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o~ EXECUTIVE SUMMARY
INTRODUCTION

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

health and the environment.

The Fiscal Year 1994 Site Management Plan for MCB Camp Lejeune, a primary document
P identified in the FFA, identifies several sites requiring Remedial Investigation/Feasibility
' Study (RUFS) activities. This report documents the FS completed for three of these sites:
Site 6 (Storage Lots 201 and 203), Site 9 (Fire Fighting Training Pit at Piney Green Road), and
Site 82 (Piney Green Road VOC Area). Collectively these sites comprise Operable Unit (OU)
No. 2. The purpose of this F'S is to select a remedy that: is protective of human health and the

environment; attains Federal and State requirements; and is cost effective.

This FS has been conducted in accordance with the guidelines and procedures delineated in
the National Contingency Plan (NCP) for remedial actions (40 CFR 300.430). The USEPA’s
document Guidance for Conducting Remedial Investigations and Feasibility Studies Under |
CERCLA (USEPA, 1988a) has been used as guidance for preparing this document. This FS
has been based on data collected during the RI conducted at OU No. 2 (Baker, 1993).

SITE DESCRIPTION AND HISTORY

OU No. 2 is located approximately two miles east of the New River and two miles south of
State Route 24 on the main section of MCB Camp Lejeune. The unit is bordered by Holcomb
Boulevard on the west, Sneads Ferry Road on the south, Piney Green Road on the east, and by

ES-1
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N Wallace Creek on the north boundary. Camp Lejeune Railroad operates rail lines parallel to

Holcomb Boulevard bordering OU No. 2. OU No. 2 covers an area of approximately 210 acres.

As previously stated, OU No. 2 consists of three sites: Site 6, Site 9, and Site 82. The

background for each of these sites is described below.
Site 9

Site 9 is the “Fire Fighting Training Pit at Piney Green Road,” (also referred to as the “Fire

Training Area”). The site covers an area of approximately 2.6 acres. In general, Site 9 is

bounded by Holcomb Boulevard on the west, Bear Head Creek approximately 500 feet to the

north, Piney Green Road on the east, and Sneads Ferry Road on the south. Locally, the site is

bounded by unnamed streets leading to various storage buildings in the vicinity. In addition,
. Site 6 forms the northern boundary of Site 9.

Site 9 consists of an asphalt-lined fire training pit, an oil/water separator, four aboveground
storage tanks (ASTs), three propane tanks, and a fire tower (smoke house). The fire training
;/‘”\ pit, located in the southern area of the site, is used to conduct training exercises for
extinguishing fires caused by flammable liquids. The oil/water separator is located next to the
fire training pit to collect water used in the training exercises and storm water that falls into
the pit. The recovered product collected in the oil/water separator is disposed off site. Two of
the ASTs are 2500-gallon steel tanks that are not used. Two additional storage tanks are
located in a concrete containment area. These tanks are constructed of steel and contain

approximately 500 gallons of fuel. These tanks are currently in use.

Site 9 has been used as a fire fighting training area from the early 1960s to the present.
Originally, fire extinguishing activities took place in an unlined pit. In 1981 the pit was lined
with asphalt. The training fires in the pit were started with used oil, solvents, and
contaminated fuels (unleaded). Approximately 30,000 to 40,000 gallons of JP-4 and JP-5 fuel

were also burned in the fire training pit.
Site 6
Site 6 is located in between Sites 9 and 82. Site 6 is bounded on the north by Site 82, by Piney

Green Road on the east, by Site 9 on the south, and by the Camp Lejeune Railroad (Holcomb

Boulevard) on the west. Site 6 covers an area of approximately 177 acres that incorporates
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Storage Lots 201 and 203, the wooded area between the storage lots, and the ravine. Three
surface water bodies are associated with Site 6 for purposes of this F'S: Wallace Creek, Bear
Head Creek, and a ravine located north of Open Storage Lot 203 that drains to Wallace Creek.

Open Storage Lot 201 is a fenced lot located in the south central portion of Site 6. It is a flat
area with sparse vegetation around the fence lines. The lot is approximately 25 acres in size.
It is currently being used for the storage of military vehicles and equipment, lumber,
hydraulic oils and lubricants, nonpolychlorinated biphenyl (PCB) transformers, and other
supplies (ESE, 1992).

Open Storage Lot 203 is a currently inactive fenced lot located in the northern portion of Site 6
covering approximately 41 acres. Lot 203 is a relatively flat area with elevation differences of
approximately five feet. The ground surface is comprised of both naturally existing soil and
. . fill material. Lot 203 is bordered by Site 82 to the north, Piney Green Road to the east, woods
to the south, and by Holcomb Boulevard to the west. From historical photographs, it appears
that the fenced boundaries have changed since the lot was placed in operation. Former
employees at Lot 203 have reported disposal of various chemicals including PCBs, cleaning
solvents, electrolytes from used batteries, and waste oils. Currently, the lot is randomly
littered with scrap materials such as rubber rafts, shredded tires, spent ammunition casings,

fencing, metal debris, and 55-gallon drums.

The 55-gallon drums present on Lot 203 were observed in small groupings throughout the lot.
The majority of the drums, if labeled, were identified as containing lubricants, petroleum
products, or corrosives. Empty storage tanks were also found on Lot 203, They were labeled as
containing diesel fuel, gasoline, and kerosene (Baker, 1992).

A ravine is located immediately north of Lot 203 and bisects Site 82. The elevation ranges
from 25 feet above mean sea level (msl) at the north boundary of Lot 203 to 5 feet above msl
where the ravine drains into Wallace Creek. The surface of the ravine area is littered with
various debris including batteries, fencing, tires, empty unlabeled drums, wire cables,
commercial ovens, commodes, and respirator cartridges. An empty drum labeled "DDT"
(which is dichlorodiphenyltrichloroethane) was also found in the ravine area, as were small
canisters labeled "DDT".

Woods and open fields surround both Storage Lots 201 and 203 and make up the remaining
area of Site 6. The topography of the wooded areas is relatively flat, but localized trenching
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and mounding is visible west of Piney Green Road. The wooded areas are randomly littered
with debris including spent ammunition casings, and empty or rusted drums. Many of the

drums observed were only shells or fragments of drums. (Baker, 1992)
Site 82

Site 82, Piney Green Road VOC Site, is located directly north and adjacent to Site 6. It is
bordered to the north by Wallace Creek, to the east by Piney Green Road, to the west by
Holcomb Boulevard, and to the south by Site 6. Site 82 encompasses approximately 30 acres.
The site is randomly littered with debris including communication wire, spent ammunition
casings, and empty or rusted drums. A few of the drums had identifiable markings indicating

“lubrication oil” and “antifreeze”.
. INVESTIGATION AND STUDY HISTORY

Investigations.at OU No. 2 date back to 1983. The studies/investigations that have been
conducted with respect to at least one of the three sites within OU No. 2 include:

Initial Assessment Study of MCB Camp Lejeune; 1983
Confirmation Study for Sites 6 and 9; 1984 - 1986

Site Survey for Site 6; 1989

Site Investigation for Site 82; 1991

Site Assessment for Sites 6 and 9; 1992

Remedial Investigation for Sites 6, 9, and 82; 1993
Baseline Risk Assessments for Sites 6, 9, and 82; 1993

NATURE AND EXTENT OF CONTAMINATION

Based on the results of the various environmental investigations conducted at OU No. 2
during the Remedial Investigation, the following conclusions with respect to the nature and
extent of contamination at the three sites were developed as listed below. Note that various
drums and containers were noted throughout Sites 6 and 82. All surficial drums/containers
are being removed from OU No. 2 through a Time Critical Removal Action. This action will be

conducted prior to implementing any remedial alternative.
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2 Site 9

Ongoing fire training exercises at Site 9 have not significantly impacted either soil or

groundwater quality.

Low levels of pesticides present at Site 9 are likely the result of former pest control

préctices and not associated with past site operations.

Potential human health risks to military personnel training at Site 9 are within the
incremental carcinogenic risk (ICR) range of 1.0E-4 to 1.0E-6.

Lot 201

Site 6 -

The northeast corner of Lot 201 at the former pesticide storage area is contaminated
with elevated levels of pesticides and volatiles that may be associated with former
waste storage/handling activities. The extent of soil contamination is limited in area

since only two sampling locations exhibited elevated contaminant levels.

Former waste storage/handling activities at Lot 201 have not adversely impacted
groundwater quality in this portion of OU No. 2.

The presence of low levels of pesticides throughout Lot 201 is indicative of former pest
control practices and is probably not associated with the former storage of pesticides.
Low levels of pesticides were detected at similar concentrations throughout the

210-acre operable unit.

Reported storage of PCB transformers at Lot 201 has not resulted in significant

impacts to soil or groundv?ater.

Overall, the current health rigk to base personnel working at Lot 201 is within the ICR
range of 1.0E-4 to 1.0E-6.
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S Site 6 - Lot 203

® DPesticide levels detected in soil at Lot 203 are not indicative of pesticide disposal.
Pesticide levels at Lot 203 are comparable to other portions of OU No. 2. The
southeast corner of Lot 203 did not reveal elevated pesticide levels given that

pesticides were reported to be disposed of in this area.

o The area of Lot 203 near the former railroad spur may be associated with previous
disposal activities. A limited number of surface and subsurface soil samples collected
near the former railroad spur have revealed elevated levels of PCB (PCB-1260) and
polynuclear aromatic hydrocarbons (PAHs). Historical aerial photographs indicate
significant activity (i.e., surficial anomalies) in this area of Lot 203.

- e Disposal activities may have occurred in the north central porﬁon of Lot 203 (near well
6GW15) where elevated levels of PCBs were detected in subsurface soil samples. In
addition to PCBs, elevated levels of PAHs were also detected in this area.

e The reported PCB disposal area in the northeast corner of Lot 203 did not reveal
elevated levels of PCBs. The reported area may have been inaccurately identified in

Marine Corps memorandums.

e Military training operations at Lot 203 resulted in a substantial amount of buried
debris including communication wire, shell casings, battery packs, small 5-gallon
containers, and bivouac wastes. No 55-gallon drums were uncovered in any of the
29 test pit excavations. Trenches identified in historical photographs were primarily
excavated as a means to dispose of military-type wastes and not for purposes of

disposing hazardous wastes.

® Numerous drums on the surface of Lot 203 present a potential impact to human health
and the environment. Samples collected from these drums indicate that some of the
drum contents are characteristically hazardous. None of the drums were noted to be
leaking. These drums are planned to be removed from the sites during a Time Critical

Removal Action.

e Groundwater quality at Lot 203 has not been significantly impacted by former

disposal and storage practices. Trace levels of trichloroethene (TCE) were detected in
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well 6GW15, which is located in the north central portion of Lot 203 where disposal
activities may have occurred. Trace levels of TCE and tetrachloroethene (PCE) were
detected in well 6GW23.

e Currently, Lot 203 is inactive and access is restricted. If the storage lot resumed
operations, the potential human health risk (i.e., ICR) would be within the target

range of 1.0E-4 to 1.0E-6.

Site 6 - Wooded Areas

e PCBs were detected in the surface soil near Piney Green Road east of Lot 201.
Disposal activities may have occurred in this area, which once served as a training

area.

® A former disposal area was identified during the test pit investigation in the wooded
area between Lot 201 and Lot 203. Numerous 5-gallon containers, bivouac v&astes,
and battery packs were encountered. All of the containers were rusted and damaged to
the point where their contents could not be identified; however, solvent-like odors
were detected by the sampling team. A sample of the sludge material near the
containers revealed that the material is characteristically hazardous due to elevated
levels of lead. Chloroform was also detected, but was below Toxicity Characteristics
Leaching Procedure (TCLP) regulatory levels. These containers are to be removed
during a Time Critical Removal Action.

o Groundwater quality in the wooded area south of Lot 203 (near the above-mentioned
disposal area) has been impacted by former disposal practices. Elevated levels of

VOCs (chloroform, chlorobenzene, phenol) were encountered in two wells.
o Potential human exposure to soil within the wooded portions of OU No. 2 would not

result in significant health risks. ICR values are within the acceptable risk range of
1.0E-4 and 1.0E-6. The area is frequented by hunters and military personnel.
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s Site 82

Site 82 exhibited elevated VOC contaminant levels in soil at two locations near the
eastern portion of the site. This area is a potential source of VOC contamination in

groundwater.

A large quantity of surficial drums and debris were observed within the site. This area

may also be a source of groundwater contamination at Site 82.

Shallow and deep groundwater within Site 82 exhibited elevated levels of VOC
contaminants. Deep groundwater quality was found to be significantly more

contaminated than shallow groundwater quality.

The horizontal extent of shallow groundwater contamination is defined. The plume
apparently originates just north of Lot 203 (i.e., in the southeastern portion of Site 82)
and discharges into Wallace Creek. Contaminénts have migrated into the deeper
portion of the aquifer as evidenced by elevated VOC levels in deep groundwater

monitoring wells.

The horizontal and vertical extent of the deep groundwater contamination has been
essentially defined. The horizontal extent of off-site contamination west of Site 82
(beyond well 6GW37D), however, has not been fully evaluated. Moreover, the vertical

‘extent has been evaluated to a depth of 230 feet. It is unknown at this time whether

contamination extends below 230 feet. As mentioned previously, a clay layer is
present at approximately 230 feet which may impede the vertical migration of
contamination. For purposes of conducting the Baseline human health and ecological
risk assessment, the current deep groundwater database is adequate. For purposes of
performing a feasibility study on the deep aquifer, the current database is also
adequate to select feasible remedial alternatives. However, additional data points
west of Holcomb Boulevard are required to support the design of an alternative which

may employ containment/extraction wells.

Ravine

None of the TCL organics detected in the ravine exceeded applicable water quality

criteria values. Surface water concentrations of aluminum, cadmium, copper, iron,
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lead, silver, and zinc exceéded applicable criteria in some of the samples. The -
exceedances of these TAL inorganics occurred in upstream and/or downstream

samples or were infrequent in occurrence.

e The presence of elevated levels of PAHSs in soil and low levels of PCBs in sediment in
the upper portion of the ravine (i.e., near Lot 203) is most likely due to former disposal
practices. This portion of the ravine is filled with debris, including empty and
partially-filled 55-gallon drums. In addition, canisters with "DDT" markings were
found in the middle section of the ravine (between Lot 203 and Wallace Creek).

However, no elevated levels of pesticides were detected in the ravine sediments.

e Soil contamination detected in the ravine has likely migrated to Wallace Creek via
surface runoff, Wallace Creek sediments revealed the same constituents detected in

ravine soils and sediments.

e Because of fhe amount of debris and difficulty in accessing the ravine, it is unlikely
that human exposure would occur, ICR estimates for the wooded areas and ravine |
area have indicated that potential human health risks are within the target range of
1.0E-4 and 1.0E-6.

Wallace Creek

o The presence of TCE, PCE, and other VOC contaminants in Wallace Creek is due to
shallow and possibly deep groundwater discharge.

e Surface runoff from the ravine has impacted sediment quality. Elevated levels of
PAHs and PCBs are present in Wallace Creek. These contaminants were also detected

in the ravine.

e Pesticides detected in sediment samples have exceeded EPA Region IV sediment
screening values. The source of contamination may be due to either runoff from the
ravine and/or historical pest control spraying practices. The highest levels of
pesticides were detected in two sampling stations that were located just downstream of
where the ravine discharges into Wallace Creek. One upstream sampling location

exhibited pesticide levels above the sediment screening values.
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/M

None of the organic chemicals of concern detected in Wallace Creek exceeded

applicable water quality standards.

Inorganic levels for aluminum, cadmium, copper, iron, lead, mercury, nickel, silver,
and zinc exceeded North Carolina Water Quality Standards and/or EPA Region IV
acute or chronic water quality screening values. Upstream sampling locations also
exhibited inorganic levels which exceeded these standards. The presence of inorganic

constituents in Wallace Creek may be associated with surface runoff from the ravine.

The fish populatioﬁ and diversity in Wallace Creek appears to be healthy, based on
population statistics. No anomalies were observed on any of the fish collected during

the aquatic survey.

Some of the fish collected in Wallace Creek exhibited tissue concentrations of PCBs,
pesticides, and TCE, which may be attributable to Site 82 and the ravine area.
Ingestion of fish taken from Wallace Creek could result in human health risks (ICRs)
above the target ﬁoint of 1.0E.4. )

Bear Head Creek

Sediment quality in Bear Head Creek may be impacted via surface runoff from the
wooded areas. Low levels of PAHs, pesticides, and PCBs were detected in sampling
stations which border Site 6. VOC contaminants v:’ere also detected in sediment
samples; however, the source of this contamination is unknown given that adjacent
soil and groundwater did not exhibit VOC contamination. Pesticides in sediment are
not likely associated with disposal practices.

Inorganic constituents detected in sediment are not likely the result of disposal

practices at Sites 6 or 9.

- The fish community at Bear Head Creek appears to be healthy, based on population

statistics and observations. None of the fish collected at Bear Head Creck exhibited

lesions or other anomalies that would represent adverse conditions.
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N e The fish community in Bear Head Creek had elevated levels of pesticides, PCBs, and
zinc in tissue. The presence of these contaminants in fish tissue is likely the result of

contaminated sediment. Ingestion of fish taken from Bear Head Creek could result in
ICRs above 1.0E-4.

DEVELOPMENT OF REMEDIATION GOALS AND COCS

The preliminary remediation goals associated with OU No. 2 are presented on Table ES-1.
This list was based on a comparison of contaminant-specific ARARs and the site-specific risk
based action levels (see Section 2.0 of the F'S). If a COC had an ARAR, the most limiting (or
conservative) ARAR was selected as the remediation goal for that contaminant. If a COC did
not have an ARAR, the most conservative risk-based action level was selected for the

remediation goal. The basis for each of the remediation goals is also presented in Table ES-1.

In order to determine the critical set of COCs for OU No. 2, the contaminant concentrations
detected in both media were compared to the preliminary remediation goals presented on
Table ES-1. The contaminants which exceeded at least one of the remediation goals have been
N retained as COCs. The contaminants that did not exceed any of the preliminary remediation
' goals will no longer be considered as COCs with respect to this FS. Based on this comparison,
the following COCs exceeded a remediation goal and will be retained as COCs for OU No. 2:

e Groundwater o Soil

- 1,2-Dichloroethane - PCBs

- Trans-1,2-Dichloroethene - Benzene

- Ethylbenzene - Trichloroethene
- Tetrachloroethene - Tetrachloroethene
- 'Trichloroethene - 44-DDT

- Vinyl Chloride - Arsenic

- Arsenic -« Cadmium

- Barium - Manganese

- Beryllium :

- Chromium

- Lead

- Manganese

- Mercury

:+  Vanadium

The final set of COCs and their associated remediation goals are presented on Table ES-2.
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TABLE ES-1

PRELIMINARY REMEDIATION GOALS
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA -

L. Corresponding Risk
Remediation
Medium Contaminant of Concern Goal Unit Basis of Goal Carcinogenic | Noncarcinogenic
Groundwater Br:modichloromethane 100 pg/L MCL
Chlorobenzene 300 pg/L MCL
1,2-Dichloroethane 0.38 ne/L NCWwWQSs
1,1-Dichloroethene 7 pe/L . MCL
Trans-1,2-Dichloroethene 70 pe/L NCWQS
Ethylbenzene 29 pg/L NCWQS
1,1,2,2-Tetrachloroethane 43 pg/L Risk-Ingestion ICR = 1.0E+4
Tetrachloroethene 0.7 pg/L NCWQS
1,1,1-Trichloroethane 200 pg/L NC WQS
1,1,2-Trichloroethane b pg/L MCL
Trichloroethene 2.8 pg/L NCWQS
Vinyl Chloride 0.015 pg/L NCWQS
Xylenes 400 pg/L NCWQS
Phenol 6,000 pne/L Health Advisory
Antimony 50 pg/L MCL
Arsenic 50 pg/L NCWQS
Barium 1,000 pg/L NCWwWQS
Beryllium 4 ng/L MCL
Chromium 50 pg/L NCWQS
Copper 1,000 pg/L NCWQS
Lead 15 pg/L MCL
Manganese 50 ne/L NCWQS
Mercury 1.1 pg/L NCWQS
Nickel 100 pg/L MCL
Vanadium 80 pg/L Health Advisory
Zinc 5,000 ng/L NCWQS
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TABLE ES-1 (Continued)

PRELIMINARY REMEDIATION GOALS
- FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

L. Corresponding Risk
Remediation ‘
Medium Contaminant of Concern Goal Unit Basis of Goal Carcinogenic | Noncarcinogenic

Soil PCBs 10,000 pg’kg | TSCA nonrestricted access area
Benzene 5.4 pg/kg [Risk-Protection of Groundwater
Trichloroethene 32.2 pg/kg  |Risk-Protection of Groundwater
‘Tetrachloroethene 10.5 pg/kg  JRisk-Protection of Groundwater
1,2-Dichloroethene 780,000 pgkg Risk-Ingestion HI =10
1,1,2,2-Tetrachloroethane 160,000 pekg Risk-Dermal Contact ICR = 1.0E-4
1,1,1-Trichloroethane 7,000,000 pekg Risk-Ingestion HI=1.0
1,4-Dichlorobenzene 1,300,000 pg'kg Risk-Dermal Contact ICR = 1.0E4
4,4'-DDD 270,000 pekg Risk-Dermal Contact ICR = 1.0E-4
4,4'.\DDE 60,000 pe'kg Risk-Dermal Contact ICR = 1.0E-4
4,4'-DDT 60,000 ng'kg Risk-Dermal Contact ICR = 1.0E+4
Dieldrin 40,000,000 pg'kg Risk-Inhalation ICR = 1.0E+4
Arsenic 23,000 pg'kg Risk-Ingestion - HI=1.0
Barium 5,500,000 pe’kg Risk-Ingestion HI=10
Beryllium 21,000 pg'kg Risk-Ingestion ICR = 1.0E4
Cadmium 39,000 pgkg Risk-Ingestion HI=1.0
Chromium 390,000 pgkg Risk-Ingestion HI=1.0
Manganese 390,000 pg'kg Risk-Ingestion HI=1.0
Zinc 23,000,000 pg/ﬁ_g Risk-Ingestion HI=1.0
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CLEJ-01250-4.08-01/01/01

~

MCB CAMP LEJEUNE, NORTH CAROLINA

TABLE ES-2

FINAL

REMEDIATION GOALS FOR OU NO. 2

FEASIBILITY STUDY CTO-0133

Preliminary
Remediation

Media Contaminant of Concern Goal Unit
Groundwater 1,2-Dichloroethane 0.38 pe/L
Trans-1,2-Dichloroethene 70 ug/L
Ethylbenzene 29 ne/L
Tetrachloroethene 0.7 re/L
Trichloroethene 2.8 ng/L

Vinyl Chloride 0.015 ug/L

Arsenic 50 ng/L

Barium 1,000 pg/L

Beryllium 4 pg/L

Chromium 50 pg/L

Lead 15 pg/L

Manganese 50 pg/L

Mercury 1.1 pg/L

Vanadium _ 80 ug/L

Soil PCBs 10000 | upgkg

4,4'-DDT 60,000 pe/kg

Benzene 5.4 pgkg
Trichloroethene 32.2 ngkg
Tetrachloroethene 10.5 pe’kg

Arsenic 23,000 ng’kg

Cadmium 39,000 pe’kg

Manganese 390,000 pg’kg
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REMEDIAL ACTION ALTERNATIVE DEVELOPMENT AND EVALUATION

Based on the information collected during the RI, and the evaluation of potential human

health and ecological risks, remedial action alternatives (RAAs) were developed to address

contaminated media at various areas of concern (AOCs) within QU No. 2.

The AOCs included:

VOC contaminated groundwater plumes originating from Site 82.

Four small areas of groundwater contamination south and west of Storage Lot 203.
Source of groupdwater VOC contamination at Site 82 (Soil AOC1).

Upper portion of the ravine at Site 6 with detected levels of PAHs, PCBs and metals in
soil and sediment (Soil AOC2). This may be a source of confjamination to Wallace

Creek.

North central portion of Lot 203 (near well 6GW15) with elevated levels of PCBs in soil
(Soil AOC3).

Northwestern portion of Lot 203 (near well 6GW11) with elevated levels of PCBs in
soil (Soil AOC4).

Northeast corner of Lot 201 with elevated levels of pesticides in soil (Soil AQCS5).

Wooded area east of Lot 201 and adjacent to Piney Green Road with elevated levels of
PCBsin s0il (Soil AOC6).

Note that no AOCs v&ere identified within Site 9 or Wallace Creek. In addition, areas where

drums and containers have been identified are not being considered as AOCs for this FS. All

surficial drums and known buried drums/containers are being removed from OU No. 2

through a Time Critical Removal Action. Therefore, these activities will be conducted prior to

implementing any RAA developed in this F'S.
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P With respect to Wallace Creek, remediation of contaminated sediments or surface water would
likely result in greater risks to the environment during the actual remediation stage (e.g.,
sediment dredging would suspend sediments and contaminants would migrate further
downstream). Therefore, direct remediation of surface water and sediment will not be
conducted. However, Wallace Creek may be indirectly remediated by remediating the source

of surface water and sediment contamination (i.e., groundwater and soil, respectively).
Five groundwater RAAs were developed and evaluated. These alternatives include:

RAA No. 1-No Action

RAA No. 2 - Limited Action

RAA No. 3 - Containment

RAA No. 4 - Intensive Groundwater Extraction and Treatment
RAA No. 5 - Groundwater Extraction and Treatment

The No Action RAA (No. 1) is required under CERCLA to compare against other alternatives.

There are no capital or operation and maintenance costs associated with this alternative.

The Limited Action RAA (No. 2) primarily involves the institution of ordinances banning the
use of nearby potable supply wells which are contaminated and/or the construction of new
wells in the area. Long-term groundwater monitoring (including operational supply wells) is
also included with this alternative. No capital costs are required to implement this
alternative. Long-term O&M costs are estimated at $39,000 annually. The net present worth
(NPW) of this alternative is approximately $600,000.

RAA No. 3 (Containment) includes the installation of extraction wells to contain the
migration of the plume. Six extraction wells will be installed at a depth of approximately
110 feet to contain the migration of the deep groundwater plume. Six shallow wells will be
installed at a depth of 35 feet to contain the migration of contaminants in the surficial aquifer.
The placement of the wells will be for purpose of containing the groundwater plume
originating from Site 82. Each deep extraction well will pump the groundwater at a rate of
approximately 150 gallons per minute. The shallow extraction wells will pump at a rate of 5
gallons per minute. Treatment will consist of metals removal, air stripping, and carbon
adsorption. The use of biological treatment prior to air stripping will be considered during the
design of the alternative. Treated effluent will be discharged to Wallace Creek. This RAA

will include semi-annual sampling and analysis (TCL volatile organics) of grouridwater from
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nine deep monitoring wells, twelve shallow monitoring wells, and three local supply wells. :
Aquifer-use restrictions will be placed on the two currently closed local supply wells. In
addition, deed restrictions will be pla_\ced restricting the installation of any new wells within
the vicinity of OU No. 2. The capital and O&M costs associated with this RAA are $2.6 million
and $285,000, respectively. The NPW is $7.0 million.

RAA No. 4 (Intensive Groundwater Extraction and Treatment) includes the treatment of the
VOC plume at the area with the highest level of contamination. This area is primarily located
at Site 82, east of the ravine and west of Piney Green Road. This RAA will include a series of
deep and shallow extraction wells located in the most contaminated areas of the sites. The
extracted groundwater will be treated on site and then discharged to Wallace Creek. In
addition, this RAA includes the same institutional controls as Groundwater RAA Nos. 2 and 3.
The objective of this RAA is to focus on the "most contaminated” areas of the groundwater
contamination. This area also acts as a source of surface water contamination at Wallace
Creek, and the source of off-site groundwater contamination. The cone of influence created by
the extraction wells are expected to reach the downgradient boundary of the plume. Under
this alternative, groundwater extraction and treatment will be employed until the

remediation goals are met.

RAA No. 4 will include semi-annual sampling and analysis of groundwater from nine deep
monitoring wells, twelve shallow monitoring wells, and three local supply wells (TCL volatile
organics). Aquifer-use restrictions will be placed on the two nearby supply wells that are
currently closed. In addition, deed restrictions will be placed restricting the installation of any
new wells within the vicinity of OU No. 2. The capital and O&M costs associated with this
RAA are $1.4 million and $230,000, respectively. The NPW is $4.9 million.

RAA No. 5 (Extraction and Groundwater Treatment) includes the extraction and treatment of
the contaminant plumes’ of groundwater. In addition, this RAA includes the same
institutional controls as Groundwater RAA Nos. 2, 3, and 4. The objective of this RAA is to
reduce the contaminants in the groundwater to drinking water standards for a Class I aquifer,
and to mitigate the further migration of the existing groundwater plumes. The primary
difference between this alternative and RAA No. 4 is the shorter timeframe expected to meet

the remediation goals.

RAA No. 5 will include semiannually sampling and analysis (TCL volatile organics) of

groundwater from nine deep monitoring wells, twelve shallow monitoring wells, and three
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local supply wells. Aquifer-use restrictions will be placed on the two currently closed local
supply wells. In addition, deed restrictions will be placed restricting the installation of any
new wells within the vicinity of QU No. 2. The capital and O&M costs are estimated at $3.5
and $350,000, respectively. The NPW is $8.9 million.

The remedial alternatives for addressing groundwater were evaluated against nine
evaluation criteria. These criteria included overall protection of public health and the
environment; compliance with ARARs; long-term effectiveness of permanence; reduction of
toxicity, mobility, or volume; short-term effectiveness; implementability; cost; EPA and

DEHNR acceptance; and community acceptance.

A comparison of these alternatives with respect to these evaluation criteria is provided on
Table ES-3.

Seven RAAs have been developed to address the soil AOCs. These alternatives include:

RAA No. 1 -No Action

RAA No. 2 -Capping

RAA No. 3 - On-Site Treatment

RAA No. 4 - Capping and On-Site Treatment (All Areas of Concern)
RAA No. 5 - Off-Site Treatment/Disposal

RAA No. 6 - Capping and On-Site Treatment (Limited Areas of Concern)
RAA No. 7 - On-Site Treatment and Off-Site Disposal

Under Soil RAA No. 1, no remedial actions will be performed to reduce the toxicity, mobility,
or volume of contaminants in the soil at OU No. 2. The No Action RAA is required by the NCP
to provide a baseline for comparison with other soil alternatives that provide a greater level of
response. Soil RAA No. 1 involves leaving the contaminated soils from Site 82 and Site 6 in
place. Under this RAA, the VOC, and pesticide concentrations in the soil may slowly decrease
as a result of natural biodegradation. The natural degradation of the PCB-contaminated soils

is unknown.

The no action alternative is required by the NCP to provide a baseline for comparison with
other RAAs, Since contaminants will remain at the site under this alternative, the USEPA is
required by the NCP {40 CFR 300.515(e)(ii)] to review the effects of this alternative no less
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TABLE ES-3
SUMMARY OF DETAILED ANALYSIS - GROUNDWATER RAAs
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
RAA No. 4 RAA No.5
Evaluation Criteria RAA No.1 RAA No. 2 RAA No.3 Intensive Groundwater | Groundwater Extraction
No Action Limited Action Containment Extractio: and Treatment i and Treatment
PROTECTIVENESS
e Human Health No reduction in risk. Institutional controls Migration of plume Groundwater plumes Groundwater plumes
Protection provide protection against miﬁ}atod. treated. treated. .
risk from groundwater Pump and treat provide Pump and treat provide Pump and treat provide
ingestion. Protection against risk rotection against risk Protection :gainst risk
ix'oxn' roundwater i;om 1 l:m water from g1 :un water
_ . ngestion. estion, ingestion.
& Environmental Allows continued Allows continued Migration of contaminated | Migration of contaminated | Migration of contaminated
Protection contamination of the contamination of the groundwater is reduced by | groundwater is reduced by [groundwater is reduced by
: groundwater. groundwater. pump and treat. pump and treat. pump and treat.
ARARS
e Chemical-Specifi IY{E}“ exceeél Ft;geral algxg/or }qV(i:ll exceeél Fetn:enl alxixglor g&‘ay not naeettFBederalliand §’(‘§“’d mﬁet. Fteedernl f'?d rsq}guld m%et thderal la'?d
emical-, Ci1C unawater quall
¢ pe ErR:un water quality Eim.m water quality ol'm water quality N &oui: '}vt:e.r quality N indwate quality
. I&ocation-Speciﬁc Not applicable. Not applicable. Will me.et Tocation-specific | Will melet location-specific AW ! me.et location-specific |
e  Action-Specific ARARs | Not applicable. Not applicable. Will meet action-specific | Will meet action-specific | Will meet action-specific
ARARs, ARAR, ARARs.
LONG.TERM
EFFECTIVENESS AND
PERMANENCE )
° MaEnitude of Residual | Asarea of contamination | Risk reduced to human Risk reduced by extracting | Risk reduced by extracting | Risk reduced by extracting
Ris increases, potential risks | health since the use of the | contaminated contamina contaminated
may increase. nog&lgg;ur aquifer is groundwater. groundwater. groundwater,
: res X
& Adequacyand Not applicable - no Reliabjlity of institutional | Groundwater Pump and Groundwater 1pump and Groundwater pump and
Reliability of Controla controlg. controls is uncertain. treat ia reliab treat is reliable. treatis reliable.
o Need for 6-year Review | Review would be required | Review would be requir Review not nijed once Review not needed once Review not needed once
to ensure adequate to ensure adequate remediation goals are met. | remediation goals are met. |remediation goals are met.
protoction of human health | protection of human health
and the environment is and the environment is
maintained. maintained,
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TABLE ES-3 (Continued)

SUMMARY OF DETAILED ANALYSIS - GROUNDWATER RAAs
FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Evaluation Criteria

RAANo. 1

RAA No.3

RAA No. 4

RAA No.5

RAA No. 2 1 .
i i s Intensive Groundwater Groundwater Extraction
No Action Limited Action Containment Extraction and Treatment and Treatment
REDUCTION OF -
TOXICITY, MOBILITY, OR
VOLUME THROUGH
TREATMENT
¢ Treatment Process None. None. Treatment train for metals | Treatment train for metals | Treatment train for metals
Used : removal, air stripping, and | removal, air stripping, and {removal air stripping, and
activated carbon. activated carbon. activated carbon. ‘
o  Amount Destroyed.or | None. None. Majority of contaminants | Majority of contaminants | Majority of contaminant in
Treated 4 i?q;ougdwaur out edges of| ingroougdwatcr. gr:j:ndvzaur plumes.
umes.
¢ Reduction of Toxicity, | None. None. Reduced volume and Reduced volume and Reduced volume and
Mobility or Volume toxicity of contaminated  |toxicity of contaminated | toxicity of contaminated
oundwater. oundwater. oundwater.
o Residuals Remaining | Not applicable - no Not applicable - no Minimal reasiduals after Minimal residuals after Minimal residuals after
fter Treatment treatment. treatment. goals are met. goals are met. goals are met.
o Statutory Preference | Not satisfied. Not satisfied. Satisfied. Satisfied. Satisfied.
for Treatment
EFFECTIVENESS
o Community Protection | Risks to community not Risks to community not Potential risks during Potential risks during Potential risks during
nereased by remedy increased by remedy extraction and treatment. | extraction and treatment. |extraction and treatment.
. mplementation. implementation. . _
o Worker Protection No significant risk to No significant risk to Protection required during | Protection required during | Protection required during
workers, workers. treatment. jtreatment. ___ ltreatment.
¢ Environmental Continued impacts from Still would ba continued Aquifer drawdown durin, ﬁ\ﬁ;ﬁfer drawdown durin, AxTxifex; drawdown durin
Impacts existing conditions. migration of extraction. Nosignifican action. Nosignificant |extraction. Nosignificant
contamination. impact to Wallace Creek is imgact to Wallace Creek is 1mgag:t to Wallace Creek is
— anri ted. anticipated. anticipated. ]
o Time Until Actionis | Not applicable. Risks from potential Estimated 30 years. Estimated 30 years. Estimated 30 years.
omplete groundwater ingestion ,
reduced within3 to 6
moxtxths due to inatitutional
ntr
IMPLEMENTABILITY
o  Ability to Construct No consatruction or No construction or Groundwater extraction Groundwater extraction Groundwater extraction
and Operate operation activities. operation activities. and {reatment systems and treatment systems and treatment systems
requires installation. requires installation. requires installation.
o  Ability to Monitor No monitoring. Failureto | Proposed monitoring will | Adequsate ayatem Adequate system Adequate system
Effectlyvenesa detect contamgmation will givgg‘otice oﬂ'ailureg before mo:?toﬂng. mdofl?toﬂng. monitoring.
result in potential significant exposure occurs.
ingestion of contaminated
m""—""d“mh N ired Need: dwate Needs groundwate Needs groundwater
i X water ee oundwater e .
* ?:3 g:%ﬁiti ‘:g;s orvices | None require onereatir tr:at;'ngot“enquipment. treatmgxt equipment. treatment equipment.
Equipment :
NPW $0 $600,000 $7.0 million $4.9 million $8.9 million
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Pt often than every five years. There are no capital or operation and maintenance costs

associated with this alternative.

Soil RAA No. 2 includes the excavatioﬂ and consolidation of the soils from all of the Soil AOCs
and placement under a multilayered cap located within Open Storage Lot 203. The
technologies/process options included with this RAA include monitoring, deed restrictions,
fencing, capping, grading, revegetation, and soil excavation. Figure 4-8 (see Section 4.0)
depicts the approximate areas of the site from which soil will be excavated, and also shows.the

proposed location of the on-site cap.

The principal objectives of this RAA are to consolidate the contaminated soils into one area, to
prevent the potential for direct physical contact with the contaminated soils, and to prevent
the potential for the migration of contaminants by surface water infiltration. This RAA will
. reduce the mobility of the COCs in the soil, but will not reduce the toxicity or the volume of the
contaminants. The estimated capital and O&M costs of this alternative are $2.8 million and
$39,000, respectively. The present worth is estimated at $3.4 million. ’

\ Soil RAA No. 3 includes the excavation and treatment of the soils from all of the Soil AOCs via
'~ on-site treatment. The technologies/process options included with this RAA include soil
excavation, grading, revegetation, fencing, and on-site treatment. Figure 4-9 (see Section 4.0)

depicts the approximate areas of the site from which soil will be excavated, and also shows the

proposed location of the on-site treatment area. Following excavation activities, the soils will

be transported to the on-site treatment area. Depending on the type of contaminants, different

treatment techniques may be required at the site. For the purpose of this F'S, four {reatment
technologies/process options have been retained as applicable for the COCs in the soils at the

operable unit. They include land treatment, in situ volatilization, chemical dechlorination,

and incineration.

Land treatment would be applicable for soils contaminated with biodegradable organics such
as VOCs and nonchlorinated pesticides. In situ volatilization (also commonly referred to as
vapor extraction) would be applicable for the VOC-contaminated soils and, to a lesser degree,
SVOC-contaminated soils. Chemical dechlorination would be appliéable for the PCB-
contaminated soils. Whereas, a mobile incinerator would be applicable to all of the soil COCs.
Table 4-3 (see Section 4.0) presents a listing of which of these technologies are applicable to
the Soil AOCs. The decision as to what technology or technologies will be used under this

RAA will be based on economics and implementability (refer to the detailed evaluation
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presented in Section 5.0). The estimated capital and O&M costs of this alternative based on
four possible technology combinations range from $1.5 million to $6.6 million, and $0 to
$330,000, respectively. The present worth for these options range from $1.7 million to
$6.6 million. '

Soil RAA No. 4 is a combination of Soil RAA Nos. 2 and 3. This RAA includes the excavation
and consolidation of the PCB-contaminated soils and placement under a soil cover placed
within Open Storage Lot 203 (i.e., partial capping); and the excavation and treatment of the
soil from the remaining Soil AOCs (i.e., partial on-site treatment). As shown in Table 4-2 (see
Section 4.0), the technologies/process options included with this RAA include monitoring, deed
restrictions, fencing, capping, grading, revegetation, soil excavation, and on-site treatment.
Figure 4-15 (see Section 4.0) depicts the approximate areas of soil that will be excavated, and

also shows the proposed locations of the on-site cap and treatment areas.

The principal objectives of this RAA are to consolidate the PCB-contaminated soils into one
area and to treat the other contaminated soils on site. The main components of this
alternative are described below. The rationale behind this option is based primarily on the
economics of treating PCB-contaminated soils, which in general, are significantly more costly
than treatment options for soils contaminated with other constituents. The estimated capital
and O&M costs of this alternative are $926,000 and $81,000, respectively. The present worth
is estimated at $1.6 million.

Soil RAA No. 5 includes the excavation and off-site treatment and/or disposal of the
contaminated soils from all of the Soil AOCs. The approximate area of soils to be excavated
and treated is the same as for Soil RAA No. 3. Refer to Figure 4-10 in Section 4.0 for the areas
to be excavated. The technologies/process options included under this RAA include soil
excavation, grading, revegetation, and off-site treatment/disposal at a permitted facility. The
estimated capital cost of this alternative is $5.5 million (nonhazardous) and $20.4 million

hazardous). There are no annual O&M costs associated with this alternative.

The Capping and On-Site Treatment (Limited Areas of Concern) RAA (No. 6) is essentially the
same as RAA No. 4 except that some of the AOCs will not be remediated. Specifically, AOCs
Nos. 2, 3, and 6 will not be remediated under this alternative since the only action level
exceeded would be for future use of the area as residential. Given that the Camp Lejeune
Master Plan (a planning document for future base operations) does not indicate that the area

will be used for residential housing, and because this area of the base will be used for open
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7~ storage, only those AOCs (Nos. 1, 4, and 5) which exhibit levels of contaminants exceeding
| action levels established for the protection of base personnel working at the site, are addressed
under this alternative. Under this alternative, AOC No. 1 soils will be remediated via in situ
volatilization. Area of Concern No. 4 soils (PCB contamination) and AOC No. 5 soils (pesticide
contamination) will be excavated and placed within Lot 203 under a soil covei'. The estimated
capital and O&M costs of this alternative are $710,000 and $81,000, respectively. The present
worth is estimated at $1.4 million.

RAA No. 7 (On-Site Treatment and Off-Site Disposal) includes the on-site treatment of the
VOC-contaminated soils (AOC1) via in situ volatilization and the off-site disposal of the soils
. from the other AOCs. The technologies/process options included under this RAA include soil
excavation, grading, revegetation, in situ treatment, monitoring, fencing, and off-site
disposal. The estimated capital cost for this RAA is $1.3 million. Annual O&M costs of
$50,000 have been estimated for 5 years. Therefore, the present worth is approximately $1.5

million.
The remedial alternatives for addressing soil were evaluated against the nine evaluation

o criteria previously identified. A comparison of these soil remediation alternatives with

respect to these nine criteria is provided on Table ES-4.

ES-23



ye-SH

TABLEES-4

SUMMARY OF DETAILED ANALYSIS - SOIL RAAs
FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

RAANo. 4

RAANo.6

L0/L0/L0-80'Y-0S2LO-F3TO

e RAANo. 1 RAA No.2 RAA No.3 Capping and On Site RAA No.5 C d On-Site RAAN
Evaluation Criteria N Y \ pping Off-Site apping and On-Si .
No Action Capping On-Site Treatment Treatmen T re Treatment (Limited | On-Site Treat
(All Areas of Conoern) tment/Disposal Areas of Concern) Off:ite Di
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1.0 INTRODUCTION

Marine Corps Base (MCB) Camp Lejeune was placed on the Comprehensive Eﬁvironmental
Response, Compensation, and Liability Act (CERCLA) National Priorities List (NPL) on
October 4, 1989 (54 Federal Register 41015, October 4, 1989). The United States
Environmental Protection Agency (USEPA) Region IV, the North Carolina Department of
Environment, Health and Nat\;ral Resources (NC DEHNR) and the United States
Department of the Navy (DoN) then entered into a Federal Facilities Agreement (FFA) for
MCB Camp Lejeune. The pﬁmary purpose of the FFA was to ensure that environmental
impacts associated with past and present activities at the MCB were thoroughly investigated
and appropriate CERCLA response/Resource Conservation and Recovery Act (RCRA)
corrective action alternatives were developed and implemented as necessary to protect public

health and the environment.

The Fiscal Year 1994 Site Management Plan for MCB Camp Lejeune, a primary document
identified in the FFA, identifies 27 sites requiring Remedial Investigation/Feasibility Study
(RI/FS) activities. This report documents the FS completed for three of these sites: Site 6,
Site 9, and Site 82. Collectively these sites comprise Operable Unit (OU) No. 2 at MCB Camp
Lejeune. The purpose of this F'S is to select a remedy that: is protective of human health and
the environment; attains Federal and State requirements; and is cost effective.

This FS has been prepared by Baker Environmental, Inc. (Baker) under the DoN Atlantic
Division Naval Facilities Engineering Command (LANTDIV) CLEAN Program for Contract
Task Order 0133 (Remedial Investigation/Feasibility Study for Sites 6, 9, 48, and 69). This FS
has been conducted in accordance with the guidelines and procedures delineated in the
National Contingency Plan (NCP) for remedial actions {40 Code of Federal Regulations (CFR)
300.430]. These NCP regulations were promulgated under CERCLA, commonly referred to as
Superfund, and amended by the Superfund Amendments and Reauthorization Act (SARA)
signed into law on October 17, 1986. The USEPA’s document Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA (USEPA, 1988a) has been
used as guidance for preparing this document.

