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SECTION 1
INTRODUCTION

This Work Plan presents the scope for an expanded bioventing system for iz situ treatment of
fuel-contaminated soils at the Aircraft Ground Equipment (AGE) Maintenance Area at Beale
Air Force Base (AFB), Yuba County, California. The AGE Maintenance Area has been
designated as Installation Restoration Program (IRP) Site 11. Beale AFB is located
approximately 10 miles east of Marysville and 130 miles northeast of San Francisco (Figure
1.1). The proposed expanded system activities will be performed by Parsons Engineering
Science, Inc. (Parsons ES) [formerly Engineering-Science, Inc. (ES)] for the Air Force
Center for Environmental Excellence (AFCEE), Technology Transfer Division (ERT), under
contract F41624-92-D-8036, Delivery Order 0017.

The primary objectives of the system upgrade are:
e To supply oxygen throughout the remaining contaminated soil volume;

e To continue in situ remediation of fuel-contaminated soils by aerobic biodegradation;
and

e To sustain in situ biodegradation until fuel-contaminated soils within the unsaturated
zone are remediated to regulatory-approved standards.

Additional background information on the development and recent success of the bioventing
technology is found in the document entitled “Test Plan and Technical Protocol for a Field
Treatability Test for Bioventing” (Hinchee et al 1992). This protocol document will also
serve as the primary reference for well designs and detailed procedures which will be used
during site testing and sampling.

The U.S. Air Force considers bioventing a proven source-removal technology for fuel-
hydrocarbon contaminated soils and an appropriate implementation of the “presumptive
remedy” approach and the USEPA’s Superfund Accelerated Cleanup Model (SACM). Under
these approaches, during site assessment activities early short-term actions, such as the
proposed expanded bioventing system described in this report, are taken to reduce
contaminant sources while further site investigations are continued and long-term remedial
strategies are evaluated. These early short-term actions are limited to presumptive remedies
that are known or proven to be effective at sites with similar characteristics to the site in
question.

Following short-term removal actions, the site remedial decision is evaluated with additional
investigation results, taking into account other contamination such as halogenated VOCs or

ALA-25-04.R0 12/11/95 1-1
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groundwater contamination and any remaining residual fuel-hydrocarbon contamination.
Figure 1.2 shows the integration of bioventing within the U.S. Air IRP. Law Environmental,
Inc. (LAW) prepared a Site Characterization Summary Report describing extent of
contamination (LAW 1995a) and have prepared a draft screening report of soil and
groundwater remedial alternatives for Site 11 (LAW 1995b). One of the feasible cost
effective options identified in the draft screening report was bioventing. The proposed
expanded bioventing system described in this work plan is intended to be a short-term action
to remediate the remaining fuel-hydrocarbon contamination in the soils. The groundwater
affected by chlorinated hydrocarbons will be addressed as part of a multi-site evaluation in
the flight line area.

A one-year bioventing pilot test was performed by Parsons ES at this site from May 1993 to
June 1994 to determine if in situ bioventing would be a feasible remediation technology for
the fuel-contaminated soils within the unsaturated zone in the source area (ES, 1993a; HQ
AFCEE/ERT 1995). The radius of oxygen influence during the pilot test was estimated to be
between approximately 55 and 70 feet from the vent well (VW). The air injection flow rate
used during the pilot test was approximately 55 standard cubic feet per minute (scfm).

Following the one-year pilot test, confirmatory soil and soil vapor samples were collected for
laboratory analysis. Based on laboratory results from soil and soil vapor samples taken from
the most contaminated areas, a reduction in soil vapor concentrations between 91% and 99%
occurred at the VW and the vapor monitoring points (VMPs). Results after one year of air
injection showed order of magnitude reductions of total volatile hydrocarbons (TVH) and
BTEX in soil vapor; however reductions in soil were not observed, probably due to a
heterogeneous distribution of contamination and the inherent variability of in situ soil
samples. The most recent oxygen-utilization measurements indicate fuel biodegradation is
still progressing at a measurable rate at the site. The success of bioventing at this site
supports the recommendation of an expanded bioventing system as the most economical
approach of remediating the remaining fuel-contaminated soils within the source area.

Pilot test data and previous site investigation results have been used to design the expanded
remediation system. The expanded system will employ a total of three air injection vent
wells: one installed previously during the initial one-year pilot test (VW-1), and two
additional VWs to provide oxygen throughout the significantly contaminated soils which
remain at the site.

This document is divided into six sections including this introduction. Section 2 discusses
the site background and history and previous investigation results. Section 3 summarizes the
results of the one-year pilot test conducted at the former UST excavation area at Site 11.
Section 4 identifies the areas to be influenced by the system upgrade, provides construction
details of the expanded system, recommends a proven, cost-effective approach for the
remediation of the remaining fuel-contaminated soils at the site, and briefly discusses other
remedial actions conducted and proposed to be conducted at Site 11. Section 5 provides key
points of contact at Beale AFB, AFCEE, and Parsons ES. Section 6 provides the references
cited in this document. Appendix A and Appendix B contain summary information from
previous site investigations.

