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.- EXECUTIVE SUMMARY 

INTRODUCTION 

,T- 

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 InvestigatiodFeasibility 

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

Site 6 (Storage Lots 201 and 203), Site 9 (Fire Fighting Training Pit at Piney Green Road), and 

Site 82 (Piney Green Road VOC Area). Collectively these sites comprise Operable Unit tOu> 

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 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 OU No. 2 (Baker, 1993). 

SITE DESCRIPTION AND HISTORY 

OU No. 2 is located approximately two miles east of the New River and two miles south of 

State Route 24 on the main section of MCB Camp Lejeune. The unit is bordered by Holcomb 

Boulevard on the west, Sneads Ferry Road on the south, Piney Green Road on the east, and by 

ES-l 
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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. 

Site 9 

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

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

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

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

bounded by unnamed streets leading to various storage buildings in the vicinity. In addition, 

Site 6 forms the northern boundary of Site 9. 

Site 9 consists of an asphalt-lined fue 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 fmes 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 tire 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 

till 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. Firmer 

employees at Lot 203 have reported disposal of various chemicals including PCBs, cleaning 

solvents, electrolytes from used batteries, and waste oils. Currently, the lot i.s randomly 

littered with scrap materials such as rubber r&s, shredded tires, spent ammunition casings, 

fencing, metal debris, and 55gallon drums. 

The 55gallon 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 “DD’I” 

(which is dichlorodiphenyltichloroethane) was also found in the ravine area, as were small 

canisters labeled ‘DIM”‘. 

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 th.e 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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Site 9 

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 

l The northeast corner of Lot 201 at the former pesticide storage area is contaminated 

with elevated levels of pesticides and volatile8 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. 

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

groundwater quality in this portion of OU No. 2. 

l 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. 

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

impacts to soil or groundwater. 

l 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. 

ES-5 



CLEJ-01250-4.08001/01/01 

:-. 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. 

a 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 PC!B (PCB-1260) and 

polynuclear aromatic hydrocarbons (PAHa). Historical aerial photographs indicate 

significant activity (i.e., suriicial 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 4%gallon drums were uncovered in any of the 

29 test pit excavations. Trenches identified in historical photographs were primarily 

excavated as a means to dispose of military-type wastes and not for :purposes of 

disposing hazardous wastes. 

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 ‘ICE and tetrachloroethene (ICE) were 

detected in well 6GW23. _ 

l 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-4to l.OE-6. 

Site 6 - Wooded Areas 

l PCBs were detected in the surface soil near Piney Green Road east Iof 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 5-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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p”, 

Site 82 

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. 

a The horixontal 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 extenda 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 organics detected in the ravine exceeded applicable water quality 

criteria values. Surface water concentrations of aluminum, cadmium, copper, iron, 
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:- lead, silver, and zinc exceeded applicable criteria in some of the samples. The 

exceedances of these TAL inorganic8 occurred in upstream and/or diownstream 

samples or were infrequent in occurrence. 

l The presence of elevated levels of PAHs in soil and low levels of PCBs in uediment 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 u&kely 

that human exposure would occur. ICR estimates for the wooded areaa 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 IlV sediment 

screening values. The source of contamination may be due to either runoff &om 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 heal&y, 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 

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 
m 

stations which border Site 6. VOC contaminants were also detected iin sediment 

samples; however, the source of this contamination is unknown given that adjacent 

soil and groundwater did not exhibit VOC contamination. Pesticides in sediment are 

not likely associated with disposal practices. 

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

practices at Sites 6 or 9. 

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

statistics and observations. None of the fish collected at Bear Head 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 cou:ld 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 F’S). If a COC had an ARAR, the most limiting (or 

conservative) ARAR was selected as the remediation goal for that contaminant. If a COC did 

not have an ARAR, the most conservative risk-based action level was select& 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 O’U 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-l 

PRELIMINARY REMEDIATION GOALS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORm CAROLINA 

Medium 

Zroundwater 

Contaminant of Concern 

Bromodichloromethane 
Chlorobenzene 
1,2-Dichloroethane 
l,l-Dichloroethene 
Trams-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 

Remediation 
Corresponding Risk 

Goal Unit Basis of Goal Carcinogenic Noncarcinogenic 

100 PfiG MCL 
300 lllir~ MCL 
0.38 Pf& NC WQS 

7 l-d-J MCL 
70 MC& * NC WQS 
29 la& NC WQS 

’ 43 l-%fJJ Risk-Ingestion ICR = l.OE-4 

0.7 PfiG NC WQS 
200 P&t& NC WQS 

5 P&-L MCL 

2.8 Pi#J NCWQS 
0.015 lx& NC WQS 
400 P&d-L NC WQS 

6,000 M& Health Advisory 
50 l-w~ MCL 

50 PIi& NC WQS 
1,000 l43~ NC WQS 

4 P&Y& MCL 
50 PdL NCWQS 

1,000 Ma NC WQS 
15 I-%~ MCL 
50 PI!& NC WQS 
1.1 Pf& NC WQS 
100 l&J-J MCL 
80 PIG Health Advisory 

5,000 Pgh . NCWQS 
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TABLE ES-1 (Continued) 

PRELIMINARY REMEDIATION GOALS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNX, NORTH CAROLINA 

Remediation 
Corresponding Risk 

Medium Contaminant of Concern Goal Unit Basis of Goal Carcinogenic Noncarcinogenic 

Soil PCBs 10,000 pg/kg TSCA nonrestricted access area 

Benzene 5.4 pg/kg Risk-Protection of Groundwater 
Trichloroethene 32.2 pg/kg Risk-Protection of Groundwater 
Tetrachloroethene 10.5 pg/kg Risk-Protection of Groundwater 
1,2-Dichloroethene 780,000 Y&f5 Risk-Ingestion HI = 1.0 
1,1,2,2-Tetrachloroethane 160,000 Ex&g Risk-Dermal Contact ICR = LOE-4 

l,l,l-Trichloroethane 7,000,000 N&g Risk-Ingestion <HI = 1.0 

1,4-Dichlorobenzene 1,300,000 Pfm Risk-Dermal Contact ICR = l.OE-4 
4,4’-DDD 270,000 Pdk Risk-Dermal Contact ICR = LOE-4 

4,4’-DDE 60,000 pdk Risk-Dermal Contact ICR = l.OE-4 

4,4’-DDT 60,000 wk Risk-Dermal Contact ICR = l.OE-4 
Dieldrin 40,000,000 m&g Risk-Inhalation ICR = l.OE-4 

Arsenic 23,000 pgk Risk-Ingestion HI = 1.0 

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

Beryllium 21,000 Pfi?hz Risk-Ingestion ICR = l.OE-4 

Cadmium 39,000 &kg Risk-Ingestion HI = 1.0 

Chromium 390,000 w&t Risk-Ingestion HI = 1.0 

Manganese 390,000 Mk Risk-Ingestion HI = 1.0 

Zinc 23,000,OOO Y&!k Risk-Ingestion HI = 1.0 



CLEJ-01250-4.08.Ol/Ol/Ol 

TABLE ES-2 

FINAL 
REMEDIATION GOALS FOR OU NO. 2 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 

3roundwater 

Ioil 

Preliminary 
Remediation 

Contaminant of Concern Goal Unit 

1,2-Dichloroethane 0.38 PETa 

Trans-1,2-Dichloroethene 70 lx& 

Ethylbenzene 29 P&G 

Tetrachloroethene 0.7 PEG 

Trichloroethene 2.8 P@ 

0.015 Vinyl Chloride lQsJ 

Arsenic 50 

Barium 1,000 l-&J 

Beryllium 4 PdL 

Chromium 50 P&L 

Lead 15 lx& 

Manganese 50 l&J 

Mercury 1.1 PdJ 

Vanadium 80 Me 

PCBs 10,000 Pdk 

4,4’-DDT 60,000 wk 

Benzene 5.4 l&k 

Trichloroethene 32.2 wk 

Tetrachloroethene 10.5 llfzk 

Arsenic 23,000 Pfzb 

Cadmium 39,000 @kg 

Manganese 390,000 P&k 
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<- REMEDIAL ACTION ALTERNATIVE DEVELOPMENT AND EVALUATION 

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

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

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

The AOCs included: 

l VOC contaminated groundwater plumes originating from Site 82. 

l 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 PA&, 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. 

RAA No. 3 (Containment) includes the installation of extraction wells to contain the 

migration of the plume. Six extraction wells will be installed at a depth of approximately 

110 feet to contain the migration of the deep groundwater plume. Six shallow wells will be 

installed at a depth of 35 feet to contain the migration of contaminants in the surficial aquifer. 

The placement of the wells will be for purpose of containing the groundwater plume 

originating from Site 82. Each deep extraction well will pump the groundwater at a rate of 

approximately 150 gallons per minute. The shallow extraction wells will pump at a rate of 5 

gallons per minute. Treatment will consist of metals removal, air stripping, and carbon 

adsorption. The use of biological treatment prior to air stripping will be considered during the 

design of the alternative. Treated effluent will be discharged to Wallace Creek. This RAA 

will include semi-annual sampling and analysis (TCL volatile organics) of 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 NIDS. 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. 23, 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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r”” 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: 

l 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. 6 - Of&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-Site Disposal 

Under Soil RAA No. 1, no remedial actions will be performed to reduce the toxicity, mobility, 

or volume of contaminants in the soil at OU No. 2. The No Action RAA is required by the NCP 

to provide a baseline for comparison with other soil alternatives that provide a greater level of 

response. Soil RAA No. 1 involves leaving the contaminated soils from Site 82 and Site 6 in 

place. Under this RAA, the VOC, and pesticide concentrations in the soil may slowly decrease 

as a result of natural biodegradation. The natural degradation of the PCB-contaminated soils 

is unknown. 

The no action alternative is required by the NCP to provide a baseline for comparison with 

other RAAs. Since contaminants will remain at the site under this alternative, the USEPA is 

required by the NCP 140 CF’R 300.515(e)(ii)l to review the effects of this alternative no less 
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TABLE ES-3 

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

Mf!Rf’.AMPI.li?JRTlN NAR’PUFAQnrTNA 

l Human Health 
Protection 

NO reduction in risk, Institutional controls 

CRMANBNCE 

l Ma 
Risffl 

itude of Residual As area of contamination 
increases, potential d&e 

Rick reduced to human 
health since the uee of the 

Rink reduced by extracting Rick reduced by extracting 

may increaee. 
co&mezrd contaminated 

Risk reduced by extracting 
contaminated 

groundwatir aquifer is 
reatrlcted. 

. groundwater. groundwater. 

l Adequac and 
Reliabih v  of Controls *i 

Not ap 
P 

liceble - no 
contra 8. 

Reliability of institutional G G roundwater 
control8 is uncertain. 

d 
&%3 

d G 
i%xmp an 

roundwakr umpand 

Need for B-year Review Review would be required 
treat is reliab e. P treat is reliab e. f  

ump and 

l Review not needed once 
to eneure adequate 

Review would b e required Review not needed once 

protoctlon of human ho&h 
to ensure adequate 

Review not needed once 

protection of human health 
remediation goale are met. remediation goals are met. remediation goals ere met. 

and the environmont is 
maintained. 

and the environment is 
maintained. 



TABLE ES-3 (Continued) 

I Evaluation Criteria 

TOXICITY MOBILITY, OR 
VOLUME +HR~UGI-I 
TREATMENT 

l Reduction of Toxicity, 
Mobility or Volume 

l Residuals Remaining 
After aeatment 

0 Stf&uto Reference 
for Trea 7 

SHOmERM 
ment 

EFFEC~‘IVENESS 

I 0 Community Protection 

SUMMARY OF DETAILED ANA 
FEASIBILITY S 

MCB CAMP LEJEUNI 

None. 

None. None. 

Not applicable - no 
treatment. 
Not eatiefied. 

Risks to communi not 
increased by reme y  2 

Risks to communit not 

imdementation. 
increaeed by reme B 
implementation. 

y  

h&$lcant rink to No sign&ant rick to 

Continubl im act8 from 
workem. 

existingcondl one. % 
Still would be continued 
migration of 
contamination. 

Not applicable. Rieke from potential 

reduced wlthln !% 6 
groundwater in tion 

months due to institutiona 

fSIS - GROUNDWATER RAAs 
IDY CTO-0133 
VORTH CAROLINA 

RAANo.3 
Containment 

RAANo.4 RAANo.6 
Intensive Groundwater Groundwater Extraction 

Extraction and Treatment and Treatment 

Treatment train for metals 
removal air stripping, and 

Treatment train for metals Treatment train for met& 

actlvateh carbon. 
removal air t&ripping, and 
activateh carbon. 

removal air skipping, and 
actlvad carbon. 

Marity of contaminants Marity of contaminants 
ic groundwater out edgea of in groundwnter. 

Merity of contaminant in 
groundwater plumes. 

peals are met. 
Sati.Sfied. 

plumed. 
Reduced volume and Reduced volume and 

g tB 
hii &f~rntmmtnatad 

Re&ed volume and 

Minimal reaihab alter 

toxtt Af&aminated 
m 2 

toxicit of contaminated 

Minimal reeihuale after 
goals are met. 
Sh3t%d. 

moun water. B 
Minimal residuala after 
goals are met. 
Satisfied. 

Potential risks during 
extraction and treatment. 

Potential riska during 
extraction and treatment. 

Potential risks during 
extraction and treatment. 

bIeed.s groundwater 
treatment equipment. 

Needs groundwater 
treatment equipment. 

87.0 million $4.9 million 

Needa groundwater 
treatmentequipment. 

$8.9 million 
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often than every five years. There are no capital or operation and maintenance costs 

associated with this alternative. 

Soil RM 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. Figure4-8 (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 COG 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 WC-contaminated soils and, to a lesser degree, 

SVOC-contaminated soils. Chemical dechlorination would be appPicable 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 R&I include monitoring, deed 

restrictions, fencing, capping, grading, revegetation, soil excavation, and on-site treatment. 

Figure 4-15 (see Section 4.0) depicts the approximate areas of soil that will be excavated, and 

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

The principal objectives of this R&I 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 e:xcavated 

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. SpecificaBy, AOCs 

Nos. 2, 3, and 6 will not be remediated under this alternative since the only action level 

exceeded would be for future use of the area as residential. Given that the Camp Lejeune 

Master Plan (a planning document for future base operations) does not indicate that the area 

will be used for residential housing, and because this area of the base will be used for open 
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storage, only those ACCs (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. 

BAA No. 7 (On-Site Treatment and Off-Site Disposal) includes the on-site treatment of the 

VOC-contaminated soils (ACCl) 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 RAAe 
FEASIBILITY STUDY CT00133 

MCB CAMP LEJEDNE, NORTH CAROLINA 

Evaluation Criteria 

!c9amGr 

l ks,ealth 

0 ~o~~nental 

*RED3 
t0 LLUKEWITH 

l CJemi&al-Spe& 

l ARARa Location-Specific 

l Action+ecitlc 
ARARS 

ONG TERM 
~PPECTIVENESS 
UfD PERMANENCE 

l Magnitude of 
Resrdual Risk 

. Ad 
Rel%% yyr 9 d 
Controls 

l Nood for &year 
Roview 

No reduction ln risk. 

Allows contaminated 
soila to remain on aite. 

WI exceed ARAR8. 

got applicable. 

Vat applicable. 

hrce has not been 
amoved. 
‘otential risks not 
~k?dUfXd. 

?ot np hcablo - no 
% ontro . 

teview would be 
equirad to ensure 
.dequate protection of 
arman health and the 
nvlronment ia 
aointaincd. 

I RAANo.2 
Capping 

Would reduce potential 
for direct contact with 
contaminated soil. 

~ Allows contaminated 
soils to remain on site. 

Will exceed ARARe. 

Will meet lo&ton- 
meclBc ARARS. 
Will meet action-specMc 
ARARa. 

Contaminated soils are 
not removed from the 
site, but potential rlak 
due to exposure to COCs 
are reduced as lone as 
the ca is mai~ntiiiied. 
Multilayered cap 
controlscontammated 
soil -can be a reliable 
0$0:/f maintained 
P vey 
Review would be 
required to ensure 
adequate protection of 
human health and the 
environment is 
maintained. 

RMNo.3 
On-Site TTeatment 

Excavation removes 
source of contamination 

No additional 
environmental impacts. 

Wdl meet locatton- 
IJledlc~. 

Potential riskdue to 
~posv~toaollCOCs 

411 treatment options 
ore reliable. 

~$~smananot be 
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reatedbJ.nleM 
reatment process lasts 
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Capp~~e$-Site 

(All Areas of Concern) 
%-ii” 
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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, 19891. 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/I%) 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 Super-fund Amendments and Reauthorization Act (SARA) 

signed into law on October 17, 1986. The USEPA’s document Guidance for Conducting 

Remedial Investipations and Feasibilitv Studies Under CERCLA (USEPA, 1988al 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, 

19931. Field investigations at Sites 6, 9, and 82 were conducted from August 1.992 and 

continued through April 1993. Results of the tield 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 Site surveying 

l Test pit excavating 

l Geophysical surveying 

l Ordnance surveying/removal 

l Drum sampling 

l Installation of 27 shallow and 13 deep monitoring wells 

l Two rounds of groundwater sampling 

0 Soil sampling 

a Surface water and sediment sampling 

l 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, 46 surface water salmples, 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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l 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 remedia.1 action 

objectives and remediation goals, .(2) developing general response actions, (3) identifying 

volumes or areas of affected media, (4) identifying and screening potential technologies and 

process options, (5) evaluating process options, (6) assembling alternatives, (7) (defining 

alternatives, and (8) screening and evaluating alternatives. Section 121(b)(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 (2) performing a comparison analysis of the evaluated alternatives. 

1.1.2 Report Organization 

This FS Report is organized in six sections. The introduction (Section 1.0) presents the 

purpose of the report, a brief discussion of the FS 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 a.pplicable 
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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 1-l). 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 Jaasonville, 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/I% 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. Thereffore, the 

wooded area will now be properly referred to as Site 82. 

The site descriptions for all three sites included under OU No. 2 are presented below. The site 

plans for Sites 6,9, and 82 are shown on Figures 1-2 and l-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 2!500-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 Descrintion 

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. 

Onen Storage Lot 201 

Open Storage Lot 201 is a fenced lot located in the south central portion of Site 6 (Fibwe 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 sixe. 

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 %-gallon drums. 

The &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 dies& 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 6 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 fiat, but localized trenching 

and mounding is visible west of Piney Green Road. The wooded areas are randomly littered 

with debris including spent ammunition casings, and empty or rusted drums. Many of the 

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

Site 82, Piney Green Road VOC Site, is located directly north and adjacent to Site 6. It is 

bordered to the north by Wallace Creek, to the east by Piney Green Road, to the west by 

Holcomb Boulevard, and to the south by Site 6. Site 82 encompasses approximately 30 acres 

and is predominantly covered by woodlands. The ravine previously described in 

Section 1.2.1.2 bisects the site. 

The site is randomly littered with debris including communication wire, spent ammunition 

casings, and empty or rusted drums. Markings were observed on a few drums, however, most 

of the drums did not contain markings due to their condition and age. Some of the drums were 

marked as “lubrication oil” and “antifreeze.” 

The topography within Site 82 is relatively flat near the southern portion of the site, but 

becomes very steep near the bank of Wallace Creek. Localized trenching and mounding is 

visible near the southern portion of the site. A second smaller ravine area is located along the 

eastern boundary of the site. 

1.2.2 Site History 

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

disposal activities at the individual sites are described below. 

1.2.2.1 Site 9 Historv 

Site 9 has been used as a fue 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 fms 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 monobutyll 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 

comers of the lot. Transformers containing PCBs were reportedly stored in the southwest 

comer of the lot (Water and Air Research, 1983). No storage or disposal activities have 

supporting documentation. 

Storatze Lot 203 

.f+-- Storage Lot 203 has been used as a disposal area since the 19408, 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 %-gallon drums and surrounding soil were 

containerized and disposed. Former employees at Lot 203 have reported disposal of various 

chemicals including PCBs, cleaning solvents, electrolytes from used batteries, and waste oils. 

Lot 203 was also used for the storage and disposal of radio and communication parts, shredded 

tires, lubricants, petroleum products, corrosives, expended demolition kit training materials, 

ordnance, sheet metal debris, wire cables, and wooded pallets. Lot 203 in not currently active 

as a storage or disposal area, but the ground surface is littered with various debris. Empty and 

full 55gallon 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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,f-\ 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 summa& e the previous investigations performed at OU No. 2. 

1.2.3.1 Initial Assessment Studv 

An LAS 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, 19921. 
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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 a.nd 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 sedimental. 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 COG 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 COG 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 lotl:l, 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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.P 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 (RAJ 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 he.alth 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. 

l-15 



CLEJ-01250-4.08.01/01/01 

The fish community at OU No. 2 had elevated tissue concentrations of the following COCs: 

pesticides, PCBs, TCE, and zinc. Due to the nature of the COCs, these constituents may be 

attributed to OU No. 2; however, further studies are required to verify this because of the 

limited database. 

Bear Head Creek 

Toluene, cadmium, benzene and selenium were detected in fish and crab tissue samples. 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 &nd 

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 lil . 

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 zi 
FEASIBILITY STUDY CTO-0133 b 

MCB CAMP LEJEUNE, NORTH CAROLINA b 

I I b 
Removal Area Drums and Containers Contents a 

\ 

- 
B 

c 

D 

E 

I 29 - 10 Gallon Steel 1 . -Pa.* -, .* 

Gallon Steel DI 
Gallon Polyethyelene Drums (all empty) 

4 - 250 Gallon Steel Above Ground Storage Tanks (more than halffull) 
1 - 500 Gallon Steel A 

18 - 55 Gallon Steel DI ~~~ ~~~ 
11 - 65 Gallon Fiberglass Drums(9emPtvl 

1 - 
3 - 
6 - 

t 650 - 
5 Gallon Steel Drums 

1 -44 
lPi& - - --- - Steel Containers (number approximate) - Unknown Material 

- 55 Gallon Steel Drums (35 empty) Lubricating Oil, Unknown, Hydraulic 

55 Gallon Steel Drums (5 emptvl 

lene Drum 
vms (20 emptvl 

Lbove Ground Storage Tank 
urns (11 empty) 

55 Gallonpolyethylene Drum (empty) 
55 Gallon Steel Drums 

Lubricating Oil V 
A 

Unknown Material is 
aa 

Lubricating Oil 
White Kerosene 

Kerosene 

Lubricating Oil 
Unknown Material 

Lubricating Oil 
Polishing Compound (Pint Containers) 

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 
Trenches 6-TP5 and l/2 Galion to 5 Gallon Containers 5: to 7: Resembles No. 6 Fuel Oii 
6-TP7 Metal Debris 

Greenish-blue grease material 
Trenches: GS-1960D 5 Gallon Containers in poor condition at 2’ to 6’ deep Unknown Material 
and GS-1960E Communication Wire 

Metal debris J 
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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 

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

groundwater quality. 

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

practices and not associated with waste disposal. 

l 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 

l 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. 

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

groundwater quality in this portion of OU No. 2. 

a .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 

2 lo-acre operable unit. 

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

impacts to soil or groundwater. 

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

target range of l.OE-4 and l.OE-6. 
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Site 6 - Lot 203 

l Pesticide levels detected in soil at Lot 203 are not indicative of pesticid.e disposal. 

Pesticide levels at Lot 203 are comparable to other portions of OU No. 2. Thle 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 idientified 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, smalll, &gallon 

containers, and bivouac wastes. No &gallon drums were uncovered in any of the test 

pit excavations. Trenches identified in historical photographs were primarily 

excavated as a means to dispose of military-type wastes and not for purposes of 

disposing hazardous wastes. 

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 thi.s 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 occutied in this area, which once served as a training area. 

l Disposal activities may have occurred in the wooded area between Lot 20X 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. 

a 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 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 haxardous due to elevated levels of 

lead. Chloroform was also detected, but was below Toxicity Characteristics Leaching 

Procedure (TCLP) regulatory levels. 

l 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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Site 82 

a 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 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 Euel 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. 

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

contaminants. Deep groundwater quality was found to be significa:ntly more 

contaminated than shallow groundwater quality. 

l 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. 

l The horizontal and vertical extent of deep groundwater contamination has been 

evaluated. The horizontal extent of off-site contamination west of Site 82 (beyond well 

6GW37D), however, has not been fully defined. Moreover, the vertical extent has been 

evaluated to a depth of 230 feet. It is unknown at this time whether contamination 

extends below 230 feet. As mentioned previously, a clay layer is present at 

approximately 230 feet which may impede the vertical migration of contamination. 

For purposes of conducting the baseline human health and ecological risk assessment, 

the current, deep groundwater database is adequate. For purposes of performing a 

feasibility study on the deep aquifer, the current database is also adequate to select 

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 

,- 

,R- 

l 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 55gallon 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 

a 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 offish taken from Wallace Creek could result in ICBs above the target point 

of LOE-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. 

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

practices at Sites 6 or 9. 
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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 OWECTIVES 

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-* and hazard indices (HIS) less than 1.0. 

Therefore, the primary focus of this F’S is on groundwater remediation. Soil was added as a 

media of concern for this F’S due to a limited number of areas exhibiting elevated levels of 

contaminants (hot spots) such as PCBs, pesticides, and VOCs. Note that for the entire 

operable unit, the reasonable maximum exposure (RME) by more than one pathway does not 

pose an unacceptable risk to human health or the environment. 

Surface water, sediments, and air do not appear to be media of concern, based on the 

conclusions drawn by the human health and ecological risk assessments. Although 

contaminants were present in both media, neither media will be directly remediated since the 

result may be a greater risk to the environment. However, remediation of the source of 

surface water and sediment contamination (i.e., groundwater and soil, respectively) may 

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

Preliminary COCs initially identified and evaluated in the RAs were identified based on 

frequency of detection, toxicity, and comparison to established criteria or standards. The set of 

preliminary COCs identified for groundwater and soil is listed in Table 2-1. The detected 

concentrations of these preliminary COCs will be compared to the remediation goals that will 

be developed in Section 2.3. Any COC that does not exceed the applicable regulatory or health 

based remediation goals will be eliminated from the set of COCs. In addition, an evaluation 
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Preliminary 
3ontaminant 

Contaminant of Concern if Concern for 
Media Evaluated in the RA (1) the FS (2) 

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

(1) This list includes all of the potential contaminants of 
concern evaluated in the Risk Assessment (Baker, 
1963). 

(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 

f- 
contaminant. 

TABLE 2-1 

PRELIMINARY CONTAMINANTS OF CONCERN 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 
soil 

!-2 

Contaminant of Concern 
Evaluated in the RA (1) 

1,4-Dichlorobenzene 
Benzene 
1,2Dichloroethene 
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 
Die&in 
Endrin 
PCB-1260 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Lead 
Manganese 
Nickel 
Vanadium 
Zinc 

Preliminary 
:ontaminant 
f Concern fol 

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 
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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 

0 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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“ARARs” or applicable or relevant and appropriate requirements. ARARs are derived from 

both Federal and State laws. CERCLA’s definition of “Applicable Requirements” is: 

. ..cleanup standards, standards of control, or other substantive environmental protection 

requirements, criteria, or limitations promulgated under Federal or State law that 

specifically address a hazardous substance, pollutant or contaminant, remedial action, 

location, or other circumstance at a CERCLA site. Drinking water criteria may be an 

applicable requirement for a site with contaminated groundwater that is used as a 

drinking water source. 

CERCLA’s definition of “Relevant and Appropriate Requirements” is: 

. ..cleanup standards, standards of control and other substantive environmental protection 

requirements, criteria, or limitations promulgated under Federal or State law that, while 

not “applicable“ to a hazardous substance, pollutant, contaminant, remedial action, 

location, or other circumstance at a CERCLA site, address problems or situations 

sufficiently similar to those encountered at the CERCLA site that their use is well suited 

to the particular site. 

There are three types of ARARs. The f&t 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 (MCLsI established 

under the Safe Drinking Water Act (SDWA) are examples of chemical-specific ARARs. 

The second type of ARAB, 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. 

F” 

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 standarda, and pretreatment standards under the Clean Water Act (CWA) 

for discharges to publicly owned treatment works (POTWs) are examples of ac@on 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. 

2.36 Potential ARARs Identified for OU No. 2 

A set of chemical-specific, location-specific, and action-specific ARARs were identified and 

evaluated for OU-No. 2 and are discussed below. 

2.3.2.1 Chemical-Specific ARARs 

Potential chemical-specific ARARs identified for the preliminary COCs for OU No. 2 are listed 

on Table 2-2. These ARARs were based on the following: the Federal MCLs, the North 

Carolina Water Quality Standards (NCWQSs) applicable to groundwaters, Federal risk-based 

Health Advisories (HAS), the PCB Spill Cleanup Policy Under the Toxic Substances Control 

Act (TSCA), Federal Ambient Water Quality Criteria (AWQCs), and the NCWQSs applicable 

to surface waters. A brief description of each these standards is presented below. 

Federal Maximum Contaminant Levels - MCLs are enforceable standards for public water 

supplies promulgated under the SDWA and are designed for the protection of human health. 

MCLs are based on laboratory or epidemiological studies and apply to drinking water supplies 

consumed by a minimum of 25 persons. These standards are designed for prevention of human 

health effects associated with a lifetime exposure (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 15A, Subchapter 2L, Section -0200, (15A NCAC 2L.0200) 
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TAb& 2-2 

POTENTIAL CONTAMINANT-SPECIFIC ARARs 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

LlraGulG 

Barium 
Beryllium 
Chromium 
Copper 
Lead 
M1 - anganese 

2&o l,ElO 
4 -- 30,000 2.. 

