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EXECUTIVE SUMMARY 

INTRODUCTION 

This report documents the Feasibility Study (FS) conducted for Operable Unit No. 12 (Site 3), 
otherwise known as the Old Creosote Plant, at Marine Corps Base (MCB), Camp Lejeune, North 
Carolina. Baker Environmental, Inc. (Baker) has prepared this FS for Contract Task Order 0274 
under the Department of the Navy @ON) Atlantic Division Naval Facilities Engineering Command 
(LANTDIV) Comprehensive Long-Term Environmental Action Navy (CLEAN) program. The FS 
has been primarily based on data collected during the Remedial Investigation (RI) for Site 3, which 
was conducted from September 1994 through January 1996. 

SITE DESCRIPTION AND HISTORY 

Site 3 is located along Holcomb Boulevard within the Mainside Supply and Storage areas at MCB, 
Camp Lejeune. Open Storage Lots 201 and 203 (i.e., Site 6) are located nearby along Holcomb 
Boulevard approximately 1.-l/2 miles from the site. 

Site 3 encompasses an area of approximately five acres and is generally flat and unpaved. Two 
roadways intersect the site: a dirt path that runs north-south and forms a loop in the southern portion 
of the site, and a gravel road that runs east-west and leads directly to Holcomb Boulevard. Access 
to the site via these roadways is currently unrestricted. In addition, the Camp Lejeune Railroad line 
runs parallel to the site’s western edge and intersects an old railroad spur line at the site’s southern 
extreme. The intersection of these two lines creates a spike formation that points south. Wooded 
areas lie north and east of the site. 

The old creosote plant reportedly operated from 1951 to 1952 to supply treated lumber during 
construction of the Base railroad. Reportedly, an on site sawmill, located in the northern portion of 
the site, was used to trim logs into railroad ties. The ties were then treated with hot creosote in 
pressure cylinder chambers. Records show that preservatives (i.e., creosote) were stored for reuse 
in a railroad tank car. 

In typical pressure treatment processes, wood ties are placed inside cylindrical chambers which are 
filled with wood-treating preservatives. Then, hydrostatic or pneumatic pressures, ranging from 50 
to 200 pounds per square inch (psi), are applied within the treatment chamber until the wood absorbs 
the desired amount of preservatives. When the treatment process is complete, a pump removes the 
excess preservatives from the chamber and sends it to a storage vessel for reuse. Excess preservative 
is then removed from the wood by applying a vacuum, or by allowing the wood to drip dry. In the 
past, treated wood lay in open areas for several days, allowing preservative to drip. Today, treated 
wood is typically placed on lined and covered drip pads to collect excess preservative. 

The main treatment area at Site 3 was most likely located within and immediately surrounding the 
dirt path loop in the southern portion of the site. This area contains an abandoned chimney that was 
probably associated with creosote heating/thinning activities. (Creosote is heated and mixed with 
fuel oil to create a less viscous consistency.) The 240 foot long concrete pad encircled by the dirt 
path loop was probably used as a drip track for pressure cylinder chambers or treated wood ties. 
However, the concrete pad does not contain visual evidence of contamination. South of the pad, 
evidence of rail lines was observed indicating that a railroad connection may have been located in 

ES-l 



this area. The railroad connection may have transported creosote or ties to and from the treatment 
area. 

NATURE AND EXTENT OF CONTAMINATION 

Based on the results of a previous investigation and the RI, the most frequently detected organic 
contaminants at Site 3 were polynuclear aromatic hydrocarbons (PAHs). Because creosote is made 
up of PAH compounds, the PAHs detected at Site 3 are believed to be associated with operations 
at the former creosote plant. Soil and groundwater (both shallow and deep) contained the highest 
levels of PAH compounds. In soil, the maximum PAH concentrations occurred in the treatment area 
of the site. In groundwater, the maximum PAH concentrations occurred in the treatment area and 
in the southern rail spike area. In addition to PAHs, fuel constituents, including benzene, were 
detected in soil and groundwater (both shallow and deep) at Site 3. The maximum concentrations 
of these fuel constituents, however, were scattered sporadically across the site. 

HUMAN HEALTH RISK ASSESSMENT 

As part of the RI, a human health risk assessment (RA) was conducted to identify contaminants of 
potential concern (COPCs) and to assess potential human health risks associated with these COPCs. 
Semivolatile organic compounds (SVOCs) were identified as COPCs for surface and subsurface soil, 
and volatile organic compounds (VOCs) and SVOCs were identified as COPCs for groundwater. 
Table ES-1 presents the incremental cancer risk (ICR) and hazard index (HI) values that were 
generated for each environmental medium and relevant receptor. ICR values that exceed the USEPA 
limit of lE-04, and HI values that exceed the USEPA limit of 1.0, indicate unacceptable human 
health risks. These unacceptable risk values are shaded in Table ES- 1. Because three groundwater 
sampling rounds were conducted, the risk values were generated under two approaches: 1) the 
evaluation of Round 2 groundwater data, and 2) the evaluation of Rounds 1,2, and 3 groundwater 
data combined (referred to as the “Worst Case” approach). 

ECOLOGICAL RISK ASSESSMENT 

During the RI, an ecological RA was conducted to address the impacts that COPCs may be having 
on terrestrial receptors, threatened or endangered species, and wetlands at Site 3. Under the 
terrestrial receptor evaluation, several COPCs exceeded surface soil screening values (SSSVs) in 
open grass areas or along tree lines. However, most of the studies used to develop the SSSVs do not 
take into account the soil type, which may have a large influence on the toxicity of the contaminants. 
In addition, most of the SSSVs are based on one or two studies which limits their reliability for a 
wide range of site-specific circumstances. As a result, the SSSVs have a high degree of uncertainty 
associated with them, and are not well-established. Consequently, the potential ecological risks 
based on these SSSVs may not be completely accurate and most likely err on the conservative side. 
In addition, none of the quotient indices (QIs) generated for terrestrial receptors exceeded the 
acceptable limit of 1.0 so potential impacts to terrestrial mammals or birds are not expected. No 
threatened or endangered species or wetlands are known to occur at Site 3. 

MEDIA OF CONCERN, CONTAMlNANTS OF CONCERN, AND REMEDIATION LEVELS 

Based on the results of the RAs, subsurface soil and groundwater were determined to be the media 
of concern at Site 3. Tables ES-2 and ES -3 present the final set of contaminants of concern (CO&) 
and remediation levels (RLs) developed for soil and groundwater, respectively. 
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AREAS OF CONCERN 

Subsurface Soil 

Several semivolatile organics were detected in the subsurface soil at concentrations exceeding the 
soil RLs. Based on the locations of these exceedences, a subsurface soil area of concern (AOC) was 
identified in the area immediately surrounding monitoring well 03-MW02. This AOC extends from 
3 feet below ground surface (bgs) to a depth of approximately 9 feet bgs which is just above the 
water table. The amount of soil contained within this AOC is approximately 1,340 cubic yards. It 
appears as though this subsurface soil AOC is the main source of PAH-contaminated grouudwater 
in the shallow aquifer. 

Groundwater 

Volatile organics, semivolatile organics, and inorganics were detected at concentrations exceeding 
the groundwater RLs in both the shallow and Castle Hayne aquifers. However, the main problem 
at Site 3 appears to be semivolatile organic contaminants (in particular, naphthalene) in the shallow 
aquifer. Thus, two shallow groundwater AOCs were identified at the site. One AOC is centered 
around well 03-h4WO2; the other AOC is centered around well 03-MW06 in the southern rail spike 
portion of the site. 
Volatile organics in the shallow aquifer, volatile and semivolatile organics in the Castle Hayne 
aquifer, and inorganics in the shallow aquifer were not included in the groundwater AOCs. This is 
because there was no apparent pattern to their detections, and/or the contaminant concentrations only 
slightly exceeded RLs. However, these contaminants will not be ignored in the FS. Instead, they 
will be addressed with long-term monitoringlinstitutional control alternatives, as opposed to active 
treatment alternatives. 

REMEDIAL ACTION OBJECTIVES 

The following remedial action objectives (RAOs) were developed for soil at Site 3: 

0 soil- 

Prevent the leaching of PAH contaminants from the subsurface soil to the 
groundwater. 

0 Soil RAO #2 
Remediate subsurface soil at the site to the specified remediation levels. 

The following remedial action objectives were developed for groundwater at Site 3: 

l Groundwater RAO # 1 
Prevent the potential for direct exposure via ingestion, dermal contact, and 
inhalation, to contaminated groundwater. 

0 Groundwater RAO #2 
Remediate groundwater in the shallow aquifer to the specified remediation levels. 
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REMEDIAL ACTION ALTERNATIVES FOR SOIL 

. . Soil Remedial Action Alternative &%A) No. 1, No Actioa 

0 Capital Cost: $0 
l Annual Operation and Maintenance (O&M) Cost: $0 
0 Net Present Worth (NPW): $0 
0 Time to Implement: 0 

Under the no action alternative, subsurface soil will remain as is. No active remedial actions will 
be implemented. Because contaminated soil will be left on site, this alternative will require five- 
year reviews by the lead agency. 

. . ** 011 RAA No. 2. Ins- 

0 Capital Cost: Negligible 
l Annual O&M Cost: $0 
0 NPW: Assumed to be $0 
0 Time to Implement: Less than one year 

Under Soil RAA No. 2, the subsurface soil will be left in place under its current conditions; no active 
remedial actions will be implemented. However, institutional controls, including land use controls 
and deed restrictions, will be implemented to limit future land use at the site. The land use controls 
will be implemented via the Base Master Plan and the deed restrictions will be implemented if the 
Base were to close. Because contaminated soil will be left on site, this alternative will require five- 
year reviews by the lead agency. 

. . . Soil RAA No. 3. Source Removal and Off Site Jandfillrspos~ 

0 Capital Cost: $917,000 
l Annual O&M Cost: $0 
l NPW: $917,000 
0 Time to Implement: Less than one year 

Under Soil RAA No. 3, the soil AOC will be excavated and transported off site for landfill disposal. 
Since creosote is a listed hazardous waste, the soil will be transported to a RCRA-permitted 
Subtitle C facility. Five-year reviews by the lead agency will not be required for soil. However, 
these reviews may be required for contaminated groundwater at Site 3. 

. 
Soil RAA No. 4: Source Removal and Off Site Incmeratton 

0 Capital Cost: $3,150,000 
l Annual O&M Cost: $0 
l NPW: $3,150,000 
0 Time to Implement: Less than one year 

Under Soil RAA No. 4, the soil AOC will be excavated then transported to a permitted incineration 
facility for treatment and disposal. Five-year reviews by the lead agency will not be required for 
soil. However, these reviews may be required for contaminated groundwater at Site 3. 

ES-4 



. . . . 011 RAA No. 5. Source Removal and B101ow1 Treatment 

0 Capital Cost: 
0 Annual O&M Cost: 
0 NPW: 
l Time to Implement: 

$362,000 
$3 5,000 
$5 14,000 
Assumed to be 5 years 

Under Soil RAA No. 5, the soil AOC will be excavated and transported to the existing biocell at Lot 
203, MCB, Camp Lejeune. The biocell, a landfarm unit with a 1,000 cubic yard capacity, is 
currently permitted to treat total petroleum hydrocarbon (TPH)-contaminated soil, so permit 
modifications will be required. Biocell maintenance will include monthly soil sampling for total 
organic carbon, nutrients (i.e., nitrogen and phosphorous), pH, moisture content, and bacterial 
population density, and bimonthly tilling of the contaminated soil for aeration. Initially, the 
contaminated soil will be mixed with dry, granular fertilizer, but periodic nutrient/fertilizer mixing 
may also be required. Prior to implementation, a pilot-scale treatability study will be conducted at 
Site 3 to further determine the effectiveness of this alternative. Under Soil RAA No. 5, five-year 
reviews by the lead agency will not be required for soil. (However, these reviews may be required 
for contaminated groundwater at Site 3.) 

REMEDIAL ACTION ALTERNATIVES FOR GROUNDWATER 

Ground 
. . water RAA No. 1. No Action 

0 Capital Cost: $0 
l Annual O&M Cost: $0 
0 NPW: $0 
0 Time to Implement: 0 

Under the no action alternative, groundwater will remain as is. No active remedial actions will be 
implemented. Because contaminated groundwater will be left untreated, this alternative will require 
five-year reviews by the lead agency. 

. *- Groundwater RAA No. 2. Instltutlonal-2 itori 

l Capital Cost: $0 
0 Annual O&M Cost (Years l-5): $64,000 
0 Annual O&M Cost (Years 6-30): $33,000 
0 NPW: $643,000 
l Time to Implement: 30 years 

Under Groundwater RAA No. 2, contaminated groundwater at Site 3 will remain as is; no remedial 
actions involving treatment will be implemented. However, institutional controls (including aquifer 
use restrictions and deed restrictions) and a long-term groundwater monitoring program will be 
implemented. The aquifer use restrictions, implemented via the Base Master Plan, will prohibit 
future use of the shallow and Castle Hayne aquifers, within the immediate vicinity of Site 3, as 
potable water sources. The deed restrictions will prevent future placement of wells at the site. 
Under the proposed monitoring program, samples will be periodically collected from seven existing 
monitoring wells (03~MWO2,03-MWO2IW, 03-MW02DW, 03-MWO6,03-MWO7,03&lWOS, and 
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03-MWl lIW) and analyzed for target compound list (TCL) WCs and SVOCs. For cost estimating 
purposes, quarterly sampling was assumed for years l-5, and semiannual sampling was assumed for 
years 6-30. Because contaminated groundwater will be left untreated, this alternative will require 
five-year reviews by the lead agency. 

. . . 
Groundwater RAA NoU&ractrQn and On Site Carbon Adsorptron Trem . 

0 Capital Cost: $422,000 
0 Annual O&M Cost for Monitoring (Years l-5): $64,000 
0 Annual O&M Cost for Monitoring (Years 6-30):$33,000 
0 Annual O&M Cost for Treatment Plant: $85,000 
0 NPW: $2,369,000 
0 Time to Implement: 30 years for treatment plant 

O&M; 30 years for long-term 
monitoring 

Groundwater RAA No. 3 involves the installation of two extraction wells (in the shallow aquifer) 
that will intercept the two groundwater AOCs. One extraction well will be positioned near existing 
well 03-MW02, and one extraction well will be positioned near existing well 03-MW06. Once the 
groundwater is extracted, it will undergo pretreatment for oil/water separation and suspended 
solids/metals removal, then liquid-phase carbon adsorption treatment, at an on site treatment plant. 
The treated groundwater will be discharged into a nearby sanitary sewer line for subsequent 
discharge to one of the sewage treatment plants located on Base. In addition to groundwater 
extraction and treatment, Groundwater RAA No. 3 includes the same institutional controls and long- 
term groundwater monitoring program that are described under Groundwater RAA No. 2. Because 
contamination will remain in the groundwater indefinitely, Groundwater RAA No. 3 will require 
five-year reviews by the lead agency. 
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TABLE ES-1 

SUMMARY OF HUMAN HEALTH RISKS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I Total I Total 

Receptors 

Military Personnel 

Future Child Resident 

Future Adult Resident 

Future Construction 
Worker 

Round 2 Worst Case 
Soil Groundwater Groundwater 

ICR HI ICR HI ICR HI 

1.7E-06 
(100) NA NE NE NE NE 

1.4E-05 
(74)/(<1) NA 

5.4E-06 
(34)/(<1) NA 

1 .OE-07 co.01 
w9 (100) NE NE NE NE 

with Round 2 
Groundwater 

Contamination 

ICR HI 

1.7E-06 NA 

1 .OE-07 co.01 

with Worst Case 
Groundwater 

Contamination 

ICR HI 

1.7E-06 NA 

1 .OE-07 co.01 

Notes: 

ICR = Incremental Lifetime Cancer Risk 
HI = Hazard Index 
Total = Soil + Groundwater 
NE = Not Evaluated for Potential Receptor 

(“;” 

= Not Applicable (no noncarcinogenic COPCs) 
= Percent contribution to total risk 

( )/( ) = First is percent contribution to total risk with round 2 groundwater results; Second is percent contribution to total risk with 
worst case groundwater results (combined Rounds 1,2,3) 



TABLE ES-Z 

SOIL COCs AND REMEDIATION LEVELS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Concern Iu 

Naphthalene 30,000 

2-Methylnaphthalene 30,000 

Carbazole 500 

Benzo(a)anthracene 700 

Basis of Goal 

SSL 

SSL 

SSL 

SSL 

Chrysene 
I  

I 1,000 I SSL I 
I  I  

4-Nitroohenol : 1 I 0 I SSL 1 L 
I I 

N-nitrosodiphenylamine I 200 I SSL 

Notes: 

RL - Remediation Level in microgram per kilogram (@kg) 
SSL - USEPA Region III Soil Screening Level (USEPA, 1996) 



TABLE ES-3 

GROUNDWATER COCs AND REMEDIATION LEVELS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant of Concern RL 

Benzene 1 

Phenol 300 

2-Methylphenol 78 

2,CDimethylphenol 31 

Naphthalene 

2-Methyhtaphthalene : 

21 NCWQS 

63 Groundwater Ingestion 

Dibenzofuran 6 

Phenanthrene 210 

Benzo(a)anthracene 0.05 

Chrysene 5 

Chloroform 0.19 

Carbazole 4 

Benzo(b)fluoranthene 0.12 

B’enzo(k)fluoranthene 1 

Benzo(a)pyrene I 2 

Iron I 300 

Aluminum I 50 

Notes: 

Basis of Goal Corresponding Risk 

NCWQS 

NCWQS 

Groundwater Ingestion 

Groundwater Ingestion 

HI=O.l 

HI=O.l 

HI=O.l -I 

Groundwater Ingestion 

NCWQS 

HI=O.l 

NCWQS 

NCWQS 

Groundwater Ingestion ICR-1x10& 

Groundwater Ingestion --i ICR=1x106. 

Groundwater Ingestion ICR-1~10~ 

MCL ---I 

MCL I I 

NCWQS I I 
SMCL I I 

RL - Remediation Level in microgram per liter (ppb) 
NCWQS - North Carolina Water Quality Standard 
MCL - Maximum Contaminant Level 
SMCL - Secondary Maximum Contaminant Level 
HI - Hazard Index 
ICR - Incremental Cancer Risk 



TABLE ES-4 

DETAILED ANALYSIS OF SOIL ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

RAA No. 2 RAA No. 3 RAA No. 4 RAA No. 5 
RAANo. 1 Institutional Controls Source Removal and Source Removal and Source Removal and 

Evaluation Criteria No Action and Monitoring Landfill Disposal Incineration Composting 
, 
OVERALL PROTECTIVENESS 

l Human Health /If left as is, subsurface IIf left as is, subsurface Eliminates a source of Eliminates a source of Eliminates a source of 
groundwater zroundwater Foundwater 
:ontamination so :ontamination so :ontamination so 
human health risks urman health risks human health risks 
associated with associated with Esociated with 
groundwater will be groundwater will be goundwater will be 
significantly reduced. rignificantly reduced. significantly reduced. 

l Environmental Protection According to the According to the 
ecological RA, ecological R4, 
conditions at Site 3 are conditions at Site 3 are 
already protective of the already protective of the 
environment. environment. 

COMPLIANCE WITH ARARs 

soil will continue to be soil will continue to be a 
a source of groundwater source of groundwater 
contamination. As contamination. As such, 
such, the soil will be the soil will be 
contributing to contributing to 
unacceptable human unacceptable human 
health risks associated health risks associated 
with groundwater. with groundwater. 

However, institutional 
controls and monitoring 
will reduce the risks. 

According to the According to the According to the 
ecological RA, ecological RA, ecological RA, 
conditions at Site 3 are conditions at Site 3 are conditions at Site 3 are 
already protective of already protective of the already protective of thl 
the environment. environment. environment. 

l Chemical-Specific Contaminant levels 
ARAlWTBCs exceeding chemical- 

specific TBCs will 
remain in the 
subsurface soil. 

l Location-Specific ARARs Not applicable. 

l Action-Specific ARARs Not applicable. 

Contaminant levels Subsurface soil at the Subsurface soil at the Subsurface soil at the 
exceeding chemical- site will meet chemical- site will meet chemical- site will meet chemical. 
specific TBCs will specific TBCs; the specific TBCs; the specific TBCs; the 
remain in the subsurface ‘landfilled soil will not excavated soil is excavated soil is 
soil. meet chemical-specific expected to meet expected to meet 

TBCS. chemical-specific TBCs chemical-specific TBC: 
via thermal treatment. via biological treatmenl 

Not applicable. Can be designed to Can be designed to Can be designed to 
meet location-specific meet location-specific meet location-specific 
ARARs. ARARs. ARARs. 

Not applicable. Can be designed to Can be designed to Can be designed to 
meet action-specific meet action-specific meet action-specific 
ARARs. ARARs. ARARs. 



TABLE ES-4 (Continued) 

DETAILED ANALYSIS OF SOIL ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

RAA No. 2 
RAA No. 1 Institutional Controls 

Evaluation Criteria No Action and Monitoring 

LONG-TERM EFFECTIVENESS AND PERMANENCE 

RAA No. 3 RAA No. 4 
Source Removal and Source Removal and 

Landfill Disposal Incineration 

RAA No. 5 
Source Removal and 

Cornposting 

D Magnitude of Residual Risk Risks to contaminated Institutional controls Removal of the Removal of the Removal of the 
groundwater will and monitoring will contaminant source contamiuant source area contaminant source are; 
remain unchanged. reduce the risks area will significantly will significantly reduce will significantly reduc 

associated with reduce the risks the risks associated with the risks associated wit1 
groundwater. associated with groundwater. groundwater. 

groundwater. 

D Adequacy and Reliability Not applicable - no Adequate controls for Adequate controls for Adequate controls for Adequate controls for 
of Controls controls. preventing exposure to preventing exposure to preventing exposure to preventing exposure to 

the creosote the creosote the creosote the creosote 
contaminants. contaminants. contaminants. contaminants. 

D Need for 5-year Review Review will be required Review will be required Review will not be Review will not be Review will be requirec 
to ensure adequate to ensure adequate required. required. to ensure adequate 
protection of human protection of human protection of human 
health and the health and the health and the 
environment. environment. environment. 

REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT 

B Treatment Process Used 

D Amount Destroyed or 
Treated 

No treatment process. No treatment process. No treatment process. Incineration. Biological treatment. 

None. None. None. None. None. 

D Reduction of Toxicity, None. None. None. Reduction in toxicity, Overall reduction in 
Mobility, or Volume mobility, and volume of toxicity, mobility, and 
Through Treatment soil contaminants. volume of soil 

contaminants. 

D Residuals Remaining After Not applicable - no Not applicable - no Not applicable - no No treatment residuals Treatment residuals wil 
Treatment treatment. treatment. treatment. -will remain on site. include the compost 

itself which may be 
beneficially reused as 
fertilizer material. 

s Statutory Preference for 
Treatment 

Not satisfied. Not satisfied. Not satisfied. Satisfied. Satisfied. 



TABLE ES-4 (Continued) 

DETAILED ANALYSIS OF SOIL ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

RAA No. 2 RAA No. 3 RAA No. 4 RAA No. 5 
RAA No. 1 Institutional Controls Source Removal and Source Removal and Source Removal and 

Evaluation Criteria ‘No Action and Monitoring Landfill Disposal Incineration Cornposting 

SHORT-TERM EFFECTIVENESS 

D Community Protection 

a Worker Protection 

D Environmental Impact 

) Time Until Action is 
Complete 

Potential risks to the IPotential risks to the IPotential risks to the 
community will not be 
increased. 

;ommunity will not be community will be 
;igniIicantly increased. temporarily increased 

during soil excavation 
and transportation 
activities: 

Potential risks to the Potential risks to the 
community will be community will be 
ltemporarily increased temporarily increased 
,during soil excavation during soil excavation 
and transportation and during the life of 
activities; also, the compost piles. 
incinerator off-gases 
will increase risks to the 

No risks to workers. 
workers (only during workers will be 
No significant risks to 

groundwater sampling). temporarily increased 

Potential risks to 

during soil excavation 
and transportation 
activities. 

workers will be 

community. 

workers will be 
temporarily increased temporarily increased 

Potential risks to 

during soil excavation 

Potential risks to 

during soil excavation 
and transportation and during compost 
activities. O&M. 

No additional 
:nvironmental impacts. 

Not applicable. 

environmental impacts. environmental impacts. environmental impacts. 

~~ 



TABLE ES-4 (Continued) 

DETAILED ANALYSIS OF SOIL ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 

IMPLEMENTABILITY 

RAA No. 1 
No Action 

RAA No. 2 
Institutional Controls 

and Monitoring 

RAA No. 3 
Source Removal and 

Landfill Disposal 

RAA No. 4 
Source Removal and 

Incineration 

RAA No. 5 
Source Removal and 

Composting 

0 Ability to Construct and No construction or 
Operate operation activities. 

l Ability to Monitor 
Effectiveness 

No monitoring plan for 
measuring 
effectiveness. 

l Availability of Services and 
Capacities; Equipment 

No services or 
equipment required. 

l Requirements for Agency 
Coordination 

None required. 

COST (Net Present Worth) $0 

No construction or Easy to implement if 
operation activities. excavation remains 

above the water table; 
no O&M after soil is 
disposed; requires 
appropriate materials 
handling procedures. 

Monitoring plan will Monitoring plan will 
measure the alternatives measure the 
effectiveness. alternatives 

effectiveness. 

‘Easy to implement if 
excavation remains 
above the water table; 
nd O&M after soil is 
disposed; requires 
appropriate materials 
handling procedures. 

No services or 
equipment required. 

Services and equipment Services and equipment Services and equipment 
should be readily should be readily should be readily 
available. available. available. 

No significant 
requirements. 

Must submit Air and water discharge 
semiannual reports to permits may be 
document sampling. required. 

$341,000 I $872,000 I %2,395,000 

Easy to implement if 
excavation remains 
above O&M for an 
extended period of 
time; O&M utilizes 
simple equipment and 
procedures. 

Monitoring plan will 
measure the alternatives 
effectiveness. 

Coordination with 
Department of 
Transportation for off 
site transport of soils; 
federal and state 
acceptance of off site 
facility is required. 

$947,000 



TABLE ES-5 

DETAILED ANALYSIS OF GROUNDWATER ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, C’iO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 

VERALL PROTECTIVENESS 

RAA No. 1 
No Action 

RAA No. 2 
Institutional Controls and Monitoring 

RAANo. 3 
Extraction and On Site Carbon 

Adsorption Treatment 

Human Health 

Environmental Protection 

OMPLIANCE WITH ARARs 

No reduction in potential human health Institutional controls and long-term Institutional controls, long-term 
risks. monitoring will reduce potential human monitoring, and groundwater 

health risks. extraction/treatment will reduce potential 
human health risks. 

No reduction in potential risks to No reduction in potential risks to No reduction in potential risks to 
ecological receptors. ecological receptors. ecological receptors. 

Chemical-Specific ARARs 

Location-Specific ARARs 

Contaminant levels exceeding chemical- Contaminant levels exceeding Contaminant levels exceeding chemical- 
specific ARARs will remain in the chemical-specific ARARs will remain in specific ARARs will most likely remain 
groundwater. the groundwater. in the groundwater. 

Not applicable. Not applicable. Can be designed to meet location- 
specific ARARs. 

Action-Specific ARARs Not applicable. Not applicable. Can be designed to meet action-specific 
ARARs. 

ONG-TERM EFFECTIVENESS AND PERMANENCE 

Magnitude of Residual Risk 

Adequacy and Reliability of 
Controls 

Risks to contaminated groundwater will Institutional controls and monitoring will Institutional controls and monitoring will 
remain unchanged; these risks will be reduce the risks associated with reduce the risks associated with 
minima1 considering the hydrophobic contaminated groundwater; these risks contaminated groundwater; these risks 
nature of the PAH contaminants. will be minimal considering the will be minimal considering the 

hydrophobic nature of the PAH hydrophobic nature of the PAH 
contaminants, contaminants. 

Not applicable - no controls. The monitoring program is adequate and Once designed/sized in accordance with 
reliable for determining the alternative’s site-specific characteristics, 
effectiveness. If they are enforced over extraction/treatment should be both 
time, aquifer use and deed restrictions adequate and reliable. The monitoring 
will be adequate and reliable for program is adequate and reliable for 
preventing human exposure to the determining the alternative’s 
groundwater. effectiveness. If they are enforced over 

time, aquifer use and deed restrictions 
will be adequate and reliable for 
preventing human exposure to the 
groundwater. 



TABLE ES-5 (Continued) 

DETAILED ANALYSIS OF GROUNDWATER ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

RAA No. I 
Evaluation Criteria No Action 

LONG-TERM EFFECTIVENESS AND PERMANENCE (continued) 

RAA No. 2 
Institutional Controls and Monitoring 

RAA No. 3 
Extraction and On Site Carbon 

Adsorption Treatment 

l Need for 5-year Review Review will be required to ensure Review will be required to ensure Review will be required to ensure 
adequate protection of human health and adequate protection of human health and adequate protection of human health and 
the environment. the environment. the environment. 

REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT 

l Treatment Process Used No treatment process. No treatment process. Extraction wells, liquid-phase carbon 
adsorption, metals pretreatment, 
oil/water separation. 

l Amount Destroyed or Treated None. None. Some of the contamination will be 
treated; some will remain adsorbed to 
subsurface soil particles or trapped in 
pores spaces and fissures. 

l Reduction of Toxicity, Mobility, or None. None. I Some. 
Volume Through Treatment 

l Residuals Remaining After Not applicable - no treatment. Not applicable - no treatment. Treatment residuals will include sludge, 
Treatment separated oil, exhausted carbon, and 

treated groundwater. 

l Statutory Preference for Treatment Not satisfied. Not satisfied. Satisfied. 

SHORT-TERM EFFECTIVENESS 

0 Community Protection Potential risks to the community will not Potential risks to the community will not Potential risks to the community will be 
be increased during implementation, be significantly increased. increased during installation of the 

extraction/treatment system, and during 
system operation. 

l Worker Protection No risks to workers. Potential risks to workers will be slightly Potential risks to workers will be 
increased; worker protection is required. increased; worker protection is required. 

l Environmental Impact No additional environmental impacts. No additional environmental impacts. No additional environmental impacts. 

0 Time Until Action is Complete Not applicable. Not applicable. Unknown; 30 years has been assumed 
for cost estimating purposes. 



TABLE ES-5 (Continued) 

DETAILED ANALYSIS OF GROUNDWATER ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 

[MPLEMENTABILITY 

RAA No. I 
No Action 

RAA No. 2 
Institutional Controls and Monitoring 

RAA No. 3 
Extraction and On Site Carbon 

Adsorption Treatment 

) Ability to Construct and Operate No construction or operation activities. No construction or operation activities. Based on past experience, a pump and 
treat system will be easy to construct and 
operate. Utilities may make pipeline 
construction challenging. Disposal of 
treatment residuals (i.e., sludge and oil) 
and inorganics precipitation on the well 
screens may also make system operation 
challenging. 

D Reliability of Technology Not applicable. Monitoring wells are a reliable Inorganics may precipitate on the well 
technology. screens creating the need for well 

replacement. Also, the long operation 
time for the system may necessitate 
equipment replacement. If contaminants 
migrate into inaccessible regions, the 
pump and treat system will be less 
effective at collecting them (MacDonald, 
1995). 

l Ease of Undertaking Additional Additional remedial actions can be easily Additional remedial actions can be easily Additional remedial actions can be easily 
Remedial Actions implemented. implemented. implemented. 

l Ability to Monitor Effectiveness No monitoring plan. Failure to detect Monitoring plan will detect contaminants Monitoring plan will detect contaminant! 
contamination could result in before significant exposure can occur. before significant exposure can occur. 
human/environmental exposure. 

l Availability of Services and No services or equipment required. Services and equipment are readily Services and equipment are readily 
Equipment available. available. 

l Requirements for Agency No requirements. Must submit semiannual reports to The substantive ‘requirements of water 
Coordination document sampling. discharge permits must be met; must 

submit semiannual reports to document 
sampling. 

COST (Net Present Worth) $0 $341,000 $2,061,000 



1.0 INTRODUCTION TO THE FEASIBILITY STUDY 

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 4 1015, October 4, 1989). The United States Environmental Protection 
Agency (USEPA) Region IV, the North Carolina Department of the 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 is to ensure that environmental impacts associated with past and present activities at MCB, 
Camp Lejeune are thoroughly investigated and appropriate CERCLA response/Resource 
Conservation and Recovery Act (RCRA) corrective action alternatives are developed and 
implemented as necessary to protect public health and the environment (Camp Lejeune FFA, 1989). 

The Fiscal Year 1995-96 Site Management Plan (SMP) for MCB, Camp Lejeune (Baker, 1994a), 
a primary document identified in the FFA, identifies 33 sites at the Base that require Remedial 
Investigation/Feasibility Study (RI/FS) activities. These 33 sites have been grouped into 
17 Operable Units (OUs) to simplifjl RI/FS activities. OU No. 12 contains one site known as Site 3 - 
the Old Creosote Plant. This report documents the FS conducted for OU No. 12 (Site 3). 

