —2:20-91
CAP PIPE __ 092
GRANULAR BACKFILL A Y
QA /QC INSTALLED BY: —WAYNE MELVIN INSTALLATION OBSERVED BY:_CHRIS KNOCHE
' DISCREPANCIES:




TYPE Il MONITORING WELL INSTALLATION DIAGRAM

. == JOB NAME__SEYMOUR JOHNSON AER
' = = LAWENVIRONMENTAL, INC. | welLNo. _MW-1506  JOB NO_11-0657
; T s Govanwmgngé%%% DIVISION | paTE 2.25-91 TIME_11:55
] i ' WELL LOCATION _SQUTH OF E-W RUNWAY
i I 72.58' , BENTONITE TYPE 48" PELLETS
| GROUND SURFACE ELEVATION 2,58.  ANUFAGTURER -
i TOP OF SCREEN ELEVATION— §4.20° CEMENT TYPE - PORWL_—-
\ REFERENCE POINT ELEVATION 74.68' (TOC) MANUFACTURER COPLAY -
\ TYPE SAND PACK_SIiUcA poot ALTER sAND  GRADATION_10-40 BOREHOLE DIAMETER &
- SAND PACK MANUFACTURER BH & JH.INC. SCREEN DIAMETER —.17/8"ID SLOTSIZE_0.010"
| LAW ENVIRONMENTAL, INC.
THREADED SCHEDULE 40 PVC CONTINUOUS SLOT
] [ e e Pl RS i s oo
‘ : DRILLING CONTRACTOR— LAW ENGINEERING
RISER MATERIAL ___THREADED SCHEDULE 40 PYC
MANUFACTURER TIRLLOCK AMOUNT BENTONITE USED_ 12 QF 5 GALLON BUCKET
‘ RISER DIAMETER __20"1D AMOUNT CEMENT USED 3-94 b BAGS
—_— GS0M BAGS
| DRILLING TECHNIQUE _____ HOLLOWSTEM AUGER __ AMOUNT SAND USED
‘ AUGUR SIZE AND TYPE___ 8" HOLLOW STEM STATIC WATER DEPTH (after dev.) —13:95° (0 0OC) 3-21-91
| - | STRATUM __SCREENED IN THE SURFICIAL AQUIFER
- (feet) :
‘ (NOT TO SCALE) | e LocKABLE coVER
\ WELL PROTECTOR ~— | | GROUND SURFACE
{ ‘ | e sroe 7
Qe O 4 -
DIMENSIONS OF _/ g <kl | ﬁ
CONCRETE PAD .*:.; R}
!' x !v x :u - :. ° ] :.' ).
N B TOTAL wDEELT'H
: DEPTH TO TOP OF 0 I
1 BENTONITE SEAL 020 B X LENGTH OF __1RES
| 440 K I SOLID RISER
i : | o B4
XXX =3
] DEPTH TO TOP OF . o350 I 550
* GRANULAR MATERIAL ==
2 I 5%
‘ RISER 52 W
: ,_ STABILIZED WATER
LENGTH OF LEVEL _110 _ FEET
SCREEN SCREEN Gst
_82r
GROUT MEASURED ON
BENTONITE Lﬁrggm OF TALL —2:25-7
i GRANULAR BACKFILL Y
QA/QC INSTALLED BY: —WAYNE MELVIN INSTALLATION OBSERVED BY:_JEFF LEHMAN
DISCREPANCIES:




LAW ENVIRONMENTAL, INC.

