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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 

identified in the FFA, identifies several sites requiring Remedial Investigation/Feasibility 

Study (RI/I%) activities. This report documents the FS completed for three of these sites: 

Site 6 (Storage Lots 201 and 2031, 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 FS 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 Investipations 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 
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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. 

9 Site 

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 CASTS), 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 FS: 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: 

l Initial Assessment Study of MCB Camp Lejeune; 1983 

l Confirmation Study for Sites 6 and 9; 1984 - 1986 

l Site Survey for Site 6; 1989 

l Site Investigation for Site 82; 1991 

l Site Assessment for Sites 6 and 9; 1992 

l Remedial Investigation for Sites 6,9, and 82; 1993 

l 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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9 Site 

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

groundwater quality. 

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

practices and not associated with past site operations. 

l Potential human health risks to military personnel training at Site 9 are within the 

incremental carcinogenic risk (ICR) range of l.OE-4 to l.OE-6. 

Site 6 - Lot 201 

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 groundwater. 

Overall, the current health risk to base personnel working at Lot 201 is within the ICR 

range of l.OE-4 to l.OE-6. 
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Site 6 - Lot 203 

l 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 of in this area. 

l 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. 

l Disposal activities may have occurred in the north central portion 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. 

l 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. 

l 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 waates. 

l 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. 

l 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 TC!E and tetrachloroethene (PCE) were 

detected in well 6GW23. 

a 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 l.OE-4 to l.OE-6. 

Site 6 -Wooded Areas 

l 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. 

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

area between Lot 201 and Lot 203. Numerous B-gallon containers, bivouac wastes, 

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. 

l 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. 

l 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 

l.OE-4 and l.OE-6, The area is frequented by hunters and military personnel. 
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82 Site 

l 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. 

l 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. 

l 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. 

l 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. Contaminants have migrated into the deeper 

portion of the aquifer as evidenced by elevated VOC levels in deep groundwater 

monitoring wells. 

l 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 

l None of the TCL organ& 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 exceeded 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. 

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 

l.OE-4 and l.OE-6. 

Wallace Creek 

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

shallow and possibly deep groundwater discharge. 

l 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. 

l Pesticides detected in sediment samples have exceeded EPA Region IV sediment 

screening values. The source of contamination may be due to either runoff fiom 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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l None of the organic chemicals of concern detected in Wallace Creek exceeded 

applicable water quality standards. 

l 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. 

l 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. 

l Some of the fish collected in Wallace Creek exhibited tissue concentrations of PCBs, 

pesticides, and ‘ICE, 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 point of l.OE-4. 

Bear Head Creek 

l Sediment quality in Bear Head Creek may be impacted via surface runoff from the 

wooded areas. Low levels of PAHs, pesticides, and PCBB were detected in sampling 

stations which border Site 6. VOC contaminants were 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. 

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

practices at Sites 6 or 9. 

a 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. 
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l 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 l.OE-4. 

DEVELOPMENT OF REMEDIATION GOALS AND COCS 

The preliminary remediation goals associated with OU No. 2 are presented on Table ES-l. 

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 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 ES-l. 

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-l. 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: 

l Groundwater 

1,2-Dichloroethane 
Trans-1,2-Dichloroethene 
Ethylbenzene 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 
Arsenic 
Barium 
Beryllium 
Chromium 
Lead 
Manganese 
Mercury 
Vanadium 

PCBs 
Benzene 
Trichloroethene 
Tetrachloroethene 
4,4’-DDT 
Arsenic 
Cadmium 
Manganese 

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 
F’EASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remediation 
Corresponding Risk 

Medium Contaminant of Concern Goal Unit Basis of Goal Carcinogenic Noncarcinogenic 

>roundwater Bromodichloromethane 100 l46 MCL 
Chlorobenzene 300 WirfJJ MCL 
1,2-Dichloroethane 0.38 Plz~ NC WQS 
l,l-Dichloroethene 7 Y&J MCL 
Trans-1,2-Dichloroethene 70 Yfa NC WQS 
Ethylbenzene 29 It& NC WQS 
1,1,2,2-Tetrachloroethane 43 WfL Risk-Ingestion ICR = l.OE-4 
Tetrachloroethene 0.7 l&-J NC WQS 
l,l,l-Trichloroethane 200 lwh NC WQS 
1,1,2-Trichloroethane 5 l4-L MCL 
Trichloroethene 2.8 l-&J NC WQS 
Vinyl Chloride 0.015 YdL NC WQS 
Xylenes 400 l-x/L NC WQS 
Phenol 6,000 lx& Health Advisory 
Antimony 50 PEG MCL 
Arsenic 50 w/L NC WQS 
Barium 1,000 l%fL NC WQS 
Beryllium 4 l&JJ MCL 
Chromium 50 Ma NCWQS 
Copper 1,000 YdJ NC WQS 
Lead 15 ll& MCL 
Manganese 60 Pta NC WQS 
Mercury 1.1 w/L NC WQS 
Nickel 100 PdJJ MCL 
Vanadium 80 la/L Health Advisory 
Zinc 5,000 YdJ NC WQS 



TABLE ES-1 (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 Y&g TSCA nonrestricted access area 
Benzene 5.4 pg/kg Risk-Protection of Groundwater 
Trichloroethene 32.2 yg/kg Risk-Protection of Groundwater 
Tetrachloroethene 10.5 pg/kg Risk-Protection of Groundwater 
1,ZDichloroethene 780,000 P&&c Risk-Ingestion HI = 1.0 
1,1,2,2-Tetrachloroethane 160,000 P&g Risk-Dermal Contact ICR = LOE-4 
l,l,l-Trichloroethane 7,000,000 P&z Risk-Ingestion HI = 1.0 
1,4-Dichlorobenzene 1,300,000 xk Risk-Dermal Contact ICR = l.OE-4 
4,4’-DDD 270,000 It&g Risk-Dermal Contact ICR = l.OE-4 
4,4’-DDE 60,000 pi&g Risk-Dermal Contact ICR = l.OE-4 
4,4’-DDT 60,000 p&g Risk-Dermal Contact ICR = l.OE-4 
Dieldrin 40,000,000 w&g Risk-Inhalation ICR = l.OE-4 
Arsenic 23,000 Ix&kg Risk-Ingestion HI = 1.0 
Barium 5,500,000 m&z Risk-Ingestion HI = 1.0 
Beryllium 21,000 Ixdk Risk-Ingestion ICR = LOE-4 
Cadmium 39,000 w& Risk-Ingestion HI = 1.0 
Chromium 390,000 Pdh Risk-Ingestion HI = 1.0 
Manganese 390,000 Wkc Risk-Ingestion HI = 1.0 
Zinc 23,000,OOO w&g Risk-Ingestion HI = 1.0 



TABLE ES-2 

FINAL 
REMEDIATION GOALS FOR OU NO. 2 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 

Zroundwater 

Soil 

Contaminant of Concern 

Preliminary 
Remediation 

Goal 

1,2-Dichloroethane 0.38 

T’rans-1,SDichloroethene 70 

Ethylbenzene 29 

Tetrachloroethene 0.7 

Trichloroethene 2.8 

Vinyl Chloride 0.015 

Arsenic 50 

Barium 1,000 

Beryllium 4 

Chromium 50 

Lead 15 

Manganese 50 

Mercury 1.1 

Vanadium 80 

PCBs 10,000 

4,4’-DDT 60,000 

Benzene 5.4 

Trichloroethene 32.2 

Tetrachloroethene 10.5 

Arsenic 23,000 

Cadmium 39,000 

Manganese 390,000 
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REMEDIAL ACTION ALTERNATIVE DEVELOPMENT AND EVALUATION 

Baaed 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 OU No. 2, 

The AOCs included: 

l VOC contaminated groundwater plumes originating from Site 82. 

o Four small areas of groundwater contamination south and west of Storage Lot 203. 

l Source of groundwater VOC contamination at Site 82 (Soil AOCl). 

l 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 contamination to Wallace 

Creek. 

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

(Soil AOC3). 

l Northwestern portion of Lot 203 (near well 6GWll) with elevated levels of PCBs in 

soil (Soil AOC4). 

l Northeast corner of Lot 201 with elevated levels of pesticides in soil (Soil AOC5). 

l Wooded area east of Lot 201 and adjacent to Piney Green Road with elevated levels of 

PCBs in soil (Soil AOC6). 

Note that no AOCs were 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 FS. 
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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: 

l RAA No. 1 - No Action 

l RAA No. 2 - Limited Action 

l RAA No. 3 - Containment 

l RAA No. 4 - Intensive Groundwater Extraction and Treatment 

l 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. 

RU 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 groundwater 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 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 $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 

organic&. 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 OU 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: 

a RAA No. 1 - No Action 

l RAA No. 2 - Capping 

l RAA No. 3 - On-Site Treatment 

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

l RAA No. 5 - Off-Site Treatment/Disposal 

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

l RAA No. 7 - On-Site Treatment and Off-Sits 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 140 CFR 300515(e)(ii)l to review the effects of this alternative no less 
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TABLE ES-3 

SUMMARY OF DETAILED ANALYSIS - GROUNDWATER RAAs 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

l Human Health 
Protection 

No reduction in risk. Institutional controls 

l (2h2LSpecific 

G 
t%%.&&ESS AND 
‘ERMANENCE 

Will exceed Federal and/or Will exceed Federal and/or 
zwdwater quahty dr. 

Ma not meet Federal and 
fC&mdwater quality 

Should meet Federal and Should meet Federal and 
NC oundwamr quality 

AF&s in time. 
NC oundwater quality 

AR&s in time. 
NC oundwater quality 

Not applicable. Not applicable. Will meet location-speciilc Will meet location-specific 

w Fil&et action-specific 

Fwt location-specitic 
ARARs. ARARs. 

zwt action-specific Will me’et action-specific 
ARAR3. 

l fit 
8” 

itude of Residual As area of contamination 
mcreases, potentral risks 

Risk reduced to human 
health since the use of the 

Risk reduced by extracting 
contaminated 

Risk reduced by extracting 
contaminated 

Risk reduced by extracting 
contaminated 

may increase. groundwater aquifer is 
restricted. 

groundwater. groundwater. groundwater. 

l Adequac and 
Reliabih v  of Controls .i 

Not ap 
P 

licable -no Reliability of institutional Groundwaterlpump and Groundwater 
controls is uncertain. treat is reliab e. P 

ump and Grouudwater 
contra s. treat is reliab e. treat is reliab e. f  

ump and 

l Need for byear Review Review would be required Review would be required Review not needed once Review not needed once Review not needed once 
to ensure adoquato 
protection of human health 

to ensure adequate 
protection ofhumnn health 

remediation goals are met. remediation goals are met. remedlation goals are met. 

nnd tho onvironmont is nnd tho environment is 
malntainod. mnintained. 



TABLE ES-S (Continued) 

SUMMARY OF DETAILED 

RAA No. 1 
No Action 

ANALYSIS - GROUNDWATER RAAs 
FEASIBILITY swnv 

MCB CAMP LEJEUNE 

RAANo.2 
Limited Action 

I, NORTH CAROLINA 

RAANo.3 lUANO.5 
1 

Containment Groundwater Extraction Evaluation Criteria 

l 1 y$ment Process 
L a Yx.U 

1 None. I None. 1 Treatm$nt.train for metals Treatment tram for metals 
remOv81, au strrpping, and 

1 __*__ .I Treatment train for metals I 

activated carbon. 
removal, air stripping, and 
activated carbon. 

removal, alr stripping, and 1 

s &:;ndt Destroyed or None. 
activat edcarbon- -. 

None. Majority of contaminants 
in groundwater out edges of 

Majority of contaminants 
in groundwater. 

Majority of contaminant in 
I 

a Reduction of Toxicity, None. 
Mobility or Volume 

a Residuals Remaining 
After Treatment 

Not applicable -no 
treatment. 

Statute Preference l 
for Trea ment 7 

Not satisfied. 

None. 

Not applicable-no 
treatment. 
Not satisfied. 

plumes. 
Reduced volume and 
texici of contaminated 
er 2 
M%al residuals amber 
coals are met. 
Satisfied. 

groundwater plumes. 

Reduced volume and 
toxicity of contaminated 

Reduced volume and 
toxicity of contaminated 

Minimal residuals a&r 
coals are met. 

Mo~~s~l residuals after 
P re met. 

[ 

Satisfied. Satisfied. 
I 

I I I I I 
I 
I 

s Community Protection Risks to communit not 
increased by reme y B 
implementation. 

a Worker Protection l$eoerm*cant risk to 

Continued im acts from l fin;in~~mental 

existingcondr Ions. f 

Risks to communit not 
increased by reme B 
implementation. 

y 

l&s$ngnficant risk to 

S till would be continued 
migration of 
contamination. 

Potential risks during Potential risks during 
extraction and treatment. extraction and treatment. 

Potential risks during 
extraction and treatment. 

Protection required during 
treatment. 

Protection required during 
treatment. 

Protection required during 
treatment. 

s ~o~p~$l Action is Not applicable. Risks from potential 
groundwater in e&ion 

Estimated 30 years. Estimated 30 years. Estimated 30 years. 

reduced within I to 6 
months due to institutional 

s Ability to Construct 
and Opcrnto 

No construction or No construction or Groundwater extraction Groundwater extraction 
operation activities. operation activities. and treatment systems 

requires installation. 
and treatment systsms 
requires installation. 

l Ability (r, Monitor 
Effectrveness 

No monitoring. Failure to 
detect contammation will 

Proposed monitoring will 

result in potential 
give notice of failure before 

Adequate system 
momtoring. 

Adequate system 
monttonng. 

ingestion of contaminated 
significant exposure occura. 

groundwater. 
l Availnbilit of6orvicos N 

and Cannci I lea: 
one roquirod. None required. Needs groundwater 

treatment eauipment. 
Needs groundwater 
treatment equipment. 

Groundwater extraction 

I I I 
_ - 

I I 

$0 $600,000 $7.0 million $4.9 million $8.9 million 



often than every five years. There are no capital or operation and maintenance costs 

associated with this alternative. 

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. 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 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 COG. 

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 4.01, 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. 

r”” 

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 Inejeune 

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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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 cover. 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 (AOCl) 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 

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

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

SUMMARY OF DETAILED ANALYSIS - SOIL BAAS 
FEASIBILITY STUDY CTO-0133 

Evaluation Criteria RAANo. 1 RAANo.2 
No Action Capping On-Site ?keatment 

l Human Health No reduction in risk. 
Protection 

Would reduce potential Excavation removes 
for direct contact with 

Reduces potential for Excavation removes Reduces potential for 
source of contamination. direct contact with P B- source ofcontamination. 

! ! i  

Excavation and/or 
contaminated soil. direct contact with PCB- treatment removes 

cmtaminated soil an contaminated soil and 
removes other 

source of contamination, 
remove8 other 

contaminated soils. contaminated soils - 
based on existing land 

No 
scenario. use 

Protection soils to remain on site. 
No- 

soils to remain on site. 
Contaminated soils No additional 

environmental impacta. environmental impacts. exceeding remediation 
No additional 

