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1.0 INTRODUCTION

This Treatability Study Work Plan has been prepared by Baker Environmental, Inc. (Baker) under
the United States Department of the Navy (DON), Atlantic Division, Naval Facilities Engineering
Command (LANTDIV) Comprehensive Long-Term Environmental Action Navy (CLEAN) Program
for Contract Task Order 0323, Operable Unit (OU) No. 10, Site 35 - Camp Geiger Area Fuel Farm,
Marine Corps Base (MCB), Camp Lejeune, North Carolina. The treatability study is being
conducted as part of the Remedial Design (RD) for surficial groundwater at Site 35. This document
has been prepared in accordance with the requirements of the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) for remedial actions [40 Code of Federal Regulations
(CFR) 300.430]. The NCP regulations were promulgated under Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), commonly referred to as Superfund, and
amended by the Superfund Amendments and Reauthorization Act (SARA) signed into law on
October 17, 1986. The USEPA's document Guide for Conducting Treatability Studies Under
CERCLA (USEPA, 1992) has been used as guidance for preparing this document.

MCB Camp Lejeune was placed on the CERCLA National Priorities List (NPL) on October 4, 1989
(54 Federal Register 41015, October 4, 1989). The United States Environmental Protection Agency
(USEPA) Region IV, the North Carolina Department of Environment, Health and Natural Resources
(NC DEHNR) and the DON then entered into a Federal Facilities Agreement (FFA) for MCB, Camp
Lejeune. The primary purpose of the FFA is to ensure that environmental impacts associated with
past and present activities at the MCB, Camp Lejeune are thoroughly investigated and appropriate
CERCLA response/Resource Conservation and Recovery Act (RCRA) corrective action alternatives
are developed and implemented as necessary to protect public health and the environment.

1.1 Purpose and Organization

This document presents Baker's approach to executing the pilot-scale Treatability Study of Air
Sparging technology at Site 35. Its purpose is to detail the objectives and methodologies for
conducting this work.

Section 1.0 of this document includes this introduction and site background information. Section 2.0
contains a description of in situ air sparging (IAS) technology and its limitations along with a
discussion of remedial design/remedial action implementation considerations. The objectives of the
treatability study are presented in Section 3.0. Test procedures are detailed in Section 4.0.
Community relations efforts are discussed in Section 5.0. The proposed reports to be prepared as
part of this project are discussed in Section 6.0, and, finally, the project schedule is presented in
Section 7.0.

1.2 Site Background

1.2.1 Site Location and Description

Marine Corps Base (MCB), Camp Lejeune is a training base for the U.S. Marine Corps, located in
Onslow County, North Carolina. The Activity, as the base is referred to, covers approximately
236 square miles and includes 14 miles of coastline. MCB, Camp Lejeune is bounded to the
southeast by the Atlantic Ocean, to the northeast by State Route 24, and to the west by
U.S. Route 17. The town of Jacksonville, North Carolina, is located north of the Activity (see
Figure 1-1).
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Camp Geiger is located at the extreme northwest corner of MCB, Camp Lejeune. The main entrance
to Camp Geiger is off U.S. Route 17, approximately 3.5 miles southwest of the city of Jacksonville,
North Carolina. Site 35, the decommissioned Camp Geiger Area Fuel Farm, refers primarily to five,
15,000-gallon aboveground storage tanks (ASTs), a pump house, and a fuel unloading pad formerly
situated within Camp Geiger just north of the intersection of Fourth and G Streets (see Figure 1-2).

Site 35 is contained within Operable Unit (OU) No. 10, one of 17 operable units at MCB, Camp
Lejeune. An "operable unit," as defined by the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP), is a discrete action that comprises an incremental step toward
comprehensively addressing site problems.

The Interim Feasibility Study (FS) study area consists of a portion of OU No. 10 measuring
approximately 18 acres. More specifically, the study area consists of contaminated groundwater in
the portion of the surficial aquifer that is located roughly between the Fuel Farm and Brinson Creek
(see Figure 1-2).

1.2.2  Site History

Construction of Camp Geiger was completed in 1945, four years after construction of MCB, Camp
Lejeune was initiated. Originally, the ASTs were used for the storage of No. 6 fuel oil, but were
later converted for storage of other petroleum products including unleaded gasoline, diesel fuel, and
kerosene. The date of their conversion is not known. The ASTs at the site are reported to be the
original tanks. Demolition of the Fuel Farm ASTs was completed in 1995.

Product was dispensed from the ASTs via trucks and underground piping. Routinely, the ASTs at
Site 35 supplied fuel to an adjacent dispensing pump. A leak in the underground line from the ASTs
to the dispensing island was reportedly responsible for the loss of roughly 30 gallons per day of
gasoline over an unspecified period (Law, 1992). The leaking line was subsequently sealed and
replaced.

The ASTs at Site 35 were used to dispense gasoline, diesel, and kerosene to government vehicles

“and to supply underground storage tanks (USTs) in use at Camp Geiger and the nearby New River

Marine Corps Air Station until the spring of 1995. The ASTs were supplied by commercial carrier
trucks which delivered product to fill ports located on the fuel unloading pad at the southern end of
the facility. Six short-run (120 feet maximum), underground fuel lines were utilized to distribute
the product from the unloading pad to the ASTs.

Reports of a release from an underground distribution line near one of the ASTs date back to
1957-58 (ESE, 1990). Apparently, the leak occurred as the result of damage to a dispensing pump.
At that time, the Camp Lejeune Fire Department estimated that thousands of gallons of fuel were
released, although records of the incident cannot be located. The fuel reportedly migrated to the east
and northeast toward Brinson Creek. Interceptor trenches were excavated and the captured fuel was
ignited and burned.

Another abandoned underground distribution line extended from the ASTs to the former Mess Hall
Heating Plant, located adjacent to D Street, between Third and Fourth Streets. The underground line
dispensed No. 6 fuel oil to a UST which fueled the Mess Hall boiler. The Mess Hall, located across
"D" Street to the west, is believed to have been demolished along with its Heating Plant in the 1960s.
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In April 1990, an undetermined amount of fuel had been discovered by Camp Geiger personnel
along the unnamed drainage channels north of the Fuel Farm. Apparently, the source of the fuel,
believed to be diesel or jet fuel, was an unauthorized discharge from a tanker truck that was never
identified. The Activity reportedly initiated an emergency clean-up action that included the removal
of approximately 20 cubic yards of soil.

Decommissioning of the Fuel Farm began in the spring of 1995 and was completed in July 1995.
The ASTs were cleaned, dismantled and removed along with associated concrete foundations, slabs
on grade, berms, and underground piping. The Fuel Farm was removed to make way for a six-lane,
divided highway proposed by the North Carolina Department of Transportation (NC DOT) (see
Figure 1-2).

In addition to the Fuel Farm dismantling, soil remediation activities began in August 1995 along the
highway right-of-way as per an Interim Record of Decision (ROD) executed on September 15, 1994.
To date, all identified contaminated soil has been excavated and removed from the site.

1.2.3 Previous Investigations and Findings

Previous investigations conducted at Site 35 include the Initial Assessment Study of Marine Corps
Base, Camp Lejeune, North Carolina (WAR, 1983); Final Site Summary Report, MCB Camp
Lejeune (ESE, 1990); Draft Field Investigation/Focused Feasibility Study, Camp Geiger Fuel Spill
Site (NUS, 1990); Underground Fuel Investigation and Comprehensive Site Assessment (Law,
1992); Addendum Report of Underground Fuel Investigation and Comprehensive Site Assessment
(Law, 1993); Interim Remedial Action Remedial Investigation/Feasibility Study for Soil (Baker,
1994); Comprehensive Remedial Investigation Report (Baker, 1995); and Interim Feasibility Study
for Surficial Groundwater (Baker, 1995).

A comprehensive RI was conducted by Baker in 1994 to evaluate the nature and extent of the threat
to public health and the environment caused by the release of hazardous substances, pollutants, or
contaminants, and to support a Feasibility Study evaluation of potential remedial alternatives. The
RI field program was initiated on April 11, 1994. Data gathering activities were derived from a soil
gas survey and groundwater screening investigation, a soil investigation, a groundwater
investigation, a surface water and sediment investigation, and an ecological investigation. In April
1996, Baker performed a supplemental field investigation to characterize the vertical and horizontal
extent of fuel- and solvent-related contamination along the proposed IAS curtain boundary. This
investigation consisted of installation and sampling of a total of 36 temporary monitoring wells.
These wells were installed at 12 locations and as 3-well clusters designed to monitor the upper,
middle, and lower regions of the surficial aquifer (see Figure 2-3).

Several areas of fuel- and solvent-related groundwater contamination were identified in the surficial
aquifer in the area north of Fourth Street. Organic contaminant concentrations detected in the upper
and lower portions of the surficial aquifer during the May 1994 sampling round, conducted by
Baker, are shown in Figures 1-3 and 1-4, respectively. Additional figures depicting the nature and
extent of groundwater contamination are provided in the Final RI Report (Baker, 1995). A water
table contour map indicating general groundwater flow directions in the surficial aquifer is provided
in Figure 1-5. As shown in Figures 1-6 and 1-7, a hydrogeologic cross-section was developed for
the area paralleling Brinson Creek, which shows the various soil types for the area in which the IAS
system would be installed. An additional hydrogeologic cross-section was developed from the
temporary well boring logs, which is provided in Appendix A. This cross-section indicates that the
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soil lithologies vary significantly between the southern and northern portions of the site. As shown
in Appendix A, the surficial aquifer in the northern region north of temporary well TW-19 is
comprised mainly of medium and fine-grained sands, whereas the region to the south of TW-19
contains at least one significant silt/clay lens of varying thickness.

Two additional areas of solvent-related groundwater contamination have been identified adjacent
to Site 35. The extent and sources of this contamination have not been identified and additional RI
activities are planned. In addition, significant levels of organic and inorganic contamination were
identified in sediment samples.

Following the completion of the RI, a Final Interim Proposed Remedial Action Plan (PRAP) and
Final Interim ROD for surficial groundwater at Site 35 were prepared (Baker, 1995). These
documents detailed five potential Remedial Action Alternatives (RAAs) developed in the FS for the
remediation of organic chemical contaminated surficial groundwater at Site 35. More specifically,

- the following Remedial Action Objectives (RAOs) were developed in the FS for the surficial

aquifer:
° Mitigate the potential for direct exposure to the contaminated groundwater in the
surficial aquifer.
° Minimize or prevent the horizontal and vertical migration of contaminated
groundwater in the surficial aquifer.
° Restore the surficial aquifer to the remediation levels established for the

groundwater contaminants of concern.