GOVERNMENT SERVICES DIVISION
KENNESAW, GEORGIA

-
a—
a—
s——
am——
a——
-—
-
-
v

o

TYPE Il MONITORING WELL INSTALLATION DIAGRAM

JOB NAM

WELL NO. ._MW-1508s ____ JOB NO..11-0657

DATE 2-28-91

TIME——£45-9:20

|

WELL LOCATION _SITE 15, PUMP HOUSE NO, 1

_ BENTONITE TYPE _ /8" PELLETS
GROUND SURFACE ELEVATION IEJL AANUFACTURER.
TOP OF SCREEN ELEVATION 12,21 CEMENT TYPE PORTLAND TYPE|
REFERENCE POINT ELEVATION 77.51' (TOC) MANUFACTURER COPLAY
TYPE SAND PACK_8iuca poot RLTERSaND_ GRADATION_10-40 BOREHOLE DIAMETER —&
SAND PACK MANUFACTURER BH & JH, INC, SCREEN DIAMETER __17/871D_SLOT SIZE
SCREEN MATERIAL _CONTINUOUS SLOT 304 STUMLESS STEEL THREADED LAW ENVIRONMENTAL, INC. -
- JEFE LEHMAN, CHRIS KNOCHE
MANUFACTURER TRILOCK _ FIELD REPRESENTATIVE
DRILLING CONTRACTOR—LAW ENGINEERING
RISER MATERIAL ___304 STAINLESS STEELTHREADED
MANUFACTURER : —_IRLLOCK AMOUNT BENTONITE USED._1/2-5 GALLON BUCKET
RISER DIAMETER ' 20°1LD AMOUNT CEMENTUSED 394 M. BAGS
DRILLING TECHNIQUE HOLLOW STEM AUGER  AMOUNT SAND USED 3-50 b, BAGS
AUGUR SIZE AND TYPE___B"HOLLOWSTEM  STATIC WATER DEPTH (after dev.) 275 (TOC) 32191 _
STRATUM __SCREENED INTO THE SURFICIAL AQUIFER
(fest) )
(NOT TO SCALE) } LOCKABLE COVER
WELL PROTECTOR ~— | GROUND SURFACE
-[_2.32_ STICKUP ' 7
. Oe o b4 P
DIMENSIONS OF / Q° 3 o '3 A
CONCRETE PAD | .}:.; 2
4'x4x4s L ::: :::_.:
by B TOTALDEPTH -
DEPTH TO TOP OF o
BENTONITE SEAL , ) I Ay SENGTHOE —1296"
_SURFACE ]|
xxx | vy
DEPTH TO TOP OF - ] b
GRANULAR MATERIAL =z Bl s
20 SRS
SRR
RISER 3
f STABILIZED WATER
LENGTH OF LEVEL _3-4 _ FEET
GSL
SCREEN SCREEN
- <
GROUT MEASURED ON
BENTONITE —!— LENGTH OF TAIL —2:25
CAP _A— PIPE __Q0.28" '
GRANULAR BACKFILL
INSTALLED BY: _WAYNE MELVIN INSTALLATION OBSERVED BY': JEFF LEHMAN, CHRS KNOCHE

QA/QC

DISCREPANCIES: ___DEPTH TO PRODUCT: 6.08' (TOC) (PRODUCT THICKNESS: 3.67)




TYPE Il MONITORING WELL INSTALLATION DIAGRAM

JOB NAME_SEYMOUR JOHNSON AFR
WELL NO. _MW-1510s ____ JOB NO._11-0857
DATE 2:25-91 TME——X00PM,

WELL LOCATION _SITE 15, PUMP HOUSE NO, 1

LAW ENVIRONMENTAL, INC.

GOVERNMENT SERVICES DIVISION
KENNESAW, GEORGIA

L

w

: _ /5"

GROUND SURFACE ELEVATION 7639 BE&SS&ECTTE:EE R PEl:ng

TOP OF SCREEN ELEVATION 7343 CEMENT TYPE ———MAMLMA“——' o0
REFERENCE POINT ELEVATION 78.87 (TOQ) MANUFACTURER ~____COPLAY
- BOREHOLE DIAMETER — 8

TYPE SAND PACK _siuca poo Rt TeR sano | GRADATION_10-40 _
SAND PACK MANUFACTURER BH & JH. INC, SCREEN DIAMETER —_1Z/871Q SLOT SIZE_0.010°

LAW ENVIRONMENTAL, INC.
SCREEN MATERIAL __304 STAM E3S STEEL CONTMUOUS SLOTTHREADED . ™ o) 1 e PRESENTATIVE  JEEE LEHMAN, CHBIS KNOCHE

MANUFACTURER IRLLOCK .
' DRILLING CONTRACTOR ——LAW ENGINEERING
RISER MATERIAL __304 STAINLESS STEELTHREADED '
MANUFACTURER IRILOCK AMQUNT BENTONITE USED__3/4-5 GALLON BUCKET
RISER DIAMETER __20"1D AMOUNT CEMENTUSED_—_ 294 h.BAGS
DRILLING TECHNIQUE HOLLOW STEM AUGER  AMOUNT SAND USED 350 b, BAGS
AUGUR SIZE AND TYPE___8"HOLLOQWSTEM __ STATIC WATER DEPTH (after dev.) 1037 (TOQ) 3:21:91
STRATUM NED| UIFER
(fest) ) N
- — A
(NOT TO SCALE) : LOCKABLE COVER
WELL PROTECTOR ~a GROUND SURFACE
‘ 248" STICKUP 7
. - . 00 V-0 Qi 4 "
DIMENSIONS OF _/ T K | A
CONCRETE PAD X5 I O ¢
4x4x4 1 ::: :::..:
IS I R Togél.w%egm
DEPTH TO TOP OF oo I
BENTONITE SEAL : ks I SL‘%[G);H ls%l; 1296
SURFACE oS I 2
DEPTH TO TOP OF
GRANULAR MATERIAL
20 _
RISER
# .. STABILIZED WATER
‘ LENGTH OF LEVEL __8  FEET
SCREEN SCREEN GSL
_arr
GROUT MEASURED ON
BENTONITE AP LENGTH OF TAL 2259 .
=y
GRANULAR BACKFILL

