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PARTI1
BIOVENTING PILOT TEST WORK PLAN FOR
INSTALLATION RESTORATION PROGRAM SITES 3 AND 18
FIRE PROTECTION TRAINING AREA NO. 1 (Site 3)
and BULK FUEL STORAGE AREA (Site 18)

Beale AFB, California

1.0 INTRODUCTION

This Pilot Test Work Plan presents the scope of two in situ bioventing pilot tests for
treatment of fuel contaminated soils at Installation Restoration Program (IRP) Sites 3 and
18 at Beale AFB, California: Fire Protection Training Area (Site 3); and, Bulk Fuel
Storage Area (Site 18). The location of all 24 IRP sites at Beale AFB, including Sites 3
and 18, are shown on Figure 1.1. These pilot tests have three primary objectives: 1) to
assess the potential for supplying oxygen throughout the contaminated soil depth, 2) to
determine the rate at which indigenous microorganisms will degrade fuel when
stimulated by oxygen rich soil gas, and 3) to evaluate the potential for sustaining these
rates of biodegradation until fuel contamination is remediated below regulatory
standards.

Each of the bioventing pilot tests at Beale AFB, California will be divided into two
test periods: an initial pilot test to determine important design parameters such as air
permeability, biodegradation rates, and potential air emissions (via soil-gas escaping
from the subsurface to the atmosphere during injection); and an extended (one-year) pilot
test which will determine the long-term feasibility of implementing this remedial
technology to biodegrade hydrocarbons at these sites. If bioventing proves to be feasible
at these sites, pilot test data could be used to design and implement bioventing
remediation systems. An added benefit of the pilot testing at Sites 3 and 18 is that a
significant amount of the fuel contamination should be biodegraded during the extended
(one-year) pilot tests since the bioventing will take place within the most contaminated
soils at each site.

Additional background information on the development and recent success of the
bioventing technology is found in the attached document entitled "Test Plan and
Technical Protocol for a Field Treatability Test for Bioventing". This protocol document
will also serve as the primary reference for pilot test well designs and detailed procedures
which will be used during both tests.

~ Successful bioventing pilot testing has been implemented at Beale AFB. An air
permeability (AP) and in situ respiration (ISR) pilot test was performed by Engineering
Science, Inc. (ES) at IRP Site 22-A20 between 15 and 23 October 1991 with good
results. This heating oil underground storage tank (UST) site was initially remediated in
September 1990 with the excavation and removal of the 600-gallon UST along with
approximately 600 cubic yards of Total Petroleum Hydrocarbon (TPH) contaminated
soil. The TPH-contaminated soil, mainly associated with the sidewalls adjacent to the
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nearby building, remained in the ground after excavation operations. The pilot test
showed that a vapor extraction rate of 65 standard cubic feet per minute (scfm)
influenced soil gas movement within at least a 100-foot radius of the vent well (VW). In
addition, the test indicated that existing soil bacteria are capable of consuming fuel
residuals at a rate of approximately 750 - 900 mg of TPH per kilogram of soil per year
when supplied with oxygen by moving fresh air through the soil. Based on these
successful results, ES completed the installation of a full-scale bioventing treatment
system on 9 July 1992 at the site consisting of a blower system connected to a vent well.
The bioventing treatment system operates by moving fresh air through the subsurface
soils via extraction at a flow rate averaging about 70 scfm. Weekly maintenance and
quarterly monitoring are being performed.

Much of the background information on Sites 3 and 18 used in this Pilot Test Work
Plan is derived from prior IRP studies and reports (AeroVironment 1987, CH2M Hill
1991). This information includes site maps, site histories, site geology/hydrogeology,
and sampling/analytical data.

I-3
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2.0 SITE DESCRIPTION
2.1 Fire Protection Training Area (Site 3)
2.1.1 Site Location and History

Site 3 is located in the western portion of Beale AFB at the juncture of Doolittle Drive
and J Street, which is near the southern portion of the flightline (Figure 1.1). The site
covers approximately 13 acres and is mostly flat. Figure 2.1 shows the detailed site plan.
The main site features are: two Fire Protection Training Areas (FPTA No. 1 and FPTA
No. 2) which are unlined fire pits; an overflow pond; and, two underground storage tanks
(USTs). The bioventing pilot test at Site 3 will be conducted at FPTA No. 1 due to the
soil contamination by fuel products resulting from fire training exercises, and the
relatively higher contaminant concentrations found in soils at this area. Training
exercises have been conducted at Site 3 in FPTA No. 1 and FPTA No. 2 since 1958.

At FPTA No. 1, the Base fire department conducted live fire-training exercises until
the late 1960s. These exercises were performed in a former, 2-foot deep, unlined basin
approximately 100 feet in diameter that was surrounded by a berm. This basin is no
longer visibly evident. Combustible waste chemicals (reported to be waste oils, spent
solvents, and aviation fuels) were accumulated in this former basin and burned weekly in
the basin as part of the fire-training exercises. Other chemicals were accumulated in 55-
gallon drums and burned in the same basin. No preapplication of water was implemented
to retard percolation of waste chemicals into the soil. The use of FPTA No. 1 was
discontinued in 1972.

FPTA No. 2 began operating in 1972 upon abandonment of FPTA No. 1. FPTA No. 2
consists of a shallow, unlined basin 150 feet in diameter surrounded by a 12-inch berm.
A mock-up aircraft is inside the basin and was used for fire training exercises which
involved simulated fires in and around the mock aircraft. The unlined basin was flooded
with water which ponded due to the low permeability of near-surface clay soils. Jet fuel
was introduced to the basin and floated on the ponded water in the basin. The fuel was
then ignited for the fire training exercises. About 100 feet south of FPTA No. 2 is an
unlined overflow pond designed to hold liquids drained from FPTA No. 2. Residual
water and fuel were left in the overflow pond to evaporate. Following direction by the
USEPA, fire training exercises ceased at FPTA No. 2 in 1988; FPTA No. 2 is being
decommissioned. Fire training is currently conducted on a smaller scale at an 8-foot by
10-foot concrete-lined pit located approximately 400 yards west of FPTA No. 2.

There are two 25,000-gallon USTs, designated as the north tank and the south tank, -
which are located at Site 3 about 150 feet east of FPTA No. 2. The north tank contains
jet fuel used for live fire training. The south tank has traditionally contained
contaminated fuel, hydraulic fluid, and waste solvents. Underground fuel lines run from
the USTs to the above-ground fuel nozzles in FPTA No. 2.

The only recorded spill incident at Site 3 occurred in May 1983. Fluid from the north
tank was inadvertently pumped out of the tank and onto the ground. Appropriate
regulatory agencies were notified of the spill, and subsequent soil testing indicated no
required remedial action.
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2.1.2 Site Geology

As part of previous IRP investigations (AeroVironment 1987, CH2M Hill 1991),
numerous soil borings and groundwater monitoring wells were installed to collect surface
soil samples, subsurface soil samples, and groundwater samples. Figure 2.1 shows the
locations of the five surface soil sampling locations, three hand-augered soil sampling
locations, 15 vertical soil borings, three angled soil borings, and six groundwater
monitoring wells. Evaluation of the geology and contamination at Site 3 in this Pilot Test
Work Plan is based on these borehole and well data.

Figure 2.2 is a hydrogeologic cross-section constructed from three groundwater
monitoring well logs and shows the soil profile from the surface to a few feet below the
water table at Site 3. The near-surface soils at Site 3 are predominantly fine-grained (silts
and clays with some sandy silts) and become increasingly coarser-grained with depth to
the water table (sands and sandy gravels with some sandy silts and thin clay layers). The
base of each screened interval in the monitoring wells is terminated in a clay which
appears to form the basal boundary of the coarse-grained deposits. The geologic deposits
shown in Figure 2.2 constitute an alluvial sequence that has been mapped as the Laguna
Formation (Page 1980). These are continental alluvial deposits of the Pleistocene and
Pliocene Epochs composed of silts, sands, clays, and gravels. These deposits overlie
older volcanic rocks which outcrop in the Sierra Nevada Foothills to the east.

Groundwater levels in Site 3 monitoring wells were measured in September 1991 at
approximately 101 to 103 feet below ground surface (bgs). These water levels are found
a few feet above the screened intervals (Figure 2.2). Groundwater flow direction at Site
3 is to the southwest with an average gradient across the site of approximately 0.015 fi/ft.

Figure 2.3 is a geologic cross-section constructed from four soil boring logs and shows
the soil profile from surface to about 25 feet bgs at FTPA No. 1, the site of the proposed
Site 3 bioventing test. Soils of the upper 10 to 15 feet are predominantly silts and clays
with occasional indications of sand- and gravel-sized grains. These silts and clays grade
to sands at a depth of approximately 12 to 14 feet bgs. There is some degree of lateral
grain-size variation as well, with the sands grading to silts and silty clays. Beneath this
sandy zone are mostly silts at about 20 to 25 feet bgs. The soil borings at FTPA No. 1 do
not penetrate below about 82 feet in elevation NGVD (approximately 25 feet bgs).
Therefore, there is no lithologic data at this specific area to indicate the grain size of the
soils below this depth. However, the hydrogeologic cross-section shown in Figure 2.2
indicates that soils at the FTPA No. 1 below about 82 feet NGVD are probably composed
predominantly of sands and gravels down to the water table. Therefore, the nature of the
soils at the FTPA No. 1 appear to be well-suited to bioventing as a method to remediate
the soil contamination at this site.

