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SECTION 1

Introduction

This report presents the findings of a Feasibility Study (FS) for Operable Unit (OU) No. 20, Site 86 on Marine
Corps Air Station (MCAS) New River, located aboard Marine Corps Installations East-Marine Corps Base
Camp Lejeune (MCIEAST-MCB CAMLEJ) in Onslow County, North Carolina. This FS was prepared under the
Naval Facilities Engineering Command — Atlantic, Comprehensive Long-Term Environmental Action—Navy
(CLEAN) Contract N62470-08-D-1000, Contract Task Order 081.

1.1 Report Purpose

The purpose of this FS is to evaluate potential remedial alternatives to address the contamination identified
during the Expanded Supplemental Remedial Investigation (ESRI), contained in the Expanded Supplemental
Remedial Investigation, Site 86, Operable Unit No. 20, Marine Corps Base, Camp Lejeune, North Carolina
(CH2M HILL, 2011a), according to the following process:

e Identify the remedial action objectives (RAOs)

e Identify potential treatment, resource recovery, and containment technologies that would satisfy these
objectives

e Screen the technologies based on their effectiveness, implementability, and cost
e Assemble the technologies into treatment alternatives

e Analyze the alternatives against evaluation criteria

1.2 Report Organization
This FS is organized as follows:
e Section 1 is the introduction.

e Section 2 contains site characterization information, including: site description and background,
summaries of previous investigations, the nature and extent of contamination (including updated
information collected in 2011 and 2012), a streamlined risk evaluation, and a natural attenuation (NA)
evaluation.

e Section 3 identifies applicable or relevant and appropriate requirements (ARARs) and RAOs and contains
an initial screening of potential technologies.

e Section 4 develops the identified technologies into potential alternatives and evaluates those
alternatives based on effectiveness, implementability, and cost.

e Section 5 presents a detailed analysis of the alternatives.

e Section 6 presents reference information.

ES060412002603CLT 1-1



SECTION 2

Site Characterization

This section contains site characterization information, including a discussion of site description and
background, geology and hydrogeology, summaries of previous investigations, nature and extent of
contamination, a streamlined risk evaluation, a summary of the Pilot Studies, and an NA evaluation.

2.1 MCIEAST-MCB CAMLEJ Setting

MCIEAST-MCB CAMLE]J is located in Onslow County, North Carolina, covers approximately 236 square miles,
and is bisected by the New River, a large estuary extending to the Atlantic Ocean. The southeastern border
of the MCIEAST-MCB CAMLE]J is the Atlantic Ocean shoreline. The western and northeastern boundaries are
United States Route 17 and State Route 24, respectively. State Highway 50, Haws Run Road, and an
unnamed perimeter road border the base to the north and west of the Greater Sandy Run Training Area,
which is located west of United States Route 17 in the southwestern portion of MCIEAST-MCB CAMLEJ. The
City of Jacksonville, North Carolina borders MCIEAST-MCB CAMLE)J to the north (Figure 2-1).

2.2 Site Description

Site 86 is located aboard MCAS New River, adjacent to Camp Geiger in the northwest portion of MCIEAST-
MCB CAMLE]J (Figure 2-1). MCAS New River has been in service since 1951 and provides support for aircraft
and personnel. Site 86 is located on an active military flight line with multiple areas of limited or restricted
access. Approximately half of Site 86 is developed with buildings, parking lots, landscaped areas, and the
flight line (Figure 2-2).

The topographic relief within Site 86 ranges from 8 to 20 feet above mean sea level (msl), with a slight slope
to the east toward the New River. Stormwater runoff from the western portion of the site flows east
through storm drains that discharge to a drainage ditch. Stormwater from the northern portion of the site
flows to a retention pond. Stormwater that has not infiltrated the ground surface eventually discharges to
the New River. Since the northern and western portions of the site are generally paved or developed, it is
anticipated that infiltration rates are low. However, higher rates of infiltration are expected in the northeast
grass area.

2.2.1 Site Geology

Surficial deposits observed at Site 86 vary in thickness from 30 feet in the western portion of the site to
40 feet near the central portion of the site. These deposits consist of sand, silty sand, and sandy clay that,
when saturated, compose the surficial aquifer.

Beneath the sand, silty sand, and sandy clay of the surficial aquifer lies the River Bend Formation, which
consists of silty sand and weakly cemented sandy limestone. This formation is typically observed at
approximately 30 feet to 40 feet below ground surface (bgs) and ranges in thickness from 15 feet in the
western portion of the site to 45 feet in the northeast grass area. The fossilized shells observed in this
limestone are an identifying characteristic of the River Bend Formation (Cardinell et al., 1993). The
proportion of shell fragments is greatest at approximately 45 to 55 feet bgs.

Below the weakly cemented sandy limestone lies a greenish gray sand with some silty sand lenses and
fossils. This greenish gray sand was not encountered in the southern portion of the site because no borings
were advanced to the expected depth of the unit in this area. However, this unit was observed at
approximately 60 feet bgs in the northern portion of the site. This unit was observed to the borehole
termination depth of approximately 90 feet bgs.

The locations of cross section lines are shown on Figure 2-3, and cross sectional views of the site lithology
are shown on Figures 2-4 though Figure 2-6.
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2.2.2 Site Hydrogeology

The current and previous investigations have been limited to the surficial and Castle Hayne aquifers, which
occur in the undifferentiated formation and River Bend Formation, respectively. The surficial aquifer, which
is under unconfined conditions (water table aquifer), occurs within the sediments of the undifferentiated
formation.

Locally, the River Bend Formation consists of weakly to completely cemented, fossiliferous, sandy limestone,
and has been designated at MCIEAST-MCB CAMLEJ as the upper Castle Hayne aquifer. The middle Castle
Hayne aquifer underlies the carbonate-rich zone, and is characterized by unconsolidated gray to olive green
silty sand with trace amounts of fossil fragments.

The Castle Hayne confining unit, typically represented within the lower portion of the Belgrade Formation,
was not encountered at Site 86. The absence of a laterally continuous confining unit allows direct hydraulic
communication between the surficial and Castle Hayne aquifers.

Generally, groundwater flow is to the east-northeast toward the New River within the surficial and Castle
Hayne aquifers (Figure 2-7 and Figure 2-8). The average horizontal hydraulic gradients are 0.003 foot per
foot (ft/ft) in both the surficial and upper Castle Hayne aquifers, which indicates that the surficial and Castle
Hayne aquifers are acting as one aquifer (CH2M HILL, 2011a).

Downward vertical hydraulic gradients from the surficial to the upper Castle Hayne ranged from 0.002 ft/ft
to 0.112 ft/ft (CH2M HILL, 2011a). A slight downward gradient (0.003 ft/ft to 0.049 ft/ft) from the upper
Castle Hayne to the middle Castle Hayne aquifer was also observed (CH2M HILL, 2011a).

2.2.3 Aquifer Testing

The hydraulic properties of the surficial and upper Castle Hayne aquifers were evaluated using slug test and
pump test techniques during the 2012 Pilot Test (discussed in Section 2.3 and Appendix A). Slug tests were
conducted on five surficial aquifer wells. The results indicated that horizontal hydraulic conductivity values
range from approximately 0.97 to 10.61 feet per day (ft/day) with a geometric mean of 3.44 ft/day
(Appendix A).

Analyses of aquifer testing data from slug tests conducted on 11 upper Castle Hayne wells and pump tests
conducted on three upper Castle Hayne wells indicated that horizontal hydraulic conductivity values range
from approximately 1.37 to 26.85 ft/day, with a geometric mean of 10.02 ft/day (Appendix A-Table 1-1).
Pump test data were additionally evaluated to yield a specific storage of 6 x 10 feet ™ for the upper Castle
Hayne aquifer.

The range of conductivity values noted in both aquifers with respect to close spacing of wells indicates the
spatial hydraulic conductivity variability is most likely associated with the heterogeneity of aquifer material
that the wells are screened through.

2.2.4 Seepage Velocities

As previously discussed, average horizontal hydraulic gradients are 0.003 ft/ft for both the surficial and
upper Castle Hayne aquifers. The effective porosity for both the surficial and upper Castle Hayne aquifers is
assumed to be 0.25, which is a typical value for coastal plain sandy sediments (Wiedemeier, et al., 1996).
Groundwater seepage velocities for each aquifer were calculated using a modification of the Darcy equation.

2-2 ES060412002603CLT



SECTION 2—SITE CHARACTERIZATION

Where,
K, .
Vv, = Thl
and,
vy, = groundwater seepage velocity (ft/day)
Kn = horizontal hydraulic conductivity (ft/day)
n = effective porosity (dimensionless) = 0.25
i = horizontal hydraulic gradient = 0.003 ft/ft (surficial)

= horizontal hydraulic gradient = 0.003 ft/ft (upper Castle Hayne)

Based on the surficial aquifer hydraulic conductivity values noted in Section 2.2.3, seepage velocity values
ranged from 0.012 ft/day to 0.13 ft/day with a geometric mean of 0.042 ft/day.

Based on the upper Castle Hayne aquifer hydraulic conductivity values noted in Section 2.2.3, seepage
velocity values ranged from 0.016 ft/day to 0.32 ft/day with a geometric mean of 0.12 ft/day. Variations in
the groundwater seepage velocities are predominantly dependent on spatial variations in hydraulic
conductivity rather than the hydraulic gradient, which is relatively consistent across the site.

2.2.5 Summary of Previous Investigations

Soil and groundwater investigations were initially conducted from 1990 through 1992 under the MCIEAST-
MCB CAMLEJ Underground Storage Tank (UST) Program. The investigations focused on the former
aboveground storage tanks (ASTs) area, which encompassed the original site boundary (Figure 2-2). Based
on the presence of chlorinated volatile organic compound (CVOC)-impacted soil and groundwater, the site
was transferred to the Installation Restoration (IR) Program and designated as Site 86.

A chronological summary of previous investigations is presented in Table 2-1. Select tables and figures for
the documents summarized in Table 2-1 are provided in Appendix B.

TABLE 2-1
Summary of Previous Investigations and Removal Actions
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEJ, North Carolina

Investigation Phase Date Reference Conclusions
Preliminary Site 1991 Dewberry & In 1990, a PSI was conducted to evaluate the AST area. Soil samples were
Investigation (PSI) Davis, 1990 collected and analyzed for total petroleum hydrocarbons (TPH) and

volatile organic compounds (VOCs). The analytical data indicated that
TPH and VOCs were present in soil and were likely attributable to
localized surface spills from ASTs (Appendix B-Dewberry & Davis-Table 9).

Site Assessment (SA) 1992 O’Brien & Gere, In 1992, an SA was completed to evaluate the nature and extent of
Inc., 1992 subsurface contamination at the AST area. Soil and groundwater samples
were collected and TPH and VOCs were detected (Appendix B-O’Brien
and Gere, Inc.-Figure 3).
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TABLE 2-1
Summary of Previous Investigations and Removal Actions
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEIJ, North Carolina

Investigation Phase Date Reference Conclusions
Remedial 1995-1996 Baker, 1996 In 1995, an Rl was conducted to further characterize the nature and
Investigation (RI) extent of contamination identified in the SA. Soil samples were collected

and analyzed for VOCs, semivolatile organic compounds (SVOCs),
pesticides, polychlorinated biphenyls (PCBs), TPH, and metals.
Groundwater samples were collected and analyzed for VOCs and SVOCs,
metals, total suspended solids, and total dissolved solids. A limited
number of groundwater samples were also analyzed for pesticides, PCBs,
and dissolved metals (Appendix B-Baker 1996 RI-Figures 3-1 and 3-2).

Surface and subsurface soil samples contained concentrations of metals
and SVOCs above human health risk-based levels. Groundwater samples
contained concentrations of VOCs and metals above human health risk-
based levels (Appendix B-Baker 1996 RI-Figures 4-1 through 4-6).

Post-RI Activities 1997-1998 Baker, 1998 In 1997, post-Rl activities were conducted to refine the vertical and
horizontal extent of VOCs in groundwater. The results indicated that the
horizontal extent of VOCs in groundwater was not delineated (Baker Post

RI Figure 1-2).
Amended RI 2001-2002 CH2M HILL/ In 2001 and 2002, Amended Rl field investigation activities were
Baker/CDM, conducted to further characterize the groundwater contamination and to
2003 re-evaluate impacts to human health and the environment identified in
the RI.

The Amended Rl concluded that the extent of VOC contamination in the
soil was limited, and that two groundwater plumes were identified in the
vicinity of Site 86. The plume near Site 86 was adequately defined;
however, an unrelated upgradient plume was not defined (Appendix B-
CH2M HILL/Baker/CDM Amended RI-Table 4-8 and Figures 4-1 through

4-12).
Resource 2005 CH2M HILL, In 2005 and 2006, an RFl was conducted to evaluate Solid Waste
Conservation and 2006a Management Units (SWMUs) 303 and 318. Based on the results, surface
Recovery Act and subsurface soil samples contained concentrations of VOCs, SVOCs,
Facilities and metals above human health risk-based levels, and groundwater
Investigation (RFIs) samples contained concentrations of VOCs, SVOCs, and metals exceeding

applicable human health risk-based levels.

The RFI recommended the removal of contaminated soil from beneath
the wash pad near SWMUs 303 and 318 and further investigation of
groundwater contamination to determine the source of the chlorinated
solvents at the SWMUs (Appendix B-CH2M HILL RFI-Figures 2-1 through
2-2 and Figures 4-1 through 4-19).

Interim Measure- 2005 Shaw, 2005 In 2005, Shaw removed approximately 1,200 tons of SVOC and metals

Removal Action impacted soil from SWMUs 303 and 318 under Interim Measure, as
recommended by the RFI. Soil removal activities occurred in three phases
during November and December 2005. Confirmatory soil samples
indicated that all target contaminants were below the applicable USEPA
Region 9 Industrial Preliminary Remediation Goals (PRGs) and NC Soil-to-
Groundwater Maximum Soil Contaminant Concentrations (MSCCs) or
RCRA Base background concentrations (the mean plus two standard
deviations).
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TABLE 2-1

Summary of Previous Investigations and Removal Actions
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEIJ, North Carolina

Investigation Phase Date

Reference

Conclusions

ESRI 2006-2010

CH2M HILL,
2011a

An ESRI was conducted in a phased approach from 2006 to 2010 to
complete the horizontal and vertical delineation of CVOCs in surface soil,
subsurface soil, sediment, surface water, and groundwater and to
quantify the potential risks to the human and ecological receptors
(Appendix B-CH2M HILL ESRI-Figure-3-2 through 3-5 and Tables 5-1
through 5-7).

The ESRI concluded that the nature and extent of soil and groundwater
contamination was defined. The Human Health Risk Assessment (HHRA)
concluded that potential future contact with groundwater may result in
risk or hazards above the United States Environmental Protection
Agency’s (USEPA’s) acceptable risk range and hazard levels based on
contact with surficial and Castle Hayne aquifer groundwater by
hypothetical future residents and industrial workers. The Ecological Risk
Assessment (ERA) concluded that the overall risk to ecological receptors
was acceptable.

An FS was recommended to identify RAOs and identify and evaluate
remedial alternatives to address the CVOC groundwater contamination.

Basewide Vapor 2007-2011
Intrusion (VI)
Evaluation

CH2M HILL,
AGVIQ, 2009;
CH2M HILL,
2011b

Site 86 was included in the phased Basewide VI evaluation to determine
if complete or significant exposure pathways exist for VI into buildings.
Current subslab soil gas concentrations were within an estimated target
risk range; therefore, it was concluded that VI is not a current significant
pathway of concern for the site buildings evaluated at Site 86.

If new buildings are planned for construction in the vicinity of the VOC
groundwater plume, the potential for a VI pathway will be evaluated and
mitigated if needed.

Expanded Soil 2011
Background Study
Report

CH2M HILL,
2011c

A total of 60 surface soil and 51 subsurface soil samples were collected
from developed and undeveloped areas of MCIEAST-MCB CAMLEJ to
provide background threshold values (BTVs) for use in site-specific
environmental investigations and HHRAs and ERAs.

Because USEPA no longer has a regional screening level (RSL) for total
chromium and data were compared to the hexavalent chromium RSL to
be conservative, surface and subsurface soil data were speciated for
hexavalent and total chromium to evaluate the ratio of hexavalent
chromium to trivalent chromium in background soils.

The background data were not available at the time the ESRI was
completed; therefore, the BTVs were used to re-evaluate a potentially
unacceptable risk identified in the ESRI. This risk evaluation is discussed
in Section 2.5 of this FS.

IR86-MW59DW 2012
Groundwater Re-
Sampling

Not Applicable
(N/A)

As noted in the 2010 ESRI, concentrations of chromium and polycyclic
aromatic hydrocarbons detected in one groundwater sample (IR86-
MWS59DW) collected from the middle Castle Hayne aquifer may result in
a risk to human receptors. Because the risk was a result of a single
groundwater analytical result, a second groundwater sample was
collected from IR86-MWS59DW in March 2012 and was analyzed for
chromium, benzo(a)pyrene, benzo(b)fluoranthene,
dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene.

The data were used to evaluate the validity of the risk and are discussed
further in Section 2.4 of this FS.
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2.3 Nature and Extent of Contamination

A comprehensive evaluation of the nature and extent of contamination at Site 86 is presented in the ESRI
(CH2M HILL, 2011a). A brief summary, including the conditions following the Pilot Study, is provided as
follows.

2.3.1 Surface and Subsurface Soil

SVOCs, pesticides, and metals are present in surface soil at concentrations that exceed the applicable soil
screening levels. The magnitude of the SVOC and pesticide exceedances is generally low, and their
occurrence and distribution appear to be related to the industrial nature of the site. The metals appear to be
widespread and at concentrations that are generally consistent with naturally occurring levels. Metals and
pesticides were detected in the subsurface soil at concentrations that exceeded regulatory screening levels.
Their occurrence and distribution appeared to be consistent with the surface soil. Additionally, pesticide
impacts were limited to one subsurface soil sample location. Limited petroleum-related VOC impacts were
present within the former UST tank basins at the UST-AS410N, UST-AS410S, and UST—-AS510 sites.

2.3.2 Sediment and Surface Water

SVOCs, metals, and one pesticide were present in sediment samples collected from both the western
stormwater retention pond and the drainage ditch at concentrations that exceed soil screening levels. The
extent of impacted sediment is confined to the stormwater retention pond and ditch. Within the drainage
ditch, sediment impacts extend to the furthest downgradient sample location (IR86-SD113). The magnitude
of the SVOC and pesticide exceedances in the surface water and sediment is generally low and their
occurrence and distribution appear to be related to the industrial nature of the site. The metals appear to be
widespread and at concentrations that are generally consistent with naturally occurring levels.

No VOCs, SVOCs, pesticides, PCBs, or metals were detected above regulatory screening levels in surface
water samples collected from the western stormwater retention pond. However, SVOCs, pesticides, and
metals were detected above the applicable regulatory screening levels in the drainage ditch. The extent of
surface water contamination is confined to the drainage ditch and does not appear to extend beyond
sample location IR86-SW110, where SVOCs and metals were detected at the highest frequency at
concentrations exceeding regulatory levels.

2.3.3 Groundwater

The surficial and upper Castle Hayne aquifers at Site 86 are primarily impacted by CVOCs (tetrachloroethene
[PCE], trichloroethene [TCE], cis-1,2-dichloroethene [DCE], and vinyl chloride [VC]). Benzene has been
detected in the surficial and upper Castle Hayne aquifers at relatively low concentrations compared to the
North Carolina Groundwater Quality Standards (NCGWQS). Groundwater contamination occurs as large,
diffuse, elongate plumes that encompass more than 40 acres of total area. Figures 2-9 through 2-12 identify
the areal extent of TCE- and VC-impacted groundwater in the surficial and Upper Castle Hayne aquifers,
respectively. Figures 2-13 and 2-14 depict vertical extents of the compounds. Only TCE and VC are depicted
on the figures, as the remaining constituents of concern (COCs) are collocated or isolated. Additionally, TCE
and VC are the only CVOCs that were detected at concentrations exceeding 100 times the NCGWQS, which,
as detailed in Section 3, is the basis of the treatment scenario evaluated in this FS.

Figure 2-15 presents the conceptual site model (CSM), a three-dimensional graphic representation of the
current site conditions, type and location of potential human health risks, potential source areas and
receptors, generalized lithology, groundwater impacts, and typical site hydrogeologic conditions. As shown
on the CSM, the westernmost plume appears to have originated near SWMUs 303 and 318 and is likely a
result of surficial releases associated with the former aircraft maintenance operations. The central plume
appears to have originated near Building AS510 and is likely the result of surficial releases associated with
former aircraft maintenance activities. The easternmost plume appears to be associated with an open, unlined
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drainage ditch that receives surface water runoff from the stormwater conveyance network within the eastern
portion of the flight line.

2.3.4 Surficial Aquifer

Within the surficial aquifer, CVOCs appear as three large, diffuse plumes. The westernmost plume extends
approximately 700 feet between monitoring wells IR86-MW40 and IR86-MW41 on the industrial and flight
line portion of the site. The central plume extends approximately 630 feet between monitoring well IR86-
MW-10IW and monitoring well IRB6-MW47. The easternmost plume extends approximately 1,645 feet
between monitoring wells IR86-MW58 and IR86-MW63. The horizontal extents of TCE and VC impacts in the
surficial aquifer have been delineated to their respective NCGWQS (Figures 2-9 and 2-11). The vertical
extent of impacts within the surficial aquifer ranges from approximately 5 to 25 feet bgs. Analytical results
are provided in Table 2-2, and the primary COC analytical results are summarized in Table 2-3.

TABLE 2-3
Surficial Aquifer Groundwater Exceedance Summary
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEJ, North Carolina

Detection Exceedance Maximum Location of Maximum NCGWQS
VOCs Rate Rate Concentration (pg/L) Concentration (ng/L)
Benzene 12/20 7/20 11 IR86-MW52 1
TCE 19/26 13/26 170 IR86-MW61 3
cis-1,2-DCE 22/29 1/29 1501 IR86-MW58 70
vC 3/26 3/26 681 IR86-MW58 0.03

J — concentration is estimated.
Hg/L — micrograms per liter

2.3.5 Upper Castle Hayne Aquifer

Within the upper Castle Hayne aquifer, CVOCs appear as four large, diffuse plumes similar to those observed
in the surficial aquifer, with slight differences in orientation and generally higher levels of CVOCs. The
westernmost plume extends approximately 950 feet east from IR86-MW52IW over the industrial portion of
the site. The northernmost plume, located near the original Site 86 Rl boundaries, extends approximately
1,925 feet to the northeast toward monitoring well IRB6-MW38IW. The easternmost plume, located near
the drainage ditch toward the eastern portion of the flight line, extends approximately 1,470 feet east from
IR86-MW22IW into the northeast grass area. The fourth plume, not present in the surficial aquifer, is
located in the grassy area in the northeast portion of the site and centers on IR86-MW34|W. As shown on
Figures 2-10 and 2-12, the horizontal extents of TCE and VC impacts in the upper Castle Hayne aquifer have
been delineated to their respective NCGWQS. The vertical extent of impacts within the upper Castle Hayne
aquifer ranges from 25 to approximately 60 feet bgs. Analytical results are provided in Table 2-4, and the
primary COC analytical results are summarized in Table 2-5.

TABLE 2-5
Upper Castle Hayne Aquifer Groundwater Exceedance Summary
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEIJ, North Carolina

Detection Exceedance Maximum Location of Maximum NCGWQS
VOCs Rate Rate Concentration (ug/L) Concentration (ng/L)
1,1-DCE 12/31 3/31 9.9 IR86-MWS58IW 7
Benzene 11/21 5/21 4.0 IR86-MW15IW 1
TCE 15/31 13/31 330 IR86-MW42I1W 3
cis-1,2-DCE 22/31 7/31 350 IR86-MW15IW 70
VvC 14/31 14/31 76 IR86-MWS58IW 0.03
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2.3.6 Middle Castle Hayne Aquifer

A single detection of PCE that exceeded the NCGWQS was noted in the middle Castle Hayne aquifer;
however, it appeared to be isolated and delineated. As discussed in Section 2.5, chromium, benzo(a)pyrene,
benzo(b)fluoranthene, dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene were detected in groundwater
collected from IR86-MW59DW. In March 2012, the monitoring well was sampled again to verify the
detections. Based on the March 2012 data, there are no detectable concentrations of chromium,
benzo(a)pyrene, benzo(b)fluoranthene, dibenz(a,h)anthracene, or indeno(1,2,3-cd)pyrene in the middle
Castle Hayne aquifer (Table 2-6).

2.4 Risk Assessments
2.4.1 Human Health Risk Assessment

In order to assess the potential human health risks associated with the presence of site-related
contamination, an HHRA was conducted as part of the ESRI (CH2M HILL, 2011a), Basewide VI evaluation
reports (CH2M HILL, 2011b), and the Technical Memorandum presented in Appendix C. The exposure
scenarios evaluated included current and/or future receptors from exposure to soil in the industrial area and
flight line, surface water and sediment in the pond and drainage ditch, and surficial, upper Castle Hayne and
middle Castle Hayne aquifer groundwater. The potential for VI was also evaluated to assess buildings
located within 100 feet of groundwater impacts exceeding site-specific VI screening levels. The CSM

(Figure 2-15) depicts the potential risk identified at Site 86, including the exposure media, exposure routes,
and potential human health receptors.

Health risks are based on a conservative estimate of the potential cancer risk or the potential to cause other
health effects not related to cancer (non-cancer hazard, or hazard index [HI]). USEPA identifies an
acceptable cancer risk range of 1 in 10,000 (104) to 1 in 1,000,000 (10°®) and an acceptable non-cancer
hazard as a target-organ-specific HIl that does not exceed 1. The estimates of risk were used to determine if
any further actions were required to sufficiently protect human health. Based on the results of the HHRAs, it
was concluded:

e There are no unacceptable risks to any of the potential current receptors from exposure to site media.

o While VOCs were detected in groundwater at concentrations above vapor intrusion groundwater
screening levels (GWSLs) for an industrial building, current subslab soil gas concentrations result in
estimated risk within the target risk range, therefore VI is not a significant pathway of concern based on
current site use. However, the VI pathway would need to be re-evaluated if new construction were to
take place or if future land uses changes.

e There are no unacceptable risks based on future contact with surface soil, surface water, or sediment.

e There was a potential risk identified from exposure to chromium in soil within the flight line area by
hypothetical future residents. However, between the time that the HHRA was completed and this FS was
completed, a new Base background soil evaluation was performed. As part of the evaluation,
concentrations of both naturally occurring total chromium and naturally occurring hexavalent chromium
were measured in background soil samples. Based on the chromium speciation data, a ratio of hexavalent
chromium to total chromium of 1:5 was calculated. Once this ratio was applied to the total chromium
data from Site 86, the maximum estimated concentrations of hexavalent chromium were within the
acceptable cancer risk range (Appendix C).

e There are no unacceptable risks from exposure to surficial aquifer groundwater by construction workers.

e Future potable use of surficial aquifer and upper Castle Hayne aquifer groundwater by residents or
industrial workers may result in unacceptable carcinogenic risks and/or non-carcinogenic hazards from
exposure to PCE, TCE, VC, and benzene.
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e Future potable use of middle Castle Hayne aquifer groundwater was also identified as a potential
unacceptable risk from exposure to chloroform, benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene, dibenz(ah,h)anthracene, indeno(1,2,3-cd)pyrene, and chromium. However, these
COCs are associated with one groundwater sample collected. Based on the infrequency of detections, low
concentrations, and laboratory qualifiers associated with the detections (estimated concentrations) the well
was re-sampled in March 2012 for these analytes. The results indicated that detectable concentrations of
these constituents were not present in the well. Therefore, groundwater from the middle Castle Hayne
aquifer does not pose an unacceptable risk.

The results of the groundwater HHRA is summarized in Table 2-7.

2.4.2 Ecological Risk Assessment

A Screening-level Ecological Risk Assessment (SLERA) was conducted as part of the ESRI to assess the
potential ecological risks associated with the presence of site-related soil, sediment, surface water, and
groundwater contamination. Based on the results of the SLERA, risks to populations of ecological receptors
exposed to soils, groundwater, surface water, and sediment at or near Site 86 were not considered
significant.

2.5 Pilot Studies

To evaluate the efficacy of several remedial options, three pilot studies were conducted at Site 86. The first
of which was conducted in 2004 through 2005 and included a horizontal air sparge well and ozone injection
system. Then, in 2011/2012, two additional pilot studies were conducted involving enhanced reductive
dechlorination (ERD) using a recirculation system and in situ chemical oxidation (ISCO) using slow release
permanganate candles (SRPC). Locations of the pilot studies are shown on Figure 2-16, and a description of
the pilot studies and results is presented in the following sections.

2.5.1 2004 Air Sparge/Ozone Injection Pilot Study

In 2004, a 950-foot-long, 65-foot-deep horizontal directionally drilled well was constructed in the upper
Castle Hayne aquifer with a 350-foot section of screen to evaluate the effectiveness of a horizontal
directionally drilled well for transferring TCE mass in the target area. Additionally, 12 monitoring wells were
installed in the upper Castle Hayne aquifer. Groundwater monitoring was conducted throughout the Pilot
Study (Appendix B-CH2M HILL Pilot Study-Figure 2-1).

The results indicated that TCE concentrations were reduced by 99 percent. The zone of influence created by
sparging operations was observed to propagate 50 feet on either side of the well. Groundwater samples
collected from 13 of the 16 monitoring wells within the treatment area contained target VOCs below the
NCGWQS within 1 year of the start of system operation (Appendix B-CH2M HILL Pilot Study-Figure 3-2).

2.5.2 2011/2012 ERD and ISCO Pilot Studies

The 2011/2012 pilot studies were separated into two zones, consisting of an ERD injection and extraction
recirculation system in the upper Castle Hayne aquifer (Zone 1) and ISCO using SRPCs in the surficial aquifer
(Zone 2). The Zone 1 Pilot Study area encompassed a 0.3-acre area that included a drainage swale, portions
of an asphalt parking lot, hangar support structures, security fencing, and a grassy area. The Zone 2 Pilot
Study area encompassed a 0.15-acre area located in the northeast grassy area east of the flight line
(Appendix A-Figures 2-4 and 1-4). A complete summary of the Pilot Study is presented in Appendix A.

Zone 1-ERD Injection and Extraction Recirculation

In 2011, a groundwater injection and extraction recirculation system was installed in the upper Castle Hayne
aquifer consisting of six injection wells (IR86-IW01 through IR86-IW06), two extraction wells (IR86-EW01 and
IR86-EW02), six monitoring wells (IR86-MW70IW through IR86-MW75IW), and ancillary pumps and piping in
Zone 1.
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The type of substrate used in the Pilot Study was a WilClear sodium lactate solution. The lactate solution
was delivered in a 60 percent solution and diluted to 5.9 percent when dosed into the extracted
groundwater in the recirculation system, which operated at a rate of 7.5 gallons per minute (gpm). Three
separate injection events took place within the span of 4 months, delivering approximately 30,000 pounds
of WilClear to the upper Castle Hayne aquifer.

Four groundwater monitoring events were performed during the Pilot Study and included a baseline,
1-month, 3-month, and 6-month event. During each monitoring event, groundwater was collected for
VOCs, volatile fatty acids (VFAs), dechlorinating bacteria, and total organic carbon (TOC) analyses.

Dechlorinating bacteria populations, which were already present at the site, grew significantly throughout
the Pilot Study, specifically Dehalococcoides (DHC), which grew by 5 orders of magnitude. Simultaneous
decreasing trends of lactate concentration and increasing trends of its fermentation products in the
treatment area indicated bacterial consumption of the injected substrate and the health of the bacterial
consortium.

At the conclusion of the Pilot Study, analytical data indicated that overall concentrations of VOCs

(TCE, cis-1,2-DCE, 1,1-DCE, and VC) had decreased by approximately 80 percent relative to baseline
concentrations. Additionally, as concentrations of TCE decreased, concentrations of cis-1,2-DCE and VC
appeared to initially increase and then began to follow a decreasing trend. In two monitoring wells
(IR86-MW70IW and IR86-MW71IW), concentrations of VC were reduced to less than 1 pg/L within 6 months
of treatment. This indicated that, along with the favorable microbial, TOC, and VFA data, complete
degradation of TCE was occurring and could be expected to continue.

Zone 2-ISCO using SRPCs

In October 2011, 60 SRPCs were deployed in 30 borings in the surficial aquifer near monitoring well IR86-
MW61 (Zone 2). SRPCs were installed along two 80-foot-long transects, each consisting of 15 SRPC borings
at a 3-foot offset spacing to form an SRPC permeable reactive barrier (PRB) in the surficial aquifer. Each
SRPC consisted of a 3-foot-long by 1.5-inch-diameter potassium permanganate and paraffin wax candle and
contained approximately 3.44 pounds of potassium permanganate (2.55 pounds of permanganate) and
0.86 pound of paraffin wax. Periodic sampling of groundwater at SRPC-8 showed a logarithmic
concentration of permanganate. Initial concentrations were approximately 9,000 milligrams per liter (mg/L).
Concentrations fell to 1,000 mg/L after 1 month and decreased to 400 mg/L over the next 8 months.
However, the effectiveness target was 200 mg/L.

Groundwater samples were collected from upgradient monitoring well IR86-MW61 and five downgradient
monitoring wells, IR86-MW66 through IR86-MW69 and IR86-MWE63, prior to and 1, 3, 6, and 9 months after
SRPC deployment. The detected concentration of TCE in groundwater collected from IR86-MW66 (within the
SRPC PRB) decreased from a background concentration of 62 ug/L to 13 pg/L during the first 3 months of the
pilot test. The concentration of TCE detected in groundwater collected from IR86-MW66 rebounded to

83 pg/L after 9 months of treatment.

TCE concentrations in groundwater collected from downgradient wells IR86-MW67, IR86-MW68, and
IR86-MW69 decreased after the first 3 months. However, the same trend toward baseline conditions
observed in IR86-MW66 was observed after 9 months of treatment. Concentrations of cis-1,2-DCE in
groundwater collected from IR86-MW66 through IR86-MW69 were reduced below the NCGWQS of 70 pg/L
by the SRPCs. However, concentrations of cis-1,2-DCE exhibited the same slight increase after 9 months of
treatment. The previously described rebound trend is likely related to formation oxidant demand and low
seepage velocities in the surficial aquifer. The oxidant demand may have consumed the permanganate as it
diffused off the candle. The low seepage velocity did not provide adequate transport; therefore, not enough
permanganate was present to overcome these two factors.
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2.6 Natural Attenuation Lines of Evidence

To evaluate monitored natural attenuation (MNA) as a remedial option at Site 86, several lines of evidence
were considered. These lines of evidence are summarized below and detailed explanations are provided in
the referenced sections, tables, and/or figures.

e Detection of parent VOC degradation compounds have been observed site wide (Section 2.3).
e Removal of mass from higher concentration areas through the implementation of two pilot studies.

— 2006 Air sparging/ozone injection pilot study (summarized in Section 2-5) reduced concentrations of
TCE by approximately 99 percent in the northeastern portion of the site (Figure 2-16).

— 2011/2012 ERD recirculation pilot study (summarized in Section 2.5) reduced concentrations of
VOCs by approximately 80 percent near eastern end of the industrial portion of Site 86 (Figure 2-16).

e Presence of adequate MNA scores (USEPA, 1998) for upper Castle Hayne plume wells (Section 2.6.1.2)
has been observed (Figure 2-16).

e Presence of microbial populations observed in groundwater samples collected from upper Castle Hayne
wells (Table 2-9).

e Indication that MNA will be protective of the New River based on predictive groundwater modeling
(Section 2.6.1.3).

e Similarity between remedial timeframes (Section 2.6.1.3) for treatment and mass transfer alternatives
to MNA (40 years vs. 53 years, respectively).

Based on the lines of evidence presented above, MNA appears to be a sustainable remedial alternative for
Site 86. A detailed evaluation of the natural attenuation indicator parameters (NAIPs) present in the surficial
and upper Castle Hayne aquifers, MNA scores, and groundwater modeling and remedial timeframes is
provided in the following sections.

2.6.1 Natural Attenuation Evaluation

NAIPs provide qualitative evidence of favorable conditions and semi-quantitative evidence of
biodegradation. Among these parameters used to assess favorable subsurface conditions are a loss of other
electron acceptors (dissolved oxygen [DO], nitrate, and sulfate), the production of metabolic byproducts
(nitrite, ferrous iron [Fe(ll)], sulfide, and methane), an increase in alkalinity, sufficient organic carbon
source(s), a neutral pH, and a reduced groundwater environment (USEPA, 1998). Also, a decrease in parent
compound concentrations and/or mass, the detection of daughter products (DCE, VC, ethane, and ethene),
and an increase in chloride would provide semi-quantitative evidence that reductive dechlorination is
occurring.

Field measurements and groundwater samples were collected to evaluate the geochemical characteristics of
the surficial and upper Castle Hayne aquifers. Field measurements collected during the purging of the wells
included temperature, pH, DO, oxidation-reduction potential (ORP), Fe(ll), nitrate, and nitrite. Additionally,
groundwater samples were collected and submitted for laboratory analysis of geochemical parameters
including alkalinity, chloride, sulfate, sulfide, TOC, total iron, methane, ethane, and ethane.

To assess NA properties at Site 86 and the suitability of MNA as a remedial option, and due to potential
variations in geochemistry across the site, the monitoring wells at the site were divided into “plume area
wells,” samples that contained VOC concentrations exceeding the NCGWQS, and “non-plume area wells,”
consistent with Performance Monitoring of MNA Remedies for VOCs in Ground Water (USEPA, 2004). This
way, the spatial distribution of NAIPs, with respect to degradation processes, could be evaluated.
Summaries of NAIPs from each well sampled during the most recent (March 2010) groundwater monitoring
event and total scores are presented in Table 2-8 and Table 2-9 and on Figure 2-16. A more-detailed
discussion of the NA processes in each aquifer is provided as follows.
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Surficial Aquifer

The geochemistry of groundwater upgradient of the plume, within the plume, and downgradient of the
plume can provide evidence of favorable conditions for biodegradation. Therefore, NAIPs in the surficial
aquifer were evaluated based on their location in reference to the contaminant plumes. IR86-MWO09, IR86-
MW10IW, IR86-MW27IW, IR86-MW40, IR86-MW41, IR86-MW47, IR86-MW58, IR86-MW61, and IR86-
MW63 are located within the contaminant plumes (Figure 2-16). The remaining 16 surficial aquifer wells are
sidegradient and/or downgradient. A summary of NAIPs measured in the surficial aquifer is provided in
Table 2-8, as follows:

TABLE 2-8

Natural Attenuation Indicator Parameters Summary-Surficial Aquifer
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEJ, North Carolina

Plume Area Non-Plume Area
Frequency Frequency
Meeting Meeting
Parameter Favorable Criteria for NA Measured Range Criteria Measured Range Criteria
Temperature (°C) >20 16.2 -23.39 4/9 16.90-23.53 10/16
DO (mg/L) <0.5 0.16-2.95 8/9 0.12-3.91 12/16
pH (SUs) 5-9 4.84-7.04 8/9 4.31-8.45 12/16
ORP (mV) <50 (-150.2) —50.0 8/9 (-204.2) - 186.8 14/16
Fe(ll) (mg/L) >1 1.2-34 8/9 1.1-538 12/15*
Sulfide (mg/L) >1 0.641-1.7 1/9 0.821-18 4/16
Nitrite (mg/L) presence ND 0/9 ND 0/15"
Methane (mg/L) >0.5 0.01-1.7 2/9 0.003J-1 4/16
Chloride (mg/L) >2X Background (7 mg/L) 6B-388B 4/9 45B-23B 5/16
Alkalinity (mg/L) >2X Background (30 mg/L) 7.21-520 5/9 6.0J-430 10/16
Sulfate (mg/L) <20 11B-1308B 2/9 0.24 1B -5,700 9/16
Nitrate (mg/L) <1 ND 9/9 ND 15/15*
TOC (mg/L) >20 1.8-7.5 0/9 0.741-11 0/16
Ethene (mg/L) >0.01 ND 0/9 0.0078J 0/16
Ethane (mg/L) >0.01 ND 0/9 0.0072) 0/16
USEPA Scores >14 8-19 3/9 5-21 4/16

Data Collected between December 2009 and January 2010

B — Value may be attributable to blank contamination

J — Analyte present, value may or may not be accurate or precise

* Fe(ll), Nitrate, and Nitrite data not collected for well IR86-MW65

°C —degrees Celsius

mV — millivolts

ND — Not Detected
SU — standard unit
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The NA evaluation was also conducted in accordance with the Technical Protocol for Evaluating Natural
Attenuation of Chlorinated Solvents in Ground Water (USEPA, 1998). The protocol uses a simplified scoring
system that assigns a positive value to each NAIP result that is favorable or a negative value to unfavorable
results. All points are added together to arrive at a total score. The scores for each well are averaged by
plume location and aquifer to provide a general indication of evidence for biodegradation. A score of 0 to 5
indicates inadequate evidence for anaerobic degradation, a score of 6 to 14 indicates limited evidence for
anaerobic degradation, a score of 15 to 20 indicates adequate evidence for anaerobic degradation, and a
score greater than 20 indicates strong evidence for anaerobic degradation (USEPA, 1998). Because this
scoring process is based on conditions favorable for reductive dechlorination, it does not incorporate the
benefit of zones of more oxidizing conditions for DCE and VC degradation.