ALA-25-04.R0 12/11/95 1-2




FIGURE 1.1
R. . R. 4 E. R. 5 E. R. 6¢F
3f Vert 121°22'30"
83 10 20 —
N t?* '
./;'N >
- X -
- T. 15 N, MARYSVILLE .-"TG% z
{— =
YUBA: CITY ©
. N SLALE WOAD ©
OLIVEHURST <
> (=)
- <
= - YUBA -
T 14 N, > g w
L~ - -4
-
COUNT $
& & RESERVOIR
° ) . e EAYTL AND 2.
39°00 "2 W R
= ? / BEA i
T. 13 N. : a\ [ " PLACER
/ SUTTE|R l COUNTY
/
/ COUNTI|Y i
88— (70 —1 §5
g N NS4
121722°30°
SAC(FAu[»no
vatLEy
Arez covered
by above map
35°00~
[ ] $ *
‘.“'V/ 5::‘1{? U SCALE N MLES
no gt VICINITY MAP
SOURCE: GROUNDV:{ATER CONDITIIONS AT BEALE AIR FORéE BASE
TS o SEoooeR, IRP SITE 11
BEALE AFB, CALIFORNIA

REV.2 BE40:-08.DWG 07/11/85

PARSONS ENGINEERING SCIENCE




FIGURE 1.2

Ri

* Soi
* Soi

FS

Remedial Investigation/
Feasibility Study

Nutrients

Soil Contaminants

. Groundwater Contaminants
Indicator Parameters of Intrinsic

Establish Remedial Objectives

(RI/FS)

| Gas
| Type, Moisture Content,

Bioventing
Removal Action
Evaluation

Bioventing
Removal
Action

Record of Decision
(ROD)

Remedial Design/
Remedial Action
(RD/RA)

——

Site Closure

Y

Post-Closure

BIOVENTING REMOVAL ACTION
AND THE AIR FORCE IRP

Monitoring

BEALE AIR FORCE BASE
CALIFORNIA

REV. 1 FS811-01.CDR 12/08/85

PARSONS ENGINEERING SCIENCE, INC.




SECTION 2
SITE BACKGROUND




Parsons Engineering Science, Inc.

SECTION 2

SITE BACKGROUND

2.1 SITE LOCATION AND HISTORY

IRP Site 11 consists of Building 1225, three above ground storage tanks (ASTs), a small
pump island, a backfilled underground storage tank (UST) excavation, paved vehicle parking
areas, landscaped areas, and unlined drainage channels (Figures 2.1 and 2.2).

AGE maintenance activities have been performed at Site 11 over the past 30 years. These
activities have included storage of gasoline, diesel, and JP-4 jet fuel in three former USTs
connected to a fuel pump island. In addition, aircraft ground support vehicles have been
stored and operated from the paved areas south of Building 1225 and these vehicles have
been known to leak oil and hydraulic fluids.

In June 1992, three existing USTs were removed and replaced by the three ASTs shown on
Figure 2.2. During soil excavation and UST removal operations, soil contamination was
observed in the soil beneath all three USTs. Although soil around and beneath the tanks was
removed, some contaminated soil was left in place. The maximum depth of the excavation
was 30 feet below ground surface (bgs), and the excavated area was backfilled to the surface
with clean fill. An initial bioventing pilot test was completed in the vicinity of the former
UST area. A summary of results from this pilot test are presented in Section 3.

Previous investigations have adequately defined the extent of contamination (LAW, 1995a).
The extent of subsurface soil contamination seems to be limited to the area near the oil/water
separator, the unlined drainage channel east of Building 1225, the former UST location, and
the areas surrounding the pump island. Groundwater at the site is also impacted. Appendix
B contains tables from previous reports summarizing soil, soil vapor, and groundwater
sampling results. Soil boring, shallow soil sampling, and groundwater monitoring well
locations are shown on Figure 2.3.

2.2 SITE GEOLOGY

The uppermost geologic unit in the western portion of Beale AFB, including Site 11, has
been mapped as the Laguna Formation. This formation consists of Plio-Pleistocene alluvial
sequence of silt, sand, clay, and unsorted gravels. Sediments encountered during drilling
completed during the fall of 1994 indicated a generalized sequence of interbedded silty sands
and sandy gravels (LAW, 1995a).

ALA-25-04.R0 12/11/95 2-1
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Sampling conducted by Parsons ES during installation of the bioventing pilot test system
indicated layers of gravelly sand, silts, and clays (ES, 1993a). The backfill materials for the
former excavation is composed of silty clay with common gravel-sized fragments up to 2
inches in diameter. The base of this backfill material was found in VMP-1, VMP-2 and VW-
1 at depths between 15 and 20 feet bgs.

Groundwater levels were measured between 95 and 102 feet bgs in site monitoring wells
during field monitoring conducted in November 1994 (LAW, 1995a). The first groundwater
flow zone is generally unconfined and is expected to flow in a southwest direction based on
these groundwater levels. The first flow zone is composed of slightly silty sand and slightly
gravely sand.

2.3 SITE CONTAMINATION

Subsurface soil contaminants at Site 11 are primarily fuel hydrocarbons, although low levels
of chlorinated VOCs were detected in some prior investigations. Lead was detected in
surface soil samples at concentrations ranging from 9 mg/kg to 200 mg/kg. The maximum
detected concentrations in soil, soil vapor, and groundwater at the time of UST removal and
for the two most recent sampling events are shown in Table 2.1. The soil vapor and soil
analytical sampling results within the radius of the proposed bioventing system for the two
most recent sampling events are shown in Table 2.2 and 2.3, respectively. Sampling
locations are shown on Figure 2.3. Appendix B is a summary of the analytical results from
previous site investigations for Site 11.

The maximum contaminant concentrations in soil were found in the vicinity of the pump
island and former USTs. The maximum concentrations of fuel hydrocarbons were: 6,000
mg/kg total petroleum hydrocarbons as diesel (TPH-d), 860 mg/kg total petroleum
hydrocarbons as gasoline (TPH-g), 2,900 mg/kg SR-71 jet fuel (JP-7), 1,200 mg/kg test grade
jet fuel (JP-TS), 48 mg/kg benzene, and 721 mg/kg total BTEX.

Soil vapor samples were taken during the bioventing pilot test in the vicinity of the former
USTs and, during the 1994 site characterization by Law Environmental, at locations
throughout the site at depths between 3 and 10 feet bgs. Soil vapor concentration contours
for TPH and TCE based on 1994 site characterization activities, are shown on Figure 2.4.
The highest concentrations of TPH and benzene in soil vapor samples were found north and
east of the pump island. These contours do not include any samples collected from the
VMPs of the bioventing pilot test system, which was operating during the 1994 sampling
activities. Soil vapor sampling results from the bioventing pilot test system are discussed in
Section 3.