environmental impacts. environmental impacts, 

& 
oal removed and 

~~~;JANcE WPPH 
rested. 

l ~LSpecific Will exceed ARAILs. Will exceed ARARs. Will meet contaminant- PCB ARAR not rnec Will meet ARARs. 
specific ARABa. 

PCB ABAR not met; 
other contaminant- 

Will meet ARARs. 
other contaminant- 

apedf~c ARARS met. qqiik ARARs met . 

i 1. 
~n-Jhr-ftw 

l ~sn-Specific Not applicable. Will meet locatron- Will meet location- Wrll meet location- TZlTmeet location- Will meet location- Will meet location- 

* &&x&specific Not W- 
swcific ARARS. specific ARARS. 

ill meet action-specific W&yt action-specific 
ARARS. 

ON0 
iFFEC?%2rnSS 
&D PERMANENCE 

l Magnitude of ~30~~hs not been Contaminated soils are Potential riekdue to Potential risks reduced Potential riskdue to 
Reeldual Risk not removed from the 

Potential risks with Potential riskdue to 

Potential risks not 
;e~~votosollcOCs aa long as the cover is 

site, but potential risk 
ex~xv~toso~lCOCs respect to existing land ;xgw.ru.r to so11 COG 

reduced. due to exposure to COCs 
maintained. use scenario r-s+ed as 

zag;gs=e = 
are reduced a.9 long as 
the cap is maintained. 

l hdcquac and 
I! 

Not ap licable - no h 
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1.0 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 

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 FS 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) 

300.4301. 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 Feasibilitv 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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and Ecological Risk Assessment Reports under separate cover. The following field activities 

were performed as part of the RI: 

0 

0 

0 

a 

0 

0 

0 

0 

0 

0 

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 RI and 

analyzed in accordance with Contract Laboratory Program (CLP) protocol, not including 

quality 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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a Development and screening of remedial action alternatives, and 

l Detailed analysis of remedial action alternatives. 

The first phase includes the following 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, (6) evaluating process options, (6) assembling alternatives, (7) defining 

alternatives, and (8) screening and evaluating alternatives. Section 121(b)(l) 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 (21 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 process, 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 local acceptance, compliance with applicable 
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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 l-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 

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 OU 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 l-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. 
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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 l-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 Storaqe Lot 201 

Open Storage Lot 201 is a fenced lot located in the south central portion of Site 6 (Figure l-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 for the storage of military vehicles and equipment, lumber, 

hydraulic oils and lubricants, non-polychlorinated biphenyl (PCB) transformers, and other 

supplies (ESE, 1992). 
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Open Storage Lot 203 

Open Storage Lot 203 is a fenced lot located in the northern portion of Site 6 covering 

approximately 41 acres (Figure l-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 55gallon 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 62, 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 individual sites are described below. 

1.2.2.1 Site 9 Historv 

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 194Os, 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 southeast 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 55gallon 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 Historv 

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 quantity or areas of disposal. 

1.2.3 Investigation and Study 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/SD 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 

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. Soil, 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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1.2.3.5 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 a 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 

located within Lot 201 [PCBs, pesticides, VOCs, and SVOCs (northeastern corner of lotll, the 

ravine area (PCBs, pesticides, and SVOCs), Site 82 (VOCs and SVOCs), and Wallace Creek 

(VOCs). A summary 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, 
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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 RI 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 OU 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 l.OE-4 to 

1 .OE-6 under existing and future land use scenarios. 

Ecological Risk Assessment 

A baseline 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, ‘ICE, 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. The 

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, 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 

soils 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 l-l. 

1.2.4 Nature and Extent of Contamination 

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

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 l-l 

REMOVAL ACTION DRUM AND CONTAINER SUMMARY 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE. NORTH CAROLINA 

Removal Area Drums and Containers Contents 

A 15 - 55 Gallon Steel Drums (5 empty) 
29 - 10 Gallon Steel Drums (all empty) 

Lubricating Oil 
Unknown Material 

1 - 5 Gallon Polyethylene Drum 
B 23 - 55 Gallon Steel Drums (20 empty) 

3 55 Gallon Polyethyelene Drums (all empty) 
Lubricating Oil 

- 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) 
I 14 - 55 Gallon Steel Drums (11 empty) Unknown Material 

J 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 
I’renches 6-TP5 and l/2 Gallon to 5 Gallon Containers 5’ to 7’ Resembles No. 6 Fuel Oil 
:-TP7 Metal Debris 

Greenish-blue grease material 
I’renches: GS1960D 5 Gallon Containers in poor condition at 2’ to 6’ deep Unknown Material 
rnd GS1960E Communication Wire 

Metal debris 



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. 

9 Site 

0 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 l.OE-4 and l.OE-6. 

Site 6 - Lot 201 

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 storage 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 l.OE-4 and 1 .OE-6. 
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Site 6 - Lot 203 

l 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. 

l 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. 

l 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. 

l 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. 

l Military training operations at Lot 203 resulted in a substantial amount of buried 

debris including communication wire, shell casings, battery packs, small 5gallon 

containers, and bivouac wastes. No 55gallon 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. 

l 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. 

l 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. 

l 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 l.OE-4 to l.OE-6. 

Site 6 -Wooded Areas 

l 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. 

l 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. 

l 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. 

a 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. 

l 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 

l.OE-4 and l.OE-6. The area is frequented by hunters and military personnel. 
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82 Site 

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 6GWlS and 6GWlD. 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 

6GW3’7D), 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 

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. 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 

a 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. 

l 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. 

l 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. 

l 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 

l.OE-4 and l.OE-6. 

Wallace Creek 

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

shallow and possibly deep groundwater discharge. 

l 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. 

l 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. 

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

applicable water quality standards. 

l 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. 

l 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. 

l 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 l.OE-4. 

Bear Head Creek 

a 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. 

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

practices at Sites 6 or 9. 
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F---. l 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. 

l 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 l.OE-4. 
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2.0 DEVELOPMENT OF REMEDIAL ACTION OBeJECTIVES 

This section presents the development of the remedial action objectives for OU No. 2. 

Remedial action objectives are medium-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 

contaminant 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 l.OE-4 and hazard indices (HIS) less than 1.0. 

Therefore, the primary focus of this FS 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 GME) 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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Media 
Groundwater 

TABLE 2-l 

PRELIMINARY CONTAMINANTS OF CONCERN 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Concern 
Evaluated in the RA (1) 

Bromodichloromethane 
Chlorobenzene 
1,2-Dichloroethane 
l,l-Dichloroethene 
Trans-1,2-Dichloroethene 
Ethylbenzene 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Vinyl Chloride 
Xylenes 
Phenol 
Antimony 
Arsenic 
Barium 
Beryllium 
Chromium 
Copper 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 

Preliminary 
zontaminanl 
bf Concern foi 

the FS (2) 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

(1) This list includes all of the potential contaminants of 
concern evaluated in the Risk Assessment (Baker, 
1993). 

(2) The determination of the set of preliminary 
contaminants of concern for the FS was based on two 
criteria: (1) the contaminant was found to be a 
contaminant of concern from the results of the RA, or 
(2) standards and/or criteria are established for the 
contaminant. 

Media 

t 
r 

I I 
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Soil 

Contaminant of Concern 
Evaluated in the RA (1) 

1,4-Dichlorobenzene 
Benzene 
1,2-Dichloroethene 
1,1,2,2-Tetrachloroethane 
l,l,l-Trichloroethane 
Trichloroethene 
Tetrachloroethene 
Chrysene 
Acenaphthene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cdlpyrene 
Dibenzo(a,h)anthracene 
4,4’-DDD 
4,4’-DDE 
4,4’-DDT 
Dieldrin 
Endrin 
PCB-1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Manganese 
Nickel 
Vanadium 
Zinc 

Preliminary 
>ontaminant 
f Concern foi 

the FS (2) 
X 

X 
X 

X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 

X 



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: 

l Ingestion of groundwater 

l Inhalation of particulates 

l Incidental ingestion of soil 

l 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)(l) 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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“ARARE” 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 (POTWs) 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 CO& 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 CNCWQSs) 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 (70-year 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 %A, Subchapter 2L, Section -0200, (%A NCAC 2L.0200) 
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POTENTIAL CONTAMINANT-SPECIFIC ARARs 
FEASIBILITY STUDY CT0433 

MCB CAMP LEJEUNE, NORTH CAROLINA 
Groundwater ARAB 

Federal Health 
Advisories(a) 

hm 
EL. 0 l&m. 0 

I Chlorobenxene I -- I 300 I -- I -- I PCBs - non-restricted access area I 

Soil Contaminant of Concern 
TSCA(4) Spill 

Clean-up Policy I 
5,000 PCBs - small spill/low concentrations visual 

I I 10 mg/kg 
1,2-Dichloroethane 5 0.38 700 2,600 PCBs - industrial area r- 25 mglkg 
l,l-Dichloroethene 7 7 2,000 4,000 1 &nir.hlnmhm _ __- -__-_ -zene -- 
Trans-1.2-Dichloroethene 100 70 20.000 6.000 -- I 

29 
I -- )--- I ’ -I--- I Benzene 

j Ethylbenzene 1 700 1 1 30,000 1 3,000 Il,2-Dichloroethene -- 

Soil ARAB 

11,1,2,2-Tetrachloroethane I -- 1 -- 1 - 1 -- 11.1.2.2-Tetrachloroethane I -- I 
1 Tetrachloroethene 1 5 1 0.7 1 2,000 1 5,000 1 l,l,l-Trichloroethane I -. 
l,l,l-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 

1 Vinyl Chloride I 

200 200 10,000 10,000 Trichloroethene 
5 __ 600 1,000 Tetrachloroethene 
5 2.8 -- -- PAHS (7) 

I 2 1 0.015 I 3.000 I 50 14.4’~I: JDD I I , I 

Copper 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 

,Zinc 

1,300(e) 1,000 -- -- Chromium -- 
15(e) 56 -I -- Lead -s 
50 50 -- -- Manganese -- 
2 1.1 -- 2 Nickel -w 

100 150 1,000 1,700 zinc -- 
-_ -- 80 110 

5,000 5,000 -- -- 

(1) 
(2) 

MCL = Safe Drinking Water Act Maximum Contaminant Level (also includes nonenforceable Secondary MCLs). 

(3) 
NCWQS = North Carolina Water Quality Standards for Class GA Groundwaters. 

E! 
Health Advisories - Nonenforceable guidelines. 
TSCA = Toxic Substance Control Act. 
-- = No ARAB available or established. 

(6) 
(7) 

The MCL for this compound is an action level only. 
The PAHs which are soil COCs include cbrysene, acenaphthene, anthracene, fluoranthene, pyrene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, and indeno(l,2,3-cd)pyrene. 



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 (m&/L) or less of chloride. These waters 
d 

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 TUA:OZL.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 maximum allowable concentrations 

resulting from any discharge of contaminants te 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 unsuitable for its intended best usage. If the water quality standard of a 

substance 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 2L.0202). 

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

lesser of: 

l Systemic threshold concentration (based on reference dose and average consumption) 

l Concentration which corresponds to an incremental lifetime cancer risk of l.OE-6 

l Taste threshold limit value 

l Odor threshold limit value 

l MCL 

l 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 drinking 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, 199Oa). A 

summary of the policy with respect to soil contamination follows. 

For spills of low concentration PCBs (50 ppm to 500 ppm) 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, 199Oa). 
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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, 199Oa). 

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: 

l Fish and Wildlife Coordination Act 

l Federal Endangered Species Act 

l North Carolina Endangered Species Act 

a Executive Order 11990 on Protection of Wetlands 

l Executive Order 11988 on Floodplain Management 

l 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 (OSHAI, 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 CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential Location-Specific ARAR General 
Citation ARAR Evaluation 

National Historic Preservation Act of 16 USC 470, 
1966 - requires action to take into 

No known historic properties 
40 CFR 6.301(b), 

account effects on properties included 
are within or near OU No. 2, 

and 36 CFR 800 therefore, this act 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) 
procedures to provide for 

archeological data is known 
to be present at the sites, 

preservation of historical and 
archeological data which might be 
destroyed through a&ration of 
terrain. 

therefore, this act will not be 
considered as an ARAR. 

Historic Sites, Buildings and 
Antiquities Act - requires action to 
avoid undesirable impacts on 

16 USC 461467, No known historic sites, 
and 40 CFR buildings or antiquities are 
6.301(a) 

landmarks on the National Registry 
within or near OU No. 2, 
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 
streams or areas affecting streams. 

within the operable unit 
boundaries. If remedial 
actions are implemented that 
modify these creeks, this will 
be an applicable ARAR. 

Federal Endangered Species Act - 16 USC 1531,50 
requires action to avoid jeopardizing 

Many protected species have 
CFR 200, and 50 been sited near and on MCB 

the continued existence of listed CFR 402 
endangered species or modification of 

Camp Lejeune such as the 

their habitat. 
American alligator, the 
Bachmans sparrow, the 
Black skimmer, the Green 
turtle, the Loggerhead turtles 
the piping plover, the Red- 
cocaded woodpecker, and the 
rough-leaf loose&rife 
(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 General 
Citation ARAR Evaluation 

North Carolina Endangered Species GS 113-331 to 
Act - per the North Carolina Wildlife 

Since the American alligator 
113-337 

Resources Commission. Similar to 
has been sighted in Wallace 
Creek, this will be considered 

the Federal Endangered Species Act, 
but also includes State special 
concern species, State significantly 
rate species, and the State watch list. 

as an ARAR. 

Rivers and Harbors Act of 1899 33 USC 403 No remedial actions will 
(Section 10 Permit) -requires permit 
for structures or work in or affecting 

affect the navigable waters ol 

navigable waters. 
the New River. Therefore, 
this act will not be consider& 
as an ARAR. 

Executive Order 11990 on Protection Executive Order Based on a review of Wetland 
of Wetlands - establishes special Number 11990, 
requirements for Federal agencies to 

Inventory Maps, both 
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 and to avoid support of new 
construction in wetlands if a 
practicable alternative exists. 

wetlands. Therefore, this 
will be an applicable ARAR. 

Executive Order 11988 on Floodplain Executive Order Based on the Federal 
Management - establishes special Number 11988, 
requirements for Federal agencies to and40CFR6 

Emergency Management 

evaluate the adverse impacts 
Agency’s Flood Insurance 

associated with direct and indirect 
Rate Map for Onslow County 

development of a floodplain. 
‘Sites 6 and 9 are primarily 
within a minimal flooding 
zone (outside the 500-year 
floodplain). The immediate 
areas around Wallace Creek 
and Bear Head Creek are 
within the loo-year 
floodplain (FEMA, 1987). 
Therefore, this may be an 
ARAR for the operable unit. 

Wilderness Act - requires that 
federally owned wilderness area are 

16 USC 1131, 
and 50 CFR 35.1 

No known federally owned 
wilderness areas near the 

not impacted. Establishes 
nondegradation, maximum 

operable unit, therefore, this 
act will not be considered as 

restoration, and protection of an ARAR. 
wilderness areas as primary 
management principles. 
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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 General 
Citation 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 
considered as an ARAR. 

RCRA Location Requirements - 40 CFl3 264.18 These requirements may be 
limitations on where on-site storage, applicable if the remedial 
treatment, or disposal of RCRA actions for the operable unit 
hazardous waste may occur. 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 2-4 

POTENTIAL ACTION-SPECIFIC ARARs 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Standard Action 
General 
Citation 

ERA 

CWA 

SDWA 

TSCA 

OSHA 

DOT 

Capping 
Closure 
Container Storage 
New Landfill 
New Surface Impoundment 

Dike Stabilization 
Excavation, Groundwater Diversion 
Incineration 

Land Treatment 
Land Disposal 
Slurry Wall 
Tank Storage 

Treatment 

Waste Pile 

Discharge to Water of United States 
Direct Discharge to Ocean 

Discharge to POTW 
Dredge/Fill 

Underground Injection Control 

PCB Regulations 

OSHA Requirements for Workers Safety 
OSHA Act of 1970 

DOT Rules for Transportation 

40 CFR 264 
40 CFR 264,244 
40 CFR 264,268 

40 CFR 264 
40 CFR 264 
4OCFR264 

40 CFR 264,268 
40 CFR 264,761 
40 CFR 264 
40 CFR 264,268 
40 CFR 264,268 
40 CFR 264,268 
4OCFR264,265,268; 
42 USC 6924; 
51 FR 40641; 
52FlX25760 

40 CFR 264,268 
40 CFR 122,125,136 
40 CFR 125 
4OCF'JX403,270 

4OCF'R264; 
33 CFR 320-330; 3: 
USC403 

40 CFR 144,146,147 
268 

40 CFR 761 
29 CFR 1910 
29 USC 651 
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 many of the groundwater and soil 

COCa 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 l.OE-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 l.OE-4 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 l.OE-4 and l.OE-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 203 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. 

2-14 



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: 

l Inhalation of particulates 

l Incidental ingestion of soil 

l Dermal contact with soil 

l 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 annual 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. For 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 as an 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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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): 

Where: 

es = 

TR = 

THI = 

BW = 

AT, = 

ATnc = 

DY = 

CSF = 

RfD = 

EF = 

ED = 

ET = 

IR = 

PEF = 

ABS = 

TRorTHI*BW*ATc orATnc*DY 

cs = 
CSForl/RfD*EF*ED*ET*IR*lfPEF*ABS 

contaminant concentration in soil (mg/kg) 

total lifetime risk 

total hazard index 

adult body weight (kg) 

averaging time for carcinogens (yr) 

averaging time for noncarcinogens (yr) 

days per year (day/year) 

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

reference dose (mg/kg-day) 

exposure frequency (day&r) 

exposure duration (yr> 

exposure time (hour/day) 

inhalation rate (ma/hour) 

particulate emission factor (Cowherd, 1985) 

percent absorbed in the lungs 
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The inhalation rate (IR) is specified as 20 ma/day for adults (0.83 ma/hour) and 10 ma/day for 

children (0.43 ma/hour). A higher inhalation rate of 30 ma/day (1.25 ms/hour) was used for 

adults involved in maintenance or construction activities. Absorption in the lungs was 

conservatively assumed to be 100 percent. 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): 

TRorTHI*BW*ATc orAT *DY nc 
cs = 

CSForl/RfD*EF*ED*IR*CF*Fi 

Where: 

CS 

TR 

THI 

BW 

ATc 

ATllC 

DY 

CSF 

RfD 

EF 

= contaminant concentration in soil (mg/kg) 

= total lifetime risk 

= total hazard index 

= adult body weight (kg) 

= averaging time for carcinogens (yr) 

= averaging time for noncarcinogens (yr) 

= days per year (day/year) 

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

= reference dose (mgkg-day) 

= exposure frequency (day&r) 
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TABLE 2-5 

INHALATION OF PARTICULATES 
ACTION LEVEL PARAMETER 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Inhalation of Particulates Input Parameters 

Input 
‘arameter Description Value Rationale 

G 
Exposure 
Concentration Calculated USEPA, December 1989 

TB Total Lifetime Risk l.OE-4 USEPA, April 1991 

THI Total Hazard Index 1.0 USEPA, April 1991 

BW Body Weight 
Child l5 kg 
Adult 70 kg 

USEPA, December 1989 

ATc 
Averaging Time 
Carcinogen, 

All 70 yr USEPA, December 1989 

Child 6yr 
ATnc 

Averaging Time 
Noncarcinogen Adult 30 yr USEPA, December 1989 

Base Employee 259 
DY Days Per Year 365 day& USEPA, December 1989 

CSF Carcinogenic ‘lope 
Factor 

Chemical Specific IRIS, HEAST, USEPA 

RfD Reference Dose Chemical Specific IRIS, HEAST, USEPA 

EF Exposure Frequency Resident 350 days’yr Base Employee 250 days&r 
USEPA, December 1989 

Child 69 
ED Exposure Duration Adult 30 yr USEPA, March 1991 

Base Employee 25yr 

Child 24 hrlday 
ET Exposure Time Adult 16 hr/day Professional Judgment 

Base Employee 8 hrlday 

Children 0.43 m3/hr 
II3 Inhalation Rate Adults 0.83 m3lhr. USEPA, December 1989 

Base Employee 1.25 m3/hr 

PEF Particulate 5.OEs ma/kg USEPA, December 1989 
Emission Factor Cowherd, 1985 

ABS Absorption into 100% Conservative Professiona: 
Lungs Judgment 
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ED = exposure duration (yr) 

IR = ingestion rate (mg/day) 

CF = conversion factor (lo-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 25,199l). 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 

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): 

Where: 

cs 

TR 

THI 

BW 

ATc 

ATnc 

DY 

CSF 

RfD 

SA 

Al? 

TRorTHI*BW*ATc orATnc*DY 

cs = 
CSForl/RfD*SA*AF*ABS*EF*ED*CF 

= contaminant concentration in soil (mg/kg) 

= total lifetime risk 

= total hazard index 

= adult body weight (kg) 

= averaging time carcinogens (yr) 

= averaging time noncarcinogens (yr) 

= days per year (day/year) 

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

= reference dose (mglkg-day) 

= surface area of skin available for contact (cm2) 

= soil to skin adherence factor (mglcm2) 
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TABLE 2-6 

I 
. 

INGESTION OF SURFACE SOIL 
ACTION LEVEL PARAMETER 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Incidental Ingestion of Surface Soil Input Parameters 

Input 
‘arameter Description Value Rationale 

CS 
Exposure 
Concentration Calculated USEPA, December 1989 

TR Total Lifetime Risk l.OE-4 USEPA, April 1991 

THI Total Hazard Index 1.0 USEPA, April 1991 

BW Body Weight 
Child 15 kg 
Adult 

7. kg USEPA, December 1989 

ATc Averaging Time 
Carcinogen All 70 yr USEPA, December 1989 

Averaging Time Child 6yr 
ATnc Noncarcinogen Adult 30 yr USEPA, December 1989 

Base Employee 25~r 
DY Days Per Year 365 daylyr USEPA, December 1989 

CSF Carcinogenic S1ope 
Factor 

Chemical Specific IRIS, BEAST, USEPA 

RfD Reference Dose Chemical Specific IRIS, BEAST, USEPA 

Child 350 daylyr 
EF Exposure Frequency Adult 350 day/yr USEPA, December 1989 

Base Employee 250 day/yr 

Child 6yr 
ED Exposure Duration Adult 30 yr USEPA, March 1991 

Base Employee 25~r 
Child 200 mg/day USEPA, December 1989 

IR Ingestion Rate Adult 100 mg/day Professional Judgment - 
Base Employee 100 mglday nonconstruction 

CF Conversion Factor l.OE-6 kg/mg USEPA, December 1989 

Fraction Ingested 
Fi from Contaminated 100% Conservative Professiona: 

Source Judgment 
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ABS = absorption factor 

EF = exposure frequency (day/year) 

ED = exposure duration (yr) 

CF = conversion factor (lo-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 cm2 (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 cm2 for 

children (USEPA, January 1992). 

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: 

TBorTHI*BW*ATc orAT *DY nc 
es = 

CSForl/RfD*EF*ED*lB 

Where: 

CW = contaminant concentration in groundwater (mg/L) 

TR = total lifetime risk 

THII = total hazard index 

BW = adult body weight (kg) 

ATc = averaging time carcinogens (yr) 
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TABLE 2-7 

SURFACE SOIL - DERMAL CONTACT 
ACTION LEVEL PARAMETERS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Dermal Contact with Surface Soil Input Parameters 

Input 
‘arameter Description Value Rationale 

G 
Exposure 
Concentration 

Calculated USEPA, December 1989 

TR Total Lifetime Risk l.OE-* USEPA, April 1991 

THI Total Hazard Index 1.0 USEPA, April 1991 

BW Body Weight 
Child 15 kg 
Adult 

,. kg USEPA, December 1989 

ATc Averaging Time 
Carcinogen 

All 70 yr USEPA, December 1989 

Averaging Time Child 6yr 
ATnc Noncarcinogen Adult 30 yr USEPA, December 1989 

Base Employee 25~r 
DY Days Per Year 365 dayslyr USEPA, December 1989 

CSF Carcinogenic S1ope 
Factor 

Chemical Specific IRIS, HEAST, USEPA 

RfD Reference Dose Chemical Specific IRIS, HEAST, USEPA 

Exposed Surface 
Area of Skin 

Child 1,800 cm2 
SA Available for Adult 5,300 cm2 USEPA, January 1992 

Contact 
Base Employee 4,300 cm2 

AF 
Soil-to-Skin 
Adherence Factor 1.0 mg/cm2 USEPA, Region IV, 1992 

Accounts for desorption 
Volatiles 0.10 from soil and 

Absorption Factor 
Semivolatilesl percutaneous absorption 

ABS (dimensionless) 
Pesticides 0.05 (Feldman and Malbach, 

PCBs 0.03 1970; USEPA, October 
Metals 0.01 1984; Wester and 

Malbach, 1985) 

Child 350 days&r 
EF Exposure Frequency Adult 350 days&r USEPA, December 1989 

Base Employee 250 days&r 

Child 6yr 
ED Exposure Duration Adult 30 yr USEPA, March 1991 

Base Employee 25yr 

2-22 



ATnc = averaging time noncarcinogens (yr) 

DY = day5 per year (day/year) 

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

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) 0.0673 * (S) 0.373 

Where: 

Cl = contaminant concentration in (leachate) groundwater (mg/L) 

CW = contaminant concentration in (waste) soil (mg/kg) 
S = contaminant solubility (mg/L) 
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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 

C?? 
Exposure 
Concentration Calculated USEPA, December 1989 

TR Total Lifetime Risk l.OE-4 USEPA, April 1991 

THI Total Hazard Index 1.0 USEPA, April 1991 

BW Body Weight Child 
Adult 

:x ii USEPA, December 1989 

ATc Averaging Time 
Carcinogen All 70 yr USEPA, December 1989 

Averaging Time 
Child 6~ 

ATnC Noncarcinogen Adult 30 yr USEPA, December 1989 
Base Employee 25yr 

DY Days Per Year 365 days&r USEPA, December 1989 

CSF Carcinogenic Slope 
Factor 

Chemical specific IRIS, HEAST, USEPA 

RfD Reference Dose Chemical Specific IRIS, HEAST, USEPA 

Child 350 days&r 
EF Exposure Frequency Adult 350 days& USEPA, December 1989 

Base Employee 250 days/yr 
Child 6yr 

ED Exposure Duration Adult 30 yr USEPA, March 1991 
Base Employee 25~r 

I33 Ingestion Rate Child ’ L/day 
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 input 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 used to estimate the 

soil action levels: 

Where: 

cs = 

Cl = 

S = 

cs = 
c1 

0.00211x s 
0.373 1 1.4749 

contaminant concentration in soil (mg/kg) 

State or Federal groundwater criteria concentration (mg/l) 

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. 

2.3.3.3 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 

Cl 
Constituent Concentration 
in Leachate (mg/L) 

Calculated OLM - Model 

K Constant 0.00211 Federal Register Vol. 51, No. 145 

Obtained from Maximum 
cw Constituent Concentration Contaminant 

in Waste (mgkg) Specific 
Concentration Detected in Site 
Soils 

S 
Constituent Solubility Contaminant 

USEPA Aquatic Fate Process 

(mf$) Specific 
Data for Organic Priority 
Pollutants, 1982 
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Inhalation of Particulates 

In order to estimate action level concentrations with respect to inhalation of particulates, 

frequently detected soil contaminants with available toxicity data, were assessed based on 

specific inputs. In order to assess the entire operable unit, an average area was used in the 

estimation of the site-specific particulate emission factor. 

Contaminants of concern were chosen based on the frequency of detection in the surface soil 

and available toxicity data. The action levels calculated to prevent a cancer risk of l.OE-* are 

presented in Table 2-10. In addition, the action levels estimated not to exceed a HI of unity (1) 

for noncarcinogens are presented in Table 2-11. 

Incidental Ingestion of Soil 

Surface soil ingestion action levels were estimated for chemicals frequently detected in the 

surface soil. The inputs for the estimation were specific to the population of concern (i.e., base 

personnel, adult resident, and child resident). The action levels estimated to prevent a cancer 

risk of l.OE-4 and a HI which exceeds unity are presented in Tables 2-12 and 2-13, respectively. 

Note that the “base personnel” action levels represents current and probable future risks since 

the area would most likely be utilized in the same manner that it is today. The action levels 

derived for “adult resident” and “child resident” represent a scenario that this area of the base 

would be used for residential housing. There are no current plans to use this area of the base 

for housing. 

Dermal Contact with Soil 

Action levels for exposure via dermal contact with surface soil were estimated for existing and 

future populations (i.e., base personnel, adult residents, and child residents). Chemicals of 

concerns were selected based on frequency of detection in the surface soil and available 

toxicity data. Action levels for the carcinogenic and noncarcinogenic chemicals are presented 

in Tables 2-14 and 2-15, respectively. 

Ingestion of Groundwater 

The groundwater ingestion action levels were estimated for the groundwater within the entire 

operable unit, Currently, there are no known receptors who ingest the groundwater. Base 
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TABLE 2-10 

PARTICULATE INHALATION CARCINOGENIC ACTION LEVELS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I I Carcinogenic Risk I 

Contaminant Base Personnel Adult Resident Child Resident 

4,4’-DDT 4,200,000,000 1,900,000,000 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,OOO 110,000,000 

Cadmium 23,000,OOO 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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TABLE 2-11 

PARTICULATE INHALATIONNONCARCINOGENIC ACTION LEVELS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I Noncarcinogenic Risk I 

I Contaminant 1 -Base Personnel 1 Adult Resident I Child Resi-dent 1 

1,CDichlorobenzene 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 pg/kg 
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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,OOO 

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 

C hrysene 39,000 23,000 12,500 

Indeno (1,2,3-cd) pyrene 39,000 23,000 12,500 

Notes: Action level concentrations expressed as pg/kg 
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TABLE 2-13 

SURFACE SOIL INGESTION NONCARCINOGENIC ACTION LEVELS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Noncarcinogenic Risk 

Base Personnel 1 Adult Resident 1 Child Resident 

4,4’-DDT 510,000 360,000 39,000 

l,l,l-Trichloroethane 92,000,000 65,000,OOO 7,000,000 

1,2-Dichloroethene 10,000,000 7,300,000 780,000 

Anthracene 300,000,000 219,000,000 23,000,OOO 

Fluoranthene 40,000,000 29,200,000 3,100,000 

Pyrene 30,000,000 21,900,000 2,300,OOO 

Acenaphthene 61,000,OOO 43,800,OOO 4,700,000 

Arsenic 310,000 220,000 23,000 

Barium 72,000,OOO 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 1,600,00@ 

Zinc 310,000,000 220,000,000 23,000,OOE 

Notes: Action level concentrations expressed as pg/kg 
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TABLE 2-14 

SURFACE SOIL DERMAL CONTACT 
CARCINOGENIC ACTION LEVELS 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Carcinogenic Risk 

Contaminant Base Personnel Adult Resident Child Resident 

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

Benzene 2,300,OOO 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 

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-cd) pyrene 30,000 15,000 46,000 

Arsenic 38,000 180,000 580,000 

Beryllium 150,000 74,000 240,000 

Notes: Action level concentrations expressed as yg/kg 

2-32 



TABLE 2-15 

SURFACE SOIL DERMAL CONTACT 
NONCARCINOGENIC ACTION LEVELS 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

I Noncarcinogenic Risk 

Base Personnel Adult Resident Child Resident 

240,000 140,000 87,000 

Contaminant 

4,4’-DDT 

1,&l-Trichloroethane 1 

1,2-Dichloroethene I 2,300,OOO 1 1,300,000 1 860,000 

21,000,000 1 12,000,000 1 7,800,000 

Anthracene I 240,000,OOO 1 140,000,000 1 87,000,000 

Fluoranthene I 32,000,OOO 1 18,000,OOO 1 12,000,000 

Pyrene I 24,000,OOO 1 14,000,000 1 8,700,OOO 

Acenaphthene I 48,000,OOO 1 28,000,OOO 1 17,000,000 

Arsenic I 710,000 1 410,000 1 260,000 

Barium I 170,000,000 1 96,000,OOO 1 6,000,OOO 

Beryllium I 12,000,000 1 6,900,OOO 1 4,300,000 

Cadmium I 1,200,000 1 690,000 1 430,000 

Chromium I 12,000,000 1 6,900,OOO 1 4,300,000 

Manganese I 12,000,000 1 6,900,OOO 1 4,300,000 

Nickel I 4,800,OOO 1 28,000,OOO 1 17,000,000 

Zinc I 710,000,000 I 410,000,0001 260,OOO.OOO 

Notes: Action level concentrations expressed as pg/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 ARARs 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 

FXASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Action Levels Based on Carcinogenic Risk 

Contaminant of Concern Base Personnel Adult Resident 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 pg/L 

2-35 



TABLE 2-17 

GROUNDWATER INGESTION ACTION LEVELS 
BASED ON NONCARCINOGENIC RISK 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

I I Action Levels Based on Noncarcinogenic Risk 1 
Contaminant of Concern IBasePersonnel 

Bromodichloromethane I 1,022 

Chlorobenzene I 1,022 

l,l-Dichloroethene 

Tetrachloroethene I 511 

1,1,2-Trichloroethane I 204 

Ethyl benzene I 5,110 

Total Xylenes I 102,200 

Arsenic 

Barium 

15 

3,577 

Beryllium I 256 

Chromium I 256 

Manganese I 256 

Nickel I 1,022 

I 15,330 

Adult Resident Child Resident 

730 313 

730 313 

328 141 

365 156 

146 63 

3,650 1,564 

73,000 31,286 

11 5 

2,555 1,095 

183 78 

183 78 

183 78 

730 313 

10,950 4,693 

Notes: Action level concentrations expressed as pg/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 
FEASIBIIXI’Y STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Concern 

Maximum Soil Action Estimated 
Concentration Federal 

in Soil Level Concentration MCL NCWQS 

ww b%&i9 
in Groundwater 

~Pu-J hm 
him 

1,4-Dichlorobenzene I 160 I __ I 3.1 I 75 I 1.8 

Benzene 

1,2-Dichloroethene 

Trichloroethene 

1,1,2,2-Tetrachloroethane 

1.0 

NE 

2.8 

55,000 I -- 625 NE NE 

l,l,l-Trichloroethane 

Tetrachloroethene 

Chloromethane 

Bromomethane I 1,300 I -- I 32 I NE I NE 

4,4’-DDD 12,000 -- 5 NE NE 

4,4’-DDE 4,200 -w 2 NE NE 

4,4’-DDT I 6,400 1 -- 1 1 I NE I NE 
Dieldrin I 280 I em I 0.5 I NE I NE 
Gamma Chlordane 

PCB 1260 

160 4,512 0.2 2 NE 
.((,.(.,.,...,. ~ 

*kqgfi*y#g :.,.,, @zg##g 
o*5 , m 

.::~:~:~.~::::.~:~:~.~.:.~.!i,..:.!.:.~.!.:.:.!.~.:.:.~.~.:.:.:.:.:.:.~.:.:.:.:., 
.  .  .  .  .  .  . . ‘ . . . . . . . ‘ . . “ r . . . . ! . ~ . . . . . . . . . . . .  

Notes: pglkg = microgram per kilogram 
::::::::;::::::j::::::::::~:.:::::~ . ..A.... . . . . . . . . . . . . . . . . . A...... I . ..A... = . . ..~............................ 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 



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

human health and the environment. 

2.3.3.4 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 l.OE-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 contamination 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 l.OE-6 to l.OE-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 particulate& 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 

1,4-Dichlorobenzeno 

Notes: Action level concentrations expressed as pgikg. 
ND = Not detected 



TABLE 2-20 

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

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Action Levels 

Contaminant 

Carcinogens 

4,4’-DDD 

4,4’-DDE 

4,4'-DDT 

PCB-1260 

1,4-Dichlorobenzene 

Benzene 

1,1,2,2-Tetrachloroethane 

Tetrachloroethene 

Benzo(a)anthracene 

Benzo(b)fluorantheno 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Chrysene 

Indenocl, 2,3-cdjpyrene 

Arsenic 

Beryllium 

Base Personnel Adult Resident 

1,200,000 710,000 

840,000 500,000 

840,000 i500,000 

37,000 22,000 

12,000,000 7,100,000 

9,900,000 5,900,000 

1,400,000 850,000 

5,500,000 3,200,OOO 

39,000 23,000 

39,000 23,000 

39,000 23,000 

39,000 23,000 

39,000 23,000 

39,000 23,000 

170,000 97,000 

67,000 39,000 

Notes: Action level concentrations expressed as pg/kg. 
ND = Not detected 
Tt.alicixnrl tax& idirntnn mnrant.rat.inna whirh PW-P~ an artinn level 

Maximum Contaminant Concentration per 
Grid Area 

Child Resident Lot 201 
Wooded 

Lot 203 Areas 

380,000 180,000 180 12,000 

270,000 17,000 2,100 4,200 

270,000 1,200,000 1,500 6,400 

12,000 36 42,000 26,000 

3,800,OOO 38 160 ND 

3,100,000 ND ND 850 

460,000 ND ND 55,000 

1,700,000 ND ND 7,000 



TABLE 2-20 (Continued) 

COMPARISON OF SOIL INGESTION 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 

Contaminant Base Personnel Adult Resident Child Resident 

Noncarcinogens 

l,l,l-Trichloroethane 92,000,000 65,000,OOO 7,000,000 

1,2-Dichloroethene 10,000,000 7,300,000 780,000 

I’etrachloroethene 10,000,000 7,300,000 780,000 

Anthracene 300,000,000 219,000,000 23,000,OOO 

Fluoranthene 40,000,000 29,200,000 3,100,000 

Pyrene 30,000,000 21,900,000 2,300,OOO 

Acenaphthene 61,000,OOO 43,800,OOO 4,700,000 

Barium 72,000,OOO 51,000,000 5,500,000 

Cadmium 510,000 370,000 39,000 

Chromium 5,100,000 3,700,000 390,000 

kfanganese 5,100,000 3,700,000 390,000 

4rsenic 310,000 220,000 23,000 

3eryllium 5,100,000 370,000 390,000 

Nickel 20,000,000 15,000,000 1,600,OOO 

Sine 310,000,000 220,000,000 23,000,OOO 

Notes: Action level concentrations expressed as pg/kg. 
ND = Not detected 
Italicized text indicates concentrations which exceed an action level. 

Lot 201 Lot 203 

42 15 

ND ND 

ND ND 

ND 440 

94 2,300 

99 2,800 

ND 9,500 

16,500 47,800 

1,500 9,300 

21,600 25,200 

20,400 182,000 

9,700 4,900 

220 210 

6,400 13,200 

135,000 604,000 

Wooded 
Areas 

ND 

1,500 

7,000 

260 

2,000 

2,700 

370 

1,410,000 

51,900 

54,600 

700,000 

26,300 

2,200 

79,400 

16,600,000 



Contaminant 

Carcinogens 

4,4’-DDD 

&c-DDE 

d,l’-DDT 

PCB-1260 

1,4-Dichlorobenzene 

Benzene 

1,1,2,2-Tetrachloroethane 

I’etrachloroethene 

3enzo(a)anthracene 

3enzo(b)fluoranthene 

3enzo(k)fluoranthene 

TABLE 2-21 

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 
Base Personnel Adult Resident Child Resident Lot 201 Lot 203 Areas 

3enzo(a)pyrene 

Zhrysene 

:ndeno (1,2,3-cd) Pyrene 

1rsenic 

3eryllium 

550,000 270,000 840,000 180,000 180 12,000 

390,000 190,000 60,000 17,000 2,100 4,200 

390,000 190,000 60,000 1,200,000 1,500 6,400 

29,000 14,000 44,000 36 42,000 26,000 

2,700,OOO 1,300,000 4,200,OOO 38 160 ND 

2,300,OOO 1,100,000 3,500,000 ND ND 850 

3,300,000 160,000 510,000 ND ND 55,000 

1,200,000 610,000 1,900,000 ND ND 7,000 

30,000 15,000 46,000 47 1,600 2,200 

30,000 15,000 46,000 160 2,700 2,200 

30,000 15,000 46,000 46 1,100 490 

30,000 15,000 46,000 78 1,800 1,500 

30,000 15,000 46,000 88 1,300 1,600 

30,000 15,000 46,000 ND 1,000 1,300 

38,000 180,000 580,000 9,700 4,900 26,300 

150,000 74,000 240,000 220 210 2,200 

Notes: Action level concentrations expressed as pg/kg. 
ND = Not detected 
Italicizedtextindicatas cnncentratinn~which AXCAA~ m sdkmlmel. 



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 

I 

Maximum Contaminant Concentration per 
Grid Area 

Wooded 
Areas Lot 203 Adult Resident Child Resident Lot 201 

140,000 87,000 1,200,000 

12,000,000 7,800,OOO 42 

1,300,000 860,000 ND 

1,300,000 860,000 ND 

140,000,000 87,000,OOO ND 

18,000,OOO 12,000,000 94 

14,000,000 8,700,OOO 99 

28,000,OOO 17,000,000 ND 

96,000,OOO 6,000,OOO 16,500 

6,900,OOO 4,300,000 220 

690,000 430,000 1,500 

6,900,OOO 4,300,000 21,600 

6,400 1,500 

15 

ND 

ND l,l,l-Trichloroethane 21,000,000 

1,2-Dichloroethene 2,300,OOO 1,500 

7,000 Tetrachloroethene 

Anthracene 

2,300,OOO 

240,000,OOO 

ND 

440 

2,300 

260 

2,000 I Fluoranthene I 32,000,OOO 

2,700 Pyrene 

Acenaphthene 

24,000,OOO 

48,000,OOO 

2,800 

9,500 

47,800 

370 

1,410,000 I Barium I 170,000,000 

2,200 Beryllium 

Cadmium 

12,000,000 

1,200,000 

210 

9,300 51,900 

54,600 25,200 

182,000 

Chromium 12,000,000 

Manganese 12,000,000 700,000 

79,400 13,200 Nickel 48,000,OOO 

Arsenic 710,000 4,900 26,300 

604,000 16,600,000 lz* inc I 710.000.000 

Notes: Action level concentrations expressed as pg/kg. 
ND =Not detected 
Italicized text indicates concentrations which exceed an action level. 



4,4’-DDT at Lot 201 exceeded 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 soil 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. 

2.3.3.5 Uncertaintv Analysis 

The uncertainties associated with calculating risk-based action levels are summarized below. 

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 such 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. 

I 

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: 

l Groundwater l @l 

- 1,2-Dichloroethane 
- Trans-1,2-Dichloroethene 
- Ethylbenzene 
- Tetrachloroethene 
- Trichloroethene 
- Vinyl Chloride 
- Arsenic 
- Barium 
- Beryllium 
- Chromium 
- Lead 
- Manganese 
- Mercury 
- Vanadium 

- PCBs 
- Benzene 
- Trichloroethene 
- Tetrachloroethene 
- 4,4’-DDT 
- Arsenic 
- Cadmium 
- Manganese 

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

>roundwater 

Contaminant of Concern 
Remediation 

Coal 

Bromodichloromethane 100 
Chlorobenzene 300 

1,2-Dichloroethane 0.38 

1,1-Dichloroethene 7 
Trans-1,2-Dichloroethene 70 
Ethylbenzene 29 
1,1,2,2-Tetrachloroethane 43 

Tetrachloroethene 0.7 

l,l,l-Trichloroethane 200 

1,1,2-Trichloroethane 5 

Trichloroethene 2.8 

Vinyl Chloride 0.015 

Xylenes 400 

Phenol 6,000 

Antimony 50 

Arsenic 50 

Barium 1,000 
Beryllium 4 

Chromium 50 

Copper 1,000 
Lead 15 
Manganese 50 
Mercury 1.1 
Nickel 100 
Vanadium 80 

ZhC 5.000 

TABLE 2-22 

PRELIMINARY REMEDIATION GOALS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Basis of Coal 

MCL 
MCL 

NC WQS 
MCL 

NC WQS 
NC WQS 

Risk-Ingestion 
NC WQS 
NC WQS 

MCL 
NC WQS 
NC WQS 
NC WQS 

Health Advisory 
MCL 

NC WQS 
NC WQS 

MCL 
NC WQS 
NC WQS 

MCL 
NC WQS 
NC WQS 

MCL 
Health Advisory 

NC WQS 

Corresponding Risk 

Carcinogenic 

ICR = l.OE-4 

Noncarcinogenic 



TABLE 2-22 (Continued) 

PRELIMINARY REMEDIATION GOALS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJETJNE, NORTH CAROLINA 

Remediation 
Corresponding Risk 

Medium Contaminant of Concern Goal Unit Basis of Goal Carcinogenic Noncarcinogenic 

Soil PCBs 10,000 P&z TSCA nonrestricted access area 
Benzene 5.4 Pg/k!z Risk-Protection of Groundwater 
Trichloroethene 32.2 P&g Risk-Protection of Groundwater 
Tetrachloroethene 10.5 &kg Risk-Protection of Groundwater 
1,2-Dichloroethene 780,000 P&#z Risk-Ingestion HI = 1.0 
1,1,2,2-Tetrachloroethane 160,000 l&k Risk-Dermal Contact ICR = LOE-4 
l,l,l-Trichloroethane 7,000,000 I@% Risk-Ingestion H.l = 1.0 
1,4-Dichlorobenzene 1,300,000 Pa% Risk-Dermal Contact ICR = l.OE-4 
4,4’-DDD 270,000 Ydk Risk-Dermal Contact ICR = LOE-4 
4,4’-DDE 60,000 P&g Risk-Dermal Contact ICR = LOE-4 
4,4’-DDT 60,000 Plzk Risk-Dermal Contact ICR = LOE-4 
Dieldrin 40,000,000 Pfivb Risk-Inhalation ICR = l.OE-4 
Arsenic 23,000 Pdk Risk-Ingestion HI = 1.0 
Barium 5,500,000 PI&i! Risk-Ingestion HI = 1.0 
Beryllium 21,000 wk Risk-Ingestion ICR = l.OE-4 
Cadmium 39,000 Pi&it Risk-Ingestion Hl = 1.0 
Chromium 390,000 Pf.Tb Risk-Ingestion HI = 1.0 
Manganese 390,000 Mk Risk-Ingestion HI = 1.0 

Zinc 23,000,OOO Pd% Risk-Ingestion HI = 1.0 



TABLE 2-23 

FINAL 
REMEDIATION GOALS FOR OU NO. 2 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 

koundwater 

Soil 

Preliminary 
Remediation 

Contaminant of Concern Goal Unit 