100 50 1,000 t-- , 
1 RfMX6) i nnn Ii 

50 1 50 1 - 1 -- - Manganese 
2 I 1.1 I *- - I 2 Nickel 

I -_ I 1nr , A.” 3 1 150 1 1,000 I 1,700 1 zinc I 
I -- I _- I 80 ! 110 ! 1 Vanadium 

ZillC 

(1) MCL = Safe Drinking Water Act Maximum Contaminant Level (also’includes nonenforceable Secondary MCLs). 
(2) NCWQS = North Carolina Water Quality Standards for Class GA Groundwaters. 
(3) Health Advisories - Nonenforceable guidelines. 
(4) TSCA = Toxic Substance Control Act. 
(5) -- = No ARAB available or established. 
(6) The MCL for.this compound is an a$\on ieve only. ,- - -. WV ..mfiII . ~. --~LA.L--- --AL ______ n _.--- +l.,,, S.--a..... h.ev.“..I.-.L~+h%.09n~rrn 
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the North Carolina Department of Environment, Health, and Natural Resources (NC 

DEHNR) has established groundwater standards CNCWQSs) 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 (mgiL) or less of chloride. These waters 

are an existing or potential source of drinking water supply for humans. Class GSA waters 

are those groundwaters in the State naturally containing greater than 250 mg/L of chloride. 

These waters are an existing or potential source of water supply for potable mineral water and 

conversion to fresh water. Class GC water is defined as a source of water supply for purposes 

other than drinking. The NCAC T15A:02L.0300 has established sixteen river basins within 

the State as Class GC groundwaters (15A NCAC 2L.0201 and 2L.0300). 

The water quality standards for the groundwaters are the maximum allowable concentrations 

resulting from any discharge of contaminants to the land or water of the State, which may be 

tolerated without creating a threat to human health or which would otherwise render the 

groundwater 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 @As) - 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 CGCs listed in Table 2-2 are included for Iboth, a child 

(10 kg) and an adult (70 kg). 

Toxic Substances Control Act - The PCB Spill Cleanup Policy (40 CFR 761.1120 through 

761.139) describes the level of cleanup required for PCB spills occurring af?,er 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 baclrfilled with clean (less than 1 ppm PCB) soil. No confirmation 

sampling is required (USEPA, 1990a). 

For spills of 500 ppm or greater PCBs and spills or low concentration PCBs or more than one 

pound PCBs by weight in nonrestricted access areas, soil must be cleaned up to 10 ppm PCBs. 

In addition, a cap of at least 10 inches of clean materia must be placed on top of the excavation. 

Confirmation sampling is required (USEPA, 1990a). 
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For spills of 500 ppm or greater PCBs and spills of low concentration PCBs of more than one 

pound in industrial and other restricted access areas, cleanup of soil to 25 ppm is required. 

Confirmation sampling is required (USEPA, 1990a). 

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

2.3.2.2 Location-Specific ARARs 

Potential location-specific ARARs identified for OU No. 2 are listed on Table 2-3. An 

evaluation determining the applicability of these location-specific ARARs with respect to 

OU No. 2 is also presented and summarized on Table 2-3. Based on this evaluation, specific 

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

l Fish and Wildlife Coordination Act 

l Federal Endangered Species Act 

l North Carolina Endangered Species Act 

l 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 (OSHA), and :Department 

of Transportation (DOT) requirements. Note that the citations listed on Table 2-4 should not 

be interpreted to indicate that the entire citation is an ARAR. The citation listing is provided 

on the table as a general reference. 
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TABLE 23 

POTENTIAL LOCATION-SPECIFIC ARARs EVALUATED 
FOR OPERABLE UNIT NO. 2 

FEASIHLITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential LocationSpecitic ARAR 
General 
Citation 

ARAR Evaluation 

Qational Historic Preservation Act of 16 USC 470, No known historic properties 
-966 - requires action to take into 40 CF’R 6.301(b), are within or near OU No. 2, 
tccount effects on properties included and 36 CF’R 800 therefore, this act will not be 
n or eligible for the National considered as an ARAR 
iegister of Historic Places and to 
ninimize harm to National Historic 
Landmarks. 

ticheological and Historic 
?reservation Act - establishes 
nocedures to provide for 
Ireservation of historical and 
vcheological data which might be 
lestroyed through alteration of 
errain. 

16 USC 469, and No known historical or 
40 CF’R 6.301(c) archeological data is known 

to be present at the #sites, 
therefore, this act will not be 
considered as an ARM. 

%storic Sites, Buildings and 16 USC 461467, No known historic sites, 
btiquities Act - requires action to and 40 CF’R buildings or antiquities are 
lvoid undesirable impacts on 6.301(a) within or near OU No. 2, 
andmarks on the National Registry therefore, this act will not be 
)f Natural Landmarks. considered as an ARAR. 

?ish and Wildlife Coordination Act - 16 USC 661-666 Wallace Creek and IBear 
requires action to protect fish and Head Creek are located 
vildlife from actions modifying within the operable unit 
&reams or areas affecting streams. boundaries. If remedial 

actions are implemented that 
modify these creeks, this will 
be an applicable ARAR. 

?ederal Endangered Species Act - 16 USC 1531,50 Many protected species have 
requires action to avoid jeopardizing CFR 200, and 50 been sited near and on MCB 
;he continued existence of listed CF’R 402 Camp Lejeune such as the 
andangered species or modification of American alligator,, the 
heir habitat. Bachmans sparrow, the 

Black skimmer, the Green 
turtle, the Loggerhead turtle, 
the piping plover, the Red- 
cocaded woodpecker, and the 
rough-leaf loose&rife 
(LeBlond, 1991),(F’ussell, 
lQQl),(Walt&s, 19Ql). 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 Since the American alligator 
Act - per the North Carolina Wildlife 113-337 has been sighted in Wallace 
Resources Commission. Similar to Creek, this will be considered 
the Federal Endangered Species Act, as an ARAR. 
but also includes State special 
concern species, State significantly 
rate species, and the State watch list. 

Rivers and Harbors Act of 1899 33 USC 403 No remedial actions will 
(Section 10 Permit) - requires permit affect the navigable waters of 
for structures or work in or affecting the New River. Therefore, 
navigable waters. : this act will not be considered 

asanARAR. 

Executive Order 11990 on Protection Executive Order Based on a review of Wet&d 
of Wetlands - establishes special Number 11990, Inventory Maps, both 
requirements for Federal agencies tu and 40 CFR 6 Wallace Creek and Bear 
avoid the adverse impact-a associated Head Creek have areas of 
with the destruction or loss of wetlands. Therefore, this 
wetlands and to avoid support of new will be an applicable! ARAR. 
construction in wetlands if a 
practicable alternative exists. 

Executive Order 11988 on Floodplain Executive Order Based on the Federal 
Management - establishes special Number 11988, Emergency Management 
requirements for Federal agencies to and 40 CFR 6 Agency’s Flood Insurance 
evaluate the adverse impacts Rate Map for Onslow County, 
associated with direct and indirect Sites 6 and 9 are primarily 
development of a floodplain. within a minimal flooding 

zone (outside the 5OO-year 
floodplain). The immediate 
areas around Wallace Creek 
and Bear Head Creek are 
within the loo-year 
floodplain (FEMA, 3.987). 
Therefore, this may be an 
ARAR for the operalble unit. 

Wilderness Act - requires that 16 USC 1131, No known federally owned 
federally owned wilderness area are and 50 CFR 35.1 wilderness areas near the 
not impacted. Establishes operable unit, therefore, this 
nondegradation, maximum 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 UNITNO. 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 WE 
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 affet= 
requires activities tiecting 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 CFR 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 

L 

Standard Action 
General 
Citation 

I ‘ICRA 

ZWA 

$DWA 

l?SCA 

X%-IA 

DOT 

Capping 4OCFR264 - 
Closure 40 CFR 264, :244 
Container Storage 40 CF’R 264,:268 
New Landfill 40 CFR 264 
New Surface Impoundment 40 CF’R 264 

Dike Stabilization 4OcFR264 
Excavation, Groundwater Diversion 40 CFR 264,268 
Incineration 40 CFR 264, ‘76i 

Land Treatment 4OcFR264 
Land Disposal 40 CFR 264, ‘268 
Slurry Wall 40 CFR 264, ,268 
Tank Storage 4-O CFR 264, :268 

Treatment 40 CFR 264,:265,268; 
42 USC 6924; 
51 FR 40641; 
52 FR 25760 

Waste Pile 40 CFR 264,268 

Discharge to Water of United States 40 CFR 122,125,136 
Direct Discharge to Ocean 40 CFR 125 
Discharge to PGTW 40 CFR 403,270 

Dredge/Fill 40 CFR 264; 
33 CFR 3201330; 33 
USC 403 

Underground Injection Control 40 CFR 144, ‘146,147, 
268 

PCB Regulations 4OCFR761 - 
OSHA Requirements for Workers Safety 29 CFR 1910- 
OSHA Act of 1970 29 USC 651 

.- -- 
1 DOT Rules for Transportation I49 c&x 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 

COCs in this section of the Feasibility Study. Derived action levels for OU No. 2 involved 

establishing acceptable human health risk criteria and determining allowable risk to COCs, 

which were then used to back calculate media-specific concentrations for established risk 

levels. 

The methodology used for the derived action levels was in accordance with USEPA risk 

assessment guidance (USEPA, 1989a) (USEPA, 1991a). For noncarcinogenic effects, a 

concentration was calculated that corresponds to a hazard index (HI) of 1 or unity, ,which is the 

level of exposure to a contaminant from all significant exposure pathway8 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 LOE-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 level8 are generally concentrations that 

represent an ICR between l.OE-4 and l.OE-6. The action levels are representative af 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 COG. 

These steps are generally conducted for each medium and land-use combination and involved 

identifying the most significant: (1) exposure pathway8 and routes, (2) exposure parameters, 

and (3) equations. The equations included calculations of total intake from ‘a given medium 

and were based on identified exposure pathways and associated parameters. 
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The development of the site-specific risk-based action levels for OU No. ‘2 were determined 

from a risk evaluation assessment and from a soil/water partitioning approach as presented in 

the sections that follow. 

2.3.3.1 Risk Evaluation Assessment 

The determination of medium-specific risk-based action levels was performed in accordance 

with USEPA guidance WSEPA, 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: 

0 Inhalation of particulate8 

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:l 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 th.e 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 (cm21 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: 

cs = 

TR = 

THI = 

BW = 

AT, = 

ATnc = 

DY = 

CSF = 

RfD = 

EF = 

ED = 

ET = 

IR = 

PEF = 

ABS = 

TBorTHI*BW*ATc orAT *DY 
nc 

Cs = 
CSForl/BfD*EF*ED*ET*IB*l/PEF*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/yr) 

exposure duration (yr) 

exposure time (hour/day) 

inhalation rate (mVhour) 

particulate emission factor (Cowherd, 1985) 

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

children (0.43 m%our). 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 25,199l). 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 

BW 

ATc 

ATnc 

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 (mg/kg-day) 

= exposure frequency (day/yr) 
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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 

Gl 
Exposure 
Concentration 

Calculated USEPA, December 1989 

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

Total Hazard Index 1.0 USEPA, April 1991 

BW Body Weight 
Child 
Adult 

$2 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 dayiyr USEPA, December 1989 

CSF Carcinogenic s1op 
Factor 

Chemical Specific IRIS , HEAST U!IEPA , 

RfD Reference Dose Chemical Specific IRIS, HEAST, USEPA 

EF Exposure Frequency 
Resident 

350 days/yr 
Base Employee 250 days&r 

USEPA, December lS89 

Child 6yr 
ED Exposure Duration Adult 30 yr USEPA, March 1.991 

Base Employee 259 

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

Base Employee 8 hrlday 

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

Base Employee 1.25 m3/hr 

PEF 
Particulate 

5.OEs msikg 
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 (10-e kgImg) 

Fi = fraction ingested from source (percent) 

Exposure frequencies (EFs) were specified as 250 days/year for base personnel and 

350 days/year for residents (USEPA, March 25,1991). Exposure durations (EDs) for residents 

was assumed to be 6 years for children and 30 years for adult residents, whereas the ED 

assumed for base personnel was 25 years. Thirty years is the 90th percentile for time spent in 

one residence (USEPA, December, 1989). The body weight for adults was assumed to be 70 kg, 

and for children, 15 kg. For a conservative approach, it was assumed that 100 percent of the 

soil from the source was contaminated (Fi). 

Table 2-6 presents the input parameters used to estimate the soil ingestion action levels. 

Dermal Contact with Soil 

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 = 

T-R = 

Tm = 

BW = 

ATc = 

ATnc = 

DY = 

CSF = 

RfD = 

SA = 

AF = 

TRorTHI*BW*ATc orAT *DY nc 
CS = 

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

contaminant concentration in soil (m&g) 

total lifetime risk 

total hazard index 

adult body weight (kg) 

averaging time carcinogens &r> 

averaging time noncarcinogens <yr> 

days per year (day/year) 

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

reference dose (mg/kg-day) 

surface area of skin available for contact (cm21 

soil to skin adherence factor (mg/cm? 
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TABLE 2-6 

INGESTION OF SURFACE SOIL 
ACTION LEVEL PARAMETER 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Incidental Ingestion of Surface Soil Input Parameters 

Input 
‘arameter Description Value Rationale 

CS 
Exposure 
Concentration 

Calculated USEPA, December 1989 

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

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 y-r USEPA, December 1989 
Base Employee 25yr 

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

CSF Carcinsenic S1ope 
Factor 

Chemical Specific IRIS, HEAST, USEPA 

RfD Reference Dose Chemical Specific IRIS, HEAST, USEPA 

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

Base Employee 250 day&r 

Child 6~ 
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 mg/day nonconstruction. 

CF Conversion Factor l.OE-6 kg/mg USEPA, Decemlber 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 (10-a kg/mg) 

Three action levels were developed for this route of exposure. The first action level asaume8 

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 

wa8 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 eyetern. 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 

cs = 
CSForl/BfD*EF*ED*IB 

Where: 

CW 

TB 

BW 

ATc 

= contaminant concentration in groundwater tmg/L) 

= total lifetime risk 

= total hazard index 

= adult body weight (kg) 

= averaging time carcinogens (yr) 
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.F=--~ TABLE 2-7 

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

MCB CAMP LEJEUNE, NORTH CAROLINA 

I Dermal Contact with Surface Soil Input Parameters 1 
Input I Parameter Description Value Rationale 

Calculated USEPA, December 1989 

l.OE-4 USEPA, April 1991 

1.0 USEPA, April 1991 

Child 
Adult 

ii $ USEPA, December 1989 

All 70 yr USEPA, December 1989 

Child 6yr 
Adult 30 yr USEPA, December 1989 
Base Employee 25v 

365 days&r USEPA, December 1989 

Chemical Specific IRIS, HEAST, USEPA 

Chemical Specific IRIS, HEAST, USEPA 

Child 1,800 cm2, 
Adult 5,300 cm2 USEPA, January 1992 
Base Employee 4,300 cm2 

1.0 mg/cm2 USEPA, Region IV, 1992 

Accounts for desorption 
Volatile8 0.10 from soil and 
Semivolatilesl percutaneous absorption 
Pesticides 0.05 (Feldman and Malbach, 

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

Malbach, 1985) 

Child 350 days& 
350 days&r USEPA, December 1989 

T.lggl 

Zxposure 
loncentration I (73 
?otal Lifetime Risk 

Total Hazard Index 

sody Weight 

hveraging Time 
:arcinogen 

Lveraging Time 
lToncarcinogen 

jays Per Year 

:arcinogenic Slope 
pactor 

RfD 

t 

SA 

bference Dose 

Exposed Surface 
4rea of Skin 
ivailable for 
:ontact 

$oil-to-Skin 
idherence Factor 

ABS 

c 
EF 

L ibsorption Factor 
( dimensionless1 

Zxposure Frequency 

I ED sxposure Duration 
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ATnc = averaging time noncarcinogens (yr) 

DY = days per year (day/year) 

CSF = cancer slope factor (mgkg-day)-1 

RfD = reference dose (mgkg-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.8 potential source of contamination to 

underlying groundwater. To evaluate this potential contaminant migration pathway, a 

soilfwater 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: 

Where: 

Cl 

%V 
S 

Cl = 0.00211* (Cw) 0.0678 * (S) 0.373 

= contaminant concentration in (leachate) groundwater (mg/T.J 
= contaminant concentration in (waste) soil (mglkg) 
= 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 

L 

I  

Ingestion of Groundwater Input Parameters 

Input 
Para- 
meter Description Value Rationale 

GV 
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 

if 2 USEPA, December 1989 

ATc 
Averaging Time 
Carcinogen 

All 70 yr USEPA, December 1989 

ATnc Averaging Time 
Child 6yr . 

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

DY DaysPer Year 365 dayidyr USEPA, December 1989 

CSF Carcinogenic slop 
Factor 

chetical Specific IRIS, HEAST, USEPA 

RfD Reference Dose Chemical Specific IRIS, HEAST, USEPA 
Child 350 days&r 

EF Expoeure 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 25~r 

IR Ingestion Rate 
Child 
Adult 

i gii 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 = contaminant concentration in soil (mg!kg) 

Cl = State or Federal groundwater criteria concentration (mg/l) 

S = contaminant solubility (mg/lI 

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 Summarv 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 inthe 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/LI 

Calculated OLM -Model 

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

Obtained f?om Maximum 
CW 

Constituent Concentration Contaminant 
in Waste (mgkg) Specific 

Concentration Detectedl in Site 
Soils 

S 
Constituent Solubility Contaminant 

USEPA Aquatic Fate Pkocess 

(mgfU specific 
Data for Organic Priority 
Pollutants, 1982 
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TABLE Z-10 

PARTICULATE INHALATION CARCINOGENIC ACTION LEVELS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Carcinogenic Risk 

Contaminant Base Personnel Adult Resident Child Resident 

4,4’-DDT 4,200,000,000 1,900,000,000 2,600,000,000 

Die&in 89,000,OOO 40,000,000 55,000,000 

1,2-Dichloreethene 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 4,400,090,000 

Arsenic 29,000,000 13,000,000 18,090,OOCI 

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 21o,ooo,ooa 

Notes: Action level concentrations expressed as pg/kg 
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TABLE 2-11 

PARTICULATE INHALATION NONCARCINOGENIC ACTION LEVIELS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

1,4-Dichlorobenzene 

Noncarcinogenic Risk 

Base Personnel Adult Resident Child Resident 

4,100,000,000,000 2,200,000,000,000 610,000,000,000 

Manganese I 
2,000,000,000 1,110,000,000 300 

4 
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 

:-\ 

Contaminant 

4,4’-DDD 

Carcinogenic Risk 

Base Personnel Adult Resident Child Resident 

1,200,000 710,000 386,000 

4,4’-DDE 840,066 500,000 27tG 

4,4’-DDT 840,000 500,000 276,000 

PCB-1260 37,000 22,000 12,000 

Arsenic 170,000 97,000 52,ooo 

Beryllium 67,000 39,000 2:L,ooo 

1,4-Dichlorobenzene 12,000,000 7,100,000 3,8O&%!I 

Benzene 9,900,000 5,900,000 3,106,ooo 

1,1,2,2-Tetrachloroethane 1,400,000 850,000 466,000 

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 i2,soo 

Benzo(a)pyrene 39,000 23,000 12,500 

Chrysene 39,000 23,000 12,500 
-- 

[ndeno (1,2,3cd) pyrene I 39,000 1 23,000 1 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 

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 Residen: 

1,PDichlorobenzene 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,oao 

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 

Benxo(a)anthracene 30,000 15,000 46,000 
- 

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

Benzo(kMuoranthene 30,000 15,000 46,090 

Benxolajpyrene 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,O;;;; 

Notes: Action level concentrations expressed as pg/kg 
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TABLE 2-15 

SURFACE SOIL DERMAL CONTACT 
NONCARCINOGENIC ACTION LEVELS 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Noncarcinogenic Risk 

Contaminant Base Personnel Adult Resident Child Resident 

4,4’-DDT 240,000 140,000 87,000 

l,l,l-Trichloroethane 21,000,000 7,800,OOO 12,000,000 

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

Anthracene 240,000,OOO 140,000,000 87,000,ooo 

Fluoranthene 32,000,OOO 18,000,000 12,000~ 

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

Acenaphthene 48,000,OOO 28,000,OOO 17,000,000 

Arsenic 710,000 410,000 260,000 

Barium 170,000,000 96,000,OOO 6,OOtIjiiI 

Beryllium 12,000,000 6,900,OOO 4,300,00(1 

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

Chromium 12,000,000 6,900,OOO 4,3oo,ooc 

Manganese 12,000,000 6,900,OOO 4,3oo,ooc 

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

Zinc 710,000,000 410,000,000 260,000,OOO 

Notee: Action level concentrations expressed as &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 ADDroach 

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 concenkations 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 Z-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 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Notes: Action level concentrations expressed as pg/L 

2-35 



CLEJ-01250-4.08-01/01/01 

,- TABLE 2-17 

GROUNDWATER INGESTION ACTION LEVELS 
BASED ON NONCARCINOGENIC RISK 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Action Levels Based on Noncarcinogenic Risk 

Contaminant of Concern Base Personnel Adult Resident Child ReEz 

Total Xylenes 102,200 73,000 31,286 

Arsenic 15 11 5 

Barium 3,577 2,555 1,095 

Beryllium 256 183 78 

Chromium 256 183 78 

Manganese 256 183 78’ 

Nickel 1,022 730 313 

zinc 15,330 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 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Concern 

MaXimUm Soil Action 
Estimated 

Concentration Federal. 

insoil 
Level Concentration MCL NCWQS 

h%Yw 
(Pfdw 

in Groundwater 
(P&/L) (Pf#J 

(P&m 

1,4Dichlorobenxene I 160 I -- I 3.1 I 75 I 1.8 

Benzene 

L,2-Dichloroethene I 1,500 1 6,184 1 

I’richloroethene 2.8 

1,1,2,2-Tetrachloroethane 55,000 -a 625 NE NE 

L,l,l-Trichloroethane 42 22,000 3.0 200 200 

Tetrachloroethene 

%loromethane 

Bromomethane I 1,300 I -- I 32 I NE I NE 
1.4’-DDD I 12,000 I - I 5 I NE I NE 
4,4’-DDE I 4,200 1 -- 1 2 I Nl3 I NE 

I 

4,4’-DDT 6,400 -- 1 NE N-E 

Die&in 

Gamma Chlordane I 160 I 4,512 1 0.2 
- PCB 1260 

Notes: pg.&g = microgram per kilogram 
~~~~~ ~.:~~~?,~~.~~.:~~~~~~.~,~~~ = The contaminant of concern 

pg/L = microgram per liter 
~~~~~~~~~~~~~~~;~~ concentration is estimated to exceed 

MCL. = Federal Maximum Contaminant Level 
. 

groundwater criteria and/or the 
NCWQS = North Carolina Water Quality Standards calculated soil action level. 
NE = Not Established 
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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 LOE-6, where an HI is less than or equal to 1.0, or where 

the action levels are clearly defined by ARKRs. 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 t,he 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 racer risks 

for soil are within the USEPA’s acceptable risk range of l.OE-6 to l.OE-? 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 Z-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 

Contaminant 

I Carcinogens 

4,4’-DDT 

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

MCB CAMP LEJEUNE, NORTH CAROLINA 

Al-S&C 

Beryllium 

, ?.4=Dichlor&exxz~ne 4,100:000,000,000 2,200,000,000,000 610,000,000,000 I 38 160 ND 

2,000,000,000 1,100,000,000 300,000,000 1 204,000 182,000 700,000 

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



TABLE Z-20 

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

FEASIBILITY STUDY CT000133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Action Levels Maximum Contaminant Concentration per 
Grid Area 

Wooded 
Contaminant Base Personnel Adult Resident Child Resident Lot 201 Lot 203 Areas 

Carcinogen8 

4,4’-DDD 1,200,000 710,000 380,000 180,000 180 12,000 

4,4*-DDE 840,000 600,000 270,000 17,000 2,100 4,200 

4,4’-DDT 340,000 aoo,ooo 270,000 1,200,000 1,500 6,400 

PCB-1260 37,000 22,000 12,000 36 42,000 26,000 

1,4-Dichlorobenzene 12,000,000 7,100,000 3,800,OOO 38 160 ND 

Benzene 9,900,000 5,900,000 3,100,000 ND ND 850 

1,1,2,2-Tetrachloroethane 1,400,000 860,000 460,000 ND ND 55,000 

Tetrachloroethene 5,500,000 3,200,OOO 1,700,000 ND ND 7,000 

Benzo(a)anthracene 39,000 23,000 12,500 47 1,600 2,200 

Benzo(b)fluoranthene 39,000 23,000 j 12,500 160 2,700 2,200 

Benzo(k)fluoranthene 39,000 23,000 12,600 46 1,100 490 

Benzo(a)pyrene 39,000 23,000 12,500 78 1,800 1,500 

Chrysene 39,000 .23,000 12,506 88 1,300 1,600 

Indeno(l,2,3-cdjpyrene 39,000 23,000 12,600 ND 1,000 1,300 

Arsenic 170,000 97,000 52,000 9,700 4,900 26,300 

Beryllium 67,000 39,000 21,000 220 210 2,200 

Notes: Action level concentrations expressed as pg/kg. 
N’n =Nnt rletm+al 



TABLE Z-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 

Tetrachloroethene 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 

Manganese 5,100,000 3,700,000 390,000 

Arsenic 310,000 220,000 23,000 

’ Beryllium 5,100,000 370,000 390,000 

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

Zinc 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. 

Wooded 
Lot 201 Lot 203 Areas 

42 15 ND 

ND ND 1,500 

ND ND .7,000 

ND 440 260 

94 2,300 2,000 

99 2,800 2,700 

ND 9,500 370 

16,500 47,800 1,410,000 

1,500 9,300 51,900 

21,600 25,200 54,600 

20,400 182,000 700,000 

9,700 4,900 26,300 

220 - 210 2,200 

6,400 13,200 79,400 

135,600 694,000 16,696,OOO 



, 
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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 

Grid Area 

0 

E 
6 
i;5 
cn 
0 
lb 
b 
so 
0 

Notes: Action level concentrations expressed as Erg/kg. 
ND =Not detected - _ 



TABLE 2-21 (Continued) 

COMPARISON OF DERMAL CONTACT RISK-BASED ACTION LEVELS TO 
MAXIMIJM CONTAMINANT CONCENTRATIONS PER GRID AREA 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Action Levels I Maximum Contaminant Concentration per 
Grid Area I 

Notes: Action level concentrations expressed as pg/kg. 
ND = Not detected 
Italicized text indicates concentrations which exceed an action level. 
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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 al.1 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 Ilevels 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 Uncertainty 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 ABARs and the site-specific risk 

based action levels identified throughout Section 2.0 of the F’S If a COC had an ABAB, the 

most limiting (or conservative) ABAB was selected as the remediation goal for that 

contaminant. If a COC did not have an ABAB, the most conservative risk-based action level 

was selected for the remediation goal. The basis for each of the remediation goals is also 

presented in Table 2-22. 