This FS has been based on data collected during the RI conducted at. Sites 6, 9, and 82 (Baker,

1993). Field investigations at Sites 6, 9, and 82 were conducted from August 1992 and
continued through April 1993. Results of the field investigations are summarized in the RI
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N . and Ecological Risk Assessment Reports under separate cover. The following field activities

were performed as part of the RI:

Site surveying

Test pit excavating

Geophysical surveying

Ordnance surveying/removal

Drum sampling

Installation of 27 shallow and 13 deep monitoring wells
Two rounds of groundwater sampling

Soil sampling

Surface water and sediment sampling

Ecological and aquatic sampling

In total, 937 samples were collected from Sites 6, 9, and 82 during the first phase of the Rl and
analyzed in accordance with Contract Laboratory Program (CLP) protocol, not including
qualify assurance/quality control (QA/QC) samples. These samples included 49 groundwater
~ samples, 317 surface soil samples, 385 subsurface soil samples, 48 surface water samples, 64
' sediment samples, 49 drum samples, 14 subsurface soil samples collected from test pit
excavations, and 11 ecological fish samples. Additional groundwater and soil samples were
collected during the second phase of the RI.

1.1 Purpose and Organization of the Report

1.1.1 Purpose of the Feasibility Study

The purpose of the FS for OU No. 2 is to select a remedy that: is protective of human health
and the environment; attains Federal and State requirements that are applicable or relevant

and appropriate; and is cost effective.

In general, the FS process under CERCLA serves to ensure that appropriate remedial
alternatives are developed and evaluated, such that relevant information concerning the
remedial action options can be presented and an appropriate remedy selected. The FS involves

two major phases:
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o Development and screening of remedial action alternatives, and

e Detailed analysis of remedial action alternatives.

The first phase includes the followirig major activities: (1) developing remedial action
objectives and remediation goals, (2) developing general response actions, (3) identifying
volumes or areas of affected media, (4) identifying and screening potential technologies and
process options, (5) evaluating process options, (6) assembling alternatives, (7) defining
alternatives, and (8) screening and evaluating alternatives. Section 121(b)(1) of CERCLA
requires that an assessment of permanent solutions and alternative treatment technologies or
resource recovery technologies that, in whole or in part, will result in a permanent and
significant decrease in the toxicity, mobility, or volume of the hazardous substance, pollutant,
or contaminant be conducted. In addition, according to CERCLA, treatment alternatives
should be developed ranging from an alternative that, to the degree possible, would eliminate
the need for long-term management to alternatives involving treatment that would reduce
toxicity, mobility, or volume as their principal element. A containment option involving little

or no treatment and a no action alternative should also be developed.

The second major phase of the FS consists of: (1) evaluating the potential alternatives in detail
with respect to nine evaluation criteria to address statutory requirements and preferences of

CERCLA, and (2) performing a comparison analysis of the evaluated alternatives.
1.1.2 Report Organization

This FS Report is organized in six sections. The introduction (Section 1.0) presents the
purpose of the report, a brief discussion of the FS prdcess, and pertinent site background
information including a summary of the nature and extent of contamination at the operable
unit. Section 2.0 contains the remedial action objectives (including remediation goals) that
have been established for the operable unit. Section 3.0 contains the identification of general
response actions, and the identification and preliminary screening of the remedial action
technologies and process options. Section 4.0 contains the development and preliminary
screening of remedial action alternatives. Section 5.0 presents the results of the detailed
analysis of the remedial alternatives (both individual analysis and comparative analysis).
The detailed analysis is based on a set of nine criteria including short- and long-term

effectiveness, implementability, cost, state and lécal acceptance, compliance with applicable
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et regulations, and overall protection of human health and the environment. The references are
listed in Section 6.0.

1.2 Site Background Information

Background information pertaining to OU No. 2 is presented below. Additional details
pertaining to the operable unit can be found in the RI Report (Baker, 1993).

1.2.1 Site Description

Camp Lejeune is a training base for the Marine Corps, located in Onslow County, North
Carolina (Figure 1-1). The base covers approximately 170 square miles and is bounded to the
southeast by the Atlantic Ocean, to the northeast by State Route 24, and to the west by U.S.
Route 17. The town of Jacksonville, North Carolina is north of the base.

The study area for this FS is OU No. 2, which consists of Sites 6, 9 and 82. OU No. 2 is located
approximately two miles east of the New River and two miles south of State Route 24. In
A general, OU No. 2 is bounded by Wallace Creek to the north, Holcomb Boulevard to the west,
Sneads Ferry Road to the south, and Piney Green Road to the east. OU No. 2 covers an area of

approximately 210 acres.

Note that Site 82 was originally referred to as “the wooded area north of Lot 203” in the Final
RI/FS Work Plan for QU No. 2. During the RI, it was found that this “wooded area” was
previously investigated and named Site 82 - Piney Green Road VOC Area. Therefore, the
wooded area will now be properly referred to as Site 82.

The site descriptions for all three sites included under OU No. 2 are presented below. The site
plans for Sites 6, 9, and 82 are shown on Figures 1-2 and 1-3.

1.2.1.1 Site 9 Description

Site 9 is the “Fire Fighting Training Pit at Piney Green Road” (also referred to as the “Fire
Training Area”). The site covers an area of approximately 2.6 acres. In general, the Site 9
study area is bounded by Holcomb Boulevard on the west, Bear Head Creek approximately 500
feet to the north, Piney Green Road on the east, and Sneads Ferry Road on the south.

1-4
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Locally, the site is bounded by unnamed, unpaved roads leading to various storage buildings

in the vicinity. In addition, Site 6 forms the northern boundary of Site 9.

As shown on Figure 1-3, Site 9 consists of an asphalt-lined fire training pit, an oil/water
separator, four aboveground storage tanks (ASTs), three propane tanks, and a fire tower
(smoke house). The fire training pit, located in the southern area of the site, is used to conduct
training exercises for extinguishing fires caused by flammable liquids. The oil/water
separator is located next to the fire training pit to collect water used in the training exercises
and storm water that falls into the pit. The recovered product collected in the oil/water
separator is disposed off site. Two of the ASTs at Site 9 are 2500-gallon steel tanks that are
labeled “DO NOT USE.” These tanks are not currently in use. Two additional ASTs, located
within a concrete containment area, are currently in use. These tanks are constructed of steel
and have a capacity of 500 gallons each. The smoke house, located in the northern part of Site
9, is also used for training exercises. No fuel products are used in this area of the site.

1.2.1.2 Site 6 Description

— Site 6 is located in between Sites 9 and 82. Site 6 is bounded on the north by Site 82, by Piney
| | Green Road on the east, by Site 9 and woods on the south, and by the Camp Lejeune Railroad
(Holcomb Boulevard) on the west. Site 6 covers an area of approximately 177 acres that
incorporates Storage Lots 201 and 203, several wooded areas, and the ravine. Three surface
water bodies are associated with Site 6 for the purpose of this FS: Wallace Creek, Bear Head
Creek, and a ravine located north of Open Storage Lot 203 that drains into Wallace Creek.
Specific details of the individual areas that make up Site 6 are described below.

Open Storage Lot 201

Open Storage Lot 201 is a fenced lot located in the south central portion of Site 6 (Figure 1-2).
It is a flat area with sparse vegetation around the fence lines. The ground surface is densely
compacted soil. Lot 201 is bordered by woods to the north, east, and south, and by the Camp
Lejeune Railroad (Holcomb Boulevard) to the west. The lot is approximately 25 acres in size.
It is currently being used forr the storége of military vehicles and equipment, lumber,
hydraulic oils and lubricants, non-polychlorinated biphenyl (PCB) transformers, and other
supplies (ESE, 1992).
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QOpen Storage Lot 203

Open Storage Lot 203 is a fenced lot located in the northern portion of Site 6 covering
approximately 41 acres (Figure 1-2). Lot 203 is a relatively flat area with elevation differences
of approximately five feet. Lot 203 varies in vegetation from a hard compact surface with no
vegetation to areas with loose sandy soil and dense vegetation. Lot 203 is bordered by Site 82
and the ravine to the north, Piney Green Road to the east, woods to the south, and by the Camp
Lejeune Railroad (Holcomb Boulevard) to the west. Lot 203 is currently inactive, but it still
contains randomly stored scrap materials from former activities such as rubber rafts, shredded
tires, radio/ communications parts, empty ammunition boxes, spent ammunition casings,
fiberglass-like material, barbed wire fencing, used demolition kit training materials, a non-
PCB transformer, wooden pallets, metal debris, and §5-gallon drums.

The 55-gallon drums found on Lot 203 were observed in small groupings throughout the lot.
The majority of the drums, if labeled, were identified as containing lubricants, petroleum
products, or corrosives. Empty storage tanks were also found on Lot 203. They were labeled as

containing diesel fuel, gasoline, and kerosene (Baker, 1992).
Ravine Area

A ravine is located in the northwest section of Site 6 (along the northern boundary of Lot 203)
and bisects Site 82. The elevation of the ravine ranges from 25 feet above mean sea level (msl)
at the north boundary of Lot 203 to 5 feet above msl where the ravine drains into Wallace
Creek at Site 82. The surface of the ravine area is littered with various debris including
batteries, fencing, tires, empty unlabeled drums, wire cables, commercial ovens, commodes,

and respirator cartridges. An empty drum labeled "DDT" (which is dichlorodiphenyl-

_trichloroethane) was also found in the ravine area as were small canisters labeled “DDT.”

Wooded Areas

Woods and open fields surround both Storage Lots 201 and 203 and make up the remaining
area of Site 6. The topography of the wooded areas is relatively flat, but localized trenching
and mounding is visible west of Piney Green Road. The wooded areas are randomly littered
with debris including spent ammunition casings, and empty or rusted drums. Many of the
drums observed were only shells or fragments of drums (Baker, 1992).
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1.2.1.3 Site 82 Description

Site 82, Piney Green Road VOC Site, is located directly north and adjacent to Site 6. It is
bordered to the north by Wallace Creek, to the east by Piney Green Road, to the west by
Holcomb Boulevard, and to the south by Site 6. Site 82 encompasses approximately 30 acres
and is predominantly covered by woodlands. The ravine previously described in
Section 1.2.1.2 bisects the site.

The site is randomly littered with debris including communication wire, spent ammunition
casings, and empty or rusted drums. Markings were observed on a few drums, however, most
of the drums did not contain markings due to their condition and age. Some of the drums were

marked as “lubrication oil” and “antifreeze.”

The topography within Site 82 is relatively flat near the southern portion of the site, but
becomes very steep near the bank of Wallace Creek. Localized trenching and mounding is
visible near the southern portion of the site. A second smaller ravine area is located along the

eastern boundary of the site.
1.2.2 Site History

The following paragraphs describe the documented history of OU No. 2. Waste storage and

disposal activities at the md1v1dual sites are described below.

1.2.21 Site 9 History

Site 9 has been used as a fire fighting training area from the early 1960s to the present. Fire
extinguishing activities took place in an unlined pit. In 1981, the pit was lined with asphalt.
The training fires in the pit were started with used oil, solvents, and contaminated fuels
(unleaded). Approximately 30,000 to 40,000 gallons of JP-4 and JP-5 fuels were also burned in
the fire training pit. Chemical retardants, containing diethylene glycol monobutyl ether, a
proprietary mixture of hydrocarbons, fluorosurfactants, and inorganic salts, were used
occasionally to extinguish the training fires (Baker, 1992).
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1.2.2.2 Site 6 History

Site 6 has a long history of various uses including the disposal and storage of wastes and
supplies. This section on the history of Site 6 has been broken down into Storage Lot 201,
Storage Lot 203, and the wooded and the ravine areas to simplify the historical descriptions of

these areas.

Storage Lot 201

Lot 201 is currently used to store military equipment, vehicles, hydraulic oils, and other
"nonhazardous” supplies. Pesticides were reportedly stored in the northeast and southeast
corners of the lot. Transformers containing PCBs were reportedly stored in the southwest
corner of the lot (Water and Air Research, 1983). No storage or disposal activities have

supporting documentation.

Storage Lot 203

Storage Lot 203 has been used as a disposal area since the 1940s, although there has been
little documentation on the actual disposal activities. Pesticides were reported to have been
stored in a trailer on Lot 203 as well as in the southeést portion of the lot (Memorandum,
17 January 1989). Drums of DDT were found in the southwestern portion of the lot in 1989
(Memorandum, 12 January 1989). Five 55-gallon drums and surrounding soil were
containerized and disposed. Former employees at Lot 203 have reported disposal of various
chemicals including PCBs, cleaning solvents, electrolytes from used batteries, and waste oils.
Lot 203 was also used for the storage and disposal of radio and communication parts, shredded
tires, lubricants, petroleum products, corrosives, expended demolition kit training materials,
ordnance, sheet metal debris, wire cables, and wooded pallets. Lot 203 in not currently active
as a storage or disposal area, but the ground surface is littered with various debris. Empty and
full 55-gallon drums were found at various locations on Lot 203.

Lot 203 is currently fenced. From historical photographs, it appears that the fenced

boundaries have changed since the lot was in operation.
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~ ' Wooded and Ravine Areas

The surface of the wooded areas around Lots 201 and 203 is randomly littered with debris
including drums, metal storage containers, and rocket cartridges. No organized disposal
operations are documented for the wooded areas. A ravine is located on the northern boundary
of Lot 203. Based on the deposition of the debris in the ravine, it appears that trucks may have
dumped their contents into the ravine from Lot 203.

1.2.2.3 Site 82 History

Site 82 is randomly littered with debris. No organized disposal operations are documented for
this site. It appears that the Site 82 area was used for the disposal of miscellaneous debris
from Lot 203 (Site 6) since similar items were identified at both sites. Although the name of
the site implies the disposal of volatile organic compounds (VOCS), there is no known

documentation regarding the quzintity or areas of disposal.
1.2.3 Investigation and Studj' History

In response to the passage of CERCLA, the DoN initiated the Navy Assessment and Control of
Installation Pollutants (NACIP) program to identify, investigate, and clean up past hazardous
waste disposal sites at Navy installations, The NACIP investigations conducted by the DoN
consisted of Initial Assessment Studies (IAS), similar to the USEPA’s Preliminary
Assessments/Site Investigations (PA/SI) and Confirmation Studies, similar to USEPA’s RI/FS.
When the Superfund Amendment and Reauthorization Act (SARA) was passed in 1986, the
DoN aborted the NACIP program in favor of the Installation Restoration Program (IRP),
which adopted the USEPA Superfund procedures.

The following sections summarize the previous investigations performed at OU No. 2.

1.2.3.1 Initial Assessment Study

An IAS was conducted by Water and Air Research, Inc., in 1983. The IAS identified a number
of sites at MCB Camp Lejeune as potential sources of contamination, including the sites
discussed in this FS. The IAS reviewed historical records and aerial photographs, as well as

N performing field inspections and personnel interviews to evaluate potential hazards at various
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sites on MCB Camp Lejeune. The IAS recommended performing confirmation studies at

Sites 6 and 9 to evaluate the necessity of conducting mitigating actions or clean-up operations.

1.2.3.2 Confirmation Study

A Confirmation Study was conducted by Environmental Science and Engineering, Inc. (ESE)
in 1984 through 1987. The purpose was to investigate the potential source areas identified in
the IAS. The Confirmation Study was divided into two separate reports: a Verification Step
conducted in 1984 and a Confirmation Step conducted in 1986 through 1987. Seil, sediment,
surface water and groundwater were sampled as part of the Confirmation Study (ESE, 1992).
Detailed results of this study can be found in the RI Report for OU No. 2.

1.2.3.3 Soil Gas Survey

A Site Survey Report was prepared by MCB Camp Lejeune in February 1989. The purpose of
this survey was to identify the presence of volatile organic compounds using soil gas analysis
that may potentially affect personnel working at Storage Lot 203. The survey was conducted
by MCB Camp Lejeune personnel. '

The results of the testing found that “no imminent hazards were observed” and that all of the

tests were negative except for a localized soil stain from a former spill.

1.2.3.4 Site Investigation

A site investigation was conducted at Site 82 in June 1991 by Halliburton NUS
Environmental Corporation (NUS). This investigation was initially conducted as part of a
study for Site 6. The investigation consisted of drilling six shallow soil borings and installing
three shallow monitoring wells; soil and groundwater sampling; and surface water and
sediment sampling of Wallace Creek. Organic contamination was detected in all of the media
sampled.

During this investigation, it was determined that the source of VOCs detected in Wallace

Creek most likely was not from Site 6. Therefore, the area north of Lot 203 was considered a
new site, Site 82 (NUS, 1992).
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1.2.35 Site Assessment

A Site Assessment Report was prepared by ESE in March 1992 (ESE, 1992). This report
contained a summary of the Confirmation Study done by ESE at an earlier date and a
preliminary risk evaluation for Site 6. The Site Assessment Report recommended that a full

human health and ecological risk assessment be performed at Site 6.

1.2.3.6 Remedial Investigation

The Remedial Investigation (RI) field program at OU No. 2 was initiated by Baker
Environmental, Inc. to characterize potential environmental impacts and threats to human
health resulting from previous storage, operation, and disposal activities. The first phase of
investigation activities commenced on August 21, 1992, and continued through November 10,
1992. This first part of the field program consisted of av preliminary site survey; an unexploded
ordnance survey; a geophysical survey; a soil investigation including drilling and sampling; a
groundwater investigation including monitoring well installation (shallow and deep wells) -
and sampling; drum waste sampling; test pit sampling; a surface water and sediment
investigation; and an aquatic and ecological survey. A second phase of the investigation
focused on the groundwater contamination identified at Site 82. The second phase was
conducted in early 1993 and completed by April 1993. The results of the RI are summarized
below.

Levels of organic contamination including PCBs, pesticides, VOCs, and semivolatile organic
compounds (SVOCs) are present throughout OU No. 2 in the various media (i.e., soil,
groundwater, surface water, and sediments). Pesticides, PCBs, VOCs, and SVOCs appear to
be the predominant contaminants of concern (COCs) in soils (mostly in surface soils) and
sediments, VOCs appear to be the COCs in groundwater in both the surficial (less than 25 feet
in depth) and deep (greater than 100 feet in depth) portions of the groundwater aquifer. In
addition, VOCs appear to be the COCs in the surface water. Several areas were identified
within OU No. 2 which exhibited significant levels of organic contamination. These areas are
loqated within Lot 201 [PCBs, pesticides, VOCs, and SVOCs (northeastern corner of lot)), the .
ravine area (PCBs, pesticides, and SVOCs), Site 82 (VOCs and SVOCs), and Wallace Creek
(VOCs). A sﬁmmary of the organic data collected from OU No. 2 is presented in Appendix A.

Inorganic contaminants are also present throughout OU No. 2 in the various media. The

predominant inorganic COCs appear to be barium, cadmium, chromium, lead, manganese,

1-14




CLEJ-01250-4.08-01/01/01

silver, and zinc. These contaminants were identified in soils above background levels (i.e.,
compared to normal background levels for Camp Lejeune soils). In some cases, the inorganic
contaminants identified in groundwater were detected above the Federal drinking water
standards and/or the North Carolina Water Quality Standards. Additionally, several of these
contaminants were detected above ambient water quality guidelines. A summary of the

inorganic data collected from the Rl is presented in Appendix A.

1.2.3.7 Baseline Risk Assessments

Human Health Risk Assessment

Baker conducted a baseline human health risk assessment (RA) for surface soil, groundwater,
surface water, sediment and biota at QU No. 2 in 1993. This RA is a component of the RI for
OU No. 2. The RA concluded that‘future potential ingestion of groundwater may potentially
result in an increased human health risk to potential future receptors (i.e., child residents,
adult residents, civilian base employees). The increase in the potential human health risk
from ingestion of groundwater is due to the presence of chlorinated hydrocarbons [e.g.,
trichloroethene (TCE), vinyl chloride, etc.], and total inorganic concentrations of arsenic and

beryllium.

Human health risks associated with soil were within the USEPA target range of 1.0E-4 to

1.0E-6 under existing and future land use scenarios.
Ecological Risk Assessment

A basgline ecological RA was also conducted by Baker in 1993 for OU No. 2. The
summary/conclusions for this ecological RA are discussed below with respect to Wallace Creek
and Bear Head Creek.

Wallace Creek

Toluene, silver, benzene, phenols, and selenium were detected in fish and crab tissue samples.
The fish tissue concentrations were within the range of tissue concentrations for these
contaminants reported in ecological studies conducted throughout the United States. Because
of the limited database, it cannot be determined whether the contaminants detected in the fish

and crab tissues are due to offsite contaminant migration and subsequent bioaccumulation.
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The fish community at OU No. 2 had elevated tissue concentrations of the following COCs:
pesticides, PCBs, TCE, and zinc. Due to the nature of the COCs, these constituents may be
attributed to OU No. 2; however, further studies are required to verify this because of the
limited database.

Bear Head Creek

Toluene, cadmium, benzene and selenium were detected in fish and crab tissue samples. ‘i‘he
fish tissue concentrations were within the range of tissue concentrations for these
contaminants reported in ecological studies. Because of the frequency of detection of these
contaminants both upstream and downstream from OU No. 2, the contaminants may not be
attributed to the sites.

The fish community in Bear Head Creek had elevated tissue concentrations of the following
COCs: pesticides, PCBs, and zinc. Due to the nature of the COCs, these constituents may be
attributed to OU No. 2.

1.2.3.8 Time Critical Removal Action

A Time Critical Removal Action is currently in the design phase for the drums and containers
located within Sites 6 and 82. The removal activities are scheduled to begin in the winter of
1993. The purpose of the removal action is to remove drums and containers,A and five
aboveground storage tanks from the sites, as well as containers buried in trenches north and
south of Storage Lot 203. The removal action also includes excavating visually contaminated
goils from around buried drums and containers, and beneath the aboveground storage tanks.

The general areas where drums, containers and aboveground storage tanks were identified at
the sites are shown on Figure 1-4. A summary of the types of storage vessel, the locations, and
the known contents of the vessels are listed on Table 1-1. ‘

1.24 Nature and Extent of Contamination

Based on the results of the various environmental investigations conducted at OU No. 2

S during the RI, conclusions with respect to the nature and extent of contamination at the three

sites were developed as listed below. Please note that various drums and containers were
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TABLE 1-1

REMOVAL ACTION DRUM AND CONTAINER SUMMARY
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

L0/L0/L0-80°-0S2LO0-rI1D

Removal Area Drums and Containers Contents
A 15 - 55 Gallon Steel Drums (5 empty) Lubricating Oil
29 - 10 Gallon Steel Drums (all empty) Unknown Material
1 - 5 Gallon Polyethylene Drum
B 23 - 55 Gallon Steel Drums (20 empty) : Lubricating Oil
3 - __55 Gallon Polyethyelene Drums (all empty) White Kerosene
4 - 250 Gallon Steel Above Ground Storage Tanks (more than half full) Kerosene
1 -__ 500 Gallon Steel Above Ground Storage Tank
C 18 - 55 Gallon Steel Drums (11 empty) Lubricating Oil
11 - ___65 Gallon Fiberglass Drums (9 empty) Unknown Material
1 - 55 Gallon polyethylene Drum (empty)
D 3 - 55 Gallon Steel Drums Lubricating Oil . -
6 - 5 Gallon Steel Drums Polishing Compound (Pint Containers)
650 - 1 Pint Steel Containers (number approximate) Unknown Material
E 44 - 55 Gallon Steel Drums (35 empty) Lubricating Oil, Unknown, Hydraulic
Fluid, Grade 80 Lubricating Oil,
_ Diesel Fuel
F 11 - 10 Gallon Steel Drums (4 extremely decayed) Decontaminating Agent
Unknown Material
G 12 - 55 Gallon Steel Drums (all empty) Unknown Material
2 -5 Gallon Steel Drums :
H 9 - 55 Gallon Steel Drums (previous investigation - derived wastes, 1 No samples taken
empty)
1 14 - 55 Gallon Steel Drums (11 empty) Unknown Material
d 8 - 55 Gallon Steel Drums (all empty) Unknown Material
2 - 5 Gallon Steel Drums
K 6 - 55 Gallon Steel Drums (all empty) No samples taken
Miscellaneous Drums 5 - 55 Gallon Steel Drums (all empty) No samples taken
Trenches 6-TP5and | 1/2 Galion to 5 Gallon Containers 5°to 7° Resembles No. 6 Fuel Oil
6-TP7 ‘Metal Debris

Greenish-blue grease material

Trenches: GS-1960D
and GS-1960E

5 Gallon Containers in poor condition at 2' to 6' deep
Communication Wire
Metal debris

Unknown Material
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P noted throughout Sites 6 and 82. All surficial drums/containers and known buried drums are

being removed from OU No. 2 through a Time Critical Removal Action which will be

conducted prior to implementing any remedial alternative developed in this FS.

Site 9

Site 6 -

Ongoing fire training exercises at Site 9 have not significantly impacted either soil or

groundwater quality.

Low levels of pesticides present at Site 9 are likely the result of former pest control

practices and not associated with waste disposal.

Potential human health risks to military personnel training at Site 9 are within the
incremental carcinogenic risk (ICR) range of 1.0E-4 and 1.0E-6.

Lot 201

N [ J

The northeast corner of Lot 201 at the former pesticide storage area is contaminated
with elevated levels of pesticides that may be associated with former waste
storage/handling activities. The extent of soil contamination is limited in area since

only two sampling locations exhibited elevated contaminant levels.

Former waste storage/handling activities at Lot 201 have not adversely impacted

groundwater quality in this portion of OU No. 2.

‘The presence of low levels of pesticides throughout Lot 201 is indicative of former pest
control practices and is probably not associated with the former storége of pesticides.
Low levels of pesticides were detected at similar concentrations throughout the entire

210-acre operable unit,.

Reported storage of PCB transformers at Lot 201 has not resulted in significant
impacts to soil or groundwater.

Overall, the current health risk to base personnel working at Lot 201 is within the
target range of 1.0E-4 and 1.0E-6. '
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Site 6 - Lot 203

Pesticide levels detected in soil at Lot 203 are not indicative of pesticide disposal.
Pesticide levels at Lot 203 are comparable to other portions of OU No, 2. The southeast
corner of Lot 203 did not reveal elevated pesticide levels given that pesticides were

reported to be disposed in this area.

The area of Lot 203 near the former railroad spur may be associated with previous
disposal activities. A limited number of surface and subsurface soil samples collected
near the former railroad spur have revealed elevated levels of PCB (Aroclor-1260) and
PAHs. Historical aerial photographs indicate significant activity (i.e., surficial

anomalies) in this area of Lot 203.

Disposal activities may have occurred in the north central portion of Lot 203 where
elevated levels of PCBs were detected in subsurface soil samples. In addition to PCBs,
elevated levels of PAHs were also detected in this area.

The reported PCB disposal area in the northeast corner of Lot 203 did not reveal
elevated levels of PCBs. The reported area may have been inaccurately identified in

Marine Corps memorandums.

Military training operations at Lot 203 resulted in a substantial amount of buried
debris including communication wire, shell casings, battery packs, small 5-gallon
containers, and bivouac wastes. No 55-gallon drums were uncovered in any of the test
pit excavations. Trenches identified in historical photographs were primarily
excavated as a means to dispose of military-type wastes and not for purposes of

disposing hazardous wastes.

Numerous drums on the surface of Lot 203 present a potential impact to human health
and the environment. Samples collected from these drums indicate that some of the
drum contents are characteristically hazardous. None of the drums were noted to be
leaking.

Groundwater quality at Lot 203 has not been significantly impacted by former

disposal and storage practices. Trace levels of TCE were detected in well 6GW15,
which is located in the north central portion of Lot 203 where disposal activities may
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have occurred. Trace levels of TCE and tetrachloroethene (PCE) were detected in well
6GW23.

Well 6GW23 is located in the south central portion of Lot 203. The source of VOC
contamination in well 6GW23 is unknown. Soil samples collected from this borehole

as well as other nearby soil borings did not indicate a source.

e Currently, Lot 203 is inactive and access is restricted. If the storage lot resumes

operations, the potential human health risk (i.e., incremental carcinogenic risk) would
be within the target range of 1.0E-4 to 1.0E-6.

Site 6 - Wooded Areas

e PCBs were detected in surface soil near Piney Green Road east of Lot 201. Disposal

activities may have occurred in this area, which once served as a training area.

e Disposal activities may have occurred in the wooded area between Lot 201 and 203.

One location exhibited moderate levels of PCBs, PAHs, and pesticides in surface soil.

The horizontal and vertical extent of this contamination is limited.

e A former disposal area was identified during the test pit investigation in the wooded

area between Lot 201 and Lot 203. Numerous 5-gallon containers, bivouac wastes, and
‘battery packs were encountered. All of the containers were rusted and destroyed to the
point where their contents could not be identified; however, solvent-like odors were
observed by the sampling team. A sample of the sludge material near the containers
revealed that the material is characteristically hazardous due to elevated levels of
lead. Chloroform was also detected, but was below Toxicity Characteristics Leaching
Procedure (TCLP) regulatory levels.

e Groundwater quality in the wooded area south of Lot 203 (near the above-mentioned

disposal area) has been impacted by former disposal practices. Low levels of VOCs

(chloroform, chlorobenzene, phenol) were encountered in two wells.

e Potential human exposure to soil within the wooded portions of QU No. 2 would not

result in significant health risks. ICR values are within the acceptable risk range of
1.0E-4 and 1.0E-6. The area is frequented by hunters and military personnel.
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Site 82

Site 82 exhibited elevated VOC contaminant levels in soil at two locations near the
eastern portion of the site. This area is a potential source of VOC contamination in

groundwater.

A large quantity of drums and debris were observed on the surface and subsurface at
Site 82 near monitoring wells 6GW1S and 6GW1D. Samples collected of the waste

material analyzed the waste as No. 6 fuel oil, which is typically used for heating.

Other drums uncovered could not be identified, This area may also be a source of

groundwater contamination at Site 82.

Shallow and deep groundwater within Site 82 exhibited elevated levels of VOC

contaminants. Deep groundwater quality was found to be significantly more

contaminated than shallow groundwater quality.

The horizontal extent of shallow groundwater contamination is defined. The plume
apparently originates in the southern portion of Site 82 and discharges into Wallace
Creek. Contaminants have migrated into the deeper portion of the aquifer as
evidenced by elevated VOC levels in deep groundwater monitoring wells.

The horizontal and vertical extent of deep groundwater contamination has been
evaluated. The horizontal extent of off-site contamination west of Site 82 (beyond well
6GW37D), however, has not been fully defined. Moreover, the vertical extent has been
evaluated to a depth of 230 feet. It is unknown at this time whether contamination
extends below 230 feet. As mentioned previously, a clay layer is present at
approximately 230 feet which may impede the vertical migration of contamination.
For purposes of conducting the baseline human health and ecological risk assessment,
the current deep groundwater database is adequate. For purposes of performing a
feasibility study on the deep aquifer, the current database is also adequate to select
feagible remedial alternatives. However, additional data points west of Holcomb
Boulevard are required to support the design of an alternative which may employ
containment/extraction wells. In addition, the extent of groundwater contamination

along the clay layer and below the clay layer needs to be evaluated.
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Ravine

None of the TCL organics detected in the ravine exceeded applicable water quality
criteria values. Surface water concentrations of aluminum, cadmium, copper, iron,
lead, silver, and zinc exceeded the criteria in some of the samples. The exceedances of
these TAL inorganics occurred in upstream and/or downstream samples or were

infrequent in occurrence.

The presence of elevated levels of PAHs in soil and low levels of PCBs in sediment in
the upper portion of the ravine (i.e., near Lot 203) is most likely due to former disposal
practices. This portion of the ravine is filled with debris, including empty and
partially-filled 55-gallon drums. In addition, canisters with "DDT" markings were
found in the middle section of the ravine (between Lot 203 and Wallace Creek).

However, no elevated levels of pesticides were detected in the ravine sediments.

Soil contamination detected in the ravine has likely migrated to Wallace Creek via
surface runoff, Wallace Creek sediments revealed the same constituents detected in

ravine soils and sediments.

Because of the amount of debris and difficulty in accessing the ravine, it is unlikely
that human exposure would occur. ICR estimates for the wooded areas and ravine
area have indicated that potential human health risks are within the target range of
1.0E-4 and 1.0E-6.

Wallace Creek

o The presence of TCE, PCE, and other VOC contaminants in Wallace Creek is due to

shallow and possibly deep groundwater discharge.
Surface runoff from the ravine has impacted sediment quality. Elevated levels of
PAHs and PCBs are present in Wallace Creek. These contaminants were also detected

in the ravine.

Pesticides detected in sediment samples may be due to either runoff from the ravine

and/or historical pest control spraying practices. The highest levels of pesticides were
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— detected in two sampling stations that were located just downstream of where the

ravine discharges into Wallace Creek.

e None of the organic chemicals of concern detected in Wallace Creek exceeded

applicable water quality standards.

e Inorganic levels for aluminum, cadmium, copper, iron, lead, mercury, nickel, silver,
and zinc exceeded North Carolina Water Quality Standards and/or USEPA Region IV
acute or chronic water quality screening values. Upstream sampling locations also
exhibited inorganic levels which exceeded these standards. The presence of inorganic
constituents in Wallace Creek may not be associated with OU No. 2 since no source of

inorganic contamination is apparent.

e The fish population and diversity in Wallace Creek appears to be healthy, based on
population statistics. No anomalies were observed on any of the fish collected during

the aquatic survey.

P o Some of the fish collected in Wallace Creek exhibited tissue concentrations of PCBs,
pesticides, and TCE, which may be attributable to Site 82 and the ravine area.
Ingestion of fish taken from Wallace Creek could result in ICRs above the target point
of 1.0E-4. '

Bear Head Creek

¢ Sediment quality in Bear Head Creek may be impacted via surface runoff from the
' wooded areas. Low levels of PAHs, pesticides, and PCBs were detected in sampling
stations which border Site 6. VOC contaminants were also detected in sediment
samples; however, the source of VOC contamination unknown given that soil and
groundwater in this area was not contaminated with VOCs. Pesticides in sediment

are not likely associated with disposal practices.

e Inorganic constituents detected in sediment are not likely the result of disposal
practices at Sites 6 or 9.
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— o The fish community at Bear Head Creek appears to be healthy, based on population
statistics and observations. None of the fish collected at Bear Head Creek exhibited

lesions or other anomalies that would represent adverse conditions.

o The fish community in Bear Head Creek had elevated levels of pesticides, PCBs, and
zinc in tissue. The presence of these contaminants in fish tissue may be the result of
contaminated sediment. Ingestion of fish taken from Bear Head Creek could result in
ICRs above 1.0E-4.

1-25



CLEJ-01250-4.08-01/01/01

~

2.0 DEVELOPMENT OF REMEDIAL ACTION OBJECTIVES

This section presents the development of the remedial action objectives for QU No. 2.
Remedial action objectives are mediuin-speciﬁc or operable unit-specific goals established for
the protection of human health and environment. There are several steps involved in
developing these objectives for a site including identifying the contaminants of concern
(COCs); identifying routes of exposure and receptors; and establishing an acceptable
contanﬁinant level or range of levels for each exposure route (i.e., the remediation goals). The
development of the remedial action objectives via these steps are detailed in the following

three sections. The resulting set of remedial action objectives are summarized in Section 2.4.

2.1 Contaminants of Concern

The results of the RAs (baseline human health and ecological) presented in the RI Report
(Baker, 1993) indicated that. groundwater was the media of concern, with respect to
carcinogenic and noncarcinogenic risks. The other media (soil, sediment, surface water, and
air) had incremental cancer risk (ICRs) less than 1.0E-4 and hazard indices (HIs) less than 1.0,
Therefore, the primary focus of this F'S is on groundwater remediation. Soil was added as a
media of concern for this FS due to a limited number of areas exhibiting elevated levels of
contaminants (hot spots) such as PCBs, pesticides, and VOCs. Note that for the entire
operable unit, the reasonable maximum exposure (RME) by more than one pathway does not

pose an unacceptable risk to human health or the environment.

Surface water, sediments, and air do not appear to be media of concern, based on the
conclusions drawn by the human health and ecological risk assessments. Although
contaminants were present in both media, neither media will be directly remediated since the
result may be a greater risk to the environment. However, remediation of the source of
surface water and sediment contamination (i.e., groundwater and soil, respectively) may

result in reducing the surface water and sediment contaminant levels over time.

Preliminary COCs initially identified and evaluated in the RAs were identified based on
frequency of detection, toxicity, and comparison to established criteria or standards. The set of
preliminary COCs identified for groundwater and soil is listed in Table 2-1. The detected
concentrations of these preliminary COCs will be compared to the remediation goals that will
be developed in Section 2.3. Any COC that does not exceed the applicable regulatory or health

based remediation goals will be eliminated from the set of COCs. In addition, an evaluation
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TABLE 2-1

PRELIMINARY CONTAMINANTS OF CONCERN
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Preliminary Preliminary
Contaminant Contaminant
Contaminant of Concern Jof Concern for Contaminant of Concern }of Concern for
Media Evaluated in the RA () the FS (2 Media |  Evaluated in the RA (1) the FS @)
Groundwater | Bromodichloromethane X Soil 1,4-Dichlorobenzene X
’ Chlombenzene X Benzene X
1,2-Dichloroethane X 1,2-Dichloroethene X
1,1-Dichloroethene X 11,1,2,2-Tetrachloroethane X
Trans-1,2-Dichloroethene X 1.1.1-Trichloroethane X
Ethylbenzene X L
X
1,1,2,2-Tetrachloroethane X Trichloroethene
Tetrachloroethene X
Tetrachloroethene X C X
1,1,1-Trichloroethane X ‘ hrysene
1,1,2-Trichloroethane X Acenaphthene . X
Trichloroethene X Phenanthrene
Vinyl Chloride X Anthracene X
Xylenes X Fluoranthene X
Phenol X Pyrene X
Antimony X Benzo(a)anthracene X
Arsenic X Benzo(b)fluoranthene X
Barium X Benzo(k)fluoranthene X
Beryllium X Benzo(a)pyrene X
Chromium X Indeno(1,2,3-cd)pyrene X
gopger i Dibenzo(a,h)anthracene
ey % 4,4-DDD X
M:ff;‘;se 3 4,4'DDE X
Nickel X 4’_4"DI‘)T X
Vanadium X Dieldrin X
Zinc X Endrin
' PCB-1260 X
() This list includes all of the potential contaminants of Arsenic X
concern evaluated in the Risk Assessment (Baker, .
1993). | Barium X
(2) The determination of the set of preliminary ' Beryll.xum X
contaminants of concern for the FS was based on two Cadmium X
criteria: (1) the contaminant was found tobe a Chromium X
contaminant of concern from the results of the RA, or X
(2) standards and/or criteria are established for the Lead
contaminant. Manganese X
Nickel X
Vanadium
Zinc X
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N will be conducted on the remaining. set of contaminants to determine areas and media of
concern for the operable unit. A final set of COCs will be identified which then will be the

basis for a set of remedial action objectives applicable to the operable unit.

2.2 Routes of Exposure and Receptors

The results of the human health and the ecological RAs indicated that the exposure routes of

concern for groundwater and soil include:

Ingestion of groundwater
Inhalation of particulates

Incidental ingestion of soil

Dermal contact with soil
Current receptors to these exposures routes would include adult base personnel and wildlife
(terrestrial and aquatic). Future potential receptors would include adult and children as '

residents.

2.3 Preliminary Remediation Goals

Preliminary remediation goals are established based on information such as Federal and State
criteria or risk-based action levels. Potential Federal and State criteria for OU No. 2 will be
identified and evaluated in Section 2.3.1. Site specific risk-based action levels for the COCs at
OU No. 2 will be developed in Section 2.3.2. The results from both of these sections will be
used to develop the initial set of preliminary remediation goals for the operable unit
(Section 2.3.3).

2.3.1 Applicable or Relevant and Appropriate Federal and State Requirements

Under Section 121(d)(1) of CERCLA, remedial actions must attain a degree of cleanup which
assures protection of human health and the environment. Additionally, CERCLA remedial
actions that leave any hazardous substances, pollutants, or contaminants on site must meet,
upon completion of the remedial action, a level or standard of control that at least attains
standards, requirements, limitations, or criteria that are "applicable or relevant and

appropriate” under the circumstances of the release. These requirements are known as
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"ARARs" or applicable or relevant and appropriate requirements. ARARs are derived from
both Federal and State laws. CERCLA's definition of "Applicable Requirements" is:

...cleanup standards, standards of control, or other substantive environmental protection
requirements, criteria, or limitations promulgated under Federal or State law that
specifically address a hazardous substance, pollutant or contaminant, remedial action,
location, or other circumstance at a CERCLA site. Drinking water criteria may be an
applicable requirement for a site with contaminated groundwater that is used as a

drinking water source.
CERCLA's definition of "Relevant and Appropriate Requirements"” is:

...cleanup standards, standards of control and other substantive environmental protection
. requirements, criteria, or limitations promulgated under Federal or State law that, while
not "applicable" to a hazardous substance, pollutant, contaminant, remedial action,
location, or other circumstance at a CERCLA site, address problems or situations
sufficiently similar to those encountered at the CERCLA site that their use is well suited
to the particular site.

There are three types of ARARs. The first type, chemical-specific ARARs are requirements
which set health or risk-based concentration limits or ranges for specific hazardous
substances, pollutants, or contaminants. Maximum Contaminant Levels (MCLs) established
under the Safe Drinking Water Act (SDWA) are examples of chemical-specific ARARs.

The second type of ARARS, location-specific, set restrictions on activities based upon the
characteristics of the site and/or the nearby suburbs. Examples of this type of ARAR include
Federal and State siting laws for hazardous waste facilities and sites on the National Register
of Historic Places.

The third classification of ARARs, action-specific, refers to the requirements that set controls
or restrictions on particular activities related to the management of hazardous substances,
pollutants, or contaminants. RCRA regulations for closure of hazardous waste storage units,
RCRA incineration standards, and pretreatment standards under the Clean Water Act (CWA)
for discharges to publicly owned treatment works (POTWSs) are examples of action specific
ARARs.
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Subsection 121(d) of CERCLA requires that Federal and State substantive requirements that
qualify as ARARs be complied with by remedies. Federal, State, or local permits do not need
to be obtained for removal or remedial actions implemented on site but their substantive
requirement must be obtained. "On site" is interpreted by the USEPA to include the a real
extent of contamination and all suitable areas in reasonable proximity to the contamination

necessary for implementation of the response action.

ARARs can be identified only on a site-specific basis. They depend on the detected
contaminants at a site, specific site characteristics, and particular remedial actions proposed
for the site. Potential ARARs identified for OU No. 2 are presented in the following section.

2.3.2 Potential ARARs Identified for OU No. 2

A set of chemical-specific, location-specific, and action-specific ARARs were identified and
evaluated for OU No. 2 and are discussed below.

2.3.2.1 Chemical-Specific ARARs

Potential chemical-specific ARARs identified for the preliminary COCs for OU No. 2 are listed
on Table 2-2. These ARARs were based on the following: the Federal MCLs, the North
Carolina Water Quality Standards NCWQSs) applicable to groundwaters, Federal risk-based
Health Advisories (HAs), the PCB Spill Cleanup Policy Under the Toxic Substances Control
Act (TSCA), Federal Ambient Water Quality Criteria (AWQCs), and the NCWQSs applicable
to surface waters. A brief description of each these standards is presented below.

Federal Maximum Contaminant Levels - MCLs are enforceable standards for public water
supplies promulgated under the SDWA and are designed for the protection of human health.
MCLs are based on laboratory or epidemiological studies and apply to drinking water supplies
consumed by a minimum of 25 persons. These standards are designed for prevention of human
health effects associated with a lifetime exposure (7 O-ygar lifetime) of an average adult (70 kg)
consuming 2 liters of water per day. MCLs also consider the technical feasibility of removing
the contaminant from the public water supply. As shown in Table 2-2,- MCLs have been
established for 22 of the 26 groundwater COCs.

North Carolina Water Quality Standards (Groundwater) - Under the North Carolina
Administrative Code (NCAC), Title 15A, Subchapter 2L, Section .0200, (15A NCAC 2L.0200)

2-5



92

TABLE 2-2

3

POTENTIAL CONTAMINANT-SPECIFIC ARARs
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Groundwater ARAR
Federal Health
Advisories®
(ng/L) )
Fora | Fora Soil ARAR
Groundwater MCL® {NCWQS(2)| 10k 70k, TSCA® Spill

Contaminant of Concern (pEIL) (gglL) Chil Adult Soil Contaminant of Concern Clean-up Policy
Bromodichloromethane 100 -(5) 1,000 | 5,000 |PCBs-smallspill/low concentrations visual
Chlorobenzene - 300 - .- PCBs - non-restricted access area 10mg/kg
1,2-Dichloroethane 5 0.38 700 2,600 | PCBs -industrial area 25 mg/kg
1,1-Dichloroethene 7 7 2,000 | 4,000 ]1,4-Dichlorobenzene -
Trans-1,2-Dichloroethene 100 70 20,000 | 6,000 ]Benzene -
Ethylbenzene 700 29 30,000 | 3,000 |]1,2-Dichloroethene -
1,1,2,2-Tetrachloroethane - - - - 1,1,2,2-Tetrachloroethane -
Tetrachloroethene 5 0.7 2,000 | 5,000 |1,1,1-Trichloroethane .
1,1,1-Trichloroethane 200 200 10,000 | 10,000 | Trichloroethene -
1,1,2-Trichloroethane 5 - 600 1,000 [ Tetrachloroethene -
Trichloroethene 5 2.8 - - PAHs (M -
Vinyl Chloride 2 0.015 3,000 50 ]4,4-DDD --
Xylenes 10,000 400 40,000 }100,000 | 4,4'-DDE -
Phenol - - 6,000 | 20,000 |4,4-DDT -
Antimony 6 - 15 16 |Dieldrin -
Arsenic 50 50 - - Arsenic -
Barium 2,000 1,000 - - Barium -
Beryllium 4 - 30,000 | 20,000 | Beryllium --
Chromium 100 50 1,000 800 |Cadmium -
Copper 1,300(6) 1,000 - - Chromium -
Lead 15(6) 50 - - Lead -
Manganese 50 50 - - Manganese -
Mercury 2 1.1 -- 2 Nickel -
Nickel 100 150 1,000 | 1,700 |Zinc -
Vanadium - - 80 110
| Zinc 5.000 5,000 - -

() MCL = Safe Drinking Water Act Maximum Contaminant Level (also'includes nonenforceable Secondary MCLs).
(2 NCWQS = North Carohna Water Quality Standards for Class GA Groundwaters.