l,Z-Dichloroethane 0.38 w/L 

Trans-l,Z-Dichloroethene 70 Pi& 

Ethylbenzene 29 lx& 

Tetrachloroethene 0.7 I%& 

Trichloroethene 2.8 l-e~ 

Vinyl Chloride 0.015 PizfL 

Arsenic 50 Pa 

Barium 1,000 l-v& 

Beryllium 4 l4iY-L 

Chromium 50 Pi& 

Lead 15 ?xdJ 

Manganese 50 E& 

Mercury 1.1 la 

Vanadium 80 I-%& 

PCBs 10,000 Lwk 

4,4’-DDT 60,000 pi& 

Benzene 5.4 Wkg 

Trichloroethene 32.2 Wk 

Tetrachloroethene 10.5 @kg 

Arsenic 23,000 m&z 

Cadmium 39,000 Id% 

Manganese 390,000 Wkg 
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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 l.OE-4 and/or a noncarcinogenic HI > 1.0. The calculated carcinogenic risks from the 

other media were generally l.OE-5 or less. The HIS from the other media were significantly 

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 inorganic COCs 

exceeding the remediation goals where detected in monitoring wells throughout the operable 

unit and at background (upgradient) locations. Based on wide spread inorganic 

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-l 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 6GW16, chlorobenzene, 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 pegticides 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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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 FS, 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 areas have 

been identified as AOCs as shown on Figure 2-2. Soil AOCl 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. AOCl also covers the area where buried drums were 

identified and are being removed as part of a Time Critical Removal Action. AOCl is 

estimated to cover over 2.5 acres at a depth of 4 feet. Therefore, approximately 16,500 cubic 

yards of soil within 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 AOC5 

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

AOC5 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 Remedial 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 l Prevent ingestion of water with groundwater 
and Castle Hayne COCs exceeding the remediation goals. 

Aquifer (1) 
l Prevent the horizontal and vertical migration of 

contaminated groundwater in the aquifers. 

Soil AOCl(2) 

AOCl 

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

l Remediate the source of groundwater 
contamination at AOCl to a level that is 
protective of groundwater. 

l Mitigate the risks associated with human contact 
with solvent-contaminated surficial soils at 
AOCl. 

AOCZ l Remove soils that may be a potential source of 
surface water and sediment contamination to 
Wallace Creek. 

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

l Mitigate potential migration of PCB- 
contaminated soils at AOC3 and AOC4. 

AOC5 l Mitigate the risks associated with human contact 
with pesticide-contaminated soils at AOC5. 

AOC5 l Mitigate potential migration of pesticide- 
contaminated soils at AOC5. 

AOC6 l Mitigate the risks associated with human contact 
with PCB-contaminated soils at AOC6. 

AOC6 l Mitigate potential migration of PCB- 
contaminated soils at AOC6. 

There is no confining layer between the Surfmial 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 23.5 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 screening, 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 FS. The general response actions that 

will satisfy the remedial action objectives identified for OU No. 2 are listed on Table 3-1. 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 No Action 

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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‘3 
TABhd3-1 

GENERALRESPONSEACTIONSFOROPERABLEUNITNO.2 
FEASIBILITYSTUDY CTO-0133 

MCBCAMPLEJEUNE,NORTHCAROLINA 

Media Area of 
Concern Remedial Action Objective General Response Action 

Zroundwater Surficial and l Prevent ingestion of water with groundwater COCs exceeding the remediation goals. l No Action 

Castle Hayne 
Aquifers(l) l Prevent the horizontal and vertical migration of contaminated groundwater in the l Institutional Controls 

Surticial and Castle Hayne Aquifers. 
l Containment Actions 

l Restore the groundwater aquifer to meet the remediation goals set for the 
groundwater COCs. l Collection/Treatment Actions 

boil AOC(2) l Remediate the source of groundwater contamination at AOCl to a level that is l No Action 

protective of groundwater. 
0 Institutional Controls 

AOCl l Mitigate the risks associated with human contact with solvent-contaminated 
surlicial soils at AOCl. l Containment Actions 

AOC2 l Remove soils that may be a potential source of surface water and sediment l Excavation/Treatment Actions 
contamination to Wallace Creek. 

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

AOC3/AOC4 l Mitigate potential migration of PCB-contaminated soils at AOC3 and AOC4 

l Mitigate the risks associated with human contact with pesticide-contaminated soils 
AOC5 at AOC5. 

AOC5 l Mitigate potential migration of pesticide-contaminated soils at AOC5. 

AOC6 0 Mitigate the risks associated with human contact with PCB-contaminated soils at 
AOC6. 

l Mitigate potential migration of PCB-contaminated soils at AOC6. 

(1) There is no confining layer between the SurRcial and Castle Hayne Aquifers at thii 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. 



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. 

3.1.4 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 Excavatioflreatment 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. 

3.3 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 

WSEPA, 1988a). In general, all technologies/options which appear to be applicable to the sits 

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: 

0 Capping 

l Vertical Barriers 

l Horizontal Barriers 

l Reverse Osmosis 

0 Oil/Water Separation 

l Chemical Dechlorination 

l Plasma Arc Torch 

0 Pyrolysis 

l Wet Air Oxidation 

l In Situ Biodegradation 

3-4 



Media 

TABLE 3-2 

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

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Zroundwater 

General Response 
Action 

Yo Action 
[nstitutional Controls 

Containment Actions 

Collection/Treatment 
Actions 

Remedial Action Technology 1 Process Option 

Zapping 
Fencing 
Clay/Soil Cap 
Asphalt /Concrete Cap 

Vertical Barriers 

Soil c‘ over 
Multilayered Cap 
Grout Curtain 
Slurrv Wall 

Horizontal Barriers 

Extraction 
subsurface Drains 
Discharge 

Sheet Piling 
Rock Grouting 
Grout Injection 
Block Displacement 
Extraction Wells 
Interceptor Trenches 
Reinjection 
0 Injection Wells 

. 

Air Stripping 
Steam Stripping 
Carbon Adsorption 
IReverse Osmosis 
Ion Exchange 
Chemical Reduction 
Chemical Oxidation 
Neutralization 
Precipitation 
Oil/Water Senarator 

(Filtration . 
Flocculation 
Sedimentation 
Chemical Dechlorination 

Physical/Chemical 
Treatment 
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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 CTO-0133 
MCBCAMP LEJEUNE, NORTH CAROLINA 

General Response Action Remedial Action Technology Process Option 

l Liquid Injection 

l Fluidized Bed 

Silicate-Based Processes 
plastic Techniques 
Microencapsulation 
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TABLE 3-2 (Continued) 

POTENTIAL SET OF REMEDIAL ACTION TECHNOLOGIES AND 
PROCESS OPTIONS IDENTIFIED FOR OPERABLE UNITNO. 2 

FEASIBILITY STUDY CT04133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media General Response Action Remedial Action Technology Process Option 

ioil (Cont) Excavation/Treatment 
Actions (Cant) 

Thermal Treatment Incineration 
o Rotary Kiln 
l Fluidized Bed 
Low Temperature Thermal Stripper 
Molten Salt 
Plasma Arc Torch 
Infrared Incineration 
Pyrolysis 
Wet Air Oxidation 

In Situ Treatment Biodegradation 
Volatilization (Vapor Extraction) 
Soil Flushing 
Chemical Immobilization 
* Polymerization 
0 Precipitation 
Chemical Detoxification 
l Oxidation 
l Reduction 
l Neutralization 
l Hydrolysis 
Vitrification 
Heating 
Artificial Ground Freezing 

Off-Site Treatment/Disposal RCRA Facility 
Landf.21 
l Hazardous 
l Nonhazardous 
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TABLE 3-3 

PRELIMINARY SCREENING OFGROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY STUDY CTO-0133 

I 
MCB CAMP LEJEUNE, NORTH CAROLINA 

- 

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

Qo Action No Action Not Applicable NO action - contaminated Potentially applicable to any site; Retained 

nstitutional Controls Monitoring 
groundwater remaina a~ is. 

Groundwater Monitoring 
required by the NCP. 

Ordinances 
Ongoing monitoring of existing wells. Potentially applicable. Retained 

Aquifer-Use Restrictions Prohibit the use of the contaminated Potentially applicable. Retained 

Access Restrictions Deed Restrictions 
aquifer aa a drinking water source. 
Limit the future use of land including Potentially applicable. Retained 
dacement of wells. 

Fencing Limit acceaa by installing a fence Potentially applicable; Borne fencing Retained 

:ontainment Actions Capping 
around contaminated area. 

Clay/Soil Cap 
already exists. 

Capping material placed over areaa of Eliminated 
Asphalt/Concrete Cap 

Doea not appear to be applicable for 
contamination. 

Soil Cover 
contaminated groundwater based on 

Multilayered Cap 
the large plume area and depth of the 

Vertical Barriers 
contamination. 

Grout Curtain Pressure injection of grout in a The heterogeneity of the fill material Eliminated 
regular pattern of drilled holes to at the Operable Unit may prevent a 
contain contamination. “gap-free” curtain. No continuous 

confining layer under the sites for the 
wall to adjoin to. 

lior~zontal Unrncrs 

SlurryWall--- Trench around areas of The heterogeneity of the fill material Eliminated 
contamination. The trench is filled at the Operable Unit may prevent a 
with a soil bentonite slurry to limit “gap-free” curtain. No continuous 
migration of contaminants. confining layer under the sites for the 

wall to adjoin to. 
Sheet Piling Interlocking sheet pilings tnstalled No 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, hsures, solution cavities, 
or other voids in rock to control flow of 
groundwater. 

&out InJectlon Pressure ugectlon ot grout to form a Techm 
iE;yhrn seal acroae a site at a specific stage. 8 

ue WJ m the experimental filmmated 
epth of the contammated . 

rmou$water at the sites would hmlt 

mock Emplacement C;ontmued pumpmg of grout Into oundwater Ehmmated . 
s 
r 

cially notched holes causing 
Uepth ot contammated a 

replacement of a block of 
would limit ita uae. Tee mque is in 

contaminated earth. 
the experimental stage. 



TABLE 3-3 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY STUDY CTO-0133 

I 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I I I I I I 
General Response Action Remedial Action Technology Process Option Description Site-SpecZc Applicability Screening Results 

Containment Actions Extraction 
(cent) 

Extraction Wells 

Subsuriace Drains Interceptor Trenches 

Series of wells ~n~;~b;ct 
contaminated era 

Potentially applicable Retained 

Perlorated talled‘ tre h 
backfilled st?Eus m;a $o$ct 

Depth of the contaminated Ketained 

contaminated groundwater. 
undwater will limit its use. 



3eneral Response Actior 

~0llectiomTreatment 
ktions 
cant) 

TABLE 3-3 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY STUDY CTO-0133 

Remedial Action Technolo 

Applicable to cyanide, organics, and 



General Response Action 

:ollectiom%eatment 
ktions 
cant) 

TABLE 3-3 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY STUDY CM-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Action Technology Process Option Description Site-Specific Applicability ScreeningResults 

>hysical/Chemical Filtration Removal of suspended solids from Potentially applicable Retained 
keatment solution by forcing the liquid through 
cont.1 a porous medium. App‘licable to 

suspended solids. 
Flocculation Small, unsettleable particles Potentially applicable Retained 

suspended in a liquid medium are 
made to agglomerate into larger 
particles by the addition of 
flocculating agents. Applicable to 
par&dates and inorpanics. 

Sedimentation Removal of suspended solids in an Potentially applicable Retained 
aqueous waste stream via gravity 

Chemical Dechlorination 
WEG) 

separation. Applicable to suspended 
solids. 
Process which uses specially Not applicable to the groundwater Eliminated 
synthesized chemical reagents to contaminants of concern. 
destroy hazardous chlorinated 

?hermal Treatment Incineration 
a Liquid Injection 
l Rotary Kiln 
l Fluidized Bed 

molecules or to tasify them to form 
other leas harmful compounds. 
Applicable t.oPCBa, chlorinated 
hydrocarbons and dioxins. 
Combustion of waste at high Potentially applicable Retained 
temperatures. Different incinerator 
types can be applicable to pumpable 
organic wastes, combustible liquids, 

Plasma Arc Torch 

contacta hot molten salt to undergo 
catalytic destruction. Applicable for 
hazardous liquids, low ash, high 
chlorine wastes. 
Advanced incineration; pyrolyzing Lack of operational experience Eliminated 
wastes into combustible gases in 
contact with a gas which has been 
energized to its plasma state by nn 
electrical discharge. Applicable for 
liquid organic waste. 



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 Results 

CollectionPkeatment Thermal Treatment 
Actions 

Pyrolysis Advanced incineration; thermal Typically used for compounds not Eliminated 

[cant) 
conversion of organic material into conductive to conventional 
solid, liquid, and gaaeoue components; incineration; Operable Unit No. z 
takes place in an oxygen-deficient compounds are suitable to other 
atmosphere. Applicable for organica incineration methods. 

phase oxidation of dissolved or volume8 of water. 
suspended organiceubstances at 
elevated temperaturea and pressures. 
Applicable for organica with high 
COD. high strength wastes. and for 

Off--site Treatment 
oxidizable inorganica. 

POTW Extracted groundwater discharged to Potentially applicable Retained 
Jacksonville POTW for treatment. 

RCRA Facility Extracted gronndwater discharged to Potentially applicable Retained 
licensed RCRA facility for treatment 

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 aquifer. This technology is at the 
augmentation of microbial activity to experimental &age for treatment of 
degrade contamination. Applicable to deeper aquifers. 
a wide range of organic compounds. 

Air Sparging “In Situ Air Stripping”. Used in Potentially applicable as a shallow Retained 
combination with treatment of soils in aquifer technology. In deep zones, 
the unsaturated zone. Applicable te well spacing requiremente make the 
organica. 

On&to Discharge 
use cost prohibitive. 

Surface Water Treated water discharged to stream Potentially applicable Retained 

0 Injection Wells aquifer via tree ofahallow infiltration applicable. Site geology and low 
l Iniiltration Galleriee galleries (trenches) or via deep water table may prohibit the use of 

injection wells. infiltration galleries. 
POTW Treated water discharged to Potentially applicable Retained 

Jacksonville POTW. 



TABLE 3-3 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATERTECHNOLOGIES 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 Results 

CollectiowTreatment Off-Site Discharge Pipeline to River Treated water discharged to river off Potentially applicable Retained 
Actions 
(cant) Sewagefieatment Plant 

site (i.e., New River). 
Treated water discharged to Hadnot Potentially applicable Retained 

Drinking Water Plant 
Point Sewage Treatment Plant 
Tre ted water diiharged to Camp 
Lejke Drinking Water Treatment 

Potentially applicable Retained 

Deep Well Injection 
IPlant 
Tr ted water is rein&&xi into the 
b: 

Potentially applicable Retained 
aouifer located under the Castle 



TABLE 3.4 

PRELIMINARY SCREENING OF SOILTECHNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEXWNB, NORTH CAROLINA 

General Response Action Remedial Action Technology Process option Description SiteSpecitic Applicability ScreeningResults 

?o Action No Action Not Applicable No Action -contaminated soil remains Potentially applicable to any site, Retained 
untreated. required by NCP. 

nstitutional Controls Monitoring Monitoring Periodic sampling and analyses. Potentially applicable Retained 
Access Restrictions Deed Restrictions Limit future land use in areas with Potentially applicable Retained 

soil contamination. 
Fencing Limit access by installing fencing Potentially applicable; some fencing Retained 

around contaminated areas. already exists 
!ontainment Actions Cawhz Clay/Soil Cap Compacted impermeable clay layer Potentially applicable - vegetation Retained 

covered with soil installed over and Piney Green Road may interfere 
contaminated area. with implementation. 

AsphaWConcrets Cap Spray a layer of asphalt over Potentially applicable -vegetation Retained 
contamJnated areas or seal the area and Piney Green Road may interfere 
with concrete. 

Soil Cover 
with implementation. 

Soil layer placed on existing ground Potentially applicable -vegetation Retained 
surface to seal off contamination from and Piney Green Road may interfere 
aboveground surface. with implementation. 

‘Multilayered Cap Clay and synthetic membrane placed Potentially applicable - vegetation Retained 
over contaminated area. Areas then and Piney Green Road may interfere 

lxcnvntion/Treatment 
,ctions 

Excavation 

Revegetation 

Soils Excavation 

run-off characteristics on and around in eonjunction with a capping option. 
contaminated areas to control Alone, does not address soil 
infiltration and erosion due to surface contamination. 
water. 
Establish a vegetative cover over Potentially applicable -in conjunction Retained 
contaminated areas to stabilize the with other procesn options. Alone, 
gound surface does not address soil contamination. 

Mechanically remove contaminated Potentially applicable - useful in Retained 
soils from ground. conjunction with other process 

options. -~ ~ .~~ ~ 



TABLE 3-4 (Continued) 

PRELIMINARY SCREEMNG OF SOILTBCBNOLOGIES Ati PROCESS OPTIONS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LBJBUNB, NORTH CAROLINA 

=eneral Response Action Remedial Action Technology Proceaa Option Description Site-Specific Applicability Screening Results 

kcavatiofieatment Biological Treatment Land Treatment 
ktions (Cont.) 

Spread contaminated soil over land Not applicable-not proven for PCB Retained for organic 
and rely on natural microbial action contaminated 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 
technique where contaminated soils contaminated soils. Applicable contamination only. 
containing organic wastes are mixed primarily for organic compounds. 
with bulking agents, placed in large 

?hysical/Chemical 
piles and aerated. 

Solidification/Stabilization Methods b 
Treatment 

y  which additives are Potentially applicable primarily for Retained 
l Cement-Based Processes incorporated into the contaminated inorganic compounds. Technology is 
s Polymer-Based Processes soils to encapsulate the compounds of in developmental stage for moat 
o Silicate-Based Processes concern. organic compounds. 
l Thermoplastic Techniques 
l Surface Microencapsulation 
0 Vitrification 
S 1 Washing (Solvent The extraction of contaminants from Potentially applicable 
&hing/Extraction) 

Retained 
excavated soil by mixing the soil with 
water, solventa, eurfactante, or 
chelatingagents. 

Chemical Dechlorination (KPEQ) Process which uses specially Potentially applicable for PCR Retained 
synthesized chemical reagente to contaminated soils. 
destroy hazardous chlorinated 
molecules or to detoxify them to form 
other less harmful compounds. 
Applicable to PCBs, chlorinated 
hydrocarbons and dioxlns. 

yhermal Treatment Incineration Combustion of waste at high Potentially applicable Retained 
4 Rotary Kiln temperatures. Suitable for soils, 
l Pluidized Bed sludges, slurries. 
tow Temperature Thermal Combustion ofvolatile compounds Not applicable, potential formation of E1iminat.d 

Strippor without heating the soil matrix to dioxlna at low temperatures for PCB 
combustion temperatures. contaminated soils. 

molten Salt Advanced incineration: waste Potentially applicable Retained 
contacts hot molten salt to undergo 
catalytic destruction. 



TABLE 34 (Continued) 

PRELIMINARY SCREENING OF SOILTECDNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

seneral Response Action Remedial Action Technology Process Option Description Site-Specific Applicability ScreeningResults 

SxcavatiowTreatment Thermal neatment (Cont.) Plasma Arc Torch 
Ictions 

Advanced incineration; destroys Not applicable for soils -- only for Eliminated 

Cont.) 
wastes by pyrolyzing them into pumpable organic wastes and finely 
combustibte gases in contact with a divided, fluidized sludges. 
gas which has been energized. 

Infrared Incineration Advanced incineration; destroys Potentially applicable Retained 
wastee by using silicon carbide 
elements to generate thermal 
radiation. 

uid, and gaseous components; 
ce in oxygendeficient 



TABLE 3-4 (Continued) 

PRELIMINARY SCREENING OF SOILTECHNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY STUDY CT0.0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

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

SxcavatiowTreatment In Situ Treatment (Cont.) Vitrification Emerging technology; contaminated Potentially applicable 
Lctions 

Retained 
soil is converted into a durable glass 

Cont.) and crystalline form by melting the 
soil bv electrical heat. 

Heating Emerging technology; destroys or May not be applicable to PCB Eliminated 
removes organic contaminants in soil contaminated soils. 
through thermal decomposition, 
vaporization. and distillation. 

Artificial Ground Freezing Emerging technoiogy; involves May not be applicable to PCB Eliminated 
installing freezing loops in the ground contaminated soils. Not a permanent 
with a self-contained refrigeration solution. 
system that pumps coolant around the 
loops. Soils around the wastes are 
frozen. Temnorarv treatment. 

Off-Site Treatment/Disposal RCRA Facility Excavated soils are transported to a Potentially applicable Retained 
licensed RCRA facility for treatment 
and/or disposal. 

Zandfill Excavated soils are transported to a Potentially applicable Retained 
permitted landiill for disposal either 
hazardous or nonhazardous. 



The soil technologies/options that were eliminated include: 

l Low Temperature Thermal Stripper l In Situ Chemical Detoxification 

l Plasma Arc Torch l In Situ Heating 

l Wet Air Oxidation l Artificial Ground Freezing 

l In Situ Chemical Immobilization 

The technologies and process options that passed this preliminary screening are listed on 

Table 3-5. 

3.4 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. 
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Media 

roundwater 

TABLE 3-5 

SET OF POTENTIAL TECHNOLOGIES/PROCESS OPTIONS 
THAT PASSED THEi PRELIMINARY SCREENING 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response Action 

No Action 
institutional Controls 

Containment Actions 

Collection/Treatment 
Actions 

Remedial Action Technology I 
Process Option I 

Yo Action 
!4onitoring 
3rdinances 
4ccess Restrictions 

Extraction 
Subsurface Drains 
Discharge 

Extraction 
Subsurface Drains 
Biological Treatment 

Not Applicable 
Groundwater Monitoring 

IAquifer-Use Restrictions 
IDeed Restrictions 
IFencing 
Extraction Wells 
Interceptor Trenches 
Reinjection 
0 Injection wells 
Extraction Wells 
Interceptor Trenches 
Aerobic 

Physical/Chemical 
Preatment 

Air Stripping 
* 
Carbon Adsorption 
Ion Exchange 
Chemical Reduction 
Chemical Oxidation 
Neutralization 
Precinitation 

I’hermal Treatment 

Off-Site Treatment 

1n Situ Treatment 
On-Site Discharge 

Filtration 
Flocculation 
Sedimentation 
Incineration 
Molten Salt 
POTW 
RCRA Facility 
Sewage Treatment Plant 
Air Sparging 
Surface Water - 

IReinjection I 

Off-Site Discharge 
0 Injection wells 
POTW 
Pipeline to River 
Sewage Treatment Plant 
Drinking Water Plant 
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Media General Response Action 

soils 

TABLE 3-5 (Continued) 

SET OF POTENTIAL TECHNOLOGIESlPROCESS OPTIONS 
THAT PASSED THE PRELIMINARY SCREENING 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

No Action 
Institutional Controls 

Containment Actions 

Excavation/Treatment 
Actions 

Remedial Action Technology I 
Process Option 

. 
No Action 
Monitoring 
Access Restrictions 

Capping 

Surface Controls 

Excavation 
Biological Treatment 

Not Applicable 
Monitoring 
Deed Restrictions 
Fencing 
Clay/Soil Cap 
Asphalt/Concrete Cap 
Soil Cover 
Multilayered Cap 
Grading 
Revegetation 
Soils Excavation 
Land Treatment 
Cornposting 

Physical/Chemical Solidification/Stabilization 
Treatment Soil Washing 

Chemical Dechlorination @PEG) 
Thermal Treatment Incineration 

Molten Salt 
Infrared Incineration 
Pyrolysis 

In Situ Treatment Biodegradation 
Volatilization 
Soil Flushing 
Vitrification 

Off-Site Treatment/Disposal RCRA Facility 
Landfill 
l Hazardous 

Ia Nonhazardous 
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A summary of the process 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 FS 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. 
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TABLE 3-6 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CTO-0133 

kt.ions 

S b urfaco 
Disk 

Interceptor Trenches &$o moderate capital, low 

Lhachorgo I~o~~oct~on - Iq@lon Wells 

l More effective for low permeability 
soils than extraction wells 

l Eilectne lor wntammg a contnml- 
noted groundwater plume ifused in 

l Eastiy metalled Moderate capital, moderate Ketamed 
l Equipment readily available O&M 

conjunction with extraction wella l 

Potential exposures during 
No permits required 

l 0 
implementation 

Require pilot teat 
0 Significant maintenance 

l Injection wells effectivenees is 
dependent on site geology 

l Welle tend to clog m time 



TABLE 3-3 (Continued) 

SUMMARY OF GROUNUWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CTO-0133 

MI-VI CIA MD I P~r*TIwIp wnlmvx 0 * DAT ml.4 
‘.I”Y “IIlllJr UY”~“,.Y) ,.“AbA I I  “ I IA*“YI I . rb  

Evaluation 

General Remedial 
Response Action Evaluation 

Action Technology Process Option Effectiveness Implementability cost Results 

~ollectionl Extraction Extraction Wells l Effective for collecting andlor l Easily implemented Moderate capital, low O&M Retained 
keatment containing a contaminated l Equipment readily available 
4ctions groundwater plume l No permits required 

l Potential exposures during 
implementation 

Subsurface Interceptor Trenches l Effective for collecting and/or l Equipment readily available Low te moderate capital, low Eliminated 
Brains containing a contaminated l Requires extensive O&M 

groundwater plume excavationkrenching 
l Potential exposures during l Requires more area than extraction 

implementation wells 
l Applicable for shallow groundwater 

plumes 
l Slower recovery than extraction 

wells 
l More effective for low permeability 

aoila than extraction wells 
Biological Aerobic l May be able to meet remediatton l Equipment should be easily Moderate capital, moderate Retained 
Treatment goals obtainable O&M 

l Potential exposures during l Mobile units available 
implementation l May require bench-scale testing 

l Effectiveness dependent on 
biodegradability of contamlnanta 

Anaerobic l May be able to meet remediatioa l Equipment should be easily Moderate capital, moderate Retamed 
&w~ obtainable O&M 

l Potential exposures during l Mobile unlta available 
implementation l May require bench-scale testing 

l Eif4octiveno.w dependent on 
anaerobic biodegradability of 
contaminants 

l Veiy slow process 



TABLE 3-G (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CTO-0133 

MOR 0 A MD T E’.Ui’lTNE’ NnRWU SAR(,LmA 

General Remedial 
Response Action Evaluation 

Action Technology Process Option Effectiveness Implementability cost Results 

1ollectionl Physical/ Aii stripping l l Retained 
\reatment 

Can potentially meet remediation 
Chemical 

Equipment readily available Moderate capital, low to 
goals for organics l Many mobile units available moderate O&M 

ictions Treatment a Feasible for large volumes of l 
Zont) 

May require bench-scale testiig 
moderate to low soluble VOC- 0 Off-gas and/or tower scale treatment 
contaminated water may be required 

a Lower efficiency in cold weather l May require air emissions permit 
l Proven and widely used technology 
l Potential exposures during 

implementation 
l 

Steam Stripping 
May require pretreatment for metals 

l Can potentially meet, remediation l Readily available, not as common as Moderate capital, moderate to Eliminated 
.kw~ air stripping high O&M 

l Feasible for large volumes of VOC- l May require air emissions permits 
contaminated water l O&gas and/or tower scale treatment 

l Lower efficiency in cold weather may be required 
l May require pretreatment for metals 

and oils and grease 
l Typically used for less volatile or 

highly soluble compounds 
Carbon AdsorptIon 0 Can potentially meet remedratioa . Equipment readily available Moderate capital (dependent on Retsmed 

goals l Many prefabricated mobile units loading requirements), moderate 
l Applicable to a wide variety of available to high O&M 

organica and inorganica l May require bench-scale testing 
l Can be used as a polishing step l 

follovi-ing air stripping 
Lv;;;bon must be properly 

n 
. Proven and widely used technology 
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SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CTO-0133 

Effectiveness Implementability 

moderate to high O&M 

single units that are 

voluminous, diicult to dewater, and 
may require troatmont 
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SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE NORTH CAROLINA 

removing suspended solids kom 

11 establiihed technology 
l Applicable to any aqueous waste 

stream where particlea must be 
agglomerated into larger more 
settleable psxticles prior to other types 

l Performance depends on the 
variability ofthe composition of the 



General 
Response 
Action 

collection/ 
reatment 
ctions 
2ont) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
FEASIBILPY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I Evaluation 

Remedial 
Action 

Technology 

phermal 
Preatment 

Process Option I Effectiveness 

Molten Salt 

l May meet remediation goals 
l Capable of burning waste in any 

physical form 
l Susceptible to thermal shock 
l Low thermal efficiency 
. Potential exposures during operation 

l May meet remediation goals 
l Applicable for the destruction of 

liquids and solids 
l Appears to be sensitive to materials 

containing high ash content or high 
chlorine content 

l Molten salt produced may be corrosive 

B-Site 
Yeatment 

POTW 
l Potential exposures du&g operation 
l Effectiveness and reliability require 

pilot test to determine 

1 RCRA Rcility 
I 
I l Effective and reliable treatment 

Sewage !Preatment Plant 
l Transportation required 
l Effectiveness and reliability require 

pilot test to determine 

nSitu 
keatment concept is new (emerging technology) 

Cenerally considered a shallow aquifer 

Implementability I cost 
I 

l Commercialh available and widelv 
w 

1 High capital, moderate to high 
O&M 

a zires air emission controls and 
extensive maintenance 

l Skilled workers required 
l Generates exhaust cases and ash 

residue 
l Emerging technology 

Developmental, pilot-scale units 
High capital, moderate to high 

D O&M 
available 

B Requires frequent bed replacement 

B Existing POTW may need upgraded Lot capital, moderate O&M 
s Readily implementable if POTW will 

grant permission; otherwise may not 
be feasible I 

B Permit required 
B Dependent on availability of and 

distance to nearest RCRA facility 
B Readily implementable ifSTP will 

Moderate capital, moderate 
O&M 
Low capital, low O&M 

b Equipment and materials should be 

) Trea&bllity studies required 
I May reduce the remediation time as 

compared to bioremadiation alone 

T 
Evaluation 

Results 

Retained 

Eliminated 

3etamed 

EliIIlinated 

LXmmated 
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Evaluation 

General Remedial 
Response Action 

Action Technology Process Option 
Evaluation 

Effectiveness Implementability cost ReSUltd? 

>ollection/ On-Site Surface Water l 

keatment 
Effective and reliable discharge l 

Discharge 
May require impact studies to assess 

method 
Low to moderate capital, low Retained 

affects to environment O&M 
ktions l 

Cant) Remjection -Injection Wells 
NPDES permit required 

l Injection wells effectiveness is highly l Easily installed Moderate capital, moderate O&M Eliminated 
dependent on site geology l Equipment readily available 

l Wells tend to clog in tie l No permits required 
l Potential exposures during 0 Require pilot test 

implementation 
Off-Site POTW 

0 Significant maintenance 
l Eliminated 

Discharge 
Effective and rehable discharge . D ischarge permits required 
method 

Low capital, moderate O&M 
l Acceptance by a local POTW may be 

ditktlt to obtain 
Moderate to high capital, low 
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Evaluatlon 

General Remedial 
Response Action 

Action Technology Process Option Effectiveness Implementability cost Evaluation Results 

qo 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. 

nstitutional Monitoring Monitoring 
:ontrols 

Evaluation not necessary since only one Evaluation not necessary since only one Evaluation not necessary since Retained 
process option. 

Access Deed Restrictions 
process option. only one process option. 

l 
Restrictions 

Does not meet remediation goals l Easily implemented Negligible Cost Retained 
alone a Legal requirements 

l No exposures during implementation 
a Effectiveness dependent on 

Tenting 
continued future implementation 

l Does not meet remediation goals l Easily implemented Low Capital, Low C&M Retained 
alone l Existing fence around Lots 201 and 

a Minimal to low exposures during 203 
implementation l No legal requirements 

lontainment Capping Clay/Soil Cap a Does not eliminate contamination a Easily implemented Low Capital, Moderate O&M Eliminated 
Lction but effectively seals off surface l Materials, workers, equipment easily 

l Reliable capping technology obtainable 
l Restrictions on future land we 

required 
Asphalt/Concrete Cap a Does not elimmato contamination, a Easily implemented Low Capital; Moderate O&M Eliminated 

but is an effective sealant l Matarlala, equipment, workers easily 
l Reliable capping technology, but it is obtainable 

susceptible to weathering and l Restrictions on future land use 

Boil Cover 
cracking required 

a Does not eliminate contamination, a Easily implemented Low Capital; Moderate O&M Retained 
but is an effective direct contact l Materials, equlpment, workers easily 
barrier obtainable 

l Reliable technology for a contact a Restrictions on future land use 
barrier, but it is susceptible to required 
cracking 

Multilayered Cap s Does not eliminate contamination, a Easily implemented Moderate Capital; Moderate Retained 

but is an effective sealant a Materials, equipment, workers easily O&M 
l Reliable capping technology obtainable 

a Restrictions on future land use 
required 

/ 
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SUMMARY OF SOIL PROCESS OPTION EVALUATIONS 
FEASIBILITY STUDY CTO-0133 
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Evaluation 

General Remedial 
Response Action 

Action Technology Process Option Effectiveness Implementability cost Evaluation Results 

?ontainment Surface Qrading a Retained 
mtion Controls 

Does not meet remediation goals, but a Easily implemented Low Capital; Low O&M 

Cont.) 
is a proven method for controlling l Equipment and workers easily 
infiltration and erosion obtainable 

Revegetation a Does not meet remediation goals, but l Easily implemented Low Capital; Low O&M Retained 
is an effective method for stabilizing a Materials, equipment, workers easily 
the surface of a waste site obtainable 

a Minimal impacts during construction 
Zxcavationl Excavation Soil Excavation l Can remove soils with contamination l Retained 
keatment 

Easily implemented Low Capital, No O&M 

Lctions 
above the remediation goals l Equipment and workers easily 

l High potential impacta during obtainable 
implementation 

Treatment 

Physical/ 
Chemical 
Treatment 

Composting 

Solidification/Stabilization 

goals l Requires treatability study O&M voc/svoc- 
a Potential exposures during contaminated soils 

excavation, installation, and 
operation 

a Effective for biodegradable and 
volatile compounds 

a May be able to meet remediation a Requires less space than land Moderato Capital, Moderate Eliminated 
goal8 treatment O&M 

l Potential exposures during l Takes longer than land treatment 
excavation, installation, and a Requires treat-ability study 
operation 

a Effective for biodegradable and 
volatile compounds 

a Reduces migration potential of a Skilled workers required High Capital; Moderate O&M Eliminated 
contaminants (primarily inorganica) l May require bench scale testing 

0 Contaminanta still present in waste l Complex design and evaluation 
l Long term reliabiltty is uncertain required 



General 
Response 

Action 

Xxcavationl 
freatment 
Jctions 

Remedial 
Action 

Technology 

Physical/ 
Chemical 
fieatment 
1Cont.J 

yhermal 
?reatment 

Process Option 

Soil Washing 

Chemical Dechlorination 
(KPEG) 

[ncineration 

tiolten Salt 

TABLE 3-7 (Continued) 

SUMMARY OFSOILPROCESSOPTIONEVALUATIONS 
FEASIBILITY STUDY CTO-0133 
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Evaluation 

Effectiveness 

l May be able to meet remediation 
goals 

l Potential exposures during 
excavation, installation, and 
operation 

l Effectiveness is highly dependent 
upon site-specific conditions 

l Lees effective with complex mixtures 
of waste typee 

0 Limited to granular soils 
l Achieves performance levels that are 

considered equivalent to inciueration 
l Treatment efficiency varies with 

Aroclor type 
l Producta of treatment reaction are 

non-toxic, non-mutagenic, and non- 
bioaccumulative 

l Treated waste may still require 
chemical waste landfill dis&nd 

l Should be capable of meeting 
remediationgoals 

l Capablo of burning waste in any 
physical form 

l Potential exposures during operation 
and monitoring 

l May be able to meet remediation 
goals 

a Sensitive to materials containing 
high ash content or high chlorine 
content 

a Molten salt produced may be 
corrosive 

Implementability 

l Residuals are generated that require 
treatment 

l Skilled workers required 
l Equipment should be easily 

obtainable 

l Treatability study may be required 
l Skilled workers required 
l May require transportation 
l Cost varies with reagent 

recyclability 

l Mobile units commercially available 
and widely used 

l Requires air emission controls and 
extensive maintenance 

l Skilled workers required 
l Generates residuals: exhaust gas 

and ash 
l Innovative technology 
l Departmental stage; pilot-scale uniti 

available 
l Requires frequent bed replacement 

cost 

Moderate Capital; Moderate 
O&M 

High Capital; Low O&M 

High Capital; Low O&M 

High Capital; High O&M 

Evaluation Results 

Eliminated 

Retained for PCB- 
contaminated soils 

Retained 

Eliminated 
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Evaluation 

General Remedial 
Response Action 

Action Technology Process Option Effectiveness Implementability cost Evaluation Results 

~xcavati0i-J Thermal Infrared Incineration l 
keatment Treatment 

May be able to meet remediation l Generated residuals include flue 
goals 

High Capital; High O&M Eliminated 

ictions (Cont.) 
gases, ash, scrubber eilluenta 

l 
Cont.) 

Effectively treated halogenated and l Mobile units are available 
nonhalogenated organic, 

l Soils and sludges must be greater 
than 22 percent solids or must be 
dewatered 

l Nonuniformfeedsizerequirea 
pretreatment prior to entering unit 

l Heavy metala are not fixed in aah 
Pyrolysis l May be able to meet remediation Eliminated 

goala 
l Mobile unita are commercially High Capital; High O&M 

available 
l Not effective for wastea with 

nitrogen, rmlfur, or eodium contenta 
l 

In Situ 
Requirea homogeneous waste input 

Biodegradation l 
Treatment 

More suited to non-PCB organic l PC%a may be toxic to Moderate to High Capital; Eliminated 
contaminants and may not meet PCB microorganiema Moderate to High O&M 
remediation goals l Requlrea treatability studies 

l Treatment can be inconeiatent due to l Dependent upon site hydrogeology 
variations in biological activity 

Volatilization l Highly dependent on site geology l Equipment readily available Moderate Capital; Low to Retained for VOC- 
l Applicable to VOCa andaelected l Easy to inatall (vapor extraction Moderate O&M contaminated soils 

SVOCe only wells) 
l Not eflective for PCBe l Dependent upon site geology 

l Pilot studies may be required 
Soil Flushing a More suited to non-PCB organic l Requires treatability studies Moderate to High Capital; Eliminated 

contaminanta and may not meet PCB l Dependent upon site hydrogeology Moderate to High O&M 
remediation goala l System must be integrated with a 

l Difficult to achieve uniformcleaning soluble plume containment system 
due tc soil inconsistency 

l Treatment of washing solvent 
required 
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SUMMARY OF SOIL PROCESS OPTION EVALUATIONS 
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Evaluation 

General Remedial 
Response Action 

Action Technology Process Option Effectiveness Implementability cost Evaluation Results 

Excavation/ In Situ Vitrification l Retention of volatile metals in melt is a 
?reatment Treatment 

Buried metals may result in shorting High Capital; Minimal O&M Eliminated 

ictions (Cont.) 
reduced aa surface is approached of electrodes 

a l 
cant) 

Groundwater should not be present Loosely packed rubbish may result in 
in soils to be treated underground fires 

a Feasibility tests must be performed 
to determine soil’s conductance 

Off-Site RCRA Facility a Will meet remediation goals l 
Treatment/ 

Dependent upon facility availability High Capital; Minimal O&M Retained 
a 

Disposal 
Potential exposure during excavation l Requires transportation 
and transportation activities a Adequate testing required 

Landfill l Will meet remediation goals at the l Dependent upon landfill capacity Moderate to High Capital; Retained 
site but does not destroy the l Requires transportation Minimal O&M for hazardous 
contaminants a Adequate testing required waste landfill 

b “Cradle to Grave” problem 
a Potential exposures during Low to Moderate Capital; 

excavation and transportation Minimal O&M for nonhazardous 
activities waste landfill 



TABLE 3-8 

FINAL SET OF POTENTIAL REMEDIAL ACTION TECHNOLOGIES 
AND PROCESS OPTIONS 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 

Sroundwater 

General Response Action Remedial Action Technology Process Option 

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 Aerobic 
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4.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES 

In this section, general response actions and the process options chosen to represent the 

various technology types applicable for CU 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 FS is optional. It will only be conducted if too many alternatives are initially 

developed. 

4.1 Development of Alternatives 

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 af%cted 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. 
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TABLE 4-1 

POTENTIAL SET OF GROUNDWATER REMEDIAL ACTION ALTERNATIVES 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

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 

Yreatment Treatment Train Extracted groundwater X x X 
Consisting of Air Stripping, 
Carbon Adsorption, and 
Metals Removal 

Discharge Surface Water (Wallace Treated groundwater X X X 

Creek) 



TABLE 4-2 

POTENTIAL SET OF SOIL REMEDIAL ACTION ALTERNATIVES 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

1 2 3 4 5 6 7 

Capping ma 
Capping ma On-Site On-Site 

On-Site W-Site Treatment Treatment 
No On-Sit.43 Treatment Treatment/ Ud?d aa Off-Site 

Technology Type Process Option Area or Volume Action Capping Treatment (All AOCe)(l) Jhpoeal AOCd Di8poeal 

hfonitol-hlg 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 

Cwpb Multilayered Cap Soil from all soil 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 
Reyegetation All disturbed areas X X X X X X 

Excavation Soil Excavation All soil 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. In situ Volatilization 
C. Chemical Dechlorination X 
D. Incineration (Mobile) Soil AOCs 1 and 5 X 

Soil AOCl only X X 

Off-Site Treatment/ Permitted Facility All Soil AOCs X 
Disposal Soil AOCs 2 through 6 X 

(1) AOC = Area of Concern 



4.1.1 Groundwater RAAs 

4.1.1.1 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)l to review the effects of this alternative no less 

often than every five years. 

4.1.1.2 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 OU 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 wells, and three operational supply wells. 
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Deep Wells Shallow Wells 

6GWlD 
GGWlDA 
6GW2D 
6MW3D 
6GW28D 
6GW30D 
6GW35D 
6GW36D 
6GW37D 

Supply Wells 

6GWlS HP-633 
6GW3 HP-635 
6GWll UP-636 
6GW15S 
6GW 16 
6GW17 
6GW21 
6GW22 
6GW23S 
6GW3OS 
82MWl 
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 l-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)@)] 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 
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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 (treatment train), and then discharged to Wallace Creek. Details of the extraction 

system and treatment system are discussed below. 

Groundwater Extraction System - Under this R&I, 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 rats have been based on 

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 (g-pm), a 

transmissivity of 15,000 square feet per day, and an effective porosity of 0.25. Based on 

these assumptions, the model estimated a lo-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 Svstem -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 

as 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). 
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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 organics into 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. ‘I’ypically, 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 

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 alternative, the 

USEPA is required by the NCP C40 CFR 300.515(eKi)l to review the effects of this alternative 

no less often than every five years. 
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4.1.1.4 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) 

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 
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centered on the area of the highest contamination (near monitoring well 6GWlD 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 treatment 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. 31, 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 140 CFR 300.515(e)(ii)l to review the effects of this alternative no less often than every 

five years. 
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4.1.1.5 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 pumpingrate 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 

416 