Baker Environmental, Inc. (Baker) has prepared this FS for Contract Task Order 0274 under the 
DON Atlantic Division Naval Facilities Engineering Command (LANTDIV) Comprehensive Long- 
Term Environmental Action Navy (CLEAN) program. The FS has been conducted in accordance 
with the requirements delineated in the National Oil and Hazardous Substances Pollution 
Contingency Plan (NCP) for remedial actions [40 Code of Federal Regulations (CFR) 300.4301. 
These NCP regulations were promulgated under CERCLA, commonly referred to as SuperfUnd, and 
amended by the Superfund Amendments and Reauthorization Act (SARA) signed into law on 
October 17, 1986. In addition, the USEPA’s document Guidance for Conducting Remedial 
Investigations and Feasibilitv Studies Under CERCLA (USEPA, 1988) was used as a guidance in 
preparing this document. 

The FS has been based on the RI that Baker conducted for OU No. 12 (Site 3). Field investigations 
for the RI, conducted from September 1994 through July 1995, included three phases of surface soil, 
subsurface soil, and groundwater investigations. Results of these field investigations are 
summarized in the RI report under separate cover (Baker, 1996). 

1.1 Puraose of the FS 

The purpose of the FS for Site 3 is to identify remedial action alternatives that are protective of 
human health and the environment, attain federal and state requirements that are applicable or 
relevant and appropriate, and are 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: 

1) Development and Screening of Remedial Action Alternatives 

2) Detailed Analysis of Remedial Action Alternatives 
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The first phase includes the following major activities: (1) developing remediation levels and 
remedial action objectives, (2) identifying volumes or areas of affected media, (3) developing 
general response actions, (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 of alternatives, to alternatives which involve 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 comparative analysis of the evaluated alternatives. 

1.2 Report Owanization 

This FS report is divided into seven main sections. Section 1.0 is an introductory section that 
presents an overview of the FS process. Section 2.0 provides background information describing 
conditions (e.g., a site description and history, geology, and hydrogeology) at Site 3. Section 3.0 
presents the development of remediation goal options, remediation levels, and remedial action 
objectives. This section also identifies the media of concern and contaminants of concern at the site. 
Section 4.0 presents the identification and screening of applicable remediation technologies and 
process options. Based on the results of this technology screening, Section 5.0 identities remedial 
action alternatives that may be appropriate for soil and groundwater at Site 3. Sections 6.0 presents 
a detailed evaluation of the remedial action alternatives developed for soil, and Section 7.0 presents 
a detailed evaluation of the alternatives developed for groundwater. Finally, Section 8.0 contains 
references for the entire report. Please note that tables and figures are located at the end of each 
section. 
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2.0 BACKGROUND INFORRiATION 

Section 2.0 presents background information that describes conditions at Site 3. This information 
includes an operable unit description, a site description and history, a summary of the previous 
investigation conducted at Site 3, a summary of the field activities associated with the Remedial 
Investigation, the physical characteristics of the study area, the nature and extent of contamination, 
the results of the human health risk assessment, and the results of the ecological risk assessment. 
This background information is a summary of more comprehensive information that can be found 
in the RI Report (Baker, 1996). 

2.1 ODerable Unit DescriDtion 

Figure 2-l presents a map of MCB, Camp Lejeune. Located in Onslow County, North Carolina, the 
Base currently covers approximately 234 square miles and is bisected by the New River. As shown 
in Figure 2-1, the New River flows in a southeasterly direction and forms a large estuary before 
entering the Atlantic Ocean. The borders of MCB, Camp Lejeune are defined by U. S. Route 17 and 
State Route 24 to the west and northwest, respectively. The eastern and southern borders are defined 
by the Atlantic Ocean shoreline, and the northern border is defined by the City of Jacksonville, 
North Carolina. More extensive background information on MCB, Camp Lejeune is located in the 
l3.l report (Baker, 1996). 

Operable units at MCB, Camp Lejeune were formed as an incremental step toward addressing 
individual site concerns. The purpose of an operable unit is to simplify the specific problems 
associated with a site or group of sites. There are currently 33 Installation Restoration Program 
(IRP) sites at MCB, Camp Lejeune which have been grouped into 17 OUs. 

OU No. 12 contains only one site - Site 3, the Old Creosote Plant. This site is the former location 
of a creosote wood-treating plant that reportedly operated from 195 1 to 1952. Figure 2-I depicts 
the location of OU No. 12 (Site 3) within MCB, Camp Lejeune. As shown, OU No. 12 (Site 3) is 
located in the northeast portion of the Base, approximately 114 of a mile east of Holcomb Boulevard 
and 3/4 of a mile north of Wallace Creek. 

2.2 Site DescriDtion and Historv 

Figure 2-2 presents a map of Site 3. Located within the Mainside Supply and Storage areas at MCB, 
Camp Lejeune, Site 3 encompasses an area of approximately five acres and is generally flat and 
unpaved. Open Storage Lots 201 and 203 ( i.e., Site 6) are located nearby along Holcomb Boulevard 
approximately l-1/2 miles from Site 3. However, Site 3 itself is not currently used for open storage. 

As shown in Figure 2-2, the site is intersected by two roadways: a dirt path that runs north-south and 
forms a loop in the southern portion of the site, and a gravel road that runs east-west and leads 
directly to Holcomb Boulevard. Access to the site via these roadways is currently unrestricted. In 
addition, the Camp Lejeune Railroad line runs parallel to the site’s western edge and intersects an 
old railroad spur line at the site’s southern extreme. The intersection of these two lines creates a 
spike formation that points south. Wooded areas lie north and east of the site. 

The old creosote plant reportedly operated from 1951 to 1952 to supply treated lumber during 
construction of the Base railroad. Reportedly, an on site sawmill, located in the northern portion of 
the site, was used to trim logs into railroad ties (Baker, 1994b). The ties were then treated with hot 
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creosote in pressure cylinder chambers. Records show that preservatives (i.e., creosote) were stored 
for reuse in a railroad tank car. 

In typical pressure treatment processes, wood ties are placed inside cylindrical chambers which are 
filled with wood-treating preservatives. Then, hydrostatic or pneumatic pressures, ranging from 50 
to 200 pounds per square inch (psi), are applied within the treatment chamber until the wood absorbs 
the desired amount of preservatives. When the treatment process is complete, a pump removes the 
excess preservatives from the chamber and sends it to a storage vessel for reuse. Excess preservative 
is then removed from the wood by applying a vacuum, or by allowing the wood to drip dry. In the 
past, treated wood lay in open areas for several days , allowing preservative to drip. Today, treated 
wood is typically placed on lined and covered drip pads to collect excess preservative (USEPA, 
1992). 

The main treatment area at Site 3 was most likely located within and immediately surrounding the 
dirt path loop in the southern portion of the site. This area contains an abandoned chimney that was 
probably associated with creosote heating/thinning activities. (Creosote is heated and mixed with 
fuel oil to create a less viscous consistency.) The 240 foot long concrete pad encircled by the dirt 
path loop was probably used as a drip track for pressure cylinder chambers or treated wood ties. 
However, the concrete pad does not contain visual evidence of contamination. South of the pad, 
evidence of rail lines was observed indicating that a railroad connection may have been located in 
this area. The railroad connection may have transported creosote or ties to and from the treatment 
area. The portable steel bridge identified in Figure 2-2 is not associated with the former creosote 
plant. It was more recently stationed in the area by Base personnel. 

Several concrete pads, which may also be remnants of the former creosote plant, are scattered 
throughout the northern and southern portions of Site 3. However, these pads do not contain visual 
evidence of contamination. In addition, a small trash pile containing palettes and metal debris is 
located in the northern portion of Site 3. However, this trash pile does not appear to have been 
associated with the former creosote plant. 

. . 
2.3 Previous Investlgatlon 

The previous investigation at Site 3 was a Site Inspection conducted by Halliburton/NUS in June 
1991. This Site Inspection consisted of soil, groundwater, and sediment investigations which are 
briefly described in the following subsections. More detailed information is located in the 
HalliburtonNUS Site Inspection Report, 1991. In addition, Figure 2-3 identifies the sampling 
locations associated with this Site Inspection. 

23.1 Soil Investigation 

During the soil investigation, seven surface soil samples (0 to 2 feet below ground surface [bgs]) and 
seven subsurface soil samples (3 to 17 feet bgs) were collected. Figure 2-3 identifies the monitoring 
well and soil boring locations where the soil samples were collected. All soil samples were analyzed 
for target compound list (TCL) semivolatile organic compounds (SVOCs). Table 2- 1 summarizes 
the analytical results from this soil investigation. 

The surficial soil samples from locations 03-SB04 and 03-MW02 (0 to 2 feet bgs) contained 
polyaromatic hydrocarbons (PAHs) at concentrations ranging from 260 microgram per kilogram 
@g/kg) for benzo(g,h,i)perylene to 2,200 pg/kg for benzo(b)fluoranthene. Several PAHs, including 
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chrysene, benzo(k)fluoranthene, benzo(a)pyrene, fhioranthene, pyrene, and indeno( 1,2,3-cd)pyrene, 
were detected at concentrations exceeding 1,000 pg/kg. 

PAHs were not detected in the shallow subsurface soil samples collected from 3 to 5 feet bgs. 
However, a deep subsurface soil sample from boring 03-MW02 (15 to 17 feet bgs) contained 
elevated PAH concentrations. In this sample, several PAHs, including acenaphthene, fluoranthene, 
fluorene, naphthalene, and phenanthrene, were detected at concentrations exceeding 35,000 @kg; 
dibenzofuran was detected at 35,000 pg/kg. Based on the depth of this sample and sampling logs, 
it may have been collected from the saturated zone. 

2.3.2 Groundwater Investigation 

As shown in Figure 2-3, three shallow monitoring wells (03-MWOl, 03-MW02, and 03-:MWO3) 
were installed to depths ranging from 17 to 25 feet bgs during the Site Inspection. One round of 
groundwater samples was collected from each monitoring well and the samples were analyzed for 
full TCL SVOCs. Table 2-2 summarizes the analytical results of this groundwater investigation. 

Of the three groundwater samples collected during the Site Inspection, only the sample collected 
from well 03-MW02 contained SVOCs. Several PAHs, including acenaphthene, 
2-methylnaphthalene, naphthalene, and phenanthrene, were detected at concentrations exceeding 
1,000 microgram per liter @g/L). Other detected PAHs included anthracene (260 pg/L), chrysene 
(96 l&L), fluoranthene (640 l&L), fluorene (890 pg/L), and pyrene (460 l&L). In addition, 
dibenzofuran was detected at a concentration of 1,100 pg/L. 

2.3.3 Sediment Investigation 

As shown in Figure 2-3, two sediment samples were collected during the Site Inspection. These 
samples were located in low lying areas that collect runoff water from the site. Both samples were 
analyzed for TCL SVOCs. The only SVOC detected was bis(2-ethylhexyl)phthalate (BEHP): It was 
detected at a concentration of 750 ug/kg in sample 03-SDOl . 

2.4 Remedial Investipation 

Baker conducted an RI at Site 3 to evaluate the nature and extent of the threat to public health and 
the environment resulting from the potential release of hazardous substances, pollutants, or 
contaminants. The RI consisted of a site survey, soil investigations, groundwater investigations, and 
a habitat evaluation. 

The soil and groundwater investigations were conducted in three phases. Phase 1, conducted in 
September 1994, consisted of a surface soil investigation using enzyme linked immunosorbent assay 
(ELISA) field screening. A total of 84 surface soil samples were collected and analyzed in the field 
using EnSys Polyaromatic Hydrocarbon [PAH RISC R Draft Method USEPA 40351 soil test, while 
37 of the 84 samples were sent to a laboratory for confirmatory analyses. ,The results of the Phase 1 
surface soil investigation assisted in locating soil borings and monitoring wells at Site 3 during 
Phases 2 and 3 of the RI. Phase 2, conducted from October through December 1994, included 
surface soil, subsurface soil, and groundwater investigations. During this second phase, five shallow 
monitoring wells and one intermediate monitoring well (i.e., a well screened at the top of the Castle 
Hayne aquifer) were installed. Phase 3, conducted in June 1995, included surface soil, subsurface 
soil, and groundwater investigations. During this third phase, five additional shallow monitoring 
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wells, one additional intermediate monitoring, and one deep monitoring well (i.e., a well screened 
in the middle of the Castle Hayne aquifer) were installed. 

In addition to these three phases, monitoring well 03-MW02DW was resampled a third time in 
January 1996. 

Figures 2-4,2-5, and 2-6 identifjl the soil sampling locations during all three soil sampling phases. 
Figure 2-4 identifies the sampling locations in the site’s northern area (NA), Figure 2-5 identifies 
the sampling locations in the treatment area (TA)/concrete pad area (CP), and Figure 2-6 identifies 
the sampling locations in the railroad spur area (RS). Figure 2-7 identifies the monitoring well 
sampling locations during all groundwater sampling rounds conducted at Site 3. In addition, 
Tables 2-3 and 2-4 present soil sampling and monitoring well sampling summaries, respectively. 

The remaining portions of Section 2.0 summarize the results and findings of the RI. Section 2.5 
briefly describes the physical characteristics (i.e., topography, surface water hydrology and drainage 
features, geology and hydrogeology, and potable water supply wells) of Site 3. Section 2.6 describes 
the nature and extent of contamination identified in soil and groundwater. Finally, Sections 2.7 and 
2.8 summarize the results of the human health and ecological risk assessments, respectively. More 
detailed information is located in the RI Report (Baker, 1996). 

2.5 Ph ical > ara 

The physical characteristics of the study area include the site’s topography, surface water hydrology 
and drainage features, geology and hydrogeology, and nearby potable water supply wells. 

2.51 Topography 

The topography at Site 3 is relatively flat with elevations around 30 feet above mean sea level (msl). 
This generally flat topography is typical of MCB, Camp Lejeune and most of the seaward portions 
of the North Carolina coastal plain. Elevations at the Base vary from sea level to 72 feet above msl. 
The average elevation at the Base is between 20 and 40 feet above msl. 

2.5.2 Surface Water Hydrology and Drainage Features 

There are no standing water bodies located within Site 3. However, there are drainage paths 
flanking the eastern and western edges of the site that contain ponded water during periods of heavy 
rain (see Figure 2-2). One small drainage path is located along the site’s eastern woodline. Two 
other drainage paths, which eventually discharge into Wallace Creek, are located parallel to and on 
either side of the Camp Lejeune Railroad line. (Wallace Creek is located approximately 3/4 of a 
mile south of Site 3). Another drainage path is located in a depressional area that occurs 
approximately 200 feet west of the Camp Lejeune Railroad line. The final drainage path is located 
adjacent to nearby Holcomb Boulevard. Due to the locations of these drainage paths, surface water 
runoff on the eastern half of the site flows in an easterly direction and surface water runoff on the 
western half of the site flows in a westerly direction. 

2.5.3 Geology and Hydrogeology 

The important geologic/hydrogeologic units at Site 3 are the shallow aquifer, the Castle Hayne 
semi-confining unit, and the Castle Hayne aquifer. The shallow aquifer is comprised of fine grained 
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sand with varying amounts of silt. The thickness of the shallow aquifer ranges between 11 and 
32 feet at the site. The Castle Hayne semi-confining unit, which lies below the shallow aquifer, is 
a discontinuous silty clay layer that ranges in thickness from 0 to 12 feet at the site. Below this 
semi-confining unit lies the Castle Hayne aquifer. This deeper aquifer consists of a silty sand with 
varying amounts of shell and limestone fragments, and exhibits an increasing density with increasing 
depth. Regional geologic information indicates that the Castle Hayne aquifer ranges from 150 to 
350 feet in thickness, increasing in thickness toward the ocean (Harned, et al., 1989). 

During the RI, the hydraulic properties of the shallow and Castle Hayne aquifers were characterized 
by performing in situ rising and falling head slug tests. For the shallow aquifer, the average 
hydraulic conductivity was determined to be 1. X-03 centimeters per second (cm/s) (or 3.2 feet/day) 
with an average hydraulic gradient of 0.045 feet/feet and an average groundwater velocity of 
0.41 feet/day. For the upper portion of the Castle Hayne aquifer (i.e., the portion of the aquifer 
where the intermediate wells are screened), the average hydraulic conductivity was determined to 
be 1.4E-03 cm/s (or 4 feet/day) with an average hydraulic gradient of 0.002 feet/day and an average 
groundwater velocity of 0.02 feet/day. For both the shallow and Castle Hayne aquifers, the effective 
porosity was estimated to be 0.35. 

Groundwater in the shallow aquifer appears to be flowing in a west-southwesterly direction (see 
Figure 2-2). Assuming a linear groundwater flow in the Castle Hayne aquifer, the groundwater 
elevation difference between wells 03-MWO2IW and 03-MWl lIW indicates a southwesterly flow 
direction in the Castle Hayne. The differentiation between the shallow and Castle Hayne aquifers 
is based on lithology (i.e., the semi-confining silty clay layer), groundwater parameters from the 
evaluation of slug test data, and usage (the shallow aquifer is not used as a water supply on the 
Base). Evaluation of groundwater elevations indicates an average potential vertical gradient 
between the two aquifers of 0.2 feet/feet. 

2.5.4 Potable Water Supply Wells 

Potable water at MCB, Camp Lejeune is supplied entirely from the Castle Hayne aquifer. In the 
MCB, Camp Lejeune area, the Castle Hayne is a highly permeable, semiconfined aquifer capable 
of yielding several hundred to 1,000 gallons per minute (gpm). The water retrieved is typically hard, 
calcium bicarbonate type. 

There are approximately 110 water supply wells (71 active)and 5 active water treatment plants 
located at the Base. Four Base supply wells, labeled HP-613, HP-616, HP-654, and OW-3, are 
located within a one-mile radius of Site 3 (Harned, et al., 1989). Figure 2-8 identifies the locations 
of these supply wells with respect to Site 3. Well OW-3 is out of service while the other three wells 
(HP-613, HP-616, and HP-654) are still in service. Organic contaminants have not been detected 
in groundwater samples collected from the three in service wells (Bionomics Laboratory, Inc., 
1995). 

2.6 
. . 

Nature and Extent of Contm 

Tables 2-5,2-6, and 2-7 summarize the analytical results from the surface soil, subsurface soil, and 
groundwater investigations conducted during the RI. Table 2-5 summarizes the surface soil results 
including background concentrations, Table 2-6 summarizes the subsurface soil results including 
background concentrations, and Table 2-7 summarizes the groundwater results. These tables present 
concentration ranges for positively detected contaminants, and a comparison of contaminant 
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concentrations to relevant comparison criteria (i.e., federal, state, and/or local standards, or 
background concentrations). 

The most frequently detected organic contaminants were PAHs, which exhibited the highest 
concentrations in both soil and groundwater. Because creosote is made up of PAH compounds, the 
PAHs detected at Site 3 are believed to be associated with operations at the former creosote plant. 
The highest PAH concentrations in soil occurred in the treatment area of the site (i.e., the area 
encircled by the dirt path loop). Fuel constituents, such as ethylbenzene and xylene, were also 
detected in surface and subsurface soil at the former treatment area. 

In the shallow aquifer, benzene was detected above state and/or federal standards in the central 
portion of the treatment area during the first and third groundwater sampling rounds, but not during 
the second round. Several PAHs, including naphthalene, phenanthrene, benzo(a)anthracene, 
chrysene, and benzo(a)pyrene, were detected above state and/or federal standards during the first 
sampling round. However, naphthalene was the only PAH that was detected above standards during 
the subsequent sampling rounds. Naphthalene was detected in the treatment area and in the rail spur 
area, but the locations and concentrations of detections were not consistent between the three 
sampling rounds. 

In the Castle Hayne aquifer, volatile organic compounds (VOCs) (in particular, fuel constituents) 
and SVOCs (in particular, PAHs and phenols) were detected during all three sampling rounds. 
Benzene, chloroform, naphthalene, and phenol were the only organic contaminants detected above 
state and/or federal standards. Benzene was detected above standards in intermediate well 
03MWO2IW during the first sampling round. During the second sampling round, benzene, phenol, 
and naphthalene were detected above standards in deep well 03MW02DW (located in the treatment 
area). During the third sampling round, no contaminants were detected above state and federal 
standards in the Castle Hayne aquifer. When 03-MW02DW was resampled a third time (in 
January 1996) no contaminants were detected above state and federal standards. 

2.7 

As part of the RI, a human health risk assessment (RA) was conducted to assess the potential risks 
associated with the contaminants of potential concern (COPCs) at Site 3. Figure 2-9 presents a Site 
Conceptual Model. Table 2-8 summarizes the Site 3 risk values (i.e., incremental cancer risk [ICR] 
and hazard index w] values) calculated with respect to each environmental medium and relevant 
receptor. ICR values exceeding the USEPA limit of lE-04, and HI values exceeding the USEPA 
limit of 1.0, are considered to represent unacceptable risks. ICR and HI values indicating 
unacceptable risks are shaded in Table 2-8. 

As shown in Table 2-8, the risk values for Site 3 were generated under two approaches: 1) the 
evaluation of Round 2 groundwater data, and 2) the evaluation of Rounds 1,2, and 3 groundwater 
data combined (referred to as the “Worst Case” approach). Data collected during the three 
groundwater sampling rounds exhibited different results. The number of contaminants detected, and 
the concentrations of those contaminants, varied among sampling rounds. In evaluating groundwater 
risk using data from one single sampling round, it is most conservative to use the single results 
which include the most contaminants, at the highest concentrations. When taking this approach, 
Round 2 data is the most conservative, in comparison to Rounds 1 and 3. However, it is even more 
conservative to combine COPCs selected from Round 1, Round 2, and Round 3, as this is a way to 
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incorporate the greatest number of contaminants, at the highest concentrations detected between 
rounds. 

2.8 
. 

Ecologxal R isk Asswment 

During the RI, an ecological RA was conducted to address the impacts that COPCs may be having 
on the ecological integrity of Site 3. The following paragraphs describe the results of terrestrial 
receptor, threatened and endangered species, and wetlands evaluations that were conducted during 
the ecological RA. 

Under the terrestrial receptor evaluation, several COPCs at Site 3 exceeded surface soil screening 
values (SSSVs) in open grass areas or along tree lines. These exceedences indicate the potential for 
a decrease in the terrestrial invertebrate population in these areas. However, most of the studies used 
to develop the SSSVs do not take into account the soil type, which may have a large influence on 
the toxicity of the contaminants. In addition, most of the SSSVs are based on one or two studies 
which limits their reliability for a wide range of site-specific circumstances. As a result, the SSSVs 
have a high degree of uncertainty associated with them, and are not well-established. Consequently, 
the potential ecological risks based on these SSSVs may not be completely accurate and most likely 
err on the conservative side. In addition, none of the quotient indices (QIs) generated for terrestrial 
receptors exceeded the acceptable limit of 1 .O, so potential impacts to terrestrial mammals or birds 
are not expected. 

No threatened or endangered species are known to inhabit Site 3, and no wetlands have been 
identified at Site 3. 
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TABLE 2-l 

SITE INSPECTION, 1991 
ANALYTICAL RESULTS FOR SOIL 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Acenaphthene 

Antracene 

Benzo(a)anthracene 

Benzo(b)fluoranthene 

BenzoQfluoranthene 

Benzo(g,h,i)perylene 

Benzo(a)pyrene 

Chrysene 

Flouranthene 

Fluorene 

Indeno( 1,2,3-cd)pyrene 

2-Methylnaphthalene 

Naphthalene 

Phenanthrene 

Pyrene 

Dibenzofuran 

Surface Soil (O-2 feet) Subsurface Soil (3-12 feet) Subsurface Soil (> 12 feet) 

No. of No. of No. of 
Positive Positive Positive 

Detections/ Range of Detections/ Range of Detections/ Range of 
No. of Positive No. of Positive No. of Positive 

Samples Detections Samples Detections Samples Detections 

017 ND 015 ND l/2 37,000 

l/7 1,900 o/5 ND l/2 8,600 

217 460-660 o/5 ND l/2 
I 

5,600 

217 520-2,200 o/5 ND 112 2,300 

2t7 420-1,200 o/5 ND l/2 2,100 

217 260-720 015 ND 012 ND 

217 320-1,300 o/5 ND o/2 ND 

217 750-1,400 015 ND l/2 5,900 

217 l,OOO-1,600 Of5 ND l/2 35,000 

o/7 ND o/5 ND l/2 35,000 

217 340-1,000 Of5 ND 012 
I 

ND 

o/7 ND o/5 ND l/2 26,000 

l/7 550 o/5 ND l/2 1 52,000 

l/7 310 o/5 ND l/2 81,000 

217 920- 1,400 o/5 ND l/2 27,000 

o/7 ND Of5 ND l/2 35,000 

Notes: 

Concentrations expressed in &kg (microgram per kilogram) 
ND - Not Detected 
Reference: HalliburtonNUS, 199 1 
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TABLE 2-2 

SITE INSPECTION, 1991 
ANALYTICAL RESULTS FOR GROUNDWATER 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

North 
Carolina 
Standards 

USEPA 
MCLs 

No. of Positive Range of 
Detections/ Positive 

No. of Samples Detection 

Acenaphthene so vs 113 

Anthracene 2,100 -- 113 

Chrysene 5 2 113 

1 Fluoranthene I 280 I -- I l/3 

Fluorene -- -- 113 

2-Methylnaphthalene -- -- 113 

Naphthalene 

Phenanthrene 

Pyrene 

Dibenzofkran 

-- -- 213 

-- VW 113 

210 -- l/3 

me l/3 

Notes: 

1,500 

260 

96 

640 

890 

1,500 

g-4,400 

1,600 

460 

1,100 

Location of 
Maximum 

Concentration 

3MWO2 

3MWO2 

3MWO2 

3MWO2 

3MWO2 

3MW02 

3MWO2 

3MWO2 

3MWO2 

3MW02 

Concentrations expressed in pg/L (microgram per liter) 
-- = No criteria established. 
Reference: HalliburtonNUS, 199 1 



TABLE 2-3 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 



TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Depth 
Sample Interval 

Depth of Sampling Ensys Smple TCL 
Borehole Interval (PAH RsC @) TCL TCL Pesticides/ TAL Engineering Duplicate 

Location Identification (feet, bgs) (feet, bgs) Volatiles Semivolatiles PCBs Metals Parametersc3) Samples 

1 Concrete Pad Area 1 I I 

1 3-CP-SB,Ol 

I 3-CP-SB02 

I 3-CP-SB03 

I 3-CP-SB04 

I 3-CP-SB05 

I 3-CP-SB09 

I 3-CP-SBlO 

Matrix 
Spike/Matrix 

Spike 
Duplicate 

Treatment Area 

3-TA-SBOl 00 1.0 0.0 - 1.0 X x 

3-TA-SB02 00 1.0 0.0 - 1.0 X 

3-TA-SB03 00 1.0 o.o- 1.0 X X 

3-TA-SB04 00 1.0 0.0 - 1.0 X 



TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Sample 
Location 

Depth 
Interval 

Depth Of smP1hg EnSys Sample 
Borehole Interval 

Identification (feet, bgs) (feet, bgs) 
(PAH VSC 0) /, 



TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Matrix 
Spike/Matrix 

Engineering Duplicate Spike 
Parameter$) Samples Duplicate 



TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Matrix 
TCL Spike/Matrix 

Engineering Duplicate 
V2Zks SemZkles Pe2F TAL Parameterd3) Samples 

Spike 
Metals Duplicate 

X 

x (4) 



TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Sample 
Location 

Depth Depth of Sampling 
Interval Borehole Interval 

Identification (feet, bgs) (feet, bgs) 

3-TA-SB37 

l+i+-+z 

3-TA-SB38 I 00 I 1.0 [ o-o- 1.0 X 

3-TA-SB39 I 00 I 1.0 1 o.o- 1.0 

I 04 I 9.0 I 7.0-9.0 

3-TA-SB40 I 00 I 1.0 I 0.0 - 1.0 

3-TA-SB42 00 1.0 0.0 - 1.0 

3-TA-SB43 00 1.0 0.0 - 1.0 

I 03 I 7.0 1 5.0 - 7.0 

3-TA-SB44 I 00 I 1.0 I 0.0 - 1.0 

EnSys Sample 
(PAH #SC @) 

X 

X 

X 

X 

X 

X 

X 

I Matrix 
TCL Spike/Matrix 

TCL TCL Pesticides/ TAL Engineering Duplicate Spike 
Volatiles Semivolatiles PCBs Metals Parameters(3) Samples Duplicate 

x 12) 
1 ! 

x (4) 

x (2) 

x (4) 

x (2) 

x (2) 

x (4) 

! 
x (4) 



TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 



Sample 
Location 

3-NA-SB04 

I 3-NA-SB05 

I 3-NA-SB06 

3-NA-SB07 

3-NA-SBO8 

3-NA-SB09 

3-NA-SBlO 

3-NA-SB 11 

3-NA-SB12 

3-NA-SB13 

3-NA-SB14 

1 3-NA-SB15 

I 3-NA-SB16 

I 3-NA-SB17 

TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Matrix 
TCL Spike/Matrix 

@‘AH #SC @I V-$f;les Sem~;ti,es pe;;;ses’ TAL 
Engineering Duplicate Spike 

Metals Parameters(3) Samples Duplicate 

X 



TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Sample 
Location 

Depth Depth Of Sampling BnSys Sample TCL 
Interval TCL Pesticides/ TAL 

Identiticatior 
Borehole Interval (PAH wsC @) TCL 
(feet, bgs) (feet, bgs) Volatiles Semivolatiles PCBs Metals 

3-NA-SB 17A (‘1 00 

I- 02 

3-NA-SB18 (‘) 

3-NA-SB19 w  00 

I- 02 

1.0 1 0.0 - 1.0 11 1x1 x I 
1x1 x I 

1 1.0 I O.O- 1.0 II 1x1 x I 
1x1 x I 

I 1.0 I 0.0 - 1.0 II 1x1 x I 
i 5.0 1 3.0 - 5.0 11 1x1 x I 

Engineering 
Parameters(3) 

Matrix 
Spike/Matrix 

Duplicate Spike 
Samples Duplicate 

I EnSys Background 1 
\ 

3-BB-SBOl 00 1.0 0.0 - 1.0 X 

3-BB-SB02 00 1.0 0.0 - 1.0 X 

3-BB-SB03 00 1.0 0.0 - 1.0 X p X 

Soil Investigation 
Background 

3-BB-SBO 1 (4) 00 1.0 0.0 - 1.0 X 

03 7.0 5.0 - 7.0 X 



3 
TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 



TABLE 2-3 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Matrix 
TCL Spike/Matrix 

Engineering Duplicate Spike 
Volatiles Semivolatiles PCBs Metals Parameters”) Samples Duplicate 

X 

X 

X 

X 

X 



TABLE 2-3 (Continued) 

Sample 
Location 

3-MW12 (‘) 

Depth 
Interval 

Identificatior 

00 

02 

3-MW13 t5) 00 

I-- 04 

Depth of 
Borehole 

smpling EnSys Sample TCL 

:feet, bgs) 
Interval (PAH #SC @) TCL TCL Pesticides/ 

(feet, bgs) Volatiles Semivolatiles PCBs 

1.0 0.0 - 1.0 11 1x1 x I 
5.0 

1.0 

9.0 

REMEDIAL INVESTIGATION, 1994-95 
SOIL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

11 3.0-5.0 X X 

X X 0.0 - 1.0 11 

7.0 - 9.0 11 1x1 x I 
Notes: 

(‘) Sample was collected during the first phase of the soil investigation (September 19 through September 22, 1994) 
c2) EnSys confirmation sample 
c3) Engineering Parameters includes Particle Size, Atterberg limits, and TOC 
c4) Sample was collected during the second phase of the soil investigation (November 15 through November 22, 1994) 
c5) Sample was collected during the third phase of the soil investigation (June 13 through June 20, 1995) 
6) Duplicate samples were collected for both PAH RISC @ and TCL Semivolatiles 



TABLE 2-4 

REMEDIAL INVESTIGATION, 1994-95 
MONITORING WELL SAMPLING SUMMARY 

OPERABLE.UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEtJNE, NORTH CAROLINA 

/ Date of 1 TCL j TCL j Pe;;ies, -;;ihm;” 
Sampling Volatiles Semivolatiles 

Shallow Monitoring 
Wells, Round 1 

Matrix 
TAL Spike/Matrix 

TAL Dissolved Engineering Duplicate Spike 
Inorganics Metals Parameters (0 Samples Duplicate 

3-MW02-0 1 12/l/94 

3-MW03-01 12/l/94 

3-MWO4-01 1211194 

3-MW05-01 1212194 

3-MW06-0 1 12/l/94 

3-MW07-01 12/l/94 1 X 1 X X 1 X I I I 
3-MW08-0 1 1 12/l/94 11 X 1 X 1 X 1 X 1 X 1 1 1 1 

ntermediate Monitoring I 
Well, Round 1 

3-MW02IW-0 1 1213194 X X X X X X X 

Shallow Monitoring 
Wells, Round 2 

3-MWOl-01 I X I I I I 



TABLE 2-4 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
MONITORING WELL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Sample 
Location 

3-MW02-02 

3-MW03-02 

3-MW04-02 

3-MW05-02 

3-MW06-02 

3-MW07-02 

3-MWO8-02 

3-MW09-0 1 

3-MWlO-01 

3-MWl l-01 

3-MW12-01 

3-MW13-01 

Matrix 
TCL TAL Spike/Matri: 

Date of TCL TCL Pesticides/ TAL Dissolved Engineering Duplicate Spike 
Sampling Volatiles Semivolatiles PCBs Inorganics Metals Parameters (0 Samples Duplicate 

7111195 x X X 

7113195 x X 

7/11/95 x X 

7/11/95 x X 

7112195 x X 

7/12/95 x X 

7/13/95 x 
I X 

I I I I I I 



TABLE 2-4 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
MONITORING WELL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Matrix 
TCL TAL Spike/Matrir 

Sample Date of TCL TCL Pesticides/ TAL Dissolved Engineering Duplicate Spike 
Location Sampling Volatiles Semivolatiles PCBs Inorganics Metals Parameters 0) Samples Duplicate 

Intermediate and Deep 
Monitoring Wells, 

Round 2 

3-MW02IW-02 6112195 X X 

3-MW02DW-0 1 7/13/95 x X X 

3-MWl IIW-01 7112195 X X 

Shallow Monitoring 
Wells, Round 3 

3-MWOl-02 9128195 

3-MW02-03 9/28/95 

3-MW03-03 9128195 

3-MWO4-03 9l28J95 

3-MW05-03 9/28/95 

3-MW06-03 9128195 

3-MW07-03 9129195 

3-MWOS-03 9129195 

3 



Sample Date of 
Location Sampling 

3-MW09-02 9129195 

3-MWlO-02 9129195 

3-MWl l-02 9129195 

3-MW12-02 9129195 

3-MWI3-02 9129195 

Intermediate and Deep 
Monitoring Wells, 

Round 3 

TABLE 2-4 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
MONITORING WELL SAMPLING SUMMARY 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Matrix Matrix 
TCL TCL TAL TAL Spike/Matrix Spike/Matrix 

TCL TCL TCL TCL Pesticides/ Pesticides/ TAL TAL Dissolved Engineering Duplicate Dissolved Engineering Duplicate Spike Spike 
Jolatiles Semivolatiles Jolatiles Semivolatiles PCBs PCBs Inorganics Metals Inorganics Metals Parameters 0) Samples Parameters 0) Samples Duplicate Duplicate 

X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

Deep Monitoring Well, 
.Round 4 

3-MW02DW-03 

Note: 

(*) Engineering Parameters include (BOD, COD, TDS, TSS, and TOC) 



3 
TABLE 2-5 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR SURF+ACE SOIL 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CT08274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Site Contamination 

Number of 
Defb;rens 

Number of 
Defbzrens 

Media Fraction Contaminant 
Comparison CoC:rz!o Max. g;htration Detection 

Criteria Min. MaX Frequency 
yj-g$~ CO$gg Distribution 

PC. hm) wb) 
Res$ttai Re$tial 

urface 
oils 
Collected 
rom 0 to 1 
Jot bgs) 



!. 