(3) Health Advisories - Nonenforceable guidelines.

4 TSCA = Toxic Substance Control Act.

6 .=

No ARAR available or established.
© The MCL for this compound is an action level only.
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P the North Carolina Department of Environment, Health, and Natural Resources (NC
| DEHNR) has established groundwater standards (NCWQSs) for three classifications of
groundwater within the State: GA, GSA, and GC. Class GA waters are those groundwaters in
the State naturally containing 250 milligram per liter (mg/L) or less of chloride. These waters
are an existing or potential source of drinking water supply for humans. ‘Class GSA waters
are those groundwaters in the State naturally containing greater than 250 mg/L of chloride.
These waters are an existing or potential source of water supply for potable mineral water and
conversion to fresh water. Class GC water is defined as a source of water supply for purposes
other than drinking, The NCAC T15A:02L.0300 has established sixteen river basins within
the State as Class GC groundwaters (15A NCAC 2L.0201 and 2L.0300).

The water quality standards for the groundwaters are the maxiﬁmm allowable concentrations
resulting from any discharge of contaminants to the land or water of the State, which may be
tolerated without creating a threat to human health or which would otherwise render the
groundwater ﬁnsuitable for its intended best usage. If the water quality standard of a
subgtance is less than the limit of detectability, the substance shall not be permitted in
detectable concentrations. If naturally occurring substances exceed the established standard,
~ the standard will be the naturally occurring concentration as determined by the State.
Substances which are not naturally occurring and for which no standard is specified is not
permitted in detectable concentrations for Class GA or Class GSA groundwaters
(15A NCAC 21..0202).

The NCWQSs for substances in Class GA and Class GSA groundwaters are established as the

lesser of:

Systemic threshold concentration (based on reference dose and average consumption)
Concentration which corresponds to an incremental lifetime cancer risk of 1.0E-6
Taste threshold limit value

Odor threshold limit value

MCL

National Secondary Drinking Water Standard

Note that the water quality standards for Class GA and Class GSA groundwaters are the same
except for chloride and total dissolved solids concentrations (15A NCAC 2L.0202).
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The Class GA groundwater NCWQSs for the groundwater COCs for OU No. 2 are listed on
Table 2-2. As shown on the table, the majority of the State standards are the same or more
stringent than the Federal MCLs.

Federal Health Advisories (HAs) - Federal HAs are guidelines developed by the USEPA
Office of Drinking Water for nonregulated constituents in drihking water. These guidelines
are designed to consider both acute and chronic toxic effects in children (assumed body weight
10 kg) who consume 1 liter of water per day or in adults (assumed body weight 70 kg) who
consume 2 liters of water per day. HAs are generally available for acute (1 day), subchronic
(10 days), and chronic (longer-term) exposure scenarios. These guidelines are designed to
consider only threshold effects and, as such, are not used to set acceptable levels of potential

human carcinogens.

Long-term HAs for the groundwater COCs listed in Table 2-2 are included for both a child
(10 kg) and an adult (70 kg).

Toxic Substances Control Act - The PCB Spill Cleanup Policy (40 CFR 761.120 through
761.139) describes the level of cleanup required for PCB spills occurring after May 4, 1987.
Because this policy is not a regulation and applies only to recent spills, the Spill Policy is not
an ARAR for CERCLA response actions. However, as a codified policy representing
substantial scientific and technical evaluation, it has been considered in developing the
guidance cleanup levels for PCB contamination at CERCLA sites (USEPA, 1990a). A

summary of the policy with respect to soil contamination follows.

For spills of low concentration PCBs (50 ppm to 500 i)pm) involving less than one pound of
PCBs, all soils within the spill areas plus a one-foot lateral boundary must be excavated. The
excavation must be backfilled with clean (less than 1 ppm PCB) soil. No confirmation
sampling is required (USEPA, 1990a).

For spills of 500 ppm or greater PCBs and spills or low concentration PCBs or more than one
pound PCBs by weight in nonrestricted access areas, soil must be cleaned up to 10 ppm PCBs.
In addition, a cap of at least 10 inches of clean materia must be placed on top of the excavation.
Confirmation sampling is required (USEPA, 1990a).
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For spills of 500 ppm or greater PCBs and spills of low concentration PCBs of more than one
pound in industrial and other restricted access areas, cleanup of soil to 25 ppm is required.
Confirmation sampling is required (USEPA, 1990a).

These PCB-specific ARARs are listed in Table 2-2 with respect to contaminated soil.

2.3.2.2 Location-Specific ARARs

Potential location-specific ARARs identified for OU No. 2 are listed on Table 2-3. An
evaluation determining the applicability of these location-specific ARARs with respect to
OU No. 2 is also presented and summarized on Table 2-3. Based on this evaluation, specific

sections of the following location-specific ARARs may be applicable to OU No. 2:

Fish and Wildlife Coordination Act

Federal Endangered Species Act

North Carolina Endangered Species Act

Executive Order 11990 on Protection of Wetlands
Executive Order 11988 on Floodplain Management
RCRA Location Requirements

Please note that the citations listed on Table 2-3 should not be interpreted to indicate that the

entire citation is an ARAR. The citation listing is provided on the table as a general reference.

2.3.2.3 Action-Specific ARARs

Action-specific ARARs are typically evaluated following the development of alternatives since
they are dependent on the type of action being considered. Therefore, at this step in the
FS process, potential action-specific ARARs have only been identified and not evaluated for
OU No. 2. A set of potential action-specific ARARs are listed on Table 2-4. These ARARs are
based on RCRA, CWA, SDWA, Occupational Safety and Health Act (OSHA), and Department
of Transportation (DOT) requirements. Note that the citations listed on Table 2-4 should not
be interpreted to indicate that the entire citation is an ARAR. The citation listing is provided

on the table as a general reference.
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TABLE 2-3

POTENTIAL LOCATION-SPECIFIC ARARs EVALUATED
FOR OPERABLE UNIT NO. 2
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Potential Location-Specific ARAR g.e neFal ARAR Evaluation
itation

National Historic Preservation Act of | 16 USC 470, No known historic properties
1966 - requires action to take into 40 CFR 6.301(b), | are within or near OU No. 2,
account effects on properties included | and 36 CFR 800 | therefore, thigact will not be
in or eligible for the National considered as an ARAR
Register of Historic Places and to
minimize harm to National Historic
Landmarks.
Archeological and Historic 16 USC 469, and | No known historical or
Preservation Act - establishes 40 CFR 6.301(c) | archeological data is known
procedures to provide for to be present at the sites,
preservation of historical and therefore, this act will not be
archeological data which might be considered as an ARAR.
destroyed through alteration of
terrain.
Historic Sites, Buildings and 16 USC 461467, | No known historic sites,
Antiquities Act - requires action to and 40 CFR buildings or antiquities are
avoid undesirable impacts on 6.301(a) within or near OU No. 2,

landmarks on the National Registry

therefore, this act will not be

of Natural Landmarks. considered as an ARAR.
Fish and Wildlife Coordination Act- | 16 USC 661-666 | Wallace Creek and Bear
requires action to protect fish and Head Creek are located

wildlife from actions modifying within the operable unit

streams or areas affecting streams.

boundaries. If remedial
actions are implemented that

modify these creeks, this will

be an applicable ARAR.
Federal Endangered Species Act - 16 USC 1531, 50 | Many protected species have
requires action to avoid jeopardizing | CFR 200, and 50 | been sited near and on MCB
the continued existence of listed CFR 402 Camp Lejeune such as the

endangered species or modification of
their habitat.

American alligator, the
Bachmans sparrow, the
Black skimmer, the Green
turtle, the Loggerhead turtle,
the piping plover, the Red-
cocaded woodpecker, and the
rough-leaf loosestrife
(LeBlond, 1991),(Fussell,
1991),(Walters, 1991). In
addition, the alligator has
been sighted in Wallace
Creek. Therefore, this will be
considered as an ARAR.
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TABLE 2-3 (Continued)

POTENTIAL LOCATION-SPECIFIC ARARs EVALUATED
FOR OPERABLE UNIT NO. 2
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Potential Location-Specific ARAR g’e ne}'al ARAR Evaluation
itation

North Carolina Endangered Species | GS 113-331 to Since the American alligator

Act - per the North Carolina Wildlife | 113-337 has been sighted in Wallace

Resources Commission. Similar to Creek, this will be considered

the Federal Endangered Species Act, as an ARAR.

but also includes State special

concern species, State significantly

rate species, and the State watch list.

Rivers and Harbors Act of 1899 33 USC 403 No remedial actions will

(Section 10 Permit) - requires permit affect the navigable waters of

for structures or work in or affecting the New River. Therefore,

navigable waters. . T this act will not be considered
asan ARAR.

Executive Order 11990 on Protection | Executive Order | Based on a review of Wetland

of Wetlands - establishes special Number 11990, } Inventory Maps, both

requirements for Federal agenciesto | and 40 CFR 6 Wallace Creek and Bear

avoid the adverse impacts associated Head Creek have areas of

with the destruction or loss of wetlands. Therefore, this

wetlands and to avoid support of new will be an applicable ARAR.

construction in wetlands if a

practicable alternative exists.

Executive Order 11988 on Floodplain | Executive Order | Based on the Federal

Management - establishes special Number 11988, | Emergency Management

requirements for Federal agencies to | and 40 CFR 6 Agency's Flood Insurance

evaluate the adverse impacts Rate Map for Onslow County,

associated with direct and indirect Sites 6 and 9 are primarily

development of a floodplain. within a minimal flooding
zone (outside the 500-year
floodplain). The immediate
areas around Wallace Creek
and Bear Head Creek are
within the 100-year
floodplain (FEMA, 1.987).
Therefore, this may be an
ARAR for the operable unit.

Wilderness Act - requires that 16 USC 1131, No known federally owned

federally owned wilderness area are | and 50 CFR 35.1 | wilderness areas near the

not impacted. Establishes
nondegradation, maximum
restoration, and protection of
wilderness areas as primary
management principles.

operable unit, therefore, this

act will not be considered as
an ARAR.
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TABLE 2-3 (Continued)

POTENTIAL LOCATION-SPECIFIC ARARs EVALUATED
FOR OPERABLE UNIT NO. 2
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Potential Location-Specific ARAR g;;:::; ARAR Evaluation
National Wildlife Refuge System - 16 USC 668, and | No known National Wildlife
restricts activities within a National |50 CFR 27 Refuge areas near the
Wildlife Refuge. operable unit, therefore, this

will not be considered as an

, ARAR.

Scenic Rivers Act - requires action to |16 USC 1271, No known wild or scenic
avoid adverse effects on designated | and 40 CFR rivers near the operable unit,
wild or scenic rivers. 6.302(e) therefore, this act will not be

considered as an ARAR.
Coastal Zone Management Act - 16 USC 1451 No activities will affect land
requires activities affecting land or ' or water uses in a coastal
water uses in a coastal zone to certify zone, therefore, this act will-
noninterference with coastal zone not be considered as an
management. ARAR.
Clean Water Act (Section 404) - 33 USC 404 No actions to discharge
prohibits discharge of dredged or fill dredged or fill material into
material into wetland without a wetlands will be considered
permit. for the operable unit,

therefore, this act will not be

congidered as an ARAR.
RCRA Location Requirements - 40 CFR 264.18 | These requirements may be
limitations on where on-site storage, applicable if the remedial

treatment, or disposal of RCRA
hazardous waste may occur.

actions for the operable unit
includes the on-site storage,
treatment, or disposal of
RCRA hazardous waste.
Therefore, these
requirements may be an
applicable ARAR for the
operable unit.
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TABLE 24

POTENTIAL ACTION-SPECIFIC ARARs

FEASIBILITY STUDY CTO0-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

Standard Action g;l;z:;
RCRA Capping 40 CFR 264
Closure 40 CFR 264, 244
Container Storage 40 CFR 264, 268
New Landfill 40 CFR 264
New Surface Impoundment 40 CFR 264
Dike Stabilization 40 CFR 264
Excavation, Groundwater Diversion 40 CFR 264, 268
Incineration 40 CFR 264, 761
Land Treatment 40 CFR 264
| Land Disposal 40 CFR 264, 268
Slurry Wall 40 CFR 264, 268
Tank Storage 40 CFR 264, 268
Treatment 40 CFR 264, 265, 268;
42 USC 6924;
51 FR 40641;
52 FR 25760
Waste Pile 40 CFR 264, 268
CWA Discharge to Water of United States 40CFR 122,125,136
Direct Discharge to Ocean 40 CFR 125 ‘
Discharge to POTW 40 CFR 403, 270
Dredge/Fill 40 CFR 264;
33 CFR 320-330; 33
USC 403
SDWA Underground Injection Control 40 CFR 144, 146, 147,
A 268 .
TSCA PCB Regulations 40 CFR 761
OSHA OSHA Requirements for Workers Safety 29 CFR 1910
OSHA Act of 1970 29 USC 651
DOT DOT Rules for Transportation 49 CFR 107
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These ARARs will be evaluated after the remedial action alternatives have been identified for
OU No. 2. Additional action-specific ARARs may also be identified and evaluated at that

time.
2.3.3 Site-Specific Risk-Based Action Levels

Site-specific risk-based action levels will be developed for rﬁany of the groundwater and soil
COCs in this section of the Feasibility Study. Derived action levels for OU No. 2 involved
establishing acceptable human health risk criteria and determining allowable risk to COCs,
which were then used to back calculate media-specific concentrations for established risk

levels.

The methodology used for the derived action levels was in accordance with USEPA risk
. assessment guidance (USEPA, 1989a) (USEPA, 1991a). For noncarcinogenic effects, a
concentration was calculated that corresponds to a hazard index (HI) of 1 or unity, which is the
level of exposure to a contaminant from all significant exposure pathways in a given medium
below which it is unlikely for even sensitive populations to experience health effects. For
carcinogenic effects, a concentration was calculated that corresponds to 1.0E-4 (one in ten
thousand) ICR over a lifetime as a result of exposure to the potential carcinogen from all
significant exposure pathways for a given medium. A 1.0E- risk level was used as an end
point for determining action levels for remediation. Based on the NCP (40 CFR 300.430), for
known or suspected carcinogens, acceptable exposure levels are generally concentrations that
represent an ICR between 1.0E-4 and 1.0E-6. The action levels are representative of acceptable
incremental risks at the evaluated site based on current and probable future use of the area.
Based on the Master Plan for MCB Camp Lejeune, the area encompassing OU No. 2 will likely
remain the same (i.e., fire training will continue at Site 9, Lots 201 and 208 will be used for
open storage, and the wooded areas and Site 82 will be used for training/recreation, or

converted into additional storage areas).

Three steps were involved in estimating the risk-based action levels for OU No. 2 COCs.
These steps are generally conducted for each medium and land-use combination and involved
identifying the most significant: (1) exposure pathways and routes, (2) exposure parameters,
and (3) equations. The equations included calculations of total intake from a given medium

and were based on identified exposure pathways and associated parameters.
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The development of the site-specific risk-based action levels for OU No. 2 were determined
from a risk evaluation assessment and from a soil/water partitioning approach as presented in

the sections that follow.

2.3.3.1 Risk Evaluation Assessment

The determination of medium-specific risk-based action levels was performed in accordance
with USEPA guidance (USEPA, 1989a). Reference doses (RfDs) were used to evaluate
noncarcinogenic action levels, while cancer slope factors (CSFs) were used to evaluate

carcinogenic action levels.

Potential exposure pathways and receptors used to determine action levels are site-specific
and should consider the current and future land use of a site. The following exposure scenarios

were used in the determination of action levels for OU No. 2:

Inhalation of particulates
Incidental ingestion of soil

Dermal contact with soil

Ingestion of groundwater

Consistent with USEPA guidance, noncarcinogenic health effects were estimated using the
concept of an average annual exposure. The action level incorporated the exposure time
and/or frequency that represented the number of hours per day and the number of days per
year that exposure occurs. This is used with a term known as the averaging time, which
converts the daily exposure to an 'a:nnual exposure. Carcinogenic health effects were
calculated as an incremental lifetime cancer risk, and therefore represented the exposure

. duration (years) over the course of a potentially exposed individual’s lifetime (70 years).

The estimation methods and models used in this section were consistent with current USEPA
risk assessment guidance (USEPA, 1989a) (USEPA, 1991a). Exposure estimates associated
with each exposure route are presented below. Foz.' the future residential land use action
levels (i.e., soil ingestion, dermal contact with soil, and particulate inhalation), the
carcinogenic action level considered 6 years as a child (weighing 15 kilogram [kg] on average)
and 24 years asan adult (weighing 70 kg on average), for a total exposure of 30 years (the 90th

percentile at one residence). Children are much more likely to come into contact with soil than
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P adults, and at a significantly higher contact rate. The following sections present the equations

and inputs used in the estimation of action levels developed for OU No. 2.

Inhalation of Particulates

The action levels for exposure to fugitive dust (i.e., inhalation of particulates) were estimated
for base personnel employed at the base and involved in maintenance activities. In addition,
future residents could be exposed at their homes to fugitive dust emissions from the site. An
emission model (Cowherd et al., 1985) was used to estimate the concentrations of respirable
particulates in the air based on wind speed, vegetative cover, size of source area, etc. An
average source area of 108,697 square centimeters (cm2) was used in the calculation of the

particulate emission factor.

. Based on this information, chemical-specific action levels were then estimated using the
following expression (USEPA, December 1989):

TRorTHI*BW*ATc orA'il‘nc *DY

2 C8 = CSFor URID *EF *ED * ET* IR * UPEF * ABS
Where: ‘

Cs = contaminant concentration in soil (mg/kg)

TR = total lifetime risk

THI = total hazard index

BW = adult body weight (kg)

AT. = averaging time for carcinogens (yr)

ATnc = averaging time for noncarcinogens (yr)

DY = days per year (day/year)

CSF = cancer slope factor (mg/kg-day)-1

RfD = reference dose (mg/kg-day)

EF = exposure frequency (day/yr)

ED = exposure duration (yr)

ET = exposure time (hour/day)

IR = inhalation rate (m3/hour)

PEF = particulate emission factor (Cowherd, 1985)
o~ ABS = percentabsorbed inthe lungs
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The inhalation rate (IR) is specified as 20 m3/day for adults (0.83 m3/hour) and 10 m3/day for
children (0.43 m%hour). A higher inhalation rate of 30 m3/day (1.25 m3/hour) was used for
adults involved in maintenance or construction activities. Absorption in the lungs was

conservatively assumed to be 100 percént. The following exposure times were used:

Adult residents = 16 hours/day
Child residents = 24 hours/day
Base personnel = 8 hours/day

Exposure frequencies were specified as 250 days/year for 25 years for base personnel working
at the site, and 350 days/year for residents (USEPA, March 25, 1991). Exposure duration for
residents was assumed to be 6 years for children and 30 years for adult residents. Thirty years
is the 90th percentile for time spent in one residence (USEPA, December, 1989). The body
weight for adults was assumed to be 70 kg, and for children a 15 kg body weight was used.

Table 2-5 presents a summary of the input parameters used to estimate the particulate

emission action levels.

Incidental Ingestion of Soil

Individuals may be exposed to chemicals of potential concern in soil by incidental ingestion.
Action levels for this route are estimated as follows (USEPA, December 1989):

TR or THI*BW * ATc orATnc *DY

Cs =
® = CSFor URMD *EF*ED *IR * CF * Fi

Where:
Cs = contaminant concentration in soil (mg/kg)
TR = total lifetime risk
THI = total hazardindex
BW = é.dult body weight (kg)
ATec = averaging time for carcinogens (yr)
ATnc = averaging time for noncarcinogens (yr)
DY = days per year (day/year)
CSF = cancer slope factor (mg/kg-day)-1
RfD = reference dose (mg/kg-day)
EF = exposure frequency (day/yr)
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‘/M
TABLE 2-5
INHALATION OF PARTICULATES
ACTION LEVEL PARAMETER
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Inhalation of Particulates Input Parameters
Input
Parameter Description Value Rationale
C, |fxposwe Calculated USEPA, December 1989
oncentration
TR Total Lifetime Risk | 1.0E-4 USEPA, April 1991
THI Total HazardIndex }1.0 USEPA, April 1991
. Child 15kg |y, -
. BW Body Weight Adult T0kg USEPA, December 1989
ATe |AveragingTime |,y 70yr |USEPA, December 1989
arcinogen
. . Child 6yr
ATne ﬁzzzf:?scﬁex::e Adult 30 yr JUSEPA, December 1989
o g Base Employee 25 yr
DY DaysPer Year 365 day/yr USEPA, December 1989
csp  |CarcinogenicSlope | opomical Specific IRIS, HEAST, USEPA
RiD Reference Dose Chemical Specific IRIS, HEAST, USEPA
Resident 350 days/yr
EF Exposure Frequency Base Employee 250 days/yr USEPA, December 1989
Child 6yr
ED Exposure Duration | Adult 30 yr JUSEPA, March 1991
Base Employee 25yr
Child 24 hr/day
ET Exposure Time Adult 16 hr/day |Professional Judgment
Base Employee 8 hr/day
Children 0.43 m3/hr
IR Inhalation Rate Adults 0.83 m3/hr - JUSEPA, December 1989
Base Employee 1.25 m3/hr
Particulate 8 m3 USEPA, December 1989
PEF Emission Factor 5.0E8 m3/kg Cowherd, 1985
ABS Absorption into 100% Conservative Professional
Lungs Judgment
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s ED = exposure duration (yr)
R = ingestion rate (mg/day)
CF = conversion factor (10-6 kg/mg)
Fi = fraction ingested from source (percent)

Exposure frequencies (EFs) were specified as 250 days/year for base personnel and
350 days/year for residents (USEPA, March 25, 1991). Exposure durations (EDs) for residents
was assumed to be 6 years for children and 30 years for adult residents; whereas the ED
assumed for base personnel was 25 years. Thirty years is the 90th percentile for time spent in
one residence (USEPA, December, 1989). The body weight for adults was assumed to be 70 kg,
and for children, 15 kg. For a conservative approach, it was assumed that 100 percent of the

soil from the source was contaminated (Fi).
Table 2-6 presents the input parameters used to estimate the soil ingestion action levels.

Dermal Contact with Soil

e Physical contact with contaminated soils can result in the dermal absorption of chemicals.
Action levels through this route are estimated as follows (USEPA, December 1989).

TR or THI * BW*ATc o‘rATnc*DY

Cs = -
® = CSFor URID*SA*AF*ABS*EF * ED* CF

Where:
Cs = contaminant concentration in soil (mg/kg)
TR = total lifetime risk
THI = total hazardindex
BW = adult body weight (kg)
ATc = averagingtime carcinogens (yr)
ATnc = averagingtime noncarcinogens (yr)
DY = days per year (day/year)
CSF = cancer slope factor (mg/kg-day)-1
RfD = reference dose (mg/kg-day)
e~ SA = surface area of skin available for contact (cm2)
AF = goil to skin adherence factor (mg/cm2)
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TABLE 2-6
INGESTION OF SURFACE SOIL
ACTION LEVEL PARAMETER
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Incidental Ingestion of Surface Soil Input Parameters
Input .
Parameter Description Value Rationale
c, |Exposure Calculated USEPA, December 1989
Concentration
TR Total Lifetime Risk | 1.0E-+4 USEPA, April 1991
THI Total Hazard Index ]1.0 USEPA, April 1991
. Child 15kg
BW Body Weight Adult T0kg USEPA, December 1989
ATc |AveragingTime |4y 70yr |USEPA, December 1989
arcinogen
. < Child 6yr
—.
’ Anc |RveragingTime |5y 30yr |USEPA, December 1989
oncarcinogen
Base Employee 25yr
DY DaysPer Year 365 day/yr USEPA, December 1989
CSF g:zfi‘;mnic Slope | opemical Specific IRIS, HEAST, USEPA
R Reference Dose Chemical Specific IRIS, HEAST, USEPA
Child 350 day/yr
EF Exposure Frequency | Adult 350 day/yr JUSEPA, December 1989
’ Base Employee 250 day/yr
Child 6yr
ED Exposure Duration |Adult _ 30yr |USEPA, March 1991
Base Employee 25yr
Child 200 mg/day |USEPA, December 1989
IR Ingestion Rate Adult 100 mg/day |Professional Judgment -
Base Employee 100 mg/day |nonconstruction
CF Conversion Factor | 1.0E-6kg/mg USEPA, December 1989
Fraction Ingested . , .
Fi from Contaminated |100% Conservative Professional
S Judgment
ource .
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Paan ABS = absorption factor
EF = exposure frequency (day/year)
ED = exposure duration (yr)
CF = conversion factor (10-'6 kg/mg)

Three action levels were developed for this route of exposure. The first action level assumes
that adult base personnel will be exposed to surface soil during routine maintenance activities
conducted at the site. The other action levels assumed that the area would be used for
residential development at some specified time in the future. The approximate exposed skin
area for an adult worker wearing a short-sleeved shirt, pants, and shoes and no gloves or hat
was set at 4,300 em2 (USEPA, January 1992). For residents who are assumed to be outdoors in
this hot climate wearing only shorts, short sleeve shirt, and shoes; the exposed skin area was
limited to the head, hands, forearms and lower legs: 5,300 ¢cm2 for adults, and 1,800 cm?2 for
children (USEPA, January 19?2).

Table 2-7 summarizes the input parameters used to estimate the dermal contact with soil

action levels.

Ingestion of Groundwater

Currently there are no receptors who are exposed to groundwater contamination in this area
since groundwater is obtained from “noncontaminated” supply wells, pumped to water
treatment plants, and distributed via a potable water system. However, it is assumed for the
purposes of calculating action levels, that potable wells would pump groundwater from the site
area for public consumption. Groundwater ingestion action levels can be characterized using

the following equation:

TRor THI*BW * ATc orATnc *DY
Cs =

CSFor RfD*EF*ED *IR
Where:
Cw = contaminant concentration in groundwater (mg/L)
TR = total lifetime risk
THI = total hazard index
BW = adult body weight (kg)

ATe = averaging time carcinogens (yr)
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T TABLE 2-7
SURFACE SOIL - DERMAL CONTACT
ACTION LEVEL PARAMETERS
FEASIBILITY STUDY CTQ-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Dermal Contact with Surface Soil Input Parameters
Input
Parameter Description Value Rationale
Exposure N
Cs Concentration Calculated USEPA, December 1989
TR Total Lifetime Risk [ 1.0E-4 USEPA, April 1991
THI Total Hazard Index 11.0 USEPA, April 1991
. Child 15kg
BW Body Weight Adult 0 ke USEPA, December 1989
. ATe  [SVerasing Time |, 70yr |USEPA, December 1989
: arcinogen
. . Child 6yr _
ATne [averagiogtime 154y 30yr |USEPA, December 1989
oncarcinogen
Base Employee 25yr
— DY Days Per Year 365 days/yr USEPA, December 1989
csp  |CarcinogenicSlope | Gpomicql Specific IRIS, HEAST, USEPA
RID Reference Dose Chemical Specific IRIS, HEAST, USEPA
xposel Suxface | chii 1,800 cm2
SA . Adult 5,300 cm2 {USEPA, January 1992
Available for Base Employee 4,300 cm2
Contact ploy ’
Soil-to-Skin 2 : .
AF Adherence Factor 1.0 mg/cm USEPA, Region IV, 1992
Accounts for desorption
Volatiles 0.10 [from soil and
. Semivolatiles/ ~ Jpercutaneous absorption
ABS f&?;f’g’;;gglf::)“’ Pesticides 0.05 |(Feldman and Malbach,
PCBs 0.03 {1970; USEPA, October
Metals 0.01 [1984; Wester and
Malbach, 1985)
Child 350 days/yr
EF Exposure Frequency | Adult 350 days/yr JUSEPA, December 1989
Base Employee 250 days/yr
Child 6 yr
ED Exposure Duration |Adult 30 yr JUSEPA, March 1991
_ . Base Employee 25 yr
i
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P ATnc = averagingtime noncércinogens (yr)
DY = days per year (day/year)
CSF = cancer slope factor (mg_/kg-day)-l
RfD = reference dose (mg/kg-day)
EF = exposure frequency (day/year)
ED = exposure duration (yr)
IR = ingestion rate (L/day)

Under the base personnel scenario, the following input parameters were used to determine the
action levels: base personnel are assumed to ingest 2 liters of water per day, 250 days per year,
over a 25 year working lifetime (USEPA, 1989a). Under the residential use scenario, the
following input parameters were used to estimate action levels: adult residents are assumed
to ingest 2 liters of water per day, over a 30 year exposure duration; and child residents are
assumed to ingest 1 liter of water per day, 350 days per year for an exposure period of 6 years
(USEPA, 1989a). Table 2-8 summarizes the input parameters used to estimate the

groundwater ingestion action levels.

- 2.3.3.2  Soil/Water Partitioning

COCs detected in the site soil samples could act as-a potential source of contamination to
underlying groundwater. To evaluate this potential contaminant migration pathway, a
soil/water partitioning approach was used. The Organic Leaching Model (OLM) was used to
determine the potential leachate concentrations of COCs leaching from the affected soils. This

approach is described below.

The OLM Approach (USEPA, 1986) was used to estimate the potential concentration of
contaminants in the groundwater due to leaching from soil. The OLM is an empirical
equation which was developed through application of modeling techniques. The maximum
detected organic soil concentrations were used in this estimation to determine a maximum
concentration in groundwater. Contaminant specific solubilities were obtained from

literature. Leachate concentrations were estimated using the following equation:

C 1 = 0.00211 * (Cw) 0.0678 * () 0.373

Where:
C1 = contaminant concentration in (leachate) groundwater (mg/L)
s Cw = contaminant concentration in (waste) soil (mg/kg)

S = contaminant solubility (mg/L)
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e
TABLE 2-8
INGESTION OF GROUNDWATER
ACTION LEVEL PARAMETERS
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Ingestion of Groundwater Input Parameters
Input
Para-
meter Description Value Rationale
Cw g‘.‘xposure " Calculated USEPA, December 1989
oncentration
TR |Total Lifetime Risk | 1.0E-4 USEPA, April 1991
THI |Total Hazard Index | 1.0 USEPA, April 1991
BW |Body Weight Child 15kg l;SEPA, December 1989
. y Welg Adult’ T0kg :
ATc éver?. ging Time All 70 yr JUSEPA, December 1989
arcinogen
. Averaging Time Child 6yr i
- ATne |y g Adult 30yr |USEPA, December 1989
oncarcinogen
: Base Employee 25yr
DY DaysPer Year 365 days/yr USEPA, December 1989
csp |CarcinogenicSlope | oy omieal Specific IRIS, HEAST, USEPA
RfD |Reference Dose Chemical Specific IRIS, HEAST, USEPA
Child 350 days/yr
EF Exposure Frequency { Adult 350 days/yr |USEPA, December 1989
Base Employee 250 days/yr
Child 6yr |
ED Exposure Duration }Adult 30yr JUSEPA, March 1991
Base Employee 25 yr
. Child 1L/day
IR Ingestion Rate Adult 2 L/day USEPA, December, 1989
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These estimated concentrations will be compared to the Federal and State groundwater
ARARs to determine if the contaminants in the soil could potentially produce a groundwater

concern. Table 2-9 summarizes the ir;put parameters used for this model.

The OLM Approach was also used to estimate soil action levels that are protective of
groundwater. This approach is considered conservative because it does not account for the
vertical dilution of a contaminant through the unsaturated zone. Using the State or Federal
Groundwater ARARs as target concentrations, the following method was uged to estimate the

soil action levels:

C
1 1.4749

0.00211x 80'373

Cs=

Where:
Cs = contaminant concentration in soil (mg/ke)
C; = State or Federal groundwater criteria concentration (mg/l)
S = contaminant solubility (mg/l)

These estimated concentrations were compared to the maximum soil concentrations to

determine if the soil could potentially produce a groundwater concern.

2333 Summary of Site-Specific Risk-Based Action Levels

Site-specific risk-based action levels were calculated from the risk evaluation assessment and
from the OLM Approach. These action levels represent the risk-based action levels for the
cleanup of a specific medium, and are used in the FS to identify areas of concern. COCs were
chosen based on available toxicity data and frequency of detection and available ARARs.
Action levels were generated for contaminants with available toxicity data. A summary of the
action levels calculated for the four potential exposure scenarios is presented below. Separate
action levels for base personnel, adult residents, and children have been calculated for each
scenario. In addition, both carcinogenic and noncarcinogenic action levels have been

calculated. Calculations are provided in Appendix B of this report.
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- TABLE 2-9
CONTAMINANT MIGRATION FROM SOIL TO
GROUNDWATER ACTION LEVEL PARAMETERS
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Input
Para-
meter Description Value Rationale
Constituent Concentration '
C; in Leachate (mg/L) Calculated OLM - Model
K Constant 0.00211 Federal Register Vol. 51, No. 145
. . . Obtained from Maximum
Constituent Concentration] Contaminant . . o
Cw in Waste (mg/kg) Specific g:ix;;:entratlon Detected in Site
. iys . USEPA Aquatic Fate Process
R S ?n?nz;tuent Solub}hty Cogta?g:nt Data for Organic Priority
8 pe Pollutants, 1982
Pt
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TABLE 2-10

PARTICULATE INHALATION CARCINOGENIC ACTION LEVELS

FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Carcinogenic Risk
Contaminant Base Personnel | AdultResident ]| Child Resident
4,4.DDT 4,200,000,000 1,900,0?)0,000 2,600,000,000
Dieldrin 89,000,000 40,000,000 55,000,000
1,2-Dichloroethene 16,000,000,000] ° 7,000,000,000 9,700,000,000
Benzene 49,000,000,000§ 22,000,000,000 3,000,000,000
1,1,2,2-Tetrachloroethane 7,200,000,000 3,200,000,000 4,400,000,000
Arsenic 29,000,000 13,000,000 18,000,000
Beryllium 170,000,000 76,000,000 110,000,000
Cadmium 23,000,000 100,000,000 140,000,000
Chromium 34,000,000 15,000,000 210,000,000

Notes: Action level concentrations expressed as pg/kg
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A

TABLE 2-11

PARTICULATE INHALATION NONCARCINOGENIC ACTION LEVELS

FEASIBILITY STUDY CTO-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

Noncarcinogenic Risk
Contaminant Base Personnel Adult Resident Child Resident
1,4-Dichlorobenzene 4,100,000,000,000] 2,200,000,000,000] 610,000,000,000
Manganese 2,000,000,000 1,110,000,000 300,000,000

Notes: Action level concentrations expressed as ngkg
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TABLE 2-12

SURFACE SOIL INGESTION CARCINOGENIC ACTION LEVELS
FEASIBILITY STUDY CTO-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

Carcinogenic Risk
Contaminant Base Personnel | Adult Resident | Child Resident
4,4'-DDD 1,200,000 710,000 380,000
4,4'-DDE 840,000 500,000 270,000
4,4.DDT 840,000 500,000 270,000
PCB-1260 37,000 22,000 12,000
Arsenic 170,000 97,000 52,000
Beryllium 67,000 39,000 21,000
1,4-Dichlorobenzene 12,000,000 7,100,000 3,800,000
Benzene 9,900,000 5,900,000 3,100,000
1,1,2,2-Tetrachloroethane 1,400,000 850,000 460,000
Benzo(a)anthracene 39,000 23,000 12,500
Benzo(b)fluoranthene 39,000 23,000 12,500
Benzo(k)fluoranthene 39,000 23,000 12,500
Benzo(a)pyrene 39,000 23,000 12,500
Chrysene 39,000 23,000 12,500
Indeno (1, 2, 3-cd) pyrene 39,000 23,000 12,500

~Notes: Action level concentrations expressed as ug’kg
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TABLE 2-13

SURFACE SOIL INGESTION NONCARCINOGENIC ACTION LEVELS
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Noncarcinogenic Risk
Contaminant Base Personnel | Adult Resident | Child Resident
4,4-DDT 510,000 360,000 39,000
1,1,1-Trichloroethane 92,000,000 65,000,000 7,000,000
1,2-Dichloroethene 10,000,000 7,300,000 780,000
Anthracene 300,000,000 219,000,000 23,000,000
Fluoranthene 40,000,000 29,200,000 3,100,000
Pyrene 30,000,000 21,900,000 2,300,000
Acenaphthene 61,000,000 43,800,000 4,700,000
Arsenic 310,000 220,000 23,000
Barium 72,000,000 51,000,000 5,500,000
Beryllium 5,100,000 370,000 390,000
Cadmium 5,100,000 370,000 39,000
Chromium 5,100,000 3,700,000 390,000
Manganese 5,100,000 3,700,000 390,000
Nickel 20,000,000 15,000,000 1,600,000
Zinc 310,000,000 220,000,000 23,000,000

Notes: Action level concentrations expressed as ug/kg
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TABLE 2-14
SURFACE SOIL DERMAL CONTACT
CARCINOGENIC ACTION LEVELS
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Carcinogenic Risk
Contaminant Base Personnel | Adult Resident | Child Resident

1,4-Dichlorobenzene 2,700,000 1,300,000 | 4,200,000

Benzene 2,300,000 1,100,000 3,500,000
1,1,2,2-Tetrachloroethane 3,300,000 160,000 510,000

4,4-DDD 550,000 270,000 840,000

i 4,4'-DDE ~ 390,000 190,000 60,000
4,4'-DDT 390,000 190,000 60,000

PCB-1260 29,000 14,000 44,000

Benzo(a)anthracene 30,000 15,000 46,000

- Benzo(b)fluoranthene 30,000 15,000 46,000
Benzo(k)fluoranthene 30,000 15,000 46,000

Benzo(a)pyrene 30,000 15,000 46,000

Chrysene 30,000 15,000 46,000

Indeno (1, 2, 3-¢d) pyrene 30,000 15,000 46,000

Arsenic 38,000 180,000 580,000

Beryllium 150,000 74,000 240,000

Notes: Action level cbncentrations expressed as pg/kg

2-32




CLEJ-01250-4.08-01/01/01

N

TABLE 2-15

SURFACE SOIL DERMAL CONTACT

NONCARCINOGENIC ACTION LEVELS

FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Noncarcinogenic Risk
Contaminant Base Personnel | Adult Resident | Child Resident
4,4'-DDT 240,000 140,000 87,000
1,1,1-Trichloroethane 21,000,000 12,000,000 7,800,000
1,2-Dichloroethene 2,300,000 1,300,000 860,000
Anthracene 240,000,000 140,000,000 87,000,000
Fluoranthene 32,000,000 18,000,000 12,000,000
Pyrene 24,000,000 14,000,000 8,700,000
Acenaphthene 48,000,000 28,000,000 17,000,000 .
Arsenic 710,000 410,000 260,000
Barium 170,000,000 96,000,000 6,000,000
Beryllium 12,000,000 6,900,000 4,300,000
Cadmium 1,200,000 690,000 430,000
Chromium 12,000,000 6,900,000 4,300,000
Manganese 12,000,000 6,900,000 4,300,000
Nickel 4,800,000 28,000,000 17,000,000
Zinc 710,000,000 410,000,000 260,000,000

Notes: Action level concentrations expressed as ng’kg
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personnel receive potable water via a base water distribution. However, a hypothetical future
ingestion action level was estimated for the COCs. In order to estimate conservative action
levels for subpopulations (i.e., base personnel, adult resident, and child resident), specific
input variables were developed for each subpopulation. Tables 2-16 and 2-17 present the
action levels calculated for the carcinogenic and noncarcinogenic COCs in the groundwater,

respectively.

OLM Approach

The soil/water partitioning approach was used to estimate the concentration of contaminants
in the aqueous phase due to leaching or partitioning from the solid phase. Model inputs,
solubility, and partitioning coefficients limited the estimating to organic contaminants. The

concentrations estimated from this model are discussed below.

Estimating exposure concentrations in groundwater using models such as the OLM Approach
can be very complex because of the many physical and chemical processes that may affect _
transport and transformation in groundwater. Among the important mechanisms that should
be considered when estimating exposure concentrations in groundwater are: leaching from

the surface, advection, dispersion, sorption, and transformation.

The OLM, used to estimate a groundwater concentration, is a conservative model that
estimates the amount of organic contaminants that will leach into the groundwater from a
source (soil contamination). It does not account for physical or chemical processes that may

impact the migration of contamination from soil to water.

In order to calculate a conservative concentration, maximum concentrations of VOCs, and
pesticide/PCB contaminants detected in the soil at OU No. 2 were used. The groundwater
concentrations estimated using the OLM are presented in Table 2-18. For chemicals where
Federal and State groundwater ARARSs are not established, the estimated concentrations can
be compared to toxicity values to assist in determining long-range cleanup goals for surface

and subsurface soils.
As stated in Section 2.3.3.2, the OLM Approach was also used to estimate soil action levels

that are protective of groundwater. The soil action levels that were calculated are presented

on Table 2-18. Based on a review of this table, it appears that benzene, trichloroethene,
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TABLE 2-16

GROUNDWATER INGESTION ACTION LEVELS BASED ON

CARCINOGENIC

RISK

FEASIBILITY STUDY CTO-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

Action Levels Based on Carcinogenic Risk

Contaminant of Concern | BasePersonnel | AdultResident | Child Resident
Bromodichloromethane 231 137 294
1,2-Dichloroethane 157 94 201
1,1-Dichloroethene 24 14 30
1,1,2,2-Tetrachloroethane 72 43 91
1,1,2-Trichloroethane 251 149 320
Vinyl Chloride 8.0 4.0 10
Trichloroethene 1,301 774 1,659
Tetrachloroethene 275 164 351
Arsenic 8.0 5.0 10
Beryllium 3.0 2.0 4.0

Notes: Action level concentrations expressed as ug/L
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TABLE 2-17

GROUNDWATER INGESTION ACTION LEVELS

BASED ON NONCARCINOGENIC RISK

FEASIBILITY STUDY CTO-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

Action Levels Based on Noncarcinogenic Risk

Contaminant of Concern | Base Personnel | AdultResident | Child Resident
Bromodichloromethane 1,022 730 313
Chlorobenzene 1,022 730 313
1,1-Dichloroethene 460 328 141
Tetrachloroethene 511 365 156
1,1,2-Trichloroethane 204 146 63
Ethyl benzene 5,110 3,650 1,564 .
Total Xylenes 102,200 73,000 31,286
Arsenic 15 11 5
Barium 3,577 2,655 1,095
Beryllium 256 183 78
Chromium 2566 183 78
Manganese 256 183 78
Nickel 1,022 730 313
Zinc 15,330 10,950 4,693

Notes: Action level concentrations expressed as pug/L
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TABLE 2-18

ESTIMATED GROUNDWATER CONCENTRATIONS AND SOIL
ACTION LEVELS DETERMINED FROM THE OLM COMPARED TO
FEDERAL AND STATE CRITERIA
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Maximum . . Estimated ‘
Contaminantof Coneern | Concsmtration | 507 [0 | Conesntration | "Gt | NOWas
(ug/ke) (wg/ke) (ug/L) (wg/L)
1,4-Dichlorobenzene 160 - 3.1 75 1.8
Benzene & S BB L A 5 1.0
1,2-Dichloroethene 1,500 | 5,184 ) .30 70 NE
Trichloroethene 4 o 5 2.8
1,1,2,2-Tetrachloroethane 55,000 - 625 NE NE
1,1,1-Trichloroethane 42 22,000 3.0 200 200
Tetrachloroethene 107 o 5 0.7
Chloromethane 490 - 34 NE NE
Bromomethane 1,300 - 32 NE NE
4,4'-DDD 12,000 - 5 NE NE
4,4-DDE 4,200 - 2 NE NE
4,4-DDT 6,400 - 1 NE NE
Dieldrin : 280 - 0.5 NE NE
Gamma Chlordane 160 4,512 0.2 2 NE
PCB 1260 3 0.5 NE

Notes: pg/kg = microgram per kilogram The contaminant of concern
‘ pg/L = microgram per liter concentration is estimated to exceed
MCL = Federal Maximum Contaminant Level . groundwater criteria and/or the
NCWQS = North Carolina Water Quality Standards calculated soil action level.
NE =Not Established :

LO/L0O/L0-80'Y-0S2L0-MITO



CLEJ-01250-4.08-01/01/01

N tetrachloroethene, and PCB-1260 concentrations detected in soil may not be protective of

human health and the environment.

2334 Comparison of Risk-Based Action Levels to Maximum Contaminant
Concentrations in Soils '

Generally, risk-based action levels are not required for any contaminants in a medium with a
cumulative cancer risk of less than 1.0E-6, where an HI is less than or equal to 1.0, or where
the action levels are clearly defined by ARARs. However, there may be cases where a medium
or contaminant appears to meet the protectiveness criterion but contributes to the risk of
another medium. In some cases, contamination may be unevenly distributed across the site
resulting in hot spots (areas of high contaminatioh relative to other areas of the site).
Therefore, if the hot spot is located in an area which is visited or used more frequently,

exposure to the spot should be assessed separately.