In order to determine the critical set of COCs for OU No. 2, the contaminant concentrations 

detected in both media were compared to the preliminary remediation goals presented on 

Table 2-22. The contaminants which exceeded at least one of the remediation goal8 have been 

retained as COG. The contaminants that did not exceed any of the preliminary remediation 

goals will no longer be considered a6 COCs with respect to this E’S Based on this c:omparison, 

the following COGS exceeded a remediation goal and will be retained as COCs for O’U No. 2: 

l Groundwater 

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

l soiJ 

- 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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TABLE2-22 

PRELIMTNARYREMEDIATIONGOALS 
FEASlBILlTYSTUDY CTO-0133 

MCBCAMPLEJEUNE,NORTHCAROLIN~ 

Medium 

sroundwater 

Contaminant of Concern 

Bromodichloromethane 
Chlorobenzene 
l,!&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 
TPCd Me-- 
Manganese 
Mercury 
Nickel 
Vanadium 
zinc 

Remediation 
Corresponding Risk 

Coal unit Basis of Coal Carcinogenic Noncarcinogenic 

100 Pgn MCL 
300 Pgn MCL 
0.38 P& NC WQS 

7 Pa MCL 
70 Pgn NC WQS 
29 Pg/L NC WQS 
43 Pg/L Risk-Ingestion ICR = l.OE-* 
0.7 PtdJJ NC WQS 
200 P&a NC WQS 

5 Pgn MCL 
2.8 Pen NC WQS 

0.015 Pgn NC WQS 
400 Pgh NC WQS 

6,000 P;lgn Health Advisory 
50 Pii+ MCL 
50 Pa;/L NC WQS 

1,000 Pf& NC WQS 
4 Pf#J MCL 

50 Pl$L NCWQS _ 
1,000 P& NC WQS 

15 Pgn MCL 
50 Pgn NC WQS 
1.1 N@ NC W&S 
100 PfivL MCL 
80 Pgn Health Advisory 

5,000 Ppn NC WQS 



TABLE 2-22 (Continued) 

PRELIMINARY REMRDIATION GOALS 
FEASIBILITYSTUDY 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 pgkg TSCA nonrestrictecI access area 
Benzene 5.4 pg/kg Risk-Protection of Groundwater 
Trichloroethene 32.2 @kg Risk-Protection of Groundwater 
Tetrachloroethene 10.5 pg/kg Risk-Protection of Groundwater 
1,2-Dichloroethene 780,000 la% Risk-Ingestion HI = 1.0 
1,1,2,2-Tetrachloroethane 160,000 P&k Risk-Dermal Contact ICR = LOE-4 
l,l,l-Trichloroethane 7,000,000 Pfsk Risk-Ingestion HI = 1.0 
1,4-Dichlorobenzene 1,300,000 Mk Risk-Dfrmal Contact ICR = l.OE-4 
4,4’-DDD 270,000 iJi& Risk-Dermal Contact ICR = l.OE-4 
4,4’-DDE 60,000 leg Risk-Dermal Contact ICR = l.OE-d 
4,4’-DDT 60,000 P&g Risk-Dermal Contact I&R = l.OE-4 
Dieldrin 40,000,000 PgflrS Risk-Inhalation ICR = l.OE-4 
Arsenic 23,000 Pg&if Ri8k-Ingestion HI = 1.0 
Barium 5,500,000 Pdk Risk-Ingestion HI = 1.0 
Beryllium 21,000 l%k Risk-Ingestion ICR = l.OE-4 
Cadmium 39,000 lak Risk-Ingestion HI = 1.0 
Chromium 390,000 Pfd% Risk-Ingestion HI = 1.0 
Manganese 390,000 Pfm Risk-Ingestion I-II = 1.0 
ZhC 23,000,OOO Pf& Risk-Ingestion III = 1.0 
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TABLE 2-23 

FINAL 
REMEDLkION GOALS FOR OU NO. 2 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 

koundwater 

Preliminary 
Remediation 

Contaminant of Concern Goal unit 

1,2-Dichloroethane 0.38 fls;rL 

Trans-1,2-Dichloroethene 70 l-v& 

Ethylbenzene 29 Pgn 

Tetrachloroethene 0.7 Pi& 

Trichloroethene 2.8 P& 

Vinyl Chloride 0.015 PfiG 

Arsenic 50 llgn 

Barium 1,000 llgn 

Beryllium 4 Pa 

Chromium 50 Irfi 

Lead 15 Pg/L 

Manganese 50 Pgn 

Trichloroethene 

Tetrachloroethene 
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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 2-1 also identifies 4,small plumes located south and west of 

Lot 203. Tetrachloroethene (PCE) was the only COC detected in three of the wells at these 

areas which exceeded the remediation goals. These three wells included 6GW7,6GW21, and 

6GW22. The detected PCE concentrations were 1.1 pg& 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 pesticides are the primary COCs. The remediation goal 

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

within the operable unit have PCB concentrations in soil exceeding this goal. These areas are 
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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 contamilnanb 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 LWEUNE, NORTH CAROLINA 

Media Area of Concern Remedial Action Objective 

3roundwater Surticial 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. 

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

soil AOClQ) 

AOCl 

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 surticial 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 andi 
AOC4. 

AOC5 

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

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. 

(1) There is no confining layer between the Surf?&1 and Castle Hayne Aquifers at this 
operable unit. Therefore, both aquifers act as one water-bearing zone. 

(2) AOC = Area of Concern. Refer to Section 2.35 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 collectionkreatment 

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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Media 

Groundwater 

boil 

Area of 
Concern 

SurRcial and 
Castle Hayne 
Aquifers(l) 

A&(2) 

AOCl 

AOC2 

AOC3lAOC4 

AOC3/AOC4 

AOC5 

AOC5 

AOC6 

TABLES-~ 

GENEiULRESPONSEACTIONSFOROPERABLEUNITNO.2 
FEASlBILITYSTUDYCT0-0133 

MCBCAMPLEJEUNE,NORTHCAROLINA 

Remedial Action Objective 

e Prevent ingestion of water with groundwater COCs exceeding the remediation goals. 

o Prevent the horizontal and vertical migration of contaminated groundwater in the 
Surficial and Castle Iiayne Aquifers. 

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 
sticial soils at AOCl. 

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

l Mitigate the risks associated with human contact with PCB- contaminatedsoils at 
AOC3 and 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 
at AOC5. 

l Mitigate potential migration ofpesticide-contaminated soils at AOC5. 

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

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

General Response Action 0 
? 

b No Action 
0 
4 

b Institutional Controls 
2s 
IL 

B Containment Actions a 
m& 

B CollectionlTreatment Actions 

No Action 

Institutional Controls 

Containment Actions 

Excavatio&I’reatment Actions 

(1) There is no confming iayer between the Surficiai and Cab Hayne Aquifers at this VYy-..yII -*. n-*ahln r*ni+ Therefore* both aquifers act as one water bearing zone. 
(2) AOC = Area of Concern. Refer to Section 2.3.5 for a description of each of these areas. 
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With respect to groundwater, institutional controls may include monitoring programs, 

ordinances and access restrictions. With respect to soil, institutional controls may include 

monitoring and access restrictions. 

3.1.3 Containment Actions 

Containment measures include various technologies which contain and/or isolate the COCs on 

a site. The measures are designed to isolate so as to prevent direct exposure with or migration 

of the contaminated media without disturbing or removing the waste from the site. 

Containment actions generally serve to cover, seal, chemically stabilize, or provide an 

effective barrier against specific areas of contamination. These actions may be applicable to 

both media of concern (soil and groundwater) at OU No. 2. 

. 3.1.4 Collectionfheatment Actions 

,- 

Collection/treatment actions are typically associated with groundwater or surface water. For 

this FS, only groundwater collection/treatment actions will be addressed. For groundwater, 

collection/treatment actions may include one of the following options: (1) collecting the 

contaminated groundwater, treating it on site, and then discharging or reinjecting it; 

(2) collecting the groundwater and then treating it off site; and (3) treating the groundwater in 

situ. 

3.1.5 Excavation/Treatment Actions 

Excavation/treatment actions are typically associated with soil, sediment, or solid wastes. For 

this FS, only soil excavation/treatment actions will be addressed. With respect to soil, 

excavation/treatment actions may include one of the following options: (1) excavating 

contaminated soil, treating it on site, and then disposing of treated residuals either on or off 

site; (2) excavating the soil and then treating and disposing it off site; and (3) treating the soil 

in situ. 

3.2 Identification of Remedial Action Technologies and Process O&ions 

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, fiuidized 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 

.I 
,F-=- 

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 resp&t to 

contaminant types, contaminant concentrations and on-site characteristics to screen out 

technologies and process options that cannot be effectively implemented at the site 

(USEPA, 1988a). In general, all technologies/options which appear to be applicable! to the site 

contaminants and to the site conditions will be retained for further evaluation. The 

preliminary screening is presented on Tables 3-3 and 3-4 for groundwater and soil, 

respectively. Each of the process options remaining following the preliminary screening will 

be evaluated in Section 3.4. 

As shown on Tables 3-3 and 3-4, several technologies and/or process options were eliminated 

tiom.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 

technologiealoptions that were eliminated include: 

l Capping 

l Vertical Barriers 

0 Horizontal Barriers 

0 Reverse Osmosis 

0 Oil/Water Separation 

l Chemical Dechlorination 

l Plasma Arc Torch 

0 Pyrolysis 

l Wet Air Oxidation 

a In Situ Biodegradation 
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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 

Media 

iroundwater 

General Response 
Action 

?o Action 
nstitutional Controls 

lontainment Actions 

~ollection/Treatment 
kctions 

Process Option 

To Action No Applicable 
Zonitoring Groundwater Monitoring 
)rdinances Aquifer-Use Restrictions 
wcess Restrictions Deed Restrictions 

japping 
Fencing 
Clay/Soil Cap 

lertical Barriers 

horizontal Barriers 

Extraction 
Subsurface Drains 
Xscharee 

Zxtraction 
Subsurface Drains 
3iological Treatment 

?hysical/Chemical 
Treatment 

Soil Cover 
Multilayered Cap 
Grout Curtain 
Shrrry Wall 
Sheet Piling 
Rock Grouting 
Grout Injection 
Block Displacement 
Extraction Wells 
Interceptor Trenches 

IReinjection 
lo I&&ion Wells 
l IntItration Galleries 
Extraction Wells 
Interceptor Trenches 
Aerobic 
Anaerobic 
Air Stripping 
Steam Stripping 
Carbon Adsorption 

. 

II 

I 

Keverae usmoms 
Ion Exchange 
Chemical Reduction 
Chemical Oxidation 
Neutralization 
Precipitation 
Oil/Water Separator 
Filtration 
Flocculation 
Sedimentation 
Chemical Dechlorination 
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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 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media $eneral Response Action 

roundwater 
:ont) 

loil 

~0llectiomTreatment 
&ions (Cant) 

No Action 
[nstitutional Controls 

Containment Actions 

Excavation/Treatment 
Actions 

lemedial Action Technology Process Option 

‘hermal Treatment 

)ff-site Treatment 

n Situ Treatment 

Incineration 
l Liquid Injection 
l Rotary Kiln 
l Fluid&d Bed 
l Multiple Hearth 
Molten Salt 
Plasma Arc Torch 
Pyrolysis 
Wet Air Oxidation 
POTW 
RCRA Facility 
Sewage Treatment Plant 
Biodegradation 

In-Site Discharge 
Air SparlziIln 
Surface Water (Wallace Creek) 
Reiniection 
I. Injection Wells 

l Cement-Based Processes 
l Polymer-Based Processes 

I 
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TABLE 3-2 (Continued) 

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

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEifEUNE, NORTH CAROLINA 

Media General Response Action Remedial Action Technology Procesce Option 

ioil (Contl 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 
Volatilisation (Vapor Extraction) 
Soil Flushing 
Chemical Immobilisatio~ 
0 Polymerization 
a Precipitation 
Chemical Detoxitkation 
0 Oxidation 
0 Reduction 
l Neutralization 
o Hydrolysis 
Vitrification 
Heating 
Artificial Ground Freezing 

Off-Site TreatmentDisposal RCRA Facility 
Landfill 
l Hazardous 
l Nonhazardous 
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3eneral Response Action 

?o Action 

netitutional Controle 

:ontainment Actions 

TABLE 3-3 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY STUDY CT0-0193 

Remedial Action Technology 

regular pattern of drilled holes to 
contain contamination. 

at the Operable Unit may prevent a 

confining layer under the ritee for the 



kmeral Response Action 

:ontainment Actions 
mt) 

Ilect‘ n0hatment 
204’ 

TABLE 3-3 (Continued) 

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

MCB CAMP LEJEUNE, NORTH CAROLINA 

I I I 

Remedial Action Technology Process Option 

EItXilCtifXb Extraction Wells 

hbsurhce Drams lntereeptor ‘ltenehes 

3iibarge 
.“?~Sn Wells 
l Infiltration Galleries 

Site-Specific Applicability 

Potentially applicable 

Potentially apphcable 

Screening Results 

I the collection ofcontamitlatad 
groundwater via extraction wells. I I 

hterc8ptr.w ‘i’renches 

I 

Contaminated dwatar via the 
extraction we llr’ 
weIlacan 

Ortbeinjection 
also inject material into an I I 

aaulfer to remediata erinm dwater. 
Pelttad inshuedtn?ehes l)e 
baoi%d Zi’tifporous miia t&ollect 

pth of the contaminated Hetamed 

cimtamiuatedgroumiwator. 
undwater will limit its use. 

i? ppllcable to cmly the shallow 
groundwater. May be applicable for 

/ ubsurtkce llrams 

I prevsntingmlgmtlonof undwater 
to Walkca Creek a&or f? I ear Head 



, P 
c 

TABLE 3-3 (Continued) 6 

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

k) 

s 

rable unit, neutralization may be 
acidic or b&e weate rtrcwnc. applicable in a treatment train with 



~0llectionRkeatment 
ktiona 
cant) 

, 

TABLE 3-S (Continued) 

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

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Action Technology Process Option Deocriptlon 

‘hyeicaUChemica1 
keatment 
cant) 

Filtration 

I 

Removal ofrwpended wlido from 
solution by forcing the liquid through 
II porous medium. Applicable to 

auepended in a liquid medium are 
made to agglomerate into larger 
particles by the addition of 
flocculating agento. Applicable to 

~~articulataa and inorganiou. 
IRemoval douopendod oolido in an Sedimentation 

I aqueouo wanta &ream via gravity 
creparation. Applionble to auapended 

Chemical Dechlorination 
(KPEQ) 

solida. 
F’rocea~ which uoeo opocially 
8mtheaiied chemical roan&a to 
d-hroy hazardous chloriked 
moleoulaa or to toxify them to form 
other lem harmfkl eom$oundo. 
Applioablo to PC& chlorlnatod 

hermal ‘ikeatment 
I 
IIncineration 

[hydrocarborur and dioxina. 
ICombuotloa of waoto at high 

I l Liquld Idaction 
0 Rotary Kiln 
l Fluidized Bed I 

tomparaturM. Dierent iieinerator 
typon can bo appkablo to pumpable 
orgarde wastoe, cmubuetiblo liquido, 

I contacta hot molten salt to undergo 
catalytic doatzuction. Applieablo for 
hazardouo liquido, low ash, high 

waatas into combwtible ga& in 
contactwitb a gas which has been 
energirad to ita plasma state by an 
electrical d&charge. Applicable for 
liquid organic waote. 

Site-Specific Applicability 

‘otantially applicable 

‘otentially applicable 

‘otentially applicable 

tot applicable to the groundwater 
ontaminanto of concern. 

Stontially appllcabh 

‘otentially applicable 

ack of opsrational experience 

0 
E i 
6 
i3 
CJl 
0 

b 
b 

Screening Results 00 

Letained 

ktained 

ktained 

&nlnatod 

ktalned 

ktained 

Ximinated 



, 0 
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+ 

TABLE 3-S (Continued) 0 
a 

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

MCB CAMP LEJEUNE, NORTHCAROLJNA 0 
I I I b 

jeneral Response Actior Remedial Action Technology 

~olIectioru%eatment 
ictione 
COIN 

llrermal Treatment 

fffgitelkeatment 

n Situ Treatment 

PC 

ii7 

b 

Bit 

Ail 

Process Option 

wolyeis 

et Air Oxidation 

a 
Description Sita-Specitic Applicability Screening Resulta 30 

Advanced incineration; thermal Typically ueed for compounds not Eliminated 
0 

convernion of organic matarlal into 
9A 

conductive to conventional 
solid, liquid, and gaseoue componenta; incineration; Operable Unit No. 2 
takes place in an oxygendeficient compounds are auitable to other 4 
atmaaphere. Appliceble for organica incineration methods. 
and inorganica. 
Advanced incineration: aaueoua Not recommended for treatine laree Eliminated 

volumea of water. 

de contamination. Applica 

uneaturated zone. Applicabl 



General Response Action 

Collectionfheatment 
Actions 
kont) 

TABLE34 Vhntinued) F 

MCB CAMPLEJEUNE,NORTFI CAROLINA 

Remedial Action Technology Site-Specific Applicability 



General Response Actior 

No Action ’ 

~nstitutionnl Controls 

Containment A&one 

I Excavatiowlkeatment 
Actiona 

i!! b 
TABLE 94 ab 

PRELIMINARY SCREENING OF SOILTECHNOLOGIES ANTI PROCESS OPTIONS 6: 
F!EASIBILITYSTUDY CTO-0133 

MCB CAMP LFJEUNE, NORTH CAROLINA 
? 
P 

Remedial Action Technolo 



General Response Actiol 

kavatiowlkeatment 
4ctions (Cont.) 

, 

TABLE 3-4 (Continued) 

PRELIMINARY SCREENING OF SOXLTECHNOLOGIES AIiD PROCESS OPTIONS 
FEASIBILITY STUDY CT00133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Action Technology 

and rely on natural microbial action 

Site-Specific Applicability 

organk compounds. 



jeneral Response Actiol 

havation/Treatment 
Lction.9 
Cont.) 

TABLE 34 (Continued) 

PRELIMINARY SCREENING OF SOILTECHNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY Sl’UDY CTO-0139 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Action Technology 

wastes by pyrolyzing them in 
combuetible gaeee in contactwith a 

waatm by ueing e&on carbid 

reduce the toxicity of 
the uaa of verioue treatment egente. 



General Reaponae Action Remedial Action Technology 

Excavationfl’reatment 
Actions 
(Cont.) 

n Situ tieatment (Cont.) 

TABLE 3-4 (Continued) 

PRELIMINARY SCREENING OF SOILTECHNOLOGIES AND PROCESS OPTIONS 
FEASIBILITY STUDY CI’O-0133 

h%Sita TreatmentlDiaposal 

-r 

-.. 
c) 
E 
6 
i3 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Process Option Description S&e-Specific Applicability 

;b 

ScreeningResults 

I 

with a ~&~~ntai;red iefrigeraiion 

I 

solution. 
eyatdm that pumpe coolant around the 
loops. Soile around the waetee are 

tCRA Facility 
fro&n. Temwrarv treatment. 
Excavated eoile are w to a Potentially applicable Retained 
licewed RCRA facility for treatment 

permitted landfill for dirpceal either 
hazurdoue 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 act& 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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TABLE 3-5 

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

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media General Response Action Remedial Action Technology Process Option 

koundwater No Action 
Institutional Controls 

Containment Actions 

Collection/Treatment 
Actions 

No Action 
Monitoring 
Ordinances 
Access Restrictions 

Extraction 
Subsurface Drains 
Discharge 

Extraction 
Subsurface Drains 
Siologioal Treatment 

Physical/Chemical 
Treatment 

Thermal Treatment 

Off-Site Treatment 

In Situ Treatment 
On-Site Discharge 

Off-Site Discharge 

Not Applicable 
Groundwater Monitoring 
Aquifer-Use Restrictions 
Deed Restrictions 
Fencing 
Extraction Wells 
Interceptor Trenches 
Reinjection 
0 Injection wells 
Extraction Wells 
Interceptor Trenches 
Aerobic 
Anaerobic 
Air Stripping 
Steam Stripping 
Carbon Adsorption 
Ion Exchange 
Chemical Reduction 
Chemical Oxidation 
Neutralization 
Precipitation 
Filtration 
Flocculation 
Sedimentation 
Incineration 
Molten Salt 
POTW 
RCRA Facility 
Sewage Treatment Plant 
Air Sparging 
Surface Water 
Reinjection 
0 Injection we118 
POTW 
Pipeline to River 
Sewage Treatment Plant 
Drinking Water Plant 
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P-- : TABLE 3-5 (Continued) 

SET OF POTENTIAL TECHNOLOGIES/PROCESS OPTIONS 
TFIAT PASSED THE PRELIMINARY SCREENING 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response Action Remedial Action Technology Process Option . 

Nonhazardous 

3-20 
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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 procesa~optionkechnology 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 

General 
R=wJ= 
Action 

!lo Action 

Lnetitutional 
:0lItdS 

2ontainment 
kioos 

SUMMARY OF GROUNDWATER PROCESS OPmON EVALUATION 
FEASIBILlTY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Fszti$ newwary since only one 

Evaluation not neceswrv since 0th one 

alone 
f: $;~~~imfl&entation 

continued future imulementation 
l J+s uot med nxnedmt~on goals 

alone 
l Minimaltolowadurimc 

implemellt&m - 

im~lementaiion - 
0 Mhctwe for cdktmg and/or 

wntaining a contamhti 

0 

l 

0 

l More effective for low permeability 
soils than extraction Wells 

8 Ytlect~ve tor contammg a wntamk 
nated groundwater pluxfe ifused in 

, Dm&Jn~~tri&o;welle 

implementation 
D Iqjection wells effhctiveness is 

deuendent on site neokv 

Evaluation 

Implementability Cost 

-I- 

Evaluation not necassary only one 

Evaluation not necessary since 

: iO!!ssd Lota 201 and 

n No legal raquimmente 
B EaailyiMtalled 
b Equipment readily available 
B Nopermitarequkd 

Low capita” low a 

Moderate capital, low O&M 

Low to moderate capital, low 
O&M 

b 
00 

Evaluatic I 
Results 0 

-a 
Retained 

‘;5 
i 

Ret&&d 

Retam& 
iii 
a 

Retamed 

Etiimated 

Retained 

Eliimated 

RetaIned 



General Remedial 
Response Action 

Action Technology 

:ollection/ 
keatment 
Lctione 

Extraction 

hbsurface 
hills 

holomcal 
!keatment 

Process Option 

htrnction Wells 

nterceptor Trenches 

ieroblc 

uraerobrc 

TABLE 38 (Continued) TABLE 38 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CTO-0133 FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Evaluation 

b 

Effectiveness Implementability 

l Effective for collecting and/or 
containing a aontaminfhd 
groundwater plume 

l Potential exposurea during 
implementation 

l Effective for collecting and/or 
contninieg a contamiked 
groundwater plume 

e Potential expoaurea during 
implementation 

e Applicable for hallow groundwater 
plUllXOl 

D Slower recovery than extrnction 
wells 

D More effective for low permeability 

I, Easily implemented 
D Equipment readily available 
D No permits required 

D Equipment readily available 
D Requireaextensive 

cixcavatioriftrenching 
B Requires more area than extraction 

W&II 

- kioils the e&muttioe wells 
B May be able to meet remediation 

goals 
b Potential em during 

implementation 
b Efktivene~ dependent on 

biodegradability of cdaminanta 

b May be able to meat mmediation 
6-b 

D Potential expoeuns during 
implementation 

B Eff4&iveneee dependent on 
anaerobic biodegradability of 
contaminants 

B very hnv ProceM 

B Equipment nhould be easily 
obtainable 

B Xdeblle ueitn available 
B Mny require beeehcale te*hg 

B Equipment ahwld be easily 
obtainable 

I Mobile units available 
b Mny require beech-lo tenting 

cost 

Koderate capital, low O&M 

how to moderate capital, low 
3&M 

tioderate capital, moderat4 
l&M 

h&rate capital, moderate 
mkf 

b Evaluatio ao 
Results , 

Eliminated 4 

letainl?d 

tetnined 



General 
Response 

Action 

:olleetionl 
keatment 
ktions 
Cent) 

TABLE 34 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CT04133 

MCB CAMP LEJEUNE, NORTII CAROLINA 

I 
Evaluation 

Remedial 
Action 

Technology 

?hysicaU 
Chemical 
keatment 

Process Option 

AiStrlpplng 

&am Stripping 

4 b 
dr n AdSOXpti0n 

. 
3 , 

Effectiveness Implementability 

l Can potentially meat remediation l Equipment readily available 
goals for organ&s l Many mobile u&r available 

l Feaeible for large volumes of l May require bench-scale testing 
moderate to low soluble VOC- l Off-gas andlor tower scale treatment 
oontaminated water may be required 

l Lower eflkiency in cold weather l May require air embudona permit 
l Proven and widely used teclmology 
l Potential expomnae during 

implementation 
D May raquira pretreatment for metals 
D Can potentially meet remediation l Readily available. not as common as 

goals 
s Feasible for large volumes of VCC- 

contaminated water 
o Lower effliency in cold weather 
B May require pretreatment for metals 

and oils and grease 
s Typically used for less volatile or 

air stripping 
0 May require air emissions permits 
0 O&gas at&or tower scale treatment 

may be required 

highly soluble compounds I 
B Can potenttally meet remediation 1 l Equipment readily available 

goali - l Many prefabricated mobile unlta 
s Applicable to a wide variety of available 

organics and inorganics 0 hfayrequirebench-acaletestlng 
0 Can be used as a polishing step 

following air atripping 
B Proven and widely used technolo~ 

cost 

Moderate capital, low to 
moderate O&M 

Fdoderate capital, moderate to 
high O&M 

bkderate capital (dependent on 
loading requirements), moderate 
to high O&M. 

T 
Evaluation b 

Resuke 90 
0 

Retained d 



General 
Response 

Action 

~ollectionl 
reatment 
&ions 
:old 

Remedial 
Action 

Technology 

Physical/ 
3hemical 
Reatment 
:cont) 

Process Option 

Ion Exchange 

chemlcu1 R4!dwtiou 

chemical Oxidation 

keutralization 

Pmcqutatlon 

TABLE 3-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CTO-0133 

MCB CAMP L~UNE, NORTH CAROLINA 

Effectiveness 

0 May not meet all remediation goals 
l Effective and reliable; proper 

pretreatment required 
4 lLpically used aa a polishing step for 

removnl of selected dissolved metals 
0 Inaensltlve to variations in flow rates 
l Pretreatment for 011 and grease 

mmdmd 
0 Mav not meat all mmediatioll mal.9 
l Weil studied and u&rat& r&&ion 
b It la not a aelective pmceaa 
0 Umited to a few c&ctad metala 

khmmhm,mexcw, lead) 
0 Typically followed by precipitation 
0 If complex wastewatar - oxidii 

chemicals may be reduced to more 
toxic forms 

0 May not meet all remediation goals 
l Reliable and proven an industrial 

wastewaters for metals (manganese, 
iron) treatment. Can be used alone or 
in conjunction with precipitation 

s Will not meet all remcdiation goals 
l Can be used in a treatment train for 

pIi aaustment 

. May meet lnorgnmc remediation goals 

. Ekctive, reliable, permanent, and 
conventional t8chnoIogy 

s Typically used for removal of heavy 
metals 

D Followed by eolida-se aratiou method 
l Generateasludgew chcanbe hp 

voluminous, diicult to dewater, and 
may require treatment 

Evaluation 

Implementability 

l Full-scale industrial use for recovery 
of valuable metals 

l Equipment la widely available 
0 Regenemtion solutions are genemlly 

readlly available 
l Bench-testlngrequlred 
a Residuals include waste solutions 

and sue& resins 
l Simple and readily available 

bpuipmtnt 
0 The amtinu~ process conflgumtion 

heasilyautomatad 
l Easily implemented 

l Welldemonstrated at haxardous 
waste sites in pilot- and htll-scale 

l Readily available, conventional 
equipment requ~ed 

l Be;&zle teetmg normally 
no 

l Wdel used d lldemonatrated 
l Siiplzand Gdtiyavailable 

equipmcntlmatcriab 
l Bench-scale studies mav be reauired 
l Widely used and well demonstrated 
l Equipment is basic and easily 

de&ned 
l Compact, single unite that are 

deliverable to the site 
0 Re+ires bench- or pilotscale t&d 

cost 

Moderate to high capital, 
moderate to high O&M 

taw to moderate capital, 
moderate to high O&M 

Gw to moderate capital, 
moderate to high O&M 

tow capital, low to moderate 
O&M 

Low capital, moderate O&M 

i> Evaluation m 
Results I 

Eliminated 

eliminated 

i?etained 

Retained 



General 
Response 

Action 

:ollectionl 
teatment 
actions 
Zont) 

Remedial 
Action 

Technology 

‘hysicaY 
Zhemicel 
keatment 
Coat) 

Frcce~s Option 

Filtration 

FIocculatiOtl 

TAl5LE S-8 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LRJEUNE, NORTH CAROLINA 

Evaluation 

Effectiveness 

l Will not meet inorganic remediation 
goals alone 

l Conventional. pmven method of 
removing suspended solids from 
wastewater 

0 Doe.5 not remove other contaminants 
l Pretreatment for oil and grease 

mlum 
a Gene~~n;;~dge which requires 

Dm II 
0 May not meet inorganic remediation 

poalr 
l WelI establiabed technology 
l AppIicable ta any aquww wants 

etreamwhereparticlenmuatbe 
agglomeratfdintohrgarmonr 
settIeablepartIcIespriortoothertypes 
clftraatmsnt 

l P&nnance depends on the 
variability oftbe composition of the 
warts baiig traatad 

7WilI not mat iuerganic ramadiation 
godaalon4 - 

l Effective fm rem&ng auapended 
wlidr and predpitati matarialr from 
wast4watar 

l Perfmanca depends on density and 
particle rise of the nolidrr; effective 
charga on the rwpended particle 
types of cbemicala used in 
pretreatmemt; lmrfke leadiik, upflow 
mtq and rejection time 

. Foible for kuge volumen of water ta 
betreated 

1 Equipment is. relatively simple to 
install and no chemicals nre required 

1 Pilot study is required 
1 Package units available 

, Equipment Q readily available and 
-Ytofw=- 

1 Canb444eRyint4gmt4dintomor4 
complax treatment m 

I &dimeatat.iontankademonatrattd 
and proven success&l at bezardoua 
w&e rite6 

I E&taut &eame in&da the effIuent 
rates, scum, and settled aoliis 

cost 

aw capital, low O&M 

ow capital, moderate O&M 

hodarat.4 capital, moderate 
MkM 

T 

I 

i 

0 

b 
Evaluatic b 

Results op 

izzr6 
A 

2i 
a 

4 

tetaimd 



General 
Response 

Action 

collection/ 
?reatment 
Lctions 
Cant) 

Remedial 
Action 

Technology 

Thermal 
Reatment 

&Site 
!reatment 

P Situ 
‘reatment 

Process Option 

molten Salt 

I&A FaciLty 
3ewage Treatment Plant 

b Spargmg 

1 
I. 

I. 

, 

, 

, 

, 

, 

4 

4 

4 

4 

4 

4 

4 

4 

. 