The remediation levels established for the contaminated of concern are provided in Table 1-1. These
levels were based on the NC DEHNR Water Quality Standards for Groundwater (15A NCAC
21.0202).

RAA 5, In Well Aeration with Off-Gas Carbon Adsorption, was selected in the Final Interim ROD
contingent upon the successful execution of preliminary field pilot-scale tests. This RAA is interim
in nature because it represents only one phase of a comprehensive investigation and remediation at
Site 35 and is not intended to represent the final solution for OU No. 10. This particular interim
action focuses on containment and remediation of organic groundwater contamination in the
surficial aquifer located in the vicinity of the Fuel Farm and extending downgradient towards
Brinson Creek. A remediation system installed in this area would be designed to mitigate the
migration of groundwater contamination from OU No. 10 prior to its discharge into Brinson Creek.

Other media of concern such as sediment and groundwater in the upgradient portion of the surficial
aquifer will be addressed during subsequent RI/FS activities that are scheduled to commence later
this year. Soil contamination at Site 35 was excavated and removed as part of a separate Interim
Remedial Action.

The viability of in-well aeration technology (RAA 5) at Camp Lejeune is being evaluated by means
of a field pilot test currently underway at another site (OU No. 14, Site 69). Whether or not in-well
aeration is applied at Site 35 is dependent on the results of the field pilot test at Site 69 and,
subsequently, on field pilot testing at Site 35. If it is determined, based on the results of the field
pilot test, that in-well aeration cannot perform as required, RAA 3 (Groundwater Collection and
On-Site Treatment) will be selected as the Interim Preferred Remedial Action. To date, the field

1-4



pilot test of an in-well aeration technology has experienced delays in being implemented at Site 69
which further delays field pilot-scale tests at Site 35. In the meantime, EPA, NC DEHNR,
LANTDIV, Camp Lejeune, and Baker staff agreed that a field pilot test of in-situ air sparging (IAS)
technology would be appropriate at this site. If the results of this test are sufficiently positive, a
request may be made to prepare an Explanation of Significant Differences (ESD) document to
modify the selected alternative.
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2.0 INITIAL FEASIBILITY EVALUATION

2.1 Technology Description

IAS is a technology in which air is bubbled through a contaminated aquifer. Air bubbles traverse
horizontally and vertically through the soil column, creating an underground stripper that removes
contaminants by volatilization and, for some contaminants, particularly fuel-related compounds, by
biodegradation. The air bubbles carry the contaminants upward until they can be recovered by a
vapor extraction system or released to the atmosphere.

IAS is a commercially available technology for removing volatile organic chemicals from
groundwater. Various technical papers have been published documenting its effectiveness at sites
across the U.S. In general, the available literature indicates that TAS is most frequently used to
remediate shallow groundwater (i.e., less than 20 feet below the ground surface bgs); however, in
theory there is no limit to its application.

At Site 35, the area east of the former Fuel Farm, between Brinson Creek and the proposed divided
highway, is located, for the most part, within the limits of the Brinson Creek 100-year floodplain.
The area is characteristically marshy with the groundwater surface generally situated within three
feet of the ground surface throughout the year. This type of site does not avail itself to vapor
extraction due to the lack of a sufficiently thick unsaturated soil zone. Consequently, the
contaminants removed from the shallow groundwater at Site 35 via IAS will be discharged to the
atmosphere directly.

2.2 Technology Limitations

The effectiveness of IAS generally increases with increasing intrinsic permeability (k, cm?). Soils
should have an intrinsic permeability of at least 10® in order for air sparging to be effective
(EPA/510/B-94/003). Silty sands generally have k values in the range of 10"° to 108, Therefore,
the soils at Site 35, which are predominantly silty sands, are potentially amenable to IAS. Organic
compounds with Henry's law constants greater than 0.01 atm-m*/mol (EPA/542/B-94/013) or 100
atm (EPA/510/B-94/003) are typically considered amenable to stripping. All of the VOCs of
concern have Henry's constants that are greater than these values.

As previously indicated, IAS is generally applied to remediate contamination in shallow
groundwater (i.e., less than 20 feet bgs). At Site 35, the area of contamination is distributed
throughout a shallow groundwater zone that varies in depth from approximately 32 to 40 feet.
Lighter molecular weight fuel contaminants are more prevalent near the groundwater surface, while
heavier halogenated compounds are concentrated atop a semi-confining layer at the base of the
shallow groundwater zone. In general, the lighter contaminants near the groundwater surface should
be easier and less costly to remove than the heavier contaminants at the base of the shallow zone.
This is due, in part, to the higher volatlllty of the llghter compounds and, in part, because of the
greater energy required to inject air in the deeper zone.

The track record for IAS shows that it has indeed been applied more at sites contaminated with fuels
rather than solvents. This is probably due in part to the larger number of fuel-related versus
solvent-contaminated sites, the biodegradability of fuel-related contaminants, and the fact that the
majority of fuel-related sites are characterized by contamination at or near the groundwater surface.
One IAS pilot study was performed in 1995 on solvent-related contamination (TCE) at Hill AFB in
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Utah (Wheeless, et al., 1995). Significant contaminant removals were achieved by the IAS system,
which was applied at a depth similar to Site 35. A copy of this paper, which discusses the results
of this study, is included in Appendix B. ' '

TIAS systems utilize injected air and are often combined with vapor extraction systems to control the
migration of contaminants. At Site 35, between Brinson Creek and the proposed divided highway,
the groundwater surface is generally within three feet of the ground surface throughout the year.
The available unsaturated soil zone is insufficiently thick to afford the application of vapor
extraction. Without vapor extraction, the migration of contaminants in the vadose zone is
uncontrolled. However, as illustrated by the following example calculations, vapor emissions are
anticipated to be low and should not pose an unacceptable risk to human health or the environment.

To provide a conservative estimate, or upper bound, of the vapor emission rate prior to performing
the pilot test, it can be assumed that, at steady-state, the contaminant vapor emission rate will equal
the dissolved contaminant migration rate to the IAS system. Thus, this upper bound can be
calculated from an estimate of the groundwater specific discharge q [ft/d], width of the IAS barrier
W [ft], the depth below the groundwater table to the injection point H [ft], and dissolved
contaminant concentration C,,, [1b/ft’] as follows:

Emissions,, = q [ft/d] x W [f/d] x H [ft] x C,, [Ib/*]

Based on the available Site 35 data from the RI Report, conservative estimates for these parameters
are as follows: q = 0.06 ft/d (based on K = 0.001 cm/s, I = 0.02), W =200 ft, H=25 f, C,, =
0.00006 1b/ft* (~1,000 ug/L). Inserting these values into the above emissions equation results in a
maximum surficial emission rate of approximately 0.02 Ib/d.

Assuming four sparging wells are installed over the 200-foot wide capture zone with a combined
air flow rate of 40 cubic feet per minute (cfm) (i.e., four wells spaced 50 feet apart with 10 cfm per
well), the resulting contaminant air concentration passing through the vadose zone would be 3.5 x
107 Ib/ft*or 5.6 mg/m 3 For a qualitative risk assessment, this value can be compared to the
threshold limit value (TLV) for an 8-hour exposure (i.e., time-weighted average (TWA)) for benzene
and TCE, which are 32 mg/m® and 269 mg/m’, respectively. Additional risk assessment analyses
will be performed based on the air sampling results from the pilot tests.

Another potential concern associated with the IAS system is the amount of contamination that will
be retained in the soils (i.e., resulting contaminant concentrations) since implementation of a soil
vapor extraction system to collect volatilized contaminants in the vadose zone may not be possible.
Based on an vapor contaminant concentration of 5.6 mg/m® and assuming an equilibrium soil-vapor
partitioning coefficient of 3.3 L/kg for benzene and 2.5 L/kg for TCE (see calculations provided in
Appendix C), the degree of soil contamination resulting from this contaminated air is approximately
0.018 mg/kg. for benzene and 0.014 mg/kg for TCE. The acceptable U.S. EPA risk-based
concentrations (RBCs) for exposure to contaminated soil (i.e., accidental ingestion) under a
residential use scenario are 22 mg/kg and 58 mg/kg for benzene and TCE, respectively. Thus, the
IAS system should not create soil contamination that poses an unacceptable risk to human health or
the environment.



2.3 Technology Implementation/Désign Basis

The IAS alternative in the Interim FS (Baker, 1995), Remedial Action Alternative (RAA) 4, included
installation of an IAS "curtain," or barrier, to contain and treat contaminated groundwater as it flows
towards Brinson Creek. The conceptual design for RAA 4 included a total of 43 sparging (i.e., air
injection) wells spaced approximately 25 feet apart. As shown in Figure 2-1, a total capture zone
approximately 1000 feet in width was assumed based on available data. The capture zone width was
based on containing groundwater contaminated above the NC DEHNR-based groundwater standards
(Table 1-1). As shown in Figure 2-1, the sparging curtain is expected to be located approximately
25 feet downgradient, or east, of the highway's eastern right of way. A soil vapor extraction system
was included in the FS as part of RAA 4, since it is typically required for an IAS system as a
safeguard measure for controlling vapor emissions. RAA was not selected because of the high water
table conditions in the capture zone area along Brinson Creek.

One of the goals of the pilot-scale test is to refine the conceptual design in the FS using test data as
well as additional groundwater contaminant data obtained during the Phase II RI at Site 35. The
Phase II RI is scheduled to be completed prior to the initiation of the pilot test. A summary of the
available groundwater data through the 1994 RI for the fuel-related (i.c., benzene, toluene,
ethylbenzene, and xylenes (BTEX)) and solvent-related (i.e., total chlorinated hydrocarbons (CHCs))
contamination in the vicinity of Brinson Creek is provided in Figure 2-2. Total concentrations of
BTEX and CHCs detected during the April 1996 field investigation are shown in Figure 2-3.