The average score within the plume area was 14 and the average score outside of the plume area was 13,
indicating limited evidence for anaerobic degradation (Figure 2-16).

Indicator parameters suggest that conditions in the CVOC plume area of the surficial aquifer are limited to
somewhat favorable for reductive dechlorination. The surficial aquifer is naturally more aerobic and
oxidizing than the other aquifers at the site. However, within the plume area, groundwater is more reduced
and DO is typically below 0.5 mg/L. The lack of nitrite and nitrate indicates that denitrification may not be a
significant process in groundwater. On the contrary, the presence of Fe(ll) provides evidence of iron
reduction, particularly in plume area wells, which had the highest concentrations. Limited methanogenesis is
also occurring based on the presence of trace concentrations of methane. Because there is very limited
sulfide, no conclusion can be made in regards to sulfate reduction.

The strongest evidence of reductive dechlorination in the surficial aquifer is the presence of biodegradation
daughter products (DCE and VC) and chloride. This suggests that some degree of biodegradation is
occurring.

Upper Castle Hayne Aquifer

Similar to the surficial aquifer, NAIPs in the upper Castle Hayne aquifer were evaluated based on their
location in reference to the contaminant plumes. IR86-MW16IW, IR86-MW22IW, IR86-MW19IW, IR86-
MW30IW, IR86-MW31IW, IR86-MW34IW, IR86-MW38IWB, IR86-MW38IWBC, IR86-MW42IW, IR86-
MW44IW, IR86-MW54IW, IR86-MW55IW, and IR86-MW58IW are located within the plumes, while the

10 remaining wells are sidegradient and/or downgradient of the plume (Figure 2-16). A summary of NAIPs
measured in the upper Castle Hayne aquifer is provided in Table 2-9, as follows:
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FEASIBILITY STUDY SITE 86, OPERABLE UNIT NO. 20

TABLE 2-9

Natural Attenuation Indicator Parameters Summary-Upper Castle Hayne Aquifer
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEJ, North Carolina

Plume Area Non-Plume Area
Frequency Frequency
Favorable Criteria Meeting Meeting
Parameter for NA Measured Range Criteria Measured Range Criteria

Temperature (°C) >20 17.79-21.55 9/13 17.5-22.31 5/10
DO (mg/L) <0.5 0.11-2.43 12/13 0.13-0.31 10/10
pH (SUs) 5-9 6.82-2.43 13/13 6.19 -8.99 10/10
ORP (mV) <50 (-152.6) — (-13.3) 13/13 (-356.1) — (-45) 10/10
Fe(ll) (mg/L) >1 1.4-4.0 13/13 05-3.4 8/10
Sulfide (mg/L) >1 6.8 1/13 0.991) 0/10
Nitrite (mg/L) presence ND 0/13 ND 0/10
Methane (mg/L) >0.5 0.02B-1.2 3/13 0.01JB-0.79 1/10
Chloride (mg/L) >2X Background (7 mg/L) 10B-328B 7/13 7.0B-1308B 3/10
Alkalinity (mg/L) >2X Background (30 mg/L) 210 - 400 13/13 200 -430 10/10
Sulfate (mg/L) <20 0.29J-1,400 B 7/13 0.13JB-39B 8/10
Nitrate (mg/L) <1 8.8 12/13 4.84 9/10
TOC (mg/L) >20 0.7J-6.9 0/13 0.481-2.8 0/10
Ethene (mg/L) >0.01 0.01J 0/13 ND 0/10
Ethane (mg/L) >0.01 ND 0/13 ND 0/10
USEPA Scores >14 14-23 11/13 10-21 3/10
DHC (gc/mL) >1,000 gc/mL 1.8-78.9 0/6 N/A N/A

Dehalobacter (gc/mL) >1,000 gc/mL 196 — 13,700 4/6 N/A N/A

Desulfuromonas (gc/mL) >1,000 gc/mL 189-2,930 2/6 N/A N/A

Data Collected between December 2009 and January 2010

B — Value may be attributable to blank contamination

J — Analyte present, value may or may not be accurate or precise

gc/mL — gene count per milliliter

N/A — not analyzed

The average score within the plume area was 18, indicating adequate evidence for anaerobic degradation.
The average score outside of the plume area was 14, indicating limited evidence for anaerobic degradation

(Figure 2-16).

Indicator parameters suggest that conditions in the CVOC plume area of the upper Castle Hayne aquifer are
favorable for reductive dechlorination. This aquifer appears to be naturally under anaerobic and somewhat
reduced conditions, with DO typically below 0.5 mg/L and ORP below -100 mV. DO and ORP levels within the
plumes are comparable to those measured outside of the plume extents. Similar to the surficial aquifer,
denitrification does not appear to be a significant process. Other geochemical data indicate that iron
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SECTION 2—SITE CHARACTERIZATION

reduction and methanogenesis are proceeding. Sulfate reduction is likely occurring but difficult to identify as
sulfide is non-detect. CVOC daughter products were detected in all monitoring wells located within the
plume. Specifically, analytical data for groundwater collected from IR86-MW55IW (Figure 2-16) indicate a
decreasing trend in concentrations of VC from 210 pg/L in June 2008 to 64 pg/L in January 2012.

Groundwater samples collected from upper Castle Hayne monitoring wells were also analyzed for microbial
populations to assess the presence of dehalogenating bacteria (DHC, Desulfuromonas sp., Dehalobacter sp.,
and Desulfitobacterium sp.). The analytical data indicate that populations of DHC, Desulfitobacterium, and
Desulfuromonas are present at Site 86, as shown in Table 2-9. All three genera of microorganisms can carry
reductive dechlorination of chloroethenes, although DHC is the only genus that can mediate complete
reductive dechlorination to ethene. Although the populations of DHC are not in the optimal range for ERD, it
is reasonable to assume that reductive dechlorination will occur, albeit more slowly than under enhanced
conditions.

Additionally, as noted in Table 2-1 and Section 2.6, two Pilot Studies have been conducted at the site. Each
Pilot Study was effective in reducing the overall mass of CVOCs in the upper Castle Hayne aquifer at Site 86.

Groundwater Modeling and Remediation Timeframes

Numerical groundwater flow and solute transport models (STMs) have been developed for Site 86 using
analytical and hydrogeologic data collected during the ESRI. The groundwater flow model (GFM) was
originally developed using MODFLOW 2000 (Harbaugh et al., 2000) as a tool for hypothesis testing to gain
insight into the physical groundwater flow system at Site 86. The STM was originally developed using
Modular Three-Dimensional Multispecies Transport Model for Simulation (Zheng and Wang, 1999) to help
forecast mobile-phase concentrations of selected VOCs that may eventually discharge from the aquifer to
the New River. Recent efforts associated with the STM have focused on VC specifically, because VCis the
most persistent, mobile, and toxic VOC in groundwater at Site 86 (Appendix D).

Because VC-impacted groundwater at concentrations greater than the NCGWQS occurs as diffuse plumes in
two aquifers (Surficial and upper Castle Hayne) covering an area of nearly 40 acres, active treatment of VC
to its respective NCGWQS across the entire site is not practical and would be cost-prohibitive. Thus, target
treatment zones (TTZs) limited to concentrations >100 times the NCGWQS was selected to focus on the core
each plume to maximize the potential for mass reduction. Additionally, the numerical GFM and STM were
used to forecast the remediation timeframe (RTF) of VC that may result from implementation of three
different scenarios, including the following:

e Scenario 1-No further treatment

e Scenario 2—Reduction in VC concentrations in TTZs that exceed 100 times the NCGWQS in the mobile
porosity only.

e Scenario 3— Reduction in VC concentrations in TTZs that exceed 100 times the NCGWQS in the mobile
and immobile porosity.

Scenario 1 served as a base-case scenario against which the potential benefit of implementing the two
active treatment scenarios (Scenarios 2 and 3) could be compared. Scenarios 2 and 3 were conducted to
allow for the evaluation of the comparative benefit of implementing two different levels of treatment
effectiveness in the TTZs. Depictions of the TTZs are shown on Figure 2-17 and a summary of their
dimensions are provided in Table 2-10.
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FEASIBILITY STUDY SITE 86, OPERABLE UNIT NO. 20

TABLE 2-10
Treatment Area Summary
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEJ, North Carolina

Treatment Depth Treatment Area Treatment Volume
Area (feet bgs) (square feet) (ft3)

Surficial Aquifer

Areal 10to 30 22,050 441,000

Area 2 10to 30 88,200 1,764,000
Upper Castle Hayne Aquifer

Areal 35to0 55 105,000 2,100,000

Area 2 35to 55 87,500 1,750,000

ft3 — cubic feet

Modeling results for all three scenarios indicate the potential for VC to eventually discharge from the aquifer
to the New River at concentrations greater than the NCGWQS (0.03 pg/L), but below the North Carolina
Surface Water Quality Standards (NCSWQS) (2.4 pg/L). Because the forecast maximum VC concentrations
that may eventually discharge to the New River are below the NCSWQS5, it is believed that NA will be
protective of the New River. The forecast RTF under no further treatment (Scenario 1) to effectively reduce
mobile-phase VC concentrations to less than the NCGWQS is 53 years, whereas the forecast under the most
effective treatment scenario (Scenario 3) is 40 years. Thus, implementing a highly effective active remedial
treatment option in the TTZs could potentially reduce the RTF by 13 years. More details on the GFM and

STM and the associated modeling results are provided in Appendix D.
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TABLE 2-2

Surficial Aquifer Groundwater Analytical Data
Feasibility Study

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Station ID NCGWQS IR86-MWO03 IR86-MW09 IR86-MW10IW IR86-MW27IW IR86-MW38IWA IR86-MW39 IR86-MW40 IR86-MW41 IR86-MW47 IR86-MW48
Sample ID (January 2010)*11 IR86-GW03-09D IR86-GW09-09D IR86-GW10IW-09D IR86-GW27I1W-09D IR86-GW38IWA-09D IR86-GW39-10A IR86-GW40-09D IR86-GW40D-09D IR86-GW41-09D IR86-GW47-09D IR86-GW48-09D
Sample Date ’ 12/14/09 12/11/09 12/14/09 12/10/09 12/10/09 01/13/10 12/15/09 12/15/09 12/07/09 12/09/09 12/13/09
Chemical Name

Volatile Organic Compounds (ug/L)

1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) 200,000 1U 1U 620 1.5 1U 1U 1U 1U 28 1U 1U
1,1-Dichloroethane 6 1U 1U 3.4 0.19 ) 1U 1U 03] 0351 0.52 ) 0.36 J 0.67 J
1,1-Dichloroethene 7 1U 1U 1U 0.6 1U 1U 1U 1U 0.63 ) 1U 1U
2-Hexanone 280 5U 5U 5 U 5U 5U 5U 5U 5U 5U 5 U 5U
Benzene 1 1U 1U 1.9 0.75 ) 0.22 ) 0.11 J 1U 1U 0.34) 9.6 0.86 J
"Carbon disulfide 700 1U 1U 1U 1U 1U 0.6 J 1U 1U 1U 1U 1U
[lchioroform 70 1U 1u 1u 1u 1u 1u 1u 1u 1u 1u 1u
[lchloromethane 3 1u 1u 1u 1u 1u 1u 1u 1u 1u 1u 1u
"cis»l,Z—DichIoroethene 70 1U 1U 37 15 0.57 ) 1U 1.6 1.4 4.2 0.7 ) 1.5
"Cyclohexane 1,300 1U 1U 1.5 32 1U 0.61J 1U 1U 1U 8 4.7
"DichIorodiﬂuoromethane(Freon—12) 1,000 1U 1U 51 1.4 1U 1u 1U) 1U) 1.8 1U 1u
"Ethylbenzene 600 1U 1U 092 ) 1U 1U 0.83 J 1U 1U 1U 1U 1U
"Isopropylbenzene 70 1U 1U 1U 1U 1U 0.12 J 1U 1U 1U 1U 1U
"Methyl»tert»butyl ether (MTBE) 20 1U 1U 1U 1U 1U 66 1U 1U 1U 1U 1U
Methylcyclohexane - 5U 5U 5 U 2.6 5U 5U 5U 5U 5U 4.1) 5U
Tetrachloroethene 0.7 1U 1U 190 1U 1U 1U 1U 1U 1U 1U 1U
Toluene 600 1U 1U 2.6 1U 1U 1U 1U 1U 1U 1U 1U
trans-1,2-Dichloroethene 100 1U 1U 1.1 0.22 J 1U 1U 1U 1U 1U 1U 1U
Trichloroethene 3 05U 05U 54 13 1.3 05U 3.4 3.2 3.3 8 0.56
Vinyl chloride 0.03 05U 05U 19 1.1 05U 05U 05U 05U 05U 05U 05U
I,Xylene total 500 0.5 U 0.5 U 6.3 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U
Notes:

IBoId box indicates exceedance of NCGWQS or the more conservative MCL

* The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more

conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was available.
Adjusted Tap Water RSLs are 10X the Tap Water RSL for non-carcinogen analytes

ug/L - Micrograms per liter
B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

NA - Not analyzed

NCGWAQS - North Carolina Groundwater Quality Standards

R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate
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TABLE 2-2

Surficial Aquifer Groundwater Analytical Data
Feasibility Study

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Station ID NCGWQS IR86-MW52 IR86-MW53 IR86-MW56 IR86-MW58 IR86-MW59 IR86-MW60 IR86-MW61
Sample ID (January, 2010)*11 IR86-GW52-09D IR86-GW53-09D IR86-GW56-09D IR86-GW56-09D IR86-GW58-09D IR86-GW58-10A IR86-GW58D-10A IR86-GW59-09D IR86-GW59D-09D IR86-GW60-09D IR86-GW61-12B
Sample Date ’ 12/09/09 12/08/09 12/16/09 03/16/10 12/16/09 03/16/10 03/16/10 12/12/09 12/12/09 12/18/09 05/02/12
Chemical Name

Volatile Organic Compounds (ug/L)

1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) 200,000 1U 1U 1U NA 1U NA NA 1U 1U 1U NA
1,1-Dichloroethane 6 1U 0.2 1U NA 1U NA NA 1U 1U 1U NA
1,1-Dichloroethene 7 1U 1U 2.3 NA 0.48 ) NA NA 1U 1U 1U 3.4
2-Hexanone 280 5 U 5U 5 U NA 5 U NA NA 5U 5U 5 U NA
Benzene 1 11 1U 4.3 NA 1.2 ) NA NA 1U 1U 2.2 NA
"Carbon disulfide 700 1U 1U 1U NA 1UJ NA NA 1UJ 1UJ 1U NA
[lchloroform 70 1U 1u 1U NA 2 NA NA 1U 1u 1u NA
[lchloromethane 3 03 1U 1U NA 1U NA NA 1u 1u 1U NA
"cis»1,2—Dich|0roethene 70 0.22 ) 1U 28 NA 150 J NA NA 1U 1U 9.9 64
"Cyclohexane 1,300 1U 1U 1U NA 1U NA NA 1U 1U 1U NA
"DichIorodiﬂuoromethane(Freon—12} 1,000 1U 1u 1U NA 281 NA NA 1U) 1U) 1u NA
"Ethylbenzene 600 4.6 1U 1U NA 1U NA NA 1U 1U 1U NA
"Isopropylbenzene 70 0.46 J 1U 1U NA 1U NA NA 1U 1U 1U NA
"Methyl»tert—butyl ether (MTBE) 20 1U 1U 1U NA 1U NA NA 1U 1U 1U NA
Methylcyclohexane - 5U 5U 5U NA 5U NA NA 5U 5U 5U NA
Tetrachloroethene 0.7 1U 1U 1U NA 1U NA NA 1U 1U 1U 1U
Toluene 600 5.1 1U 1U NA 0.48 ) NA NA 1U 1U 0.2 NA
trans-1,2-Dichloroethene 100 1U 1U 1.6 NA 3.7 J NA NA 1U 1U 0.54 J NA
Trichloroethene 3 05U 05U 2.4 NA 52 J NA NA 05U 05U 1.8 170
Vinyl chloride 0.03 05U 05U 05U NA 68 J NA NA 05U 05U 05U 1U
I,Xylene total 500 6.8 0.5 U 0.5 U NA 0.5 U NA NA 0.5 U 0.5 U 0.5 U NA
Notes:

IBoId box indicates exceedance of NCGWQS or the more conservative MCL

* The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more

conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was available.
Adjusted Tap Water RSLs are 10X the Tap Water RSL for non-carcinogen analytes

ug/L - Micrograms per liter

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise
NA - Not analyzed

NCGWAQS - North Carolina Groundwater Quality Standards

R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate
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TABLE 2-2

Surficial Aquifer Groundwater Analytical Data
Feasibility Study

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Station ID NCGWQS IR86-MW62 IR86-MW63 IR86-MW64 IR86-MW65 IR86-MW66 IR86-MW67 IR86-MW68 IR86-MW69 USTAS410S-MWO02
Sample ID (January, 2010)*11 IR86-GW62-09D IR86-GW62D-09D IR86-GW63-12B IR86-GW64-09D IR86-GW65-10A IR86-GW66-12B IR86-GW67-12B IR86-GW68-12B IR86-GW69-12B USTAS410S-GW02-09D
Sample Date ’ 12/14/09 12/14/09 05/02/12 12/16/09 03/24/10 05/02/12 05/02/12 04/30/12 04/30/12 12/09/09
Chemical Name

Volatile Organic Compounds (ug/L)

1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) 200,000 1U 1U NA 1U 1U NA NA NA NA 1U
1,1-Dichloroethane 6 1U 1U NA 1U 1U NA NA NA NA 1U
1,1-Dichloroethene 7 1U 1U 1U 1U 1U 11 0.94 J 1.1 191 1U
2-Hexanone 280 5U 5U NA 5U 5U NA NA NA NA 5U
Benzene 1 1U 1U NA 1U 1U NA NA NA NA 1U
"Carbon disulfide 700 1U 1U NA 1U 1U NA NA NA NA 1U
"Chloroform 70 0.44 ) 042 ) NA 1U 0.5 NA NA NA NA 1U
[lchloromethane 3 1U 1U NA 1U 2U NA NA NA NA 1u
"cis»l,Z—DichIoroethene 70 1U 1U 6 1U 1U 21 19 22 38 1U
"Cyclohexane 1,300 1UJ 1UJ NA 1U 1U NA NA NA NA 1U
"DichIorodiﬂuoromethane (Freon-12) 1,000 1U 1U NA 1U) 2 U NA NA NA NA 1U
"Ethylbenzene 600 1U 1U NA 1U 1U NA NA NA NA 0.38 J
[fisopropylbenzene 70 1U 1U NA 1U 1U NA NA NA NA 1U
"Methyl—tert—butyl ether (MTBE) 20 1U 1U NA 1U 2 U NA NA NA NA 1U
Methylcyclohexane - 5U 5U NA 5U 1U NA NA NA NA 5U
Tetrachloroethene 0.7 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U
Toluene 600 1U 1U NA 1U 1U NA NA NA NA 0.19 J
trans-1,2-Dichloroethene 100 1U 1U NA 1U 1U NA NA NA NA 1U
Trichloroethene 3 05U 05U 6.1 05U 1U 44 34 39 46 05U
Vinyl chloride 0.03 05U 05U 1U 05U 2 U 1U 1U 1U 1U 05U
I,Xylene total 500 0.5 U 0.5 U NA 0.5 U 3 U NA NA NA NA 05U
Notes:

IBoId box indicates exceedance of NCGWQS or the more conservative MCL

* The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more
conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was available.
Adjusted Tap Water RSLs are 10X the Tap Water RSL for non-carcinogen analytes

ug/L - Micrograms per liter

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise
NA - Not analyzed

NCGWAQS - North Carolina Groundwater Quality Standards

R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate
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TABLE 2-2

Surficial Aquifer Groundwater Analytical Data
Feasibility Study

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Station ID NCGWQS SWMU318-MW01 SWMU318-MWO05 SWMU318-MW08
Sample ID (January, 2010)*11 SWMU318-GW01-09D | SWMU318-GWO01D-09D SWMU318-GW05-09D SWMU318-GW08-09D
Sample Date ’ 12/10/09 12/10/09 12/15/09 12/08/09
Chemical Name

Volatile Organic Compounds (ug/L)

1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) 200,000 1U 1U 1U 1U
1,1-Dichloroethane 6 04) 0.37 ) 1U 0.42 )
1,1-Dichloroethene 7 1U 1U 1U 0.27 J
2-Hexanone 280 5UJ) 5 UJ 5U 5 U
Benzene 1 1U 1U 1U 1.9
[lcarbon disulfide 700 1u 1U 1U 1U
[lchloroform 70 1u 1U 1u 1u
[lchloromethane 3 1u 1u 1u 1u
[[cis-1,2-Dichloroethene 70 0.24 ) 0.21 ) 0.83 J 15
[lcyclohexane 1,300 1U 1u 1u 1U
[Ipichlorodifluoromethane (Freon-12) 1,000 1u 1U 1u 1u
[[Ethylbenzene 600 1u 1u 1U 1U
"Isopropylbenzene 70 1U 1U 1U 1U
[[Methyl-tert-butyl ether (MTBE) 20 1U 1U 1U 1U
Methylcyclohexane - 5U 5U 5U 5U
Tetrachloroethene 0.7 1U 1U 1U 1U
Toluene 600 1U 1U 1U 1U
trans-1,2-Dichloroethene 100 1U 1U 1U 1U
Trichloroethene 3 05U 0.5 U 0.53 0.79
Vinyl chloride 0.03 05U 05U 05U 05U
I,Xylene total 500 0.5 U 0.5 U 0.5 U 0.5 U
Notes:

IBoId box indicates exceedance of NCGWQS or the more conservative MCL

* The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more
conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was available.
Adjusted Tap Water RSLs are 10X the Tap Water RSL for non-carcinogen analytes

ug/L - Micrograms per liter

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise
NA - Not analyzed

NCGWAQS - North Carolina Groundwater Quality Standards

R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate
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TABLE 2-4

Upper Castle Hayne Aquifer Groundwater Analytical Data

Feasibility Study
Operable Unit 20 (Site 86)
MCIEAST-MCB CAMLEJ, North Carolina

IBoId box indicates exceedance of NCGWQS or the more conservative MCL

* The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more

conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was available
2 - Project Action Limits reported where no NCGWQS, MCL, or Adjusted Tap Water RSL was

available
ug/L - Micrograms per liter
B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

NA - Not analyzed

NCGWAQS - North Carolina Groundwater Quality Standards
R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

Station ID CLEAN NCGWQS IR86-MW15IW IR86-MW16IW IR86-MW17IW IR86-MW22IW IR86-MW29IW IR86-MW30IW IR86-MW31IW IR86-MW34IW IR86-MW38IWB IR86-MW38IWC
Sample ID 1, || IR86-GW15IW-09D | IR86-GW16IW-09D | IR86-GW17IW-09D | IR86-GW22IW-09D | IR86-GW29IW-09D | IR86-GW30IW-09D | IR86-GW31IW-09D | IR86-GW34IW-09D | IR86-GW38IWB-09D | IR86-GW38IWC-09D
(January, 2010)*~
Sample Date 12/14/09 12/15/09 12/11/09 12/13/09 12/15/09 12/11/09 12/16/09 12/17/09 12/10/09 12/10/09
Chemical Name
Volatile Organic Compounds (ug/L)
1,1-Dichloroethane 6 1u 1u 1U 1u 1u 1u 1Ul 1u 15 15
1,1-Dichloroethene 7 1u 1u 1U 1u 1u 0.85 J 1Ul 0.58 J 0.66 J 0.45 J
2-Butanone 4,000 10 R 10 R 10 UJ 10 R 10 R 10 UJ 10 R 10 R 10 UJ 10 UJ
Acetone 6,000 10 U 10U 10 UJ 10U 10U 10 U 10U 10U 10U 10U
Benzene 1 4 0.25 J 1U 0.32 J 0.45 J 1.1 1Ul 1u 1u 1u
[[carbon disulfide 700 1U 1U 1u 1u 1u 1u 1u 1u 1u 1u
[lchloroform 70 1u 1u 1u 1U 1u 1u 1UJ 1U 1y 1u
[lchloromethane 3 1U 1u 1u 1u 1U 1U 1UJ 0.35 J 1U 1U
|[cis-1,2-Dichloroethene 70 350 J 33 1U 4 41 150 4.2 ) 4.2 66 64
Ethylbenzene 600 1U 1Uu 1u 1U 1U 1U 1Ul 1u 1u 1U
Tetrachloroethene 0.7 1U 1U 1U 1U 1U 1U 0.28 J 1U 1U 1U
Toluene 600 031 0.17 J 0.23 ) 1Uu 0.19 J 1U 0.19 J 0.26 J 1u 0.24
trans-1,2-Dichloroethene 100 10 1U 1u 1U 1U 4.2 0.14 J 1U 0.75 J 10
Trichloroethene 3 05U 3.8 0.5 U 0.5 U 140 1.1 7.7 ) 3.5 2.7 3.1
Vinyl chloride 0.03 05U 05U 05U 22 05U 16 0.5 UJ 0.6 0.52 0.4 )
Notes:
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TABLE 2-4

Upper Castle Hayne Aquifer Groundwater Analytical Data

Feasibility Study
Operable Unit 20 (Site 86)
MCIEAST-MCB CAMLEJ, North Carolina

Station ID CLEAN NCGWQS IR86-MW42I1W IR86-MW43I1W IR86-MW44|W IR86-MW461W IR86-MW47I1W IR86-MW48IW IR86-MW52IW IR86-MW53IW IR86-MW54IW
Sample ID 12 IR86-GW42I1W-09D IR86-GW43IW-09D IR86-GW44IW-09D IR86-GW46IW-09D IR86-GW47IW-09D IR86-GW48IW-09D IR86-GW52I1W-10A IR86-GW52IWD-10A IR86-GW53IW-10A IR86-GW541W-09D
(January, 2010)*~
Sample Date 12/12/09 12/13/09 12/12/09 12/07/09 12/09/09 12/16/09 03/17/10 03/17/10 03/16/10 12/14/09
Chemical Name
Volatile Organic Compounds (ug/L)
1,1-Dichloroethane 6 1U 1U 1U 1U 1U 0.25 ) 1U 1U 1U 1U
1,1-Dichloroethene 7 1.1 1U 2.7 ) 1U 1U 3.7 1U 1U 1U 7.6
2-Butanone 4,000 10U 10 R 10U 10U 10 UJ 10 R 4] 4 ) 5U 10 R
Acetone 6,000 10U 10U 10 U 10U 10 UJ 10 U 47 ) 42 5U 10 U
Benzene 1 0.7 ) 1U 1.6 J 1U 1U 2.4 1U 1U 1U 2.4
"Carbon disulfide 700 1U 1U 1UJ 1U 1U 1U 1U 1U 1U 1U
[lchloroform 70 1U 1u 1U 1u 1U 1U 1u 1U 1u 1u
[lchloromethane 3 1U 1u 1U 1u 1u 1U 2U 2U 2U 1U
"cis»1,2—Dich|0roethene 70 63 1U 210 J 1U 1U 110 1U 1U 1U 270
Ethylbenzene 600 1U 1U 1U 1U 1U 1U 0.3 0.3 1U 1U
Tetrachloroethene 0.7 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U
Toluene 600 1.1 0.22 ) 0.72 ) 041 1U 1U 04 0.4 1U 0.34 )
trans-1,2-Dichloroethene 100 0.46 ) 1U 1.5 1U 1U 6.4 1U 1U 1U 1.4
Trichloroethene 3 330 05U 110 J 05U 05U 05U 1U 1U 1U 260
Vinyl chloride 0.03 3.5 0.5 U 24 ) 0.5 U 0.5 U 0.5 U 2 U 2 U 2 U 1.8
Notes:

IBoId box indicates exceedance of NCGWQS or the more conservative MCL

* The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more

conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was available
2 - Project Action Limits reported where no NCGWQS, MCL, or Adjusted Tap Water RSL was

available
ug/L - Micrograms per liter

B - Analyte not detected above the level reported in blanks
J - Analyte present, value may or may not be accurate or precise

NA - Not analyzed

NCGWAQS - North Carolina Groundwater Quality Standards
R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate
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TABLE 2-4

Upper Castle Hayne Aquifer Groundwater Analytical Data

Feasibility Study
Operable Unit 20 (Site 86)
MCIEAST-MCB CAMLEJ, North Carolina

Station ID CLEAN NCGWQS IR86-MW55IW IR86-MW58IW IR86-MW58IW IR86-MW58IW IR86-MW59I1W IR86-MW60IW IR86-MW61IW IR86-MW63IW IR86-MW70IW IR86-MW71IW
Sample ID 12 IR86-GW55IW-12A IR86-GW58IW-09D IR86-GW58IW-11C IR86-GW58IW-12B IR86-GW59IW-12B IR86-GW60IW-09D IR86-GW61I1W-12B IR86-GW63IW-09D IR86-GW70IW-12B IR86-GW71IW-12B
(January, 2010)*~
Sample Date 01/23/12 12/16/09 10/18/11 05/01/12 05/02/12 12/17/09 05/02/12 12/17/09 05/01/12 05/01/12
Chemical Name
Volatile Organic Compounds (ug/L)
1,1-Dichloroethane 6 NA 1U NA NA NA 1U NA 1U NA NA
1,1-Dichloroethene 7 8.3 6.6 J 62 9.9 1U 1U 2.3 1U 1U 1U
2-Butanone 4,000 NA 10U NA NA NA 10 R NA 10 R NA NA
Acetone 6,000 NA 10 U NA NA NA 10U NA 10U NA NA
Benzene 1 NA 1.4 ) NA NA NA 0.12 ) NA 0.2) NA NA
"Carbon disulfide 700 NA 1UJ NA NA NA 1U NA 1U NA NA
[lchloroform 70 NA 1u NA NA NA 1u NA 1u NA NA
[lchloromethane 3 NA 1U NA NA NA 1u NA 1u NA NA
"cis»1,2—Dich|0roethene 70 290 100 J 120 100 1U 0.51) 45 1.7 1U 13
Ethylbenzene 600 NA 1U NA NA NA 1U NA 1U NA NA
Tetrachloroethene 0.7 1U 1U 1U 1U 1U 1U 1U 1U 1U 1U
Toluene 600 NA 0.26 J NA NA NA 0.22 ) NA 1U NA NA
trans-1,2-Dichloroethene 100 NA 6.2 ) NA NA NA 1U NA 1U NA NA
Trichloroethene 3 1U 710 170 32 1U 05U 51 05U 1U 1U
Vinyl chloride 0.03 64 9.1 19 76 1U 0.5 U 1U 0.5 U 1U 51
Notes:

IBoId box indicates exceedance of NCGWQS or the more conservative MCL

* The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more

conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was available
2 - Project Action Limits reported where no NCGWQS, MCL, or Adjusted Tap Water RSL was

available
ug/L - Micrograms per liter

B - Analyte not detected above the level reported in blanks
J - Analyte present, value may or may not be accurate or precise

NA - Not analyzed

NCGWAQS - North Carolina Groundwater Quality Standards
R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate
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TABLE 2-4

Upper Castle Hayne Aquifer Groundwater Analytical Data
Feasibility Study

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Station ID CLEAN NCGWQS IR86-MW72IW IR86-MW73IW IR86-MW74IW IR86-MW75IW
Sample ID 12 IR86-GW72IW-12B IR86-GW73I1W-12B IR86-GW74IW-12B IR86-GW75IW-12B
(January, 2010)*~

Sample Date 05/01/12 05/02/12 05/01/12 05/01/12
Chemical Name

Volatile Organic Compounds (ug/L)

1,1-Dichloroethane 6 NA NA NA NA
1,1-Dichloroethene 7 1U 1.4 ) 1U 1U
2-Butanone 4,000 NA NA NA NA
Acetone 6,000 NA NA NA NA
Benzene 1 NA NA NA NA
[lcarbon disulfide 700 NA NA NA NA
[lchloroform 70 NA NA NA NA
[lchloromethane 3 NA NA NA NA
[[cis-1,2-Dichloroethene 70 1U 40 16 20
Ethylbenzene 600 NA NA NA NA
Tetrachloroethene 0.7 1U 1U 1U 1U
Toluene 600 NA NA NA NA
trans-1,2-Dichloroethene 100 NA NA NA NA
Trichloroethene 3 1U 5.4 5.5 6.1
Vinyl chloride 0.03 1.2 ) 15 9.2 12

Notes:

IBoId box indicates exceedance of NCGWQS or the more conservative MCL

* The MCL-Groundwater value is reported in place of the NCGWQS where the MCL value is more
conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was available
2 - Project Action Limits reported where no NCGWQS, MCL, or Adjusted Tap Water RSL was
available

ug/L - Micrograms per liter

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

NA - Not analyzed

NCGWAQS - North Carolina Groundwater Quality Standards

R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate
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TABLE 2-6

Middle Castle Hayne Aquifer Groundwater Analytical Data
Feasibility Study

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Station ID CLEAN NCGWOS IR86-MW15DW IR86-MW16DW IR86-MW17DW IR86-MW18DW IR86-MW19DW IR86-MW31DW IR86-MW42DW IR86-MW44DW
Sample ID anuary 2010)(31.2 IR86-GW15DW-10A | IR86-GW16DW-09D | IR86-GW17DW-09D | IR86-GW18DW-09D | IR86-GW18DWD-09D | IR86-GW19DW-09D | IR86-GW31DW-09D | IR86-GW42DW-09D | IR86-GW44DW-09D
Sample Date ’ 01/14/10 12/15/09 12/11/09 12/15/09 12/15/09 12/14/09 12/18/09 12/13/09 12/13/09
Chemical Name
\Volatile Organic Compounds (ug/L)
1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) 200,000 1U 1U 1U 1U 1U 0.52J 1U 1U 1U
Carbon disulfide 700 1U 1U 1U 1U 1U 1U 1U 1U 1U
Chloroform 70 1ju 1U 1U 1U 1U 1U 1U 1U 1U
Chloromethane 3 1U 1U 1U 1U 1U 1U 1U 1U 1U
cis-1,2-Dichloroethene 70 1U 1U 1U 1U 1U 1U 1U 1U 1U
Tetrachloroethene 0.7 1U 1U 1U 1U 1U 2.4 1U 1U 1U
Toluene 600 1U 0.37 J 0.28 J 0.21J 0.31J 1 1U 0.25J 0.44 J
Trichloroethene 3 05U 05U 05U 05U 05U 05U 05U 05U 05U
Xylene, total 500 05U 05U 05U 05U 05U 05U 05U 05U 05U
Semivolatile Organic Compounds (ug/L)

Benzo(a)pyrene 0.005 NA NA NA NA NA NA NA NA NA
[[Benzo(b)fluoranthene 0.05 NA NA NA NA NA NA NA NA NA
[Benzo(g,h,i)perylene 200 NA NA NA NA NA NA NA NA NA
[[Benzo(k)fluoranthene 05 NA NA NA NA NA NA NA NA NA
|lois(2-Ethylhexyl)phthalate 3 NA NA NA NA NA NA NA NA NA
[[bibenz(a,h)anthracene 0.005 NA NA NA NA NA NA NA NA NA
[[Di-n-butylphthalate 700 NA NA NA NA NA NA NA NA NA
[lindeno(1,2.3-cd)pyrene 0.05 NA NA NA NA NA NA NA NA NA

Notes:

IBold box indicates exceedance of NCGWQS or the more conservative MCL

* - The MCL-Groundwater value is reported in place of the NCGWQS where the MCL
value is more conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was
available

2 - Project Action Limits reported where no NCGWQS, MCL, or Adjusted Tap Water RSL
was available

Hg/L - Micrograms per liter

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

NA - Not analyzed

NCGWQS- North Carolina Groundwater Quality Standards

R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate
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TABLE 2-6

Middle Castle Hayne Aquifer Groundwater Analytical Data
Feasibility Study

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Station ID CLEAN NCGWOS IR86-MW45DW IR86-MW49DW IR86-MW51DW IR86-MW56DW IR86-MW58DW IR86-MW59DW IR86-MW61DW
Sample ID (January 2010)(312 IR86-GW45DW-10A | IR86-GW49DW-09D IR86-GW51DW-10A IR86-GW51DWD-10A IR86-GW56DW-10A IR86-GW58DW-10A IR86-GW59DW-09D | IR86-GW61DW-09D
Sample Date ' 01/15/10 12/17/09 01/15/10 01/15/10 01/14/10 01/13/10 12/18/09 12/18/09
Chemical Name

\Volatile Organic Compounds (ug/L)

1,1,2-Trichloro-1,2,2-trifluoroethane(Freon-113) 200,000 1UJ 1U 1U 1U 1U 1U 1U 1U

Carbon disulfide 700 1U 1U 1U 1U 1U 34 1U 1U

Chloroform 70 1Ud 1U 1U 1U 0.19 J 1U 0.38J 1U

Chloromethane 3 1Ud 1U 1U 1U 1U 0.18 J 1U 0.18 J
cis-1,2-Dichloroethene 70 1Ud 1U 1U 1U 1U 1U 1U 0.13J
Tetrachloroethene 0.7 1UJ 1U 1U 1U 1U 1U 1U 1U
Toluene 600 1Ud 1U 1U 1U 1U 1U 1U 1U
Trichloroethene 3 0.5 UJ 05U 05U 05U 05U 05U 05U 0.29J
Xylene, total 500 0.5 UJ 05U 05U 05U 05U 05U 0.28J 05U

Semivolatile Organic Compounds (ug/L)

Benzo(a)pyrene 0.005 NA NA NA NA 02U 0.22 U 0.2 J 0.22 U
[[Benzo(b)fluoranthene 0.05 NA NA NA NA 02U 0.22 U 0.38 J 0.22 U
[Benzo(g,h,i)perylene 200 NA NA NA NA 02U 0.22 U 0.46 J 0.22 U
[[Benzo(k)fluoranthene 0.5 NA NA NA NA 02U 0.22 U 0.31J 0.22 U
|lbis(2-Ethylhexyl)phthalate 3 NA NA NA NA 0.2 U 56 U 53U 0.33J
[[bibenz(a,h)anthracene 0.005 NA NA NA NA 02U 0.22 U 0.55 J 0.22 U
[[Di-n-butylphthalate 700 NA NA NA NA 02U 5.6 U 5.3 U 0.2J
|_|I ndeno(1,2,3-cd)pyrene 0.05 NA NA NA NA 02U 022U 0457 022 U

Notes:

IBold box indicates exceedance of NCGWQS or the more conservative MCL

* - The MCL-Groundwater value is reported in place of the NCGWQS where the MCL
value is more conservative.