The concentrations of HVOCs detected during site characterization activities in the fall of
1994 are in the low part per million by volume (ppmv) range for vapor samples collected at
Site 11. The highest concentration of HVOCs appears to be located at the eastern edge of the
paved area near soil vapor sampling point 008VP. HVOCs are also found in the groundwater
at Site 11 and upgradient and downgradient of the site, and appear to be a part of a larger area
of affected sites along the flight line area.
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Based on photoionization detector (PID) readings and petroleum odors indicated on the soil
boring log for soil boring 11L009SB (Appendix A) and based on the TPH vapor
concentration contours shown on Figure 2.4, it is likely that significant soil contamination
also exists north and west of the pump island. However, no soil samples for laboratory
analysis were collected between the ground surface and 75 feet bgs in 11L.009SB or at other
borings in this area during the 1994 investigation. A possible source of contamination in
these areas is runoff from the paved area in the vicinity of the pump island onto the unpaved
area.
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JP-TS - volatile jet fuel
1,2-DCE - 1,2-dichloroethene
1.2-DCA - 1,2-dichloroethane
TCE - Trichiorethene

Sources:
1. LAW 1995
2. ES 1993

e EE

l TABLE 2.1
Soil, Soil Vapor, and Groundwater Analytical Data
. Maximum Detected Concentrations
IRP Site 11 - AGE Maintenance Area
l Beale AFB, California
Max. Detected Sample Depth
l Medium Analyte Concentration Location (ft bgs)
_ Soil TPH-g 860 mg/kg | UST Excavation Pit 10
Soil TPH-d 6,000 mg/kg | UST Excavation Pit 30
Soll JP-7 2,900 mg/kg 11L002SB 9-10.5
l Soil JP-TS 1,200 mg/kg 11L002SB 61.5-63.0
Soil Benzene 48 mg/kg UST Excavation Pit 30
1 Soil Toluene 190 mg/kg UST Excavation Pit 30
. Soil Ethylbenzene 83 mg/kg UST Excavation Pit 30
' Soil Total Xylenes 400 mg/kg UST Excavation Pit 30
Soil 1,2-DCA 0.003 mg/kg 11L008SB 100
' Soil Lead 200 mg/kg 11L0009SS 0.2-0.7
- Soil Vapor TPH 190,500 ppmv 11LO0SVP 10
. Soil Vapor Benzene 260 ppmv 11L024VP 8
I Soil Vapor Toluene 170 ppmv 11LO0GVP 10
” Soil Vapor Ethylbenzene 5 ppmv 11L023VP 9
Soil Vapor Total Xylenes 19 ppmv 11L023VP 9
. Soil Vapor 1,2-DCE 31 ppmv 11L008VP 7
Soil Vapor 1,2-DCA 5.80 ppmv 11LO0SVP 10
Soil Vapor TCE 2.81 ppmv 11LO08VP 7
Soil Vapor PCE 0.33 ppmv 11L001VP 9
' Groundwater TPH-g 330 pg/L. 11L002MW -
" Groundwater Toluene 22 pg/L 11L002MW -
Groundwater Total Xylenes 48 pg/L 11L002MW -
' Groundwater TCE 15 pg/L 11L004MW -
§ Groundwater | trans-1,2-dichloroethene 0.5 pg/L 11L004MW -
_ Groundwater Chloroform 1 ug/t 11L002MW -
l\ Groundwater |1,1,2,2-Tetrachloroethane 13 pa/L 11L002MW --
. bgs - below ground surface
TPH-d - total petroleum hydrocarbons as diesel
TPH-g - total petroleum hydrocarbons as gasoline
TPH - total petroleum hydrocarbons

l JP-7 - SR-71 jet fuel
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Parsons Engineering Science, Inc.

SECTION 3
PILOT TEST DESIGN AND CONSTRUCTION

A bioventing pilot test was conducted by Parsons ES at Site 11 between May 1993 and June '
1994. The objectives of the initial bioventing pilot test were:

e to assess the potential for supplying oxygen throughout the contaminated soil zone;

e to determine the rate at which indigenous microorganisms will degrade the fuel in the
soil when stimulated by oxygen-rich soil vapor, and;

e to evaluate the potential for sustaining these rates of fuel biodegradation until the
contamination is remediated below regulatory standards.

If bioventing proved to be a feasible technology for this site, the pilot test data would then be
used to design a full-scale remediation system.

3.1 TEST CONFIGURATION

Based on site investigation data collected through 1993, the maximum contamination was
expected to be in the former UST excavation area. One vent well (VW), designated VW-1,
three vapor monitoring points (VMPs), and a regenerative blower were installed within or
near the former UST excavation area between 19 and 22 April 1993. Figure 3.1 shows the
location of the VW, the three VMPs, and the blower.

VW-1 was located near the center of the former UST excavation area. The radius of venting
influence around the VW-1 was expected to be at least 60 feet based on the composition of
the soils. The three VMPs were located within a 55-foot radius of the VW-1 including one
VMP (VMP-3) located outside the former UST excavation area. The VMPs were screened at
discrete depths between 24 and 50 feet bgs. The VMPs were installed to monitor the in situ
biodegradation rates, as well as to determine the radius of oxygen influence.

3.2 AIRINJECTION BIOVENTING

2.1 System eration

An initial air permeability (AP) test was conducted on 11 and 12 May 1993. Air was injected
into VW-1 for approximately 18 hours at a rate of 33 standard cubic feet per minute (scfm).
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Parsons Engineering Science, Inc.