Groundwater sampling results from the most recent field investigation and previous studies
conducted by ESE (1986), NUS (1990), Law (1991 and 1993), and Baker (1994), indicate three
primary areas of contamination that intercept the proposed sparging curtain boundary. Hypothetical
contaminant plumes for these areas were developed (Figure 2-4) to estimate capture zones and to
identify additional data needs. These plumes have been identified as plumes A, B, and C for
purposes of this report. These plumes are considered hypothetical since it is unknown if each plume
originates from a single source area or if it is actually a composite of two or more plumes originating
from multiple sources. The two northern plumes (A and B) represent BTEX contamination
associated with monitoring wells MW-20 and MW-16, respectively. The southern plume (plume
C) consists of chlorinated solvent contamination, primarily TCE and 1,2-DCE, associated with
monitoring well MW-19. A fourth potential area of solvent contamination (not shown), plume D,
is located south of plume C near wells 35MW-34B, 35MW-35B, and 35MW-36B (see Figures 1-3
and 1-4). This zone of contamination does not appear to have encroached as near to Brinson Creek
as plumes A, B, and C. The concentrations in plume D are three orders of magnitude less than the
plume C contamination and appear to represent a separate contaminant source.

Of the three or four plumes intercepting the sparging curtain boundary, plumes B and C contain the
bulk of the contaminant mass in the groundwater and pose the most risk to receptors in Brinson
Creek. The significance of these two plumes with respect to the remedial design/action is discussed
later in this section. Groundwater data (Figure 2-2) show that BTEX levels associated with plume
A attenuate rapidly in the downgradient direction, suggesting natural attenuation mechanisms
(i.e., biodegradation) are preventing appreciable contamination from reaching the creek. With
respect to plume D, contaminant levels in this area only slightly exceed established cleanup levels.
Therefore, with containment/treatment of the upgradient source area, natural attainment of the
cleanup levels in plumes A and D may be possible through dilution and dispersion.
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Conceptually, the shallow aquifer can be divided into two regions; an upper region in which the
majority of the BTEX contamination resides, and a lower region that contains the bulk of the
solvent-related contamination. The thickness of the shallow aquifer is approximately 30 to 35 feet,
with the water table located approximately two to three feet bgs along the sparge curtain boundary.
BTEX compounds were generally detected in the upper 0 to 15 feet of aquifer; whereas, the highest
concentrations of chlorinated compounds were detected in the lower 20 to 35 feet of aquifer
(i.e., above the semi-confining layer). BTEX concentrations in the upper aquifer are generally about
two orders of magnitude higher in the upper aquifer than in the lower aquifer.

Plume B is generally a shallow BTEX plume with contamination in the center of the plume
extending into the middle portion of the shallow aquifer (approximately 25 feet bgs) and
contamination near the edges of the plume extending only to about 15 feet bgs. Plume B is
approximately 300 feet in width. The centerline of the plume appears to be located near well TW-
23. Soil conditions across Plume B appear more uniform compared to those across Plume C. Most
of the saturated aquifer material across Plume B is composed of medium- and fine-grained sands.
Thin silt/clay stringers were observed in some of the borings, however, the soils are predominantly
sands. Therefore, there is a good chance of success for implementing IAS in Plume B.

In contrast to Plume B, Plume C is generally a deeper chlorinated solvent plume (mainly TCE and
1,2-DCE) with contamination generally absent in the upper 10 feet of aquifer and then increases
dramatically with depth to the confining layer located 30-35 feet bgs. Plume C appears to be at least
450 feet in width. As shown in Figure 2-4, part of plume C overlaps with plume B. The highest
concentrations of the TCE and 1,2 DCE contamination are centered near well locations TW-16 and
TW-17. Soil boring logs from the wells installed along Plume C indicate a much more
heterogeneous condition. Boring log TW-16 indicates either silty clay or clayey silt from 6.5 to 25
feet bgs. Silt and clay was also apparent in boring TW-17 down to 18.5 feet bgs with silty sand
down to about 24.5 feet bgs. Borings TW-16 and TW-17 contained the highest concentrations of
TCE and 1,2-DCE. The thicknesses of the silt/clay and clay/silt lenses appear to dramatically
decrease in the northwestern direction along the sparge curtain boundary. A silt/clay lens was only
detected from about 8.5 to 9.5 feet in boring TW-18. The thickness of the silt/clay lens may also
attenuated in the southeastern direction. Upon implementation of IAS, air flow channels will likely
be dependent on the extent and shape of the silt/clay material. Depending on these factors, as well
as the permeability and heterogeneity of the sandy and shell hash materials below the silt/clay layer,
injected air could travel in a uniform lateral direction beneath the layer, preferentially travel in one
direction, or become trapped beneath the silt/clay layer.

Since plumes B and C essentially represent two distinct sites with different types of contamination
and soils, two short-term (6-day) pilot-scale tests are proposed for Site 35, one for plume B and one
for plume C. The pilot test for plume B will be conducted first since the soil lithology is more
homogeneous and contains more sand and less silt than the aquifer materials located further south
in the plume C area. Thus, the plume B area is more conducive to IAS technology and has the
greatest chance of success. If the plume B pilot test appears successful (i.e., air can be effectively -
injected into the aquifer with no signs of entrapment below confining layers), then the plume C pilot
test will be performed. This area contains the highest levels of solvent-related contamination and
poses the greatest treatment challenge with respect to IAS. It is anticipated that the scope of work
for the plume C pilot test will be very similar to the first plume B pilot test. However, modifications
and adjustments may be made to the plume C study based on data obtained and lessons learned from
the first test.
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To accommodate the two different types and zones of contamination, two sparging wells are
proposed for the plume B treatability study, as shown in Figure 2-5. The upper sparging well would
be screened approximately 14 to 16 feet bgs, whereas the lower sparging well would be screened
from approximately 32 to 34 feet bgs. Exact screen placements would be determined in the field
based on actual conditions. As shown in Figure 2-6, only one deep sparging well is proposed for
plume C because of the silt/clay and clay silt lenses present from approximately 7 to 23 feet bgs.
Air injected into the plume C sparging well is expected to travel horizontally within the lower sand
layer and beneath the silt/clay lenses. The air will gradually travel upward as the silt/clay lenses
become thinner and eventually disappear.

As shown in Figures 2-5 and 2-6, as the injected air exits the well screen and travels upward towards
the water table, it fans out radially, forming a parabolic-shaped zone of influence (under
homogeneous conditions). Soil heterogeneities, however, such as silt stringers or very permeable

- sand lenses, can dramatically alter this flow regime by trapping air and forcing it to move laterally

and/or by creating preferential flow paths. Thus, changes in lithology may preclude the sparge
curtain from treating certain zones of contamination. Because of the "fanning-out" effect, the length
of the radius of influence (ROI) of a sparging well is typically least at the bottom of the well and
greatest near the water table. Since the sparging wells cannot be placed below the semi-confining
layer, chlorinated hydrocarbons located immediately above this layer may pass beneath and/or
between the sparging wells. To minimize this problem, sparging wells may need to be tightly spaced
in the deep zones of contamination (i.e., plume C). In areas with mainly shallow contamination, a
longer spacing may be feasible, depending on lithology.

Depending on the results of the test and the observed vertical distributions of BTEX compounds and
chlorinated hydrocarbons, the full-scale design could include any of the following sparging well
combinations:

Shallow sparging wells for BTEX

Shallow and deep sparging wells for BTEX

Deep sparging wells for chlorinated hydrocarbons
Shallow and deep wells for chlorinated hydrocarbons

The results of the short-term pilot tests will provide key information concerning the effectiveness
and implementability of IAS technology at the Site 35 plumes. However, the short-term tests will
not provide conclusive evidence as to the effectiveness of the sparge curtain to mitigate long-term
contaminant migration. Furthermore, since the plume B pilot test will only be performed for a short
duration, it will not provide data regarding potential enhancement of biodegradation rates in this
area. For these reasons, a long-term (i.e., 12 to 18-month) barrier effectiveness test is proposed for
plumes B and C, provided the short-term pilot test(s) yield(s) promising results. The long-term test
would essentially represent the first phase of the interim remedial action, in which permanent, full-
scale equipment and utilities would be installed by the Remedial Action Contract (RAC) contractor
and operated at the site. During this period, new and existing monitoring wells located up-, down-,
and cross-gradient of the sparge curtain boundary would be monitored to track contamination in both
untreated and treated areas. Near the end of this time frame, one of the following decisions would
be made based on sampling results:

o Continue operation of the existing system



e Expand the existing IAS system to include additional areas if necessary (e.g., plume
A and/or plume D)

® Discontinue use of the sparging system in plume B and/or plume C in favor of an
alternate technology (i.e., in-well aeration)

Should the short-term tests demonstrate that IAS is a potentially feasible technology for both the
BTEX and solvent-related plumes, Baker proposes to proceed with the design of the full-scale
interim system based on the collected data and following receipt of review comments on the
Treatability Study Report.
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3.0 TREATABILITY STUDY OBJECTIVES

At Site 35 IAS is proposed as part of an interim remedial action. The focus of this interim action
is the contaminated surficial groundwater in the area located east of the former Site 35 Fuel Farm,
between Brinson Creek and the proposed divided highway. As this represents only a portion of the
contaminated shallow groundwater identified at the site, this action is referred to as an Interim
Remedial Action, That is, it represents only a portion of a more comprehensive investigation and
remediation at Site 35 and will not necessarily be the final solution for OU No. 10.

The objectives of the pilot-scale treatability study are as follows:
. Assess the applicability of IAS technology in addressing shallow groundwater

contamination at Site 35 by evaluating the effectiveness, implementability, and cost
of a full-scale treatment system.

L Obtain sufficient data to afford the development of a full-scale system remedial
design.
® Assess the impact of air emissions on human health and the environment, and verify

that air emissions will not impact the proposed highway project.
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4.0 TESTING PROCEDURES

A Final Remedial Investigation Work Plan, Sampling and Analysis Plan (SAP), Quality Assurance
Project Plan (QAPP), and site-specific Health and Safety Plan (HASP) were prepared by Baker
(December, 1993) for various field activities at Site 35, including monitoring well installation and
soil and groundwater sampling. These project plans will be used for the monitoring well installation
and groundwater sampling activities described herein for the pilot-scale test.

4.1 Mobilization
Mobilization will include site preparation, site clearing, and mobilization of drilling crew and rig.
4.1.1 Site Preparation/Site Clearing

Since the treatability study area is located in a heavily-wooded, low-lying area, site-preparation and
site-clearing activities will be required to provide access and a stable working surface.

The existing dirt access road is generally accessible for a drilling rig and 4-wheel drive vehicles.
However, the treatability study areas are in a low-lying portion of the site, which are subject to
occasional flooding and are generally soft. Therefore, the areas will need to be improved prior to
treatability study mobilization activities. A small staging area (approximately 15'x 15') will be
prepared in each area by placing a 1-foot thick compacted gravel layer over a geofabric. Limited
site-clearing, which includes cutting small trees and removing shrubs, may be required to install the
staging areas and treatability study monitoring wells.