) 

TABLE 2-5 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR SURFACE SOIL 

OPERABLE UNIT NO. 12 (SITE 3) 

. FEASIBILITY STUDY, CTO-0274 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 

pY& 
Collected B ornOt 1 

Fraction Contaminant 

lnoraanics 1 Aluminum 

Number of 
&fbtFens 

Number of 
Dyb;;ens 

cg$y yyg;; Detection 
Min. Max. 

Max.C&tce;ption 
Frequency 

cog~g(J COplf.+~ Distribution 

PC. Base 
Resu&ttal Base 

PC. 
Rest.t;tml Background 

OwW 
Background 

OwW OwW OWW 
7,800 9,570 1,740 4,240 3-MWo5-00 1 212 0 c’u’ - 

Barium 550 20.8 6.4J 7.8J 3-MWO5-00 2f2 0 - Calcium NE 10,700 4,020 67,700 3-MWO2IW-00 2l2 NA :;::: . .:-:.~-~:.:.:.:.:i.. :;:::j:::>:::::::::: . . . . ,... :,:.;: . . :,:. . . . :::: ..,.....,. .,., ........’ x::.. :.:: Treatment ha 
. . . . . . . . . . . . . . . . . . ,...,.,.,., .,.,. . . . . 

Chromium 39 12.5 2.7 7.1 3-MW02IW-00 212 0 0 - 
iron 23,000 9,640 1,390 1,970 3-MWO5-00 2l2 0 0 - 

Lead 400 142 4.u 4.4s 3-MWO2IW-00 II2 0 - Magnesium NE 610 150 1,020 3-MWO2IW-00 2i2 NA .:::::::::::::::::::& : :-::::.:::::::::::::::..::.:::::::::::::::::::::.i . . . . . . ~.~..,...,.,.... . ..\....I. ,... . . . . . . :.:.:.:.:.:.. . ..I... . . . Treatment ha 

Manganese 1,100 66 11.7 13.1 3-MWo5-00 2l2 0 0 - 
Sodium NE 126 112 112 3MWO2IW-00 II2 NA 0 - 
Vanadium 55 28.3 3.3 5.2 3-MWo5-00 2l2 0 0 - 
Zinc 2,300 2.4 16.6 16.6 3A4WOZIW-00 II2 0 0 - 

Notes: 

(I) Shaded boxes indicate detections above comparison criteria. 
o) Detections compared to maximum base background concentrations. 

NE = No Criteria Established 
NA = Not Applicable 
J - estimated value 
RBC - Risk-Based Concentration 
pg/kg - microgram per kilogram (ppb) 
mg/kg - milligram per kilogram (ppm) 



TABLE 2-6 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR SUBSURFACE SOIL 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Media 1 Fraction 1 Contaminant 

Subsurface folatile Organic 1 Acetone 
lOilS Compounds Carbon Disulfrde 

emivolatile 
hganic 
:ompounds 

Styrene 

Xylenes (total) 

Phenol 

2-Methylphenol 

4-Methylphenol 

Naphthalene 

2-Methvlnauhthalene 

Acenaphthylene 

Acenaphthene 

4-Nitrophenol 

Dibenzofuran 

Fluorene 

N-nitrosodiphenylamine 

Carbazole 

di-n-Butyl-phthalate 

Fluoranthene 

Comparison Comparison 
Crtteria I Crtteria I Min. 

780,000 I NE 1 IJ 

100,000 NE 3J 

4,700,000 NE 3J 

Max. Concentration 

12,OOOJ 

4,900 

l7OJ 

66.000 

3-TA-SB48-08 7147 0 

3-TA-SB50-04 6147 0 

3-TA-SB43-03 18147 0 

3-TA-SB50-04 7147 0 

NA 

NA 

NA 

NA 

Treatment Area 

Treatment Area 

Scattered 

Treatment Area 



TABLE 2-6 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR SUBSURFACE SOIL 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Site Contamination 

Number of 
DTb;Fens 

Number of 
Dzb;;ens 

Comparison Comparison Max. Concentration Detection 
Media Fraction Contaminant Crtteria Crtteria Min. Max. Location Frequency 

Comparison 
Crtteria 

Comparison 
Crtteria Distribution 

PC. ww Mn%) 
Resule&tal 

PC. Restui&al 

h&w 

,ubsurface Pyrene 230,000 NE 43J 38,000J 3-TA-SB48-08 10/47 0 NA Treatment Area, North 
#oils (Cont.) Area, Rail Spur 

Benzo(a)anthracene 880 NE 77J 8,000 3-TA-SBSO-04 7147 .:_;:~:ip:l:sJ~~~~:~~~~~~,. .: y.. .:~.:...:.:.:.. . . ..: ,:.: NA Treatment Area 

Chrysene 88,000 NE 86J 8,400J 3-TA-SB48-08 7t47 0 NA Treatment Area 

Bis(2-ethylhexyl)phthalate 46,000 NE 53J 240J 3.MWl lIW-08 2147 0 NA West of Treatment Area 

Benzo(b)fluoranthene 880 NE 965 3,500J 3-TASB48-08 7147 ,.,., :::~‘,::::::y:: ,., ,.:.,.:.,: .,., & ,,.+‘Zj:.+., :‘::. ‘7:‘: . . NA Treatment Area 

Benzo(k)fluoranthene 8,800 NE 79J 3,300J 3-TA-SBSO-04 6147 0 NA Treatment Area 

Benzo(a)pyrene 88 NE 55J 3,300J 3-TA-SB48-08 7147 Iii.i;:l:;.:.i:iizilill::.s::::-:::~~~:~ NA Treatment Area 

Indeno(l,2,3-cd)pyrene 880 NE 46J 3,100J 3-TA-SB48-08 5147 1 ~:i:~li: NA Treatment Area 

- Benzo(g,h,i)perylene 230,000 NE 71J 1,200J 3-TA-SB48-08 4147 0 NA Treatment Area 

PC. Base RBC Base 
Rew&ttal Background Residential Background 

W#g) Soils 
Owk) Mt3W Owk) 

lnorganics Aluminum 7,800 11,000 3,950 6,570 3-MW021W-03 212 0 001 -- 

Barium 550 22.6 4.6J 6.6J 3-MW02IW-03 212 0 0 __ 

Calcium NE 4,410 17.4 638 3-MW02IW-03 212 NA 0 -- 

Chromium 39 66.4 3.7 1.5 3-MWO2IW-03 212 0 0 -_ 

Iron 23,000 90,500 734 1,030 3-MW02IW-03 212 0 0 __ 

Lead 400 21.4 5.75 5.7J 3-MW02IW-03 l/2 0 0 -- 

Magnesium NE 852 104 112 3-MWO2IW-03 212 NA 0 -- 

Manganese 1,100 19.9 2.85 2.85 3-MW02IW-03 l/2 0 0 -. 

Vanadium 55 69.4 3.7 1 5 3-MWO2IW-03 212 0 0 _- 



Notes: 

3 
TABLE 2-6 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR SUBSURFACE SOIL 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

(I) Shaded boxes indicate detections above comparison criteria. 
(*) Detections compared to maximum base background concentrations. 

NE = No Criteria Established 
NA = Not Applicable 
J - estimated value 
RBC - Risk-Based Concentrations 
&kg - microgram per kilogram (ppb) 
mg/kg - milligram per kilogram (ppm) 



TABLE 2-7 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR GROUNDWATER 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Media Fraction Contaminant 

Site Contamination 
Number of Number of 
Detections Detections 

Max. Above Above 
Comparison Comparison Concentration Detection Comparison Comparison 

Criteria Criteria Min. Max. Location Frequency Criteria Criteria Distribution 

I MCL I NCWQS I @g/L) I h=J I MCL 1 NCWQS 1 I 

iroundwater - 
iurticial 
aquifer 
Round One) 

volatile Organic 
:ompounds 

iemivolatile 
)rganic 

I  I  

fWO2-01 I 217 I NA I NA I Treatment Area 

Fluorene 
Phenanthrene 
Anthracene 
Carhazole 

NE 
NE 
NE 
NE 

280 IJ 
210 410 

2,100 33 

NE 39J 

210 3-MW02-01 

410 3-MW02-01 
33 3-MWO2-01 

39 J 3-MWO2-01 

217 

117 

l/7 

l/7 

NA 

NA 

NA 

NA 

1 Treatment Area 
cj.:;j &. . ...: . . . .: . . .I:::: Treatment Area . . . . .:: :. . . . . . .A::::.:: 

0 Treatment Area 
NA Treatment Area _--~~---. 

di-n-Butylphthalate 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluroanthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 

NE 700 

NE 280 

NE 210 

NE 0.05 

NE 5 
NE NE 
NE NE 

2 NE 

1 

1J 1J 3-MW02-01 l/7 NA 0 Treatment Area 
100 100 3-MW02-01 l/7 NA 0 Treatment Area 

58 58 3-MW02-01 l/7 NA 0 Treatment Area 

SJ 8J 3-MW02-01 l/7 NA ;;: ;:;.,:;,:;,lx’;:::: .j:; ::;I;:;;;ii: Treatment Area 

SJ 8J 3-MW02-01 I/7 NA ;;;. :x::.. --I:. ::, $?$ Treatment &ea : ..: 
3J 35 3-MW02-0 1 l/7 NA NA Treatment Area 

35 3J 3-MW02-01 l/7 NA NA Treatment Area 
35 35 3-MW02-01 l/7 . . :+:):‘j :::..:f:’ ;:; . . j:‘. .:::..:....,:.:.. ..::. NA Treatment Area 



TABLE 2-7 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR GROUNDWATER 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 



TABLE 2-7 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR GROUNDWATER 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Media Fraction Contaminant 

Site Contamination 
Number of Number of 
Detections Detections 

Max. Above Above 
Comparison Comparison Concentration Detection Comparison Comparison 

Criteria Criteria Min. Max. Location Frequency Criteria Criteria Distribution 
MCL NCWQS h&Fmm I 1 MCL I NCWQS I I 

Groundwater - 
Surficial 
Aquifer 
(Round Two) 

Mm ocdkk9 Volatile Organic Chloroform 100 0.19 IJ 1J 3-MW02-02 l/13 0 ‘.I’:: ::: ., : ‘5 ‘.;:;(;Y::;;: Treatment /aa 

Compounds Trichloroethene 5 NE 1J 1J 3-MW12-01 2113 0 NA Treatment Area 
Semivolatile Naphthalene NE 21 4J 110 3-MW06-02 2113 NA 1 Rail Spur 
Organic 2-Methylnaphthalene NE NE IO 10 3-MW06-02 l/13 NA NA Rail Spur 
Compounds 

Acenaphthene NE 800 24 24 3-MW06-02 l/13 NA 0 Rail Spur 

Dibenzofuran NE NE 25 25 3-MW06-02 l/13 NA NA Rail Spur 
Fluorene NE 280 28 28 3-MW06-02 1113 NA 0 Rail Spur 
Phenanthrene NE 210 21 21 3-MWO6-02 l/13 NA 0 Rail Spur 

Anthracene NE 2,100 1J 1J 3-MWO6-02 l/13 NA 0 Rail Spur 
Carbazole NE NE 10 10 3-MW06-02 .1/13 NA NA Rail Spur 

Fluoranthenene NE 280 2J 25 3-MW06-02 l/13 Rail Spur 
bis(2-Ethylhexyl)phthalate 6 3 25 11 3-MWO9-01 4113 Scattered 



TABLE 2-7 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR GROUNDWATER 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Media Fraction Contaminant 

Site Contamination 
Number of Number of 
Detections Detections 

Max. Above Above 
Comparison Comparison Concentration Detection Comparison Comparison 

Criteria Criteria Min. Max. Location Frequency Criteria Criteria Distribution 

, MCL , NCWQS , WV , (ia) , MCL , NCWQS 

iroundwater - 
ktstle Hayne 
Round Two) 

‘olatile Organic l,l-Dichloroethene 
:ompounds Chloroform 

(KG-) 
7 

100 

(I.@) 
7 

0.19 
1J 1J 3-MW02IW-02 I/3 0 Treatment Area 

1J 1J 3MWl IIW-01 l/3 0 West of 
‘.“‘t :;. Treatment Area 

lemivolatile 
Irganic 
:ompounds 

Trichloroethene 
I I I 

I 5 I NE 1 1J 

2-Methylnaphthalene NE NE 250 J 

Acenaphthylene NE 210 1J 
Acenaphthene NE 800 34 

Dibenzofuran NE NE 17 
Fluorene NE 280 23 
Phenanthrene NE 210 130 J 

Anthracene NE 2,100 3J 

Carbazole NE NE 35 

Pyrene 

17 

I NE I 210 11 

;I 
I  I  .  .  .  .  

1 J 1 3-MW02IW-02 J l/3 I 0 I NA 1 Treatment Area 
1 I  

35 3-MW02DW-01 213 0 b ;.j’.:.:.:.j:~, E-1 : : :: ;,I ‘,!:I Treatment hea . . . . :. . . . . . 
15J 3-MW02DW-01 l/3 0 I 0 1 Treatment Area 

Treatment Area 1 
Treatment Area I 



jroundwater - 
huficial 
iquifer 
Round Three) 

Jolatile Organic 
Compounds 

jemivolatile 
Irganic 
Compounds 

TABLE 2-7 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR GROUNDWATER 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Benzene 
, Toluene 
Ethylbenzene 
Xylenes (total) 
j Phenol 

,2-Methylphenol 
4-Methylphenol 
2,4-Dimethylphenol 
‘Naphthalene 
2-Methylnaphthalene 
Acenaphthylene 
Acenaphthene 
‘Dibenzofuran 
Fluorene 
Phenanthrene 
Anthracene 

Carbazole 

Comparison Comparison 
Criteria Criteria 

MCL NCWQS 
W-L) (Pg/L) 

5 1 
1,000 1,000 
700 29 

10,000 530 
NE 300 

NE NE 
NE NE 
NE NE 
NE 21 
NE NE 
NE 210 
NE 800 
NE NE 
NE 280 

NE 210 
NE 2,100 
NE NE 

Min. Max. 

~I.rgn) w-u 

35 35 
85 11 
1J 10 
20 20 
68 68 

16OJ 1605 
200 J 200 J 
64 J 64 J 
360 1,500 
23 94 
25 2J 
45 J 55 
24 1205 
20 80 
23 975 

5NJ 5NJ 
11J 82 

Site Contamination 
Number of Number of 
Detections Detections 

Max. Above Above 
Concentration Detection Comparison Comparison 

Location Frequency Criteria Criteria Distribution 
MCL NCWQS 

3-MW02-03 l/13 0 ,... ‘I”.” .j. ,:, .‘:~li::,::;;::i:;::l:.l:;i: Treatment Area 
3-MW02-03 2113 0 0 Treatment Area 
3-MW02-03 2/13 0 0 Treatment Area 
3-MW02-03 l/13 0 0 Treatment Area 
3.MW02-03 l/13 NA 0 Treatment Area 
3-MW02-03 l/13 NA NA Treatment Area 
3-MW02-03 l/13 NA NA Treatment Area 
3-MWO2-03 l/13 NA Treatment Area 
3-MW02-03 Treatment Area . 2/13 NA +:f;;:FZ., :;*;.: ,,, ,: c::$;‘:ii; ..>.. 
3-MWO2-03 2113 NA NA Treatment Area 
3-MW02-03 1113 NA 0 Treatment Area 
3-MWO2-03 2/13 NA 0 Treatment Area 
3-MW02-03 2113 NA NA Treatment Area 
3-MW02-03 2113 NA 0 Treatment Area 
3-MW02-03 2/13 NA 0 Treatment Area 
3-MWO2-03 1113 NA 0 Treatment Area 
3-MWO2-03 2113 NA NA Treatment Area 

L 

Fluoranthene 
‘?yrene - 
bis(2-Ethylhexyl)phthalate 

NE 280 
NE 210 
6 3 

I  

3J 1OJ 3-MW02-03 2/13 NA 0 Treatment Area 
2J 8J 3-MW02-03 2113 NA 0 Treatment Area 
1J 1J 3-MW02-03 2113 0 0 Treatment Area 



TABLE 2-7 (Continued) 

REMEDIAL INVESTIGATION, 1994-95 
ANALYTICAL RESULTS FOR GROUNDWATER 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Mm 

Site Contamination 
Number of Number of 
Detections Detections 

A h,-wo Ahn,re 
. . ^ - - .  Ll”V”Y ‘l”“.V 

Concentration Detection Comparison Comparison 
Min. Max. Location Frequency Criteria Criteria Distribution 

1J 1.l 3-MWl HW-02 ,. l/3 NA 0 Treatment Area 
4J 45 3-MW02IW-03 l/3 NA 0 Treatment Area 

1J 1J 3-MW02IW-03 l/3 NA NA Treatment Area 
25 25 3-MW02IW-03 l/3 NA 0 Treatment Area 

29 29 3-MWO2IW-03 l/3 NA NA Treatment Area 
35 35 3-MW02IW-03 l/3 NA 0 Treatment Area 
120 120 3-MW02IW-03 113 NA 0 Treatment Area 

1lNJ 1lNJ 3-MW02IW-03 l/3 NA 0 Treatment Area 

J 45 3-MW02IW-03 l/3 NA NA Treatment Area 
28 28 3-MW02IW-03 l/3 NA 0 Treatment Area 
16 16 3-MWO2IW-03 l/3 NA 0 Treatment Area 

Media 
iroundwater - 
Iastle Hayne 
Round Three) 

Contaminant 

Phenol 
Naphthalene 

2-Methylnaphthalene 
Acenaphthene 

Dibenzofuran 
Fluorene 
Phenanthrene 

Anthracene 
Carbazole 
Fluoranthene 
Pvrene 

Comparison Comparison 
Criteria Criteria 

NE 300 
NE 21 

NE NE 
NE 800 

NE NE 
NE 280 
NE 210 

NE 2,100 
NE NE 
NE 280 
NE 210 

Notes: 

(‘) Shaded boxes indicate detections above comparison criteria. 

NE = No Criteria Established 
NA = Not Applicable 
J =Estimated Value 
NJ = Estimated Value/Tentative Identification 
pg/L = microgram per liter (ppb) 



TABLE 2-8 

SUMMARY OF HUMAN HEALTH RISKS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Receptors 

Military Personnel 

Future Child Resident 

Round 2 Worst Case 
Soil Groundwater Groundwater 

ICR HI ICR HI ICR HI 

1.7E-06 
(100) NA NE NE NE NE 

Total 
with Round 2 
Groundwater 

Contamination 

ICR HI 

1.7E-06 NA 

Total 
with Worst Case 

Groundwater 
Contamination 

ICR HI 

1.7E-06 NA 

Future Adult Resident 

Future Construction 
Worker 

(34)&l) NA I.7&05 0.7 

1 .OE-07 co.01 

(100) (100) NE NE NE NE 1 .OE-07 co.01 1 .OE-07 co.01 

Notes: 

ICR = Incremental Lifetime Cancer Risk 
HI = Hazard Index 
Total = Soil + Groundwater 
NE = Not Evaluated for Potential Receptor 
NA = Not Applicable (no noncarcinogenic COPCs) 

0 = Percent contribution to total risk 
( )/( ) = First is percent contribution to total risk with round 2 groundwater results; Second is percent contribution to total risk with 

worst case groundwater results (combined Rounds 1,2,3) 

Shaded biocks indicate an ICR --a’--- v ILK that exceeds the acceptable limit of IE-04, or an HI value that exceeds the acceptable limit of 1 .O. 
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FIGURE 2-9 

SITE CONCEPTUAL MODEL 
OPERABLE UNIT NO. 12 (SITE 3) 

OLD CREOSOTE PLANT 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 
I 1 

htgestion/ Future 
LWtd COPZ~UC~ ’ Residents 
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MARINE CORPS BASE, 
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VI C I N ITY MAP 
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L E G E N D  -- 
- -  DRAINAGE PATH 
= = = GRAVEL ROAD/DIRT PATH 

GROUNDWATER FLOW DIRECTION IN THE SHALLOW AQUIFER 
TOPOGRAPHIC ELEVATION LINE (FEET, MSL) 

SOURCE: W.K. DICKSON & Co., INC:., JANUARY 1995 

> POSSIBLE LOCATION 
OF FORMER SAWMILL 
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FIGURE 2-2 

SITE 3 - OLD CREOSOTE PLANT 
FEASl B I LlTY STU DY CTO - 0274 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 

SITE MAP 
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03-BB-SBOl 
0 

03-NA-SB14 
0 

03-NA-SI301 
0 

A-SE02 
0 03-NA-SB15 

5-NA-SB1&b 03-MWOB 4 
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3.0 DEVELOPMENT OF REMEbltAT&jN GOAL OPTIONS, REMEDIATION 
LEVELS, AND REMEDIAL ACTION OBJECTIVES 

This section presents the development of remediation goal options (RGOs), remediation levels 
(RLs), and remedial action objectives (RAOs) for Site 3. RGOs are chemical-specific concentration 
goals established for the protection of human health and the environment; each RGO is established 
for a specific medium and land use combination. There are two general sources of chemical-specific 
RGOs: (1) concentrations based on applicable or relevant and appropriate requirements (AR4Rs) 
and, (2) risk-based concentrations for the protection of public health and the environment. The 
selection of RGOs includes: identification of the media of concern, selection of contaminants of 
concern (COCs), evaluation of state and federal standards and criteria, and identification of site- 
specific exposure pathway information (i.e., exposure frequency, duration, and intake rate data). 
The development of RGOs for Site 3 is detailed in Sections 3.1 through 3.5. The resulting RLs, 
areas of concern, and RAOs are presented in Sections 3.6,3.7, and 3.8, respectively. 

3.1 Media of Concerq 

The results of the baseline human health and ecological RAs indicate that under the current land use 
scenario, exposure to soil and groundwater at Site 3 does not present unacceptable human health 
risks. Currently, the only human exposure pathway is associated with soil, not groundwater. This 
exposure pathway involves military personnel coming in contact with soil. From an ecological 
standpoint, contaminants at Site 3 are not expected to cause signiticant adverse risk to terrestrial 
mammals or birds. 

Under future potential land use scenarios (residential adult and child), groundwater is the medium 
of concern that may result in unacceptable human health risks. The results of the human health RA 
for the future construction worker did not identify adverse health effects associated with exposure 
to subsurface soil. However, subsurface soil contamination has been detected at levels that may not 
be protective of groundwater (i.e., contaminants in subsurface soil may be leaching and contributing 
to groundwater contamination). In addition, PAHs and fuel constituents were detected in the Castle 
Hayne aquifer at concentrations exceeding state and federal standards. As a result, the subsurface 
soil at Site 3 was evaluated, along with groundwater (both shallow and deep), as a medium of 
concern. 

In summary, the following media of concern were identified for Site 3: 

0 Subsurface Soil 
0 Groundwater (Shallow and Deep) 

3.2 
I 

Contaminants of Concern 

Table 3-1 presents a set of COCs that will be evaluated during this section of the FS. The soil COCs 
include all volatile and semivolatile organics that were positively detected during the RI. 
(Inorganics are not included as soil COCs because leaching of inorganics from soil to groundwater 
is not a concern.) The groundwater COCs include all contaminants that were retained as COCs 
during the human health and ecological RAs, and all contaminants that exceeded state or federal 
criteria. In the remaining portion of Section 3.0, RGOs will be established for the soil and 
groundwater COCs. COCs that exceed the RGOs will be retained as a fmal set of COCs to be 
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addressed in the FS. The final set of COCs will become the basis for defining remediation levels, 
areas of concern, and remedial action objectives. 

3.3 
. . . 

Remedlatwn Goal Opt~oag 

RGOs are based on state and federal criteria or risk-based concentrations. State and federal criteria 
will be identified and evaluated in Section 3.3-l. Site specific risk-based RGOs for the COCs at 
Site 3 will be developed in Section 3.3.2. The results from .both of these sections will be used to 
develop the initial set of RGOs for the operable unit. 

3.3.1 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 “ARARs” or applicable or relevant and appropriate 
requirements. ARARs are derived from both federal and state laws. USEPA Interim Guidance 
(52 Fed. Reg. 32, 496, August 27, 1987) provides the following definition of “Applicable 
Requirements”: 

. ..cleanup standards, standards of control, and 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. The definition of “Relevant and Appropriate Requirements” 
is: 

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

There are three types of ARARs. The first type, chemical-specific ARABS, are requirements which 
set health or risk-based concentration limits or ranges for specific hazardous substances, pollutants, 
or contaminants. Federal Maximum Contaminant Levels (MCLs) established under the Safe 
Drinking Water Act (SDWA) are examples of chemical-specific AR4Rs. 

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

The third classification of ARARs, action-specific, refers to the requirements that set controls or 
restrictions on particular activities related to the management of hazardous substances, pollutants, 
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or contaminants. RCRA regulations for ‘closure of h&ardous waste storage units, RCRA 
incineration standards, and pretreatment standards under the Clean Water Act (CWA) for discharges 
to publicly-owned treatment works (POTWs) are examples of action-specific ARARs. 

Subsection 121(d) of CERCLA requires that the remedial action meet a level or standard which at 
least attains federal and state substantive requirements that qualify as AR4Rs. 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 area1 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. AR4Rs 
identified for Site 3 are presented in the following sections. 

3.3.1.1 Contamina 
. n- t Specttic ARABs 

A summary of chemical-specific ARARs and their applicability to the areas of concern is provided 
in Table 3-2. 

The following criteria were used in the selection of contaminant-specific ARARs: the North 
Carolina Water Quality Standards (NCWQSs) applicable to groundwaters and the Federal MCLs 
and secondary MCLs. A brief description of each these standards/guidance is presented below. 

North Carolina Water Quality Standards (Groundwater) - Under the North Carolina 
Administrative Code (NCAC), Title 15A, Subchapter 2L, Section .0200, (15A NCAC 2L.0200) the 
NC DEHNR has established groundwater standards (NCWQSs) for three classifications of 
groundwater within the State: GA, GSA, and GC. Class GA waters are those groundwaters in the 
state naturally containing 250 milligram per liter (mg/L) or less of chloride. These waters are an 
existing or potential source of drinking water supply for humans. Class GSA waters are those 
groundwaters in the state naturally containing greater than 250 mg/L of chloride. These waters are 
an existing or potential source of water supply for potable mineral water and conversion ‘to fresh 
water. Class GC water is defined as a source of water supply for purposes other than drinking. The 
shallow and Castle Hayne aquifers at Site 3 are Class GA groundwaters. 

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 
practical quantitation limit, 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, are not permitted in detectable concentrations for Class GA 
or Class GSA groundwaters (15A-NCAC-2L.0202). 
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The NCWQSs for substances in Class GA and Class GSA groundwaters are established as the lesser 
Of: 

.- 

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

0 Concentration which corresponds to an incremental lifetime cancer risk of 1 .OE-6 

l Taste threshold limit value 

0 Odor threshold limit value 

0 .Federal MCL 

0 National Secondary Drinking Water Standard (or secondary MCL) 

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). 

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 techn@al feasibility of removing the contaminant from 
the public water supply. 

Secondary MCLs are nonenforceable guidelines established under the SDWA. The secondary 
MCLs are set to control contaminants in drinking water that primarily affect the aesthetic qualities 
relating to public acceptance of drinking water. 

A comparison of Site 3 groundwater contaminants to NCWQSs and MCLs is presented in Table 3-3. 

Soil Screening Levels - The SSLs provide reasonable maximum estimates of transfers of 
contaminants from soil which are protective of groundwater.; “Protective” is defined in the same 
terms as the risk-based concentrations for tap water and air -- that residential contact scenarios will 
yield a fixed upper bound risk of 1 o-6 or a fixed hazard quotient of 1 (whichever occurs at the lower 
concentration). MCLs are used as target groundwater concentrations if available. If MCLs were 
unavailable the risk-based concentration for “tap water” is used as the target groundwater 
concentration. All SSLs for groundwater are based on a dilution-attenuation factor (DAF) of 10. 
Since these SSLs scale linearly with DAF, the SSLs for DAF=l would be ten times lower. 

A comparison of Site 3 subsurface soil contaminants to SSLs is presented in Table 3-4. 

3.3.1.2 Location-Specific ARARs 

Potential location-specific ARARs identified for Site 3 are listed in Table 3-5. An evaluation 
determining the applicability of these location-specific ARARs with respect to Site 3 is also - 
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presented and summarized in Table 3-5. Based on this evaluation, specific sections of the following 
location-specific ARARs may be applicable to Site 3: 

0 Federal Endangered Species Act 
0 North Carolina Endangered Species Act 
0 Executive Order 11990 on Protection of Wetlands 
0 Executive Order 11988 on Floodplain Management 

Please note that the citations listed in Table 3-5 should not be interpreted as though the entire 
citation is an ARAR. The citation listing is provided in the table as a general reference. 

3.3.1.3 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 Site 3. A set of 
potential action-specific ARARs are listed in Table 3-6. These ARARs are based on RCRA., CWA, 
SDWA, and Department of Transportation (DOT) requirements. Note that the citations listed in 
Table 3-6 should not be interpreted to indicate that the entire citation is an ARAR. The citation 
listing is provided in the table as a general reference. 

These ARARs will be evaluated after the remedial action alternatives have been identified for Site 3. 
Additional action-specific ARABS may also be identified and evaluated at that time. 

33.2 Risk-Based Remediation Goal Options 

In conjunction with the RGOs based on state and federal criteria (Section 3.3.1), risk-based RGOs 
were developed for the groundwater COCs. The methodology used for the derived RGOs was in 
accordance with USEPA risk assessment guidance (USEPA, 1989) (USEPA, 1991). For 
noncarcinogenic effects, an RGG was calculated that corresponds to an III range of 0.1, 1 .O, and 10. 
An HI of 1.0 or unity, is the level of exposure to a contaminant from all significant exposure 
pathways in a given medium below which it is unlikely for even sensitive populations to experience 
health effects. For carcinogenic effects, an action level was calculated that corresponds to a one in 
a million to 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. l.OE-06 was used as a 
conservative risk level for determining RGOs. Based on the NCP (40 CFR 300.430), for known or 
suspected carcinogens, acceptable exposure levels are generally concentrations that represent an ICR 
between 1 .OE-04 and 1 .OE-06. The RGOs for Site 3 are representative of acceptable incremental 
risks based on current and probable future use of the area. 

Three steps were involved in estimating the risk-based RGOs for the Site 3 COCs. These steps are 
generally conducted for a specific medium and land-use combination and involve identifying: 
(1) the most significant exposure pathways and routes, (2) the most significant 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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3.3.2.1 Derivation of Risk Equations 

The determination of contaminant-specific RGOs was performed in accordance with USEPA 
guidance (USEPA, 1989) (USEPA, 1991). Reference doses (RfDs) were used to evaluate 
noncarcinogenic contaminants, while cancer slope factors (CSFs) were used to evaluate carcinogenic 
contaminants. 