Calculated permeability values ranged from 22 to 43 darcys, values typical for the sandy soils
which were found at Site 11. The permeability values indicate the site soils are very
permeable to air. Based on measured pressure response, which is an indicator of long-term
oxygen transport, and the change in oxygen levels during the AP test, it was anticipated that
the radius of oxygen influence at the site would be at least 55 feet from VW-1. Follow-up
monitoring of oxygen levels and pressure response in the VMPs during the one-year pilot test
confirmed that the radius of influence was at least 55 feet and may be as high as 70 feet from
VW-1. Weekly system checks were conducted to ensure consistent operation and
performance.

3.2.2 In Situ Biodegradation Rates

Initial, six-month, and one-year in situ respiration (ISR) tests were conducted in May 1993,
December 1993, and July 1994, respectively. Soil and soil vapor sampling for laboratory
analysis was also conducted during the May 1993 and June 1994 events. These monitoring
and sampling events were designed to evaluate the long-term performance of the bioventing
system. Table 3.1 shows the estimated fuel biodegradation rates in mg TPH per kg soil per
year at the three VMPs, based on the initial, six-month, and one-year ISR tests.

Initial biodegradation rates ranged from 50 to 530 mg TPH per kg soil per year. At the end
of the one-year testing period, biodegradation rates decreased or remained generally the same
as initial degradation rates. A decrease in the biodegradation rate over time is an indicator of
contaminant removal and is expected as the contaminant levels in the soil drop due to
continued biodegradation. Biodegradation rates measured during the ISR test conducted in
July 1994, the most recent test, indicate that fuel residuals remain in the soil.

3.2.3 Initial and One-Year Soil and Soil Vapor Sampling Results

Upon completion of the one-year study, confirmatory soil and soil vapor samples were
collected from the initial sample locations. Table 3.2 provides a summary of initial and one-
year soil and soil vapor sampling results for total recoverable petroleum hydrocarbons
(TRPH), total volatile hydrocarbons (TVH), and BTEX. Results after one year of air
injection showed order of magnitude reductions of TVH and BTEX in soil vapor; however,
reductions in soil were not observed, probably due to a heterogeneous distribution of
contamination and the inherent variability of in situ soil samples.

2.4 Recommendation for Full-Scale Bioventin

Based on the one-year testing results, AFCEE has provided funding and contractual support
for an expanded bioventing system at the Site 11. AFCEE has retained Parsons ES to
continue bioventing services at Beale AFB and to complete installation of an expanded
bioventing system at Site 11. Section 4 provides details on the design, construction, and
operation of the expanded system.

ALA-25-04.R0 12/11/95 3-3




SICLIGLLS , pajdwes JON = SN .

SE/LE/L "sainsiow [euy} pue [eyiul jo abeiane si 10s J0 JUBUCD BiNjsiow SBWNSSY ,
‘1eah 1ad Ji0s Jo welbopy 1ad suoqueaoipAy jo swelbyiin |
'S8JON
SN Ot 6£00 SN VA4 9100 SN 0gs 8L0 G'0E-EdNA
SN €9 €c0°0 SN oLl 8€0°0 SN ogt Lv0°0 vc-cdNA
9'0¢ SN SN Y02 SN SN 8'¢c SN ¢ SN SOv-LdINA
L0Cc L 9€0°0 G'€c VA4 6€0°0 9'le 0S ¢to ve-LdNA
(Do) | (eah/BBw) [ (u/20%) | (D.) |, (eehBy/bw) [ (u/20%) | (Do) |, (eek/By/Bw) | (u/20%) |udeq-uonedo’
‘dwa]| 9 ‘erey °y ‘ayey | ‘dway 9 ‘erey % ‘arey | 'dwey 9 ‘eley ) ‘erey
llog |uonepe.Bepoig|uonezynn-?0| jlog |uonepeiBepoig |uonezinn-¢o| jlog  |uonepelbapolg|uoneziyn-fQ
v66L AINP-JEdA-L : €66} 1oquada(]-YiuoN-9 €661 A - [eiiu|
VINHO4ITVO ‘adv 31v3ad
S31VH NOILLYdvdO3aold ANV NOILVHIdS3H
L 3LIS
I'e 31719Vl




|

‘welboy Jad sweibyjw = By/Bw ‘suoqiesoipAy wnajonad ajqesanodal [ejo} = Hddl

‘apldnp pjay/ejdwes Arewud jo sjnsay

‘p661 ‘02 AINp Uo pajasjjod sajdwes jios jeuld

‘€661 ‘12 Pue 6} |idy usamjeq pajaa|jod sa|diues |ios feniu|
‘¥661 ‘21 AInp uo payos)joo sajdwes seb |jos jeuld

‘€661 ‘|| Aepy uo pajoajjoo sajdwes seb |10s [elluy

SHZIGRLLS ‘awn|oA Aq uoijjiw Jad syed = awdd ‘suoqiesolpAy ajejoA [ej0} = HAL

sealielL
9GSt ~ 8'SHESH '8l 9'€e v'e 92t (%) @imsion
02. | 064/01S o] ! S9°0 $20°0 6€0°0 (63/B6w) sausjhAx
€1 12/89 190> LL'O 92000 £700°0 (6x/6w) suszuaqiAyig
0'e> 8¥/0G 19°0> 8’1 €100 0200 (63/6w) suenjo .
0'e> 6'€>/0'v> 19°0> 8t 50000 SE00°0 (6%/6w) suszuag
089'€ 60€/981'} 0LO'} G> 8's8 g> (65/6w) HdY L

JeaA-L _ =NV IEEY N _ [eniuy cJBOA-L _ =N SUOQJEOOIPAH |I0S
G'Ge-2dWA Sve-LdNA 0E-FMA
06€ 0Se ovl ove 2Lo ]8> (awdd) seusjhx
A} 6S o oY 9000 € (nwdd) suszuaqiAyig
92 0.6 Al 0SS 200°0> vl (Awdd) suenjoy
L2 085 A oty 8000 o€ (awdd) suszueg
006'v 000'GS 00S'e 000'2L ) 000'LS (nwdd) HAL
JeaA-| _ femu| IEEY _ [emu| ¢ JBOA-L - [elu]  jsuoqiedospAH seo |ios
v2-€dWA Y- L dNA FAMA
(eoeuns punolb mojaq 1094) , (shun) eMhjeuy
yideq-suoneoso sidwes
VINHO4IMVD ‘gdv 31v3d
SL11NS3H TVIOILATVYNY SYD TI0S ANV T10S HVIA-I ANV TTVLLINI
L LIS
¢'t 319v.L

O R

©

N O T



SECTION 4

EXPANDED BIOVENTING SYSTEM




Parsons Engineering Science, Inc.