In order to decrease uncertainties in the estimation of the reasonable maximum exposure
(RME), which is the maximum exposure that is reasonably expected to occur at the site, the
maximum concentration of a contaminant in a media can be compared to the estimated action
level. Assessment of hot spot contaminants is performed as a conservative approach in place of
using the concentration term (i.e., the 95th percent upper confidence limit) which is used in
estimating the RME. This value is usually compared to the estimated risk-based action level
because in most situations, assuming long-term contact with the maximum contaminant

concentration is not reasonable,

Conclusions of the human health RA for cumulative current and future baseline cancer risks
for soil are within the USEPA’s acceptable risk range of 1.0E-6 to 1.0E-4. Due to specific “hot
spots” identified in the soils, a comparison between the risk-based action levels previously
estimated to the maximum concentrations of soil COCs has been conducted. Risk-based action
levels for contaminants which may not have been COCs in the baseline RA, due to prevalence,
have been estimated for inhalation of particulates, incidental ingestion of soil, and dermal

contact with soil.

These risk-based action levels are compared to maximum (hot spot) contaminant
concentration in Table 2-19 (inhalation of particulates), Table 2-20 (incidental ingestion), and
Table 2-21 (dermal contact). Concentrations exceeding an action level are identified on the

tables with a different type font. As shown on the tables, the maximum concentration of
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TABLE 2-19

COMPARISON OF INHALATION RISK-BASED ACTION LEVELS TO MAXIMUM CONTAMINANT PER GRID AREA
FEASIBILITY STUDY CTO-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

Action Levels Maximum Contaminant Concentration
per Grid Area
Wooded
Areas/
Contaminant Base Personnel Adult Resident Child Resident Lot 201 Lot 203 Ravine

Carcinogens
4,4-DDT 4,200,000,000 1,900,000,000 2,600,000,000 | 1,200,000 1,500 6,400
Dieldrin 89,000,000 40,000,000 55,000,000 46 270 87
1,2-Dichloroethene 16,000,000,000 7,000,000,000 9,700,000,000 ND ND 1,500
Benzene 49,000,000,000 22,000,000,000 3,000,000,000 ND ND 850
1,1,2,2-Tetrachloroethane 7,200,000,000 3,200,000,000 4,400,000,000 ND ND 55,000
Tetrachloroethene 70,000,000,000 320,000,000,000 440,000,000,000 ND ND 7,000
Arsenic 29,000,000 13,000,000 18,000,000 9,700 4,900 26,300
Beryllium 170,000,000 76,000,000 110,000,000 220 210 2,200
Cadmium 23,000,000 100,000,000 140,000,000 1,500 9,300 51,900
Chromium 34,000,000 15,000,000 210,000,000 21,600 25,200 54,600
Noncarcinogens _
1,4-Dichlerobenzene 4,100,000,000,000 | 2,200,000,000,000 610,000,000,000 - 38 160 ND
Manganese 2,000,000,000 1,100,000,000 300,000,000 | 204,000 182,000 700,000

Notes: Action level concentrations expressed as pg/kg.

ND =Not detected
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TABLE 2-20

COMPARISON OF SOIL INGESTION RISK-BASED ACTION LEVELS TO

MCB CAMP LEJEUNE, NORTH CAROLINA

MAXIMUM CONTAMINANT CONCENTRATIONS PER GRID AREA
FEASIBILITY STUDY CTO-0133

Action Levels Maximum Contaminant Concentration per
‘ Grid Area
Wooded
Contaminant Base Personnel | Adult Resident | Child Resident Lot 201 Lot 203 Areas

Carcinogens

4,4'-DDD 1,200,000 710,000 380,000 180,000 180 12,000
4,4'-DDE 840,000 500,000 270,000 17,000 2,100 4,200
4,4-DDT 840,000 500,000 .270’000 1,200,000 1,500 6,400
PCB-1260 37,000 22,000 12,000 36 42,000 26,000
1,4-Dichlorobenzene 12,000,000 7,100,000 3,800,000 38 160 ND
Benzene 9,900,000 5,900,000 3,100,000 ND ND 850
1,1,2,2-Tetrachloroethane 1,400,000 850,000 460,000 ND ND 55,000
Tetrachloroethene 5,500,000 3,200,000 1,700,000 ND ND 7,000
Benzo(a)anthracene 39,000 23,000 12,500 47 1,600 2,200
Benzo(b)fluoranthene 39,000 23,000 12,500 160 2,700 2,200
Benzo(k)fluoranthene 39,000 23,000 12,500 46 1,100 490
Benzo(a)pyrene 39,000 23,000 12,500 78 1,800 1,500
Chrysene _ 39,000 23,000 12,500 88 1,300 1,600
Indeno(1, 2, 3-cd)pyrene 39,000 23,000 12,500 ND 1,000 1,300
Arsenic 170,000 97,000 62,000 9,700 4,900 26,300
Beryllium 67,000 39,000 21,000 220 210 2,200

Notes: Action level concentrations expressed as pg/kg.

N =Nat datacrtad
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TABLE 2-20 (Continued)

COMPARISON OF SOILINGESTION RISK-BASED ACTION LEVELS TO
MAXIMUM CONTAMINANT CONCENTRATIONS PER GRID AREA

FEASIBILITY STUDY CTO0-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

Action Levels Maximum Contaminant Concentration per
Grid Area
: : Wooded
Contaminant Base Personnel | Adult Resident | Child Resident Lot 201 Lot 203 Areas

Noncarcinogens »

1,1,1-Trichloroethane 92,000,000 65,000,000 7,000,000 42 15 ND
1,2-Dichloroethene 10,000,000 7,300,000 780,000 ND ND 1,500
Tetrachloroethene 10,000,000 7,300,000 780,000 ND ND 7,000
Anthracene 300,000,000 219,000,000 23,000,000 ND 440 260
Fluoranthene 40,000,000 29,200,000 3,100,000 94 2,300 2,000
Pyrene 30,000,000 21,900,000 2,300,000 99 2,800 2,700
Acenaphthene 61,000,000 43,800,000 4,700,000 ND 9,500 370
Barium 72,000,000 51,000,000 6,500,000 16,500 47,800 1,410,000
Cadmium 510,000 370,000 39,000 1,500 9,300 51,900
Chromium 5,100,000 3,700,000 390,000 21,600 25,200 54,600
Manganese 5,100,000 3,700,000 390,000 20,400 182,000 700,000
Arsenic 310,000 220,000 23,000 9,700 4,900 26,300
Beryllium . 5,100,000 370,000 390,000 220 210 2,200
Nickel 20,000,000 15,000,000 1,600,000 6,400 13,200 79,400
Zinc 310,000,000] 220,000,000 23,000,000 135,000 604,000 16,600,000

Notes: Action level concentrations expressed as pg'kg.
ND =Not detected
Italicized text indicates concentrations which exceed an action level.
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TABLE 2-21

COMPARISON OF DERMAL CONTACT RISK-BASED ACTION LEVELS TO

MCB CAMP LEJEUNE, NORTH CAROLINA

MAXIMUM CONTAMINANT CONCENTRATIONS PER GRID AREA
FEASIBILITY STUDY CTO0-0133

Action Levels Maximum Contaminant Concentration per
| Grid Area
Wooded

Contaminant Base Personnel | Adult Resident | Child Resident Lot 201 Lot 203 Areas
Carcinogens
4,4-DDD 550,000 270,000 840,000 180,000 180 12,000
4,4'DDE 390,000 190,000 60,000 17,000 2,100 4,200
4,4'.DDT 390,000 190,000 60,000 1,200,000 1,500 6,400
PCB-1260 29,000 14,000 44,000 36 42,000 26,000
1,4-Dichlorobenzene 2,700,000 1,300,000 4,200,000 38 160 ND
Benzene 2,300,000 1,100,000 3,500,000 ND ND 850
1,1,2,2-Tetrachloroethane 3,300,000 160,000 510,000 ND ND 55,000
Tetrachloroethene 1,200,000 610,000 1,900,000 ND ND 7,000
Benzo(a)anthracene 30,000 15,000 46,000 47 1,600 2,200
Benzo(b)fluoranthene 30,000 15,000 46,000 160 2,700 2,200
Benzo(k)fluoranthene 30,000 15,000 46,000 46 - 1,100 490
Benzo(a)pyrene 30,000 15,000 46,000 78 1,800 1,500
Chrysene . 30,000 15,000 46,000 88 1,300 1,600
Indeno (1, 2, 3-¢d) Pyrene 30,000 15,000 46,000 ND 1,000 1,300
Arsenic 38,000 180,000 580,000 9,700 4,900 26,300
Beryllium 150,000 74,000 240,000 220 210 2,200

Notes: Action level concentrations expressed as pg/kg.

ND =Not detected
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TABLE 2-21 (Continued)

COMPARISON OF DERMAL CONTACT RISK-BASED ACTION LEVELS TO
MAXIMUM CONTAMINANT CONCENTRATIONS PER GRID AREA
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Action Levels Maximum Contaminant Concentration per
Grid Area
Wooded

Contaminant Base Personnel | Adult Resident | Child Resident Lot 201 Lot 203 Areas
Noncarcinogens
4,4'.DDT 240,000 140,000 87,000} 1,200,000 1,500 6,400
1,1,1-Trichloroethane 21,000,000 12,000,000 7,800,000 42 15 ND
1,2-Dichloroethene 2,300,000 1,300,000 860,000 ND ND 1,500
Tetrachloroethene 2,300,000 1,300,000 860,000 ND ND 7,000
Anthracene 240,000,000 140,000,000 87,000,000 ND 440 260
Fluoranthene 32,000,000 18,000,000 12,000,000 94 2,300 2,000
Pyrene 24,000,000 14,000,000 8,700,000 29 | 2,800 2,700
Acenaphthene 48,000,000 28,000,000 17,000,000 ND 9,600 370
Barium 170,000,000 96,000,000 6,000,000 16,500 47,800 1,410,000
Beryllium 12,000,000 6,900,000 4,300,000 220 210 2,200
Cadmium 1,200,000 690,000 430,000 1,500 9,300 51,900
Chromium 12,000,000 6,900,000 4,300,000 21,600 25,200 54,600
Manganese 12,000,000 6,900,000 4,300,000 20,400 182,000 700,000
Nickel 48,000,000 28,000,000 17,000,000 6,400 13,200 79,400
Arsenic 710,000 410,000 260,000 9,700 4,900 26,300
Zinc 710,000,000 410,000,000 260,000,000 135,000 604,000 16,600,000

Notes: Action level concentrations expressed as pg/kg.

ND =Not detected

Italicized text indicates concentrations which exceed an action level.
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e 4,4'-DDT at Lot 201 exceecied the action levels for ingestion and dermal contact with soils for
| all potentially exposed receptors. Maximum concentrations of PCB-1260 detected at Lot 203
and the wooded areas exceeded the action levels estimated for ingestion of seil for all potential
receptors and for dermal contact with the soil for potential adult residents. Maximum
cadmium, manganese and arsenic concentrations detected at the wooded areas exceeded the

action levels for ingestion of soil by a child resident under a future potential scenario.

Identification of remedial alternatives should not solely be placed on the estimation of risk-
based action levels, especially in the event of the maximum hot spot contamination.
Comparison of maximum contaminant concentration to risk-based action levels was
performed to provide a upper-bound conservative estimation, and aid in the screening and
identification of remedial alternatives. They are not to be used in making final remedial

decisions.

233.5 Uncertainty Analysis

The uncertainties associated with calculating risk-based action levels are summarized below. |
N The action level estimations presented in this section are quantitative in nature, and their
results are highly dependent upon the accuracy of the input. The accuracy with which input
values can be quantified is critical to the degree of confidence that the decision maker has in
the action levels.

Most scientific computation involves a limited number of input variables, which are tied
together by a scenario to provide a desired output. Some action level inputs are based on
literature values rather than measured values. In sﬁch cases the degree of certainty may be
expressed as whether the estimate was based on literature values or measured values, not on
how well defined the distribution of the input was. Some action levels are based on estimated
parameters; the qualitative statement that the action level was based on estimated inputs

defines the certainty in a qualitative manner.

The toxicity factors, CSFs and RfDs, have uncertainties built into the assumptions used to
calculate these values. Because the toxicity factors are determined from high doses
administered to experimental animals and extrapolated to low doses to which humans may be
exposed, uncertainties exist. Thus, toxicity factors could either overestimate or underestimate
the potential effects on humans. However, because human data exists for very few chemicals,

risks are based on these values.
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In addition, the exposure assumption (e.g., 10 events per year, etc.) also have uncertainties

associated with them.
2.3.4 Summary of Remediation Goals and COCs

The preliminary remediation goals associated with OU No. 2 are presented on Table 2-22.
This list was based on a comparison of contaminant-specific ARARs and the site-specific risk
based action levels identified throughout Section 2.0 of the FS. If a COC had an ARAR, the
most limiting (or conservative) ARAR was selected as the remediation goal for that
contaminant. If a COC did not have an ARAR, the most conservative risk-based action level
was selected for the remediation goal. The basis for each of the remediation goals is also
presented in Table 2.22.

In order to determine the critical set of COCs for OU No. 2, the contaminant concentrations
detected in both media were compared to the preliminary remediation goals presented on

Table 2-22. The contaminants which exceeded at least one of the remediation goals have been

retained as COCs. The contaminants that did not exceed any of the preliminary remediation
goals will no longer be considered as COCs with respect to this FS. Based on this comparison,
the following COCs exceeded a remediation goal and will be retained as COCs for OU No. 2:

e Groundwater e Soil

- 1,2.Dichloroethane - PCBs

- Trans-1,2-Dichloroethene - Benzene

- Ethylbenzene - Trichloroethene

- Tetrachloroethene - Tetrachloroethene

- Trichloroethene - 44.DDT

- Vinyl Chloride - Arsenic

- Arsenic -  Cadmium

- Barium - Manganese

-  Beryllium

- Chromium

-  Lead

- Manganese

-  Mercury

- Vanadium
The final set of COCs and their associated remediation goals are presented on Table 2-23.
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TABLE 2-22

PRELIMINARY REMEDIATION GOALS
FEASIBILITY STUDY CTO-0133 \
MCB CAMP LEJEUNE, NORTH CAROLINA

. .. Corresponding Risk
Remediation
Medium Contaminant of Concern Goal Unit Basis of Goal Carcinogenic | Noncarcinogenic
Groundwater Bromodichloromethane 100 peg/L MCL
Chlorobenzene 300 pg/L MCL
1,2-Dichloroethane 0.38 pg/L NC WQS
1,1-Dichloroethene 7 pg/L MCL
Trans-1,2-Dichloroethene 70 pe/L NCWQS
Ethylbenzene 29 pg/L NCWQS
1,1,2,2-Tetrachloroethane 43 pg/L Risk-Ingestion ICR = 1.0E+4
Tetrachloroethene 0.7 pg/L - NCWQS
1,1,1-Trichloroethane 200 pg/L NCWwWQSs
1,1,2-Trichloroethane 5 pg/L MCL
Trichloroethene 2.8 pg/L NCWQS
Vinyl Chloride 0.015 pg/L NCWQS
Xylenes 400 pg/L NCWQS
Phenol 6,000 pg/L Health Advisory
Antimony 50 pg/L MCL
Arsenic 50 pg/L NCWwWQSs
Barium 1,000 pg/L NCWQS
Beryllium 4 pg/L MCL
" { Chromium 50 pg/L NCWQS
Copper 1,000 pg/L NCWwWQS
Lead 15 ng/L MCL
Manganese 50 pg/L NCWQS
Mercury 1.1 pg/L NCWQS
Nickel 100 pg/L MCL
Vanadium 80 pg/L Health Advisory
Zinc 5,000 pg/L NCWQS
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TABLE 2-22 (Continued)

PRELIMINARY REMEDIATION GOALS
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Remediation Corresponding Risk
Medium Contaminant of Concern Goal ~ Unit Basis of Goal Carcinogenic | Noncarcinogenic

Soil PCBs 10,000 pg’kg | TSCA nonrestricted access area

Benzene 5.4 pg/kg  [Risk-Protection of Groundwater

Trichloroethene 32.2 pg’kg  |Risk-Protection of Groundwater

Tetrachloroethene 10.5 ng/kg |Risk-Protection of Groundwater

1,2-Dichloroethene 780,000 pg’keg Risk-Ingestion HlI=1.0

1,1,2,2-Tetrachloroethane 160,000 pe’kg Rigk-Dermal Contact ICR = 1.0E+4

1,1,1-Trichloroethane 7,000,000 nglkg Risk-Ingestion HI=1.0

1,4-Dichlorobenzene 1,300,000 pg'kg Risk-Dermal Contact ICR = 1.0E-4 '

4,4'-DDD 270,000 pekg Risk-Dermal Contact ICR = 1.0E4

4,4'-DDE 60,000 pg/kg Risk-Dermal Contact ICR = 1.0E4

4,4DDT 60,000 ughkg Risk-Dermal Contact ICR = 1.0E+4

Dieldrin 40,000,000 pg/kg Risk-Inhalation ICR = 1.0E4

Arsenic 23,000 pg’kg Risk-Ingestion Hi=1.0

Barium 5,500,000 pgkg Risk-Ingestion HI=1.0

Beryllium 21,000 pekg Risk-Ingestion ICR = 1.0E+4

Cadmium 39,000 pg/kg Risk-Ingestion HI=1.0

Chromium 390,000 pgkg Risk-Ingestion HI=1.0

Manganese 390,000 pg/kg Rigk-Ingestion HI=10

Zinc 23,000,000 pg/_lEgL Risk—hlgjeition Hi=10

10/L0/L0-80'#-0521L 0310
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| TABLE 2-23
_ FINAL
REMEDIATION GOALS FOR OU NO. 2
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Preliminary
Remediation
Media Contaminant of Concern Goal Unit
Groundwater 1,2-Dichloroethane 0.38 pg/L
Trans-1,2-Dichloroethene . 70 pg/L
Ethylbenzene 29 pg/L
Tetrachloroethene 0.7 ng/L
) Trichloroethene 2.8 pg/L
Vinyl Chloride 0.015 pg/L
Arsenic 50 pg/L
N Barium 1,000 ng/L
Beryllium 4 pg/L
Chromium 50 pg/L
Lead 15 pg/L
Manganese 50 pg/L
Mercury 11 pg/L
Vanadium 80 pg/L
T PCBs ﬂ:ﬁ pgkg
4,4'-DDT 60,000 ngkg
Benzene 54 ng'kg
Trichloroethene 32.2 ng’keg
Tetrachloroethene 10.5 pgkg
Arsenic - 23,000 pg/kg
Cadmium 39,000 pg’kg
- Manganese 390,000 pgkg
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2.3.5 Areas of Concern Requiring Remediation

The results of the RA and an evaluation of the COCs concentrations exceeding the developed
remediation goals were used to determine the areas of concern at OU No. 2 requiring

remediation. This determination is presented below.

As previously stated, based on the risk evaluation presented in the RI Report, groundwater
was the only media at the operable unit which presented a calculated carcinogenic risk greater
than 1.0E4 and/or a noncarcinogenic HI > 1.0. The calculated carcinogenic risks from the
other media were generally 1.0E-5 or less. The Hls from the other media were éignificantly
less than 1.0. In addition, based on a comparison of the detected concentrations of the COCs in
the groundwater to the remediation goals, several goals were exceeded. The organic COCs
were exceeded primarily in the monitoring wells located at Site 82. The inorg:a;ﬁc COCs
exceeding the remediation goals where detected in monitoring wells throughout the operable
unit and at background (upgradient) locations. Based on wide spread inoréanic .
contamination, the area of concern (AOC) requiring remediation (with respect to

contaminated groundwater) will focus on the organic contamination.

Figure 2-1 shows the location of where the groundwater remediation goals were exceeded for
organic compounds in both the shallow and deeper portions of the aquifers. The largest
plumes appear to originate from Site 82. The plume from the deeper portion of the aquifer
covers over 168 acres. The plume from the shallower portion of the aquifer covers
approximately 43 acres. Figure 2-1 also identifies 4 small plumes located south and west of
Lot 203. Tetrachloroethene (PCE) was the only COC detected in three of the wells at these
areas which exceeded the remediation goals. These three wells included 6GW7, 6GW21, and
6GW22. The detected PCE concentrations were 1.1 pg/L and 1.2 pg/L. The remediation goal
for PCE is 0.7 pg/L. No other COCs were detected at either of these locations, Since the PCE
concentrations slightly exceeded the preliminary remediation goal, these three areas will be
considered as AOCs for the operable unit. At well 6GW186, chiorobenzene, 1,1,2,2-TCA, and
PCE were detected at levels greater than the remediation goals in the second round sample.
Therefore, the immediate area around 6GW16 will be considered an AOC.

With respect to soil, PCBs, VOCs, and pesticides are the primary COCs. The remediation goal

for PCBs was set at 10,000 pg/kg (this assumes a nonrestricted access area). Three areas

within the operable unit have PCB concentrations in soil exceeding this goal. These areas are
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e identified on Figure 2-2 as AOC3, AOC4, and AOC6. For this FS, each of these areas are
estimated to be approximately 2,700 square feet in size. The vertical extent of contamination
requiring remediation at AOC4 and AOC6 is 2 feet. The vertical extent for AOC3 is 4 feet.
These estimations were based on the analytical results. Confirmation sampling would have to
be conducted during remedial action to determine the actual horizontal and vertical extent of
PCB contamination at these areas. For purposes of this F'S, the volume of soil to be remediated
from AOC3, AOC4, and AOC6 is 400 cubic yards, 200 cubic yards, and 200 cubic yards,
respectively. In addition to the three PCB-contaminated AOCs for soil, three other areashave
been identified as AOCs as shown on Figure 2-2. Soil AOC1 is a potential source of the
ongoing groundwater contamination at Site 82. High levels of TCE and PCE were detected in
the soil samples collected from this area. AOC1 also covers the area where buried drums were
identified and are being removed as part of a Time Critical Removal Action. AOC1 is
estimated to cover over 2.5 acres at a depth of 4 feet. Therefore, approximately 16,500 cubic

. yards of soil mthm this area will require remediation. Soil AOC2 (the upper portion of the

ravine) has been identified as an area of concern due to detected levels of contaminants that

may be a continuing source of PAH and metals contamination to the sediments in Wallace

Creek. AOC2 is estimated to cover less than 0.5 acres at a depth of 2 feet. Therefore,

approximately 1,500 cubic yards of soil within this area will require remediation. Soil AQC5

is an area of concern at Lot 201 based on the levels of pesticides detected in the soil samples.

AQCS5 is estimated to cover 2,700 square feet at a depth of 2 feet. Therefore, approximately

200 cubic yards of soil will be remediated.

2.4 Remgt_liai Action Objectives

Based on the information presented in Sections 2.1 through 2.3, several remedial action
objectives have been developed for OU No. 2 at MCB Camp Lejeune. These objectives are

summarized of Table 2-24 per media of concern (groundwater and soil).
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TABLE 2-24

REMEDIAL ACTION OBJECTIVES APPLICABLE TO OU No. 2
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Media Area of Concern Remedial Action Objective

Groundwater | Surficial Aquifer j@ Preventingestion of water with groundwater

and Castle Hayne COCs exceeding the remediation goals.
Aquifer (1)

® Prevent the horizontal and vertical migration of
contaminated groundwater in the'aquifers.

® Restore the groundwater aquifer to meet the
remediation goals set for the groundwater COCs.

Soil

AQOC1® ® Remediate the source of groundwater
contamination at AOC1 to a level that is
protective of groundwater.

AOC1 o Mitigate the risks associated with human contact
with solvent-contaminated surficial soils at
AOQC1.

AOQOC2 ® Remove soils that may be a potential source of
: surface water and sediment contamination to
Wallace Creek.

- AOC3/AOC4 |e Mitigate the risks associated with human contact
with PCB-contaminated soils at AOC3 and
AOC4.

e Mitigate potential migration of PCB-
contaminated soils at AQC3 and AOC4.

AQCS5 e Mitigate the risks associated with human contact
with pesticide-contaminated soils at AOCH.

AQC5 e Mitigate potential migration of pesticide-
contaminated soils at AOC5.
AQC6 o Mitigate the risks associated with human contact

with PCB-contaminated soils at AQOC6

AQCe6 ® Mitigate potential migration of PCB-
contaminated soils at AOCS.

() There is no confining layer between the Surficial and Castle Hayne A§Mfers at this
operable unit. Therefore, both aquifers act as one water-bearing zone.
(2) AOC = Area of Concern. Refer to Section 2.3.5 for a description of each of these areas.
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3.0 IDENTIFICATION AND PRELIMINARY SCREENING OF
REMEDIAL TECHNOLOGIES

This section includes the identification and preliminary screening of a set of remedial action
technologies that may be applicable for the remediation of the groundwater and soils at OU
No. 2. Section 3.1 identifies a set of general response actions that may be applicable to the
operable unit. Section 3.2 includes the identification of a set of remedial technologies
applicable to groundwater remediation, and a set applicable to soil remediation. Section 3.3
presents the preliminary screening of the set of identified remedial technologies and process
options. Section 3.4 presents a summary of the preliminary screeniﬁg, and Section 3.5

presents the process option evaluation.

3.1 General Response Actions

General response actions are broad-based medium-specific categories of actions that can be
identified to satisfy the remedial action objectives of an F'S. The general response actions that
will satisfy the remedial action objectives identified for OU No. 2 are listed on Table 3-i. As
shown on the table, four general response actions have been identified for the groundwater
objectives: no action, institutional controls, containment actions, and collection/treatment
actions. Four response actions have also been identified for the soil objectives: no action,

institutional controls, containment actions, and excavation/treatment actions.
A brief description of each of the above-mentioned general response actions follows.

3.1.1 NoAction

The NCP requires the evaluation of the no action response action as part of the FS process. A
no action response provides the baseline assessment for the comparison with other remedial
alternatives that have a greater level of response. A no action alternative may be considered
appropriate when an alternative response action may cause a greater environmental or health

danger than the no action alternative itself.
3.1.2 Institutional Controls

Institutional controls are various “institutional” actions that can be implemented at a site as

part of a complete remedial alternative to minimize exposure to potential hazards at the site.
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TABLE3-1

GENERAL RESPONSE ACTIONS FOR OPERABLE UNIT NO. 2
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

LO/LO/LO-80°Y-0S2L 031D

Media é\: :c::i Remedial Action Object?ve General Response Action
Groundwater gurﬁcial and |e Preventingestion of water with groundwater COCs exceeding the remediation goals. No Action
astle Hayne ‘
Aquifers®) e Prevent the horizontal and vertical migration of contaminated groundwater in the Institutional Controls
Surficial and Castle Hayne Aquifers. }
Containment Actions
¢ Restore the groundwater aquifer to meet the remediation goals set for the
groundwater COCs. ' Collection/Treatment Actions
Soil AOC® e Remediate the source of groundwater contamination at AOC1 to a level that is No Action
protective of groundwater.
Institutional Controls
AOC1 e Mitigate the risks associated with human contact with solvent-contaminated
surficial soils at AOC1. Containment Actions
AOC2 e Remove soils that may be a potential source of surface water and sediment Excavation/Treatment Actions
" contamination to Wallace Creek. - .
* AOC3/A0C4 |e Mitigate the risks associated with human contact with PCB- contaminated soils at
AOC3 and AOC4.
AOC3/AOC4 |e Mitigate potential migration of PCB-contaminated soils at AOC3 and AOC4
e Mitigate the risks associated with human contact with pesticide-contaminated soils
AO0C5 at AOCS.
AOC5 e Mitigate potential migration of pesticide-contaminated soils at AOCS.
AOCs e Mitigate the risks associated with human contact with PCB-contaminated soils at
AOCs.
e Mitigate potential migration of PCB-contaminated soils at AOCS.

() There is no confining Iayer between the Surficial and Castle Hayne Aquifers at this operable unit. Therefore, both aquifers act as one water bearing zone.
2 AOC = Area of Concern. Refer to Section 2.3.5 for a description of each of these areas.
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With respect to groundwater, institutional controls may include monitoring programs,
ordinances and access restrictions. With respect to soil, institutional controls may include

monitoring and access restrictions.
3.1.3 Containment Actions

Containment measures include various technologies which contain and/or isolate the COCs on
a site. The measures are designed to isolate so as to prevent direct exposure with or migration
of the contaminated media without disturbing or removing the waste from the site.
Containment actions generally serve to cover, seal, chemically stabilize, or provide an
effective barrier against specific areas of contamination. These actions may be applicable to

both media of concern (soil and groundwater) at OU No. 2.
- 3.14 Collection/Treatment Actions

Collection/treatment actions are typically associated with groundwater or surface water. For '
this FS, only groundwater collection/treatment actions will be addressed. For groundwater,
collection/treatment actions may include one of the following options: (1) collecting the
contaminated groundwater, treating it on site, and then discharging or reinjecting it;
(2) collecting the groundwater and then treating it off site; and (3) treating the groundwater in

situ.

3.1.5 Excavation/Treatment Actions

Excavation/treatment actions are typically associated with soil, sediment, or solid wastes. For
this FS, only soil excavation/treatment actions will be addressed. With respect to soil,
excavation/treatment actions may include one of the following options: (1) excavating
contaminated soil, treating it on site, and then disposing of treated residuals either on or off
site; (2) excavating the soil and then treating and disposing it off site; and (3) treating the soil

in situ.

3.2 Identification of Remedial Action Technologies and Process Options

In this step, an extensive set of potentially applicable technology types and process options
will be identified for each of the general response actions identified for the media of concern at

OU No. 2. The term “technology type” refers to general categories of technologies such as
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chemical treatment, thermal treatment, biological treatment, and in situ treatment. The
term “technology process option” refers to specific processes within each technology type, for
example rotary kiln, fluidized bed, and multiple hearth incineration are process options of
thermal treatment. Several technology types may be identified for each general response

action, and numerous technology process options may exist within each technology type.
Remedial action technologies potentially applicable to OU No. 2 are listed on Table 3-2 with

respect to their corresponding general response action. The applicable process options
associated with each of the listed technologies are also listed on the table.

33 Preliminary Screening of Remedial Action Technologies and Process Options

In this step, the set of remedial action technologies and process options identified in the
previous section will be reduced (or screened) by evaluating the technologies with respect to
technical implementability and site-specific factors. This screening step is site-specific and
will be accomplished by using readily available information from the RI with respect to
contaminant types, contaminant concentrations and on-site characteristics to screen out
technologies and process options that cannot be effectively implemented at the site
(USEPA, 1988a). In general, all technologies/options which appear to be applicable to the site
contaminants and to the site conditions will be retained for further evaluation. The
preliminary screening is presented on Tables 3-3 and 3-4 for groundwater and soil,
respectively. Each of the process options remaining following the preliminary screening will
be evaluated in Section 3.4.

As shown on Tables 3-3 and 3-4, several technologies and/or process options were eliminated
from. further evaluation since they were determined to be inappropriate for the site-specific
characteristics and/or contaminant-specific characteristics of OU No. 2. The groundwater

technologies/options that were eliminated include:

Chemical Dechlorination

e Capping °

@ Vertical Barriers ¢ Plasma Arc Torch

e Horizontal Barriers e Pyrolysis

o Reverse Osmosis e Wet Air Oxidation

e Oil/Water Separation o InSituBiodegradation
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TABLE 3-2
Ve
POTENTIAL SET OF REMEDIAL ACTION TECHNOLOGIES AND
PROCESS OPTIONS IDENTIFIED FOR OPERABLE UNIT NO. 2
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
General Response
Media - Action Remedial Action Technology Process Option
Groundwater No Action No Action No Applicable
Institutional Controls | Monitoring Groundwater Monitoring ‘
Ordinances Aquifer-Use Restrictions
Access Restrictions Deed Restrictions
| - Fencin;
Containment Actions ] Capping Clay/Soil Cap
Asphalt /Concrete Cap
Soil Cover
- ‘ Multilayered Cap
Vertical Barriers Grout Curtain
Slurry Wall
Sheet Piling
L — Rock Grouting
Horizontal Barriers Grout Injection
a | [Block Displacement
Extraction
Subsurface Drains
Discharge Reinjection
¢ Injection Wells
— 4 o Infiltration Galleries
Collection/Treatment } Extraction Extraction Wells
Actions Subsurface Drains Interceptor Trenches
Biological Treatment Aerobic '
- . Anaerobic
Physical/Chemical Air Stripping
Treatment Steam Stripping
Carbon Adsorption
Reverse Osmosis
Ion Exchange
Chemical Reduction
Chemical Oxidation
Neutralization
Precipitation
0il/Water Separator
Filtration
Flocculation
Sedimentation
Chemical Dechlorination
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TABLE 3-2 (Continued)

/M\
‘ POTENTIAL SET OF REMEDIAL ACTION TECHNOLOGIES AND
PROCESS OPTIONS IDENTIFIED FOR OPERABLE UNITNO.2 -
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Media General Response Action | Remedial Action Technology Process Option
Groundwater Collection/Treatment Thermal Treatment Incineration
(Cont) Actions (Cont) ¢ Liquid Injection
¢ RotaryKiln
e Fluidized Bed
e __Multiple Hearth
Molten Salt
Plasma Arc Torch
Pyrolysis
Wet Air Oxidation
Off-Site Treatment POTW
RCRA Facility
‘ Sewage Treatment Plant
In Situ Treatment |Biodegradation )
L Air Spargi _
On-Site Discharge Surface Water (Wallace Creek)
S Reinjection
e Injection Wells
o Infiltration Galleries
Off-Site Discharge POTW
Pipeline to River (New River)
Sewage Treatment Plant
Drinking Water Plant
Deep Well Injection
Soil No Action No Action Not Applicable
Institutional Controls Monitoring Monitoring
Access Restriction Deed Restrictions
_( - Fencin
Containment Actions Capping Clay/Soil Cap
Asphalt/Concrete Cap
Soil Cover
Multilayered Cap
Surface Controls Grading
| _ _ Revegetation
Excavation/Treatment Excavation Soils Excavation
Actions iological Treatment Land Treatment
| Composting (Bio Piling)
Physical/ Solidification/Stabilization
Chemical Treatment o Cement-Based Processes
e Polymer-Based Processes
o e Silicate-Based Processes
: ' e Thermoplastic Techniques
e Surface Microencapsulation
e Vitrification
Soil Washing (Solvent Washing/
Extraction) ,
Chemical Dechlorination (KPEG)

3-6
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TABLE 3-2 (Continued)

POTENTIAL SET OF REMEDIAL ACTION TECHNOLOGIES AND
PROCESS OPTIONS IDENTIFIED FOR OPERABLE UNIT NO. 2

FEASIBILITY STUDY CTO0-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

Media

General Response Action

Remedial Action Technology

Process Option

Soil (Cont)

Excavation/Treatment
Actions (Cont)

Thermal Treatment

Incineration

e RotaryKiln

o Fluidized Bed _

Low Temperature Thermal Stripper

Molten Salt

Plasma Arc Torch

Infrared Incineration

Pyrolysis

'Wet Air Oxidation

In Situ Treatment

|Biodegradation

Volatilization (Vapor Extraction)

|Scil Flushing ‘

Chemical Immobilization
o DPolymerization
e Precipitation

Chemical Detoxification
o Oxidation

® Reduction

® Neutralization

o Hydrolysis

Vitrification

Heating

Artificial Groundﬁreezing

"Ofi-Site Treatment/Disposal

RCRA Facility

Landfill
o Hazardous
® Nonhazardous

3-7
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TABLE 3-3

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

FEASIBILITY STUDY CT0-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

10/10/10-80"¢-0S210-"3T0

General Response Action | Remedial Action Technology Process Option Description Site-Specific Applicability Screening Resulf
No Action No Action Not Applicable No action - contaminated Potentially applicable to any site; Retained
— oundwater remains as is. required by the NCP.
Institutional Controls Moxtiﬁorin Groundwater Monitorin ngoing monitoring of existing wells, JPatentially applicable. Retained
Ordinances Aquifer- Prohibit the use of the contaminated |Potentially applicable. Retained
aquifer as a drinking watersource.
Access Restrictions Deed Restrictions Limit the future use of land including [Potentially applicable. Retained
Fencing imit access by installing a fence Potentially applicable; some fencing |Retained
. . around contaminated ares. already exists.
Containment Actions Capping ClayiSoil Cap Capping material placed over areas of |Doea not appear to be applicable for  |Eliminated
Asphalt/Concrete Cap contamination. contaminated groundwater based on
|Soil Cover the large plume area and depth of the
Multilayered Ca ‘contamination. .
Vertical Barriers Grout ﬁ:in Pressure injection of grout ina e heterogeneity of the 111l material |Eliminated
regular pattern of drilled holes to at the Operable Unit may preventa
contain contamination, “gap-free” curtain. No continuous
confining layer under the sites for the
wall to adioin to.
qﬁmﬁail ench around areasof e heterogeneity of the fill material |Eliminated
contamination. The trenchisfilled ]at the Operable Unit may preventa
with a sofl bentonite sturry tolimit  |“gap-free™ curtain. No continuous
migration of contaminants. confining layer under the sites for the
| wall to adjoin to. —
WSheet Piling Interlocking sheet pilings installed o continuous confining layer under [Eliminated
_ via drop hammer around areas of the sites for the wall to adjoin to.
| contamination. —
Rock Grouting Specialty operation for sealing No rock at the sites. Eliminated
fractures, fissures, solution cavities,
or other voids in rock to control flow of
oundwater.
Horizontal Berriers Urout Injection essure injection ol grout totforma  I'Technique is in the experimental Lliminated
bottom seal across a site at a specific |stage. Depth of the contaminated
depth. lg:;oundwater at the sites would limit
1 .
Block Uisplacement Depﬁ of contaminated groundwater |[Elhiminated

ntinued pumping of grout in

specially notched holes causing
splacement of 2 block of

contaminated earth.

|would limit its use. T

nique is in
the experimental stage.
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TABLE 3-3 (Continued)

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

(®)
r
m
&
o
'y
N
(4)]
o
.lh
General Response Action | Remedial Action Technology Process Option Description Site-Specific Applicability Screening Results 'o
(Con:;ainment Actions Extraction Extraction Wells Series of wells used tg extract Potentially applicable Retained ?
conl ntaminas water,
Subsurtace Drains Interceptor Trenches eriorated pipe insf intrenches  [Depth olthe confaminated Retained 3
backfilled with porous media to collect iro\mdwater will limit its use. gy
contaminated groundwater. pplicable to only the shallow o
groundwater. May be a'yplieable for urd
preventing migration of groundwater -~
to Wallace Creek and/or Bear Head o
reek.
Discharge Remfechon: 'The extracted groundwaler can be Potentially applicable Retained -+
o Injection Wells reinjected back into the aquifer
¢ Infiltration Galleries (following some treatment) to enhance
the collection of contaminated
* groundwater via extraction wells.
gg:{ectxonfl‘reatment kxtraction Lkxiraction Wells Series of wells used to extract Potentially applicable etained
ions mi A
xtraction/Injection Wells on we uncontaminated jPotentially applicable Retained
groundwater to enhance collection of
contaminated dwater via the
extraction wells. Or the injection
wells can also inject material into an
aquifer to remediate dwater.
Subsurtace Urains Interceptor Trenches orated pipe n tren Depth ol the contaminated Retained
backfilled with porous media to collect iroundwnter will limit its use.
contaminated groundwater, pplicable to only the shallow
mndt‘i':gte;igbf:tylo be afplicut;%le for
en n of water
m;llaee Creek and/or goear Head
iogical Treatment herobic Degradation ot organics using néull applicable to orgaﬁxc Retained
ool mig'noorganhminnnnmbic eontamin:nts of concern.
e
Anaerobic on of arganics Potentially applicable to some ofthe ™ |[Retained
|microorganisms in an anaerobic a;oundwnter%on ts of concern
environment ultichlorinated compounds with
three or more chlorines). Possible use
as pretreatment for aerobic
treatment.
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TABLE 3-3 (Continued)

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

General Response Action

L0/L0/1+0-80"¥-0S210-310

Remedial Action Technology Process Option Description Site-Specific Applicability Screening Results
Collection/Treatment Physical/Chemical Air Stripping Mixing large volumes of air with LPotentially applicable for VOCs and {Retained
Actions Treatment water ina vcked column to promote [selected number of SVOCs.

(cont) transfer of VOCs to air. Applicableto
volatile organies and g%m% %B.
Steam S'Exppmg ixing large volumes of steam Potentmlmphcable for VUCUs and  [Retained
waterina vcked column o promote Iselected number of SVOCs.
transfer of VOCs to aiir. Applicable to
n - :
'baiboﬂaaorphon n of contaminants onto Potentially applicabie tained
activated carbon by passing water
through carbon column. Applicable to
[Reverse Usmosis Using high pressure to iorce water NGt applicable for most of the Eliminated
through a membrane leavin constituents of concern.
contaminants behind. Applicable to
dissolved solids (organic and
Ton Exchange n mm;fad water is passed Potentially applicable etained
through a resin bed where fons are
exchanged between resin and water.
Applicable for inorganics, not
organics.
Chemical Reduetion 1tion of & reducing agent to lower [Potentially applicable {Retained
the oxidation state of a substance to
reduce toxicity/solubility. Applicable
chrom 0 i
Chemieal Oxidation on of an oxidizing agent to raise |Potentially applicable etained
the oxidation state of a substance.
Applicable to l¢:ya.nid¢;, organics, and
norgani
Neutralization Addition of an acid or base to a waste JAlthoughpHisnotaconcernatthe [Retained
in order to adjust its pH. Applicable tojoperable unit, neutralization may be
acidic or basic waste streams. applicable in a treatment train with
precipitation.
Precipitation Materials in solution are transferred JPotentially applicable for inorganics. |Retained
into s solid phase for removal.
Applicable to culates and metals. ’ -
OilWater Separation Ma n solution are trans: Not necessary for the contaminants of {Eliminated
) into a saparate phase for removal, concern. No free phase product
Applicable to petroleum detected at the sites.

hydrocarbons.
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TABLE 8.3 (Continued)

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

General Response Action

Remedial Action Technology

Process Option

Description

Site-Specific Applicability

Screening Results

Collection/Treatment
Actions
{cont)

Physical/Chemical
Treatment
(cont)

Filtration

ey

Removal of suspended solids from
solution by forcing the liquid through
a porous medium. Applicable to
suspended solids.

Potentially applicable

Retained

Flocculation

mall, unsettieable particies
suspended in a liquid medium are
made to agglomerate into larger
particlea by the addition of
Jﬂoeculatinx agents. Applicable to
articulates and inorganics.

Potentially applicable

Retained

£0/10/40-80t-0SC10-3T1O

|Sedimentation

Removal of suspended solids inan
rqueoua waste stream via gravity

separation. Applicable to suspended
solids, :

Potentially applicable

Retained

Chemical Dechlorination
(KPEG)

Process which uses specially
synthesized chemical reagents to
destroy hazardous chlorinated
molecules or to toxify them to form
other less harmful compounds.
Applicable to PCBs, chlorinated

Not applicable to the groundwater
contaminants of concern.

Fliminated

Thermal ireatment

Incineration

e Liquid Injection
¢ Rotary Kiln

e Fluidized Bed

%‘r‘o&_ugom and dioxins.
mbustion of waste at high
temperatures. Different incinerator

types can be applicable to pumpable
organic wastes, combustible liguids,

Potentially applicable

Retained

. Multle)e Hearth
Molten Salt

Isoils, slurries, or sludges.
Advanced incineration; waste
contacts hot molten salt to undergo
leatalytic destruction. Applicable for
hazardous liquids, low ash, high
chlorine wastes,

Potentially applicable

Retained

Plasma Arc Torch

Advanced incineration; pyrolyzing
wastes into combustible gases in
contact with a gas which hasbeen
energized to ita plasmastateby an
electrical discharge. Applicable for
liquid organic waste.

Lack of operational experience

Eliminated




Z1-¢

)

TABLE 3-3 (Continued)

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

L0/+0/4+0-80'¥-05210-310

General Response Action | Remedizl Action Technology Process Option Description Site-Specific Applicability Screening Results
Collection/Treatment Thermal Treatment Pyrolysis Advanced incineration; thermal Typically used for compounds not Eliminated
Actions conversion of organic material into  [conductive to conventional
{cont) solid, liquid, and gaseous components; Jincineration; Operable Unit No. 2
takes place in an oxygen-deficient compounds are suitable to other
atmosphere. Applicable for organics lincineration methods.
and inorganics.
Wet Air Oxidation Adﬁﬁ%ﬁcinemtion; aqueous Not recommended for treating large  |Eliminated
phase oxidation of dissolved or volumes of water,
Isuspended organic substances at
elevated temperatures and pressures.
Applicable for organics with high
COD, high strength wastes, and for
oxidizable inorganics,
Ofi-site Treatment FOTW Extracted groungwater discharged to [Potentially applicable Retained
Jacksonville POTW for treatment.
RCKA Facility xtracted groundwater discharged to [Potentially applicable Retained
licensed RCRA facility for treatment .
and/or disposal,
l§wage Treatment Plant Extracted groundwater discharged to |Potentially applicable Retained
Hadnot Point STP for treatment, - '
In Situ Treatment Biodegradation System of introducing nutrients and  [Potentially applicable to shallow Eliminated
oxygen to waste for the stimulation or Jaquifer. This technology is at the
augmentation of microbial activity to {experimental stage for treatment of
degrade contamination. Applicable to jdeeper aquifers,
a wide range of organic compounds.
Afr Sperging “In Situ Air Stripping’. Used in Potentially applicable as a shallow  [Retained
combination with treatment of soils in Jaquifer technology. In deep zones,
the unsaturated zone. Applicableto ]well spacing requirements make the
— organics. use cost prohibitive.
On-Site Discharge Surface Water Treated water discharged to stream  [Potentially applicable Retained
m;t_ha%i_tsﬁ-_eal'.-lh_aﬁﬁk)-
Reinjection ‘Treated water reinjection into the site |Deep injection wells potentially Retained
e Injection Wells aquifer via use of shallow infiltration |applicable. Site geology and low
¢ Infiltration Galleries galleries (trenches) or via deep water table may prohibit the use of
A injection wells. inﬂ%ﬁnlleﬁe&
POTW Treated water discharged to Potentially applicable Retained
Jacksonville POTW,
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TABLE 3-3 (Continued)

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS

FEASIBILITY STUDY CTO-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

General Response Action | Remedial Action Technology Process Option Description Site-Specific Applicability Screening Result
Collection/Treatment Off-Site Discharge Pipeline to River Treated water discharged toriver off  |Potentially applicable Retained
Actions ) site (i.e., New River).
(cont) Sewage Treatment Plant eated water discharged to Hadnot  |Potentially applicable Retatned
Point Sewage Treatment Plant
Drinking Water Plant ted water discharged to Camp Potentially applicable Retained
{ gjeune Drinking Water Treatment
Plant
Deep Well Injection ted water 1s reinjected Into the |Potentially applicable Retained

brine aquifer located under the Castle
Hayne Aquifer.