4.1.2 Installation of Temporary Utilities

The compressor for the IAS system will be operated using a 20-hp gas-powered engine. Therefore,
installation of temporary power will not be required.

4.1.3 Temporary Facilities

Baker's existing office and storage trailers near Site 41 will be used during the study due to its short
duration. Trash will be collected in garbage bags and disposed of in the dumpster located at Site 41.
Baker will have a mobile phone on site during the well installation and treatability study effort.

4.2 Drilling and Well Construction

This section describes the procedures for the construction and installation of groundwater
monitoring wells (two-inch diameter PVC casings two-inch diameter, No. 10 slot, well screened),
IAS wells, and the soil gas monitoring probes. All drilling activities will be performed using
hollow-stem augering methods under the direct supervision of a licensed well driller in accordance
with the procedures provided in the Baker SAP. Oversight will be provided by a Baker geologist.

4.2.1 PVC (2-inch) Monitoring Wells

Plan views of the proposed IAS and groundwater monitoring wells for each test are shown in Figure
4-1. As shown in Figure 4-1, six pairs of shallow/deep monitoring well clusters are proposed for
the pilot test for plume B. For the plume C test, four pairs of shallow/deep monitoring well clusters
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are planned with an additional four deep monitoring wells. Thus, a total of 12 new monitoring wells

‘will be installed for each test. All new monitoring wells will be installed and developed immediately

prior to performance of each treatablhty study.

To optimize data collectlon for the plume B study, each pair of wells will not be located immediately
adjacent to one another as is done with a typical well cluster. However, the cluster well numbering
terminology will be used to maintain consistency with previous investigations. The purpose of the
two-well cluster concept is to provide the means for obtaining groundwater data at the shallow
groundwater surface and above the underlying semi-confining layer. These intervals are monitored
by existing double-nested shallow wells. According to the results of previous investigations, the
shallow groundwater surface can be expected to be encountered across the treatability study area at
two to three feet bgs. Data provided in previous investigations indicates that the top of the semi-
confining layer is located about 35 feet bgs.

Each well in the two-well clusters will be provided with either an "A" or "B" designation
(e.g., MW-45A and MW-45B). The "A" will identify the well screened at the groundwater surface,
whereas "B" will identify the well screened at the top of the underlying confining layer. Existing
monitoring wells are currently numbered up to 3SMW-43A/B. Therefore, wells installed for the
treatability studies will begin with number 35MW-44A/B.

Each well will be constructed with two-inch diameter, schedule 40 PVC casings and No. 10 slot,
2-inch diameter PVC screens. All air sparging wells (35MW-44A/B and 35MW-51B) will be
installed using two-foot long screens. The shallow sparging well will be installed to a depth of
approximately 16 feet bgs. The deep air sparging well will be installed just above the clayey silt
semi-confining layer at a depth of approximately 34 feet bgs.

For the plume B test, a 10-foot screened interval for the groundwater surface monitoring wells will
be used from about two to 12 feet bgs. For the deep monitoring wells in plume B, a five-foot long
screen will be set approximately three feet higher than the screen depth used for the deep sparging
well (i.e., 31 feet). These monitoring wells are placed higher than the sparge wells for the purpose
of intercepting the air flow channels rising from the injection well. Detailed well construction
information and well installation procedures are provided in Section 5.0 of the SAP.

Because of the presence of the silt/clay lenses, the shallow wells for the plume C test will actually
be screened within the lower sand stratum just above (i.e., 1-2 feet) the deep well casing (i.e., within
a range of approximately 20 to 30 feet bgs). For all deep monitoring wells which are part of a well
cluster (35MW-52B, 35MW-53B, 35MW-54B, and 35MW-55B), a five-foot long screen will be set
at a depth that is either equal to, or slightly higher (i.e., 1 to 3 feet) than the screen depth used for
the deep sparging well, depending on the thickness of the sand stratum. Thus, the screens for these
deep monitoring wells will be placed within a depth range of 26 to 34 feet bgs. For the remaining
deep monitoring wells which are not part of a cluster (35MW-56B, 35MW-57B, 35MW-58B, and
35MW-59B), 15-foot long screens will be set for an interval from 19 to 34 feet bgs. The purpose
of these 15-foot screens is to capture a greater section of the aquifer to allow for more effective
monitoring of the horizontal movement of air at large distances from the sparge well.

Continuous split-spoon sampling using 2-foot long, 2.5- or 3-inch I.D. spoons will be performed
during installation of several of the deep wells to determine soil types and well screen placements.
Selected soil samples will be collected for possible future geotechnical analysis (e.g., grain size
analysis), if deemed necessary following completion of the treatability study.
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4.2.2 Soil Gas Probes

For each test, a total of six soil gas probes will be installed at various locations surrounding the air
sparging wells as shown in Figure 4-2. The probes will be placed approximately 1 foot above the
water table (i.e., 1 to 1.5 feet bgs). The probes will be constructed of 2.5-feet long, 1/2-inch
diameter schedule 40 PVC piping with retractable or disposable tips. They will be manually pushed
into the soil and removed upon completion of the test.

4.3 Pilot Test Design and Operation

Once the soil gas probes and monitoring wells are installed, as described in Section 4.2, each IAS
test and associated air and groundwater sampling/monitoring activities will commence as follows:

Day 1: Pre-Test Sampling (Baseline Conditions)
Days 2-3: Phase I IAS Test (5 scfm flow rate)
Days 4-5: Phase I IAS Test (20 scfm flow rate)
Day 6: Post-Test Sampling

During each phase of the pilot test, air will be simultaneously injected into both the shallow and deep
sparging wells. In other words, approximately 5 scfm will be injected into each well during Phase
I; whereas, approximately 20 scfm will be injected into each well during Phase II. The text will be
revised to clarify this point. As discussed below, the length of Phase I and/or Phase II could be
expanded based on field observations.

Changes in the following parameters will be measured to evaluate the radius of influence (ROI) of
the TAS system:

Dissolved oxygen (D.O.) in groundwater

Oxygen concentration (by volume) in soil (vadose zone)
Contaminant levels in vadose zone (soil gas)
Contaminant levels in groundwater

Helium concentrations in vadose zone

Vadose zone pressure

Groundwater pressure (water table elevation)

All measurements in the vadose (i.e., unsaturated) zone will be taken using the soil gas probes, and
all groundwater parameters will be measured using the upper and lower aquifer monitoring wells.

Of the above parameters, oxygen concentration is the key parameter that will be used to assess the
zone of influence of the sparging system, particularly D.O. concentrations in the surficial aquifer.
Background dissolved oxygen levels are expected to be at concentrations less than 2 mg/L in the
aquifer and possibly in the range of 10 - 15 percent in the vadose zone, depending on the amount of
biological activity in the area. Once the [AS system is turned on, D.O. levels in the monitoring wells
may rise to various levels up to the saturation point of about 9 mg/L, and oxygen levels in the vadose
zone may increase to about 20 percent. The duration of Phase I and/or Phase II could be increased
an additional 12 to 24 hours if D.O. measurements indicate that the system has not reached steady-
state and more time is needed to obtain an accurate ROI estimate.
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In addition to oxygen, a helium tracer will be used to help determine the IAS radius of influence.
Procedures for the helium tracer test as well as the other data collection methods and frequencies
are discussed for each test phase in the following sections.

All samples collected during this investigation, including QA/QC samples, will be designated with
a unique number. The number will serve to identify the investigation, the site, the area within the
site, the sample medium, a sampling location, depth or round (pre-test, test, post-test) of sample, and

QA/QC qualifiers.

The sample designation format is as follows:

Site # - Medium - Location - Depth/Round - Time (QA/QC)

An explanation of each of these identifiers is given below.

Site #

Medium

Location

Depth/Round

Time

This investigation includes Site 35.

GW = Groundwater
SG = Soil Gas
WT = Waste

The location numbers identify the sampling location. This would include
station number for soil location or monitoring well number for
groundwater. Each grid station will be identified with a unique
identification number.

Depth indicators will be used for soil samples. The number will refer to the
depth of the top of the sampled interval. For example:

00 = top of sample at ground surface
01 = top of sample is 1 foot below surface
07 = top of sample is 7 feet below surface

Round indicator will be used for groundwater samples as follows:

01 = Pre-test sampling round
02 = Pilot test (Phase I)

03 = Pilot test (Phase IT)

04 = Post-test sampling round

Time indicators will be used to identify the time (in hours) of sample
collection during each phase as follows:

00 = Initial baseline sampling or immediately after system
startup (i.e., t = 10 minutes)

02 = t =2 hours

24 = t =24 hours

48 = t =48 hours
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QA/QC (FB) = Field Blank
Oy = Duplicate Sample
(TB) = Trip Blank
(ER) = Equipment Rinsate

Under this sample designation format the sample number 35-GW-48A-01-24D refers to:

35-GW-48A-01-24D Site 35

35-GW-48A-01-24D Groundwater Sample
35-GW-48A-01-24D Monitoring well 48A
35-GW-48A-01-24D Pre-test sampling round
35-GW-48A-01-24D Sample collected after 24 hours
35-GW-48A-01-24D duplicate (QA/QC) sample

This sample designation format will be followed throughout the project. Required deviations to this
format in response to field conditions will be documented.

The types and quantities of QA/QC samples associated with the groundwater sampling are indicated
in Tables 4-1, 4-2, and 4-3 discussed in the following sections. Additional information concerning
the QA/QC samples is provided in the Site 35 QAPP. Sample bottle and holding time requirements
for the groundwater samples are also provided in the QAPP.

43.1 Pre-Test Sampling

Prior to startup of the IAS system, a 24-hour pre-test sampling event will be conducted to obtain a
baseline data set of the natural physical/chemical conditions in the aquifer and vadose. The pre-test
sampling matrix outlining all test parameters, methods, and sampling frequencies is provided in
Table 4-1. Specific sampling methodologies are described below.

4.3.1.1. Soil Gas Sampling and Monitoring

With the exception of the SUMMA canisters, all soil gas samples will be collected using a Dawson
electric high volume air sampling pump connected to the soil gas probes. The high volume air
sampler is designed to provide a variable flow setting between 3 to 20 liters/min. The air sampler
will be connected to the soil gas probes using 1/4" flexible tubing (i.e., tygon, PVC, polyethylene,
or polypropylene). Specific methods and equipment are given below.