SECTION 4
EXPANDED BIOVENTING SYSTEM

The purpose of the expanded bioventing system is to provide oxygen and to stimulate aerobic
biodegradation of the remaining soil contamination present at Site 11. Based upon the
previous site investigation studies, two additional air injection VWs along with the existing

VW (VW-1), should be capable of providing oxygen to the soils at the site with the highest
levels of fuel hydrocarbon contamination.

4.1 OBJECTIVE

The primary objectives of the expanded bioventing system are:
e Optimize the system in order to fully influence the contaminated area;
e Monitor the system to ensure continuous operation;

¢ Reduce the existing contamination levels in soil to acceptable regulatory cleanup
criteria;

e Provide the most cost-effective remediation alternative for contaminated site soils,
while eliminating unnecessary impacts to the operations of this area of the base.

The bioventing system is not specifically designed to remediate the low levels of HVOCs
detected at site 11. However, recent laboratory and field-scale studies have shown that some
HVOCs, notably TCE and TCA, can be degraded under certain site conditions resulting in
the production of DCE and DCA as intermediate byproducts (Bower, et al. 1981; Nelson, et
al. 1987; Vogel, et al. 1987). The detection of these compounds in soil vapor at the site
provides good evidence that these processes are occurring at Site 11. However, the
investigation of the degradation of HVOC:s is beyond the scope of this project.

4.2 SYSTEM DESIGN

The proposed upgrade to the existing bioventing system will incorporate the addition of two
new VWs and two new VMPs. The additional VWs, to be designated VW-2 and VW-3, will
be located north and northeast of VW-1 (Figure 4.1). Based on the most recent bioventing
pilot test results, the radius of influence of the VWs is as large as 70 feet. The two new
VMPs, to be designated VMP-4 and VMP-5, will be placed at the edge of the expected radius
of influence of VW-2 and VW-3 and used to monitor oxygen influence and soil vapor
concentrations at discrete depths. It is anticipated that significant TPH contamination is
present in the vicinity of VMP-4 due to the strong petroleum odors and the PID

ALA-25-04.R0 12/11/95 4-1
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measurements indicated on the log for soil boring 11L009SB (Appendix A) and based on the
TPH vapor concentration contours (see Figure 2.4).

4.2.1 truction of Vent Well

Figure 4.2 shows construction details for the proposed VWs. The VWs will be constructed
of 2- or 4-inch inside diameter (ID) Schedule 40 polyvinyl chloride (PVC) casing, with an
interval of 0.04-inch slotted screen set between a minimum of 10 feet bgs down to the base of
contamination as determined by field organic vapor analysis (OVA) of soil samples. Flush-
threaded PVC casing and screen will be used with no organic solvents or glues. The filter
pack will be clean Lone Star sand with a 6-12 grain size and will be placed in the annular
space of the screened interval. A 3-foot layer of bentonite will be placed directly over the
filter pack. The remainder of the annular space, except for a 2-foot open area directly below
the ground surface, will be filled with a bentonite/cement grout. A complete seal is critical to
prevent the short-circuiting of air from the surface during air injection. Additional details on
VW construction are found in Section 4 of the protocol document.

The depth selected as the base of contamination will be based on an evaluation of physical
and visual evidence of contamination (e.g. odors and staining), site lithology, as well as
headspace screening using both hydrocarbon vapor analyzer and a photoionization detector.
Two to three additional headspace readings will be taken at increasing depths beyond the
apparent end of contamination to ensure that the vertical extent of contamination has been
delineated. Based on previous soil borings and soil vapor monitoring, it is estimated that the
maximum depth of the VWs will be between 50 and 100 feet bgs. A Total Hydrocarbon
Vapor Analyzer (THVA) will be used for field OVA readings. This platinum catalyst
combustion detector is calibrated with hexane, which provides a conservative reading
representative of total petroleum hydrocarbon vapors present.

4.2.2 Construction of Vapor Monitoring Points (VMP)s

Figure 4.2 showed the construction detail for the proposed VMPs. Two additional VMPs
will be installed at the site to monitor oxygen influence throughout the treatment area. The
VMPs will be constructed of 0.50-inch ID, Schedule 80 PVC casing and 1-inch ID slotted
screen intervals (0.020-inch slot size). Flush threaded PVC casing and screen will be used
with no organic solvents or glues. The annular space between the vapor monitoring screen
filter packs will be sealed with bentonite to isolate the monitoring intervals.

The VMPs will be screened to a maximum of three depths. Depths will be selected which
provide good vertical coverage between the ground surface and the base of contamination
and through different soil types. Multi-depth monitoring will determine the concentration of
oxygen across the entire soil profile and will be used to calculate oxygen-utilization rates and
fuel biodegradation rates at all monitored depths. The deepest screen will be placed at or
near the bottom of contamination as determined by field instrumentation. Oxygen and
carbon dioxide concentrations in soil vapor will be monitored using these vapor monitoring
screens.
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Air Supply an w Rat

Air supply piping that will be used as the conduit for the injected air to flow from the blower
to the VWs will be constructed of solid 2-inch ID, Schedule 80 PVC. The two new VWs and
the existing VW will be manifolded to a new, larger capacity air blower which will replace
the existing blower. All electrical work will be performed by a Parsons ES subcontractor
with base approval. The new blower will be located in the same location as the existing
blower. A separate flow control valve and pressure gauge will be installed for each VW in
order to adjust individual air flows to each VW.