INSTALLED BY:._WAYNE MELVIN INSTALLATION OBSERVED BY:_JEFF_LEHMAN

QA/QC DISCREPANCIES: ___DEPTH TO PRODUCT: 7.28' (PRODUCT THICKNESS: 3.29)
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LAW ENVIRONMENTAL, INC.

W
TYPE Il MONITORING WELL INSTALLATION DIAGRAM

A

JOB NAME__SEYMOUR JOHNSON AFB
WELL NO. —MW-1512 JOB NO__11-0657

TYPE SAND PACK_SIICA Poot RLTER 3AMD _ GRADATION_10-40 _
SAND PACK MANUFACTURER____BH & JH.INC.

SCREEN MATERIAL _CONTINUOUS SLOT SCHEDULE 40 PVC THREADED
MANUFACTURER TRLLOCK

MANUFACTURER TRLLOCK.
RISER DIAMETER 20" LD
DRILLING TECHNIQUE . ___AUGER

AUGUR SIZE AND TYPE 8" HOLLOW STEM
STRATUM __SCREENED INTQ THE SURFICIAL AQUIFER

GOVERNMENT SERVICES DIVISION | paTE 2-25-91 TIME ——1040
— KENNESAW, GEORGIA -

—— | WELL LOCATION _PUMP HOUSE NO. 1 .
’ i
# IS

re : BENTONITE TYPE /8" PELLETS
GROUND SURFACE ELEVATION 730 : MANUFACTURER BRAINARD-}
TOP OF SCREEN ELEVATION 71.16 CEMENT TYPE PORTLAND TYPE]
REFERENCE POINT ELEVATION 76.56" MANUFACTURER COPLAY -
BOREHOLE DIAMETER g" ‘

SCREEN DIAMETER 128710 SLOT SIZE_0.010"

LAW ENVIRONMENTAL, INC.
FIELD REPRESENTATIVE __JEFFLEHMAN

DRILLING CONTRACTOR—_LAW ENGINEERING
AMOUNT BENTONITE USED__2/3-5 GALLON BUCKET
AMOUNT CEMENTUSED_____2-941, BAGS

AMOUNT SAND USED 3-50 Ib, BAGS
STATIC WATER DEPTH (after dev.) —5:33" (TOC) 3-21-91

QA/QC

(feet)
(NOTTO SCALE) e LOCKABLE COVER ‘
WELL PROTECTOR ~ | ~ GROUND SURFACE
_1.46' STICKUP
' Oo 9g © 4 - .
DIMENSIONS OF _/ T T <kl { .
CONCRETE PAD _ 1 bt
so x !c x !- * _" .
o Togél.w%egm
DEPTH TO TOP OF o] .
BENTONITE SEAL LENGTH OF — 1413
. SOLID RISER
. ¥ .
—304
DEPTH TO TOP OF
GRANULAR MATERIAL
S K+ NI
RISER
‘ STABILIZED WATER
NGTH OF LEVEL _45 FEET
LE GSL
92T
GROUT MEASURED ON
BENTONITE —1— LENGTHOF TAL 225N
CAP A PIPE _ 092"
GRANULAR BACKFILL '
INSTALLED BY; . WAYNE MELVIN INSTALLATION OBSERVED BY:__JEFF LEHMAN

DISCREPANCIES:
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GOVERNMENT SERVICES DIVISION

TEST BORING RECORD

| BORING NUMBER MW-1502s REMARKS: PAGE | OF |
JOB NUMBER 11-0657 . _— —
DATE STARTED 2.25-91 Depth to _G.W. encounter during drilling = 5.0°
DRILLED BY Wa\.me Melvin Static water and product levels were measured
LOGGED BY Chris Knoche from GSL on 3-21-91.
CHECKED BY Kevin Prochaska Stickup = 2.57 -
A S S ——————— e
ELEV. | DEPTH : MONITORING WELL| sym- | Lag | SPT
IN IN DESCRIPTION N
FEET | FEET CONSTRUCTION | BOLS | TESTS VALUE
Light brownish grey (10 YR6/2) silty (very fine) SAND
23.33 20 with heavy organic matter to 0.8 feet ~_{SM-OL)
' " |Black (10 YR 2/1) silty very fine - fine SAND with 32
minor to significant clay content (SM-SC) ol
- 3 10 -
6763 7.7 A __:5; 343 if |
Light grey (10'YR 7/2) Fine-coarse SAND W
90
RREE 50
62.83| 125 (SP-SW) Fzzess
No Recovery
—60.33| 15.0 = -
Boring Terminated at 15.0°
0657 41