4 

TABLa 38 (Continued) 

SUMMARY OF OROUNBWATER PROCESS OPTION EVALUATION 
FEASIBILITY STUDY CTO-ol!!S 

MCB CAMP LEJEUNE, NORTH CAROLINA 

0 May meet remediatkm goals 
a Capable of burning waste in any 

physical form 
e Susceptible to thermal shook 
* Law thermal efficiency 
s Potential exposures during operation 

m May meet m-mediation goals 
I Applicable for the destruction of 

liquids and solids 
B Appesrs to be sensitive to materials 

containing high ash content or high 
chlorine content 

B Molten salt produced may be corrosive 
I Potential exposures during operation 
b Effectiveness and reliabiity require 

pilot test to determine 

L Effective and reliable treatment 
1 llYulsDort.ationrequired 
I Effectiveness and reliabihty require 

pilot test to determine 

I Not a nroven technoloav smce the 
conce& is new (emergGg tcchnology~ 

I Highly dependent on geology 
I Monitoring via wells may not be 

effective 
I Generally considered a shallow aquifer 

technology only 

e Commercially available and widely 
used 

l Requires air emission controls and 
extensive maintenance 

l Skilled workers required 
l Genera&a exhaust gaaaa and ash 

residue 
l Emergmg technology 
l Bevelopmental. pilot-scale unite 

available - 
0 Requires frequent bed replacement 

: 
E” Pi%%’ eed ded 
~yg,“plern~b~e if I%‘!% will 
grant permission; otherwise may not 
be foible 

b Penn~tre&red 
a Bependent on availabili@ of and 

distance to nearest RCRA taciiity 
s Read& imnlementable if STP will 

*ccept-was& otherwise may not be 
feasible 

b Moditlcations to permits may be 

readily available 
B Treatability studies requirad 
B May reduce the mmediation time as 

compared to bioremediition alone 

Cost 

High capitel, moderate to high 
O&M 

High capital, moderate to high 
O&M 

tot capital, moderate O&M 

hderate camtal, modaratc 
O&M 
Low capital, low O&M 

hot documented - but should be 
moderate capital, low to 
moderate O&M 

0 
L 
5- 
0 

,-l--S 
9 

Evaluatio P 
Results 0 

-00 
Retained t, 

A 

‘2; 
mb 

is 
i3iiinated a 

jhiminated 

t3liminatcd 



General 
Response 

Action 

collection/ 
keatment 
won8 
Contl 

Remedie‘l 
Action 

Technology 

DnSite 
Discharge 

%Site 
Scharge 

, 0 
E 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATlON 
FEASIBILITY STUDY CT04133 

F 

MCB CAMP LEJEUNE, NORTH CAROLINA 
0 

I Evaluation 
I 

0 Reu8eofwa 

4 WeRsmavcloaintinie 

I Evaluatic * 
Reaultd b ImpIementability cost 

CB 
l May require impackstudiea toamem Low to moderate capital, low Retained 

affectd to environment O&M 6 
l Nl’DES permit required 
4 Easily installed 
l Equipment readily available 

IL 

Moderate capital, moderate O&M Eliminated 25 
A 

l Nopermiterequired 
l Requir8pilotte8t I I 2 
0 Sig&tkaut mainteuanca I I m& 
l Di.scbargepermitart&red I Low capital. moderate O&M I Elimin.ated 
l Accaptakbyalocal‘kOTWmayba 1 - . I 

difliculttoobtaia 
l Diiparmit8required 

I I 
I Moderate to high capital. low I Retained 

l DiinoetoNew Rlve~from operable - - 
unit may make this option difficult to 
lmplem&t 

I 
O&M 

I 

. D xscbargepemut may need modified Low capital, low O&M Elillllnf&%l 
8 Capacity of the Hadnot Point STP 

mai notbe able to accept the flow 
0 Drink&gwaterplant’sdi6&arg e. Low capital, low O&M Retained 

Pennitmayneedmodiiui 
8 Mayrequiregroundwat8rtmatment 

8yst4uatob8modifIed 
l MaybedUficuktogednacceptance 

8 DiiperKIitl Moderate Capital, moderate Retained 
0 rlgectienw8ll8mustbeiMtalled O&M 



General Remedial 
Response Action 
Action Technology 

No Action 

Institutional 
:ontrols 

Zontainment 
Lction 

No Action 

Monitoring 

Access 
Restrictions 

Zapping 

Procem Option 

Not Applicable 

Monitoring 

bed Reatrictiona 

Rncmg 

Clay/Soil Cap 

bil Cover 

tiultilayered Cap 

TABLE 3.7 

SUMMARY OF SOIL PROCESS OPTION EVALUATIONS 
F’EASIBIIJTY STUDY Cl’04133 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation 

4 

G: 
0 
b 

I 

9 

Evaluation not necemary rince only one Evaluation not necessary since only one 
procem option. procem option. 

Evaluation not necessary since only one Evaluation not necemarv since onlv one 

Effectiveness 

eocem option. 
l Does not meet remediation goali, 

I 

t, 

Implementability Cost Evaluation Ret < 

Evaluation not necessary since 
0 

Retained mb 
only one process option. 

‘25 
Evaluation not necessary since Retained J 

prooeae option. 
1 a Easily implemented 

only one process option. 
kegligible Cost Retained 

alone 0 
l No expoauree during implementation 

Legal requirementa 

l Effeotiveneas denendent on 
continued future implementation 

I 

l Doea not meet remediation goals 
alone 

l Easily implemented 
l 

Minimal to low exposures during 
Existing fence around Lets 201 and 

I 203 
implementation l No legal requirements 

l Doea not eliminate contamination 

I 

l 
but effectfvely aeale off surface 

Easily implemented 
0 Materials, workers. equipment easily 

a Reliable eapping teohnology obtainable 
l Reatriotionm on future land uee 

m DOM not eliminate eontemination. I a Eaailr imnlemented 
but ia an effective realant l 

B Reliable capping technology, but it is 
I 

Mat&a& equipment, workera euily 
obtainable 

susceptible to weathering and l Renta-ictio~ 011 futurs land use 
cracking I l-ewhed 

) Doea not eirminab oonbmination. I l Eaeilv imdemented 
. but ir an effective direct contact l Mate&ale; equipment, workere easily 

barrior obtainable 
D Reliable technology for a contact l Reatrictiona en future land use 

barrier, but it ie auxceptible te I%@& 
cracking 

) Doea not eliminate contamination, 
but ia an etTective sealant 

I Reliable capping technology 

l Easily implemented 
d’ Mat&ala, equipment workers easily 

obtainable 
l Rdrictlona on future land uae 

required 

tow Capital, Low O&M Retained 

LOW Capital, Moderate O&M Eliminated 

hioderate Capital; Moderate 
O&M 

Retained 



General 
Response 

Action 

:ontainment 
ktion 
Cont.) 

kcavationl 
‘reatment 
ictions 

Remedial 
Action 

Technology 

surface 
Iontrols 

Sxcavation 

3iological 
keatment 

‘hvsical/ 
>hemical 
keatment 

Process Option 

Grading 

Revegetation 

Soil Excavation 

and Treatment 

Composting 

TABLE 3-7 (Continued) 

SUMMARY OF SOIL PROCESS OPl’IONEVALUATIONS 
FEASIBILITY STUDY Cl-C-0183 

MCB CAMP I&J-EWE, NORTH CAROLINA 

Evaluation 

Effectiveness 

l Doee not meet remediation goals, bul 
b a uroven method for controlline 
infiltration and erosion 

l Does not meet remediation goals, but 
is an effective method for stabilizing 
the surface of a waste sita 

l Minimal impacts during construction 

0 Can remove soils with contamlnatior 
above the remediation goala 

l High potential impacte during 
implementation 

l Effective technology 
l May be able to meet remediation 

goals 
s Potential esposwes during 

excavation, lnatallation, and 
operation 

l Effective for biodegradable and 
volatile compounds 

l May be able to meet rexnediatlon 
go& 

l Potential exposurea during 
excavation, installation, and 
opsratian 

l Effective for biodegradable and 
volatile comtxn& 

l Reduces mirtratlon uotential of 
conhmlnafiia (priiarily lnorgedca) 

0 Contaminanta still present in waste 
l Long term reliability is uncertain 

Implementability 

l Easily implamented 
l Equipment and workers easily 

obtainable 
l Easily implemented 
0 Materials, equipment, workers eaaili 

obtainable 

l Easily implemented 
l Equipment and workers easily 

obtainable 

0 Requires a lot of space (Let 2031 
l Requires treatability study 

l Reqturm less space than land 
treatment 

s Takes longer than land treatment 
s Bequirea treatabllity study 

s Skilled workers required 
* May requlm bench scale testing 
l Complex design and evaluation 

tsquirad 

cost 

Low Capital; Low O&M 

Low Capital; Low O&M 

Low Capital, No O&M 

hloderate Capital, Moderate 
O&M 

Roderate Capital, Moderate 
O&M 

nigh Capital; Moderate O&M 

T 

P 
E 
b 2 
G: 
0 
h 

iii 
b Evaluation Rea ~ 

Retained 25 

Retained ‘ti 
mb 

Retained 

ketained for 
voc/svoc- 
contaminated soils 

bliminated 

kliminated 
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General Remedial 
Response Action 

Action Technology 

Sxcavation/ 
keatment 
ictione 

PhyaicaU 
Chemical 
Preatment 
:Cont.) 

l’hermal 
Preatment 

Process Option 

Soil Washing 

:hemical Dechlorination 
RPEQ) 

ncineration 

ffolten Salt 

TABLE: a.7 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATIONS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LEJEUNE, NORTH CAROLINA 
Evaluation 

Effectiveneee 

l May be able to meet ramediation 
goale 

l Potential expoeurea during 
excevation, installation. and 
operation 

l Effectiveneae le highly dependent 
upon ait+epe&c cm&ion8 

e Leaa effective with complex mixturee 
of WMta tmm 

e Limited to-&14ar eoile 
D Achievea nefformance ievde that ere 

coneider ~&ulvalent to ind&ratlon 
m Treatment effkiency varies with 

Aroclor type 
B Producte of treatment reaction are 

non-toxic, non-mutegenic, end non- 
bioaccumulative 

l Treated weate may rtill require 
chemical waete l&drill dle&aal 

I Should be capable of meeting 
remediation&als 

B Capable of burning waste in any 
physical form 

b Potential exposures during operation 
and monitoring 

) May be able to meet remediation 
goals 

D Seneitive to materials containing 
high aeh content or high chlorine 
content 

m Molt-m salt produced may be 
C4XtOOiVd 

Implementability 

I Reeiduale are generated that require 
trmtment 

b Skilled worken required 
b Equipment rhould be easily 

obtainable 

I Tmatability 8tudy may be required 
b Skilled workere required 
b May require treneportation 
B Coat varie8 with reagent 

racyelabW 

p Mobile unite commercially available 
and widely ueed 

B Requires air e&&on controle and 
extensive maintenance 

b Skilled workere required 
b Generatee reaidualr: exhaust gee 

and aeh 
b Innovative *lm010gy 
b Department4 eta@; pilotacale unite 

available 
b Requlree kequent bed replacement 

Cost 

!doderate Capital; Moderate 
3&M 

High Capital; Low O&M 

High 

High Capital; High O&M 

T 

1 

I 
%e.tained for PCB- 
:ontaminated soila 

detained 

liminated 



TABLE 3-7 (Continued) 

General 
Response 

Action 

Zxcavationl 
keatment 
ktions 
Cont.) 

Remedial 
Action 

Technology 

Thermal 
Treatment 
(Cont.) 

In Situ 
Treatment 

Process Option 

[n&aced Incineration 

‘yrolyeis 

hodegradation 

rOlatilixation 

oil Flushing 

SUMMARY OF SOIL PROCESS OErITON EVALUATIONS 
F'EASIBILXIY Sl’UDY Cl’06133 

MCB CAMP LEJF.UNE, NORTH CAROLINA 

Evaluation 

I 

Effectiveness 

l May be able to meet remadiation 
goals 

l Effectively treated halogenated and 
nonhalogenated organics 

a Soils and sludges must be greater 
than 22 percent eolide or must be 
dewatered 

l Nonuniform feed size tequlree 
pretreatment prior to entering unit 

l Heavy metals are not fixed la aeh 
l May be able to meet remedlation 

goals 
l Not efFectlve for waetee with 

nitrogen, sulfur. or eodium confonte 
l Rec&ea homo&eoue waste tnput 
8 More suited to non-PCB organic 

cont.aminantaandma~notmeetPCB 
remediation goaln - 

l Treatment can be inooneietent due to 
variationa in biological activity 

: 
Highly dependent on rite geology 
Applicable to WCs and s&cted 
SiGNa only 

l Not effective for PCBa 

a More suited to non-PCB organic 
contaminants and may not meat PCB 
remediation goals 

l Difficult to achieve uniform cleaning 
due to sol1 inconsistency 

l Treatment of washing solvent 
required 

Implementability Implementability cost cost 

l l Generated residuals include flue Generated residuals include flue High Capital; High O&M High Capital; High O&M 
geses, ash, scrubber effluenta geses, ash, scrubber effluenta 

l l Mobile unite are available Mobile unite are available 

I 
l Mobile unite are commercially 1 High Capital; High O&M 

available 

l PCBe may be t&c to Moderate to High Capital; 
micmargllnilmlll Moderata to High O&M 

o Requirea treatability atudiea 
D DePendent upon aita hydrogeology 

B EMY te in&all (vapor extraction Moderate O&M 
weliel 

D Dependent upon aita geology 
a Pilot studies may be required 
D Requlree treatability studies Moderate to High Capital; 
B Dependent upon cite hydrogeology Moderate te High O&M 
s Syetem must be integrated with a 

eoluble plume containment system 

T 

1 I is Evaluation Res ~ 

Zliminatcd ‘23 

sliminated 

zliminated 

detained for VOC- 
:ontaminat.sd soils 

Uiminatcd 



r-r General Remedial 
Reaponae Action 

Action Technology Proceee Option 
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RC!RA Facility 

tar&ill 
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TABLE 3-7 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATIONS 
FEASIBILITY STUDY CTO-0133 

MCB CAMP LJZJEUNE. NORTH CAROLINA 
7 

Effectivenese 

0 Retention of volatile metale in melt b 
reduced ae surface ie approached 

l Groundwater should not be present 
in roils to be treated 

l Feasibility teeta muet be performed 
to determine eoil’a condu&nce 

l Will meet remediation goala 
l Potential expoeure during excavation 

and transportation activities 
l Will meet remediation aaals at the 

eita but doea not deetroy the 
contaminant29 

l “Cradle to Grave” problem 
l Potentiel exposures during 

excavation and transportation 
activitiee 

Evaluation 

Implementability 

e Buried metals may result in shorting 
of sleetrode 

B Loosely packed rubbish may result in 
underground fires 

D Dependent upon facility availability 
D Requires transportation 
e Adequate tee&a required 
B Dependent upon landtlll capacity 
* Requires transportation 
D Adequate teeting required 

Coat 

High Capital; Minimal O&M 

High Capital; Minimal O&M 

Moderate to High Capital; 
Minimal O&M for hazardous 
waste landfill 

Low to Moderate Capital; 
Minimal O&M for nonhazardous 
waete landfill 

0 
E 
+ 
0 

6 cn 
e P 
b 

Evaluation Real ? 
6 

Eliminated A 

4 

a 
Retained 

Retained 
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TABLE 3-8 

FINAL SET OF POTENTIAL REMEDIAL ACTION TECHNOLOGIES 
AND PROCESS OPTIONS 

FEASIBILITY STUDY CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 

Zroundwater 

kil 

General Response Action 
I 

Remedial Action Technology Process Option 

No Action 
kstitutional Controls 

Containment Actions 

Collection/Treatment 

No Action 
Monitoring - _. 

(Ordinances 
IAccess Restrictions 
IExtraction 
(Discharge 
IExtraction 
)Biological Treatment 

INot Applicable 
IGroundwater Monitoring 
(Aquifer-Use Re strictions 
IDeed Restrictions 
IExtraction ’ Wells 
IReinjection - Injection Wells 
IExtraction Wells 
(Aerobic 
Anaerobic 

Physical/Chemical Treatment Air Stripping 
Carbon Adsorption 
Neutralization 
Precipitation 
Filtration 
Flocculation 

Thermal Treatment Incineration 
Off-Site Treatment 
On-Site Di - ischarge lSurface Water I 

JOff-Site Discharge 

I 

Actions 

No Action 
[nstitutional Controls 

No Action 
Monitoring 
Access Restrictions 

2ontainment Actions Capping 

ISurface Controls IGrading 

-- - 
(Multilayered Ca 

--- - 

Excavation/Treatment 
htions IE il 

Off-Site Treatment/Disposal lLandfil1 
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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 OU No. 2 will be combined to form remedial action 

alternatives (RAAs) for the operable unit. Following development, each alternative may be 

evaluated against the short-term and long-term aspects of three criteria: effectiveness, 

implementability, and cost (i.e, the preliminary screening). The l&As 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 3-3 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 a&ted 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 

Extraction 

Aquifer-Use Restrictions Supply Wells 633,635,636, X X X X 
and Deed Restrictions 637 and 651 

Extraction Wells 6 Extraction wells placed X X 
for containment or 
treatment 

2 Extraction wells placed X X 
for treatment 

I\reatment Treatment Train Extracted groundwater \ X’ X X 
consisting of Air stripping, 
Carbon Adsorption, and 
Metals Removal 

Discharge Surface Water (Wallace Tread groundwater X x X 
Creek) 



TABLE 4-2 

POTENTIAL SET OF SOIL REMEDIAL ACTION ALTERNATIVES 
FEASIBILITY STUDY CTO-0132 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Area or Volume 

i I 3 
I 

4 5 I 6 
I 

7 
I 

Capping and 

On-Site On-Site 

W-Site TTeawent Treatment 

lkeatmentJ Ullited and OESite 

u AOCe) Diepoaal Capping 

Capping and 

On-Site 

On-Sit8 Treatment 

Treatment (All AOCe)U) Technology Qpe Process Option 
I  I  

X I I X VIOIlitOIiIlg Existing monitoring Wells 1 I x I 
leed Restrictions -G-f++ Access Restrictions Site 6 and Site 82 

Capped area or treatment 
area 

X 
X X ?encing 

CwPb hkilayered Cap 

X 

X X X 
X X X 

X 

X 
X 

%&ace Controls All disturbed areas 
All disturbed areas 

X I X I X 
X X X 

Zrading 
Zevegetation 

Excavation ioil Excavation X X 
.X 

3n-Site Treatment L Land Treatment 
5. In situ Volatilization 
:. Chemical Dechlorination 
1. Incineration (Mobile) 

X 
X 

H-Site Treatmenti 
3isposal 

‘ermitted Facility All Soil AOCs 
Soil AOCs 2 through 6 

! l !  AOC = Area of Concern 
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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 [4iI CFR 300.615(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. 

R&A 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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Deer> Wells 

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

Shallow Wells 

6GWlS 
6GW3 
6GWll 
6GW15S 
6GW16 
6GW17 
6GW21 
6GW22 
6GW28S 
6GW3OS 
82MWl 
82MW30 

Sunplv Wells 

HP-633 
HP-635 
HP-636 

Additional wells may be added to the monitoring program, if necessary. Samlples 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 41. 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 140 CFR 300515(e)@)] to 

review the effects of thie 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 BAA No. 3 are displayed on Figure 4-2 and described below. 

Containment 

Under this BAA, 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 BAA, 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 43. Preliminary aquifer characteristics used to estimate the number of extraction 

wells needed and the estimated groundwater extraction flow rate have been based on 

EPA’s Wellhead Protection Area computer program, version 2.0 (Geophex, X991). The 

model was based on an assumed pumping rate of 300 gallons per minute @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, lUU 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 R4A 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 42. 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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CONCRETE PAD 
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wells will be added to the system if groundwater monitoring indicates that the 

groundwater is significantly deteriorating in other areas of the site. 

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

several technologies. A typical process schematic of the type of treatment system included 

under this BAA 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 

B&L Bench-scale keatability 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, 1,2dichloroethane (1,2-DCA), Trans-1,2-dichloroethene (T-l,P-:DCE), and 

ethylbenxene. 

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 organic8 into the atmosphere. The vapor recovery equipment will 

generate additional waste contaminated with organics which will require proper off-site 

disposal or regeneration. 

Fa 

The aqueous effluent from the stripper will be pumped to the activated carbon adsorption 

unit for final removal (polishing) of the organic compounds. The carbon adsorption system 

will include granular activated carbon (GAC). The final design of the carbon system will 

be based on the contact time determined from bench-scale test results. Spent carbon 

generated from this process will either be properly disposed off site, shipped to a carbon 

regeneration facility, or regenerated on site. If the carbon is regenerated on site, a source 

of steam and cooling water will be required and an additional waste stream will be 

generated. The selection of one of the three spent carbon options will be based on 

economics. Typically, off-site disposal or off-site regeneration of spent carbon is- more 

economical than on-site regeneration for small volumes of water. It should be noted that 

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.i.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 [40 CPR 300.515(e)(ii)l to review the effects of this alternative 

no less often than every five years. 
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4.1.1.4 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 w  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 FAA 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 &stem - 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, FUA 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 Svstem - 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 R&I. 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. 3), therefore, the required capacity of the treatment system for R&I 

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 R&Is 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 addiition, 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. 
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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 &stem - 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). At3 stated for 

R&A 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 g-pm. This RAA also includes the installation of 12 shallow extraction wells 

pumping at a rate of 5 gpm and installed at a depth of 35 feet. The proposed locations of 

these extraction wells are shown on Figure 4-6. The locations for the deep wells were 

based on several factors including estimated radius of influence dimensions; spacings of 

overlapping cones of depressions; accessibility; and location with respect to Wallace Creek. 

A radius of influence of 150 feet and a pumping rate of 5 gpm were assumed for the shallow 

extraction wells. Note that no extraction wells are located near the smaller shallow 

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

significantly deteriorating in other areas of the site. 

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

system as Groundwater RAA Nos. 3 and 4. Therefore, the discussion of the groundwater 

pretreatment and treatment systems presented in Section 4.1.1.3 applies to this RAA. The 

only major difference in the groundwater treatment systems will be the size, capacity, and 

the concentrations of the contaminants to be treated. 

Since under RAA No. 5, the groundwater +l be extracted from 20 extraction wells 

instead of 12 (as with R&I No. 31, the capacity of the treatment system for R&I 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 #is alternative, the USEPA is required by the 

NCP [40 CF’R 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 R&Is 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. 

f-- 

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 300.515(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 R&I 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 42, the technologieslprocess options included with this RAA include 

monitoring, deed restrictions, fencing, capping, grading, revegetation, and soil excavation. 

Figure 47 depicts the approximate areas of the site from which soil will be excavated, and also 

showa 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 IRAA will 

reduce the mobility of the COCs in the 8oi1, but will not reduce the toxicity or the volu.me 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 typicajly used for grading 

and earth-moving operations. Scrapers are generally used to excavate surfalce 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 de&red 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 AOCZ (based on a Z-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). Cor&mation 

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. 

Capvinq - Following excavation activities, a multilayered cap will be installed over the 

contaminated soils. The approximate area1 extent of the cap is depicted in Figure 48. 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. 

/cd--- 

The cap will consist of a vegetated top cover, a middle drainage layer, and a low permeability 

bottom layer. The low permeability layer will be placed on the compacted and graded 

contaminated soils. This layer will consist of approximately two feet of clay overlain by six 

inches of sand, and a high-density polyethylene (HDPE) liner. Approximately six inches of 
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sand will also be placed on top of the liner. Next, a one-foot thick middle gravel drainage layer 

will by placed over the upper sand layer. This layer will be designed to have an hydraulic 

conductivity greater than or equal to 1 x 10--a 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 in&es 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 eystem 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 welle: 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 acceaa 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, aB 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 poterrtial 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 addil;ion, since 

contaminants will remain at the site under this alternative, the USEPA is required by the 
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f-- NCP [40 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 R&I 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, AOCZ 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 teclhniques may 

be required at the site. For the purpose of this FS, four treatment technologiealprncess 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, ? 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 a&&d 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 STiJDY CTO-0133 

MCB CAMP LEJEiJNE, 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- 
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immobilized and degrade more slowly (Weston, 1988). Soil AOCs 1,2, and possibly 5 may 

be applicable for this type of treatment. 

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

removal of VOCs and some SVOCs from the vadose zone. The vadose zone is the 

subsurface soil zone located between the land surface and the top of the water table 

(USEPA, 1991c). In situ volatilization involves drawing air through the vad.ose 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 412. 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 dire&y 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 

treat&e&. 

Chemical Dechlorination - Potassium polyethylene glycolate (KPEG) dechlorination is a 

chemical treatment technology used to dehalogenate certain classes of chlorinated 

organics such as PCBs. The end products of this chemical reaction should be lower toxic, 

water soluble material. The KPEG solution reacts with the chlorinated organic and 

displaces a chlorine molecule. The KPEG process involves mixing equal portions of 

contaminated soil and KPEG reactants in a heated reactor. The slurry is then heated and 

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

depending on the type and concentration of the contaminants and the amount of 

dechlorination desired. The excess reagent is then decanted and the soil is washed two to 

three times with water to remove excess reagent and the products of the react,ion. 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, fluidixed 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 fme beach sand). During operation, the kihr 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 414. 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 a8 to limit access to the cap. In addition, No 

Trespassing signs will be posted along the fence to further deter access. Routine maintenance 

and repair8 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 Concernl 

P 

In general, Soil RAA No. 4 is a combination of Soil RAA Nos. 2 and 3. This RAA include8 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 42, the technologies/process 

option8 included with this RAA include monitoring, deed restrictions, fencing, capping, 

grading, revegetation, soil excavation, and on-site treatment. Figure 4-15 depict8 the 

approximate areas of soil that will be excavated, and also shows the proposed locations of the 

on-site soil cover and treatment area8 

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 

economic8 of treating PCB-contaminated soils, which in general, are significantly more costly 

than treatment option8 for soils contaminated with other constituent8. 

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 coils (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 excavation8 

will be defined by constituent concentrations in excess of the specified remediation goale. 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 eachof Soil AOCs 4 and 

6. The soil cover will be placed directly over AQC3, 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 t’he specified 

remediation goals. For FS estimating purposes, approximately 18,200 cubic yards of soil will 

be excavated. Confnmation soil sampling will be conducted during the excavation activities 

to determine the lateral and vertical extent of each soil excavation. The sam,ples 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 415. For the purpose of this FS, the cap will be approximately 200 fe!et 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 sits. 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, 6GWZS, and 

6GW23. 

Access Restrictions - The capped area and the treatment area will be fenced to re&rict 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 addkion 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 140 CFR 300.515(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: OffSite Treatment/Disposal 

In general, Soil RAA No. 5 includes the excavation and o&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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P 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 landf31 located in Pinewood, South 

Carolina may be capable of handling these soils. 

If necessary, there are several commercially permitted PCB disposal/treatment companies 

throughout the United States. Based on the USEPA guidance document, guidance on 

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

permitted chemical waste landfill is the Chemical Waste Management Emelle, Alabama 

facility. The closest incinerator companies include: ENSCO in Little Rock, Arkansas; Rollins 

in Deer Park, Texas; and U.S. Department of Energy/Martin Marietta Energy Systems in Oak 

Ridge, Tennessee. 

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

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

excavated areas will be revegetated. 
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4.1.2.6 Soil BAA No. 6: Canning and On-Site Treatment 
(Limited Areas of Concern) 

In general, Soil BAA No. 6 is similar to Soil BAA No 4 with the exception that three of the Soil 

AOCs will not be included in the scope of this BAA. This BAA 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 42, the technologies/process options included with this BAA 

include monitoring, deed restrictions, fencing, capping, grading, revegetation, soil excavation, 

and on-&e treatment. Figure 416 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 BAA is based on the existing land use of the operable unit ci.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 F’S, the only AOCs exceeding the action 

levels for base personnel include AOCs 1, 4, and 5. Therefore, this BAA presenta 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 BAA. The only difference will be where the soils are taken. The 

contaminated soils from Soil AOCa 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 coil excavation. The samples will be analyzed for the specific COG. 

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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P 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. 

Canping - 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 F&M No. 3 for a detailed 

description of this technology. Air emissions will be monitored during aoil remediation 

activities. 

Surface Controls - Clean fill may be added to any disturbed areas as necessary to bring the 

areas up to grade. The disturbed area8 will be revegetated. 

Monitorinq - In order to monitor the effectiveness of the cover (i.e., the migration of the COCs), 

groundwater sampling will be conducted semiannually. Groundwater samples will be 

collected from six monitoring wells: 6GW15, GGWlSD, GGWlS, 6GWlD, 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 euffkient 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 263 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 140 CFR 300.515(e)(ii)l to review the effects of this alternative no less often than every 

five years. 

4.1.2.7 Soil RAA No. 7: On-Site Treatment and Off-Site Disposal 

Soil RAA No. 7 includes the on-site treatment of VOC-contaminated soil (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 thisR&L This total is based on 1,500 cubic 

yards from AOCZ, 400 cubic yards from AOC3, and 200 cubic yards each Erom 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 ‘CO& 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, Ishould be 
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-. 
I 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 aa 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 till 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, ae 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 remlain at the 

site under this alternative, the USEPA is required by the NCP (40 CFR $00.51S(e)(ii)I to 

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

Typically, this Section of the FS presents the initial screening of the potential PAAs. The 

objective of this screening is to make comparisona between similar alternatives, so that only 

the most promising ones are carried forward for further evaluation WSEPA, 1988a). This 

screening is an optional step in the FS process, and is usually conducted if there are too many 

RAAs 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 IX&Is in the 

detailed evaluation presented in Section 5.0. 
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F-b 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) 

WSEPA, 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. Overall protection of human health and the environment; 

2. Compliance with ARARS; 

3. Long-term effectiveness and permanence; 

4. Reduction of toxicity, mobility, or volume; 

5. Short-term effectiveness; 

6. Implementability; 

7. Cost; 

8. USEPA/State acceptance; and 

9. Community acceptance. 

The fast 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 RI/FS report and the Proposed Remedial Action Plan (PRAP). 