2.1.3 Site Contaminants

The primary contaminants documented in soils at Site 3 in previous IRP studies and
reports (AeroVironment 1987, CH2M Hill 1991) are fuel residuals with minor amounts

I-6

30-20.R3 1/26/93




26/71/60 14 '80-2€20

VINHOLAITVO
3svd 30404 Hiv 37v38

V3HV ONINIVHL NOILO310Hd 3did
€ 31IS ddl
V- ¥V NOILD3S-SSOHD
J19070390HAAH

FIGURE 2.2

SAV1J ANV SLTIS

(SANVS AL1IS ONY SAONVS
ATI3AVHO ONIGNTONI) SONVS

[ ]
[

0S

00} —

NOLLJIHOS3A JID0TOHLIN

gl

(31VQ HLIM) 13ATT H3LYM

(G3YY33NI 3U3IHM G3HSVYQ)
1OV1INOD 219071039

N ——————

T13M ONIHOLINOW @
H31VYMANNOHO -v-E

AVAH3LNI
Q3N33Y0S

(] 1334 0
L 0
(x2 st m
. NOILYHIDDVYXI
08 WolLE3N) P
8308 ﬁ
" mr
= = m....._u. .
¥ v — pe o 4 v rePetl oot
v —— —— — — . —— — lll‘ll\lllll‘.t.\.l'.a’.llﬂ . . ¢ l%
b ¢ . .umj.. s 7 . h s : -ll—.t. N .al-.nl..”......lu.‘“ —— e .o4.|ﬂl R OO NP W * . . . N - - o
ra 2= M s ) : X “V-l . .l~- e T, e o~ “a.. et S0 .r AP IERALY ” et [ ~TRE T w0 ALY ° v -..J..-.‘.J .f'..-
O nl.-' -~ .mm A Y .o X . . .. st Lo . . . ., : AN = = R ., ..ﬂ.. .l... .- oL o
.ll-..l. I I.. . 0\ ot -I ) . .o : . . . s & . . -o e e - '..I.. o .A.hll 2 — A ||l|l’ll.‘ t -FQQ.!“ | . :
P . st . . . v e S " e N e e R P — . o
...QJ. N 3 b, ¢ S et ~ Y LA .. H " T a.s ..f. e, Cee, I T ¢ J.N. 4 - ce gt s ....( - |
Wocad ISR R O R Y | T PR I

GADN 1334 NI NOILYATT3

— 00}

vt

lsv3

30vdHNS GNNOYD *

rv-g

1S3am

ENGINEERING-SCIENCE, INC.




26/71/60 11'03-2€20

ENGINEERING-SCIENCE, INC.

m VINHOLITVO
w 3svd 30404 Hiv 31v3d AVID m
) : (Q34Y33NI IH3IHM G3HSVQ)
9 L “ON VIHV 1us B 1OVANOD 01907039 ~—
| ONINIVHL NOILO31OHd 3HId WAHELNI
€ 31IS ddl ONVS i 31dIAVS 10S
.8-9 NOILD3S-SS0HD 219071030 ONIHOE
T3AVED 105 gg \..o.m‘
=0, NOLLIHOS3a OI90TOHLM NOLLYNV1dX3
xz &1 m
NOLLYHIDOVX3 ]
TvouLuan
$TIVOS "
08
58
06 . bt
AT 2
RS 5o : e Bl . T B
56— fuii it PN AR i e e IS A 6 8
gy e TR BT Tl 8
00} gt : e e T T L oo
S04 — 30V4HNS ONNOHD L sol
@ o o @
@se0t  8S20¢ 858-0-¢ asL0-€
8 ; G
HLNOS HLHON




of solvents. The maximum concentrations for each analyte detected at Site 3 were from
soil samples at the FPTA No. 1.

Table 2.1 presents analytical data for selected fuel components, other volatile organic
compounds, and metals (mercury and lead) for each of the 22 FPTA No. 1 soil samples
collected from the four soil borings. These soil samples were collected at depths ranging
from 1 foot to 21 feet bgs. The highest concentrations of petroleum hydrocarbons
detected were 23,000 mg/kg TPH-d (Soil Boring 3-C-2SB) and 5,100 mg/kg TPH-g (Soil
Boring 3-C-3SB) at depths of 11 feet bgs and 8 feet bgs, respectively. Concentrations of
BTEX components were relatively lower; the highest was 7.9 mg/kg total xylenes at 11
feet bgs (Soil Boring 3-C-7SB).

Significant concentrations of TPH-d and TPH-g were detected in the deepest soil
samples collected (21 feet bgs). Maximum concentrations at 21 feet bgs were 1,300
mg/kg TPH-d (Soil Boring 3-C-7SB) and 1,800 mg/kg TPH-g (Soil Boring 3-C-3SB).
Therefore, it is not known how deep residual fuel contamination exists in soils at FPTA
No. 1. Comparison of contaminant concentrations with depth at other areas within Site 3
is not appropriate, since practices at FPTA No. 1 did not include a liner system or
preapplication of water. Thus, the fuel products in the soil beneath FPTA No. 1 have
probably migrated deeper than at FPTA No. 2. Contamination migrating downward
under the influence of gravity should move predominantly vertically but may spread
beyond the original surface area due to dispersion around soil particles and/or flow along
low-permeability boundaries.

Historical results of groundwater sample analysis from Site 3 monitoring wells
indicate that no measurable degradation of the groundwater has occurred at the site. This
is probably due in part to the relative great thickness of the unsaturated zone at the site
(approximately 100 feet) and the migration attenuation ability of the lower-permeable
silts and clays near the ground surface.

2.2 Bulk Fuel Storage Area (Site 18)
2.2.1 Site Location and History

Site 18 is located in the southwestern portion of Beale AFB near the juncture of J
Street and 6th Street (Figure 1.1). Figure 2.4 shows the detailed site plan. The main site
features are the AVGAS Facility and the MOGAS Facility which are two areas of large,
aboveground fuel storage tanks that are surrounded by dykes. The dykes consist of 3-
inch thick concrete with synthetic liners that were constructed after the most recent IRP
soil sampling by CH2M Hill in 1991. The bioventing pilot test at Site 18 will be
conducted along the railroad tracks at the north end of the facility (designated as the
AVGAS unloading area). This is the only area of the site with subsurface lithologic and
contamination data near the AVGAS Facility, exclusive of the two groundwater
monitoring wells. This is also the most feasible area within Site 18 to conduct the
bioventing test for two reasons: the proximity of a power source; and, the severe
logistical problems associated with dyked areas around the storage tanks.

The Bulk Fuel Storage Area has been in operation since 1958. Fuels are delivered to
and from the aboveground tanks by train, truck, or pipeline. Fuels at the site have
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included: jet fuels (AVGAS) including JP-4, JP-7, and JPTS; and, motor gasolines
(MOGAYS) including diesel fuel, unleaded gasoline, and No. 2 fuel oil. Jet fuels JP-4
and JP-7) have been pumped via pipeline to a flightline-dispensing system for aircraft
refueling. Trucks are also used to refuel aircraft. Railroad cars load and unload fuels at
the AVGAS unloading area and at the MOGAS unloading facility. The large
aboveground tanks that now contain fuel hold JP-4 and JPTS. Tanks that previously
stored JP-7 are now empty. In addition, the JP-7 fueling system along the railroad tracks
at the AVGAS unloading area are now inactive.

Fuel loading and unloading activities, spills, and leaks are the primary waste sources
at Site 18. Fuel spills at unloading areas (including the AVGAS unloading area where
the bioventing pilot test will be performed) and within the dyked areas have occurred.
Losses of hydrocarbons from other sources (pipeline leaks, tank bottom leaks) are often
difficult to detect and locate.

2.2.2 Site Geology

As part of previous IRP investigations (AeroVironment 1987, CH2M Hill 1991),
numerous surface soil samples have been collected near the aboveground storage tanks
(before construction of concrete dykes with liners) at both facilities. In addition, soil
borings were drilled and sampled: three along the railroad tracks on the north side of the
site (the AVGAS unloading area), and four at the MOGAS Facility. Also, two
groundwater monitoring wells were installed at the site, one west of the AVGAS Facility
and one west of the MOGAS Facility. Figure 2.4 shows the locations of the surface soil
samples, soil borings, and groundwater monitoring wells. Evaluation of the geology and
contamination at Site 18 in this Pilot Test Work Plan is based on the seven soil boring
and three groundwater monitoring well data.