Oxygen Concentrations

Oxygen concentrations in the vadose zone will be measured using a portable Sentinel Model 503-A
O,/LEL meter, or equivalent. The measurement will be taken by drawing air from the air pump
discharge line into the intake tube on the O,/LEL meter.

Organic Contaminant Concentrations

The majority of the total organic compound concentrations in soil gas will be measured using an

-HNu Model PI-101 or DL-101 photoionization detector (PID) with a 10.2 eV lamp. The

measurement will be taken by holding the PID probe the in the discharge from the air pump.
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In addition to PID readings, a limited number (Table 4-1) of vapor samples will be collected using
6-liter SUMMA canisters. The inlet to the SUMMA canisters (i.e., swagelock), which are supplied
under vacuum, will be connected to the soil gas probes using 1/4" flexible tubing (i.e., tygon, PVC,
polyethylene, or polypropylene) and shipped to an off-site laboratory certified by NFESC or the
U.S. Army Corps of Engineers for EPA Method TO-14 analysis. A list of the constituents detected
by the TO-14 analysis is provided in Appendix D. There is no holding time for the SUMMA
canisters; however, it is anticipated that all canisters will be shipped to the laboratory within a few
days of sampling and analyzed within a two-week time frame.

Pressure Measurements

Pressure measurements will be taken using magnehelic differential pressure gauges (e.g., Dwyer
Series 2000, 0-20" H,0) hard-piped to dedicated 1/4-inch diameter soil gas probes.

4.3.1.2. Groundwater Sampling

Oxygen Concentrations

D.O. concentrations in the aquifer will be measured using a portable YSI Model 57 D.O. meter, or
equivalent. The measurement will be taken by using the peristaltic pump to pump water into a small
jar in which the D.O. sensor is placed. The D.O. measurement will be taken after the sensor reading
stabilizes. The collected water will be disposed in the decontamination water container.

Organic Contaminant Concentrations

Groundwater samples will be collected for VOC analysis as indicated in Table 4-1. The peristaltic
pump will be used to purge three to five well volumes from the well and to obtain a turbidity reading
less than 10 NTUs prior to collecting the sample. Additional sampling collection protocols are
provided in the SAP. The samples will be analyzed using EPA SW 846 Method 8240 (plus xylenes)
by an off-site laboratory certified by NFESC or the U.S. Army Corps of Engineers.

Pressure Measurements

Water table levels will be automatically recorded on an hourly basis in four shallow wells
throughout the pre-test, pilot test, and post-test periods using pressure transducers linked to a data
logger (4-channel In Situ, Inc. Hermit Model SE2000).

4.3.2 Pilot Test Operation

As previously noted, each pilot test will consist of two, 2-day phases (Phase I and Phase II) in which
air injection flow rates (per well) of approximately five standard cubic feet per minute (SCFM) and
20 SCFM will be used. The phases will be performed in series without discontinuing air injection.
IAS systems typically operate within the range of three to 20 SCFM, with the majority of systems
operating around 10 SCFM per well. Thus, the five and 20 SCFM flow rates were selected to
provide the optimal data on which to base a full-scale system design.
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4.3.2.1 Pilot Test Eg‘ uipment

A process flow schematic showing the equipment and instrumentation to be used for the IAS tests
is provided in Figure 4-3. The equipment shown in Figure 4-3 will be pre-assembled on a single-
axle flat bed trailer (5 feet by 8 feet), which will be transported to the site by a van or pickup truck.
Since a soil vapor extraction (SVE) test will not be performed in conjunction with the IAS test due
to the high water table, the major equipment item to be used in the IAS will be an oil-free rotary
vane air compressor. The compressor will be equipped with a pressure relief valve, check valve, and
pressure gauge and will be plumbed to a section of 1-inch diameter schedule 40 steel pipe with a
bleed valve to control air flow and sampling port to monitor helium concentrations. Schedule 40
0.5-inch diameter high temperature hose will be used to connect the steel pipe to the injection well
head. The following parameters will be measured on the compressor discharge:

(] Temperature
° Pressure
o Air flow rate

These parameters will be monitored periodically and any changes/adjustments recorded in the field
log book as appropriate.

4.3.2.2 Pilot Test Sampling

The test sampling matrix outlining all test parameters, methods, and sampling frequencies is
provided in Table 4-1. The sampling procedures are identical to those described in Section 4.3.1,
except that helium concentrations will be measured in the soil as part of the helium tracer test
discussed in the next section.

4,3.2.3 Helium Tracer Test

As air injection is initiated after the baseline sampling, helium will be blended with the injection air
at a concentration of about two percent. A series of pressurized helium tanks will be manifolded
together and piped into the air injection line. Helium air flow will be adjusted manually by sampling
the injected air. Pressure and flow gauges will also be provided on the helium line. The helium will
be used as a conservative tracer to identify where the injected air reaches the vadose zone, and to
identify if the injected air is traveling to any location of concern. Helium concentrations in the
vadose zone will be measured using a portable battery-operated helium detector (Mark 9821 or
equivalent). The measurement will be taken by drawing air from the air pump discharge line into
the intake tube on the helium detector.

Once the soil gas data has been collected, contaminant emission rates will be estimated by
multiplying the air injection flow rate Q,, [ft*/min] with some average of the measured shallow soil
gas concentrations C,, [Ib/ft’]:

Emissions = Q,, [ft/min] x C,, [Ib/ff]
As a check on the accuracy of the estimate, an estimate of the helium emission rate will be

calculated using the same procedure. The helium emission estimate will then be compared with the
known helium injection rate to check the accuracy of the contaminant emission rate estimate.
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4.3.3 Post-Test Sampling

Following completion of Phase II air injection period, a 24-hour post-test sampling event will be
conducted to evaluate how the aquifer and vadose zone return to their natural pre-test conditions.
The post-test sampling matrix outlining all test parameters, methods, and sampling frequencies is
provided in Table 4-3. The sampling methodologies are identical to those described in Section 4.3.1
for the pre-test sampling round.

4.4 Equipment Decontamination Procedures

All drilling and sampling equipment will be decontaminated before use, between each sampling
station, and at the completion of the sampling program in accordance with the EPA Region IV
ECBSOPQAM. Specific decontamination procedures are provided in the SAP (Baker, 1993).

4.5 Residuals Management

Investigation derived wastes (IDW) will be generated during the drilling and sampling activities
associated with the treatability study. The IDW to be generated will include soil cuttings, purge and
development groundwater, spent decontamination fluid, and personal protective equipment (PPE)
and clothing (PPC). Procedures for IDW disposal are included in the SAP (Baker, 1993).
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5.0 COMMUNITY RELATIONS

Community relations activities and requirements are outlined in the Base-wide Community
Relations Plan prepared by Baker for the CERCLA RI/FS activities being performed on-Base. A
Technical Review Committee (TRC) has been established for the MCB Camp Lejeune CERCLA
activities, which includes LANTDIV, the Activity, USEPA, NC DEHNR personnel, and local
citizens. The TRC reviews CERCLA documents and participates in periodic meetings with Baker
to discuss ongoing CERCLA activities.



6.0 REPORTS

Two main reports are associated with the treatability study effort include this Treatability Study
Work Plan and the Treatability Study Report, which will document the treatability study results and
conclusions. Submission and review of these two reports are discussed in the following sections.

6.1 Treatability Study Work Plan

This Draft Treatability Study Work Plan, which details the scope of the treatability study activities
to be performed, is being submitted to LANTDIV, the Activity, USEPA Region IV, and NC DEHNR
for review. Comments received from the NC DEHNR and USEPA Region IV, will be addressed
and incorporated, as appropriate, into the Final Treatability Study Work Plan. Baker will distribute
the appropriate number of copies of the Final Treatability Study Work Plan to LANTDIV, the

* Activity, USEPA Region IV, NC DEHNR, and the other members of the TRC.

6.2 Treatability Study Report

Upon completion of the on-site pilot study, a Treatability Study Report will be prepared in
accordance with USEPA's "Guide for Conducting Treatability Studies under CERCLA" (USEPA,
October 1992). The Treatability Study Report will provide a presentation and evaluation of the
treatability study test results. The Treatability Study Report will also include engineering and
design-related information needed for evaluating the short- and long-term effectiveness,
implementability (including long-term operation and maintenance requirements), and cost (both
capital and operation and maintenance) of implementing a full-scale IAS system on site.

Two versions of the Treatability Study Report will be prepared as follows: a Draft Treatability Study
Report for review by the Navy, USEPA, and NC DEHNR,; and a Final Treatability Study Report,
which will incorporate review comments from the Navy and regulatory agencies. Upon completion,
Baker will distribute the appropriate number of copies of the Final Treatability Study Report to
LANTDIV, the Activity, USEPA Region IV, NC DEHNR, and the other members of the TRC.
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7.0 SCHEDULE

A preliminary schedule depicting the treatability study process is provided in Figure 7-1. As shown
in Figure 7-1, the on-site operational period for the pilot system, including installation of monitoring
wells and demobilization efforts, is approximately three weeks, whereas, the entire treatability study
process, which includes development and review of the Treatability Study Work Plan and
Treatability Study Report, is expected to require a total of eight months to complete.



8.0 PROJECT MANAGEMENT AND STAFFING

The proposed management and staffing of this Treatabilify Study is graphically depicted in |
Figure 8-1. The primary participants in this project will include:

Mr. Matthew D. Bartman, Activity Coordinator
Mr. Daniel Bonk, P.E., Project Manager

Mr. Gordon J. Ruggaber, P.E., Lead Engineer
Mr. Mark Kimes, Site Manager/Project Engineer

Mr. Daniel L. Bonk will serve as the Project Manager. He will be responsible for the overall
technical preparation of the report and will serve as the client contact representative from Baker.
Lead technical assistance will be provided by Mr. Gordon J. Ruggaber. All field activities will be
managed and coordinated by Mr. Mark Kimes, who will serve as the Site Manager. Mr. Kimes will
be responsible for coordinating with on-site subcontractors. Senior review and technical guidance
will be provided by the MCB, Camp Lejeune Activity Coordinator, Mr. Matthew D. Bartman.