Based on data collected during the bioventing pilot test, a maximum injection rate of 50 scfm
at each VW should be sufficient to supply oxygen to the contaminated soils within the
influence of the three VWs and sustain in situ fuel biodegradation. The radius of influence
around each VW is expected to be between 55 and 80 feet, based on data collected during the
bioventing pilot test.

4.3 SYSTEM OPERATION

Following system installation, preparation of an operation and maintenance (O&M) plan,
monitoring plan, and as-built system drawings will be prepared.

4.3.1 System Start-up

At startup, air will not be injected into VW-1, but only into VW-2 and VW-3, for the first
two to three weeks in order to assess the potential for vapor migration from the two new
VWs. All five VMPs will be used to evaluate potential vapor migration fromthe areas of the
site undergoing air injection for the first time.

Flow rate optimization of the air injection rate will be completed for VW-2 and VW-3 to
ensure proper operation of the blower system. Flow rate optimization is accomplished by
gradually increasing the flow rate to each VW until all VMPs within the radius of influence
of VW-2 and VW-3 reach a minimum oxygen concentration of approximately 10 percent.
Oxygen levels in excess of 10 percent at the outer VMPs may indicate that the volume of air
passing through the soil exceeds the biological oxygen demand. The blower system will be
optimized to ensure that it is producing the required flow rate and pressure for air injection.

During system start-up, ambient air monitoring will be conducted with a photoionization
detector and a total hydrocarbon meter as detailed in the Health and Safety Plan (Parsons ES
1995). Based on previous surface air sampling results during pilot testing of bioventing
systems at IRP Sites 10 and 11 and at bioventing sites nationwide, significant atmospheric
emissions of either hydrocarbons or HVOCs is not expected. In the unlikely event that the
hand-held meters indicate significant atmospheric emissions may be occurring, the system
flow rate will be lowered as needed or the system will be shutdown pendmg more thorough
surface air emissions sampling.

It is expected that the system will reach steady-state pressure and in sifu oxygen and vapor
concentrations within the first few weeks of operation. Soil vapor sampling as described in
Section 4.4 will be conducted after two to three weeks of operation to assess potential vapor
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Parsons Engineering Science, Inc.

migration. If results indicate that no vapor migration is occurring, the system will be
adjusted so that air is injected at all three VWs. The air injection rate at VW-1 will be
optimized such that VMP-1 and VMP-2 will reach a minimum oxygen concentration of
approximately 10 percent. The flow rate at VW-2 and VW-3 will remain unchanged.

4.3.2 em ration and intenanc

Bioventing systems have minimal O&M requirements. Regenerative blowers are virtually
maintenance-free. The only recurring maintenance required on these units is a monthly
check of the air filter, which is generally replaced when a pressure difference of 10-to 15
inches of water is reached across the inlet filter. The time period between filter changes is
dependent on site conditions, but is typically every three to six months.

44 SOIL AND SOIL VAPOR SAMPLING

One soil sample will be collected from each new boring from the most contaminated interval.
Soil samples will be analyzed for purgeable and extractable petroleum hydrocarbons (EPA
Method 8015 modified), BTEX using EPA Method 8020, HVOCs by EPA Method 8010,
moisture content, and soluble petroleum hydrocarbons (California Title 22 DI-WET Method).
All peaks in the extractable petroleum hydrocarbon range will be reported and quantified.

Soil samples 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® tape held in place by plastic caps. Soil samples will be labeled following the
nomenclature specified in Section 5.5 of the protocol document, 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 for analysis to an analytical laboratory which has been audited by the U.S. Air
Force and which meets all quality assurance/quality control and certification requirements for
the State of California.

A maximum of five soil vapor samples will be collected in Summa™ canisters from the
additional VWs and VMPs. Samples will be analyzed for BTEX and TVH using EPA
Method TO-3 and HVOCs by EPA Method TO-14. These initial soil vapor samples will be
used to determine the reduction in contaminant concentrations over time, and future soil
vapor sampling will be used as screening indicators. After two or three weeks of operation,
soil vapor samples will be recollected from the same locations in order to evaluate potential
vapor migration.

Soil vapor samples will be packed to prevent excessive movement during shipment. They
will not be sent on ice in order to prevent condensation of hydrocarbons. A completed chain-

“of-custody record will accompany the ice chest, which will be shipped to the Air Toxics Ltd.

laboratory in Folsom, California for analysis.

Sampling for HVOC:s in soil or soil vapor described above may be decreased or eliminated if
the results of the analysis of the initial soil and soil vapor samples show HVOCs present only
in an isolated area of the site and that vapor migration of HVOCs is not occurring. If the
future elimination of HVOC sampling is recommended, analytical and monitoring results in
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support of the recommendation will be submitted to local regulatory agencies for
concurrence before proceeding.

4.5 SYSTEM MONITORING

Monitoring of the bioventing system will include weekly system checks by base personnel of
the blower operation, including outlet pressures, inlet vacuum, and exhaust temperature.
Additionally, system performance monitoring will include a system monitoring event after
two to three weeks to evaluate the potential of vapor migration and one annual visit. The
results of the system monitoring after two to three weeks of operation will be summarized in
a Letter Report and submitted to the local regulatory agencies. Additional monitoring after
the first two to three weeks will be subject to the results of the monitoring event or conducted
only when changes are made to the system air flow rates.

During the annual visit a comprehensive system check will be completed to ensure that
oxygen continues to reach all VMPs in the contaminated soils and to perform an in situ
respiration (ISR) test at the VMPs to ensure that biodegradation is continuing at acceptable
levels. Additional details on ISR testing are found in the protocol document.