5.1 Individual Analvsis of Alternatives 

The individual analysis of the RAAs ‘is presented in the following subsections. This analysis 

includes an assessment and a summary profde of each of the R.AAs 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 dperational 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 l%AA No. 1: No Action 

Deecrbtion 

Under the Groundwater FtAA 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 

OuemU Protection of Human Health and the Enuironment 

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 R&I, the groundwater quality in the aquifer will continue to exceed the 

Federal and/or North Carolina contaminant-specific ARARs established for the COCs. No - 

action-specific or location-specific AP@Rs apply to this RAA. n 
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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 To&city, 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 FUA 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 R&L In addition, there are no 

significant risks to workers with respect to implementation. The current impacts to the 

environment from the existing conditions will continue. The time required to meet the 

remedial response objectives can not be estimated. 

Implementability 

With respect to technical implementability, RAA No. l.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. 

USEPAlState Acceptance 

To be addressed following USEPABK 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 

Descriution 

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 
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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 Permunence 

,T=- 

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 5-year review to ensure that adequate protection of human 

health and the environment is maintained. 

Reduction of Toxicity, Mobility, or Volume 

No form of treatment is included under RAA No. 2 (with the exception of natural 

biodegradation). Therefore, a very limited amount of the contaminants in the groundwater 

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 

P--. 

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 intiled 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. Aissuming 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 COG, and may ultimately endanger 

other drinking water supply wells, the USEPA and State are not expected to tivor 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 R&4 will include semiannually 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 Envimnment 

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 will 

reduce the risks to human health for the following reasons: (1) the migration of the 

contaminant plume is mitigated, and (2) the use bf the groundwater as a potable water source 

near the sites is restricted. Following the completion of this RM, 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 control8 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, ikfobitity, or Volume 

Under this RAA, the groundwater within the outer boundaries of the contaminant plume will 

be treated via a treatment system consisting of, but not limited to, air stripping, carbon 

adsorption, and metals removal. This RAA is designed to reduce the mobility of the 

contaminants in the groundwater. This RAA satisfies the statutory preference for treatment. 

Short-Term Effectiveness 

The risks to the community/base personnel will be slightly increased due to a temporary 

increase in dust production and volatilization during the installation of underground piping 

for the groundwater treatment system. It should be noted that the closest military operation 
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.- 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 year8 has been estimated. 

Implementability 

With respect to technical implementability, the groundwater pump and treat system will 

require operation. Ifnece8sary, the extraction system would be relatively easy to e.xpand with 

\ the addition of extraction well8 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, 

thi8 alternative may require an NPDES permit or permission for discharge into Wallace 

Creek. This F&4 require8 treatment plant operators. 

cost 

The capital coets 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 exkactior&reatment 

system and the groundwater monitoring program. Assuming a monitoring period of 30 year8 

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 R.AA. 

USEPA/State Acceptance 

Since this RAA doe8 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 

Descrbtion 

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 acte 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 goale. 

The RAA will include semiannual sampling and analysis of groundwater fromt nine deep 

monitoring wells, twelve &allow monitoring wells, and three local supply wells (TCL volatile 

organica). 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 ofOU No. 2. 

Assessment 

Overall Protection of Human Health and the Environment 

Under this RAA, the most contaminated groundwater (i.e., source areaa) 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. Tl& RAA reduces 

the continued contamination of the groundwater via source removal, therefore, it provide8 

protection to the environment. Over time, the groundwater may be restored for future 

- beneficial use. 
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Cornplimce 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 APARs 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 IZAA will 

reduce the risks to human hearth 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 W, there will likely be low residnal 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 F&IA 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 g-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 

P. 

installation and operation of the groundwater treatment system. Environmental impacts 

will include aquifer draw down during groundwater extraction. No sign&ant 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 R&I requires treatment plant operators. 

cost 

The capital costs associated with R&I 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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.- USEPAfState 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 

Descrbtion 

In general, RAA No. 5 includes the treatment of the entire plume of groundwater 

contamination. In addition, this RAA includes the same institutional lcontrols 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 organics) of 

.groundwater from nine deep monitoring wells, twelve shallow monitoring wells, and three 

local supply wells. Aquifer-use restrictions will be placed on the two currently closed local 

supply wells. In addition, deed restrictions will be placed restricting the installation of any 

new wells within the vicinity of OU No. 2. 

Assessment 

OveraU Protection of Human Health and the Environment 

Under this RAA, the contaminated groundtiater 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 difiicult 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 reasona: (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 technologieslprocess 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 R.AA is approximately $8.9 

million. Refer to Appendix C for the cost estimate for this RAA. 

USEPAlState Acceptance 

Since this alternative removes and treats the COCs, it is expected that USEPA and the State 

will be in favor of this RAA. 

Community Acceptance 

It is expected that the community will be in favor of this RAA since the groundwater COCs 

will be removed and treated. 

5.1.2 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, m.obility, 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 ARARs 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 RAA. This RAA does not satisfy the statutory 

preference for treatment. 
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A@+- 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 ie not applicable to this alternative. 

cost 

There are no capital costs or O&M co& associated with this alternative. Therefore, the NPW 

is $0. 

USEPABtate 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: Cappinq 

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 contamin&d 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 Protection of Human Health and the Environment 

Soil RAA No, 2 provides protection to human health and to the environment in the form of 

reducing the potential for direct contact with the contaminated soil and reducing (to a limited 

extent) the mobility of the contaminated soil. Excavation of contaminated soil will result in 

eliminating continued 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, th.e 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 &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 pekmnel! during the 

excavation of the soils and the installation of the cap. Workers protection aga:inst dermal 

contact and inhalation of volatile8 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 

aIternative. 

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 

materia!s and/or equipment are anticipated. 

5-20 



CLEJ-01250-4.08.01/01/01 

cost 

The estimated capital cost associated with this RAA is approximately $2.8 million. C&M costs 

of approximately $39,000 annually are projected for the maintenance and inspections of the 

cap and for the sampling included in the long-term groundwater monitoring plan. Assuming 

an operating period of 30 years and an annual percentage rate of 5 percent, the NPW of this 

alternative is $3.4 million. 

USEPA/State Acceptance 

Since the soil COCs are not removed or treated, it is expected that the EPA and State will not 

be in favor of this RAA. 

Community Acceptance 

-. / 

It is unlikely that the community will be in favor of a “capping” alternative. 

5.1.2.3 Soil RAA No. 3: On-Site Treatment 

Descri&on 

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

ACCs 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. 

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 Al&G& will be met by this 

alternative. 

Long-Term Effectiveness and Permanence 

Following the completion of the RAA, there should be no significant risks (with rer3pect to soil 

contamination) remaining at the operable unit since the contaminated soils will 15e removed 

from the AOCs and treated. 

The possible combination of treatment technologies to be used under this R&I (i.e., land 

treatment, in situ volatilization, chemical dechlorination, and incineration) results in this 

RAA being adequate for treating the soil COCe. The reliability of any of the four treatment 

options is high, but bench or pilot scale treatability studies are required to determine-final 

treatment levels. This alternative may be an effective and permanent option. A 5-year review 

will not be necessary with this PAA 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 BAA. All of the four treatment options are irreversible methods. 

The goal of this RAA is that no residuals with concentrations exceeding the remediation goal 

will remain within the soil at the completion of the remedial action. Pilot and/or bench-scale 

testing will be required to ensure that the remediation goals are feasible. This RAA satisfies 

the statutory preference for treatment. 

Short- Term Eff~tiveness 

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 COG 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 

o 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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F--. 

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 

Capital Costs 6.6 million $2.2 million $1.5 million 

O&M Costs $0 $330,000 85WOO 

NPW $6.6 million $3.1 million $1.7 million 

USEPA/State Acceptance 

Since this BAA includes the complete treatment of all the soil COG, the USEPA and the State 

are expected to be in favor of this BAA. 

Community Acceptance 

It is expected that the community would be in favor of this BAA, with exception of the on-site 

incineration option. 

5.1.2.4 Soil BAA No. 4: Carming and Partial On-Site Treatment 
(All Areas of Concern) 

In general, Soil BAA No. 4 is a combination of Soil BAA Nos. 2 and 3. This BAA 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 BAA 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 PCBcontaminated 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 wilZ 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 AFkARs 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 Effectiveness and Permanence 

As long as the soil cover is maintained, potential risks due to exposure to the PCB- 

contaminated soils is reduced. But because the source of the PCB contamination is only 

contained, the inherent hazards related to this contamination still exist under this RAA. 

Following the completion of the RAA, there should be no potential risks (with respect to the 

non-PCB soil contamination) remaining at the operable unit since these other soils will be 

removed and treated. 

With respect to adequacy and reliability, the cover can be both adequate and reliable if 

properly maintained. The possible combination of treatment technologies to be used under 

this RAA (i.e., land treatment, in situ volatilization, chemical dechlorination, and 

incineration) results in this RAA being adequate for treating the soil COCs other than PCBs. 
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The reliability of any of the four treatment options is high. This portion of the RAA is effective 

and permanent. 

Since the PCB-contaminated soils will remain on site, Soil BAA 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 BAA, tlherefore, no 

reduction in the toxicity, mobility, or volume of the PCB contamination will occur. This 

portion of the BAA 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 w&h the implementation of this BAA. 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 satiefee 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, ma:y 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 

*““i 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. 
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5.1.2.5 Soil RAA No. 5: Off-Site Treatment/Disposal 

Description 

In general, Soil RAA No. 5 includes the excavation and off-site treatment/disposal of the 

contaminated Boils 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 

di8pO8al 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 soil8 is eliminated. 

Compliance With ARARs 

All chemical-specific, action+pecific, 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 ie an effective and 

permanent option. No B-year review ie necessary with this IMA. 

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 residual8 with 
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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 CCCs in the 

soils. The time to obtain the remedial objectives is estimated to be several months to a year P_ 
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 mi.llion 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 Iless 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 tb.e capital 

costs: $5.5 million to $20.4 million. 
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F-“--\ USEPABtate 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 BAA No. 6: Capping and On-Site Treatment 
(Limited Areas of Concern) 

Description 

In general, Soil BAA No. 6 is similar to Soil BAA No. 4. This BAA 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 BAA include monitoring, deed restrictions, fencing, capping, grading, 

revegetation, soil excavation, and on-site treatment. 

.- 

Assessment 

Overall Protection of Human Health and the Environment 

Soil BAA 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 ABAB for PCBa 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 PCBcontaminated 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 PCB or pesticide 

contamination will occur. This portion of the RAA does not satisfy the statutory preference for 

treatment. 

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

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 Eflectiveness 

There will be a temporary increase in the risks to the community/base personnel during the 

excavation of the soils, the installationbf 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 remainin.g soils are 

treated in situ. 

Impk&entability 

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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p”” USEPAlState 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 FL%% No. 7: On-Site Treatment and Off-Site Disposal 

DesctiMon 

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/pr&se options included under this EMA includes soil excavation, oh-site 

treatment, off-&e 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 APARs will be met by this 

alternative. 

Long-Term Eftkctiveness 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 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 off the in situ 

treatment system. A &year review will not be necessary with this BAA 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 BAA. 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 BAA satisfies the statutory preference for treatment for the 

majority of the soils (over 85 percent). 

Short- Term Effectiveness 

., 
,P-. 

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 CCCs in the 

soils. The time to obtain the remedial objectives is estimated to be several months to five years 

following the design of this action (i.e., as soon as all of the excavated soils are excavated or 

treated on site). 

Implementability 

The treatment option will require a trained operator. Long-term monitoring should not be 

required longer than five years. 

In terms of administrative feasibility, this alternative will require coordination with other 

agencies such as the Department of Transportation for the off-site transport of the soils. 

USEPA and State approval of the off-site facility would be required. 
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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 BAA is $1.5 million. 

USEPAiState 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. 

Commudy 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. 

55 Comparative Analysis 

This FS has identified and evaluated a range of RMs 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 EAA. 
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TABLE 5-1 

SUMMARY OF DEXAILED ANALYSIS - GROUNDWATER RAAs 
FEASIBILITY STUDY CTO-0133 M~?R~AM~T.~.~~TNP~~Q)~FIJFAD~~~* 

No reduction in risk. 

l Ma 
Rid? 

itude ofResidual As area of contamination 
increases, potential risks 

Riik reduced td human 
health since the use of the 

Risk reduced by extracting 
gmy$zgd 

Risk reduced by extracting 
contaminated 

Risk reduced by extracting 

may increase. gr~3r~~&sr aquffer is 
contaminated 

groundwater. groundwater. 

l Adequac and 
Reliabili Y of Controls f 

Not ap licabie -no 
contra E. 

Reliability of institutional Groundwater 
controls is uncertain. P 

ump and Groundwater ump and 

Need for B-year Review 
treat is reliab e. P 

ump and Groundwater 

a Review would be required 
treat is reliab e. treat is reliab e. P 

to ensure adequate 
Review would be required Review not needed once 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 
maintained. 

and the environment is 
maintained. 
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TABLE Cl (Continued) 

SUMMARY OF DETAILED ANALYSIS - GROUNDWATER RAAe 
FRASIBUJI’Y STUDY CT04133 

MCB CAMP LElEUNE. NORTFI CAROTJNA 

Potential risks during 
extraction and treatment. 

No umstruction or No construction or Groundwater extraction Groundwater extraction 



Evaluation Criteria 

l ~ovir-iroental 

:OMPLlANCE WITH 
LRARa 

l Chemical-Specific 

l p&Specific 

l Action-Specitic 

ON0 EllK 
5?.m%iEms* 
t4-D PERMANENCE 

l Magnitude of 
Resrdual Risk 

l AdcqqT and gembIg yof 

l Need for S-year 
Review 

No reduction in risk. Would reduce potential 
for direct contact with 
contaminated soil. 

Allows contaminated 
soils to remain on site. 

Allows contaminated 
soils to remain on site. 

TABLE 6.2 

SUMMARY OF DETAILED ANALYSIS - SOIL RAAa 
F’EASIBTLITY STUDY CTO-OlS2 

MCB CAMP LEkJEUNR. NORTH CAROLINA 

Will exceed ARARe. 

I 

Will exceed ARARe. 

hrce hae not been 
removed. 

Contaminated soils are 

F$3ntdal risks not 
not remwed from the 
site, but potential risk 
due to expcsure to COG 
are reduced as long as 
the cau is maintained. 

Yot;p 
ii! 

icable - no Multilayered ca 
controls conte m! nated 
soil.- can be a reliable 
opr;f malntamed 
DDeV 

3eview would be 
e&red to ensure 

Review would be 

Adequate protection of 
required to ensure 

human health and the 
adequate protection of 

environment is 
human health and the 

maintained. 
enJimyJt ie 

RAANo.3 
On-Site Treatment 

Excavation removes 
source of contamination 

No additional 
environmental impacts. 

Will meet contaminant- 
specific ARARs. 

Will.$&&ion- 
SDecl 
Will meet aotion-specift 

Potential riskdue to 
;gvuz to ~011 COCs 

All treatment options 
are reliable. 

p~;B~gnotb 
contaminated soil 
treated (u&se 
treatment process baste 
longer than 6 years). 

“4ANo.4 I 

Reduces potential for 
direct contact with PCB- 

Excavation removes 

contaminated soil and 
source of contamination 

removes other 
contaminated soils. 

No additional Contaminated soils 

PCB ARAR not met; 
other contaminant- 

I 

Will meet ARARs. 

npecitk AEtA& met. 

Potential risks reduced 
se long as the cover is 

Potential risk due to 

maintained. 
exponure to soil COCs 
removed. 

environment ie 
maintained. I 

IUANo.6 
Capping and On-Site 
Treatment (Limited 
Areas of Concern) 

3educes potential for 
lirect contact with PCB 
:ontaminated soil and 
-emoves other 
:ontaminated soils - 
msed on existing land 
rse scenario. 
Vo additional 
mvironmentel impacts, 

XlB ARAR not met; 
Ither conteminant- 
8pecific ARAR.9 met 
with respect to existing 
and use scenario). 
Nil1 meet location- 
pecific ARARs. 
Nil1 meet actionopecifi 

‘otential risks with 
espect ts existing land 
tse scenario reduced as 
cmg as the cap is 
namtained. 

ioil cover can be 
eliable and adequate. 
Yreatment option 
eliable and adequate. 

Leview would be 
equired to ensure 
idequate protection of 
mman health and the 
mvironment is 
naintained. 

A 
RAANo. b 

On-Site Treatn 
Off-SiteDis 40 

Excavation an& 2 
treatment rem01 A 
source of contam A 

0 
a 

No additional 
environmental impacta. 

Will meet ARARs. 