Overall field and reporting QA/QC will be the responsibility of Mr. Daniel L. Bonk. Mr. Ray
Wattras will provide program-level technical and administrative support.
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TABLE 1-1

ORGANIC COCs THAT EXCEED REMEDIATION LEVELS
OPERABLE UNIT NO. 10 (SITE 35)
CTO-0323
MCB CAMP LEJEUNE, NORTH CAROLINA

Contaminant of Concern RL(-2 Basis of
' RL
Benzene ) 1 NC WQS
Trichloroethene 2.8 NC WQS
cis-1,2-Dichloroethene 70 NC WQS
trans-1,2-Dichloroethene 70 NC WQS
Ethylbenzene 29 NC WQS
Methyl Tertiary Butyl Ether 200 NC WQS§S
Xylenes ' 530 NC WQS
Notes:

M RL = Remediation Level
@ Groundwater RLs expressed as pg/L (ppb)

NC WQS = North Carolina Water Quality Standard




TABLE 4-1

PRE-TEST SAMPLING MATRIX
SITE 35
MCB CAMP LEJEUNE, NORTH CAROLINA

Total
Matrix Location Analysis Frequency Method Samples
Soil gas All probes Oxygen t=0, 8,24 hrs O,/LEL meter 18
Soil gas All probes VOCs t=0, 8,24 hrs Vapor analyzer 18
Soil gas SG1, 8G2, SG4, SG7, VOCs t=0hrs SUMMA, TO-14 3
SG8, SG9
Soil gas All probes Pressure t=0,8,24 hrs Pressure gauge 18
Groundwater All wells D.O. 1=0, 8,24 hrs D.O. meter 18
Groundwater 46A/B, 50A/B, 53A/B, VOCs t=20, 24 hrs Lab, SW 846 8240 g§+3°
54A/B ‘
Groundwater 45A, 46A, 48A, S0A, Water Level Hourly for 24 hrs Data logger 96
52A, 534, 54A, S5A

Notes:

* Includes following QA/QC samples:

1 Trip blank

1 Equipment rinsate (sampling pump tubing)
1 Field duplicate



TABLE 4-2

PILOT TESTING SAMPLING MATRIX

SITE 35, MCB CAMP LEJEUNE, NORTH CAROLINA

Matrix Location Analysis Frequency Method Total
Samples

Phase I, Air Flow Rate =5 SCFM

Soil gas All probes Oxygen t=0,2,4,6, 8, 12,24, 28, 32, 36, 48 hrs O,/LEL meter 66

Soil gas All probes VOCs t=0,8, 24, 32, 48 hrs Vapor analyzer 30

Soil gas SG1, SG2, SG4, SG7, VOCs t=48 hrs SUMMA, TO-14 3
SG8, SG9

Soil gas All probes Pressure t=0, 8, 24, 32, 48 hrs Pressure gauge 30

Soil gas’ All probes Helium =0, 2,4, 6, 8, 12, 24, 28, 32, 36, 48 hrs Portable analyzer 60

Groundwater All wells D.O. t=0,2,4,6, 8, 12,24, 28, 32, 36, 48 hrs D.O. meter 66

Groundwater 46A/B, 50A/B, 53A/B, VOCs t=24, 48 hrs Lab, SW 846 8240 8
S4A/B

Groundwater 45A, 464, 48A, 50A, Water Level Hourly for 48 hrs Data logger 192
52A, 53A, 54A, 55A

Phase II, Air Flow Rate =20 SCFM

Soil gas All probes Oxygen t=0,2,4,6, 8, 12,24, 28, 32, 36, 48 hrs O,/LEL meter 66

Soil gas All probes VOCs t=20, 8, 24, 32, 48 hrs Vapor analyzer 30

Soil gas SG1, SG2, SG4, SG7, VOCs t =48 hrs SUMMA, TO-14 3
SG8, SG9

Soil gas All probes Pressure t=0,8, 24,32, 48 hrs Pressure gauge 30

Soil gas All probes Helium t=0,2, 4, 6, 8, 12, 24, 28, 32, 36, 48 hrs Portable analyzer 60

Groundwater All wells D.O. t=0,2, 4,6, 8,12,24, 28, 32, 36, 48 hrs D.O. meter 66

Groundwater 46A/B, 50A/B, 53A/B, "VOCs t=24, 48 hrs Lab, SW 846 8240 g§+3"
54A/B

Groundwater 454, 46A, 48A, S0A, Water Level Hourly for 48 hrs Data logger 192
52A, 53A, 54A, 55A

Notes:

* Includes following QA/QC samples:
1 Trip blank, 1 Field duplicate
I Equipment rinsate (sampling pump tubing)



POST-TEST SAMPLING MATRIX

MCB CAMP LEJEUNE, NORTH CAROLINA

TABLE 4-3

SITE 35

52A, 53A, 54A, 55A

Matrix Location Analysis Frequency Method S:‘n(:;ias
Soil gas All probes Oxygen t=4,8,12,24 hrs O,/LEL meter 24
Soil gas All probes VOCs t=4,8,12,24 hrs Vapor analyzer 24
Soil gas SG1, SG2, SG4, SG7, VOCs t =24 hrs SUMMA, TO-14 3

SG8, SG9
Soil gas All probes Pressure t=4,8,12,24 hrs Pressure gauge 24
Soil gas All probes Helium t=4,8,12,24 hrs ‘ Portable analyzer 4
Groundwater All wells D.O. 1=4,8,12,24 hrs D.O. meter 24
Groundwater 46A/B, 50A/B, 53A/B, VOCs t =24 hrs Lab, SW 846 8240 4+1
54A/B
Groundwater 454, 46A, 48A, 50A, Water Level Hourly for 24 hrs Data logger 96

Notes:

* Includes following QA/QC samples:

1 Trip blank
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Site 35, Operable Unit No. 10

F.:}RE 7-1

IAS Treatability Study Scheduie

Marine Corps Base, Camp Lejeune, North Carolina

IAS Treatability Study Start Finish ;Zr? : Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec l ;:x? ’ Feb
Work Plan 1/15/96 1/15/96 ’

Draft Treatability Study Work Plan 1/15/96 2/15/96( NN

Navy/EPA/State Review 2/15/96 4/15/96 T

Final Treatability Study Work Plan 4/16/96 5124196 I

Treatability Study 6/15/96 8/27/96

Mobilization 6/17/96 7/3/96

Monitoring Well Installation (Plume B) 7/8/96 7/17/96 -

On-Site Pilot Study (Plume B) 7122196 7/30/96

Monitoring Well Installation (Plume C) 8/5/96 8/14/96 -
On-Site Pilot Study (Plume C) 8/19/96 8/27/9%6

Laboratory Analysis 7/25/96 9/27/96

Treatability Study Report 8/28/96 1/30/97

Draft Treatability Study Report 8/28/96 10/18/96

Navy/EPA/State Review 10121796  12/20/96

Final Treatability Study Report 12/30/96‘ 1/30/97
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In Situ Air Sparging—Technology Demonstration for.R‘emediating Groundwater
£ Contaminated with Dissolved-Phase Constituents at Hill Air Force Base

Whitney Wheeless, Radian Corporation
Steve Hicken, Hill Air Force Base
Carrie Beitler, Jim Rowe, Mark A. Robbins, Radian Corporation
~  Robert E. Hinchee, Parsons Engineering Science .. -
__ Paul C. Johnson, Arizona State University
¢ Richard L. Johnson, Oregon Graduatc Institutc of Science & Technology
David B. ,icWhorter, Colorado Statc University

Abstract

l’ . In-siru air sparging (IAS), in conjunction wnh soil vapor extraction (SVE), is becoming a

' widely used technology for remediating ground-water contaminated with volatile organic compounds.
As part of a echnology demonstration conducted at Hill AFB, the authois evaluated IAS technology
for remediating groundwater contaminated with dissolved-phase chiorinated organic compounds. The
primary objective of the demonstration was o determine whether IAS could effectively serve as a
contro] barricr technology and remediate the contaminant plume at Operable Unit 6, where

¢ trichloroethene is the major constituent of concern. Another.objective was 10 establish the physical and
chemical moriitoring parameters and the types of samplmg needed to concluswcly determine the
treatinent effectiveness of JAS. . .

The Investigators deteriiinec ihe cffccliveness of IAS ,lechnology by evaluating the reduction

of trichloroethene from the groundwater, as measured in hydropunch and monitor well samples of the

'éfmf ; .- groundwater collected before and afier the twelve-weck demonstrution pering, In addition, they used

R the results of a helium tracer study to determine the efficiency of the SVE system in capturing the air

-sparged into the aquifer, The investigators also used the results from monitor well purge tests to

determine the representativeness of monitor well data for evaluaing JAS systcms. The zone of

.nfluence and the effect of the JAS system on the aquifer was determined on the basis of field
measurements, such as water levels, subsurface pressures, and water quality parameters.

. Both the monitor well and hydropunch sample results showed significant reductions of TCE

concentrations during the IAS test—generally from 130 to 300 ug/L, at baseline (0 1 to 50 pug/L after

12 weeks of JAS operation. Significant reductions were observed at most depths for all downgradxem

monitor wells. These reductions are believed to be a mult of a rclauvcly uniform distribution of air

( flow throughout the aquifer at OU 6 during IAS teatment. The observed laters] movement of air is

' likely caused by the lower permeability sands within the aquifer that djvert upwam' movement of air and

force air to flow laterally. Under the ﬂow regime at the OU 6TD ;na. the aquxfer as a whole was
treated by the IAS system. SR o

e Liala o

¢ Introduction
In siw air sparging (1AS) is an innovative technology for, tunedhﬁng groundwaltcr, where air
is-injected into the satnrated zone for the purpose of removing ocganic. contaminants. The vertical and -
horizontal air flow enables the contaminants in the gmundwater to volatilize into the air stream. After
the contaminated air has migrated to the unsaturated zone, it is typmlly collected through soil vapor
- extraction (SVE) for treatment or emission. _ . .
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Figurc 2 shows the known extent of contaminated groundwater. The contaminant plume is
clongated in the direction of groundwater flow and extends from a matnicnance arca on Base to beneath
a residential area off Base, Minimal lateral spreading is seen in the plume because of the lower-
permeability materials that border the sand to silty-sand aquifer in which the contaminaﬁon is migrating.
Because the TCE has not appreciably sprcad laterally, the average peak concentration in the center of
the plume is relatively consistent (generally between 200 and 300 ug/L). The. location of the TD site

relative to the plume and Base boundary is also shown inFigure2, .

Technical Approach

The JAS test was conducted for a 12-
week period from February t6 May 1995 to
cvaluate the pcn'ormancc of the system in remov-
ing chlorinated dissolvéd-phase contaminants
from the groundwater,. Bascline groundwater
characteristics and organic concentrations were
determined.