Potential exposure pathways and receptors used to determine RGOs are site-specific and consider 
the current and future Iand use of a site. The following exposure scenario was used in the 
determination of RGOs for Site 3: 

0 Ingestion of groundwater (future resident) 

The potential risk estimated in the human health RA indicated that the majority of the site-specific 
risk is likely to occur Tom future potential exposure to groundwater. Currently, soil does not appear 
to pose an appreciable risk with respect to both dermal contact and incidental ingestion at any of the 
sites. For this FS, the most conservative exposure pathway (i.e., groundwater ingestion) was used 
in the development of RGOs. The RGOs were calculated for future (adult and child) receptors in 
order to provide site-specific RGOs from which remedial action alternatives could be developed. 

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 days per year and number of years 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, 1989) (USEPA, 1991). Exposure estimates associated with 
groundwater ingestion are presented below. RGOs were developed, with site-specific inputs, for 
groundwater COCs presented in the human health RA. However, in order to determine if a medium 
at a site requires remediation, estimated RGOs were compared to site-specific contaminant levels. 
This assessment was conducted to assure that media and contamination at each site would be 
addressed on a site-specific basis. The following sections present the equations and inputs used in 
the estimation of groundwater RGOs developed for Site 3. 

Currently, there are no receptors who are exposed to potential groundwater contamination at Site 3 
since groundwater is obtained from “noncontaminated” supply wells, pumped to water treatment 
plants, and distributed via a potable water system. However, it is assumed for the purposes of 
calculating remediation goals, that potable wells will pump groundwater from the site area for public 
consumption. Groundwater ingestion RGOs are characterized using the following equation: 

cw = 
TR or THI*BW*AT, or AT,,,*DY 

CSF or l/R@ *EF *ED *IR 
c- 
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Where: 
cw 
TR 

BW 
AT, 
AL 
DY 
CSF 
RfD 
EF 
ED 
IR 

= contaminant concentration in groundwater (mg/L) 
= total lifetime risk 
= total hazard index 
= body weight (kg) 
= averaging time carcinogens (yr) 
= averaging time noncarcinogens (yr) 
= days per year (day/year) 
= cancer slope factor (mg/kg-day)-* 
= reference dose (mg/kg-day) 
= exposure frequency (day/year) 
= exposure duration (yr) 
= ingestion rate (L/day) 

JUure On-Site Residen$ 

Exposure to COCs via ingestion of groundwater was retained as a potential future exposure pathway 
for both children and adults. 

,- 

An ingestion rate (IR) of 1 .O liter/day was used for the amount of water consumed by a 1 to 6 year 
old child weighing 15 kg. This ingestion rate provides a health conservative exposure estimate (for 
systemic, noncarcinogenic toxicants) designed to protect young children who could potentially be 
more affected than adolescents or adults. This value assumes that children obtain all the tap water 
they drink from the same source for 350 days/year [which represents the exposure frequency (EF)]. 
An averaging time (AT) of 2,190 days (6 years x 365 days/year) is used for noncarcinogenic 
compound exposure. 

The IR for adults was 2 liters/day (USEPA, 1989). The exposure duration (ED) used for the 
estimation of adult chronic daily intakes (CDIs) was 30 years (USEPA, 1989), which represents the 
national upper-bound (90th percentile) time at one residence. The averaging time for 
noncarcinogens was 10,950 days (30 years x 365 days/year). An AT of 25,550 days (70 years x 365 
days/year) was used to evaluate exposure for both children and adults to potential carcinogenic 
compounds. 

Table 3-7 presents a summary of the input parameters for the.ingestion of groundwater scenarios. 

3.3.2.2 
. n Goal Opttons 

The risk-based RGOs for the cleanup of a specific medium are used in the FS to identify areas of 
concern. COCs were chosen based on available toxicity data and frequency of detection and 
available ARABS. RGOs were generated for contaminants with available toxicity data. 
Separate RGOs for future adult residents and children have been calculated. In addition, both 
carcinogenic and noncarcinogenic RGOs have been calculated. Calculations are provided in 
Appendix A of this report. 

Ingestion of Groundwater 

Groundwater ingestion RGOs were estimated for the groundwater at Site 3. Currently, there are no 
known receptors who are exposed to contaminated groundwater. Base personnel receive potable 
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water via a Base water distribution system. However, a hypothetical future ingestion RGO was 
estimated for the COCs. In order to estimate conservative RGOs for subpopulations (i.e., adult 
resident and child resident), specific input variables were developed for each subpopulation. 
Tables 3-8 and 3-9 present the RGOs calculated for the carcinogenic and noncarcinogenic COCs in 
the groundwater, respectively. 

3.4 
. . . . Comuarison of Remedlatlon Goal Omens to Maxlmum Contam inant Concentrationg 

in Grouudwater 

Generally, RGOs are not required for a contaminant in a medium with a cumulative cancer risk of 
less than 1 .OE-04, where an HI is less than or equal to 1 .O, or where the RGOs are clearly defined 
by ARARs. In order to decrease uncertainties in the estimation of the reasonable maximum 
exposure (RME), which is the maximum exposure that is reasonably expected to occur at the site, 
the maximum concentration of a contaminant in a medium can be compared to the estimated risk- 
based RGO if chemical-specific criteria are not available. 

Table 3-10 presents a comparison of the NCWQSs, federal MCLs, and carcinogenic and 
noncarcinogenic risk-based RGOs for groundwater ingestion with respect to future residential 
receptors (adult and children), and the groundwater contaminant concentrations detected during all 
three sampling rounds. Additionally, the NCWQSs and MCLs are presented in this table. 

As shown in Table 3-10, the maximum concentration of benzene (40 pg/L) exceeded the NCWQS, 
the Federal MCL, and the estimated risk-based RGO. Additionally, the maximum concentrations 
of phenol (420 ltg/L), naphthalene (2,400 pg/L), phenanthrene (410 ug/L), benzo(a)anthracene 
(8 pg/L), chrysene (8 l&L), benzo(a)pyrene (3 l&L), and chloroform (1 pg/L) exceeded the 
NCWQS and/or federal MCL. Phenol and chrysene were not retained for evaluation in the human 
health RA, but were evaluated against state and federal groundwater criteria. Because groundwater 
criteria has not been published for carbazole, benzo(b)fluoranthene, and benzo(k)fluorenthene, the 
estimated RGOs were used to evaluate contaminant levels. Maximum concentrations of carbazole 
(87 pg/L), benzo(b)fIuoranthene (3 pgiL.), and benzo(k)fluoranthene .(3 l&L.) exceeded the 
estimated RGO. (Please note that maximum concentrations were based on a data set combining 
three groundwater sampling rounds.) 

3.5 

The uncertainties associated with calculating risk-based RGOs are summarized below. The RGO 
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 RGO 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 RGOs are based on estimated parameters. 

The toxicity factors, CSFs and RfDs, have uncertainties built into the assumptions used to calculate 
them. 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, 

__ 
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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. In 
addition, the exposure assumption (e.g., 10 events per year, etc.) also have uncertainties associated 
with them. 

Although RGOs are believed to be fully protective for the RME individual(s), the existence of the 
same contaminants in multiple media or of multiple chemicals affecting the same population(s), may 
lead to a situation where, even after attainment of a11 RGOs, protectiveness is not fully achieved 
(i.e., cumulative risk may fall outside the risk range). 

3.6 Remediation Levels 

This section presents the RLs chosen for Site 3 groundwater and soil. RLs are chosen by the risk 
manager for the COCs and are addressed in the FS and the Record of Decision (ROD). Derived 
from the RGOs, RLs are no longer goals and should be considered required levels for the remedial 
actions to achieve, if possible. 

The RLs for groundwater and soil at Site 3 are presented in Tables 3-l 1 and 3-12, respectively. This 
list was based on a comparison of contaminant-specific standards (or standard-based RGGs) and the 
site-specific risk-based RGOs. If a COC had a standard, the most limiting (or conservative) standard 
was selected as the RL. If a COC did not have a standard, the most conservative risk-based RGO 
was selected. 

In order to determine the final COCs for groundwater at Site 3, the maximum contaminant 
concentrations detected at each site were compared to the standard-based and risk-based RGOs. The 
contaminants which exceeded at least one of the RGOs were retained as fmal COCs. The 
contaminants that did not exceed any of the RGOs were no longer considered as COCs with respect 
to this FS. The contaminants acenaphthene and fluorene were not selected as final COCs. These 
contaminants were not evaluated in the human health RA and were detected at concentrations less 
than their established groundwater standard. The final COCs for Site 3 groundwater and soil and 
their associated RLs are presented in Table 3- 11 and 3- 12, respectively. 

3.7 Areas of Concern 

The results of the basehne human health RA and the ecologicai RA were evaluated, along with state 
and federal standards, to determine the areas of concern (AOCs) within Site 3 that may warrant 
remediation or institutional controls to protect the public health and the environment. Section 3.7.1 
describes the groundwater AOCs, Section 3.7.2 describes the soil AOC, and Section 3.7.3 describes 
the remediation approach adopted for the FS. 

3.7.1 Groundwater Areas of Concern 

During the RI at Site 3, volatile organics, semivolatile organics, and inorganics were detected at 
concentrations exceeding the groundwater RLs. (Figures 3-1,3-2, and 3-3 identify contaminant 
conc&trations that exceeded RLs during the first, second, and third groundwater sampling rounds, 
respectively.) However, the main problem at Site 3 appears to be semivolatile organic contaminants 
(in particular, naphthalene) in the shallow aquifer. This contamination appears to be centered around 
a source area of PAH-contaminated subsurface soil that is located near well 03-MWK!. The 
semivolatile contamination also occurs to a lesser extent in the southern, railroad spike portion of 
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Site 3, near well 03-MW06. Thus, two groundwater AOCs wereidentified at Site 3 as shown in 
Figure 3-5. (Please note that the AOC boundaries identified in Figure 3-5 are approximate.) 

- 

The following subsections explain why volatile organics in the shallow aquifer, volatile and 
semivolatile organics in the Castle Hayne aquifer, and inorganics in the shallow aquifer do not 
appear to represent significant problems at Site 3. 

3.7.1 .l Volatile Orlpanics in the Shallow Aqu&~ 

Two volatile organics (benzene and chloroform) were detected in the shallow aquifer at 
concentrations exceeding RLs. However, these volatile organics do not appear to represent a 
significant problem for the following reasons: 

0 There is no apparent pattern or consistency between sampling rounds to the 
positive detections of benzene and chloroform in the shallow aquifer. During the 
fmt sampling round, benzene was detected above standards at wells 03-MW07 and 
03-MWOS; during the second sampling round, benzene was not detected above 
standards; and during the third sampling round, benzene was detected above 
standards at well 0344WO2. These benzene detections were not consistent between 
the three samphng rounds. SimilarIy, chloroform was only detected above 
standards in the second sampling round. Chloroform was not detected in the first r 
and third sampling rounds. 

0 The benzene concentration detected during the third sampling round (3J pg/L) only -c” 
slightly exceeded the state standard (1 ug/L) and did not exceed the federal standard 
(5 Pg/L). 

0 The maximum chloroform concentration detected in the shallow aquifer (1 J pg/L) 
only slightly exceeded the state standard (0.19 &I) and did not exceed the federal 
standard (100 ug/L). In addition, chloroform is a common laboratory contaminant 
so its occurrence may be laboratory-related rather than site-reIated. 

Because volatile organics in the shallow aquifer do not appear to represent a significant site-related 
problem, they were not used to delineate groundwater AOCs. However, these volatile organics will 
not be ignored in the FS. Instead, they will be addressed as a secondary concern that may not require 
active remediation, but may require long-term monitoring. If three consecutive rounds of quarterly 
groundwater samples from each well (03-MW02, 03-MW06,03-MW07, and 03-MW08) exhibit 
VOC concentrations below the state and federal standards, the shallow aquifer will be considered 
non-impacted. 

3.7.1.2 Volatile and Semivolatile Orpanics in the Castle Hayne Aqui&~ 

Two volatile organics (benzene and chloroform) and two semivolatile organics (phenol and 
naphthalene) were detected in the Castle Hayne aquifer at concentrations exceeding RLs. However, 
these contaminants do not appear to represent a significant problem for the following reasons: 

l There is no apparent pattern or consistency to the positive detections of volatile 
organics in the Castle Hayne aquifer. During the first round, benzene was only -* 
detected above standards at well 03-MW02IW, but it was not detected at this well 
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during the second and third sampling rounds. During the second sampling round, 
benzene was only detected above standards at well 03-MWOZDW, but it was not 
detected at this well during the first and third sampling rounds. Similarly, 
chloroform was only detected above standards during the second round, but it was 
not detected during the first and third sampling rounds. 

0 Benzene concentrations detected in the Castle Hayne (ranging from 3 J pg/L to 11 J 
l.tg/L) only slightly exceeded the federal and state standards (5 pg/L, and 1 I@.,, 
respectively). 

0 The maximum chloroform concentration detected in the Castle Hayne (1 J pg/L) 
only slightly exceeded the state standard (0.19 rig/L) and did not exceed the federal 
standard (100 pg/L). In addition, chloroform is a common laboratory contaminant 
so its occurrence may not be site-related. 

0 There is no apparent pattern or consistency to the positive detections of semivolatile 
organics in the Castle Hayne. During the second sampling round, naphthalene and 
phenol were detected above standards at well 03MW02DW. This deep well was 
installed a short time before it was sampled for the first time, so it is possible that 
well installation activities pulled some semivolatile contamination from the shallow 
aquifer down into the Castle Hayne aquifer. Semivolatile organics were not 
detected in 03MW02DW the second time it was sampled. Between the first and 
second sampling events, these semivolatiles may have diluted/dispersed in the 
Castle Hayne aquifer explaining their absence in well 03MWO2DW during the 
second sampling event. Due to this inconsistency, 03-MW02DW was resampled 
a third time (in January 1996). Semivolatile organics were not detected in the deep 
well during this third sampling event which reinforces the theory that the 
semivolatile organics detected during the first sampling event were the result of 
well installation activities. 

Because volatile and semivolatile organics in the Castle Hayne aquifer do not appear to relpresent 
a significant site-related problem, they were not used to ,delineate groundwater AQCs. However, 
these volatile and semivolatile organics will not be ignored in the FS. Instead, they will be 
addressed as a secondary concern that may not require active remediation, but may require long- 
term monitoring. If four consecutive rounds of quarterly groundwater samples from each well 
(03MWO2IW, 03MW02DW, and 0344WllIW) exhibit VQC and SVQC concentrations below 
the state and federal standards, the Castle Hayne aquifer will be considered non-impacted. 

. 
3.7.1.3 Inorganics in the U&low A~u&x 

Two inorganics (aluminum and iron) were detected in the shallow aquifer at concentrations 
exceeding remediation levels. However, these inorganics do not appear to represent a significant 
problem for the following reasons: 

0 The remediation level for aluminum is a secondary MCL (SMCL) so it is not an 
enforceable, promulgated standard; there is not a primary MCL or an NCWQS 
established for aluminum. As a result, unless there is a significant site-related 
source of aluminum, the occurrence of this inorganic most likely does not represent 

3-11 



a significant problem at the site. At Site 3, there does not appear to be a site-related 
source of aluminum. 

- 

0 Iron levels exceeding state and federal standards have been detected in groundwater 
throughout MCB, Camp Lejeune (Baker, 1994c). Therefore, it appears that iron 
levels exceeding state and federal standards are a natural occurrence at the Base. 
At Site 3, there does not appear to be a significant site-related source of iron. Its 
presence in the groundwater appears to be a natural occurrence that is not indicative 
of a site-related problem. 

Because inorganics in the shallow aquifer do not appear to represent a significant problem, they were 
not used to delineate groundwater AOCs. However, these inorganics will not be ignored in the FS. 
Instead, they will be addressed as a secondary concern that may not require active remediation, but 
may require long-term monitoring. 

3.7.2 Soil Area of Concern 

During the RI at Site 3, several semivolatile organics were detected at concentrations exceeding the 
soil RLs. Figure 3-4 identifies the contaminant concentrations in subsurface soil that exceeded RLs. 
Based on the locations of these exceedences, a soil AOC (approximately 1,340 cubic yards) was 
identified as shown in Figure 3-5. (Please note that the AOC boundaries depicted in this figure are 
approximate.) This soil AOC extends to a depth of approximately 9 feet bgs which is just above the 
water table. The soil AOC is believed to be a source of the semivolatile organic contamination 
detected in the shallow groundwater at Site 3. 

As shown in Figure 3-4, three semivolatile organics exceeded IUs in a soil sample collected from 
17 to 19 feet bgs (03~MWO2IW-09), which is located below the water table. However, the soil AOC 
does not extend beyond 9 feet bgs to include these exceedences at 03-MW02IW-09. This soil 
sample was collected from below the water table when an odorous, product-like substance was 
encountered during the drilling of 03-MWO2IW. This product-like substance was not encountered 
during the drilling of 03-MW02DW, which is located approximately 10 feet from 03-MW02IW. 
Based on this information, it appears as though the substance may have been a small creosote slug 
that sank below the water table near 03-MWO2IW. This isolated creosote slug was not included as 
part of the soil AOC because: 1) creosote contaminants are hydrophobic so a small slug will not 
contribute significantly to the groundwater contamination, and 2) soil excavation below the water 
table is not typically conducted. This creosote slug, however, will not be ignored in the FS. Instead, 
it will be addressed as a secondary concern that may not require active remediation, but may require 
long-term monitoring of groundwater in the the shallow aquifer. 

3.7.3 Approach for the FS 

Based on the information presented in Sections 3.7.1 and 3.7.2, semivolatile organics in the shallow 
aquifer appear to be the main groundwater problem at Site 3. Consequently, the FS will focus on 
the remediation of this semivolatile groundwater contamination, and active remediation alternatives 
(e.g;, pump and treat) will be developed for this contamination. Volatile organics in the shallow 
aquifer, volatile and semivolatile organics in the Castle Hayne aquifer, and inorganics in the shallow 
aquifer will not be ignored in the FS. Instead, they will be addressed with long-term 
monitoring/institutional control alternatives, as opposed to active remediation alternatives. Since 
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these contaminants do not appear to represent significant problems at the site, a reasonable approach 
to remediating their inconsistent occurrences could not be developed. 

In addition to addressing semivolatile organics in the shallow aquifer, the FS will address what 
appears to be the source of the groundwater contamination - an area of PAH-contaminated 
subsurface soil (around well 03-MW02) that extends to about 9 feet bgs. Although this 
contaminated subsurface soil did not generate unacceptable risk values, it may continue to be an 
on-going source of semivolatile groundwater contamination. Because of this, the soil AOC will be 
addressed in the FS, and remedial action alternatives will be developed for both the contaminated 
groundwater and soil at Site 3. . 

3.8 Remedial Action Obiectives. 

The following RAOs were developed for soil at Site 3: 

Prevent the leaching of PAH contaminants from the subsurface soil to the 
groundwater. 

0 Soil RAO #2 
Remediate subsurface soil at the site to the specified remediation levels. 

The following RAOs were developed for groundwater at Site 3: 

0 Groundwater RAO #I, 
Prevent the potential for direct exposure via ingestion, dermal contact, and 
inhalation, to contaminated groundwater. 

0 Groundwater IL40 #2 
Remediate groundwater in the shallow aquifer to the specified &mediation levels. 
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TABLE 3-l 

PRELIMINARY SET OF COCs TO BE EVALUATED DURING THE FS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant I Soil 1 Groundwater 
Volatiles: 

Acetone 

Carbon Disulfide 
1,l -Dichloroethene 

Chloroform 

2-Butanone 

Trichloroethene : 

Benzene 

Toluene 

X 

X 
X 

X X 

X 

X 

X X 
X X 

Ethylbenzene 
Stvrene 

1 

X X 

X 

Xylenes (total) 

Semivolatiles: 

Phenol 

2-Methylphenol 

X 

X X 
X X - - 

4-Metbylphenol 

2,4-Dimethylphenol 

Naphthalene 
2-Methvhaohthalene 

X X 

X 

X X 

X X 

Acenauhthene I x I x I 
Acenaphthylene 
Dibenzofbran 

I X I X 

X X 

Fluorene I x I x I 
N-nitrosodiphenylamine 

Phenanthrene 
Anthracene 

Carbazole 

di-n-Butylphthalate 

Fluoranthene 

Pyrene 

Bis(2-ethylhexyl)phthalate 
Benzo(a)anthracene 

BenzofbUluoranthene 
BenzoQfluoranthene 

Benzo(a)pyrene 
Indeno(l.2.3-cd)uvrene 

X 

X X 

X X 

X X 

X 

X X 

X X 

X X 

X X 

X X 
X X 

X X 

X .__ .__ 
Benzo(g,h,i)perylene 

Chrysene 
4-Nitrophenol 

2-Nitroohenol 

X 

X 

I X I 
X I 



TABLE 3-1 (Continued) 

PRELIMINARY SET OF COCs TO BE EVALUATED DURING THE FS 
OPERABLE UNIT NO. 11 (SITE 7) 

REMEDLAL INVESTIGATION, CTO-0274 
MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant Soil Groundwater 

Inorganics: 
Alulllinum X 

Chromium X 

Notes: 

X = Selected as a preliminary COC for the FS. 
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TABLE 3-2 

CONTAMINANT-SPECIFIC ARARs AND TBC CRITERIA 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ARAR Citation 

FEDERAL/CONTAMINANT- SPECIFIC 

Requirement Consideration in the FS 

Safe Drinking Water Act 
a. Maximum Contaminant Levels (MCLs) 

40 CFR 141.11-141.16 
b. Maximum Contaminant Level Goals 

(MCLGs) 40 CFR 141.50-141.51 

Standards for protection of drinking water sources Relevant and appropriate in developing 
serving at least 25 persons. MCLs consider health remediation levels for contaminated 
factors, as well as economic and technical feasibility of groundwater used as a potable water supply. 
removing a contaminant; MCLGs do not consider the 
technical feasibility of contaminant removal. For a 
given contaminant, the more stringent of MCLs or 
MCLGs is applicable unless the MCLG is zero, in which 
case the MCL applies. 

Reference Doses (RfDs), EPA Office of Research and Presents non-enforceable toxicity data for specific To be considered (TBC) requirement in the 
Development chemicals for use in public health assessments to public health assessment. 

characterize risks due to exposure to contaminants. 
Carcinogenic Potency Factors, EPA Environmental Presents non-enforceable toxicity data for specific TBC requirement in the public health 
Criteria and Assessment Office; EPA Carcinogen chemicals for use in public health assessments to assessment. 
Assessment Group compute the individual incremental cancer risk resulting 

from exposure to carcinogens. 

Health Advisories, EPA Office of Drinking Water Non-enforceable guidelines for chemicals that may TBC requirement in the public health 
intermittently be encountered in public water supply assessment. 
systems. Available for short- or long-term exposure for 
a child and/or adult. 

National Emissions Standards for Hazardous Air 
Pollutants (NESHAPs) (40 CFR Part 61) 

Standards promulgated under the Clean Air Act for No remedial actions that may result in release 
significant sources of hazardous pollutants, such as vinyl of hazardous air pollutants are anticipated. 
chloride, benzene, trichloroethylene, dichlorobenzene, Therefore, these standards will not be 
asbestos, and other hazardous substances. Considered considered as an ARAR. 
for any source that has the potential to emit 10 tons of 

National Ambient Air Quality Standards 
(40 CFR 50) 

any hazardous air pollutant or 25 tons of a combination 
of hazardous air pollutants per year. 

Standards for the following six criteria pollutants: 
particulate matter; sulfur dioxide; carbon monoxide; 
ozone; nitrogen dioxide; and lead. The attainment and 
maintenance of these standards are required to protect 
the public health and welfare. 

Not enforceable and therefore not an ARAR. 
May be a TBC for excavation activities. 



TABLE 3-2 (Continued) 

CONTAMINANT-SPECIFIC ARARs AND TBC CRITERIA 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ARAR Citation Requirement Consideration in the FS 

EPA Ambient Water Quality Criteria Non- enforceable criterion for water quality for the Potentially relevant and appropriate for 
(Section 304(a)( 1) of CWA) protection of human health from exposure to discharge of treated groundwater to a surface 

contaminants in driiing water and from ingestion of water. 
aquatic biota and for the protection of fresh-water and 
salt- water aquatic life. 

STATE/CONTAMINANT-SPECIFIC 

State of North Carolina Department of Environment, Surface water quality standards based on water use and Relevant and appropriate for remedial actions 
Health, and Natural Resources criteria class of surface water. requiring discharge to surface water. 
Division of Environmental Management 
ISA NCAC 2B.0200 - Classifications and Water 
Quality Standards Applicable to Surface Waters of 
North Carolina 

North Carolina Anti-Degradation Policy for Surface Provides for an anti-degradation policy for surface This policy is a TBC requirement for remedial 
Water (Water Quality Standards Title 15A, Chapter 2, water quality. Pursuant to this policy, the requirements actions requiring discharge to surface water. 
Subchapter 2B) of 40 CFR 13 1.12 are adopted by reference in 

accordance with General Statute 150B- 14(b). 

State of North Carolina Department of Environment, Establishes groundwater classifications and maximum Potentially relevant and appropriate for 
Health and Natural Resources contaminant concentrations to protect groundwater. remedial actions requiring discharge to 
Division of Environmental Management These standards are mandatory. groundwater, 
15A NCAC 2L.0200 - Classifications and Water 
Quality Standards Applicable to Groundwaters of 
North Carolina 

North Carolina DEHNR Toxic Air Pollutant Rule A facility shall not emit any toxic air pollutants (as listed No remedial actions that may result in release 
Statutory Authority in Rule . 1104) that may cause or contribute beyond the of hazardous air pollutants are, anticipated. 
G 3 143-215 IAT/-1111 /2\ /A\ (0. 141-&382 

. . . LJ 1 \*J\ 1 JAJ JA~~\-‘IT - me premises (contiguous property boundary) to any Therefore, these standards will not be 
significant ambient air concentration that may adversely considered as an ARAR. 
affect human health. 
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TABLE 3-3 

COMPARISON OF GROUNDWATER CONTAMINANT LEVELS 
TO CRITERIA-BASED RGOs 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

. 

Contaminant 
NCWQS Federal MCL 

Mm (I-@) 

Concentration 
Range(‘) 

(Ma 

Location of 
MaXimum 

Concentration(2) 

Benzene 1 5 3-40 3-MW08 

” Toluene 1,000 1,000 2-15 3-MWO2DW 

Xylenes (total) 530 10,000 6-32 3-MWO2DW 

1,l -Dichloroethene 7 7 1 3-MWO2IW 

Trichloroethene NE 5 1 3-MW12 

Ethyibenzene 29 700 1 - 14 3-MWO2DW 

Phenol 300 NE 3 -420 3-MW02DW 

2-Methylphenol 

2,Cdiiethylphenol 

Naphthalene 

2-Methylnaphthalene 

Acenaphthylene 

NE NE l-300 3-MWO2DW 

NE NE 2 - 170 3-MWO2DW 

21 NE 4 - 2,400 3-MWO2DW 

NE NE 10 - 250 3-MWO2DW 

210 NE l-3 3-MW02 

Acenaphthene 

Dibenzokan 

Fluorene 

800 NE 2 - 550 3-MW02 

NE NE 2-230 3-MW02 

280 NE 1 - 210 3-MW02 

Phenanthrene 

Anthracene 

Carbazole 

210 NE 21- 410 3-MWO2 

2,100 NE l-33 3-MW02 

NE I NE i 3 - 87 I 3-MWO2D’W 

Fluoranthene 280 NE 2 - 100 3-MW02 

Pyrene 210 NE 2 - 58 3-MWO2 



TABLE 3-3 (Continued) 

COMPARISON OF GROUNDWATER CONTAMINANT LEVELS 
TO CRITERIA-BASED RGOs 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

NCWQS 
Contaminant him 

Benzo(a)anthracene 0.05 

Chrysene 5 

Benzo(b)fluoranthene NE 

4-Methylphenol 

Notes: 

NCWQS - North Carolina Water Quality Standard 
MCL - Maximum Contaminant Level 
pg/L - microgram per liter (ppb) 

Federal MCL 

km 

Concentration 
Range(‘) 

hm 

NE I 8 

NE 8 

NE 3 

2 

200 1 

NE 3 - 690 

Location of 
Maximum 

Concentration(2) 

3-MW02 

3-MW02 

3-MW02 

3-MW02 

3-MW02 

3-MWllIW 

3-MW02DW 

(*) Concentration range obtained from three groundwater sampling rounds 
c2J Location of Maximum groundwater concentration 



TABLE 3-4 

COMPARISON OF SUBSURFACE SOIL CONTAMINANT LEVELS 
TO SOIL SCREENING LEVELS 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CfO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 
SSL 

h&4) 

Concentration 

Range 
owkZ~ 

Maximum Sample Depth 
Location (feet, bgs) 

I Volatiles: 

Acetone 8,000 120-120 3-NA-SB17A-02 3-5 

Carbon Disulfide 14,000 lJ-1J 3-MW12-02 3-5 

Chloroform 300 3P3J 3-MWl lIW-02 17-19 

2-Butanone NE 35-35 3-NA-SB 19-02 3-5 

Benzene 
I I I I 

I 200 I 2 1 03-TA-SB48-04 1 7-9 I 

Toluene 

Ethylbenzene 

1 03-TA-SB49-04 i 7-9 
I I I I 

5,000 4-5 03-MW09-02 I 3-5 

Styrene 
Xylenes (total) 

Semivolatiles: 

Phenol 

2-Methylphenol 

4-Methylphenol 

1 3-mO9-02 1 
I  

I 74,000 I 7-300 1 03-TA-SB49-04 ] 7-9 

49,000 7,200 03-TA-SB48-04 7-9 

6,000 2,000 03-TA-SB48-04 7-9 \ 

60,000 5,900 03-TA-SB48-04 7-9 

Dibenzofuran I 120,000 I 440 - 36,000 1 03-TA-SB48-04 1 7-9 I 



TABLE 3-4 (Continued) 

COMPARISON OF SUBSURFACE SOIL CONTAMINANT LEVELS 
TO SOIL SCREENING LEVELS 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 
SSL 

bwhi9 

Concentration 
Range 
ww 

Maximum Sample Depth 
Location (feet, bgs) 

Phenanthrene 

Anthracene 

di-n-Butvl-nhthalate 
.  a 

Fluoranthene 
I  I  I  I  

980,000 I 58J-660,000 1 3-TA-SBSO-04 1 7-9 I 
1 Fyrene I 140,000 43 - 38,000 1 03-TA-SB48-04 1 7 - 9 

Ioranthene I 79 - 3,500 1 03-TA-SB48-04 1 . . 

Benzo(k)fluoranthene 4,000 79 - 3,300 03-TA-SB50-04 7-9 

Benzo(a)pyrene 4,000 55 - 3,300 03-TA-SB48-04 7-9 

mno(l,2,3-cd)pyrene I 35,000 I 46 - 3,100 1 03-TA-SB48-04 1 7-9 
.  .__ 

I  t  I  I  

Benzo(g,h,i)perylene I NE I 71 - 1,200 1 03-TA-SB48-04 1 7-9 

Notes: 

SSL - USEPA Region III Soil Screening Level (USEPA, 1996) 
bgs - beiow ground s-urface 
I@% - microgram per kilogram (ppb) 
NE - Not established 
* - Acenaphthene used as a surrogate. 
Shading indicates an exceedence of the SSL. 



TABLE 3-5 

EVALUATION OF LOCATION-SPECIFIC ARARs AND TBC CRITERIA 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential Location- Specific ARAR 
General 
Citation ARAR Evaluation 

National Historic Preservation Act of 1966 - requires action 
to take into account effects on properties included in or 
eligible for the National Register of Historic Places and to 
minimize harm to National Historic Landmarks. 

16 USC 470, No known historic properties are within or near OU No. 12, 
40 CFR 6.301(b), and therefore, this act will not be considered as an ARAR. 
36 CFR 800 

Archeological and Historic Preservation Act - establishes 
procedures to provide for preservation of historical and 
archeological data which might be destroyed through 
alteration of terrain. 

16 USC 469 and 
40 CFR 6.301(c) 

No known historical or archeological data is known to be present 
at the sites, therefore, this act will not be considered as an ARAR. 

Historic Sites, Buildings and Antiquities Act - requires action 16 USC 461467 and No known historic sites, buildings or antiquities are within or 
to avoid undesirable impacts on landmarks on the National 40 CFR 6.301(a) near OU No. 12, therefore, this act will not be considered as an 
Registry of Natural Landmarks. ARAR. 

Fish and Wildlife Coordination Act - requires action to 
protect fish and wildlife from actions modifying streams or 
areas affecting streams. 

16 USC 661-666 Waflace Creek and Henderson Pond are located near Site 3 
boundaries. If remedial actions are implemented that modify 
these creeks, this will be an applicable ARAR 

Federal Endangered Species Act - requires action to avoid 16 USC 1531, 
jeopardizing the continued existence of listed endangered 50 CFR 200, and 
species or modification of their habitat. 50 CFR 402 

Many protected species have been cited near and on MCB Camp 
Lejeune such as the American alligator, the Bachmans sparrow, 
the Black skier, the Green turtle, the Loggerhead turtle, the 
piping plover, ‘he Red-cockaded woodpecker, and the 
rough- leaf loosestrife (LeBlond, 199 l),(Fussell, 199 l),(Walters, 
199 1). In addition, the alligator has been sighted on Base. 
Therefore, this will be considered as an ARAR. 



TABLE 3-5 (Continued) 

EVALUATION OF LOCATION-SPECIFIC ARARs AND TBC CRITERIA 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential Location-Specific ARAR 
General 
Citation ARAR Evaluation 

North Carolina Endangered Species Act - per the North 
Carolina Wildlife Resources Commission. Similar to the 
Federal Endangered Species Act, but also includes State 
special concern species, State significantly rare species, and 
the State watch list. 