Figure 2.5 is a hydrogeologic cross-section constructed from the two groundwater
monitoring well logs and shows the soil profile from the surface to a few feet below the
water table at Site 18. The subsurface soil profile shown indicates a mixture of highly-
variable alluvial sediments. Correlation of individual layers of sand or clay is difficult as
there is evidence of lateral as well as vertical variability. It can be ascertained that
permeable sands and gravels appear to be dominant below a depth of about 90 feet bgs
(about 20 feet NGVD). Above this depth, silts and clays tend to be more prevalent.
These geologic deposits shown in Figure 2.5, typical of near-surface alluvial deposits
near the Sierra Nevada foothills, constitute an alluvial sequence that has been mapped as
the Laguna Formation (Page 1980). These are continental alluvial deposits of the
Pleistocene and Pliocene epochs composed of silts, sands, clays, and gravels. These
deposits overlie older volcanic rocks which outcrop in the Sierra Nevada foothills to the
east. The surface soils at Site 18 have been mapped as belonging to the San Joaquin
Loam, a medium-textured soil formed on moderately old alluvial fans (SCS 1985).

Groundwater levels in Site 18 monitoring wells were approximately 105 feet bgs in
September 1991. These water levels are found a few feet above the screened intervals
(Figure 2.5). Groundwater flow direction at Site 18 is to the west with a gradient of
approximately 0.005 ft/ft based on the two monitoring wells.
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Figure 2.6 is a geologic cross-section constructed from three soil boring logs and
shows the near-surface soil profile of the AVGAS unloading area, the site of the
proposed Site 18 bioventing test. Soils immediately below the gravelly railroad ballast (1
to 2 feet thick) are a sandy lean clay of about 3 to 4 feet in thickness (down to 113 feet
NGVD). Below this sandy clay, the three borings encountered a mixture of silts, sands,
and clays. The geologic cross-section in Figure 2.6 shows the lateral and vertical
variability of the soils between about 113 and 104 feet NGVD (about 4 to 13 feet bgs).
There is no lithologic data to indicate soil type and grain size below 104 feet NGVD (13
feet bgs) at the AVGAS unloading area. The hydrogeologic cross-section shown in
Figure 2.5 indicates soils below this depth down to the water table may be composed of
predominantly silts and clays with some sand and gravel zones. However, extrapolation
of borehole information at wells 18-C-1 and 18-C-2 to the subsurface at the AVGAS
unloading facility is tenuous given the nature of these alluvial sediments. In any event,
the nature of the soils at the AVGAS unloading area appear to be suitable to bioventing
as a method to remediate the soil contamination at the site.

2.2.3 Site Contaminants

The primary contaminants documented in soils at Site 18 in previous IRP studies and
reports (AeroVironment 1987, CH2M Hill 1991) are fuel residuals. These have been
detected in surface soil samples within both facility tank farms and in samples from soil
borings at both the MOGAS Facility and the AVGAS unloading area. Concentrations of
contaminants in surface soil samples around the aboveground storage tanks were highly
variable. The highest concentrations of petroleum hydrocarbons detected in these
samples were 39,000 mg/kg TPH-d, and 7,800 mg/kg TPH-g. Concentrations of BTEX
components in these samples were relatively lower; the highest was 49 mg/kg total
xylenes. Other volatile organics and metals (including lead) were also detected in these
surface soil samples.

Table 2.2 presents analytical data for selected fuel components, other volatile organic
compounds, and metals (lead) for each of the 10 subsurface soil samples collected from
the three soil borings at the AVGAS unloading area. These soil samples were collected
at depths ranging from 3 feet to 13 feet bgs. The highest concentrations of petroleum
hydrocarbons detected were 52,000 mg/kg TPH-d and 1,500 mg/kg TPH-g (both in Soil
Boring 18-C-3SB) at a depth of 2 feet bgs. Concentrations of BTEX components were
relatively lower; the highest was 280 mg/kg total xylenes at 6 feet bgs (Soil Boring 18-C-
1SB). ’ .

Significant concentrations of TPH-d and TPH-g were detected in the deepest soil
samples collected from these borings (11 to 13 feet bgs). Maximum concentrations in
these deepest samples were 35,000 mg/kg TPH-d (Soil Boring 18-C-3SB) and 1,200
mg/kg TPH-g (Soil Boring 18-C-2SB), both at 11 feet bgs. Therefore, it is not known
how deep residual fuel contamination exists in soils at the AVGAS unloading area.
Comparison of contaminant concentrations with depth at other areas within Site 18 is not
appropriate, since the closest subsurface soil contamination data is from the MOGAS
Facility located 1,500 feet to the southwest.
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Historical results of groundwater sample analysis (CH2M Hill 1991) from Site 18
monitoring wells indicate minimal impact to groundwater. Maximum detected
concentrations are 12.0 ug/l toluene, 0.80 mg/l TPH-g, 0.053 mg/l manganese, 0.045
mg/l nickel, and 0.023 mg/l zinc. The detections of TPH-g are believed to be false
positive results (CH2M Hill 1991); an explanation is not given in the CH2M Hill report.
This apparent minimal impact to groundwater is probably due in part to the relative great
thickness of the unsaturated zone at the site (over 100 feet).
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3.0 SITE-SPECIFIC ACTIVITIES

The purpose of this section is to describe the work that will be performed by
Engineering-Science, Inc. (ES) at IRP Sites 3 and 18. Activities that will be performed at
each site include siting and construction of a central vent well (VW) and vapor
monitoring points (VMPs), an initial pilot test (an in situ respiration test and an air
permeability test), and an extended (one-year) pilot test. Soil and soil gas sampling
procedures and the blower configuration that will be used to inject air (oxygen) into
contaminated soils are also discussed in this section. No dewatering or groundwater
treatment will take place during bioventing pilot testing. Pilot test activities will be
confined to unsaturated soils remediation. Existing monitoring wells will not be used as
primary air injection or extraction wells. Monitoring wells which have a portion of their
screened interval above the water table may however be used as VMPs or used to
measure the composition of background soil gas. However, recent water level
measurements in all monitoring wells at Sites 3 and 18 indicate utilization of these wells
will not be possible since none of the screened intervals are exposed to the unsaturated
zone.

3.1 Location and Construction of Vent Wells and Vapor Monitoring Points
3.1.1 Fire Protection Training Area No. 1 (Site 3)

A general description of criteria for siting a central VW and VMPs are included in the
attached protocol. Figure 3.1 indicates the proposed locations of the central VW and
VMPs at Site 3. The final location of the VW and VMPs may vary slightly from the
proposed location if significant fuel contamination is not observed in the boring for the
central VW. Based on site investigation data, the central VW should be located in the
center of the former bermed fire training pit of FPTA No. 1. This area is expected to
have an average TPH-d concentration exceeding 5,000 mg/kg. Soils in this area are
expected to be oxygen depleted (< 2 percent) and increased biological activity should be
stimulated by oxygen-rich soil gas ventilation during full-scale operations.

The radius of venting influence around the central VW is estimated to be 50 to 60 feet
based on the composition of the soils at Site 3. Three VMPs will be located within a 55-
foot radius of the central VW. A fourth VMP will be located approximately 300 feet
northeast of the central VW (near soil boring 3-A-4SB which is shown on Figure 2.1).
This background VMP will be used to measure background levels of oxygen and carbon
dioxide and to determine if natural carbon sources are contributing to oxygen uptake
during the in situ respiration test. Additional details of the in situ respiration test are
found in Section 5.7 of the attached protocol document.

Figure 3.2 is a central VW construction diagram for this site. The central VW will be
constructed of 4-inch ID Schedule 40 PVC, with an interval of 0.04 slotted screen set
from a depth of 10 feet bgs down to the base of contamination as determined by field
organic vapor analysis (OVA) of soil samples. A 100 ppmv (parts per million by
volume) OVA reading will be the criterion used in determining the depth selected as the
base of contamination. Flush-threaded PVC casing and screen will be used with no
organic solvents or glues. The filter pack will be clean, silica sand with a 6-9 grain size
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(or equivalent) and will be placed in the annular space of the screened interval. A 2-foot
layer of bentonite will be placed directly over the filter pack. A complete seal is critical
to prevent injected air from short-circuiting to the surface during the bioventing test. The
remainder of the annular space will be filled with bentonite/cement grout.

A typical multi-depth VMP installation for this site is shown in Figure 3.3. Oxygen
and carbon dioxide soil gas concentrations will be monitored via vapor monitoring
screens placed at depth intervals of 5 feet, 10 feet, 25 feet, and near the base of
contamination (if below 40 feet) as determined by the field OVA of soil samples at each
location. If the base of contamination is determined to be below 40 feet, then the vapor
monitoring screen depths may be altered to provide better vertical coverage for soil gas
monitoring (e.g. 5 ft., 20 ft., 40 ft., 70 ft.). Multi-depth monitoring will assess whether
the entire soil profile is receiving oxygen and will be used to measure fuel biodegradation
rates at all monitored depths. The annular space between the vapor monitoring screen
filter packs will be sealed with bentonite to isolate the monitoring intervals. As with the
central VW, several inches of bentonite pellets will be used to seal the filter pack
intervals. At the inner vapor monitoring point (VMP-1), thermocouples will also be
installed at the same depths as the deepest and shallowest vapor monitoring screens to
measure soil temperatures. Additional details on VW and VMP construction are found in
Section 4 of the protocol document.