Ireatment System :
The IAS/SVE system includes a single

row of four nestcd sparging and SVE wells.

. Figure 3 shows a schematic of the treatment

system installed at OU 6. The IAS process
equipment was sized to provide a 90% minimum
stripping cfficiency using relationships developed

by Pankow et al. (1993).. The resulling compres-

sor specifications were 15 scfm per well at 20

: ngu.re 2. 'l‘CE Contaminant Plume

..
e

at Operable Unit 6 and Location

of the Technology Demonstration
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psig. The SVE blowers were then sized to
caplure the sparged air with a safety factor of
three to four.

Figure 4 shows a plan of the site and the
locations of the treatmeat and monitor wells.
Each trcaynent well contains an JAS well at the
bottom of the aquifer, a decp SVE well screened
at the water table, and a shallow SVE well
screencd 20 ft above the water table. Ten nested
monitor wells were also installed at the site at
the TD site. Rach cluster contains two vapor
probcs and three monitor wells with 5-ft
screened intcrvals and bentonite seals between
the screens. Figure 5 shows a schematic of the
IAS/SVE dual wells and the nested monitor well
installations.

To observe the impact of the treatment
system on the aquifcr and the unsaturated zone,
numerous parameiers were monitored at varying
frequencies, as outlined in Table 2. Baseline
samples and measurcments were collected (o

LAND SURFACE

Z
2

. Z
NP

3 A7 AT TR TRRUCOOL RN
7 INOOOTINRNERRRIRAARNARS

A8
SPARQING
WELL
s5onp
Ceemstens ’-——
MOT YO SCALE X Tt

Pigure 5. Schemadc Dingram for the Mon!wr Well

Qlusters and the Sparging Well

ID:1-512-454-8807

JAN 31°'96

S = §

Flgnre 4. 'l‘ru!mem by:tcm Layout at the TD bltlc

N

charac&enze the aquifer for chlorinated
organics and water quality parameters prpr
. to the'system stastup. A CPT rig was v
tocollecthydmpunch samples of ground\ya-
Jtor at three discreic intervals at five §
. tions within the anticipated zone of infu-
. oncs.. The hydropunch samples were

.. viewed as critical'for quantifying the con-

: taminant reduction from TAS because the
rcprcscnuuvencss of monitor well data is
., suspect, , Previous smudies have shown that
lA,S Eausps preferential flow to monitor
- wells whtch leads (o preferential treatment
-atthe wells {Johnson ct al., 1993).
R SR
R Aﬁcrstanup, weekly, monthly, and
ﬁpql samples were collected to monitor the
~ \reatment and the impact of the sysiem on

“the subsur(ace Final samples were col-

. lected from the monitor wells and at the
hydropunch locations after the system had
beq: shut off & weck; these sample results
U were used to eva!uatc the effectivencss of
theU\S s)mem ror removing TCR from the
aqulf“ A

8:41 No0.00S P.06
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Table 2. Summary of Parameters Monitored During the IAS/SVE T'est

Matrix : Parameter " Frequency Location
Groundwater | Chlorinated volatile organic | Baseline and final ‘| Hydropunch locations
: compounds S o R
Chlorinated volatile ocganic. . | Monthly | SR Momtor wells
compounds e an , R
Anions and cations
1 Alkalinity
Water level
Dissolved oxygen .o...] Weekly or monthly
pH
Specific conductance
Redox potential IR TR )
Temperature . Conunuouﬂy 8 |
Soil gas Pressure _ Cdnﬁnubﬁélﬁ,..", — Vapor probes o
Air Volatile organic compounds | Monthly ~ | System off-gas and
Coe . e venting monitor well

Performance testing was also conducted to further evaluate the test results. A helium tracer

| recovery test was performed to determine the efliciency of the SVE system in recovering the air sparged

into the aquifer. During the test, helium was added to the air sparging system, and the concentration
of hclium was measured in the SVE off-gas streamns and also in the air flow out the venting monitor
wells. The recovery of helium was caleulated from the lnjec:ed and recovered helium volumetric flow
rates.

Additionally, a monitor well purge test was pc:formed to cvaluate thc rcpmsentauveness of the
monitor well samples for quantifying JAS treatment, A conunpous Iow-ﬂow purge (0.15 gpn) was
pesformed on three monitor wells within the treatment zone (SM 7M™, and 8M) to remove 800 gallons -
from cach well. The TCE conceitration was mohitored- over:time. to determine a stabilized
concentration al euch well; (hese concentrations were. compared lo the ﬁnal samplc results for e
monitor well. Wi

‘........j.ﬂ.’.‘.n. . s R R e L

Test Results

Concentrations measured after the 12-week treatment peciod showed the greatest reduction fi
baseline levels at locations downgradient of the sparging lines. Table 3 provides the bascline and fipal
TCE conceatrations for the monitor well and hydropunch samples. These results are organized by de
since the contamination at the site varies by depih, with the shallow-medxum qnd medium zones of’
aquifer having the tughcst oonccntmiom of TCB. - ;3;‘, i S 3

Although the:e was quuc a bit of variabihly in baseline and: ﬁnal cﬁhé&urauons across the gie,
generally TCE concentration reductions in the 80% o 90%-range . werg observed within and
downgradient of the treatmmt zone. A poruon of lhc um dau are Jaloued on lhc contour map in P‘7

Y}
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. Table 3. TCE Reduction by Depth for Monitor Well and Hydropunch Samples
. Shallow* suMyauautl Medium® ?gf
TCE Concen- ; TCR Concen- ' TCE Cencen- TCE Cencen- .
tration : Absolute tration (pe/l.) . Abselute tration Abselute | ¢rution _ Absolute
*'——-rdu—* Peacent  Reduction 7 Pecoent * Reduction Percent | Reduction : Percent . Reduction
Location | Basefine | Final :Reduction (ug/L) . | Baseline | Fioa) | Reduction : (eg/L) | Baseline | Final Redoction]l (ug/L) | Baselioe | Fin Rdudnl (ag/L)
Mwa| 599 D 209 | 249 449 | NA i Na NA “NA 22 | 150 158 E7) 466 | 185 i 603 28.1
loMw2 | 476 255 | 436 - 2075 | 'Na ' Na NA NA 19 | 1 i 3 S 2 | 13 Y w2 | 107
lMw3 | s7 266 686 81" NA_: NA NA___ NA %09 | 128 i 10 8.1 021 | o9 a1 1 o8
Mw4 | I8s 469 | 14 ;284 NA - NA NA_ ' NA w4 | 12 2 42 03s | o4 . 19° 01
Mws | 357 ¢ 687 g 330 NA___NA NA NA 22 i 368 | 834 1852 175 ' NA | $H2 ;1036
824 NA NA NA 188 1 na_ 06 |- 921 - 208
7.8 NA NA NA 194 . 186 443 | 163 | 1417
206 NA NA NA 9.3 011 ;i 024
403 NA NA _NA 129 0.3 15
CT | 35 | NK:- _NA_ | NA- | w4 ~79s | 19 |-
; C ] NG-: |t NA :NAS | - NA NA a8 | 141 1 94
A Y oNC: i 6 825 1394 | 300 S NA | NA
prilia (L FoA BN 15 D 86 915 | @ NA .| NA
N Nl 148 | 196 : .s6s. | 130 _NA_| NA
¥ ne 1leo Pass |l o4 1 Tsmd 162 " NA | NA
i 46 19600 06| 997 1854 246 NA - NA
NA = Not applicable,
NC = Not calculated.
BS-MW(&W&WW
* Refers 0 relative depth of sample.
* Upgradiem of spurging fine: MW-1, MW-2, MW'-3, HP-1, and HP-2.
Cross-gradient of sparging kne: MW-4, : .
Downgradient of spaging line: MW.S through MW.10, HP.3, HP.4, end HP-S,
* Resuls are unreliable de t improper developmeent of UW-1S and UW-1D. . K
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Figure 6. Lou_lon: I‘lo( of Baseline and Final 1'CE Commuom for the Medium-Depth
" Hydropunch and Monltor Well Seinplel

6 that represents baseline and final concentmnons at the medlum depth for both hydropunch and
monitor well samples. As the figures illustrates, followmg the test the concentrations of TCE declined
downgradient of the sparging line to concentrations ranging: from 0.3 ug/L at MW-6 (0 55.8 pug/L at
MW-10. Statistical unalysis of the basclinc-io-final reducuons end final concentrations confirmed that
the reductions observed were statistically sxgmﬁcam o :

The higher coneentrdtxon observed at MW’- nay: 'be due (o the position of the well
approximately 95 ft downgraagc'u of the sparge line. Theaverage lincar vclocny at the site is low (0.5
10 1.8 f/day), and durmg the course of the test, groun‘ra!waier (zédted at the sparging line may not have
had sufficient time to nuﬁra:e to MW-10 by the time the ﬁnal’simples were collected. Evidence for this
was provided in subcequcm sampling at the site two momhs afterthe test penod, where concentrations
of TCE at MW-]OM wcre mcasurcd at 7 Bmpll. A sk iy

The data were evaluated to detemune whether the measured reducuons are real, Mass balances
were performed using the Jiquid phase and gas phase sample resplts._ The mass of TCE removed from
the groundwater (0.29 to 3.4 Ib) compared well with the ma rem% ved from the SVE and monitor well
off-gas (0.80 Ib). An air-lo-watcr ratio was calculated as ,’J ﬁvol depending on the groundwater
velocity. A theorctical air-to-water ratio was calculated as 12 vollvol Both of these analyses indicate
that the observed reductions are physically posslble -

External factors (i.c.,; other than ueatmem) (ha gl cj potennally affect TCE concentrations
during the TD were also cvatuated. These factors il)clqdedaxdrmal concentrazion fluctuations in the - .
aquifer and changes in groundwater gradicnt o flow diroctidn. Periodic monitoring of the contaminant
plume since 1993 has shown that concentrations in the cen!er,qf the:plume. have never been measured

below 150 ng/l. Grqundwatu level surveys taken before.._‘ ring. and after the treatment show that

-
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groundwater flow direction has remained consistently to the north. Nelther of these factors aff

1TCE concontlanons or treatiment at the slte

I:ms..l.m
The results of the purge test at moni-

tor wells S, 7, and 8 are- shown in Figure 7.