L0/L0/L0-80v-0G21 01310
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TABLE 3-4

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

FEASIBILITY STUDY CT0-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

1L0/1L0/L0-80"¥-0S24+0-r3TO

General Response Action | Remedial Action Technology Process Option Description Site-Specific Applicability Screening Result:
No Action No Action Not Applicable LNo Action - contaminated soil remaina{Potentially applicable to any site; Retained
untreated. frequired by NCP.
Institutional Controls Monitoring - Monitorin Periodic sampling and analyses. Potentially spplicable Retained
Accsss Roosriotons Doed Restoietions it Tutare Tand s o rons o7 {PotentiaTly sceTiesbls Rotsined
‘%ﬂl contamination.

ﬁencing imit access by installing fencing Potentially applicable; some fencing  Retained

around contaminated aress. already exists

Containment Actions Capping Clay/Soil Cap Compacted impermeable clay layer  [Potentially applicable - vegetation  |Retained
covered with soil installed over and Piney Green Road may interfere
contaminated avea. with implementation.

Asphalt/Concrete Cap pray a layer of asphalit over Potentially applicable - vegetation Retained
contaminated areas or seal the area  |and Piney Green Road may interfere

with implementation,

Soil Cover P Fotentiahy applicable - vegetation Retained
surface to seal off contamination from jand Piney Green Road may interfere
abhoveground surface. with implementation.

Muitilayered Cap Clay mg synthetic membrane placed [Potentially applicable - vegetation Retained

|ovor contaminated area. Areasthen Jand Piney Green Road may interfere
covered with soil and revegatated. with implementation.

Surface Controls Grading Modilying the natural topography and Fotentia'ﬂy applicable - could be used {Retained
run-off characteristica on and around }in conjunction with a capping option.
contaminated areas to control Alone, does not address soil
infiltration and erosion due to surface jcontamination.
water.

Revegetation stablish a vegetative cover over Potentially applicable - in conjunction [Retained
contaminated areas tostabilizathe  jwith other process options. Alone,
ground surface does not address soil contamination.

Excavation/Treatment | Excavation 1Soils Excavation Mechanically remove contaminated [Potentially applicable . useful in Retained
Actions soila from ground, conjunction with other process
options.
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TABLE 3-4 (Continued)

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CT0-0133 '
MCB CAMP LEJEUNE, NORTH CAROLINA

General Response Action

Remedial Action Technology

L0/L0/+0-80'¢-0S24+0-131O

Process Option Description Site-Specific Applicability Screening Results
Exciavationfl‘reatment Biological Treatment [Land Treatment Spread contaminated soil overland  [Not applicable - not proven for PCB  }Retained for organic
Actions (Cont.) and rely on natural microbial action Jeontaminated soils - extensive contamination only.
to degrade waste. treatability studies required.
Applicable primarily for organic
compounds.
Composting (Bio Piling) Aboveground soil management Not applicable - not proven for PCB~ |Retained for organic
hechnlque where contaminated eoils Jcontaminated soils. Applicable contamination only.
containing organic wastes are mixed Jprimarily for organic compounds.
with bulking agentas, placed in large
iles and aerated.
Physical/Chemical olidification/Stabilization ef which a ves are Potentially applicable primarily for  JRetained
Treatment ¢ Cement-Based Processes incorporated into the contaminated  jinorganic compounda. Technology is
¢ Polymer-Based Processes soils to encapsulate the compounds of [in developmental stage for most
o Silicate-Based Processes concern. organic compounds,
e Thermoplastic Techniques
¢ Surface Microencapsulation
o Vitrification
il Washing (Solvent e extraction of contaminants from |[Potentially applicable Retained
Washing/Extraction) excavated soil by mixing the soil with
water, solvents, surfactants, or
chelating agents,
emical Dechlorination ( ) which uses specially Potentially applicable for PCB Retained
synthesized chemical reagents to contaminated soils.
destroy hazardoua chlorinated
molecules or to detoxify them to form
other less harmful compounds,
Applicable to PCBs, chlorinated
hydrocarbons and dioxina,
[Thermal Treatment Incineration TCombustion of waste at high Potentially applicable Retained
: e Rotary Kiln temperatures. Suitable for soils,
¢ Fluidized Bed sludges, slurries.
w Lemperaturs | nerma) ComEnlﬁon of volatile compounds Not applicable, potential formation of |Bliminated
Stripper without heating the aoil matrix to dioxins at low temperatures for PCB
combustion temperatures, contaminated aoils,
Molten Salt Advanced incineration; waste Potentially applicable Retained

contacts hot molten salt to undergo
catalytic destruction.
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TABLE 3-4 (Continued)

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS

FEASIBILITY STUDY CT0-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

General Responae Action

Remedial Action Technology

L0/+0/4+0-80'v-05210-310

Process Option Description Site-Specific Applicability Screening Results
Excgvationﬂ‘reatment Thermal Treatment (Cont.) |Plasma Are Torch Advanced incineration; destroys Not applicable for soils -- only for Eliminated
Actions wastes by pyrelyzing them into pumpable organic wastes and finely
{Cont.) combustible gases in contact witha  |divided, fluidized sludges.
_{gas which has been energized.
Infrared Incineration Advanced incineration; destroys Potentially applicable Retained
wastes by using silicon carbide
elements to generate thermal
kudiation.
Pyrolysis Advanced incineration; thermal Potentially applicable Retained
conversion of organic material into
solid, liquid, and gaseous components;
takes place in oxygen-deficient
atmosphere,
'Wet Air Oxidation Ainnﬁinanenﬁon. aqueous Not applicable for soils - typically for [Eliminated
phase oxidation of dissolved or wastewater sludges.
suspended organic substances at
elevated temperatures and pressures. )
’ in Situ Treatment iodegradation System ol introducing nutrients and Potentially applicable Retained
oxygen to waste for the stimulation or
augmentation of microbial activity to
degradc contamination. Appllcable to
e: Volatilization (Vapor Extraction) [V ti o eom unds are removed from {Not applicable to PCB contaminated [Retained for VOC
=) nub-urfaea aoilu by mechanically soils. Potentially applicable to the contaminated soils only.
duwing or venting air through the WVOC contaminated soils.
Soil Flushing Bitu” soil washing. Anaqueous  [Potentially applicable Retained
solution is injected into or aprayed
. gnto the lﬂ'ected area and ia eollected
Chemical Immobilization Not applicable to PCB contaminated |Eliminated
) golymeﬂzation contaminmts inwluble and thereby [soils.
(]
1n Situ Chemical Detoxification ch aeatray. degrade, or |[Not applicable to PCB contaminated |Eliminated
s Oxidation reduce the toxicity of contaminants by |soils.
® Reduction the use of various treatment agents.

e Neutralization
e Hydrolysis
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TABLE 3-4 (Continued)

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

General Response Action | Remedial Action Technology Process Option Description Site-Specific Applicability Screening Results

Excavation/Treatment | In Situ Treatment (Cont.) Vitrification Emerging technology; contaminated |Potentially applicable Retained

Actions ] soil is converted into a durable glass
(Cont.) and crystalline form by melting the
1b jeal heat.
Heating Emerging technology; destroys or May not be applicable to PCB liminated

removes organic contaminants in soil [contaminated soils.
through thermal decompoaition,

L0/L0/L0-80°-0SCLO0-FATO

vaporization, and distillation.
rtificial Ground kreezing merging technology; involves May not be applicable to PCB Eliminated
installing freezing loops in the ground jcontaminated soils, Not a permanent

with a self-contained refrigeration  |solution.
system that pumps coolant around the

loaps. Soils around the wastes are
Ifl‘wg. %emgin_rz treatment.
© [Of-Site Treatment/Dispogal [RCRA my xcavated soils are transportedtoa  |Potentially applicable Retained

licensed RCRA facility for treatment
and/or dis 5

andii xeavated soils are transportedtoa  [Potentially applicable Retained
permitted landfill for disposal either
hazardous or nonhazardous.

Li-e
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The soil technologies/options that were eliminated include:

Low Temperature Thermal Stripper o InSitu Chemical Detoxification
Plasma Arc Torch o InSitu Heating
Wet Air Oxidation e Artificial Ground Freezing

In Situ Chemical Immobilization

The technologies and process options that passed this preliminary screening are listed on
Table 3-5. '

34 Process Option Evaluation

The objective of the process option evaluation is to select only one process option for each
. applicable remedial technology type to simplify the subsequent development and evaluation of
alternatives without limiting flexibility during remedial design. More than one process
option may be selected for a technology type if the processes are sufficiently different in their ‘
performance that one would not adequately represent the other. The representative process
provides a basis for developing performance specifications during preliminary design; however
the specific process option used to implement the remedial action may not be selected until the
remedial design phase.

The process options listed on Table 3-5 were evaluated based on effectiveness,
implementability, and relative cost. The effectiveness evaluation focussed on: the potential
effectiveness of process options in meeting the remedial action objectives; the potential
impacts to human health and the environment during the construction and implementation
phase; and how reliable the process is with respect to the contaminants of concern. The
implementability evaluation focussed on the administrative feasibility of implementing a
technology (e.g., obtaining permits), since the technical implementability was previously
considered in the preliminary screening. The cost evaluation played a limited role in this
screening. Only relative capital and operating and maintenance (O&M) costs were -used
instead of detailed estimates. Per the USEPA FS guidance, the cost analysis was made on the

basis of engineering judgment.

3-18
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5 TABLE 3-5
SET OF POTENTIAL TECHNOLOGIES/PROCESS OPTIONS
THAT PASSED THE PRELIMINARY SCREENING
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Media General Response Action | Remedial Action Technology Process Option
Sy
Groundwater _I‘\rIo Action No Action Not Applicable
Institutional Controls Monitoring Groundwater Monitoring
Ordinances Aquifer-Use Restrictions
Access Restrictions Deed Restrictions
- — Fencin
Containment Actions Extraction Extraction Wells
Subsurface Drains Interceptor Trenches
) Discharge Reinjection
_ _ _ ' ¢ Injection wells
Collection/Treatment Extraction Extraction Wells
Actions Subsurface Drains Interceptor Trenches
Biological Treatment Aerobic
; | _ Anagobic
2 Physical/Chemical Air Stripping
Treatment Steam Stripping
JCarbon Adsorption
Ion Exchange
Chemical Reduction
Chemical Oxidation
Neutralization
Precipitation
Filtration
Flocculation
- o Sedimentation
Thermal Treatment Tncineration
Molten Salt
Off-Site Treatment [POTW
RCRA Facility
Sewage Treatment Plant
In Situ Treatment Air Sparging
On-Site Discharge Surface Water
Reinjection
o Injection wells
Off-Site Discharge [POTW
Pipeline to River
Sewage Treatment Plant
Drinking Water Plant
-
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o TABLE 3-5 (Continued)
SET OF POTENTIAL TECHNOLOGIES/PROCESS OPTIONS
THAT PASSED THE PRELIMINARY SCREENING
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Media General Response Action | Remedial Action Technology Process Option .
Soils No Action No Action |Not Applicable
Institutional Controls Monitorin Monitorin
Access Restrictions Deed Restrictions
_ Fencin
Containment Actions Capping Clay/Soil Cap
Asphalt/Concrete Cap
Soil Cover
A . _ Multilayered Cap
Surface Controls Grading
___ Revegetation
Excavation/Treatment Excavation Soils Excavation
Actions Biological Treatment Land Treatment
| . — Compostin
o~ Physical/Chemical Solidification/Stabilization
Treatment Soil Washing
- _ Chemical Dechlorination (KPEG)
Thermal Treatment Incineration
Molten Salt
Infrared Incineration
Pyrolysis
In Situ Treatment Biodegradation
{Volatilization
Soil Flushing
. Vitrification
Off-Site Treatment/Disposal JRCRA Facility
Landfill
e Hazardous
¢ Nonhazardous
Ve
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- A summary of the proéess option evaluation is presented on Tables 3-6 and 3-7 for
groundwater and soil, respectively. It is important to note that the elimination of a process
option does not mean that the process option/technology can never be reconsidered for the site.
As previously stated, the purpose of this part of the F'S process is to simplify the development

and evaluation of potential alternatives.

Table 3-8 identifies the screened set of technologies/process options that will be used to develop

potential remedial alternatives in Section 4.0.

3-21
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TABLE 36

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

L0/10/L0-80'¥-0S210-310

Evaluation
General Remedial
Response Action Evaluatit
Action Technology Process Option Effectiveness Implementability Cost Results
No Action No Action Not Applicable Evaluation not necessary since onlyone | Evaluation not necessary since onlyone | Evaluation not necessary since Retained
process option process option only one process option
Institutional | Monitoring | Groundwater Monitoring Evaluation not necessary sinceonly one | Evaluation not necessary since only one | Evaluation not necessary since Retained
Controls Emeess option rocess aption only one process option
Urdinances quiler-Use Restrictions vajuation not necessary since only one vaiuation not necessary since only one valuation not necessary since Retained
%ﬂ%* process gﬁﬁm only one process option
Access Deed Kestrictions O not meet remediation goals e lLasily implemented egligible cos! Ketained
Restrictions slone o Legal requirements
e No during implementation
o Effectivenessd ent on
continued future implementation
Kencing e Does not meet remismﬁon goals e Rasi m‘plemenbed Low capital, low O&M Lliminated
alone . Emt{ng ence around Lots 201 and
¢ Minimal to low exposures during 203
implementation o Nolegal requirements
Containment |Extraction Extraction Wells e Effective for collecting and/or ¢ Basilyinstalled ’ Moderate capital, low O&M Retained
Actions containing & contaminated ¢ Equipment readily available .
mter plumed o Nopermits required
) ex&osum uring
i : jmplementation
Subsuriace | Interceptor Trenches 0 ve tor collecting and/or o—Eqmpment readily available Low to moderate capital, low Ehminated
Drains containing a contaminated - . uires extensive 0o&M
water plume excavation/tre: .
. tial exposures during . uires more area extraction
implementation we
. A‘ppl&ublo for shallow groundwater
umes
o Slowerrecovery than extraction
we|
e More effective for low permeability
soils than extraction wells
Dischargo Reingection - Injection Wells e ive for containing a contami- ¢ Lasily installed . Moderate capital, moderate Retained
nated groundwater plumeifusedin  jo Equipment readily available 0o&M :
conjunction with extraction wells e Nopermitsrequ
s Potential exposures during o Requirepilot test
implementation o Significant maintenance

o Injection wells effectiveness is
dependent on site geology
o Wells tend to clog in time
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TABLE 3-8 (Continued)

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION

FEASIBILITY STUDY CTO0-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

+0/L0/10-80°¥-0S210-I"'31O

Evaluation
General Remedial
Response Action Evaluatio
Action Technology Process Qption Effectiveness Implementability Cost Results
Collection/ Extraction Extraction Wells Effective for collecting and/or o Easily implemented Moderate capital, low O&M Retained
Treatment containing a contaminated ¢ Equipment readily available
Actions groundwater plume e Nopermits required
Potential exposures during
implementation '
Subsurface Interceptor Trenches ective for collecting and/or e Equipment readily available Low to moderate capital, low Eliminated
Draing containing a contaminated ¢ Requires extensive o&M
groundwater plume excavation/trenching
Potential exposures during o Requires more area than extraction
implementation wells
Applicable for shallow groundwater
plumes
Slower recovery than extraction
wells
More effective for low permeability
soils than extraction wells .
Biological Aerobic May be able to meet remediation e Equipment should be easily "Moderate capital, moderate Retained
Treatment goals obtainable o&M
’ Potential exposures during e Mobile units available
implementation o May require bench-scale testing
Effectiveness dependent on
biodegradability of contaminants
Anaerobic May be able to meet remediation e Dquipment should be easlly ‘Moderate capital, moderate Retained
goals . obtainable 0&M
Potential exposures during e Maobile units available
implementation e May require bench-scale testing
Eff4ectiveness dependent on
anaerobic biodegradability of
contaminants

Very slow process
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TABLE 3-8 (Continued)

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION

FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

L0/L0/10-80°¥-0S210-F310

Evaluation
General Remedial
Response Action Evaluatiol
Action Technology Process Option Effectiveness Implementability Cost Results

Collection/ Physical/ Air Stripping Can potentially meet remediation o Equipment readily available Moderate capital, low to Retained

Treatment Chemical goals for organics ¢ Many mobile units available moderate O&M '

Actions Treatment Featible for large volumes of o May require bench-scale testing

(Cont) moderate to low soluble VOC- o Off-gas and/or tower scale treatment
contaminated water may be required
Lower efficiency in cold weather o May requirs air emissions permit
Proven and widely used technology
Potential exposures during
implementation
May require pretreatment for metals .

[ Steam Stripping ‘Can potentially meet remediation e Readily available, hot as common as oderate capital, moderate to Eliminated
goals air stripping high O&M
Feasible for large volumes of VOC- o May require air emissions permits
contaminated water o Off-gas and/or tower scale treatment
Lawer efficiency in cold weather may be required
May require pretreatment for metals
and oils and grease
Typically used for less volatile or
highly soluble com ds
Carbon Adsorption Can potentially meet remediation s Equipment readlly avallable Moderate capital (dependenton | Retained

goals e Many prefabricated mobile units loading requirements), moderate
Applicable to a wide variety of available to high O&M .
organics and inorganics o May require bench-scale testing
Can be used as a polishing step o Spent carbon must be properly
following air stripping handled .

Proven and widely used technology
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TABLE 3-8 (Continued)

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

10/L0/1L0-80'Y-0S210-F3T1O

Evaluation
General Remedial
Response Action Evaluatior
Action Technology Procesas Option Effectiveness Implementability Cost Results
Collection/ Physical/ Ion Exchange e May not meet all remediation goals o Full-scale industrial use for recovery | Moderate to high capital, Eliminated
Treatment | Chemical o Effective and reliable; proper of valuable metals moderate to high O&M
Actions Treatment pretreatment required e Equipment is widely available
(Cont) (Cont) o Typically used as a polishing step for e Regeneration solutions are generally
removal of selected dissolved metals readily available
¢ Insensitiveto variationsinflowrates |e Bench-testing required
o Pretreatment for oil and grease ® Residuals include waste solutions
: e gy
Chemical Reductien [ not meet all remediation goals * ple and readily avatiable Low to moderate capital, Eliminated
¢ Wellstudied and understood reaction equipment moderate to high O&M
e Itisnotaselective process o The continuous process configuration
¢ Limited toa few selected metals is easily automated
(chromium, mercury, lead) ¢ Easily implemented
e Typically followed by precipitation
e Ifcomplex wastewater - oxidized
chemicals may be reduced to more
toxic forms
Chemical Oxidation @ May not meet all remediation goals e Well-demonstrated at hazardous "Tow to moderate capital, Eliminated
o Reliable and proven on industrial waste sites in pilot- and full-scale moderate to high O&M
wastewaters for metals (manganese, e Readily available, conventional
iron) treatment. Can be used alone or equipment required
in conjunction with precipitation e Bench scale testing normally
uired
Neutralization e Will not meet all remediation goals . %ihﬂy used and well demonstrated | Low capital, low to moderate Retained
o Canbeused in a treatment train for o Simple and readily available o&M
pH adjustment equipment/materials
. o Bench-scale studies may be required
Precipitation e May meet inorganic remediation goals |® _ Widely used and well demonstrated | Low capital, moderate O&M Retained

Effective, reliable, permanent, and
conventiona) technolo,

Typically used for removal of heavy
metals

Followed by solids-separatiop method
Generates sludge which can be
voluminous, difficul{ to dewater, and
may require treatment

¢ Equipment is basic and easily
designed

o Compact, single units that are
deliverable to the site

e Requires bench- or pilot-scale tests
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'TABLE 3-8 (Continued)

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

o
r
m
<
Q
s
o
Evaluation
' Qe
General Remedial -3
Response Action Evaluatic ‘o
Action Technology Process Option - Effectiveness Implementability Cost Results o
1
Collection/ Physical/ Filtration ¢  Will not meet inorganic remediation o Equipment isrelatively simple to Low capital, low O&M Retaiped o
Treatment Chemical goals alone install and no chemicals are required i
Actions Treatment e Conventional, proven method of o Pilot study is required —~
(Cont) (Cont) removing suspended solids from o Package units available o
wastewater -t
o Doesnot remove other contaminants B
e Pretreatment for oil and grease re
required
o Generates a sludge which requires
r handlin
Tocculation . ﬁEy not meet inorganic remediation | Bquipmentiareadily availableand | Low capital, moderate O&M Retamed
goals easy to operats
& Well established technology ¢ Canbe easily integrated intomore
o Applicable to any aqueous waste complex treatment systems
stream where particles must be .
agglomerated into larger more
settleable particles prior to other types
of treatment
¢ Performance depends on the
variability of the composition of the
waste being treated
Sedimentation e Wilnot meet Inorganicremediation @  Sedimentation tanks demonstrated | Moderats capital, moderate iminated
goals alone and proven succeasful at hazardous o&M
o Effective for removing suspended waste sites

solids and precipitated materials from
wastewater

o Performance depends on density and
particle size of the solids; effective
charge on the suspended particles;
types of chemicals used in
pretreatment; surface loading; upflow
rate; and rejection time

e Feasible for large volumes of water to
be treated

o Effluent streams include the effluent
water, scum, and settled solids
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TABL® 3-6 (Continued)

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION »
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

(@)
r
m
N
o
-h
Evaluation a
General Remedial lo
Resp?nse Action . Evaluatio P
Action Technology Process Option Effectiveness Implementability Cost Results ©
. Q0
Collection/ Thermal Incineration ¢ May meet remediation goals ¢ Commercially available and widely | High capital, moderate to high Retained 3
Treatment Treatment o Capable of burning waste in any used 0&M 3
Actions physical form ¢ Requires air emission controls and —
(Cont) o Susceptible to thermal shock extensive maintenance (]
¢ Low thermal efficiency o Skilled workers required -t
o Potential exposures during operation e Generates exhaust gases and ash B
: residue
[ Molten Salt e May meet remediation goals e Emerging technology High capital, moderateto high | Eliminated .
e Applicable for the destruction of o Developmental, pilot-scale units O&M
liquids and solids available
e Appears to be sensitive to materials e Requires frequent bed replacement
containing high ash content or high
chlorine content
o Molten salt produced may be corrosive
o Potential es durin tion
Ofi-oite POTW e  ERectiveness anli reh'asﬁi'ty require  |e Existing POTW may need upgraded | Lot capital, moderate O&M Eliminated
Treatment pilot test to determine ¢ Readily implementable if POTW will
grant permission; otherwise may not
be feasible
o _Permit required
"RCRA Facllity e Efcctive and reliable treatment . mpﬂent ‘on availability of and Moderate capital, moderate Retained
o Transportation required distance to nearest RCRA facili o&M
Sewage Treatment Plant . ectiveneaﬁﬂ;mﬁy_re—qﬁﬁ__ e Readily implementable if STP aﬂ Tow capital, low O&M Eliminated
pilot test to determine accept waste; otherwise may not be
feasible
o Modifications to permits may be
required )
In Situ Air Sparging e Not a proven technology since the e Bmerging technology Not documented - but should be | Eliminated
Treatment concept is new (emerging technology) e Equipment and materials shouldbe | moderate capital, low to
e Highly dependent on geology readily available moderate O&M
o Monitoring via wells may not be o Treatability studies required
effective e May reduce the remediation time as

Generally considered a shallow aquifer
technology only

compared to bioremediation alone
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TABLe3-6 (Continued)

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

O
r
m
<
o
= N
- N
Evaluation o
General Remedial l°
Response Action Evaluati¢ :h
Action Technology Process Option Effectiveness Iraplementability Cost Results ©
. o
Collection/ On-Site Surface Water o Effective and reliable discharge e May require impact studies to assess [ Low to moderate capital, low Retained :
Treatment Discharge method affects to environment o0&M 3
Actions ¢ NPDES it required ~
(Cont) Relnjection - Injection Wells | & Injsction wells ellectivenese 18 highly s Basily mstaﬁed Moderate capital, moderate O&M | Eliminated . €
dependent on site geology o Equipment readily available ry
o Wells tend to clog in time o Nopermits required -~
o Potential exposures during o Require pilot test o
implementation o Significant maintenance -
"Off-Site POTW . EiM1ve and reliable discharge * Uﬁ&%ge permits required Low capital, moderate O&M Eliminated
Discharge method e Acceptance by a local POTW may be
difficult to obtain
Pipeline to River ) ective and reliable discharge Discharge permits required Moderate to high capital, low Retained
method o Distance to New River from operable [ O&M
unit may make this option difficult to
implement
Sewage Treatment Dlant e Efiective and reliable discharge o Discharge permit may need modified { Low capital, low O&M Eliminated
method o Capacity of the Hadnot Point STP
. may not be able to accept the flow .
Drinking Water Treatment | e Efiective discharge option Tﬁiﬁﬁg_ﬁm{z&bﬂxg& Low capital, Jow O&M Retained
Plant o Innovative approach Permit may need modified
o Reuseof water e  May require groundwater treatment
system to be modified
o Maybedifficult to gain acceptance
Deep Well Injection e Injection wells eliectiveness 18 highly | ®  Discharge permit required Moderate Capital, moderate Retained
dependent on site geology o Injection wells must be installed o&M

Wells may clog in time
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TABLE 3.7

SUMMARY OF SOIL PROCESS OPTION EVALUATIONS
FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

L0/L0/1L0-80°¥-0SCLO-I'ATO

but is an effective sealant

e Reliable capping technology

o Materials, equipment, workers easily
obtainable ‘

o Restrictions on future land use
required

o&M

Evaluation
General Remedial
Response Action
Action Technology Process Option Effectiveness Implementability Cost Evaluation Res
No Action No Action Not Applicable Evaluation not necessary since only one | Evaluation not necessary since only one | Evaluation not necessary since | Retained
process option. process option. only one process option.
Institutional |Monitoring { Monitoring Evaluation not necessary since only one | Evaluation not necessary since only one | Evaluation not necessarysince | Retained
Controls process option, ’ process option. only one process option.
Access Deed Restrictions ¢ Does not meet remediation goals ® Eaaiiy implemented  Negligible Cost Retained
Restrictions alone ¢ Legal requirements
o Noexposures during implementation
¢ Effectiveness dependent on
continued future implementation
Fencing &  Does not meet remediation goals ®  Easily implemented Low Capital, Low O&M Retained
alone e Existing fence around Lots 201 and
¢ Minimal to low exposures during 203
implementation o Nolegal requirements ]
Containment } Capping Clay/Seil Cap o Does not eliminate contamination o Easily implemented Low Capital, Moderate O&M Eliminated
Action but effectively seals off surface ¢ Materials, workers, equipment easily
¢ Reliable capping tachnology obtainable
o Restrictions on future land use
Asphalt/Concrete Cap e Does not eliminate contamination, |e Euﬂy implemented Low Cepital; Moderate O&M Eliminated
but is an effective sealant o Materials, equipment, workers easily
¢ Reliable capping technology, but it is obtainable
susceptible to weathering and ® Restrictions on future land use
cracking ired
‘Soil Cover ® Does not eliminata contamination, ] e —Eﬁly implemented Low Capital; Moderate O&M Retained
but is an effective direct contact o Materials, equipment, workers easily
barrier obtainable
o Reliable technology for a contact o Restrictions on future land use
barrier, but it is ausceptible to required
cracking .
uitilayered Cap e Does not eliminate contamination, |e Easily implemented Moderate Capital; Moderate Retained
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TABLE 3-7 (Continued)

SUMMARY OF SOIL PROCESS OPTION EVALUATIONS
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

L0/L0/1L0-80"¥-0524+0-M3TO

Evaluation
General Remedial
Response Action
Action Technalogy Process Option Effectiveness Implementability Cost Evaluation Res
Containment |Surface Grading Does not meet remediation goals, but e Easily implemented Low Capital; Low O&M Retained
Action Controls is a proven method for controlling o Equipment and workers easily
(Cont.) infiltration and erosion obtainable
Revegetation Does not meet remediation goals, but e Easily implemented Low Capital; Low O&M Retained
is an effective method for stabilizing Je Materials, equipment, workers easily .
the surface of a waste site obtainable
Minimal impacts during construction
Excavation/ ]Excavation | Soil Excavation Can remove soils with contamination [ e Easily implemented Low Capital, No O&M Retained
Treatment above the remediation goals ¢ EBquipment and workers easily
Actions High potential impacts during obtainable
implementation
Effective technology
Biological Land Treatment May be able to meet remediation s Requires & Iot of space (Lot 203) oderate Capital, Moderate Retained for
Treatment goals @ Requires treatability study O&M VOC/SVOC-
Potentisl exposures during contaminated soils
excavation, installation, and
operation
Effective for biodegradable and
volatile compounds
omposting May be able to meet remediation fﬁiqﬁ?u less space than land Moderate Capital, Moderate liminated
goals treatment 0&M
Potential exposures during o Takes longer than land treatment
excavation, installation, and ® Requires treatability study
operation
Effective for biodegradable and
volatile compounds -
Physical/ Solidification/Stabilization Reduces migration potential of . workers required High Capital; Moderate O&M Eliminated
Chemical contaminants (primarily inorganics) |e May require bench scale testing
Treatment Contaminants still presentin waste e Complex design and evaluation
Long term reliability is uncertain required
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TABLE 3.7 kContinued)

SUMMARY OF SOIL PROCESS OPTION EVALUATIONS
FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Evaluation
General Remedial
Response Action
Action Technology Process Option Effectiveness Implementability Cost Evaluation Res
Excavation/ | Physical/ Soil Washing May be able to meet remediation ¢ Residuals are generated that require | Moderate Capital; Moderate Eliminated
Treatment Chemical goals treatment O&M
Actions Treatment Potential exposures during o Skilled workers required
(Cont.) excavation, installation, and e Equipmentshould be easily
operation obtainable
Effectiveness is highly dependent
upon site-apecific conditions
Less effective with complex mixtures
of waste types
Limited to granular soils
Chemical Dechlorination ‘Achieves performance levels thatare |& Treatability study may be required | High Capital; Low O&M Retained for PCB-
(KPEG) considered equivalent to incineration J® Skilled workers required contaminated soils
Treatment efficiency varies with o May requirs transportation
Aroclor type o Cost varies with reagent
Products of treatment reaction are recyclability
non-toxic, non-mutagenic, and non-
bioaccumulative
Treated waste may still require
chemical waste landfill disposal
Thermal Incineration Bhould be capable of meeting ® Mobile units commercially available | High Capital; Low O&M Retained
Treatment remediation goals and widely used
Capable of burning waste in any ¢ Requires air emission controls and
physical form extensive maintenance
Potential exposures during operation e Skilled workers required
and monitoring o Generatesresiduals: exhaust gas
— and ash
Molten Salt May be able to meet remediation ® Innovative technology High Capital; High O&M Eliminated

10/L0/10-80't-0S240-F3TD

goals

Sensitive to materials containing
high ash content or high chlorine
content

Molten salt produced may be
corrosive

Departmental stage; pilot-ecale units
available
Requirea frequent bed replacement
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TABLE 3-7 (Continued)

SUMMARY OF SOIL PROCESS OPTION EVALUATIONS
FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

L0/1L0/1L0-80"v-0S210-FI1O

Evaluation
General Remedial
Response Action
Action Technology Process Option Effectiveness Implementability Cost Evaluation Res
Excavation/ |Thermal Infrared Incineration May be able to meet remediation o - Generated residuals include flue High Capital; High O&M Eliminated
Treatment | Treatment goals gases, ash, scrubber effluents
Actions (Cont.) Effectively treated halogenatedand |e Mobile units are available
(Cont.) : nonhalogenated organics
Soils and sludges must be greater
than 22 percent solids or must be
dewatered
Nonuniform feed size requires
pretreatment prior to entering unit
Heavy metals are not fixed in ash -
Pyrolysis May be able to meet remediation e Mobile units are commercially High Capital; High 0&M Eliminated -
goals available
Not effective for wastes with
nitrogen, sulfur, or sodium contenta
I Requires homogeneous waste input
In Situ Biodegradation More suited to non.! organie e PCDs may be toxicto Moderate to High Capital; Eliminated
Treatment contaminantas and may not meet PCB microorganisms Moderate to High O&M
remediation goals e Requires treatability studies
Treatment can be inconaistent dueto |® Dependent upon site hydrogeology
variations in biological activity
Volatilization o Highly dependent on site geology ® EBquipmentrendily available Moderate Capital; Low to Retained for VOC.
Applicable to VOCs and selected o Easy to inatall (vapor extraction Moderate O&M contaminated soils
SVOCs only wells)
Not effective for PCBs o Dependent upon site geology .
e __ Pilot studies may be required
Soil Flushing More suited to non-PCB organic ®  Requires treatability studies Moderate to High Capital; Eliminated
contaminants and may not meet PCB | ¢  Dependent upon site hydrogeology Moderate to High O&M
remediation goala e System must be integrated with a

Difficult to achieve uniform cleaning
due to soil inconsistency

Treatment of washing solvent
required

soluble plume containment system
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TABLE 3-7 (Continued)

SUMMARY OF SOIL PROCESS OPTION EVALUATIONS
FEASIBILITY STUDY CTO-01383
MCB CAMP LEJEUNE, NORTH CAROLINA

L0O/L0/10-80+-0SCHO-TITO

Evaluation
General Remedial
Response Action
Action Technology Process Option Effectiveness Implementability Cost Evaluation Rest
Excavation/ |InSitu Vitrification o Retention of volatile metalsinmeltis | Buried metals may result in shorting { High Capital; Minimal O&M Eliminated
Treatment Treatment reduced as surface is approached of electrodes
Actions (Cont.) e Groundwater should not be present fe Loosely packed rubbish may resultin
(cont) in soils to be treated underground fires
e Feasibility tests must be performed
) to determine s0il's conductance
Off-Oite RCRA Facility e Will meet remediation gonis # Dependent upon facility availability | High Capital; Minimal O&M Retained
Treatment/ ‘|® Potential exposure during excavation [ ®# Requires transportation
Disposal and transportation activities o Adequate testing required
Landfill . ill meet remediation goalsatthe [e Dependentupon .iankﬂl capacity Moderate to High Capital; Retained
site but does not destroy the o Requires transportation Minimal O&M for hazardous
contaminanta e Adequate testing required waste landfill
o “Cradle to Grave” problem
e Potential exposures during Low to Moderate Capital;

excavation and transportation
activities

Minimal O&M for nonhazardous

waste landfill



CLEJ-01250-4.08-01/01/01

3-34

P
‘ TABLE 3-8
FINAL SET OF POTENTIAL REMEDIAL ACTION TECHNOLOGIES
AND PROCESS OPTIONS
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA
Media General Response Action | Remedial Action Technology Process Option
Groundwater No Action ’ No Action Not Applicable
Institutional Controls [Monitoring Groundwater Monitoring
Ordinances Aquifer-Use Restrictions
. Access Restrictions Deed Restrictions
Containment Actions [Extraction Extraction Wells
__ _ Discharge Reinjection - Injection Wells
Collection/Treatment  |Extraction _ Extraction Wells
Actions Biological Treatment Acerobic
) | _ _ Anaerobic
Physical/Chemical Treatment JAir Stripping
Carbon Adsorption
Neutralization
‘ Precipitation
S Filtration
_ Flocculation
[Thermal Treatment Incineration
Off-Site Treatment RCRA Facility
On-Site Disch Surface Water (W allace Creek)
Off-Site Discharge “{Pipeline to New River
Drinking Water Plant
_ Deep Well Injection
Soil NoAction No Action Not Applicable
Institutional Controls Monitoring Monitoring
Access Restrictions Deed Restrictions
L Fenci
Containment Actions Capping Soil Cover
Multilayered Cap
Surface Controls Grading
Revegetation
| _ Soil Excavation
Excavation/Ireatment  |Excavation Land Treatment
Actions EIOIOE | ’T‘reatment Chemical Dechlorination (KPEG)
Phxsmal/Chenucal Treatment Incineration
Thermal Treatment [Volatilization
In Situ Treatment RA Facility
Off-Site Treatment/Disposal Landfill
VN
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~ 40 DEVELOPMENT AND SCREENING OF ALTERNATIVES

In this section, general response actions and the process options chosen to represent the
various technology types applicable for OU No. 2 will be combined to form remedial action
alternatives (RAAs) for the operable unit. Following development, each alternative may be
evaluated against the short-term and long-term aspects of three criteria: effectiveness,
implementability, and cost (i.e, the preliminary screening). The RAAs with the most
favorable composite evaluation of all criteria will be retained for further consideration during
the detailed evaluation presented in Section 5.0. Note that the preliminary screening at this
step of the F'S is optional. It will only be conducted if too many alternatives are initially
developed.

4.1 Development of Altemati'veg

The general response actions and process options chosen to represent the various applicable
technologies identified on Table 3-8 have been combined into separate RAAs potentially
applicable for either the contaminated groundwater, or the soil AOCs within the operable
unit. The categorization of the RAAs into separate media-specific RAAs will allow for the
independent evaluation of various alternatives for each affected medium. A completely
developed RAA for OU No. 2 will consist of an RAA from both media of concern,

Table 4-1 presents the set of RAAs developed for remediating the contaminated groundwater
within the operable unit. ' The components of each RAA (i.e., technology type and process
option) and the area or volume included under each RAA is presented in the table. Five RAAs
have been identified for groundwater ranging from no action to groundwater extraction and
treatment. Table 4-2 presents the set of RAAs developed for remediating the soil AOCs within
the operable unit. Seven RAAs have been identified for the contaminated soil ranging from no
action to complete removal and off-site treatment/disposal.

A description of all the RAAs with respect to each media of concern is presented below.




TABLE 4-1

POTENTIAL SET OF GROUNDWATER REMEDIAL ACTION ALTERNATIVES
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

4 4

1 2 3 4 5
Intensive
Groundwater | Groundwater
Extraction Extraction
: No Limited and and
Technology Type Process Option Area or Volume Action | Action | Containment | Treatment Treatment
Monitoring Groundwater Monitoring 21 Existing monitoring X X X X
wells
[6 Extraction wells placed X X
for containment or
treatment
2 Extraction wells placed X X
for treatment
Ordinances Aquifer-Use Restrictions Supply Wells 633, 635, 636, X X X X
and Deed Restrictions 637 and 651
Extraction Extraction Wells 6 Extraction wells placed X X
for containment or
treatment
2 Extraction wells placed ~ X X
for treatment
Treatment Treatment Train Extracted groundwater VX X X
Consisting of Air Stripping,
Carbon Adsorption, and
Metals Removal
Discharge Surface Water (Wallace Treated groundwater X X X
Creek)

L0/1L0/10-80°¥-0S21L 031D



TABLE 4-2

POTENTIAL SET OF SOIL REMEDIAL ACTION ALTERNATIVES
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

154

1 2 3 4 5 _ 6 7
Capping and
Capping and On-Site On-Site
On-Site Off-Site ‘Treatment Treatment
No On-Site Treatment Treatment/ (Limited and Off-Site
Technology Type Process Option Area or Volume Action | Capping | Treatment | (AI1AOCs)(1) | Disposal AOCs) Disposal
Monitoring Monitoring Existing monitoring wells X X X
Access Restrictions | Deed Restrictions Site 6 and Site 82 X X X
Fencing Capped area or treatment X X X X X
area
Capping Multilayered Cap Soil from all s0il AOCs X
‘ Soil AOCs 3,4,and 6 X
Soil ACOs 4 and 5 only X
Surface Controls Grading All disturbed areas X X X X X X
Revegetation All disturbed areas X X X X X X
Excavation Soil Excavation All s0il AOCs X X X
Soil AOCs 1,2,and 5 X
Soil AOCs 4 and 5 only X
Soil AOCs 2 through 6 X
On-Site Treatment ] A. Land Treatment Soil from all soil AOCs
B. Insitu Volatilization
C. Chemical Dechlorination X
D. Incineration (Mobile) Soil AOCs 1 and 5 X
Soil AOC1 only X X
Off-Site Treatment/ | Permitted Facility All Soil AOCs X
Disposal So0il AOCs 2 through 6 X
M AQC = AreaofConcern

L0/LO/L0-80"-0S210-r31D
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4.1.1 Groundwater RAAs

41.1.1 Groundwater RAA No. 1: No Action

Under the No Action Alternative, no remedial actions will be performed to reduce the toxicity,
mobility, or volume of the contaminants in the groundwater at OU No. 2. Under this
alternative, the contaminants identified in the shallow and deep portions of the aquifer will
remain, which will result in the potential for further migration of the contaminated plume.
Aquifer restoration may result through natural processes such as biological degradation,

attenuation, and dispersion.

The no action alternative is required by the NCP to provide a baseline for comparison with
other RAAs. Since contaminants will remain at the site under this alternative, the USEPA is
required by the NCP [40 CFR 300.515(e)(ii)] to review the effects of this alternative no less

often than every five years.

4112 Groundwater RAA No. 2: Limited Action

Under Groundwater RAA No. 2, no remedial actions will be performed to reduce the toxicity,
mobility, or volume of contaminants in the groundwater at QU No. 2. The only actions
included under this RAA are institutional controls (i.e., monitoring, ordinances, and deed
restrictions)., Aquifer restoration may occur through natural processes such as biological

degradation, attenuation, and dispersion.

RAA No. 2 will include the following three institutional controls: long-term groundwater
monitoring, aquifer-use restrictions, and deed restrictions. The RAA will include
semiannually sampling and analysis of 21 existing wells and 3 supply wells at the operable
unit. As shown on Figure 4-1, the wells to be sampled are located near each of the
contaminated plume areas. As listed below, the wells to be monitored include nine deep

monitoring wells, twelve shallow monitoring wélls, and three operational supply wells.
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Deep Wells Shallow Wells Supply Wells
6GW1D 6GW1S HP-633
GGW1DA 6GW3 ' HP-635
6GW2D - 6GW11 HP-636
6MW3D 6GW15S
6GW28D ' 6GW16
6GW30D 6GW17
6GW35D 6GW21
6GW36D 6GW22
6GW37D 6GW28S

6GW308

82MW1

82MW30

Additional wells may be added to the monitoring program, if necessary. Samples will be
collected on a semiannual basis for 30 years and analyzed for TCL volatiles. Please note that

the 30-year duration is based on EPA guidance for evaluation in an FS.

Aquifer-use restrictions will be placed on the local supply wells. Supply Wells 637 and 651 are
currently inactive. Under Alternative 2, these two wells will remain inactive. In addition,
Supply Wells 633, 635, and 636 will be monitored semiannually. The locations of the Supply
Wells 633, 636 and 651 are shown on Figure 4-1. The other two supply wells (635 and 637) are
not on Figure 4-1 because they are located further south than the area shown. Refer to
Figures 1-2 or 2-2 for the location of these two wells.

Deed restrictions will be placed restricting the installation of any new wells within the
vicinity of OU No. 2.

In the event that the monitoring program indicates that the groundwater conditions are
deteriorating, other actions will be taken. In addition, since contaminants will remain at the
site under this alternative, the USEPA is required by the NCP [40 CFR 300.515(e)(ii)] to

review the effects of this alternative no less often than every five years.

4.1.1.3 Groundwater RAA No. 3: Containment

In general, RAA No. 3: Containment includes the containment of the contaminated plumes
(both shallow and deep portions) via extraction and treatment. In addition, this RAA includes
the same institutional controls as Groundwater RAA No. 2 (Limited Action). The objective of
this RAA is to reduce or eliminate the potential for further migration of the existing

4-6
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groundwater contaminant plumes at the operable unit. The major components of

Groundwater RAA No. 3 are displayed on Figure 4-2 and described below.
Containment

Under this RAA, the contaminated groundwater plume originating from Site 82 will be
contained to eliminate further contaminant migration via a network of extractions wells
placed along the downgradient (and upgradient) boundaries of the shallow and deep plumes.
Extracted groundwater will be treated on site via one of a combination of applicable treatment
options (freatment train), and then discharged to Wallace Creek. Details of the extraction
system and treatment system are discussed below.

Groundwater Extraction System - Under this RAA, groundwater in both the shallow and

- deep portions of the aquifer near the edges of the existing contaminated plumes will be
withdrawn through a network of extraction wells. A typical extraction well is shown on
Figure 4-3. Preliminary aquifer characteristics used to estimate the number of extraction
wells needed and the estimated groundwater extraction flow rate have been based on
o EPA’s Wellhead Protection Area computer program, version 2.0 (Geophex, 1991). The
‘ model was based on an assumed pumping rate of 300 gallons per minute (gpm), a
transmissivity of 15,000 square feet per day, and an effective porosity of 0.25. Based on
these assumptions, the model estimated a 10-year radius of influence to have the

dimensions of 2,100 feet long by 1,700 feet wide for an approximate area of 65 acres.