Confirmation of the contaminant removal rates is predicted from the data collected during the
ISR tests, quantitative estimates of the long-term biodegradation rates, and decreases in soil
vapor concentrations. Oxygen-utilization data from the one-year ISR test will be used to
estimate biodegradation rates and to evaluate the progress of contaminant removal and
system effectiveness. Typically, as the fuel residuals in the soil are depleted, the respiration
activity of the indigenous microorganisms is reduced and slower oxygen-utilization rates
result. Once oxygen-utilization rates in previously contaminated areas approach the values in
uncontaminated (background) soil, confirmatory sampling and analysis should be conducted.
The use of oxygen-utilization rates and soil vapor chemistry as screening indicators decreases
the likelihood of premature and expensive soil sampling events. Soil and soil vapor sampling
and analyses methods are discussed in Section 4.5.

The monitoring schedule for the full-scale system will be:

Event Erequency
Blower Vacuum, Pressure, and Temperature Weekly
Soil Vapor Sampling System start-up, after two to
v three weeks, and after one year
In Situ Respiration Testing After one year
Soil Sampling Initially, then as required

4.6 HANDLING OF DRILL CUTTINGS AND CONSTRUCTION DEBRIS

All drill cuttings will be collected in labeled drums or bins after each borehole is drilled.
Drill cuttings will be characterized prior to disposal. Characterization will determine the
method of disposal in accordance with local regulatory and Beale AFB requirements
(California RWQCB, 1995). Parsons ES or its subcontractor will transport characterized drill
cuttings to appropriate base disposal facilities, unless characterization results indicate that
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off-base disposal is required. Parsons ES will subcontract off-Base disposal of the drums, if
necessary. Beale AFB will be responsible for providing their USEPA generator
identification and signing the manifest prior to disposal.

4.7 QUALITY ASSURANCE/QUALITY CONTROL (QA/QC)

To achieve all QA/QC objectives, procedures for all aspects of this project will follow
protocols outlined in the Quality Assurance Project Plan (ES, 1993b).

4.8 CONSTRUCTION SCHEDULE

Following review and approval of the system upgrade work plan by AFCEE/ERT, Beale
AFB, and local regulatory agencies, field work will begin. The following schedule is
contingent upon timely approval of this work plan:

Event Date
Draft Work Plan to AFCEE and Beale AFB 11 August 1995
Final Work Plan to AFCEE and Beale AFB 13 December 1995
Approval of Work Plan/Notice To Proceed 5 January 1996
Begin Field Activities/
Construction of Expanded System 16 January 1996
Complete Construction/System Startup 26 January 1996
ALA-25-04R1 12/12/95 4-8
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SECTION §

BASE SUPPORT REQUIREMENTS

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

¢ Obtain all necessary regulatory permits for the installation of the vent well and vapor
monitoring points.

¢ Obtain any required base digging permits or permits to install wells.
¢ Obtain the required permits so that photographs may be taken at the site.

e Obtain any written permission necessary to allow Parsons ES subcontractors to
perform electrical work.

e Provide any paperwork required to obtain gate passes and security badges for
approximately three Parsons ES employees and one driller. Vehicle passes will be
needed for two trucks and a drill rig. The passes must be valid for the expected
duration of drilling operations and the initial testing (about one month).

Following the initial testing and for the duration of remediation activities, the following
additional base support is required:

¢ Base personnel are required to check the blower system once each week to ensure that
it is operating, change filters as needed, and to record air injection pressures and
temperatures. Parsons ES will provide a maintenance procedures manual, data
collection sheets, and a brief training session.

o If any blowers stop working, notify: Mr. Michael Phelps, Parsons ES-Alameda, (510)
769-0100 or Mr. John Ratz, Parsons ES-Denver, (303) 831-8100.
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SECTION 6

KEY POINTS OF CONTACT

John Gullock

9 CES/CEVR

6541 B Street

Beale Air Force Base, CA 95903-1708
(916) 634-2642

Fax (916) 634-2845

Carol Gaudette

9 CES/CEVR

6541 B Street

Beale Air Force Base, CA 95903-1708
(916) 634-2619

Fax (916)634-2845

Lt. Maryann M. Jenner

AFCEE/ERT

8001 Arnold Drive

Brooks Air Force Base, TX 78235-5357
(210) 536-4364

Fax (210) 536-4330

Michael Phelps

Parsons Engineering Science, Inc.

1301 Marina Village Parkway, Suite 200
Alameda, CA 94501

(510) 769-0100

Fax (510) 769-9244

John Ratz

Parsons Engineering Science, Inc.
1700 Broadway, Suite 900
Denver, CO 80290

(303) 831-8100

Fax (303) 831-8208
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SOIL BORING LOG FOR 11L009SB
(excerpted from LAW 1995)




ELEVATION
(FEET MSU)

OEPTH
(FEETY

DESCRIPTION

BEALE AIR FORCE BASE
SOIL BORING RECORD

PMD  Sample
WL Symboi (ppm) interval

BORING # 11L009SB

REMARKS

{125.6

LAPLOTLOG\SBYY Y

115.6

110.6

105.6 -

100.6

95.6

0.6

85.6

0.0

FILL, sandy, silty, gravelly: {SM}); dry; [FILL].

to 40mm; {SDCL].

CLAY, sandy: (CL); medium grain sand; moist;
brown {7.5YR 4/4}; medium plasticity; few gravel

(GVCL].

granitic.

GRAVEL, clayey: (GC); fine to medium gravel,
well rounded; moist; matrix brown {7.5YR 4/4};
gravels are varicolored to 30mm in diameter;

at 7 feet, becomes slightly silty; gravels are

CLAY: (CH); dark brown to black {10YR 2/2};
\slight petroleum odor; fat clay; [CLAY).

T GRAVEL, sligntly sandy, clean: (GW); fine to_
coarse gravel, subangular to subrounded; dry;
light gray {2.5Y 7/1}; strong petroleum odor;

{GVLL

GRAVEL, clayey: (GC); fine to medium gravel;
moist; light gray {2.5Y 6/1}; [GVCLI.