3.1.2 Bulk Fuel Storage Area (Site 18)

A general description of criteria for siting a central VW and VMPs are included in the
attached protocol. Figure 3.4 indicates the proposed locations of the central VW and
VMPs at Site 18. The final location of the VW and VMPs may vary slightly from the
proposed location if significant fuel contamination is not observed in the boring for the
central VW. Based on site investigation data, and proximity to a power source, the
central VW should be located just east of Soil Boring 18-C-1SB. This area is expected to
have an average TPH-d concentration exceeding 3,000 mg/kg. Soils in this area are
expected to be oxygen depleted (< 2 percent) and increased biological activity should be
stimulated by oxygen-rich soil gas ventilation during full-scale operations.

The radius of venting influence around the central VW is expected to be 50 to 60 feet
based on the composition of the soils at Site 18. Three VMPs will be located within a
50-foot radius of the central VW. A fourth VMP to measure background levels of
oxygen and carbon dioxide will not be installed at Site 18, as background readings from
Site 3 will be sufficient. Additional details of the in situ respiration test are found in
Section 5.7 of the attached protocol document.

Figure 3.2 is a central VW construction diagram for this site. The central VW will be
constructed of 4-inch ID Schedule 40 PVC, with an interval of 0.04 slotted screen set
from a depth of 10 feet bgs down to the base of contamination as determined by field
organic vapor analysis (OVA) of soil samples. A 100 ppmv OVA reading will be the
criterion used in determining the depth selected as the base of contamination. Flush-
threaded PVC casing and screen will be used with no organic solvents or glues. The
filter pack will be clean, silica sand with a 6-9 grain size and will be placed in the annular
space of the screened interval. A 2-foot layer of bentonite will be placed directly over
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the filter pack. A complete seal is critical to prevent injected air from short-circuiting to
the surface during the bioventing test. The remainder of the annular space will be filled
with bentonite/cement grout.

A typical multi-depth VMP installation for this site is shown in Figure 3.3, Oxygen
and carbon dioxide soil gas concentrations will be monitored via vapor monitoring
screens placed at depth intervals of 5 feet, 10 feet, 25 feet, and near the base of
contamination (if below 40 feet) as determined by the field OVA of soil samples at each
location. If the base of contamination is determined to be below 40 feet, then the vapor
monitoring screen depths may be altered to provide better vertical coverage for soil gas
monitoring. Multi-depth monitoring will assess whether the entire soil profile is
receiving oxygen and will be used to measure fuel biodegradation rates at all monitored
depths. The annular space between the vapor monitoring screen filter packs will be
sealed with bentonite to isolate the monitoring intervals. As with the central VW, several
inches of bentonite pellets will be used to szal the filter pack intervals. At the inner vapor
monitoring point (VMP-1), thermocouples will also be installed at the same depths as the
deepest and shallowest screens to measure soil temperatures. Additional details on VW
and VMP construction are found in Section 4 of the protocol document.

3.2 Handling of Drill Cuttings

Drill cuttings from all VW and VMP borings will be handled in conformance with the
base Draft Soil Managment Plan (ES 1991). The cuttings will be screened with a
photoionization detector (PID) by the on-site geologist or engineer to identify potential
contamination. Soil cuttings with PID readings < 10 ppm will be spread out on the
ground at the drill site. Soil cuttings with PID readings of > 10 ppm will be temporarily
stockpiled on 10-mil Visqueen at the drill site. This soil will then be transported by the
drilling contractor to the contaminated soil holding area located south of 9th Street
between K and L Streets on the Base.

3.3 Soil and Gas Sampling
3.3.1 Soil Sampling

Three soil samples will be collected from each of the pilot test areas during the
installation of the VW and VMPs. One sample will be collected from the most
contaminated interval of the central VW boring, and one sample will be collected from
the most contaminated interval in each of the borings for the two inner VMPs at each site
(VMP-1 and VMP-2). Soil samples will be analyzed for total recoverable petroleum
hydrocarbons (TRPH), benzene, toluene, ethylbenzene, and xylenes (BTEX), soil
moisture, pH, particle sizing, alkalinity, total iron, and nutrients.

Samples collected for BTEX and TRPH analysis will be collected using a split-spoon -
sampler containing brass tube liners. Soil samples collected in the brass tubes will be
immediately trimmed and the ends sealed with Teflon fabric held in place by plastic caps.
Soil samples collected for physical parameter analysis will be placed into appropriate
sample containers. Soil samples will be labeled following the nomenclature specified in
the protocol document (Section 5), wrapped in plastic, and placed in an ice chest for
shipment. A chain of custody form will be filled out and the ice chest shipped to the

I-24

30-20.R3 1/26/93




|

\

-

Engineering-Science (ES) laboratory in Berkeley, California, for analysis. This
laboratory has been audited by the U.S. Air Force and meets all quality assurance/quality
control and certification requirements for the State of California.

3.3.2 Soil Gas Sampling

A total hydrocarbon vapor analyzer (THVA) (see protocol document, Section 4.5.2)
will be used during drilling to screen split spoon samples for determination of the most
contaminated intervals. During the pilot tests, initial and final soil gas samples will be
collected in Summa® canisters from the central VW (VW-1) and the VMPs closest to and
furthest from the central VW (VMP-1 and VMP-3). These soil gas samples will be used
to predict potential air emissions, and determine the reduction in BTEX and total volatile
hydrocarbons (TVH).

Soil gas samples will be placed in an ice chest and packed with foam pellets to prevent
excessive movement during shipment. Samples will not be sent on ice in order to prevent
condensation of hydrocarbons. A chain of custody form will be filled out and the ice
chest shipped to the Air Toxics Laboratory in Rancho Cordova, CA for analysis.

3.4 Blower System

A 3.0 horsepower positive displacement blower capable of injecting 40 standard cubic
feet per minute (scfm) at 7 psi will be used to conduct the initial air permeability tests at
each site. Figure 3.5 is a schematic of a typical air injection system used for pilot testing.
The maximum power requirement anticipated for_ihese pilot tests is a 230 volt, single-
phase, 30 amp service. Additional details on power supply requirements are described in
Section 5.0, Base Support Requirements.

3.5 In Situ Respiration Tests

The objective of the in situ respiration tests is to determine the rate at which soil
bacteria degrade petroleum hydrocarbons. Respiration tests will be performed at every
vapor monitoring screen (point) where bacterial degradation of hydrocarbons is noted.
These points of hydrocarbon degradation are characterized by low oxygen levels and
elevated carbon dioxide concentrations in the soil gas. Air will be injected at each point
containing low levels of oxygen (below 2 percent, approximately) for a 20-hour period to
oxygenate local contaminated soils. At the end of the 20-hour air injection period, the air
supply will be cut off and oxygen and carbon dioxide levels will be monitored for the
following 48 to 72 hours. The decline in oxygen and increase in carbon dioxide
concentrations over time will be used to estimate rates of bacterial degradation of fuel
residuals. Helium will also be injected at one or two points to estimate oxygen diffusion
rates in site soils.

3.6 Air Permeability Tests

The objective of the air permeability tests is to determine the extent of the subsurface
that can be oxygenated using one air injection unit at a single VW to introduce clean soil
gas. Air will be injected into the 4-inch diameter central VW (VW-1) using the blower
unit, and pressure response will be measured at each VMP with differential pressure
gauges to determine the region influenced by the unit. Oxygen will also be monitored in
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the VMPs to ascertain that oxygen levels in the soil increase as the result of air injection.
One air permeability test lasting approximately 8 hours will be performed at each site.

3.7 Installation of Extended Bioventing Pilot Test Systems

An extended (one-year) bioventing pilot test system will be installed at Sites 3 and 18.
A California-certified electrician will be brought on base to assist in wiring the blowers
to line power. Each blower will be housed in a small, prefabricated shed ("dog house™)
to provide protection from the weather and to minimize noise.

Each system will be in operation for one year, and ES personnel will monitor it
biannually, scheduled for July 1993 and January 1994. Biannual monitoring will consist
of in situ respiration tests to monitor the long-term performance of these bioventing
systems. Weekly system checks will be performed by Beale AFB personnel using the
Operation and Maintenance (O&M) manual provided by ES. If required, major
maintenance of the blower unit will be performed by ES-Alameda personnel. Detailed
blower system information and a maintenance schedule will be included in the O&M
manual provided to the base.
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4.0 EXCEPTIONS TO PROTOCOL PROCEDURES

The procedures that will be used to measure the air permeability of the soil and in situ
respiration rates are described in Sections 4 and 5 of the attached protocol document. No
exceptions to the protocol are anticipated.
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5.0 BASE SUPPORT REQUIREMENTS
5.1 Test Preparation

The following base support is needed prior to the arrival of a driller and the ES test

team:

Confirmation of regulatory approval for the pilot tests.
Obtaining a base digging permit.