~~~~~ 

LEGENP p... APPROXIMATE AREA OF ;<,:.:.:.:.a GROUNDWATER (DEEPER 
r : PIPIna PROPOSED DEEP EXTRACTION WELLS 

? D , , . , ~ ~ ~ ~ ~ ~ ~ ~  SHALLOW EXTRACTION wE1.u "'p EXCEEDING REMEDIATION GOALS 
'. PORTION) CONTAMINATION 

, . .. ...- 
APPROXIMATE AREA OF 
GROUNDWATER (SHALLOW 
PORTION) CONTAMINATION 
EXCEEDING REMEDIATION GOALS 

BWlS SHALLOW MONITORING WELL INCLUDED 
@ IN MONITORING PROGRAM 

Q D DEEP MONITORING WELL INCLUDED $ IN MONITORING PROGRAM 
WATER SUPPLY WELL 
(TO BE MONITORED) 

P-661 WATER SUPPLY WELL 

NJRCE: LANTDIV. FEBRUARY 1992 

' % ESTIMATED ZONE OF \dl CAPTURE (CLOSED) 

FIGURE 4-6 
GROUNDWATER RAA No.5: 

GROUNDWATER EXTRACTION AND TREATMENT 
FEASIBILITY STUDY CTO-0 133 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 



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 R&A. 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. 31, 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 140 CFR 300.515(e)(ii)l to review the effects of this alternative no less often than every 

five years. 
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4.1.2 Soil RAAs 

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

RAAs 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 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 140 CFR 300515(e)(ii)l to review the effects of this alternative no less 

often than every five years. 

4.1.2.2 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. 
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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 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 AOCl (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 AOC . 

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 area1 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 lo--3 centimeters per second. Filter fabric will be 

placed on top of the gravel drainage layer. 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, GGWlS, GGWlD, 6GWZS, 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 

4-23 



NCP 140 CFR 300.515(e)(ii)l 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 

AOCs 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 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 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 AOCl 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 AOCl 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 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 
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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 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 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 Treatment - 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 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Areas of Concern 

Treatment Technology 1 2 3 4 5 6 

Land Treatment X X X 

In situ Volatilization X 

Chemical Dechlorination X X X 

Incineration X X X X X X 

4-27 



WATER VOLATILE 
VAPOR AND GASEOUS 

AND CO2 EMISSIONS PRECIPITATION 
I,,,,’ 
i///J : ,  A’, /‘/ l RUNON AND :: . . . ‘,/ , / /.+ ;: RUNOFF ARE 

CONTROLLED 

INCORPORATION 

PERCOLATlON OF NATIVE SOIL 
SOIL WATER 

m 

Rekff Glvlra~tal ha 

FIGURE 4- 10 
LAND TREATMENT SCHEMATIC 
FEASIBILITY STUDY CTO-0133 

MARINE CORPS BASE, CAMP LEJEUNE 
URCE: WESTON, 1988. NORTH CAROLINA 

4-28 



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 require 

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 AOCl appears to be applicable for this type of 

treatment. 

Chemical Dechlorination - Potassium polyethylene glycolate @PEG) 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 the 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, fluid&d 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 FS, 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. 

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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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. 

4.1.2.4 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 soil 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 AOCs 4 and 

6. The soil cover will be placed directly over AOC3, therefore excavation will not be necessary. 

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 constituent 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 

AOCl. 

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 area1 extent of the cap or cover is depicted 

in Figure 4-15. 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 - 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, GGWlS, GGWlD, 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 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 

NCP [40 CFR 300515(e)(ii)l 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 by 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, SVOCs, 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 Super-fund 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 

AOCl. 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 AOCl will be treated in situ 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 (AOC5) 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 AOCl (approximately 16,500 cubic yards) will be treated 

in situ via volatilization, 

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 
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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 area1 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 AOCl 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 ofthe CGCs), 

groundwater sampling will be conducted semiannually. Groundwater samples will be 

collected from six monitoring wells: 6GW15, 6GW15D, GGWlS, GGWlD, 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 300515(e)(ii)I to review the effects of this alternative no less often than every 

five years. 

4.1.2.7 Soil R&J No. 7: On-Site Treatment and Off-Site Disposal 

Soil RAA No. 7 includes the on-site treatment of VOC-contaminated soil (AOCl) via in situ 

volatilization and the off-site disposal of the soils from the remaining soil AOCs. As shown 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 

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 AOCl 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 AOCl 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 soil 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)l to 

review the effects of this alternative no less often than every five years. 
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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 FS process, and is usually conducted if there are too many 

RfL4s 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 developed 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 analysis 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: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

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. 

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 

5.1.1.1 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 

Overall 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 ARMIs established for the CO&. No 

action-specific or location-specific ARARs apply to this R&A. 
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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 &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 

signifmant 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. 

USEPABtate 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 Groundwater 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 III 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 

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 

5-4 



in the area of contamination are not operating. Supply wells located outside the area of 

contamination are monitored periodically by the base and are not 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 

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 (i.e., aquifer-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 &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 

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 

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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5.1.1.3 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 organicsl 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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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 w-ill 

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, 

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 temporsry 

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 

5-8 



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 FUA. 

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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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 

organic& 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 

Ouerall 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 extraction 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 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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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 adsorption, 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. 

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 

million. Refer to Appendix C for the cost estimate for this RAA. 
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:- USEPABtate 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. 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 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 RAA will include semiannual sampling and analysis (TCL volatile organic4 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 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 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 

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 groundwater and aquifer solids. All of the technologies/process options for treating 

the effluent are proven and commercially used. As with most equipment, 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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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 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 

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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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 COG, 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 Soil RAAs 

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 

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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Assessment 

Overall 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 AIWRs apply 

to this alternative. 

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 

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 &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 R&L This RAA does not satisfy the statutory 

preference for treatment. 
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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 

Soil 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 

Overall Protectisn 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 degradation 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 loo-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 B-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 personnel during the 

excavation of the soils and the installation of the cap. 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 migration 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 R&I is approximately $2.8 million. 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. 

USEPABtate 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 

In general, Soil RAA No. 3 includes the excavation and treatment of soil 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. 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 

Overall 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 Pbmanence 

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 dechlorination, 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 &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 R&I 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 impacts, 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: 

l Option A - On-site incineration of soils from all of the AOCs 

l Option B - Land treatment of Soil AOCs 1,2, and 5; incineration of Soil AOCs 3,4, and 

6 

l Option C - In situ volatilization of Soil AOCl; incineration of Soil AOCs 2,3,4,5, and 6 

l Option D - In situ volatilization of Soil AOCl; 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 $2.2 million $1.5 million $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 
. 

USEPABtate 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. 

5.1.2.4 Soil RAA No. 4: Capping and Partial 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., partial capping); and the excavation and treatment of 

the soil from the remaining Soil AOCs (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. The principal 
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objectives of this RAA are to consolidate the PCB-contaminated soils into one area and to treat 

the other contaminated soils on site. 

Assessment 

Overall 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 

and treated. 

The covered area will be located above the loo-year flood plain, therefore, the location-specific 

ARAR will be met. 

Long-Term Eflectiveness 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 implementation 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 

AOC 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 USEPA 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. 

5-27 



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 technologies/process options included 

under this RAA include soil excavation, grading, revegetation, and off-site treatment and/or 

disposal at a permitted facility. 

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. Therefore, 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 

5-28 



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 monitoring 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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USEPA/State Acceptance 

It is expected that the USEPA and the State will be in favor of this alternative since the soils 

are removed from the sites. 

Community 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 AOCl (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 AOCl (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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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 above the loo-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 

AOCs 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 AOCl. The reliability of 

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 &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 PC% or pesticide 

contamination will occur. This portion of the R&4 does not satisfy the statutory preference for 

treatment. 

Significant reduction in the toxicity, mobility, and volume of toxic compounds within Soil 

AOCl (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 AOCl. 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 impacts, 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 CCCs in the soils 

from AOCl. 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. 

Implementability 

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. Assuming 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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USEPABtate Acceptance 

Since not all of the AOCs 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 AOCl and the excavation and off-site disposal of the soils from the remaining five AOCs. 

The technologies/process 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 R&4, 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 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 &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 increase in the risks to the community during the excavation of the 

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. 

5-34 



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 either removed from the sites or treated. 

Community 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 or treated. 

5.2 Comparative Analysis 

This FS has identified and evaluated a range of RAAs potentially applicable to the media of 

concern at OU No. 2. Tables 5-l 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 6-l 

SUMMARY OFDETAILED ANALYSIS - GROUNDWATER RAAs 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE. NORTH CAROLINA 

l Human Health 
Protection 

No reduction in risk. 

Will exceed Federal and/or 

AR&s. 
NC oundwater quality 

Will exceed Federal and/or 
N&rrundwater quality 

May not meet Federal.and Should meet Federal and 
NC oundwater quality 

Should meet Federal and 
l f2hen&alSpecific 

l LAo;3tn-Specific Not applicable. 

l Action-Specific ARARs Not applicable. 

OG 
kk#%ESS AND 
‘ERMANENCE 

Not applicable. 

Not applicable. 

gaundwater quality 
AR& in time. 

x&tg$y- quality 

Eil&2t location-specitic Fill& location-specific Fw location-specific 

Will meet action-specific 
ARARs. 

Fill&et action-specitic Will meet action-specific 
ARARa. 

a $ 
P 

itude of Residual 4s area of contamination Risk reduced to human 
increases, potential risks health since the use of the 

~~;~;~.~ed,by extracting Risk reduced by extracting Risk reduced by extracting 
contammated 

may incronso. groundwater aquifer is 
contaminated 

restricted. 
groundwater. groundwater. groundwater. 

l Adoqunc and 
Roliabili 6 of Conlrols 

$o;~;~slicable - no 
F. 

Reliability of institutional Groundwater Groundwater Groundwater 
controls is uncertain. 

ump and 
treat is reliab e. f 

ump and 
treat is reliab e. P 

ump and 
treat is reliab e. f 

l Need for &year Review Review would be required Review not needed once 
to ensure adequate 

Review would be required Review not needed once Review not needed once 

protection of human health 
to ensure adequate 
protection of human health 

remediation goals are met. remediation goals are met. remediation goals are met. 

and the environment is and the environment is 
maintained. maintained. 



TABLE54 (Continued) 

SUMMARYOFDETAKEDANALYSIS-GROUNDWATERRAAs 
FEASIBILITYSTUDY CTO-0133 

MCBCAMPLEJEUNE,NORTHCAROLINA 

Evaluation Criteria RAANo.2 
Limited Action 

FtAANo.3 
Containment 

RAANo.4 RAANo.5 
Intensive Groundwater Groundwater Extraction 

TOXICITY MOBILITY, OR 
VOL~ME+HR~UGH 
TREATMENT 

l Estment Process None. None. Treatment.trah for metals 
removal au- stripping, and 

Treatment train for metals 

a&vat&l carbon. 
removal air stripping, and 

Treatment train for metals 

activated carbon. 
removal, air stripphg, and 

l &nn& Destroyed or None. None. Majority of contaminants 
activated carbon. 

in groundwater out edges of 
Majority of contaminants 
in groundwater. 

Majority of contaminant in 
groundwater plumes. 

s Reduction of Toxicity, 
plumes. 

None. 
Mobility or Volume 

None. Re&ced volume apd 

gr B 
toF:t wqftCeOrnt.ammated 

Reduced volume and 

l Residuals Remaining Not applicable -no Not applicable -no Minimal residuals aRer 
!zrB. 
to”b,t ;io;tammated 

Reduced volume and 
to;i-t ;ig;tammated 
*I. 

After Treatment treatment. treatment. rroals are met. 
Minimal residuals after 

l Statutory Preference Not satisfied. 
goals are met. 

Minimal residuals after 

Not satisfied. Satisfied. 
goals are met. 

for Treatment 
Satisfied. Satisfied. 

SHORT-TERM 
EFFECTNENESS 

s Community Protection Risks to communit not 
increased by rem ecf y 
implementation. 

l Worker Protection No significant risk to 
workers. 

l Environmental Continued im acts from 
Impacta existing condo Ions. 4). 

l Time Until Action is 
Complete 

Not applicable. 

Risks to communit 
increased by rem d 

not Potential risks during Potential risks during Potential risks during 
implementation. 

y extraction and treatment. extraction and treatment. extraction and treatment. 

h&n$cant risk to Pr&yPr$ required during Protection required during 
treatment. 

Protection required during 
treatment. 

Still wohd be continued 
migration of e&ction. 

A uifer drawdown during A 

contamination. 
ex raction. ‘t 

uifer drawdown during A.x uzgeroawdown during 
R . 

Risks from potential 
groundwater in estion 

Estimated 30 years. Estimated 30 years. Estimated 30 years. 

reduced within to 6 I 
months due to institutional 
controls. 

l Ability to Construct No construction or No construction or 
and Operate 

Groundwater extraction 
operation activities. 

Groundwater extraction 
operation activities. and treatment systems 

requires installation. 
and treatment systems 

Groundwater extraction 

requires installation. 
and treatment systems 
requires installation. 

l Ability to Monitor 
Effectiveness 

No monitoring. Failure to Proposedmonit.crin will Ad 
detect contammation will 

equate system 

result in potential 
give notice of failure s efore 
signifhnt exposure occurs. 

momtoring. 
i$n?g$;ystem 

ingestion of contaminated 
moundwater. 

l Availability of Services None required. 
and Capacities; 

None required. Needs greundwater 
treatment equipment. 

Needs groundwater 
treatment equipment. 

Needs groundwater 

Equipment 
treatment equipment. 

EOSTS 
NPW $0 $600,000 $7.0 million $4.9 million $8.9 million 



TABLE S-2 

SUMMARY OFDETAILED ANALYSIS - SOIL RAAs 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

RAANo.1 
“A No. 4 RAANo.6 

Evaluation Criteria RAANo.2 RAANo.3 CappggG;ie%-Site RAA No. 5 RAANo.7 
No Action Capping On-Site Treatment 

Capping and On-Site 
Off-Site Treatment Treatment (Limited On-Site Treatment am 

(All Areas of Concern) Off-Site Disposal 

PROTECTIVENESS 

a Human Health No reduction in risk. Would reduce potential Excavation removes 
Protection for direct contact with 

Reduces potential for Excavation removes Reduces potential for Excavation and/or 
source of contamination. direct contact with PCB- source of contamination. direct contact with PCB- treatment removes 

contaminated soil. contaminated soil and contaminated soil and 
removes other 

source of contamination 
removes other 

contaminated soils. contaminated soils - 
based on existing land 

l Environmental Allows contaminated Allows contaminated No additional No additional 
use scenario. 