1 - Adjused Tap Water RSL value reported where no NCGWQS or MCL value was
available

2 - Project Action Limits reported where no NCGWQS, MCL, or Adjusted Tap Water RSL
was available

Hg/L - Micrograms per liter

B - Analyte not detected above the level reported in blanks

J - Analyte present, value may or may not be accurate or precise

NA - Not analyzed

NCGWQS- North Carolina Groundwater Quality Standards

R - Unreliable result

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

Page 2 of 2



TABLE 2-7

Human Health Risk Assessment Summary

Feasibility Study
Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Reasonable Non-Cancer Toxicity Factor - Reference Cancer Toxicity Factor — Cancer Slope
Maximum Central Doseb(Ingestion/DermaI/Inhalation) Factor” (Ingestion/Dermal/Inhalation)
Exposure (RME)|  Tendency
Non- Cancer | Exposure (CTE) . . . . e
Exposure Point Hazard Index Non-Cancer RME Cancer (ingestion and dermal mg/kg-day, (ingestion and dermal (mg/kg-day)™,
. . 3 . . 3y-1
Receptor Media Pathway coc Concentration (ug/L)? (H1) Hazard (HI) Risk CTE Cancer Risk inhalation mg/m’) inhalation (ng/m’)")
ingestion/dermal contact/inhalation Tetrachloroethene 190 2 0.16 - - 1.0x 10°%/1.0x 10%%/2.7 x 10 -
Groundwater - Surficial Aquifer - - - - - -
Future Resident Child ingestion/dermal contact/inhalation Vinyl chloride 10 0.2 0.03 - -- 3.0x10%/3.0x10%/1.0x 10 -
Groundwater - MCH Aquifer ingestion/dermal contact Chromium 76 2 0.22 - - 3.0x 10%/7.5 x 10%°/NA -
ingestion/dermal contact/inhalation Benzene 2.3 - - 2.8x10% 1.4x10% - 5.5x 10%%/5.5 x 10°%/7.8 x 10
ingestion/dermal contact/inhalation Tetrachloroethene 190 - - 2.4%x10% 1.1x10% - 5.4x10°/5.4x 10°/5.9 x 10%
Groundwater - Surficial Aquifer - - - - -
ingestion/dermal contact/inhalation Trichloroethene 45 - - 7.0x 10°% 2.9x10% - 5.9x10%/5.9x 10%/2.0x 10%
ingestion/dermal contact/inhalation Vinyl chloride 10 - - 1.1x10* 7.9x 10 - 7.2x10°/7.2x 10°/4.4 x 10%
ingestion/dermal contact/inhalation Chloroform 0.38 N N 1.0x10°% 1.3x10° - 3.1x10°%/3.1x10%/2.3x 10
ingestion/dermal contact Benzo(a)pyrene 0.2 - - 1.5x 10 1.6 x10% - 7.3x10%/7.3 x 10%°/NA
ingestion/dermal contact Benzo(b)fluoranthene 0.38 - - 29x10% 3.0x10% - 7.3x10°/7.3 x 10°/NA
Future Resident Child/Adult - - 7 7
Groundwater - MCH Aquifer ingestion/dermal contact Benzo(k)fluoranthene 0.31 - - 2.2x10% 2.4x10% - 7.3x107°/7.3x107°/NA
ingestion/dermal contact Dibenz(a,h)anthracene 0.55 - - 2.5x10% 4.4 x 10°° - 7.3x10%/7.3 x 10%°/NA
ingestion/dermal contact Indeno(1,2,3-cd)pyrene 0.45 - - 1.6 x10% 3.6x10% - 7.3x10°/7.3x 10°/NA
ingestion/dermal contact Chromium 76 - - 1.7x10% 42x10% - 5.0 x 10°/1.3 x 10%%/NA
ingestion/dermal contact/inhalation Benzene 1.8 - - 2.3x10% 1.1x10% - 5.5x10%%/5.5 x 10°%/7.8 x 10
Groundwater - UCH Aquifer ingestion/dermal contact/inhalation Trichloroethene 157 - - 3.8x 10 1.0x 10 - 5.9x10%/5.9x 10%/2.0x 10%
ingestion/dermal contact/inhalation Vinyl chloride 23 - - 46x10" 1.8x10% - 7.2x10°/7.2x 10°/4.4 x 10%
ingestion Tetrachloroethene 190 N N 3.6 x 10 1.1x10% - 5.4 x 10°Y/NA/NA
ingestion Vinyl chloride 10 - - 25x10% 7.9x10°% - 7.2 x 10°Y/NA/NA
Future Industrial Worker Groundwater - Surficial Aquifer” ingestion Benzo(a)pyrene 0.2 - - 5.1x10% NA - 7.3 x 10%/NA/NA
ingestion Dibenz(a,h)anthracene 0.55 - - 1.4x10° NA - 7.3 x 10%°/NA/NA
ingestion Chromium 76 - - 13x10% NA - 5.0 x 10%"/NA/NA

a Exposure Point Concentration = 95% upper confidence level (UCL).

b Sources: Integrated Risk Information System, Health Effects Assessment Summary Tables, Agency for Toxic Substances and Disease Registry Toxicity Profiles, California EPA, and National Center for Environmental Assessment, current at time HHRA conducted

¢ Although cumulative HI exceeds 1, no target organ Hls exceed 1, so no unacceptable non-carcinogenic hazard.

d Although HHRA indicated unacceptable risk, risk determined acceptable based on Tech Memo (Appendix C)

ug/L - micrograms per liter
mg/m3— milligrams per cubit meters

mg/m3— micrograms per cubit meters
COC — chemical of concern

HI - hazard index
NA - not applicable or not available

RME- reasonable maximum exposure
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SECTION 3

Identification and Screening of Technologies

This section describes the initial steps to develop alternatives for the remediation of soil and groundwater at
Site 86, including the presentation of ARARs, the development of RAOs, the identification of the remediation
target areas, the identification of general response actions (GRAs), and the initial identification and
screening of potential technologies.

3.1 Applicable or Relevant and Appropriate Requirements

Certain regulatory requirements and standards are referred to as ARARs. There are three types of ARARs:
chemical-specific, action-specific, and location-specific. Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) Section 121(d) specifies, in part, that remedial actions for cleanup
of hazardous substances must comply with requirements and standards under federal or more stringent
state environmental laws and regulations that are applicable or relevant and appropriate (thus, ARARs) to
the hazardous substances or particular circumstances at a site or a waiver must be obtained; see also 40
Code of Federal Regulations (CFR) 300.430(f)(1)(ii)(B). ARARs include only federal and state environmental
or facility siting laws and regulations and do not include occupational safety or worker protection
requirements. In addition, in accordance with 40 CFR 300.405(g)(3), other advisories, criteria, or guidance
may be considered in determining remedies (commonly referred to as the To-Be-Considered guidance
category). Under CERCLA 121(e)(1), permits are not required for response actions conducted entirely onsite.
In addition, response actions must comply with the “substantive,” as opposed to “administrative,”
requirements of any of the identified ARARs.

3.1.1 Chemical-specific ARARs

Chemical-specific ARARs provide health- or risk-based concentration limits or discharge limitations in various
environmental media (such as surface water, groundwater, soil, and air) for specific hazardous substances,
pollutants, or contaminants, and are listed in Table 3-1. Remediation levels for most of the COCs in
groundwater are based upon relevant and appropriate drinking water standards, including NCGWQS or
federal maximum contaminant levels (MCLs).

3.1.2 Action-specific ARARs

Action-specific ARARs are usually technology- or activity-based requirements that define acceptable
treatment and disposal procedures for hazardous substances. The action-specific ARARs for the
groundwater at Site 86 are summarized in Table 3-2.

3.1.3 Location-specific ARARs

Location-specific ARARs restrict remedial activities and media concentrations based on characteristics of
surrounding environments. Location-specific ARARs may include restrictions on remedial actions within
wetlands or floodplains, near locations of archeological and natural resources, near historic landmarks, near
locations of known endangered species, or on protected waterways. An evaluation of location-specific
ARARs for Site 86 is presented in Table 3-3.

3.2 Remedial Action Obijectives

RAOs consist of medium-specific goals for protecting human health and the environment. The RAOs for the
remediation of groundwater are based on the potential for future potable groundwater use. Groundwater
is the only medium for which RAOs were established, because there were no potentially unacceptable risks
identified for soil, surface water, or sediment.
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The RAOs are the following:

1. Restore groundwater quality to meet North Carolina Department of Environment and Natural Resources
(NCDENR) and federal primary drinking water standards based on the classification of the aquifer as a
potential source of drinking water (Class GA or Class GSA) under 15A North Carolina Administrative Code
02L.0201.

2. Prevent exposure to COCs in groundwater and VI from COCs in groundwater until such time as
groundwater concentrations or VI mitigation measures allow for unlimited use and unrestricted
exposure.

3.3 COCs, Remediation Target Areas, and Cleanup Levels

Based on the HHRA, benzene, PCE, TCE, cis-1,2-DCE, and VC have been retained as site COCs and their
respective cleanup levels are listed in Table 3-4. Remediation target areas are based on the extent of COCs
exceeding 100 times their respective cleanup levels and are shown on Figure 3-1.

TABLE 3-4
Cleanup Levels for Groundwater
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEJ, North Carolina

COCs Cleanup Level (png/L)? Maximum Detection (pg/L) Location of Maximum Detection
Benzene 1 11 IR86-MW52
PCE 0.7 190 IR86-MW10IW
TCE 3 330 IR86-MW42|W
cis-1,2-DCE 70 350J IR86-MW15IW
vC 0.03 140 IR86-MW55IW

- Cleanup Level is the more conservative value (either NCGWQS or MCL)

3.4 Identification and Screening of Technology Types and
Process Options

GRAs describe general remedial activities that may satisfy RAOs, either independently or in combination.
GRAs to be considered for satisfying RAOs for the remediation are no action, land use controls (LUCs),
monitoring, containment, removal, treatment, and disposal. Table 3-5 identifies potentially applicable
technologies and process options for addressing the impacted groundwater. Certain technologies and/or
process options are not appropriate because of economics, impracticality, site conditions, or COC
characteristics and were excluded from further consideration.
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TABLE 3-1

Chemical-Specific ARARs

Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Chemical-Specific ARARs

Media Requirement Prerequisite Citation
Classification of Groundwaters in the state naturally containing 250 mg/L or less of chloride are classified as GA Groundwaters located within the boundaries or under the 15A NCAC 02L .0302(1)
contaminated (Existing or potential source of drinking water supply for humans) under 15A NCAC 02L .0201(1) extraterritorial jurisdiction of the State of North Carolina -
groundwater Applicable to groundwater alternatives 1, 2, 3,4, and 5

Groundwaters in the state naturally containing greater than 250 mg/L of chloride are classified as 15A NCAC 02L .0302(2)

GSA under 15A NCAC 02L.0201(2)

Restoration of Shall not exceed the groundwater quality standards[1] for contaminants specified in Paragraphs (g) Class GA or GSA groundwaters with contaminant(s) 15A NCAC 02L .0202(a) and (b)
contaminated or (h) for the site related contaminants of concern. concentrations exceeding standards listed in 15A NCAC 02L .0202 -
groundwater - Benzene (1 pg/L), 1,1-DCE (6 ug/L), PCE (0.7 ug/L), TCE (3 pg/L), cis-1,2-DCE (70 pg/L), VC Applicable to groundwater alternatives 1, 2, 3, 4, and 5

(0.03 pg/L)

Shall not exceed the Safe Drinking Water Act National Revised Primary Drinking Water Regulations: Groundwaters classified as GA or GSA which are an existing or 40 CFR 141.61(a)
maximum contaminant levels (MCLs) for organic contaminants specified in 40 CFR 141.61(a). potential source of drinking water - Relevant and Appropriate to

groundwater alternatives 1, 2, 3, 4,and 5 15ANCAC 18C .1517

Protection of Toxic substances: shall not exceed the numerical quality standards (maximum permissible levels) Tidal Salt Waters classified as Class SC with chemical 15A NCAC 02B .0208(a)(2)(b)
adjacent surface to protect human health from carcinogens through consumption of fish (and shellfish) concentrations exceeding 15A NCAC 02B Standards - Relevant and

water body -Benzene (51 pg/L), PCE (3.3 pg/L), TCE (30 pg/L), VC (2.4 ug/L) Appropriate to groundwater alternatives 1, 2, 3,4, and 5

Notes:

[1] Groundwater quality standards established on the basis of a National secondary drinking water standards are not utilized as remediation goals since these are based on taste, odor and other considerations unrelated to human
health.
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TABLE 3-2

Action-Specific ARARs

Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Action-Specific ARARs

Action Requirement Prerequisite Citation

General Construction Standards — All Land-disturbing Activities (i.e., excavation, clearing, grading, etc.)

Managing storm water run Shall take all reasonable measures to protect all public and private property from damage caused by such Land-disturbing activity (as defined in N.C.G.S. Ch. 113A-53) of more than 1 acre of land - Applicable 15A NCAC 4B.0105
off from land disturbing activities. to groundwater alternatives 3, 4, and 5
activities (1) Identify areas subject to severe erosion, and off-site areas especially vulnerable to damage from 15A NCAC 4B.0106
erosion and sedimentation.
(2) Limit the size of the area exposed at any one time.
(3) Limit exposure to the shortest feasible time.
(4) Control surface water run-off originating upgrade of exposed areas.

(5) Plan and conduct land-disturbing activity so as to prevent off-site sedimentation damage.

(6) Include measures to control velocity of storm water runoff to the point of discharge.

Erosion and sedimentation control measures, structures, and devices shall be planned, designed, and Land-disturbing activity (as defined in N.C.G.S. Ch. 113A-53) of more than 1 acre of land - Applicable 15A NCAC 4B.0108
constructed to provide protection from the run-off of 10 year storm. to groundwater alternatives 3, 4, and 5
Shall conduct activity so that the post-construction velocity of the ten year storm run-off in the receiving 15A NCAC 4B.0109

watercourse to the discharge point does not exceed the parameters provided in this Rule.

Shall install and maintain all temporary and permanent erosion and sedimentation control measures. 15A NCAC 4B.0113
Erosion and sedimentation control measures, structures, and devices with High Quality Water (HQW) Land-disturbing activity (as defined in N.C.G.S. Ch. 113A-52) of more than 1 acre of land in High 15A NCAC 4B.0124(b)
zones shall be planned, designed and constructed to provide protection from the runoff of the 25 year Quality Water (HQW) zones — Applicable to groundwater alternatives 3, 4, and 5

storm.

Provisions for ground cover sufficient to restrain erosion must be provided for any portion of the land- 15A NCAC 4B.0124(e)

disturbing activity with 15 working days or 60 calendar days following completion of the construction or
development, which period is shorter.

Implement good construction management techniques, best management practices for sediment and Development activity (otherwise requiring a stormwater permit) within one mile of and draining to  15A NCAC 02H .1006, NC General Permit
erosion controls, and storm water management measures in accordance with 15A NCAC 02H .1008 to waters classified as High Quality Waters (HQW) — Relevant and Appropriate to groundwater CNCG 0100000
ensure storm water discharges are in compliance. alternatives 3, 4, and 5
Manage fugitive dust Shall not cause or allow fugitive dust emissions to cause or contribute to substantive complaints, or visible Activities within facility boundary that will generate fugitive dust emissions - Relevant and 15A NCAC 02D .054D(c)
emissions emissions in excess of that allowed under paragraph (e) of this Rule. Applicable
Implement methods (e.g. wetting dry soils) to control dust emissions that could travel beyond the facility 15A NCAC 02D .054D(g)
boundary.
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TABLE 3-2
Action-Specific ARARs

Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Action-Specific ARARs

Action

Requirement

Prerequisite

Citation

ing Well

Operation, and Abandonment

Implementation of
groundwater monitoring
system

Shall be constructed in a manner that will not result in contamination of adjacent groundwater of a higher Installation of monitoring system to evaluate effects of any actions taken to restore groundwater

quality.

quality, as well as the efficacy of treatment - Applicable

15A NCAC 02L .0110 (b)

Construction of
groundwater monitoring
well(s)

No well shall be located, constructed, operated, or repaired in any manner that may adversely impact the Installation of wells (including temporary, monitoring wells) other than for water supply - Applicable

quality of groundwater.

Shall be located, designed, constructed, operated and abandoned with materials and by methods which
are compatible with the chemical and physical properties of the contaminants involved, specific site
conditions, and specific subsurface conditions.

Monitoring well and recovery well boreholes shall not penetrate to a depth greater than the depth to be
monitored or the depth from which contaminants are to be recovered. Any portion of the borehole that

extends to a depth greater than the depth to be monitored or the depth from which contaminants are to
be recovered shall be grouted completely to prevent vertical migration of contaminants.

Shall be constructed in such a manner as to preclude the vertical migration of contaminants with and
along borehole channel.

The well shall be constructed in such a manner that water or contaminants from the land surface cannot
migrate along the borehole annulus into any packing material or well screen area.

Packing material placed around the screen shall extend at least one foot above the top of the screen.
Unless the depth of the screen necessitates a thinner seal, a one foot thick seal, comprised of chip or
pellet bentonite or other material approved by the Department as equivalent, shall be emplaced directly
above and in contact with the packing material.

Grout shall be placed in the annular space between the outermost casing and the borehole wall from the
land surface to the top of the bentonite seal above any well screen or to the bottom of the casing for
open hole wells. The grout shall comply with Paragraph (e) of Rule .0107 of this section except that the
upper three feet of grout shall be concrete or cement grout.

All wells shall be grouted within seven days after the casing is set. If the well penetrates any water-
bearing zone that contains contaminated or saline water, the well shall be grouted within one day after
the casing is set.

Shall be secured with a locking well cap to ensure against unauthorized access and use.

Shall be equipped with a steel outer well casing or flush mount cover, set in concrete, and other measures
sufficient to protect the well from damage by normal site activities.

The well casing shall be terminated no less than 12 inches above land surface unless all of the following
conditions are met:

(1) site specific conditions directly related to business activities, such as vehicle traffic, would endanger
the physical integrity of the well; and

(2) the well head is completed in such a manner so as to preclude surficial contaminants from entering the
well.

to groundwater alternatives 3, 4, and 5

Installation of wells (including temporary wells, monitoring wells) other than for water supply -
Applicable

15A NCAC 02C

15A NCAC 02C

15A NCAC 02C

15A NCAC 02C

15A NCAC 02C

15A NCAC 02C

15A NCAC 02C

15A NCAC 02C

15A NCAC 02C
,0108(1)

15A NCAC 02C

,0108(a)

,0108(c)

.108(d)

.108(f)

.108(g)

.0108(h)

.0108(i)

.0108())

.0108(k) and 15A NCAC 02C

.108(n)
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TABLE 3-2
Action-Specific ARARs

Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Action-Specific ARARs

Action

Requirement Prerequisite

Citation

ing Well Il

Operation, and Abandonment cont.

Construction of
groundwater monitoring
well(s)

Shall have permanently affixed an identification plate. The identification plate shall be constructed of a
durable, waterproof, rustproof material or other material approved by the Department as equivalent and
shall contain the following information:

(1) well contractor name and certification number,

(2) date well completed;

(3) total depth of well;

(4) a warning that the well is not for water supply and that the groundwater may contain hazardous
materials;

(5) depth(s) to the top(s) and bottom(s) of the screen(s); anc

(6) the well identification number or name assigned by the well owner

Shall be developed such that the level of turbidity or settleable solids does not preclude accurate chemical
analyses of any fluid samples collected or adversely affect the operation of any pumps or pumping
equipment.

15A NCAC 02C .108(0)

15A NCAC 02C .108(p)

Maintenance of
groundwater monitoring
well(s)

Every well shall be maintained by the owner in a condition whereby it will conserve and protect
groundwater resources, and whereby it will not be a source or channel of contamination or pollution tot groundwater alternatives 3, 4, and 5
eh water supply or any aquifer

Broken, punctured, or otherwise defective or unserviceable casing, screens, fixtures, seals, or any part of
the well head shall be repaired or replaced, or the well shall be abandoned pursuant to 15A NCAC 02C
.0113

All materials used in the maintenance, replacement, or repair of any well shall meet the requirements for
new installation.

No well shall be repaired or altered such that the outer casing is completed less than 12 inches above land
surface. Any grout excavated or removed as a result of the well repair shall be replaced in accordance
with Rule .107(f) of this Section.

Installation of wells (including temporary wells) other than for water supply- Applicable to

15A NCAC 02C .0112(a)

15A NCAC 02C .0112(d)

15A NCAC 02C .0112(c)

15A NCAC 02C .0112(f)

Abandonment of
groundwater monitoring
and remediation well(s)

Shall be abandoned by filling the entire well up to land surface with grout, dry clay, or material excavated Permanent abandonment of wells (including temporary wells, monitoring wells, and test borings
other than for water supply less than 20 feet in depth and which do not penetrate the water table -

during drilling of the well and then compacted in place
Applicable

Shall be abandoned by completely filling with a bentonite or cement-type grout

Applicable

All wells shall be permanently abandoned in which the casing has not been installed or from which the Permanent abandonment of wells (including temporary well) other than for water supply -

casing has been removed, prior to removing drilling equipment from the site. Applicable

Permanent abandonment of wells (including temporary wells, monitoring wells, and test borings
other than for water supply greater than 20 feet in depth and which do penetrate the water table -

15A NCAC 02C .0113(d)(1)

15A NCAC 02C .0113(d)(2)

15A NCAC 02C .0113(f)
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TABLE 3-2

Action-Specific ARARs

Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Action-Specific ARARs

Action Requirement Prerequisite Citation
Underg d Inj Well ] Op , and Aband
Construction of injection  Construction, use or operation may be allowed provided the injected material does not contain any waste Installation of Class 5 underground injection well (Type | — In-situ Groundwater Remediation Well ~ 15A NCAC 02C .0209(e)(3)
well(s) for in-situ or any substance of a composition and concentration such that, if it were discharged to the land or waters and Type P - Air Injection Well )- Applicable to groundwater alternatives 3, 4, and 5
treatment of groundwater of the state, would create a threat to human health or would otherwise render those waters unsuitable
for their intended usage.
Shall provide information on the injection well, procedure, and material otherwise required for obtaining ¢ 15A NCAC 02C .0211(d)(3)
permit in the Remedial Design or Remedial Action Work Plan.
Location of injection Shall not be located in an area generally subject to flooding. Areas which are generally subject to flooding Installation of Class 5 underground injection well (Type | — In-situ Groundwater Remediation Well ~ 15A NCAC 02C .0213(a)(1)
well(s) for in-situ include those with concave slope, alluvial or colluvial soils, gullies, depressions, and drainage ways. and Type P - Air Injection Well) - Applicable to groundwater alternatives 3, 4, and 5
treatment of groundwater
Shall not be located at a point where the injectant would degrade the existing quality of the groundwater Installation of Class 5 underground injection well (Type | — In-situ Groundwater Remediation Well)  15A NCAC 02C .0213(a)(2)(A)(i)

in the water-bearing unit into which the injectant is being released. where the concentration of any component of the injectantexceeds the groundwater quality

standards specified in 15A NCAC 2L .0202 - Applicable to groundwater alternatives 3, 4, and 5

Shall not be located at a point where the injectant would result in a contravention of any of the Installation of Class 5 underground injection well (Type | — In-situ Groundwater Remediation Well)
aforementioned groundwater quality standards in the water-bearing unit into which the injectant is being where the concentration of any component of the injectantis less than the groundwater quality

released. standards specified in 15A NCAC 2L .0202 - Applicable to groundwater alternatives 3, 4, and 5

15A NCAC 02C

.0213(a)(2)(8)

Construction of injection
well(s) for in-situ
treatment of groundwater

Shall follow the procedures, methods, specified materials, and requirements specified in the
subparagraphs (A) through (G) of this Rule for Drilling, Casing, Screens and Testing.

Installation of Class 5 underground injection well (Type | — In-situ Groundwater Remediation Well
and Type P - Air Injection Well)- Applicable to groundwater alternatives 3, 4, and 5

15A NCAC 02C

.0213(c)(1) through (4)

Shall follow the procedures, methods, specified materials, and requirements specified in the paragraphs 15A NCAC 02C .0213(d)
(1) through (8) of this Rule for Grouting and Sand-and-Gravel Packing.
Operating an injection Pressure at the well head shall be limited to a maximum which will ensure the pressure in the injection 15A NCAC 02C .0213(e)
well(s) for in-situ zone does not initiate new fractures or propagate existing fractures in the injection zone, initiate fractures
treatment of groundwater in the confining zone, or cause the migration of injected or formation fluids outside the injection zone or
area.
Abandonment of injection Shall be abandoned in accordance with the requirements of subparagraphs (1) and (2) of 15A NCAC 02C Installation of Class 5 underground injection well (Type | — In-situ Groundwater Remediation Wellor 15A NCAC 02C .0214(a)

well(s) for in-situ
treatment of groundwater

.0214(a). Type P Air Injection Well), including exploratory or test wells- Applicable to groundwater

alternatives 3, 4, and 5
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TABLE 3-2

Action-Specific ARARs

Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Action-Specific ARARs

Action Requirement Prerequisite Citation
Control of Diffuse VOC Emissions from d Tr
Emissions of VOCs from Shall not emit any of the toxic air pollutants listed in the table of the Rule in such quantities that may Emissions of toxic air pollutants (e.g., VOCs) from facility into the ambient air- Applicable to 15A NCAC 02D .1104
groundwater treatment cause or contribute beyond the premises (adjacent property boundary) to any significant ambient air groundwater alternatives 3,4 and 5
(e.g., sparging system) concentration that may adversely affect human health.
Shall install and operate reasonable available control technology to limit emissions of VOCs. Air emissions of VOCs from facilities where there is no other applicable emissions control rule- 15A NCAC 02D .0951(c)

Relevant and Appropriate to groundwater alternatives 3, 4 and 5

One of the applicable test methods in Appendix M in 40 CFR part 51 or Appendix A in 40 CFR Part 60 shall VOC emission source not covered by 15A NCAC 02D.2613(b) through (e)- Relevant and Appropriate 15A NCAC 02D .2613(g)

be used to determine compliance with VOC emission standards. to groundwater alternatives 3, 4 and 5
Control emissions by meeting limitations and work practice standards reflecting application of the Air emissions of organic Hazardous Air Pollutants (e.g.,VOCs) from site remediation- Relevant and 40 CFR 63 Subpart G, NESHAPS for Site
maximum achievable control technology. Appropriate to groundwater alternatives 3, 4 and 5 Remediation

Periodic inspection of equipment and monitoring are required for the life of the remediation.
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TABLE 3-2

Action-Specific ARARs

Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Action-Specific ARARs

Action Requirement Prerequisite

Citation

Waste Characterization and Storage — Primary Wastes (i.e., well soil cuttings and purge water) and secondary Wastes (e.g., PPE and used equipment)

Characterization of solid Must determine if solid waste is hazardous waste or if waste is excluded under 40 CFR 261.4(b); and Generation of solid waste as defined in 40 CFR 261.2 and which is not excluded under 40 CFR
waste (e.g., well soil 261.4(a) - Applicable to groundwater alternatives 3, 4, and 5
cuttings) Must determine if waste is listed under 40 CFR Part 261; or

Must characterize waste by using prescribed testing methods or applying generator knowledge based on
information regarding material or processes used.

15A NCAC 13A .0107 only as it incorporates 40
CFR 262.11(a)
15A NCAC 13A .0107 only as it incorporates 40
CFR 262.11(b)
15A NCAC 13A .0107 only as it incorporates 40
CFR 262.11(c)

Storage of solid waste All solid waste shall be stored in such a manner as to prevent the creation of a nuisance, insanitary Generation of solid waste which is determined not to be hazardous - Relevant and Applicable
conditions, or a potential public health hazard.

Containers for the storage of solid waste shall be maintained in such a manner as to prevent the creation
of a nuisance or insanitary conditions. Containers broken or that otherwise fail to meet this Rule shall be
renlaced with accentable cantainer

15A NCAC 13B .0104(f)

15A NCAC 13B .0104(e)

Disposal of solid waste Shall ensure that waste is disposed of at a site or facility which is permitted to receive the waste. Generation of solid waste intended for off-site disposal — Relevant and Appropriate to
groundwater alternatives 3, 4, and 5

15A NCAC 13B.0106(b)

Transportation of Shall be subject to and must comply with all applicable provisions of the HMTA and DOT HMR at 49 CFR  Any person who, under contract with a department or agency of the federal government, transports 49 CFR 171.1(c)
hazardous materials 171-180 "in commerce", or causes to be transported or shipped, a hazardous material -Applicable
Transportation of samples Are not subject to any requirements of 40 CFR parts 261 through 268 or 270 when: Sample of solid waste or a sample of water, soil for purpose of conducting testing to determine its  15A NCAC 13A .0106 only as it incorporates 40

characteristics or composition - Applicable
(1) the sample is being transported to a laboratory for the purpose of testing;
(2) the sample is being transported back to the sample collector after testing; or
(3) the sample is being stored by sample collector before transport to a lab for testing.

In order to qualify for the exception in paragraphs (d)(1) (i) and (ii), a sample collector shipping the
samples to a laboratory must:

(1) comply with U.S. DOT, U.S. Postal Service, or any other applicable shipping requirements;
(2) assure that the information provided in (1) thru (5) of this section accompanies the sample; and

(3) package the sample so that it does not leak, spill, or vaporize from its packaging

CFR 261.4(d)(1)(i)-(iii)

15A NCAC 13A .0106 only as it incorporates 40
CFR 261.4(d)(2)(i)(A) and (B)

Characterization of Must obtain a detailed chemical and physical analysis on a representative sample of the waste(s), which  Generation of RCRA-hazardous waste for storage, treatment or disposal- Applicable to
hazardous waste at a minimum contains all the information that must be known to treat, store, or dispose of the waste in groundwater alternatives 3, 4, and 5
accordance with pertinent sections of 40 CFR 264 and 268.

Must determine the underlying hazardous constituents [as defined in 40 CFR 268.2(i)] in the waste. Generation of RCRA characteristic hazardous waste (and is not D001 non-wastewaters treated by
CMBST, RORGS, or POLYM of Section 268.42 Table 1) for storage, treatment or disposal- Applicable
to groundwater alternatives 3, 4, and 5

Must determine if the waste is restricted from land disposal under 40 CFR 268et seq. by testing in
accordance with prescribed methods or use of generator knowledge of waste.

Must determine each EPA Hazardous Waste Number (Waste Code) to determine the applicable treatment
standards under 40 CFR 268.40 et. seq .

15A NCAC 13B.0106(b)

40 CFR 268.9(a)

40 CFR 268.7(a)(1)

40 CFR 268.9(a)
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TABLE 3-2
Action-Specific ARARs

Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Action-Specific ARARs

Action

Requirement

Prerequisite

Citation

Waste Characterization and Storage — Primary Wastes (i.e., excavated contaminated soils) cont.

Temporary storage of
hazardous waste in
containers

A generator may accumulate hazardous waste at the facility provided that:
- waste is placed in containers that comply with 40 CFR 265.171-173; and

- the date upon which accumulation begins is clearly marked and visible for inspection on each container

- container is marked with the words “hazardous waste”; or
- container may be marked with other words that identify the contents.

Area must have a containment system designed and operated in accordance with 40 CFR 264.175(b)

Area must be sloped or otherwise designed and operated to drain liquid resulting from precipitation, or
Containers must be elevated or otherwise protected from contact with accumulated liquid.

Accumulation of RCRA hazardous waste on site as defined in 40 CFR 260.10- Applicable to soil
alternatives 3 and 4 and groundwater alternatives 2, 3, 4, and 5

Accumulation of 55 gal. or less of RCRA hazardous waste at or near any point of generation -
Applicable to soil alternatives 3 and 4 and groundwater alternatives 2, 3, 4, and 5

Storage of RCRA hazardous waste in containers with free liquids - Applicable to groundwater
alternatives 2, 3,4,and 5

Storage of RCRA-hazardous waste in containers that do not contain free liquids (other than F020,
F021, F022, F023,F026 and FO27) — Applicable to soil alternative 4 and groundwater alternatives 2,
3,4,and5

40 CFR 262.34(a)
40 CFR 262.34(a)(1)(i)

40 CFR 262.34(a)(2)

40 CFR 264.34(a)(3)
40 CFR 262.34(c)(1)

40 CFR 264.175(a)

15A NCAC 13A.0109

40 CFR 264.175(c)(1) and (2)
15A NCAC 13A.0109

Closure of RCRA container
storage unit

At closure, all hazardous waste and hazardous waste residues must be removed from the containment
system. Remaining containers, liners, bases, and soils containing or contaminated with hazardous waste
and hazardous waste residues must be decontaminated or removed.

[Comment: At closure, as throughout the operating period, unless the owner or operator can
demonstrate in accordance with40 CFR 261.3(d) of this chapter that the solid waste removed from the
containment system is not a hazardous waste, the owner or operator becomes a generator of hazardous
waste and must manage it in accordance with all applicable requirements of parts 262 through 266 of this
chapter].

Storage of RCRA hazardous waste in containers in a unit with a containment system —Applicable to
soil alternative 4 and groundwater alternatives 2, 3, 4, and 5

40 CFR 264.178
15A NCAC 13A.0109

Temporary on-site storage
of remediation waste in
staging pile (e.g.,
excavated soils)

Must be located within the contiguous property under the control of the owner/operator where the
wastes are to be managed in the staging pile originated. For purposes of this section, storage includes
mixing, sizing, blending or other similar physical operations so long as intended to prepare the wastes for
subsequent management or treatment.

Accumulation of solid non-flowing hazardous remediation waste (or remediation waste otherwise
subject to land disposal restrictions) as defined in 40 CFR 260.10 - Applicable to soil alternative 4

40 CFR 264.554(a)(1)

Performance criteria for
staging pile

Staging pile must:

- facilitate a reliable, effective and protective remedy;

- must be designed to prevent or minimize releases of hazardous wastes and constituents into the
environment, and minimize or adequately control cross-media transfer as necessary to protect human
health and the environment (e.g. use of liners, covers, run-off/run-on controls).

Storage of remediation waste in a staging pile— Applicable to soil alternative 4

40 CFR 264.554(d)(1)(i) and (ii)
15A NCAC 13A.0109

Operation of a staging pile

Must not operate for more than 2 years, except when an operating term extension under 40 CFR
264.554(i) is granted.

Note : Must measure the 2-year limit (or other operating term specified) from first time remediation
waste placed in staging pile

Must not use staging pile longer than the length of time designated by EPA in appropriate decision
document.

Storage of remediation waste in a staging pile— Applicable to soil alternative 4

40 CFR 264.554(d)(1) (i)
15A NCAC 13A.0109

40 CFR 264.554(h)
15A NCAC 13A.0109
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TABLE 3-2
Action-Specific ARARs

Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Action-Specific ARARs

Action

Requirement

Prerequisite

Citation

Waste Characterization and Storage — Primary Wastes cont.

Disposal of solid waste

Shall ensure that waste is disposed of at a site or facility which is permitted to receive the waste.

Generation of solid waste intended for off-site disposal — Relevant and Appropriate to
groundwater alternatives 3, 4, and 5

Disposal of RCRA
hazardous waste in a land-
based unit

May be land disposed if it meets the requirements in the table "Treatment Standards for Hazardous
Waste" at 40 CFR 268.40 before land disposal.

All underlying hazardous constituents [as defined in 40 CFR 268.2(i)] must meet the Universal Treatment

Standards (UTS), found in 40 CFR 268.48 Table UTS prior to land disposal

To determine whether a hazardous waste identified in this section exceeds the applicable treatment

standards of 40 CFR 268.40, the initial generator must test a sample of the waste extract or the entire

waste, depending on whether the treatment standards are expressed as concentration in the waste
extract or waste, or the generator may use knowledge of the waste.

If the waste contains constituents (including UHCs in the characteristic wastes) in excess of the applicable
UTS levels in 40 CFR 268.48, the waste is prohibited from land disposal, and all requirements of part 268

are applicable, except as otherwise specified.

15A NCAC 13B.0106(b)

Land disposal, as defined in 40 CFR 268.2, of restricted RCRA waste - Applicable to groundwater
alternatives 3, 4, and 5

Land disposal of restricted RCRA characteristic wastes (D001-D043) that are not managed in a
wastewater treatment system that is regulated under the CWA, that is CWA equivalent, or that is
injected into a Class | nonhazardous injection well — Applicable to groundwater alternatives 3, 4,
and 5

Land disposal of RCRA toxicity characteristic wastes (D004-D011) that are newly identified (i.e.,
wastes, soil, or debris identified by the TCLP but not the Extraction Procedure) — Applicable to
groundwater alternatives 3, 4, and 5

40 CFR 268.40(a)
15A NCAC 13A 0112

40 CFR 268.40(e)
15A NCAC 13A.0112

40 CFR 268.34(f)
15A NCAC 13A.0112

Disposal of RCRA-
hazardous waste in a land-
based unit

Must be treated according to the alternative treatment standards of 40 CFR 268.49(c) or according to the Land disposal, as defined in 40 CFR 268.2, of restricted hazardous soils —Applicable to groundwater

UTSs specified in 40 CFR 268.48 applicable to the listed and/or characteristic waste contaminating the soil alternatives 3, 4, and 5

prior to land disposal

40 CFR 268.49(b)
15A NCAC 13A.0112

Institutional Controls for Contamination Left in Place

Notice of Contaminated
Site

Prepare and certify by professional land surveyor a survey plat which identifies contaminated areas which Contaminated site subject to current or future use restrictions included in a remedial action plan as

shall be entitled “NOTICE OF CONTAMINATED SITE”.

Notice shall include a legal description of the site that would be sufficient as a description in an instrument

of conveyance and meet the requirements of NCGS 47-30 for maps and plans.

The Survey plat shall identify:

- the location and dimensions of any disposal areas and areas of potential environmental concern with

respect to permanently surveyed benchmarks;
- the type location, and quantity of contamination known to exist on the site; anc
- any use restriction on the current or future use of the site.

The deed or other instrument of transfer shall contain in the description section, in no smaller type than

used in the body of the deed instrument, a statement that the property is a contaminated site and
reference by book and page to the recordation of the Notice.

provided in G.S. 143B-279.9(a) - To-Be-Considered for groundwater alternatives 2, 3, 4, and 5

NCGS 143B-279.10(a)

NCGS 143B-279.10(a)(1)-(3)

Contaminated site subject to current or future use restrictions included in a remedial action plan as NCGS 143B-279.10(e)

provided in G.S. 143B-279.9(a) - To-Be-Considered for groundwater alternatives 2, 3, 4, and 5
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TABLE 3-3
Location-Specific ARARs
Operable Unit 20 (Site 86)
Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Federal and North Carolina Location-Specific ARARs

Location

Prerequisite

Citation

Presence of wetlands

Concentrations or combination of substances, which are toxic or harmful to human,
animal, or plant life may not be present in amounts, which individually or

cumulatively, can cause adverse impacts on existing wetland uses.
Standards provided in 15A NCAC 02B.0231(b)(1), (2), (3), (5), and (6) shall be used to
ensure the maintenance or enhancement of the existing uses of wetlands identified in

15A NCAC 02B.0231(a)

Requires Federal agencies to evaluate action to minimize the destruction, loss or
degradation of wetlands and to preserve and enhance beneficial values of wetlands.

Activities within, wetlands as defined by G.S. 143-212(6) —
Applicable to groundwater alternatives 3, 4, and 5

Actions that involve potential impacts to or take place
within wetlands - To Be Considered for groundwater
alternatives 3,4, and 5

Location econmpassing aquatic ecosystem as

defined in 40 CFR 230.(c)

No discharge of dredged or fill material into an aquatic ecosystem is permitted if there
is a practicable alternative that would have less adverse impact.

No discharge of dredged of fill material shall be permitted unless appropriate and
practicable steps in accordance with 40 CFR 230.70 et seq. have been taken that will
minimize potential adverse impacts of the discharge on the aquatic ecosystem.

Must comply with the substantive requirements of the NWP 38 General Conditions, as
appropriate, any regional or case-specific conditions recommended by the Corps

District Engineer, after consultation.

Note : Despite that consultation may be considered an administrative requirement, it
should be performed to ensure activities are in compliance with substantive

provisions of the permit.

15A NCAC 028B.0231(b)(4)

Executive Order 11990 -
Protection of Wetlands
Section 1.(a)

Action that involves the discharge of dredged or fill
material into waters of the United States including
jurisdictional wetlands - Relevant and Appropriate for
groundwater alternatives 3, 4, and 5

On-site CERCLA action conducted by Federal agency that

involves the discharge of dredged or fill material into water Cleanup of Hazardous and Toxic

s of the United States including jurisdicitonal wetlands -
Relevant and Appropriate for groundwater alternatives 3,
4,and 5

40 CFR 230.10(a)

40 CFR 30.10(d)

Nation Wide Permit (38)

Waste

33 CFR 323.3(b)

Presence of floodplain designated as such on a map

Shall consider alternatives to avoid, to the extent possible, adverse effects on and
incompatible development in the floodplain.

Federal actions that involve potential impacts on, or take
place within, floodplains—To Be Considered for
groundwater alternatives 3, 4, and 5

Coastal zone or area that will affect the coastal zone

Federal activities must be consistent with, to the area that will affect maximum extent
practicable, State coastal zone management programs. Federal agencies must supply
the State with a consistency determination.