Installation of new power lines to new power poles at each site. The poles should
include a 230V/single phase/30 amp breaker box with one 230V receptacle and two
110V receptacles.

Provide any paperwork required to obtain gate passes and security badges for
approximately three ES employees and two drillers. Vehicle passes will be needed
for two trucks and a drill rig.

Provide a designated staging area for soil cuttings.

During the initial three week pilot tests at each site, the following base support is needed:

Twelve square feet of desk space and a telephone in a building located as near to
the site as practical.

The use of a fax machine for transmitting 15 to 20 pages of test results.

A decontamination pad where the driller can clean augers between borings.

During the one year extended pilot tests:

Check the blower system once a week to ensure that it is operating and to record
the air injection pressure and temperature. ES will provide a brief training session
on this procedure.

If the blower or motor stops working, notify Mr. Frederick Stanin or Mr. Richard
Makdisi, ES-Alameda, (510) 769-0100, or Mr. Doug Downey or Ms. Gail Saxton,
ES-Denver, (303) 831-8100, or Mr. Sam Taffinder of AFCEE, (210) 536-4366.

Arrange site access for an ES technician to conduct in situ respiration tests at
approximately six months and at one year after the initial pilot tests.
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6.0 PROJECT SCHEDULE

The following schedule is contingent upon timely approval of this pilot test work plan.

Event
Pilot Test Work Plan to AFCEE/Beale AFB

Approval to Proceed

Begin VW/VMP Installation
Begin Initial Pilot Test
Complete Initial Pilot Test
Interim Results Report
Respiration Test

Final Respiration Test and Soil Sampling

1-30
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Date

15 September 1992
25 September 1992
19 October 1992
26 October 1992
13 November 1992
February 1993
July 1993

January 1994




7.0 POINTS OF CONTACT

Ms. Sheri Rolfsness

9 CES/DEV

6451 B Street

Beale AFB, CA 95903-1708
(916) 634-2642

Fax (916) 634-2653

Major Ross Miller/Mr. Sam Taffinder
AFCEE/EST

2405 D-Drive, Suite 3

Brooks AFB, TX 78235-5103

(210) 536-4329 (Major Miller)

(210) 536-4366 (Mr. Taffinder)

Fax: (210) 536-4330

Mr. Doug Downey
Engineering-Science, Inc.
1700 Broadway, Suite 900
Denver, CO 80290

(303) 831-8100

Fax (303) 831-8208

Mr. Frederick Stanin

Mr. Richard Makdisi
Engineering-Science, Inc.

1301 Marina Village Parkway, Suite 200
Alameda, CA 94501

(510) 769-0100

Fax (510) 769-9244
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PART II
DRAFT INTERIM PILOT TEST RESULTS REPORT FOR
INSTALLATION RESTORATION PROGRAM SITES 3 AND 18
FIRE PROTECTION TRAINING AREA No. 1 (Site 3)
and BULK FUEL STORAGE AREA (Site 18)

Beale AFB, California

Initial bioventing pilot tests were completed at two Installation Restoration Program
(IRP) sites at Beale Air Force Base, California: the Fire Protection Training Area
(FPTA) No. 1 (IRP Site 3); and, the Bulk Fuel Storage Area (IRP Site 18). The purpose
of this Part II Interim Report is to describe the results of the initial pilot test at each site
and make specific recommendations for the extended (one-year) pilot tests which will
determine the long-term impact of bioventing on site contaminants. Site histories, known
contamination distributions and concentrations, and geologic/hydrogeologic profiles are
documented in Part I, Bioventing Pilot Test Work Plan.

1.0 PILOT TEST DESIGN AND CONSTRUCTION
1.1 Fire Protection Training Area No. 1 (Site 3)

Installation of a central Vent Well (VW) and four Vapor Monitoring Points (VMPs)
was conducted at the FPTA No. 1 between 19 October and 29 October 1992. Locations
of the VW, VMPs, and abandoned boreholes are shown on Figure 1.1. The background
VMP (VMP-4) was located approximately 300 feet northeast of the VW. Borehole
drilling services were provided by PC Exploration, Inc. of Roseville, California. Soil
sampling and well installation was directed on-site by Mr. Henry Pietropaoli and Mr.
Frederick Stanin, R.G. of the ES-Alameda office.

Eleven boreholes were drilled at the site; five were converted to VMPs and the VW,
and six were abandoned with bentonite/cement grout to the surface. This number of
boreholes was necessary, in part, to find the most contaminated locations within the
FPTA No. 1 for proper VW and VMP siting. Split-spoon soil samples were collected for
field organic vapor analysis (OVA) to determine appropriate VW and VMP screened
intervals and total depths. Both a total hydrocarbon vapor analyzer (THVA) and
photoionization detector (PID) were used to screen field samples. Soil samples were also
collected for laboratory analysis. Table 1.1 summarizes pertinent borehole data.

Figure 1.2 is a geologic cross-section of the pilot test site using data from the VW and
three VMPs (the background VMP is not shown). The interpreted soil profile is shown
along with OVA readings, VW and VMP screened intervals, and TRPH concentrations
from laboratory analysis of soil samples. The soil boring logs are included as Appendix
A. The near surface soils (upper 10 to 12 feet) are predominantly silty clays with some
evidence of fill or disturbed material near the surface. This fill was probably the result of
abandonment of the FPTA No. 1. A sand layer ranging from 4 to 7 feet in thickness
occurs down to about 17 feet bgs. Below this sand is another clay to silty clay zone of
about 10 feet in thickness. At the base of the observed soil profile is a zone that grades
laterally from a sandy/gravelly clay at VW-1 to a silty sand at VMP-3, and grades
vertically downward to a gravel of unknown thickness.
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TABLE 1.1
BOREHOLE, SOIL SAMPLE, VMP/VW SUMMARY DATA
IRP Site 3: Fire Protection Training Area No. 1

Beale AFB, California

(PPM)
50-65 62778 - 190c92]  280ct92 VW-1
10.0 - 11.5 | 360/470 [BE3-VW-10
15.0-16.5 | 22/68
20.0-21.5 | 24196
25.0-265| 15/8
300-315| 431
50-65 | 427183 ~Abandoned
10.0 - 11.5 | 180/436 -
15.0-16.5 | 16/424 -
20.0-21.5| 2/40 -
25.0-265| 0135 =
300-315| 0778 =
FEC T
10.0 - 11.5 2/1 =
15.0 - 16.5 0/5 =
20.0 - 21.5 0/0 -
25.0 - 26.5 02 =
50-65 | 120435 | — " [210c92] 280ct92 | Abandoned
10.0- 115 | 380/578 = g T
4a 25.0 30-0.5 | 380/660 =T [210c92] 280ct92 | Abandoned
13.0-145| 0/22 - T
18.0-19.5 | 1/13 -
23.5 - 25.0 0/0 = 1 .
b - 1 -7 - 280c92 | Abandoned '
4 ] so 95 ”] 610/860 |BE3—VMP2 9|220ct92| ”'230ct92 [ vMp2
5 “50-65 | 180571 - 210e02| 280092 | Abandoned
100 115 0/22 - :
8.0-95 | 1907281 |BE3-VMPI-9]230ct92] 260092 VMP-1
13.0 - 14.5 | 160/285 - ‘
18.0-19.5 | 13/32 -
235-250 7/10 - ,_
6 | 85 [ - | - - [230c92] 280ct92_ | Abandoned
7 | 290 50-65 | o0/4 - 280092] 29092 | VMP-4
Ch 100 - 115 0/0 -
.|145-16.0| 0/17 -
~[200-215 0/9 -
. 1250-265| 0/16 -
1275-290| o/14 -
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The boreholes were not advanced below 31.5 feet bgs because of the low OVA
readings in the lower portion of the observed soil profile (see Table 1.1 and Figure 1.2).
The vent well was completed above the gravel layer to prevent preferential air movement
into the lower gravel unit. Groundwater at the site was not encountered; the water table
at the site is approximately 100 feet bgs (Part I, Section 2.1.2).

1.1.1 Air Injection Vent Well

The air injection Vent Well (VW-1) was installed at a location of highly contaminated
soil following procedures described in the protocol document (Hinchee et al., 1992).
Table 1.2 shows construction data and Figure 1.3 shows construction details of VW-1.
The borehole was backfilled with bentonite from 31.5 feet bgs to 25.0 feet bgs to seal off
the well from the highly permeable gravels. VW-1 was constructed using 4-inch ID,
Schedule 40 PVC casing and slotted screen (0.040-inch slot size). The annular space
adjacent to the screen was filled with 6-12 Lone Star sand (filter pack) from the top of the
bentonite backfill to 2 feet above the top of the screen. To prevent preferential air
movement near the surface, an approximate 2-foot thick annular bentonite seal was
emplaced on top of the sand followed by a bentonite/cement grout to within 2 feet of the
surface. The well casing was connected directly to the portable blower unit for the initial
pilot test and then to the fixed blower unit located adjacent to the well for the extended
pilot test.