Protection soils to remain on site. 
Contaminated soils 

soils to remain on site. 
No additional No additional 

environmental impacts. environmental impacts. exceeding remediation environmental impacts. environmental impacts. 
goal removed and 

CZgZgs&4NCE WITH 
treated. 

l zhez&al-Specific Will exceed ARARa. Will exceed ARARs. Will meet contaminant- PCB ARAR not met; Will meet ARARs. PCB ARAR not met; 
specific ARARs. 

Will meet ARARs. 
other contaminant- other contaminant- 
specific ARARs met. specific ARARs met 

i 
with respect to existing 

a Lo*-Specific Not applicable. Will meet location- Will meet location- 
and use scenario). 

Will meet loeation- Will meet location- 
specific ARARs. 

Will meet location- 
specific ARARs. 

Will meet location- 

l Action-Specitic Not applicable. 
specific ARARs. specific ARARs. specific ARARs. 

r&&et action-specific JJ?l.lil.lt action-specific FJwt action-specific mE*t action-specific ,W&rt action-specific W&;et action-specifi 
specific ARAFts. 

LON&E% 
EJLWECTIVENESS 
AND PERMANENCE 

l Magnitude of Source has not been Contaminated soils are Potential riskdue to 
Residual Risk removed. 

Potential risks reduced Potential riskdue to 
not removed from the 

Potential risks with 
$gmr$ to so11 cots 

Potential risk due to 

Fid%;dal risks not 
as long as the cover is 

site, but potential risk 
;~xpcmlLl,“,‘a” to so11 cots respect to existing land exposure to soil COCs 

due to exposure to COCs 
maintained. use scenario reduced as removed. 

long as the cap is 
are reduced as long as 
the cap is maintained. 

maintained. 

s Adequac and 
f 

Nont;zslicablo - no 
Rolinbili y of P. 

Multilayered cap All treatmentoptions Soil cover can be Off-site treatment is Soil cover can be 

Controls 
controls contaminated are reliable. reliable and adequate. 
soil.- can be a reliable Treatment option 

wrJlh$3~He&u&ee rgl~$eam~m~uate. z&ip$x2:Fd 

o$ro,nrtf mamtamed reliable and adequate. reliable and adequate. 
PP v 

0 jfz;fF &year Review would be Review would be Review may not be 
required to ensure 

Review would be 
required to ensure 

Review not needed since Review would be 
needed since 

Review may not be 
required to ensure 

adequate protection of adequate protection of 
contaminated soil 

contaminated soil 
required to ensure needed since 

human health and the human health and the treated (unless 
adequate protection of 
human health and the 

removed. adequate protection of contaminated soil 

environment is environment is 
human health and the treated (unless 

treatment process lasta environment is 
maintained. maintained. longer than 6 years). 

environment is treatment process lasts 
maintained. maintained. longer than 5 years). 



TABLE 6-2 (Continued) 

SUMMARY OF DETAILED ANALYSIS - SOIL RAAs 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 

I 0 Treatment 
Process Used 

l Amount 
Destro ed or 
Treate t; 

a Reduction of 
Toxicity, Mobility 
or Volume 

l Residuals 
Es%;; After 

& 
0 Statutory 

Preference for 
Treatment 

SHORT-TERM 
cn EFFECTIVENESS 
is 
CD r- l Community 

Protection 

l Worker 
Protection 

t--- 

RAA No. 1 RAANo.2 
No Action Capping 

None. None. 

None. 

None. 

None. 

None (not through 
treatment). 

Not applicable-no 
treatment. 

Not satisfied. 

Residuals are capped. 

Not satisfied. 

Risks to communit not Tompornry potential 
incrensed by reme a’ 
implementation. 

y risks during soil 

~%%%&ai%Xes. 

No significant risks to 
workers. 

Temporary potential 
risks during soil 

ZZrK?,%e~~~Z!ies. 

qot applicable. Six to twelve months. 

RAA No. 3 
On-Site Treatment 

Combination of land 
treatment, in situ 
volatilization, chemical 
dechlorination, and/or 
incineration. 
Majority of soil COCs. 

Reduction in toxicity, 
mobility and volume of 
contammated soil. 

No residuals. 

Satisfied. 

Limited potential risks 
during soil excavation 
and treatment 
activities. 

Potential risks during 
soil excavation and 
treatment activities. 

Air quality and odors - 
but treatments stem 
will be designe B to meet 
standards. 

Up to five years. 

RAA No. 4 
Capping and On-Site 

Treatment 
(All Areas of Concern: 

In situ volatilization, 
land treatment, or 
incineration. 

soils. 
Only PCB-contaminated 
soils remain at sites. 

Satisfied for non-PCB 
contaminated soils, not 
for:CB-contaminated 

Temporary potential 
risks during soil 
excavation and ca 
installation activi res f* 
and treatment 
activities. 
Temporary potential 
risks during soil 
excavation&d ca 
installation active tes .P 
and treatment 
activities. 
Air quality and odors - 
but treatments 

J 
stem 

will be design to meet 
standards and 
treatment activities. 
Up to five years. 

RAANo.6 
Off-Site Treatment 

Off-site treatment. 

Majority of soil COCs. 

Reduction in toxicity, 
mobility and volume of 
:ontammated soil. 

!Io residuals. 

satisfied. 

Xmited p.otential risks 
{%;I:;1 excavatron 

?otential risks during 
rxcavation and 
transportation 
rctivrties. 

Yo additional 
mvironmental impacts. 

Six to twelve months. 

RAA No. 6 
Capping and On-Site 
Treatment (Limited 

Areas of Concern) 

In situ volatilization, 
land treatment, or 
incineration. 

M ‘ority of soil COCs 
$&he exception of 

Reduction in toxicity, 
mobilit and volume of 
non-P cl3 contaminated 
soils. 
PCB-contaminated soils 
and some other soil 
cots. 
Satisfied for non-PCB 
contaminated soils, not 
for PCB-contaminated 
soils (with respect to 
existing land use 
scenarrol. 

Temporary potential 
risks during soil 
excavation and ca 
installation active res *I* 
and treatment 
activities. 
Temporary potential 
risks during soil 
excavation and ca 
installation active res .t 
and treatment 
activities. 
Air quality and odors - 
but treatments stem 
will be designe d to meet 
standards. 

Up to five years. 

RAANo.7 
On-Site Treatment am 

Off-Site Disposal 

In situ volatilization, 
off-site disposal. 

Majority of soil COCs. 

Reduction in toxicity, 
mobility and volume of 
contaminated soil. 

No residuals. 

Satisfied. 

Limited potential risks 
during soil excavation 
and treatment 
activities. 

Potential risks during 
soil excavation and 
treatment activities. 

Air quality and odors - 
but treatments stem 
will be deaigne B to mee’ 
standards. 

Up to tive years. 



TABLE 6-2 (Continued) 

SUMMARY OF DETAILED ANALYSIS - SOIL RAAs 
FEASIBILITY STUDY CTO-6133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 

MPLEMENTABILITY 

RAANo.1 
No Action 

RAANo.2 RAANo.3 
Cwpb On-Site Treatment 

RAANo.4 
Capping and On-Site 

Treatment 
(All Areas of Concern) 

RAANo.5 
Off-Site Treatment 

RAANo.6 RAANo.7 
Capping and On-Site 
Treatment (Limited 

On-Site Treatment and 

Areas of Concern) 
Off-Site Disposal 

l Ability to No construction or Simple to COnStNCt and 
Simple to construct and 

Rec@es soil excavation maintain. R uires 
Construct and operation activities. maintain. R ulres 
Operate materials han lmg 3. 

activities. Requires 
assembly of treatment 

materials han hng 23. 
Requires soil excavation 

procedures. 
procedures. Requires 

activities. No other on- 

systems. soil excavation 
site operations. 

activities. Requires 
~mxn~y of treatment 

activities. Requires 

Y 
~s~~~y of treatment 
Y 

l Ability to Monitor No monitoring included. 
Effectiveness 

Cap maintenance and 
groundwater 

Adequate system 
momtonng. 

A&ga$;Wem No monitoring other 
than confirmation soil 

itzz$g-t=u Adequate system 

monitoring will sampling. 
momtoring. 

adequately monitor 
effectiveness. 

l Availability of 
Services and 

None required. No special services or Equipment and Needs off-site treatment 
equipment required. 

l&L;;*-site mobile 
material should be services. 

Equipment and 
material shouM be 

Equipment and 

Cap materials should be readily available. 
material should be 

Capacities* 
Equipment readily available. 

readily available. readily available. 
Needs off-site disposal 
services. 

:OSTS 
NPW $0 $3.4 million 

s 
1.7 million to $1.6 million 

$ 
5.6 million to 

6.6 million 1.4 million 
$1.4 million $1.5 million 



5.2.1 Groundwater RAA Comparison 

5.2.1.1 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 RAAs 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 treatment (at the tap or a treatment facility). 

5.2.1.2 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 groundwater. 

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 permanence 

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 5-year review. 
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5.2.1.4 Reduction of Toxicitv, 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. 

5.2.1.6 Imnlementabilitv 

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 

Wallace 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 Q& 

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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5.2.1.8 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 Soil RAA 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.11, 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 &year 

review based on the duration of the treatment process. 
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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 

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 Imnlementability 

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 g%& 

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 

RAA No. 4, $3.4 million for RAA No. 2, $5.5 milliion for m No. 5 (disposal), and $20.4 
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,I@---\ 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 USEPAlState 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. 

5.2.2.9 Communitv Acceptance 

It is anticipated that the community will be in favor of treatment and/or removal options. 
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SEDIMENT DATA SUMMARY SEDIMENT DATA SUMMARY 
SITE 6 - BEAR HEAD CREEK SITE 6 - BEAR HEAD CREEK 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS FREQUENCY AND RANGE OF POSITIVE DETECTIONS 
COMPARED TO USEPA REGION IV SEDIMENT SCREENING VALUES COMPARED TO USEPA REGION IV SEDIMENT SCREENING VALUES 

REMEDIAL INVESTIGATION CTO-0133 REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA MCB CAMP LEJEUNE, NORTH CAROLINA 

Sediment Screening Sediment Screening Contaminant Contaminant Comparison to Comparison to 
Value Value Frequency/Range Frequency/Range Screening Values Screening Values 

No. of No. of 
No. of Positive Positive 

Positive Range of Detects Detects 

Detects/No. Positive above above 
ER-L(l) ER-M (2) of Samples Detections ER-L ER-M 

I 
2.0 20 LO/20 8.4 - 220 10 7 

No. of No. of 
No. of Positive Positive 

Positive Range of Detects Detects 

Detects/No. Positive above above 
Contaminant ER-L(l) ER-M (2) of Samples Detections ER-L ER-M 

I 
4,4’-DDD 2.0 20 LO/20 8.4 - 220 10 7 
4,4’-DDE 2.0 15 11120 5.7 - 68 11 10 

4,4’-DDT 1.0 7.0 8120 6.6 - 38 8 6 
Arsenic 33 85 8120 0.54 - 6.1 0 0 
Benzo(a)pyrene 400 2,500 6120 93 - 640 0 0 
Cadmium 5.0 9.0 11120 0.54 - 4.7 0 0 
Chromium 80 145 18120 2.3 - 16.4 0 0 
Copper 70 390 13120 1.2 - 28.1 0 0 
Lead 35 110 20120 2.5 - 70.4 5 0 
PCB-1260 (3) 50 400 10120 51- 370 10 0 
Pyrene 350 2,200 2l20 60-76 0 0 
Zinc 120 270 15120 6.4 - 82.4 0 0 

Contaminant 

14,4’-DDD 

(1) ER-L - Effects Range Low 
(2) ER-M - Effects Range Median 
(3) Sediment Screening Value established for Total PCBs 
(4) Organic concentrations reported in pgkg, Inorganic concentrations reported in mg/kg 
(5) Only contaminants with Screening Values are presented on Table 



SEDIMENT DATA SUMMARY 
SITE 6 - RAVINE 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS 
COMPARED TO USEPA REGION IV SEDIMENT SCREENING VALUES 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

I Sediment Screening 
I 

Contaminant 
Value Frequency/Range I 

Comparison to 
Screening Values 

Contaminant 

No. of No. of 
No. of Positive Positive 

Positive Range of Detects Detects 
Detects/No. Positive above above 

ER-L(r) ER-M (2) of Samples Detections ER-L ER-M 

Mercury 0.15 1.3 9111 0.03 - 0.75 4 0 
PCB-1260 (3) 50 400 6111 29 - 360 5 0 
Phenanthrene 225 1.380 3111 50 - 1.600 2 2 
Pyrene 350 2,200 4ill 96 - 2,100 2 0 
Zinc 120 270 ll/ll 20.3 - 408 4 1 

(1) ER-L - Effects Range Low 
(2) ER-M - Effects Range Median 
(3) Sediment Screening Value established for Total PCBs 
(4) Organic concentrations reported in pg/lsg, Inorganic concentrations reported in mgkg 
(5) Only contaminants with Screening Values are presented on Table 



SOIL DATA SUMMARY - SITE 9 
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Surface Soil (O-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 o/7 4.6-50 6f25 
4,4’-DDE 13-650 4/7 17-39 5i25 
4,4’-DDT 3.3-570 5J7 4.0-62 7i25 
Alpha Chlordane ND o/7 2.9 l/25 
l,l,l-Trichloroethane 1.0 l/7 ND 0125 
Tetrachloroethene 21 l/7 2-3 2i25 
Benzo(b)fluoranthene 46 If7 640 l/25 
Acenapthene ND o/7 280 lJ25 
Pyrene 59 l/7 1800 l/25 
Chrysene ND o/7 400 l/25 
Benzo(a)anthracene ND o/7 540 l/25 
Fluoranthene ND o/7 1700 l/25 
Anthracene ND 017 140 l/25 
Phenanthrene ND o/7 41-1200 2l25 
Fluorene ND o/7 1700 l/25 
Benzo(k)fluoranthene N-D o/7 340 l/25 
Dibenzofuran N-D o/7 73 l/25 
Benzo(a)pyrene ND o/7 370 1125 
Ideno(l,2,3&pyrene ND OR 190 l/25 
Benzo(g,h,i)perylene ND OR 200 l/25 

Notes: 1) Concentrations expressed in microgram per kilogram @g/kg). 
2) Organic contaminants were not detected in base-specific background samples. 
3) ND - Not detected 



SOIL DATA SUMMARY - SITE 9 
FREQUENCYANDRANGEOFINORGANICPOSITIVEDETECTIONS 
COMPAREDTOBASE-SPECIFICBACKGROUNDCONCENTRATIONS 

REMEDIALINVESTIGATIONCTO-0133 
MCBCAMPLEJEUNE,NORTHCAROLINA 

I Surface Soil (O-2 feet) I Subsurface Soil (Below one foot) 1 

Contaminant 

Aluminum 
Antimony 

1 Arsenic 

Base-Specific 
Background 

Concentration 

c90.5 - 1,120 
C2.6 - 9.6 

Range of 
Positive 

Detections 

1,510 - 4,510 
ND 

No. of Positive 
Detects/No. of 

Samples 

717 
OR 

Base-Specific 
Background 

Concentration 

672 - 3,600 
2.5 - c9.7 

Range of 
Positive 

Detections 

773 - 8,630 
N-D 

No. of Positive 
Detects/No. of 

Samples 
1 

25125 
OP’ I I ‘LiJ 

1 <0.56-0.91 1 ND I 017 1 CO.61 - CO.65 1 0.62-2.3 I 5125 I I 

I 
I 

I 
I I 

-. 
Barium 3.5 - 16.5 4.9 - 8.9 I 6R I C4.0 - 7.6 1.9 - 39.2 I 23125 1 
Beryllium 
Cadmium 
Calcium 

CO.06 - CO.2 ND “I I 
co.35 - co.59 ND o/7 
108 - 10.700 179 - 47.100 6l7 

.“.“” - .“.“A V.“” - V.“” Al&U 

co.34 - co.59 0.34 - 0.71 5125 
<10.7-4.410 217 - 8.230 15/25 \ I ,--- , ---._ -_--- --- _. 

Chromium CO.06 - 23.2 1 Y.7 * 5.1 I iii I < 3.2 - 6.0 1.8 - 8.8 
1 I 

I 2425 
Cobalt ’ <0.37- cl.8 0.5 - 0.85 3J7 1 CO.35 - Cl.8 0.41- 0.66 4/25 
Copper < 1.1 - 3.1 0.93 - 2.8 3r7 0.65 - 1.2 0.44 - 3.6 18125 
Iron 160 - 684 813 - 1,260 717 126 - 833 222 - 3,500 25125 
Lead 2.0 - 3.0 4.1- 25.7 717 1.2 - 1.6 1.3 - 44.9 25125 \ 
Magnesium <20.2 - 200 64 - 811 417 X25.4 - 133 27.8 - 206 15125 
Manganese c2.0 - 3.0 4.1- 14.7 717 1.2 - 1.6 2.7 - 9.5 15125 
Mercury <0.02 - co.12 0.02 - 0.03 417 CO.02 - CO.08 0.02 - 0.04 14/25 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

< 1.5 - <3.3 ND o/7 Cl.4 - c3.4 1.6 - 2.6 5125 
54.5 - 75 20.6 - 152 717 C81.6 - 187 18.6 - 246 29125 

co.93 - Cl.0 ND OJ7 Cl.0 ND O/25 
CO.37 - 62.0 ND o/7 co.35 - c2.0 ND 0125 

c9.4 - c39.13 106 l/7 Cl4.5 - K26.5 ND 0125 
co.37 - <0.41 ND o/7 co.40 - co.44 ND 0125 

<2.1- 2.8 2.7 - 4.8 717 Cl.5 - 4.7 1.4 -9.6 23126 
cl.1 - 23.1 6.8 - 18.1 4R CO.19 - 11.6 1.9 - 18.4 9125 

Notes: 1) Concentrations expressed in milligram per kilogram (mg/kg). 
2) ND - Not detected 



SOIL DATA SUMMARY SITE 6 - LOT 201 
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

l,l,l-Trichloroethane 
1,CDichlorobenzene 

4,&DDD 
4,4’-DDE 
4,4’-DDT 
Alpha Chlordane 
Benzo(a)anthracene 
Ben.zo(a)pyrene 

Ben.zo(b)fluoranthene 
Benzo(kXluoranthene 
Chrysene 
~ Dieldren 
Fluiranthene 
Gamma Chlordane 
j PCB-1248 
i PCB-1260 
Phenanttiene 
Pyrene 

Surface Soil (O-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 

Detections Samples Detections Samples 

2-42 3119 4 l/l9 
37-38 4/17 36 -51 3118 

0.98 180,000 - 28J96 0.58 250,000 - 20/103 
4 - 17,000 43196 1.4 - 5,200 101103 

3 1,200,000 - 6!2/96 3.4 460,000 - 35/103 
8.9 I./96 ND O/103 
47 l/17 ND O/18 
78 l/l7 ND 0118 

61- 160 3117 ND O/18 
46 l/17 ND 0118 

39-88 3117 ND O/18 
5.6 - 46 5/96 ND O/103 
43-94 3/17 ND O/18 

8.0 l/96 ND o/103 
1,800 l/87 ND 0189 
31-36 2/87 ND Of89 

36 l/17 ND 0118 
38-99 3117 ND O/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 STJMMARY SITE 6 -LOT 201 
FREQUENCY AND RANGE OFINORGANIC POSITIVE DETECTIONS 

COMPARED TO BASE-SPECIFIC BACKGROUND CONCENTRATIONS 
REMEDIAL INVESTIGATION CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
selenium 
silver 
sodium 
Thallium 
Vanadium 
Zinc 

Surface Soil (O-2 feet) Subsurface Soil (Below one foot) 

Base-Specific Range of No. of Positive Base-Specific Range of No. of Positive 
Background Positive Detect&Jo. of Background Positive Detects/No. of 

Concentration Detections Samples Concentration Detections Samples 

-c 90.5 - 1,120 245~5,520 17117 672 - 3,600 365-4,540 18118 
C2.6 - 9.6 ND o/17 2.5 - c9.7 ND Of18 

CO.56 - 0.91 0.91- 9.7 11117 CO.61 - CO.65 0.65 - 1.8 6118 
3.5 - 16.5 3.5 - 16.5 16117 C4.O - 7.6 1.3 - 8.2 10118 

CO.06 - CO.2 0.22 l/l7 co.05 - co.02 ND O/18 
co.35 - co.59 0.51- 1.5 9117 co.34 - co.59 0.57 - 0.63 2118 

108 - 10,700 402 - 286,000 17117 < 10.7 - 4.410 68 - 17,100 16118 
<0.06 - X3.2 3.5 - 21.6 15117 C3.2 - 6.0 0.84 - 6.7 13118 
CO.37 - X1.8 1.3 - 1.3 2117 CO.36 - Cl.8 ND 0118 

<l.l- 3.1 0.75 - 27.8 17t17 0.65 - 1.2 0.44 - 1.7 7118 
160 - 684 238 - 4,260 17117 126 - 833 137 - 3,610 18118 
2.0 - 3.0 1.0 - 78 17117 1.2 - 1.6 0.87 - 4.2 18118 

<20.2 - 200 26 - 3,980 17117 <25.4 - 133 13.7 - 259 18118 
c2.0 - 3.0 4.2 - 204 17117 1.2 - 1.6 0.53 - 12.6 18118 

co.02 - co.12 ND o/17 CO.02 - CO.08 ND 0118 
Cl.5 - <a.3 3.7 - 6.4 2117 Cl.4 - c3.4 ND 0118 

54.5 - 75 30.6 - 567 16117 c81.6 - 187 37 - 187 6118 
co.93 - c 1.0 2.2 l/l7 <l.O O/18 
CO.37 - 62.0 ND o/17 co.35 - <2.0 ND O/18 

c9.4 - <39.13 41.6 - 312 14/17 < 14.5 - x26.5 10.6 - 31.7 6118 
co.37 - co.41 ND 0117 co.40 - co.44 ND O/18 

<2.1-2.8 1.6 - 18.3 17117 < 1.5 - 4.7 0.83 - 18.1 14118 
<l.l - 23.1 4.6 - 135 14117 CO.19 - 11.6 1.8 - 11.6 5118 

Notes: 1) Concentrations expressed in milligram per kilogram (mg/kg). 
2) ND - Not Detected 



SOIL DATA SUMMARY SITE 6 -LOT 203 
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Surface Soil (O-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 

L,l,l-Trichloroethane 2-15 2128 ND 0135 
l,&Dichlorobenzene 160 l/28 200 l/35 
1,PDichlorobenzene 34 - 160 3128 34 1135 
Z-Methylnaphthalene 3,100 l/28 70 - 2,400 435 
4,4’-DDD 4.5 - 180 8/58 21- 430 4/66 
4,4’-DDE 3.8 - 2,100 27158 4.9 - 470 5166 
4,4’-DDT 3.4 - 1,500 29158 3.6 - 300 6166 
Acenaphthene 250 - 9,500 2128 ND o/35 
Alpha Chlordane 2.3 - 72 3158 ND 0166 
Anthracene 55-440 2/28 5,700 l/35 
Benzo(a)anthracene 47 - 1,600 8128 1,000 1135 
Benzo(a)pyrene 49- 1,800 6128 210 l/35 
Benzo(b)fluoranthene 88 - 2,700 7128 500 l/35 
Benzo(g,h,i)perylene 41- 1,000 3/28 ND 0135 
Benzo(k)fluoranthene 30 - 1,100 5i28 170 1135 
Carbazole 390 - 910 2128 690 - 4,300 2135 
Chrysene 50 - 1,300 8128 1,000 1135 
Dibenzofuran 140-890 2/28 63 - 3,500 3135 
Dieldren 3.6 - 270 4/58 4.4 - 220 4/66 
Endosulfan II 4.4 l/58 ND O/66 
Endrin 21- 130 3158 ND O/66 
Fluoranthene 39 - 2,300 11128 5,000 l/35 
Fluorene 220 - 940 2128 810 - 5,100 2135 
Gamma Chlordane 160 l/58 140 l/66 
Indeno(l,2,3-cd)pyrene 42 - 1,000 5128 ND o/35 
Naphthalene 1,400 1128 78 - 1,500 3135 
PCB-1248 580 l/40 ND o/49 

PCB-1254 170 - 2,100 2140 ND o/49 

PCB-1260 17 - 42,000 12i40 20 - 29,000 3149 
Pentachlorophenol 520 l/28 ND o/35 
Phenanthrene 60 - 2,000 6128 120 - 8,700 2l35 
Pyrene 42 - 2,800 1 l/28 3,600 l/35 

Notes: 1) Concentrations expressed in microgram per kilogram (pgkg). 
2) Organic contaminants were not detected in base-specific background samples. 
3) ND - Not detected 
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SOILDATkJMMARY-SITE 6-LOT203 
FREQUENCYANDRANGEOFINORGANICPOSITIVEDETECTIONS 

COMPAREDTOBASE-SPECIF'ICBACEGROUND CONCENTRATIONS 
REMEDIALINVESTIGATIONCTO-0133 

MCBCAMPLEJEUNE,NORTHCAROLlNA 

Surface Soil (O-2 feet) 

Base-Specific Range of No. of Positive 
Background Positive Detects/No. of 

Contaminant Concentration Detections Samples 

Aluminum < 90.5 - 1,120 495 - 4,170 27127 
Antimony <2.6 - 9.6 13.5 - 51.2 427 
Arsenic CO.56 - 0.91 0.39 - 4.9 17127 
Barium 3.5 - 16.5 2.7 - 47.8 23127 
Beryllium CO.06 - CO.2 0.21 1127 
Cadmium X0.35 - co.59 0.48 - 9.3 10127 
Calcium 108 - 10,700 44.4 - 92,100 26127 
Chromium CO.06 - C3.2 1.1 - 25.2 24i27 
Cobalt CO.37 - cl.8 0.39 - 2.2 2127 
Copper Cl.1 - 3.1 1.0 - 7.5 22127 
Iron 160 - 684 241- 12,900 27127 
Lead 2.0 - 3.0’ 4.1- 4,010 27127 
Magnesium <20.2 - 200 12 - 1,680 27127 
Manganese < 2.0 - 3.0 1.9-182 27t27 
Mercury co.02 - co.12 0.03 - 1.1 3127 
Nickel <1.5 - <3.3 1.8 - 13.2 4127 
Potassium 54.5 - 75 27.7 - 195 11127 
Selenium co.93 - < 1.0 ND 0127 
Silver X0.37 - 62.0 ND 0127 
Sodium c9.4 - c39.13 9.2 - 460 14l27 
Thallium co.37 - co.41 N-D 0127 
Vanadium <2.1- 2.8 1.1 - 8.2 23127 
ZillC <l.l - 23.1 1.1 - 604 24127 

Notes: 1) Concentrations expressed in milligram per kilogram bglkg). ’ 
2) ND - Not Detected 

Subsurface Soil (Below one foot) 

Base-Specific Range of No. of Positive 
Background Positive Detects/No. of 

Concentration Detections Samples 

672 - 3,600 292 - 5,360 35135 
2.5 - X9.7 2.8 1135 

CO.61 - < 0.65 0.78 - 23.9 16135 
< 4.0 - 7.6 3.9 - 103 20135 

co.05 - co.02 0.06 - 2.7 4135 
co.34 - co.59 0.62 - 5.4 4l35 
< 10.7 - 4.410 63.3 - 2,560 27135 

C3.2 - 6.0 1.2 - 42.9 31135 
CO.35 - < 1.8 0.53 l/35 

0.65 - 1.2 0.45 - 339 7135 
126 - 833 289 - 26,000 33135 
1.2 - 1.6 1.2 - 111 34135 

c25.4 - 133 9.1-317 31135 
1.2 - 1.6 0.67-113 > 24l35 

CO.02 - CO.08 o.i3 i.3 3135 
Cl.4 - c3.4 1.5 - 20.5 4135 
c81.6 - 187 17 - 708 23135 

Cl.0 5.7 1135 
co.35 - <2.0 ND o/35 
c14.5 - <26.5 13.5 - 883 5135 
co.40 - co.44 0.54 1135 

<1.5-4.7 0.41- 15.3 32135 
CO.19 - 11.6 0.78 - 367 20135 



SOIL DATA SUMMARY SITE 6 (WOODED AREAS AND RAVINE) AND SITE 82 
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

I Contaminant 

l,l,l-Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloroethene 
1,4-Dichlorobenzene 

2-Methylnaphthalene 
4,4’-DDD 
4,4’-DDE 
4,4’-DDT 
4-Methylphenol 
Acenaphthylene 
Acenapthene 
Aluha Chlordane 

No. of Positive 
Detects/No. of 

No. of Positive 
Detects/No. of 

Notes: 1) Concentrations expressed in microgram per kilogram (pg/kg). 
2) Organic contaminants were not detected in site-specific background samples. 
3) ND - Not Detected 



SOIL DATA SUMMARY SITE 6 (WOODED AREAS AND RAVINE) AND SITE 82 
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMPLEJEUNE,NORTH CAROLINA 

Contaminant 

Endrin 
Fluoranthene 
Fluorene 

T Surface Soil (O-2 feet) Subsurface Soil (Below one foot) 

Range of 
Positive 

Detections 

5.6 - 240 
40 - 2.000 

130 - 200 
45 - 1.300 Ideno(l,2,&cd)pyrene 

Naphthalene 71- 140 9,600 
PCB-1260 28 - 26,000 46 - 100 
Phenanthrene 46 - 1,500 31-70 
Phenol 37 - 160 ND 
Pyrene 72 - 2.700 63 - 110 
Tetrachloroethene 2,600 - 7,000 9 - 11,000 
Toluene 120 l-34 
Trichloroethene 4,600 

Notes: 1) Concentrations expressed in microgram per kilogram @g/kg). 
2) Organic contaminants were not detected in site-specific background samples. 
3) ND - Not Detected 

2183 
15183 
2183 
5h33 
2183 
7183 

2183 
4l83 
13183 
2183 
1183 
l/83 

ND 

No. of Positive Range of No. of Positive 
Detects/No. of Positive Detects/No. of 

Samples Detections Samples 

ND 01126 
61-85 31126 

ND 01126 
01126 
l/l26 
4l126 
2l126 
O/126 
31126 
2l126 
4/126 
l/126 



SOILDATASUMMARYSITE6(WOODEDAREASANDRAVlNE)ANDSITE82 
FREQUENCYANDRANGEOFINORGANICPOSITIVEDETECTIONS 

COMPAREDTOBASE-SPECIFICBACKGROUNDCONCENTRATIONS 
REMEDIALINVESTIGATION CTO-0133 

MCB CAMP LEJEUNE,NORTHCAROLINA 

Contaminant 
I 
Ahlhlm 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Coppor 
Iron 
Lead 
Magnesium 
Manganese 
Mermrv 

Surface Soil (O-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 

Concentration Detections Samples Concentration Detections Samples 

<go.5 - 1,120 177 - 19,200 81/82 672 - 3,600 135 * 15,500 1261126 
C2.6 - 9.6 3.5 - 13.2 2182 2.5 - <9.7 2.4 - 4.4 41126 

CO.56 - 0.91 36/8! CO.61 - CO.65 8.56 - 25.4 371126 
3.5 - 16.5 1.1- 1,410 27/82 <4.0 - 7.6 0.91- 1,100 84ll26 

<0.06 - CO.2 0.06 - 2.2 13182 co.05 - co.02 0.06 - 3.1 171126 
co.35 - <0.59 0.4 - 51.9 30182 co.34 - co.59 0.33 - 2.5 251126 
108 - 10,700 59.6 - 174,000 70182 <IO.7 * 4.410 10.4 - 5,640 53026 

CO.06 - <3.2 0.72 - 54.6 55182 53.2 - 6.0 0.73 - 31.6 1071126 
<0.37 - < 1.8 0.34 - 13.7 14182 CO.35 - < 1.8 0.41- 6.8 111126 

Cl.1 -3,l 0.39 - 348 38182 0.65 - 1.2 0.33 - 733 451126 
160 - 684 113 - 149,000 78182 126 - 833 57.4 - 19,200 1071126 
2.0 - 3.0 2 - 1,710 71182 1.2 - 1.6 0.89 - 1,610 891126 

<20.2 - 200 12.3 - 2,580 72182 C25.4 - 133 8.2 - 637 971126 
<2.0 - 3.0 1.1 - 790 70182 1.2 - 1.6 0.2 - 2,990 721126 

<O.O2 - <0.12 0.02 - 3.9 35182 CO.02 - co.08 0.02 - 2 261126 -.--- ---, __--. -_- 
Nickel <1.6 - <3.3 1.7 - 79.4 16l82 Cl.4 - c3.4 1.6 - 11.7 121126 
Potassium 54.5 - 75 15 - 2,560 71182 c81.6 - 187 14.2 - 1,270 94l126 
Selenium co.93 - < 1.0 0.9 - 5.8 8182 Cl.0 1.4 - 10.5 21126 
Silver <0.37 - 62.0 0.47 - 0.49 2182 <0.35 - c2.0 0.39 11126 
Sodium c9.4 - c39.13 9.6 - 809 18/82 < 14.5 - <26.5 10.1 - 50.6 101126 

Thallium 1 co.37 .<0.41 .-.-- , 0.35 - 0.57 -.-~ ~.-. I ~~~~ I 2182 1 <0.40- CO.44 1 0.41-0.76 1 I I I 21126 1 

Vanadium I <2.1- 2.8 I 0.36 - 35.7 I 72182 I c 1.5 - 4.7 I 0.41- 35.6 1081126 1 .  
---------- I  I  I  I  I  

Zinc 1 Cl.1 - 23.1 1 1.6-16,600 I 39182 1 CO.19 - 11.6 1 0.73 -2,450 1 181126 1 

Notes: 1) Concentrations expressed in milligram per kilogram (mg/kg). 