The TCE concentrations at MW-7M remained

essentially constant during the test around 30

ug/L, which agreed well with the final sample

result of 32,7 ug/L.. However, concentrations
did show increases during pumping at MW-
5M and MW-8M. The cause of this rise is
uncertain. The observed gradual rise could be
causcd by mixing cffects from untreated
groundwatcr entering the wells’ zones of
influence or by preferential tteatmcnt at the
monitor well. Mixing effects are espccxally
relevant for monitor wells S and 8 since they
are on the edge of the treatment zone.

Even though tlmc results were incon- - -

clusive, the monitor well data’showed good
correlation with the hydropunch sample re-
sults. This correlation does not mean, how-
cver, that sampling interfercnces do not exist
with either sampling technique, such as prefer-
ential flow or volatilization. The uncertainties
in the purge test data do crcate questions
concerning the results, but the consistent
concentration reductions across the treatment
zone, utilizing three different sampling tech-
niques, appear to be indicative of treatment as
a whole. :

Llow Modcl

TCE Coneenmtlon vs. Time

“"'\/ ™

~= MW-5M ~® - MW-TM - MW-tM

>R

seee o fu B B ‘m

N L] T
Thres (hew)

el N,
., Lt

'Daccomtuuou Measured
Mng IAS Stndy (Idl.)
-.".,'... *" Sunpling Bvens
Well: - Baseline  Final
MW.SM - b 358
MWIM 194 329
- MW.SM 9313 3.6

Figure 7. TCE Coneentnuom Durlng the Monitor W
I'urge Test and Concemuuom anred During the
muune and MStmpung Events

Because the rcdueuom measu:cd durmg the test wéré slg cant and appcared to be relatively

consistent across the TD site, a conceptual physical model was neccssax)' fo account for the observed
reductions. Besides the TCE concentrations, several other pxeces of dafa collected during the test were
important for evaluating the effect of JAS on the aquifer, including dissolved oxygen readings, pI1
incasurements, the poteatiometric surface and water level chmges. air flow measurcments from the

monitor wclls, and the lithology at the site.

el

The DO concentrations were recorded prior to and dunng the test; as presented graphically i
Figure 8. These data show that DO concentrations increascd, relative to baseline, within a week of
startup. This rapid rise in DO was cbserved at most depths for all downgradlent \bells; clevated DO i

... indicative of oxygen transfer to the aquifér from the sparged-air.: “Particularly noteworthy are

measurements at MW-9 and MW-10, which are located 70 and 95 ftfrom the sparging &
respectively, because they showed elevatcd DO after 4 weeks'af dpesation (dﬁnng the first samplin
event). The groundwater f ﬂowat the site is approximately 0.5 to 1.8 ﬁ’fdzy 50 it is not Jikely that
treated groundwater plime mlgrptqd 10:these locaﬁons wnthm the. ﬁqt four wecks of operatior

8:44 Nol00S P.10
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Therefore, some degree of dircct air flow was observed np " Bhallew Wells
lo 95 f downgradient of the sparging line. The elevaled ™ . " ST

DO measurcments observed at deep, medidm, and shallgw* '
depths at many of the wells indicate that the air ﬂow'-is"
distributed relatively unifonn!y across the'entire suc

Another uxdzcauon df {hc cven dxttnbutxon of mnt‘
the site was the change in pH observed at numerous Wellé:
downgradicat of the trcatment area. A gradual rise from
baseline conditions ranging from 0.15 10 1 pH units was e
observed in the pH measurements within 4 to 8 weeks of- -+ *
stariup. This rise was likely caused by the stripping of CO, Y
from the aquifer by the sparged air. Because the alkalinity
of the groundwater is lugh and the CO, concentration in the *
sparged (ambient) air is low, CO, is stripped out of the o
groundwater into the air, thus raising the pH. These xesults‘ e
indicate that stripping is occumng across much of the 'l‘D ’
site. , o

This uniform mauneat of the aquifer is govemed.
by the hthology atthe OUS 'rlism.-« Although the aquif :

.....

thus, penneabxh:y lhroughout the saturated 2one. It appeg,:g:

that these variations in permeability have a significant:. '7-":'-:"-'.:}'..-. ST SR CE
effect on the air pathways in the trcalment area and, as.a . . - - iS=Ee SAEI VS @) Sk
result, TCE removal rates, The lower permeability sands m"; m“grm“gm“urwm
divert the upward movement of air and force the air to flow. * and Mmm, Sllnpung Em;‘m’
latcrally. This “pancake” flow mechanism causes.a She e

laterally extensive distribution of air in’ the aquifer a_nd L i

results in treatment of the groundwater as a whole.

. !w- f"

IAS appears 1o havc significantly reduced dlssolvad :phm 'I‘CK :concentsations at oV 6,
howcvcr. two mpoﬂant qu,cstmns mmamed 1) Was groundwatct sxmpiy diverted around the sitc? and

6.0 . 2) Wds;the sparged air adequately recov-

sob 1 ".;:eted by:the SVE system? These points
ok i “are “important for understanding the
so} ! iy _mpmmdcffecuvm of the LAS/SVE

g 20p Kenpeare A s
E ;::, i -WhenthelAs system was
Aok 4§ mnea at the Beglnning of the fest, a
200 1 1 . pressure field developed in the TD arca.
KT S ot B . ... This was seon as’ a significant rise in
40 M P W S S T "““'?"}"ppcsuramumd'hypmssmtmnsduo
g 8§ 8 8 8 8 & g §i ers in the deep mohitor wells. Figure 9
8 § & s § % 5 87 showsibegenstul response of the sub-

. R . 8 | - Ahows
Figure 9. General Prosnire Response as Measured by the, fg,,‘ wblsamssqm transducers during the
Suhmuﬂuchmrembuﬂu the JAS Teu M{ Woﬂhg test
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Figure 10 prescnts a schenatic of the conceptual air (low pathways at steady state in the OU
6 aquifer system. As the figure shows, the less permeable sands have the effect of spreading the air flow
laterally through the squifer. Unique to this site are the confining layers that restrict the air flow and
creatc a locally extensive pressure ficld during treatment. The deep SVE wells and some of the shallow
monitor wells penetrate the confining layers thus providing a release point for the pressure field
developed because of these layers.

Conclusions

The in siw sparging system installed at Hill AKB OU 6 dxd apprecxably remove contaminants,
specifically TCE, from the groundwater. Both the monitor well and hydropunch sample results showed
significant reductions of TCE concentrations during the IAS test-—gencully from 150 to 300 ug/L at
bascline to 1 Lo 50 ug/L afier 12 weeks of 1AS operation. ... * .

Significam reductions werc observed at most depths for all downgm‘_dlqm monitor wells, Thesc
reductions are believed 1o be a result of a relatively uniform distribution of air flow throughout the
aquifer at OU 6 during IAS treatment. This conclusion is supported by the rapid rise in dissolved
oxygen at wells up 10 95 ft from the sparging line and the consistently clevated dissolved oxygen
concentrations in the aquifer both laterally and vestically from the sparging wells The lateral movement
of air is likely caused.by the Jower permeability sands thhm the. aquxfer that divert the upward
movement of air and force air to flow laterally. In contrast 10 a vertical channeling flow mechanism
where discrete channels of air provide a relatively small air-water interface, the pancake flow of air in
the OU 6 system provided ajr movement laterally and vertically throngbout the aquifer. Since the
primary removal mechanism for chlorinated organics is the stnppmg of contaminants caused by air
movement, it appears that under the flow regime at the OU.6 TD s:te the aqucr as 8 whole was treated
by the IAS system. ot ,.., ‘_;

1t was also found that subsurface lithology drasncally aft'cacd the abxhty of the designed system
to rcmove sparged air. The confining layers at or near the waicr table caused air to accumulate and a
pressure field to develop in the treatment area after sparging bcgan These layc;s causcd the majority
of sparged air (80%) to bc vented through the shallow monitor wells

'.':fi 1

To better understand the impact and effectiveness of y\s aia utg, i is reccommended that.

......

submersible pressure transduces measurements, dissolved oxygen, PH, and contaminant concentrationy
be monitored before, during, and after the testing period. - ‘
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TABLE 1. VOLATILE ORGANIC COMPOUND DATA SHEET

MOLECULAR | BOTLIW® MELTING CAS
COMPOUND ( SYNONYM) FORMULA WEIGHT POINT (°C) POINT (°C) NUMBER
Freon 12 (Dichlorodi fluoromethane) C12CF2 120.91 -29.8 -158.0
Methyl chloride (Chloromethane) CH3C1 50.49 -24.2 «-97.1 74-87-3 .
Freon 114 (1,2-Dichloro-1,1,2,2- CICF2CCIF2 170.93 4.1 -9%4.0
tetrafluoroethane) :
Vinyl chloride {Chloroethylene) CHo=CHC1 62.50 -13.4 -1538.0 75-01-4
Methyl bromide (Bromomethane) CH3Br 94 .94 3.6 -93.6 74-83-9
Ethyl chloride (Chloroethane) CH3CH2C1 64.52 12.3 -136.4 75-00-3
Freon 11 (Trichlorofluoramethane) CCl13F 137.38 23.7 -111.0
Vinylidene chloride (1,1-Dichloroethene) CaHaCl2 96.95 .7 -122.% 75-35-4
Dichloromethane (Methylene chloride) ChzCl2 . 84 .94 9.8 -95.1 75-09-2
Freon 113 (1,1,2-Trichloro-1,2,2- CF2CICCI2F 187.38 47.7 -36.4
trifluoroethane)
1,1-Dichloroethane (Ethylidene chloride) | CH3CHC12 98.96 57.3 -97.0 74-34-3
cis-1,2-Dichloroethylene CHC1=CHC1 96.94 60.3 -80.5
Chloroform (Trichloromethane) CHC13 119,38 61.7 -63.5 67-66-3
1,2-Dichloroethane (Ethylene dichloride) | C1CHCHCI 98.96 83.5 -35.3 107-06-2
Methyl chloroform (1,1,1-Trichloroethane)| CH3CCl3 133.41 4.1 -30.4 71-55-6
Benzene (Cyclohexatriene) Cellg 78.12 80.1 5.5 71-43-2
Carbon tetrachloride (Tetrachloromethane)| CClg 153.82 76.5 -23.0 56-23-5
1,2-Dichloropropane (Propylene CH3CHC1CH2CY 112,99 96.4 -100.4 18-87-5
dlchlorid:g _
Trichloroethylene (Trichloroethene) C1CH=CC) 131.29 87 -73.0 79-01-6
cis-1,3-Dichloropropene (cis-1,3- cngcc1-cﬁc1 110,97 76 '
dichloropropylene
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