1.1.2 Vapor Monitoring Points

The four VMPs were installed (in the boreholes indicated in Table 1.1) in areas of
variably-contaminated soil following procedures described in the protocol document
(Hinchee et al.,, 1992). Table 1.2 shows construction data and Figure 1.4 shows
construction details of the VMPs. Some variability exists among the VMPs in
construction details as indicated in Table 1.2. Where needed, boreholes used for VMPs
were partially backfilled to seal off the VMPs from the highly permeable gravels. All
VMPs were constructed using 0.25-inch ID, Schedule 80 PVC casing and 1-inch ID
slotted screened intervals (0.020-inch slot size). Three casing strings/screens were
installed in each VMP borehole at depths of approximately 8, 14, and 24 feet bgs to
provide monitoring points at variable depths, soil types, and contamination levels. The
screened intervals were each 6 inches in length and were at the bottom of each individual
PVC casing string. Each screen was centered in a 2-foot thick layer of 6-12 Lone Star
sand (filter pack). These filter pack intervals were sealed above and below with
bentonite. A sampling valve was coupled at the top of each casing string. In VMP-1,
thermocouples were installed adjacent to the 8-foot and 14-foot screens to allow
measurement of soil temperature. The surface of each VMP was completed with a flush-
mounted well box set in a concrete base.

1.1.3 Blower Units

A portable 3.0-horsepower Roots™ positive displacement blower unit was used for the
initial pilot test. A fixed 2.5-horsepower (HP) Gast™ regenerative blower unit was
installed on 11 November 1992 for the extended pilot test. The portable unit was
powered by a 230-V, single-phase, 30-A line from an above-ground power line and
breaker provided by the base. The fixed unit is powered by the 230-V, single-phase,
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TABLE 1.2
VMP/VW CONSTRUCTION DATA
IRP Site 3: Fire Protection Training Area No. 1

Beala AFB, California

13.0 - 15.0

9.0 - 13.0

23.0-25.5

15.0-17.0

21.0 - 23.0

6.9-9.0

3.0-6.9

None

13.0-15.2

9.0-13.0

23.0 - 25.2

15.2 - 23.0

6.5-9.0

13.0 - 15.0

9.0-13.0

23.0-25.0

15.0 - 23.0

5-9.

14.0 - 16.0

23.0-25.0

BEALETAB2.WKI1




FIGURE 1.3
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FIGURE 1.4
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30-A line used by the portable unit. Locations of the power pole, power line, and blower
are shown on Figure 1.1. The fixed blower unit is currently injecting approximately 30
standard cubic feet per minute (scfm) for the extended pilot test. The configuration,
instrumentation, and specifications for this system are shown on Figure 1.5. ES
personnel provided an operations and maintenance (O&M) data collection sheet and
blower maintenance manual to base personnel before departing from the site. A copy of
the data collection sheet and manual is provided as Appendix B.

1.1.4 Exceptions to Test Protocol Document Procedures

Procedures described in the protocol document (Hinchee et al., 1992) related to pilot
test design and construction were used with the following exceptions:

o Borechole diameter for VMP-4 was 8 inches instead of 11 inches.

» Lone Star 6-12 sand was used for filter pack material in all VMPs and the VW
instead of 6-9 silica sand.

+ A thermocouple was installed adjacent to the middle VMP screen in VMP-1
instead of the deepest VMP screen.

1.2 Bulk Fuel Storage Area (Site 18)

Installation of a central Vent Well (VW) and three Vapor Monitoring Points (VMPs)
was conducted along the railroad tracks at the north end of the AVGAS facilities within
the Bulk Fuel Storage Area between 29 October and 10 November 1992. Locations of
the VW and VMPs are shown on Figure 1.6. No background VMP was installed at the
site; background levels of soil gas were derived from the background VMP at IRP Site 3
(VMP-4). Borehole drilling services were provided by PC Exploration, Inc. of Roseville,
California. Soil sampling and well installation was directed on-site by Mr. Henry
Pietropaoli of the ES-Alameda office.

Four boreholes were drilled at the site; one was converted to the VW and three were
converted to VMPs. No boreholes were abandoned since contamination observed during
drilling was at sufficient levels for VW and VMP siting. Split-spoon soil samples were
collected for field organic vapor analysis (OVA) to determine appropriate VW and VMP
screened intervals and total depths. A PID was used to screen field samples. Soil
samples were also collected for laboratory analysis. Table 1.3 summarizes of all
pertinent borehole data.

Figure 1.7 is a geologic cross-section of the pilot test site using data from the VW and
the three VMPs. The interpreted soil profile is shown along with OV A readings, VW and
VMP screened intervals, and TRPH concentrations from laboratory analysis of soil
samples. The soil boring logs are included as Appendix A. The upper 4 feet of the
profile is railroad ballast material of imported coarse gravel. Immediately below the
ballast is a 4 to 6 foot thick layer of clayey silt that grades downward into a 3 to 6 foot
thick layer of sand. This sand zone is fine-grained and clayey in VMP-3 and VMP-2 and
becomes thicker and coarser-grained with no clay to the east in VMP-1 and VW-1.
Below this sand layer are mostly clays and silty clays with some sporadic sandy clay
zones. These clays extend 25 or 30 feet below the upper sand layer, except in VMP-3
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TABLE 1.3
BOREHOLE, SOIL SAMPLE, VMP/VW SUMMARY DATA
IRP Site 18: Bulk Fuel Storage Area
Beale AFB, California

R. bgs).

50-6.5 267 - 290ct92 | 09Nov92 VMP-2
9.5-11.0 1127 BE18-VW-11
14.0-15.5 0 -

19.0 - 20.5 349 -
27.0-28.5 78 -
29.0 - 30.5 0 -
35.0 - 36.5 0 -
40.0 - 41.5 802 -
45.0 - 46.5 148 -
50.0 - 51.5 136 -
55.0 - 56.5 743 -
60.0 - 61.5 112 L=

64.5 - 66.0 246 -
| 66.0 - 67.5 NR -

| 14.5-16.0 306 z
19.0 - 20.5 189 -

122.5-24.0 227 -
' 235 -
249 -
430 -
269 -
282 -
407 -
71 -
25 —
3 70.0 5.0-6.5 963 - 03Nov92{ 05Nov92 VMP-1

1 48.5-50.0
|545-56.0| 509 =

i 59.0 - 60.5 676 -
1 64.0 - 65.5 489 -

|68.0-700| 218 -
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TABLE 1.3
BOREHOLE, SOIL SAMPLE, VMP/VW SUMMARY DATA
IRP Site 18: Bulk Fuel Storage Area

Beale AFB, California

610
387
684
366
278
212
382
379
802
303
1165
86

10Nov92

10Nov92

VMP-3

BE18-VMP3-55

32
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where the clays persist to the total depth of the borehole (69 feet bgs). A 5 to 6 foot thick
sand layer is below these clays in VMP-1, VMP-2, and VW-1. This sand is gravelly to
the west and then laterally pinches out. Below this sand layer are silty clays with rare
sandy clays that extend to total depth of all wells except VW-1 where a gravelly sand of
unknown thickness was encountered at 70 feet bgs.

None of the boreholes were advanced below 71.5 feet bgs because of relatively low
OVA readings in the lower portion of the observed soil profile (see Table 1.3 and Figure
1.7). All the wells were completed above the gravelly sand zone found at the base of the
VW-1 borehole. Groundwater at the site was not encountered; the water table at the site
is approximately 105 feet bgs (see Part I).

1.2.1 Air Injection Vent Well

The air injection Vent Well (VW-1) was installed at a location of highly contaminated
soil following procedures described in the protocol document (Hinchee et al., 1992).
Table 1.4 shows construction data and Figure 1.8 shows construction details of VW-1.
The borehole was backfilled with bentonite from 71.5 feet bgs to 60.0 feet bgs to seal off
the well from the sandy gravel found at the base of the borehole. The VW was
constructed using 4-inch ID, Schedule 40 PVC casing and slotted screen (0.040-inch slot
size). The annular space adjacent to the screen was filled with 6-12 Lone Star sand (filter
pack) from the top of the bentonite backfill to 2 feet above the top of the screen. An
approximately 4-foot thick annular bentonite seal was emplaced on top of the sand
followed by a bentonite/cement grout to within 2 feet of the surface. The well casing was
connected directly to the portable blower unit for the initial pilot test and then to the fixed
blower unit located adjacent to the well for the extended pilot test.