Executive Order 11988 —
Floodplain Management
Section 2(a)(2)

Wetland, flood plain, estuary, beach, dune, barrier island,

coral reef, and fish and wildlife and their habitat, within the .35(a), (b); .36(a)

coastal zone — Applicable to groundwater alternatives 3,
4,and5

15 CFR 930.33(a)(1), (a)(2), (b);
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TABLE 3-5

Initial Screening of Remedial Technologies and Process Options

Operable Unit 20 (Site 86)
Feasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

General . .
Remedial Technology . Lo Retain for Further
Response Process Options Descriptions Comments .
R Types Evaluation
Actions
c
Rel
S
2 None None No further actions to address contaminated groundwater. Baseline for CERCLA process. Yes
°)
4
Land Use Controls issued for property within potentially contaminated areas to Prevents human exposure.
Land Use Controls . p_ P y_ P 4 . P . . Yes
restrict property use and well installation. Will be a component of any remedial alternative.
Access and Use
2 Restrictions Site 86 is located in an industrial area containing aircraft hangars,
*E Fences Security fences installed around potentially contaminated areas to limit access. office buildings, and flight line. Fencing off these areas is not No
8 implementable.
© Cisterns or Tanks Drinking water is dispensed to users from a central point. Not applicable, no drinking water wells affected No
'% Bottled Water Drinking water is obtained from a commercial vendor. Not applicable, no drinking water wells affected No
= . S . Wells are installed deep or upgradient if these areas are isolated from . o
173 Alternative Drinking Water Deeper or Upgradient Wells . P Pe Not applicable, no drinking water wells affected No
£ Source contamination.
Relocation of Intake Intake is relocated to an uncontaminated area. Not applicable, no drinking water intake affected No
Municipal Water Supply Additional water sources are established. Not applicable, no drinking water supply affected No
oo
£
o L L Long-term monitoring is implemented to record site conditions, contamination Potential approach for use with natural attenuation. Will be a
= Monitoring Monitoring . . . Yes
5 and groundwater levels. component of any active groundwater remedial alternative.
=
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TABLE 3-5

Initial Screening of Remedial Technologies and Process Options
Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

General . .
Remedial Technology . Lo Retain for Further
Response Process Options Descriptions Comments .
R Types Evaluation
Actions
May contain but not treat groundwater plume. Technicall
) . Trench downgradient of contaminated area excavated and filled with a . ¥ . . & _p 4 .
Soil-Bentonite Slurry Wall . . ] . ) ) impracticable to install wall deep and wide enough to contain No
bentonite slurry. Trench backfilled with a soil-bentonite mix.
groundwater plume.
May contain but not treat groundwater plume. Technicall
Cement-Bentonite Slurry Trench downgradient of contaminated area. Excavation filled with a cement . ¥ . . & _p V .
. impracticable to install wall deep and wide enough to contain No
Wall bentonite slurry. Cement sets and forms the wall.
groundwater plume.
% Trench downgradient of contaminated area filled with permeable materials, . . . . .
£ . . . . L Y May treat migrating groundwater in the surficial aquifer
s . . Permeable Reactive Barrier such as zero valent iron (ZVI) or mulch/compost with a sand/gravel “binder ) . ) . . .
£ Vertical Barriers . . . . contaminated with chlorinated solvents. Services available to install Yes
3 (PRB) material. Groundwater is treated as it moves through the barrier by natural .
5 . wall deep and wide enough to treat plume.
3 gradient.
. . . L May contain but not treat groundwater plume. Technically
. Grout is pressure-injected along contamination boundaries in a regular . . . . .
Grout Curtains . ) impracticable to install wall deep and wide enough to contain No
overlapping pattern of drilled holes.
groundwater plume.
Sheet Piling/”Funnel and Steel sheet piling driven at downgradient periphery of the plume, with “gate”  Technically impracticable to install sheet pile to necessary depth to No
Gate” containing groundwater purge wells or permeable barrier. contain groundwater plume.
. Controlled injection of slurry in notched injection holes produces a horizontal ~ Vertical migration of groundwater contamination into deeper aquifers
Block Displacement . o . . . No
. . barrier beneath contamination. Experimental process option. not likely.
Horizontal Barriers
Vertical migration of groundwater contamination into deeper aquifers
Grout Injection Grout pressure injected at depth through closely spaced drilled holes. not likely & & peraq No
Conventional groundwater extraction involves pumping in vertical wells. Other . . .
. . > 8 . Ineffective for treatment of dissolved plumes within lower
Pump/Treat (vertical wells  extraction devices include vacuum enhanced recovery, jet-pumping systems, o ) . .
) . : permeability materials. Requires operation of long term groundwater No
or horizontal wells) etc. Extracted groundwater may be discharged to a sanitary sewer, or treated . :
. . . pump and treatment system and is not cost effective.
as required and then discharged, or treated and re-injected.
Application of strong vacuum to recovery wells can be used to enhance the Considered prohibitively expensive. Effectiveness limited by vertical
Vacuum Enhanced Recovery . v R No
capture zone and yield of groundwater recovery wells. air “short circuiting”.
E
g Removal or Extraction Higher cost to install, but can be installed beneath above grade
Q . . . ere
structures and directly into plume area. Geologic conditions and
e« Horizontal Wells Directionally drilled horizontal wells to increase groundwater capture. . . y P . ] . B ) No
plume orientation are conducive to using horizontal well extraction,
but health and safety issues related to potential chemical agent.
. Groundwater collection technique to increase production rate from low . .
One-pass Trenching . Not effective for groundwater extraction/removal. No
permeability areas.
Underground gravel-filled trenches generally equipped with tile or perforated
Drains 8 8 & Y €quipp P Cost prohibitive due to the depth of the treatment area. No

pipe are installed to collect contaminated groundwater and leachate.
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TABLE 3-5

Initial Screening of Remedial Technologies and Process Options
Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

Descriptions

Comments

Retain for Further
Evaluation

General .
Remedial Technology .
Response Process Options
. Types
Actions
Enhanced Aerobic Aerobic Cometabolic
Bioremediation Bioremediation

Anaerobic Bioremediation
with Bioaugmentation
(Enhanced Bioremediation)
In-Situ Chemical
Oxidation/Reduction
Phytoremediation

= Pneumatic and Hydraulic

g Fracturing

©

o

= In-situ Physical, Chemical

Treatment

Air Sparging

Electrical Resistive Heating

Injection of substrate containing inducers and electron acceptors (oxygen) to
enhance aerobic biodegradation. Inducers serve as carbon sources that activate
aerobic enzyme systems known to degrade chlorinated VOCs (fortuitous

cometabolism).

Subsurface delivery of electron donors within the target zone to stimulate

anaerobic biodegradation of chlorinated compounds by reductive
dechlorination.

Injection of oxidizing agents (Fenton’s reagent, permanganate, persulfate,

ozone) or reducing agents (zero-valent iron) to promote abiotic in-situ
oxidation/reduction of chlorinated organic compounds.

Use of plants and their associated rhizospheric microorganisms to remove,

degrade, or contain chemical contaminants in groundwater.

Aerobic conditions, not present in the plume area, are most effective
for VC degradation via direct metabolism, cometabolic degradation
and possibly direct oxidation.

Applicable for cis-1,2,DCE and VC groundwater treatment. Microbial
analyses of groundwater samples collected from Site 86 indicate
bioaugmentation may be required to mediate reductive
dechlorination.

Applicable for VOCs, ISCO is an efficient and fast acting treatment.
Additional health and safety risks associated with application of an
oxidant to the buried waste may create a reactive environment due to
historical events.

Depth to water is too deep for phytoremediation to be effective.

Creation of apertures in the soil to enhance bulk permeability, using pressurized Localized hydraulic fracturing using a geoprobe and high pressure

gas or liquid slurry.

Air is injected into saturated matrices to remove contaminants through

volatilization and/or bioremediation.

Involves installation of electrodes in hexagonal or three point arrays and

application of high voltage electrical power to cause boiling of volatile

compounds in groundwater. Volatilized compounds are removed by SVE,

treated, and discharged under permit.

pumps can produce erratic results.

Air sparging is used to promote volatilization of target VOCs is
potentially feasible. Effectiveness decreases in low permeability or
heterogeneous materials because of low air channel density and/or
“bypassing” of dense soils (Belgrade Formation present at the site).
Additional health and safety risks are associated with disturbance of
buried waste material, where addition of oxygen to the subsurface
may create a reactive environment or potential increase in leakage of
waste materials. Further there is risk of dispersing contaminated
particles, including chemical agent, into the atmosphere.

Cost prohibitive and technically challenging due to depth and extent
of contamination. SVE difficult due to shallow depth to groundwater.
Heating of buried drums present additional health and safety risks and
well as a potential increase in leakage of contained waste materials.

No

Yes

Yes

No

No

Yes

No
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TABLE 3-5

Initial Screening of Remedial Technologies and Process Options
Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

General .
Remedial Technology .
Response Process Options
. Types
Actions

Comments

Retain for Further
Evaluation

Surfactant, Cosolvent
Flushing “SEAR”
In-situ Physical, Chemical
Treatment
(cont.)

Hot Water or Steam
Flushing, Stripping

Chemical Reduction

Chemical Oxidation

Treatment
(cont.)

Ex-situ Physical, Chemical Air Stripping

Treatment

Filtration

lon Exchange

Liquid-Phase Carbon
Adsorption

Delivery of a solution that enhances contaminant transport and recovery
through low permeability, heterogeneous soils. Surfactants may also be used
as a “stand alone” technology to remove target VOCs by physical displacement,
solubilization, desorption, with subsequent recovery of both the solution and
target contaminants. However, surfactant flooding within low permeability,
heterogeneous soils is unproven.

Steam is forced into an aquifer through injection wells to vaporize volatile and
semivolatile contaminants. Vaporized components rise to the unsaturated
zone, where they are removed by vacuum extraction and treated.

Reducing agents (zero-valent iron) are used to destroy organic contaminants in

an ex-situ reactor.

Oxidizing agents (sodium persulfate, potassium permanganate) are used to
destroy organic contaminants in an ex-situ reactor.

Volatile organics are partitioned from groundwater by increasing the surface
area of the contaminated water exposed to air. Aeration methods include
packed towers, diffused aeration, tray aeration, and spray aeration. Emissions
from the air stripping system need to be monitored and may need to be treated
to conform with federal (Clean Air Act) and local air emission monitoring

requirements.

Solid particles are isolated by running a fluid stream through a porous medium.
The driving force is either gravity or a pressure differential across the filtration

medium.

lons from the aqueous phase are removed by exchange with innocuous ions on

the exchange medium.

Groundwater is pumped through a series of canisters or columns containing
activated carbon to which dissolved organic contaminants adsorb. Periodic
replacement or regeneration of saturated carbon is required. Wastes produced
from the saturated carbon need to be properly managed.

Generally not recommended for application in low permeability,
heterogeneous soils, where dense materials are bypassed by the
injected solution.

Cost prohibitive due to depth and extent of contamination. SVE
difficult due to shallow depth to groundwater. Heating of buried
drums present additional health and safety risks and well as a
potential increase in leakage of waste materials.

Not technically practicable or cost effective. Requires pump and treat
for groundwater capture and recovery. Pump and treat is not
effective in heterogeneous, low permeability materials.

Not technically practicable or cost effective. Requires pump and treat
for groundwater capture and recovery. Pump and treat is not
effective in heterogeneous, low permeability materials.

Requires pump and treat for groundwater capture and recovery.
Pump and treat is not effective in heterogeneous, low permeability
materials.

Not applicable for site contaminants.

Not applicable for site contaminants.

Requires pump and treat for groundwater capture and recovery.
Pump and treat is not effective in heterogeneous, low permeability
materials.

No

No

No

No

No

No

No

No
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TABLE 3-5

Initial Screening of Remedial Technologies and Process Options
Operable Unit 20 (Site 86)

Feasibility Study

MCIEAST-MCB CAMLEJ, North Carolina

General . .
Remedial Technology . Lo Retain for Further
Response Process Options Descriptions Comments .
R Types Evaluation
Actions
Dissolved contaminants are transformed into an insoluble solid, facilitating the
. . . contaminants' subsequent removal from the liquid phase by sedimentation or
Ex-situ Physical, Chemical Precipitation o ) d . q P 4 i o Not applicable for site contaminants. No
filtration. Usually includes pH adjustment, addition of a chemical precipitant,
= Treatment )
o = (cont.) and flocculation.
£ S ’ . . Recovered free product heated to very high temperatures to combust organic .
® o Incineration . ) Cost prohibitive. No
= contaminants in the presence of oxygen.
Liquid wastes that are primarily organic are incorporated into the upper soil
Land Application Land Application q . P y 918 p. . PP Not applicable for dissolved groundwater contaminants. No
horizon so they can be degraded, transformed, or immobilized.
Wastewater is discharged to Base wastewater treatment plant. Must compl
POTW . & P Py Requires pump and treat for groundwater capture and recovery. No
with Base effluent standards.
Wastewater is discharged to surface receiving streams. Must comply with .
Surface Waters . . . Requires pump and treat for groundwater capture and recovery. No
— NPDES permit standards and sampling requirements.
3 Treated/amended groundwater is reinjected into on-site wells. Federal and
g Wastewater Discharge Reinjection ] . ' Requires pump and treat for groundwater capture and recovery. No
2 state regulations are very restrictive.
. Wastewater is injected into Class | wells. Federal and state regulations are very .
Deep Well Injection restrictive Requires pump and treat for groundwater capture and recovery. No
. Surface impoundments are used to contain treated or untreated wastewater or .
Evaporation Ponds Not practicable. No

groundwater until it evaporates.
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SECTION 4

Development and Screening of Alternatives

In this section, the technologies identified for further analysis are developed into remedial alternatives.
Section 121(b) of CERCLA identifies the following statutory preferences when developing and evaluating
remedial alternatives:

e Remedial actions involving treatment that permanently and significantly reduce the toxicity, mobility,
and volume of the COCs are preferred.

e Offsite transport and disposal of COCs without treatment is considered the least favorable remedial
action when practical treatment technologies are available.

e Remedial actions that use permanent solutions, alternative treatment technologies, or resource
recovery technologies are to be assessed.

4.1 Development of Remedial Alternatives

Remedial alternatives were developed by combining the technologies retained following the screening
process presented in Table 3-5. All alternatives, with the exception of No Action, meet the RAOs. The
alternatives are as follows:

e Alternative 1 — No Action

e Alternative 2 — MNA and LUCs

e Alternative 3 — Air Sparging (AS) with MNA and LUCs
e Alternative 4 — ISCO with MNA and LUCs

e Alternative 5 — ERD with MNA and LUCs

LUCs prohibiting aquifer use and to evaluate and mitigate the potential for future VI pathways will be
considered a part of Alternatives 2, 3, 4, and 5. The Department of the Navy (Navy) and MCIEAST-MCB
CAMLEJ will implement the following measures as part of the LUCs: (1) file a Notice of Inactive Hazardous
Substance or Waste Disposal, (2) file a Notice of Contaminated Site with the Register of Deeds of Onslow
County, and (3) incorporate the LUCs into the Base Master Plan.

The remedial alternatives developed in the following subsections are conceptual. Assumptions are provided
for each of the alternatives for the purpose of evaluation. However, actual details would be developed
during the remedial design phase.

4.1.1 Alternative 1 — No Action

The No Action alternative is required under CERCLA to be evaluated as a baseline for comparing other
alternatives. The No Action alternative does not include any LUCs, groundwater monitoring, or active
remedial activities to minimize risk to public health or the environment.

4.1.2 Alternative 2 — MNA and LUCs

This alternative includes the periodic monitoring of groundwater to track changes in COC concentrations
and geochemical conditions. As discussed in Section 2.6, NA is expected to proceed at Site 86. LUCs would
be implemented for areas with groundwater COC concentrations greater than the cleanup levels. MNA is
considered part of all alternatives with the exception of the No Action alternative.

Assumptions used in developing the cost estimate for this alternative include the following:

e  Monitoring would include the sampling of 30 monitoring wells on an annual basis for 53 years. Proposed
analyses include Target Compound List (TCL) VOCs and NAIPs. NAIPs would be collected every 5 years.
Field parameters, such as water level, pH, specific conductance, temperature, ORP, DO, and Fe(ll), would
be measured during sample collection.

ES060412002603CLT 4-1
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e Annual monitoring reports would be submitted to the Base, Navy, USEPA, and NCDENR to document site
conditions and evaluate progress toward achieving cleanup levels.

e LUCs would be implemented and maintenance would be performed.
e Five-year Reviews would be completed to assess the protectiveness of the remedy.

The monitoring assumptions, including frequency, duration, and analytical parameters, are included in the
cost estimates (Appendix E).

4.1.3 Alternative 3 — AS with MNA and LUCs

AS uses air injection into the saturated zone to induce mass transfer (stripping) of VOCs dissolved in
groundwater. Gas flow in saturated porous media, driven by buoyancy, occurs as a complex and non-
uniform series of finger-like channels, the paths of which are strongly influenced by subsurface
heterogeneity.

During sparging, VOCs would be transferred to the vadose zone and subsequently to the atmosphere. Soil
vapor extraction (SVE) is not included because displacement of the water table by several feet during
sparging is anticipated, which could flood SVE wells. Therefore, vapor accumulation is a potential concern
for buildings in the vicinity of the treatment areas. Soil vapor monitoring would be conducted in the
surrounding buildings while the AS wells are in operation, as shown on Figure 4-1. If vapor accumulations
were identified as a potential concern, vapor intrusion mitigation systems (VIMS) would be installed as
needed.

The use of horizontal AS wells to distribute air through the treatment area would include the installation of
two AS wells in the surficial aquifer and six AS wells in the Upper Castle Hayne aquifer. The design for this AS
system was the based on the results of the 2006 Site 86 Air Sparge Pilot Study, which indicated that AS was
an effective technology for this site (Table 2-1). For clarity, surficial aquifer Treatment Area 2 and upper
Castle Hayne Treatment Area 2 well screens will be installed using the same casings and depths, as the 2006
Pilot study indicated that a horizontal well installed at this depth could effectively remediate both the upper
Castle Hayne and surficial aquifer zones.

The length and depth of each well are summarized as follows. A single-ended design for each horizontal well
was assumed for the cost evaluation. The conceptual layout of the proposed horizontal AS system is shown
on Figure 4-1.

Assumptions for this alternative include the following:
e Installation and start-up are anticipated to require approximately 60 days.
e Operation of the system will be in a pulsed mode at approximately 1 ft3 per minute per foot of screen.

e Surficial Treatment Area 1 AS wells will be installed to a depth of 50 feet bgs, and Surficial Treatment
Area 2 and Upper Castle Hayne Treatment Area 2 AS wells will be installed to a depth of 70 feet bgs.

e Surficial Treatment Area 1 — Install two horizontal wells to approximately 50 feet bgs with 165-foot
screens and 430-foot risers.

e Surficial Treatment Area 2/Upper Castle Hayne Treatment Area 2 AS wells will be installed using the
same 1,370-foot casings and running four sets of screens (400-foot sections for Upper Castle Hayne
Treatment Area 2 and 275-foot sections for Surficial Treatment Area 2).

e Upper Castle Hayne aquifer Area 1 AS wells will be installed with 350-foot screens and 840-foot risers.

e QOperation of the AS systems would continue for up to 5 years. Treatment would be considered complete
when COC concentrations are below 100 times the cleanup level.
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e Semi-annual groundwater monitoring of existing groundwater monitoring wells IR86-MW10IW, IR86-
MW271W, IR86-MW42IW, IR86-MW42IW, IR86-MW44IW, IR86-MW22IW, and IR86-MW55IW would be
performed during system operation (Figure 4-1). An additional five monitoring wells would be installed
in each treatment area and sampled semi-annually. Groundwater samples would be analyzed for TCL
VOCs to evaluate progress toward achieving cleanup goals.

e Three soil vapor monitoring points would be installed in each of the treatment areas and sampled semi-
annually for TCL VOCs.

e Up to four VIMS would be installed, based on the results of the VI sampling.

e  MNA would initially be implemented outside the treatment areas on select wells, and would later be
implemented site-wide after active AS operations ceased. MNA would include the sampling of 30
monitoring wells on an annual basis for 35 years for TCL VOCs and NAIPs. NAIPs would be collected
every 5 years. Field parameters, such as water level, pH, specific conductance, temperature, ORP, DO,
and Fe(ll), would be measured during sample collection.

e An annual monitoring report would be submitted to the Base, Navy, USEPA, and NCDENR to document
site conditions and evaluate progress toward achieving cleanup levels.

e LUCs would be implemented and maintenance would be performed.

e Five-year Reviews would be completed to assess the protectiveness of the remedy.

4.1.4 Alternative 4 — ISCO with MNA and LUCs

ISCO uses the injection of chemical oxidants into the subsurface to oxidize target contaminants into
innocuous compounds. Intermediates such as acetone and methyl ethyl ketones can form temporarily, but
these are oxidized as treatment continues. A number of CVOCs can be successfully treated via chemical
oxidation. Key factors influencing the effectiveness of ISCO are the total oxidant demand of the aquifer
matrix and contact between the COC and the oxidant. Permanganate is recommended as the oxidant
because it is relatively easy to handle in the field, has a greater persistence in the environment than other
oxidants, and showed success in previous Pilot Studies at MCIEAST-MCB CAMLEJ. However, multiple
treatments may be needed to achieve adequate mass reduction prior to MNA transition.

Although the oxidizing potential of the permanganate anion is less than that of other oxidants such as
hydrogen peroxide, persulfate, and ozone, it is still efficient and is kinetically favorable for TCE. The
chemistry of permanganate is relatively simple (no catalyst involved), and selective, and its tendency for
higher persistence in the subsurface enables longer contact times and transport distances in the subsurface
when limited natural oxidant sinks are present.

Based on the access limitations associated with working at Site 86, an injection and extraction (re-
circulation) approach was selected for the delivery of the ISCO reagent. The injection and extraction
approach would be used to enhance distribution of the permanganate and reduce the number of injection
points needed compared to an injection delivery model.

Similar to the recirculation injection and extraction well layout used in the 2011 and 2012 Pilot Study, a
configuration of six injection wells along the perimeter of the treatment area and two centrally located
recovery wells would be used to deliver the ISCO substrate. Figure 4-2 depicts this injection and extraction
well layout. Based on the radius of influence (ROI) observed during the Pilot Study, the treatment areas
would be broken up into smaller recirculation cells where this six injection well and two extraction well
configuration can be effectively implemented. The recirculation cells were sized based on an assumed ROI
for the extraction wells of 50 feet for the surficial and 75 feet for the upper Castle Hayne aquifer. As a result,
each treatment area will be divided into one to four treatment recirculation cells, as summarized in

Table 4-1 and as shown on Figures 4-3 and 4-4.
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TABLE 4-1
Treatment Area — Treatment Recirculation Cells Summary

Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEJ, North Carolina

Treatment Area Treatment Grid Number of
Area Dimensions (feet) Dimensions (feet) Treatment Recirculation cells

Surficial Aquifer

Areal 210 (L) X 105 (W) 210 (L) X 105 (W) 1

Area 2 420 (L) X 210 (W) 105 (L) X 210 (W) 4
Upper Castle Hayne Aquifer

Areal 420 (L) X 250 (W) 105 (L) X 250 (W) 4

Area2 500 (L) X 175 (W) 250 (L) X 175 (W) 2

(L)= length, (W)= width

To reduce the need for permanent infrastructure (underground piping to connect extraction and injection
wells) and to eliminate the need for four injection and extraction systems, the conceptual design for the
ISCO approach is to operate mobile injection extraction system at each of the individual recirculation cells
consecutively (11 injection and extraction events, with five in the surficial aquifer and six in the Upper Castle
Hayne aquifer). The primary components of the mobile injection extraction system will include a booster
pump, cartridge bag filter, a dosing pump, static mixer, and distribution manifold with dedicated flow
meters, pressure gauges, and throttling valves enclosed in dual axle trailer. The system will also be equipped
with telemetry and fail-safe interlock controls including process line pressure sensors and pressure
transducers for each injection well to monitor water levels. All injections would be completed by
experienced personnel.

Other assumptions for the ISCO followed by MNA alternative included the following:

e Installation of 68 injection and extraction wells in the surficial and Upper Castle Hayne aquifers is
expected to require 7 months.

e One injection and extraction event is assumed, and MNA is expected to be implemented afterwards.

e Injecting and recirculating the permanganate is expected to require 10 months, with an average of
15 days for the recirculation in each of the five surficial aquifer recirculation cells, and 10 days in each of
the Upper Castle Hayne aquifer recirculation cells.

e The injection and extraction system would operate at 12 gpm (6 gpm per extraction well and 2 gpm per
injection well) for 24 hours per day. The ISCO recirculation system assumes that the surficial aquifer
grids would have 15 days of post-injection recirculation and the upper Castle Hayne aquifer treatment
grids would have 10 days of post-injection recirculation.

e The surficial aquifer active treatment area is assumed to be approximately 6,055,000 ft* of soil with
assumed porosities of 20 percent (surficial aquifer) and 25 percent (upper Castle Hayne aquifer), and
site-specific average permanganate natural oxidant demand of 6.6 grams per kilogram, for a total
injection volume of approximately 3,304,029 gallons of a 4 percent potassium permanganate solution
(or roughly 1,102,885 pounds of potassium permanganate).

e Semi-annual groundwater monitoring of existing groundwater monitoring wells IR86-MW10IW, IR86-
MW271W, IR86-MW42IW, IR86-MW42IW, IR86-MW44IW, IR86-MW22IW, and IR86-MWS55IW would be
performed during system operation (Figures 4-3 and 4-4). An additional five monitoring wells would be
installed in each treatment area and sampled semi-annually. The location of the additional monitoring
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wells would be based on final design of the system, and would be laid out to provide the optimal
coverage.

e Groundwater samples would be analyzed for TCL VOCs to evaluate the injection and extraction system
performance and the progress toward achieving cleanup goals. Field parameters such as water level,
pH, specific conductance, temperature, ORP, DO, permanganate, and Fe(ll) would be measured during
sample collection.

e  MNA would initially be implemented outside the treatment areas on select wells, and would later be
implemented site-wide after active treatment. Monitoring would include the sampling of 30 monitoring
wells on an annual basis for 35 years. Proposed analyses include TCL VOCs and NAIPs. NAIPs would be
collected every 5 years. Field parameters, such as water level, pH, specific conductance, temperature, ORP,
DO, and Fe(ll), would be measured during sample collection.

e Annual monitoring reports would be submitted to the Base, Navy, USEPA, and NCDENR to document site
conditions and evaluate progress toward achieving cleanup levels.

e LUCs would be implemented and maintenance would be performed.

e Five-year Reviews would be completed to assess the protectiveness of the remedy.

4.1.5 Alternative 5 — ERD with MNA and LUCs

ERD promotes the natural degradation of chlorinated solvents through the addition of carbon sources
(electron donors). ERD substrates are commonly used electron donors for remediation of CVOCs and can be
categorized into slow-releasing (such as emulsified vegetable oil [EVO]) and soluble (such as lactate). Various
commercial products are available.

In most natural systems, organic electron donors are in short supply. By adding such donors, natural
biodegradation is enhanced. However, insufficient or inappropriate indigenous microbial populations can
prevent the complete biodegradation of the chlorinated hydrocarbons. At Site 86, indigenous populations of
desirable microbes are present; however, the populations are less than optimal. Thus, the ERD substrate
would be amended with a bioaugmentation culture to support the complete biodegradation of the
chlorinated hydrocarbons.

For the purposes of this FS, Alternative 5 would include ERD with a suitable substrate to treat the target
area. The 2012 Pilot Study demonstrated that lactate could be effectively distributed throughout the
treatment area using the injection and extraction method and demonstrated that it could reduce COC
concentrations by as much as 93 percent. For full-scale implementation, a slower release substrate could
eliminate the need for additional injections, which are estimated to require 10 months to complete. To
provide for a sustained substrate that can be effectively delivered to the treatment area, a 50 percent EVO
and 50 percent lactate blend substrate was selected. This EVO and lactate blend was shown to be effective
during the 2006 Pilot Study completed at Site 89. During the ERD performance monitoring at Site 89, TCE
concentrations were reduced by 97.5 percent in samples collected from monitoring wells within the
treatment area. The ERD substrate would be injected using the injection and extraction approach detailed in
Section 4.1.5. Alternate substrates would be evaluated and discussed in the remedial design.

It is assumed that bioaugmentation culture would be required for all injection wells. Based on the results of
the 2012 Pilot Study, it is estimated that approximately 1 liter of culture would be required for every
14,150 ft® of treatment area.

All injections would be completed by trained personnel wearing upgraded Level D personal protective
equipment (PPE), including nitrile gloves and face shields.

Other assumptions used include the following:

e Well installation is expected to require 7 months.
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4-6

One injection event is assumed.
Injecting and recirculating the ERD substrate is expected to require 10 months.
The ERD substrate would be injected at 12 gpm for 10 hours per day.

The injection and extraction system would operate at 12 gpm (6 gpm per extraction well and 2 gpm per
injection well) for 24 hours per day, assuming a 15-day recirculation of each surficial aquifer treatment
grid and a 10-day recirculation of each upper Castle Hayne aquifer treatment grid.

The active treatment area is assumed to be approximately 6,055,000 ft3 of soil with an assumed porosity
of 25 percent for approximately 20,000 gallons of an EVO and lactate solution per injection event (or
roughly 238,100 pounds).

The bioaugmentation culture required would be approximately 428 liters.

Treatment would be considered complete when COC concentrations are below 100 times the cleanup
levels.

Semi-annual groundwater monitoring of existing groundwater monitoring wells IR86-MW10IW, IR86-
MW?27IW, IR86-MW42|W, IR86-MW42IW, IR86-MW44IW, IR86-MW22IW, and IR86-MW55IW would be
performed during system operation. An additional five monitoring wells would be installed in each
treatment area and sampled semi-annually. Water samples would be analyzed for TCL VOCs. NAIP
parameters chloride, methane, ethene, ethane, TOC, VFAs, and microbial analysis for DHC populations
and ERD-related function genes would be monitored, as well as field parameters such as water level, pH,
specific conductance, temperature, ORP, DO, and Fe(ll).

MNA would initially be implemented outside the treatment areas on select wells, and would later be
implemented site-wide after active treatment. Monitoring would include the sampling of 30 monitoring
wells on an annual basis for 35 years. Proposed analyses include TCL VOCs and NAIPs. NAIPs would be
collected every 5 years. Field parameters, such as water level, pH, specific conductance, temperature,
ORP, DO, and Fe(ll), would be measured during sample collection.

Annual monitoring reports would be submitted to the Base, Navy, USEPA, and NCDENR to document site
conditions and evaluate progress toward achieving cleanup levels.

LUCs would be implemented and maintenance would be performed.

Five-year Reviews would be completed to assess the protectiveness of the remedy.
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SECTION 5

Detailed Analysis of Alternatives

The specific statutory requirements for remedial actions that must be addressed in the Record of Decision
(ROD) and supported by this FS include:

e Protect human health and the environment.
e Comply with ARARs or define criteria for invoking a waiver.
e Be cost-effective.

e Use permanent solutions and alternative treatment technologies or resource recovery technologies to
the maximum extent practicable.

e Satisfy the preference for treatment that reduces the toxicity, mobility, or volume as a principal element
or explain why this is not attainable.

e In addition, CERCLA 121(b)(1)(A) emphasizes evaluating long-term effectiveness and related
considerations for each of the alternative remedial actions. These statutory considerations include:

e Long-term uncertainties associated with land disposal
e Goals, objectives, and requirements of the Solid Waste Disposal Act

e Persistence, toxicity, and mobility of hazardous substances and their constituents (and their propensity
to bioaccumulate)

e Short- and long-term potential for adverse health effects from human exposure
e Long-term maintenance costs
e Potential for future remedial action costs if the alternative were to fail

Nine evaluation criteria provided by the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP) to address these statutory requirements and additional technical and policy considerations that are
important for a CERCLA remedial action. The nine criteria serve as the basis for conducting the detailed
analyses during the FS process and for subsequently selecting an appropriate remedial action. In this
section, the remedial alternatives described in Section 4 are discussed individually against these nine
evaluation criteria and then comparatively to identify key tradeoffs.

Sustainability is not one of the nine evaluation criteria. However, in support of Navy and USEPA guidance, it
is considered during remedial alternative selection. The Navy, in cooperation with the United States Army
Engineering and Support Center-Huntsville and Battelle, has developed a tool to incorporate sustainability
metrics into the selection of remedial alternatives. SiteWise is a stand-alone tool that assesses the
environmental footprint of remedial actions in terms of a consistent set of sustainability metrics:
greenhouse gas (GHG) emissions, energy use, criteria air emissions (including nitrogen oxides [NOx], sulfur
oxides [SOy], and particulate matter less than 10 microns in diameter [PMio]), water consumption, and
worker safety. SiteWise provides a comparative assessment of different remedial alternatives based on the
significant life-cycle impacts of each alternative, including: material production (polyvinyl chloride, EVO,
permanganate, and so forth); transportation of equipment, personnel, and materials to the site; equipment
use during implementation; electricity use to run equipment or pumps during the operations phase of a
remedy; and residuals handling (Battelle, 2011). A matrix showing how the sustainability metrics relate to
the NCP criteria is provided in Table 5-1.

SiteWise results can be used to compare the various alternatives. However, many of the assumptions are
based on industry standards instead of site-specific or particular remedy equipment and materials
information and should not be viewed as relevant to a particular remedy. Rather, they should be used to
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make relative comparisons. The full results of the SiteWise model are provided in the Sustainability Analysis
Technical Memorandum, included in Appendix F.

5.1 Evaluation Criteria

The nine evaluation criteria developed by USEPA are described in the following subsections.

5.1.1 Protection of Human Health and the Environment

The assessment against this criterion evaluates how each alternative, as a whole, achieves and maintains
protection of human health and describes how site risks are eliminated, reduced, or controlled through
treatment, engineering, or LUCs. This assessment also allows for consideration of whether the alternative
poses unacceptable short-term or cross-media impacts.

5.1.2 Compliance with ARARs

This evaluation criterion is used to determine whether an alternative would meet all of its federal, state, and
local ARARs, as identified in Section 3.1. The analysis should summarize which requirements are applicable
or relevant and appropriate for each alternative and describe the extent to which the alternative meets
these requirements. If a waiver is required because an ARAR is not met, the basis for justification should be
discussed.

5.1.3 Long-term Effectiveness and Permanence

Long-term effectiveness and permanence are measured in terms of the risk remaining at the site after
response objectives have been met. Alternatives providing the highest degree of long-term effectiveness
and permanence are those that leave little or no waste at the site, do not require long-term maintenance
and long-term monitoring (LTM), and minimize the need for LUCs. The evaluation of this criterion includes
consideration of the following factors:

e The magnitude of residual risk to human and environmental receptors posed by any untreated waste or
treatment residues remaining at the conclusion of remedial activities

o The type, degree, and adequacy of long-term controls required to manage untreated waste or
treatment residues at the conclusion of remedial activities

e The long-term reliability of engineering and/or institutional actions to provide continued protection
from residuals

e The potential need to replace technical components of the alternative and the potential exposure
pathway and risks posed should the remedial action need replacement

5.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment

This evaluation criterion addresses the statutory preference for selecting remedial actions that employ
treatment technologies that permanently and significantly reduce the toxicity, mobility, or volume of
hazardous substances. This evaluation focuses on the following factors for each remedial alternative:

o The treatment process the alternative would employ and the materials it would treat

e The amount of hazardous substances that would be destroyed or treated, including how the principal
risk(s) would be addressed

e The degree of expected reduction in the toxicity, mobility, or volume measured as a percentage of
reduction

o The degree to which the treatment would be irreversible
e The type and quantity of residuals that would remain following treatment

e Whether the alternative would satisfy the statutory preference for treatment as a principal element
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5.1.5 Short-term Effectiveness

This evaluation criterion addresses the effects of the alternative during the construction and
implementation phase until remedial response objectives are met. The following factors should be
addressed for each alternative:

e Short-term risks that may be posed to the community during construction and implementation of an
alternative

e Potential adverse impacts to workers that may occur during construction and implementation, including
an evaluation of the effectiveness and reliability of any protective measures that would be taken

e Potential adverse environmental impacts that may result from the construction and implementation of
an alternative, including an evaluation of the reliability of available mitigation measures in preventing or
reducing the potential impacts

e Estimate of the time required to achieve remedial response objectives

5.1.6 Implementability

This criterion addresses the technical and administrative feasibility of implementing an alternative and the
availability of various services and materials required during its implementation. The following factors are
considered during analysis of this criterion:

e Technical Feasibility

— Ability to construct and operate

— Reliability of the technology

— Ease of undertaking additional remedial action, if needed
— Ability to monitor effectiveness

e Administrative Feasibility
— Ability to obtain approvals and coordinate with other agencies
e Availability of Services and Materials

— Availability of adequate offsite treatment, storage capacity, and disposal services

— Availability of necessary equipment, specialists, and provisions

— Auvailability of services and materials, including the potential for obtaining competitive bids
— Auvailability of prospective technologies

5.1.7 Cost

Preliminary cost estimates were developed for each remedial alternative. These cost estimates are used to
compare the alternatives, not to bid the work. These estimates were made from available information, (that
is, they have an expected accuracy of -30 percent to +50 percent for the scope of action described for each
alternative). The estimates are divided into capital costs and operation and maintenance (O&M) costs
(which also includes LTM costs), and are based on information from vendors, regulators, and experience
from similar projects. The present worth of the O&M and capital costs is included. Details of these cost
estimates are included in Appendix E. Significant uncertainties that may affect cost are discussed with each
alternative.

5.1.8 State Acceptance

This assessment evaluates the technical and administrative issues and concerns the State may have
regarding each of the alternatives. NCDENR will review and comment on this FS.
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5.1.9 Community Acceptance

This assessment evaluates the issues and concerns the public may have regarding each of the alternatives.
As with state acceptance, community concerns were taken into account in evaluating each alternative in this
FS. Consistent with the NCP, public comments will be solicited on the selected alternative presented in the
Proposed Remedial Action Plan (PRAP). Any comments will be addressed in the ROD and will be considered
by USEPA in the selection of the remedy.

5.2 Individual Analysis of Alternatives

Seven of the nine USEPA criteria were used in the detailed analysis of the groundwater alternatives. State
and community acceptance will be evaluated for the alternatives following the Public Meeting and the
PRAP. The analyses are summarized in Table 5-2.

5.2.1 Alternative 1 — No Action

Protection of Human Health and the Environment

The No Action alternative is not protective of human health or the environment. As discussed in

Section 2.7.1, the findings of the HHRA indicate that site groundwater would present unacceptable risk if
used for potable purposes by residential receptors. This alternative would not provide treatment,
engineering, or LUCs that would mitigate exposure risks to receptors.

Compliance with ARARs

This alternative would not meet the action-specific ARAR for LUCs for contamination left in place or the
chemical-specific ARARs for groundwater since concentrations exceed applicable NCGWQS or MCLs. There
are no location-specific ARARs applicable to this alternative.

Long-term Effectiveness and Permanence

This alternative would not meet the long-term effectiveness criterion because, without monitoring, the site
risks are assumed to remain indefinitely. Furthermore, since LUCs would not be put in place, there would be
no mechanism for limiting the exposure of potential receptors to contaminated groundwater.

Reduction of Toxicity, Mobility, or Volume through Treatment

This alternative would provide no reduction of toxicity, mobility, or volume. Natural biodegradation would
likely occur, but at unmonitored rates and at unknown locations. Therefore, it must be assumed that no
COCs would be actively treated under this alternative.

Short-term Effectiveness

There would be no remedial construction and no immediate environmental, worker, or community impacts
associated with this remedy in the short-term.

Implementability and Costs
There would be no implementability concerns or costs associated with this remedy.

5.2.2 Alternative 2 — MNA and LUCs
Protection of Human Health and the Environment

Alternative 2 — MNA is protective of human health and the environment because site-related COCs would
degrade over time from natural processes, and LUCs would be maintained until RAOs are achieved,
mitigating potential human health risks from exposure to impacted site media.

Compliance with ARARs

This alternative would comply with ARARs, as COCs would attenuate below chemical-specific ARARs. LUCs
would be in place until RAOs are achieved and MNA would be conducted to monitor COC degradation.
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Long-term Effectiveness and Permanence

This alternative would eventually meet the long-term effectiveness and permanence criterion when COCs
have naturally attenuated below the NCGWQS or MCL. The timeframe to reach NCGWQS or MCLs, as noted
in Section 2, is 53 years and would be an effective remedy, as LUCs would prevent exposure and monitoring
would be conducted to evaluate potential plume migration.

Reduction of Toxicity, Mobility, or Volume through Treatment

This alternative would not satisfy the statutory preference for treatment as a principal element. However,
this alternative identifies the natural processes (NA), such as biodegradation, adsorption, and dilution that
reduces the toxicity, mobility or volume of the plume over time. Short-term Effectiveness

This alternative does not include any initial construction that would put the environment, workers, or the
community at risk. However, based on the sustainability analysis, transportation of personnel to and from
the site for MNA, and transportation and disposal of investigation-derived waste generated during sampling
events, would contribute to environmental (primarily GHG and criteria air pollutants) and worker safety
impacts throughout the life of the remedy.

Implementability

This alternative is technically feasible and easily implementable with available services and materials. The
existing well network is assumed to be sufficient for MNA. This alternative could be implemented quickly.

Cost

The total 53-year, present-worth cost for this alternative is estimated to be $584,513. The capital cost for
this alternative is estimated to be $27,600. The present-worth O&M cost is estimated to be $556,913.
Capital costs associated with this alternative include LUC implementation activities and annual costs are
driven by MNA costs.