GROUNDWATER DATA SUMMARY 
OPERABLE UNIT NO. 2 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS 
COMPARED TO NORTH CAROLINA AND FEDERAL GROUNDWATER CRITERIA 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

T- I Contaminant 
Gr oundwater Criteria 9 Frequ icy/Range 

Range of 
Positive 
Detects 

0.5 
1.0 - 6.9 

0.5 
0.6 
0.6 

15.3 - 15.6 
3.0 - 67.8 

20.4 - 1,060 
0.55 - 7.5 

0.6 
ND 

110 - 110 
5.2 - 214 
2.3 - 10.9 

larison to peof 1 

No. of 
Positive 
Detects 
above 

NCWQS 
0 

NA 
NA 

I Positive I 
No. of 

Positive 
Detects 
above 

North 
Carolina 
?CWQS(l) 

200 

Advis 
10 kg 
Child 
10,000 

. . 

600 
2.000 

Federal 
MCLs (2: 

200 
I Ad& Samples 

10,000 l/49 
2l49 

1,000 l/49 

Contaminant 
l,l,l-Trichloroethane 
1,1,2,2-Tetrachloroethene 
1,1,2-Trichloroethane 
1,1-Dichloroethene 
1,2-Dichloroethane 
Antimonv 

. . 

. . 

7.0 

. . 

5.0 
7.0 4.000 I l/49 0 

0.38 5.0 2,600 I./49 

* 

15 2/49 
. . 20149 

700 
15 
. . 

1 
NA 6.0 

50 

. . 

50 
1.000 

- 

,modichloromethane 
Cadmium 
Chlorobenzene 
Chromium 
Cob al t 
Copper 
Cyanide 
Ethylbenzene 
Lead 
Manganese 
Mercury 
Nickel 
Phenol 
T-1,2-Dichloroethene 
Tetrachloroethene 
Total Xylenes 
Trichloroethene 
Vanadium 
Vinyl Chloride 
Zinc 

1 
2 

NA 
NA 
NA 

0 
12 

NA 

2.000 
4.0 30,000 

7,600 
40 

100 
5.0 

. . 

5.0 
300 . . . . If49 

1,000 
. . * 

800 33f49 
. . 10149 

50 
. . 

1,000 
154 

100 
. . 

1,300 
200 
700 
15 

50 (4) 

-- I 13149 14 - 175 0 
800 o/49 

* 

3,000 l/49 
. . 29149 

200 
30,000 

. . 

ND 
48 

1.0 - 200 

NA 
1 
8 

29 

50 
50 21-362 13 

1 
0 

NA 

1.1 2.0 
100 
. . 

0.07 - 1.4 
11.1-41.9 

1.0 - 22 

. . 

1,000 
6,000 

150 
. . NA 1 0 1 0 1 
70 100 16 - 5,800 3 

0.9 - 630 6 
0.9 - 1.4 0 

0.7 
400 
2.8 

5.0 
10,000 

5.0 0.5 - 58.000 4 
NA 

1 

. . . . 33149 zk 50 l/49 
12 000 20149 

2.6 - 330 
1.6 

13.9 - 1,620 
0.015 2.0 3,000 
5,000 5,000 (4) 6,000 0 

ms: iii $gr 
%I 

S - North Carolina.Water Quality Standards for Groundwater 
axrmum Contammant Level 

(3) 
(4) SMEL-S c d 

Lon er Term Health Advisories for 10 kg Child and 70 kg Adult 

(5) 
e on ary Maximum Contaminant Level 

(6) 
All concentrations expressed in pg/L 

(7) 
-- No ARAR published 

(8) 
NA - Not applicable 
ND - Not detected 



SURFACEWATERDATASUMMARY 
SITES-WALLACECREEK 

FREQUENCYANDRANGEOFDETECTIONS 
COMPAREDTONORTHCAROLINAANDFEDE~LSURFACEWATERCRITERIA 

REMEDIALINVESTIGATION CTO-0133 
MCBCAMPLEJEUNE,NORTHCAROLINA 

l- r Surface Water Criteria I Contaminant 
Frequency/Range 1 Comparison to Criteria 

No. of 
Positive 
Detects 
Above 

NCWQS 

0 
NA 

No. of Positive 
Detects above 

AWQCs 

No. of 

Federal AWQCs (2) Positive 
Detects/No. 

Acute Chronic of Samples 

mm -- l/28 

North 
Carolina 
?CWQS(l 

50 

Range of 
Positive 

Detections 

3.7 
16 - 22.6 
3.2 - 17.4 

4.9 
3-209 

1.2 - 10.4 
8.2 - 25 

0.24 - 0.52 
102 - 1.380 

2-85 

Contaminant 
P . I . 

2.0 
50 
7 

2 
0 Chromium 

Copper 
Lead 
Manganese 
Mercury 
Nickel 
T-1,2-Dichloroethene 
Tetrachloroethene 

4 
25 83 1 3.2 1 9128 0 

NA 
3 0.012 

88 4 
NA 
NA 

0 
NA 

l-4 
l-3 

we 

11 
3-98 

1.9 - 3.3 NA 
6 NA 

f: 

_- 

50 7.3 - 111 

(1) NCWQS - North Carolina Water Quality Standards for the Protection of Aquatic Life 
(2) AWQC -Ambient Water Quality Standards for the Protection of Fresh Water 
(3) -- No ARAR published 
(4) All concentrations expressed in microgram per liter (pg/L) 
(5) NA - Not Applicable 

2 



SURFACE WATER DATA SUMMARY 
SITE 6 - BEAR HEAD CREEK 

FREQUENCY AND RANGE OF DETECTIONS 
COMPARED TO NORTH CAROLINA AND FEDERAL SURFACE WATER CRITERIA 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

. 

No. of 
No. of Positive 

North Positive Range of Detects 
No. of Positive Detecb 

Carolina 
Federal AWQCs (2) 

Detects/No. Positive Above r 
above AWQCs 

Contaminant NCWQSU Acute Chronic of Samples Detections NCWQS Acute chronic 

Arsenic 50 - -- o/14 ND NA NA NA 
Barium -- -- -- 14J14 13.4 - 36 NA NA NA 
Cadmium 2.0 3.9 1.1 o/14 ND NA NA NA 
Chromium 50 16 11 3114 4.4 - 8 0 0 0 
Copper 7 18 12 3114 4.0 - 55.8 1 1 1 
Lead 25 83 3.2 10114 1.5 - 8.2 0 0 2 
Manganese -- -- -- 14/14 6.2 - 65 NA. NA NA 
Mercury 0.012 2.4 0.012 2114 0.05 - 0.34 2 0 0 
Nickel 88 1,400 160 2114 8.0 - 244 1 0 1 
Vanadium -- -- -- 3/14 2.0 - 3.0 NA NA NA 
Zinc 50 120 110 3114 6.2 - 30.7 0 0 0 

(1) NCWQS - North Carolina Water Quality Standards for the Protection of Aquatic Life 
(2) AWQC - Ambient Water Quality Standards for the Protection of Fresh Water 
(3) -- No ARAR published 
(4) All concentrations expressed in microgram per liter @g/L) 
(5) NA - Not applicable 
(6) ND - Not detected 

Surface Water Criteria 
Contaminant 

Frequency/Range Comparison to Criteria 



I .  

SURFACE WATER DATA SUMMARY 
SITE 6 - RAVINE 

FREQUENCY AND RANGE OF DETECTIONS 
COMPARED TO NORTH CAROLINA AND FEDERAL SURFACE WATER CRITERIA 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

T T T Contaminant 
Frequency/Range Surface Water Criteria Comparison to Criteria 

Contaminant 

Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 

North 
Carolina 

NCWQS(1 

50 

Federal AWQCs (2) 

Acute ] Chrpni 

No. of 
Positive 
Detects 
Above 

NCWQS 

40. of Positive Detectz 
above AWQCs 

2.0 
50 

0 
NA 

2 

7 

Manganese 
Mercury 
Nickel 
Vanadium 

25 
-- 

0.012 

No. of 
Positive 

Detects/No. 
of Samples 

3/6 
6/6 
2/6 
216 
6/6 
616 
616 

Range of 
Positive 

Detections 

2.2 - 10.5 
37.1 - 91 
3.7 - 4.3 
4.2 - 6.5 
4.7 - 9.0 

1.9 - 12.2 
38.6 - 597 

0 
4 
0 

NA 
NA 
NA 
NA 

O/6 ND 
88 O/6 ND 
-- l/6 6.2 

Zinc 50 616 72.7 - 495 6 

(1) NCWQS-NorthC 
(2) 

aro ma Water Quality Standards for the Protection of Aquatic Life 1’ 
AWQC - Ambient Water Quality Standards for the Protection of Fresh Water 

(3) -- No ARAR published 
(4) 
(5) 

All concentrations expressed in microgram per liter @g/L) 
NA - Not applicable 

(6) ND - Not detected 

1 2 
0 0 
0 0 
0 4 

NA NA 
NA NA 
NA NA 
NA NA 

A !i L 



SEDIMENT DATA SUMMARY 
SITE 6 -WALLACE CREEK 

FREQUENCY AND RANGE OF POSITIVE DETECTIONS 
COMPARED TO USEPA REGION IV SEDIMENT SCREENING VALUES 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

:l) ER-L - Effects Range Low 
2 ER-M - Effects Range Median 
3 Sediment Screening Value established for Total PCBs 
14) Organic concentrations reported in pgkg, Inorganic concentrations reported in mgkg 
15) Only contaminants with Screening Values are presented on Table 
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The Organic Leachate Model (OLM) is a model used for predkting the boncentiatkk of organic 

-, 
compounds in leachate. This model can be used in conjunction with the Vertical and Horizontal 

i Spread Model (VHS). The OLM is an empirical equation which was developed through application of 

modeling techniques. 

Soil Cleanup Goal 

Cl = 0.00211 * Cw h 0.678 * S A 0.373 cs = ((c1)/(0.0021 l)*(s * 0.373)) h 1.4749 

Where: 

Cl = Constituent concentration in leachate (ppm) 

Cw = Constituent concentration in waste (soil) (ppm) 

S = Constituent Solubility (ppm) 

Constituent 

Chloromethane 

Bromomethane 

Benzene 

1 ,P-Dichloroethene 

Trichloroethene 

1 ,I ,2,2-Tetrachloroethane 

1 ,I ,l -Trichloroethene 

Tetrachloroethane 

4,4’-DDD 

4,4’-DDE 

4,4’-DDT 

Dieldren 

Gamma Chlordane 

Aroclor 1260 

- Cannot be estimated 

NE - No criteria established 

:.,,/ 

! Wm) 
0.00211 1 6450 

0.00211 900 

0.00211 1780 

0.00211 600 

0.00211 1100 

0.00211 2900 

0.00211 720 

0.00211 200 

0.00211 0.09 

0.00211 0.04 

0.00211 0.0055 

0.00211 0.195 

0.00211 0.056 

0.00211 0.0027 

Maximum 

Concentration 

in Soil 

Wm) 

0.49 

1.3 

0.85 

1.5 

4.8 

55 

0.042 

3.7 

12 

4.2 

6.4 

0.28 

0.16 

42 

Soil Cleanup 

Goal 

Wm) 
_- 

_- 

0.0054 

5.1842 

0.0322 
-- 

22.0586 

0.0107 
-- 

-- 

- 

-- 

4.5121 

3.0962 

References: 

1. Federal Register Vol51. July 29, 1989 

2. USEPA AQUATIC FATE PROCESS DATA FOR ORGANIC PRIORITY POLLUTANTS 

Constituent State or 

Concentration Federal 

in Leachate Criteria 

(m-4 (twm) 
0.0343 NE 

0.0319 NE 

0.0308 0.001 

0.0302 0.07 

0.0809 0.0028 

0.6248 NE 

0.0029 0.2 

0.0370 0.0007 

0.0046 NE 

0.0017 NE 

0.0011 NE 

0.0005 NE 

0.0002 0.002 

0.0029 0.0005 



PARTICULATE INHAL 
ADULT 

C = TR or THI * BW * ATc or ATnc * DY / CSF or l/RID * EF * ED * IR *i/PEF 

Where: 
C = contaminant concentration in soil (uglkg) 
TR = total lifetime risk for carcinogen (unitless) 
THI = total Hazard Index for noncarcinogen (unitless) 

CSF = carcinogenic slope factor 
RfD = reference dose for noncarcinogen 
IR = inhalation rate (m3/hr) 

EF = exposure frequency (days/yr) 
ET = exposure time (hour/day) 

ED = exposure duration (years) 
BW = body weight (kg) 

ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 

DY = day per year (day/yr) 
PEF I particulate emission factor (m3/kg) 

Note: Inputs are scenario and site specific 

/ 

1 ,P-Dichloroethene 

1 ,I ,2,2-Tetrachloroethane 
etrachloroethane 

hromium 

Concentration 
Carcinogen 

@g/kg) 

+ 
4.OE+07 

7.OE+09 
2.2E+lO 
3.2E+09 

3.2E+ll 
1.3E+07 
76Ef07 
1 ,OE+08 

I .5E+07 

Particuaite 
Emission 

Factor 

(m l/kg) 
+ 

5.OE+08 

5.OE+08 
5.OE+08 
5.OE+08 

5OE+08 
5OE+08 
5OE+O8 
5OE+08 

5OE+08 

INPUTS 
Calculated 

1 .OE-04 
1 

Specific 
Specific 

0.83 
350 

16 
30 
70 
70 

30 
365 

Cowherd 

Exposure 
Frequency 

(daydyr) 

350 
350 

350 
350 
350 

350 
350 
350 
350 

350 

inhalation 
Rate 

(mWr) 

0.83 
0.83 

0,83 
0.83 
0.83 

0.83 
0.83 
0.83 
0.83 

0.83 

- 
Exposure 
Duration 

W) 

30 
30 

30 
30 
30 

30 
30 
30 
30 

30 - 

FqGiiE 
Time 

(Wday) 

- 
Body 

Weight 

(kg) 

Average Days per lnhal Slope 
Cart Time y-r Factor 

(y=rs) (daY/Y=r) (mglkg-day)-1 

16 10 10 365 
16 70 70 365 

16 70 70 365 
16 70 70 365 
16 70 70 365 

16 70 70 365 
16 70 70 365 
16 70 70 385 
15 70 70 365 

- 
1.60E+ol 

9.1 OE-02 
2.90502 
2.OOE-01 

2.03E-03 
5.00E+Ol 
8.40E+OO 
6.30E+OO 

4.20E+Ol 

- 
Total 

Ltfetme 
Risk 

77fJcm 
1 aOE-04 

1 .OE-04 
I .OE-04 

1 .OE-04 
I .OE-04 
1 .OE-04 
1 .OE-04 
1 .OE-04 

1 .OE-04 
- 

File Name: PIAL.WQl 



PARTICULATE INHAtATiON ACTION LEVEL 

CHILD RESIDENT 

C = TR or THI * BW * ATc or ATnc * DY / CSF or l/AD * EF l ED + IR l IlPEF 

Where: 
C = contaminant concentration in soil (uglkg) 

TR = total lifetime risk for carcinogen (unitless) 
THI = total Hazard Index for noncarcinogen (unitless) 
CSF = carcinogenic slope factor 

RD = reference dose for noncarcinogen 
IR = inhalation rate (m3/hr) 
EF = exposure frequency (days/yr) 
ET = exposure time (hour/day) 

ED = exposure duration (years) 
BW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 

DY = day per year (day/yr) 
PEF = particulate emission factor (m3/kg) 

Note: Inputs are scenario and site specific 

INPUTS 
Calculated 

l.OE-04 
1 

Specific 
Specific 

0.43 
350 

24 
6 

15 

70 
6 

365 
Cowherd 

1,BDichloroethene 

.2,2-Tetrachloroethane 

Exposure 
Duration 

MS) 

6 
6 
6 
6 

6 
6 
6 

6 
6 
6 

- 

- 
I - 

zxposure BdY Average Days per lnhal Slope --lxir- 
Time Weight Cart Time year Factor Ltfetme 

(hdday) (kg) (years) (day/year) (ms/ks-dad-1 Risk 

24 
24 
24 
24 

24 
24 
24 

24 
24 
24 

- 

15 70 365 3.40t-01 
15 70 365 1.60E+ol 

15 70 365 9.10E-02 

15 70 365 2.9OE-02 
70 70 365 2.OOE-01 
70 70 365 2.03E03 
15 70 365 5.00E+Oi 
15 70 365 6.40E+OO 

15 70 365 6.30EtOO 
15 70 365 1 4.20EtOl 

-iYoRK 
1 .OE-04 
1 .OE-04 
1 .OE-04 

1.OE-04 
1 .OE-04 
i.OE-04 
l.OE-04 

l.OE-04 
1 .OE-04 - 

FILE NAME: PIAL.WQP 



‘t 
PARTICULATE INHALATICN ACTION LEVEL 

WORKER 

C = TR or THI * BW l ATc or ATnc l DY / CSF or l/AD * EF * ED l IR * l/PEF 

Where: 
C = contaminant concentration in soil @g/kg) 

TR = total lifetime risk for carcinogen (unities@ 
THI = total Hazard Index for noncarcinogen (unitless) 
CSF = carcinogenic slope factor 

AD = reference dose for noncarcinogen 
IR = inhalation rate (m3/hr) 
EF = exposure frequency (days/yr) 
ET = exposure time (hour/day) 

ED = exposure duration (years) 
BW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 

DY = day per year (daylyr) 
PEF = particulate emission factor (m3/kg) 

Note: Inputs are scenario and site specific 

INPUTS 
Calculated 

1 .OE-04 
1 

Specific 
Specific 

1.25 
250 

a 

25 
70 
70 

25 
365 

Cowherd 

Contammant Concentratron Parttcualte txposure lnhalatron Exposure tXpOSUre tbdy 

Carcinogen Emission Frequency Rate Duration Time Weight 

MkJ) Factor (days/!4 (m3/hr) (YH Wday) (kg) 

Average 
Cart Time 

(yea@ 

Days per 
year 

(day/year) 

lnhal Slope 
Factor 

(mg/kg-day)-I 

rota1 
Lifetme 

Risk 

Dieldren &QE+07 

1,2-Dichloroethene 1.6E+lo 

Benzene 4.9EtiO 

1,1.2,2-Tetrachloroethane 7.2Et09 

Tetrachloroethane 7.OEtll 
Arsenic 2.9E+07 

Beryllium 1.7Et08 

Cadmium 2.3Et08 

Chromium 3.4Et07 

5.OEt08 250 
5.OEt08 250 

5.OEt08 250 
5.OEt06 250 
5.OEt06 250 
5.OEt08 250 
5.OEt08 250 
5.OEt08 250 

5.OEt08 250 

1.25 25 
1.25 25 
1.25 25 

1.25 25 

I .25 25 
1.25 25 

I:25 25 
1.25 25 

1.25 25 

a 70 70 365 1.6OEt01 1 .OE-04 

0 70 70 365 Q.iOE-02 1 .OE-04 

a 70 70 365 2.90E-02 1 .OE-04 

0 70 70 365 2.00E-01 1 .OE-04 

0 70 70 365 2.03E-03 l.OE-04 
8 70 70 365 5.OOEtol 1 .OE-Q4 

a 70 70 365 6.40EtOO l.OE-04 

a 70 70 365 6.30EtOO l.OE-04 

6 70 70 365 4.20EtOi l.OE-04 

FILE NAME: PIALWQI 



SOIL INGESTION ACTIC.. - 
ADULT RESIDENT 

C=TAorTHI’BW’ATcorATnc’DY/EF*ED”IR*CF”FI’CSFcrl/RfD 

Where: 
C = contaminant concentration in soil (“g/kg) 
TR = total lifetime carcinogenic risk (unitless) 
THI = total hazard index (unitless) 
CF = conversion for kg to mg  
EF = exposure frequency (days&r) 
ED = exposure duration (yr) 
IR = soil ingestion rate @g/day) 
CSF = carcinogenic slope factor 
WD = reference dose 
FI = fraction Ingested from source 
BW = body weight (kg) 
ATc = averaging time for carcinogen lyr) 
ATnc = averaging time for noncarcinogen (yr) 
DY = days Per year (days&ear) 

Note: inputs we scenario and site specific 

I==== 

,2,2-Tetrachlorcethane 
rachloroethane 

zo(b)fluoranthene 

File Name: SIALA.WQl 

- 

- 
- 

- 

Ccncentratrcn txposure txposure Ingestron 
Carcinogen Frequency Duration Rate 

(“ena @*W’r) W) (mg/d*y) 

500960 
500960 
22121 

7097222 
5673563 
651687 

3275641 
23333 
23333 
23333 
23333 
23333 
23333 
97333 
39812 

J5lJ 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 

- 

I” 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

.-” 

100 

loo 

100 
100 
100 
100 
100 
100 
1w 
100 
100 
100 
100 
100 
100 

- 

Concentration txposure txposure 
Nonoarclnogen Frequency Duration 

(“dw (d*ys/yr) W) 

- 
- 

- 

lngestlon 
Rate 

365000 
65700000 
73WOOO 
73WWO 

219000006 
29200000 
219OOWO 
43600000 

219000 
51100000 
365OWO 
365WO 

3650000 
3650000 
146OOOQo 

219OOOQw 

350 
350 
350 
350 
360 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 - 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 - 

100 
100 
100 
loo 
100 
1w 
100 
1w 
100 
100 
100 
100 
1w 
100 
100 
100 

- 

INPUTS 
Calculated 

1 E-04 
1 

1 E-06 
350 

30 
100 

specific 
specific 

100 
70 
70 
30 

365 

- 

(kg) 

7r 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

E 

izy 
uVelghi 

(kg) 

76 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 - 

Average ,cnverslcn 
Cart Time Factor 

(years) (kdmg) 

;1: 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
-m 

Average 
Noncarc Time 

tY=*=) 

ii 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

7 

- 

1 t-06 
1 E-06 
1 E-06 
1 E-06 
1 E.06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E.06 
1 E-06 
1 E-06 

- 

Sonverslon 
Factor 

Ww) 

U=YS 
per year 

(d*Wr) 

365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 

- 

Risk 

7Fcr 
1 E-04 
1 E-04 
lE-04 
1 E-04 
1 E-04 
lE+i 
1 E-04 
1 E-04 
lE-04 
lE-04 
1 E-04 
lE-04 
lE-04 
1 E-04 
1 E-04 

- 

Index 

1 t-Oti 365 I I 

1 E-06 366 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 
1 E-06 365 1 - - - 

- 
- 

- 

slope 
Factor 

(mg/kg/day)-1 

_ 
3.4OE-01 
3&X-01 

7.70E+OO 
2&J&02 
2.9OE-02 
2.00E-01 
5.20E-02 

7.30E+OO 
7.30E+00 
7.30E+OO 
7.30E+00 
7.30E+OO 
7.30E+OO 
1.75E+OO 
4.30E+OO 

Heference 
Dose 

bwnCg/d*yl 

. - 
&WE-02 
l.WE-02 
1 .OOE-02 
3.WE-01 
4.00E-02 
3.WE-02 
6.WE-02 
3.WE-04 
7.OOE-02 
5.WE-03 
5.WE-04 
5.WE-03 
5.WE-03 
2.WE-02 
3.WE-01 

wz.ctron 
Ingested 

From 
SCUPX 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

traction 
Ingested 

From 
Source 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 



SOIL INGESTION ACTIOI\ -- 
CHILD RESIDENT 

~ C=TRorTHI*SW*ATcorATnc*DY/EF*ED’IR’CF”FI*CSForl/RfD 

Where: 
C = contaminant concentration in soil @g/kg) 
TR = total lifetime carcinogenic risk (Unitless) 
THI = total hazard index (witless) 
CF = conversion for kg to mg  
EF = exposure frequency (days&) 
ED = exposure duration (yr) 
IR = soil ingestion rate (mg/day) 
CSF = carcinogenic slope factor 
RfD = reference dose 
FI = fraction ingested from source 
BW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 
DY = days per year (days&ear) 

Note: Inputs are scenario and site specific 

1 ,1,2,2-Tetrachloroethane 
etrachloroethane 

ezo(k)fluoranthene 

File Name: SIALC.WQl 

C;oncentratlon txposure 
Carcinogen Frequency 

(“Snc9) Wwh’r) 

266362 350 
266362 350 
11651 350 

3602063 350 
3146552 350 
466250 350 

1754606 350 
12600 350 
12500 350 
12500 350 
12500 350 
12500 350 
12500 350 
52143 350 
21221 350 

Concentration 
NoncarcInogen 

(“9fi9) 

Frequency 

kJ=Wr) 

JtllUl 
7039266 
762143 
762143 

23464266 
3129571 
2346429 
4892657 

23464 
5475000 
391071 
39107 

391071 
391071 
1564266 

23464266 

350 
350 
350 
350 
350 
350 
350 

350 
350 
350 
350 
350 
350 
350 
350 
350 - 

Exposure Ingestton w Average Conversion 
Duration Rate Weight Cart Time Factor 

&,I MwkW) (kg) @MS) h/ma) 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

--_ 
200 
200 
200 
200 
2w 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 

- 

--i5- 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

- 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 - 

- 

- 

1 t-06 
1 E-05 
1 E-06 
1 E-08 
1 E-06 
1 E-06 
1 E-06 
lE-06 
1 E-06 
1 E-06 
lE-06 
lE-06 
lE-06 
1 E-06 
1 E-06 
1 E-06 

- 

txposure 
Duration 

W 

lngestlon -=r Average Converstor 
Rate Weight Noncaro Time Factor 

balW (kg) (years) Mlm9) 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

8 

--- 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
2w - 

13 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 - 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