1.2.2 Vapor Monitoring Points

The three VMPs were installed (in the boreholes indicated in Table 1.3) in areas of
variably-contaminated soil following procedures described in the protocol document
(Hinchee et al, 1992). Table 1.4 shows construction data and Figure 1.9 shows
construction details of the VMPs. Some variability exists among the VMPs in
construction details as indicated in Table 1.4. For example, the lowermost screened
interval in VMP-3 was placed 10 feet higher than the equivalent screens in VMP-1 and
VMP-2 because of the comparatively high OVA reading at 55 feet bgs (see Figure 1.7).
Where needed the boreholes were partially backfilled to the base of the lowest screened
interval. All VMPs were constructed using 0.25-inch ID, Schedule 80 PVC casing and 1-
inch ID slotted screened intervals (0.020-inch slot size). Four casing strings/screens were
installed in each VMP borehole at depths of approximately 6, 11, 30, and 65 (55 in VMP-
3) feet bgs to provide monitoring points at variable depths, soil types, and contamination
levels. The screened intervals were each 6 inches in length and were at the bottom of
each individual PVC casing string. Each screen was centered in a 2-foot thick layer of 6-
12 Lone Star sand (filter pack). These filter pack intervals were sealed above and below
with bentonite. A sampling valve was coupled at the top of each casing string. In VMP-
1, thermocouples were installed adjacent to the 5-foot and 64-foot screens to allow
measurement of soil temperature. The surface of each VMP was completed with a flush-
mounted well box set in a concrete base.
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TABLE 1.4
VMP/VW CONSTRUCTION DATA

IRP Site 18: Bulk Fuel Storage Area
Beala AFB, California

¢

8.0 - 61.0

43-8.0

61.0-71.5

5.0-6.8

2.5-5.0

None

9.5-12.0

6.8-9.0

29.0 - 31.0

12.0 - 29.0

63.0 - 64.9

31.0 - 63.0

10.0 - 12.0

28.8 - 30.8

12.0 - 28.8

30.8 - 63.8

66.0 - 67.5

VMP-3 |

5.0-7.0

1.5-5.0

None

10.0 - 12.0

7.0 - 10.0

29.0 - 31.0

12.0 - 29.0

54.0 - 56.0

31.0 - 54.0

56.0 - 69.0
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FIGURE 1.8
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1.2.3 Blower Units

A portable 3.0-horsepower Roots™ positive displacement blower unit was used for the
initial pilot test. A fixed 2.5-HP Gast™ regenerative blower unit was set-up on 19
November 1992 for the extended pilot test, and was installed on 14 January 1993 after
explosion-proofing concerns were addressed. The portable unit was powered by a 230-
V, single-phase, 30-A line from an above-ground power line and breaker provided by the
base. The fixed unit is powered by the 230-V, single-phase, 30-A line used by the
portable unit. Locations of the power pole, power line, and blower are shown on Figure
1.6. The fixed blower unit is currently injecting approximately 30 standard cubic feet per
minute (scfm) for the extended pilot test. The configuration, instrumentation, and
specifications for this system are shown on Figure 1.10. ES personnel provided an
operations and maintenance (O&M) data collection sheet and blower maintenance
manual to base personnel before departing from the site. A copy of the data collection
sheet and manual is provided as Appendix B.

1.2.4 Exceptions to Test Protocol Document Procedures

Procedures described in the protocol document (Hinchee et al., 1992) related to pilot
test design and construction were used with the following exceptions:

+ Borehole diameter for all VMPs and the VW was 8 inches instead of 11 inches.

» Lonestar 6-12 sand was used for filter pack material in all VMPs and the VW
instead of 6-9 silica sand.
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FIGURE 1.10
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2.0 PILOT TEST SOIL AND SOIL-GAS SAMPLING RESULTS
2.1 Fire Protection Training Area No. 1 (Site 3)
2.1.1 Soil Sample Field Analysis

Contaminated soils were identified based on field observations such as visual
appearance, odor, and OVA readings. OVA readings were monitored using both a
photoionization detector (PID) and a total hydrocarbon vapor analyzer (THVA) on all
soil samples in order to estimate the relative amount and extent of soil contamination
detectable by such devices. OVA readings using the PID were consistently higher than
the THVA readings (see Table 1.1).

Hydrocarbon contamination at the test site is probably confined to soils within the
former FPTA No. 1 bermed area. VMP-3 may be located just outside of the former
bermed area based on where the bermed area was thought to be and the field observations
such as low OVA readings (see Table 1.1 and Figure 1.2). In addition, there was no
staining or odor in the VMP-3 soil samples. All other boreholes, except for the
background VMP, were located within the former bermed area and encountered
observable soil contamination. Some soils had a blue-green discoloration and a
fuel/paint (solvent)-like odor. The discoloration was limited to the upper 15 feet and was
sporadic. The odor was only noted within the upper 20 feet and varied in intensity.
These visual and sensory observations correlate with OVA readings which showed no
readings exceeding 100 ppmv below 20 feet. The highest OVA readings were recorded
in the shallow silty clays and the upper portion of the shallow sand layer (see Figure 1.2).

2.1.2 Soil Sample Laboratory Analysis

Soil samples for laboratory analysis were collected by using a hammer-driven split-
spoon sampler lined with brass sleeves. The samples were preserved in the brass sleeves
and capped with Teflon tape and plastic end-caps. Selection of soil samples for
laboratory analysis was based on field OVA readings. Samples from VW-1, VMP-1, and
VMP-2 boreholes with the highest OVA readings were selected for laboratory analysis
and were collected from depths of 9 to 10 feet bgs (see Table 1.1).

The selected soil samples were either shipped via Federal Express or hand-delivered
to the ES-Berkeley Laboratory (ESBL) for chemical and physical analysis. Analytes
were: total recoverable petroleum hydrocarbons (TRPH); benzene, toluene,
ethylbenzene, and total xylenes (BTEX); iron; alkalinity; pH; total Kjeldahl nitrogen;
phosphates; moisture; and grain size distribution. Samples to be analyzed for total
Kjeldahl nitrogen, phosphates, and grain size distribution were transferred to Sequoia
Analytical in Redwood City, California. The results of all analyses are summarized in
Table 2.1. The TRPH concentrations are also included on the geological cross section
(Figure 1.2).

2.1.3 Soil-Gas Sample Laboratory Analysis

Subsurface soil-gas samples were collected for laboratory analysis in Summa®
cannisters. These samples were collected from the Vent Well (VW-1), the screen at 8
feet bgs in VMP-1, and the screen at 14 feet bgs in VMP-3 after purging the individual
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, TABLE 2.1
l SOIL and SOIL GAS ANALYTICAL RESULTS

L] IRP Site 3: Fire Protection Training Area No. 1
Beale AFB, California

Soil Hydrocarbons: VW-10 VMP1-9 VMP2-9
TRPH (mg/Kg) 25,000 7,400 9,800
/i Benzene (mg/Kg) 3.2 ND ND
l Toluene (mg/Kg) 8.2 3.1 3.1
Ethylbenzene (mg/Kg) 8.2 1.7 ND
Xylenes (mg/Kg) 38 5.8 7.8
i I | Soil Inorganics: VW-10 VMP1-9  VMP2-9
Iron (mg/Kg dry wt.) 19,700 35,300 27,600
' Alkalinity (mg/Kg as CaCO3) ND 150 85
' pH (units) 7.4 8 7.8
TKN  (mg/Kg dry wt.) 83 160 72
. Phosphates  (mg/Kg dry wt.) 320 500 380
Soil Physical Parameters: VW-10 VMP1-9 VMP2-9
Moisture (% wt.) 21.8 21.3 22.2
' Gravel (% wt.) 0 0 0
* Sand (% wt.) 50 54 41
- Silt (% wt.) 42.5 40 42
'\ Clay (% wt.) 7.5 6 17
Soil Gas Hydrocarbons: vw VMPI1-8 VMP3-14
TVH (ppmv) 4,000 4,800 150
' Benzene (ppmv) 3.1 3.8 0.054
' Toluene (ppmv) 2.2 3.6 0.016
i) Ethylbenzene (ppmv) 14 0.72 ND
' Xylenes (ppmv) 34 3.6 0.002
' ; Soil Gas Hydrocarbons (at surface): BKT-1 BKT-2
' TVH (ppmv) 0.87 0.75
Benzene (ppmv) ND ND
' Toluene (ppmv) ND ND
Ethylbenzene (ppmv) ND ND
Xylenes (ppmv) ND ND
. NOTES:
. TRPH - Total recoverable petroleum hydrocarbons CaCO3 - Calcium carbonate
TVH - Total volatile hydrocarbons mg/Kg ~ milligrams per kilogram
' TKN - Total Kjeldahl nitrogen ND - Not detected
ppmv - Parts per million, volume per volume NA - Not Analyzed
,l BEALTABS. WK1
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casings of at least one volume of air. The soil-gas samples were shipped via Federal
Express to Air Toxics, Ltd. in Rancho Cordova, California for analysis of total volatile
hydrocarbons (TVH) and BTEX. The results of these analyses are summarized in Table
2.1

Additional soil-gas samples were collected during the air permeability test for
laboratory analysis to determine potential emissions of TVH and BTEX to the
atmosphere resulting from air injection during the pilot test (described in detail in Section
3.1.5 of this report). This additional sampling was at the request of the Feather River Air
Quality Management District. Two samples were collected at a surface location 15 feet
to the northwest of VW-1; one sample was collected 2 hours after the start of air injection
(sample BKT-1) and one sample 4 hours after the start of air injection (sample BKT-2)
during the air permeability test. These "bucket" or flux-chamber samples were collected
in Summa® cannisters. The results of these analyses showed no detectable BTEX
hydrocarbon gases and low TVH concentrations (Table 2.1).