5.2.3 Alternative 3 — AS with MNA and LUCs
Protection of Human Health and the Environment

The AS alternative is protective of human health and the environment because site-related COCs would be
physically removed. However, since AS is not a destructive technology, contaminant mass would be
mobilized and the remedy could create risk to workers via VI within Site 86 buildings. VIMS may need to be
installed in Site 86 buildings to mitigate the potential VI risk. LUCs and groundwater monitoring would be
maintained until RAOs are achieved, mitigating potential human health risks from exposure to impacted site
media.

Compliance with ARARs

This alternative would comply with chemical-specific ARARs by reducing the concentrations of COCs in
groundwater through volatilization and MNA. Air monitoring of the nearest occupied structures would be
required to ensure that vapor concentrations do not exceed applicable regulatory standards. Location-
specific ARARs and action-specific ARARs, including well installation, subsurface injections, potential air
emissions, and waste handling ARARs, would be complied with throughout implementation of this
alternative.

Long-term Effectiveness and Permanence

This alternative is considered to meet the long-term effectiveness and permanence criterion. Operation of
the AS system would be expected to require 5 years to reduce COC concentrations below target treatment
concentrations, and NA processes would be expected to reduce COC concentrations below NCGWQS after
the completion of active treatment in approximately 40 years. The AS system relies on regular maintenance
of equipment and could potentially involve replacement of parts to keep the system operational.
Additionally, regular monitoring after system shutdown would be required to assess any rebounding.
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Reduction of Toxicity, Mobility, and Volume through Treatment

This alternative would reduce toxicity and volume of the plume in the target treatment area. However,
because AS is not a destructive process, most of the volatilized VOCs would be released into the
atmosphere. This alternative would satisfy the statutory preference for treatment as a principal element.

Short-term Effectiveness

The short-term effectiveness of this alternative would be contingent on engineering controls to protect the
environment, workers, and the community during well installation and operations. This alternative employs
AS within the target area to volatilize VOCs from the groundwater, thereby reducing the toxicity, mobility,
and volume of contaminants, but potentially creating VI issues. AS of VOCs is primarily a mass-transfer
(volatilization) process, with the potential for some biodegradation; therefore, vapors would be produced
during the process. VIMS would be installed to mitigate any potential VI issues.

The results of the sustainability assessment indicated that the operations phase is the driver for overall
environmental impacts of this alternative. Electricity to power the compressor for 5 years accounted for the
majority of environmental impacts, and transportation of personnel to the site for O&M accounted for the
majority of worker safety impacts. Field implementation would be anticipated to take approximately

3 months to install the AS wells and begin operation of the AS system. Operation of the system and routine
O&M would be conducted for 5 years.

Implementability

This alternative would be implementable with readily available services and materials. Qualified horizontal
directional drilling companies and AS components are readily procurable. Horizontal AS has been
successfully implemented at Site 86 as part of the 2006 Pilot Study.

Costs

The total present-worth cost for this alternative is estimated to be $5,460,507. The capital cost for this
alternative is estimated to be $3,418,502. The total present-worth O&M and MNA cost is estimated to be
$2,042,005.

5.2.4 Alternative 4 — ISCO with MNA and LUCs
Protection of Human Health and the Environment

The ISCO alternative is protective of human health and the environment because groundwater
contaminants would be oxidized to innocuous compounds, thereby reducing groundwater contamination
over time. Because ISCO is a destructive technology, it is not likely to create short- or long-term Vl issues.
LUCs would remain in place until RAOs have been met, mitigating potential human health risks from
exposure to impacted media.

Compliance with ARARs

This alternative would comply with chemical-specific ARARs by reducing the concentrations of COCs through
chemical oxidation and MNA. Location-specific ARARs and action-specific ARARs, including injection well
installation, subsurface injections, and waste handling ARARs, would be complied with throughout
implementation of this alternative.

Long-term Effectiveness and Permanence

This alternative would be expected to meet the long-term effectiveness and permanence criterion.
However, there is a possibility of rebound: when contaminants are treated in readily accessed flow paths,
residual contaminants can be left in place and either sorbed to the soil or trapped in less transmissive zones.
In these cases, after active treatment is complete, the residual contaminants can re-enter the aquifer
through diffusion and dissolution. The treatment effectiveness is immediate and considered permanent
upon contact of the oxidant with contaminants in groundwater for ISCO. After completion of active
treatment, NA processes would be expected to reduce COC concentrations below NCGWQS. In addition,
with any injection technology, subsurface distribution is uncertain.
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Reduction of Toxicity, Mobility, or Volume through Treatment

This alternative would permanently reduce the toxicity and volume of COCs through the permanent
oxidation of chemicals into innocuous compounds. This alternative would satisfy the statutory preference
for treatment as a principal element.

Short-term Effectiveness

The short-term effectiveness of this alternative would be contingent on engineering controls to protect the
environment, workers, and the community during implementation. Permanganate is a strong oxidant and
poses risks to site workers during injection. However, assuming appropriate PPE is worn at all times by
workers, permanganate solution can be safely handled and injected by workers in the field. Engineering
controls would be required to protect the environment from spills. Additional risks to worker safety include
operating drill rigs to install the injection wells and exposure to COCs from residuals handling. The results of
the sustainability assessment indicate that the overall environmental impacts are primarily associated with
the manufacture and transportation of permanganate and equipment and material use for the installation
of injection wells. The installation of the injection wells and injection of the ISCO substrate would be
anticipated to take approximately 17 months to complete.

Implementability

This alternative would be technically feasible and implementable with available services and materials. One
of the primary factors in any injection technology is distribution within the contaminated media. Thin clay
lenses throughout the surficial aquifer may cause preferential flow paths and impede reagent distribution.
This could limit ISCO’s effectiveness, as it relies on direct contact between the oxidant and the COCs.

Costs

The total present-worth cost for this alternative is estimated to be $7,910,878. The capital cost for this
alternative is estimated to be $7,375,790. The total present-worth O&M and MNA cost is estimated to be
$535,088.

5.2.5 Alternative 5 — ERD with MNA and LUCs
Protection of Human Health and the Environment

The ERD alternative is protective of human health and the environment because groundwater
contamination would be reduced within the target area by promoting biological degradation of COCs. LUCs
would remain in place until RAOs have been met, mitigating potential human health risks from exposure to
impacted media.

Compliance with ARARs

This alternative would comply with chemical-specific ARARs by reducing the concentrations of COCs through
active bioremediation. Location-specific ARARs and action-specific ARARs, including injection well
installation, subsurface injections, and waste handling ARARs, will be complied with throughout
implementation of this alternative.

Long-term Effectiveness and Permanence

This alternative is expected to meet the long-term effectiveness and permanence criterion. However, similar
to ISCO, there is a possibility of rebound. However, because ERD is not as reliant on direct contact with the
contaminant to be effective, the ability to treat in low permeability zones may reduce the risk of
contaminant rebound. After active treatment is complete, the residual contaminants re-enter the aquifer
through diffusion and dissolution. Additional substrate may be required based on performance monitoring
results. The permanent risk reduction time line is determined by the time required for biodegradation of
VOCs. It should be noted that benzene may not be treated by this technology.

ES060412002603CLT 5-7



FEASIBILITY STUDY SITE 86, OPERABLE UNIT NO. 20

Reduction of Toxicity, Mobility, or Volume through Treatment

This alternative is expected to reduce the toxicity, mobility, or volume of the COCs in groundwater through
stimulation of the biological degradation of contaminants. With biological degradation, there is a possibility
that degradation would stall and an accumulation of harmful daughter products such as VC would occur.
Monitoring of biological populations and bioaugmentation (addition of suitable microbial populations into
the system) may be required.

Short-term Effectiveness

The short-term effectiveness of this alternative is contingent on engineering controls to protect the
environment, workers, and the community during well installation and injection activities. There are few to
no risks to site workers if they come into contact with the substrate during injection activities. Releases of
the ERD substrate are possible if the injectant follows any preferential pathways to the ground surface. To
prevent exposure, engineering and safety controls would be in place to protect site workers and the
environment.

The results of the sustainability assessment indicate that transportation (of personnel, materials, and
equipment) would contribute the highest proportion of GHG and total energy footprints. Drilling and pump
operation would contribute the majority of the criteria air pollutant footprints. The primary factors
contributing to the footprint for risk of injury or fatality from accidents are transportation of personnel and
equipment, as well as onsite labor hours.

Implementability

This alternative is technically feasible and implementable with available services and materials. One of the
primary factors in any injection technology is distribution within the contaminated media. Based on the Pilot
Study, ERD distribution was effective in the upper Castle Hayne aquifer. However, there is potential that thin
clay lenses throughout the surficial aquifer may cause preferential flow paths and impede ERD distribution.
This could limit the effectiveness of ERD.

Costs

The total present-worth cost for this alternative is estimated to be $3,650,874. The capital cost for this
alternative is estimated to be $2,954,156. The total present-worth O&M and MNA cost is estimated to be
$696,718.

5.3 Comparative Analysis of Alternatives

In the following subsections, the alternatives are comparatively analyzed using the nine USEPA criteria. The
analyses are summarized in Table 5-2. Comparative analyses of groundwater are included in Table 5-3. The
No Action alternative does not comply with the evaluation criteria and is not included in the comparative
analysis.

5.3.1 Overall Protection of Human Health and the Environment

All of the alternatives screened, with the exception of the No Action alternative, are protective of human
health and the environment by reducing or controlling risks posed by the site through treatment and/or
LUCs and could achieve the RAOs.

Alternatives 3 (AS), 4 (ISCO), and 5 (ERD) provide active treatment to reduce the concentrations of COCs in
groundwater, expediting the NA process that is Alternative 2 (MNA). Monitoring and LUCs are included in
each alternative and would provide protection until RAOs are achieved.

5.3.2 Compliance with ARARs

All alternatives, except No Action, have common chemical-specific ARARs that are expected to be met.
However, Alternatives 3 (AS), 4 (ISCO), and 5 (ERD) employ active mass transfer and treatment and will
therefore comply with the cleanup levels in approximately 40 years, whereas Alternative 2 (MNA) relies on
natural degradation and is expected to meet cleanup levels in 53 years. Alternatives 3 (AS), 4 (ISCO), and

5-8 ES060412002603CLT



SECTION 5—DETAILED ANALYSIS OF ALTERNATIVES

5 (ERD) have common location and action-specific ARARs associated with groundwater treatment for
installation of horizontal and vertical injection wells, subsurface injections, potential air emissions, and
waste handling.

5.3.3 Long-term Effectiveness and Permanence

Each alternative, except the No Action alternative, provides some degree of long-term protection that
increases if mass transfer and treatment components are included. The effectiveness and permanence of
Alternative 2 (MNA) is dependent entirely upon NA, whereas Alternatives 3 (AS), 4 (ISCO), and 5 (ERD)
employ active treatment and mass transfer to reduce the concentrations of COCs in groundwater to below
100 times the cleanup levels in the target treatment areas, and rely on MNA to reduce COCs in groundwater
to their respective cleanup levels. Therefore, Alternatives 3 (AS), 4 (ISCO), and 5 (ERD) will reach the cleanup
levels in shorter timeframe than Alternative 2 (MNA).

Rebound is a potential issue with any injection or AS scenario; therefore, subsurface distribution is the key
to effectiveness and treatment timeframe. Due to the possibility of rebound, multiple injections (or system
restart for AS) may be required for Alternatives 3 (AS), 4 (ISCO), and 5 (ERD). However, Alternative 5 (ERD)
may have a slightly higher long-term effectiveness because it may provide a longer, more sustained
treatment of potential contaminant rebound as bioaugmentation will likely increase the biodegradation
potential of the aquifer after the initial substrate injection and extraction.

Reviews conducted at least every 5 years, as required, would be necessary to evaluate the effectiveness of
any of the alternatives because hazardous substances would remain onsite at concentrations above levels
that allow for unlimited use and unrestricted exposure.

5.3.4 Reduction of Toxicity, Mobility, or Volume through Treatment

Alternative 3 (AS), 4 (ISCO), and 5 (ERD) would reduce toxicity, mobility, and volume through treatment.
These technologies are effective at reducing the concentrations of CVOCs in groundwater; however, AS and
MNA are typically more effective technologies when treating benzene. ISCO and ERD are typically less
effective treatment options for the reduction of benzene concentrations in groundwater. Thus, Alternative 4
(ISCO) and Alternative 5 (ERD) will address the reduction of benzene concentrations through MNA.

Although MNA does not include treatment, it relies on the natural reduction of contaminant concentrations
through a variety of physical, chemical, or biological activities over time.

Alternative 4 (ISCO) is expected to provide the fastest reduction in toxicity and volume of CVOCs in
groundwater through chemical oxidation, while with Alternative 5 (ERD) would provide for reduction at a
slower rate because it is dependent on biological processes. Alternative 3 (AS) would reduce toxicity and
volume; however, AS is not a destructive process and the transferred mass of VOCs, if not biodegraded
aerobically in the vadose zone, would release into the atmosphere. Therefore, Alternatives 4 (ISCO) and 5
(ERD) provide the highest reduction of toxicity, mobility, and volume through treatment followed by
Alternative 3 (AS).

5.3.5 Short-term Effectiveness

The period of time and risks to the environment, workers, and the community would be lowest for
Alternative 2 (MNA), as no construction is involved with the implementation of the remedy. Alternative 5
(ERD) would have slightly higher risks to workers and a longer period of time associated with remedy
implementation because it involves the installation of injection and extraction wells and the injection and
recirculation of a carbon substrate and bioaugmentation culture.

Although the period of time to implement Alternative 3 (AS) and 4 (ISCO) are similar to Alternative 5 (ERD),
the risks to workers are generally higher. This is due to increased labor required to perform O&M to the air
sparge system, the elevated risks associated with handling a strong oxidant during the ISCO injection and
recirculation activities, and the potential for AS to increase risks to Base workers from VI into occupied
buildings.
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Alternative 4 (ISCO) has the highest short-term risk to workers because of the use of oxidants and strongly
corrosive chemicals and the possibility of re-injection. While Alternative 5 (ERD) would incur similar
installation and injection impacts as Alternative 4 (ISCO), the ERD substrate is not harmful, reducing risk of
injury to workers and the environment. Alternative 3 (AS) has the highest GHG emissions, energy use, water
impacts, and criteria pollutant emissions because of the electricity used to power the AS system for 5 years.
Alternative 2 has the lowest environmental footprint for the viable groundwater alternatives, as no active
treatment would be performed, only annual performance monitoring. A summary of the relative rankings
for the sustainability metrics related to the short-term effectiveness criterion is provided in Table 5-4, as
follows.

TABLE 5-4
Short-Term Effectiveness and Sustainability Rankings
Operable Unit 20 (Site 86), MCIEAST-MCB CAMLEJ, North Carolina

Total
(?H_G Energy Water. NOx SOX P.IVIZF.O Accident Accident
Remedial Alternatives Emissions Used Consumption Emissions Emissions Emissions Risk Risk

Fatality Injury
metric ton MMBTU gallons metric ton metric ton metric ton

Alternative 1 - No Action Low Low Low Low Low Low Low Low

Alternative 2 - MNA and LUCs Low Low Low Low Low Low Low Low

Alternative 3 - Air Sparge via Horizontal

Injection with MNA and LUCs High High High High High Medium Medium Medium
Alternative 4 - ISCO via Vertical Injection Low Low Medium Low Low High High High
and Recirculation with MNA and LUCs

Alternative 5 - ERD via Vertical Injection Low Low Low Low Low Medium High High

and Recirculation with MNA and LUCs

The relative impact is a qualitative assessment of the relative footprint of each alternative; a rating of High for an alternative is
assigned if it is 70 percent of the maximum footprint, a rating of Medium is assigned if it is between 30 and 70 percent of the
maximum footprint, and a rating of Low is assigned if it is less than 30 percent of the maximum footprint.

Notes:

MMBTU - million British Thermal Unit

5.3.6 Implementability

Each alternative is technically and administratively feasible with services and materials required to
implement the remedy readily available. Alternative 2 (MNA) has the highest implementability of all the
remedies evaluated because it requires no construction and the site labor is limited to sampling activities.
However, the implementability of Alternative 3 (AS), 4 (ISCO), and 5 (ERD) decrease significantly because
Site 86 is located on an active military flight line with multiple areas of limited or restricted access that may
preclude the installation of a site-wide remediation system infrastructure. These alternatives involve drilling,
construction, and maintenance activities that will likely disrupt flight line operations. Additionally, the
logistics of working on the active air station increases the difficulty of implementing AS, ISCO, or ERD.
Therefore, Alternative 3 (AS), 4 (ISCO), and 5 (ERD) are considered to have similar moderate
implementability.
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5.3.7 Cost

Table 5-5 summarizes the direct and indirect capital costs, as well as long-term O&M costs (as applicable)
for the alternatives. The detailed cost estimates are provided in Appendix E.

Costs for Alternative 3 (AS) are nearly twice as high as those for Alternative 5 (ERD), and Alternative 4 (ISCO)
is more than twice the cost of Alternative 5 (ERD). However, costs for Alternative 2 (MNA) are significantly
lower than for Alternative 5 and for Alternative 3 and Alternative 4.

5.3.8 State Acceptance

State involvement has been solicited throughout the CERCLA process. Acceptance from NCDENR, as the
designated state support agency in North Carolina, would be likely for all alternatives except No Action.
5.3.9 Community Acceptance

Community review acceptance will be solicited during the PRAP. Based upon prior experience with similar
sites, it is anticipated that community acceptance is likely for all of the proposed action alternatives,
Alternatives 2 through 5, but not for the "No Action" Alternative 1.
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TABLE 5-1
NCP Criteria and Sustainability Metrics
Operable Unit 20 (Site 86)

Feasibility Study
MCIEAST-MCB CAMLEJ, North Carolina

Sustainability Metrics
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NCP Critieria Subcriteria G
Protection of Human Health and the Environment Protection of Human Health and Environment
Compliance with ARARs
Compliance with Chemical-Specific ARARs
Compliance with Action-Specific ARARs
Compliance with ARARs
P Compliance with Location-Specific ARARs
Compliance with other criteria, advisories, and guidance
Long-Term Effectiveness and Permanence
Magnitude of Residual Risk E E
Long-Term Effectiveness and Permanence & —
Adequacy and reliability of controls
Treatment Process used and materials treated
Amount of Hazardous materials destroyed or treated
Reduction in Toxicity, Mobility, and Volume Degree of Expected Reductions in Toxicity, Mobility, and Volume
Degree of which treatment is irreversible
Type and Quantity of Residual Remaining After Remedial Action
Protection of Community During Remedial Action A
Protection of Workers During Remedial Action B
Short-Term Effectiveness - g
Environmental Impacts F E D C

Time until RAOs are achieved

Implementability

Ability to construct and operate the Technology

Reliability of the Technology

Ease of undertaking additional remedial actions, if necessary

Ability to Monitor Effectiveness of Remedy

Ability to obtain approvals from other agencies

Coordination with other agencies

Availability of offsite treatment, storage, and disposal services and capacity

Availability of necessary equipment and specialists

Availability of Prospective Technologies

Cost

Capital Costs

Operating and Maintenance Costs

Present Worth Costs

Legend:

A - Compliments NCP criteria but also addresses risks to community in terms of potential for injury or fatality associated with traffic
B - Compliments NCP criteria but also addresses potential for injury or fatality associated with total hours worked

C - Use of non-renewable energy (coal for power requirements [fuel])
D - Impacts associated with release of VOCs to the atmosphere

E - Some emissions persist only in the short term; others last for decades and may persist after RAOs have been achievec
F - Environmental impacts associated with energy extraction from earth resources
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TABLE 5-2

Summary of Groundwater Remedial Alternatives Evaluated Against the Seven Criteria

Feasibility Study
Operable Unit No. 20 (Site 86)
MCIEAST-MCB CAMLEJ, North Carolina

Evaluation Criteria

Alternative 1
No Action

Alternative 2
MNA and LUCs

Alternative 3
Air Sparging with MNA and LUCS

Alternative 4
1SCO with MNA and LUCS

Alternative 5
ERD with MNA and LUCs

Overall Protection of Human Health and the
Environment

Will not meet RAOs. Human health risks associated with
potential receptors and the potential future use of
groundwater as a potable source.

Will eventually meet RAOs. Prolonged
period of time required to meet RAOs due to
reliance on natural processes.

Will meet RAOs via mass transfer by
volatilizing dissolved phase VOCs. MNA will
be conducted after the completion of active
treatment to ensure that RAOs are met. May
require VIMS to mitigate VI issues.

Will meet RAOs via oxidation of VOCs within
the target area and reduce plume migration
towards the New River. MNA will be
conducted after the completion of active
treatment to ensure that RAOs are met.

Will meet RAOs by promoting reductive
dechlorination within the target area and
mitigate potential offsite migration of COCs.

Compliance with ARARs

Does not comply with chemical-specific or location-
specific ARARs.

Complies with ARARs.

Complies with ARARs.

Complies with ARARs.

Complies with ARARs.

Long-term Effectiveness and Permanence

Will not reduce risk; therefore, is not effective in the long
term. Additionally, no mechanism is in place to monitor
(1) attenuation of VOCs and (2) limit exposure of
potential receptors to contaminants in groundwater

Expected to be an effective remedy for
treatment of groundwater if land use
controls are in place and groundwater is
monitored evaluate plume migration.

Expected to be an effective remedy for
treatment of groundwater contaminated
with VOCs if land use controls are in place
and the groundwater is monitored to
evaluate plume migration.

Expected to be an effective remedy for
treatment of groundwater contaminated
with VOCs if land use controls are in place
and the groundwater is monitored to ensure
the plume is attenuating and not migrating.

Expected to be an effective remedy for
treatment of chlorinated solvent impacted
groundwater if land use controls are in place
and groundwater is monitored to evaluate
plume migration.

Reduction of Toxicity, Mobility or Volume
Through Treatment

No treatment is involved, so it does not meet this
criterion.

Reduces toxicity, mobility, and volume over a
prolonged period of time by naturally
degrading contaminants.

Reduces toxicity, mobility, and volume
through mass transfer to volatilize dissolved
phase VOCs.

Reduces toxicity, mobility, or volume
through chemical oxidation of dissolved
phase VOCs to carbon dioxide, water and
chloride.

Reduces toxicity, mobility, or volume
through promotion of biologically mediated
reductive dechlorination.

Short-term Effectiveness

No short-term impacts because nothing is implemented.

Monitoring and land use controls would be
required during the duration of remediation.

Short-term impacts include the potential to
generate VOC vapors from sparging that are
not captured as no SVE system will be
implemeted. The duration of air sparging
needed in order to meet treatment goals is
expected to be 5 years or more. Ambient air
monitoring will be required to ensure vapor
concentrations do not exceed applicable
regulatory standards during remediation.

Chemical oxidation is a relatively fast process
with high contaminant reduction expected in
the treatment area over short duration.
Monitoring would be required during the
duration of remediation. Safety controls
required due to the use of oxidants and
corrosive materials to protect worker safety.

Requires engineering controls during
injection to protect environment, and safety
controls to protect workers.

Monitoring would be required during the
duration of remediation.

Implementability

No construction or operation.

Services and materials are available; and the
technology is easily implementable.

Services and materials are available; and the
technology is easily implementable. This
technology has been proved successful at
Site 86. Permanent construction and
electricity service would be required.

This alternative is technically challenging, but
easily implementable with available services
and materials. Substrate distribution issues
are possible with any injection technology.
Health and safety precautions would be
required handling the oxidant.

This alternative is implementable with
available services and materials. Substrate
distribution issues are possible with any
injection technology. An ERD pilot study has
been succesfully implented at Site 86.

Cost

$0

$27,600%; $584,513"

$3,418,502°; $5,460,507°

$7,375,790%; $7,910,878

$2,954,156°; $3,650,874°

*Total Capital Costs
®Total Present Worth Cost
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TABLE 5-3

Groundwater - Comparative Analysis of Alternatives
Feasibility Study

Operable Unit No. 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

No Action MNA and LUCs

AS, MNA, and  ISCO, MNA, and ERD, MNA, and

CERCLA Criteria LUCs LUCs LUCs
(1) (2) (3) (4) (5)
Threshold Criteria
Protection of Human Health and the Environment o] [ [ [ [
Compliance with ARARs o [} [} [} [}
Primary Balancing Criteria
Long-term Effectiveness and Permanence o o o ® [
Reduction in Toxicity, Mobility, or Volume through Treatment o (] (] (]
Short-Term Effectiveness o [} [}
Implementability ® ® o o
Present-Worth Cost
S0 $584,513 $5,460,507 $7,910,878 $3,650,874

Relative Ranking: ® High © Moderate O Low

Rankings are provided as qualitative descriptions of the relative compliance of each alternative with the criteria
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TABLE 5-5

Summary of Cost Analysis - Groundwater
Feasibility Study

Operable Unit No. 20 (Site 86)
MCIEAST-MCB CAMLEJ, North Carolina

Alternative 2

General Response Action a
MNA and LUCs

Alternative 3

AS, MNA, and LUCs

Alternative 4

1ISCO, MNA, and LUCs

Alternative 5

ERD, MNA, and LUCs

-30% Estimate +50% -30% Estimate +50% -30% Estimate +50% -30% Estimate +50%
Total Capital Costs $19,320 $27,600 $41,400 | $2,392,951| $3,418,502 $5,127,752 || $5,163,053 | $7,375,790 | $11,063,685 || $2,067,909 | $2,954,156 | $4,431,233
Subsequent Years' Costs $389,839 $556,913 $835,369 || $1,429,404 | $2,042,005 $3,063,008 $374,562 $535,088 $802,633 $487,703 $696,718 $1,045,077
Total Present Worth Costs® $409,159 $584,513 $876,769 || $3,822,355| $5,460,507 $8,190,760 || $5,537,615 | $7,910,878 | $11,866,317 || $2,555,612 | $3,650,874 | $5,476,311
% Includes 7% discount rate
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SECTION 1

Introduction

This Pilot Study Report presents the field activities, data, results, and conclusions of the pilot studies conducted at
Operable Unit (OU) No. 20, Site 86, Marine Corps Air Station (MCAS) New River, Jacksonville, North Carolina
(Figure 1-1). This Pilot Study Report has been prepared under the Naval Facilities Engineering Command
(NAVFAC)—Mid-Atlantic, Comprehensive Long-term Environmental Action—Navy (CLEAN) 8012 Contract N62470-
11-D-8012, Contract Task Order (CTO) WE-09.

The pilot studies were conducted to evaluate the performance and design criteria of two remedial technologies:

1. Enhanced reductive dechlorination (ERD) using a sodium lactate solution (WilClear) manufactured by JRW
Bioremediation LLC, supplemented with a Terra Systems Incorporated Dehalococcoides Bioaugmentation
Culture (TSI DC).

2. In-situ chemical oxidation (ISCO) using Slow-Release Permanganate Candles (SRPCs) manufactured by the
Carus Corporation.

Site background information and the selection process for the pilot study technologies are presented in the
following sections.

1.1 Site Background

Site 86 is located on Marine Corps Air Station (MCAS) New River. Most of the site is developed and contains
aircraft hangars, aircraft support buildings, and concrete or asphalt paved areas. A large open area, known as the
northeast grass, is present in the eastern portion of the site.

During the Remedial Investigation (RI) (Baker Environmental, Inc., 1996), several volatile organic compounds
(VOCs) were identified in groundwater, including trichloroethene (TCE) and its associated daughter products—cis-
1,2-dichloroethene (cis-1,2-DCE) and vinyl chloride (VC)—as well as 1,1-dichloroethene (1,1-DCE). Subsequent Rl
activities were conducted from 1997 through 2002 to assess the horizontal and vertical extents of the VOC
impacts. Based on these subsequent investigations, the Site 86 boundaries were expanded in August 2006 to
include most of the industrial area north of the MCAS New River flight line (Figure 1-2).

In 2009 and 2010, Site 86 was assessed further during an Expanded Supplemental Remedial Investigation (ESRI)
(CH2M HILL, 2011a). During the ESRI, an additional VOC plume consisting of TCE, cis-1,2-DCE, VC, and 1,1-DCE was
identified. The plume extended into the grassy area west of Curtis Road and east of the 2006 Site 86 boundary
(Figure 1-2). In 2010, the Site 86 boundary was expanded to include the northeast area (Figure 1-2). The eastern
portion of Site 86 includes an unlined stormwater drainage ditch that collects runoff from the developed portion
of Site 86, including the industrial area and hangars, and discharges to the New River.

The highest concentrations of VOCs in the surficial and upper Castle Hayne aquifers were detected in different
areas of Site 86. Based on the data presented in the ESRI report, the Marine Corps Installations East-Marine Corps
Base Camp Lejeune (MCIEAST-MCB CAMLEJ) Partnering Team agreed in May 2011 to conduct a 6-month pilot
study, which would include the installation of an ERD injection/extraction recirculation system in the upper Castle
Hayne aquifer at a location identified as the Zone 1 pilot study site and an injection of an ERD substrate in the
surficial aquifer at an area identified as the Zone 2 pilot study site (Figure 1-2).

Based on logistical challenges faced with substrate injections in the surficial aquifer at the Zone 2 pilot study site
(such as flight line access and security issues, potential surfacing, and implementation time), an ISCO pilot study
using SRPC technology was recommended in lieu of ERD substrate injections. The MCIEAST-MCB CAMLE)
Partnering Team approved the recommendation in July 2011.
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1.2 Pilot Study Obijectives

The primary objectives of the pilot studies were:

e To evaluate the injection/extraction approach as a method for distributing the ERD substrate in areas where
access is limited

e To evaluate the overall effectiveness of ERD in terms of reducing contaminant mass in Zone 1
e To evaluate the overall effectiveness of SRPC technology as a passive remediation remedy in Zone 2

e To obtain sufficient performance data and results to refine remedial alternatives for preparation of a
Feasibility Study

e To reduce VOC mass within Zones 1 and 2

1.3 Description of Pilot Study Areas

The Zone 1 and Zone 2 pilot study areas are described in this section. Zone 1 and Zone 2 pilot study area features
are depicted in Figures 1-3 and 1-4, respectfully.

1.3.1 Zone 1 ERD and Bioaugmentation Pilot Study Area

The Zone 1 pilot study area encompasses a 0.3-acre footprint that includes a drainage swale, portions of an
asphalt parking lot, hangar support structures, security fencing, and a grass area (Figure 1-3).

1.3.1.1. Geology

The geology of the Zone 1 pilot study area was evaluated during pilot study drilling. During the drilling, geologic
descriptions were recorded on soil boring logs, which are presented in Appendix A. Two geologic cross-sections,
A-A’ and B-B’, were interpreted based on the geologic descriptions presented in the Zone 1 soil boring logs
(Appendix A). The locations of geologic cross-sections A-A’ and B-B” are shown on Figure 1-5 and geologic cross-
sections A-A’ and B-B’ are depicted in Figures 1-6 and 1-7, respectively. As depicted in Figures 1-6 and 1-7, the
geology of the pilot study targeted interval of the upper Castle Hayne aquifer consists of a partially cemented
sandy limestone.

The groundwater elevation within Zone 1 is approximately 7 feet (ft) above mean sea level. Based on
groundwater elevation data collected in October 2011, groundwater flow in the targeted interval of the upper
Castle Hayne aquifer is to the east, with an approximate horizontal hydraulic gradient of 0.003 feet/foot (ft/ft).
The horizontal hydraulic gradient is based on the groundwater elevation change between monitoring wells IR86-
MWS58IW (7.03 ft above mean seal level) and IR86-MW74IW (6.84 ft above mean seal level) which are located
63 ft apart along the predicted groundwater flow path. A potentiometric surface map of the upper Castle Hayne
aquifer within Zone 1 is depicted on Figure 1-8.

1.3.1.2. Hydrology

The hydraulic conductivity of the upper Castle Hayne aquifer within Zone 1 was assessed in October 2011 by
performing slug tests on monitoring and injection wells. A pump test also was performed in October 2011 to
assess the transmissivity of the upper Castle Hayne aquifer and to assess an effective pumping rate for the ERD
extraction wells. Slug test and pump test data were evaluated using the aquifer testing software package
AQTESOLV Pro 4.0. Slug test data were calculated using the Bouwer and Rice algorithm (Bouwer and Rice, 1976)
for an unconfined aquifer with a partially penetrating test well. Pump test data were calculated using the Neuman
algorithm (Neuman, 1974) for an unconfined aquifer with a partially penetrating pumping and observation well.

Zone 1 slug test and pump test results are summarized in Table 1-1 and Table 1-2, respectively, with AQTESOLV
Pro 4.0 outputs provided in Appendix B. Hydraulic conductivity over the screened intervals of the tested wells
ranged from 1.44 to 24.78 ft per day (ft/d) with a mean hydraulic conductivity of 13.04 ft/d. Limestone-type
aquifers, such as the upper Castle Hayne aquifer at Site 86, typically exhibit highly variability hydraulic
conductivity due to diagenesis of the limestone (dissolution and precipitation of calcium carbonate, which affects
porosity).
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Transmissivity and specific storage information was obtained from data collected during the pump test. As shown
in Table 1-4, transmissivity calculated at injection well IR86-IW03 and monitoring wells IR86-MW71IW and IR86-
MW?72IW ranged from 1046.5 to 3042.1 square ft per day (ft?/d), with a mean value of 2042 ft?/d. The specific
storage of the upper Castle Hayne aquifer was approximated to be 6 x 10* ft %,

Based on the mean hydraulic conductivity identified in tested wells (13.04 ft/d), the approximate horizontal
hydraulic gradient (0.003 ft/ft), and an approximate effective porosity of 0.25, the mean horizontal linear
groundwater velocity within is estimated to be 0.16 ft/d. The horizontal linear groundwater velocity is based on
the Darcy equation described below.

V .
Where:
V. = the horizontal linear groundwater velocity (ft/d)
K = the aquifer’s hydraulic conductivity (ft/d)
i = the horizontal hydraulic gradient (ft/ft, or dimensionless)
ne = the effective porosity of the aquifer

1.3.1.3. Baseline Groundwater Conditions

Before initiating the pilot study, baseline groundwater samples were collected from monitoring wells installed to
assess the performance of the pilot study (well installation activities are discussed in Section 2.2.2).

The results of the October 2011 baseline groundwater sampling in Zone 1 support the findings of the ESRI that
TCE, cis-1,2-DCE, VC, and 1,1-DCE were present in groundwater within the Zone 1 pilot study area. The results of
subsequent groundwater sampling events conducted during the pilot study are discussed in Section 3. A summary
of Zone 1 VOC baseline data collected in October 2011 is provided in Table 1-3.

TABLE 1-3
Summary of Zone 1 Baseline Groundwater VOC Concentrations

Well ID TCE cis-1,2-DCE Vinyl Chloride 1,1-DCE

(g/L) (ng/L) (ng/L) (ng/L)

IR86-MWS58IW 170 120 19 62
IR86-MW70IW 110 78 14 5.5
IR86-MW71IW 130 74 6.7 7.1
IR86-MW721W 220 100 8.1 7.3
IR86-MW?7 31W 150 220 15 32
IR86-MW74IW 210 120 15 26
IR86-MW75IW 230 120 12 5.6
Notes:

pg/L — micrograms per liter

The water quality parameters of upper Castle Hayne groundwater measured while purging Zone 1 monitoring
wells during the baseline sampling event are summarized in Table 1-2. These parameters indicate that aquifer
conditions are generally favorable for the reductive dechlorination (RD) of chlorinated VOCs. Conditions favorable
for RD include temperature > 20° C, dissolved oxygen (DO) < 0.5 mg/L, pH between 6 and 8, and
oxidation/reduction potential (ORP) < 50 mV. As shown in Table 1-2, groundwater temperatures measured during
the baseline event were > 20° C; the average DO concentration was 0.49 mg/L (DO ranged from 0.27 to 0.87); pH
ranged from 6.60 to 6.82; and ORP averaged -103.7 mV (ORP ranged from -82.6 to -125.9 mV).
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TABLE 1-4
Summary of Zone 1 Baseline Groundwater Quality Parameters

Specific

Well ID Tem’if’g’;t”re C?;cggm/)ity (ggo,,_) pH ?,ﬁ\';)
IR86-MW58IW 20.13 0.676 0.27 6.82 -93.1
IR86-MW70IW 20.92 0.787 0.61 6.65 -109.3
IR86-MW711W 20.61 0.845 0.34 6.67 -109.5
IR86-MW72IW 21.03 0.703 - 6.60 -94.3
IR86-MW7 3IW 21.36 0.788 0.87 6.71 -125.9
IR86-MW74IW 20.17 0.825 0.49 6.62 -82.6
IR86-MW75IW 20.54 0.869 0.37 6.74 1.4

Notes:

-- DO was not collected from groundwater sampled from IR86-MW?72IW during baseline sampling because of a DO probe
failure.

°C — Degrees Celsius

mS/cm — milliSiemens per centimeter
mg/L — milligrams per Liter

mV — milliVolt

1.3.2 Zone 2 Slow-Release Permanganate Candle Pilot Study Area

The Zone 2 pilot study area encompasses a 0.15-acre treatability footprint and addressed the VOC plume within
the surficial aquifer, located in the northeast grass east of the flight line, as shown in Figure 1-2.

1.3.2.1. Geology

The geology of the pilot study area was evaluated during pilot study drilling. During the drilling, geologic
descriptions were recorded on soil boring logs, which are presented in Appendix A. A geologic cross-section
through the pilot study area, cross-section A-A’, was interpreted based on the geologic descriptions presented in
the soil boring logs. The location of cross-section A-A’ is shown on Figure 1-8. Figure 1-9 depicts the subsurface
geology within the pilot study area along the cross-section A-A’. As shown in Figure 1-9, the geology of the
surficial aquifer consists of sand and clayey lithologies to approximately 30 ft bgs, which are mantled above the
sandy limestone of the upper Castle Hayne aquifer.

1.3.2.2. Hydrogeology

The groundwater elevation in Zone 2 is approximately 5 ft above mean sea level. Based on the relatively small
scale of the pilot study area, an adequate hydraulic gradient could not be assessed and a localized potentiometric
map of the screened interval of the surficial aquifer could not be developed. Based on data generated during the
ESRI, groundwater in the surficial aquifer is estimated to flow in an easterly direction with an estimated horizontal
hydraulic gradient of 0.003 ft/ft.

The hydraulic conductivity of the targeted treatment zone of the surficial aquifer was assessed in October 2011 by
performing slug tests on monitoring well IR86-MW61 and monitoring wells IR86-MW66 through IR86-MWE69. Slug
test data were processed as described in Section 1.3.1. AQTESOLV PRO 4.0 outputs are presented in Appendix B.
Slug test results are presented in Table 1-5. The hydraulic conductivity over the 10-ft screened intervals of the
tested wells ranged from 1.19 to 10.43 ft/d, with a mean hydraulic conductivity of 4.5 ft/d.

The mean horizontal groundwater linear velocity was approximated using the Darcy equation described in
Section 1.3.1. Based on the mean hydraulic conductivity identified from the slug testing (4.5 ft/d), an approximate
horizontal hydraulic gradient of 0.003 ft/ft, and an approximated effective porosity of 0.25, the mean horizontal
linear groundwater velocity is estimated to be 0.05 ft/d.
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1.3.2.3. Baseline Groundwater Conditions

As in the Zone 1 pilot study, baseline groundwater samples were collected from monitoring wells within the Zone
2 pilot study area to obtain baseline VOC concentrations to serve as a datum for evaluating the pilot study’s
effectiveness to remove VOC mass. The results of the October 2011 baseline groundwater sampling event indicate
that TCE, cis-1,2-DCE, and 1,1-DCE were present in surficial groundwater within the pilot study area. Details of the
October 2011 baseline and subsequent groundwater sampling events are discussed in detail in Section 3. A
summary of VOC baseline data collected in October 2011 is provided in Table 1-6.

TABLE 1-6
Summary of Zone 2 Baseline Groundwater Volatile Organic Compound Detections

Well ID TCE cis-1,2-DCE Vinyl Chloride 1,1-DCE

(ng/L) (ng/L) (ng/L) (rg/L)

IR86-MW61 200 66 < 1.0 5.6
IR86-MW66 62 26 < 1.0 2.5
IR86-MW67 57 30 < 1.0 1.9
IR86-MW68 96 38 <10 3.8
IR86-MW69 71 37 <10 3.2
Notes:

< 1.0 — Vinyl chloride was not detected above the method reporting limit of 1.0 ug/L

1.4 Rationale for Technology Selection

1.4.1 Enhanced Reductive Dechlorination with Bioaugmentation

ERD is a bioremediation technology used for treating chlorinated volatile organic compounds (CVOCs) in
groundwater by adding electron donors such as lactate, acetate, molasses, vegetable oil, and other commercially
available carbon sources. ERD accelerates the naturally occurring process of reductive dechlorination, wherein
chlorinated solvents in groundwater are biodegraded by indigenous and/or supplemented anaerobic bacteria.
Anaerobic bacteria take electrons from small organic compounds and produce hydrogen; this process is known as
fermentation. The anaerobic bacteria then use the electron in the hydrogen to replace a chlorine atom in the
CvocC.