Will meet location- 
specific AFtARs. 
Will meet action-specifi 

Potential risk ,due to 
~~~mr~ to 8011 cots 

Treatment option and 
off-site disposal are 
reliable. 

Review may not be 
needed since 
contaminated soil 
treated (unless 
treatment process lasts 
longer than 6 years). 



TABLE 6-2 (Continued) 

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

MCB CAMP LEJEUNE, NORTH CAROLINA 

,O 
RAANo & 

On-Site Treatc l 
Off-SiteDis g 

i, 
Ia 
\ 

h situ volatiliv 0 
)ff-site disposal 2 

RAANo.2 RAANo.3 
Capping On-Site Treatment 

pAANo.4 
Cappinganiez-Site 

(All Areas of Concern 

Evaluation Criteria 
RAANo.6 

Off-Site Treatment 
RAANo.6 

Capping and On-Site 
Treatment (Limited 
Areas of Concern) 

In situ volatilization, 
land treatment, or 
incineration. 

Off-site treatment. 
In situ volatilization, 
land treatment, or 
incineration. 

None. None. 

None. 

Combination of land 
treatment in situ 
volatilizat!on, chemical 
dechlorination, andlor 
incineration. 
M&rity of soil COCa. 

0 Treatment 
Process used -23 

a 
tiajority of soil ( l Amount 

$)ases;pd or 

l Redu$ion of 
T”$c;ty,fobilit 

l Residuals 
gpm&l~~ After 

& 
0 statutory 

Preference for 
Treatment 
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*Y 

. rltyofsoilCOCs 
@Bethe exception of 
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treatment). 

Reduction in toxicity, 
mobility and volume of 
contammated soil. 
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nobility and volume of 
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?o residuals. 
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PCB-contaminated soils 
and some other soil 
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Residuala are capped. No reaiduale. 
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en 
G co 
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excavation and ca 
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but treatments 
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Risks to communit not 
increased by rem d 
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l Worker 
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TABLE 6-2 (Continued) 

SUMMARY OF DETAILED ANALYSIS -SOIL RAAe 
FEASIBILITY STUDY CT0-0133 

MCB CAMP LEJEUNR, NORTH CAROLINA 
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$mat and 

*pi: readily a 

RAANo.6 
Off-Site Treatment 

RAANo.6 
Capping and On-Site 
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site OperationlL 
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%. 
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a 

‘25; 
A 

Equipment and 
material should ba 
readily available. 
Needs off-eita w 
services. 

$1.6 million 
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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. 21, 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 groundvvater 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 perlmanence 

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 S-year review. 
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5.2.1.4 Reduction of Toxicitv, Mobilitv, 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 RA.As 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 R&I Nos. 3,4, and 5. Discharge of the treated 

effluent to Wallace Creek under R&I No. 4 is not expected to increase risks to the aquatic 

habitat. 

5.2.1.6 Imolementabilitv 

No construction, operation, or administrative activities associated with R&I 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 Communitv 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. FMA 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. R&A Nos. 3, 5, and 7 

provide protection through removing and/or treating the contaminated soils. 

P. 

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 AR&l%. 

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 requiiie 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 CCCs 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 R.AA Nos. Z,, 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 Imnlementabilitv 

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 solme form of 

on-site treatment. 

5.2.2.7 g&t 

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 RAA No. 5 (disposal), and $20.4 
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million for RAA No. 5 (treatment). The NPW for the four treatment combination options 

costed for RAA No. 3 (on-site treatment) ranged from $1.7 million to $6.6 million. 

5.2.2.8 USEPA/State Acceptance 

It is anticipated that the USEPA and the State will be in favor of the RAAs that included 

treatment and/or removal of the Soil COCs. 

5.2.2.9 Communitv Accentance 

It is anticipated that the community will be in favor of treatment and/or removal options. 

.M. 
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SEDIMENT DATA SUMMARY 
SITE 6 - BEAR HEAD CREEK 

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

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

I Sediment Screening 
Value 

rr Contaminant ER-L(l) ER-M (21 

5,4’-DDD 2.0 20 
4.4’-DDE 2.0 15 
6,4’-DDT 1.0 7.0 
Arsenic 33 85 
Benzo(akwrene 400 2.500 
zadmium 5.0 9.0 
Chromium 80 145 
Comer 70 390 
Lead I 35 I 110 
PCB-1260 (3) 
Fvrene 

50 400 
350 2.200 

Zinc 1 120 1 270 

Contaminant 
I 

Comparison to 
Frequency/Range Screening Values I 

No. of No. of 
No. of Positive Positive 

Positive Range of Detects D&?Cts 
Detects/No. Positive above above 
of Samples Detections ER-L ER-M 

1 I  I  
1 

10120 8.4 - 220 10 7 
lli20 5.7 - 68 11 10 
8J20 6.6 - 38 8 6 
8120 0.54 - 6.1 0 0 
6/20 93 - 640 0 0 
11/20 0.54-4.7 . 0 0 
18120 2.3 - 16.4 0 0 
13/20 1.2 - 28.1 0 0 
20/20 2.5 - 70.4 5 0 

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

Sediment Screening 
I 

Contaminant 
Value Frequency/Range 

I No. of I 

Comparison l;o 
Screening Values 

Lead 35 110 11111 2.1- 105 0 0 
Mercury 0.15 1.3 9111 0.03 - 0.75 4 0 
PCB-1260 (3) 50 400 601 29 - 360 5 0 
Phenanthrene 225 1,380 3111 50 - 1,600 2 2 
Pyrene 350 2,200 Ull 96 - 2,100 2 0 
Zinc 120 270 ll/ll 20.3 - 408 4 IT- 

(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/kg, Inorganic concentrations reported in mgkg 
(5) Only contaminants with Screening Values are presented on Table 
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SOIL DATA SUMMARY -SITE 9 
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

4,4’-DDD 
4,4’-DDE 
4,4’-DDT 
Alpha Chlordane 
l,l,l-Trichloroethane 
Tetrachloroethene 
BenzoWluoranthene 
Acenapthene 

Pyre= 
Chrysene 
Benzo(a)anthracene 
Fluoranthene 
Anthracene 
Phenanthrene 
Fluorene 
Benzo(k)fluoranthene 
Dibenzofuran 
Benzo(a)pyrene 
Ideno(l,2,3-cd)pyrene 

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

Range of No. of Positive Range of No. of E’ositive 
Positive Detects/No. of Positive Detecmo. of 

Detections Samples Detections Samples 

ND O/7 4.6-56 6125 
13-650 447 17-39 sms 
3.3-570 s/7 4.0-62 7r’25 

ND Off 2.9 l/25 
1.0 l/7 ND Q WS 
21 l/7 2-3 2125 
46 l/7 640 l/25 
ND 017 280 l/25 . 
59 lJ7 1800 ms 

ND O/7 400 u-25 
ND O/7 540 l/25 
ND O/7 1700 I225 

O/7 140 Ill25 
ND O/7 41-1200 

I 
‘2i25 

ND O/7 1700 :u25 
ND o/7 340 1/25 
ND o/7 73 l/25 
ND o/7 370 lJ25 
ND O/7 190 l/25 

1 Benzo(g,h,i)perylene I ND I o/7 I 200 I l/25 

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 SL%rnRY - SITE 9 
FREQUENCYANTIRANGEOFINORGANICPOSITIVEDETECTIONS 
COMPAREDTOBASE-SPECIFICBACKGROUNDCONCENTRATIONS 

REMEDIALINVESTIGATI0NCT0-0133 
MCBCAMPLEJEUNE,NORTHCAROLINA 

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 Detects&Jo. of Background Positive Detects/No. of 

Concentration Detections Samples Concentration Detections Samples 
<90.6 - 1,120 1,510 - 4,510 7R 672 - 3,600 A 773 - 8,630 25125 

c2.6 - 9.6 ND OR 2.6 - c9.7 ND O/25 

< 0.56 - 0.91 ND o/7 CO.61 - <0.65 0.62 - 2.3 5125 
3.5 - 16.6 4.9 - 8.9 6l7 C4.0 - 7.6 1.9 - 39.2 23125 

CO.06 - CO.2 N-D OR co.05 - co.02 0.06 - 0.06 2l25 
co.35 - <0.69 ND Off co.34 - co.59 0.34 - 0.71 5f25 

108 - 10,700 179 - 47,100 6l7 < 10.7 - 4.410 217 - 8,230 15125 
CO.06 - <3.2 1.7 - 6.1 7r7 (3.2 - 6.0 1.8 - 8.8 24l25 
CO.37 - Cl.8 0.5 - 0.85 3r7 CO.35 - < 1.8 0.41- 0.66 4J25 

Cl.1 - 3.1 0.93 - 2.8 3r7 0,65- 1.2 0.44 - 3.6 18125 
160 - 684 813 - 1,260 7r7 126 - 833 222 - 3,500 25125 
2.0 - 3.0 4.1-25.7 7f7 1.2 - 1.6 1.3 - 44.9 25125 

< 20.2 - 200 64 - 811 4l7 C26.4 - 133 27.8 - 206 15125 
<2.0 - 3.0 4.1- 14.7 7R 1.2 - 1.6 2.7 - 9.5 15125 

co.02 - co.12 0.02 - 0.03 4J7 CO.02 - CO.08 0.02 - 0.04 14l25 
Cl.5 - <3.3 ND OR < 1.4 - c3.4 1.6 - 2.6 5125 

54.5 - 75 20.6 - 152 7/7 X81.6 - 187 18.6 - 246 29125 

co.93 - <LO N-D OR Cl.0 ND O/25 

co.37 - 62.0 N-D’ OR co.35 - x2.0 ND O/25 
<9.4 - c39.13 106 l/7 Cl4.6 - x26.5 ND Of25 
co.37 - <0.41 N-D or7 * co.40 - co.44 ND Of25 

~2.1-2.8 2.7 - 4.8 7r7 < 1.5 - 4.7 1.4 -9.6 23126 
c 1.1 - 23.1 6.8 - 18.1 4t7 CO.19 - 11.6 1.9 - 18.4 9125 

Notes: 1) Concentrations expressed in milligram per kilogram (mg/kg). 
2) ND - Not detected 
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SOIL DATA SUMMARY SITE 6 - LOT 201 
FREQUENCY AND RANGE OF ORGANIC POSITIVE DETECTIONS 

REMEDIAL INVESTIGATION CTO-0133 
MCI3 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 2-42 3119 4 1./19 
1,4-Dichlorobenzene 37.38 4f17 36 -51 3118 
4,4’-DDD 0.98 - 180,000 28&6 0.58 - 250,000 26003 
4,4’-DDE 4 - 17,000 43/96 1.4 - 5,200 16/103 
4,4’-DDT 3 - 1,200,OOo 62l96 3.4 - 460,000 361103 
Alpha Chlordane 8.9 l/96 ND 01103 
Benzo(a)anthracene 47 lJ17 ND O/18 
Benzo(a)pyrene 78 I.07 ND ma 
Benzo(b)fluoranthene. 61-160 3117 ND 6118 
Benzo(k)fluoranthene 46 l/17 ND 10118 
Chrysene 39-88 3117 ND O/18 
Die&-en 5.6 - 46 5196 ND o/103 
Fluoranthene 43-94 3117 ND Of18 
Gamma Chlordane 8.0 lJ96 ND o/103 
PCB-1248 1,800 l/87 ND 0189 
PCB-1260 31-36 2/87 ND 
Phenanthrene 36 l/17 ND 
Pyrene 38.99 3117 ND 

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 6 - LOT 201 
FREQUENCY ANDRANGEOFINORGANICPOSlTIVEDETECTIONS 
COMPAREDTOBASE-SPECIFICBACEGROUNDCONCENTRATIONS 

REMEDIALINVESTIGATI0NCT0-0133 
MCBCAMPLEJEUNE,NORTFICAROLINA 

I 

Contaminant 

Aluminum 
Antimony 
~4.rsen.k 

Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
t?nnner -  . . r r - -  

Surface Soil (O-2 feet) I Subsurfac 

IrOn 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

e Soil (Below one foot) 
r 

Base-Specific Rangeof No. of Positive Base-Specific Range of No. of Posi tive 
Background Positive Detect&No. of Background Positive Detects/No. of 

Concentration Detections Samples Concentration Detections Samples 
<9O.S-1,120 2456,620 17117 672-3,600 3664,540 18118 

C2.6 - 9.6 ND o/17 2;s- a.7 ND O/18 
<0.56-0.91 0.91-9.7 flll7 <0.61- <0.65 0.66-1.8 6J18 

3.6-16.5 3.6-16.6 16/17 <4.0 -7.6 1.3-8.2 10118 
<0.06- CO.2 0.22 lJ17 co.os- <0.02 ND ‘O/18 

<o.as- CO.69 0.51-1.5 9117 <0.34- <0.59 0.57-0.63 2Jl8 
108-10,700 402-286,000 i7n7 <10.7-4.410 68-17,100 16J18 

<0.06- C3.2 3.5-21.6 ml7 c3.2 -6.0 0.34-6.7 13118 
<0.37- Cl.8 1.3 -1.3 2J17 CO.35 - e1.8 ND Of18 

I  
Cl-l- 3.1 0.75-27.8 17117 0.65-1.2 0.44-1.7 7118 

. RRA 1 BRR-A.Bf3-I 17/l? 126-8RS 137- 3.610 18118 160 w-e w-w -,..-- -..-- --- --- --.-- 
2.0-3.0 1.0 - 78 17ll.7 1.2 - 1.6 -.87:&- 18J18 

<20.2-200 26.3,980 17117 <25.4-133 13.7-269 18J18 
<2.0-3.0 4.2-204 lW17 -.- ^.V -_-- --.- --.-- 

<0.02- co.12 ND O/l7 <0.02- CO.08 Nn O/18 
<l.S- c3.3 3.7 - 6.4 2/17 <1.4- ea.4 ND O/18 

64.6-75 30.6-567 16117 c81.6.187 37-187 6iI.8 
tnen- cm 2.2 1117 Cl.0 ND O/18 

.“.” I - “I.” .lY I “I*. -.r.-- -w-w -.- 
<9.4 - <39.13 1 

I 
41x-312 --_- --- I 

l 
14117 -_-_ 1 

I 
C14.5. <26.5 i 

I 
iO.6- 3i.7 I 6Ji8 I , 

<0.37- co.41 , I N-n ..I I I nn 7 we-. I <n.dn. co.44 I __._ --.-- - - .- I 0118 1 I 
<2.1-2.8 1.6- 18.3 I 17117 I <l.S-4.7 I 0.83-18.1 I 14/18 I 

< 1.1 - 23.1 4.6-135 

I I I 

I 1.2-1.6 I n.!B-12.6 I 18llB i 

v- . -v  - - . -  - - -  
I  

- . - .  
I  I  I  

, trim-mn Nn I nn 7 I diei-42.0 I I 0118 I 

I 14n.7 1 <0.19-11.6 1 1.8 - 11.6 I 5118 1 

Notes: 1) Concentrations expressed in milligram per kilogram (mg/kg). 
-. .rcI .t * TxbL__L f̂ 
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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 DetectstNo. of 

Contaminant Detections ’ Samples Detections Samples 

l,l,l-Trichloroethane 2-15 2l28 ND ’ 0135 
1,2-Dichlorobenzene 160 l/28 200 1J35 
1,CDichlorobenzene 34 - 160 3128 34 1335 
2-Methylnaphthalene 3,166 lJ28 70-2,400 4B5 
4,4’-DDD 4.5 - 180 8J58 21- 430 4/66 
4,4’-DDE 3.8 - 2,166 27/58 4.9 - 470 5/66 
4,4’-DDT 3.4 - 1,560 29158 3.6-300 6166 
Acenaphthene 250-9,500 2/28 ND o/35 
Alpha Chlordane 2.3-72 3158 ND o/66 
Anthracene 55-440 2t28 5,700 l/35 
Benzofa)anthracene 47%- 1,600 8128 1,000 l/35 
Benzo(a)pyrene 49- 1,800 6128 210 lJ35 
Benzo(h)fluoranthene 88-2,700 7128 j 500 l/35 
Benzo(g,h,i)perylene 41- 1,060 3128 ND 0135 
Benzo(k)fluoranthene 30 - 1,100 5128 170 l/35 
Carbazole 390 - 910 2/28 690-4,300 2J35 
Chrysene 50 - 1,300 8128 1,000 l/35 
Dibenzofuran 140 - 890 2/28 63-3,500 3135 
Dieldren 3.6-270 #58 4.4-220 4l66 
Endosulfan II 4.4 l/58 ND 0166 
Endrin 21- 130 3158 ND O/66 
Fluoranthene 39-2,300 1.1128 5,000 l/35 
Fluorene 220-940 2128 810 - 5,100 2/35 
Gamma Chlordane 160 l/58 140 1166 
Indeno(l,2,3-&pyrene 42 - 1,000 5128 ND 0135 
Naphthalene 1,400 l/28 . 78 - 1,500 3135 
PCB-1248 580 l/40 ND 0149 
PCB-1254 . Of49 170 - 2,100 2140 ND 
PCB-1260 17 - 42,000 12l40 20-29,000 3149 
Pentachlorophenol 520 l/28 * ND o/35 
Phenanthrene 60-2,000 6128 120 - 8,700 2l35 
Pyrene 42-2,800 11128 3,600 lJ35 

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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SOIL DATA SUMMARY - SITE 6 -LOT 203 

FREQUENCY AND RANGE OFINORGANIC POSITIVE DETECTIONS 
COMPARED TO BASE-SPECIFIC BACKGROUND CONCENTRATIONS 

REMEDIALINVESTIGATIONCTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Aluminum 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
3clenium 
silver 

sodium 
I’hallium 
Vanadium 
ZhC 

‘23 
Surface Soil (O-2 feet) Subsurface Soil (Below one foot) 4 

Base-Specific Range of No. of Positive 
;s 

Base-Specific 
Background 

Range of No. of Positive J 
Positive Detects/No. of Background Positive Detects/No. of 

Concentration Detections Samples Concentration Detections Samples 

c90.5 - 1,120 495 - 4,170 2’7/27 672 - 3,600 292 5,360 - 35135 
C2.6 - 9.6 13.5 - 51.2 4I27 . 2.5 - C9.7 2.8 1135 

CO.56 - 0.91 0.39 - 4.9 17l27 CO.61 - CO.65 0.78 - 23.9 16135 
3.5 - 16.5 2.7 - 47.8 23i27 <4.0 - 7.6 3.9 - 103 20135 

<0.06 - CO.2 0.21 l/27 KO.05 - KO.02 0.06 - 2.7 4f35 
co.35 - co.59 0.48 - 9.3 lOl27 co.34 - co.59 0.62 - 5.4 4l35 
108 - 10,700 44.4 - 92,100 26l27 < 10.7 - 4.410 63.3 - 2,560 27135 

CO.06 - e3.2 1.1 - 25.2 24J27 C3.2 - 6.0 1.2 - 42.9 31135 
<0.37 - < 1.8 0.39 - 2.2 2/27 CO.35 - Cl.8 0.53 1135 

c 1.1 - 3.1 1.0 - 7.5 22127 0.65 - 1.2 0.45 - 339 7/35 
160 - 684 241- 12,900 27127 126 - 833 289 - 26,000 33135 
2.0 - 3.0 4.1 - 4,010 27J27 1.2 - 1.6 1.2 - 111 34/35 

c20.2 - 200 12 - 1,680 27f27 <25.4 - 133 9.1- 317 31i35 
c2.0 - 3.0 1.9 - 182 27127 1.2 - 1.6 0.67-113 24l35 , 

co.02 - <OS2 0.03 - 1.1 3f27 CO.02 - CO.08 0.13-i-3 3135 
Cl.5 - <3.3 1.8 - 13.2 4127 Cl.4 - c3.4 1.5 - 20.5 4l35 

54.5 - 75 27.7 - 195 llt27 <81.6 - 187 17 - 708 23135 

co.93 - Cl.0 ND o/27 Cl.0 5.7 l/35 
. <0.3? = 62.6 I 

1 ND o/27 co.35 - x2.0 ND o/35 
c9.4 - c39.13 9.2 - 460 14l27 < 14.5 - C26.5 13.5 - 883 5135 
co.37 - co.41 N-D, o/27 3 <0.40 - co.44 0.54 l/35 

c2.1.2.8 1.1 - 8.2 231’27 c 1.5 - 4.7 0.41-15.3 32135 
(1.1 - 23.1 1.1 - 604 24l27 KO.19 - 11.6 0.78 - 367 20135 

Notes: 1) Concentrations expressed in milligram per kilogram (mg/kg). 
n\ rm 7a-t nntohd 
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SOIL DATA SUMMARY SITE 6 (WOODED AREAS AND RAVINE) AND SITE 82 
FREQUENCY AND RANGE OF ORGANIC POSITTVE DETECTIONS 

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

l,l,l-Trichloroethane 
1,1,2,2-Tetrachloroethane 
L,2-Dichloroethene 
L,4-Dichlorobenzene 
Z-Methylnaphthalene 
4,4’-DDD 
4,4*-DDE, 
4,4’-DDT 

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

Range of No. of Positive Range of No. of Positive 
Positive Detect&No. of Positive Detects/No. of 

Detections Samples Detections Samples 

l-2 3183 1.0 l/r 
55,000 1183 ND O/126 
1,500 l/83 5.0 l/126 

39-74 lY83 49-300 31126 
42 l/83 37 - 11,006 2/126 

10 - 12,060 6183 16 l/126 
2.2 - 4,260 34f83 3.5 - 67 9026 
3.4 - 6,466 40183 4-77 9!126 

i * 

4-Methylphenol 120 l/83 ND OJ126 
Acenaphthylene 84 l/83 ND 01126 
Acenapthene 36 - 370 3/83 ND O/l26 
Alpha Chlordane 3.6 l/83 ND O/126 
Anthracene 41- 260 4183 ND Of126 
Benzene 850 l/88 1.0 11126 
Benzo(a)anthracene 39 - 2,200 11183 45-96 2/126 
Benzo(a)pyrene 40 - 1,506 lY83 55-58 21126 
Benzo(b)fluoranthene 54 - 2,200 14/83 110 2/126 
Benzo(g,h,i)perylene 40 - 1,300 7183 ND O/l26 
Benzo(k)fluoranthene 25 - 490 9183 ND 6/126 
Bromomethane 670 - 3,700 2/83 4 - 1,306 3/126 
Chloromethane 620 - 9,800 2183 490 l/l26 
Chrysene 44 - 1,600 12183 68 l/126 
Dibenz(a,h)anthracene 43 - 380 3183 ND O/126 
Dibenzofuran 82 - 120 2183 ND O/126 
Die&en 4.6 - 87 15183 3.4 - 280 31126 ’ 

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 



CLEJ-01250-4.08001/01/01 

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 

Contaminant 

Endrin 
Fluoranthene 
Fluorene 
Ideno(l,2,3-cd)pyrene 
Naphthalene 
PCB-1260 
Phenanthrene 
Phenol 
Pyrene 
Tetrachloroethene 
Toluene 
Trichloroethene 

Surface Soil (O-2 feet) 

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

Detections Samples 

5.6 - 240 2183 
40 - 2,000 lSf83 
130 - 200 2183 
46 - 1,300 5ia3 
71- 140 2183 

28 - 26,000 7183 
46 - 1,500 2/83 
37 - 160 4l83 

72 - 2,700 13183 
2,600 - 7,000 2l83 

120 1183 
4,600 l/83 

Subsurface Soil (Below one foot) 

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

Detections Saimples 

ND O/126 
61-85 31126 

ND 01126 
ND 01126 

9,600 l/126 
46-100 
31-70 

ND 
63 - 110 

9- 11,000 
l-34 
1.0 

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



SOlLDATASUMMARYSITEf3(WOODEDAREASANDRAVINE)ANDSITE82 
FREQUENCYANDRANGEOFlNORGANICPOSlTIVEDETECTIONS 
COMPAREDTOBASE-SPECIFfCBACKGROUNDCONCENTRATIONR 

REMEDIALl.NVESTIGATI0NCT0-0133 
MCBCAMPLl'$JEUNE,NORTHCAROLINA 

Contaminant 

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 D&e&s/No. of Background Positive Detects/No. of 

Concentration Detections Samples Concentration Detections Samples 
I 

Aluminum c90.5 -1,120 177-19,200 81182 - 672-3,600 135 - 15,500 1261126 
Antimony C2.6 -9.6 3.5-13.2 a82 2.5- c9.7 2.4-4.4 41126 
Arsenic CO.56 -0.91 .0.49-26.3 36182 <0.61- CO.65 0.56-25.4 371126 
Barium 3.6-16.5 1.1 - 1,410 27182 <4.0-7.6 0.91- 1,100 84/126 
Beryllium <0.06- CO.2 0.06-2.2 13182 <0.05- co.02 0.06-3.1 17f126 
Cadmium <0.35- co.59 0.4 - 61.9 30182 <0.34- co.59 0.33 -2.5 251126 
Calcium 108 - 10,700 59.6 - 174,000 70182 c10.7 -4.410 10.4-5,640 531126 
Chromium cO.06. <3.2 0.72-54.6 65182 53.2 -6.0 0.73-31.6 1071126 
Cobalt <0.37- cl.8 0.34-13.7 14J82 <0.35- Cl.8 0.41-6.8 111126 
Copper Cl.1 - 3.1 0.39-348 38182 0.65-1.2 0.33-733 451126 
Iron 160-684 113-149,000 78/82 126-833 57.4 - 19,200 1071126 
Lead 2.0-3.0 2-1,710 71182 1.2-1.6 0.89 -1,610 891126 
Magnesium <20.2-200 12.3.2,580 7W82 <25.4-133 8.2-637 97ii26 
Manganese <2.0 -3.0 1.1 - 700 70182 1.2-1.6 0.2-2,990 721126 
Mercury <0.02 - co.12 0.02-3.9 3W82, co.02 - CO.08 0.02 - 2 261126 
Nickel Cl.5 - c3.3 1.7-79.4 1sta2 <1.4- c3.4 1.6-11.7 121126 
Potassium 54.5 - 75 15-2,560 71182 <81.6-187 14.2-1,270 94f126 
Selenium co.93 - Cl.0 0.9 - 5.8 W82 < 1.0 1.4 - 10.5 21126 

co.37 -62.0 0.4? - OS49 Silver 2l82 <0.35- c2.0 0.39 l/126 
’ Sodium < 9.4 - c39.13 iOil 

Thallium co.37 - <0.41 0.35 - 0.57 2t02 3 <0.40- co.44 0.41-0.76 2J126 
Vanadium <2.1- 2.8 0.36 - 35.7 72182 < 1.6 - 4.7 0.41- 35.6 1081126 
Zinc < 1.1 - 23.1 1.6 - 16,600 39182 ~0.19-11.6 0.73.2,450 181126 

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



CLEJ-01250-4.08-01/01/01 

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 

I I I Contaminant I I 
Criteria i Frequ 

7 Federal Health f$:?@=jJ 
ldvisc 

1NCWQSCU 1 MCLs (2) Child -._ _ ---. 
e I 200 I ‘2 

Adug Samples Detects 1 NCWQS MCLs IChild Adult 
10,000 1149 0.5 0 0 0 0 

2J49 1.0 - 6.9 NA NA NA NA 1,1,2,2-Tet.rachloroethene/ -- 1 -- 1 -- 
1.1.2-Trichloroetthane 1 -- 1 5.0 1 600 1.000 I l/49 I 0.5 I NA I 0 I 0 I 0 

I Arsenic I 50 I 50 I -- I - 120/4913.0-67.8 1 1 1 1 1 NA I NA 
-ia- NA 

0 0 
-ii- 0 

20.000 
13.000 

Cadmium NA 
NA 

0 

20 
-e 

0149 

ll49 

+-J-y 800 33149 

lOJ49 
13J49 

t 
Cobalt 

Copper 
Cyanide 

NA 

NA 
NA 200 I 200 800 O/49 . I 

29 700 30,000 3,000 l/49 48 1 0 0 0 
50 15 -- - 29J49 1.0 - 200 8 15 NA NA 
50 50 (4) -- - 44l49 21- 362 13 13 NA NA 
* * nn nn l *,*n nno ,A I  ,  I  n WA n SW L.V LW4J u.v I - 1.Y 1 u , I.- , 

1,000 1,700 15J49 11.1 - 41.9 1 ii 0 1 0 1 ; 
_-. --. I - I - -- 

I 100 
5.0 

6,000 
20,000 
2.000 

8J49 I 1.0 -22 I NA I NA 1 0 I 0 
I  

4J49 16 - 5,800 3 3 0 0 
6J49 0.9 - 630 6 2 0 0 
2J49’ 0.9 - 1.4 0 0 0 0 . 

0.5 58,000 lOJ49 - 4 4 NA NA 

33J49 2.6-330 NA NA NA NA 
l/49 1.6 1 0 0 0 

-- 

50 H 12 000 
I  I  I  

2OJ49 1 13.9 - 1,620 1 0 I 0 1 0 1 0 
qtes: (1) NCW 

%I (2) MCI, - 
S - North Carolina Water Quality Standards for Groundwater 

aximum Contaminant Level 
(3) 
(4) SMtL - S 

Lon er Term Health Advisories for 10 kg Child and 70 kg Adult 
econdary Maximum Contaminant Level 

(5) 
6) 

All concentrations expressed in pgJL 
-- No ARAR published 

(7) NA - Not applicable 
(8) ND - Not detected 



CLEJ-OIZSO-4.08-Oi/Ol/o1 

SURFACE WATER DATA SUMMARY 
SITE 6 -WALLACE CREEK 

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

REMEDIAL INVESTIGATION CTO-0133 
MCB CAMP LEJEUNE, NORTH CAROLINA 

T Contaminant 
Frequency/Range Comparison to Criteria Surface Water Criteria 

No. of 
Positive 
Detects 
Above 

NCWQS 

iNo. of Positive 
Detects above 

AWQCs 

No. of 
Positive 

DetectsfNo. 
of Samples 

1128 
6128 
2f28 
l/28 
6r28 
9i28 
26/28 
3l28 
4l28 

Range of 
Positive 

Detections 

3.7 

North 
Carolina 

NCWQS(u 

50 

2.0 
50 
7 
25 

0.012 
88 

Federal AWQCs (2) 

Acute 1 Chronic Contaminant 
. . 

3% 0 ArSfZUC 

Barium 
Cadmium 
Chromium 

Copper 
Lead 
lManganese 

IMem 
Nickel 
T-1,2-Dichloroethene 
Tetrachloroethene 
Toluene 

NA 16 - 22.6 
3.2 - 17.4 

4.9 

2 

Yq--i- 16 11 
18 12 
83 3.2 

4 I 4 3-209 
1.2 - 10.4 
8.2 - 25 

4 
0 

NA -~+--/Tf 
3 0.24 - 0.52 

102 - 1,380 
2-85 

0 I 3 4 
NA 
NA 

0 

NA 
NA 
NA 

13128 
3/28 
4l28 
12f28 

l-4 
l-3 

3-98 
11 

- 

0 I 0 / 2170 45: - 
NA NA 

NA 

-Nif 1 

9/28 1.9 - 3.3 
1128 6 

10128 7.3 - 111 1 Zinc 120 1 110 50 

(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 



CLEJ-01250-4.08-01/01/01 

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 

I Contaminant 

Surface Water Criteria 

I 

Contaminant 
Frequency/Range 

25 83 3.2 10114 1.5 -8.2 
** ** ** 14l14 6.2-65 

0.012 2.4 0.012 2114 0.05 -0.34 
88 1,400 160 2114 8.0 - 244 

** *a 3114 2.0 3.0 - 
50 120 110 3/14 6.2 -30.7 

Comparison tc Criteria I 

No. of 
Elosz 

L-4 

No. of Positive Detects 

Above 
above AWQCs 

NCWQS Acute chronic 
I I 

NA NA NA 
NA NA NA 
NA NA NA ’ 

I 

0 0 -0 
1 1 1 
0 0 2 

NA NA NA 
2 0 0 
1 I 0 1 

(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 



CLEJ-01250-4.08-01/01/01 

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 

Contaminant 
krsenic 
Barium 
Zadmium 
%romium 
20ppr 

Lead 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 

Surface Water Criteria 
I 

Contaminant 
Frequency/Range 

I 

I I I 

50 1 - 316 1 2.2 - 10.5 
-s I -- 6/6 I 37.1-91 

I  I  

2.0 I 3.9 I 1.1 I 2l6 I 3.7 -4.3 I 
50 1 G 11 216 4.2 - 6.5 
7 I 18 12 616 4.7 - 9.0 
25 83 3.2 616 1.9 - 12.2 
sm ms -- 6/6 38.6 - 597 

0.012 2.4 0.012 016 ND 
I  

88 { 1,400 160 I O/6 I ND 
I Be l/6 6.2 
I I I -- , -_- 

50 I 120 1 110 I 616 1 72.7-495 

Comparison to Criteria I 

No. of 
Eiiz No. of I?ositive Dete&s 

Above - 
above AWQCs 

NCWQS ACllte chronic 
A 

0 NA, NA 
NA NA, NA 

2 1 2 
0 I 0 I- .o I 

NA 
NA 
NA 

6 

(1) NCWQS - North Carolina Water Quality Standards for the Protection of Aquatic Lie 
(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/T.J 
(5) NA - Not applicable 
(6) ND - Not detected 



CLEJ-01250-4.08001/01/01 

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 

Contaminant 

Sediment Screening Contaminant Comparisonr 
Value Frequency/Range Screening Values 

No. of No. of 
No. of Positive Positive 

Positive Range of Detects Detects 
DetectslNo. Positive above above 

ER-L(l) ERM (2) of Samples Detections ER-L ERM 
4,4’-DDD 2.0 20 15133 7.4-200 15 r 7 
4,4’-DDT 1.0 7.0 3133 200-2,000 3 3 
4.4-DDE 
irsenic 