2.1.4 Field QA/QC Results

No QA/QC soil samples (field duplicates) were collected during sampling activities at
the test site.

2.1.5 Exceptions to Test Protocol Document Procedures

Procedures described in the protocol document (Hinchee et al., 1992) related to soil
and soil-gas sampling were used with the following exceptions:

+ Soil samples were screened in the field (OVA readings) using both a THVA and a
PID in order to compare data from both devices.

» Surface soil-gas samples during the air permeability test were collected at the
request of the Feather River Air Quality Management District. These samples
were analyzed for TVH and BTEX.

2.2 Bulk Fuel Storage Area (Site 18)
2.2.1 Soil Sample Field Analysis

Contaminated soils were identified based on field observations such as visual
appearance, odor, and OVA readings. OVA readings were monitored using a
photoionization detector (PID) on all soil samples in order to estimate the relative amount
and extent of soil contamination detectable by such a device.

The extent of hydrocarbon contamination at the test site remains unknown. All
boreholes drilled at the site encountered observable soil contamination. Some soils had a
blue-green discoloration and a fuel-like odor. The discoloration was limited to the upper
30 feet and was sporadic. The odor was only noted within the upper 20 feet and varied in
intensity. These visual and sensory observations correlate with OV A readings only in the
respect that the highest OVA readings were recorded in the shallow sand zone at around
10 feet bgs; this sand was discolored in part and had a noticeable fuel odor. However,
significant OVA readings persisted with depth, with a reading of 1165 ppmv at 55 feet
bgs in VMP-3 (see Table 1.3 and Figure 1.7); the silty clays at this depth exhibited no
discoloration and had no noticeable odor. Considering the lack of discoloration of soil
and hydrocarbon odor, and the laboratory results, the high OVA readings at depth are
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attributable to natural organic decomposition of material in the soil at depth rather than
hydrocarbon contamination.

2.2.2 Soil Sample Laboratory Analysis

Soil samples for laboratory analysis were collected by using a hammer-driven split-
spoon sampler lined with brass sleeves. The samples were preserved in the brass sleeves
and capped with Teflon tape and plastic end-caps. Selection of soil samples for
laboratory analysis was based on field OVA analysis. Samples from VW-1, VMP-1,
VMP-2, and VMP-3 boreholes with the highest OVA readings were selected for
laboratory analysis and were collected from depths of 11 to 12 feet bgs (see Table 1.3).
An additional soil sample collected from the VMP-3 borehole at 55 feet bgs was
submitted for analysis in order to evaluate the high OVA readings at deeper depths.

The selected soil samples were hand delivered to the ES-Berkeley Laboratory (ESBL)
for chemical and physical analysis. Analytes for the VW-1, VMP-1, and VMP-2 soil
samples were: total recoverable petroleum hydrocarbons (TRPH); benzene, toluene,
ethylbenzene, and total xylenes (BTEX); iron; alkalinity; pH; total Kjeldahl nitrogen;
phosphates; moisture; and grain size distribution. Analytes for the VMP-3 soil sample
(the additional sample as noted above) were only TRPH, BTEX, and moisture. Samples
to be analyzed for total Kjeldahl nitrogen, phosphates, and grain size distribution were
transferred to Sequoia Analytical in Redwood City, California. The results of all
analyses are summarized in Table 2.2. The TRPH concentrations are also included on
the geological cross section (Figure 1.7).

2.2.3 Soil-Gas Sample Laboratory Analysis

Subsurface soil-gas samples were collected for laboratory analysis in Summa®
cannisters. These samples were collected from the Vent Well (VW-1), and the screens at
6 feet bgs in two VMPs (VMP-1 and VMP-3) after purging the individual VMP casings
of at least one volume of air. The soil-gas samples were shipped via Federal Express to
Air Toxics, Ltd. in Rancho Cordova, California for analysis of total volatile
hydrocarbons (TVH) and BTEX. The results of these analyses are summarized in Table
2.2.

2.2.4 Field QA/QC Results

No QA/QC soil samples (field duplicates) were collected during sampling activities at
the test site.

2.2.5 Exceptions to Test Protocol Document Procedures

Procedures described in the protocol document (Hinchee et al., 1992) related to soil
and soil-gas sampling were used with the following exceptions:

» Soil samples were screened in the field (OVA analysis) by using a PID instead of a
THVA due to malfunction of the THVA available to field personnel at the time of
boring operations.

* An extra soil sample (from 55 feet bgs in VMP-3 borehole) was submitted for
laboratory analysis for TRPH, BTEX, and moisture in order to evaluate the high
OVA readings at depths below that where contamination was observable by
staining and odor.
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TABLE 2.2
SOIL and SOIL GAS ANALYTICAL RESULTS

IRP Site 18: Bulk Fuel Storage Area
Beale AFB, California

Soil Hydrocarbons: vw-11 VMP1-12 VMP3-55
TRPH (mg/Kg) 24,000 40,000 3,900 5
Benzene (mg/Kg) ND ND ND ND
Toluene (mg/Kg) 2.0 0.75 1.5 ND
Ethylbenzene (mg/Kg) 6.7 0.52 2.7 ND
Xylenes (mg/Kg) 16.0 ND 7.8 ND
Soil Inorganics: Vw-11 VMP1-12 VMP2-11 VMP3-55
Iron (mg/Kg dry wt.) 30,500 26,200 22,400 NA
Alkalinity (mg/Kg as CaCO3) ND 82 95 NA
pH (units) 7.0 7.4 7.8 NA
TKN (mg/Kg dry wt.) 69 46 ND NA
Phosphates  (mg/Kg dry wt.) 300 300 140 NA
Soil Physical Parameters: vw-11 VMP1-12 VMP2-11 VMP3-55
Moisture (% wt.) 24.8 26.9 26.5 13.1
Gravel (% wt.) 0 0 0 NA
Sand (% wt.) 69 67 61 NA
Silt (% wt.) 23.5 25 32.5 NA
Clay (% wt.) 7.5 8 6.5 NA
Soil Gas Hydrocarbons: vw VMP1-6 VMP3-6
TVH (ppmv) 1,500 1,400 7,900
Benzene (ppmv) 2.0 1.1 31
Toluene (ppmv) 0.65 1.1 3.0
Ethylbenzene (ppmv) 2.1 1.2 2.7
Xylenes (ppmv) 2.3 24 0.76

NOTES:

TRPH - Total recoverable petroleum hydrocarbons CaCO3 - Calcium carbonate
TVH - Total volatile hydrocarbons
TKN - Total Kjeldahl nitrogen

ppmv - Parts per million, volume per volume

mg/Kg - milligrams per kilogram
ND - Not detected
NA - Not Analyzed
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3.0 PILOT TEST RESULTS
3.1 Fire Protection Training Area No. 1 (Site 3)
3.1.1 Initial Soil Gas Chemistry

Prior to initiating any air injection, all VMPs were purged until oxygen levels had
stabilized, and then initial oxygen and carbon dioxide concentrations were sampled using
portable gas analyzers, as described in the technical protocol document (Hinchee et al.,
1992). Except at VMP1-8, microorganisms had depleted soil gas oxygen supplies at all
VMP screened intervals, indicating significant soil contamination. Useable initial soil
gas samples could not be extracted from VMP1 and VMP3 at the 8-foot depth because
water had migrated down into the monitoring point filter pack during construction. The
background VMP (VMP-4), outside the area of soil contamination, had 20.7, 18.0, and
16.5 percent oxygen at depths of 8, 15, and 24 feet, respectively. The initial soil gas
chemistry measured at IRP Site 3 shows significant contamination at 8 to 10 feet bgs as
summarized in Table 3.1. TRPH data for soil samples are also provided to demonstrate
the relationship between oxygen levels and the contaminated soils. No air samples were
collected from VMP3-8 because this screened interval was flooded during VMP
construction when a small water line was broken.

3.1.2 Air Permeability

An air permeability test was conducted according to protocol document procedures.
Air was injected into the VW for 5.5 hours at a rate of approximately 35 scfm with an
average pressure of approximately 4.2 pounds per square inch (psi) or 116 inches of
water (in. H,0). The pressure response and calculated permeability at each VMP
screened interval are shown on Figures 3.1 through 3.3. Due to the slow response and
relatively long time to achieve steady state, the HyperVentilate™ model was used to
calculate air permeability (Hinchee et al., 1992). Calculated air permeability values
ranged between 9 and 13 darcys. It is important to note that VMPs were screened at
discrete intervals within both clay and silty-sand zones. Pressure influence and oxygen
movement was apparent in all soil types. A radius of pressure influence of at least 55