The principal anaerobic biodegradation pathway for reductive dechlorination of TCE, cis-1,2-DCE, and VCis:
TCE — cis-1,2-DCE — VC — ethene

The transformation rates for each step vary but tend to become slower with progress along the breakdown
sequence, often resulting in accumulation of cis-1,2-DCE and VC. Further breakdown from cis-1,2-DCE and VC to
ethene varies and is based on site-specific conditions.

Biodegradation of CVOCs can be achieved by adding a suitable ERD amendment to the subsurface. The ERD
amendment serves two purposes: (a) depleting the supply of competing electron acceptors and creating strongly
reducing conditions and (b) providing an electron donor source for reductive dechlorination.

The ERD amendment selected for the Zone 1 pilot study was a sodium lactate solution. Sodium lactate was
selected based on its chemical properties (such as a higher water solubility to improve distribution) and its ability
to be used for ERD faster than oil-based substrates. Once in the aquifer, lactate ferments into acetate and
hydrogen. The hydrogen functions as the primary electron donor. The lactate also releases ethanol, which also
functions as an electron donor.

Bioaugmentation is the introduction or supplementation of bacteria into the subsurface to treat contaminated
soil or groundwater. Bioaugmentation is used to enhance the biodegradation of contaminants, particularly cis-1,2-
DCE and VC. The bioaugmentation culture injected into the upper Castle Hayne aquifer within Zone 1 contained
the Dehalococcoides bacteria. Dehalococcoides bacteria are the only known organisms capable of dechlorinating
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TCE to ethane. In the absence of Dehalococcoides, dechlorination of TCE may only progress to cis-1,2-DCE and VC.
Bioaugmentation has been demonstrated to work with most commonly used electron donors, including lactate,
vegetable oils, and slow-release compounds.

1.4.2 Chemical Oxidation using Slow-Release Permanganate Candles

ISCO delivers chemical oxidants into soil or groundwater to completely oxidize organic contaminants into carbon
dioxide (CO,). A number of chemical oxidants successfully degrade CVOCs via chemical oxidation. The success
factor of an ISCO treatment is dependent on how effectively the chemical oxidant contacts the targeted
contaminant.

Permanganate (MnQy) is a chemical oxidant with a proven history of effectively oxidizing CVOCs to CO,. MnOy  is
a common chemical oxidizing agent with strong oxidation potential, predictable chemistry, good stability, and
non-toxic byproducts. MnOy is very effective at oxidizing organic compounds containing carbon-carbon double
bonds, aldehyde groups, and hydroxyl groups. Research has shown that MnOg is attracted to the negative charge
associated with the pi electrons of chlorinated alkenes such as tetrachloroethene (PCE), TCE, cis-1,2-DCE, and VC.
MnO, degrades chlorinated alkenes using a bridged oxygen compound (hypomanganate diester) with
intermediate products degrading by hydroxylation, hydrolysis, or cleavage to drive the reaction to CO,, chloride,
and manganese dioxide (MnO;) (Yan and Schwartz, 1999).

The greatest advantage of MnO4 over other chemical oxidants is its stability. Generally, the use of MnO4 enables
long contact times and transport distances (USEPA, 2006). The oxidation strength and specificity of the MnO4 ion
improves its longevity compared to non-specific oxidizers such as hydroxyl radicals and ozone.

MnO4 was delivered to the subsurface at Zone 2 using SRPCs. This delivery method was chosen because of site
access and security issues, reduced delivery time with respect to oxidant injections, and on the basis that
injections are often unsuccessful because the injectant fails to meet distribution goals.

The idea of slow release oxidants for remediation was inspired by the pharmaceutical and agricultural industries,
which were field testing the slow release of drugs and fertilizers/pesticides, respectively. In the mid-2000s, two
laboratory studies (Kang et al., 2004, and Ross et al., 2005) first began to explore the idea of encapsulated
potassium permanganate (KMnQa,) in waxes and resins on a micrometer scale. These small microcapsules were
designed for injection-type delivery methods.

From 2007 through 2009, the Ohio State University conducted research on a monolithic controlled release
approach (Lee and Schwartz, 2007a; Lee and Schwartz, 2007b; Lee et al., 2008a; Lee et al., 2008b; Lee et al., 2009)
that could be used as a passive remediation technology, such as a permeable reactive barrier (PRB). Researchers
used a monolithic cylinder of KMnQ, within a polymer matrix designed to be deployed into wells. During this
research, a flow-tank study was conducted in which water spiked with TCE was introduced into a tank filled with
sand, and flowed though a barrier of offset controlled release permanganate cylinders. The flow-tank study
showed that the monolithic controlled release permanganate cylinders were effective at reducing TCE mass and
may provide a practical and sustained approach for groundwater remediation.

The University of Nebraska (Christenson, 2011) was the first to field test SRPCs. The test site was a former landfill
with TCE-affected groundwater. The SRPC approach was applied due to the low permeability of the treatment
area where traditional injections were not feasible. During this field study, SRPCs were manufactured in the
university’s Soil Environmental Chemistry Laboratory by mixing KMnQO,in a paraffin wax matrix. Three-inch-
diameter SRPCs were deployed in 4-inch monitoring wells and 2-inch SRPCs were deployed into DPT borings. After
approximately 1 year (342 days), TCE concentrations decreased between 64 and 82 percent, providing proof of
concept that SRPCs could effectively remove TCE and associated daughter products in the field over a sustained
period of time.

The SRPCs used during the Zone 2 pilot study were similar to those used by the University of Nebraska and
consisted of KMnO, crystals in a paraffin wax matrix. As the paraffin wax slowly dissolves and degrades, the
KMnOg crystals become exposed, resulting in the molecular diffusion of MnO4 into passing groundwater. The
SRPCs used during the ISCO pilot study were 3 ft long by 1.5 inches in diameter and contained approximately

3.44 pounds of KMnO, (2.55 pounds of MnOy4) and 0.86 pound of paraffin wax.
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The advantage of SRPCs over traditional injection delivery methods is that they treat groundwater passively,
meaning the contaminated groundwater comes in contact with the SRPC under normal groundwater flow

conditions and natural gradients. SRPCs can be easily deployed and present a low risk to site workers compared to

traditional MnOj injections because there is no risk of KMnO4dust, MnOj4 spills/splashing from field mixing
KMnOQ,or liquid sodium permanganate (NaMnOQs). There are also no risks resulting from injecting permanganate
(for example, surfacing, pressurized lines). There were no operating or maintenance costs associated with the
SRPCs other than the initial purchase and installation expenses.

SRPCs treat groundwater as it passes through and does not require pushing MnO, through the aquifer, resulting
in less MnO4” mass required to effectively treat VOC-affected groundwater. In traditional MnO, injections,
significant MnO4 mass can be consumed by an aquifer’s natural oxidant demand (NOD) as the MnQy is pushed
through the aquifer. NOD generally consists of dissolved phase reduced minerals, solid (sorbed) phase minerals,
and dissolved and sorbed phase natural organic matter (NOM) (Haselow et al., 2003). NOD, depending on
contaminant concentrations, may consume a significantly higher amount of MnO4” mass than what may be
consumed by dissolved and sorbed phase contaminants.

ES051112002628CLT
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TABLE 1-1

Zone 1 Pilot Study Slug Test Results
Site 86 Pilot Study Report

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Hydraulic Conductivity (K)

Well o K (ft/d) K (cm/sec) K (ft/d) K (cm/sec) K (ft/d) K (cm/sec) K (ft/d) K (cm/sec)
Test 1 Testl Test 2 Test 2 Test3 Test3 Mean Mean
IR86-1W01 19.24 6.79E-03 19.74 6.96E-03 21.26 7.50E-03 20.08 7.08E-03
IR86-1W02 5.07 1.79E-03 4.12 1.45E-03 5.72 2.02E-03 4.97 1.75E-03
IRBG-IW04 17.59 6.21E-03 18.59 6.56E-03 20.28 7.15€-03 18.82 6.64E-03
IR86-IWO05 13.44 4.74E-03 13.65 4.82E-03 16.62 5.86E-03 14.57 5.14E-03
IR86-IW06 AEED 9.47E-03 Ik 9.14E-03 21.47 7.57€-03 24.74 8.73E-03
IR86-MW70IW 18.13 6.40E-03 1EE 6.59E-03 15,12 5.69E-03 17.65 6.23€-03
IR86-MW71IW 4.88 1.72E-03 6.38 2.25E-03 7.26 2.56E-03 6.17 2.18E-03
IR86-MW72IW 4.99 1.76E-03 - - v 2.54E-03 6.10 2.15€-03
IR86-MW73IW 150 5.84E-03 —— 5.98E-03 . 5.20E-03 16.08 5.67E-03
IR86-MW74IW 12.95 4.57E-03 126 4.46E-03 e 4.59E-03 12.86 4.54E-03
IR86-MW75IW 1.40 4.94E-04 o 4.83E-04 o 5.47E-04 1.44 5.08E-04

Notes:

-- Data not analyzed
cm - centimeter

ft - foot or feet

sec - second

d - day

Page 1 of 1



TABLE 1-2

Zone 1 Pilot Study Pump Test Results

Site 86 Pilot Study Report

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Well ID Transmissivity (T) Specific Storage (S) Approximate Aquifer Thickness (b) Hydraulic Conductivity (K) or (T/b)
(ft*/d) (1/ft) (ft) (ft/d)

IR86-1W03 3042.10 6.4x10™" 150 20.28
IR86-MW71IW 2037.20 63x10* 150 13.58
IR86-MW72IW 1046.50 6.1x10™" 150 6.98

Notes:
ft - foot or feet
d - day
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TABLE 1-6

Zone 1 Pilot Study Slug Test Results
Site 86 Pilot StudyReport

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Hydraulic Conductivity (K)

wellip K (ft/d) K (cm/sec) K (ft/d) K (cm/sec) K (ft/d) K (cm/sec) K (ft/d) K (cm/sec)
Test 1 Test 1 Test 2 Test 2 Test 3 Test 3 Mean Mean
IR86-MW61 10.61 3.74E-03 10.44 3.68E-03 10.23 3.61E-03 10.43 3.68E-03
IR86-MW66 3.78 1.33E-03 4.41 1.56E-03 4.38 1.55E-03 4.19 1.48E-03
IR86-MW67 132 4.66E-04 0.97 3.42E-04 1.27 4.48E-04 1.19 4.19E-04
IR86-MW62 S 1.21E-03 2l 1.11E-03 N 1.42E-03 3.54 1.25E-03
IR86-MW69 2.86 1.01E-03 3.14 1.11E-03 2.99 1.05E-03 3.00 1.06E-03

Notes:
cm - centimeter
ft - foot or feet

sec- second
d - day

Page 1 of 1
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SECTION 2

Pilot Study Implementation

This section describes the tasks completed to implement the Zone 1 and Zone 2 pilot studies. Tasks common to
both pilot study areas are summarized below. Details specific to the Zone 1 and Zone 2 pilot study areas are
provided in the subsequent sections.

2.1 Utility Location

Prior to performing intrusive activities, the North Carolina One-Call Center and MCIEAST-MCB CAMLEJ utilities
were contacted to inform them of the proposed intrusive locations and drilling dates. CH2M HILL additionally
subcontracted East Coast Locating Services of Erwin, North Carolina, to locate subsurface utilities within the Zone
1 and Zone 2 pilot study areas before conducting intrusive activities. Subsurface utilities were identified using
radio frequency and line tracing instrumentation. In order to confirm that drilling locations were clear of
subsurface utilities, each boring was hand cleared to a depth of 5 ft using a hand auger.

2.2 Surveying

CH2M HILL also subcontracted East Coast Locating Services to survey the horizontal and vertical coordinates of
the Zone 1 and Zone 2 pilot study area wells and 30 SRPC borings within the Zone 2 pilot study area. A depth-to-
groundwater measuring point (top of casing) was established for each pilot study area well.

Survey points were referenced both horizontally and vertically to North American Datum 1983 (NAD83) and North
American Vertical Datum 1988 (NAVD 88), with ties to the South Carolina State Plane Coordinate System, Zone
3900. Ground surface and monitoring well top-of-casing vertical control was surveyed to the nearest 0.01 ft, and
the horizontal control was to the nearest 0.10 ft.

2.3 Zone 1 ERD Pilot Study Implementation

The ERD Recirculation System pilot study involved the injection of sodium lactate solution into six periphery
injection wells, with simultaneous recovery using two centrally located extraction wells. The following tasks were
performed to facilitate the ERD pilot study.

2.3.1 Groundwater Modeling

Groundwater modeling was performed to optimize the ERD treatability study footprint by varying the number,
location, pumping rates, and spacing of the injection and extraction well configuration. The model accounted for
lateral and vertical groundwater flow to forecast the three-dimensional distribution of substrate over a variety of
injection arrays. Based on the groundwater modeling results, a double five-die pattern, as shown in Figure 1-3,
was selected as the optimal substrate delivery array. A technical memorandum detailing the groundwater
modeling results was presented in the Site 86 Pilot Study Implementation Plan (IP) (CH2M HILL, 2011b).

2.3.2 Well Installation

Six 4-inch injection wells (IR86-IW01 through IR86-IW06), two 4-inch extraction wells (IR86-EW01 and IR86-
EWO02), and six 2-inch monitoring wells (IR86-MW70IW through IR86-MW75IW) were installed using a Geoprobe
model 8140 DT rotosonic drill rig. A summary of well construction details is provided in Table 2-1, and Figure 1-3
depicts the location of each well.

As shown on Figure 1-3, the injection wells were installed with a row of three wells positioned to the north of
existing monitoring well IR86-MW58IW, with a second row of three injection wells positioned south of IR86-
MWS58IW. Based on the results of the groundwater modeling, the injection wells were spaced approximately 75 ft
apart and installed to a depth of 55 ft bgs, with 20 ft of 4-inch-outer-diameter, 0.020-inch slot “vee-wire” (semi-
continuous slot) polyvinyl chloride (PVC) screen.

The extraction wells were installed at the midpoint between the injection wells, arranged to complete a five-die
pattern between the injection wells (Figure 1-3). Based on the results of the groundwater modeling, extraction
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wells IR86-EWO01 and IR86-EW02 were spaced approximately 75 ft apart and installed to a depth of 55 and 53 ft
bgs, respectively. Extraction wells were constructed using 20 ft of 4-inch-outer-diameter 0.020-inch slot “vee-
wire” PVC screen.

To monitor the effectiveness of the system and lactate distribution throughout the target interval of the upper
Castle Hayne aquifer, six monitoring wells were installed as shown on Figure 1-3. Five of the six monitoring wells
were placed at varying distances in line with the predicted groundwater flow path, between an injection well and
an extraction well to evaluate lactate distribution, breakthrough, and radius of influence. The sixth well was
installed at the midpoint between the two extraction wells to monitor lactate distribution between the two
extraction wells. Monitoring wells were installed to a depth of approximately 50 ft bgs and were constructed
using 2-inch schedule 40 PVC with 10 ft of 2-inch schedule 40, 0.010-inch slot PVC screen.

TABLE 2-1
Zone 1 Pilot Study Well Construction Details
Well ID Well Diameter Total Well Depth Screen Length
(inches) (feet) (feet)

IR86 — IWO1 4 55 20
IR86 — IWO2 4 55 20
IR86 — IWO3 4 55 20
IR86 — IW0O4 4 55 20
IR86 — IWO5 4 55 20
IR86 — IWO6 4 55 20
IR86 — EWO1 4 55 20
IR86 — EWO02 4 53 20
IR86 — MW70IW 2 50 10
IR86 — MW71IW 2 50 10
IR86 — MW72IW 2 50 10
IR86 — MW7 3IW 2 50 10
IR86 — MW74IW 2 50 10
IR86 — MW75IW 2 50 10

2.3.3 Site Work

Upon completion of the well installation activities, A&D Environmental of High Point, North Carolina, was
subcontracted to perform the site work preparation for the ERD injection/extraction system. Tasks associated
with the site work included:

e Installation of a 240-volt single-phase power source and two electrical poles

Excavation of trenches to bury high-density polyethylene system extraction/injection line piping
Installation of a Grundfos 155Q submersible pump in each of the two extraction wells

e Plumbing of injection and extraction lines to a manifold

e Installation of recirculation system trailer

2.3.4 Substrate Distribution System Layout and Components

The ERD substrate recirculation system site layout is depicted on Figure 1-3. A process flow diagram of the
recirculation system components is depicted on Figure 2-1. As shown on Figure 2-1, the primary components of
the substrate distribution system were two submersible pumps, a booster pump, cartridge bag filter, two-stage
granular activated carbon (GAC) beds containing 500 pounds of GAC each, a dosing pump, static mixer, and six-leg
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distribution manifold with dedicated flowmeters, pressure gauges, and throttling valves. The system had fail-safe
interlock controls, including process line pressure sensors and pressure transducers for each injection well to
monitor water levels.

2.3.5 ERD Substrate and Bioaugmentation Injection

The WilClear ERD substrate (a 60 percent soluble sodium lactate solution) was injected into the upper Castle
Hayne aquifer on three separate events: November 8 and 9, 2011; January 10 and 11, 2012; and March 5 and 6,
2012. During each injection event, approximately 10,000 pounds of WilClear was injected into the upper Castle
Hayne aquifer within the pilot study area. Analytical data obtained from the WilClear product indicated a total
organic carbon (TOC) concentration of 240,000 mg/L.

During each WilClear injection event, groundwater was extracted from upper Castle Hayne aquifer extraction
wells IR86-EW01 and IR86-EW02 at a rate averaging 7.5 gallons per minute (gpm), respectively, using an electric
submersible pump. Extracted groundwater was routed through a filter vessel to remove sediment, followed by
the GAC beds. Extracted groundwater was then amended with WilClear through a dosing pump at a rate of
1.65 gpm to maintain an approximate 5.9 percent sodium lactate injectate solution, as specified in the IP.

The 5.9 percent sodium lactate solution was pumped through a six- leg injection manifold and 1-inch-diameter
high-density polyethylene conveyance lines to each of the six injection wells. A pressure transducer was installed
in each injection well to suspend system operation in case of excessive groundwater mounding and/or pressure
increases within the injection well as a result of well efficiency decline caused by biofouling of the injection well
screen.

In order to assess the lactate distribution throughout the pilot study area, TOC samples were periodically
collected from monitoring wells and the two extraction wells. TOC data collected during the pilot study are
included in Table 2-2. TOC data suggested that the lactate was effectively distributed (> 20 mg/L) in the extraction
wells, after 1 week of recirculation. In order to prevent biofouling and the removal of TOC from the recirculated
groundwater, the GAC beds were bypassed after 1 week of system startup and remained bypassed throughout
the pilot study.

Approximately 2 weeks after the initial lactate injection, when TOC was effectively distributed and aquifer
conditions (DO and ORP) were conducive for bioaugmentation, 33.3 liters of TSI DC (Dehalococciodes
bioaugmentation culture) was directly injected into each of the six upper Castle Hayne aquifer injection wells to
facilitate the complete reductive dechlorination of TCE and associated daughter products.

2.4 Zone 2 Slow-Release Permanganate Candle Permeable
Reactive Barrier Pilot Study Implementation

2.4.1 Well Installation

In order to assess the effectiveness of the SRPC PRB, four downgradient monitoring wells, IR86-MW66 through
IR86-MW69, were installed approximately 0, 3, 10, and 15 ft downgradient of the SRPC PRB to a depth of 33 ft
bgs. Each monitoring well was constructed using 2-inch schedule 40 PVC with 10 ft of 2-inch schedule 40, 0.010-
inch slot PVC screen. Zone 2 well construction details are provided in Table 2-3 and the locations of the
monitoring wells are shown on Figure 1-4.

TABLE 2-3
Zone 2 Pilot Study Well Construction Summary
Well ID Well Diameter Total Well Depth Screen Length
(inches) (feet) (feet)

IR86-MW66 2 33 10
IR86-MW67 2 33 10
IR86-MW68 2 33 10
IR86-MW69 2 33 10
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2.4.2 SRPC Deployment

Sixty SRPCs were installed at 30 locations within the Zone 2 pilot study area using a Geoprobe model 7720 DT
direct-push technology (DPT) drill rig. As shown on Figure 1-4, the SRPCs were installed along two 80-ft-long
transects. Each transect consisted of 15 SRPC borings installed every 6 ft. The two transects were offset by 3 ft so
that a SRPC was positioned every 3 ft (Figure 1-4).

Along the easternmost transect, SRPCs were installed to a depth of 33 ft bgs and encompassed the depth interval
of 33 to 27 ft bgs. Along the westernmost transect, SRPCs were installed to a depth of 29 ft bgs and encompassed
the depth interval of 29 to 23 ft bgs. The two transects were staggered vertically to bracket the 10-ft screened
intervals of the Zone 2 monitoring wells, as shown on Figure 1-10.

At each SRPC boring, the DPT drill rig advanced a 3-inch steel casing to the desired depth, which ranged from

27 to 33 ft bgs. Once the casing was advanced to the desired depth, a thin layer (~ 0.5 ft) of sodium bentonite was
placed into the bottom of the borehole to mitigate density-driven flow of MnQO,™ at the borehole. A thin layer
(~0.5 ft) of Driller Services, Inc. GP2 sand was placed above the bentonite, and two 3-foot-long SRPCs were
carefully lowered in the casing onto the GP2 sand, stacked on top of each other, to encompass a total of 6 feet.

Once the SRPCs were installed, the casing was extracted and the formation was allowed to collapse around the
annular space between the SRPC and formation wall. Sodium bentonite was added to each SRPC borehole above
the collapsed formation to properly seal the boring.

2.5 Groundwater Monitoring

Groundwater samples were collected from monitoring wells within the Zone 1 and Zone 2 pilot study areas to
monitor the effectiveness of the respective treatment technologies. Groundwater sampling was conducted in
accordance with the IP. Details associated with groundwater monitoring for each of the two pilot studies are
provided below.

2.5.1 Zone 1 Groundwater Monitoring

Groundwater samples were collected from the following upper Castle Hayne aquifer monitoring wells associated
with the Zone 1 ERD pilot study area: IR86-MWS55IW, IR86-MW58IW, IRBEMW59IW, IRB6EMW61IW, and IR86-
MW?70IW through IR86-MW75IW. Groundwater samples associated with the Zone 1 pilot study area were
analyzed by ENCO laboratories for VOCs, volatile fatty acids (VFAs), and TOC to evaluate the effectiveness of the
lactate and bioaugmentation treatments. Bioassay samples were also collected from select monitoring wells and
submitted for quantitative real-time polymerase chain reaction-ribonucleic acid expression analysis to assess the
performance of the bioaugmentation culture and to track the bacterial populations within the Zone 1 pilot study
area. Four groundwater sampling events were conducted over the course of the Zone 1 pilot study: baseline,

1 month, 3 months, and 6 months.

2.5.2 Zone 2 Groundwater Monitoring

Groundwater samples were collected from the following surficial aquifer monitoring wells associated with the
Zone 2 SRPC pilot study area including: IR86-MW61, IR86-MW63, and IR86-MW66 through IR86-MW69
(Figure 1-4).

Groundwater samples were analyzed for VOCs by ENCO laboratories, as specified in the IP. Four groundwater
sampling events were conducted over the course of the Zone 2 pilot study: baseline, 1 month, 3 months, and
6 months.

2.6 Zone 1 Recirculation System Decommissioning

The groundwater recirculation system was decommissioned in May 2012. During the decommissioning,
submersible groundwater extraction pumps and pressure transducers were removed from their respective wells.
Electricity was removed from the system trailer and the system trailer was removed from the site. HDPE lines
were capped and buried.
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TABLE 2-2

Temporal Changes in Total Organic Carbon Concentrations - Zone 1 Pilot Study

Site 86 Pilot Study Report

Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Well ID IR86-MW70IW IR86-MW71IW IR86-MW72IW IR86-MW73IW IR86-MW74IW IR86-MW?75IW IR86-EW01 IR86-EW02
Sample Date Total Organic Carbon Concentrations (mg/L)
10/18/2011 2.8 2.6 3 23 2.6 4.1 NA NA
11/16/2011 14 190 400 4.8 12 1900 300 85
12/1/2011 23 200 2600 7.5 35 3100 270 250
12/12/2011 27 310 400 330 270 260 NA NA
1/5/2012 17 38 100 5.6 14 180 38 240
1/23/2012 670 720 970 780 1200 840 NA NA
2/17/2012 84 320 510 8.6 36 640 96 720
3/1/2012 66 140 360 3.3 210 120 71 550
4/10/2012 1600 3200 330 14 800 280 60 23
5/1/2012 790.0 650 820 140 670 160 NA NA

Notes:
NA - Not Analyzed

Lactate injections were administered on 11/9/2011, 1/10/2012, and 3/7/2012.
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SECTION 3

Pilot Study Results

This section discusses the results of both the Zone 1 and Zone 2 pilot studies. Groundwater analytical laboratory
results obtained throughout the two pilot studies are provided as Appendix C.

3.1 Zone 1 ERD and Bioaugmentation Pilot Study Area
Results

3.1.1 Recirculation System Capture Zone

During system operation, groundwater was extracted from each extraction well (IR86-EW01 and IR86-EW02) at a
rate of approximately 7.5 gpm. The combined 15 gpm flow was amended with 1.65 gpm of the lactate
amendment, mixed through a static mixer, and injected into each of the six peripheral injection wells (IR86-IW01
through IW86-IWO06) at a rate of approximately 2.78 gpm.

On November 16, 2011, after 1 week of recirculation, the monitoring, extraction, and injection wells were gauged
to assess the effective capture zone of the recirculation system. The wells were gauged during system operation
and the gauging data and well survey data were used to obtain groundwater elevations, which in turn were used
to plot a potentiometric surface map of the upper Castle Hayne aquifer within the pilot study area. The November
16, 2011 groundwater gauging data from the post-recirculation system startup is presented in Table 3-1. The
potentiometric surface map is presented as Figure 3-1 and represents the aquifer’s response to the recirculation
system. Based on the potentiometric surface map, an extraction rate of approximately 7.5 gpm from each of the
two extraction wells appeared to be more than sufficient to capture upper Castle Hayne groundwater within the
0.3-acre pilot study area footprint. Based on the geometry of the capture zone, the extraction wells appeared to
hydraulically contain (capture) pilot study groundwater within at least a 60-ft radius of each extraction well. The
capture zone likely extended greater than 60 ft from each extraction well; however, groundwater elevation data
greater than 60 ft was not available.

3.1.2 Lactate Distribution

Approximately 30,000 pounds of sodium lactate was injected into the upper Castle Hayne aquifer over three
separate injection events. During each injection event, 10,000 pounds of 60 percent sodium lactate was dosed
into extracted groundwater to yield an injected lactate concentration of approximately 5.9 percent sodium
lactate. The sodium lactate amendment, before mixing with site groundwater, contained 240,000 mg/L TOC. The
TOC concentration injected in the injection wells after mixing with site groundwater contained a TOC
concentration of approximately 14,163 mg/L (240,000 mg/L * 5.9 percent).

Groundwater samples were collected throughout the pilot study and analyzed for TOC to evaluate the lactate
distribution, as well as the rate of lactate consumption (Table 2-2). TOC was detected in extraction wells IR86-
EWO01 and IR86-EW02 at a concentration greater than 20 mg/L (distribution goal specified in the IP) within 1 week
of recirculation, indicating that 10,000 pounds were sufficient to treat the total volume within the pilot study
area, estimated to be 330,000 cubic ft (ft) (24,750 ftof soil and 82,500 ft3of groundwater).

Although lactate distribution goals were achieved based on TOC concentrations detected in IR86-EWO01 and IR86-
EWO02 after 1 week of recirculation, TOC concentrations in groundwater samples collected from the monitoring
wells ranged from 4.8 to 1,900 mg/L. This variance is likely attributed to preferential pathways, due to the
variability of hydraulic conductivity in the upper Castle Hayne aquifer as confirmed by the slug tests. The
recirculation system operated for an additional 1 to 2 weeks after the distribution goal was achieved to increase
the distribute of lactate in areas of reduced hydraulic conductivity.

Concentrations of TOC measured in groundwater did not reach the 14,163 mg/L injection concentrations. This is
likely due to fermentation/consumption, borehole mixing, and bifurcation into preferential pathways. Figure 3-2
shows the temporal changes in TOC concentrations throughout the duration of the pilot study.
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3.1.3 Dechlorinating Bacteria Trends

Bacterial populations in groundwater sampled throughout the pilot study are summarized in Table 3-2. The total
Dehalococciodes populations in groundwater sampled during the baseline groundwater sampling ranged from

1.8 to 7.89 x 10 * gene copies per milliliter (gc/mL). The total Dehalococciodes populations in groundwater
sampled during the 6-month groundwater sampling event were significantly higher and ranged from 6.95 x 10 °

t0 6.52 x 10 ® gc/mL, an increase in five to six orders of magnitude compared to the baseline. Vinyl Chloride
Reductase, the Dehalococciodes gene capable of converting VC to ethene, also increased four orders of magnitude
throughout the pilot study. Vinyl Chloride Reductase populations grew from a mean concentration of 0.5 gc/mL
detected in baseline groundwater to a mean concentration of 1.4 x 10 # gc/mL detected in groundwater sampled
during the 6-month sampling event. Figure 3-4 shows the temporal changes in dechlorinating bacteria
concentrations throughout the duration of the pilot study.

3.1.4 \Volatile Fatty Acids

As lactate ferments, hydrogen and VFAs, including acetate and propionate, are produced. Propionate can also
ferment, generating additional hydrogen as well as acetate. Hydrogen is the dominant electron donor used to
support biotic reductive dechlorination of chlorinated VOCs. Acetate is not fermentable; however, it can support
the growth of methanogens, helping to maintain reducing conditions, which is essential for an ERD system.

Elevated concentrations (tens to hundreds of mg/L) of VFAs should be expected along with fermentation and
consumption of lactate after implementation of ERD. Simultaneous decreasing trends of lactate concentration
and increasing trends of its fermentation products in the treatment area is a good indicator of bacterial
consumption of the injected substrate and the health of the bacterial consortium.

VFA monitoring data in the Zone 1 pilot study area are summarized in Table 3-3. Figure 3-3 shows the temporal
changes in VFA concentrations throughout the duration of the pilot study. The total VFA concentrations increased
from a mean baseline value of 0.97 mg/L to more than 500 mg/L after 1 month, and sustained at a mean
concentration of approximately 1,000 mg/L after 3 months and 6 months. This indicates that lactate was
effectively distributed in the pilot study area, and the rapid appearance of elevated concentrations of acetate and
propionate indicates that the lactate was readily fermentable.

3.1.5 Groundwater Quality Parameter Trends

Groundwater quality parameters were generally consistent throughout the pilot study, except for DO and
conductivity. Temporal changes in groundwater quality parameters are presented in Table 3-4.

Baseline groundwater DO concentrations within the pilot study area ranged from 0.27 to 0.87 mg/L, with a mean
concentration of 0.49 mg/L. DO concentrations below 0.5 mg/L are generally required for anaerobic bacteria to
thrive. As shown in Table 3-4, decreases in DO concentrations were observed throughout the Zone 1 pilot study
area, generally maintaining a groundwater DO concentration of < 0.5 mg/L.

Baseline groundwater conductivity measured during the baseline groundwater sampling event ranged from
0.676 to 0.869 mS/cm, with a mean value of 0.785 mS/cm. As shown in Table 3-4, groundwater conductivity
increased 2.5 to more than 3.5 times baseline over the course of the pilot study. An increase in groundwater
conductivity after an injection event is expected due to the increase in ion concentrations in groundwater. This
increase in groundwater conductivity is further evidence that lactate was effectively distributed throughout the
Zone 1 pilot study area.

3.1.6 Volatile Organic Contaminant Trends

VOC concentrations in groundwater sampled throughout the pilot study are summarized in Table 3-5. Temporal
changes in VOCs detected in groundwater samples are depicted on Figure 3-5. Baseline TCE concentrations in
groundwater sampled from Zone 1 monitoring wells ranged from 110 to 220 pg/L, with a mean concentration of
approximately 171 pg/L. TCE concentrations in groundwater sampled from Zone 1 monitoring wells during the
6-month sampling event ranged from below the 1 pg/L detection limit to 31 pg/L. TCE concentrations were below
detection limits in groundwater sampled from three of the seven monitoring wells (IR86-MW70IW through IR86-
MW?72IW) located within Zone 1. The mean concentration of TCE detected in groundwater sampled from Zone 1
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monitoring wells during the 6-month groundwater sampling event was 12.2 pg/L. Based on the mean
concentrations of TCE in groundwater during the baseline sampling (171 pg/L) and the 6-month groundwater
sampling event (12.2 ug/L), approximately 93 percent of the TCE mass present in the upper Castle Hayne aquifer
in Zone 1 has been removed.

Concentrations of cis-1,2-DCE detected in groundwater sampled from monitoring wells during the baseline
sampling event ranged from 74 to 220 ug/L, with a mean concentration of approximately 133 pg/L.
Concentrations of cis-1,2-DCE in groundwater sampled from monitoring wells during the 6-month sampling event
ranged from below the detection limit (1 pg/L) to 58 ug/L, below the North Carolina Groundwater Quality
Standard of 70 pg/L.

VC concentrations detected in groundwater sampled from monitoring wells during the baseline sampling event
ranged from 6.7 to 43 ug/L, with a mean concentration of approximately 14 pg/L. As shown in Table 3-5 and
depicted on Figure 3-5, concentrations of VC increased over the first 3 months of the pilot study because of the
reductive dechlorination of TCE and cis-1,2-DCE. VC concentrations in groundwater sampled from monitoring
wells during the 6-month sampling event ranged from below the detection limit (1 pg/L) to 76 pg/L pg/L. Based on
the populations of Dehalococciodes, specifically the Vinyl Chloride Reductase gene; concentrations of VC are
expected to continually decrease over time.

3.2 Zone 2 Slow-Release Permanganate Candle Pilot Study
Area Results

3.2.1 Slow-Release Permanganate Candle Diffusion

Groundwater samples were collected from a sample port within the SRPC 8 borehole to assess MnO4 diffusion
and MnO4 concentrations throughout the duration of the pilot study. Groundwater samples were collected at 1,
6, 24, 48, and 72 hours, then again 35, 91, 134, and 187 days after SRPC deployment. A summary of temporal
changes in MnO4 concentrations released from SRPC 8 is provided in Table 3-6. MnO, concentrations quickly
peaked to just under 9,000 mg/L as the KMnO, crystals exposed on the outside of the paraffin wax matrix
dissolved (Table 3-6). The initial spike in MnO4 concentration is consistent with the studies identified in Section
1.4.2.

SRPC 8 was evaluated after 35 days of deployment to allow the exposed crystals to fully dissolve and to allow the
SRPC to stabilize. On day 35, the MnO4 concentration at SRPC 8 was detected at 965 mg/L. Subsequent samples
were also collected from SRPC 8 throughout the pilot study to evaluate the longevity of the SRPCs under Site 86
specific conditions. As shown in Table 3-6, MnO,4 concentrations slowly decreased over time.

TABLE 3-6
Temporal Changes in Permanganate Concentrations Released from SRPC 8

MnO, Concentration

Date Elapse Time at SRPC 8 (mg/L)
10/26/2011 1 hour 3,086
10/26/2011 6 hours 8,765
10/27 /2011 24 hours 8,934
10/28/2011 48 hours 8,593
10/29/201 72 hours 7,309
11/30/201 35 days 965
1/25/2012 91 days 850
3/7/2012 134 days 675
4/30/2012 187 days 542
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Using MnO4 concentration and elapsed time data, a data plot was generated to predict future MnO4
concentrations and SRPC longevity under Site 86 specific conditions, such as PNOD, groundwater velocity,
temperature, and VOC concentrations. A data plot of measured MnO4 concentrations and elapsed time data, and
predicted MnO4 concentrations at 250, 300, and 350 days are shown in Figure 3-7. Yan and Schwartz (1999)
showed that a permanganate concentration of 120 mg/L can completely degrade TCE at a concentration as high
1 mg/L. Based on the data presented by Yan and Schwartz (1999) and the concentrations predicted in Figure 3-7,
the SRPCs should effectively remove VOCs from affected groundwater through mid-September 2012, an effective
lifespan of nearly 1 year.

3.2.2 Permanganate Distribution

MnO, was not detected in IR8B6-MWE66 (within SRPC PRB) or downgradient monitoring wells IR86-MW67 through
IR86-MW69. The lack of MnO4 detections in downgradient monitoring wells is likely attributed to one or more of
the following causes: consumption by the PNOD as groundwater flowed downgradient (most likely), bifurcation
throughout higher conductive lenses in the aquifer, dilution due to borehole mixing during groundwater sampling.

3.2.3 Groundwater Quality Parameter Trends

Groundwater quality parameters were generally consistent throughout the pilot study with the exception of DO.
Temporal changes in groundwater quality parameters are presented in Table 3-7.

Baseline groundwater DO concentrations within the Zone 2 pilot study area ranged from 0.57 to 3.36 mg/L, with a
mean concentration of 1.44 mg/L. As shown in Table 3-7, discernable decreases in DO concentrations were
observed throughout the Zone 2 pilot study area. DO concentrations measured in groundwater sampled from
Zone 2 monitoring wells during the 6-month groundwater sampling event ranged from 0.10 to 0.61 mg/L, with a
mean concentration of 0.27 mg/L.

3.2.4 Volatile Organic Contaminant Trends

TCE, cis-1,2-DCE, and 1,1-DCE concentrations decreased in all groundwater samples collected from monitoring
wells downgradient of the SRPC PRB within the Zone 2 pilot study area, with VC concentrations remaining below
analytical detection limits. Baseline 1,1-DCE concentrations in groundwater were below the NCGWQS of 7 pg/L,
and concentrations were reduced to below analytical detection limits within 1 month of SRPC deployment.

Table 3-8 summarizes the VOC concentrations detected in groundwater samples collected during the Zone 2 pilot
study and Figure 3-7 shows the temporal changes in VOC concentrations in groundwater throughout the pilot
study.

As shown in Table 3-8, the TCE concentration in groundwater sampled from IR86-MW66, located within the SRPC
PRB, decreased from a background concentration of 62 pg/L to 13 pg/L during the 3-month sampling event. TCE
was detected at a slightly higher concentration of 44 pg/L in groundwater sampled from IR86-MW&66 during the
6-month groundwater sampling event. TCE concentrations in groundwater collected from downgradient wells
IR86-MW67, IR86-MW6S, and IR86-MW69 were also reduced after 3 months, as shown in Table 3-8 but exhibited
the same increasing trend identified in IRB6-MWG66. This increase in TCE concentrations could be caused by
natural conditions (such as seasonal variations), or, the increase could be due to the reduced dissolved
permanganate within the PRB. TCE concentrations in groundwater collected from IR86-MW68 exhibited a
downward decrease throughout the full 6-month pilot study.

Concentrations of cis-1,2-DCE in groundwater sampled from IR86-MW66 through IR86-MW69 decreased over the
course of the pilot study. Cis-1,2-DCE concentrations in groundwater sampled from IR86-MWE66 through IR86-
MWE69 continually declined over 3 months but exhibited the same increasing trend after the 6-month
groundwater sampling event (Figure 3-7). Cis-1,2-DCE concentrations remain below the NCGWQS of 70 pg/L.