LAY CIVVINVINMSIU ALy HYV,
GOVERNMENT SERVICES DIVISION

TEST BORING RECORD

#‘ PR
BORING NUMBER MW-1508s REMARKS: PAGE_! OF I
JOB NUMBER 11-0657 ‘ —
DATE STARTED 2-26-91 Depth to G.W. encounter during drilling = 34' -
DATE COMPLETED 2-26-91 ;'E gggifng:nzr;e ﬁm:n(sgr;ys TESTS column
DRILLED BY Wayne Melvin Static water and product levels were measured from
LOGGED BY Jeff Lehman  GSLon3-21-91. -
CHECKED BY Chris Knoche Stickup = 2.35' ‘
MONITORING WELL LA | SPT
DESCRIPTION CONSTRUCTION | BOLS [ TESTS| ,, AEUE

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

Light grey (10 YR &1, 10 YR 7/1) silty (fine-very fine)  F--
73.53 1 ¢ |SAND with organic matter in uppar 1 (SM-OL) b

: "I Very pale brown (10 YR &4) dense clayey SAND to
72.53 2.6 [~sandy mottled CLAY with yellow (7.5 YR 7/8) (sc/CL)y ‘_'.~:~,‘ ’

Very aarx grey brown silty (fine) SAND

slelels

vsasatatatl e

» | (sM) E=R 3 -
68.33 58 White (10 YR 872) fine-medium SAND with significant 2
amounts of organic material (SP) B2 GS
7.8 - AL
86.33 No Recovery w
61.13 13.0

Boring Terminated at 13.0'

0657 41




LAW ENVIHUNMEN I AL, ING.

1 GOVERNMENT SERVICES DIVISION
, TEST BORING RECORD
i:: w
1 BORING NUMBER MW-1509d REMARKS: PAGE 2 OF 2
3 JOB NUMBER 11-0657 ‘Depth to groundwater encountered during drilling
] DATE STARTED 2-28-91 at 4-5. ;
4 | osmecoweer 2201 Stickup = 2.66'

DRILLED BY _Wayne Melvin
; LOGGED BY Jeff Lehman ' _

CHECKED BY Chris Knoche ' .
‘ MONITORING WELL | ‘sym- SPT
‘ DESCRIPTION CONSTRUCTION | BOLS | TESTS vatLE
:i Gray 10 YR 5/1 CLAY with minor saturated sand

lenses as 22
\ | s
i (SC-CL) w
36.78 | 39.4

‘ Boring Terminated at 39.4 fest T
‘ 0657.41 |




LAY ENYVIHUNMENT AL, ING,
GOVERNMENT SERVICES DIVISION

TEST BORING RECORD
w

gl i

BORING NUMBER MW-1511 REMARKS: PAGE | OF I
JOB NUMBER 11-0657 Depth to groundwater encountered at 7.0 -
DATE STARTED 2-20-91 PID readings are recorded in the Lab Tests
DATE COMPLETED 2-20-91 column in units of parts per million (ppm)
DRILLED BY Wayne Melvin Static water level was measured from GSL on
LOGGED BY Jeff Lehman g'ti’hifs oas |

I CHECKED BY Chris Knoche ) |

: MONITORING WELL] sym- | tag | SPT
DESCRIPTION CONSTRUCTION | BOLS | TESTS VA':UE

)

Alternating layers of 7.5 YR 2/0 black SILT, 7.5 YR &/6

reddish-yellow CLAY and silty medium to fine SAND

' (CL-SC)
74.75 3.7 -,}"""".""1
No Recovery 220,

2,

3
3

el
.

sy e
']
353

/3
p
4
>
34

:J‘SI::};:I
o

g

s s
10 YR 6/4 light yellow-brown silty fine SAND to § LR 3
YR 2.5/2 dark reddish-brown fine sandy SILT to 7.5 P
YR 3/2 dark brown medium to fine SAND

el
d‘.d

—73.45 5.0

4
'Y
L

8

{'4’;' &

4

o

04

(ML-SP)

9.8
—68.45 [ 10.0 [\ No Recgvery Va
7.5 YR 32 dark brown to 7.5 YR 6/0 gray medium
to fine SAND (SP) &

| No Recovery -

L.
>
H
}4? .,
o

(o N e]
=28

66.15] 123

—63.45| 15.0
Boring Terminated at 15.0'

0657 41

l
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