1 t-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
lE-OB 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 

- 

INPUTS 
Calculated 

- 

1 E-04 
1 

1 E-06 
350 

6 
200 

specific 
specific 

100 
15 
70 

6 
365 

- 
/ 

- 
i- 

- 

-E&T- 
per year 

(W’W) 

360 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 

- 

-mijr 
per year 

(d=ysh’O 

385 

365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
355 
365 - 

- 

- 
- 

- 

Ufetlms bW= 
CalEe, Factor 

Risk (mg/kg/day)-1 

-Em- 
1 E-04 
1 E-04 
1 E-04 
1 E-04 
lE-04 
1 E-04 
1 E-04 
1 E-04 
1 E-04 
1 E-04 
1 E-04 
1 E-04 
1 E-04 
1 E-04 
1 E-04 

- 

- 
3.4OE-01 
3.4OE-01 

7.70E+OO 
2.4OE-02 
2.9OE-02 
2.WE-01 
5.2OE-02 

7.30E+OO 
7.30E+OO 
7.30E+W 
7.30E+OO 
7.30E+OO 
7.30E+OO 
1.75E+W 
4.30E+W 

nazard 
Index 

neterence 
Dose 

b-whWW) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- 

, - 
@.WE-02 
l.WE-02 
1 .OOE-02 
3.WE-01 
4.WE-02 
3.00E-02 
6.WE-02 
3.WE-04 
7.WE-02 
5.WE-03 
5.WE-04 
5.OOE-03 
5.WE-03 
2.WE-02 

1 1 
1 1 
1 1 

1 
1 1 
1 1 
1 1 
1 1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 I/ 
1 
1 -I 1 
1 
1 

tract1on 
Ingested 

From 
SCMrce 

1 
1 



SOIL INGESTION ACTIC. EL 
WORKER 

Where: 
C = contaminant concentration In soil (“g/kg) 
TR = total lifetime carcinogenic risk (unitless) 
THI = total hazard Index (“nitless) 
CF = conversion for kg to mg  
EF = exposure frequency (days/y,) 
ED = exposure duration fyr) 
IR = soil ingestion rate (mg/day) 
CSF = carcinogenic slope factor 
WD = reference dose 
FI = fraction ingested from source 
SW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 
OY = days per year (days/year) 

INPUTS 
Calculated 

Note: inputs are scenario and site specific 

,2,2-Tetrachloroethane 

Concentration 
Carcinogen 

(“g/W 

11 
641647 
641647 
37164 

11923333 
Q667566 
1430600 
5503077 

3.9200 
38200 
38200 
39200 
39200 
39200 

186329 
66548 

~oncentratlon 
Noncarolnogen 

(“cl&4 

bllQo0 
Q196OOW 
1022oMx) 
1022OOW 

306600000 
4oaeww 
3066OOW 
61320006 

306600 
71540006 
5110000 
511000 

5110000 
511WOO 

20446000 
3066WOOO 

--r---.- 

Frequency 
Www%‘r) 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 

250 

tXpX”,l2 

Frequency 

Wwh’r) 

db” 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 - 

- 

- 
- 

- 

bxposure 
Duration 

w 

ZD 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

25 

txpasure 
O”,dlO” 

(YO 

23 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 - 

- 

- 
- 

- 

1 E-04 
1 

1 E-06 
250 

25 
100 

specific 
specific 

100 
70 
70 
25 

365 

- 
klgesuon =F Average ConversIon Days Lifetime Slope 

Rate Weight Cart Time FiXt0r per year cancer Factor 

Mtldw) (kg) (years) (Wmg) (dw/yO Risk (mgikg/day)-1 

100 
100 
100 
100 
100 
1W 
100 
100 
100 
100 
100 
100 
100 
100 
100 

1M) 

=w= 
. ”  

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 
70 
70 
70 - 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

1 t-06 
lE-06 
1 E-06 
lE.06 
1 E-06 
lE-06 
1 E-06 
lE.06 
lE-06 
lE-06 
1E-W 
lE-06 
1 E-06 
1E-W 
lE-06 
1 E-06 

- 

365 1 t-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 
355 1 E-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 
365 1 E-04 - - 

_ 
34OE-01 
3.4OE-01 

7.70E+W 
2.4OE-02 
2.QOE-02 
Z.WE-01 
5.2OE-02 

73OE+OO 
7.30E+W 
7.30E+OQ 
7.30E+W 
73OE+OO 
7.30E+OO 
1.70E+W 
4.30E+w 

lnges”on 
Rate 

(mgldw) 

Average Conversion 
Noncarc Time Factor 

!Y=J4 (kg/w) 

- 
- 

- 

100 
100 
100 
100 
100 
100 
100 
1W 
100 
100 
100 
100 
1W 
100 
100 
100 

- 

70- 
70 
70 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 - 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

1 t-w 
lE-05 
1 E-06 
lE.06 
lE-O6 
1 E-06 
1 E-06 
1 E-06 
lE-06 
1 E-06 
1 E-06 
lE-06 
lEg6 
1 E-08 
1 E-06 
1 E-06 - 

360 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 - 

I 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 - 

- 
%WE-02 
l.WE-02 
l.WE-02 
3.WE-01 
4.WE-02 
3.WE-02 
6.OOE-02 
3.WE-04 
7.00E-02 
5.OOE-03 
5.WE-04 
5.WE-03 
5.OOE-03 
2.OOE-02 
3.WE-01 

- 

- 
- 

- 

tract10n 
Ingested 

From 
SOUPXJ 

1 

1 

traction 
Ingested 

From 
SO”,CC? 

1 

1 



DERMAL CONTACT WlTh - 
ADULT RESIDENT 

C=TRorTHI*SW’ATcorATnc*DY/ CSForWD*lOE-8’SA*AF*Abs*ED’EF 

Where: 
C = contaminant concentration in soil (ug/kg) 
lOE-6 I: conversion factor (kglmg) 
SA = exposed skin surface area (cm2) 
AF = sol1 to skin adherence factor (mg/cm2) 
Abs = fraction absorbed (unitless) (contaminant specific) 
TR = total lifetime risk for carcinogen (unitless) 
THI = total Hazard Index for noncarcincgen (unitless) 
CSF = carcinogenic slope factor 
RfD = reference dose for noncarcinogen 
EF = exposure frequency (events&r) 
ED = expscsure duration (years) 
SW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 
DY = day per year (day/yr) 

Note: Inputs are scenario and site specific 

,2,2-Tetrachlorcethsne 

eno(l23cd)pyrene 

I=-=== 
1 

~cncentratIon 
Carcinogen 

(“g/kg) 

-2B/MlY./l 

169049.20 

1fl9049.20 

13912.71 
1339099.53 
1106219.49 
160691.82 
616045.46 
14675.05 
14675.05 
14675.05 
14675.05 
14675.05 
14675.05 

163647.60 
74740.36 

~cncentrauon 
Noncarcincger 

ww 

12398226.42 
1377356.49 
1377356.49 

137736949.06 
19364770.67 
13773564.91 
27547169.61 

413207.55 
96415094.34 
6666792.45 
666679.25 

6666792.45 
6666792.45 

27547169.61 
413207547.17 

- 7 
- - 
I - 

“0”“~,510, 

Factor 

(Ww) 

1 t-w 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
lE-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
lE-06 
1 E-06 
1 E-06 

- 

donverslor 
Factor 

(b/w) 

1 t-w 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 

- 

SunaCe 
Area 

(cm21 

-am- 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
53470 
5300 
5300 
5300 
5300 
5300 
5300 
5300 

- 

SUrtaCE 
Area 

(cm21 

-moo- 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
5300 

- 

INPUTS 
Calculated 

1 E-06 
5300 

1 
Specific 

- 
71 

1 .OE-04 
1 

Specific 
Specific 

350 
30 
70 
70 
30 

365 - 
ianerenCE -FKEm- tXp0S4PZ 

Factor Absorbed Frequency 
(mglcm2) W) (events&r) 

; 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

o.u!a 
0.05 
0.05 
0.03 
0.1 
0.1 
0.1 
0.1 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.01 
0.01 

dherencl )-racflon 
Factor 4bsorbec 

(mgIcm2 W) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

=mJF 
0.1 
0.1 
0.1 

0.03 
0.03 
0.03 
0.03 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

- 

- - 4 
I - 

33” 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 

- 

txpcsure 
Frequency 
(events/yr) 

350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 

- 

kXpCSU,e -=w Average 

Duration Weight Cart: Time 
(VN (kg) fyears) 

4” 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

- 

- 
I - 
- 

txposure 
Duration 

(YE) 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

- 

- - 
I - 

- 
-76 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

- 

-=v- Average 
Weight Noncarc Time 

(kg) b-3) 

=?I= 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

- 

ii 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

lays per 5’cPe 
year Factor 

Pay&ear) (mg/kg-day)-1 

10 915 - 
70 365 3&E-01 
70 365 3&E-01 
70 365 7.70E+OO 
70 365 2.4OE-02 
70 365 2.90E-02 
70 365 2.OOE-01 
70 365 5.20E-02 
70 365 73OEtOO 
70 365 7.30Et00 
70 365 7.3OE+00 
70 365 7.30EtOO 
70 365 7.30EtOO 
70 365 7.30E+CO 
70 365 1.75E+OO 
70 365 4.30E+OO 

- 
- - 
I - 

uays per 
year 

kJay/yeaO 

Jti!J 
365 
365 
365 
365 
385 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 

- 

- 

- 

- 

_ 
9.OOE-02 
1 .COE-02 
1 .OOE.02 
3.00E.01 
4.00E-02 
3.OOE-02 
6.00E-02 
3.COE-04 
7.OOE-02 
5.00E.03 
5.00E.04 
5.OOE-03 
5.00E-03 
2.OOE-02 
3.OOE-01 

- 

- 

- 

l7JETn 
1 .OE-04 
1 .OE-04 
1 .OE-04 
1 .OE-04 
1 .OE-04 
1 .OE-04 
1 .OE-04 
l.OE-04 
l.OE-04 
l.OE-04 
l.OE-04 
1 .OE-O4 
1 .OE-04 
1 .OE-04 
l.OE-04 - 

nazara 
index 

; 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- 

File Name: DCAL20l.WQl 



DERMAL CONTACT WlTh Y  ACTION LEVEL 
CHILD RESIDENT 

C=TRorTHI~EW*ATcorAT”c*DY/ CSForRfD’lOE-6’SA”AF’Abs’ED’EF 

Where: 
C = contaminant concentration in soil @g/kg) 
lOE-6 = conversion factor (kg/mg) 
SA = exposed ski” surface area (cm2) 
AF = soit to ski” adherence factor (mglcm2) 
Abs = fraction absorbed (witless) (Contaminant specific) 
TR E total lifetime risk for carcinogen (unitless) 
THI = total Hazard Index for “oncarcinogen (unitless) 
CSF = carcinogenic slope factor 
GfD = reference dose for noncarcinogen 
EF = exposure frequency (events&V) 
ED = expsosure duration (years) 
BW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 
DY = day per year (day&r) 

Note: Inputs are scenario and site specific 

,2,2-Tetrachloroethane 

eno(l23cd)pyrene) 

~oncenuatron 
Carcinogen 

Wkg) 

71w9u1.41 
596405.23 
596405.23 
43691.29 

4224537.04 
34S6166.56 
506944.44 
1949766.32 
46296.30 
46266.30 
46266.30 
46266.30 
46266.30 
46296.30 

579365.06 
235766.11 

-BFS04./a 
7821428.57 
669047.62 
669047.62 

66QO478lSO 
11567301.59 
6660476.19 

17360952.36 
260714.26 

60633333.33 
4345236.10 
434523.61 

4346236.10 
4346236.10 

17360952.38 
260714285.71 

dmverskxi 
Factor 

(kglw) 

1 t-08 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
lE-06 
lE-06 

- 

.,o”“ers!o1 
Factor 

(Wmg) 

1 t-w 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
I E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 

- 

5k5iEc 
Area 

(cm4 

=Tiim= 
1,300 
1800 
1600 
1600 
1800 
1600 
1600 
1600 
1600 
1600 
1600 
1900 
1600 
1600 
1600 - 

SunaCe 
Area 

(cm21 

-mm- 
1600 
1800 
1600 
1800 
1600 
1800 
1600 
1600 
1800 
1600 
1800 
1600 
1606 
1606 
1600 

- 

INPUTS 
Calculated 

1 E-06 
1600 

1 
Specific 

1 .OE-04 
1 

Specific 
Specific 

350 

- 
-A 

- 

- 
A 

- 

6 
15 
70 

6 
365 

.anerence 
Factor 

(mgIcm2) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 

laneRncB 
Factor 

(ma/cm2) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- 

Fraction bxposvre 
4bsorbed Frequency 

W) (eventslyr) 

-om- 
0.05 
0.05 
0.03 
0.1 
0.1 
0.1 
0.1 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.01 
0.01 

- 

30” 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 - 

Absorbed 

(3 

-(m5- 
0.1 
0.1 
0.1 

0.03 
0.03 
0.03 
0.03 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
n nr 

txposure 
Frequency 
(eventdyf) 

30” 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
35n 

- 
~ - - 
I - 

tXpS.llre T 
Duration Weight 

(YW (kg) 

b 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

- 

-txposure 
Duration 

[Yrs) 

0 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

- 

- 

- 
- 

- 

T  
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

- 

-=T 
Weight 

(kg) 

T  
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

- 

- 
~ - - 
I - 

Average 
Cart Time 

(Years) 

I” 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

Average 
Noncarc Time 

6-d 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

uays per 
year 

WwWr) 

360 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 

uays per 
year 

(W&=4 

JO0 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 

SloPa -mxr 
Factor Llfetme 

(“w/kg-day)-1 Risk 

. - 
3&E-01 
3.4OE-01 

7.70E+OO 
2.4OE-02 
2.90E-02 
2.00E-01 
5.20E-02 
7.30E+OO 
7.30E+W 
7.30E+OO 
7.30E+OQ 
7.30E+OO 
7.30E+OO 
1,75E+OO 
4.30E+OO 

l7JEm 
1 .OE-O4 
l.OE-04 
l.OE-04 
1 .OE-O4 
I .OE-O4 
l.OE-04 
1 .OE94 
1 .OE4-J4 
l.OE-04 
l.OE-04 
l.OE-04 
l.OE-64 
l.OE-64 
l.OE-04 
1 soE-04 
- 

nererence 
Dose 

b-@wW 

nazara 
Index 

SOOE-02 
1 .OOE-02 
1 .OOE-02 
3.00E-01 
4.OOE-02 
3.OOE-02 
6.OOE-02 
3.00E-04 
7.00E-02 
5.00E-03 
5.OOE-04 
5.00E-03 
5.00E-03 
2.00E-02 
3.OOE-01 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- 

File Name: DCALC.WQl 



OERMAL CONTACT WI-t, LEVEL 
WORKER 

Where: 
c = contaminant concentration in soil @g/kg) 
ioE-6 = conversion factor (kglmg) 
SA = exposed skin surface area (Cm2) 
AF = sol1 to skin adherence factor (mg/cm2) 
Abs = fraction absorbed (unitless) (contaminant specific) 
TR = total lifetime risk for carcinogen (unitless) 
THI = total Hazard Index for noncarcinogen (unitless) 
CSF = carcinogenic slope factor 
RfD = reference dose for noncarcinogen 
EF = exposure frequency (events/yr) 
ED = expsosure duration (years) 
BW = body weight (kg) 
ATc = averaging time for carcinogen (vr) 
ATnc = averaging time for noncarcinogen (yr) 
OY = day per year (day/yr) 

Note: Inouts are scenario and site specific 

INPUTS 
Calculated 

1 E-08 
4300 

1 
Specific 

l.OE-04 
1 

Specific 
Specific 

250 
25 
70 
70 
25 

365 

anerense 
Factor 

(mg/cmZ) 
4bsorbec 

(W 

Ixposure 
Frequency 
(eventdyr) 

-om- 
0.05 
0.05 
0.03 
0.1 
0.1 
0.1 
0.1 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.1 

0.01 
- 

LXJ 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 

- 

- I 

I - - 1 

~ - 

lz?Ei 
4bsorbec 

rw 

txposure 
Frequency 
(events&v) 

-om- 
0.1 
0.1 
0.1 

0.03 
0.03 
0.03 
0.03 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

- 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
260 

- 

- - 
Exposure -=w Average uays per 5fw -Em- 
Duration Weight Cart Time year Factor Lifetme 

bW (kg) &eam) (day/year) (mdkg-day)-1 Risk 

23 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

- 

7u- 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

- 

1” 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

YUS _ 
365 3.4OE-01 
365 3.4OE.01 
365 7.70E+oo 
365 2&E-02 
365 2.90E-02 
365 2.00E-01 
365 5.20E-02 
365 7.30E+OO 
365 7,30E+OO 
365 7.30E+oo 
365 7.3oE+oo 
365 7.3OE+OO 
365 7.3OE+OO 
365 1.75E+00 
365 4.30E+OO - 

-lTmJa- 
1 .OE-04 
1 .OE-04 
1 .OE.O4 
1 .OE-o4 
1 .OE-O4 
1 .OE-O4 
1 .OE-O4 
1 .OE-O4 
1 .OE-04 
1 .OE-O4 
l.OE-04 
1 .OE-O4 
1 .OE-O4 
1 .OE-04 
1 .OE-O4 

- - - 
I - 

rfazalcl 
Index 

Average 
Noncarc Time 

@L,S) 

25 .wJ 
25 365 
25 365 
25 365 
25 365 
25 365 
25 365 
25 365 
25 365 
25 365 
25 365 
25 365 
25 365 
25 365 
25 365 
26 366 

; 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 - 

anelencl 
Factor 

(m&m? 

~onverslor 
Factor 

Wmg) 

Burtace 
Area 

(cm3 

1 k-O6 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-08 
1 E-06 
1 E-06 
1 E-06 
1 E-06 

- 

-aor 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 

- 

1, 

~ - 

;;7 

i - 

,o”“erslo 
Factor 

(M-w) 

- 

- 

~ - 

SunaCe 
Area 

(cm4 

-lEmr 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-OE 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 
1 E-06 

- 

T im= 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 

- 

- 
-A 

- 

- 
--I 

Heterence 
DoSe 

hW-dw) 

9.00E-02 
l.OOE-02 
1 .OOE-02 
3.00E-01 
4,00E-02 
3.00E-02 
6.00E-02 
3.00E.04 
7.00E-02 
5.OOE-03 
5.00E-04 
5.00E.03 
5.00E-03 
2.00E.02 
3.00E-01 

Concentration 
Carcinogen 

h/kg) 

-5s573.64 
391463.75 
391463.75 
26609.02 

2772868.22 
2294787.49 
332744.19 

1279765.33 
30367.60 
30397.60 
30367.60 
30367.60 
30367.60 
30367.60 
36027.91 
154764.74 

Concentration 
Noncarclnoger 

Nlncg) 

ru/a/4.4T 
21390697.67 
2376744.19 
2376744.19 

237874416.60 
31669922.46 
23767441.66 
47534663.72 

713023.26 

.Olchlorobenzene 

uays per 
year 

&W/w4 

=7i7 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

z5 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

11663720.93 
1166372.09 

118E3720.03 
11663720.93 
47534663.72 

713023265.61 25 1 70 



INGESTION OF GRO&WATER ACTION LEVEL 
ADULT RESIDENT 

C=TRorTHI*BW*ATcorATnc*DY/IRw*EF*ED*CSForl/RfD 

Where: INPUTS 
C = contaminant concentration in water ((ug/L) 
TR = total lifetime risk 
THI = total hazard index 
CSF = carcinogenic slope factor 

WD = reference dose 
IFtw = daily water ingestion rate (L/Day) 
EF = exposure frequency (days/yr) 
ED = exposure duration (yr) 
BW = body weight (kg) 

ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 
DY = days per year (day/year) 

1 E-04 
I 

specific 

specific 
2 

350 
30 
70 
70 
30 

365 

Note: Inputs are scenario and site specific 

Bromodrchloromethane 13/ 
1.2-Dichloroethane 94 
l,l-Dichloroethene 14 
1 ,I ,2,2’Fetrachloroethane 43 

1.1,2-Trichloroethane 149 
Trichloroethene 774 
Tertrachloroethane 164 
Vinyl Chlorfde 4 
Arsenic 5 
Beryllium 2 

Chlorobenzene 
l,l-Dichloroethene 

Tetrachloroethene 
1,1,2-Trichloroethane 
Ethlbenzene 
Total Xylene 
Arsenic 
Barium 
Beryllium 

Chromium 
Manganese 
Nickel 
Fine 

File Name: GWIAR.WQl 

Concentratron Ingestron txposure Exposun Bday Average Days per slope I arget 
Carcinogen Rate Frequency Duration Weight Cart Time year Factor Excess 

Wl) Way) (day/year) (year) (kg) (years) WWr) (mg/kg-day)-1 Risk 

350 

350 
350 
350 

350 
350 
350 
350 
350 
350 

30 
30 

30 
30 

30 
30 
30 
30 
30 
30 

- 

10 
70 
70 
70 

70 
70 
70 
70 

70 
70 

- 

70 365 - 

70 365 9.10E-02 
70 365 8.OOE-01 
70 365 2.00E-01 

70 365 5.70E-92 
70 365 l.lOE-02 

70 365 5.20E-02 
70 365 1.90EtOO 

70 365 1.75EtOO 
70 365 4.30EtOO 

- . 
1 .OE-04 
1 .OE-O4 
1 .OE-04 

1 .OE-04 
1 .OE-04 

1 .OE-04 
1 .OE-04 
1 .OE-04 
1 .OE-04 

Concentratron Ingestron txposure EqzciK Body Average Days per Heference I arget 
Noncarcinogen Rate Frequency Duration Weight Noncarc Time year Dose Hazard 

m/L) (VW) (day/year) (war) (kg) (yea@ (day/y0 @wlkwW Index 

130 
730 
328 
365 
146 

3650 

73000 
11 

2555 
183 

183 
183 
730 

10950 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

2 
2 
2 

350 
350 
350 
350 
350 
350 

350 
350 
350 
350 
350 
350 
350 

2 350 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

- 

70 
70 
70 
70 
70 
70 

70 
70 
70 
70 

70 
70 
70 
70 - 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
30 

365 

365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 

- . 1 
2.OOE-02 1 
9.OOE-03 1 
1 .OOE-02 1 
4.OOE-03 1 
l.OOE-01 1 

2.00E+OO 1 
3.00E-04 1 
7.00E-02 1 
5.00E-03 1 
5.00E-03 1 
5.00E-03 1 
2.00E-02 1 
3.00E-01 1 1 



INGESTION OF GROL,,.&!ATER ACTION LEVEL 
CHILD RESIDENT 

C = TR or THI * BW * ATc or ATnc l DY / IRw * EF l ED l CSF or l/RfD 

Where: INPUTS 

C t contaminant concentration in water (ug/L) 
TR = total lifetime risk 
THI = total hazard index 

CSF = carcinogenic slope factor 
FtfD = reference dose 
IRw = daily water ingestion rate (L/Day) 
EF = exposure frequency (dayslyr) 
ED = exposure duration (yr) 
BW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 
DY = days per year (day/year) 

1 E-04 

1 
specific 
specific 

1 
350 

6 
15 
70 

6 
365 

Note: Inputs are scenario and site specific 

Bromodrchloromethane 294 

1 .2-Dichloroethane 201 
l.l-Dichloroethene 30 
1,1,2,2-Tetrachloroethane 91 
1,1,2-Trichloroethane 320 
Trichloroethene 1659 
Tetrachloroethane 351 
Vinyl Chloride 10 

Arsenic IO 
Beryllium 4 

romodrchloromethane 
Chlorobenzene 
l,l-Dichloroethene 

Tetrachloroethene 
1 ,I ,2-Trichloroethane 
Ethlbenzene 
Total Xylene 
Arsenic 
Barium 
Beryllium 
Chromium 
Manganese 
Nickel 
Zinc 

File Name: GWIC.WQI 

Concentratron 
Carcinogen 

Wl) 

ingestion txposure 

Rate Frequency 

Way) (day/year) 

1 

1 
1 

1 
1 
1 
1 
1 
1 
1 

350 

350 
350 
350 
350 
350 
350 
350 
350 
350 

Concentratton 

Noncarcinogen 

b-xl/L) 

313 1 95lJ 

313 1 350 

141 1 350 

156 1 350 
63 1 350 

1564 1 350 
31266 1 350 

5 1 350 
1095 1 350 

70 1 350 
78 1 350 
76 1 350 

313 1 350 
4693 1 350 - 

- 
7 

I 

- 

- 

- 

- 
zpcsurc 
Duration 

(year) 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 - 

- 3 
I - - - 

exposure 
Duration 

(year) 

6 
6 
6 

6 
6 
6 

6 
6 
6 
6 
6 
6 
6 
6 - - 

m 
Weight 

(kg) 

15 

15 
15 
15 
15 
15 
15 
15 
15 
15 

- 

- 

~ - 

- 
Boay 
Weight 

(kg) 

15 
15 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 - - 

Average 
Cart Time 

(years) 

Uays per swe I arget 

year Factor Excess 

kW/yr) kw/WW~-1 Risk 

10 
70 
70 
70 
70 
70 
70 
70 
70 
70 

365 . - 1.ot-04 

365 9.1OE-02 l.OE-04 
365 6.00E-01 l.OE-04 

365 2.OOE-01 l.OE-04 

365 5.70E-02 1 .OE-04 

365 l.lOE-02 l.OE-04 
365 5.20E-02 1 .OE-04 
365 1.90EtOO 1 .OE-04 
365 1.75EtOO 1 .OE-O4 

365 4.30EtOO l.OE-04 

Average 
Noncarc Time 

(wars) 

- 

~ - 

- 
Uays per Heference Target 

year Dose Hazard 

WY/w) @w/kg-day) Index 

6 365 . - 1 

6 365 2.00E-02 1 
6 365 9.00E-03 1 

6 365 1 .OOE-02 1 
6 365 4.00E-03 1 
6 365 l.OOE-01 1 
6 365 2.00EtOO 1 

6 365 3.00E-04 1 

6 365 7.OOE-02 1 

6 365 5.00E-03 1 

6 365 5.00E-03 1 

6 365 5.OOE-03 1 

6 365 2.OOE-02 1 

6 365 3.OOE-01 1 - 



INGESTION OF GROUtibWATER ACTION LEVEL 
WORKER 

C=TRorTHI*BW*ATcorATnc*DY/IRw*EF*ED*CSForl/RfD 

Where: INPUTS 
C = contaminant concentration in water (ug/L) 
TR = total lifetime risk 

THI = total hazard index 
CSF = carcinogenic slope factor 
RfD = reference dose 
IRw = daily water ingestion rate (UDay) 
EF = exposure frequency (days/yr) 
ED = exposure duration (yr) 
BW = body weight (kg) 

ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 
DY = days per year (day/year) 

1 E-04 

1 
specific 
specific 

2 
250 

25 
70 

70 
25 

365 

Note: Inputs are scenario and site specific 

Bromodlchloromethane 231 
1,2-Dichloroethane 157 
l,l-Dichloroethene 24 
1,1,2,2-Tetrachloroethane 72 
I, 1 .2-Trichloroethane 251 
Trichloroethene 1301 
Tetrachloroethene 275 
Vinyl Chloride 6 

Arsenic 6 
Beryllium 3 

Concentration ingestion txposure 
Carcinogen Rate Frequency 

b-&l/l) VW) @Wear) 

LXJ 
250 
250 
250 
250 
250 
250 
250 
250 
250 

- 

- 

- 
-I 

I 

- 

- 
rxposurt 
Duration 

(year) 

-=G- Average Uays per slope I arget 
Weight Cart Time year Factor Excess 

(kg) (years) (day/yr) (mg/kg-day)-1 Risk 

25 10 
25 70 
25 70 
25 70 
25 70 
25 70 
25 70 
25 70 
25 70 
25 70 - - 

10 365 . - . - 
70 365 9.1 OE-02 l.OE-04 
70 365 6.00E-01 1 .OE-04 
70 365 2.OOE-01 1 .OE-04 
70 365 5.7OE-02 i.OE-04 
70 365 l.lOE-02 1 .OE-04 
70 365 5.2OE-02 1 .OE-04 
70 365 1.90E+OO l.OE-04 
70 365 1.75EtOO 1 .OE-04 
70 365 4.30EtOO 1 .OE-04 

Contammant Concentration IngestIon txposure Exposure Body Average Days per Reference Target 
Noncarcinogen Rate Frequency Duration Weight Noncarc Time year Dose Hazard 

WL) Ww~ (day/year) (year) (kg) (years) (day&r) Omkday) Index 

Bromodohloromethane 
Chlorobenzene 
I,l-Dichloroethene 
Tetrachloroethene 

1,1,2-Trichloroethane 
Ethlbenzene 

Total Xylene 
Arsenic 
Barium 
Beryllium 

Chromium 
Manganese 
Nickel 

Fine 

File Name:GWIW.WQl 

1022 2 250 25 10 25 365 . - 
1022 2 250 25 70 25 365 2.OOE-02 
460 2 250 25 70 25 365 9.OOE-03 
511 2 250 25 70 25 365 l.OOE-02 
204 2 250 25 70 25 365 4.00E-03 

5110 2 250 25 70 25 365 l.OOE-01 
102200 2 250 25 70 25 365 2.00EtOO 

15 2 250 25 70 25 365 3.00E-04 
3577 2 250 25 70 25 365 7.00E-02 
256 2 250 25 70 25 365 5.00E-03 
256 2 250 25 70 25 365 5.OOE-03 
256 2 250 25 70 25 365 5.OOE-03 

1022 2 250 25 70 25 365 2.OOE-02 
15330 2 250 25 70 25 365 3.OOE-01 

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
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TABLE C-l 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 2 
LIMITED ACTION 