An additional groundwater sampling event will be conducted in July 2012 to continue to monitor VOC
concentrations in groundwater and to monitor the permanganate concentrations released from SRPC-8.
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TABLE 3-1

3-1 Groundwater Elevations Post Recirculation System Start-Up

Site 86 Pilot Study Report
Operable Unit 20 (Site 86)
MCIEAST-MCB CAMLEJ, North Carolina

Top of Casing Elevation Depth to Water Groundwater Elevation
WELL ID (Ft ms) November 16, 2011 November 16, 2011
(ft btoc) (ft msl)
IR86-MW58IW 16.89 -- -
IR86-MW70IW 16.78 10.35 6.43
IR86-MW71IW 16.36 10.13 6.23
IR86-MW72IW 16.24 10.04 6.20
IR86-MW73IW 18.14 11.54 6.60
IR86-MW74IW 16.44 10.21 6.23
IR86-MW75IW 17.12 10.41 6.71
IR86-IW01 18.34 11.08 7.26
IR86-1W02 17.72 8.74 8.98
IR86-IW03 15.54 8.59 6.95
IR86-IW04 16.94 9.84 7.10
IR86-IW05 16.47 9.71 6.76
IR86-IW06 16.12 9.25 6.87
IR86-EW01 17.54 12.12 5.42
IR86-EW02 14.68 9.54 5.14

Notes:

-- - Data not available

ft msl - ft mean sea level

ft btoc - feet below top of casing
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TABLE 3-2

Temporal Changes in Dechlorinating Bacteria Concentrations - Zone 1 Pilot Study

Site 86 Pilot Study Report
Operable Unit 20 (Site 86)
MCIEAST-MCB CAMLEJ, North Carolina

Well ID IR86-MW58IW IR86-MW70IW IR86-MW71IW
Date 10/18/2011 | 12/12/2011 | 1/24/2012 5/1/2012 10/18/2011 | 12/12/2011 | 1/24/2012 5/1/2012 10/18/2011 | 12/13/2011 | 1/24/2012 5/1/2012
Dehalococcoides , Total (gc/mL) 7.89E+01 NA 6.78E+05 6.52E+06 5.77E+01 NA 2.32E+06 1.40E+06 2.00E+00 2.38E+04 1.36E+06 6.97E+05
Dehalococcoides , Vinyl Chloride Reductase (gc/mL) 1.20E+00 NA 1.20E+00 6.33E+04 <0.5 NA 2.04E+03 1.05E+03 <0.5 4.74E+02 2.67E+03 1.60E+03
Dehalobacter (gc/mL) 2.71E+03 NA 2.39E+05 2.86E+04 1.96E+02 NA 1.05E+05 1.24E+03 1.37E+04 1.29E+04 4.90E+04 3.37E+04
Desulfuromonas (gc/mL) 6.35E+02 NA 1.00E+04 1.39E+02 1.89E+02 NA 2.31E+04 2.91E+03 2.93E+03 1.60E+03 2.91E+03 1.98E+02
Well ID IR86-MW72IW IR86-GW74I1W IR86-MW75IW
Date 10/18/2011 | 10/18/2011 | 12/13/2011 5/1/2012 10/18/2011 | 12/13/2011 5/1/2012 10/18/2011 | 12/13/2011
Dehalococcoides , Total (gc/mL) 1.80E+00 1.80E+00 1.24E+03 9.07E+05 3.66E+01 2.80E+04 1.26E+06 7.40E+00 2.92E+06
Dehalococcoides , Vinyl Chloride Reductase (gc/mL) <0.25 <0.5 4.10E+00 2.75E+03 4.00E-01 J 6.40E+00 2.56E+03 <0.5 4.08E+04
Dehalobacter (gc/mL) 1.44E+03 1.44E+03 2.45E+04 1.34E+04 2.89E+03 6.78E+03 9.91E+03 7.54E+02 2.22E+04
Desulfuromonas (gc/mL) 6.08E+02 6.08E+02 3.04E+02 9.79E+02 2.79E+03 3.20E+03 5.08E+02 2.56E+02 1.22E+03

Notes:
gc/mL - gene copies per milliliter

< - Bacteria was not detected above the minimum reporting limit of 0.5 gc/mL.

J - Concentration is approximate
NA - Not analyzed
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TABLE 3-3

Temporal Changes in Volatile Fatty Acid Concentrations - Zone 1 Pilot Study

Site 86 Pilot Study Report
Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Well ID IR86-MW58IW IR86-MW70IW IR86-MW71IW IR86-MW72IW
Date 10/18/2011 | 12/12/2011 | 1/24/2012 5/1/2012 10/18/2011 | 12/12/2011 1/24/2012 5/1/2012 10/18/2011 | 12/13/2011 | 1/24/2012 5/1/2012 10/18/2011 | 12/13/2011 | 1/24/2012 5/1/2012
Acetic Acid (mg/L) 0.96 200 110 450 1.4 16 460 690 0.82 190 520 580 1.4 250 700 710
Butyric Acid (mg/L) <0.070 5.1 13 14 <0.070 <0.070 6.2 16 <0.070 2.1 9.6 13 <0.070 35 15 15
Propionic Acid (mg/L) 0.19 380 190 660 0.18 28 670 810 0.27 320 770 690 0.24 460 970 850
Pyruvic Acid (mg/L) <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 <0.070
Lactic Acid/HIBA (mg/L) 0.21 0.3 0.21 <0.14 0.19) 0.083 J 6.1 0.13) 0.31 0.069 J 4.6 0.081J 0.21 <0.14 130 0.099 J
Well ID IR86-MW73IW IR86-MW74IW IR86-MW75IW
Date 10/18/2011 | 12/14/2011 | 1/23/2012 5/2/2012 10/18/2011 | 12/13/2011 | 1/24/2012 5/1/2012 10/18/2011 | 12/13/2011 | 1/23/2012 5/1/2012
Acetic Acid (mg/L) 0.73 200 550 130 0.96 160 580 570 1.7 170 600 130
Butyric Acid (mg/L) <0.070 1.5 9.3 2.1 <0.070 0.84 8.3 13 <0.070 2.3 11 3.1
Propionic Acid (mg/L) 0.13 340 760 150 0.2 280 930 670 0.16 290 890 190
Pyruvic Acid <0.070 <0.070 <0.070 <0.070 <0.070 <0.070 1.7 <0.070 <0.070 <0.070 <0.070 <0.070
Lactic Acid/HIBA (mg/L) 0.11J <0.14 77 <0.14 0.10J 0.2 970 0.11J 0.096 J 0.14 ) 57 0.18 )

Notes:

J - Concentration is approximate

< - Analyte not detected above the method reporting limit

mg/L - miligrams per liter
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TABLE 3-4

Temporal Changes in Water Quality Parameters - Zone 1 Pilot Study

Site 86 Pilot Study Report

Operable Unit 20 (Site 86)
MCIEAST-MCB CAMLEJ, North Carolina

Well ID IR86-MW551W* IR86-MW58IW IR86-MW59IW* IR86-MW61IW* IR86-MW70I1W
Date 10/18/2011 12/12/2011 1/23/2012 NS 10/18/2011 | 12/12/2011 1/24/2012 5/1/2012 10/18/2011 | 12/12/2011 1/24/2012 5/2/2012 10/18/2011 | 12/12/2011 1/25/2012 5/2/2012 10/18/2011 | 12/12/2011 1/24/2012 5/1/2012
Temperature (°C) 22.72 22.06 21.22 - 20.13 17.61 19.8 19.87 19.5 18.39 18.81 18.65 19.54 17.87 18.34 18.86 20.92 18.94 20.46 21.22
Conductivity (mS /cm) 0.717 0.605 0.586 - 0.676 1.26 0.999 1.868 0.447 0.336 0.385 0.354 1.103 1.054 0.899 0.927 0.787 0.782 2.054 2.426
DO (mg/L) 0.42 0.05 0.29 - 0.27 0.19 0.11 0.12 0.21 0.09 0.13 0.13 1.06 0.1 0.17 0.12 0.61 0.08 0.12 0.39
pH 6.81 6.64 6.8 - 6.82 6.52 6.51 6.42 7.24 6.99 7.08 7.14 6.45 6.4 6.5 6.47 6.65 6.67 6.38 7.02
ORP (mV) -101.7 121.10 -63.9 - -93.1 -89.8 -116.3 -77.7 -126.5 -60.5 -135.5 -119.8 -74.0 -100.6 -47.6 -67.4 -109.3 -153.8 -28.8 -78.4
Well ID IR86-MW71IW IR86-MW72IW IR86-MW73IW IR86-MW74IW IR86-MW75IW
Date 10/18/2011 12/13/2011 1/24/2012 5/1/2012 10/18/2011 | 12/13/2011 1/24/2012 5/1/2012 10/18/2011 | 12/14/2011 1/23/2012 5/2/2012 10/18/2011 | 12/13/2011 1/24/2012 5/1/2012 10/18/2011 | 12/13/2011 1/23/2012 5/1/2012
Temperature (°C) 20.61 18.77 19.5 20.53 21.03 19.53 19.05 19.72 21.36 19.5 18.9 20.44 20.17 19.62 19.35 20.11 20.54 17.35 18.69 20.00
Conductivity (mS /cm) 0.845 1.454 2.189 2.096 0.703 1.394 2.612 2.438 0.788 1.483 2.295 1.03 0.825 1.367 3.048 2.05 0.869 1.227 2.437 1.02
DO (mg/L) 0.34 0.23 0.21 0.43 - 0.14 0.09 0.09 0.87 0.07 0.62 0.09 0.49 0.12 0.8 0.53 0.37 0.29 0.17 0.42
pH 6.67 6.52 6.36 7.12 6.6 6.46 6.39 6.38 6.71 6.4 6.44 6.58 6.62 6.5 6.32 7.03 6.74 6.37 6.47 6.53
ORP (mV) -109.5 -160.1 -45.8 -97.4 -94.3 1.6 -124.1 -74.5 -125.9 -187.7 -122.7 -136.1 -82.6 -169.8 -71.2 -88.9 -111.4 -133.3 -185.9 -85.0
Notes:

-- - DO not recorded.

* - Monitoring well is located outside of Zone 1 Pilot Study Area.

NS - IR86-MWS55IW was not sampled during the 6-month sampling event due to construction activities located in the immediate vicinity of the monitoring well.
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TABLE 3-5

Temporal Changes in Volatile Organic Carbon Concentrations - Zone 1 Pilot Study

Site 86 Pilot Study Report
Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

IR86-MW55IW*

Well ID IR86-MW58IW IR86-MW59I1W* IR86-MW61IW* IR86-MW70IW
Date 10/18/2011 12/12/2011 1/23/2012 10/18/2011 12/12/2011 1/24/2012 5/1/2012 10/18/2011 12/12/2011 1/24/2012 5/2/2012 10/18/2011 12/12/2011 1/25/2012 5/2/2012 10/18/2011 12/12/2011 1/24/2012 5/1/2012
Vinyl Chloride (ug/L) 87 45 64 19 24 210 76 <1 <1 <1 <1 <1 <1 <1 <1 14 13 110 <1
1,1 -Dichloroethene (ug/L) 14 5.4 8.3 62 28 43 9.9 <1 <1 <1 <1 2.9 1.7 2 2.3 5.5 7.2 2.9 <1
cis - 1,2 - Dichloroethene (pug/L) 240 210 290 120 230 470 100 <1 <1 <1 <1 35 34 35 45 78 560 53 <1
Trichloroethene (ug/L) <1 <1 <1 170 110 79 32 <1 <1 <1 <1 44 45 50 51 110 600 <1 <1
Tetrachloroethene (pg/L) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Well ID IR86-MW71IW IR86-MW72IW IR86-MW73I1W IR86-MW74I1W IR86-MW75IW
Date 10/18/2011 | 12/13/2011 1/24/2012 5/1/2012 | 10/18/2011 | 12/13/2011 | 1/24/2012 5/1/2012 | 10/18/2011 | 12/14/2011 | 1/23/2012 5/2/2012 | 10/18/2011 | 12/13/2011 | 1/24/2012 5/1/2012 | 10/18/2011 | 12/13/2011 | 1/23/2012 5/1/2012
Vinyl Chloride (ug/L) 6.7 24 51 <1 8.1 22 24 1.2) 23 43 31 15 14 34 86 9.2 12 16 43 12
1,1 -Dichloroethene (ug/L) 7.1 <1 <1 <1 7.3 1.9 <1 <1 36 2.4 <1 14) 25 5.8 3.1 <1 5.6 <1 <1 <1
cis - 1,2 - Dichloroethene (pg/L) 74 12 13 <1 100 170 3.4 <1 220 100 31 40 190 190 51 16 150 76 15 20
Trichloroethene (pg/L) 130 0.74) <1 <1 220 13 <1 <1 150 13 9.1 5.4 210 19 12 5.5 230 16 4.5 6.1
Tetrachloroethene (pg/L) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Notes:

< 1- Analyte not detected above the method reporting limit of 1 pg/L.
* - Monitoring well is located outside of Zone 1 Pilot Study Area.

J - Concentrations is approximate
ug/L - micrograms per liter
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TABLE 3-7

Temporal Changes in Water Quality Parameters - Zone 2 Pilot Study
Site 86 Pilot Study Report
Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Well ID IR86-MW61 IR86-MW63* IR86-MW66
Date 10/19/2011 | 11/30/2012 | 1/25/2012 5/2/2012 10/18/2011 1/25/2012 5/2/2012 10/19/2011 | 11/29.2011 1/25/2012 4/30/2012
Temperature (°C) 20.83 18.31 18.43 19.17 18.57 17.52 19.1 22.25 18.25 17.76 18.33
Conductivity (mS /cm) 1.042 0.707 0.791 0.882 0.604 0.466 0.488 0.960 0.661 0.543 0.690
DO (mg/L) 0.73 0.11 0.20 0.26 0.38 0.10 1.71 3.36 0.18 0.18 0.10
pH 6.39 7.02 6.48 6.42 6.78 6.70 5.74 6.67 6.74 6.84 6.68
ORP (mV) -42.3 -81.3 -33.4 -50.2 -109.4 -74.9 9.1 -58.8 -112.8 -79.8 -94.9
Well ID IR86-MW67 IR86-MW68 IR86-MW69
Date 10/17/2011 11/30/2011 1/25/2012 5/2/2012 10/17/2011 11/30/2011 1/25/2012 4/30/2012 10/17/2011 11/30/2011 1/25/2012 4/30/2012
Temperature (°C) 19.38 18.17 18.61 19.84 20.24 18.13 18.76 18.67 19.71 18.29 18.93 19.4
Conductivity (mS /cm) 0.662 0.676 0.699 0.609 0.760 0.850 0.734 0.705 0.732 0.868 0.729 0.647
DO (mg/ L) 1.64 0.15 0.17 0.61 0.57 0.08 0.04 0.12 0.91 0.06 0.05 0.27
pH 6.58 6.80 6.67 7.36 6.59 6.86 6.62 6.67 6.63 6.87 6.62 6.81
ORP (mV) -115.2 -113.9 -59.8 -97.8 -186.7 -71.7 -107.4 -83.4 -206.4 -84.0 -110.4 -75.8
Note:

°C - Degrees Celsius

mS /cm - milliSiemens per centimeter

mg/L - milligrams per Liter
mv - millivolt

* - IR86-MW63 is located outside of the Zone 2 pilot study area.
IR86-MW63 was not sampled during the December sampling event.
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TABLE 3-8

Temporal Changes in Volatile Organic Compound Concentrations - Zone 2 Pilot Study

Site 86 Pilot Study Report
Operable Unit 20 (Site 86)

MCIEAST-MCB CAMLEJ, North Carolina

Well ID IR86-MW61 IR86-MW63* IR86-MW66
Distance 3ft upgradient 400 ft downgradient Between SPRCs
Date 10/18/2011 12/7/2011 1/25/2012 5/2/2012 10/18/2011 1/25/2012 5/2/2012 10/18/2011 12/7/2011 1/25/2012 4/30/2012
Vinyl Chloride (ug/L) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
1,1 - Dichloroethene (ug/L) 5.6 2.6 2.4 3.4 <1 <1 <1 2.5 <1 <1 1.1)
cis-1,2 - Dichloroethene (ug/L) 66 54 46 64 4.7 3.4 6 26 12 4.5 21
Trichloroethene (ug/L) 200 160 150 170 7.5 4.9 6.1 62 31 13 44
Tetrachloroethene (ug/L) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Well ID IR86-MW67 IR86-MW68 IR86-MW69
Distance 5 ft downgradient 10 ft downgradient 15 ft downgradient
Date 10/18/2011 | 12/7/2011 1/25/2012 5/2/2012 10/18/2011 | 12/7/2011 1/25/2012 4/30/2012 | 10/18/2011 | 12/7/2011 1/25/2012 4/30/2012
Vinyl Chloride (ug/L) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
1,1 - Dichloroethene (ug/L) 1.9 <1 <1 0.94) 3.8 1.6 1.2 1.1 3.2 1.5 1.1 1.9
cis-1,2 - Dichloroethene (ug/L) 30 18 11 19 38 34 19 22 37 31 22 38
Trichloroethene (ug/L) 57 30 21 34 96 83 51 39 71 53 31 46
Tetrachloroethene (ug/L) <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 <1

Notes:

* |IR86-MW63 is located outside of the Zone 2 pilot study site

IR86-MW63 was not sampled during the December sampling event

<1 - Analyte not detected above the method reporting limit of 1 pg/L

pg/L - micrograms per liter

J - Concentration is approximate

Page 1 of 1



LEGEND
) ©  EXTRACTION WELL
INJECTION WELL
DOUBLE ty JECTIO
GATE & MONITORING WELL
ASPHALT PARKING ASPHALT PARKING I -7 GROUNDWATER POTENTIOMETRIC
- - ¢ ELEVATION CONTOUR (FT MSL)
DRUM STAGING
AREA )
[e
SYSTEM
TRAILER, | TOTE STORAC\-‘@
o o —" .0 ARE 40
8> Sq ~6\ IR86-IW02 /° 0 @ "
) 12
7.8 [~ NC ;
\
’(5 [ —
~ IR86-IW03
L \CONCRETEWAL— ]
CONCRETE |R86-|W01K \6.8
7 DRAINAG LE
/\‘
r)
IR86- 7
—O O O
FENCE A
5.2
IR86-MW74I 85;4 RASSY AREA
GRASSY AREA GRASSY AREA IR86-MW 58I 6
6
5:8
6:2 86-MW71I .
BUILDING BUILDING 86-MW75IW LBING
SUPPORT SUPPORT UPPORT
IR86 oIw 62
> [*)
IR86-IW04 S s 6:4 IR86-IWO05 IR86-IW06
6:4
e N\ / /
o2 <o(~o @ ]
A
PAVEMENT PAVEMENT N
20 0 10 20
1 INCH = 20 FEET
FIGURE X-X
Recirculation System Groundwater Capture Zone
Pilot Study Report
Operable Unit 20 (Site 86)
HANGER MCIEAST-MCB CAMLEJ
North Carolina
¢ cHz2MHILL.

ES022112162539MKE




RAUSNAVFACENGCOM405450\MCBCAMPLEJEUNE\MAPFILES\SITE 861423849 PILOT STUDY\FIGURE 3 2 TOC ZONE 1 PILOT STUDY AREAMXD MARTESE 6/5/2012 8:32:38 AM

IR86-MW73IW
= 1000
3 I I Vo IR86-MW74IW
E 900 + ] ] ] Lactate Injection _
~ ] | 1 < 1500
S 80t o | | | )
';9.1 | | | g | 1 1 == = |actate Injection
g 700 T ! ! ! c 1250 T | I 1
s ! ! ! 2 1 1 1
§ oy | : : 4 l | |
IR86-MW75IW S ol | | | 2 imi | | |
g § [ ! | g : | |
e} 4
}B : : : == == lactateInjection E 400 : : : :J: 750 + ] ] ]
E i | | i o wi I I 2 I I I
5 | 1 1 H ) ) 3 ! | 1
£ sl | X X g, 200 + | | g et : 1 :
c
|8 : I I 5 oW : : g | '
€ 2wt I | | e, . ) S G c o7 :
\ ‘: | : : 10/4/2011 11/3/2011 12/3/2011 1/2/2012 2/1/2012 3/2/2012 4/1/2012 5/1/2012 g 1
-E 1500 1 ) ) Date i 0 Qmmi=l } + + + + t
8 1 1 10/4/2011 11/3/2011 12/3/2011 1/2/2012 2/1/2012 3/2/2012 4/1/2012 5/1/2012
o 1000 1 | | Date
D g | 1 B IR86-IW02 E|R86-IW03
o0
o s+ ! :
8 ! . : IRes-IWOLTH o/ IR86-MW72IW
[ 0 4 t t + + + + + —
10/4/2011 11/3/2011 12/3/2011 1/2/2012 2/1/2012 3/2/2012 4/1/2012 5/1/2012 i 3000 X | |
Date IR86-EW01-D @ R86-EW02 £ ) | | = = actstelecion
c 2500 T | | |
\0 o | | |
E 2000 + | | 1
HR86-IW05 H|R86-1W06 g " | |
5 1 1 1
IR86-IW04 S sod | | |
1 | 1 1
IR86-MW70IW \ £ | | |
B = 2000 (9] 1000 + | | |
E ! ! ! IR86-MW7LIW 2 | | l
’7 € 1800 + | | | = = lactatelnjection - % ‘ " "
g 1600 : : : % = = == lactateInjection 9 00T ! ! !
% | | | E g
£ uwt " " " g 07T = . . AL . . . .
g g 0 +— - - - - - .
g 1200 + } [} [} T‘j 10/4/2011 11/3/2011 12/3/2011 1/2/2012 2/1/2012 3/2/2012 4/1/2012 5/1/2012
S l 1 1 § wop
< 1000 1 : : : § Date
}E‘ 800 T | ] | 8 2000 T
) | 1 1 £
2 600 T 1 1 1 2 1501
E oy ! ! 3
> 1 £ 1000 1
ﬁ 200 T ®
0 | 2
a 0 ——=t ———— - } . | | o 500 1
L 10/4/2011 11/3/2011 12/3/2011 1/2/2012 2/1/2012 3/2/2012 4/1/2012 5/1/2012 g
Date a 0 + t t t + + +
10/4/2011 11/3/2011 12/3/2011 1/2/2012 2/1/2012 3/2/2012 4/1/2012 5/1/2012
Date
) .
Legend Figure 3-2
@ Monitoring Wells Northeast Grass Area Temporal Changes in Total Organic Carbon Concentrations - Zone 1 Pilot Study
® Extraction Well [ Zone 1 Pilot Study Area N Pilot Study Report
B Injection Well . .
j _ 0 35 20 140 Operable Unit 20 (Site 86)
Fence Line

Drainage Ditch

[__] Vehicle Driveway Area
(1 Vehicle Parking Area
[ Buildings

MCIEAST-MCB CAMLEJ
North Carolina

e ™ e—

1 inch = 70 feet




AUSNAVFACENGCOM405450\MCBCAMPLEJEUNE\MAPFILES\SITE 861423849 PILOT STUDY\FIGURE 3 3 MICROBIAL ZONE 1 _PILOT STUDY AREA.MXD MARTESE 6/5/2012 8:18:55 AM

IR86-MW74IW

1.00E+07

100E+06 /

=
£
o
S 1ooes
c
2
§ /
3 1006404 ]
IR86-MW58IW E’ ,IJ |==Dehalococcoides
100607 e con = V4  — //‘( Dehalobacter
g " |~ Desulfuromonas
[ 2 [=4e=Vinyl Chiori
1.00E406 w0
= £ 1000 /
£ g
9 <
G 10005 S 100e+01
< <
5 / / g /
2 1006404 a
Y o | =Dehalococcoides L.00E:00 *‘,‘"
& Dehalobacter
§ L00e0 ~ =f=Des lfuromonas L100E-01
g 10/1/2011  11/15/2011  12/30/201  2/13/2012 3/29/2012 5/13/2012
8 [ =#=Viny| Chloride Reductase
W 1.00E402 ¢ Date
£
\ 2 /
£
5 1.00E401
= 2 / B IR86-IW02 HR86-IW03
v
[=]
100400 IR86-MW72IW
IR86-IW01 . LO0E7
5
1.005:)01/1/2011 11/15/2011  12/30/2011 2/13/2012 3/29/2012 5/13/2012 g ) A
IR86-MW73IW—g Q©  100E6 ——
i IR86 EWOl’. @ R86-EW02 s /
- " H
< 1.00E405
g /
s = 8
e A /
g Lo b= Dehalococcoides
IR86-MWT75IW @ £ / Y——
- © "~
IR86-MW70IW E|RS6-IWi E|R86-IW06 fn L00Es03 }\ —
c
100E407 ] w [=¥e=Vinyl Chloride Reductase
c
% T 100E:02
1.00E406 // % \ ?, / /
[=]
- 1.00E401

1.00E+04 {

100405 " / /
IR86-MW71IW 100E400 /

=Hé=Dehalococcoides 1.00E+09

100E-01
1005403 Dehalobacter 1.00E+08 10/1/2011 11/15/2011 12/30/2011 2/13/2012 3/29/2012 5/13/2012

=f=Desulfuromonas Date
100E+02 {
100E+01 /
1.00E+00 //
100E-01

10/1/2011 11/15/2011 12/30/2011 2/13/2012 3/29/2012 5/13/2012

1.00E+07

=H=Vinyl ChlorideReductase

po—

1.00E+06

Dechlorinating Bacteria Population (GC/mL)

—
== Dehalococcoides
1006405
/ Dehalobacter
1.00£404 ——

—/ s

== \inyl C|
1.006+03 S — v

- / o~
- =17

10/1/2011 11/15/2011  12/30/2011 2/13/2012 3/29/2012 5/13/2012
Date

Date

Dechlorinating Bacteria Population (GC/mL)

Legend A Figure 3-3
@ Monitoring Wells Northeast Grass Area Temporal Changes in Dechlorinating Bacteria Concentrations - Zone 1 Pilot Study
® Extraction Well [ Zone 1 Pilot Study Area N Pilot Study Report

E Injection Well 0 35 70 140 Operable Unit 20 (Site 86)

Fence Line MCIEAST-MCB CAMLEJ
Drainage Ditch " e— North Carolina
[ Vehicle Driveway Area 1 inch = 70 feet
(1 Vehicle Parking Area
[ Buildings




RAUSNAVFACENGCOM405450\MCBCAMPLEJEUNE\MAPFILES\SITE 861423849 PILOT STUDY\FIGURE 3 4 VFA ZONE 1 PILOT STUDY AREAMXD MARTESE 6/5/2012 8:12:05 AM

IR86-MW73IW

800

- N IR86-MW74IW
é - / \ 1000
£ 900 f*
§ 500 / A\ \ B pcetic A I 800 N
E 00 / / \ \ Acetic Aci ? 00 / \
g . E ~
$ 300 £/ AN o promonichad S 600 /’——. -
9 Acetic Acid
§ 200 / \\ T 500 / ceticAd
/ 4 / / «===PropionicAcid
100 g o0 7
- £ P
h T T T T U
10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012 200 A
100
Date
IR86-MW58IW 04 r T T . :
200 10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012
/ Date
o 600 /
? 500
A ////' o IR86-MW721W
o
£ 300 / \// == Propionic Acid IRE6IWO2 e
g - = IR86-IW03
% 200 ) = = 1000
8 //\/ 3 N
100 / IR86-IWO01-FE E’ 800
0 T T T T T -f-f /’—_. == Acetic Acid
10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012 g 600
Date \ IR86—EW01’. @ IR36-EW02 § 0 // == Propionic Acid
c
200
—2 HR86-IW05 ER86-1W06 0 —/ . . . .
IR86-MW?75IW Re6-W0a 10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012
1000 Date
900 ,\ I
¥ o /7 \
T / AN
§ w /AN I IR86-MW7LIW
o
E 400 // \ \ @==Propionic Acid 900
g // \ \ IR86'MW70IW 800
g 300 900 2 N
S 200 j;/ \\, 800 > ? 700 / —
100 s | ) / 600
/ = 700 2 /
0 y T y y y E f 5 500 == Acetic Acid
10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012 T 600 s /
Date ] / / g 400 == Propionic Acid
& 500 == Acetic Acid g /
= / x £ 300
g 400 / / === Propionic Acid © 0 //
o
§ 300 / / 100 /
200 /
0 1 x x r r r
100 10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012
0 T T T T Date
10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012
Date

Legend
@ Monitoring Wells
® Extraction Well
E Injection Well
Fence Line
Drainage Ditch
[__] Vehicle Driveway Area
(1 Vehicle Parking Area
[ Buildings

Northeast Grass Area
[ Zone 1 Pilot Study Area

7

0 35 70 140
e ™ e—

1 inch = 70 feet

Figure 3-4

Temporal Changes in Volatile Fatty Acid Concentrations - Zone 1 Pilot Study

Pilot Study Report
Operable Unit 20 (Site 86)
MCIEAST-MCB CAMLEJ
North Carolina




VAUSNAVFACENGCOM\MCBCAMPLEJEUNE\MAPFILES\SITE 86\423849 PILOT STUDY\FIGURE 3 5 VOC ZONE 1 PILOT STUDY AREAMXD MARTESE 5/21/2012 2:49:16 PM

IR86-MW?73IW IR86-MW74IW
J——\ 250 T T T 250 T T T
| | | ] ] |
| | | == TCE ] ] | == TCE
IR86-MW58IW ] 1 | ' 1 |
500 T T T 200 : : : === cis-1,2 DCE 200 ! : : == cis-1,2 DCE
: : : == TCE :T ! ! ! _— ! |
450 | | | § : : == \C % : : ——\/C
400 ! ! ! = cis-1,2 DCE = w | ! = = Lactate njection 2 = ! | = = Lactate Injection
! ! 5 1 1 c 1 1
= ! ! 5 [ I o ] I
d = ) ) ——c ® | ) .‘,": | |
2 1 } =] | ] 5 |
= 30 | = = |3catelnjection 5 w0 | ] c 1 ]
c [}
o ! g | | | ] 1
B ! o | 1 ] H 1
J ! v 1 ) S ]
c 200 ! 50 ] ] 50
g ! |
§ 150 : ' |
| 0 1 1 l 1 — 0 1 [ 1 —
100 \ 10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012 10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012
50 1
1 Date Date
1 1 1
15/4/2011 11/18/2011 1212012 2/16/2012 4/1/2012 5/16/2012
Date IR86-IW02-5]
- IR86-IW03
e = IR86-MW72IW
N 250 T T T
IR86-MW75IW \:\ IR86-IWO01-F8 | | |
] ] ( == TcE
250 T T T 1 ) |
: . . 0 | 1 l i 51,2 DCE
X X X e IR86-EW01-D @ R86-EW02 | | I
] | (
200 : : : === cis-1,2 DCE \e %/-_  E ] | ( v
] | (
= ) 1 1 g 150 (] | ( = = lactate Injecti
\ l ' ' -.-VC ~— actateInjection
2 I I I — E1R86-1W05 = R86-1W06 s : :
c ) ! | = = Lactate Injection D ® | [
S : ! IR86-IW04 -2 Eow | |
E ] ] / 8 [} |
- [} |
5 100 I | g | |
8 1 1 o [
5 ! ! IR86-MW71IW ) .
v ! ! IR86-MW70IW I
| 1 150 Y T v |
50 1 1 700 T T T . . . X
! I : : : Bl : : : - g/ 1/20: I1/ 8120 1/2/20: ZI 2/16/2012 /1/2012 - 5/16/2012
l e~ 600 | ' ' 10/4/2011 11 11 1 1 1 4 1 1 1
. 1 N — . § —_ 1 1 1 e 512 0CE - : : : == cis-1,2 DCE
10/4/2011 11/18/2011 1212012 2/16/2012 4112012 5/16/2012 < [} [} ] < ) 1 ) Date
510 500 | | ] ——c g - ) 1 ) ——c
Date e : : : c X I X
'g 400 ] ] [] = == |3ctate Injection g ! : : = = |actate Injection
g ! ! ! o 1 '
‘E ) ] ] ‘E 1 1
Q30 ! ! ] 1 ]
(%] 1 1 o
5 ' 5 : X
v 200 ] o 1
] ]
]
100 ]
0 0 A
10/4/2011 11/18/2011 12/2012 2/16/12012 4/1/2012 5/16/2012 10/4/2011 11/18/2011 1/2/2012 2/16/2012 4/1/2012 5/16/2012
Date Date
N .
Legend Figure 3-5
@ Monitoring Wells Northeast Grass Area Temporal Changes in Volatile Organic Compound Concentrations - Zone 1 Pilot Study
® Extraction Well [ zone 1 Pilot Study Area N Pilot Study Report
E Injection Well August 2006 Site 86 Boundary 0 35 70 140 Operable Unit No. 20 (Site 86)

Fence Line

Drainage Ditch
[__] Vehicle Driveway Area
| Vehicle Parking Area
(1 Buildings

— E—
1 inch = 70 feet

MCIEAST-MCB CAMLEJ
North Carolina




V:\USNavFacEngCom\MCBCampLejeune\MapFiles\Site_86\423849 Pilot_Study\Figure 3 6 VOC Zone 2 Pilot Study Area.mxd5/21/2012martese

IR86-MW68

=il TCE

IR86-MW61

75 el cis-1,2 - DCE
@ e SRPCInstallation

| == TCE 50

| = cis-1,2 - DCE

@ e SRPClInstallation
200' 170

160 150
: 0 IR86-MW67
50 A'\‘ e 10/4/11 1118111 1/2112  2/16/12  4/112 5/16/12
—

6 [SRRC'16) Date = TCE
54

0 =0 (SRRC:17
10/4/11 11/18/11 1/212 2/16/12 4/1/12 5/16/12
Date

25

Concentration (ug/L)

Concentration (ug/L)

75 el cis-1,2 - DCE
@ e SRPCInstallatio

50

25

“
|/

Concentration (pg/L)

0
10/4/11 11/18/11 1/2/12 2/16/12 4/1/12 5/16/12
Date

IR86-MW66 SRRC26ANGRp o)

= TCE CEERD IR86-MW69
75 == cis-1,2 - DCE SRRC30)

e={i= TCE
@ e SRPCInstallation

50 75 == cis-1,2 - DCE

@ SRPC Installatio

25 50

Concentration (pg/L)

0
10/4/11 11/18M11 1/2/12 2/16/12 4/1/12 5/16/12
Date

25

Concentration (ug/L)

0

10/4/11 11/18/11 1/2/12 2/16/12 4/1/12 5/16/12
Date

Legend

Figure 3-6
@ Slow Release Permanganate Candle Temporal Changes in Volatile Organic Compound Concentrations - Zone 2
@ Monitoring Well

Pilot Study Report
0 35 70 y ~ep

Operable Unit 20 (Site 86)
EFEEI MCIEAST-MCB CAMLEJ

1 inch = 35 feet North Carolina




1200

o
ey
[o14]
£ 1000
o0
5
&€ 800
(7]
©
S 600
©
o 400
(8]
[
o
(@)
‘o 200
(@]
c
=
0

T

y =-2.8762x + 1079.4
R*=0.9849

T

@ Measured Mn0O4- Conc. (mg/L)

# Predicted MnO4- Conc. (mg/L)

e

L 2

50

100

150 200

Elapsed Time (days)

250

300 350 400

Figure 3-7

SRPC Performance Plot
Pilot Study Report
OpSrl-otS 1 yii nn 6{1iS 86)
MCIEAST-MCB CAMLE)
North Carolina




SECTION 4

Pilot Study Evaluation and Conclusions

The following sections provide an evaluation and a conclusion for each of the pilot studies. The Zone 1 and Zone 2
pilot studies have been evaluated based on the primary objectives of each respective pilot study, which are:

e To evaluate the injection/extraction approach as a method for distributing the ERD substrate in areas where
access is limited

e To evaluate the overall effectiveness of ERD in terms of reducing contaminant mass in Zone 1
e To evaluate the overall effectiveness of SRPC technology as a passive remediation remedy in Zone 2

e To obtain sufficient performance data and results to refine remedial alternatives for preparation of a
Feasibility Study

e To reduce sufficient VOC mass within Zones 1 and 2 to evaluate monitored natural attenuation as a viable
remedial option in the Feasibility Study.

4.1 Pilot Study Evaluation
4.1.1 Zone 1 ERD and Bioaugmentation Pilot Study

Based on the potentiometric surface map generated from data collected after one week of recirculation

(Figure 3-1), an extraction rate of 7.5 gpm from each extraction well and an injection rate of 2.78 gpm into each
injection wells was sufficient to capture upper Castle Hayne groundwater within the pilot study area. Based on the
geometry of the capture zone (Figure 3-1), each extraction well hydraulically contained (captured) upper Castle
Hayne groundwater at least a 60 ft radius. Additionally, based on the groundwater elevation measurements
(Table 3-1), more-aggressive extraction rates and injection rates could have been achieved without risk of
surfacing at the injection wells, or pumping the extraction wells dry.

Based on a comparison of post-lactate injection TOC concentrations to baseline concentrations and the observed
recirculation system’s influence on the upper Castle Hayne aquifer’s potentiometric surface, it appears that the
recirculation system effectively distributed the lactate throughout the Zone 1 pilot study site. TOC concentrations
in groundwater increased approximately 700 times compared to baseline concentrations in certain areas of the
pilot study site, with an average increase of approximately 300 times that of baseline after the first lactate
injection event. TOC was detected in groundwater sampled from extraction wells IR86-EW01 and IR86-EWO02 at
concentrations > 20 mg/L within 1 week of recirculation, indicating that 10,000 pounds was a sufficient dose to
treat the total volume within the pilot study area, estimated to be 330,000 ft* (24,750 ft3of soil and 82,500 ft3of
groundwater). TOC concentrations in groundwater sampled after the second and third lactate injection events
had similar results, indicating that lactate was effectively distributed within the pilot study site, providing a
sustained ERD substrate and the carbon source required to grow a dechlorinating microbial consortium
effectively.

Dechlorinating bacteria was introduced to the upper Castle Hayne aquifer approximately 2 weeks after the first
lactate injection event. Over the course of the study, Dehalococciodes populations in groundwater increased
approximately five orders of magnitude (Figure 3-3). Additionally, Vinyl Chloride Reductase, the Dehalococciodes
gene capable of converting VC to ethane, increased four orders of magnitude. The relatively uniform distribution
of Dehalococciode detected in groundwater collected from the pilot study wells indicated that the volume of TSI
DC introduced (200 liters) was sufficient to treat the volume of the pilot study area.

During the pilot study, total VFA concentrations increased from a mean baseline value of 0.97 mg/L to more than
500 mg/L after 1 month, and sustained at a mean concentration of approximately 1,000 mg/L after 3 months and
6 months (Figure 3-4). This indicates that lactate was effectively and evenly distributed in the pilot study area, and
the rapid appearance of elevated concentrations of acetate and propionate indicates that the lactate was readily
fermentable.
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TCE concentrations decreased within the pilot study site by 93 percent over the 6-month pilot study. VC
concentrations temporarily increased due to the dechlorination of TCE and cis-1,2-DCE but decreased after the
6-month groundwater sampling and will likely continue to decrease as long as Dehalococciodes populations,
specifically the Vinyl Chloride Reductase gene, remain at levels sufficient for the reductive dechlorination of VC.

4.1.2 Zone 2 Slow-Release Permanganate Candle Pilot Study

Based on the results of the Zone 2 pilot study, SRPCs, specifically those used as PRBs, appear to be an effective
passive remediation remedy. Data obtained from SRPC 8 indicates that an adequate concentration of MnOy4’
required to degrade chlorinated VOCs was released from the SRPCs. Research by Yan and Schwartz (1999)
indicated that relatively low concentrations of MnO,4 could effectively oxidize TCE, even in the presence of
relatively high TOC concentrations. Yan and Schwartz (1999) showed that a MnO4 concentration of 120 mg/L
could completely oxidize 1,000 pg/L of TCE. Baseline TCE concentrations in Zone 2 groundwater were between
57 and 200 pg/L, significantly lower than the 1,000 ug/L TCE concentration used by Yan and Schwartz.

MnOy concentrations released from the SRPC 8 ranged between 965 and 542 mg/L throughout the 6-month pilot
study. MnO4 concentrations are predicted to exceed the 120 mg/L concentration discussed by Yan and Schwartz
through mid-September 2012, nearly 1 full year from their deployment date.

MnOQ, was not detected in downgradient monitoring wells IR86-MW66 through IR86-MWE6E9 and is likely
attributed to one or more of the following: consumption by PNOD as it flowed downgradient, bifurcation
throughout higher conductive lenses within the aquifer, dilution due to borehole mixing during groundwater
sampling.

Overall concentrations of VOCs, specifically TCE and cis-1,2-DCE (VC was not detected throughout the pilot study),
in groundwater were reduced across the pilot study site. VOC concentrations detected during the 6-month
groundwater sampling event increased slightly compared to the 3-month groundwater sampling results but
remained below baseline concentrations. Based on the all the data collected throughout the pilot study, SRPCs
can effectively remove VOC mass from affected groundwater. Further investigations concerning SRPC placement
arrays, candle dimensions, and candle installation angles will further refine the overall effectiveness of SRPCs for
remediation applications.

4.2 Conclusion
4.21 Zone 1 ERD and Bioaugmentation Pilot Study

The following conclusions can be made based on the data generated throughout the Zone 1 pilot study.

e The capture zone of the recirculation system and injection/extraction well placement was sufficient to treat
the entire pilot study area. Each extraction well hydraulically contained (captured) upper Castle Hayne
groundwater out to a minimum of 60 ft.

e Approximately 30,000 pounds of sodium lactate was injected into the pilot study over three injection events.
Based on TOC concentrations detected in the pilot study groundwater, 10,000 pounds of sodium lactate was
sufficiently distributed throughout the pilot study treatment volume of approximately 330,000 ft3
(24,750 ft3of soil and 82,500 ftof groundwater), yielding a lactate to treatment area ratio of 0.03 Ibs of lactate
per cubic foot of treatment area.

e Approximately 200 liters (33.3 liters introduced into the six injection wells) of TSI DC was sufficiently
distributed throughout the pilot study treatment volume, yielding a TSI DC to treatment area ratio of 6 x10™
liters of TSI DC per cubic foot of treatment area.

e During the pilot study, Dehalococciodes populations; including Vinyl Chloride Reductase, grew by several
orders of magnitude.

e VFA concentrations increased significantly indicating that the lactate was readily fermentable and that a
thriving bacterial consortium was maintained.
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e TCE concentrations decreased by at least 93 percent. Cis-1,2-DCE concentrations in groundwater sampled
from six of seven monitoring wells were reduced to below the NCGWQS of 70 pg/L.

e VC concentrations increased due to the reductive dechlorination of TCE and cis-1,2-DCE, but decreased
significantly during the last three months of the pilot study and will continue to decrease as long as Vinyl
Chloride Reductase populations remain at elevated levels.