I 2.0 I I 15 I 14/33 I 5.9-83 I 14 I I 11 
1 33 I 85 15133 I 1.0 - 10.2 I 0 I 0 . I , 

Benzo(a)anthracene I 230 I 1,6 00 4l33 67-210 0 0 
Benzdahwrene .  -*.. 1 400 3 

I  
1 2.5 a33 0 . 00 63-1,600 

Chromium ! 80 145 27133 1.2-28.5 0 0 
Chrvsene I 400 I 2,8 -00 3133 74-230 0 0 

- CoDDer I 70 I 390 25133 0.43-53,200 2 1 *a .  

Die&en 1 0.02 8.0 l/33 4.8 1 0 
Fluoranthene 600 3,600 11/33 94-760 1 0 
Lead 35 110 33t33 1.5-314 6 2 
Nickel 30 50 5t33 2.7 -10.7 0 0 
PCB-1260 (3) 50 400 14133 31-2,100 12 6 
Pyrene 350 2,200 12133 95 - a10 2 0 
Zinc 120 270 19133 6.2 -926 4 2 

. 

(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 mgkg 
(5) Only contaminants with Screening Values are presented on Table 



CLEJ-01250.4.08.01/01/01 

APPENDIX B 
ACTION LEVEL CALCULATIONS 



DERh4AL CONTACT WITH SOIL ACTION LEVEL 
AWLT RESIDENT 

Whew: 
C = contaminant concentration in soil (up/kg) 
lOES - convemion factor (kg/mg) 
SA = exposed skin surface area (cm2) 
AF = soil to skin adherence factor (mg/cmZ) 
Abs = fraction absorbed (uniuess) (contaminant specific) 
TFI  = total ltfetime risk for wclnogen (unitless) 
THI = total Hazard Index for noncarcinogen (witless) 
CSF = carcinopanic slope factor 
KfD = reference dose for noncarcinogen 
EF = exposure trequency (events&r) 
ED = expsosura duration (years) 
SW = body walght (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncwinogan fyr) 
DY = day per year (day&r) 

Note: Inputs are scenario and site specific 

INPUTS 
CalCUlatbd 

(E-06 
woo 

1 
Sp&lc 

1.OE.04 
1 

specmc 

SP=k 
350 

30 
70 
70 
30 

365 

Tetrachloroethane 

File Nam. lXX.201 WC1 

Carcinogen 

bNkl) 

Conversion 
Factor 

Wmg) 

189049.20 lE-03 
lSSO4S.20 (E-08 
13012.71 l&O6 

X339098.53 lE-03 
1103219.43 lE-03 
lSOw1.32 lE-08 
618045.43 1EQB 
14876.05 lE-03 
14875.05 lE-06 
14875.05 lE-03 
14575.05 1E-M 
14675.05 lE-06 
14675.05 lE-03 

183647.30 1E-M 
74740.38 lE-00 

~ncentrauon %wwol 
Uoncaninogen Factor 

kliw kiIW 

12398228.42 
1377358.48 
1377350.49 

137735343.03 
133S477O.Sl 
13773554.81 
27547188.51 

413207.55 
98415094.34 
6833792.45 
658870.25 

888678245 
0556792.45 

27547168.81 
413207547.17 

It-US 
lE-03 
lE-03 
lE-06 
lE-09 
tE-08 
lE-03 
lE-06 
1603 
lE-03 
1 E-03 
lE-06 
lE-08 
lE-06 
lE-03 
lE-06 

($ 

3zm- 
5300 
5300 
5300 
5300 
5330 
6300 
53w 
5300 
5300 
5300 
5300 
5300 
5300 
5300 
5300 

Ama 
(cm2) 

33m- 
53cm 
5300 
5wo 
5300 
5300 
53&l 
5300 
5300 
5300 
woo 
53oa 
5300 
5300 
5300 
5300 

- 

raliGm 
Factor 

hm2l 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 

ifi3EtE 
4lmorbec 

WI 

=m= 
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 

-l3miGi 
Absorbec 

(90 

-mr 
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 

350 
350 
350 
xi0 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
354 

- 

350 
-M 

350 
350 
350 
350 
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 

Ju” 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

W&t 

iw 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

==F 
Weight 

Ml 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

- 

ru c 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

Average 
Noncam Time 

b-W 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

30 

blOpe 
Factor 

(mg/kg-day)-1 

3.45E-01 
3.4oE-01 

7.70E+OO 
2.4OE-02 
2.K4X2 
2.ooE-01 
5.2oE-02 

7.3OE+oo 
73OE+Oo 
7.3gE+m 
7.3OE+OO 
7.3OE+rxJ 
7.3OEiOO 
1.75E+OO 
4.3OE+OO 

5 !Jut-oT= 
0:00&02 
l.OOE.02 
l.ooE-02 
3.OOEOl 
40X-02 
3.OOE-02 
6.OOE-02 
3.wE-04 
7.ooE-02 
C.ooE~ 
s.wE44 
5.oiE-03 
!5.ooE-o3 
2.OOE-02 
3.OoE-01 

l-m- 
UfEtmS 

Risk 

i?BExs 
l.OE-04 
l.OE-04 
l.OE-04 
l.OEQ4 
l.OE-04 
l.OE-04 
l.OE.04 
1 .OE-O4 
l.OE-04 
l&O4 
l.OE-04 
l.OE-04 
1.0E-04 
1.0E-04 
l.OE-04 

Rszf 
Index 

1 
1 
1 
1 
1 
1. 
1 
1 
1 
1 

1 
1 
1 
1 
1 



DERMAL CONTACT WITH SOIL ACTION LEVEL 
CHILD RESIDENT 

Where: 
C = contaminant concentfatkx~ in soil @g/kg) _ 
1055 = convenlon factor (kg/mg) 
SA = exposed skin surface area (cm2) 
AF = soil to skin adherence factor (mg/cm2) 
Abs = fraction absorbed (witless) (contaminant specific) 
TFI  P total lifetlme risk for carcinogen (unitless) 
MI = total Hazard Index for noncarcinogen (unittess) 
CSF a carcinogenic slope factor 
FtD = reference dose for noncarcinogen 
EF - exposure frequency (ewnts&r) 
ED = expsosure duration (years) 
BW = body weight (kg) 
ATc = averaging time for carcinogen (VQ 
ATnc = averaging time for noncarcinogen fyr) 
DY P day psr year (day&r) 

INPUTS 
Calculated 

Note: Inputs are scenario and site specific 

Tettachloroethane 

File Name: DCALCWDl 

5664iB.23 
566405.23 
43661.29 

4224537.54 
3495165.W 
505044.44 
1646766.32 

48205.30 
45205.30 
46206.30 
4529&30 
452oe.30 
45236.30 

579365.65 
235766.11 

Xoncenuanon 
NoncarcInogen 

ww 

7621428.57 
666647.62 
889047.62 

66604761.# 
11567361.56 
05004?6.10 

1736m52.36 
260714.26 

5oa3333.33 
4345236.10 
434523.81 

434523610 
4345236.10 

1736cM2.36 
266714265.71 
, - 

=lEiE= 
lE-06 
1 E-06 
l&J6 
lE-06 
lE-06 
lE-06 
I!35 
lE-06 
1E-M 
lE-08 
1E-M 
lE-06 
1E-M 
lE-66 
1E-M 

X-06 
lE-06 
(E-06 
1E-M 
lE-06 
1E-M 
lE-06 
iE.oe 
1E-M 
lE-06 
lE-06 
lE-06 
lE-06 
lE-06 
lE-06 

!lmzz 
Area 

(cm2) 

(cm2) 
iiie 

1600 
WOO 
1500 

lE-06 
1800 

1 
sp-acmc 

l.OE-o4 
1 

SpOClflC 
specmc 

350 
6 

15 
70 

6 
365 

1 
1 
1 
1 
1 
1 
1 
t 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- 
tbsdwd 

tw 
YE= 

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 

lTEa5ii 

0 

=rE= 
0.1 
0.1 
0.1 

0.03 
0.03 
0.03 
0.03 
0.01 
0.01 
_ _. 
“.“I 
0.01 
0.01 
0.01 
0.01 
0.01 

1 

UparulB- 
FrMtttenCy 

i-WY0 

b 
3tlu c 
350 
350 
356 
350 
350 
350 
350 
350 
350 
350 
350 
350 
354 
350 
350 

- 
Wu=fW 
(wancdyr) 

350 
350 
350 
350 
350 
356 
356 
350 
356 
___ 

z 
350 
3w 
350 
350 

uposurs 
Duration 

b) 

8 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

* 

ucporura 
Duntion 

bW 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

I 

31 

3 
- 

t 

1 

8iiaji- 
We!ght 

Fat 

=w 
Weight 

M 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

- 

10 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

70 

AVerage 
NOttCUC nmb 

bre=N 

6 
6 
6 
6 
6 
6 
6 
6 
6 
B 
6 
6 
6 
6 
6 

- 

3.4OE-01 
7.7oE+ao 
2.4OE-02 
2.8oE-m 
2.05EQl 
5.20E-62 
7.3oE+m 
7.3oE+w 
7.3oE+oo 
7.3oE+65 
7.3oE+m 
7.3QE+oo 
1.75E+60 
4.3OE+OO 

e.00E-02 
l.oOE&? 
l.WE-02 
3.OOE-M 
4.C10E-62 
3mE-02 
6.OOE-02 
3.OOE-04 
7.OOE-02 
5.ooE-03 
5.WE94 
5.ouE-03 
5.OOE-03 
2.WE-w 
3.6OE-01 

iziii= 
Llfetme 

Risk 

r%m7 
l.M-04 
l.OE-04 
1.oE-M 
1.OE-w 
l.tJE-04 
l.OE-64 
l.OE-64 
l.OE.04 
l.OE-54 
1.6E.64 
1.6E-M 
1.OE.M 
1.5E.04 
l.oE-04 
1.&04 

i%m 
Index 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

- 



I  

- ,  0 

E 
b 
i3 cn 
0 
h 

OERMAL CONTACT WiTH SOIL ACTION LEVEL 
WORKER 

Where: 
C = contaminant concentration In soil @g/kg) 
10E-e = convenion factor Fg/mg) 
SA = exposed skin surface area (cm2) 
AF = roil to skin adherence factor (mg/cm2) 
Ak P fraction absorbed (unitJar) (contaminant specific) 
TR I total lifetime drk for carcinogen (unIttess) 
MI = total Hazard Index for noncafcinogeq (witless) 
CSF L carcinogenic slope factof 
130 = reference dose for noncarclnogen 
EF - ~xpcsura frequency (events&r) 
ED - expsosun duration beam) 
BW = body weight (kg) 

INPUTS 
Calculated 

iE-06 
4300 

1 

spaclfk 

ATc = averaging time for carcinogen (vf) 
ATnc I averaging time for noncarcinogen fyt) 
OY = day per year (day&) 

Note: Inputs are scenario and site a@fh? 

b 
00 
6 

1.OE-M 
1 

Speck 
SW 

250 
25 
70 
70 
25 

385 

3.4OE-01 
3.4oE-01 

7.70E+M) 
2.40E-02 
2.QGtu 
2.WE-01 
5.2oE-o2 

7.3oE+o(1 
7.30E+00 
7.3oE+w 
7.3M+oo 
7.3OE+OQ 
7.3otz+oo 
1.75E+00 
4.3oE+oo 

mrm 
l.CE-& 
l.OE-04 
l.OE-04 
l.OE-04 
l.OE-04 
l.oE.04 
l.QE-g4 
1.OE-M 
I.0504 
l.QE.04 
l.tItX4 
l.OE.04 
1.oE-M 
1.oE-M 
l.oE94 

zzy 
Wnts/yO 

Loo ( 
250 
250 
250 
250 
250 
25c! 
250 
250 
250 
250 
250 
25ll 
250 
250 
250 

- 
Average 

cwcnm 
b-4 

10 -e 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

~ncenuauon 
Cafclnogen 

b9m) 

391453.75 
391463.75 
2SeoQ.02 

2772056.22 
22Q4707.49 
332744.19 
127Q785.33 
30387.80 
30381.80 
30397.80 
303S7.50 
30387.63 
303.97.80 
3w27.81 
154784.74 

Conwnuauo~ 
Noncarclnoger 

Wbl 

2376744.18 
2376744.18 

237674418.6C 
3160ee22.40 
23767441.86 
47534853.72 

713023.26 
166372oQ3.02 
1 lt383?20:93 
1188372.09 

1 lS23720.93 
1188372w3 
47534883.72 
713023255.81 

hvewon 
Factor 

(kgh9) 

1t-rJ6 
1E-M 
lE-03 
lE-08 
1 E-08 
1E-M 
lE-05 
lE-08 
lE-08 
1E-M 
l&CM 
lE-08 
lE-05 
IE-iX 
lE-08 
l&O8 

Convmm 
Factor 

Wm9) 

lE-05 
IE-OB 
1E-w 
lE-Cl5 
lEQ6 
lE-06 
1E-M 
lE.tB 
lE-06 
lE-06 
1E-M 
1E-M 
lE-05 
1 E-06 
lE-06 

4 

Ana 

w4 

4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
4300 
43ou 
4304 
4300 
43ca 
43oQ 

- 

04 

=mF 
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 

b@ 

23 -. 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

FaCtof 

mplcm2) 

ichlorobenzene 

I 
Index 

70 25 3e5 
70 25 385 
70 25 CM!! 
70 25 365 
70 25 385 
70 25 365 
70 25 365 
70 25 365 
70 25 385 

-.--- - . 9.00&02 1 
l.OOE-02 1 
l.UJX2 1 
3.WE-01 1 
4.OOE-02 1 
3.OOE-01 1 
mxlE-02 1 
3.osQ4 1 
7.OOE-02 1 
s.ooE-cr3 1 

250 25 
250 25 
250 25 
PW 25 
250 1 25 inc 

wivame: w 



INGESTION OF GROUNDWATER ACTION LEVEL 
ADULT RESIDENT 

C=TRorTHI*BW*ATcorATnc*DY/IRw*EF*ED*CSForl/RfD 

Where: 

C E contaminant concentration in water ((t&~/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) 

INPUTS 

1 E-04 

1 
specific 
specific 

2 
350 

30 
70 

70 
30 

365 

Note: Inputs are scenario and site specific 

1,BDichloroethane 
l,l-Dichloroethene 
1.1.2.2;Tetrachloroethane 

1,1,2-Trichloroethane 
Trichloroethene 
Tertrachloroethane 
Vinyl Chloride 
Arsenic 
Beryllium 

1 

I 
hlorobenzene 

1 ,l-Dichloroethene 

etrachloroethene 
1,1.2-Trtchtoroethane 

thlbanzene 
otal Xylems 

rsenic 
arfum 
eryllium 

/iFGgE 

File Name: GWfAR.WQl 

94 
14 
43 

149 
774 
164 

4 

5 

Noncarcinogen 

(u9/L) 

730 
320 
365 
146 

3650 
73000 

11 
2555 
183 
_-- 
la4 
183 
73g 

10950 
> 

350 < 
350 
350 
350 

350 
350 
360 
350 
350 
350 

F 

txposure 
Frequency 

(dwh-4 

350 
350 
350 
350 
350 

350 
,350 

350 
350 
350 
e-m 
imu 
350 
350 
350 

- 

ZqEzE 
Duration 

(vW 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 

- 
, 

- 

9 

~ 

30 
30 
30 
30 
30 

30 
30 
30 
30 
30 

30 
30 
30 
30 

- 

==T 
Weight 

(kg) 

Average 

Cart Time 

(Yea@ 

70 
70 

70 
70 

70 
70 
70 
70 
70 
70 

4 

70 30 
70 30 

70 30 
70 30 T 76 30 
70 30 
70 30 
70 30 
70 30 
70 30 
70 4 30 
70 30 I 
70 30 

- 

- = Oays slope 
Y-f Factor 

(dayh4 @‘@wW-l 

365 6.2Vt-62 
365 Q.lOE-02 
365 6.6OE-01 
365 2.OOE-01 
365 5.7OE-02 
365 l.lOE-02 
365 5.2OE-02 
365 1.9OE+60 
365 1.75E+OO 
365 4.30E+OO 

- A- 

363 
365 
365 

365 
365 
365 
366 
365 
365 
365 
--- 
;Mo. 
365 
365 
365 

- 

2.uOt-62 1 

2OOE-02 1 
9.ooE-03 1 

1.6oE-02 1 
4.OOE-03 1 
l.OOE-01 1 

2.OOEtOO 1 

3.OOE-04 1 
7.OOE-02 1 
5.OOE-03 1 
MOE+3 i 
5.OOE-03 

1 

1 
2.OOE-02 1 
3.OOE-01 

- 

* 
1 arget 

EXCt¶SS 

Risk 

I 
0t-w 

1 .OE-O4 
1 .OE-O4 
l.OE-04 
l.OE-04 
1 .OE-O4 
l.OE-04 
1 .OE-O4 
l.OE-04 
1 .OE-O4 



‘) . 
INGESTION OF GROUNDWATER ACTION LEVEL 

CHILD RESIDENT 

C=TRorTHI*EW*ATcorATnc*DY/IFtw*EF*ED’CSForl/FtfD 

Where: 

C = contaminant concentration in water (ugll) 
TR = total lifetime risk 
THI = total hazard index 
CSF = carcinogenic slope factor 
RfD = reference dose 

IRw = daily water ingestion rate (L/Day) 
EF = exposure frequency (days/yr) 

ED = exposure duration (yr) 
SW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 

DY = days per year (day/year) 

INPUTS 

I E-04 
I 

SpClfiC 

1 
350 

6 
15 

70 
6 

365 

Note: Inputs are scenario and site specific 

Dichforoethene 

Trichloroethane 

Concentratron 
Noncarcinogen 

WL) 

as1.J 

313 
141 

156 
63 

1564 
31266 

5 
1095 

76 

76 
76 

313 
4693 

Ingestron 
Rate 

WaYi 

txposure 

(day&ear) 

350 
356 
356 
356 
356 
356 

356 
350 
356 
350 
350 
350 
350 
356 

- 

5$zi 
3uration 

(ye@ 

6 
6 
6 
6 
6 
6 
6 

6 
6 
6 
6 
6 
6 
6 

-w= 
Weight 

(kg) 

15 
I5 
15 
I5 
I5 

I5 
15 
I5 
I5 
I5 

I5 
15 
I5 
15 

- 

Average 

Noncarc Time 

(y-4 

6 
6 
6 
6 
6 

6 
6 
6 
6 
6 
6 
6 

6 
6 h 

2.QQE-62 
Q.QOE-Q3 
I QQE-02 
4.QQE-03 

l.QQE-QI 
2gQEt00 
3.QCrE-64 
7.QQE-02 
5.QQE-03 
5.QQE-03 
5.QQE-63 

2.QQE42 
3.6QE-01 

1 
I 

I 
1 
I 
1 

1 
I 
I 
1 
I 
1 
I 

4 
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INGESTION OF GROUNDWATER ACTION LRlEL 
WORKER 

C=TRorTHI’SW*ATcorATnc’DY/IRw’EF*ED*CSForl/RfD 

Where: 
C = contaminant concentration in water &g/L) 
TR = total lifetime risk 

THI = total hazard index 
CSF = carcinogenic slope factor 
RfD = reference dose 

IRw = daily water ingestion rate (L/Day) 
EF = exposure frequency (days&) 
ED = exposure duration (yr) 
SW = body weight (kg) 

ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 
DY = days per year (day/year) 

INPUTS 

1 E-04 
1 

specific 

specific 
2 

250 
25 
70 

70 
25 

365 

Note: Inputs are scenario and site specific 

Contammant Concentratcon Ingestron 
Carcinogen Rate 

WI) U-bv) 

1,2-Dichloroethane 157 
l,l-Dichloroethene 24 
1,1,2.2-Tetrachloroethane 72 
I, 1 ,2-Trfchloroethane 251 
Trichloroethene 1301 
Tetrachloroethene 275 
Vinyl Chloride 6 

Arsenic 6 
Beryllium 3 

!?3romodrchloromethane 231 2 
< 

8romodrchloromethane 
Chlorobenzene 
1,l -Dichloroethene 
Tetrachloroethene 
1,1,2-Trichloroethane 
Ethlbenzene 
Total Xylene 
Arsenic 
Barium 
Beryllium 

File Name:GWfW.WGl ’ 

LSO 

250 
250 
250 
250 
250 
250 
250 

250 
250 

250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 

250 
250 

Otposun 
Duration 

(year) 

23 

25 
25 
25 
25 

25 
25 

25 
25 
25 

z$zG 
Duration 

25 70 
25 70 
25 70 
25 70 
25 70 
25 70 
25 70 
25 70 
25 70 
25 70 
25 70 

25 70 
25 70 
25 70 

4 - 

w 
Weight 

(kg) 

Averaae 

NoncarciIme 
(years) 

ZP 365 
25 365 
25 365 
25 355 
25 365 
25 365 
25 385 

25 365 
25 365 

25 365 
25 365 
25 365 
25 365 
25 365 

Days Slope 
< 

--x3-= 
Yew Factor Excess 

(Wtv) @ehwW)-1 Risk 

8.OOEM 
2.OOE-01 
5.7OE-02 

l.lOE&? 
5.2OE-02 

1.SOEtOO 
1.75EtOO 
43OEtOO 

- 
-04 

l.OE-04 
l.OE-04 

l.OE-04 
l.OE-04 
l.OE-04 
1.OE-M 
l.OE-04 
l.OE-04 
l.OE-04 

- 



CLEJ-0X250-4.08-01/01/01 

‘ 

Y 

The Organic Leachate Model (OLM) is a model used for predicting the concentration of organic 

compounds in leachate. This model can be used in conjunction with the Vertical and Hoibzontal 

Spread Model (VHS). The CLM is an empirical equation which was developed through application of 

modeling techniques. 

Cl = 0.00211 l Cw  ̂ 0.678 l S^O.373 

Where: 

Cl = Constituent concentration in leachate (ppm) 

Cw = Constituent concentration in waste (soil) (ppm) 

S = Constituent Solubility (ppm) 

Constiiuent 

1 
Chloromethane 

Bromomethane 

Benzene 

1,2Dichloroethene 

Trichloroethene 
1 ,1,2,2-letrachloroethane 

1 ,l ,l -Trichloroethene 

Tetraohloroethane 

4,4’DDD 

4,41-DDE 

4,4’-DDT 

Dieldren 

Gamma Chlordane 

Aroclor 1260 

- Cannot be estimated 

NE - No criteria established 

Zonstanl 

0.00211 

0.00211 

0.00211 

0.00211 

0.00211 
0.002ll 

0.00211 

0.00211 

0.002ll 

0.00211 

0.00211 

0.00211 

0.00211 

0.00211 

Constituent 

Solubility 

0 
6450 

900 
1780 

600 

1100 
2900 

720 

200 

0.09 

0.04 

0.0055 

0.195 

0.056 

0.0027 

Maximum 

Concentration 

in Soil 

(ppm) 
0.49 

1.3 

0.85 

1.5 

4.6 
55 

0.042 

3.7 

. 12 . 

4.2 

6.4 

0.28 

0.16 

42 

Soil Cleanup Goal 
cs = ((C1)/(0.0021 l)*(s^o.373)) * 1.4749 

Soil Cleanup 

Goal 

(ppm) 

0.0054 

5.1842 

0.0322 

22.0586 

0.0107 

4.5121 

3.0962 

1. Federal Register Vol51. July 29, 1989 

2. USEPA AQUATIC FATE PROCESS DATA FOR ORGANIC PRIORITY POLLUTANTS 

Constituent 

Concentration 

in Leachate 

(ppm) 

0.0343 

0.0319 

0.0308 

0.0302 

0.0809 
0.6248 

0.0029 

0.0370 

0.0046 

0.0017 

0.0011 

0.0065 

0.0602 

0.0029 

State or 

Federal 

Criteria 

0 
NE 

NE 

0.001 

0.07 

0.0028 

NE 
0.2 

o.ooo7 

NE 

NE 

NE 

NE 

0.002 

0.0005 



PARTICULATE INHALATION ACTION LEVEL 
ADULT 

C=TFicrTHI*BW*ATcorATnc*DY/ CSFC%~/WD*EF*ED*IR*~/PEF 

Where: INPUTS 

C = contaminant concentration in soil (ugjkg) Calculated 

TR G total lifetime risk for carcinogen (unitless) 
THI = total tfazard Index for noncarcinogen (unittess) 

CSF = carcinogenic slope factor 
WD = reference dose fa noncarcincgen 

IR = inhalation mte (m3jhr) 
EF = exposure freguency (days/yr) 

_ ET = exposure time (hour/day) 
ED = exposure dumtim (years) 
BW P body weight (kg) 

ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for n’mcarcinogen (yr) 

DY = day per year (day&r) 
PEF = particulate emission factor (m3/kg) 

Note: Inputs are scenario and site specific 

Cmcentmtim 
Carcinogen 

(UQMQ) 

+ 
4.OE+07 

7.OE+OQ 
2.2fE+10 

32E+OQ 

3.2Eff f 
I .3E+07 
76E+or 

I .olE+o6 
1 .SE+07 

* - 

Paificualte 
Emissim 

Factor 

(m3/kg) 
+ 

5.OE+o6 

5OE+oi3 
5OE+O6 

5.OE+O6 
5OE+O6 

5.OE+O6 
S.OE+OB 

5OE+O6 
5OE+O6 

1 .OE-04 
1 

Specific 
Specific 

0.63 
350 

16 
30 

70 
70 

30 
365 

Cowherd 

7nhalation Exposure Exposurs ==r Average 
Rate Duration Time Weight Cam Time 

(~/hr) (YW (hrlday) (kg) (Years) 

30 

30 

30 
30 

30 
30 

30 
30 

30 
30 

16 
16 

16 
16 

16 
16 

16 
16 

16 
16 

- 

70 
70 

70 
70 

70 
70 

70 
70 

70 
m 

70 
70 

70 

70 
m 
70 

70 
m 
70 
m 

Days per 
, 

lnhal Slope 

b-r Factor 

WYlYear) (mgfkg-day)-1 

365 
365 

365 
365 

365 
365 

365 
365 

365 
365 

- 

- 

16OE+Ol 

Q.lOE-02 

2QOE-02 
2.OQE-01 
2.03E-03 

5.OOEtOl 
6.40E+00 

63OE+OQ 
42OEtOl 

1 

-ma- 
Lifetme 

Risk 

-iTEm- 
1 .OE-04 

l.oE-04 

1 .OE-O4 
1 .OE-O4 

1 .oE-04 
1 .OE-O4 

1 .OE-o4 
1 .OE-O4 
1 .OE-O4 

File Name: PIAL.WQl 
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PARTICULATE INHALATION ACTION LEVEL 

CHILD RESIDENT 

C = TR or THI* BW l ATc or ATnc l DY I CSF or l/RfD * EF l ED l IR l l/PEF 

CSF = carcinogenic slope factor 
RfD = reference dose for noncarcinogen 

IR = inhalation rate (m3/hr) 
EF = exposure frequency (days&) 

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 par year (day&) 
PEF = particulate emission factor (m3/kg) 

Note: Inputs are scenario and site specific 

Where: INPUTS 
C = contaminant concentration in soil (ug/kg) Calculated 

TR = total lifetime risk for carcinogen (unitless) l.OE-04 
THI = total Hazard Index for noncarcinogen (unitless) 1 

Specific 
Specific 

0.43 
350 

24 
6 

15 

70 
6 

365 
Cowherd 

Contaminant 
c 

II 

hromium 

Concentratron 
Carcinogen 

w4nca) 

. + 

5.5Eto7 
9.7EtOQ 
3.OEt 10 
2.1Et 10 

2.OEt12 
t.%E+07 

l.tEt08 
1.4EtO8 

2.1E+07 

-ma- 
Lifetme 

Risk 

TRIEW 

l.OE-04 
l.OE-04 
l.OE-04 
t.OE-04 

l.OE-04 
l.OE-04 
1 .OE-O4 

l.OE-04 
i.OE-04 

& 
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‘) 
PARTICULATE INHALATION ACTION LEVEL 

WORKER 

C = TR or TM l BW l ATc or ATnc l DY / CSF or l/RfD l EF l ED l lR l t/PEF 

, 

Where: 
C = contaminant concentration in soil (@kg) 

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&) 

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&r) 
PEF = particulate emission factor (m3/kg) 

Note: Inputs are scenario and site speciffc 

INPUTS 
Calculated 

l.OE-04 

1 
Specific 

Specific 
1.25 

250 
8 

25 
70 

70 
25 

385 
Cowherd 

FILE NAME: PfALWQ3 



SOIL INGESTION ACTION LEVEL 
AWLT RESIDENT 

Where: 
C = contaminant concentration In soil (ug/kg) 
TR = total lifetime carcinogenic risk (unitless) 
THI = total hazard index (unitlass) 
CF = conversion tar kg to mg  
EF = exposure frequency (days&) 
ED = exposure duration (vr) 
IR - soil Ingestion rats (mg/day) 
CSF = carcinogenic slop factor 
RfD = reference dose 
FI = fraction ingested from source 
EW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
AT?c = averaging time for noncarcinogen (yr) 
DY = days per year (days/year) 

Note: Inputs are scenario and site specific 

INPUTS 
Calculatad 

lE-04 
1 

iE-06 
350 

30 
100 

SOOdflC 

- 
uposuce ucposure w 

Frequency Duration Rate 
(dwh4 br) @‘wkW) 

3w 
350 
350 

350 
350 
350 
3w 
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 

- 

txpooura 
Duration 

br) 

100 
loo 
100 
100 
100 
100 
ial 
100 

100 
1M) 
100 
100 
100 
100 
100 
loo 

- 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

E 

t 
Average 

Cart Time 

be-1 

COnVBlDlOl 
Factor 

Foho) 

70 1t-w 
70 1E-W 
70 1506 
70 1E-W 
70 lE-06 
70 lE-08 
70 lE-06 
70 lE-08 
70 1506 
70 lE46 
70 lE-06 
70 lE-OS 
70 lE-OS 
70 1E-OS 
70 1E-W 
70 l&O6 

- 
Dayr 
per year 

WYs/yO 

isa 
365 
365 
365 
365 
365 
365 
365 
365 
365 
385 
365 
366 
385 
365 
385 

- 

uays 

per Y=U 
WYrEyO 

365 
365 
365 
365 
365 
365 
365 
__- 
a0 
365 
365 
365 
365 
365 
365 
385 

c;oncentratron 

Cafclnogen 

(uenc9) 

wow0 
500960 
22121 

7097222 
5873563 
851867 

3275641 
23333 
23333 
23333 
23333 
23333 
23333 
97333 
39812 

Fractton 
Ingested 

From 

=+== 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

Risk (m9iWdaY)-1 

1E-04 
lE-04 
lE-04 
IEM 
lE-04 
lE-04 
lE.04 
lE-04 
1Ea 
lE-04 
iE-04 
lE-04 
1E-M 
lE-04 

2% 

3.4wol 
3.4fJE-01 

7.7oE+w 
2.4OE-02 
2.go&o2 
2.oclEQl 
5.2uE-02 
7.3oE+w 

7.3cE+w 
7.3oE+w 
7.3oE+w 
73oE+w 
7+3oE+w 
1.75Et00 
43OEtW 

1,2,2-Tetrachloroethanne 

30 
30 
30 
30 
30 
30 
30 
30 
30 
30 
NJ 
30 
30 
30 
30 

- 

I . , . ,  

100 
loo 
loo 
1w 
1w 
loo 
loo 
1w 
loo 
loo 
loo 
100 
loo 
loo 
loo 

6 

lE-06 
lE-08 
1E-W 
IEOB 
lE-06 
l&OS 
l&OS 
.-_- 
IC-UU 
1E-M 
lE-OS 
lE-08 

1 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
1 

==lnLom 

l.OC%b? 1 
1 *go&o2 1 
3.cuEQl 1 
4.ooE-02 1 
3.WE.02 1 
6.wE-02 1 

File Name. SlAlAWCl 



SOIL INf3ESTlON ACTION LEVEL 
CHILD RESIDENT 

Where: 
C = contaminant conwntmtfon in roil @g/kg) 
TR = total lifetime wrclnogenic fkk (unkless) 
Tlil = totel hazard Index (unkless) 
CF = conversion for kg to mg  
EF = exposure frequency (days&) 
ED = expwure duration (vr) 
IR = soil ingestion mte (mglday) 
CSF = carcinogenic slope factof 
RfO = reference dwe 
FI = fraction Ingested from sourw 
SW = body weight (kg) 
ATc = averaglng time for carcinogen lyr) 
ATnc = averaging time for nonwrclncgen (yr) 
OY = days per year (days/year) 

. 

,1,2,2.Tetmchlorwthans 

ezo(kjfluorenlJme 

ndeno(l23-cd)pyrene 

File Name: S!ALC.WQl 

266362 
286362 
11651 

3602063 
3146652 
456250 

1754606 
12500 
12506 
12500 
12560 
12500 
125w 
62143 
21221 

tmwnueuon 
Nonwrclnogw 

OJonCa) 

350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 
350 

350 

Exposura 
Frequency 

Wwh’rl 

7C36266 
762143 
762143 

3126571 

4532657 
23464 

547!Doo 
361071 
38107 

381071 
361071 
1564266 

23464286 

350 8 c 
350 8 
350 6 
350 6 
350 6 
364 6 
350 6 
350 6 
350 6 
350 6 
350 6 
356 6 
350 6 
350 6 
350 6 
360 6 

INPUTS 
Calculated 

1 E-04 
1 

lE-06 
356 

6 
WKI 

E$zT 
Ouratlon 

br) 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
8 
e 
6 

uposure 
Ouretlon 

br) 

rpecmc 
100 

15 
70 

6 
365 

7F@ilE= 
Rate 

.- _. 

2w 
200 
200 
200 
200 
200 
2w 
200 
MO 
200 
200 
200 
200 
2(10 

w 
Welghl 

0 

Weight 

0 

Average 
Cm Time 

bean) 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

> 
Average 

Uoncarc rime 

b-4 

> 
6 ’ 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

lE.06 
lE-06 
lE-06 
10X 
1E-M 
lE-06 
lE-06 
lE-66 
lE-06 
lE-06 
lE-06 
l&cm 
lE-66 
1EQB 
IEQB 

lE-06 
1EQB 
lE-06 
lE-06 
IE-Cd 
lE-06 
lE-06 
lE-06 
lE-06 
lE-06 
lE-!B 
lE-06 
tE-06 
lE-06 
tE-08 

365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
305 
365 
385 
365 
365 

365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 
365 

FUrk 

- 
lb04 
lE.04 
lE-04 
lE-04 
lE.04 
1&04 
lE.04 
lE-04 
IEO) 
lE-64 
lE-04 
1E-M 
1504 
lE-04 
lE-04 

2.40t-01 
3.4oE-01 
3.4oE-01 

7.7oE+oo 
2.40!%02 
2.Knz.02 
2.ooE-01 
5.2oE-02 

7.3oE+al 
7.3OE+00 
7.30E+tm 
7.3oE+rlo 
7.9oE+oo 
7.3oE+w 
1.75E+oo 

lE-04 1 43OE+oO 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

L 

b-muon 
Ingested 

SOUWO 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

8.ooE.w 
l.OOE52 
1.OOE-02 
3.wE-01 
4.c0E-02 
3.WE-02 
6.ooE-02 
3.ooE.04 
7.Lx?E-o2 
5.lloE-03 
6.ooE-04 
5.OOE-03 
s.ooE93 
2.ooE-02 
3.oOE-01 

From 
soume 

- 



, 
SOIL INGESTION ACTION LEVEL 

WORKER 

Where: 
c = contaminant concbntratlon in soil (UQ/kQ) 
TR - total Metime carclnoganlc risk (unitless) 
THI = total haxard index (unltiess) 
CF = convsnion for kg to mg  
EF = exposure frequency (days&r) 
ED = bxposum duration &I) 
IR = 0011 ingestion rata (mglday) 
CSF = caminogenlc slope factor 