1508

RSHTD

.—.SAND, silty: {SM); very fine to fine grain sand:
medium dense; moist; dark gray {N 4/4}; few
lenses of light brown clay; strong petroleum

odor; {SDSL).

SAND, slightly silty: (SP-SM); fine to medium
grain sand; medium dense; moist; dark gray;
nonplastic; strong petroleumn odor; [SDI.

odor; {GVLI}.

GRAVEL, sandy, clean: (GP); medium grain gravel,
well rounded; dense; dry; pinkish gray {5YR6/2};
gravel to 50mm in diameter; slight petroleum

40.0

—~{5YR 5/3}; few gravel; [SDSLI.

SILT, sandy: (ML), stiff; reddish brown

v

few cemented clasts; [SD].

T SAND, clayey: (SC); fine 1o medium grain sand,
rounded: dense; dry; brown {7.5Y 4/4}; low

plasticity [SDCL].

SAND, clean: {SP); fine to medium grain sand,
rounded; medium dense; grayish brown {2.5Y 5/2};

COMMENTS:

DRILLED BY PROJECT
METHOD:

BORING DIA:
LOGGED BY

CHECKED BY

Water Development Corp.
Sonic

4.8 inch

EK

cww

NORTHING:
EASTING:

PAGE 1 OF 3

DATE STARTED
DATE COMPLETED

221640004
02 SEP 94
02 SEP 94
541486.94
2161159.70




ELEVATION
(FEET MSL)

DEPTH
(FEET)

BEALE AIR FORCE BASE
SOIL BORING RECORD

PID  Sample

DESCRIPTION © WL Symbol (ppm) Intervat

BORING # 11L009SB

REMARKS

85.6

N ’
o

80.6

75.6-]

70.6—

65.6

60.6

55.6

50.6

45.6

40.0

SC continued.

I

SANB,—;ilty:_(gM);m to medium_gTa-in sand,
rounded; dense; dry; grayish brown {10YR 5/2};
low plasticity; trace gravel to 20mm; [SDSLI.

at 44 feet, increase in clay content; color
changes to reddish brown.

SAND, clean: (SP); medium grain sand; dense;
dry; light gray {10YR 7/2}; {SDI.

at 56 feet, increase in sand size; gravels to
30mm.

at 60 feet, gravels are reddish and volcanic.

at 60.5 feet, sand is gray {N 6/1}; gravels are
andesitic.

at 64 feet, becomes slightly moist.

Il

80.0

SAND, graveily, clean: (SW); medium to coarse
grain sand; fine to medium gravel, subrounded to
rounded; light gray {10YR 7/2}; gravel to 80mm in
diameter; hornblende crystals; some granitic
gravel; [SDGR].

at 70 feet, encounter 2-5cm lense of dark reddish
brown {5YR 3/4}.

at 73 feet, encounter 100mm granitic cobble.

at 76 feet, becomes moist to wet; pocket of well
graded sand.

at 77 feet decrease in moisture content;
andesitic gravel! to 60mm; increasing silt
content.

11L008SB-001S0

Rig chatter, moderate drilling rate

COMMENTS:

DRILLED BY
METHOD:
BORING DIA:
LOGGED BY
CHECKED BY

Water Development Corp. PROJECT 221640004

Sonic
4.8 inch
EK
CwWw

PAGE 2 OF 3

DATE STARTED 02 SEP 94
DATE COMPLETED 02 SEP %4
NORTHING: 541486.94
EASTING: 2161159.70

. en




BEALE AIR FORCE BASE

SOIL BORING RECORD BORING # 11LO09SB
ELEVATION DEPTH PID Sample
(FEET MSU  (FEET) DESCRIPTION WL Symbol (ppm) interval REMARKS

45.6 80.0 SW continued.

T CLAY, silty: (CL); light brown with black
fragments; high plasticity; fragment of andesite;
[STCL)L

1 SAND, silty: (SM); fine sand, rounded; dense;

1 moist; dﬁgrawDSL_]._ —
SAND, clean: (SW); fine to coarse grain sand,
40.6-] 85.0-] subrounded to rounded; dry; mottled brown; weakly
cemented; clay beds; few gravels to 60mm; (SD].

o5

"

at 87 feet, decrease in sand size; color changes
4 to gray {2.5Y 5/1}. Y
SAND, very silty: {SM}; fine grain sand; medium

dense; dry; gray {2.5Y 5/1}; nonplastic; [SDSL!.
35.6-] 90.04
] 2
SILT, sandy, slightly clayey: (ML); firm to Tl E'E )
1 stiff; slightly moist; reddish brown {5YR 5/4}; anopre B
medium plasticity; {SDSLI. ZxExe =
30.6- 95.01 i
i
CLAY, silty: (CL); stiff; reddish brown; medium \\§ R
4 to high plasticity; lenses of gray; (STCL]. o
e EE
i 1

Water in the shoe.

25.6—100.0 SAND, clean: (SP); fine to medium grain sand,  -z-

4 rounded; wet; grayish brown {2.5Y 5/2}; several
clay lenses 2-3cm thick; {SD].

20.6—4105.0

£ 11L009SB-00250

Boring terminated at 106.00 feet

Pushed HydroPunch from 106" to 110°,

pulled back 3'.
1 11L009SB-001WG
15.6—110.0
10.6-{115.0
5.6 1120.0
COMMENTS: DRILLED BY  Water Development Corp. PROJECT 2216-40004
Borehole grouted from tota! depth to surface with METHOD: Sonic DATE STARTED 02 SEP %4
cement/bentonite grout. BORING DIA: 4.8 inch DATE COMPLETED 02 SEP %4
LOGGED BY EK NORTHING: 541486.94
CHECKED BY Cww EASTING: 2161159.70
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APPENDIX B

SUMMARY OF RESULTS FROM
PREVIOUS SITE INVESTIGATIONS
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