For this FS and based on the above-mentioned factors, RAA No. 3 will include the
installation of six 6-inch extraction wells pumping at a rate of 150 gpm and installed at a
depth of approximately 110 feet. This RAA also includes the installation of six extraction
wells pumping at a rate of 5 gpm and installed at a depth of 35 feet. The proposed locations -
of the extraction wells are shown on Figure 4-2. The locations for the wells were based on
several factors including estimated radius of inﬂuence dimensions; spacings of
overlapping cones of depressions; accessibility; and location with respect to Wallace Creek.
The existing marsh area around Wallace Creek was a primary factor in determining the
placement of these initial extraction wells. A radius of influence of 150 feet was used for
placing the shallow extraction wells. This radius of influence and the estimated pumping
rate were based on information obtained from pumping tests conducted at nearby sites
within MCB Camp Lejeune. Note that no extraction wells are located near the small
shallow groundwater plumes west and south of Storage Lot 203. Additional extraction
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wells will be added to the system if groundwater monitoring indicates that the

groundwater is significantly deteriorating in other areas of the site.

Treatment System - The groundwater treatment system will consist of a treatment train of

several technologies. A typical process schematic of the type of treatment system included
under this RAA is presented on Figure 4-4. Once extracted, the contaminated
groundwater will be pumped to an on-site pretreatment system for the removal of
inorganic COCs (such as arsenic, barium, beryllium, chromium, lead, manganese,
mercury, and vanadium). The inorganic removal system may include a combination of
filtration, neutralization and precipitation. Please note that the other process options
applicable to inorganic removal that passed the screening in Section 2.5 are still potential
technologies, and are represented by the above-mentioned technologies included in this
RAA. Bench-scale treatability studies and/or literature searches will be required to
- design the pretreatment system. Residuals generated from the pretreatment system such
" a8 sludges will need to be tested and disposed of properly. Based on the metals
.concentrations of the residuals, disposal may be at an off-site landfill. '

The pretreated effluent from the inorganic removal system will be pumped to an on-site
treatment system which may consist of a combination of biological and physical/chemical
treatment, or of physical/chemical treatment. The treatment train will be designed for the
removal of organic COCs including tetrachloroethene (PCE), trichloroethene (TCE), vinyl
chloride, 1,2-dichloroethane (1,2-DCA), Trans-1,2-dichloroethene (T-1,2-DCE), and

ethylbenzene.

If a biological system is used in the treatment train, the biological system will consist of
anaerobic and aerobic bioreactors. The use of the biological system will be based on
economics alone. The combination of biological treatment followed by physical/chemical
treatment may save costs associated with the operation and maintenance of the
physical/chemical system, An economic analysis based on the results of bench-scale
treatability studies will be necessary to determine whether the overall cost of the

biological system is feasible.

The physical/chemical treatment system will consist of an air stripping unit and an
activated carbon adsorption unit. The air stripping unit will be designed for the removal
of the volatile organic COCs, and for a maximum flow of approximately 930 gpm (based on

six deep wells pumping at a rate of 150 gpm and six shallow wells pumping at 5 gpm).

4-10
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Vol Residuals generated from the air stripper will include air emissions contaminated with
organics. Based on the VOC levels in the groundwater, it is assumed that vapor recovery
equipment, such as vapor-phase activated carbon or catalytic oxidizers, will be required to
prevent the release of organiés iﬁto the atmosphere. The vapor recovery equipment will
generate additional waste contaminated with organics which will require proper off-site

disposal or regeneration.

The aqueous effluent from the stripper will be pumped to the activated carbon adsorption
unit for final removal (polishing) of the organic compounds. The carbon adsorption system
will include granular activated carbon (GAC). The final design of the carbon system will
be based on the contact time determined from bench-scale test results. Spent carbon
generated from this process will either be properly disposed off site, shipped to a carbon
regeneration facility, or regenerated on site. If the carbon is regenerated on site, a source
of steam and cooling water will be required and an additional waste stream will be
generated. The selection of one of the three spent carbon options will be based on
economics. Typically, off-site disposal or off-site regeneration of spent carbon is more
economical than on-site regeneration for small volumes of water. It should be noted that
A not all organic chemicals are carbon adsorbable and that additional measures may be
necessary at final treatment to achieve the required discharge limits. Note that air

emissions will be monitored during groundwater treatment activities.

Discharge of the Treated Water - Treated water will be discharged to Wallace Creek.

Institutional Controls

Groundwater RAA No. 3 will include the same three institutional controls included with
Groundwater RAA No. 2: long-term groundwater monitoring, aquifer-use restrictions, and
deed restrictions. Therefore, the discussion of institutional controls presented in
Section 4.1.1.2 for Groundwater RAA No. 2 applies to this RAA.

In the event that the long-term groundwater monitoring program indicates that the
groundwater conditions are deteriorating, other actions will be taken. These actions could
include a modification of pumping rates at each well or the installation of additional wells as
needed. In addition, since contaminants will remain at the site under this altexjnative, the
USEPA is required by the NCP [40 CFR 300.515(e)(ii)] to review the effects of this alternative

no less often than every five years.

4-12
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4.1.14 Groundwater RAA No. 4: Intensive Groundwater Extraction and Treatment

In general, RAA No. 4: Intensive. Groundwater Extraction and Treatment focuses on
remediating the plumes of groundwater with the highest level of contamination. The
rationale for this approach is that the majority of the groundwater contamination can be
isolated and handled more feasibly than the entire area of impacted groundwater.
Groundwater extraction and treatment will continue until the remediation goals are met. In
addition, this RAA includes the same institutional controls as Groundwater RAA Nos. 2, and
3. The objective of this RAA is to focus on the worst area of groundwater contamination. The
placement of wells within this area should result in a cone of influence that will capture
contaminants at the downgradient edge of the plume over time. The major components of

Groundwater RAA No. 4 are displayed on Figure 4-5 and described below.
Groundwater Treatment

Under this RAA, the area of the contaminated groundwater plume (both shallow and deep)
o originating from Site 82 with the highest level of contamination will be extracted and treated
' via a network of extractions wells placed within the plume area. Extracted groundwater will
be treated on site via one of a combination of applicable treatment options (treatment train),
and then discharged to Wallace Creek. Details of the extraction system and treatment system

are discussed below.

Groundwater Extraction System - Under this RAA, groundwater in both the shallow and

deep portions of the aquifer in the area of highest levels of contamination will be

withdrawn through a series of extraction wells. Preliminary aquifer characteristics used

to estimate the number of extraction wells needed and the estimated groundwater

extraction flow rate have been based on the EPA’s Wellhead Protection Area computer

program, version 2.0 (Geophex, 1991). As stated for RAA No. 3, this model was based on a
| transmissivity of 15,000 square feet per day, and an effective porosity of 0.25.

For this FS and based on the above-mentioned factors, RAA No. 4 will include the
installation of two 6-inch extraction wells installed at a depth of 110 feet, pumping at a
rate of 150 gpm. This RAA also includes the installation of three shallow extraction wells
pumping at a rate of 5 gpm and installed at a depth of 35 feet. The proposed locations of
the extraction wells are shown on Figure 4-5. The proposed extraction wells will be

4-13
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centered on the area of the highest contamination (near monitoring well 6GW1D for the
deep wells and near monitoring wells 6GW34 and 6GW28S for the shallow wells) and
immediately downgradient of this area. A radius of influence of 150 feet and a pumping
rate of 5 gpm was assumed for the shallow extraction wells. Note that no extraction wells
are located near the smaller shallow groundwater plumes west and south of Storage Lot
203 since the objective of this RAA is to extract and treat the worst area of groundwater
contamination. Additional extraction wells will be added to the system if groundwater
monitoring indicates that the groundwater is significantly deteriorating in other areas of
the site.

Treatment System - Groundwater RAA No. 4 will include the same type of treatment

system as Groundwater RAA No. 3. Therefore, the discussion of the pretreatment and

treatment systems presented in Section 4.1.1.3 applies to this RAA. The only major
difference in the groundwater {reatment systems will be the size, capacity, and the

concentrations of the contaminants being treated.

Under RAA No. 4, the groundwater will be extracted from 5 extraction wells instead of 12
(as with RAA No. 3), therefore, the required capacity of the treatment system for RAA
No. 4 will be significantly less (i.e., approximately 315 gpm).

Discharge of the Treated Water - The treated groundwater will be discharged in the same

manner as discussed under RAA No. 3.

Institutional Controls

Groundwater RAA No. 4 will include the same three institutional controls included with
Groundwater RAAs Nos. 2 and 3: long-term groundwater monitoring, aquifer-use
restrictions, and deed restrictions. Therefore, the discussion of institutional controls
presented in Section 4.1.1.2 for Groundwater RAA No. 2 applies to this RAA.

In the event that the long-term groundwater monitoring program indicates that the
groundwater conditions are deteriorating, other actions will be taken. In addition, since
contaminants will remain at the site under this alternative, the USEPA is required by the
NCP [40 CFR 300.515(e)(ii)] to review the effects of this alternative no less often than every

five years.
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41.1.5 Groundwater RAA No. 5: Groundwater Extraction and Treatment

In general, RAA No. 5: Groundwater Extraction and Treatment includes the removal of the
suspected sources of groundwater contamination and treatment of the entire plume of
groundwater contamination (both shallow and deep). In addition, this RAA includes the same
institutional controls as Groundwater RAA Nos. 2, 3 and 4. The objective of this RAA is to
eliminate the contaminants in the groundwater and to mitigate the further migration of the
existing groundwater plumes. The major components of Groundwater RAA No. 5 are

displayed on Figure 4-6 and described below.

Groundwater Treatment

Under this RAA, the entire area of the contaminated groundwater plume originating from
Site 82 will be extracted and treated via a network of extraction wells placed within the plume
area. Extracted groundwater will be treated on site via one of a combination of applicable
treatment options (treatment train), and then discharged to Wallace Creek. Details of the
extraction system and treatment system are discussed below.

Groundwater Extraction System - Under this RAA, groundwater in both the shallow and
deep portions of the aquifer will be withdrawn through approximately eight extraction
wells. Preliminary aquifer characteristics used to estimate the number of extraction wells
needed and the estimated groundwater extraction flow rate have been based on the EPA’s
Wellhead Protection Area computer program, version 2.0 (Geophex, 1991). As stated for

RAA No. 4, this model was based on a transmissivity of 15,000 square feet per day, and an
effective porosity of 0.25.

For this FS and based on the above-mentioned factors, RAA No. 5 will include the
installation of eight deep extraction wells installed at a depth of 110 feet, pumping at a
rate of 150 gpm. This RAA also includes the installation of 12 shallow extraction wells
pumping at a rate of 5 gpm and installed at a depth of 35 feet. The proposed locations of
these extraction wells are shown on Figure 4-6. The locations for the deep wells were
based on several factors including estimated radius of influence dimensions; spacings of
overlapping cones of depressions; accessibility; and location with respect to Wallace Creek.
A radius of influence of 150 feet and a pumping rate of 5 gpm were assumed for the shallow
extraction wells. Note that no extraction wells are located near the smaller shallow

groundwater plumes west and south of Storage Lot 203. Additional extraction wells will
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be added to the system if groundwater monitoring indicates that the groundwater is

significantly deteriorating in other areas of the site.

Treatment System - Groundwater RAA No. 5 will include the same type of treatment

system as Groundwater RAA Nos. 3 and 4. Therefore, the discussion of the groundwater
pretreatment and treatment systems presented in Section 4.1.1.3 applies to this RAA. The
only major difference in the groundwater treatment systems will be the size, capacity, and

the concentrations of the contaminants to be treated.

Since under RAA No. 5, the groundwater will be extracted from 20 extraction wells
instead of 12 (as with RAA No. 3), the capacity of the treatment system for RAA No. 5 will
need to be approximately 1,260 gpm.

Discharge of the Treated Water - The treated groundwater will be discharged via injection

wells or to the New River because the higher flow rate may cause flooding along Wallace
Creek.

Institutional Controls

Groundwater RAA No. 5 will include the same three institutional controls included with
Groundwater RAAs Nos. 2, 3, and 4: long-term groundwater monitoring, aquifer-use
restrictions, and deed restrictions. Therefore, the discussion of institutional controls
presented in Section 4.1.1.2 for Groundwater RAA No. 2 applies to this RAA.

In the event that the long-term groundwater monitoring program indicates that the
groundwater conditions are deteriorating, other actions will be taken. In addition, since
contaminants will remain at the site under this alternative, the USEPA is required by the
NCP [40 CFR 300.515(e)(ii)] to review the effects of this alternative no less often than every
five years.
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4.1.2 SoilRAAs

As shown in Table 4-2, seven Soil RAAs have been developed for OU No. 2. Each of these
RAAG are described below.

4.1.2.1 Soil RAA No.1 No Action

Under Soil RAA No. 1, no remedial actions will be performed to reduce the toxicity, mobility,
or volume of contaminants in the soil at OU No. 2. The No Action RAA is i'equired by the NCP
to provide a baseline for comparison with other soil alternatives that provide a greater level of
response. Soil RAA No. 1 involves leaving the contaminated soils from Site 82 and Site 6 in
place. Under this RAA, the VOC and pesticide concentrations in the soil may slowly decrease
as a result of natural biodegradation. The natural degradation of the PCB-contaminated soils

is unknown.

The no action alternative is required by the NCP to provide a baseline for compaxrison- with
other RAAs. Since contaminants will remain at the site under this alternative, the USEPA is
required by the NCP [40 CFR 300.515(e)(ii)] to review the effects of this alternative no less

often than every five years.

4.12.2 Soil RAA No. 2: Capping

In general, Soil RAA No. 2 includes the excavation and consolidation of the soils from all of the
Soil AOCs and placement under a multilayered cap located within Open Storage Lot 203. As
shown in Table 4-2, the technologies/process options included with this RAA include
monitoring, deed restrictions, fencing, capping, grading, revegetation, and soil excavation.
Figure 4-7 depicts the approximate areas of the site from which soil will be excavated, and also
shows the proposed location of the on-site cap.

The principal objectives of this RAA are to consolidate the contaminated soils into one area, to
prevent the potential for direct physical contact with the contaminated soils, and to prevent
the potential for the migration of contaminants by surface water infiltration. This RAA will
reduce the mobility of the COCs in the soil, but will not reduce the toxicity or the volume of the

contaminants. The main components of this alternative are described below.

4-19




0z

N

SITE 82
o
2EFT
/444%’
:ﬁﬁg% -
SITE 6

(400 cu. yd.

]

e . e o . e S e St S, e . S 0. P e
===

—»
€

FENCED MULTILA

t%ﬂ&

b ~

YERED CAP

OF SOIL) ]
(200 cu. yd. B 66W2S \%{T\‘.
g OF SOIL) A I\ S=x
OPEN STORAGE AREA / it %
LOT 203 46GW23 :" \\
=l =* ia \\\\
F‘*js-,_ \
'Y
I /4 Rawge
LJo
(B~ " ==~a
1]
i
i
rH——————— .
: ;‘m £3
. “"E _______
o
/AN 7
l‘l <= 7
/’/’ /:’7/QQ
1" /,@‘
a TR
0 Iy
e
74
//
/
;2
o ——
(200 cu. yd. o &0 T
OF SOIL) === ] =1
== o/
!
00/1 Range -
Lo
\\\\

Baker Envkomwntal.u:

1 inch = 600 ft.

L0/1L0/1L0-80't-0S2L0-I 1D

66W23 A
4 &M&%ﬂg&&%ﬂggg&gﬂt&:& INCLUDED g::vgao%oyrgggm F |GU RE 4_7
5%'° DEEP WONITORING WELL INCLUDED PLACE WITHIN THIS AREA SOIL RAA NO. 2: CAPPING
FEASIBILITY STUDY CTO-0133
MARINE CORPS BASE, CAMP LEJEUNE
SOURCE: LANTDIV, FEBRUARY 1992 NORTH CAROLINA e




CLEJ-01250-4.08-01/01/01

TfM\

Excavation - Excavation of soil at OU No. 2 could be accomplished by utilizing several
different types of equipment and typical construction activities. Typical excavation
machinery include backhoes, dozers, gcrapérs, and loaders. A backhoe can excavate soils to a
maximum depth of approximately 30 feet. Dozers and loaders are typically used for grading
and earth-moving operations. Scrapers are generally used to excavate surface soils and
respreading and compacting cover soils. For OU No. 2, it appears that any of these machinery

would be applicable for the shallow soil excavation activities required under this RAA.

The contaminated soils within each Soil AOC will be excavated, placed into dump trucks,
transported to Lot 203, and piled into the designated cap area. Prior to excavation activities,
where applicable, land clearing, tree removal, and debris removal activities will be conducted.
The limits of the excavations will be defined by constituent concentrations in excess of the
specified remediation goals. For FS estimating purposes, approximately 19,000 cubic yards of
soil will be excavated. This estimation was based on Soil AOC1 (based on a 4-foot excavation
over approximately 2.5 acres); 1,500 cubic yards of soil from AOC2 (based on a 2-foot
excavation over an area approximately 20,000 square feet; 400 cubic yards of soil from AOC3
(based on a four-foot excavation over a 2,700 square foot area); and 200 cubic yards each from
AOCs 4, 5, and 6 (based on a two-foot excavation over a 2,700 square foot area). Confirmation
soil sampling will be conducted during the excavation activities to determine the lateral and

vertical extent of each soil excavation. The samples will be analyzed for the specific COCs
within each Soil AQC.

Note that prior to any excavation activities, site operating areas for equipment and personnel
decontamination will be constructed. The equipment decontamination area will be equipped

with a steam cleaning pad with proper containment for rinse water.

Capping - Following excavation activities, a multilayered cap will be installed over the
contaminated soils. The approximate areal extent of the cap is depicted in Figure 4-8. For
purposes of this FS, the cap will be approximately 400 feet wide by 700 feet long. The
contaminated soil will be spread approximately one to two feet thick in the capped area. A
typical multilayered cap is presented on Figure 4-8.

The cap will consist of a vegetated top cover, a middle drainage layer, and a low permeability
bottom layer. The low permeability layer will be placed on the compacted and graded
contaminated soils. This layer will consist of approximately two feet of clay overlain by six

inches of sand, and a high-density polyethylene (HDPE) liner. Approximately six inches of
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sand will also be placed on top of the liner. Next, a one-foot thick middle gravel drainage layer
will by placed over the upper sand layer. This layer will be designed to have an hydraulic
conductivity greater than or equal to 1 x 10--3 centimeters per second. Filter fabric will be
placed on top of the gravel drainage lz;xyer. This fabric prevents fine grained soil particles from
clogging the gravel layer. The final cap layer will consist of approximately 18 inches of soil fill
topped with six inches of topsoil. The cap surface will be graded and then vegetated. Erosion
due to potential surface water runoff will be controlled by a drainage system that will redirect

the runoff.

To ensure the integrity of the capping system, periodic maintenance will be required. In
addition, the cap surface will be regularly mowed. Note that air emissions will be monitored

during all soil remediation activities.

Surface Controls - The excavated areas will be graded to conform to the surrounding terrain.
Clean fill may be added to the excavated areas as necessary to bring the areas up to grade. The

excavated areas will be revegetated.

Monitoring - In order to monitor the effectiveness of the cap (i.e., the migration of the COCs),
groundwater sampling will be conducted semiannually. Groundwater samples will be
collected from six monitoring wells: 6GW15, 6GW15D, 6GW1S, 6GW1D, 613WZS, and
6GW23." '

Access Restrictions - The capped area will be fenced to restrict access to the capped area and
reduce damage to the cap. The new fencing will connect to the existing fence at Lot 203, along
the eastern side of the lot. This RAA will require approximately 1,500 linear feet of new
chain-link fence to be installed. The fence will be of sufficient height and construction so as to
limit access to the cap. In addition, No Trespassing signs will be posted along the fence to
further deter access. Routine maintenance and repairs of the fence, as necessary, are also
included under this RAA. In addition to the fence, deed restrictions restricting the use of the
area in and around Lot 203 will be implemented. Any soil excavated during potential future
construction activities will require appropriate disposal in accordance with applicable Federal
and State regulations.

In the event that the long-term groundwater monitoring program indicates that the

groundwater conditions are deteriorating, other actions will be taken. In addition, since

contaminants will remain at the site under this alternative, the USEPA is required by the
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NCP [40 CFR 300.515(e)(ii)] to review the effects of this alternative no less often than every

five years,

4.1.2.3 Soil RAA No. 3: On-Site Treatment

In general, Alternative 3 includes the excavation and treatment of the soils from all of the Soil
AOCQCs via on-site treatment. As shown in Table 4-2, the technologies/process options included
with this RAA include soil excavation, grading, revegetation, fencing, and on-site treatment.
Figure 4-9 depicts the approximate areas of the site from which soil will be excavated, and also
shows the proposed location of the on-site treatment area. The main components of this

alternative are described below.

Excavation - Excavation of soil at OU No. 2 could be accomplished by utilizing several
- different types of equipment and typical construction activities. Typical excavation
machinery include backhoes, dozers, scrapers, and loaders. A backhoe can excavate soilsto a
maximum depth of approximately 30 feet. Dozers and loaders are typically used for grading
and earth-moving operations. Scrapers are generally used to excavate surface soils and
respreading and compacting cover soils. For OU No. 2, it appears that any of these machinery

would be applicable for the shallow soil excavation activities required under this RAA.

The contaminated soils within each Soil AOC will be excavated, placed into dump trucks,
transported to the on-site treatment area (or soil staging area). The limits of the excavations
will be defined by constituent concentrations in excess of the specified remediation goals. For
FS estimating purposes, approximately 19,000 cubic yards of soil will be excavated. This
estimation was based on Soil AOC1 having 16,500 cubic yards of soil, AOC2 having 1,500
cubic yards of soil, AOC3 having 400 cubic yards of soil, and the other three Soil AOCs each
having 200 cubic yards of soil. Confirmation soil sampling will be conducted during the
excavation activities to determine the lateral and vertical extent of each soil excavation. The
samples will be analyzed for the specific COCs within each AOC. Please note that excavation
will not be necessary for AOC1 if in situ volatilization is selected as an on-site treatment

technology.

Prior to any excavation activities, site operating areas for soil staging and for
decontamination will be constructed. The st.aging area will be used for the interim storage of
excavated soils prior to treatment, if applicable. During storage periods, the soil will be

covered to prevent the potential leaching of contaminants, dust generation, and i)otential for
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surface water runoff contamination. The equipment decontamination area will be equipped -

with a steam cleaning pad with proper containment for rinse water.

Treatment - Following excavation ;aLctivitieS, the soils will be transported to the on-site
treatment area. Depending on the type of contaminants, different treatment techniques may
be required at the site, For the purpose of this FS, four treatment technologies/process options
have been retained as applicable for the COCs in the soils at the operable unit. They include

land treatment, in situ volatilization, chemical dechlorination, and incineration.

Land treatment would be applicable for soils contaminated with biodegradable organics such
as VOCs and nonchlorinated pesticides. In situ volatilization (also commonly referred to as
vapor extraction) would be applicable for the VOC-contaminated soils and, to a lesser degree,
SVOC-contaminated soils. Chemical dechlorination would be applicable for the PCB-
contaminated soils. Whereas, a mobile incinerator would be applicable to all of the soil COCs.
Table 4-3 presents a listing of which of these technologies are applicable to which Soil AOCs.
The decision as to what technology or technologies will be used under this RAA will be based
on economics and implementability (refer to the detailed evaluation presented in Section 5.0).

A brief discussion of each of these technologies is presented below.

Land ’I‘re\atment - Land treatment or landfarming is the process by which affected soils are
excavated and spread over an area to enhance naturally occurring process such as
volatilization, aeration, biodegradation, and photolysis (Weston, 1988). Soils highly
contaminated with VOCs and SVOCs may be treated via land treatment or landfarming.
This procedure involves spreading the soil in a thin layer (up to 18 inches), applying
moisture and nutrients, if necessary, and mechanically aerating the soil to enhance
biodegradation and promote volatilization for removal of contaminants. When less
volatile products are involved, biological treatment becomes the primary means of
remediation and may require additional enhancement via the addition of natural
microbial cultures. Continued tilling and moisture addition are necessary for optimum
performance. After testing demonstrates that the contaminants are significantly reduced,
the soil may be recompacted in the original excavation (Testa, 1991). Bench-scale or pilot-
scale testing will be necessary for this technology.

A typical schematic of the land treatment process is presented on Figure 4-10. As shown

on the figure, the treatment zone includes a zone of incorporation near the surface where

most degradation occurs, and a deeper zone where leachable components become
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~ TABLE 4-3
APPLICABLE TECHNOLOGIES FOR THE SOIL AOCs
FEASIBILITY STUDY CTO-0133
MCBCAMP LEJEUNE,NORTH CAROLINA
Areas of Concern
Treatment Technology 3 4
Land Treatment
In situ Volatilization
Chemical Dechlorination X X
Incineration X X
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immobilized and degrade more slowly (Weston, 1988). Soil AOCs 1, 2, and possibly 5 may
be applicable for this type of treatment.

In Situ Volatilization - In situ volatilization or soil vapor extraction is a technique for the

removal of VOCs and some SVOCs from the vadose zone. The vadose zone is the
subsurface soil zone located between the land surface and the top of the water table
(USEPA, 1991c). In situ volatilization involves drawing air through the vadose zone via
vapor recovery wells (see Figure 4-11). These recovery wells can be placed vertically or
horizontally across a site (Sims, 1990). VOCs occurring as residual saturation transfers to
the air and is withdrawn through the recovery wells. Vapor monitoring wells are
constructed in a similar manner to an ordinary monitoring well, except that they are
completed in the vadose zone. Generally, vacuum pumps, blower fans, or both are used to
draw air through the formation and out of the extraction points (Testa, 1991). A typical
schematic of the in situ volatilization process is shown on Figure 4-12. Some type of
impermeable surface covering (e.g., plastic, clay, pavement) may be used to minimize the
vertical draw of air flow from the atmosphere. Once collected, the vapors may réquire
treatment. This treatment system usually is a combination of a vapor incinerator and
catalytic oxidizer. If the vapors do not require treatment, they will be directly vented to
the atmosphere through an appropriate diffuser stack. Pilot-scale testing will be
necessary for ‘this technology. Soil AOC1 appears to be applicable for this type of
treatment.

Chemical Dechlorination - Potassium polyethylene glycolate (KPEG) dechlorination is a
chemical treatment technology used to dehalogenate certain classes of chlorinated
organics such as PCBs. The end products of this chemical reaction should be lower toxic, |
water soluble material. The KPEG solution reacts with the chlorinated organic and
displaces a chlorine molecule. The KPEG process involves mixing equal portions of
contaminated soil and KPEG reactants in a heated reactor. The slurry is then heated and

- mixed while the reaction occurs. The reaction time can range from 0.5 to 5 hours,

depending on the type and concentration of the contaminants and the amount of
dechlorination desired. The excess reagent is then decanted and the soil is washed two to
three times with water to remove excess reagent and the products of the reaction. The
decontaminated soil is then removed from the reactor. The decanted reagent and washes
can be recycled to treat additional soil (USEPA, 1988c). A typical schematic of the

dechlorination process is shown on Figure 4-13.
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KPEG reduces the toxicity of tﬁe waste, but it also increases the volume of waste that
must be further treated as wastewater (USEPA, 1988c). Treatability studies will have to
be performed to determine the effectiveness of this technology on the type of PCB-
contaminated soils that are at OU No. 2. The reaction is highly dependent on sufficient
reaction time. The Soil AOCs 3, 4, and 6 appear to be applicable for this type of treatment.

Incineration - Incineration is a complete destruction technology that can be used to treat
soils contaminated with a wide range of hazardous organic wastes. There are several
types of combustion chambers that can be used in the incineration process such as rotary
kiln, fluidized bed, multiple hearth, and liquid injection. The most conventional unit used
for the treatment of soils on site is the rotary kiln incinerator. Rotary kiln incinerators
consist of a mobile rotating kiln slightly tilted. Waste is typically introduced at the top of
the kiln and burns as it slowly falls to the bottom of the unit, where it is removed as ash
. (typically has the appearance of fine beach sand). During operation, the kiln rotation
exposes fresh soil surfaces to oxidation. Unburned gaseous and suspended particulate
organics are burned in a secondary combustion chamber or afterburner. The off-gases
require quenching and scrubbing prior to discharge into the environment. A mobile |
incinerator may be able to handle approximately 150 pounds of dry solids per minute. The
operation of an incineration system results in the generation of residuals consisting of ash,
scrubber water, and flue gases. The ash must be tested in accordance with TCLP and
RCRA characteristic analyses to determine its potential for delisting. If the ash cannot be
delisted, it will require handling as a hazardous waste. A general schematic of an
incinerator process is presented on Figure 4-14. For purposes of this F'S, it is assumed that
the ash can be used as fill material within Lot 203 during restoration activities. Scrubber
water will be treated in conjunction with a groundwater RAA. The flue gases emitted
during the incineration process will be required to meet the standards set forth in RCRA
regulations. Incineration appears to be applicable to all of the Soil AOCs.

Following treatment, any residual soils will be removed from the treatment unit, analyzed,
and if permitted, used as backfill at the site. If not permitted, the treated soils will be properly
disposed off site. Note that air emissions will be monitored during all soil remediation

activities.

Surfz;.ce Controls - The excavated areas will be graded to conform to the surrounding terrain.

Clean fill may be added to the excavated areas as necessary to bring the areas up to grade. The

excavated areas will be revegetated.
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Access Restrictions - The treatment area will be fenced to restrict access. The fencing will
connect to the existing fence at Lot 203, along the eastern side of the lot. This RAA will

require approximately 2,300 linear feet of new chain-link fence to be installed. The fence will

be of sufficient height and construction so as to limit access to the cap. In addition, No
Trespassing signs will be posted along the fence to further deter access. Routine maintenance

and repairs of the fence, as necessary, are also included under this RAA.

4124 Soil RAA No. 4: Capping and On-Site Treatment
(All Areas of Concern)

In general, Soil RAA No. 4 is a combination of Soil RAA Nos. 2 and 3. This RAA includes the
excavation and consolidation of the PCB-contaminated soils and placement under a soil cover
placed within Open Storage Lot 203 (i.e., capping); and the treatment of the soil from the
remaining Soil AOCs (i.e., on-site treatment). As shown in Table 4-2, the technologies/process
options included with this RAA include monitoring, deed restrictions, fencing, capping,
grading, revegetation, soil excavation, and on-site treatment. Figure 4-15 depicts the
approximate areas of soil that will be excavated, and also shows the proposed locations of the

on-site 80il cover and treatment areas.

The principal objectives of this RAA are to consolidate the PCB-contaminated soils into one
area and to treat the other contaminated soils on site. The main components of this
alternative are described below. The rationale behind this option is based primarily on the
economics of treating PCB-contaminated soils, which in general, are significantly more costly

than treatment options for soils contaminated with other constituents.

Excavation - The same excavation measures discussed under Soil RAA No. 2 will be
implemented with this RAA. The only difference will be where the soils are taken. The PCB-
contaminated soils (Soil AOCs 3, 4, and 6) will be excavated, placed into dump trucks,
transported to Lot 203, and piled into the designated cap area. The limits of the excavations
will be defined by constituent concentrations in excess of the specified remediation goals. For
FS estimating purposes, approximately 400 cubic yards of PCB-contaminated soil will be
excavated to a depth of 2 feet. This total includes 200 cubic yards from each of Soil AOCs4and
6. The soil cover will be placed directly over AQC3, therefore excavation will not be necessary.
o~ Confirmation soil sampling will be conducted during the excavation activities to determine

the lateral and vertical extent of each soil excavation. The samples will be analyzed for PCBs.
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The contaminated soils within Soil AOCs 1, 2, and 5 will be excavated, placed into dump
trucks, transported to the on-site treatment area (or soil staging area). The limits of the
excavations will be defined by cc—mstituent concentrations in excess of the specified
remediation goals. For FS estimating purposes, approximately 18,200 cubic yards of soil will
be excavated. Confirmation soil sampling will be conducted during the excavation activities
to determine the lateral and vertical extent of each soil excavation. The samples will be
analyzed for the specific COCs within each AOC. It should be noted that significantly less
excavation will be necessary if in situ volatilization is selected for the VOC-contaminated Soil
AOC1.

Prior to any excavation activities, site operating areas for soil staging and for
decontamination will be constructed. The staging area will be used for the interim storage of
excavated soils prior to treatment, if applicable. During storage periods, the soil will be
covered to prevent the potential leaching of contaminants, dust generation, and potential for
surface water ,runoff contamination. The equipment decontamination area will be equipped

with a steam cleaning pad with proper containment for rinse water.

Capping - Following excavation activities, a soil cover will be installed over the contaminated
soils that are piled within Lot 203. The approximate areal extent of the cap or cover is depicted
in Figure 4-15. For the purpose of this F'S, the cap will be approximately 200 feet wide by
200 feet long. The contaminated soil will be spread approximately one to two feet thick in the
capped area. The cover will consist of 6 inches of topsoil, 18 inches of soil fill, 12 inches of sand,
and a geomembrane layer. To ensure the integrity of the capping system, periodic
maintenance will be required. In addition, the cap surface will be regularly mowed.

Treatment - Following excavation activities, the contaminated soil from the other Soil AOCs
will be transported to the on-site treatment area. Depending on the type of contaminants,
different treatment systems may be required at the site. For the purpose of this FS, three
treatment technologies/process options have been retained as applicable for the COCs in these
soils. They include land treatment, in situ volatilization, and incineration. Refer to Soil RAA
No. 3 for a detailed description of each of these treatment technologies. Following treatment,
any residual soils will be removed from the treatment unit, analyzed, and if permitted, used as
backfill at the site. If not permitted, the treated soils will be properly disposed off site. Note

that air emissions will be monitored during all soil remediation activities.
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Surface Controls - The excavated areas will be graded to conform to the surrounding terrain,
Clean fill may be added to the excavated areas as necessary to bring the areas up to grade. The

excavated areas will be revegetated.

Monitoring - In order to monitor the effectiveness of the cap (i.e., the migration of the COCs),
groundwater sampling will be conducted semiannually. Groundwater samples will be
collected from six monitoring wells: 6GW15, 6GW15D, 6GW1S, 6GW1D, 6GW2S, and
6GW23.

Access Restrictions - The capped area and the treatment area will be fenced to restrict access

to these areas and reduce damage to the cover and/or treatment system. The fencing will
connect to the existing fence at Lot 203, along the eastern side of the lot. This RAA will
require approximately 2,000 linear feet of new chain-link fence to be installed. The fence will
be of sufficient height and construction so as to limit access to the cap. In addition, No
Trespassing signs will be posted along the fence to further deter access. Routine maintenance
and repairs of the fence, as necessary, are also included under this RAA. In addition to the
fence, deed restrictions restricting the use of the area in and around Lot 2038 will be
implemented. Any soil excavated during potential future construction activities will require

appropriate disposal in accordance with applicable Federal and State regulations.

In the event that the long-term groundwater monitoring program indicaté:s that the
groundwater conditions are deteriorating, other actions will be taken. In additidn, since
contaminants will remain at the site under this alternative, the USEPA is required by the
NCP [40 CFR 300.515(e)(ii)] to review the effects of this alternative no less often than every

five years.

4.1.2.5 Soil RAA No. 5: Off-Site Treatment/Disposal

In general, Soil RAA No. 5 includes the excavation and off-site treatment/disposal of the
contaminated soils from all of the Soil AOCs. The approximate area of soils to be excavated is
the same as for Soil RAA No. 3 (refer to Figure 4-9). As shown on Table 4-2, the
technologies/process options included under this RAA include soil excavation, grading,
revegetation, and off-site treatment at a permitted facility. The main components of this

alternative are described below.
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Excavation - The same excavation measures discussed under Soil RAA No. 2 will be
implemented with this RAA. The contaminated soils within each Soil AOC will be excavated,
placed into dump trucks, transported to an approved off-site treatment facility. The limits of
the excavations will be defined b}; constituent concentrations in excess of the specified
remediation goals. For FS estimating purposes, approximately 19,000 cubic yards of soil will
be excavated. Confirmation soil sampling will be conducted during the excavation activities
to determine the lateral and vertical extent of each soil excavation. The samples will be
analyzed for the specific COCs and any other analyses required by the off-site facility (e.g.,

BTU value, moisture content, metals).

Note that prior to any excavation activities, site operating areas for decontamination will be
constructed. The equipment decontamination area will be equipped with a steam cleaning pad
with proper containment for rinse water. Air emissions will be monitored during soil

remediation activities.

Treatment - Following excavation activities, the soils will be transported to the off-site
treatment/disposal facility. Under this alternative, there are no residuals generated that will
require additional treatment or management. The off-site facility will have to be capable of
treating or disposing PCBs, VOCs, SVQCs, and pesticides. The most limiting contaminant for
finding an applicable treatment facility is PCBs. Based on the available data, the levels of
PCBs detected at the operable unit are below the limit regulated under TSCA, therefore it
may be possible to landfill the soils as nonhazardous. A landfill located in Pinewood, South

Carolina may be capable of handling these soils.

If necessary, there are several commercially permitted PCB disposal/treatment companies
throughout the United States. Based on the USEPA guidance document, Guidance on

Remedial Actions for Superfund Sites with PCB Contamination, the closest commercially-

permitted chemical waste landfill is the Chemical Waste Management Emelle, Alabama
facility. The closest incinerator companies include;: ENSCO in Little Rock, Arkansas; Rollins
in Deer Park, Texas; and U.S. Department of Energy/Martin Marietta Energy Systems in Oak

Ridge, Tennessee.
Surface Controls - The excavated areas will be graded to conform to the surrounding terrain.

Clean fill may be added to the excavated areas as necessary to bring the areas up to grade. The

excavated areas will be revegetated.
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— 4.1.2.6 Soil RAA No. 6: Capping and On-Site Treatment
' (Limited Areas of Concern)

In general, Soil RAA No. 6 is similar to Soil RAA No 4 with the exception that three of the Soil
AOCs will not be included in the scope of this RAA. This RAA includes the excavation and
consolidation of the contaminated soils from Soil AOCs 4 and 5 and placement under a soil
cover placed within Open Storage Lot 203; and the in situ treatment of the soil from Soil
AOC1. As shown in Table 4-2, the technologies/process options included with this RAA
include monitoring, deed restrictions, fencing, capping, grading, revegetation, soil excavation,
and on-site treatment. Figure 4-16 depicts the approximate areas of soil that will be treated in

situ, and also shows the proposed location of the on-site cap.

The rationale for this RAA is based on the existing land use of the operable unit (i.e., military
storage areas) and not on a hypothetic future land use scenario (i.e., residential area). Based
on the action levels presented in Section 2.0 of this FS, the only AOCs exceeding the action
levels for base personnel include AOCs 1, 4, and 5. Therefore, this RAA presents the most
realistic approach to remediating these areas. Soil AOC1 will be treated in sifu via
volatilization. Soil AOCs 4 and 5 will be excavated and placed under a soil cover installed

within Lot 203. The main components of this alternative are described below.

Excavation - The same excavation measures discussed under Soil RAA No. 2 will be
implemented with this RAA. The only difference will be where the soils are taken. The
contaminated soils from Soil AOCs 4 and 5 will be excavated, placed into dump trucks,
transported to Lot 203, and piled into the designated cap area. The limits of the excavations
will be defined by constituent concentrations in excess of the specified remediation goals. For
FS estimating purposes, approximately 200 cubic yards of PCB-contaminated soil (AOC4) and
200 cubic yards of pesticide-contaminated soil (AOCB) will be excavated. Confirmation soil
sampling will be conducted during the excavation activities to determine the lateral and

- vertical extent of each soil excavation. The samples will be analyzed for the specific COCs.

The contaminated soils within Soil AOC1 (approximately 16,500 cubic yards) will be treated

in gitu via volatilization.
Prior to any excavation activities, site operating areas for soil staging and for

o~ decontamination will be constructed. The staging area will be used for the interim storage of

excavated soils prior to treatment, if applicable. During storage periods, the soil will be
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covered to prevent the potential leaching of contaminants, dust generation, and potential for -
surface water runoff contamination. The equipment decontamination area will be equipped

with a steam cleaning pad with proper containment for rinse water.

Capping - Following excavation activities, a soil cover will be installed over the contaminated
soils that are piled within Lot 203. The approximate areal extent of the cap or cover is depicted
in Figure 4-16. For the purpose of this FS, the cap will be approximately 200 feet wide by
200 feet long. The contaminated soil will be spread approximately one to two feet thick in the
capped area. The cover will consist of 6 inches of topsoil, 18 inches of soil fill, 12 inches of sand,
and a geomembrane layer. To ensure the integrity of the capping system, periodic

maintenance will be required. In addition, the cap surface will be regularly mowed.

Treatment - The contaminated soil from Soil AOC1 will be treated via in situ volatilization
since the primary COCs within this AOC are VOCs. Refer to Soil RAA No. 3 for a detailed
description of this technology. Air emissions will be monitored during soil remediation

activities.

Surface Controls - Clean fill may be added to any disturbed areas as necessary to bring the
areas up to grade. The disturbed areas will be revegetated.

Monitoring - In order to monitor the effectiveness of the cover (i.e., the migration of the COCs),
groundwater sampling will be conducted semiannually. Groundwater samples will be
collected from six monitoring wells: 6GW15, 6GW15D, 6GW1S, 6GW1D, 6GW2S, and
6GW23.

Access Restrictions - The capped area and the treatment area will be fenced to restrict access
to these areas and reduce damage to the cap and/or treatment system. The fencing will
connect to the existing fence at Lot 203, along the eastern side of the lot. This RAA will
require approximately 1,000 linear feet of new chain-link fence to be installed. The fence will
be of sufficient height and construction so as to limit access to the cap. In addition, No
Trespassing signs will be posted along the fence to further deter access. Routine maintenance
and repairs of the fence, as necessary, are also included under this RAA. In addition to the
fence, deed restrictions restricting the use of the area in and around Lot 203 will be
implemented. Any soil excavated during potential future construction activities will require

appropriate disposal in accordance with applicable Federal and State regulations.
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In the event that the long-term 'groundwater monitoring program indicates that the
groundwater conditions are deteriorating, other actions will be taken. In addition, since
contaminants will remain at the site under this alternative, the USEPA is required by the
NCP [40 CFR 300.515(e)(ii)] to review the effects of this alternative no less often than every

five years.

4.1.2.7 Soil RAA No. 7: On-Site Treatment and Off-Site Disposal

Soil RAA No. 7 includes the on-site treatment of VOC-contaminated soil (AOC1) via in situ
volatilization and the off-site disposal of the soils from the remaining soil AOCs. Asshown in
Table 4-2, the technologies/process options included under this RAA are monitoring, deed
restrictions, fencing, grading, revegetation, soil excavation, on-site treatment, and off-site
treatment/disposal. Figure 4-17 depicts the approximate areas of soil to be excavated and the

. proposed location of the on-site treatment area. A description of each of the main components
of the RAA follow.

Excavation - The soils from AOCS 2 through 6 will be excavated and placed into dump trucks 4
designed for off-site transporting. The limits of the excavations will be defined by constituent
concentrations in excess of the remediation goals. For FS estimating purposes, approximately
2,500 cubic yards of soil will be excavated under this RAA. This total is based on 1,500 cubic
yards from AOC2, 400 cubic yards from AOC3, and 200 cubic yards each from AOCS 4, 5, and
6. The soils from AOC1 will not be excavated under this RAA. Confirmation soil sampling
will be conducted during the excavation activities to determine the lateral and vertical extent
of each soil excavation. The samples will be analyzed for the specific COCs and any other
analyses required by the off-site disposal facility.

Prior to any excavation activities, site operating areas for decontamination will be
constructed. The equipment decontamination area will be equipped with a steam cleaning pad

with proper containment for rinse water.

Off-Site Disposal - Following excavation activities, the soils will be transported to the off-site
disposal facility. There will be no residuals generated from AOCs 2 through 6 that will

require additional treatment or management. Based on the low levels of the PCBs (less than
50 mg/kg) detected in the soils from the AOCs, the excavated soils should be able to be

considered as nonhazardous waste. A landfill located in Pinewood, South Carolina, should be
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capable of disposing of these soils. This facility is located approximately 200 miles from the
Operable Unit.

On-Site Treatment - The soils within Soil AOC1 will be treated via in situ volatilization.

Refer to Soil RAA No. 3 for a description of this treatment technology. ‘ Confirmation soil
sampling will be conducted to identify the edge of the area to be treated. Vapor extraction
wells will be installed above the water table. The number and location of the extraction wells
will be determined during the predesign stage (pilot study results). The extracted vapors will
be treated on site. The residuals generated from the vapor treatment system will be properly

disposed off site. Air emissions will be monitored during soil remediation activities.

Surface Controls - The excavated areas will be graded to conform to the surrounding terrain.
Clean fill may be added to the excavated areas as necessary to bring the areas up to grade. The

. excavated areas and any disturbed areas will be revegetated.

Monitoring - In order to determine the effectiveness of the in situ treatment system, soil
sampling will be conducted semiannually. Approximately ten samples will be collected during
each sampling event and analyzed for VOCs. The treatment will be considered complete once

the soil remediation goals are reached and maintained.

Access Restrictions - The treatment area will be fenced to restrict access and reduce damage to

the in situ system. This RAA will require approximately 1,600 linear feet of new chain-link
fence to be installed. The fence will be of sufficient height and construction so as to limit
access to the cap. In addition, No Trespassing signs will be posted along the fence to further
deter access. Routine maintenance and repairs of the fence, as necessary, are also included
under this RAA. In addition to the fence, deed restrictions restricting the use of the area in
and around Site 82 will be implemented. Any soil excavated during potential future
construction activities will require appropriate disposal in accordance with applicable Federal
and State regulations.