RfD = reference dose ’ 
FI = fraction Ingested from sow-cb 
BW = body weight (kg) 
ATc = averaging time for carcinogen (yr) 
ATnc = averaging time for noncarcinogen (yr) 

DY * days per yaaf (days&ear) 

Note: Inputs are scenario and sits specific 

Concbntfatm Ixposure ucposure m =v Average 
Car&open Fmquency Duration Flatb Weight cm Time 

(WkQ) Wwrlyr) br) (wkJw) (kp) bars) 

841547 
841647 
37164 

11923333 
8887588 
1430800 
55Q3Q77 

382w 
302oo 
302oo 
3Q2uo 
39200 
302oo 

168329 
66540 

7154owo 
511cQoo 
51 loo0 

511oooa 
511cwl 

250 
250 
25g 
250 
250 

‘250 
250 
250 
250 
250 
256 
250 
250 
250 
250 
250 

- 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

1WJ 
1M) 
100 
1w 
loo 
loo 
loo 
loo 
1w 
loo 
1w 
loo 
loo 
1w 
loo 
1w 

70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 
70 

- 

mc 
~IeName: 

INPUTS 
Calculated 

lE-04 
1 

1 E-06 
250 

25 
100 

SpbClRC 
spbcuic 

100 
70 
70 
25 

385 

-uays 
Factor per Y-f 

(kp/mg) (WdyO 

==rm==Trr 
lE-OS 365 

10X 385 
E-04 365 
l&OS 385 
lE-08 365 
lfX5 385 
lE-03 385 
lE-08 385 
lEJJ5 385 
1EoB 365 
1E-M 385 
lE.OS 385 
l!XlS 385 
1E-W 385 
1E-W 355 

-- 

-lIzas- =Jpa 
cancer Factor 

Risk OwWdaY)-1 

lE-04 

1E-w 
1EM 
lE-04 
1E.M 
l&O4 
1604 
lE-04 
lE-04 
1E-M 
1E-M 
lE-04 
lE-04 
1E-M 
l&M 4.3oE+w 

- 
tracbon 
Ingested 

From 
sourer 

1 
i 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0.COE-02 1 
l.WE-02 1 
l.WE.02 1 
3.WE-01 1 
4.wE-02 1 
3.WE-02 1 
&WE-O2 1 
3.WE-04 1 
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APPEND1X.C 
REMEDIAL ACTION ALTERNATIVE 

COST ESTIMATES 



TABLE C-l 
DETAIL COSTING EVALUATION 
QIROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 2 
LIMITED ACTION 

COSTCOMl’ONENT 

Hours 
toty Analysis - TCL VOA Sample 

Sample Event 
Sample Event 

, 

TOTAL 
COST 

$39,080 

BASIS OR COMME~ 
I 

SOURCE 

24 well.9 sampled semiannually. 
2 urmplerq 3 hm/wcll average Engineering estimate 
24 aamplcq semiannually Basic Ordering Agreement 
Id travel, lodging, supplies,- 2 people Engineering estimate 
1 report per sampling event Engineering estimate 

$39,080 1 For 30 years 
$aoo,ooo I 



TABLE C-2 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 3 
CONTAINMENT , 

COST COMPONENT BASIS OR COh4MENlX SOURCE 

Utilities hook-up, site preparation 

Zroundwater Extraction System 
Driller Mobilization Lump Sum 1 SW@) $3,ooo Basic Ordering Agreement 
Extraction Well - Deep (6) Per Foot 660 $450 $297,ooo 6” stainless rteel, 110 ’ deep Engineering Estimate 
Extraction Well - Shallow (6) Per Foot 210 $450 s941!mo 6” stainless rteel, 25 ’ deep Engineering Estimate 
Well Development Per Well 12 $375 u,500 Engineering Estimate 
Extraction Pump at 12 Wells Per Pump 12 ssm $114,ooo Engineering Eatimate 
Piping From Wells Per Foot 6700 $60 s402,ooo Stainless steel pipe w/tenth Basic Ordering Agrecqnent 

$915,ooo 
‘retreatment System Lump Sum 1 S250,ooO SU0P.M Inorgaaics removal Presious Estimates 
‘hysical/Chemical Treatment System 
Air stripper LumpSum 1 $17O,ooo $170,ooo Towen, blowen, electric, pumps, etc. Previous Estimates 
Carbon Adsorption Lump Sum 1 $2u),ooo S220,OOO Carbon units, pumps, electric, etc. Psvious Estimates 
Mix. Equipment Lump Sum 1 $70800 $7O,ooo Slude dewatering press, holding tank Previous Estimates 

rreatment Building . Lump Sum 1 s2so,ooo $25O,ooO 6Oft.by6oft. Previous Estimates 
s%o,ooo 

Discharge of Treated Water 
Surface Infastructure Per Foot 1200 S1,200 Power conduits, piping Engineering Estimate 
Effluent Pump Per Pump 1 $00 S%W Engineering Estimate 
Discharge Piping Per Foot 2400 $10 $24800 Engineering Estimate 

$27,800 
Demobilization 
Administrative Activities Lump Sum 1 $10,ooo s10,ooo AdmiaitratiJe reporting, etc. Previous Estimate 
Site Restoration Lump Sum 1 ss,ofJo General rite cleanup, revegetation, etc. Engineering Estimate 
Equipment Lump Sum 1 SW@ Engineering Estimate 

$17,ooo 
Subtotal Capita1 Cost s1,944,goa 
Engineering @ 10% $194,480 
Contingencies @ 20% $388,960 
Piolot Studies @ 5% $97,240 

*..,. 1 ran. 



TABLE C-2 (continued). 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 3 
CONTAINMENT 

COST COMPONENT BASIS OR COMMENTS SOURCE 

Engineering c&mate 
tory Analysis - TCL VOA es; sennannua Basic Ordering Agreement 

Mii Expellses 
Reporting 1 report per sampling event Engineeting estimate 

$39,080 
ystem Operation and Maintenance 
Electricity Per Year 1 SSO,ooO Pretreatment, treatment, building PtevIous Estimate 
Materials Per Year 1 z2z s45,ooo Chemicals, polymer, etc. Previous Estimate 
Material Handling Per Year 1 s4s:ooo u5,ooo spent carbon, sludge disposal Previous Estimate 
Operating Labor Per Year 1 354,750 $54,750 Approx. 5 hours/day @ S3tWJ/hr Previous Estimate 
Maintenance Labor Per Year 1 514,408 $14,408 Approx. 40 hours/month @ $30.88/hr Previous Estimate 
Administration Per Year 1 SW@ s&o@) Ptevious Estimate 

$214,150 
lffluent Sampling 
Labor Hours 96 $35 $33@ 8 hours/month Engineering Estimate 
Laboratoty Analysis - TCL VOA Sample 56 $375 s21,wJ Samplcx l/week + l/quarter Engineering Estimate 
Reporting Per Quarter 4 SW.@0 $8,~ Lab reports, etc (1 report/quarter) Engineering Estimate 

s3w 

rotal Annual O&M Costs 
. . . 9. 

S2B5,590 For3Oyean 
I a---- 



TABLE C-3 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 4 
INTENSIVE GROUNDWATER EXTRACTION AND TREATMENT 

II COST COMPONENT I UNIT 

Mobilization 
Equipment 
Miillaneous 

Lump Sum 
Lump Sum 

Groundwater Extraction System 
Driller Mobiiiition 
Extraction WeU - Deep (2) 
Extraction Well -Shallow (3) 
Well Development , 
Extraction Pumps 

of Treated Water 
Per Foot 
Per Pump 
Per Foot 

QUANTITY UNIT COST 

SlS,ooO 
$10,808 

$3,ooo 
$450 
$450 
$375 

S9sJoo 
$60 

$175,808 

Sl28,808 
$155,aOo 
$50,000 
s175,808 

$1 
SW00 

$10 

s10,008 

fz$i 

SUBTOTAL 
COST 

S15,ooO 
$10,ooo 

s3,~ 
s99,ooo 
547,250 
$1,875 
847,588 

$115,880 

$175,008 

S129,000 
$155,080 
S50,OOO 
$175,txMl 

$1,288 
SW0 
$24,000 

s10,ooo 
s5,ooo 
SW@) 

a.-^--- 
UV3,YL3 

$211,845 
SS&%l 

TOTAL 
COST 

S25,ooO 

s314,425 

$675,088 

S27,800 

s17,ooo 
S&059,225 

S&429,954, 

BASIS OR COhIh4ENTS SOURCE 

Utilities hook-up, site preparation 
Previous Estimate 
Previous Estimate 

6” stainless steel, 110 ’ deep 
6” stainless steel, 25 ’ deep 

Stainless steel pipe w/tenth 

Basic Ordering Agreement 
Engineering Estimate 
Engineering Estimate 
Engineering Estimate 
Engineering Estimate 
Basic Ordering Agreement 

Inorganica removal Previous Estimates 

Towem, blowers, electric, pumps, etc. 
Carbon units, pumps, elect+ etc 
Slude dewatering press, holding tank 
60 ft. by 60 ft. 

Power conduits, piping 

Previous Estimates 
Previous Estimates 
Previous Estimates 
Previous Estimates 

Engineering Estimate 
Engineering Estimate 
Engineering Estimate 

Administrative reporting, etc. Previous Estimate 
General site cleanup, revegetation, etc Engineering Estimate 

Engineering Estimate 



TABLE C-3 (continued) 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACtION ALTERNATIVE NO. 4 
INTENSIVE GROUNDWATER EXTRACTION AND TREATMENT 

COST COMPONENT BASIS OR COMMENTS SOURCE 

Laboratory Analysb - TCL VOA 
Mi Expenaea 
Reporting 1 report per sampling event Engineering estimate 

Material Handling 
Operating Labor 
Maintenance Labor 
Administration 

Appnx. 4 hours/day @ @O.OO/hr 
Approx. 24 hours/month @ $3O.OO/hr 

revious Estimate , 
revious Estimate 
revious Estimate 

Labor 
Samples: l/week + l/quarter 
Lab reports, etc (1 report/quarter) ngineering Estimate 



, 

TABLE C-4 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 5 
GROUNDWATER EXTRACTION AND TREATMENT 

Millaneous 

BASIS OR COMMENTS SOURCE 

Previous Estimate 
Previous Estimate 

Extraction Well-Shallow (12) 
Well Development 
Extraction Pumps 
Piping From Wells 

6” stainless steel, 110 ’ deep 
6” stainless steel, 25 ’ deep 

Stainless steel pipe wltench 

Basic Ordering Agreement 
Engineering Estimate 
Engineering Estimate 
Engineering Estimate 
Engineering Estimate 
Basic Ordering Agreecpent 

‘hysicai/Chemical Treatment System 
Air stripper 
Carbon Adsorption 
Misc. Equipment 
keatment Building 

Surface Infastructure 

Carbon units, pumps, electriq etc. Previous Estimates 
Slude dewatering press, holding tank Previous Estimates 

Previous Eatimatea 

Power conduits, piping Engineering Estimate 

Site Restoration 
ngineering Estimate 



TABLE C-4 (continued) 
DETAIL COSTING EVALUATION 
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 5 
QROUNDWATER EXTRACTION AND TREATMENT 

COST COMPONENT BASIS OR COMMENTS SOURCE 

Laboratory Analysis - TCL VOA 

Materials 
Material Handlin 

Pretreatment, treatment, building 
Chemicals, polymer, etc. 
Spent carbon, sludge disposal 

Pmious Estimate 
Previous Estimate 
Previous Estimate 
Previous Estimate , 

Labor 
Laboratory Analysis - TCL VOA 
Reporting 

Samples: l/week + l/quarter 
Lab reports, etc (1 repoNquarter) 

Engineering Estimate 
Engineering Estimate 
Engineering Estimate 



TABLE C-5 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 2 
CAPPING 

XPITAL COST ESTIMATE 

COST COMPONENT 

Equipment Mobiiiition 
Site Clearing 
Miscelianeous Mobilization 

kcess Restrictions 
Fencing 
Signage 

tiultilayered Cap 
Excavation and Loading 
On-Site Hauling 
Confirmation Sampling 

CaP 

iite Restoration 
Fill and Compact 
Grading 
Revegetation 
Miscellaneous 

1emobiiization 
Administrative Activities 
Equipment 

;ubtotal Capital Cost 
Z@neeriig Q 10% 
Zontingencies @ 20% 
?ilot Studies Q 5% 
Total Capital Cost 

2O-Aug-93 

Lump Sum 
Acre 

Lump Sum 

Per Foot 
Each 

Cubic Yard 
Cubic Yard 
Per Sample 

Acre 

Cubic Yard 
Square Yard 

MSF 
Lump Sum 

Lump Sum 
Lump Sum 

6 

19000 
19ooo 
198 
6.5 

$15.00 
$6.08 
$450 

$200,000 

$10.08 
$0.45 
$18.25 
$5,000 

S5,ooo 
$5~ 

SUBTOTAI 
COST 

$15,080 
$9,008 
$10,008 

$26,400 
8360 

s285,ooo 
$114,800 
$85,500 

S1,3oo,ooo 

Sl90,008 
$6,975 
%!.$55 
ss,ooo 

$5,000 
SW0 

S205:679 
$411,358 
$102840 

, 

A 

BASIS OR COMMENTS SOURCE 
2 
ImA 

Excavation and cap equipment Previous estimates 
‘;3 
J 

AI1 AOC and Cap Areas 
Utilities, site support operations Previous estimates 

$26,768 

Cyclone fencing Means 1993, p. 96 
Engineering estimate 

To a depth of 2 or 4 feet Previous estimates 
Hauling within Operable Unit No. 2 Previous estimates 
1 sample/108 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 

$284,530 

Reporting, etc. 
Excavation and cap equipment 

Previous estimates 
Engineering estimate 

$7,080 
$2056,790 

I I 
I  I  

$2776,667 1 I 



TABLE C-5 (continued) 
DETAIL, COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 2 
CAPPING 

)&MCOSTES&ATE 2O-Aug-93 

COST COMPONENT 

hap Maintenance 
Replace Topsoil 
Revegetate 
Inspection 

houndwater Monitoring 
Labor 
Laboratory Analyses 
4X.P VOA 
-CLP SVOA 
-CLP Metals 
kliscellaneous Expenses 
Reporting 

Yotal Capital Costs 
Total Annual 0 & M Costs 
m 

Cubic Yard 
MSF 

Lump Sum 

Hours 

Analyses 
Analyses 
Analyses 

Sample Event 
Report 

$15 
$18 

$6,000 

$375.00 
$585.00 
$339.00 

$~ooo.oo 
Sl#O.OO 

$7,860 
$511 

$6,000 

$1,400 

Assume 6” over l/10 of capped area 
Assume l/10 of capped area 

$14,371 

$23,988 
$2,776,667 

w$359 
%3.400.000 

Semi-annual sampling of 6 wells 
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 

For 30 years 



TABLE C-6A 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 
ON-ME TREATMENT (Incineration for all AOCs) 

COST COMPONENT 

Miillancous Mobiiition 

BASIS OR COMMENTS 

Excavation and cap equipment 

SOURCE 

Previous estimates 

Engineering estimate 

Excavation and Loading 
On-Site Hauling 
Confirmation Sampling 
Incineration 

To a depth of 2 or 4 feet Previous estimates 
Hauling within Operable Unit No. 2 Previous estimates 
18ample/lOO cy excavated soil Previous estimates 
Assume soil density 10s Ib/cf and Previous Estimate 

Fill and Compact 
Graclmg 
Revegetation 
Miillancous 

Excavated areaa 
Excavated Areas 
Excavated Areas 
General site cleanup and close out Engineering estimate 

Excavation and cap equipment 
Previous estimates 
Engineering estimate 



TABLE C-6B 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 

Land Treatment for ARCS 1,2 and 5; Incineration for Remaining AOCs 

COMPONENT BASIS OR COMMENTS SOURCE 

Utilities, rite support operations 
MEANS 1993, p. 29 
Previous estimates 

Engineering estimate 

To a depth of 2 or 4 feet Previous estimates 
Hauling within Operable Unit No. 2 
1 sample/l00 cy excavated soil Previous estimates 

Fill and Compact 
Grading 
Revegetation 
Miillaneous 

Excavated areas 
Exmfated ateas 
Excavated areas 
General site cleanup and close out 

Engineering estimate 

Engineering estimate 

Administrative Activities 
Equipment 



TABLE C-6B (contihueci) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 
Land Treatment for AOCb 1,2 and 5; Incineration for Remaining AOCs 

0 Bt h4 COST ESTIMATE 

COST COMPONENT UNIT 

cy 18200 

UNIT COST 

$18 

SUBTOTAL. 
COST 

$327,600 

BASIS ORCOMMENTS TOW& / 

I Edmated to be 3 yeara 

$327,600 

SOURCE 



TABLEC-6C 
DETAILCOSTINGEVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 

In Sii Trealment for AOC 1; Incineration for Remaining AOCe 

XPITAL COST ESTIMATE 

COST COMPONENT 

Equipment Mobiliition 
Site Clearing 
Miillaneous Mobiliition 

Wess Restrictions 
Fencing 
Signage 

fieatment Preparation 
Excavation and Loading 
On-Site Hauling 
Confiiation Sampling 

In Situ Volatiliition 
Confirmation Sampling 

[ncineration 

Site Restoration 
Fill and Compact 
Orading 
Revegetation 
Miillaneous 

Demobilization 
Administrative Activities 
Equipment 

Subtotal Capital Cost 
Engineering @! 10% 
Contingencies @ 28% 

UNIT COST 

$12 

$60. 

s15.00 
$6.00 
s450 

$20.00 
$450 

$150 

s10.88 
so.45 
S18.25 
ss,~ 

ss,ooo 
S%@)O 

WBTOTAL 
COST > 

s15,080 
@m) 

s10,008 

Sl&ooO 
5360 

s37#500 
s15,886 
Sll1258 

s338,808 
s7430 

w6~758 

S25,OOO 
s&539 
s2555 
s&o@) 

:z 

s110,240- 
$228,479 
s55,12O 

b 
b 

.B. 
I I 6 

TOTAL BASIS OR COMMENTS SOURCE a 

Excavation and cap equipment 
AI1 AOC Areas 
Utilities, site support operations 

Previous estimates 
MEANS 1993, p. 29 

2 
ma 

Previous estimates 
s28pJo I 

I 
! 

$18,368 

Cyclone fencing Means 1993, p. 96 
Engineering estimate 

To a depth of 2 feet 
Hauling within Operable Unit NO. 2 
1 sample/l08 cy excavated soil 

Previous estimates 
Previous estimates 
Previous estimates 

$404,250 

For AOC 1 only 
1 sample/l08 excavated soil to 
identify the edge of contamination 
AOCs 3.4 and 6 

Testa, 1991 
Previous estimates 

EPAl540/6-%I007 

~ Excavated areas Engineering estimate 
Excavated and Cap Areas NAVFAC CES 
Excavated and Cap Areas Means, 1993, p. 1% 
General site cleanup and close out Engineering estimate 

S34,085 

Reporting, etc. Previous estimates 
Excavation and cap equipment Engineering estimate 

s7,ooo 
S1,10~95 



TABLE C-6D (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 
In Situ Tmatment for AOC 1; Land Treatment for AOCS 2 and 5; Chemical Dechlorination for AOCs 3,4 and 6 

1 BtMCOSTEZXIMATB 

COST COMPONENT 

> 
I Situ Volatilization 

2&Aug-93 

UNIT UNITCOST SUBTOTAL 
COST 

-==Fmzr 

TOTAL 
COST 

$50,000 

BASIS OR COMMENTS 

ncl electric, monitoring and labor 
Estimated to be 5 years 

0 
E 
6 
i3 
Ei 
b 
$ 
6 

SOURCE mL 

- -2 
revious estimate a 

2s 
a 



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 artd 6 

BASIS OR COMMENTS SOURCE 

Previous estimates 

Fencing 

Previous estimates 

Previous estimates 

Fii and Compact 
Grading 
Revegetation 
MisceBaneous 

Excavated amas 
Excavated and Cap Areas 
Excavated and Cap Areas 

Engineering estimate 

)emobiiization 
Administrative Activities Lump Sum 1 $s,ooo S5,ooo Repotting, etc. Previous estimates 
Equipment Lump Sum 1 S%W s4~ Excavation and cap equipment Engineering estimate 

S7,ooo 
s1,280,645 

Ingineering @ 10% $123,065 
Zontingencies Q 29% $256,129 
‘ilot Studies @ 5% $64,032 
rota1 Capital Cost $1,728,871 ’ 



, 

TABLE C-6D (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 3 
In Situ Treatment for AOC 1; Land Treatment for AOCa 2 and 5; Chemtoal Deohtotfnation for AOCs 3,4 and 6 

COST COh3PONENl’ BASIS OR COMMENTS 

Oversite 
Materials Approximately 1% of treatment cost 



TABLE C-7 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 4 
PAFiTlAL CAPPINQ, PARTIAL ONSITE TREATMENT (All Areaa of Concern) 

CAPITAL COST ESTIMATE 

I COST COMPONENT 

uipment Mobili&ion 

Miillaneow Mobilization 

Confirmation Sampling 

Confirmation Sampling 

Per Foot 
Each 

1500 
6 

Cubic Yard 2500 
Cubic Yard 2500 
Per Sample 25 

Cubic Yard 1700 

ZubicYard 16500 
‘er Sample 165 

Acre 1 

Cubic Yard 
SquareYard 

MSF 
Lump Sum 

2500 
3420 
140 
1 

Lump Sum 1 
Lump Sum 1 

=i= 4 - 

LJNIT COST 

s15.00 
sa.00 
s450 

$50.00 

S20.00 
$450 

$45,ooo.00 

SUBTOTAL 
I 

TOTAL 
I 

BASIS OR COMMENTS 
I 

SOURCE 
COST COST 

Excavation and cap equipment Previous estimates 
AU AOC and cap areas MEANS 1993, p. 29 
Utilities, site support operations Preview estimates 

S29JDo 

cyclone fencing Means 1993, p. 96 
Engineering estimate 

$18,360 

s37@0 
s15,ooo 
s11250 

To depths of 2 and 4 feet Preview estimates 
Hauling within Operable Unit No. 2 Previous estimates 
1 sample/100 cy excavated soil Previous estimates ’ 

1 $63,750 1 - - I 
s35,ooo 1 1 Incl. earthwork, fertiliir, testing (Pmious estimate 

s85,ooo and decontamination: AOCa 2 & 5 
For AOC 1 only Teata, 1991 
1 sample/l00 excavated aoil to Previous estimates 

1 $4404,250 I identify the edge of contamination I 
s45,ooo 1 1 AOCI 3,4 and 6, incL geomembrane I EPA/540/6-90/007 

S45,ooo and vegetated cover 

Excavated areaa Enghxering estimate 
Excavated and Cap Areaa NAVFAC CES 
Excavated and Cap Areaa Means, 1993, b. 1% 
General site cleanup and close out Engineering estimate 

s5,ooo 
I I 

Reporting, etc. Previous estimates 
SV@O Excavation and cap equipment - Enginee~g estimate - -_ 

s7,ooo 
$686,654 

S68,665 
s137331 
$34333 

$926,983 * 



, 

TABLE C-7 (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 4 
PARTIAL CAPPINQ, PARTIAL ON-SITE TREATMENT 

COST COMPONENT BASIS OR COMMENTS 

Labor 
Laboratory Analyses 
-CLP VOA 
-CLP SVOA 
4X.P Metals 
bfiscellaneou.9 Expenses 
%eporting 

Id. Gel, lodging, supplies 
1 qxnt per sampling event 

Engineering Estimate 

Basic Ordering Agreement 
Basic Ordering Agreement 
Basic Ordering Agreement ’ 
Engineering estimate 
Previous atimatea 



TABLE C-8A 

DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACIION ALTERNATWE No. 5A 
OFF-SITE DISPOSAL 

2O-Aug-93 xPITALcosTEsTIMATE 

BASIS OR COMMENTS cosTcoMPoNENT SOURCE s 
a 

SUBTOTAL 
COST 

$15,800 
$3,208 
$lO,wJ 

$380,000 
$85#500 
S4S6,008 

$3,047,088 

$9woo 
$6,975 
$2$555 
ss,ooo 

ss,ooo 
$WOo 

$411,323 
$822,646 
$285,662 

TOTAL 
COST 

$28,200 

$3968,508 

$109$530 

$7,808 
$4,113,230 

t-4 site Preparation 
Equipment Mobiiiition 
Site clearing 
Miscellaneous 

3ffSite Landfiii 
Excavation and Loading 
Confirmation Samplmg 
Transportation (208 miies one way) 
Disposal (Nonhazardous) 

1 
3.2 
1 

Excavation and treatment equipment 
All AOCS: 140,000 SF 
Utilities hook up, site preparation 

Lump Sum 
Acre 

Lump Sum 

Cubic Yard 
Per Sample 
Loaded Mile 

Ton 

Previous estimates 
Previous estimates 
Previous estimates 

Previous estimates 
Previous estimates 
Means, 1993, p. 26 
Vendor Quote 

19080 
198 

152008 
27700 

$20.00 
$450 
$3 

$110 

AOCs 2 through 6 
1 sample/108 cy excavated soil 
Based on 25 cy/truck 
Landfiffl in Pinewood, SC 

iite Restoration 
Fill and Compact 
Grading 
Revegetation 
Miscellaneous 

$5.00 
so.45 
$18.25 
s5,ooo 

19088 
15508 
140 
1 

Cubic Yard 
Square Yard 

MSF 
Lump Sum 

Lump Sum 
Lump Sum 

Excavated areas 
Excavated areas 
Ail disturbed (cleared) areas 
General site cleanup 

Engineering estimate 
NAVFAC CBS 
Means, 1993, p. 106 
Engineering estimate 

Previous estimates 
Engineering estimate 

1emobiiiition 
Administrative Activities 
Equipment 

1 
1 

Reporting, etc. 

iubtotal Capital Cost 
Zngineering @ 10% 
Zontingencies @ 28% 
‘iiot Studies @ 5% 



TABLE C-8B 
DETAIL COSTING’EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 58 
OFF-SITE TREATMENT 

Treatment 

ite Restoration 
Fill and Compact 
Grading 
Revegetation 
Miscellaneous 

Cubic Yard 
Square Yard 

MSF 
Lump Sum 

)emobilixation 
idministrative Activities 
Equipment 

Lump Sum 
Lump Sum 

:ubtotal Capital Cost 
!ngineering @ 10% 
Iontingencies @ 26% 
‘ilot Studies @ 5% 

QUANTII'Y 

1 
3.2 
1 

19000 
198 

27708 

19008 
15598 
140 
1 

1 
1 

, 

UNJTCOST SUBTOTAL TOTAL 
COST COST 

$15,890 $15,808 
$1,808 $3208 
$10,008 $10,ooo 

$28,200 

$20.00 $388,008 
$450 $85,508 
$3 $684,000 

$508 $13,850,880 
s 14999,508 

$5.80 $95,808 
$0.45 $6,975 
$18.25 Q555 
$5,880 $5,808 

%109$530 

I 
1 $3,028,846 1 
1 $757,212 1 

0 

E 
3- 
0 
is 
01 
0 
b 
ii& 

d 
4 

BASIS OR COMMENTS 25 
A 

All AOCS: 140,000 SF 
Utilities hook up, site preparation 

Previous estimates 
Previous estimates 

AOCs 2 through 6 
1 sample/108 cy excavated soil 
Based on 25 cyltruck 
Permitted ‘ISDF 

Previous estimates 
Previous estimates 

Previous estimates 

Excavated areas 
Excavated areas 
All disturbed (cleared) areas 
General site cleanup 

Engineering estimate 
NAVFAC CES 
Means, 1993, p. 106 
Engineering estimate 

Reporting, etc. Previous estimates 
Engineering estimate 



TABLEC-9 
DETAILCOSTINGEVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 6 
PARTIAL CAPPING, PARTIAL ON-SITE TREATMENT (Limited Areas of Concern) 

COST COMPONENT 

aneous Mobilization 

Lkatment Preparation 
Excavation and Loading 
On-Site Hauling 
Confirmation Sampling 

Cubic Yard 
Cubic Yard 
Per Sample 

iite Restoration 
Fill and Compact 
Grading 
Revegetation 
Miillaneous 

Cubic Yard 
Square Yard 

MSF 
Lump Sum 

remobilization 
Administrative Activities 
Equipment 

Lump Sum 
Lump Sum 

iubtotal Capita1 Cost 
Lgineedng @ io% 

160 $18.25 S%=O 
1 $5,ooo WOO 

$12,190 

1 sst~ $5,@)0 
1 SW@) wJ@J 

$7,ooo 
s525,600 

I I 

BASIS OR COMMENTS 
I 

SOURCE 

Excavation and cap equipment 
All AOC and cap areaa 
Utilitieq rite support operations 

Previous estimates 
MEANS 1993, p. 29 
Previous estimates 

cyclone fencing Means 1993, p. 96 
Engineering estimate 

Previous estimates 

identify the edge of contamination 
AOCS 4 and 5, incl. geomembrane 1 EPAJ540/6-90/007 

( 
Gencralsiteckanupandckwout ’ ’ ’ 

Reporting, etc. 
Excavation and cap equipment 

Previous estimates 
Engineering estimate 



, 

TABLE C-9 (continued) 
DETAIL COSTING EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 6 
PARTIAL CAPPING, PARTIAL ON-SITE TREATMENT (Umitd Areas of Concern) 

6” of l/10 of capped area 

Labor 
Ldor8toIy Analyses 
-CLP VOA 
-CL.I’ SVOA 
-CU Metal8 

Millaneow Expenses Incl. travel, lodging, ruppliu 
1 report per sampling event 

Basic Ordering Agreeyent 
Basic Ordering Agreement 

prcviow estimates 



TABLE C-10 
DETAIL, COSTING-EVALUATION 
SOIL REMEDIAL ACTION ALTERNATIVE No. 7 
ON-SITE TREATMENT AN0 OFF-SITE OISPOSAL 
(In Situ Treatment for AOC 1; Off-Site Disposal for Remaining AOCs) 

‘APITAT 

, 

COST COMPONENT BASIS OR COMMENTS 

Site Clearing 
Miscellaneous 

AU AOCS: 140,000 SF 

Treatment System * Cubic Yard 16500 $20 $330,ooo For AOC 1 only, 4 feet depth Testa, 1991 
Confirmation Sampling Per Sample 165 $450 s74J50 Identify edge of contaminated area Previous estimates 

$404,250 
)ff-Site Landfill 
Excavation and Loading Cubic Yard 2500 $20.00 $50,000 AOcS2through6 Previous estimates 
Confirmation Sampling Per Sample 25 $450 SllJ50 1 sample/100 cy excavated soil Previous estimates 
Transportation (24Kl miles one way) Loaded Mile 2WMJ $3 s60,ooo Based on 25 cyhruck Means, 1993, p. 26 
Dispxal Fee (Nonhazardous) Ton 3645 $110 $400,950 Landfill in Pinewood, SC Vendor Quote 

$522,200 
iite Restoration 
Fill and Compact Cubic Yard 2500 $5.00 $12$Jo Excavated areas Engineering estimate 
Grading Square Yard 3400 $0.45 $1,530 Excavated areas NAVFAC CES 
Revegetation MSF 140 $18.25 $3555 

$5,ooo 
All disturbed (&a&l) areas Means, 1993, p. 106 

Miscellaneous Lump Sum 1 s5,ooo General site cleariup Engineering estimate 
$21,585 

)emobiliition 
Administrative Activities Lump Sum 1 $5#00 s5,ooo Reporting, etc. Previous estimates 
Equipment Lump Sum 1 swoo $%~ Engineering estimate 

$7,000 
iubtotal Capital Cost $983,235 
Zngineering @ 10% 
hntingencies @ 20% I I I 

$98,324 
$196,647 I I ---I 

‘ilot Studies @ 5% $49,162 
I I I I 



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; OffSite Disposal for Remaining AOCs) 

j . 
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