4.2.2 Zone 2 Slow-Release Permanganate Candle Pilot Study

The following conclusions can be made based on the data generated throughout the Zone 2 pilot study:

e Decreases in VOC concentrations were identified in groundwater sampled throughout the pilot study. TCE
concentrations in groundwater decreased between 47 and 79 percent with respect to baseline after
3 months. Concentrations of TCE and cis-1,2-DCE in groundwater sampled during the 6-month groundwater
sampling event were detected 29 to 63 percent below baseline concentrations.

e Based on MnQOs concentration trends obtained from groundwater sampled from the SRPC 8 boring, the life
span of the SRPCs used during the pilot study, under Site 86 specific conditions, appears to be approximately
1 year.
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Appendix A
Soil Boring Logs and Well Completion Diagrams




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-EW01 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 17.74 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83, meters) : 276524.24, 3844466.44 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 9/28/2011 END: 9/28/2011 LOGGER : A.Guilfoyle/CLT
3 ) o SOIL DESCRIPTION COMMENTS
g _ % < s SOIL NAME, USCS GROUP SYMBOL,
E é = E N % = £ 2 WE 6‘ COLOR, DEPTH OF CASING, DRILLING
£ o E 5 x g I )
o <§( = w 8 é %5 & T MOISTURE CONTENT, RELATIVE RATE, DRILLING FLUID LOSS,
3 & Z i @ < DENSITY OR oTa B INS S
S = « 9 & CONSISTENCY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION
& MINERALOGY
| 0.0 J4 7] SILTY SAND (SM
| {111l dark brown, dry, medium dense, medium
] 1[I grained, trace gravel, trace rootlets. |
7 HA-1 60 | NM [[1F{i] ]
5 ] 5.0 LT ]
| 5.0 !// CLAY (CH) |
| tan, moist, stiff, highly plastic.
_ SANDY SILT (ML h
_ dark gray, medium stiff. i
1 st 36 0 ]
_ No Recovery. ]
10__] 10.0 ]
| 10.0 y CLAY (CH)
| / light brown, moist, stiff, highly plastic.
| 7/
_| SANDY CLAY (CL
| light brown, stiff, highly to moderately
| S2 60 0 plastic. ]
: -color change to mottled with dark gray,
15 15.0 medium stiff, moderately plastic, |
| 15.0 increasing silt content. ]
_ -wet, soft.
| ... SAND (SP) i
| | olive-tan, wet, loose, fine to medium |
- | grained. ]
| S3 42 0 SRRRNY i
: No Recovery. ]
20 | 20.0 ]
_ 20.0 <.+, SAND (SP)
n | olive-tan, wet, very loose, fine to medium
- | grained. ]
1 sa 42 0 [ ]
: No Recovery. i
25 | 25.0 ]
_ 25.0 { SAND (SP)
n | olive-tan, wet, loose to medium dense,
i | fine to medium grained. ]
1 s5 48 NM ]
: No Recovery. ]
30 30.0




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-EW01 SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86

ELEVATION : 17.74 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL

EAST. NORTH (UTM Z18 NAD83, meters) : 276524.24, 3844466.44 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT

WATER LEVEL: -- START: 9/28/2011 END: 9/28/2011 LOGGER : A.Guilfoyle/CLT

CE

SOIL DESCRIPTION COMMENTS

SOIL NAME, USCS GROUP SYMBOL,
COLOR

; DEPTH OF CASING, DRILLING

MO'STUREDCE;SQEENOT,'QRELAT'VE RATE, DRILLING FLUID LOSS,

CONSISTENCY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION

MINERALOGY

DEPTH BELOW
GROUND SURFA!
(ft)
SAMPLE
TYPE
INTERVAL
ft
RECOVERY
(inches)
PID SCREENING
(ppm)
GRAPHIC LOG

w
o
o

.| SAND (SP) |
| olive-tan, wet, loose, fine to medium
| grained.

S6 48 0

No Recovery.

SILTY SAND (SM
olive-tan, wet, medium dense, fine to
medium grained, cohesive.

35 35.0

S7 42 0

No Recovery.

40 40.0

SANDY LIMESTONE (LIMESTONE) |
light gray, fine to coarse grained, gravel

sized shell fragments, moderately

cemented sand with shells.

S8 42 0 [ 1

No Recovery.

45 45.0

[ T] SANDY LIMESTONE (LIMESTONE)
| light gray, fine to coarse grained, gravel
*.[{.H\ sized shell fragments, moderately
cemented sand with shells. ]Z
AHAS SILTY SAND (SM) |
48 0 ‘H14. 11 light brown, wet, medium dense, fine to
A1l [ F}| coarse grained, few gravel sized shell
fragments.
No Recovery.

S9

50 50.0

I I I I I I |
& IS N w
o o o o
o o o o
Ll T

| L4H[-H SILTY SAND (SM) i
A1l light brown, wet, medium dense, fine to
1Ll coarse grained, few to little gravel sized
S10 48 0 -LI11.1 F|1| shell fragments and cemented sand
11-F/' Tkl nodules.

55 55.0

End of Boring Log at 56 ft bgs

Abbreviations:

— bgs - below ground surface -

— BTOC- below top of casing m

ft - feet

HA - Hand Auger

in -inch

60 | NM - Not Measured 7]
— NS - Not Sampled —

- PID - photo ionization detector —

S - Sonic Run




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-EW02 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86

ELEVATION : 14.39 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL

EAST. NORTH (UTM Z18 NAD83, meters) : 276545.70, 3844466.34 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT

WATER LEVEL: -- START: 9/28/2011 END: 9/28/2011 LOGGER : A.Guilfoyle/CLT

SOIL DESCRIPTION COMMENTS

SOIL NAME, USCS GROUP SYMBOL,
COLOR

; DEPTH OF CASING, DRILLING

MO'STUREDCE;SQEENJ,'QRELAT'VE RATE, DRILLING FLUID LOSS,

CONSISTENCY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION

MINERALOGY

CE

DEPTH BELOW
GROUND SURFA!
(ft)
SAMPLE
TYPE
INTERVAL
ft)
RECOVERY
(inches)
PID SCREENING
(ppm)
GRAPHIC LOG

o

_ .0 J4 1L SILTY SAND (SM) |
141 1l] tan, moist.

| [ SILT (ML) ]
black.

HA-1 60 NM

] T T SILTY SAND (SM) ]
AL tan, moist.

| CLAY (CL) _

brown, moist, medium stiff.

SILTY CLAY (CL) i

wet, stiff, medium plasticity, <10% sand. i

No Recovery.

S1 24 0

10 10.0
| 10.0 SILTY CLAY (CL)

brown, moist, medium stiff to soft, medium
plasticity.

S§2 60 0

_| SAND (SW) ]

- .| moist, loose, fine to coarse grained.

1 SAND (SP) i

4{_brown.
. .| SAND (SW) .
- +| olive tan, wet, loose to medium dense,
- +| very fine to medium grained.

15 15.0
15.0

S3 36 0

20 20.0

S4 36 0

25 25.0

S5 60 0 -
_ {44 H SILTY SAND (SM)

A1l dark olive, wet, medium dense, very fine
to medium grained.

30 30.0

/




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-EW02 SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 14.39 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83. meters) : 276545.70, 3844466.34 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 9/28/2011 END: 9/28/2011 LOGGER : A.Guilfoyle/CLT
3 ) o SOIL DESCRIPTION COMMENTS
% hy 4 > z o] SOIL NAME, USCS GROUP SYMBOL,
3 w z r z ]
Bag | z¥| 22| 28 WE| 9 COLOR, DEPTH OF CASING, DRILLING
= o & 5 ¥ o I s
IoT | zF | E7 3g | g 2 TR TN RELATIVE RATE, DRILLING FLUID LOSS,
w3 = & o & CONSISTENCY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION
5 __ MINERALOGY
. 30.0 4L SILTY SAND (SM
n 111l dark olive, wet, medium dense, very fine
| to medium grained. ]
1 se 60 0 ]
35 ] 35.0 . SANDY LIMESTONE (LIMESTONE)
_ 35.0 | light gray to white, dense, very fine to
| | I | coarse grained, trace silt, partially |
| ] cemented sand with shells. ]
_ [ i
i [ 1 i
1 s7 60 NM | | i
- | —
i I I I ]
40| 40.0 1 _
] 40.0 [ ]
[T
— I -
_ 1 i
] TITHTT SILTY SAND (Sm)
| S8 60 NM 111 light brown, wet, medium dense, few
| 1L gravel sized shell fragments. |
45_] 45.0 i ’
n 45.0 1[4} 1]4] -partially cemented sand with shells.
1 so 60 NM [ ]
| |11} || -few gravel sized shell fragments and i
| 1141 ]| cemented sand pieces. i
50 ] 50.0 AT ]
i 50.0 EIH T -partially cemented sand with shells.
] st0 60 NM | i
_ SAND (SW
| light brown, wet, fine to coarse grained,
| trace silt, trace gravel sized shell ]
55 55.0 fragments.

End of Boring Log at 55 ft bgs

Abbreviations:
— bgs - below ground surface -
— BTOC- below top of casing m
ft - feet

HA - Hand Auger

in -inch

N NM - Not Measured 7]
— NS - Not Sampled —
- PID - photo ionization detector —
60__| S - Sonic Run




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW01 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 18.54 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83, meters) : 276510.58, 3844474.37 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 10/13/2011 END: 10/13/2011 LOGGER : B.Propst/CLT
3 ) o SOIL DESCRIPTION COMMENTS
g2 _. > < ! SOIL NAME, USCS GROUP SYMBOL,
g é ) E o % = E 2 WE 6‘ COLOR, DEPTH OF CASING, DRILLING
E o £ S X S T s
ToS | 2| ET | 88| g & MOISTURE CONTENT, RELATIVE RATE, DRILLING FLUID LOSS,
= @ £ i a & DENSITY OR TESTS, & INSTRUMENTATION
] - & a o CONSISTENCY, SOIL STRUCTURE, ,
3 _____ MINERALOGY,
. 0.0 4L SILTY SAND (SM i
| 111l tan-brown, dry, medium dense, fine |
i 1L grained. |
7 HA-1 60 | NM [[1F{i] ]
5_] 5.0 HHLE ]
i 50 TEHH i
] ] SANDY SILT (OL
| N dark grey and tan, wet, medium dense,
i - fine grained, organic material. |
1 S 60 4.7 m |
_ N ]
| N |
] N |
10 10.0 A
| 10.0 SANDY CLAY (CL) i
B light tan, soft, fine grained. i
1 s2 60 0 ]
] CLAY (OH) ]
a gray, medium stiff. ]
15_] 15.0 ]
] 15.0 ]
1 s3 60 0 ]
| SANDY CLAY (CL i
n / gray/tan, soft, fine grained.
_ 1 SAND (SP) ]
20 20.0 { gray, wet, loose, fine grained. ]
_ 20.0 | -tan, saturated. i
1 s4 60 o [~ ]
n 1{ -gray with trace green. ]
25 ] 25.0 R ]
| 25.0 3 | ]
] ss5 60 0 i
30| 30.0 ]
—




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW01 SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 18.54 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83, meters) : 276510.58, 3844474.37 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: - START: 10/13/2011 END: 10/13/2011 LOGGER : B.Propst/CLT
3 ) o SOIL DESCRIPTION COMMENTS
% hy 4 > z o] SOIL NAME, USCS GROUP SYMBOL,
E é = E o % = é 2 E E 6‘ COLOR, DEPTH OF CASING, DRILLING
E o £ S X S T s
ToS | 2| ET | 88| g8 & MOISTURE CONTENT, RELATIVE RATE, DRILLING FLUID LOSS,
a5 @ £ i a & DENSITY OR TESTS, & INSTRUMENTATION
ale) - ® E o CONSISTENCY, SOIL STRUCTURE, ’
% MINERALOGY
_ 30.0 S
| 4] SILTY SAND (SM) i
| 1T gray, wet, medium dense, fine grained.
1 se 60 0 FHIE ]
35 ] 35.0 T ]
| 35.0 LULHH -tan, saturated, soft/loose. i
1 s7 60 | 7.6 [[{[l] i
| |- tFf| -medium dense, trace shell and partially
| i 11l cemented sand pieces. i
40 | 40.0 T
| 40.0 57 CLAYEY SAND (SC)
n / | white, saturated, dense, abundant shell
B / and partially cemented sand pieces. |
1 ss 60 3.8 % ]
45 ] 450 /// ]
| 45.0 ) ]-H SILTY SAND (SM)
| tan, medium dense, abundant shell and
B partially cemented sand pieces ]
| decreasing with depth. ]
1 so 60 1.2 ]
50| 50.0 ]
| 50.0 i
7 s10 60 0 ]
: -grayish brown, fine grained. :
55 55.0
| End of Boring Log at 56 ft bgs ]
N Abbreviations: 7
— bgs - below ground surface -
- BTOC- below top of casing -
_ ft - feet _
HA - Hand Auger
7 in -inch ]
60 | NM - Not Measured N
] NS - Not Sampled —
- PID - photo ionization detector —
S - Sonic Run




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW02 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 17.66 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83, meters) : 276532.97, 3844481.85 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 10/13/2011 END: 10/13/2011 LOGGER : B.Propst/CLT
3 ) o SOIL DESCRIPTION COMMENTS
5 o > z 3 SOIL NAME, USCS GROUP SYMBOL,
g é = E g % = E 3 e 6‘ COLOR, DEPTH OF CASING, DRILLING
(S o £ 5 xr S T s
oS | x| BT | 38| g&| & MOISTURE CONTENT. RELATIVE RATE, DRILLING FLUID LOSS,
a5 ) z i 2 g DENSITY OR STS & INS 5
W3 = x 2 & CONSISTENCY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION
5 __ MINERALOGY
. 0.0 4L SILTY SAND (SM i
_| 141l tan, dry, medium dense. |
7 HA-1 60 o {1t ]
5_] 5.0 LR 7
i 5.0 A SILT (OL) . _ ]
n ANAAY dark gray, soft, fine grained, organic i
| N material. |
AVAYAY
_ AVAYAY
| SANDY CLAY (CL
1 S 60 0 brown, medium stiff, medium plasticity,
| fine grained. ]
10_] 10.0 ]
i 10.0 ’/‘ 77| SILTY CLAYEY SAND (SC) ]
| / yellow-orange with gray, wet, soft. |
i ’’{ CLAY (OH i
| S2 60 0 gray, moist, soft, trace sand increasing
| with depth. |
15_| 15.0 7
| 15.0 i
] s3 60 0 ]
20 | 20.0 ]
| 20.0 ... SAND (SP)
| | tan, wet to saturated, medium to fine
- | grained. ]
1 s4 60 0[5 ]
25 | 25.0 ]
| 25.0 | -tan with trace green, saturated, medium
| dense, fine grained. |
1 ss 60 0 ]
30_] 30.0 7
—




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW02 SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 17.66 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83. meters) : 276532.97, 3844481.85 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: - START: 10/13/2011 END: 10/13/2011 LOGGER : B.Propst/CLT
3 ) o SOIL DESCRIPTION COMMENTS
% hy 4 > z o] SOIL NAME, USCS GROUP SYMBOL,
3 3 5w : E 3 E E 6‘ COLOR, DEPTH OF CASING, DRILLING
o n s [N r e < ¥ o T i
ToS | 2| ET | 88| g8 & MOISTURE CONTENT, RELATIVE RATE, DRILLING FLUID LOSS,
o3 @ Z i a & DENSITY OR TESTS, & INSTRUMENTATION
ale) - ® E o CONSISTENCY, SOIL STRUCTURE, ’
% MINERALOGY
| 30.0 i
i T SILTY SAND (SM)
| S6 60 0 11| gray, saturated, medium dense, fine
| 1L grained. |
35 ] 35.0 L _
_ 35.0 KIARE |
] AT -olive green. ]
1 s7 60 | 21.3 [{1{]F ]
40_] 40.0 T ]
i 40.0 Tl ]
] ss 60 5.6 [Tl -dark green band approx. 1" thick. ]
i 411l SILTY SAND (SM) i
| 1111{'H white, saturated, dense, abundant _
_ L FH partially cemented sand and shell
45 45.0 ‘H4.11| fragments. ]
_ 45.0 TR -tan. |
1 so 60 o LI ]
50 ] 50.0 ]
| 50.0 11T i
7 s10 60 0 ]
] T T SILTY SAND (SM)
55 55.0 AULLEL]| grayish brown, moist, medium dense, fine |
i grained, little partially cemented sand and
shells. f
| End of Boring Log at 56 ft bgs ]
N Abbreviations: 7
— bgs - below ground surface -
- BTOC- below top of casing -
_ ft - feet _
HA - Hand Auger
7 in -inch ]
60 | NM - Not Measured N
] NS - Not Sampled —
- PID - photo ionization detector —
S - Sonic Run




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW03 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 15.63 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83, meters) : 276556.44, 3844479.66 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 10/4/2011 END: 10/4/2011 LOGGER : A.Guilfoyle/CLT
3 ) o SOIL DESCRIPTION COMMENTS
% oy 4 > z o SOIL NAME, USCS GROUP SYMBOL,
g é = E N % = E 2 E £ 6‘ COLOR, DEPTH OF CASING, DRILLING
£ o E 5 x g I )
ToS | 2| ET | 88| g8 & MOISTURE CONTENT, RELATIVE RATE, DRILLING FLUID LOSS,
a3 ) z i 2 g DENSITY OR STS & INS >
W3 = « 2 5 CONSISTENGY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION
& MINERALOGY
| 0.0 T{1]1]H SILTY SAND (SM ]
| 4971 [-/[| brown with orange and black mottling, |
B dry, dense, coarse, trace rootlets. ]
] SAND (SW)
_| HA-1 60 0 -| tan, moist, medium grained to coarse, ]
| \ftrace gravel. /
_ | SAND (SP i
n tan, moist, loose, medium grained to
5 5.0 coarse. _Z
| 5.0 SILTY SAND (SM)
| black, dry, medium dense, fine to medium
_ grained, mottled with coarse gray sand,
| [TTTTTI\organic rich.
- No Recovery.
4 st 42 0.5 SANDY SILT (ML)
- black with brown and orange mottling,
| moist, very fine to medium grained.
— SANDY CLAY (CL i
10 10.0 light gray, moist, medium stiff to stiff, —]
— 10.0 medium plasticity. ,Z
- No Recovery. i
] SANDY CLAY (CL) ]
| light gray, soft, medium plasticity. i
| S2 42 0 i
| -medium tan with orange mottling, i
n medium stiff to stiff, plastic. |
15_] 15.0 ]
| 15.0 .| SAND (SP) |
| | tan with olive, moist, loose, very fine to |
| | medium grained. |
] s3 60 0 ]
20 ] 20.0 _
_ 20.0 |
] s4 60 0 ]
25 ] 25.0 . _
_ 25.0 | -wet. i
1 ss 32 0 ) ]
- No Recovery. i
30| 30.0 ]
—




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW03 SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 15.63 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83, meters) : 276556.44, 3844479.66 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 10/4/2011 END: 10/4/2011 LOGGER : A.Guilfoyle/CLT
3 ) o SOIL DESCRIPTION COMMENTS
% hy 4 > z o] SOIL NAME, USCS GROUP SYMBOL,
3 3 5w : E 3 E E 6‘ COLOR, DEPTH OF CASING, DRILLING
0 n s o a xr & < ¥ a = s
ToS | 2| ET | 88| g8 & MOISTURE CONTENT, RELATIVE RATE, DRILLING FLUID LOSS,
a5 @ £ i a & DENSITY OR TESTS, & INSTRUMENTATION
ale) - ® E o CONSISTENCY, SOIL STRUCTURE, ’
3 _ MINERALOGY
_ 30.0 ~.7-.{ SAND (SP.
n R || dark olive, wet, loose, very fine to medium
m | grained. ]
1 s6 60 o | ] ]
35_| 35.0 DANIOS i
| 35.0 ------| SAND (SW)
| .+« .. .| white, wet, medium dense, moderately to
B ... strongly cemented, some cobble sized
B 111 strongly cemented sand pieces with ]
i coiii shells. ]
| S7 60 0 i
40_] 40.0 X ]
| 40.0 . |
] TITTTH SILTY SAND (SM)
| S8 60 0 111l tan, loose, fine grained, some cobble |
| 1Ll sized strongly cemented sand pieces with
| 11| shells. ]
45_] 45.0 i i
| 45.0 I [4}]4] -increasing silt content with depth.
1 s9 60 0 R ]
50 ] 50.0 AT _
| 50.0 U |
: -decreasing silt content with depth. i
| S10 60 0 i
55 | 55.0 ]
| End of Boring Log at 56 ft bgs ]
N Abbreviations: 7
— bgs - below ground surface -
- BTOC- below top of casing -
_ ft - feet _
HA - Hand Auger
7 in -inch ]
60 | NM - Not Measured 7]
] NS - Not Sampled —
- PID - photo ionization detector —
S - Sonic Run




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW04 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 17.41 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83. meters) : 276512.81, 3844455.69 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 9/27/2011 END: 9/27/2011 LOGGER : J.Albano/CLT
3 ) o SOIL DESCRIPTION COMMENTS
&g _ % £ 3 SOIL NAME, USCS GROUP SYMBOL,
g é = E o % = £ 2 WE 6‘ COLOR, DEPTH OF CASING, DRILLING
= o = S ¥ o T 3
g% <§( = w 8 é %5 & T MOISTURE CONTENT, RELATIVE RATE, DRILLING FLUID LOSS,
= @ z 4 a & DENSITY OR TESTS, & INSTRUMENTATION
a0 - x E o CONSISTENCY, SOIL STRUCTURE, ’
& MINERALOGY
. 0.0 SILT (ML ]
| I 1L e\plack, slightly moist, top soil. A
. A HAH SILTY SAND (SM) ]
| L EH dark tan, slightly moist, loose, very fine ]
| grained sand. i
_| HA-1 60 NM |
5 ] 5.0 ]
] 5.0 ]
1 st 60 NM ]
10_] 10.0 ]
n 10.0 ]
1 s2 60 NM ]
15_] 15.0 ] ]
n 15.0 { SAND (SP)
| | gray with olive hue, wet, loose, fine to very
i | fine grained sand. ]
1 s3 60 0 ]
20 ] 20.0 _
] 20.0 ]
] s4 60 0 ]
25 | 25.0 ]
| 25.0 ]
1 s5 60 0 ]
30| 30.0 ]
—




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW04 SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 17.41 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83. meters) : 276512.81, 3844455.69 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 9/27/2011 END: 9/27/2011 LOGGER : J.Albano/CLT
3 ) o SOIL DESCRIPTION COMMENTS
% hy 4 > z o] SOIL NAME, USCS GROUP SYMBOL,
3 w z r z ]
Bag | z¥| 22| 28 WE| 9 COLOR, DEPTH OF CASING, DRILLING
E o £ S X S T s
oS | 27| 25| 38 gel g MO'STUREDCE;SQEENOT,’QRELAT'VE RATE, DRILLING FLUID LOSS,
82 @ Z i a ox TESTS, & INSTRUMENTATION
ale) g o CONSISTENCY, SOIL STRUCTURE, ’
& MINERALOGY
| 30.0 i
] TTEF SILTY SAND (SM) ]
| S6 60 NM 1T dark gray, wet, loose, sticky. ]
35_] 35.0 L ]
_ 35.0 KIARE |
1 s7 60 NM [ FE ]
] -~~~ 7] SAND (SP)
40 40.0 [ ) light gray, wet, poorly indurated, partially
| 40.0 I | I \cemented sand.
| I SANDY LIMESTONE (LIMESTONE) |
| [ 1| lighttan, fine grained sand, partially i
| [ cemented fossiliferous sand and shells.
i [ 1 i
] s8 60 NM | | i
- | —
. [ : [ _
45 ] 45.0 1 _
] 45.0 [ ]
[ 1
| - .. SAND (SP)
| light gray, wet, poorly indurated, partially
i 41 1 [ \cemented sand.
| S9 60 NM  tLIEFLFL SILTY SAND (SM)
n 11| light tan, loose to medium dense, trace
| 11 frt| shell fragments. |
50 ] 50.0 T ]
| 50.0 i
1 s10 60 NM ]
55 | 55.0 ]
| End of Boring Log at 56 ft bgs ]
N Abbreviations: 7
— bgs - below ground surface -
- BTOC- below top of casing -
_ ft - feet _
HA - Hand Auger
7 in -inch ]
60 | NM - Not Measured N
] NS - Not Sampled —
- PID - photo ionization detector —
S - Sonic Run




PROJECT NUMBER:

423849.PT.MW

BORING NUMBER:

IR86-IW05 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86

ELEVATION : 16.88 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL

EAST. NORTH (UTM Z18 NAD83, meters) : 276534.48, 3844458.04 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT

WATER LEVEL: -- START: 9/28/2011 END: 9/28/2011 LOGGER : J.Albano/CLT
3 ) o SOIL DESCRIPTION COMMENTS
5 = 2 % S 3 SOIL NAME, USCS GROUP SYMBOL,
] w > g~
53z |z | ge| 8| EE| ¢ MOISTURE CONTENT, RELATIVE DEPTH OF CASING, DRILLING
£ | 22| ET | o& gl &z DENSITY OR RATE, DRILLING FLUID LOSS,
g2 @ Z i 14 TESTS, & INSTRUMENTATION
ale) E (0] CONSISTENCY, SOIL STRUCTURE, ’
& MINERALOGY
. 0.0 SILT (ML ]
_ black, slightly moist, top soil.
_ J4EFE SILTY SAND (SM)
| 1411l dark brown, dry, medium dense with
i concrete/asphalt debris. /
_| HA-1 60 NM SANDY CLAY (CL) ]
| brown-red mottled, dry, medium stiff, _
_ medium plasticity. i
5 ] 5.0 ]
] 5.0 SILT (ML) ]
| black, wet, soft. i
1 st 60 0 i
10_] 10.0 ]
n 10.0 ]
i CLAY (CL
| S2 60 0 tan/orange mottled, very moist, medium
_ stiff. ]
15_] 15.0 ]
] 15.0 ]
] . "-.] SAND (SP) ]
n | tan, wet, loose, medium to very fine i
| | grained sand. |
| S3 60 0 | ]
20_] 20.0 S _
| 20.0 AR J
1 s4 60 o [ y ]
| N 1 -color change to gray with olive hue. i
25 ] 25.0 SR _
i 25.0 | ]
1 ss 60 0 ]
30| 30.0 ]
—




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW05 SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT :_Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 16.88 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83. meters) : 276534.48, 3844458.04 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 9/28/2011 END: 9/28/2011 LOGGER : J.Albano/CLT

W © o SOIL DESCRIPTION COMMENTS
5 ; 2 > = 9 SOIL NAME, USCS GROUP SYMBOL,

w m T

23z |zt | g2 | 54 25| £ MOISTURE CCOONI:I'OE'?\jT RELATIVE DEPTH OF CASING, DRILLING
E o = % > E =18 g o e 3 DENSITY OR RATE, DRILLING FLUID LOSS,
w3 = & o & CONSISTENCY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION

3 _ MINERALOGY

| 30.0 | SAND (SP ]

7| tan, wet, loose, medium to very fine
| grained sand.

S6 60 0

35 35.0

T 1| SANDY LIMESTONE (LIMESTONE)
[ light tan, wet, loose, fine to very fine
I I I grained sand, poorly indurated, partially

35.0
| s7 60 NM ] cemented fossiliferous sand and shells.
| [ |
il [ 1 i
- | =
40 40.0 | I | O
n 40.0 1 ]
i [ ]
_ [ 1 i
[
- T i
1 ss 60 | NM [ 7
- [ i
] TITTTH SILTY SAND (SM)
45 45.0 LT[l light tan, slightly moist, medium dense,
| 45.0 1L very fine to fine grained sand.
i L[4 F1| -tan, wet, poorly indurated, partially
| L1 F| cemented fossiliferous silty sand. ]
7] so 60 | NM It ]
50_] 50.0 W B
_ 50.0 AT i
1 s10 60 NM ]
55 | 55.0 ]
| End of Boring Log at 56 ft bgs ]
N Abbreviations: 7
— bgs - below ground surface -
- BTOC- below top of casing -
| ft - feet _
HA - Hand Auger
7 in -inch ]
60__ NM - Not Measured 7]

NS - Not Sampled —
- PID - photo ionization detector —
S - Sonic Run




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW06 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 16.41 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83. meters) : 276558.04, 3844457.04 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 9/30/2011 END: 9/30/2011 LOGGER : A.Guilfoyle/CLT
3 ) o SOIL DESCRIPTION COMMENTS
% oy 4 > z o SOIL NAME, USCS GROUP SYMBOL,
g é = E N % = E 2 E £ 6‘ COLOR, DEPTH OF CASING, DRILLING
£ o E 5 x g I )
o <§( = w 8 é %5 & T MOISTURE CONTENT, RELATIVE RATE, DRILLING FLUID LOSS,
3 & Z i @ < DENSITY OR oTa B INS o
W3 = « 2 5 CONSISTENGY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION
% MINERALOGY
_ 0.0 -top soil.
. -concrete. i
. SANDY CLAY (CL) -
_ brown with red mottling, moist, medium ]
| stiff, medium plasticity. ]
_| HA-1 60 NM i
] SANDY SILT (ML) ]
5 5.0 dark brownish black, dry, medium stiff.
| 5.0 SILTY SAND (SM) ]
. dark brownish black, wet, stiff, fine ]
_ grained sand, trace rootlets. i
1 s1 32 46 ]
_ No Recovery. ]
10__] 10.0 ]
| 10.0 {41 H SILTY SAND (SM) i
i 411l dark brownish black, wet, stiff, fine ]
a grained sand, trace rootlets. /
_ SILTY CLAY (CL.
| brown, moist, soft to medium stiff, medium
| S2 60 NM plasticity. ]
15_] 15.0 ]
n 15.0 SAND (SW)
B . .| olive tan, wet, loose to medium dense,
] . 1| fine to medium grained. i
] s3 60 NM ]
20 ] 20.0 _
] 20.0 ]
1 s4 60 NM ]
25 | 25.0 ]
| 25.0 -color change to dark olive. i
] ss 60 | NM |1 i
30 ] 30.0 e 7
— [T




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-IW06 SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : _Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 16.41 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83, meters) : 276558.04, 3844457.04 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: -- START: 9/30/2011 END: 9/30/2011 LOGGER : A.Guilfoyle/CLT
3 ) o SOIL DESCRIPTION COMMENTS
% hy 4 > z o] SOIL NAME, USCS GROUP SYMBOL,
3 3 5w : E 3 E E 6‘ COLOR, DEPTH OF CASING, DRILLING
0w g (TR r e < ¥ o T 5
ToS | 2| ET | 88| g8 & MOISTURE CONTENT, RELATIVE RATE, DRILLING FLUID LOSS,
o3 @ Z i a & DENSITY OR TESTS, & INSTRUMENTATION
ale) - ® E o CONSISTENCY, SOIL STRUCTURE, ’
3 _____ MINERALOGY
_ 30.0 J4 1L SILTY SAND (SM
| 111l dark olive, wet, medium dense, very fine
B 1L to medium grained. |
7 s 60 o Rtk il
35_] 35.0 AT _
| 35.0 AN i
: SEN .': ‘-t PARTIALLY CEMENTED SILTY SAND
B LERRRE (sm)
] 1 white, wet, medium dense, very fine to ]
| s7 60 0 ‘+|14.1]1]| coarse grained, abundant gravel sized
i |11t Ff| shells, fossiliferous silty sand. ]
40 ] 40.0 T ]
| 40.0 A |
] Tl SILTY SAND (SM)
| 1111l light gray to tan, wet, medium dense, little |
| 11111 gravel sized shell fragments, weak to no
| S8 60 0 “+|141.1]1| cementation. ]
45_] 450 T _
_ 45.0 ‘11 1{'H -color change to tan. i
7 so 60 o [Hft] i
50 ] 50.0 T T
| 50.0 1 {[| -color change to dark tan, trace gravel
_ 111l sized shell fragments. |
] st10 60 0 i
: 2 -trace gravel sized cemented sand :
55 55.0 4111 nodules, no shell fragments.
| End of Boring Log at 56 ft bgs ]
N Abbreviations: 7
— bgs - below ground surface -
- BTOC- below top of casing -
_ ft - feet _
HA - Hand Auger
7 in -inch ]
60 | NM - Not Measured 7]
] NS - Not Sampled —
- PID - photo ionization detector —
S - Sonic Run




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-MW66 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT :_Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86
ELEVATION : 12.89 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL
EAST. NORTH (UTM Z18 NAD83. meters) : 276732.60, 3844456.30 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT
WATER LEVEL: 7.78 ft BTOC (10/17/2011) START: 10/3/2011 END: 10/3/2011 LOGGER : A.Guilfoyle/CLT

W o SOIL DESCRIPTION COMMENTS
5 g 2 > = 9 SOIL NAME, USCS GROUP SYMBOL,

w m T

Bag | 28| ze| 58 we|l 2 MOISTURE C%ONLTOEF,{\,’T RELATIVE DEPTH OF CASING, DRILLING
E o = % > E =3 g ge| g DENSITY OR RATE, DRILLING FLUID LOSS,
w3 = & o & CONSISTENCY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION

% MINERALOGY

0

_ .0 J4 1L SILTY SAND (SM)
111l black, moist, medium dense, fine grained,
top soil with rootlets.

40| SILTY SAND (SM)
HA-1 60 0 111l tan with orange mottling, moist, loose,
cohesive, trace clay.

‘.| SAND (SP)
“’| tan with orange mottling, moist, loose,
very fine to fine grained.
CLAY (CL)
tan, moist, medium stiff, medium
plasticity.
-soft.

S1 60 0

10 10.0
10.0 -color change to light gray, wet, soft to
very soft.

S§2 60 0

15 15.0
15.0

SAND (SW)

"\ gray, wet, medium dense, very fine to

|\medium grained.

| SAND (SP) i

| olive tan, wet, loose, fine to medium
grained.

S3 48 13.3

No Recovery.

~"| SAND (SW)
. .| dark gray, wet, medium dense, fine to
. coarse grained, subrounded to rounded.

20 20.0

S4 60 0.4

SILTY SAND (SM)
111l dark gray, wet, medium dense, fine to
25 25.0 L[1]-[ 'l| coarse grained, subrounded to rounded.
] 4L SILTY SAND (SM)
1111l dark olive, moist, dense, very fine to fine
grained, trace to little gravel sized shell
remnants, cohesive.

S5 60 0.3
-color change to light olive gray.

30 30.0

/




PROJECT NUMBER:

423849.PT.MW

BORING NUMBER:
IR86-MW66

SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC

PROJECT : Site 86 2011 Pilot Study

LOCATION : MCAS New River, Site 86

ELEVATION : 12.89 ft above sea level

DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL

EAST. NORTH (UTM Z18 NAD83, meters) : 276732.60, 3844456.30

DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT

WATER LEVEL: 7.78 ft BTOC (10/17/2011)

START: 10/3/2011

END: 10/3/2011

LOGGER : A.Guilfoyle/CLT

GRAPHIC LOG

SOIL DESCRIPTION

SOIL NAME, USCS GROUP SYMBOL,
COLOR,

MOISTURE CONTENT, RELATIVE
DENSITY OR
CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

COMMENTS

DEPTH OF CASING, DRILLING
RATE, DRILLING FLUID LOSS,
TESTS, & INSTRUMENTATION

8 o
3 Lo ls | 8
I w =4 II,(;,\ Zﬁ
Bag |z¢| z2| s8 | B8
Iao>< = > w = o2 (SRR
E 3 S & o= @
[Tie] - x =)
o g o
[O]
] 30.0
] s6 48 NM
] 34.0
35 |
40 ]
45 ]
50|
55 |
60_|

End of Boring Log at 34 ft bgs

Abbreviations:

bgs - below ground surface
BTOC- below top of casing

ft - feet

HA - Hand Auger

in -inch

NM - Not Measured

NS - Not Sampled

PID - photo ionization detector
S - Sonic Run




PROJECT NUMBER: BORING NUMBER:
423849.PT.MW IR86-MW67 SHEET 1 OF 2

Soil Boring Log

CLIENT: NAVFAC PROJECT : Site 86 2011 Pilot Study LOCATION : MCAS New River, Site 86

ELEVATION : 12.88 ft above sea level DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL

EAST. NORTH (UTM Z18 NAD83, meters) : 276734.69, 3844455.92 DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT

WATER LEVEL: 7.91 ft BTOC (10/17/2011) START: 10/3/2011 END: 10/3/2011 LOGGER : A.Guilfoyle/CLT

SOIL DESCRIPTION COMMENTS

SOIL NAME, USCS GROUP SYMBOL,
COLOR

; DEPTH OF CASING, DRILLING

MO'STUREDCE;SQEENOT,'QRELAT'VE RATE, DRILLING FLUID LOSS,

CONSISTENCY, SOIL STRUCTURE, TESTS, & INSTRUMENTATION

MINERALOGY

CE

DEPTH BELOW
GROUND SURFA!
(ft)
SAMPLE
TYPE
INTERVAL
ft)
RECOVERY
(inches)
PID SCREENIN
(ppm)
GRAPHIC LOG

o

_| .0 J4 1L SILTY SAND (SM) ]
111l black, moist, medium dense, top soil with
rootlets.

40| SILTY SAND (SM)
HA-1 60 NM 111l tan with orange mottling, moist, loose,
cohesive, trace clay.

No Recovery.

S1 24 0.1

SANDY CLAY (CL) ]
tan, wet, medium stiff to soft, medium
plasticity.

10 10.0
10.0

CLAY (CL)

brown mottled with light gray, wet, soft,
medium plasticity.

S§2 60 0.4

-.| SAND (SW) ]
- .| gray, wet, loose, fine to coarse grained,
{\subrounded.

| SAND (SP)

| olive tan, wet, loose, fine to medium
| grained.

15 15.0
15.0

S3 60 0.3

20 20.0

SILTY SAND (SM i

dark gray, wet, loose to medium dense,
fine to coarse grained, subrounded to
rounded.

S4 60 0.4

25 25.0 L
_ L4H[-H SILTY SAND (SM) |

A1l dark olive, dense, very fine grained,
gravel sized shell fragments.

S5 60 04 |I A -color change to light olive gray.

30 30.0

/




PROJECT NUMBER:

423849.PT.MW

BORING NUMBER:

IR86-MW67 SHEET 2 OF 2

Soil Boring Log

CLIENT: NAVFAC

PROJECT : Site 86 2011 Pilot Study

LOCATION : MCAS New River, Site 86

ELEVATION : 12.88 ft above sea level

DRILLING CONTRACTOR : Groundwater Protection, Orlando, FL

EAST. NORTH (UTM Z18 NAD83, meters) : 276734.69, 3844455.92
START: 10/3/2011

WATER LEVEL: 7.91 ft BTOC (10/17/2011)

DRILLING METHOD AND EQUIPMENT : Rotosonic Geoprobe 8140DT

END: 10/3/2011

LOGGER : A.Guilfoyle/CLT

CE

DEPTH BELOW
GROUND SURFA!
(ft)
SAMPLE
TYPE
INTERVAL
(ft)
RECOVERY
(inches)
PID SCREENING
(ppm)

GRAPHIC LOG

SOIL DESCRIPTION

SOIL NAME, USCS GROUP SYMBOL,
COLOR,

MOISTURE CONTENT, RELATIVE
DENSITY OR
CONSISTENCY, SOIL STRUCTURE,
MINERALOGY

30.0

S6 48 NM

34.0

COMMENTS

DEPTH OF CASING, DRILLING
RATE, DRILLING FLUID LOSS,
TESTS, & INSTRUMENTATION

SANDY LIMESTONE (LIMESTONE)

light gray to white, moderately cemented

sand with shells.

-increase in silt content.

35 ]

40|

45_ |

50

55

60_|

End of Boring Log at 34 ft bgs

Abbreviations:

bgs - below ground surface
BTOC- below top of casing

ft - feet

HA - Hand Auger

in -inch

NM - Not Measured

NS - Not Sampled

PID - photo ionization detector
S - Sonic Run




PROJECT NUMBER: BO