In the event that the long-term so0il monitoring program indicates that the soil conditions are
deteriorating, other actions will be taken. In addition, since contaminants will remain at the
' site under this alternative, the USEPA is required by the NCP [40 CFR 300.515(e)(ii)] to

review the effects of this alternative no less often than every five years.
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A 4.2 Screening of Alternatives

Typically, this Section of the FS presents the initial screening of the potential RAAs. The
objective of this screening is to make comparisons between similar alternatives, so that only
the most promising ones are carried forward for further evaluation (USEPA, 1988a). This
screening is an optional step in the F'S process, and is usually conducted if there are too many
RAASs to conduct the detailed evaluation on. For OU No. 2, the decision was made not to
conduct this preliminary RAA screening step, and to include all of the developed RAAs in the
detailed evaluation presented in Section 5.0.
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5.0 DETAILED ANALYSIS OF ALTERNATIVES

This section of the FS contains the detailed analysis of the set of RAAs aeveloped in
Section 4.0. This analysis has been conducted to provide sufficient information to adequately
compare the alternatives, select an appropriate remedy for the site, and demonstrate
satisfaction of the CERCLA remedy selection requirements in the Record of Decision (ROD)
(USEPA, 1988a).

The extent to which alternatives are assessed during this detailed ax_aalysis is influenced by
the available data, the number and types of alternatives being analyzed, and the degree to
which alternatives were previously analyzed during their development (USEPA, 1988a).

The following nine evaluation criteria serve as the basis for conducting the detailed analysis:

Overall protection of human health and the environment;
Compliance with ARARs;

Long-term effectiveness and permanence;

Reduction of toxicity, mobility, or volume;

Short-term effectiveness;

Implementability;

Cost;

USEPA/State acceptance; and

Community acceptance.

© ® N DR WD

The first two criteria (Threshold Criteria) relate directly to statutory findings; the next five
criteria (Primary Balancing Criteria) are the primary criteria upon which the analysis is
based; and the final two criteria (Modifying Criteria) are typically evaluated following
comment on the RUFS report and the Proposed Remedial Action Plan (PRAP).

5.1 Individual Analysis of Alternatives

The individual analysis of the RAAs is presented in the following subsections. This analysis
includes an assessment and a summary profile of each of the RAAs against the evaluation
criteria, and a comparative analysis among the alternatives to assess the relative performance

of each with respect to each of the evaluation criterion.
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. The cost estimates that have been developed for each of the alternatives include both capital
| and operational expenditures. The cost evaluation presents the net present worth (NPW)
values for each of the alternatives such that the options can be easily compared. The accuracy
of each cost estimate depends upon the assumptions made and the availability of costing
information. The present worth costs were calculated assuming a 30-year operational period
(based on USEPA guidance) for all of the alternatives, a five percent discount factor, and a
zero percent inflation rate. All costs presented in the following sections have been updated to

1993 dollar values. The individual cost estimates are included in Appendix C.
5.1.1 Groundwater RAAs

51.1.1 Groundwater RAA No. 1: No Action

Description

Under the Groundwater RAA No. 1, the groundwater in the aquifer at the operable unit will
) remain as is. Under this alternative, the contaminants identified in the shallow and deep
. portions of the aquifer will remain, which will result in the potential for further migration of
the contaminated plumes. Aquifer restoration may result through natural processes such as

biological degradation, attenuation, and dispersion.
Assessment
QOverall Protection of Human Health and the Environment

Under this alternative, the existing contamination in the groundwater aquifer (both shallow
and deep portions) will have the potential for further migration both horizontally and
vertically. Therefore, this alternative does not provide for any protection to human health or

the environment.
Compliance With ARARs

Under the No Action RAA, the groundwater quality in the aquifer will continue to exceed the
. Federal and/or North Carolina contaminant-specific ARARs established for the COCs. No
S action-specific or location-specific ARARs apply to this RAA.
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Long-Term Effectiveness and Permanence

In terms of the magnitude of residual risks remaining at the operable unit, this alternative
will not reduce any potential risks present at the sites with respect to the contaminants in the

groundwater. In time, natural bacteriological attenuation may lessen the potential for risks.

In terms of the adequacy and reliability of controls used to manage treatment residuals or
untreated wastes that will remain at the operable unit, the No Action RAA does not include
any type of controls for the remaining contamination. Therefore, this RAA is not considered

reliable.

The No Action RAA would require EPA’s 5-year review to ensure that adequate protection of

human health and the environment is maintained.
Overall, the Groundwater RAA No. 1 can not be considered as an effective or permanent RAA,
Reduction of Toxicity, Mobility, or Volume

No form of treatment is included under the No Action RAA (with the exception of natural
biodegradation). Therefore, a very limited amount of the contaminants in the groundwater
aquifer will be destroyed or treated. This RAA does not satisfy the statutory preference for
treatment.

Short-Term Effectiveness

Since there are no remedial action activities associated with RAA No. 1, the risks to the
community are not increased by the implementation of this RAA. In addition, there are no
significant risks to workers with respect to implementation. The current impacts to the
environment from the existing conditions will continue. The time required to meet the

remedial response objectives can not be estimated.
Implementability
With respect to technical implementability, RAA No. 1 is the easiest alternative to implement

since there are no construction or operation activities. In addition, this RAA does not include

any actions to monitor its effectiveness. In terms of administrative feasibility, this alternative
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- should not require coordination with other agencies (i.e., no permits are necessary). The

availability of services, materials, and/or technologies is not applicable to this alternative.
Cost

There are no capital costs or O&M costs associated with this alternative. Therefore, the NPW
is $0. '

USEPA/State Acceptance

To be addressed following USEPA/NC DEHNR review of the ROD

Community Acceptance

To be addressed following the public comment period

5.1.1.2 Groundwater RAA No. 2: Limited Action

Description

Under Gmundwatér RAA No. 2, only limited actions including long-term groundwater
monitoring, aquifer-use restrictions, and deed restrictions will be included. Aquifer
restoration may occur through natural processes such as biological degradation, attenuation,
and dispersion. The RAA will include semiannually sampling and analysis of groundwater
from nine deep monitoring wells, twelve shallow monitoring wells, and three local supply
wells. The wells will be analyzed for TCL volatile organics (Level Il data quality). Aquifer-
use restrictions will be placed on the two currently closed local supply wells. In addition, deed

restrictions will be placed restricting the installation of any new wells within the vicinity of
OU No. 2.

Assessment
Overall Protection of Human Health and the Environment

o Under this RAA, the existing contamination in the groundwater aquifer will' have the
potential for further migration both horizontally and vertically. Currently, two supply wells
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o~ in the area of contamination are not operating. Supply wells located outside the area of

contamination are monitored periodically by the base and are njot contaminated.

If the aquifer-use restrictions and deed restrictions are strictly enforced, and monitoring of the
plume and operational supply wells is implemented, this RAA will provide protection to
human health with a reduction in the potential for groundwater ingestion. This RAA allows
continued contamination of the groundwater, therefore, it provides little, if any, protection to

the environment.
Compliance With ARARs

Under RAA No. 2, the groundwater quality in the aquifer will exceed the Federal and/or
North Carolina contaminant-specific ARARs established for the COCs. No action-specific or
location-specific ARARs apply to this RAA.

Long-Term Effectiveness and Permanence

S~ In terms of the magnitude of residual risks remaining at the operable unit, this RAA will
reduce the risks to human health since the use of the groundwater as a potable water source
near the sites will be restricted. Risks would remain under this RAA if the groundwater at the

site was used as a drinking water source without treatment.

The adequacy and reliability of the controls included under this RAA @.e., aquifef—use and
deed restrictions) is effective. If strictly enforced, these controls will reduce the risks
associated with the ingestion of the contaminated groundwater. If not strictly enforced, these

controls would not be adequate.

RAA No. 2 would require EPA’s 5-year review to ensure that adequate protection of human
health and the environment is maintained.

Reduction of Toxicity, Mobility, or Volume
No form of treatment is included under RAA No. 2 (with the exception of natural
biodegradation). Therefore, a very limited amount of the contaminants in the groundwater

fa aquifer will be destroyed or treated. This RAA does not satisfy the statutory preference for

treatment.
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Short-Term Effectiveness

Since there are only administrative_activities associated with RAA No. 2, the risks to the
community (base personnel) are not increased by the implementation of this RAA, In
addition, there are no significant risks to workers. The current impacts to the environment
from the existing conditions will continue. Under this RAA, the potential risks associated
with contaminated groundwater will be reduced due to institutional controls within 3 to 6

months.
Implementability

With respect to technical implementability, RAA No. 2 is easy to implement since the only
activities are administrative or involve groundwater monitoring. The monitoring wells
already have been installed at the sites. The proposed monitoring will indicate if the
groundwater quality is significantly deteriorating. In terms of administrative feasibility, this
alternative should not require coordination with other agencies following the ROD (i.e., no
A approvals of permits or other actions are necessary). The required sampling equipment and

materials are readily available.

Cost

There are minimal capital costs associated with RAA No. 2. Annual O&M cost of
approximately $39,000 are projected for the groundwater monitoring program. Assuming a
monitoring period of 30 years and an annual percentage rate of five percent, the NPW of this
RAA is approximately $600,000.

USEPA/State Acceptance

Since this alternative does not remove or destroy the COCs, and may ultimately endanger
other drinking water supply wells, the USEPA and State are not expected to favor this
alternative.

Community Acceptance

It is unlikely that the community will support any form of a No Action Alternative.
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51.1.3 Groundwater RAA No. 3: Containment

Description

In general, RAA No. 3 includes the containment of the contaminated plumes via extraction
and treatment. In addition, this RAA includes the same institutional controls as Groundwater
RAA No.2 (Limited Action). The objective of this RAA is to reduce or eliminate the potential
for further migration of the existing groundwater contaminant plumes at the operable unit. A
series of deep and shallow extraction wells will be installed along the boundaries of the
shallow and deep plumes. The extracted groundwater will be treated on site via a combination
of several treatment technologies including metals removal, air stripping, and carbon
adsorption. Treated water will be discharged to Wallace Creek.

The RAA will include semiannually sampling and analysis (TCL volatile organics) of
groundwater from nine deep monitoring wells, twelve shallow monitoring wells, and three
local supply wells, Aquifer-use restrictions will be placed on the two currently closed local
supply wells. In addition, deed restrictions will be placed restricting the installation of any
new wells within the vicinity of OU No. 2.

Assessment
Overall Protection of Human Health and the Environment

Under this RAA, the migration of the contaminated plume will be mitigated, further reducing
the potential risks associated with groundwater exposure (via operating supply wells). If the
aquifer-use restrictions, deed restrictions, and monitoring program are strictly enforced, this
RAA will provide additional reduction in the potential for groundwater ingestion. This RAA
reduces the continued migration of the contaminant plume, therefore, it provides protection to

the environment.
Compliance With ARARs
Under RAA No. 3, the groundwater quality in the aquifer will be improved at the initiation of

the groundwater pump and treat system. The Federal and/or North Carolina contaminant-
specific ARARs established for the COCs will not likely be met for the contaminated
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e groundwater under this RAA due to both hydrogeologic factors (e.g., subsurface heterogeneity,
low permeability, and discontinued layers) and contaminant factors (e.g., partitioning of
contaminants between groundwater and aquifer solids). Location-specific ARARs are not
applicable to this alternative. Action-specific ARARs such as NPDES and air emission
permits may apply to this RAA.

Long-Term Effectiveness and Permanence

In terms of the magnitude of residual risks remaining at the operable unit, this RAA will
reduce the risks to human health for the following reasons: (1) the migration of the
contaminant plume is mitigated, and (2) the use of the groundwater as a potable water source
near the sites is restricted. Following the completion of this RAA, there should be low residual
risks remaining at the operable unit with respect to the contaminated groundwater.

The source removal activities under this RAA are _reliable and adequate. Groundwater pump
and treat methods are both adequate and reliable to some extent. All of the
_ technologies/process options are proven and commercially used. As with most equipment, '
7 ' there is a potential for replacement and/or repairs. The adequacy and reliability of the

institutional controls are effective.

Since this RAA is not designed to be a complete contaminant removal option, it will require
EPA’s 5-year review to ensure that adequate protection of human health and the environment

is maintained.

Reduction of Toxicity, Mobility, or Volume

Under this RAA, the groundwater within the outer boundaries of the contaminant plume will
be treated via a treatment system consisting of, but not limited to, air stripping, carbon
adsorption, and metals removal. This RAA is designed to reduce the mobility of the
contaminants in the groundwater. This RAA satisfies the statutory preference for treatment.
Short-Term Effectiveness

The risks to the community/base personnel will be slightly increased due to a temporary

increase in dust production and volatilization during the installation of underground piping

for the groundwater treatment system. It should be noted that the closest military operation
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s near this action is at Lot 201, which is approximately one-half mile south of this area.
Workers will require additional protection during the installation and operation of the
groundwater treatment system. Environmental impacts will include aquifer draw down
during groundwater extraction. With respect to time to complete the remedial action, the
groundwater pump and treat system will be operated for many years, and the contaminant
plumes may not ever be completely remediated due to the thickness and horizontal

characteristics of the aquifer. For FS purposes, 30 years has been estimated.
Implementability

With respect to technical implementability, the groundwater pump and treat system will
require operation. If necessary, the extraction system would be relatively easy to expand with.

' the addition of extraction wells and piping. The monitoring wells have already been installed
at the sites. The proposed monitoring will indicate if the groundwater quality is significantly
deteriorating or improving as a result of this action. In terms of administrative feasibility,
this alternative may require an NPDES permit or permission for discharge into Wallace
Creek. This RAA requires treatment plant operators.

Cost

The capital costs associated with RAA No. 3 are estimated to be $2.6 million. O&M cost are
approximately $285,000 annually are projected for the operation of the extraction/treatment
system and the groundwater monitoring program. Assuming a monitoring period of 30 years
and an annual percentage rate of five percent, the NPW of this RAA is approximately $7.0
million. Refer to Appendix C for the cost estimate for this RAA.

USEPA/State Acceptance

Since this RAA does not remove or destroy the COCs, the USEPA and State are not expected
to favor this alternative,

Community Acceptance

It is unlikely that the community will support any form of a limited action alternative.
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S~ : 5.1.1.4 Groundwater RAA No. 4: Intensive Groundwater Extraction and Treatment

Description

In general, RAA No. 4 includes the treatment of the contaminant plumes at the area with the
highest level of contamination. This area is primarily located at Site 82, east of the ravine and
west of Piney Green Road. This RAA will include a series of deep and shallow extraction wells
located in the most contaminated areas of the sites. The extracted groundwater will be treated
on site and then discharged to Wallace Creek. In addition, this RAA .includes the same
institutional controls as Groundwater RAA Nos. 2 and 3. The objective of this RAA is to
eliminate the "most contaminated™ areas of the groundwater contamination. This area acts as
a source of surface water contamination at Wallace Creek, in addition to being the source of
off-site groundwater contamination. Over time, the entire plume will be remediated to meet

the remediation goals.

The RAA will include semiannual sampling and analysis of groundwater from nine deep
monitoring wells, twelve shallow monitoring wells, and three local supply wells (TCL volatile
Fa organics). Aquifer-use restrictions will be placed on the two currently closed local supply
wells. In addition, deed restrictions will be placed restricting the installation of any new wells
within the vicinity of OU No. 2.

Assessment
Querall Protection of Human Health and the Environment

Under this RAA, the most contaminated groundwater (i.e., source areas) will be collected (via
extraction wells) and treated, further reducing the potential risks associated with further
groundwater degradation. Over time, the downgradient edge of the plume is expected to be
captured by the cone of inﬂuence produced by the extract:ion wells. If the aquifer-use
restrictions, deed restrictions, and monitoring program are strictly enforced, this RAA will
provide additional reduction in the potential for groﬁndwater ingestion. This RAA reduces
the continued contamination of the groundwater via source removal, therefore, it provides
protection to the environment. Over time, the groundwater may be restored for future

“beneficial use.
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Compliance With ARARs

Under RAA No. 4, the groundwater quality in the aquifer will be improved at the initiation of
the groundwater pump and treat system. The Federal and/or North Carolina contaminant-
specific ARARs established for the COCs in groundwater may be met under this RAA over
time. The timeframe to reach the remediation goals cannot be determined due to the
magnitude of the problem and the complexity of the hydrogeologic characteristics. ARARs
associated with effluent levels from the treatment system are expected to be met. Location-
specific ARARs are not applicable to this alternative. Action-specific ARARs such as NPDES
and air emission permits will apply to this RAA. |

Long-Term Effectiveness and Permanence

In terms of the magnitude of residual risks remaining at the operable unit, this RAA will
reduce the risks to human health for the following reasons: (1) the most contaminated
groundwater will be treated, (2) the use of the groundwater as a potable water source near the
sites will be restricted, and (3) the operating supply wells in the area will be monitored.
Following the completion of this RAA, there will likely be low residual risks remaining at the
operable unit with respect to using the aquifer at OU No. 2 as a potable supply.

The source removal activities under this RAA are reliable and adequate. Groundwater pump
and treat methods are both adequate and reliable to some extent. All of the
technologies/process options are proven for treating the groundwater. Technologies for
completely extracting the contaminants from the groundwater are not proven (considering
that contaminants may continue to leach from solids to groundwater below the vadose zone).
At best, the technologies for extracting contaminated groundwater are reliable from the
standpoint of collecting the water, but are not reliable for mitigating groundwater
degradation due to the partitioning of contaminants in the water column (below the vadose
zone). As with most equipment, there is a potential for replacement and/or repairs. The

adequacy and reliability of the institutional controls are effective.
Since this RAA is expected to take many years to reach the remediation goals, it would require

EPA’s 5-year review to ensure that adequate protection of human health and the environment

is maintained.
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i Reduction of Toxicity, Mobility, or Volume

Under this RAA, groundwater will be treated via a treatment system consisting of, but not
limited to, air stripping, carbon adsbrption, and metals removal. This RAA is designed to
reduce the toxicity, mobility, and volume of the contaminants in the groundwater. This RAA
satisfies the statutory preference for treatment.

Short-Term Effectiveness

The risks to the community will be slightly increased due to a temporary increase in dust
production and volatilization during the installation of underground piping for the
groundwater treatment system. Workers will require additional protection during the
installation and operation of the groundwater treatment system. Environmental impacts
will include aquifer draw down during groundwater extraction. No significant impacts to
Wallace Creek are anticipated due to the aquifer drawdown or discharging the effluent into
Wallace Creek. With respect to time to complete the remedial action, the groundwater pump
and treat system will be operated for many years, prior to achieving complete groundwater
- restoration. For costing purposes, 30 years of operation has been estimated.

Implementability

With respect to technical implementability, the groundwater pump and treat system will
require operation. If necessary, the extraction system would be easy to expand. The
monitoring wells have already been installed at the sites. The proposed monitoring program
will indicate if the groundwater quality is significantly deteriorating. In terms of
administrative feasibility, this alternative may require an NPDES permit or permission for
other discharge. This RAA requires treatment, plant operators.

Cost

The capital costs associated with RAA No. 4 are estimated to be $1.4 million. O&M cost are

approximately $230,000 annually are projected for the operation of the extraction/treatment

system and the groundwater monitoring program. Assuming a monitoring period of 30 years

and an annual percentage rate of five percent, the NPW of this RAA is approximately $4.9
a2 million. Refer to Appendix C for the cost estimate for this RAA.
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AT ,, USEPA/State Acceptance

Since this alternative removes and treats the COCs, it is expected that both USEPA and the

State will be in favor of this alternative.
Community Acceptance

It is expected that the community will be in favor of this type of alternative since the COCs are
to be removed and treated. '

5.1.1.5 Groundwater RAA No. 5: Groundwater Extraction and Treatment

Description

In general, RAA No. 5 includes the treatment of the entire plume of groundwater
contamination. Iﬁ addition, this RAA includes the same institutional controls as
Groundwater RAA Nos. 2, 3, and 4. The objective of this RAA is to reduce the the |
N contaminants in the groundwater to drinking water standards for a Class I aquifer, and to
mitigate the further migration of the existing groundwater plumes.

The RAA will include semiannual sampling and analysis (TCL volatile organics) of
.groundwater from nine deep monitoring wells, twelve shallow monitoring wells, and three
local supply wells. Aquifer-use restrictions will be placed on the two currently closed local
supply wells. In addition, deed restrictions will be placed restricting the installation of any
new wells within the vicinity of OU No. 2. |

Assessment
Overall Protection of Human Health and the Environment

Under this RAA, the contaminated groundwater will be removed and treated, reducing the
potential risks associated with groundwater degradation in supply wells. If the aquifer-use
restrictions, deed restrictions, and monitor program are strictly enforced, this RAA will
provide additional reduction in the potential for groundwater degradation. This RAA reduces
the continued contamination of the groundwater via contaminant removal, therefore, it

provides protection to the environment.
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Compliance With ARARs

Under RAA No. 5, the groundwater ciuality in the aquifer will be improved at the initiation of
the groundwater pump and treat system. The Federal and/or North Carolina contaminant-
specific ARARSs established for the effluent discharge will potentially be met under this RAA
in time. ARARs associated with Class I groundwater quality will be met over time. The
timeframe to achieve the remediation goals is difficult to estimate. due to the magnitude of
the groundwater contamination, and the hydrogeologic complexity of the site. Location-
specific ARARs are not applicable to this alternative. Action-specific ARARs such as NPDES
and air emission permits may apply to this RAA.

Long-Term Effectiveness and Permanence

In terms of the magnitude of residual risks remaining at the operable unit, this RAA will
" reduce the risks to human health for the following reasons: (1) the contaminated

groundwater will be treated, (2) the use of the groundwater as a potable water source near the
L sites is restricted, and (3) existing supply wells will be monitored.

The source removal activities under this RAA are reliable and adequate. Groundwater pump
and treat methods are both adequate and reliable for extracting and treating the groundwater,
but not for recovering all groundwater contaminants that would be present via partitioning
between grouhdwater and aquifer solids. All of the technologies/process options for treating
the effluent are proven and commercially used. As with most equipmexit, there is a potential
for replacement and/or repairs. The adequacy and reliability of the institutional controls are

uncertain.

Since this RAA will take several years to meet the remediation goals, it will require EPA’s 5-
year review to ensure that adequate protection of human health and the environment is
maintained.

Reduction of Toxicity, Mobility, or Volume

Under this RAA, the groundwater within the contaminant plume will be treated via a

treatment system consisting of, but not limited to, air stripping, carbon adsorption, and metals
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P removal. This RAA is designed to reduce the toxicity, mobility, and volume of the
contaminants in the groundwater. This RAA satisfies the statutory preference for treatment.

Short-Term Effectiveness

The risks to the community will be slightly increased due to a temporary increase in dust
production and volatilization during the installation of underground piping for the
groundwater treatment system. Workers will require additional protection during the
installation and operation of the groundwater treatment system. Envir'onmental impacts
will include aquifer draw down during groundwater extraction. No significant impacts to
Wallace Creek are anticipated with the drawdown of the aquifer. With respect to time to
complete the remedial action, the groundwater pump and treat system will be operated for
many years. For costing purposes, 30 years has been estimated.

Implementability

With respect to technical implementability, the groundwater pump and treat system will
P require operation. If necessary, the extraction system would be easy to expand. The
monitoring wells associated with long-term monitoring already have been installed at the
sites. The proposed monitoring will indicate if the groundwater quality is significantly

deteriorating, or improving.

Once in operation, the treatment systems will require maintenance. Items of concern would
be the extraction pumps, the pretreatment system, the air stripper, the carbon units, and spent
carbon. Time would be required in this alternative for the removal and replacement of spent

carbon.

In terms of administrative feasibility, this alternative would require coordination with other
agencies for possible NPDES and air permits. No problems are anticipated with the

availability of any of the required equipment, laboratory services, or associated materials.
Cost
The capital costs associated with RAA No. 5 are estimated to be $3.5 million. O&M cost are

approximately $350,000 annually are projected for the operation of the extraction/treatment

system and the groundwater monitoring program. Assuming a monitoring period of 30 years
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N and an annual percentage rate of five percent, the NPW of this RAA is approximately $8.9
million. Refer to Appendix C for the cost estimate for this RAA.

USEPA/State Acceptance

Since this alternative removes and treats the COCs, it is expected that USEPA and the State
will be in favor of this RAA.

Community Acceptance

It is expected that the community will be in favor of this RAA since the groundwater COCs

will be removed and treated.
5.1.2 SoilRAAs

The detailed evaluation of the seven soil RAAs is presented below. Soil RAAs 1 through 5, and
7 address future use of the site for residential and Soil RAA 6 considers the future use of the
fa site as an open storage area. It should be noted that soils from Site 9 did not exceed the

remediation goals.

5.1.2.1 RAA No. 1: No Action

Description

Under Soil RAA No. 1 no remedial actions will be performed to reduce the toxicity, mobility, or
volume of contaminants in the soil at OU No. 2. The No Action RAA is required by the NCP to
provide a baseline for comparison with other soil alternatives that provide a greater level of
response. Soil RAA No. 1 involves leaving the contaminated soils which exceed the

remediation goals in place.
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P Asgsessment
Querall Protection of Human Health and the Environment

Under this alternative, the existing contamination in the soil that exceeds the remediation
goals will have the potential for further migration both horizontally and vertically. Therefore,

this alternative does not provide for any protection to human health or the environment,
Compliance With ARARs

Under the No Action Alternative, the soils will - potentially exceed the TSCA ARAR
established for PCBs in soils (for residential areas) in addition to exceeding the risk-based
remediation goals established for this OU. No action-specific or location-specific ARARs apply
to this alternative.

Long-Term Effectiveness and Permanence

fan In terms of the magnitude of residual risks remaining at the operable unit, this alternative
will not reduce any potential risks present at the sites with respect to the contaminants in the
soils.

In terms of the adequacy and reliability of controls used to manage treatment residuals or
untreated wastes that will remain at the operable unit, Soil RAA No. 1 does not include any

type of controls.

Soil RAA No. 1 will require EPA’s 5-year review to ensure that adequate protection of human

health and the environment is maintained.
Reduction of Toxicity, Mobility, or Volume

No form of treatment is included under the No Action Alternative. Therefore, no soils are
expected to be destroyed or reduced under this RAA. This RAA does not satisfy the statutory

preference for treatment.
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P Short-Term Effectiveness

Since there are no remedial action activities associated with RAA No. 1, the risks to the
community are not increased by the implementation of this RAA. In addition, there are no
significant risks to workers. The current impacts from the existing conditions to the
environment will continue. The time required to meet the remedial response objectives can
not be estimated.

Implementability

With respect to technical implementability, RAA No. 1 is the easiest alternative to implement
since there are no construction or operation activities. This RAA does not include actions to
monitor its effectiveness. In terms of administrative feasibility, this alternative should not
require coordination with other agencies following the ROD (i.e., no approvals are necessary).
The availability of services, materials, and/or technologies is not applicable to this alternative.

Cost

There are no capital costs or O&M costs associated with this alternative. Therefore, the NPW
is $0.

USEPA/State Acceptance

Since this RAA does not remove or destroy the soil COCs, the USEPA and the State are not
expected to favor this alternative.

Community Acceptance

It is unlikely that the community will support any form of a No Action RAA.
5.1.2.2 Soil RAA No. 2: Capping

Description

In general, Soil RAA No. 2 includes the excavation and consolidation of the soils from all of the

Seil AOCs and placement under a multilayered cap placed within Open Storage Lot 203. The
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cap will consist of layers of top soil, soil fill, geomembrane, sand, gravel, and clay. The
technologies/process options included with this RAA include monitoring, deed restrictions,
fencing, capping, grading, revegetation, and soil excavation. The principal objectives of this
RAA are to consolidate the contaminated soils into one area, to prevent the potential for direct
physical contact with the contaminated soils, and to prevent the potential for the migration of

contaminants by infiltration and overland transport.
Assessment
Qverall Protection of Human Health and the Environment

Soil RAA No. 2 provides protection to human health and to the environment in the form of
reducing the potential for direct contact with the contaminated soil and reducing (to a limited
extent) the mobility of the contaminated soil. Excavation of contaminated soil will result in

eliminating continued degradatidn of groundwater quality.
Compliance With ARARs

Under this alternative, contaminated soil exceeding the remediation goals will remain at the
operable unit, but they will not be treated. Therefore, the contaminant-specific ARARs will
not be met. The capped area will be located above the 100-year flood plain, therefore, the
location-specific ARAR will be met.

Long-Term Effectiveness and Permanence

As long as the cap is maintained, potential risks due to exposure and migration to the
contaminated soils is reduced. Because the contaminated soil is only contained, the inherent
hazards related to the contamination still exist to some degree under this RAA. However, the

cap can be both adequate and reliable if it is maintained.
Since the contaminated soils will remain on site, Soil RAA No. 2 will require EPA’s 5-year

review to ensure that adequate protection of human health and the environment is

maintained.
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Reduction of Toxicity, Mobility, or Volume

No treatment is included under this RAA, therefore, no reduction in the toxicity or volume of
the contaminated soil will occur.” This alternative will reduce the mobility of soil
contaminants by design of the cap. This RAA does not satisfy the statutory preference for _

treatment, but does meet the criteria for consideration of at least one containment alternative.
Short-Term Effectiveness

There will be a temporary increase in the risks to the community/base pe:lsonnel during the
excavation of the soils and the installation of the cab. Workers protection against dermal
contact and inhalation of volatiles and particulates will be required during the excavation and
cap installation activities. Once the cap is in place, minimal additional risks are anticipated

to the community or to workers.

No additional environmental impacts are expected with respect to implementing this

alternative.

The time to complete this remedial action is estimated to be 6 to 12 months for the excavation
activities and the construction of the cap.

Implementability

With respect to technical feasibility, this alternative should be easily implemented since
common earth-construction activities are required. This RAA will require extensive soil and
material handling activities, especially at AOC No. 1 due to the location and dense-like
physical characteristics of this area. The groundwater monitoring included under this RAA

will provide notice of failure before significant thigration and exposure occurs.
In terms of administrative feasibility, this alternative should require minimal coordination

with other agencies following the ROD. No problems with the availability of required

materials and/or equipment are anticipated.
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Cost

The estimated capital cost associated with this RAA is approximately $2.8 millioh. O&M costs
of approximately $39,000 annually are projected for the maintenance and inspections of the
cap and for the sampling included in the long-term groundwater monitoring plan. Assuming
an operating period of 30 years and an annual percentage rate of 5 percent, the NPW of this

alternative is $3.4 million.
USEPA/State Acceptance

Since the soil COCs are not removed or treated, it is expected that the EPA and State will not
be in favor of this RAA.

Community Acceptance

It is unlikely that the community will be in favor of a “capping” alternative.

5.1.2.3 Soil RAA No. 3: On-Site Treatment

Description

In general, Soil RAA No. 3 includes the excavation and treatment of soil from all of the Soil
AOQCs via on-site treatment. The technologies/process options included with this RAA include
soil excavation, grading, revegetation, fencing, and on-site treatment. The on-site treatment
options may include one or more combinations of the following technologies: land treatment,

in situ volatilization, chemical dechlorination, and incineration. The cost evaluation

presented in this section will evaluate a few of the possible treatment combinations.
Assessment

QOverall Protection of Human Health and the Environment

This alternative will provide overall protection to human health and to the environment since
the contaminated soils from the various areas of concern will be excavated, treated, and

disposed of properly. Therefore, the potential risks associated with exposure to the

contaminated soils is eliminated.
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Compliance With ARARs

All chemical-specific, action-specific, and location-specific ARARs will be met by this

alternative.
Long-Term Effectiveness and Permanence

Following the completion of the RAA, there should be no significant risks (with respect to soil
contamination) remaining at the operable unit since the contaminated soils will be removed
from the AOCs and treated.

The possible combination of treatment technologies to be used under this RAA (i.e., land
treatment, in situ volatilization, chemical dechlorinétion, and incineration) results in this
RAA being adequate for treating the soil COCs. The reliability of any of the four treatment
options is high, but bench or pilot scale treatability studies are required to determine final
treatment levels. This alternative may be an effective and permanent option. A 5-year review

will not be necessary with this RAA unless the treatment process takes longer than 5 years.
Reduction of Toxicity, Mobility, or Volume

Significant reduction in the toxicity, mobility, and volume of toxic compounds will occur with
the implementation of this RAA. All of the four treatment options are irreversible methods.
The goal of this RAA is that no residuals with concentrations exceeding the remediation goal
will remain within the soil at the completion of the remedial action. Pilot and/or bench-scale
testing will be required to ensure that the remediation goals are feasible. This RAA satisfies
the statutory preference for treatment.

Short-Term Effectiveness
There will be a temporary increase in the risks to the community during the excavation of the

soils and the operation of the treatment systems. Workers protection against dermal contact

and inhalation will be required during the excavation and treatment operation activities.
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With respect to environmental impaéts, the treatment options such as land treatment, in situ
volatilization, and incineration may impact air quality and odors, although they will be

designed to meet emission standards.

Once implemented, this alternative will immediately reduce the levels of the COCs in the
soils. The time to obtain the remedial objectives is estimated to be several months to five years
(i.e., as soon as all of the excavated soils are excavated and treated on site). In situ
volatilization and land treatment will require a longer time period than for incineration.

Implementability

All four of the treatment options will require operation. Long-term monitoring should not be
required longer than five years for this RAA.

If incineration is selected, the technical intent of an incineration permit must be
demonstrated. In addition, this RAA will require coordination with other agencies for
meeting the intent of an air permit. The availability of a mobile incinerator may present a

problem.

Land treatment, in situ volatilization, and dechlorination equipment and material should be

readily available. All of the treatment options will required trained operators.
Cost

Cost estimates for a few combinations of the four treatment options applicable under this RAA

have been calculated. These combinations include:
o Option A - On-site incineration of soils from all of the AOCs

. thion B - Land treatment of Soil AOCs 1, 2, and 5; incineration of Soil AOCs 3, 4, and
6

e Option C - In situ volatilization of Soil AOC1; incineration of Soil AOCs 2, 3, 4, 5, and 6

o Option D - In situ volatilization of Soil AOC1; land treatment of Soil AOCs 2 and 5;
chemical dechlorination of Soil AOCs 3, 4,and 6
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It is important to note that there are many more possible combinations for treatment. This
cost evaluation was completed for Options A through D for purposes of comparing realistic
remediation approaches. As a result, the estimated capital costs, operation and maintenance
costs, and NPW values for these options are listed below. The details of the cost evaluation are

presented in Appendix C.

Treatment Options

A B C D

Capital Costs 6.6 million | $2.2million | $1.5million $1.7 million
O&M Costs $0 $330,000 $50,000 $50,000-$80,000
NPW $6.6 million | $3.1 million | $1.7 million $2.0 million

USEPA/State Acceptance

Since this RAA includes the complete treatment of all the soil COCs, the USEPA and the State
are expected to be in favor of this RAA.

Community Acceptance

It is expected that the community would be in favor of this RAA, with exception of the on-site

incineration option.

5.1.24 Soil RAA No. 4;: Capping and Partial On-Site Treatment
(All Areas of Concern)

Description

In general, Soil RAA No. 4 is a combination of Soil RAA Nos. 2 and 3. This RAA includes the
excavation and consolidation of the PCB-contaminated soils and placement under a soil cover
placed within Open Storage Lot 203 (i.e., partial capping); and the excavation and treatment of
the soil from the remaining Soil AQOCs (i.e., partial on-site treatment). The
‘technologies/process options included with this RAA include monitoring, deed restrictions,

s fencing, capping, grading, revegetation, soil excavation, and on-site treatment. The principal
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o objectives of this RAA are to consolidate the PCB-contaminated soils into one area and to treat -

the other contaminated soils on site.
Assessment
Qverall Protection of Human Health and the Environment

Soil RAA No. 4 provides protection to human health and to the environment in the form of
reducing the potential for direct contact with the PCB-contaminated soil and since the other
contaminated soils will be excavated and treated. .

Compliance With ARARs

Under this alternative, contaminated soil exceeding the PCB remediation goal will remain at

the operable unit, but will be contained to mitigate exposure and migration through the

environment. Therefore, the contaminant-specific ARAR for PCBs will not be met. The other
, contaminant-specific ARARs will be met since the other contaminated soils will be excavated
A and treated.

The covered area will be located above the 100-year flood plain, therefore, the location-specific
ARAR will be met. ’

Long-Term Effectiveness and Permanence

As long as the soil cover is maintained, potential risks due to exposure to the PCB-
contaminated soils is reduced. But because the source of the PCB contamination is only
contained, the inherent hazards related to this contamination still exist under this RAA.
Following the completion of the RAA, there should be no potential risks (with respect to the
non-PCB soil contamination) remaining at the operable unit since these other soils will be

removed and treated.

With respect to adequacy and reliability, the cover can be both adequate and reliable if
properly maintained. The possible combination of treatment technologies to be used under
this RAA (i.e., land treatment, in situ volatilization, chemical dechlorination, and
incineration) results in this RAA being adequate for treating the soil COCs other than PCBs.
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The reliability of any of the four treatment options is high. This portion of the RAA is effective -

and permanent.

Since the PCB-contaminated soils will remain on site, Soil RAA No. 4 will require EPA’s 5-
year review to ensure adequate protection of human health and the environment is

maintained.
Reduction of Toxicity, Mobility, or Volume

No treatment of the PCB-contaminated soils is included under this RAA, therefore, no
reduction in the toxicity, mobility, or volume of the PCB contamination will occur. This
portion of the RAA does not satisfy the statutory preference for treatment.

Significant reduction in the toxicity, mobility, and volume of toxic compounds within Soil
AOCs 1, 2, and 5 will occur with the ifnplementation of this RAA, All of the four treatment
options are irreversible methods. No residuals with concentrations exceeding the remediation
goal will remain within the Soil AOCs 1, 2, and 5. This portion of the RAA satisfies the
statutory preference for treatment.

Short-Term Effectiveness

There will be a temporary increase in the risks to the community/base personnel during the
excavation of the soils, the installation of the cover, and the operation of the treatment
options. Workers protection against dermal contact and inhalation will be required during the

excavation, cover installation, and activities.

With respect to environmental impacts, the treatment options such as land treatment, in situ
volatilization, and incineration may impact air quality. Emission controls will likely be

required in order to meet air quality standards.

Once implemented, this alternative will immediately reduce the levels of the COCs in the
AQC soils. The time to obtain the remedial objectives is estimated to be several months to a
year following the completion of the design and initial construction activities (i.e., as soon as
all of the excavated soils are excavated, the cover is constructed and the remaining soils are
treated on site). |
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Implementability

This RAA will require extensive soil and material handling activities. If the volume of
contaminated soil exceeds the FS estimate, the treatment systems or the cover can be easily
expanded. The groundwater monitoring included under this RAA will provide notice of failure

of the cap before significant exposure occurs.

If incineration is selected, the technical intent of an incineration permit must be
demonstrated. In addition, this RAA will require coordination with other agencies for

meeting the intent of an air permit.

The availability of a mobile incinerator, if incineration is the technology selected, may present
a problem. Land treatment, in situ volatilization, and dechlorination equipment and material

should be readily available. All of the treatment options will required trained operators.
Cost

- The estimated capital cost associated with this RAA is approximately $926,000. O&M costs of
| approximately $31,000 to $81,000 annually are projected for the maintenance and inspections
of the cap and for the sampling included in the long-term groundwater monitoring plan. No
O&M costs have been included with this RAA relating to the on-site treatment activities since
the duration of this portion of the remedial activity is anticipated to be less than one year.
Assuming an operating period of 30 years and an annual percentage rate of 5 percent, the
NPW of this alternative is $1.6 million.

USEPA/State Acceptance

Since this RAA includes treatment of the majority of contaminated soils at the sites, it is
expected that USE_PA and the State to be in favor of this alternative.

Community Acceptance

It is expected that the community might be in favor of this alternative as long as on-site

incineration is not used.
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5.1.2.5 Soil RAA No. 5: Off-Site Treatment/Disposal

Description

In general, Soil RAA No. 5 includes the excavation and off-site treatment/disposal of the
contaminated soils from all of the Soil AOCs. The approximate area of soils to be excavated
and treated is the same as for Soil RAA No. 3. The technoiogies/process options included
under this RAA include soil excavation, grading, revegetation, and off-site treatment and/or

disposal at a permitted facility.

Assessment

QOverall Protection of Human Health and the Environinent

This alternative will provide overall protection to human health and to the environment since
the contamingted AOC soils will be excavated and removed from the sites. Therefors, the
potential risks associated with the contaminated soils is eliminated.

Compliance With ARARs

All chemical-specific, action-specific, and location-specific ARARs will be met by this

alternative.

Long-Term Effectiveness and Permanence

Following the completion of the RAA, there should be a reduction in overall human health and
environmental risks (with respect to soil contamination) remaining at the operable unit since

the contaminated soils at the various AOCs will be removed.

Off-site treatment/disposal is both adequate and reliable. This alternative is an effective and
permanent option. No 5-year review is necessary with this RAA.

Reduction of Toxicity, Mobility, or Volume

Significant reduction in the toxicity, mobility, and volume of toxic compounds will occur with

the implementation of this RAA. Excavation is an irreversible option. No residuals with
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P concentrations exceeding the remediation goal will remain within the soil at the completion of

the remedial action. This RAA satisfies the statutory preference for treatment.
Short-Term Effectiveness

There will be a temporary increase in the risks to the community during the excavation of the
soils. Workers protection against dermal contact and inhalation will be required during the

excavation activities. Minimal impacts to the environment are expected under this RAA.

Once implemented, this alternative will immediately reduce the levels of the COCs in the
soils. The time to obtain the remedial objectives is estimated to be several months to a year
following the design of this action (i.e., as soon as all of the excavated soils are excavated and

removed from the sites).
Implementability
Long-term monitoring is not required for this RAA.

In terms of administrative feasibility, this alternative will require coordination with other
agencies such as the Department of Transportation for the off-site transport of the soils.
USEPA and State approval of the off-site facility would be required. '

No problems with the availability of the excavation equipment are anticipated. The
availability and capacity of a permitted facility capable of treating PCB-contaminated and
solvent-contaminated soils may present a problem in implementing this alternative in a

timely manner.
Cost

The estimated capital cost associated with this RAA is approximately $5.5 million for
nonhazardous disposal and $20.4 millioin for treatment. No O&M costs have been included
with this alternative since the duration of the remedial activity is anticipated to be less than
one year. No long-term moﬁitoring will be required since the COCs will be removed from the

* sites. Since there are no O&M costs for this alternative, the NPW is the same as the capital
costs: $5.5 million to $20.4 million. '
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i USEPA/State Acceptance

It is expected that the USEPA and th_e State will be in favor of this alternative since the soils

are removed from the sites.
Commaunity Acceptance

It is expected that the community will be in favor of this alternative since the contaminated

soils are to be removed from the sites.

5.1.2.6 Soil RAA No. 6: Capping and On-Site Treatment
(Limited Areas of Concern)

Description

In general, Soil RAA No. 6 is similar to Soil RAA No. 4. This RAA includes the excavation and
consolidation of the contaminated soils from Soil AOCs 4 and 5 and placement under a soil
cover placed within Open Storage Lot 203 (i.e., partial capping); and the in situ treatment of
the soil from Soil AOC1 (i.e., partial on-site treatment). The technologies/process options
included with this RAA include monitoring, deed restrictions, fencing, capping, grading,

revegetation, soil excavation, and on-site treatment.

Assessment

Overall Protection of Human Health and the Environment

Soil RAA No. 6 provides protection to human health and to the environment in the form of
reducing the potential for direct contact with the contaminated soils from AOCs 4 and 5 (PCBs
and pesticides, respectively) and since the contaminated soils from AOC1 (VOCs) will be
excavated and treated in situ.

Compliance With ARARs

Under this alternative, contaminated soil exceeding the PCB and pesticide remediation goals

— will remain at the operable unit, but will be contained to mitigate exposure and migration -
‘ through the environment. Therefore, the contaminant-specific ARAR for PCBs and pesticides
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fa will not be met. The other contaminant-specific ARARs will be met since the other

contaminated soils will be treated.

The capped area will be located abov;a the 100-year flood plain, therefore, the location-specific
ARAR will be met.

Long-Term Effectiveness and Permanence

As long as the cover is maintained, potential risks due to exposure to the PCB-contaminated
and pesticide-contaminated soils is reduced. But because the source of the contamination from
AQOCs 4 and 5 is only contained, the inherent hazards related to this contamination still exist
under this RAA. Following the completion of the RAA, there should be no potential risks
(with respect to the VOC contamination) remaining at the operable unit since these other soils

will be removed and treated.

With respect to adequacy and reliability, the cap can be both adequate and reliable if properly
maintained. In situ volatilization is adequate for treating the soil at AOC1. The reliability of
N this treatment option is high. This portion of the RAA is effective and permanent.

Since the PCB-contaminated and pesticide-contaminated soils will remain on site, Soil RAA
No. 6 will require EPA’s 5-year review to ensure that adequate protection of human health

and the environment is maintained.

Reduction of Toxicity, Mobility, or Volume

No treatment of the contaminated soils from AOCs 2 through 6 is included under this RAA,
| therefore, no reduction in the toxicity, mobility, or volume of the PCB or pesticide

contamination will occur. This portion of the RAA does not satisfy the statutory preference for

treatment.

Significant reduction in the toxicity, mobility, and volume of toxic compounds within Soil
AQC1 (which accounts for over 85 percent of the contaminated soil) will occur with the
implementation of this RAA. No residuals with concentrations exceeding the remediation
goal will remain within the Soil AOC1. This portion of the RAA satisfies the statutory

preference for treatment.
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Short-Term Effectiveness

There will be a temporary increase in the risks to the community/base personnel during the
excavation of the soils, the installation of the cover, and the operation of the treatment option.
Workers protection against dermal contact and inhalation will be required during the

excavation, cap installation, and activities.

With respect to environmental impécts, in situ volatilization, may impact air quality.

Emission controls will likely be required in order to meet air quality standard.

Once implemented, this alternative will immediately reduce the levels of the COCs in the soils
from AOC1. The time to obtain the remedial objectives is estimated to be several months to 5
years following the completion of the design and initial construction activities (i.e., as soon as
all of the excavated soils are excavated, the cover is constructed and the remaining soils are
treated in situ. |

Implémentability

This RAA will require soil and material handling activities. If the volume of contaminated
soil exceeds the FS estimate, the treatment system or the cover can be easily expanded. The
groundwater monitoring included under this RAA will provide notice of failure of the cover

before significant exposure occurs.