GS 113-331 to Since the American alligator has been sighted within MCB Camp 
113-337 Lejeune, this will be considered as an ARAR. 

Rivers and Harbors Act of 1899 (Section 10 Permit) - 
requires permit for structures or work in or affecting 
navigable waters. 

33 USC 403 There are no navigable waters in the vicinity of Site 3. 
Therefore, this act will not be considered as an ARAR. 

Executive Order 11990 on Protection of Wetlands - 
establishes special requirements for Federal agencies to avoid 
the adverse impacts associated with the destruction or loss of 
wetlands and to avoid support of new construction in 
wetlands if a practicable alternative exists. 

Executive Order 
Number 11990, and 
40 CFR 6 

Based on a review of Wetland Inventory Maps, Site 3 is not 
surrounded by wetlands. Therefore, this will not be an applicable 
ARAR 

Executive Order 11988 on Floodplain Management - 
establishes special requirements for Federal agencies to 
evaluate the adverse impacts associated with direct and 
indirect development of a floodplain. 

Executive Order 
Number 11988, and 
40 CFR 6 

The U.S. Corps of Engineers has mapped out the limits of the 
loo-year floodplain at MCB Camp Lejeune at seven feet above 
msl in the upper reaches of the New River. Site 3 is not located 
within the loo-year floodplain. therefore, this will not be an 
applicable ARAR. 
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TABLE 3-5 (Continued) 

EVALUATION OF LOCATION- SPECIFIC ARARs AND TBC CRITERIA 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Potential Location- Specific ARAR 
General 
Citation ARAR Evaluation 

Wilderness Act - requires that federally owned wilderness 16USC 1131 and No known federally owned wilderness areas near the operable 
area are not impacted. Establishes nondegradation, maximum 50 CFR 35.1 unit, therefore, this act will not be considered as an ARAR. 
restoration, and protection of wilderness areas as primary 
management principles. 

National ‘Wildlife Refuge System - restricts activities within a 16 USC 668 and No known National Wildlife Refuge areas near the operable unit, 
National Wildlife Refuge. 50 CFR 27 therefore, this will not be considered as an ARAR. 

Scenic Rivers Act - requires action to avoid adverse effects 16 USC 1271 and 
on designated wild or scenic rivers. 40 CFR 6.302(e) 

No known wild or scenic rivers near the operable unit, therefore, 
this act will not be considered as an ARAR. 

Coastal Zone Management Act - requires activities affecting 
land or water uses in a coastal zone to certify noninterference 
with coastal zone management. 

16 USC 1451 No activities will affect land or water uses in a coastal zone, 
therefore, this act will not be considered as an ARAR. 

Clean Water Act (Section 404) - prohibits discharge of 
dredged or till material into wetland without a permit. 

33 USC 404 No actions. to discharge dredged or fill material into wetlands will 
be considered for the operable unit, therefore, this act will not be 
considered as an ARAR. 

RCRA Location Requirements - limitations on where on-site 40 CFR 264.18 These requirements may be relevant and appropriate if the 
storage, treatment, or disposai of RCRA hazardotis -waste may remedial actions for the operable unit include the on-site storage, 
occur. treatment, or disposal of RCRA hazardous waste for more than a 

90-day period. On-site storage treatment or disposal of RCRA 
hazardous waste is not anticipated. Therefore, these requirements 
will not be considered an Al&AR 



TABLE 3-6 

POTENTIAL ACTION-SPECIFIC ARARs AND TBC CRITERIA 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP’ LEJEUNE, NORTH CAROLINA 

ARAR Citation 

FEDERAL AND STATE/ACTION-SPECIFIC 

Requirement Consideration in the FS 

DOT Rules for Hazardous Materials Transportation 
(49 CFRParts 107 and 171.1-500) 

Resource Conservation and Recovery Act (RCRA) 
Subtitle C 

Identification and Listing of Hazardous Regulations concerning determination of whether or not 
Waste (40 CFR Part 26 1) a waste is hazardous based on characteristics or listing. 

Treatment, Storage, and Disposal of 
Hazardous Waste 
(40 CFR Parts 262-265. and 266) 

RCRA Subtitle D 

RCRA Land Disposal Restrictions (LDRs) 
Requirements (40 CFR Part 268) 

North Carolina Water Pollution Control Regulations 
(Title 15, Chapter 2, Section .OlOO) 

Regulates the transport of hazardous waste materials 
including packaging, shipping, and placarding. 

Regulates the treatment, storage, and disposal of 
hazardous waste. 

Regulates the treatment, storage, and disposal of solid 
waste and materials designated by the State as special 
waste. 

Restricts certain listed or characteristic hazardous waste 
from placement or disposal on land (includes injection 
wells) without treatment. Provides treatment standards 
and Best Demonstrated Available Technology (BAT). 

Regulates point-source discharges through the North 
Carolina permitting program. Substantive requirements 
include compliance with corresponding water quality 
standards, establishment of a discharge monitoring 
system, and completion of regular discharge monitoring 
records. 

Remedial actions may include off-site 
treatment and disposal of contaminated soil or 
waste. Applicable for any action requiring 
off-site transportation of hazardous materials. 

Primary site contaminants are not considered 
to be listed wastes. However, contaminated 
media may be considered hazardous by 
characteristic. 

During remediation, treatment, storage, and 
disposal activities may occur. Materials may 
be classified as hazardous wastes. 

Applicable to remedial actions involving 
treatment, storage, or disposal of materials 
classified as solid and/or special waste. 

LDRs may prohibit or govern the 
implementation of certain remedial 
alternatives. Excavation and treatment, 
disposai, or movement of RCRA hazardous 
waste out of the area of contamination may 
trigger LDR requirements for the waste. 

May be applicable for actions requiring 
discharge of treated gro-mid-water to sttrface 
water. 
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TABLE 3-6 (Continued) 

POTENTIAL ACTION-SPECIFIC ARARs AND TBC CRITERIA 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ARAR Citation Requirement Consideration in the FS 

Protection of Archaeological Resources Develops procedures for the protection of archaeological Applicable to any excavation on site. If 
(32 CFR Parts 229 and 229.4; resources. archaeological resources are encountered 
43 CFRParts 107 and 171.1-5) during soil excavation, they must be reviewed 

by Federal and State archaeologists. 

North Carolina Sedimentation Pollution Control Act of Regulates stormwater management and Applicable for remedial actions involving land 
1973 (Chapter 113A) erosion/sedimentation control practices that must be disturbing activities (i.e., excavation of soil 

followed during land disturbing activities. and waste). 

State of North Carolina Department of Environment, Regulates corrective actions taken to restore May be applicable to groundwater remedial 
Health, and Natural Resources contaminated groundwater or terminate and control the. actions and institutional controls. 
Division of Environmental Management discharge of a waste, hazardous substance, or oil to 
15A NCAC 2L.0106 - Classifications and Water groundwaters of the state. 
Quality Standards Apphcable to Groundwaters of 
North Carolina, Corrective Action 
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TABLE 3-7 

INGESTION OF GROUNDWATER 
RGO PARAMETERS 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Ingestion of Groundwater Input Parameters 

Input 
Parameter 

G 

Description 

Exposure 
Concentration 

Value Rationale 

Calculated USEPA, 1989a 

TR 
Total Lifetime 

Risk 
l.OE-04 USEPA, 1991a 

THI 
TotalHazard 1 o 

Index 
USEPA, 1991a 

BW Body Weight 
Child 
Adult 

15kg 
70 kg 

USEPA, 1989a 

AT, 

AT,,, 

DY 

CSF 

EF 

ED 

Averaging Time 
Carcinogen 

All 70 yr USEPA, 1989a 

Child Averaging Time 6yr 
Noncarcinogen 

Days Per Year 

Carcinogenic 
Slope Factor 

Reference Dose 

Exposure 
Frequency 

Exposure 
Duration 

Adult 30 yr 
USEPA, 1989a 

365 days& USEPA, 1989a 

Chemical Specific IRIS, HEAST, USEPA 

Chemical Specific IRIS, HEAST, USEPA 
- 

Child 350 dayslyr 
Adult 350 dayslyr 

USEPA, 1989a 

- 

Child 6 yr 
Adult 30 yr 

USEPA, 1991b 

- 

IR Ingestion Rate 
Child 
Adult 

1 L/day 
2 L/day 

USEPA, 1989a 

- 



. . 
) 

TABLE 3-8 

GROUNDWAsTER CARCINOGENIC RGOs 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

‘$ , 

1 Carcinogenic Remediation Goal Options for Groundwater 

I Future Adult Resident Future Child Resident 
Contaminant of 

Concern 

Benzene(*) 

Carbazole(‘) 

Chloroform(‘) 

1 x 1w4 1 x 10-S 1 x 10” 1 x 10-4 1 x 10-s 1 x 1o-6 

300 30 3 600 60 6 

400 40 4 900 90 9 

1,400 140 14 3,000 300 30 
I I I I I I 

Trichloroethene(2) I 800 I 80 I 8 I 1,700 170 I 17 

1,l -Dichloroethene(‘) 14 1.4 0.14 30 3 0.3 

Benzo(a)anthracene”) 12 1.2 0.12 30 3 0.3 

Benzo(b)fluoranthene(3) 12 1.2 0.12 30 3 0.3 

Benzo(k)fluoranthene”, 100 10 1 300 30 3.0 

Benzo(a)pyrene”) 1 0.1 0.01 3 0.3 0.03 

Chrysene” 1,200 120 12 2,500 250 25 

Notes: 

(I) Retained as risk-based COPC in Worst Case and Round 2 groundwater selection 
(*I Retained as criteria-based COPC only 
0) Retained as risk-based COPC in Worst Case groundwater selection only 

Remediation Goal Option concentrations expressed in microgram per liter @g/L). 



TABLE 3-9 

GROUNDWATER NONCARCINOGENIC RGOs 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Noncarcinogenic Remediation Goal Options for Groundwater 
I t I I 

I Future Adult Resident I Future Child Resident 
I Contaminant of I I I I I I I 

Concern 0.1 1 10 0.1 1 10 

1,l -Dichloroethene(‘) 33 330 3,300 14 140 1,400 

Chloroform”) 37 370 3,700 16 160 1,600 

Trichloroethene” 22 220 2,200 9 90 900 

Toluene(2) 730 7,300 73,000 313 3,130 3 1,300 

Ethylbenzenec2) 365 3,650 36,500 156 1,560 15,600 

Xylene(‘) 7,300 73,000 730,000 3,129 31,290 3 12,900 

Phenol” 2,190 21,900 219,000 939 9,390 93,900 

Acenaphthy lene”) 219 2,190 21,900 94 940 9,400 
Anthracene(*) 1,095 20,950 109,500 469 4,690 46,900 

Fluoranthene(‘) 146 1,460 14,600 63 630 6,300 

Pyrenec2) 110 1,100 11,000 48 470 4,700 

2-Methylphenol”) 183 1,830 18,300 78 780 7,800 

4-Methylphenol”) 18 180 1,800 8 80 800 
2,4-Dimethylphenolcn 73 730 7,300 31 310 3,100 

Naphthaleneo) 146 1,460 14,600 63 630 6,300 

Acenaphtheneo) 219 2,190 21,900 94 940 9,400 

Dibenzofumn(‘) 15 150 1,500 6 60 600 , ! ! I I ~~~ 



TABLE 3-9 (Continued) 

GROUNDWATER NONCARCINOGENIC RGOs 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Noncarcinogenic Remediation Goal Options for Groundwater 

Contaminant of 
Concern 

Fluoreneo) 

Phenanthrene”) 

2-MethyInaphthaiene(‘) 

0.1 

146 

110 

146 

Future Adult Resident 

1 

1,460 

1,100 

1,460 

10 0.1 

14,600 63 

11,000 47 

14,600 63 

Future Child Resident 

1 10 

630 6,300 

470 4,700 

630 6,300 

Notes: 

(‘1 Retained as risk-based COPC in Worst Case and Round 2 groundwater selection 
c2) Retained as criteria-based COPC only 
c3) Retained as risk-based COPC in Worst Case groundwater selection only 

Remediation Goal Option concentrations expressed in microgram per liter @g/L). 



TABLE 3-10 

COMPARISON OF GROUNDWATER CONTAMINANT LEVELS 
TO CRITERIA-BASED AND RISK-BASED RGOs 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Contaminant 

Benzene 

Toluene 

Xylenes (total) 

l,l -Dichloroethene 

Trichloroethene 

Ethylbenzene 

Criteria-based RGO Risk-based RGO 

NCWQS Federal MCL Adult Child 

1 5 3 6 

1,000 1,000 130 782 

530 10,000 7,300 7,821 

7 7 0.14 0.3 

NE 5 8 17 

29 700 365 391 

Location of 
Concentration Maximum 

Range”) Concentration(2) 

3-40 3-MW08 

2- 15 3-MW02DW 

6 - 32 3-MW02DW 

1 3-MW02IW 

1 3-MW12 

1 - 14 3-MW02DW 
I 

I I I I I I 

Phenol I 300 I NE I 2,190 I 939 I 3 - 420 1 3-MW02DW 
I I I I 1 I 

2-Methylphenol NE I NE I 183 I 78 I 1 - 300 1 3-MW02DW 
I 

2,4-Dimethylphenol NE NE 73 31 2- 170 3-MW02DW 

Naphthalene 21 NE 146 63 4 - 2,400 3-MW02DW 

2-Methyhraphthalene NE NE 146 63 10 - 250 3-MW02DW 

Acenaphthylene 210 NE 219 94 1-3 3-MW02 

Acenaphthene I 800 I NE I 219 I 94 I 2 - 550 I 3-MW02 I 
I  

Dibenzofuran NE NE 15 6 2-230 3-MW02 

Fluorene 280 NE 146 63 l-210 3-MW02 

Phenanthrene 210 NE 110 47 21- 410 .3-MW02 

Anthracene 2,100 v IL, 1,095 469 I-33 3-MW02 

Carbazole NE NE 4 9 3 - 87 3-MW02DW 

Fluoranthene 280 NE 146 63 2 - 100 3-MW02 



TABLE 3-10 (Continued) 

COMPARISON OF GROUNDWATER CONTAMINANT LEVELS 
TO CRITERIA-BASED AND RISK-BASED RGOs 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

t 

t 

Contaminant 

Pyrene 

Benzo(a)anthracene 

Chrysene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Chloroform 

4-Methylphenol 

Aluminum 

Iron 

Criteria-based RGO Risk-based RGO 

NCWQS Federal MCL Adult Child 

210 NE 110 47 

0.05 NE 0.12 0.3 

5 NE 12 25 

NE NE 0.12 0.3 

NE NE 1 3.0 

NE NE 0.01 0.03 

0.19 100 14 30 

NE NE 1,800 800 

NE 50 NE NE 

300 300 NE NE 

Notes: 

Concentrations expressed in microgram per liter @g/L) 
NCWQS - North Carolina Water Quality Standard 
MCL - Maximum Contaminant Level 
RGO - Remedial Goal Option 
NE - lYO1 L;slaull,lleu IT *c * hl:“1, A 

(I) Concentration range obtained from three groundwater sampling rounds 

Concentration 
Range(‘) 

2 - 58 

8 

8 

3 

3 

3 

1 

3 - 690 

447 - 4,030 

43.2 - 2,190 

Location of 
Maximum 

Concentration(2) 

3-MW02 

3-MW02 

3-MW02 

3-MW02 

3-MW02 

3-MW02 

3-MWl IIW 

3-MW02DW 

3-MW08 

3-MW08 
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TABLE 3-11 

GROUNDWATER REMEDIATION LEVELS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NbRTH CAROLINA 

I Contaminant of Concern I RL I Basis of Goal I Corresponding Risk I 

I Benzene NCWQS 

NCWQS 

2-Methylphenol 
I , 

I 78 Groundwater Ingestion HI=O.l ---j 

2,4-Dimethylphenol 31 

Naphthalene 21 

Groundwater Ingestion HI=O.l 

NCWQS -i 
2-Methyhraphthalene 63 

Dibenzofuran 6 

Groundwater Ingestion 

Groundwater Ingestion 

HI=O.l 

HI=O.l --i 

Phenanthrene 

Benzo(a)anthracene 

Chrvsene 

210 NCWQS 

0.05 NCWQS 

5 NCWQS 

Chloroform 

Carbazole 

Benzo(b)fIuoranthene 

BenzoCk)fluoranthene 

0.19 Groundwater Ingestion 

4 Groundwater Ingestion 

0.12 Groundwater Ingestion 

1 MCL 

Benzo(a)pyrene 

Iron 

2 MCL 

300 NCWQS ---I 

Aluminum I 50 I SMCL I I 

Notes: 

RL - Remediation Level in microgram per liter (ppb) 
NCWQS - North Carolina Water Quality Standard 
MCL - Maximum Contaminant Level 
SMCL - Secondary Maximum Contaminant Level 
HI- Hazard Index 
ICR - Incremental Cancer Risk 



!  I  

TABLE 3-12 

SOIL REMFJDIATION LEVELS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJJWNE, NORTH CAROLINA 

Contaminant of Concern RL 

Naphthalene 30,000 

2-Methylnaphthalene 30,000 

Basis of Goal 

SSL 

SSL 

1 Carbazole 

Benzo(a)anthracene 

Chrysene 

4-Nitrophenol : 

700 SSL 

1,000 SSL 

0 SSL 

N-nitrosodiphenylamine I 200 I SSL I 

Notes: 

RL - Remediation Level in microgram per kilogram @g/kg) 
SSL - USEPA Region III Soil Screening Level (USEPA, 1996) 
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I SAMPLE: 3-MWO2-a 

SEM IVOIATILES 
Naphthalene 64 
P hena n t h re? e 410 
Benzo[a]anthracene 8 J 
Chrysene 8 J 
Benzo [ a] pyrene 3 J 
2-Methylnaphthalene 65 
Di be n r of u ra n 230 
Carbazole 39 J 

fluoranthene 3 J 
fluorclnthene 3 J - 

LEGEND 03-4w01 SHALLOW MON ITORl NG WELL LOCATION 

03-y2fw INTERMEDIATE MONITORING WELL LOCATION 

Q I /  

FIGURE 3-1 
CONTAMINANT CONCENTRATIONS EXCEEDING 

GROUNDWATER, ROUND ONE 
RE M E D l AT1 0 N LEVELS 

i 

I 
Jl 

Benzene 
OTAL: METALS 

4030 
Iron I 21 90 

c 1% 

i '1 
i , 

I 
'1, 

i I 

NOTE: 
-CONCENTRATIONS ARE EXPRESSED IN MICROGRAMS 

SOURCE: W.K. DICKSON & Co., INC,, JANUARY 1995 
PER LITER (ug/L). 

SITE 3 - OLD CREOSOTE PLANT 
FEASIBILITY STUDY CTO-0274 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 
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LEGEND 
03-$w01 SHALLOW MONITORING WELL LOCATION 

O 3 - P  INTERMEDIATE MONITORING WELL LOCATION 
03-MW02DW + DEEP MONITORING WELL LOCATION 

NOTE: 
-CONCENTRATIONS ARE EXPRESSED IN MICROGRAMS 

PER LITER (ug/L). 
SOURCE: W.K. DICKSON & Co., INC,, JANUARY 1995 

CONTAMINANT CONCENTRATIONS EXCEEDING 

GROUNDWATER, ROUND TWO 
SITE 3 - OLD CREOSOTE PLANT 

RE M ED I AT10 N LEVELS 

FEAS I BI LTY STUDY CTO - 02 74 
MARINE CORPS BASE, CAMP LEJEUNE 

NORTH CAROLINA 
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-- LEGEND O3-go' SHALLOW MONITORING WELL LOCATION 

03-MW02'W INTERMEDIATE MONITORING WELL LOCATION '3-M8020w DEEP MONITORING WELL LOCATION 

SAMPLE: 3-MW06-03 
SEM IVO LATILES 

Naphthalene 360 
Dibenzofuran 24 
Ccrbazole 1 1  J 

FIGURE 3-3 
CONTAM I NANT CONCE NTRATl ONS EXCEED I N G 

REMEDIATION LEVELS 
GROUNDWATER, ROUND THREE 

NOTE: 
-CONCENTRATIONS ARE EXPRESSED IN MICROGRAMS 

SOURCE: W.K. DICKSON dc Co., INC., JANUARY 1995 
PER LITER (ug/L). 

SITE 3 - OLD CREOSOTE PLANT 
FEASIBILTY STUDY CTO -0274 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 
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LEGEND O3-To1 SHALLOW MONITORING WELL LOCATION 
03-MW02'W INTERMEDIATE MONITORING WELL LOCATION 
03-M%2DW + DEEP MONITORING WELL LOCATION 
03-RS-SB01 Q SOIL BORING LOCATION 

NOTE: 
-CONCENTRATIONS ARE EXPRESSED IN MICROGRAMS PER 

SOURCE: W.K. DICKSON & Co., INC., JANUARY 1995 
KILOGRAM (ug/kg). 

FIGURE 3-4 
CONTAMINANT CONCENTRATIONS EXCEEDING 

SUBSURFACE SOIL 
SITE 3 - OLD CREOSOTE PLANT 

FEASIBILITY STUDY CTO-0274 
MARINE CORPS BASE, CAMP LEJEUNE 

NORTH CAROLINA 

REM E D l AT1 0 N LEVELS 

03-88-5805 
8 
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-- L E G E N D  
03-MW01 SHALLOW MONITORING WEILL LOCATION 

13-M!021w INTERMEDIATE MONITORING WELL LOCATION 

'3-MW02DW DEEP MONITORING WELL LOCATION - - - GROUNDWATER AREA OF CONCERN 

iOURCE: W.K. DICKSON & Co., INC., JANUARY 1995 

8 

SUBSURFACE SOIL AREA OF CONCERN 

... I 

FIGURE 3-5 
AREAS O F  CONCERN 

SITE 3 - OLD CREOSOTE PLANT 
FEASIBILITY STUDY CTO-0274 

MARINE CORPS BASE, CAMP LEJEUNE 
NORTH CAROLINA 
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4.0 IDENTIFICATION AND PRELIMINARY SCREENING OF REMEDIAL ACTION 
TECHNOLOGIES 

Section 4.0 presents the identification and preliminary screening of remedial action technologies and 
process options. More specifically, Section 4.1 identifies a set of general response actions for soil 
and groundwater, Section 4.2 identifies remedial action technologies and process options for each 
general response action, and Section 4.3 presents the preliminary screening of relmedial 
action technologies and process options. After this preliminary screening, the remaining 
technologies/process options undergo a process option evaluation in Section 4.4. The 
technologies/process options that are retained after the process option evaluation will be combined 
in Section 5.0 to form remedial action alternatives. 

4.1 General Remonse Actions 

General response actions (broad-based, medium-specific categories of remedial action technologies 
and process options) were identified to satisfy the remedial action objectives of this FS. Seven 
response actions were developed for soil, and six response actions were identified for groundwater. 
These soil and groundwater response actions are briefly described in Sections 4.1 .l and 4.1.2, 
respectively. 

4.1.1 General Response Actions for Soil 

0 No Action 
The NCP requires the evaluation of a no action response as part of the FS process. A no 
action response provides a baseline assessment for comparisons involving other remedial 
alternatives that have a greater level of response. A no action alternative may be considered 
appropriate when there are no adverse or unacceptable risks to human health. or the 
environment, or when a response action may cause a greater environmental or health danger 
than the no action alternative itself. 

0 Institutional Controls 
Institutional controls are various “institutional” actions that can be implemented as part of 
a complete remedial action alternative to minimize exposure to potential hazards. With 
respect to soil, institutional controls may include land use controls, deed restrictions, and 
monitoring programs. 

0 Containment Actions 
Containment actions include technologies which contain and/or isolate contaminants by 
covering, sealing, chemically stabilizing, or providing an effective barrier against specific 
areas of concern. These actions prevent direct exposure with and/or migration of the 
contaminated soil without disturbing or removing the waste from the site. 

0 Removal Actions 
Removal actions include the excavation of contaminated soil and the removal of this soil 
from the site. Once the contaminated soil is removed from the site, it may undergo off site 
treatment and/or disposal. 

4-l 



0 Off Site Disnosal 
Off site disposal actions may occur at a landfill or a soil recycling facility. This general 
response action is implemented after the contaminated soil is removed (i.e., excavatled and 
transported) from the site premises. 

0 Ex Situ Treatment 
Ex situ treatment actions include physical/chemical, solidification/stabilization, biological, 
and thermal treatment technologies. These technologies are implemented after the 
contaminated soil has been removed (i.e., excavated) from its in situ state. The ex situ 
treatment actions may be conducted at an off site facility, an on site facility, or a mobile 
facility. 

0 In Situ Treatment 
In situ treatment actions include physical/chemical, solidification/stabilization, and 
biological treatment technologies that are implemented while the contaminated soil remains 
in its in situ state. 

4.1.2 General Response Actions for Groundwater 

0 No Action 
The NCP requires the evaluation of a no action response as part of the FS process. A no 
action response provides a baseline assessment for comparisons involving other remedial 
alternatives that have a greater level of response. A no action alternative may be considered 
appropriate when there are no adverse or unacceptable risks to human health or the 
environment, or when a response action may cause a greater environmental or health danger 
than the no action alternative itself. 

0 Institutional Controls 
Institutional controls are various “institutional” actions that can be implemented as part of 
a complete remedial action alternative to minimize exposure to potential hazards. With 
respect to groundwater, institutional controls may include aquifer use restrictions, deed 
restrictions, and monitoring programs. 

0 Containment/Collection Actions 
Containment/collection actions include subsurface barriers and extraction well systems that 
may isolate or prevent the migration of contaminated groundwater. The same subsurface 
barriers may also collect the contaminated groundwater for further treatment as they contain 
the contamination. 

0 Fx Situ Treatment 
Ex situ treatment actions include physical/chemical, biological, and thermal treatment 
technologies that are implemented after the contaminated groundwater has been extracted 
from the subsurface. These treatment actions may be conducted at an off site facility, an on 
site facility, or a mobile facility. 

0 In Situ Treatment 
In situ treatment actions include physical/chemical, biological, and passive remediation 
technologies that are implemented while the contaminated groundwater remains in an in situ 
state. 
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l Discharge Actions 
Discharge actions are usually implemented after groundwater has been treated to acceptable 
remediation levels. These actions include on site and off site discharge options. 

4.2 . . . . Identification of Remedial Actlon Techuhgles and Process Opbnas 

In this step, an extensive set of potentially applicable technologies and process options will be 
identified for each soil and groundwater general response action. The term “technology type” will 
refer to general categories of technologies such as physicalkhemical treatment, biological treatment, 
and thermal treatment. The term “process option” will refer to specific processes, or technologies, 
within each generalized technology type. For example, carbon adsorption, solvent extraction, and 
chemical oxidation are process options that fall under the technology type known as 
physical/chemical treatment. Several technology types may be identified for each general response 
action, and numerous process options may exist within each generalized technology type. 

Remedial action technology types that are potentially applicable for soil and groundwater are listed 
in Table 4-l. Each technology type is listed with respect to its corresponding general response 
action. (These technology types are listed in the column titled “Remedial Action Technology”.) 
Also identified on the table are applicable process options associated with each of the listed 
technology types. 

. 
4.3 . . . . 

preliminary Screenw of Remedml Action Technologies and Process OP~OU 

In this step, the set of remedial action technologies and process options identified in the previous 
section will be screened (or reduced) by evaluating the technologies with respect to technical 
implementability and site-specific factors. This screening step will be accomplished by using 
readily available information from the RI (with respect to contaminant types, contaminant 
concentrations, and on site characteristics) to screen out technologies and process options that cannot 
be effectively implemented at the site (USEPA, 1988). In general, all technologies and process 
options which appear to be applicable to the site contaminants and to the site conditions will be 
retained for further evaluation. This preliminary screening is presented in Tables 4-2 and 4-3. 
Table 4-2 presents the screening for soil, and Table 4-3 presents the screening for groundwater. 
Following the preliminary screening, each remaining process option will be evaluated in Section 4.4. 

As shown in Tables 4-2 and 4-3, several technologies and/or process options were eliminated from 
further evaluation. because they were determined to be ‘inappropriate for the site-specific 
characteristics and/or contaminant-specific characteristics. The soil technologies/process options 
that were eliminated include: 

l Vertical Barriers l Ex Situ Anaerobic Bioremediation 
l Horizontal Barriers l In Situ Soil Flushing 
0 Capping l In Situ Soil Vapor Extraction 
l Ex Situ Soil Vapor Extraction l In Situ Steam Extraction 
l Chemical Dichlorination l Dual Phase Vacuum Extraction 
l Chemical Reduction l In Situ Anaerobic Bioremediation 
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The groundwater technologies/process options that were eliminated include: 

Vertical Barriers 
Horizontal Barriers 
Capping 
Extraction/Injection Wells 
Air Stripping 
Steam Stripping 
Chemical Reduction 
Ion Exchange 
Electrochemical Ion Generation 
Distillation 
Ex Situ Anaerobic Bioremediation 

0 Incineration 
0 Pyrolysis 
0 POTW Treatment 
0 RCRA Facility Treatment 
0 Sewage Treatment Plant 
l Air Sparging 
0 In Well Aeration 
0 Dual Phase Extraction 
0 In Situ Anaerobic Bioremediation 
0 Passive Treatment Wall 
0 On Site Surface Water Discharge 
l On Site Reinjection 

The soil and groundwater technologies/process options that passed this preliminary screening are 
listed in Table 4-4. 

4.4 Process Option Evaluatiolr 

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 evalua.tion 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. In addition, an entire response action may be 
eliminated if all of the process options listed under the response are eliminated. The representative 
process options that are retained provide a basis for developing performance specifications during 
preliminary design. However, the specific process options used to implement the remedial. action 
may not be selected until the remedial design phase. 

The process options listed in Table 4-4 were evaluated based on three criteria: effectiveness, 
implementability, and relative cost. The effectiveness evaluation focused on: the potential 
effectiveness of process options in meeting the remedial action objectives; the potential impacts to 
human health and the environment during the construction and implementation phase; and how 
reliable the process will be when addressing the contaminants of concern. The implementability 
evahtation focused on the administrative feasibility of implementing a technology (e.g., obtaining 
permits), since the technical implementability was previously considered in the prelilminary 
screening. The cost evaluation played a limited role in this screening. Only relative capital and 
operation and maintenance (O&M) costs were used instead of detailed estimates. As per the IJSEPA 
guidance, the cost analysis was made, on the basis of engineering judgement. 

Summaries of the process option evaluations are presented in Tables 4-5 and 4-6 for soil and 
groundwater, respectively. It is important to note that the elimination of a process option does not 
mean that the process option/technology can never be reconsidered for the site. As previously 
stated, the purpose of this part of the FS process is to simplify the development and evaluation of 
potential alternatives. 
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4.5 Final Set of Remedial Action Technologies and Process Options 

Table 4-7 identities the final set of feasible technologies/process options for soil and groundlwater. 
This final set will be used to develop remedial action alternatives in Section 5.0. 