COST COMPONENT BASIS OR COMMENTS SOURCE 

Engineering estimate 
Laboratory Analysis - TCL VOA 
Misc. Expenses 
Reporting 1 report per sampling event Engineering estimate 

‘otal Annual O&M Costs 



TABLE C-2 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 3 
CONTAINMENT 

COST COMPONENT BASIS OR COMMENTS 

Miscellaneous 

houndwater Extraction System 
Driller Mobilization 
Extraction Well -Deep (6) 
Extraction Well - Shallow (6) 
Well Development 

Utilities hook-up, site preparation 

6” stainless steel, 110 ’ deep 
6” stainless steel, 25 ’ deep 

Previous Estimate 

Basic Ordering Agreement 
Engineering Estimate 
Engineering Estimate 
Engineering Estimate 

Carbon Adsorption 
Misc. Equipment 
‘reatment Building 

Discharge Piping 

Slude dewatering press, holding tank Previous Estimates 
Previous Estimates 

Power conduits, piping Engineering Estimate 
Engineering Estimate 
Engineering Estimate 

Engineering Estimate 



TABLE C-2 (continued) 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 3 
CONTAINMENT 

D .r--“mT.n-.rr- In. fin 

COST COMPONENT BASIS OR COMMENTS SOURCE 

iroundwater Monitoring 
Labor 
Laboratory Analysis - TCL VOA 
Misc. Expenses 
Reporting 

24 wells sampled semiannually. 
2 samplers; 3 hrs/well average 
24 samples; semiannually 

Engineering estimate 
Basic Ordering Agreement 

Operating Labor 
Maintenance Labor 
Administration 

Pretreatment, treatment, building 
Chemicals, polymer, etc. 
spent carbon, sludge disposal 

Previous Estimate 
Previous Estimate 
Previous Estimate 
Previous Estimate 

Engineering Estimate 
ratory Analysis - TCL VOA Samples: l/week + l/quarter Engineering Estimate 

Reporting Lab reports, etc (1 report/quarter) Engineering Estimate 



TABLE C-3 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 4 
INTENSIVE GROUNDWATER EXTRACTION AND TREATMENT 

APITAL COST ESTIMATE 20-Aug-93 

COST COMPONENT UNIT 

iobilization 
Equipment 
Miscellaneous 

iroundwater Extraction System 
Driller Mobilization 
Extraction Well-Deep (2) 
Extraction Well -Shallow (3) 
Well Development 
Extraction Pumps 
Piping From Wells 

retreatment System 
hysical/Chemical Treatment System 
Air Stripper 
Carbon Adsorption 
Misc. Equipment 
‘reatment Building 

discharge of Treated Water 
Surface lnfastructure 
Effluent Pump 
Discharge Piping 

demobilization 
Administrative Activities 
Site Restoration 
Equipment 

ubtotal Capital Cost 
:ngineering @ 10% 
bntinpencies @ 20% 
iolot kudics @ 5% 
‘otal Capital Costs - 

Lump Sum 
Lump Sum 

Lump Sum 
Per Foot 
Per Foot 
Per Well 
Per Pump 
Per Foot 

Lump Sum 

Lump Sum 
Lump Sum 
Lump Sum 
Lump Sum 

Per Foot 
Per Pump 
Per Foot 

Lump Sum 
Lump Sum 
Lump Sum 

QUANTITY UNITCOST SUBTOTAL 
I I COST 

1 $15,000 

I I 

$15,000 
1 $10,000 $10,ooo 

1 
220 
105 

5 
5 

1930 

1 

S3.000 $3,000 

$450 
$450 
$375 

$9,500 

$60 

I I 
$175,000 $175,000 

.-I 

$99,ooo 

$47,250 
$1,875 
$47,500 

$115,800 

$120,000 
$155,000 
$50,000 
$175,000 

$120,000 
a155,ooo 
$50,000 

$175,000 

1200 $1 $1,200 
1 $2,600 $2,600 

2400 $10 $24,000 

TOTAL 
COST 

$25,000 

$314,425 

$675,000 

$27,800 

$17,000 
$1,059,225 

Z&429,954 

BASIS OR COMMENTS SOURCE 

Previous Estimate 
Jtilities hook-up, site preparation Previous Estimate 

5” stainless steel, 110 ’ deep 
5” stainless steel, 25 ’ deep 

Basic Ordering Agreement 
Engineering Estimate 
Engineeting Estimate 
Engineering Estimate 
Engineering Estimate 

Stainless steel pipe w/tenth Basic Ordering Agreement 

Towers, blowers, electtic, pumps, etc. 
Carbon units, pumps, electric, etc. 
Slude dewatering press, holding tank 
50 ft. by 60 ft. 

Power conduits, piping 

Administrative reporting, etc. Previous Estimate 
General site cleanup, revegetation, etc. 



TABLE C-3 (continued) 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 4 
INTENSIVE GROUNDWATER EXTRACTION AND TREATMENT 

COST COMPONENT BASIS OR COMMENTS SOURCE 

Labor 2 samplers; 3 hrslwell average Engineering estimate 
Basic Ordering Agreement 

Materials 
Material Handling 
Operating Labor 
Maintenance Labor 
Administration 

spent carbon, sludge disposal Previous Estimate 
Approx. 4 hours/day @ $30.OO/hr Previous Estimate 
Approx. 24 hours/month @ WJ.OO/hr 

Labor 
Laboratory Analysis - TCL VOA 
Reporting 

Samples: l/week + l/quarter 
Lab reports, etc (1 report/quarter) 

Engineering Estimate 
Engineering Estimate 



TABLE C-4 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 5 
GROUNDWATER EXTRACTION AND TREATMENT 

:APITAL COST ESTIMATE 

COST COMPONENT I UNIT QUANTITY 1 UNIT COST 1 SUBTOTAL 

rlobilization 
1 I I 1 COST 
I I I 

Equipment 
Miscellaneous 

iroundwater Extraction System 
Driller Mobilization 
Extraction Well - Deep (8) 
Extraction Well - Shallow (12) 
Well Development 
Extraction Pumps 
Piping From Wells 

‘retreatment System 
‘hysicaI/Chemical Treatment System 
Air Stripper 
Carbon Adsorption 
Misc. Equipment 
l’reatment Building 

Lump Sum 
Lump Sum 
Lump Sum 
Lump Sum 

1 $3,000 
880 $450 
420 $450 
20 $375 
20 $9,500 

7100 $60 

$350,000 

$240,000 
$310,000 
$100,000 
$300,000 

SO@ 
$3%,ooo 
$189,000 
$7,500 

$199,000 
$426,000 

$350,000 

$240,000 
$310,000 
$100,000 
$300,000 

Xscharge of Treated Water 
Surface Infastructure 
Effluent Pump 
Discharge Piping 

Per Foot 
Per Pump 
Per Foot 

$1 $1,200 
$2,600 S2,600 

$10 $24,ooo 

TOTAL 
COST r 

$25,000 

$1,211,500 

$27,800 

$17,000 
$2,581,300 

%3,484,755 ( 

BASIS OR COMMENTS 

Previous Estimate 
Jtilities hook-up, site preparation Previous Estimate 

i” stainless steel, 110 ’ deep 
i” stainless steel, 25 ’ deep 

itainless steel pipe w/tenth 

Basic Ordering Agreement 
Engineering Estimate 
Engineering Estimate 
Engineering Estimate 
Engineering Estimate 
Basic Ordering Agreement 

Zarbon units, pumps, electric, etc. Previous Estimates 
Elude dewatering press, holding tank Previous Estimates 
50 ft. by 60 ft. Previous Estimates 

Administrative reporting, etc. Previous Estimate 
General site cleanup, revegetation, etc. 



TABLE C-4 (continued) 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 5 
GROUNDWATER EXTRACTION AND TREATMENT 

COST COMPONENT BASIS OR COMMENTS 

Laboratory Analysis - TCL VOA 
Misc. Expenses 
Reporting 

samples; semiannually 
Engineering estimate 
Basic Ordering Agreement 

Matenals 
Material Handling 
Operating Labor 
Maintenance Labor 
Administration 

Spent carbon, sludge disposal 
Approx. 6 hours/day @ $3O.OO/hr 
Approx. 48 hours/month @ W.OO/hr 

revious Estimate 
tious Estimate 
revious Estimate 

Labor 
Laboratory Analysis - TCL VOA 
Reporting 

Samples: l/week t l/quarter 
Lab reports, etc (1 report/quarter) 



TABLE C-5 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 2 
CAPPING 

BASIS OR COMMENTS 

Miscellaneous Mobilization 

Excavation and cap equipment 
All AOC and Cap Areas 
Utilities, site support operations 

Previous estimates 
MEANS 1993, p. 29 
Previous estimates 

kcess Restrictions 
Fencing 
Signage 

dultilayered Cap 
Excavation and Loading 
On-Site Hauling 
Confirmation Sampling 

CaP 

iite Restoration 
Fill and Compact 
Grading 
Revegetation 
Miicellaneous 

remobilization 
Administrative Activities 
Equipment 

hbtotal Capital Cost 
Zngineering @ 10% 
Iontingencies @ 20% 
‘ilot Studies @ 5% 
?otal Capital Cost 

Per Foot 2200 
Each 6 

Cubic Yard 19000 
Cubic Yard 19000 
Per Sample 190 

Acre 6.5 

Cubic Yard 19000 
Square Yard 15500 

MSF 140 
Lump Sum 1 

Lump Sum 1 
Lump Sum 1 

$12 
$60 

$15.00 
$6.00 
$450 

$2OO,OOO 

$10.00 
$0.45 
$18.25 
$5,000 

$5,000 
$2,000 

$26,400 
$360 

$285,000 
$114,000 
$85,500 

$1,3OO,OOO 

$190,000 
$6,975 
$2,555 
$5,000 

$5,000 
$2,000 

$205,679 
$411,358 
$102,840 

Cyclone fencing Means 1993, p. 96 
Engineering estimate 

$26,760 

To a depth of 2 or 4 feet Previous estimates 
Hauling within Operable Unit No. 2 Previous estimates 
1 sample/100 cy excavated soil Previous estimates 
Cap is 400 feet x 700 feet Previous estimates 

$1,784,500 

Excavated areas Engineering estimate 
Excavated and Cap Areas NAVFAC CES 
Excavated and Cap Areas Means, 1993, p. 106 
General site cleanup and close out Engineering estimate 

$204,530 

Reporting, etc. Previous estimates 
Excavation and cap equipment Engineering estimate 

$7,000 
$2,056,790 

$5776,667 



TABLE C-5 (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 2 
CAPPING 

( I & M COST ESTIMATE 

COST COMPONENT 

Iap Maintenance 
Replace Topsoil 
Revegetate 
Inspection 

jroundwater Monitoring 
Labor 
Laboratory Analyses 
-CLP VOA 
-CLP SVOA 
-CLP Metals 

Miscellaneous Expenses 
Reporting 

rota1 Caoital Costs 
Total Annual 0 & M Costs 
~roxima~Pres~nt Worth Value 

2O-Aug-93 

Cubic Yard 
MSF 

Lump Sum 

Hours 

Analyses 
Analyses 
Analyses 

Sample Even1 
Report 

QUANTTIY 

524 
28 
1 

40 

$15 
$18 

$6,000 

$35.00 

$375.00 
$585.00 
$339.00 

$2,000.00 
$1,500.00 

SUBTOTAL 
COST 

$7,860 
$511 

$6,000 

$1,400 

$4,500 
$7,020 
$4,068 
$4,000 
$3,000 

TOTAL 
COST 

$14,371 

$23,988 
%2,776,667 

$38,359 
$3,400,000 1 

BASIS OR COMMENTS 

Assume 6” over l/10 of capped area 
Assume l/10 of capped area 

Semiannual sampling of 6 wells 
Based on 2 sampling personnel 
Semi-annual sampling of 6 wells 

[net. travel, lodging, supplies 
1 report per sampling event 

For 30 years 

SOURCE 

Engineering Estimate 

Basic Ordering Agreement 
Basic Ordering Agreement 
Basic Ordering Agreement 
Engineering estimate 
Previous estimates 



TABLE C-6A 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 

ON-SITE TREATMENT (Incineration for all AOCs) 

( XPITAL COST ESTIMATE 

COST COMPONENT 

lite Preparation 
Equipment Mobilization 
Site Clearing 
Miscellaneous Mobilization 

kess Restrictions 
Fencing 
Signage 

ncineration 
Excavation and Loading 
On-Site Hauling 
Confirmation Sampling 
Incineration 

tionitoring 
Ash Testing 

iite Restoration 
Fill and Compact 
Grading 
Revegetation 
Miscellaneous 

3emobilization 
Administrative Activities 
Equipment 

Subtotal Capital Cost 
Engineering @ 10% 
Contingencies @ 20% 

20-Aug-93 

UNIT 

Lump Sum 
Acre 

Lump Sum 

Per Foot 
Each 

Cubic Yard 
Cubic Yard 
Per SampIe 

Ton 

Per Sample 

Cubic Yard 
Square Yard 

MSF 
Lump Sum 

Lump Sum 
Lump Sum 

QUANTITY 

1 
3.2 

1 

1500 
6 

190 
27700 

19000 
15500 
140 

1 

UNIT COST SUBTOTAL 
COST 

s15,ooo $15,000 
$l,ooo $3,200 

$lO,ooo $lO,ooo 

$12 $18,000 
$60 $360 

$15.00 $285,000 
$6.00 $114,000 

$450 $85,500 
$150.00 $4,155,000 

$170.00 
I 

$3,400 

$10.00 
$0.45 

$18.25 

$5,000 

$190,000 
$6,975 
$2,555 

SS,OooO 

TOTAL 
COST 

$28,200 

$18,360 

$4,639,500 

$3,400 

$204,530 

$6,616,337 c 

BASIS OR COMMENTS 
‘I 

SOURCE 

Excavation and cap equipment 
AI1 AOC Areas 
Utilities, site support operations 

Previous estimates 
MEANS 1993, p. 29 
Previous estimates 

Cycione fencing Means 1993, p. 96 
Engineering estimate 

l-o a depth of 2 or 4 feet Previous estimates 
Hauling within Operable Unit No. 2 Previous estimates 
1 sample/100 cy excavated soil Previous estimates 
Assume soil density 108 Ib/cf and Previous Estimate 

operation 

Previous estimates 

Excavated areas 
Excavated Arcas 
Excavated Areas 
General site cleanup and close out 

Engineering estimate 
NAVFAC CES 
Means, 1993, p. 106 
Engineering estimate 

Reporting, etc. 
Excavation and cap equipment 

Previous estimates 
Engineering estimate 



TABLE C-6B 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 

Land Treatment for AOCs 1,2 and 5; Incineration for Remaining AOCs 

COST COMPONENT BASIS OR COMMENTS SOURCE 

kcess Restrictions 

All AOC Areas 
Utilities, site support operations 

MEANS 1993, p. 29 
Previous estimates 

Excavation and Loading To a depth of 2 or 4 feet Previous estimates 
Previous estimates 

ncmeratlon 

Grading 
Revegetation 
Miscellaneous 

Excavated areas 
Excavated areas 
Excavated areas 
General site cleanup and close out 

Administrative Activities 
Excavation and cap equipment Engineering estimate 



TABLE C-6B (contitiued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 
Land Treatment for AOCs 1,2 and 5; Incineration for Remaining AOCs 

0 & M COST ESTIMATE? 

COST COMPONENT 

Land Treatment cy 18200 

UNIT COST SUBTOTAL, 
COST 

$18 $327,600 

$327,600 

Estimated to be 3 years 

TOTAL BASIS OR COMMENTS SOURCE 
COST 



TABLE C-6C 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 
in sihl Treatment for AOC 1; Incineration for Remaining AOCs 

COST COMPONENT 

Equipment Mobilization 

Treatment Preparation 
Excavation and Loading 
On-Site Hauling 
Confirmation Sampling 

In Situ Volatilization 
Confirmation Sampling 

Incineration 

Cubic Yard 
Cubic Yard 
Per Sample 

Cubic Yard 
Per Sample 

Ton 

2500 
2500 
25 

16500 
165 

3645 

Site Restoration 

1 $404,250 
$150 1 $546,750 1 

I 1 $34,085 
I 

$5,000 I $5,000 
S2,ooo $2,000 I 

-f-&p%% 

BASIS OR COMMENTS 

Excavation and cap equipment 
Ail AOCAreas 
Utilities, site support operations 

Cyclone fencing 

To a depth of 2 feet 
Hauling within Operable Unit No. 2 
1 sample/100 cy excavated soil 

For AOC 1 only 
1 sample/100 excavated soil to 
identify the edge of contamination 
AOCs 3,4 and 6 

Excavated areas 
Excavated and Cap Areas 
Excavated and Cap Areas 
General site cleanup and close out 

Reporting, etc. 
Excavation and cap equipment 

SOURCE 

Previous estimates 
MEANS 1993, p. 29 
Previous estimates 

Means 1993, p. 96 
Engineering estimate 

Previous estimates 
Previous estimates 
Previous estimates 

resta, 
Previous estimates 

EPA/540/6-90/007 

Engineering estimate 
NAVFAC CES 
Means, 1993, p. 106 
Engineering estimate 

Previous estimates 
Engineering estimate 



TABLE C-6D (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 

In Siiu Treatment for AOC 1; Land Treatment for AOCs 2 and 5; Chemical Dechlorination for AOCs 3,4 and 6 

i 

COST COMPONENT BASIS OR COMMENTS SOURCE 

Estimated to be 5 years 



‘1 -:) 

TABLE C-6D 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 
In Sii Treatment for AOC 1; Land Treatment for AOCs 2 and 5; Chemical Dechlorination for AOCs 3,4 and 6 

CAPITAL COST ESTIMATE 
II 

II COST COMPONENT 

ite Preparation 
Equipment Mobilization 
Site Clearing 
Miicellaneous Mobilization 

Access Restrictions 
Fencing 
Signage 

Treatment Preparation 
Excavation and Loading 
On-Site Hauling 
Confirmation Sampling 

Land Treatment 

Confirmation Sampling 

Site Restoration 
FilI and Compact 
Grading 
Revegetation 
Mirccilaneous 

I UNIT COST SUBTOTAL I TOTAL I BASIS OR COMMENTS I SOURCE 

$28,200 

Excavation and cap equipment 
AI1 AOC Areas 
Utilities, site support operations 

Previous estimates 
MEANS 1993, p. 29 
Previous estimates 

$12 
$60 

Cyclone fencing Means 1993, p. 96 
Engineering estimate 

$15.00 
$6.00 
$450 

$50.00 

$20.00 
$450 

$800 

$37,500 
$15,000 
$11,250 

$85,000 

$330,000 
$74,250 

$640,000 

$63,750 

$85,ooo 

$404,250 

$640,000 

To a depth of 2 feet Previous estimates 
Hauling within Operable Unit No. 2 Previous estimates 
1 sample/100 cy excavated soil Previous estimates 

Inch earthwork, fertilizer, testing Previous estimate 
and decontamination 
For AOC 1 only Testa, 1991 
1 sample/100 excavated soil to Previous estimates 
identify the edge of contamination 
AOCs 3,4 and 6 EPA/540/6-90/007 

$10.00 
$0.45 

$18.25 
$5,000 

$25,000 
$1,530 
$2,555 
$5,000 

Excavated areas Engineering estimate 
Excavated and Cap Areas NAVFAC CES 
Excavated and Cap Areas Means, 1993, p. 106 
General site cleanup and close out Engineering estimate 

$5,000 
$2,000 

$7,000 
$1,280,645 

$128,065 
$256,129 
$64,032 

S&728,871 



TABLE C-6D (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTJON ALTERNATIVE No. 3 

In Situ Treatment for AOC 1; Land Treatment for AOCs 2 and 5; Chemical Dechlorination for AOCs 3,4 and 6 

COST COMPONENT BASIS OR COMMENTS 

Approximately 1% of treatment cost 



TABLE C-7 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No, 4 
PARTIAL CAPPING, PARTIAL ON-SITE TREATMENT (All Areas of Concern) 

XPITAL COST ESTIMATE 

COST COMPONENT 

r. 
bite Preparation 
Equipment Mobilization 
Site Clearing 
Miscellaneous Mobilization 

kcess Restrictions 
Fencing 
Signage 

Treatment Preparation 
Excavation and Loading 
On-Site Hauling 
Confirmation Sampling 

and Treatment 

n Situ Volatilization 
Confirmation Sampling 

Zap for PCB Contaminated Soils 

iite Restoration 
Fill and Compact 
Grading 
Revegetation 
Miscellaneous 

demobilization 
Administrative Activities 
Equipment 

lubtotal Capital Cost 
Zngineering @ 10% 
Zontingencies @ 20% 
‘ilot Studies @ 5% 
Potal Capital Cost 

20-Aug-93 e 

UNIT QUANTITY UNIT COST SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE 
COST COST 

Lump Sum 
Acre 

Lump Sum 

1 
4.2 
1 

$15,000 
$4,200 

$10,000 

Excavation and cap equipment 
AI1 AOC and cap areas 
Utilities, site support operations 

Previous estimates 
MEANS 1993, p. 29 
Previous estimates 

I I I 1 $29,200 1 I 
I I 

Per Foot 
Each 

1500 
6 

$12 
$60 

$18,000 
$360 

$18,360 

Cyclone fencing Means 1993, p. 96 
Engineering estimate 

Cubic Yard 
Cubic Yard 
Per Sample 

Cubic Yard 

3ubic Yard 
‘er Sample 

Acre 

Cubic Yard 
Square Yard 

MSF 
Lump Sum 

2500 
2500 
25 

1700 

16500 
165 

1 

2500 
3420 
140 
1 

$15.00 
$6.00 
$450 

$50.00 

$20.00 
$450 

$45,000.00 

$10.00 
$0.45 
$18.25 
$5,000 

$37,500 
Sl5,ooo 
$11,250 

S85,ooo 

$330,000 
$74,250 

$45,000 

$25,000 
$1,539 
$2,555 
$5,000 

To depths of 2 and 4 feet Previous estimates 
Hauling within Operable Unit No. 2 Previous estimates 
1 sample/100 cy excavated soil Previous estimates 

$63,750 
Incl. earthwork, fertilizer, testing Previous estimate 

S85,ooo and decontamination: AOCs 2 & 5 
For AOC 1 only T&a, 1991 
1 sample/100 excavated soil to Previous estimates 

$404,250 identify the edge of contamination 
AOCs 3,4 and 6, incl. geomembrane EPA/540/6-90/007 

$45,ooo and vegetated cover 

Excavated areas Engineering estimate 
Excavated and Cap Areas NAVFAC CES 
Excavated and Cap Areas Means, 1993, p. 106 
General site cleanup and close out Engineering estimate 

$34,094 

Lump Sum 
Lump Sum 

1 S5,Ooo $5,000 Reporting, etc. Previous estimates 
1 $2,000 $2,000 Excavation and cap equipment Engineering estimate 

$7,000 
$686,654 

$68,665 
$137,331 

I 1 $34,333 1 I I 
I I 1 $926,983 1 



TABLE C-7 (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 4 
PARTIAL CAPPING, PARTIAL ON-SITE TREATMENT 

COST COMPONENT BASIS OR COMMENTS SOURCE 

Labor 
Laboratory Analyses 
-CLP VOA 
-CLP SVOA 
-CLP Metals 

Miscellaneous Expenses 
Reporting 

Based on 2 sampling personnel 
Semi-annual sampling of 6 wells 

Incl. travel, lodging, supplies 
1 report per sampling event 

Engineering Estimate 

Basic Ordering Agreement 
Basic Ordering Agreement 
Basic Ordering Agreement 
Engineering estimate 
Previous estimates 



TABLE C-8A 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 5A 
OFF-SITE DISPOSAL 

C ‘APTTAT mWr DCll’MAh7’1: 31--A.-n-01 

COST COMPONENT BASIS OR COMMENTS SOURCE 

Miscellaneous 
All AOCS: 140,000 SF 
Utilities hook up, site preparation 

Previous estimates 
Previous estimates 

1ff-Site Landfill 
Excavation and Loading Cubic Yard 19000 $20.00 $380,000 AOCs 2 through 6 Previous estimates 
Confirmation Sampling Per Sample 190 $450 $85,500 1 sample/100 cy excavated soil Previous estimates 
Transportation (200 miles one way) Loaded Mile 152000 $3 $456,800 Based on 25 cy/truck Means, 1993, p. 26 
Disposal (Nonhazardous) Ton 27700 $110 $3,047,000 Landfill in Pinewood, SC Vendor Quote 

%3,968,500 
iite Restoration 
Fill and Compact Cubic Yard 19000 $5.00 %95,ooo Excavated areas Engineering estimate 
Grading Square Yard 15500 $0.45 $6,975 Excavated areas NAVFAC CES 
Revegetation MSF 140 $18.25 $5555 All disturbed (cleared) areas Means, 1993, p. 106 
Miscellaneous Lump Sum 1 $5,000 $5,000 General site cleanup Engineering estimate 

$109,530 
Jemobilization 
Administrative Activities Lump Sum 1 $5,000 $5,000 Reporting, etc. Previous estimates 
Equipment Lump Sum 1 $2,000 $2,000 Engineering estimate 

$7,000 
jubtotal Capital Cost %4,113,230 
Zngineering @ 10% $411,323 
Zontingencics @ 20% $822,646 
‘ilot Studies @ 5% $205,662 
n.c. ._a- cc 



TABLE C-8B 
DETAIL, COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 58 
OFF-SITE TREATMENT 

‘ADPTAT PT\CTCCl”TNAAl-C 3n A..* 02 

? 

.NII-Ls”~~ IrUILIV~Iti &“-L-lug-/J 

COST COMPONENT QUANTITY UNITCOST SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE 
COST COST 

ite Preparatton 
Equipment Mobilization Lump Sum 1 $15,000 $15,000 Excavation and treatment equipment Previous estimates 
Site Clearing Acre 3.2 $1,000 $3,200 All AOCsz 140,000 SF Previous estimates 
Miscellaneous Lump Sum 1 $10,000 $10,000 Utilities hook up, site preparation Previous estimates 

$28,200 
Iff-Site TSDF 
Excavation and Loading Cubic Yard 19000 $20.00 $380,000 AOCs 2 through 6 Previous estimates 
Confirmation Sampiing Per Sample 190 $450 $85,500 1 sample/100 cy excavated soil Previous estimates 
Transportation (300 miles one way) Loaded Mile 228000 $3 $684,000 Based on 25 cyitruck Means, 1993, p. 26 
Treatment Ton 27700 $500 $13,850,000 Permitted TSDF Previous estimates 

%14,999,500 
ite Restoration 
Fill and Compact Cubic Yard 19000 $5.00 $95,000 Excavated areas Engineering estimate 
Grading Square Yard 15500 $0.45 $6,975 Excavated areas NAVFAC CES 
Revegetation MSF 140 $18.25 $2,555 All disturbed (cleared) areas Means, 1993, p. 106 
Miscellaneous Lump Sum 1 $5,000 $5,000 General site cleanup Engineering estimate 

$109,530 
Iemobilization 
4dministrative Activities Lump Sum 1 $5,000 $5,000 Reporting, etc. Previous estimates 
Eqoipmcnl Lump Sum 1 $2,000 $2,000 Engineering estimate 

$7,000 
lubtotal Capital Cost $15,144,230 
3ngineering @ 10% $1,514,423 
lontingencies @I 20% $3,028,846 
‘ilot Studies @ 5% $757,212 
_ .-..^ a--In AA.4 7,, 



TABLE C-9 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 6 
PARTIAL CAPPING, PARTIAL ON-SITE TREATMENT (Limited Areas of Concern) 

COST COMPONENT 

Equipment Mobhation 
Site Clearing 
Miscellaneous Mobilization 

BASIS OR COMMENTS 

All AOC and cap areas 
Utilities, site support operations 

SOURCE 

revious estimates 

Signage 

100 excavated soil to Previous estimates 

Fill and Compact 
Grading 
Revegetation 
Minccllnncou~ 

Excavated areas 
Excavated and Cap Areas 
Excavated and Cap Areas 
General site cleanup and close out 

Engineering estimate 

Means, 1993, p. 106 
Engineering estimate 

Previous estimate3 



TABLE C-9 (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 6 
PARTIAL CAPPING, PARTIAL ON-SITE TREATMENT (Limited Areas of Concern) 

COST COMPONENT BASIS OR COMMENTS SOURCE 

Replace Topsoil 
Revegetate 
Inspection 

6” of l/10 of capped area 

Laboratory Analyses 
-CLP VOA 
-CLP SVOA 
-CLP Metals 

Miscellaneous Expenses 

Based on 2 sampling personnel 
Semi-annual sampling of 6 wells 

Incl. travel, lodging, supplies 

Engineering Estimate 

Basic Ordering Agreement 
Basic Ordering Agreement 
Basic Ordering Agreement 
Engineering estimate 
Previous estimates 



TABLE C-10 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No, 7 
ON-SITE TREATMENT AND OFF-SITE DISPOSAL 
(In Situ Treatment for AOC 1; Off-Site Disposal for Remaining AOCs) 

Previous estimates 

Previous estimates 
Previous estimates 

Fill and Compact 
Grading 
Revegetation 
Miscellaneous 

Excavated areas 
Excavated areas 
All disturbed (cleared) areas 
General site cleanup 

Engineering estimate 
NAVFAC CES 

Engineering estimate 

Previous estimates 
Engineering estimate 



TABLE C-10 (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 7 
ON-SITE TREATMENT AND OFF-SITE DISPOSAL. 
(In Situ Treatment for AOC 1; Off-Site Disposal for Remaining AOCs) 

‘XLA,rn-01 

‘otal Capital Costs $1,327,367 
‘otal Annual 0 & M Costs $50,000.00 For Years 1 - 5 

* . . ..-...-..-I - mn AAA 
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