In situ volatilization equipment and material should be readily available. This treatment

option will require trained operators.
Cost

The estimated capital cost associated with this RAA is approximately $710,000. O&M costs of
approximately $31,000 to $81,000 annually are projected for the maintenance and inspections
of the cover and for the sampling included in the long-term groundwater monitoring plan and
for on-site treatment activities. Assuniing an operating period of 30 years and an annual
percentage rate of 5 percent, the NPW of this alternative is $1.4 million.
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USEPA/State Acceptance

Since not all of the AQOCs are remediated under this RAA, it is expected that the USEPA and

the State will not be in favor of this alternative.
Community Acceptance
It is expected that the community will not be in favor of this alternative.

5.1.2.7 Soil RAA No. 7: On-Site Treatment and Off-Site Disposal

Description

In general, Soil RAA No. 7 includes the on-site treatment via in situ volatilization of the soils
from AOC1 and the excavation and off-site disposal of the soils from the remaining five AOCs.
The technologies/prdcess options included under this RAA includes soil excavation, on-site
treatment, off-site disposal, monitoring, deed restrictions, fencing, grading, and revegetation.
Assessment

Overall Protection of Human Health and the Environment

This alternative will provide overall protection to human health and to the environment since
the contaminated AOC soils will be excavated and removed from the sites or treated on site.
Therefore, the potential risks associated with the contaminated soils are eliminated.

Compliance With ARARs

All chemical-specific, action-specific, and location-specific ARARs will be met by this

alternative.
Long-Term Effectiveness and Permanence
Following the completion of the RAA, there should be a reduction in overall human health and

environmental risks (with respect to soil contamination) remaining at the operable unit since

the contaminated soils at the various AQOCs will be removed or treated.
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Both in situ volatilization and off-site disposal are adequate options for soil remediation.
Bench or pilot scale testing will be required to evaluate the effectiveness of the in situ
treatment system. A 5-year review will not be necessary with this RAA unless the treatment

process takes longer than 5 years.
Reduction of Toxicity, Mobility, or Volume

Significant reduction in toxicity, mobility, and volume of toxic compounds will occur with the
implementation of this RAA. In situ volatilization is an irreversible option. No residuals with
concentrations exceeding the remediation goal will remain within the soil at the completion of
the remedial action. This RAA satisfies the statutory preference for treatment for the
majority of the soils (over 85 percent).

Short-Term Effectiveness

There will be a temporary incfease in the risks to the community during the excavation of the
o soils and during the treatment operations. Workers protection against dermal contact and
inhalation will be required during these activities. With respect to environmental impacts, in
situ volatilization may impact air quality, although the system will be designed to meet
emission standards.

Once implemented, this alternative will immediately reduce the levels of the COCs in the
soils. The time to obtain the remedial objectives is estimated to be several months to five years
following the design of this action (i.e., as soon as all of the excavated soils are excavated or
treated on site).

Implementability

The treatment option will require a trained operator. Long-term monitoring should not be

required longer than five years.
In terms of administrative feasibility, this alternative will require coordination with other

agencies such as the Department of Transportation for the off-site transport of the soils.
- USEPA and State approval of the off-site facility would be required.
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A No problems with the availability of the excavation or treatment equipment are anticipated.
The availability and capacity of a permitted facility capable of disposing nonhazardous PCB-
contaminated and pesticide-contaminated soils could present a problem in implementing this

alternative in a timely manner.
Cost

The estimated capital cost associated with this RAA is approximately $1.3 million. O&M costs
of $50,000 annually have been estimated for five years. Monitoring (soil sampling) costs have
been included in the O&M costs. The estimated NPW for this RAA is $1.5 million.

-

USEPA/State Acceptance

It is expected that the USEPA and the State will be in favor of this alternative since the soils

are ei_ther removed from the sites or treated.
Community Acceptance

It is expected that the community will be in favor of this alternative since the contaminated
goils are to be removed from the sites or treated.

52 Comparative Analysis

This FS bas identified and evaluated a range of RAAs potentially applicable to the media of
concern at OU No. 2. Tables 5-1 and 5-2 present a summary of this evaluation for groundwater
and soil, respectively. A comparative analysis in which the alternatives are evaluated in
relation to one another with respect to the nine evaluation criteria is presented below. The
comparison is presented per media. The purpose of this analysis is to identify the relative
advantages and disadvantages of each RAA.
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TABLE 5-1

SUMMARY OF DETAILED ANALYSIS GROUNDWATER RAAs
ILITY STUDY CTO-0

MCB CAMP LEJEUNE NORTH CAROLINA

o RAANo. 1 RAA No. 2 RAA No. 8 RAANo.4 RAANo.O
Evaluation Criteria : ke : : Intensive Groundwater Groundwater Extraction
No Action Limited Action Containment Extraction and Treatment and Treatment
[OVERALL
PROTECTIVENESS
o Human Health No reduction in risk. Institutional controls f;ratxon of plume Groundwater plumes Groundwater plumes
Protection provide protection against treated. treated.
risk from groundwater p and treat provide Pump and treat provide Pump and treat ptowde
ingestion. roteetion inst risk rotection against risk otection against risk
water om groundwater rom groundwater
m ee mn ingestion. ingestion,
e KEnvironmental Allows continued Allows continued Migration of contaminated | Migration of contaminated | Migration of contaminated
Protection contamination of the contamination of the groundwater is reduced by | groundwater is reduced by |groundwater is reduced by
jgroundwater. _______ groundwater. ______ jpumpandtreat. ____ lpumpandtreat " lpumpandtreat |
[COMPLIANCEWITH |
ARARS
Chemical-Specifi lel exceeél Fetgeral ﬁnéilor &Vgl exce%d Fetccireral alr_xél/or %6)7 not n:leettl‘;edera}.ltmd l%lgmld m%et F;deral fntld I%lé)uld mn‘eiet Ft:deral ﬂxd
. emical-Specific oundwater quali oundwater quali oundwater quali oundwater quali oundwater quali
ARARs. T NI my | ankEs. T | ARKR.. e |ARKRsintime. T | ARKRRin time L2t
¢ Location-Specific Not app apphcable Not applicable. i1l meet location-specific | Will meet location-specific | Will meet location-specific
@ Action-Specific ARARs | Not applicable. Not applicable. wi Tmeet action-apecific | Will meet action-specific Will me meet action-specific
TONG-TERM = ) RARs.
EFFECTIVENESS AND
PERMANENCE
. M_aﬁnitude of Residual | As area of contamination ] Risk reduced t6 human Risk reduced by extracting | Risk reduced by extracting | Risk reduced by extracting
Ris increases, potentialrisks ] health since the use of the |contaminated contaminated contaminated
may increase, grog‘nd':;ter aquifer is groundwater. groundwater. groundwater.
restric : .
e Adequacyand Not aplglicable -no liability of institutional ] Groundwater lpump and Groundwater pump and Groundwater lpmnp and
: elmblh of Controls_ | contro controls ig uncertain. treat is reliable. treatisreliable. treatis reliable.
° eed for 5-year Review | Review would be required | Review would be required | Review not needed once Review not needed once Review not needed once
to ensure adequate to ensure adequate remediation goals are met. | remediation goals are met. |remediation goals are met.
protection of human health protectmn of human health
and the environment is e environment is
maintained. mamtnmed
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TABLE 5-1 (Continued)

SUMMARY OF DETAILED ANALYSIS - GROUNDWATER RAAs
FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

RAA No. 4 RAANo.5
Evaluation Criteria RAANo.1 .RAA No. 2 RAA No. 3 Intensive Groundwater Groundwater Extracti
No Action Limited Action Containment Extraction and Treatment and 'I‘rel;:tment o0
' REDUCTION OF, —
TOXICITY, MOBILITY, OR
VOLUME THROUGH ’
TMENT
o Treatment Process None. None. Treatment train for metals | Treatment train for metals | Treatment train for metals
Used ’ removal, air stripping, and | removal, air stripping, and {removal, air stripping, and
activated carbon, activated carbon. activated carbon.
o Amount Destroyedor | None. None. Majority of contaminantes | Majority of contaminants ajority of contaminant in
Treated u{ groundwater out edges of [ in groundwater. groundwater plumes.
plumes,
o Reduction of Toxicity, |None. None. IE_ uced yolume and Reduced volume and Reduced volume and
Mobility or Volume toxicity of contaminated toxicity of contaminated toxicity of contaminated
groundwater. groundwater, groundwater,
e Residuals Remaining [ Not applicable-no Not applicable - no Minimal residuals after Minimal residuals after Minimal residuals after
After Treatment treatment. tment. oals are met. gonls are met. goals are met.
e Statutory Preference | Not satisfied, Not satisfied. Satisfied. Satisfied. Satisfied.
for Treatment
EFFECTIVENESS
¢ Community Protection |Risks tocommunity not Risks to community not Potential risks durin Potential risks durin; ialri §
ty increased by remedy increased by remedy extraction and treatxf‘:eut. extraction and treattﬁent. E:&e:cttliaolnr;srl:g gﬁ‘?gent.
implementation, implementation. o T 7 =
Worker Protecti No significant risk to No significant risk to tection requ; uring | Protection requi urin tectio uired duri
* orier Hrotetion workers. workers, treatment.mq € tre%tment.nq € treatmen?;.mq "‘,‘
o Environmental Continued impacts from Still would be continued uifer drawdown during | Aquifer drawdown during ~ | Aquifer drawdown during
Impacts existing conditions. migration g{ ex'iractxon. extraction. extraction.
) contamination,
e Time Until Actionis | Notapplicable, Ri potential Estimated 30 years. Estimated 30 years. Estimated 30 years.
omplete groundwater ingestion
u
months due to institutional
controls.
IMPLEMENTABILITY
o Ability to Construct No construction or No construction or Groundwater extraction Groundwater extraction i
and Otgeratg operation activities. operation activities. and treatment systems and treatment systems f{ﬁ‘éi‘fﬁﬁn‘fﬁf :yt::ecxtnign
requires installation. requires installation. requires installation.
e Ability to Monitor No monitoring. Failureto | Proposed monitoring will | Adequate system Adequate system Adequate system
Eﬂ'ectt?;reness detect _mntamglqation will | give notice of failure before mo;?toﬁng mog?owing.y mo;?toring?
result in potential significant exposure occurs.
ingestion of contaminated
groundwater.
e Availability of Services | None required. None required. Needs groundwater Needs groundwater Needs groundwater
%nd .Capacities; ) treatment equipment. treatment equipment. treatment equipment.
quipmen
NPW $0 $600,000 $7.0 million $4.9 million $8.9 million
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TABLE 5-2

SUMMARY OF DETAILED ANALYSIS - SOIL RAAs
FEASIBILITY STUDY CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

RAANo. 6

10/L0/+0-80°¥-0S210-r310

RAA NO. 4 RAA N
. - RAANo.1 RAA No. 2 RAA No.3 Capping and On-Site RAANo.5 Capping and On-Site . 0.
Evaluation Criteria No Action Capping On-Site Treatment Treatment Off-Site Treatment Treatment (Limited On-ga_t%'_llr:ﬁf_;q
. (All Areas of Concern) Areas of Concern) -olte Dis
[OVERALL
PROTECTIVENESS
e Human Health | Noreduction in risk. Would reduce potential ) Excavationremoves | Reduces potential for  }Excavationremoves | Reduces potential for | Excavation ands
otection for direct contact with [ source of contamination. | direct contact with PCB. | souree of contamination. | direct contact with PCB-{ treatment remo
contaminated soil. contaminated soil and contaminated soil and | source of contam
removes other removes other
contaminated soils. contaminated soils -
ased on existing land
— : use scenarjo.
e Environmental [Allows contaminated | Allows contaminated | No additional No additional Contaminated soils No additional No additional
ction soilsto remain onsite. |soilstoremainonsite. |]environmental impacts. | environmental impacts. exc«laeding t:dmedé ation [ environmental impacts, | environmental impacts.
goa removed an:
' COMPLIANCE WITH
ARARs _ .

¢ Chemical-Specific ) Will exceed ARARs. Will exceed ARARs. Will meet contaminant- } PCB ARAR not met; Will meet ARARS. PCB ARAR not met; Will meet ARARS.
ARARs specific ARARs. aother contaminant- other contaminant-

specific met. specific met
{thh respect to existing
and use scenario). .

e Location-Specific | Not applicable. Will meet location- Will meet location- Will meet location- Will meet location- Will meet location- Will meet location-
ARARs specific X ific Ra. specific ARARs. specific ARARs. specific ARARs. specific ARARs.

e Action-Specific Not applicable. Will meet action-specific %ill meet action-specific Wih meet action-specific Vgill meet action-specific] Will meet action-specific] Will meet action-specific]

L TE. ARARs, ARARs._ ARARs, ARARs. ARARs.
EFFECTIVENESS
AND PERMANENCE
e Magnitude of Source has not been Contaminated soils are |Potential risk dueto Potential risks reduced | Potential risk due to Potential risks with Potential risk due to
Residual Risk removed. not removed from the exposure tosoil COCs | aslong as the coveris | exposure tosoil COCs | respect to existing land | exposure to soil COCs
Potential risks not site, but potential risk  { removed. maintained. removed. use scenarioreduced as ] removed.
reduced. due to exposure to COCs long as the cap is
are reduced as long as maintained.
the cap is maintained.

e Adequacyand Not apﬁﬁcable -no tilayered ca All treatment options Soil cover can be Off-site treatment is Soil cover can be Treatment option and
Reliability of controls. controls contaminated | are reliable. reliable and adequate. | very reliable because reliable and adequate. | off-site disposal are
Controls soil - can be a reliable Treatment option contaminated soils are Treatment option reliable.

option ]xf maintained reliable and adequate. | removed. reliable and adequate.
roperly.
¢ Needfor 5-year ]Review would be Review would be Review may not be Review would be Review not needed since | Review would be Review may not be

. Review required to ensure required to ensure needed since required to ensure contaminated soil required to ensure needed since
adequate protectionof | adequate protectionof [ contaminated soil adequate protection of | removed. adequate protection of | contaminated soil
human health and the {human healthandthe {treated (uniess human health and the human health andthe | treated (unless
environment is environment is treatment process lasts | environment is environment is treatment process lasts
maintained. maintain longer than 5 years). maintained. maintained. longer than b years). -
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TABLE 5-2 (Continued)

SUMMARY OF DETAILED ANALYSIS - SOIL RAAs
FEASIBILITY STUDY CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

L0/L0/10-80'¥-0S210-r310

is Complete

RAANo. 1 RAA No.2 RAA No. 3 RAANo. 4 RAANo.5 RAANo. 6 RAA No
Evaluation Criteria No Action Capping On-Site Treatment Capping and On-Site ]  Off-Site Treatment Capping and On-Site | On-Site Treatr
Treatment Treatment (Limited Off.Site Dis
(All Areas of Concern) Areas of Concern)
REDUCTION OF
MOBILITY. OR
UME THROUGH ) )
ATME L In situ volatilization, In situ volatilization, In situ volatiliz
None. None. Combination of land land treatment, or Off-site treatment. land treatment, or off-site disposal
¢ Treatment treatment, insitu incineration. incineration.
Process Used volatilization, chemical
dechlorination, and/or
incineration.

o Amount None. None. Majority of soil COCs. Ma%)rity of 80il COCs ] Majority of soil COCs. Ma,i:)rity of 80il COCs | Majority of soil (
Destroyed or with the exception of with the exception of

eate PCBs. PCBs.

e Reductionof  |None. None (not through Reduction in toxicity, | Reduction in toxicity, = ! Reduction in toxicity, Reduction in toxicity, | Reduction in toxicity,
Toxicity, Mobility treatment). mobility and yolume of | mobility and volume of {mobility and yolume of | mobility and volume of |mobility and volume of
or Volume contaminated soil. nqxl1; contaminated | contaminated soil. no_x]:-P contaminated }contaminated soil.

soils. soils.

¢ Residuale Not applicable -no Residuals are capped. | No residuals. Only PCB-contaminated] No residuals. PCB-contaminated soils | No residuals.
%_em::;m After |treatment. soils remain at sites. and some other soil

eatmen 8.
e Statutory Not satisfied. Not satisfied. Satisfied. Satisfied for non-PCB = ] Satisfied. Satisfied for non-PCB | Satisfied.
Preference for contaminated soils, not contaminated soils, not
Treatment for PCB-contaminated for PCB-contaminated
soils. . soils (with respect to
existing land use
scenario).
SHORT-TERM
EFFECTIVENESS
Temporary potential Temporary potential Limited potential risks
o Community Risks to community not | Temporary potential Limited potential riske {risks during soil Limited potential risks {risks during soil during soil excavation
Protection increased by remedy risks during soil during soil excavation | excavation and ca duringuoxl excavation |excavationandca and treatment
implementation. excavation and cap and treatment installation activities ] activities. installation activities | activities.
installation activities. |[activities. and treatment and treatment
activitiea. activities. :
e Worker Nosignificantrisks to | Temporary potential Potential risks during | Temporary potential Potential risks during | Temporary potential Potential risks during
Protection workers. risks during soil soil excavation and risks during soil excavation and risks during soi soil excavation and
excavation and cq& treatment activities. excavation and cap transportation excavation and cap. treatment activities.
installation activities installation activities ] activities. installation activities
and treatment and treatment
activities, activities.
o Environmental |Continued impacts from | No additional Airquality and odors - | Air quality andodors- | Noadditional Air quality and odors - | Air quality and odors -
mpacts existing conditions. environmental impacts. | but, treat!qente:{mm but treatment system | environmental impacts. | but treatment system | but treatment system
will be designed to meet | will be deaigned to meet . will be designed to meet | will be designed to meet
standards. standardsand | standards, standards,
treatment activities,
o Time Until Action] Not applicable. Six to twelve months. Up to five years. Up to five years. Six to twelve months. Up to five years. Up to five years.
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TABLE 52 (Continued)

SUMMARY OF DETAILED ANALYSIS - SOIL RAAs
FEASIBILITY STUDY CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

?)
r
m
'
o
A
N
an
RAANo.1 RAA No. 2 RAANo.3 RAANo. 4 RAANo.5 RAA No.6 RAAD © 7]
Evaluation Criteria No Action Capping On-Site Treatment Capping and On-Site Off-Site Treatment Capping and On-Site | On-Site Trea: & 1
Treatment Treatment (Limited OfSiteD 'P
(All Areas of Concern) Areas of Concern) o
IMPLEMENTABILITY _ o o -
. . . . . | Simple to construct and . . . |Simpletoconstructand |Requiressoil¢ 3 a
e Ability to No construction or Simple ta construct and uires soil excavation | maintain, Requires uires soil excavation | maintain. Requires activities, Ree ©
onstruct and operation activities. maintain. uires activities. Requires materials handling activities. Nootheron- | materjals handling assembly of tr
8perate materials handling assembly of treatment | procedures. Requires site operations. procedures. Requires systems. -~
procedures, systems. soil excavation soil excavation o
activities. Requires activities, Requires
assembly of treatment assembly of treatment -t
systems. systems. ‘6 _
Ability to Monitor | N itoring included. | Cap maintenanceand | Adequate syste: Adequate system No monitoring oth Adequate syste Ad te syst
¢ Eﬁ'ect?venesgm T o montoring inelu gro%pcfwl:ter o mog}toring ™ mo:xltoring. thax?epnﬁrmagtion ::il mog?torin? ™ mog‘xlgoiing‘ -h
momtmixigwill sampling,
adequately monitor
effectiveness.
Availability of None required. No special services or May need on-site mobile | Equipment and Needs off-site treatment | Equipment and Equipment and
¢ Services aglo red equipment required. inct’x'xemtor m%tzgml ould services, m%te%al should be m%te;l\aial should
Capacities; Cap materials should be readily a ble. readily available, readily available.
Equipment readily available. ds off-site disposal
services.
COSTS - - - . .
NPW . $0 $3.4 million 1.7 million to $1.6 million 5.5 million to $1.4 million $1.5 million
6.6 million 1.4 million
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5.2.1 Groundwater RAA Comparison
52.1.1 Overall Protection of Human Health and the Environment

RAA No. 1 (No Action) does not provide protection to human health or the environment.
Under the Limited Action RAA (No. 2), institutional controls will provide protection to human
health, although the potential for further migration of the contaminated groundwater still
exists. All of the remaining Groundwater RA As provide some protection of human health and
the environment. RAA No. 3 provides protection through preventing further migration of the
contaminated groundwater plume. RAA No. 4 provides protection through removing and
treating the most contaminated areas of groundwater contamination. RAA No. 5 provides the
quickest method of protection since both migration is prevented and also the most
contaminated areas are treated. It should be noted that RAAs Nos. 4 and 5 may result in
complete restoration of the plume over time; however, remediation will continue for many
years due to the magnitude and complexity of the groundwater problem. Therefore, it is
doubtful that groundwater under Site 82 can be used in the near future as a potable supply
without treatmént (at the tap or a treatment facility).

52.1.2 Compliance with ARARs

RAA Nos. 1 and 2 will potentially exceed Federal and State ARARs. RAA Nos. 3, 4, and 5 will
potentially meet all of their respective ARARs for the treated effluent. RAA No. 3 will not
meet ARARs associated with a Class I aquifer. In time, RAA Nos. 4 and 5 will meet the

remediation goals for a Class I aquifer.

5.2.1.3 Long-Term Effectiveness and Permanence

RAA No. 1 will not reduce potential risks due to exposure to contaminated gromadv#ater.
Risks will be reduced under RAA Nos. 2 through 5 through the implementation of the
institutional controls and/or treatment. The reliability of enforcing aquifer-use restrictions is
effective. RAAs 3 through 5 will provide additional long-term effectiveness and permanénce
because they use a form of treatment to reduce the potential hazards posed by the COCs
present in the groundwater aquifer.

All of the RAAs will require a §-year review.
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— 5214 Reduction of Toxicity, Mobility, or Volume Through Treatment

No form of treatment is included under RAA Nos. 1 and 2. RAA Nos. 1 and 2 do not satisfy the
statutory preference for treatment, whereas the other RAAs do satisfy the preference. All of
the "treatment" RAAs will provide reduction of toxicity, mobility and/or volume of

contaminants in the groundwater aquifers.
5.2.1.5 Short-Term Effectiveness

Risks to community and workers are not increased with the implementation of RAA Nos. 1
and 2. Current impacts from existing conditions will continue under these two RAAs. Under
RAA Nos. 3, 4, and 5, risks to the community and workers will be slightly increased due to a
temporary increase in dust production and volatilization during the installation of the piping
for the groundwater treatment system (during treatment operations for the workers). In
addition, aquifer draw down will occur under RAA Nos. 3, 4, and 5. Discharge of the treated
effluent to Wallace Creek under RAA No. 4 is not expected to increase risks to the aquatic
habitat.

52.1.6 Implementability

No construction, operation, or administrative activities associated with RAA No. 1. There are
no construction or operation activities associated with RAA No. 2 other than groundwater
sampling which is easily performed. The remaining RAAs will require operation of a
groundwater pump and treatment system which can be labor intensive. In addition, these
RAAs would be required to meet the substantive requirements of an NPDES permit for
discharging the treated effluent. Under RAA No. 4, the treated effluent can be discharged to
Wallaée Creek without significant impacts to flow or ecological risks. However, due to the
volume of flow anticipated under RAA Nos. 3 and 5, the treated effluent would need to be
discharged to the New River or via deep injection wells.

5.2.1.7 Cost
No costs are associated with RAA No. 1. The estimated NPW of the other Groundwater RAAs,

in increasing order are: $600,000 million for RAA No. 2, $4.9 million for RAA No. 4,
~~ $7.0 million for RAA No. 3, and $8.9 million for RAA No. 5. '
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o

52.1.8 USEPA/State Acceptance

It is expected that the USEPA and the State will be in favor of the three treatment options but

not the no action or limited action RAAs.

5.2.1.9 Community Acceptance

It is expected that the community will be in favor of the three treatment RAAs.
5.2.2 SoilRAA Comparison

5.2.2.1 Overall Protection of Human Health and the Environment

All of the Soil RAAs, with the exception of the No Action RAA (No.1), provide some type of
protection to human health and the environment. RAA No. 2 (Capping) provides protection in
the form of reducing the potential for direct contact with the contaminated soil and reducing
the mobility of the contaminated soil. RAA Nos. 4 and 6 provide this protection (for the less
mobile contaminants) in addition to treating the volatile/mobile COCs. RAA Nos. 3, 5, and 7

provide protection through removing and/or treating the contaminated soils.

5.2.2.2 Compliance with ARARs

RAA Nos. 1, 2, 4, and 6 will not meet all of the chemical-specific ARARs for the soil COCs
remaining at the sites. RAA Nos. 3, 5, and 7 will meet all of the chemical-specific ARARs.
Action-specific and location-specific ARARs should be met by all of the RAAs evaluated.

5.2.2.3 Long-Term Effectiveness and Permanence

RAA No. 1 is not an effective or permanent alternative. RAA Nos. 2, 4, and 6 will provide
long-term effectiveness as long as the cap or cover is maintained. RAA Nos. 3, 5, and 7 provide
the highest degree of long-term effectiveness and permanence since the contaminated soils are

removed and/or treated.

RAA Nos. 1, 2, 4, and 6 will require a 5-year review. RAA Nos. 3 and 7 may require a 5-year

review based on the duration of the treatment process.
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o~ 5.2.2.4 Reduction of Toxicity, Mobility, or Volume Through Treatment

No form of treatment is included under RAA Nos. 1, and 2. Even though RAA 2 does not
implement any form of treatment, the contaminated soils will be capped. Treatment including
one or more of the following is included under the other RAAs: land treatment, in situ
volatilization, chemical dechlorination, or incineration. Therefore, these "treatment" RAAs

will reduce the toxicity, mobility, and/or volume of the COCs through treatment.

RAA Nos. 1 and 2 do not satisfy the statutory preference for treatment, whereas the other
RAAs do satisfy the preference.

5.2.2.5 Short-Term Effectiveness

Risks to community and workers not increased with the implementation of RAA No. 1, and
current impacts from existing conditions will continue to exist. Under RAA Nos. 2,3,4,5,6,
and 7 risks to the community and workers will be temporarily increased during soil
i excavation activities. Risks will also be increased temporarily during the installation of the
— cap/cover (RAA Nos. 2, 4, and 6). With respect to RAA Nos. 3, 4, 5, 6, and 7, risks will be
| increased during the operation of the treatment options.

5.2.2.6 Implementability

With respect to implementability, RAA No. 1 would be the easiest alternative to implement
since there are no activities associated with it. RAA No. 2 should be the next easiest to
implement since the primary construction activities only require common earth construction
equipment. RAA Nos. 5 and 7 may be more difficult to implement due to the unknown
availability/capacity of an appropriate treatment and/or disposal facility. The
implementability of RAA Nos. 3, 4, and 6 should be similar since they all include some form of

on-site treatment.
5.2.2.7 Cost
No costs are associated with RAA No. 1. The estimated NPW of the other Soil RAAs, in

increasing order are: $1.4 million for RAA No. 6, $1.5 million for RAA No. 7, $1.6 million for
o RAA No. 4, $3.4 million for RAA No. 2, $5.5 milliion for RAA No. 5 (disppsal), and $20.4
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- million for RAA No. 5 (treatment). The NPW for the four treatment combination options

costed for RAA No. 3 (on-site treatment) ranged from $1.7 million to $6.6 million.

5.2.2.8 USEPA/State Acceptance

It is anticipated that the USEPA and the State will be in favor of the RAAs that included
treatment and/or removal of the Soil COCs.

52.2.9 Community Acceptance

It is anticipated that the community will be in favor of treatment and/or removal options.
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SEDIMENT DATA SUMMARY
SITE 6 - BEAR HEAD CREEK
FREQUENCY AND RANGE OF POSITIVE DETECTIONS
COMPARED TO USEPA REGION IV SEDIMENT SCREENING VALUES
REMEDIAL INVESTIGATION CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Comparison to

Sediment Screening Contaminant
Value Frequency/Range Screening Values
No. of No. of
No. of Positive | Positive
Positive Rangeof | Detects | Detects
Detects/No. | Positive above above
Contaminant ER-L(1) | ER-M @) | of Samples | Detections ER-L ER-M
4,4'-DDD 2.0 20 10/20 8.4-220 10 7
4,4-DDE 2.0 15 11/20 5.7-68 11 10
4,4'-DDT 1.0 7.0 8/20 6.6 - 38 8 6
Arsenic 33 85 8/20 0.54-6.1 0 0
Benzo(a)pyrene 400 2,500 6/20 93 - 640 0 0
Cadmium 5.0 9.0 11/20 0.54-4.7 Y 0
Chromium 80 146 18/20 23-16.4 0 0
Copper 70 390 13/20 1.2-28.1 0 0
Lead 35 110 20/20 2.5-70.4 5 0
PCB-1260(3) 50 400 10/20 51 -370 10 0
Pyrene 350 2,200 2/20 60-76 0 0
Zinc 120 270 15/20 6.4-82.4 0 0

(1) ER-L - Effects Range Low
(2) ER-M - Effects Range Median
(3) Sediment Screening Value established for Total PCBs

(49 Organic concentrations reported in pg/kg, Inorganic concentrations reported in mg/kg
® Only contaminants with Screening Values are presented on Table
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SEDIMENT DATA SUMMARY
SITE6 - RAVINE
FREQUENCY AND RANGE OF POSITIVE DETECTIONS
COMPARED TO USEPA REGION IV SEDIMENT SCREENING VALUES
REMEDIAL INVESTIGATION CTO0-0133

MCB CAMP LEJEUNE, NORTH CAROLINA

(1) ER-L - Effects Range Low
(2 ER-M - Effects Range Median
() Sediment Screening Value established for Total PCBs

(4 Organic concentrations reported in pg/kg, Inorganic concentrations reported in mg/kg
(8 Only contaminants with Screening Values are presented on Table

Sediment Screening Contaminant - Comparison to
Value Frequency/Range Screening Values -
No. of No. of
No. of Positive { Positive
Positive Range of Detects | Detects
Detects/No. | Positive above above
Contaminant ER-L() | ER-M (@ | of Samples | Detections ER-L ER-M
4,4-DDD 2.0 20 6/11 41-45 6 4
4,4'-DDE 2.0 15 6/11 23-120 6 6
4,4-DDT 1.0 7.0 8/11 14-210 8 8
Arsenic 33 85 4/11 0.61-4.3 0 0
Benzo(a)anthracene 230 1,600 3/11 43-1,100 2 0
Benzo(a)pyrene 400 2,500 11 70-1,000 2 0
Cadmium 5.0 9.0 9/11 0.53-5.9 0 0
.|Chromium 80 145 6/11 2.0-17.7 0 0
Chrysene 400 2,800 311 59-1,100 2 0
Copper 70 390 1111 2.6-67.5 0 0
Dieldren 0.02 8.0 2/11 8.1-43 2 2
Fluoranthene 600 3,600 311 84-1,500 2 0
Lead 35 110 11/11 2.1-105 0 0
Mercury 0.15 13 9/11 0.03-0.75 4 0
PCB-1260 (3 50 400 6/11 29 - 360 5 0
Phenanthrene 225 1,380 311 50-1,600 2 2
Pyrene 350 2,200 4/11 96-2,100 2 0
Zinc 120 270 11/11 20.3 - 408 4 1
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SOIL DATA SUMMARY -SITE 9
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS
REMEDIAL INVESTIGATION CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-2 feet) Subsurface Soil (Below one foot)
Range of No. of Positive Range of No. of Positive
Positive Detects/No. of Positive Detects/No. of
Contaminant Detections Samples Detections Samples
4,4'-DDD ND \ 07 4.6-50 6/25
4,4'-DDE 13-650 47 17-39 5/26
4,4-DDT 3.3-670 5/7 4.0-62 1/25
Alpha Chlordane ND 077 2.9 1/26
1,1,1-Trichloroethane 1.0 7 ND 0/25
Tetrachloroethene 21 177 2-3 226
Benzo(b)fluoranthene 46 U7 640 1/25
Acenapthene ND 077 280 1/25
Pyrene 59 - m 1800 125
Chrysene ND 017 400 1/25
Benzo(a)anthracene ND 0/7 540 125
Fluoranthene ND 07 1700 125
Anthracene ND orn 140 1725
Phenanthrene ND 07 41-1200 225
Fluorene ND 0r7 1700 1725
Benzo(k)fluoranthene ND 0/7 ' 340 - 1/25
Dibenzofuran ND 07 73 1/25
Benzo(a)pyrene ND o7 370 1/25
Ideno(1,2,3-cd)pyrene ND 077 190 1/25
Benzo(g h i)perylene ND o7 200 1/26

Notes: 1) Concentrations expressed in microgram per kilogram (pg/kg).

2) Organic contaminants were not detected in base-specific background samples.
3) ND- Not detected



SOIL DATA SUMMARY -SITES
FREQUENCY AND RANGE OF INORGANIC POSITIVE DETECTIONS
COMPARED TO BASE-SPECIFIC BACKGROUND CONCENTRATIONS
REMEDIAL INVESTIGATION CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-2 feet) Subsurface Soil (Below one foot)
Base-Specific Range of No. of Positive Base-Specific Range of No. of Positive
Background Positive Detects/No. of Background Positive Detects/No. of
Contaminant Concentration Detections Samples Concentration Detections Samples

Aluminum <90.5-1,120 1,510- 4,5TO m 672 -3,600 773 - 8,630 25/25
Antimony <2.6-9.6 ND 07 25-<9.7 ND 0/25
Arsenic <0.56-0.91 ND 0717 <0.61 - <0.65 0.62-2.3 5/25
Barium 3.5-16.5 49-89 6117 <4.0-7.6 1.9-39.2 23/25
Beryllium <0.06 - <0.2 ND 077 <0.05 - <0.02 0.06 - 0.06 2/25
Cadmium <0.35- <0.59 ND 0/7 <0.34- <0.59 0.34-0.71 5/25
Calcium 108 -10,700 179-47,100 6/7 <10.7-4.410 217-8,230 15/25
Chromium <0.06- <3.2 1.7-5.1 m <3.2-6.0 1.8-8.8 24/25
Cobalt <0.37-<1.8 0.5-0.85 37 <0.36-<1.8 0.41-0.66 4/25
Copper <1.1-3.1 0.93-2.8 31 065-12 - 0.44-3.6 18/25
Iron 160 -684 813-1,260 m 126 - 833 222 - 3,600 25/25
Lead 2.0-3.0 4.1-25.7 m 1.2-16 1.3-44.9 25/25
Magnesium <20.2-200 64-811 47 <25.4-133 27.8-206 15/25
Manganese <2.0-3.0 4.1-14.7 m 1.2-1.6 2.7-9.5 15/25
Mercury <0.02- <0.12 0.02-0.03 41 <0.02- <0.08 0.02-0.04 14/25
Nickel <1.5-<33 ND 07 <14-<34 16-2.6 5/25
Potassium 54.5-75 20.6- 152 m <81.6-187 18.6-246 29/25
Selenium <0.93-<1.0 ND 0/7 <1.0 ND 0/25
Silver <0.37-62.0 ND 077 <0.35-<2.0 ND 0/25
Sodium <94-<39.13 106 177 <14.5- <26.5 ND 0/25
Thallium <0.37- <041 ND 07 <0.40- <0.44 ND 0/25
Vanadium <2.1-28 2.7-4.8 Vil - <1.5-4.7 14-9.6 23/26
Zinc <1.1-23.1 6.8-18.1 417 <0.19-11.6 1.9-184 9/25

Notes: 1) Concentrations expressed in milligram per kilogram (mg/kg).

2) ND - Not detected

L0/L0/L0-80°Y-0SCLO-"31D
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SOIL DATA SUMMARY SITE 6 - LOT 201
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS
REMEDIAL INVESTIGATION CTO-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-2 feet) Subsurface Soil (Below one foot)
Range of No. of Positive Range of No. of Positive
Positive Detects/No. of Positive Detects/No. of
Contaminant Detections Samples Detections Samples

1,1,1-Trichloroethane 2-42 3/19 4 1/19
1,4-Dichlorobenzene 37-38 4/17 36-51 - 3/18
4,4-DDD 0.98 - 180,000 28/96 0.58 - 250,000 20/103
4,4'-DDE 4-17,000 43/96 1.4-5,200 10/103
4,4'-DDT 3-1,200,000 62/96 3.4 - 460,000 5/103
Alpha Chlordane 8.9 1/96 ND 0/103
Benzo(a)anthracene 47 v17 ND /18
Benzo(a)pyrene 78 117 ND 0/18 .
Benzo(b)fluoranthene 61-160 317 ND 0/18
Benzo(k)fluoranthene 46 117 ND 0/18
Chrysene 39-.88 317 ND 0/18
Dieldren 5.6 - 46 5/96 ND 0/103
Fluoranthene 43-94 3/17 ND 0/18
Gamma Chlordane 8.0 1/96 ND 0/103
PCB-1248 1,800 1/87 ND 0/89
PCB-1260 31-36 2/87 ND 0/89
Phenanthfene 36 V17 ND 0/18
Pyrene 38-99 3/17 ND 0/18

Notes: 1) Concentrations expressed in microgram per kilogram (pg/kg).
2) Organic contaminants were not detected in base-specific background samples.
-3) ND- Not detected




SOIL DATA SUMMARY SITE 6 - LOT 201
FREQUENCY AND RANGE OF INORGANIC POSITIVE DETECTIONS
COMPARED TO BASE-SPECIFIC BACKGROUND CONCENTRATIONS
REMEDIAL INVESTIGATION CTO0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-2 feet) Subsurface Soil (Below one foot)
Base-Specific Range of No. of Positive Base-Specific Range of No. of Positive
Background Positive Detects/No. of Background Positive Detects/No. of
Contaminant Concentration Detections Samples Concentration Detections Samples
Aluminum <90.5-1,120 245-5,620 1717 672 - 3,600 365-4,540 18/18
Antimony <2.6-9.6 ND 0A7 25-<9.7 ND 0/18
Arsenic <0.56-0.91 091-9.7 11/17 <0.61 - <0.65 0.65-1.8 6/18
Barium 3.5-16.5 3.5-16.5 16/17 <4.0-17.6 1.3-8.2 10/18
Beryllium <0.06- <0.2 0.22 - 11T <0.05 - <0.02 ND '0/18
Cadmium <0.35 - <0.59 0.51-1.6 9/17 <0.34 - <0.59 0.57-0.63 2/18
Calcium 108 -10,700 402 - 286,000 1717 <10.7-4.410 68-17,100 16/18
Chromium <0.06- <3.2 3.5-21.6 1617 <3.2-6.0 0.84-6.7 13/18
Cobalt <0.37-<1.8 13-13 2/117 <0.36-<1.8 ND 0/18
Copper <1.1-3.1 0.76-27.8 117 0.65-1.2 044-1.7 718
Iron 160-684 238-4,260 1717 126 - 833 137-3,610 18/18
Lead 20-3.0 1.0-78 1mn17 1.2-1.6 0.87-4.2 18/18
Magnesium <20.2 -200 26 - 3,980 1717 <25.4-133 13.7-269 18/18
Manganese <2.0-3.0 42-204 1717 1.2-1.6 0.53-12.6 18/18
Mercury <0.02- <0.12 ND on? <0.02- <0.08 ND 0ns
Nickel <15-<33 3.7-64 217 <14-<34 ND 0/18
Potassium 54.5-75 30.6- 6567 16/17 <81.6-187 37-187 6/18
Selenium - <093-<1.0 2.2 117 <1.0 ND 0/18
Silver <0.37-62.0 ND 0/17 <0.35-<2.0 ND 0/18
Sodium <9.4-.<39.13 41.6-312 14/17 <14.5-<26.5 10.6-31.7 6/18
Thallium <0.37- <041 ND 0/17 <0.40 - <0.44 ND 0/18
Vanadium <2.1-28 1.6-18.3 1717 <1.5-4.7 0.83-18.1 14/18
Zine <1.1-23.1 4.6-135 14/17 <0.19-11.6 1.8-11.6 5/18

Notes: 1) Concentrations expressed in milligram per kilogram (mg/kg).
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SOIL DATA SUMMARY SITE6 - LOT 203
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS
REMEDIAL INVESTIGATION CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-2 feet) Subsurface Soil (Below one foot)
Range of No. of Positive Range of No. of Positive
Positive Detects/No. of Positive Detects/No. of
Contaminant Detections Samples Detections Samples
1,1,1-Trichloroethane 2-15 2/28 ND 0/35
1,2-Dichlorobenzene 160 1/28 200 1/35
1,4-Dichlorobenzene 34 -160 3/28 34 1/35
2-Methylnaphthalene 3,100 1/28 70-2,400 4/35
4,4-DDD 4.5-180 8/58 21-430 4/66
4,4'-DDE 3.8-2,100 27/58 4.9-470 5/66
4,4-DDT 3.4-1,500 29/58 3.6-300 6/66
Acenaphthene 250 - 9,500 2/28 ND 0/35
Alpha Chlordane 23-72 3/58 ND 0/66
Anthracene 55 - 440 2/28 5,700 1/35
Benzo(a)anthracene 47-1,600 8/28 1,000 1/35
‘Benzo(a)pyrene 49-1,800 6/28 210 1/35
Benzo(b)fluoranthene 88-2,700 7/28 . 500 1/35
Benzo(g,h,i)perylene 41-1,000 3/28 ND 0/35
Benzo(k)fluoranthene 30-1,100 5/28 170 135
Carbazole 390-910 2/28 690 - 4,300 .2/35
Chrysene 50-1,300 8/28 1,000 1/35
Dibenzofuran 140 -890 2/28 63 - 3,500 3/35
Dieldren 3.6-270 4/58 4.4-220 4/66
Endosulfan II 4.4 1/58 ND 0/66
Endrin 21-130 3/58 ND 0/66
Fluoranthene 39-2,300 11/28 5,000 1/35
Fluorene 220 - 940 2/28 810-5,100 2/36
Gamma Chlordane 160 1/58 140 1/66
Indeno(1,2,3-cd)pyrene 42-1,000 5/28 ND 0/35
Naphthalene - 1,400 1/28 78-1,500 3135
PCB-1248 580 1/40 ND 0/49
PCB-1254 170 -2,100 2/40 ND 0/49
PCB-1260 17 - 42,000 12/40 20 - 29,000 3149
Pentachlorophenol 520 1/28 ’ ND 0/35
Phenanthrene 60 - 2,000 6/28 120- 8,700 2/35
Pyrene 42 - 2,800 11/28 3,600 1/35

Notes: 1) Concentrations expressed in microgram per kilogram (pg'kg).
2) Organic contaminants were not detected in base-specific background samples.

3) ND- Not detected




SOIL DATA SUMMARY - SITE 6 - LOT 203
FREQUENCY AND RANGE OF INORGANIC POSITIVE DETECTIONS
COMPARED TO BASE-SPECIFIC BACKGROUND CONCENTRATIONS
REMEDIAL INVESTIGATION CT0-0133
MCB CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-2 feet) Subsurface Soil (Below one foot)
Base-Specific Range of No. of Positive | Base-Specific Range of No. of Positive
Background Positive Detects/No. of Background Positive Detects/No. of
Contaminant Concentration Detections Samples Concentration Detections Samples
Aluminum <90.5-1,120 495-4,170 2127 " 672 - 3,600 292 - 5,360 35/35
Antimony <2.6-9.6 13.5-51.2 427 2.5-<9.7 2.8 1/35
Arsenic <0.56-0.91 0.39-4.9 1727 <0.61.<0.65 0.78-23.9 16/35
Barium 3.5-16.6 2.7-47.8 23/27 <4.0-7.6 3.9-103 20/35
Beryllium <0.06- <0.2 0.21 1/27 <0.05- <0.02 0.06-2.7 4/35
Cadmium <0.35. <0.59 0.48-9.3 10727 <0.34 - <0.59 0.62-54 4/35
Calcium 108-10,700 44.4-92,100 26/27 <10.7-4.410 63.3 - 2,560 27/35
Chromium <0.06- <3.2 1.1-252 24/27 <3.2-6.0 1.2-429 31/35
Cobalt <0.37-<1.8 0.39-2.2 2127 <0.35-<1.8 0.53 1/356
Copper <1.1-3.1 1.0-75 22727 0.65-12 0.45- 339 7735
Iron 160 -684 241-12,900 27727 126 - 833 289 - 26,000 33/35
Lead 2.0-3.0 4.1-4,010 27127 12-16 1.2-111 34/35
Magnesium <20.2-200 12-1,680 27127 <25.4-133 9.1-317 31/35
Manganese <2.0-3.0 1.9-182 2727 1.2-16 0.67-113 24/35
Mercury <0.02- <0.12 0.03-1.1 37217 <0.02- <0.08 0.13-3 3/35
Nickel <15-<33 1.8-13.2 4/27 <1.4-<34 1.5-20.5 4/35
Potassium 54.5-75 21.7-195 11/27 <81.6-187 17-708 23/35
Selenium <0.93-<1.0 ND 0/27 <10 5.7 1/35
Silver <0.37-62.0 ND 0/27 <0.35- <2.0 ND 0/35
Sodium <9.4-<39.13 9.2-460 14/27 <14.5- <26.5 13.5- 883 5/35
Thallium <0.37- <041 ND - 0/27 <0.40- <0.44 0.54 1/35
Vanadium <2.1-2.8 11-8.2 23127 <15-4.7 0.41-15.3 32/35
Zinc <1.1-23.1 1.1-604 24/27 <0.19-11.6 0.78 - 367 20/35

Notes: 1) Concentrations expressed in milligram per kilogram (mg/kg).
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SOIL DATA SUMMARY SITE 6 (WOODED AREAS AND RAVINE) AND SITE