As shown in Table 4-7, two soil process options, solid-phase aerobic bioremediation and 
incineration, may be implemented using several different remedial approaches. The approaclhes for 
solid-phase bioremediation include prepared beds, heap piles, cornposting, landfarming, and 
constructed wetlands; the approaches for incineration include rotary kiln, infrared incineration, and 
circulating fluidized bed units. To facilitate the development of remedial action alternatives, 
landfarming was retained as the preferred remedial approach for the bioremediation process option. 
Landfarming is preferred because a landfarm biocell already exists at Lot 203, MCB, Camp Lejeune. 
In addition, landfarming has proven to be effective at treating creosote contaminants. In the case 
of the incineration process option, however, one specific remedial approach was not specified. This 
is because: 1) all of the approaches can effectively treat the contaminants of concern, and 2) the 
effectiveness of an incineration alternative will rely more upon the location of incineration facilities 
rather than the type of incineration (i.e., rotary kiln, infrared incineration, circulating fluidized beds) 
that the facilities employ. 
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TABLE 4-l 

POTENTIAL SE%’ OF REMEDIAL ACTION 
TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response Remedial Action 
ledia of Concern Action Technology Process Option 

oil No Action None Not Applicable 

Institutional Access Restrictions Fencing 
Controls Land Use Controls Base Master Plan 

Legal Restrictions Deed Restrictions 

Monitoring Monitoring 

Containment Vertical Barriers Slurry Wall, Sheet Piling, 
Actions Grout Curtain, Rock 

Grouting 

Horizontal Barriers Grout Injection, Jet 
Grouting 

CaPP~g Clay/Soil Cap, Asphalt Cap 
Synthetic Membrane, 
Composite Cap, Multi- 
Layered Cap, Soil Cover 

Removal Actions Excavation Excavation 

Off Site Disposal Landfill Hazardous Waste Landfill 

Solid Waste Landfill 

Soil Recycling Soil Recycling 
(Asphalt Incorporation, 
Cement Production, or 
Brick Manufacturing) 

Ex Situ Treatment Physical/Chemical Soil Washing 
Treatment Solvent Extraction 

Soil Vapor Extraction 

Chemical Dechlorination 

Chemical Reduction 

Chemical Oxidation 

Solidification/ Solidification/Stabilization 
Stabilization (Cement-Based, Silicate- 

Based, Thermoplastic, 
Microencapsulation, or 
Organophilic Clays) 

Vitrification 



ledia of Concern 

oil (Continued) 

iroundwater 

TABLE 4-l (Continued) 

POTENTIAL SET OF REMEDIAL ACTION 
TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

ieneral Response 
Action 

x Situ Treatment 
Continued) 

n Situ Treatment 

Jo Action 

nstitutional 
Zontrols 

Jontainmenti 
:ollection Actiom 

Remedial Action 
Technology 

3iological Treatment 

Process Option 

Aerobic Bioremediation, 
Slurry-Phase 
(Bioshury Reactors, 
Rotating Biological 
Contactors, Lagoons) 

Aerobic Bioremediation, 
Solid-Phase 
(Prepared Beds, Heap Piles, 
Composting, Landfarming, 
Wetlands) 

Anaerobic Bioremediation 

thermal Treatment 

?hysical/Chemical 
lreatment 

Incineration 
(Rotary Kiln, Infrared 
Incineration, Circulating 
Fluidized Beds) 

Pyrolysis 

Thermal Desorption 

Soil Flushing 

Soil Vanor Extraction 

Solidification/ 
3tabilization 

Biological Treatment 

Extraction 

Solidification/Stabilization 
(Cement-Based, Silicate- 
Based, Thermoplastic, 
Microencapsulation, or 
Organophilic Clay) 

Vitrification 

Aerobic Bioremediation 

Anaerobic Bioremediation 

No Action 1Not Applicable 

Drdinances 

Legal Restrictions 

Monitorins 

Vertical Barriers 

Aquifer Use Restrictions 

Deed Restrictions 

I 
Monitoring 

lSlurry Wall, Sheet Piling, 
Grout Curtain, Rock 
Grouting 



TABLE 4-1 (Continued) 

ledia of Concern 

iroundwater 
Continued) 

POTENTIAL SET OF REMEDIAL ACTION 
TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

jeneral Response 
Action 

:ontainmentf 
:ollection Actions 
Continued) 

b Situ Treatment 

Remedial Action 
Technology I Process Option 

Horizontal Barriers /Grout Injection, Jet I 

Zapping __ - 

Grouting 

Clay/Soil Cap, Asphalt Cap, 
Synthetic Membrane, 
Composite Cap, 
Multilayered Cap, Soil 
Cover 

;xtraction Extraction Wells 

lubsurface Drains 

‘hysicaVChemica1 

Extraction/Injection Wells 

Interceptor Trenches I 

Air Stripping 
‘reatment Steam Stripping 

Membrane Separation I 

IDistillation 

Neutralization 

Precipitation 

Filtration 

Flocculation 

Sedimentation 

Oil/Water Separation 

3iological Treatment Aerobic Bioremediation 
(Aerated Lagoon, Activated 
Sludge, Trickling Filter, 
Rotating Biological 
Contactor) 

Anaerobic Bioremediation 

rhermal Treatment Incineration 
(Liquid Injection, Rotary 
Kiln, Circulating Fluidized 
Bed, Multiple Hearth, 
Molten Salt) 

I Pyrolysis, Plasma Arc 
Torch I 



TABLE 4-l (Continued) 

L 

POTENTIAL SET OF REMEDIAL ACTION 
TECHNOLOGIES AND PROCESS OPTIONS 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response 
Qdia of Concern Action 

iroundwater Ex Situ Treatment 
Continued) (Continued) 

In Situ Treatment Air stripping 

Dual Phase Extraction 

Biological Treatment 

Passive Remediation 

I Xscharge Actions On Site Discharge 

I Site 82 or HPIA Treatment 
System I 
Air Sparging ’ 

In Well Aeration 

Dual Phase Extraction 

Aerobic Biodegradation 

Anaerobic Biodegradation / 

Passive Treatment Wall I 

Off Site Discharge 

&, 
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TABLE 4-2 

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-iI274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response 

No Action 

Institutional Controls 

Remedial Action 
Technology 

None 

Access Restrictions 

Land Use Controls 

Process Option Description Site-Specific Applicability Screening Results 

Not Applicable No action. Potentially applicable Retained 

Fencing Erect fencing to reduce site access. Potentially applicable. Retained 

Base Master Plan Use of Base Master Plan to restrict Potentially applicable. Retained 
current and future land use on Base. 

Legal Restrictions Deed Restrictions Use of deed restrictions to restrict 
future land use at the site if the Base 
were to close. 

Potentially applicable. Retained 

Containment Actions 

Monitoring 

Vertical Barriers 

Horizontal Barriers 

Capping 

Monitoring Periodic sampling and analysis. Potentially applicable. Retained 

Slurry Wall, Sheet Piling, A subsurface, impervious, vertical No continuous cofining layer under Eliminated 
Grout Curtain, Rock Grouting barrier is constructed to restrict the the site for the wall to adjoin to; wood 

horizontal migration of a preserving constituents may decrease 
contaminated area. the impermeability of grout. 

Grout Injection, Jet Grouting A subsurface, impervious, horizontal Technique is in the experimental Eliminated 
barrier is constructed to restrict the stage; wood preserving constituents 
vertical migration of a contaminated may decrease the impermeability of 
area. grout. 

Clay/Soil Cap, Asphalt Cap, Capping of contaminated areas to Because the soil contamination is Eliminated 
Synthetic Membrane, prevent contact with soil and to located at depth, a cap is not 
Composite Cap, Multi- restrict water infiltration. necessary to prevent direct contact. In 
Layered Cap, Soil Cover addition, a cap alone will not prevent 

water infiltration (vertical and 
horizontal barriers were already 
eliminated). 

Removal Actions Excavation Excavation Removal of contaminated soil using 
conventional excavation equipment. 

Potentially applicable. Retained 

Off Site Disposal Landfill Hazardous Waste Landfill 

Solid Waste Landfill 

Excavated soils are transported to a Potentially applicable if the soil is Retained 
RCRA-permitted (Subtitle C) facility determined to be hazardous. 
for disposal. 

Excavated soils are transported to a Potentially applicable if the soil is Retained 
RCRA-permitted (Subtitle D) determined to be non-hazardous. 
facility, such as a sanitary landfill, 
for disposal. 



TABLE 4-2 (Continued) 

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Rcmcdial Action 

General Response ‘Technology Process Option Description Site-Specific Applicability Screening Results 

)ff Site Disposal Soil Recycling Soil Recycling Excavated soils are included as raw Potentially applicable. Retained 
Continued) (Asphalt Incorporation, materials in the asphalt, cement, or 

Cement Production, or Brick brick manufacturing processes. 
Manufacturing) Contaminants are stabilized in the 

finished product. 

3x Situ Treatment Physical/Chemical Soil Washing Washing the contaminated soil with a Potentially applicable to the Retained 
Treatment water-based solution to dissolve or semivolatile organic contaminants of 

suspend contaminants, and to concern. 
concentrate the contaminants into a 
smaller volume (via size separation, 
gravity separation, or attrition 
scrubbing). The water-based 
solution may contain wash- 
enhancing additives such as 
surfactants, acids, and chelating 
agents. 

Solvent Extraction Washing the contaminated soil with Potentially applicable to the Retained 
organic chemical solvents to remove semivolatile organic contaminants of 
contaminants and concentrate them concern. 
in the extract phase. 

Soil Vapor Extraction Applying a vacuum to a stockpile of The soil contamination consists of Eliminated 
excavated soil and extracting semivolatile, not volatile, organics. 
volatilized contaminants. The target 
contaminant group is volatile 
organics; the technology will have 
only limited effectiveness on 
semivolatile organics. 

Chemical Dechlorination Use of specially synthesized Not applicable to the soil Eliminated 
I I .a - f -* - - ..-*  ̂. . A..,+,,.. GIIG~IC~I Iedgctttb LV UG~LIUJ I r.z%\nt m;n n+enfnnyrem ~“,,,&.....a..,, y1 yv ._ ..&. I 

hazardous chlorinated molecules or 
to detoxify them into other harmless 
compounds. Effective for 
PCBldioxinlfuran and halogenated 
phenol/creosol groups. 
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TABLE 4-2 (Continued) 

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response 

Ex Situ Treatment 
(Continued) 

Rcmcdial Action 
Technology 

Physical/Chemical 
Treatment (Continued) 

Process Option 

Chemical Reduction 

Description 

Use of reducers, such as sulfur 
dioxide, suifite compounds, or 
ferrous iron compounds, to 
chemically decrease contaminants’ 
oxidation states. Effective for 
inorganics. 

Site-Specific Applicability 

Inorganics are not contributing to the 
soil contamination. 

Screening Results 

Eliminated 

Chemical Oxidation Use of oxidizers, such as ozone, Potentially applicable to the organic, Retained 
hydrogen peroxide, chlorine, and oxidizable contaminants of concern. 
permanganate, to chemically increase 
contaminants’ oxidation states. 
Ultraviolet light, or high pressures 
and temperatures may enhance the 
oxidation process. Effective for 
organics and inorganics. 

Solidification/ 
Stabilization 

Solidification/Stabilization 
(Cement-Based, Silicate- 
Based, Thermoplastic, 
Microencapsulation, or 
Organophilic Clays) 

Converting the contaminated soil 
into a solid, stable matrix by mixing 
with Portland cement; mixing with 
siliceous material and setting agents; 
sealing the waste in an asphalt, 
bitumen, parafftn, or polyethylene 
matrix; or sealing the waste in an 
organic binder or resin. Most 
effective for soil contaminated with 
inorganics; less effective for soil 
contaminated with organics. 

Because the soil is contaminated with 
organics, not inorganics, S/S will not 
be effective as a primary treatment. 
However, S/S may be effective as a 
secondary treatment to facilitate 
handling of the contaminated 
material. 

Retained 

Vitrification Melting of contaminated materials 
(using thermal methods such as 
plasma arc, microwave heating, or 
1.:L.\ +  ̂,t I\Llrll ,” +issiF~ morgamcs and 
volatilize/pyrolyze organics. The 
target contaminant group is 
inorganics, although the high 
temperatures used for the process 
will effectively volatilize and 
pyrolyze organics. 

Because the soil is contaminated with Retained 
organics, not inorganics, vitrification 
will not be effective as a primary 
treatment. However, vitrification may 
be effective as a secondary treatment 
to facilitate handling of the 
contaminated material. 
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TABLE 4-2 (Continued) 

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response. 

Ex Situ Treatment 
(Continued) 

Rcmcdial Action 
Technology 

Biological Treatment 

Process Option 

Aerobic Bioremediation, 
Slurry-Phase 
(Bioslurry Reactors, Rotating 
Biological Contactors, 
Lagoons) 

Description 

Degradation of organic contaminants 
via microorganisms in an aerobic 
(oxygen-sufficient) environment. 
Nutrients may be added and oxygen, 
pH, and temperature may be adjusted 
to optimize contaminant removal. 

Site-Specific Applicability 

Potentially applicable to the 
semivolatile organic contaminants of 
concern. 

Screening Results 

Retained 

Aerobic Bioremediation, Degradation of organic contaminants Potentially applicable to the Retained 
Solid-Phase via microorganisms in an aerobic semivolatile organic contaminants of 
(Prepared Beds, Heap Piles, (oxygen-sufficient) environment. concern. 
Cornposting, Landfarming, Nutrients may be added and oxygen, 
Wetlands) pH, and temperature may be adjusted 

to optimize contaminant removal. 

Degradation of organic contaminants Compared to aerobic bioremediation, Eliminated 
via microorganisms in an anaerobic an anaerobic environment will be less 
(oxygen-deficient) environment. effective for the organic contaminants 

of concern. 

Anaerobic Bioremediation 

Thermal Treatment Incineration 
(Rotary Kiln, Infrared 
Incineration, Circulating 
Fluidized Beds) 

Use of high temperatures and oxygen Potentially applicable to the Retained 
to volatilize and combust semivolatile organic contaminants of 
contaminants. Effective for a wide concern. 
range of organic and inorganic 
contaminants. 

Pyrolysis 

Thermal Desorption 

Use of high temperatures, in the 
absence of oxygen, to volatilize 
contaminants and induce chemical 
decomposition. 

Use of direct or indirect heat 
exchange to volatilize soil 
contaminants. Bed temperatures 
determine which organics will be 
removed. 

Potentially applicable to the Retained 
semivolatile organic contaminants of 
concern. 

Potentially applicable to the Retained 
semivolatile organic contaminants of 
concern. 
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TABLE 4-2 (Continued) 

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response 

In Situ Treatment 

licmcdial Action 
Technology 

Physical/Chemical 
Treatment 

Process Option 

Soil Flushing 

Description 

An aqueous solution is injected or 
sprayed into the contaminated soil to 
desorb contaminants; flushing fluids 
and groundwater are extracted at a 
downgradient location then treated. 
Recovered fluids may be reinjected. 
Applicable to a wide range of 
organics and inorganics. 

Site-Specific Applicability 

The contaminated zone exhibits 
marginal to low permeability (1 x 10” 
cmkec); flushing may promote 
contaminant leaching from the soil to 
the groundwater. 

Screening Results 

Eliminated 

Soil Vapor Extraction Extraction of volatilized 
contaminants from soil via an 
induced vacuum created by soil 
vapor extraction wells. The process 
may be enhanced by an air injection 
well system. The target contaminant 
group is volatile organics; the 
technology will have only limited 
effectiveness on semivolatile 
organics. 

The soil contamination consists of 
semivolatile, not volatile, organics. 

Eliminated 

Steam Extraction Thermal and mechanical energies 
(generated from steam, hot air, 
infrared elements, or electrical 
systems) are used to volatilize 
contaminants. The target 

The soil contamination consists of 
semivolatile, not volatile, organics. 

Eliminated 

Dual Phase Vacuum 
1 fLx~ia&jii 

contaminant group is volatile 
organics; the technology will have 
only limited effectiveness on 
semivolatile organics. 

A high vacuum system is applied to The soil contamination consists of 
1 simu!taneous!y remove groundwater I semivolatile, not volatile, organics. 

and volatilized soil contaminants 
from the subsurface. The target 
contaminant group is volatile 

Eliminated 
1 

organics; the technology will have 
only limited effectiveness on 
semivolatile organics. 



TABLE 4-2 (Continued) 

PRELIMINARY SCREENING OF SOIL TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response 

In Situ Treatment 
(Continued) 

Remedial Action 
Technology 

Solidification/ 
Stabilization 

Process Option 

Solidification/Stabilization 
(Cement-Based, Silicate- 
Based, Thermoplastic, 
Microencapsulation, or 
Organophilic Clay) 

Description 

Converting the contaminated soil 
into a solid, stable matrix by mixing 
with Portland cement; mixing with 
siliceous material and setting agents; 
sealing the waste in an asphalt, 
bitumen, paraffin, or polyethylene 
matrix; or sealing the waste in an 
organic binder or resin. Most 
effective for soil contaminated with 
inorganics; less effective for soil 
contaminated with organics. 

Site-Specific Applicability 

Because the soil is contaminated with 
organics, not inorganics, S/S will not 
be effective as a primary treatment. 
However, S/S may be effective as a 
secondary treatment to facilitate 
handling of the contaminated 
material. 

Screening Results 

Retained 

Vitrification In situ melting of contaminated 
material, using an electric current, to 
form a durable glass and crystalline 
substance. Immobilizes inorganics 
and destroys organics via pyrolysis. 
The target contaminant group is 
inorganics, although the high 
temperatures used for the process 
will effectively volatilize and 
pyrolyze organics. 

Because the soil is contaminated with Retained 
organics, not inorganics, vitrification 
will not be effective as a primary 
treatment. However, vitrification may 
be effective as a secondary treatment 
to facilitate handling of the 
contaminated material. 

Biological Treatment Aerobic Bioremediation 

Anaerobic Bioremediation 

Degradation of organic contaminants Potentially applicable to the Retained 
via microorganisms in an aerobic semivolatile organic contaminants of 
(oxygen-sufficient) environment. concern. 
Nutrients may be added and oxygen, 
pH, and temperature may be adjusted 
to optimize contaminant removal. 

Degradation of organic contaminants Compared to aerobic bioremediation, Eliminated 
via microorganisms in an anaerobic ali ZCiGOurb GLLVIIVIIIIIULLC vv11n vu .SS L:- a...:--..-a..+ ,.,;ll hn I 

(oxygen-deficient) environment. effective for the organic contaminants 
of concern. 



TABLE 43 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response 

No Action 

Institutional Controls 

Remedial Action 
Technology 

No Action 

Ordinances 

Process Option 

Not Applicable 

Aquifer Use Restrictions 

Description 

No action - contaminated 
groundwater remains as is. 

Restrictions that prohibit use of the 
contaminated aquifer as a potable 
water source. 

Site-Specific Applicability 

Potentially applicable to any site; 
required by the NCP. 

Potentially applicable. 

Screening Results 

Retained 

Retained 

Legal Restrictions 

Monitoring 

Containment/Collection Vertical Barriers 
Actions 

Horizontal Barriers 

Capping 

Extraction 

Deed Restrictions Restrictions that limit the future use Potentially applicable. Retained 
of land, including placement of wells. 

Monitoring Periodic sampling and analysis. Potentially applicable. Retained 

Slurry Wail, Sheet Piling, A subsurface, impervious, vertical No continuous confining layer under Eliminated 
Grout Curtain, Rock Grouting barrier is constructed to restrict the the site for the wall to adjoin to; wood 

horizontal migration of a preserving constituents may decrease 
contaminated area. ., the impermeability of grout. 

Grout Injection, Jet Grouting A subsurface, impervious, horizontal Technique is in the experimental Eliminated 
barrier is constructed to restrict the stage; wood preserving constituents 
vertical migration of a contaminated may decrease the impermeability of 
area. grout. 

Clay/Soil Cap, Asphalt Cap, Capping of contaminated areas to A cap alone will not prevent water Eliminated 
Synthetic Membrane, restrict water infiltration. ‘. infiltration (vertical and horizontal 
Composite Cap, Multilayered barriers were already eliminated). 
Cap, Soil Cover 

Extraction Wells Series of extraction wells used to Potentially applicable. Retained 
pump contaminated groundwater to 
the surface. 

Extraction/Injection Wells Injection of uncontaminated 
groundwater to enhance collection of 
contaminated groundwater via 
extraction wells. Injection wells can 
also inject material into an aquifer to 
remediate groundwater. 

Based on the marginal permeability of Eliminated 
the shallow aquifer (1x105 cm/se@, 
injected liquid may mound in the 
subsurface formations or move in 
preferential pathways; reinjection may 
promote contaminani ieaching from 
the soil to the groundwater. 

Subsurface Drains Interceptor Trenches Perforated pipe installed in trenches 
backfilled with porous media to 
collect contaminated groundwater. 
Generally limited to shallow depths. 

Potentially applicable. Retained 



TABLE 4-3 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

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

Ex Situ Treatment Physical/Chemical Air Stripping Mixing large volumes of air with The majority of the groundwater Eliminated 
Treatment water in a packed volume to promote contamination consists of 

transfer of volatile organics to air; semivolatile, not volatile, organics. 
limited effectiveness on semivolatile 
organics. 

Steam Stripping Mixing large volumes of steam with The majority of the groundwater Eliminated 
water in a packed column to promote cotitamination consists of 
transfer of volatile organics to air; semivolatile, not volatile, organics. 
limited effectiveness on semivolatile 
organics. 

Carbon Adsorption Adsorption of contaminants onto Potentially applicable to the volatile Retained 
activated carbon by passing water organic and semivolatile organic 
through a carbon column. Effective contaminants of concern. 
for a wide range of organics. 

Chemical Dechlorination Use of specially synthesized chemical Potentially applicable to Retained 
reagents to destroy hazardous dibenzofuran, 2-methylphenol, and 
chlorinated molecules or to detoxify 2,4-dimethylphenol in the 
them into other harmless compounds. groundwater. 
Effective for PCBldioxinlfuran and 
halogenated phenol/creosol groups. 

Chemical Reduction Use of reducers, such as sulfur lnorganics are not contributing to the Eliminated 
dioxide, sulftte.compounds, or ferrous majority of the groundwater 
iron compounds, to chemically contamination. 
decrease contaminants’ oxidation 
states. Effective for inorganics. 

Chemical Oxidation ,Use of oxidizers, such as ozone, Potentially applicable to the organic, Retained 
hydrogen peroxide, chlorine, and oxidizable contaminants of concern. 
permanganate, to chemically increase 
contaminants’ oxidation states. 
Uiii;adttt li& 0~ high pressttres 
and temperatures may enhance the 
oxidation process. Effective for 
organics and inorganics. 
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TABLE 4-3 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

‘) 

General Response 

3x Situ Treatment 
:Continued) 

Remedial Action 
Technology 

Physical/Chemical 
Treatment (Continued) 

Process Option 

Membrane Separation 
(Reverse Osmosis, 
Electrodialysis) 

Ion Exchange 

Electrochemical Ion 
Generation 

Distillation 

Description Site-Specific Applicability Screening Results 

Groundwater passes through a Potentially applicable. Retained 
membrane that separates 
contaminants from the liquid phase. 
Effective for dissolved solids (organic 
and inorganic). 

Contaminated water is passed through Inorganics are not contributing to the Eliminated 
a resin bed where ions are exchanged majority of the groundwater 
between resin and water. Effective contamination. 
for inorganics (but not iron). 

Electrical currents are used to put Inorganics are not contributing to the Eliminated 
ferrous and hydroxyl ions into majority of the groundwater 
solution for subsequent removal via contamination. 
precipitation. Effective for 
inorganics. 

Contaminated water is heated so it Because it is highly energy intensive, Eliminated 
evaporates leaving contaminants this method is only appropriate for 
behind. The water vapor is then treating groundwater with high 
cooled resulting in a condensate of contaminant concentrations. 
purified water. Highly energy 
intensive. 

Neutralization Addition of an acid or base to a waste Potentially applicable as a Retained 
in order to adjust its pH. Applicable pretreatment technology. 
to acidic or basic waste streams. 
Typically used as a pretreatment 
technology. 

Precipitation 

Filtration 

Materials in solution are transferred 
into a solid phase for removal. 
Effective for particulates and metals; 
typically used as a pretreatment 
tPCh+-j”.I 1~W11.1 . 61. 

Removal of suspended solids from 
solution by forcing the liquid through 
a porous medium. Applicable to 
suspended solids; typically used as a 
pretreatment technology. 

Potentially applicable as a 
pretreatment technology. 

Potentially applicable as a 
pretreatment technology. 

Retained 

Retained 



TABLE 43 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response 

Ex Situ Treatment 
(Continued) 

Remedial Action 
Technology 

Physical/Chemical 
Treatment (Continued) 

Process Option 

Flocculation 

Sedimentation 

Oil/Water Separation 

Description 

Small, unsettleable particles 
suspended in a liquid medium are 
made to agglomerate into large 
particles by the addition of 
flocculating agents. Applicable to 
pax&dates and inorganics; typically 
used as a pretreatment technology. 

Removal of suspended solids in an 
aqueous waste stream via gravity 
separation. Effective for suspended 
solids; typically used as a 
pretreatment technology. 

Petroleum hydrocarbon materials in 
solution are separated for removal. 

Site-Specific Applicability 

Potentially applicable as a 
pretreatment technology. 

Potentially applicable as a 
pretreatment technology. 

Potentially applicable. 

Screening Results 

Retained 

Retained 

Retained 

Biological Treatment 

Thermal Treatment 

Aerobic Bioremediation Degradation of organic contaminants Potentially applicable to the volatile Retained 
(Aerated Lagoon, Activated via microorganisins in an aerobic organic and semivolatile organic 
Sludge, Trickling Filter, (oxygen-sufficient) environment. contaminants of concern. 
Rotating Biological Nutrients may be added and oxygen, 
Contactor) pH, and temperature may be adjusted 

to optimize contaminant removal. 

Anaerobic Bioremediation Degradation of organic contaminants Potentially applicable to the volatile Eliminated 
via microorganisms in an anaerobic organic and semivolatile organic 
(oxygen-deticient) environment. contaminants of concern. 

Incineration Use of high temperatures and oxygen Incineration is a relatively expensive Eliminated 
(Liquid Injection, Rotary to volatilize and combust alternative for groundwater because 
Kiln, Circulating Fluidized contaminants. Effective for a wide extensive dewatering may be 
Bed, Multiple Hearth, Molten range of organics and inorganic.% required. 
Salt) 

Pyrolysis; Plasma Arc Torch Advanced incineration; thermal Incineration is a relatively expensive Eliminated 
conversion of organic material into alternative for groundwater because 
solid, liquid, and gaseous components extensive dewatering may be 
(takes place in an oxygen-deficient required. 
atmosphere). Effective for organics 
and inorganic& 



TABLE 43 (Continued) 

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response 

Ex Situ Treatment 
(Continued) 

Rcmcdial Action 
Technology 

Off Site Treatment 

Process Option 

POTW 

RCRA Facility 

Sewage Treatment Plant 

Site 82 or HPIA Treatment 
Systems 

Description Site-Specific Applicability Screening Results 

Extracted groundwater discharged to Not applicable since this POTW will Eliminated 
the Jacksonville POTW for treatment. not accept contaminated groundwater. 

Extracted groundwater transported to Distance to nearest RCRA Facility, Eliminated 
a licensed RCRA facility for and the volume of groundwater that 
treatment and/or disposal. must be transported, make this option 

impractical. 

Extracted groundwater discharged to Not applicable since this POTW will Eliminated 
Base STP for treatment. not accept highly contaminated 

groundwater. 

Extracted groundwater discharged to Potentially applicable to the volatile Retained 
the Site 82 treatment system or the organic and semivolatile organic 
HPIA treatment system which include contaminants of concern. 
air stripping and carbon adsorption 
units. 

In Situ Treatment Air Stripping Air Sparging 

In Well Aeration 

“In situ air stripping”; air is injected Themajority of the contamination Eliminated 
into the aquifer creating an consists of semivolatile, not volatile, 
underground air stripper; used in organics. 
conjunction with soil vapor extraction 
to capture volatilized contaminants. 

“In well air stripping”. Process of The majority of the contamination Eliminated 
inducing air into a well by applying a consists of semivolatife, not volatile, 
vacuum. The result is an in-well air organics. 
lift pump effect that serves to strip 
volatiles from groundwater inside the 
well. 

Dual Phase Extraction Dual Phase Extraction A high vacuum placed in a well to 
remove liquid and volatilized 
contaminants; applicable to volatile 
organics in low permeability or 
heterogeneous formations. 

The majority of the contamination 
consists of semivolatile, not volatile, 
organics. 

Eliminated 

Biological Treatment Aerobic Biodegradation Degradation of organic contaminants 
via microorganisms in an aerobic 
(oxygen-sufficient) environment. 
Nutrients may be added and oxygen, 
pH, and temperature may be adjusted 
to optimize contaminant removal. 

Potentially applicable to the volatile 
organic and semivolatile organic 
contaminants of concern. 

Retained 



TABLE 4-3 (Continued) 

PRELIMINARY SCREENING OF GROUNQWATER TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response 

In Situ Treatment 
(Continued) 

Remedial Action 
Technology 

Biological Treatment 
(Continued) 

Process Option 

Anaerobic Biodegradation 

Description 

Degradation of organic contaminants 
via microorganisms in an anaerobic 
(oxygen-deficient) environment. 

Site-Specific Applicability 

Compared to aerobic bioremediation, 
an anaerobic environment will be less 
effective for the contaminants of 
concern. 

Screening Results 

Eliminated 

Passive Remediation Passive Treatment Wall A permeable reaction wall is installed 
across the flow path of a contaminant 
plume, treating the plume as it 
passively moves through the wall. 
Effective for volatile organics and 
inorganics. 

The majority of the contamination 
consists of semivolatile organics, not 
volatile organics or inorganics. 

Eliminated 

Discharge Actions On Site Discharge 

Off Site Discharge 

Surface Water 

Reinjection 
(Injection Wells, Infiltration 
Galleries) 

POTW 

Treated water discharged to stream on On site drainage paths do not have the Eliminated 
the site. capacity to accept the amount of 

discharge expected. 

Treated water is reinjected into the Based on the marginal permeability of Eliminated 
site aquifer using shallow infiltration the shallow aquifer (1~10~~ cm/set), 
galleries (trenches) or injection wells. injected liquid may mound in the 

subsurface formations or move in 
preferential pathways; reinjection may 
also spread contamination from the 
soil to the groundwater. 

Treated water discharged to Potentially applicable. Retained 
Jacksonville POTW. 

Pipeline to Stream 

Sewage Treatment Plant 

Treated water discharged to river off 
site (e.g., Wallace Creek or the New 
River). 

Treated water discharged to Hadnot 
Point STP. 

Potentially applicable. 

Potentially applicable. 

Retained 

Retained 

Deep Well Injection Treated water is reinjected into the 
brine aquifer iocated under the Castie 
Hayne aquifer. 

Potentially applicable. Retained 



TABLE 4-4 

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

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response Remedial Action 
4edia of Concern Action Technology Process Option 

loil No Action None Not Applicable 

Institutional Access Restrictions Fencing 
Controls Land Use Controls Base Master Plan 

Legal Restrictions Deed Restrictions 

Monitoring Monitoring 

Removal Actions Excavation Excavation 

Off Site Disposal Landfill Hazardous Waste Landfill 

Solid Waste Landfill 

Soil Recycling Soil Recycling 
(Asphalt Incorporation, 
Cement Production, or 
Brick Manufacturing) 

Ex Situ Treatment Physical/Chemical Soil Washing 
Treatment Solvent Extraction 

Chemical Oxidation 

Solidification/ Solidification/Stabilization 
Stabilization (Cement-Based, Silicate- 

Based, Thermoplastic, 
Microencapsulation, or 
Organophilic Clays) 

Vitrification 

Biological Treatment Aerobic Bioremediation, 
Slurry-Phase 
(Biosluny Reactors, 
Rotating Biological 
Contactors, Lagoons) 

Aerobic Bioremediation, 
Solid-Phase 
(Prepared Beds, Heap Piles,, 
Composting, Landfarming, 
Wetlands) 

Thermal Treatment Incineration 
(Rotary Kiln, Infrared 
Incineration, Circulating 
Fluidized Beds) 

Pyrolysis 

Thermal Desorption - 



TABLE 4-4 (Continued) 

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

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Response Remedial Action 
ledia of Concern Action Technology Process Option 

Dil (Continued) In Situ Treatment Solidification/ Solidification/Stabilization 
Stabilization (Cement-Based, Silicate- 

Based, Thermoplastic, 
Microencapsulation, or 
Organophilic Clay) 

Vitrification 

Biological Treatment Aerobic Bioremediation 

,roundwater No Action No Action Not Applicable 

Institutional Ordinances Aquifer Use Restrictions 
Controls Legal Restrictions Deed Restrictions 

Monitoring Monitoring 

Containment/ Extraction Extraction Wells 
Collection 
Actions Subsurface Drains Interceptor Trenches ’ 

Ex Situ Treatment Physical/Chemical Carbon Adsorption 
Treatment Chemical Dechlorination 

Chemical Oxidation 

Membrane Separation ’ 
(Reverse Osmosis, 
Electrodialysis) 

Neutralization 

Precipitation 

Filtration 

Flocculation 

Sedimentation 

Oil/Water Separation 

Biological Treatment Aerobic Bioremediation ’ 
(Aerated Lagoon, Activated 
Sludge, Trickling Filter, 
Rotating Biological 
Contactor) 

Off Site Treatment Site 82 or HPlA Treatment 
Systems 

In Situ Treatment Biological Treatment Aerobic Biodegradation 

Discharge Off Site Discharge POTW 

’ Actions Pipeline to Stream 

’ Sewage Treatment Plant 

L Deep Well Injection - 
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TABLE 4-5 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General 
Response 

No Action 

Remedial 
Action 

Technology 

No Action 

Evaluation 

Process Option Effectiveness Implementability Relative Cost Evaluation Results 

Not Applicable l Not applicable l Easily implemented . No cost Retained as per the 
requirements of the 
NCP 

Institutional Access 
Controls Restrictions 

Land Use 
Controls 

Fencing 

Base Master 
Plan 

l Will effectively reduce site a Easily implemented 0 Low capital Retained because 
access of its effectiveness 

and low cost 

8 Will effectively restrict land l Easily implemented l Negligible cost Retained because 
use at the site while the Base is of its effectiveness 
open and negligible cost 

l Effectiveness is dependent on 
continued future 
implementation 

Legal Deed 
Restrictions Restrictions 

0 Will effectively restrict future l Easily implemented l Negligible cost Retained because 
use of the site if the Base were 0 Legal requirements of its effectiveness 
to close and negligible cost 

l Effectiveness is dependent on 
continued future 
implementation 

Monitoring Monitoring l Will effectively detect l Easily implemented l Low capital Retained because 
increases in contaminant levels l Low O&M of its effectiveness 
so that exposure can be avoided and low cost 

0 Will monitor the effectiveness 
of remedial action plans 
implemented at the site 



TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General 
Response 

Removal 
Actions 

Remedial Evaluation 
Action 

Technology Process Option Effectiveness Implementability Relative Cost Evaluation Results 

Excavation Excavation l Conventional and well- l Contaminated soil excavated l Low to moderate Retained because it 
demonstrated below the water table will capital is a conventional, 

l Becomes less effective as the require dewatering . NoO&M well-demonstrated 
amount of soil that needs to be l Deep excavations may soil removal 
excavated increases require support structures method 

l Generation of fugitive 
emissions may be a problem 
during excavation 

Off Site 
Disposal 

Landfill Hazardous Waste l Effective disposal method for l Soil must be transported in l Moderate capital Retained because 
Landfill hazardous material adequate receptacles that will . NoO&M of its moderate cost 

l The closest hazardous waste fully contain the and effectiveness 
facility is located in Pinewood, contaminated material 
South Carolina; this distance 
may increase transportation 
costs 

l Transportation of the soil 
through populated areas may 
affect community acceptability 

Solid Waste 
Landfill 

l Effective disposal method for l Easily implemented 0 Low capital Due to its low cost, 
non-hazardous material . NoO&M retained as a 

l The soil will have to be treated disposal option if 
before it will be accepted at a the soil is non- 
solid waste landfill hazardous 



TABLE 4.-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Evaluation 
General Action 

Response Technology Process Option Effectiveness Implementability Relative Cost Evaluation Results 

Off Site Soil Recycling Soil Recycling l Effective disposal method for l Soil must be transported in l Moderate capital Eliminated due to 
Disposal (Asphalt both hazardous and non- adequate receptacles that will l NoO&M its questionable 
(Continued) Incorporation, hazardous material fully contain the effectiveness for 

Cement l Beneficial reuse of soil rather contaminated material ” semivolatile 
Production, or than disposal at a landfill l TPH contaminated soil from organics 
Brick l Finished product may not the Base has been recycled in 
Manufacturing) provide complete stabilization a brick manufacturing 

of the semivolatile organics process in Sanfred, NC. 
l Compared to TPH 

contaminated soil, there may 
be fewer recycling facilities 
that will accept creosote- 
contaminated soil 

Ex Situ 
Treatment 

Physical/ 
Chemical 
Treatment 

Soil Washing l Contaminant separation/ l Generates four residual l Moderate capital Eliminated because 
concentration techuology streams (treated soil or l Moderate O&M contaminant 
(rather than a contaminant sludge, washwater, destruction 
destruction technology) contaminated soil fines, and technologies can 

l Target contaminant group is air emissions) that require effectively handle 
semivolatile organics further treatment and/or the volume of 

l Best-suited for sandy soil with disposal contaminated 
low organic matter and low l Mobile units are available material; 
clay content e Requires excavation and separating/ 

0 Contaminant removal is handling of the contaminated concentrating the 
dependent on washing fluid and soil contaminants is not 
additives used l Requires treatability testing necessary and will 

l Additives that improve washing generate residual 
may compiicate wash-water waste streams that 
treatment/disposal later must be treated 

l Widely demonstrated in and/or disposed 
Europe, less demonstrated in 
the U.S. 



TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial 
General Action 

Response Technology 

Ex Situ Physical/ 
Treatment Chemical 
(Continued) Treatment 

(Continued) 

Evaluation 

Process Option Effectiveness Implementability Relative Cost Evaluation Results 

Solvent 0 Contaminant l Generates three residual 0 Moderate capital Eliminated because 
Extraction separation/concentration streams (concentrated l Moderate O&M contaminant 

technology (rather than a contaminants, treated soil or 0 Relatively more destruction 
‘. contaminant destruction sludge, and separated expensive than soil technologies can 

technology) solvent) that require further washing effectively handle 
l Slightly more effective for treatment and/or disposal the volume of 

PAHs than soil washing with a l Mobile units are available contaminated 
water-based solution l Requires excavation and material; 

l Best-suited for sandy soil with handling of the contaminated separating/ 
low organic matter and low soil concentrating the 
clay content l Requires treatability testing contaminants is not 

l The toxicity of the solvent must necessary and will 
be considered because it may generate residual 
complicate wash fluid waste streams that 
treatment/disposal later must be treated 

l Air emissions are typically not and/or disposed 
generated 



TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Evaluation 
General Action 

Response Technology Process,Option Effectiveness Implementability Relative Cost Evaluation Results 

Ex Situ Physicall Chemical l Effectively treats liquids, o The soil must be slurried 0 Moderate to high Eliminated because 
Treatment Chemical Oxidation slurried soil, and sludge prior to treatment which may capital; high capital of the non- 

(Continued) Treatment containing oxidizable be difficult to accomplish for ozonation because selective nature of 
(Continued) contaminants; soil from Site 3 l Treatability tests should be an ozone generator chemical oxidants 

will have to be slurried conducted and an ozone (which may 
l Contaminant destruction l Extensive air pollution decomposition unit indefinitely 

technology control is usually not are required increase the 
l Incomplete oxidation or required ; Moderate O&M treatment time) and 

formation of intermediate l Employs standard equipment the expense 
contaminants may occur that is readily available; associated with 
depending upon the mobile units are available oxidizing agents 
contaminants and oxidizing l Requires excavation and 
agents used handling of contaminated soil 

l Chemical oxidants are non- 
selective; they may oxidize 
other compounds prior to the 
contaminants of concern 
(increasing treatment time) 

0 Conventional, well- 
demonstrated technology for 
disinfecting drinking water and 
wastewater; not well 
demonstrated for 
environmental remediation 

l Not cost-effective for high 
contaminant concentrations 
because of the large amounts of 
oxidizing agents required 

l UV-enhanced oxidation does 
not work well for turbid water 
and slurries due to reduced 
light transmission 



TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial 
General 

Evaluation 
Action 

Response Technology Process Option Effectiveness Implementability Relative Cost Evaluation Results 

Ex Situ Solidification/ Solidification/ 0 Most effective for inorganics l Treatability study may be 0 Low capital Eliminated because 
Treatment Stabilization Stabilization l Using typical S/S methods, required . Low O&M it is only an 
(Continued) (Cement-Based, organic compounds can retard l Well-demonstrated ,. experimental 

Silicate-Based, or prevent the setting of the technology for inorganics; technology for 
Thermoplastic, matrix, hinder bonding experimental technology for organics 
Microencapsul reactions and matrix strength, organics 
a-tion, or and volatilize into the l Requires excavation and 
Organophilic atmosphere creating the need handling of the contaminated 
Clays) for off-gas control soil 

l S/S methods employing 
organophilic clays, organic 
polymers, and asphalts may be 
effective for organics, but these 
methods are still in the 
experimental stage 

l Contaminant immobilization 
technology (rather than a 
contaminant destruction 
technology) 

l S/S may increase the matrix 
volume, possibly up to double 
the orginal volume 

o The solidified matrix will 
facilitate handling of the waste 
for treatment/disposal 

l Most effective for sandy soil 
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TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT Nd. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Evaluation 
General Action 

Response Technology Process Option Effectiveness Implementability Relative Cost Evaluation Results 

Ex Situ Solidification/ Vitrification l The vitrified matrix will l Relatively high energy l High capital Eliminated because 
Treatment Stabilization facilitate handling of the waste process which increases l Moderate to High of its high cost 
(Continued) (Continued) for treatment/disposal O&M costs O&M 

l The process may yield saleable l Relatively complex process 
end products in the form of which makes it, labor- 
glass and glass ceramics intensive and increases costs 

l Emerging technology l Requires off-gas control; 
volatilized contaminants will 
require further treatment 

l Requires excavation and 
handling of contaminated 
material 



General 
Response 

Ex Situ 
Treatment 
(Continued) 

Remedial 
Action 

Technology -_ 

Biological 
Treatment 

Process Option 

Aerobic 
Bioremediation, 
Slurry-Phase 
(Bioslurry 
Reactors, 
Rotating 
Biological 
Contactors, 
Lagoons) 

- 

TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Effectiveness 

Contaminant destruction 
technology 
More effective for PAHs with 
lower molecular weights and 
fewer rings (Z-3); e.g., 
naphthalene and 
benzo(a)anthracene 
Contaminants with low water 
solubility are more difficult to 
degrade 
Compounds may degrade into 
intermediate compounds that 
are more toxic or more mobile 
Contaminated soil must be 
slurried 
The presence of heavy metals, 
highly chlorinated organics, 
pesticides, herbicides, and 
inorganic salts can inhibit 
microbial metabolism 
Compared to in situ ’ 
bioremediation, treats 
contaminants more quickly, 
and does not contribute to the 
contamination of underlying 
groundwater 
Compared to in situ 
bioremediation, offers more 
system control 
More suitable than in situ 
bioremediation for low 
permeability soil because there 
is less dependence on soil 
characteristics (due to 
amendments and mixing 
processes) 

Evaluation 

Imnlementabilitv 
I  r  

Treatability study is required 
Pretreatment may be required 
for heavy metals, highly 
chlorinated organics, 
pesticides, herbicides, and 
inorganic salts 
Slurry requires dewatering 
after treatment 
If treated solids contain 
heavy metals, 
solidification/stabilization 
may be necessary 
Must dispose of wastewater 
and possibly treat process 
off-gases 
Mobile units are available 
Requires excavation and 
handling of contaminated 
materials 

Relative Cost 

D Moderate capital 
B Moderate O&M 

Evaluation Results 

Eliminated because 
it is more 
expensive and 
more difficult to 
implement than 
solid-phase 
bioremediation 
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TABLE 4-5 (Continued) 

General 
Response 

ix Situ 
‘reatment 
Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial 
Action 

Technology Process Option 

Biological Aerobic 
Treatment Bioremediation, 
(Continued) Solid-Phase 

(Prepared Beds, 
Heap Piles, 
Composting, 
Landfarming, 
Wetlands) 

Evaluation 

Effectiveness 

Contaminant destruction 
technology 
More effective for PAHs with 
lower molecular weights and 
fewer rings (2-3); e.g., 
naphthalene and 
benzo(a)anthracene 
Contaminants with’low water 
solubility are more difficult to 
degrade 
Compounds may degrade into 
intermediate compounds that 
are more toxic or more mobile 
The presence of heavy metals, 
highly chlorinated organics, 
pesticides, herbicides, and 
inorganic salts can inhibit 
microbial metabolism 
Compared to in situ 
bioremediation, treats 
contaminants more quickly, 
and does not contribute to the 
contamination of underlying 
groundwater 
Compared to in situ 
bioremediation, offers more 
system control 
h/lnrp cuitahle thm in dm I.A.21” “II...” i .---- I^ i--- 

bioremediation for low 
permeability soil because there 
is less dependence on soil 
characteristics (due to 
amendments and mixing 
processes) 
Compared to in situ and slurry- 
phase treatment, solid-phase 
f-.---n"+ i.23 m.-.*‘a.Il&l~lxlllcPTI 

Implementability 

May require a large amount 
of space 
Treatability study is required 
Pretreatment may be required 
for heavy metals, highly 
chlorinated organics, 
pesticides, herbicides, and 
inorganic salts 
Employs standard, 
conventional equipment; 
simple farming and irrigation 
techniques can optimize pH 
and nutrient control (unlike 
slurry-phase bioremediation 
technologies) 
Utilizes a more simple 
treatment process compared 
to shury-phase treatment 
May require a leachate 
collection system 
Drainage from the soil pile 
can be recycled 
If treated solids contain 
heavy metals, 
solidification/stabilization 
may be necessary 
May require an off-gas 
collection system 
Must dispose of wastewater 
and possibly treat process 
off-gases 
Addition of bulking agents 
(which improve texture, 
workability, and aeration) 
will increase the soil volume 
Particulate matter may cause 
A hlrt mneration nroblem 

Relative Cost 

l Low capital 
l Moderate O&M 

Evaluation Results 

Retained because it 
is less expensive 
and more easily 
implemented 
compared to 
slurry-phase 
bioremediation 
technologies 



TABLE 4-5 (Continued) 

General 
Response 

Ex Situ 
Treatment 
(Continued) 

Remedial 
Action 

Technology 

Thermal 
Treatment 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

I Evaluation 

Process Option Effectiveness 

Incineration l Capable of treating organics in 
soil to stringent cleanup levels 
Effective f&r a wide range of 
organics and inorganics 
Contaminant destruction 
technology 
Fully proven in commercial use 
High moisture content and a 
high heating value reduce the 
incinerator’s capacity 
Heavy metals produce a 
residual ash that may require 
further treatment 

Pyrolysis l Capable of treating organics in 
soil to stringent cleanup levels 
Contaminant destruction 
technology 
Produces fewer air pollutants, 
allows more control, permits 
higher throughput, and operates 
at lower temperatures than 
incineration 
Emerging technology that has 
not been widely demonstrated 
High moisture content and a 
high heating vaiue increase the 
treatment cycles required 
Heavy metals in residual solids 
and fly ash will require further 
treatment 

Implementability 

l Air pollution control system 
(for off-gases) is required 

l Sandy soil is easy to feed to 
the incineration units 

l Dewatering of the soil, or 
mixing the soil with a low 
BTU soil, may be required 
prior to treatment 

l Requires excavation and 
handling of contaminated 
material 

l Requires a treatability study 
l Air pollution control system 

(for volatilized contaminants) 
is required 

l Soil should be dryed to 
achieve a moisture content 
less than 1% (the soil at Site 
3 has a moisture content of 
12.8%) 

l Requires excavation and 
handling of contaminated 
material 

Relative Cost 

l Moderate to high 
capital 

. Low O&M 

0 Moderate capital 
. Low O&M 

Evaluation Results 

Retained because it 
is highly effective 
for a wide variety 
of organic 
contaminants 

Eliminated because 
it is not well 
demonstrated 
compared to 
incineration 



TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATiON 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial 
General Action 

Response Technology 

Ex Situ Thermal 
Treatment Treatment 
(Continued) (Continued) 

Evaluation 

Process Option Effectiveness Implementability Relative Cost Evaluation Results 

Thermal 0 Contaminant 0 Process may create up to l Moderate capital Eliminated because 
Desorption separation/concentration seven residual streams l Moderate O&M it is less easily 

technology (rather than a (treated media, oversized implemented than 
contaminant destruction contaminated rejects, conventional 
technology) condensed contaminants, incineration 

l Applicable to a wide range of water, particulates, clean off- 
volatile and semivolatile gas, and spent carbon) that 
organics, including furans may require further treatment 

l High temperature TD is l Treatability test required 
effective for wood-treating l Requires excavation and 
wastes; low temperature TD is handling of contamiated 
iess effective material 

l Not effective for high moisture 
content 



TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General 
Response 

In Situ 
Treatment 

Remedial Evaluation 
Action 

Technology Process Option Effectiveness Implementability Relative Cost Evaluation Results 

Solidification/ Solidification/ l Contaminant immobilization l Treatability study is required l Moderate capital Eliminated because 
Stabilization Stabilization technology (rather than a l Subsurface obstructions l Moderate O&M it is only an 

(Cement-Based, contaminant destruction (boulders, debris) and experimental 
Silicate-Based, technology) heterogenities may inhibit the technology for 
Thermoplastic, l Using typical S/S methods, mixing process organics, and 
Microencapsula- organic compounds can retard 0 Limited control over the because of the 
tion, or or prevent the setting of the effectiveness of mixing difficulties 
Organophilic matrix, hinder bonding processes associated with 
Clay) reactions and matrix strength, l Off-gas control will be implementation 

and volatilize into the required during mixing 
atmosphere creating the need’ l When the S/S process is 
for off-gas control complete, leaching and 

l S/S methods employing durability tests will be 
organophilic clays, organic required; conducting these 
polymers, and asphalts may be tests at subsurface depths will 
effective for organics, but these be difficult 
methods are still in the 
experimental stage 

l S/S may increase the matrix 
volume, possibly up to double 
the orginal volume, which may 
affect the local terrain 

l Future use of the site may 
“weather” the matrix and 
weaken the contaminants’ 
immobility 

l Effective for sandy soil 



TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Evaluation 
General Action 

Response Technology Process Option Effectiveness Implementability Relative Cost Evaluation Results 

In Situ Solidification/ Vitrification l Heating of the soil may cause l Requires a hood above the l High capital Eliminated because 
Treatment Stabilization subsurface migration of treatment area to collect off- * High O&M it may spread 
(Continued) (Continued) contaminants into clean areas gases contaminants into 

l Not a widely demonstrated 0 The process fuel is electricity clean areas, it is 
technology which is the most expensive difficult to 

l Future use of the site will be fuel for glass production implement, and it 
limited by the engineering l Subsurface heterogenities is costly 
characteristics of the vitrified may limit the achievable 
material process depth 

0 Organic material may cause 
the molten glass to erupt, 
showering large areas with 
molten, semi-molten, and 
untreated material 

l High water table will impact 
implementability; site will 
need to be dewatered 



TABLE 4-5 (Continued) 

SUMMARY OF SOIL PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Remedial Evaluation 
General Action 

Response Technology Process Option Effectiveness Implementability Relative Cost Evaluation Results 

:n Situ Biological Aerobic l Contaminant destruciton l Requires a treatability study l Low to moderate Eliminated because 

Treatment Treatment Bioremediation technology l Requires more treatment time capital it will have limited 

Continued) l More effective for PAHs with than ex situ bioremediation l Moderate to high effectiveness 
lower molecular weights and 0 Less system control O&M compared to ex 
fewer rings (2-3); compared to ex situ situ 
e.g., naphthalene and bioremediation bioremediation, 
benzo(a)anthracene l Microbes may colonize and also there is much 

l Contaminants with low water clog injection wells less control over 
solubility are more diffkult to the results of the 
degrade treatment 

l Compounds may degrade into 
intermediate compounds that 
are more toxic or more mobile 

l Will not effectively destroy 
concentrated masses of NAPLs 

l Highly dependent on soil 
characteristics; cleanup goals 
may not be attained if the soil 
matrix prohibits contaminant- 
microorganism contact 

l Less certainty about treatment 
results because of subsurface 
variability and difftculties in 
monitoring 

l Circulating water-based 
solutions through the soil may 
spread contamination 

l Minimizes voiatiiized 
contaminants 



TABLE 4-6 

General 
Response 

i- 
Action 

No Action 

Institutional 
Controls 

Remedial 
Action 

Technology 

No Action 

Ordinances 

Access 
Restrictions 

Monitoring 

Process Option 

Not Applicable 

Aquifer Use 
Restrictions 

Deed 
Restrictions 

Monitoring 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Effectiveness 

l Not applicable 

0 Will effectivly prevent future 
exposure to groundwater 

l Effectiveness dependent on 
continued future 
implementation 

0 Will effectively prevent future 
exposure to groundwater 

l Effectiveness dependent on 
continued future 
implementation 

l Will effectively detect 
increases in contaminant levels 
so that exposure can be avoided 

0 Will monitor the effectiveness 
of remedial action plans that 
may be implemented at the site 

Evaluation 

Implementability I Relative Cost 

l Easily implemented 
.I 

. No cost 

l Easily implemented l Negligible cost 

F Easily implemented 
~ 0 Legal requirements 
I 

l Negligible cost 

I-- l Easily implemented l Low capital 
. LowO&M 

Evaluation 
Results 

Retained as per 
the requirements 
of the NCP 

Retained 
because of its 
effectiveness 
and negligible 
cost 

Retained 
because of its 
effectiveness 
and negligible 
cost 

Retained 
because of its 
effectiveness 
and low cost 



TABLE 4-6 (Continued) 

Containment/ 
Collection 
Actions 

Extraction 

Subsurface 
Drains 

Process Option 

Extraction Wells 

Interceptor 
Trenches 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation 

Effectiveness 

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

l Inorganics may precipitate and 
clog well screens; this 
necessitates frequent 
maintenance and equipment 
replacement 

l Conventional, widely 
demonstrated technology 

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

l More effective for shallow 
groundwater plumes 

l Slower recovery than extraction 
wells 

l Potential exposures during 
installation 

Implementability 

l Easily implemented 
l Uses standard equipment that is, 

readily available 

0 Requires extensive excavation 
trenching 

l Requires more surface area 
than extraction wells 

l There is no continuous 
confining layer under the site 
for the trench to adjoin to 

l Requires an experienced 
specialty contractor 

l Equipment readily available 

Relative Cost 

l Moderate capital 
l Moderate O&M 

l High capital 
l Moderate O&M 

Evaluation 
Results 

Retained 
because it is a 
conventional 
technology and 
more easily 
implemented 
than an 
interceptor. 
trench 

Eliminated 
because trenches 
require more 
surface area and 
are less cost 
effective than 
extraction wells 



General 
Response 

Action 

Ex Situ 
Treatment 

Remedial 
Action 

Technology 

PhysicaIl 
Chemical 
Treatment 

T 
Process Option 

Carbon 
Adsorption 

‘t 

TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Effectiveness 

l Effective for a wide range of 
organic compounds, including 
PAHs, other polar organic 
compounds, PCP, non- 
halogenated aromatics, dioxins, 
and furans 

0 Loses efficiency for 
compounds with low molecular 
weight 

0 Loses efficiency for 
compounds with high polarity 

0 Loses efficiency for 
compounds that are water- 
soluble 

0 Contaminant transfer 
technology (rather than a 
contaminant destruction 
technology) 

l Suspended solids, inorganics, 
and oil and grease can foul the 
system 

l Commercially proven and 
widely used technology 

l Less cost effective if used as 
the primary treatment on a 
wastestream with high 
contaminant concentrations 
(greater than 1 mg/L) 

Evaluation 

Implementability 

@ Readily available, conventional 
technology 

l Spent carbon must be properly 
regenerated or disposed 

l Pretreatment may be required 
to reduce or remove suspended 
solids, oil and grease, and 
unstable chemical compounds 

l For waste with mixed 
contaminants, bench tests 
should be conducted to 
estimate carbon usage 

l A carbon adsorption unit is 
located at the HPIA treatment 
plant (HPIA operable unit) 

l Requires groundwater 
extraction 

Relative Cost 

l Low to moderate capital 
l Moderate O&M (O&M is 

dependent on loading rates and 
carbon life) 

Evaluation 
Results 

Retained 
because of its 
commercial 
availability and 
performance 
record, and its 
relatively 
moderate cost 



General 
Response 

Action 

2x Situ 
rreatment 
‘Continued) 

Remedial 
Action 

Technology 

Physical/ 
Chemical 
Treatment 
(Continued) 

Process Option 

Chemical 
Dechlorination 

TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Effectiveness 

l Dibenzofuran, 2-methylphenol, 
and 2,4-dimethylphenol are the 
only site contaminants that 
dechlorination will effectively 
treat (effective for 
PCB/dioxin/furan and 
halogenated phenolkreosol 
groups); the other non- 
halogenated contaminants will 
not be treated 

l Contaminant destruction 
technology 

l Oil and grease and suspended 
solids may interfere with the 
efficiency of the system 

b Most research has been 
conducted on PCBs 

l Not cost-effective for high 
contaminant concentrations 
because of the large amounts of 
reagents required 

Evaluation 

Implementability 

0 The toxicity of the reagents 
must be considered because 
they may necessitate further 
treatment 

l Further treatment will be 
required for the 
nonhalogenated contaminants 

l Employs standard equipment 
that is readily available; mobile 
units are available 

l Requires groundwater 
extraction 

Relative Cost 

0 Moderate capital 
l Moderate O&M 

Evaluation 
Results 

Eliminated 
because the 
technology will 
not be effective 
for the non- 
halogenated 
semivolatile 
organic 
contaminants; 
they will require 
further treatment 



General 
Response 

Action 

3x Situ 
rreatment 
Continued) 

Remedial 
Action 

Technology 

PhysicaV 
Chemcial 
Treatment 
(Continued) 

Process Option 

Chemical 
3xidation 

TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Effectiveness 

Effectively treats liquids 
containing oxidizable 
contaminants 
Contaminant destruction 
technology 
Incomplete oxidation or 
formation of intermediate 
contaminants may occur 
depending upon the 
contaminants and oxidizing 
agents used 
Chemical oxidants are non- 
selective; they may oxidize 
other compounds prior to the 
contaminants of concern 
(increasing treatment time) 
Conventional, well- 
demonstrated technology for 
disinfecting drinking water and 
wastewater; not well 
demonstrated for 
environmental remediation 
Not cost-effective for high 
contaminant concentrations 
because of the large amounts of 
oxidizing agents required 
UV-enhanced oxidation does 
not work well for turbid water 
and slurries due to reduced 
light transmission 

Evaluation 

Implementability 

l Treatability tests should be 
conducted 

l Extensive air pollution control 
is usually not required, 
although the process may 
volatilize contaminants 

l Employs standard equipment 
that is readily available; mobile 
units are available 

l Requires groundwater 
extraction 

Relative Cost 

l Moderate to high capital; high 
capital for ozonation because 
an ozone generator and an 
ozone decomposition unit are 
required 

l Moderate O&M 

Evaluation 
Results 

Eliminated 
because of the 
non-selective 
nature of 
chemical 
oxidants (which 
may indefinitely 
increase the 
treatment time) 
and the expense 
associated with 
oxidizing agents 



TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General 
Response 

Action 

3x Situ 
rreatment 
Continued) 

Remedial Evaluation 
Action Evaluation 

Technology Process Option Effectiveness Implementability Relative Cost Results 

Physical/ Membrane l Effective for PCP, l Separated contaminants will l High capital Eliminated 

Chemcial Separation heterocyclics, simple require further treatment 0 Moderate O&M because of its 

Treatment (Reverse nonhalongenated aromatics, l Requires groundwater high cost 

(Continued) Osmosis, PAHs, and other polar organic extraction compared to 

Electrodialysis) compounds other 
0 Contaminant concentration/ contaminant 

separation technology (rather separation/ 
than a contaminant destruction concentration 
technology) technologies and 

l Inability to handle fluctuations its inability to 
in organic concentrations handle 

fluctuations in 
contaminant 
concentrations 

Neutralization 

Precipitation 

l Can be used in a treatment train l Widely used and well 0 Low capital Retained 
for pH adjustment demonstrated l Low to moderate O&M because it may 

l Many treatment technologies l Simple and readily available be necessary as 
for organ& require equipment/materials pretreatment 
neutralization as pretreatment 

l Effective, reliable, permanent, l Widely used and well l Low capital Retained 
and conventional technology demonstrated 0 Moderate O&M because it may 
for inor’ganics removal l Equipment is basic and easily be necessary as 

l Typically used for removal of designed pretreatment 
heavy metals l Compact, single units that are 

l Followed by solids-separation deliverable to the site 
methods l Generates sludge which can be 

voluminous, difficult to 
dewater, and may require 
treatment 



TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General 
Response 
Action 

3x Situ 
Treatment 
Continued) 

Remedial Evaluation 
Action Evaluation 

Technology Process Option Effectiveness Implementability Relative Cost Results 

Physical/ Filtration l Conventional, proven method l Equipment is relatively simple 0 Low capital Retained 

Chemical of removing suspended solids to install and no chemicals are l Moderate O&M because it may 

Treatment from wastewater required be necessary as 

(Continued) l Does not remove contaminants l Package units available pretreatment 
other than suspended solids l Pretreatment for oil and grease 

required 
l Generates a sludge which 

requires proper handling 

Flocculation 0 Conventional, proven l Equipment is readily available 0 Low capital Retained 
technology and easy to operate l Moderate O&M because it may 

l Applicable to any aqueous l Can be easily integrated into be necessary as 
waste stream where particles more complex treatment pretreatment 
must be agglomerated into systems 
larger more settleable particles 
prior to other types of treatment 

l Performance depends on the 
variability of the composition 
of the waste being treated 



General 
Response 

Action 

Ex Situ 
Treatment 
:Continued) 

) 

Remedial 
Action 

Technology 

Physical/ 
Chemical 
Treatment 
(Continued) 

Process Option 

Sedimentation 

Oil/Water 
Separation 

> 

TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Effectiveness 

l Conventional, proven 
technology 

l Effective for removing 
suspended solids and 
precipitated materials fi-om 
wastewater 

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

l Feasible for large volumes of 
water to be treated 

l Effective as oil and grease 
pretreatment for an organics 
removal technology 

Evaluation 

Implementability 

0 Effluent streams include the 
effluent water, scum, and 
settled solids 

l Equipment is readily available 
and easy to operate 

l Can be easily integrated into 
more complex treatment 
systems 

Relative Cost 

l Low capital 
l Moderate O&M 

0 Low capital 
. Low O&M 

Evaluation 
Results 

Retained 
because it may 
be necessary as 
pretreatment 

Retained 
because it may 
be necessary as 
pretreatment 
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TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

3 

General Remedial 
Response Action 
Action Technology Process Option Effectiveness 

Evaluation 

Implementability Relative Cost 
Evaluation 

Results 

3x Situ 
rreatment 
Continued) 

Biological 
Treatment 

Aerobic l Contaminant destruction 0 Low contaminant l Moderate capital Eliminated 

Bioremediation technology concentrations may make 0 Moderate O&M because it is a 

(Aerated Lagoon, l More effective for PAHs with operation difficult very slow 

Activated lower molecular weights and l Treatability study is required process for 

Sludge, Trickling fewer rings (2-3); e.g., l Pretreatment may be required groundwater 

Filter, Rotating naphthalene, phenanthrene, for for heavy metals, highly remediation and 

Biological benzo(a)anthracene chlorinated organics, pesticides, it is not widely 

Contactor) l Contaminants with low water herbicides, and inorganic salts demonstrated 
solubility are more difficult to l Must dispose of wastewater and 
degrade possibly treat process off-gases 

l Compounds may degrade into l Methane gas is produced and 
intermediate compounds that must be utilized or disposed 
are more toxic or more mobile l Mobile units are available 

l The presence of heavy metals, 0 Requires groundwater 
highly chlorinated organics, extraction 
pesticides, herbicides, and 
inorganic salts can inhibit 
microbial metabolism 

l Technology is still under 
development so it is not widely 
demonstrated 

l Very slow process 
l Effectiveness is susceptible to 

variation in waste stream 
characteristics and 
environmental parameters 

l Rotating Biological Contactors 
are susceptible to excessive 
biomass growth which may 
damage the equipment 
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TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General 
Response 

Action 

!x Situ 
Treatment 
Continued) 

Remedial Evaluation 
Action Evaluation 

Technology Process Option Effectiveness Implementability Relative Cost Results 

Off Site Site 82 or HPIA l The systems contain air l The HPIA system was designed l Moderate capital Eliminated 
Treatment Treatment stripping and liquid-phase with enough capacity to accept l Moderate to high O&M because of the 

Systems carbon adsorption units; contaminated groundwater from difficulties 
combined, these treatment units other operable units at the Base associated with 
will effectively treat the volatile l Groundwater transportation via transporting 
organic and semivolatile pipeline may not be feasible contaminated 
organic contaminants of due to the distance to the groundwater to 
concern system and utilities the treatment 

l site 82 is located approximately l Transportation via tanker trucks system 
314 of a mile from Site 3, and may not be cost effective (it 
the HPIA operable unit is will be labor-intensive due to 
located approximately 3 miles the quantity of water that must 
from Site 3; these distances may be transported) 
reduce the effectiveness of this 
treatment option 



TABLE 4-6 (Continued) 

I SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General 
Response 

Action 

n Situ 
keatment 

Remedial Evaluation 
Action Evaluation 

Technology Process Option Effectiveness Implementability Relative Cost Results 

Biological Aerobic l Contaminant destruction l Requires a treatability study l Moderate capital Eliminated 
Treatment Biodegradation technology l Very little control over the 0 Low to moderate O&M because it has 

l More effective for PAHs with system compared to ex situ ~ not been wideIy 
lower molecular weights and technologies demonstrated 
fewer rings (2-3), e.g., 0 Microbes may colonize and and it will be 
naphthalene, phenanthrene, and clog injection wells less effective 
benzo(a)anthracene l Injection of substrate and than ex situ 

l Contaminants with low water nutrients into groundwater may treatment 
solubility are more difficult to require a permit technologie due 
degrade l Equipment readily available to subsurface 

l Compounds may degrade into variability and 
intermediate compounds that heterogenity 
are more toxic or more mobile 

l The presence of heavy metals, 
highly chlorinated organics, 
pesticides, herbicides, and 
inorganic salts can inhibit 
microbial metabolism 

l Technology is still under 
development so it is not widely 
demonstrated 

0 Very slow process’ 
l Will not effectively destroy 

concentrated masses of NAPLs 
lxc.hl.r rl ~aw-l~ + n o&f : Il15jlllJ Ue,YIIUUn, oAL uvl. 
characteristics; cleanup goals 
may not be attained if the soil 
matrix prohibits contaminant- 
microorganism contact 



TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Remedial 
Response Action 

Action Technology Process Option 

n Situ Biological Aerobic 
rreatment Treatment Biodegradation 
Continued) (Continued) (Contineud) 

Xscharge Off Site POTW 
I\ctions Discharge 

Evaluation 
Evaluation 

Effectiveness Implementability Relative Cost Results 

8 Less certainty about treatment 
results because of subsurface 
variability and difficulties in 
monitoring at depth 

l Effective and reliable discharge l Discharge permits required l High capital Eliminated 
method l Acceptance by a local POTW l Moderate O&M because of the 

may be difficult to obtain difficulties 
9 The water must be transported associated with 

by pipeline or tanker trucks transporting the 
water to the 
POTW 

Pipeline to 
Stream 

l Effective and reliable discharge 0 Discharge permits required l Moderate to high capital Eliminated 
method l Distance towallace Creek from . LowO&M because of the 

l Wallace Creek will have the the site (approximately 3/4 of a distance to 
capacity to handle discharge mile) may make this option Wallace Creek 
from a pump and treat system difficult to implement; 

groundwater transportation via 
pipeline may not be feasible 
due to the distance to the 
system and utilities 

0 Groundwater transportation via 
tanker truck may not be cost 
effective (it will be labor- 
intensive due to the quantity of 
water that must be transported) 
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TABLE 4-6 (Continued) 

SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

General Remedial Evaluation 
Response Action Evaluation 

Action Technology Process Option Effectiveness Implementability Relative Cost Results 

Xscharge Off Site Sewage l Effective and reliable discharge l Discharge permit may need to l High capital Retained 

4ctions Discharge Treatment Plant method be modified l Moderate O&M because it is the 

:Continued) (Continued) l Capacity of the STP may not be l It may be difficult to gain nearest 
able to accept the flow acceptance of the treated discharge option 

l Eight STPs are located on the groundwater 
Base l Distance to the nearest STP 

may make this option difficult 
to implement; groundwater 
transportation via pipeline may 
not be feasible due to the 
distance to the system and 
utilities 

l Groundwater transportation via 
tanker truck may not be cost 
effective (it will be labor- 
intensive due to the quantity of 
water that must be transported) 

Deep Well 0 Injection wells’ effectiveness is l Discharge permit required l Moderate capital Eliminated 
Injection highly dependent on site l Injection wells must be l Moderate O&M because the 

geology1 hyclrogeology installed Castle Hayne 
l Wells may clog due to aquifer is used 

I 

inorganics precipitation over as a potable 
time 

l Treatment must achieve high 
remediation levels since the 

I 

water source on 
Base so its high 
quaiil-y must be 

Castle Hayne aquifer is used as protected 
a potable water source on Base 
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TABLE 4-7 

FINAL SET OF REMEDIAL ACTION TECHNOLOGIES AND PROCESS OPTIONS 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Institutional 
Controls 

Removal Actions 

Off Site Disposal 

Ex Situ Treatment 

Groundwater No Action 

Institutional 
Controls 

Containment/ 
Collection 
Actions 

Ex Situ Treatment 

1 Discharge Actions 

Note: 

Remedial Action 
Technolow Process Ontion I 

qone 

kcess Restrictions 

and Use Controls 

,egal Restrictions 

donitoring 

Zxcavation 

adfill 

3iological Treatment 

Not Applicable 

Fencing 

Base Master Plan 

Deed Restrictions 

Monitoring 

Excavation 

Hazardous Waste Landfill 

Solid Waste Landfill 

Aerobic Bioremediation, 
Solid-Phase 
(Prepared Beds, Heap Piles, 
Composting, Landfarming*, 

Yo Action 

Fluidized Beds) 

Not Applicable 

Zrrdinances Aquifer Use Restrictions 

Legal Restrictions Deed Restrictions 

Monitoring Monitoring 

Extraction Extraction Wells 

Physical/Chemical 
I 
Carbon Adsorption 

Treatment I 
kIeutralization 

Flocculation 

l - Laudfarming retained as the remedial approach for solid-phase aerobic bioremediation. 
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5.0 DEVELOPMENT OF REMEDIAL ACTION ALTERNATIVES 

In this section, potentially applicable remedial technologies and process options will be combined 
to form remedial action alternatives (RAAs) for soil and groundwater at Site 3. Section 5.1 presents 
the development of soil alternatives, and Section 5.2 presents the development of groundwater 
alternatives. Detailed evaluations of these soil and groundwater alternatives (with respect to nine 
USEPA evaluation criteria) will be presented in Sections 6.0 and 7.0, respectively. 

In some cases, this section of the FS may contain a preliminary alternative screening, in which the 
alternatives are evaluated with respect to three criteria - effectiveness, implementability, and cost. 
The objective of this screening, which is an optional step in the FS process, is to preliminarily 
evaluate the alternatives and retain only the most promising ones for the detailed evaJuation. 
Consequently, this screening is usually conducted when the number of RAAs is too large to be 
manageable. In the case of Site 3, the nwnber of RAAs will be amenable to proceeding directly with 
detailed evaluations which are presented in Sections 6.0 and 7.0. 

Note that the RAAs developed within this section are only meant to include conceptual. system 
designs. The conceptual designs were based on information available to date and will be a.dequate 
for developing FS cost estimates. However, they are subject to change during the design phase 
based on new and/or more accurate information that may become available. 

5.1 Soil Alternatives 

:- 

Five alternatives were developed for soil: No Action, Institutional Controls, Source Removal and 
Off Site Landfill Disposal, Source Removal and Off Site Incineration, and Source Removal and 
Biological Treatment. 

5.1.1 Soil RAA No. 1: No Action 

Under Soil RAA No. 1, no remedial actions will be implemented to reduce the toxicity, mobility, 
or volume of soil contaminants at Site 3. The soil AOC identified in Figure 3-5 will remain in place 
under its current conditions. The no action RAA is required by the NCP to provide a baseline for 
comparison with other remedial action alternatives that provide a greater level of response. 

Since contaminants will remain in the subsurface soil under this alternative, the NCP [40 CFR 
300.430(f)(4)] requires the lead agency to review the effects of this alternative at least once every 
five years. 

5.1.2 Soil RAA No. 2: Institutional Controls 

Under Soil RAA No. 2, no remedial actions will be implemented to reduce the toxicity, mobility, 
or volume of soil contaminants at Site 3. However, institutional controls, including land use controls 
and deed restrictions, will be implemented to limit the future land use at the site so that exposure to 
subsurface soil contaminants can be avoided. Land use controls, implemented via the Base Master 
Plan; will restrict land use at the site while the Base is in operation, and deed restrictions will restrict 
land use at the site if the Base were to close. 
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Since contaminants will remain in the subsurface soil under this alternative, the NCP [40 CFR 
300.43O(fx4)] q re uires the lead agency to review the effects of this alternative at least once every 
five years. 

5.1.3 Soil RAA No. 3: Source Removal and Off Site Landfill Disposal 

Under Soil RAA No. 3, the subsurface soil AOC (see Figure 3-5), which is considered the source 
of groundwater contamination at Site 3, will be excavated to a depth of 9 feet bgs. Confirmatory soi] 
samples will be collected from the excavation area to ensure that all contaminated soil above the 
water table has been removed. Based on the results of this confirmatory sampling, further 
excavation may be required. Because creosote is a listed hazardous waste, the excavated soil will 
be transported for off-site disposal at a RCRA-permitted Subtitle C landfill facility. The nearest 
permitted facility is located in Pinewood, South Carolina. Finally, the excavation area will be 
backfilled with clean till from an on Base borrow pit. 

5.1.4 Soil RAA No. 4: Source Removal and Off Site Incineration 

Under Soil RAA No. 4, the subsurface soil AOC (see Figure 3-S), which is considered the source 
of groundwater contamination at Site 3, will be excavated to a depth of 9 feet bgs. Confirmatory soil 
samples will be collected from the excavation area to ensure that all contaminated soil above the 
water table has been removed. Based on the results of this confirmatory sampling, further 
excavation may be required. The excavated soil (approximately 2,000 cubic yards) will be sent off 
site for thermal treatment at a permitted incineration facility. Depending on the incineration facility, 
a soil characterization sample or a trial bum sample may be required before the soil will be accepted. 
Incineration employs combustion processes under controlled conditions to convert waste materials 
into inert mineral residues and gases. Incinerators typically operate at 900 to 1,200 degrees Celsius 
and are applicable to a wide variety of organics and inorganics (USEPA, 1992). Destruction and 
removal efficiencies exceeding 99.99 percent have been achieved for hazardous waste (USEPA, 
1994). Finally, the excavation area will be backfilled with clean fill from an on Base borrow pit. 

A 

5.1.5 Soil RAA No. 5: Source Removal and Biological Treatment 

Under Soil RAA No. 5, the subsurface soil AOC (see Figure 3-5), which is considered the source 
of groundwater contamination at Site 3, will be excavated to a depth of 9 feet bgs. Confirmatory soil 
samples will be collected from the excavation area to ensure that all contaminated soil above the 
water table has been removed. Based on the results of this confirmatory sampling, further 
excavation may be required. The excavated soil (approximately 2,000 cubic yards) will be 
transported to Lot 203 at MCB, Camp Lejeune where it will undergo biological treatment in the 
existing biocell landfarm unit. 

Treatment at the Lot 203 biocell was selected as the preferred biological treatment method for Soil 
RAA No. 5 based on a preliminary evaluation of four different treatment options. These treatment 
options included: 1) treatment of 2,000 cubic yards at the Lot 203 biocell; 2) treatment of 
1,340 cubic yards (from 3 to 9 feet bgs) at the lot 203 biocell, and landfill disposal of 660 cubic 
yards (from 0 to 3 feet bgs); 3) treatment of 2,000 cubic yards in a landfarm unit constructed at 
Site 3; and 4) treatment of 2,000 cubic yards using biopiles (i.e., heap pile bioremediation) 
constructed at Site 3. All four options were determined to be equally effective and implementable 
so the decision to focus on treatment at the Lot 203 biocell was based on cost. Tables C-3 (A), 
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C-3 (B), C-3(C), and C-3(D) in Appendix C present cost estimates for the four options. As shown, 
treatment of 2,000 cubic yards at the Lot 203 biocell appears to be the least expensive option. 

Before biological treatment begins, a pilot-scale treatability study will be conducted to: 1) assess the 
technical implementability and effectiveness of bioremediation as a means of remediating the 
contaminated soil, 2) assess the effectiveness of using the existing Lot 203 biocell for full-scale 
treatment, and 3) obtain preliminary design data for full-scale treatment (e.g., nutrient, moisture, pH, 
oxygen, and temperature requirements). In addition, the treatability study will indicate the 
approximate duration of time in which the biological treatment will be complete. If the study 
indicates that biological treatment or treatment at the Lot 203 biocell will not be effective, an 
alternative remedial action may be considered. 

The Lot 203 biocell, a landfarm unit with a 1,000 cubic yard capacity, is located approximately 
l-1/2 miles south of Site 3 along Holcomb Boulevard. The biocell was constructed to treat TPH- 
contaminated soil from another site at MCB, Camp Lejeune. Thus, permit modifications will be 
required in order to treat the PAH-contaminated soil from Site 3. Figure 5- 1 presents a plan view 
of the biocell, and Figure 5-2 presents a cross-section view. As shown, the cell is constructed on a 
one percent slope to facilitate leachate collection and surface water runoff. The contaminated soil 
is placed in a 12 inch lift underlain by a 24 inch lift of coarse sand, a non-woven geotextile liner, and 
a 30 ,mil high density polyethylene (HDPE) geomembrane. In addition, the entire biocell is 
surrounded by a six foot wide earthen berm. A leachate recovery line runs through the center of the 
cell and connects with a 1,500 gallon leachate collection sump. Leachate collected in the sump is 
resprayed onto the contaminated soil. 

Because the biocell has a 1,000 cubic yard capacity, treatment of the contaminated soil will be 
conducted in three batches. (The 2,000 cubic yard AOC is expected to increase slightly in volume 
after excavation.) Contaminated soil that is not undergoing treatment will be stored within a 
stockpile area. The treatment time for each batch is expected to be three to six months. However, 
a more accurate treatment duration will be estimated after the treatability study has been conducted. 
To develop a conservative cost estimate (see Appendix C), five years of treatment time, with three 
treatment batches, have been assumed. 

Maintenance of the biocell will most likely include monthly soil sampling for total organic carbon, 
nutrients (ammonium-nitrogen and phosphate-phosphorous), pH, moisture content, and bacterial 
population density, and bimonthly mixing/tilling of the contaminated soil for aeration. Initially, the 
contaminated soil will be mixed with dry, granular fertilizer, but periodic nutrient/fertilizer addition 
may also be required. Periodically, water collected in the sump will be applied to the contaminated 
soil for moisture control as needed. Maintenance requirements will be determined more definitely 
following the pilot-scale treatability study. 

Finally, the excavation area will be backfilled with clean fill from an on Base borrow pit. The 
treated soil will be reused on Base as fill material. 

If contaminated soil remains indefinitely within a stockpile area, the NCP [40 CFR 300.430(f)(4)] 
requires the lead agency to review the effects of this alternative at least once every five years. 
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5.2 
. 

Groun&ter A~&K&YB 

Three alternatives were developed for groundwater: No Action, Institutional Controls and 
Monitoring, and Extraction and On Site Carbon Adsorption Treatment. 

5.2.1 Groundwater RAA No. 1: No Action 

Under Groundwater R4A No. 1, no additional remedial actions will be performed to reduce the 
toxicity, mobility, or volume of contaminants identified in the groundwater. The groundwater AOCs 
identified in Figure 3-5 will remain in place under their current conditions. The no action alternative 
is required by the NCP to provide a baseline for comparison with other remedial action alternatives 
that provide a greater level of response. 

Since contaminants will remain in the groundwater, the NCP [40 CFR 300.430(f)(4)] requires the 
lead agency to review the effects of this alternative no less often than once every five years. 

5.2.2 Groundwater RAA No. 2: Institutional Controls and Monitoring 

Under Groundwater RAA No. 2, no remedial actions will be performed to reduce the toxicity, 
mobility, or volume of groundwater contaminants at Site 3. However, institutional controls, 
including aquifer use and deed restrictions, and a long-term groundwater monitoring program, will 
be implemented. 

The groundwater monitoring program will include periodic sampling and analysis at wells 
03-MW02,03MWO2IW, 03-MW02DW, 03-MWO6,03-MWO7,03-MWOS, and 03-MWllIW. 
These are the weIIs where VGCs and SVGCs were detected in excess of the remediation levels. (For 
cost estimating purposes, 5 years of quarterly sampling followed by 25 years of semiannual 
sampling will be assumed.) Additional wells may be added to this monitoring program if necessary. 
The groundwater samples will be analyzed for TCL VOCs, TCL SVGCs, and TAL inorganics to 
monitor contaminant concentrations in the shallow and Castle Hayne aquifers over time. 

In addition to groundwater monitoring, the Base Master Plan will be modified to include aquifer use 
restrictions which will prohibit fkture use of the shallow and Castle Hayne aquifers, in the 
immediate vicinity of Site 3, as potable water sources. Also, deed restrictions will be implemented 
to limit future land use at the site, including placement of new wells. 

Since contaminants will remain in the groundwater, the NCP [40 CFR 300.430(f)(4)] requires the 
lead agency to review the effects of this alternative at least once every five years. 

5.2.3 Groundwater RAA No. 3: Extraction and On Site Carbon Adsorption Treatment 

Under Groundwater RAA No. 3, extraction wells will be installed to remove contaminated 
groundwater from the shallow aquifer and send it to an on site treatment plant containing a 
liquid-phase carbon adsorption unit. According to the radius of influence calculations provided in 
Appendix B, an extraction well in the shallow aquifer at Site 3 may be able to pump at 5 gpm with 
a 223 foot radius of influence. Consequently, the conceptual system layout for Groundwater RAA 
No. 3, which is depicted in Figure 5-3, will include two shallow extraction wells (less than 20 feet 
deep). One extraction well will be located near existing well 03MWO2, and one extraction well will 
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be located near existing well 03-MW06. The pumping rates of the wells will allow their cones of 
influence to intercept the groundwater AOCs identified in Figure 3-5. 

Once extracted, the contaminated groundwater will be transported via pipeline to an eon site 
treatment plant located between existing wells 03-MWOZ and 03-MW06 (Figure S-3). At the 
treatment plant, the groundwater will undergo pretreatment via oil/water separation, neutralization, 
precipitation, filtration, flocculation, and sedimentation. Then the groundwater will undergo liquid- 
phase carbon adsorption treatment. Figure 5-4 presents a typical process flow diagram. The treated 
groundwater will be discharged by pipeline to a force main servicing Building 620 (the Base water 
treatment facility located near Site 2) which will discharge the water to the nearest sewage treatment 
plant. The force main is located approximately 4,400 feet northwest of Site 3 along Holcomb 
Boulevard. 

In addition to groundwater extraction, treatment, and discharge, Groundwater RAA No. 3 
incorporates a long-term groundwater monitoring program to measure the effects of this alternative. 
Wells to be periodically monitored under this program include 03MWO2, 03-MWO2IW, 
03-MW02DW, 03-MW06, 03-MW07, 03MWO8, and 03-MWllIW. (Five years of quarterly 
sampling and 25 years of semiannual sampling will be assumed for cost estimating purposes.) 
Additional wells may be added to this monitoring program if necessary. The groundwater samples 
will be analyzed for TCL VOCs, TCL SVOCs, and TAL inorganics to monitor contaminant 
concentrations in the shallow and Castle Hayne aquifers over time. Also, aquifer-use and deed 
restrictions will be implemented. Aquifer-use restrictions will prohibit use of the shallow and Castle 
Hayne aquifers, in the immediate vicinity of the site, as potable water sources. Deed restrictions will 
limit future land use at Site 3, including placement of new wells. 

Since contaminants will remain in the groundwater, the NCP [40 CFR 300.430(f)(4)] requires the 
lead agency to review the effects of this alternative at least once every five years. 
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6.0 DETAILED ANALYSIS OF THE SOIL ALTERNATIVES 

This section contains a detailed analysis of the five Soil RAAs that were developed in Section 5.0. 
Section 6.1 presents an overview of the nine USEPA evaluation criteria that will be used in the 
detailed analysis. An individual analysis of each soil alternative, with respect to the evaluation 
criteria, is presented in Section 6.2, and a comparative analysis of all the soil alternatives is 
presented in Section 6.3. (Please note that the detailed analysis of the Groundwater RAAs Twill be 
conducted in Section 7.0.) 

This detailed 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 ROD (USEPA, 1988). The extent to which 
alternatives are assessed during the 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 and screening (USEPA, 1988). (An initial screening of 
alternatives was not conducted.) 

The detailed analysis was conducted in accordance with the “Guidance for Conducting Remedial 
Investigations and Feasibility Studies Under CERCLA” (USEPA, 1988) and the NCP, including the 
February 1990 revisions. In conformance with the NCP, seven of the following nine criteria were 
used for the detailed analysis: 

0 
e 

,- 
l 

0 

0 

0 

l 

0 

0 

Overall Protection of Human Health and the Environment 
Compliance with ARARs 
Long-Term Effectiveness and Permanence 
Reduction of Toxicity, Mobility, or Volume Through Treatment 
Short-Term Effectiveness 
Implementability 
cost 
State Acceptance (not evaluated at this time) 
Community Acceptance (not evaluated at this time) 

State acceptance and community acceptance will be evaluated in the ROD by addressing comments 
received after the technical review committee (TRC) has reviewed the FS and Proposed Remedial 
Action Plan (PRAP). The TRC includes participants from the NC DEHNR, USEPA Region IV, and 
the public. 

6.1 
. . . Overview of Evaluation Cntena 

The following paragraphs describe the evaluation criteria that are used in the detailed analysis. 

,- 

Overall Protection of Human Health and the Environment: Overall protection of human health 
and the environment is the primary criterion that a remedial action must meet. A remedy is 
considered protective if it adequately eliminates, reduces, or controls all current and potential site 
risks-posed through each exposure pathway at the site. A site where hazardous substances remain 
without engineering or institutional controls allows for unlimited exposure for human and 
environmental receptors. Adequate engineering controls, institutional controls, or some combination 
of the two, can be implemented to control exposure and thereby ensure reliable protection over time. 
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In addition, implementation of a remedy cannot result in unacceptable short-term risks or 
cross-media impacts on human health and the environment. 

Compliance with Applicable or Relevant and Appropriate Requirements (ARARs): 
Compliance with AR4Rs is one of the statutory requirements for remedy selection. Alternatives 
are developed and refined throughout the FS process to ensure that they will meet all ARARs or that 
there is a sound rationale for waiving an ARAR. During the detailed analysis, the alternatives will 
be analyzed based on the federal and state contaminant-specific ARARs, the action-specific ARARs, 
and the location-specific ARARs that were presented in Section 3.0 of this FS. 

Long-Term Effectiveness and Permanence: This criterion reflects CERCLA’s emphalsis on 
implementing remedies that will ensure protection of human health and the environment in the 
distant future, as well as in the near future. In evaluating alternatives for their long-term 
effectiveness and the degree of permanence they afford, the analysis will focus on the residual risks 
present at the site after the completion of the remedial action. The analysis will also include 
consideration of the following: 

0 Degree of threat posed by the hazardous substances remaining at the site. 
l Adequacy of any controls (e.g., engineering and institutional controls) used to 

manage the hazardous substances remaining at the site. 
0 Reliability of those controls. 
0 Potential impacts on human health and the environment, should the remedy fail, 

based on assumptions included in the reasonable maximum exposure scenario. 

Reduction of Toxicity, Mobility, or Volume Through Treatment: This criterion addresses the 
statutory preference for remedies that employ treatment as a principal element. The criterion 
ensures that the relative performance of the various treatment alternatives in reducing the toxicity, 
mobility, or volume will be assessed. Specifically, the analysis will examine the magnitude, 
significance, and irreversibility of reductions. 

Short-Term Effectiveness: This criterion examines the short-term impacts associated with 
implementing the alternative. Implementation may impact the neighboring community, workers, 
or the surrounding environment. Short-term effectiveness also includes potential threats to human 
health and the environment associated with the excavation, treatment, and transportation of 
hazardous substances, the potential cross-media impacts of the remedy, and the time requ.ired to 
achieve protection of human health and the environment. 

Implementability: Implementability considerations include the technical and administrative 
feasibility of the alternatives, as well as the availability of goods and services (including treatment, 
storage, or disposal capacity) associated with the alternative. Implementability considerations often 
affect the timing of remedial actions (e.g., limitations on the season in which the remedy can be 
implemented, the number and complexity of material handling steps, and the need to secure 
technical services). On site activities must comply with the substantive portions of applicable 
permitting regulations. 

Cost: Cost includes all capital costs and annual O&M costs incurred over the life of the project; 
The focus during the detailed analysis is on the net present worth (NPW) of these costs. The 
selected remedy will be the most cost-effective alternative that is still capable of achieving the 
remedial action objectives. 
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As per the USEPA guidance (USEPA, 1988), the cost estimates will have an accuracy of -30 to 
i-50 percent. The exact accuracy of each cost estimate depends upon the assumptions made and the 
availability of costing information. For this FS, the NPW costs were calculated assuming a five 
percent discount factor and a zero percent inflation rate. Appendix C presents the cost estimates 
developed for both the soil and groundwater remedial action alternatives. 

State Acceptance: This criterion, which is an ongoing concern throughout the remedial process, 
reflects the statutory requirement to provide for substantial and meaningful state involvement. State 
comments will be addressed during the development of the FS, the PRAP, and the ROD, as 
appropriate. 

Community Acceptance: This criterion addresses the community’s comments on the remedial 
alternatives under consideration, where “community” is broadly defined to include all mterested 
parties. These comments are taken into account throughout the FS process. However, formal public 
comments will not be received until after the public comment period for the PRAP is held, so only 
preliminary assessment of community acceptance can be conducted during the development of 
the FS. 

6.2 
. . 

Individual Analysis of Alternatweg 

The following subsections present the detailed analysis of the Soil EAAs on an individual basis. 
This individual analysis includes a brief description of each BAA and an assessment of how well 
the BAA performs against the evaluation criteria. Table 6-1 summarizes the individual, detailed 
analysis of alternatives. 

6.2.1 Soil RAA No. 1: No Action 

DescriwtioQ 

Under the no action alternative, no remedial actions will be implemented for the contaminated soil 
at Site 3. The soil AOC will remain in place under its current conditions. 

Assessment 

Overall Protection of Human Health ad the Environment: Because no remedial actions will be 
implemented under RAA No. 1, subsurface soil will continue to be a source of groundwater 
contamination because soil contaminants will continue to leach into the groundwater. Thus, RAA 
No. 1 will not achieve Soil RAO # 1 (“prevent the leaching of PAH contaminants from the subsurface 
soil to the groundwater”). The,degree or magnitude to which the contaminants will continue to leach 
is difficult to predict. Semivolatile organic contaminants such as PAHs are relatively imlmobile. 
Some of the more mobile contaminants, such as naphthalene, will leach more readily from soil to 
groundwater. However, given the age of the site, it is suspected that a lesser amount of semivolatile 
organics will continue to leach than the amount that has already leached. 

By contributing to groundwater contamination, the subsurface soil will also be contributing to 
unacceptable future potential human health risks associated with groundwater. As a result, this 
alternative does not provide adequate protection of human health. 
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Because ecological risks were determined to be minimal, conditions at Site 3 are already protective 
of-the environment. Therefore, RAA No. 1 will provide overall protection of the environmtent. 

Compliance With ARARwi?BCs: Under the no action alternative, no active effort is made to reduce 
contaminant levels to below their chemical-specific TBCs (i.e., the USEPA Region III SSLs). 
Contaminant levels exceeding chemical-specific TBCs will remain in the subsurface soil 
indefinitely. As a result, I&A No. 1 does not achieve Soil RAO # 2 (“remediate subsurface soil at 
the site to the specified remediation levels”). No action-specific or location-specific ARAR;s apply 
to this no action alternative. 

Long-Term Effectiveness and Permanence: Because RAA No. 1 allows an on-going source of 
groundwater contamination to remain in the subsurface soil, this alternative may not provide long- 
term effectiveness and permanence. Contaminants may continue to leach from the subsur-hace soil 
to the groundwater thereby contributing to unacceptable human health risks. 

The no action alternative does not include any controls for managing the soil contaminants that will 
remain in the subsurface. Therefore, RAA No. 1 will require 5-year reviews by the lead agency to 
ensure that adequate protection of human health and the environment is maintained. 

Reduction of Toxicity, Mobility, or Volume Through Treaiment: The no action alternative does 
not provide an active means for contaminant treatment. Therefore, there will be no tloxicity, 
mobility, or volume reduction through treatment. RAA No. 1 does not satisfy the statutory 
preference for treatment. 

Short-Term Effectiveness: Since there are no remedial action activities associated with R4A No. 1, 
implementation of this alternative does not increase risks to the community or to workers. 
Implementation also does not present any environmental impacts. 

Implementability: The no action alternative is technically implementable since no construction or 
operation activities will be conducted. In terms of administrative feasibility, RAA No. 1 will not 
require additional coordination with other agencies. In addition, the availability of services, 
materials, and/or technologies is not applicable to this alternative. 

Cost: There are no capital costs or O&M costs associated with this alternative. Therefore, the NPW 
is $0. 

USEPA/State Acceptance: To be assessed following USEPAMC DEHNR review of the PRAP. 

Community Acceptance: To be assessed following the public comment period. 

6.2.2 Soil RAA No. 2: Institutional Controls 

Descriptiorl 

Under Soil RAA No. 2, the subsurface soil will be left in place under its current conditions; no active 
remedial actions will be implemented. However, RAA No. 2 differs from the no action alternative 
by including land use controls and deed restrictions as institutional controls that will limit the future 
land use at the site. The land use controls will be implemented via the Base Master Plan and the 
deed restrictions will be implemented if the Base were to close. 
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Assessment 

Overall Protection of Human Health and the Environment: Because the subsurface soil will be 
left in place, it will continue to be a source of groundwater contamination because soil contaminants 
will continue to leach into the groundwater. Thus, RAA No. 2 will not achieve RAO #l (“prevent 
the leaching of PAH contaminants from the subsurface soil to the groundwater”). The degree or 
magnitude to which the contaminants will continue to leach is difficult to predict. Semivolatile 
organic contaminants such as PAHs are relatively immobile. Some of the more mobile 
contaminants, such as naphthalene, will leach more readily from soil to groundwater. However, 
given the age of the site, it is suspected that a lesser amount of semivolatile organics will continue 
to leach than the amount that has already leached. 

By contributing to groundwater contamination, the subsurface soil will also be contributing to 
unacceptable future potential human health risks associated with groundwater. However, RAA No. 
2 includes land use controls and deed restrictions that will limit future land use at the site, including 
placement of wells. The institutional controls will mitigate the potential for human health risks, but 
not eliminate it. As a result, this alternative will provide some protection of human health, but not 
a high level of protection. 

Because ecological risks were determined to be minimal, conditions at Site 3 are already protective 
of the environment. Therefore, RAA No. 2 will provide overall protection of the environment. 

Compliance Wtih AR.4WTTKY.s: Under RAA No. 2, no active effort is made to reduce contaminant 
levels to below their chemical-specific TBCs (i.e., the USEPA Region III SSLs). Contaminant 
levels exceeding chemical-specific TBCs will remain in the subsurface soil indefinitely. As ,a result, 
RAA No. 2 does not achieve Soil RAO #2 (“remediate the subsurface soil at the site to the specified 
remediation levels”). No action-specific or location-specific ARARs apply to this alternative. 

Long-Term Effectiveness and Permanence: Although RAA No. 2 allows an on-going source of 
groundwater contamination to remain in the subsurface soil, this alternative includes institutional 
controls that will reduce the exposure risks associated with creosote contaminants. As a result, RAA 
No. 2 provides long-term effectiveness and permanence with respect to health impacts, but does not 
reduce potential leaching of contaminants from the subsurface soil to the groundwater. 

The land use controls and deed restrictions included under RAA No. 2 will be adequate and Ireliable 
controls for preventing exposure to creosote contamination. Regardless, contaminants will be left 
on site so RAA No. 2 requires S-year reviews by the lead agency to ensure that adequate protection 
of human health and the environment is maintained. 

Reduction of Toxicity, Mobility, or Volume Through Treatmeni: RAA No. 2 does not provide an 
active means for contaminant treatment. Therefore, there will be no toxicity, mobility, or volume 
reduction through treatment. This alternative does not satisfy the statutory preference for treatment. 

Shoe-Term Effectiveness: Implementation of the institutional controls associated with RAA No. 2 
will not significantly increase risks to the community or to workers. In addition, implementation 
of RAA No. 2 will not present any significant environmental impacts. 

Implementability: RAA No. 2 is an implementable alternative. Ordinance procurement has been 
easily implemented in the past. In terms of administrative feasibility, this alternative will not require 
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a significant amount of coordination with other agencies. All required services, materials,. and/or 
technologies should be readily available. 

Cost: There are negligible capital costs and no O&M costs associated with this alternative. 
Therefore, the NPW is considered to be $0. 

USEPA/State Acceptance: To be assessed following USEPA/NC DEHNR review of the PRAP. 

Community Acceptance: To be assessed following the public comment period. 

6.2.3 Soil RAA No. 3: Source Removal and Off Site Landfill Disposal 

Descriptioq 

Under Soil &AA No. 3, the soil AOC (see Figure 3-5) will be excavated to an estimated depth of 9 
feet bgs. Confirmatory soil sampling in the excavation area will ensure that all contaminated soil 
above the water table has been removed. Because creosote is a listed hazardous waste, the sloil will 
be transported to a RCRA-permitted Subtitle C facility for landfill disposal. 

Overall Protection of Human Heaith and the Environment: Under RAA No. 3, the subsurface soil 
AOC, which is the source of groundwater contamination, will be removed from the site. 
Consequently, the AOC will no longer be a source of groundwater contamination and RAA No. 3 
will achieve RAO #l (“prevent the leaching of contaminants from the subsurface soil to the 
groundwater”). In addition, the soil AOC will no longer be contributing to unacceptable human 
health risks associated with groundwater (by leaching contaminants into the groundwater). As a 
result, RAA No. 3 will significantly reduce human health risks and provide a high level of 
protectiveness. 

,rrl 

Because ecological risks were determined to be minimal, conditions at Site 3 are already protective 
of the environment. Therefore, RAA No. 3 will provide overall protection of the enviromnent. 

Compliance With ARAMBCs: Under RAA No. 3, soil with contaminant levels that exceed 
chemical-specific TBCs (i.e., the USEPA Region III SSLs) will be removed from the subsurface and 
landfilled.~ Thus, subsurface soil at the site will achieve chemical-specific TBCs and RAA No 3 will 
achieve Soil RAO #2 (“remediate subsurface soil at the site to the specified remediation levels”). 
However, the excavated soil that is landfilled will not achieve the chemical-specific TBCs. 
Consequently, RAA No. 3 achieves chemical-specific TBCs at the site, but not at the landfill facility. 

RAA No. 3 will be designed to meet all of the location-specific and action-specific ARARs that 
apply to it (see Section 3.0). 

Long-Term Reflectiveness and Permanence: Under RAA No. 3, the soil AOC, which is considered 
to be the main source of groundwater contamination, will be removed from the subsurface. As a 
result, this alternative will significantly reduce human health risks associated with 1e:aching 
contaminants and provide a high level of long-term effectiveness and permanence. 
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The subsurface soil at Site 3 will no longer require 5-year reviews by the lead agency.. The 
contaminated groundwater, however, may still require these reviews. 

Reduction of Toxicity, Mobility, or Volume Through Treatment: RAA No. 3 does not provide an 
active means for contaminant treatment. Therefore, there will be no toxicity, mobility, or volume 
reduction of the soil contaminants through treatment. RAA No. 3 does not satisfy the staltutory 
preference for treatment. 

Short-Term Effectiveness: Implementation of RAA No. 3 will temporarily increase risks to the 
community and to workers during soil excavation, backfilling, and transportation to the disposal 
facility. The following measures will be taken to provide community and worker protection: proper 
materials handling procedures, personal protective equipment (PPE), and construction safety 
fencing. 

Although there may be some air emissions (i.e., dust generation) and surface water runoff associated 
with the excavation and landfilling activities, RAA No. 3 will present minimal environmental 
impacts. The time in which RAA No. 3 will be implemented is assumed to be less than one Imonth. 

I~ZementabiliQ: RAA No. 3 is a technically implementable alternative. Excavation, backfilling, 
and landfill disposal have been easily implemented in the past. Transportation of contaminated soil, 
however, will require appropriate materials handling procedures. 

In terms of administrative feasibility, RAA No. 3 requires coordination with the Base Public 
Works/Planning Department for the excavation activities, and the Department of Transportation for 
off site transport of hazardous materials. In addition, federal and state acceptance of the disposal 
facility will be required. However, all required services, materials, and/or technologies should be 
readily available. 

Cost: The estimated capital cost associated with RAA No. 3 is $917,000. Since there are no O&M 
costs, the NPW of this alternative is also $917,000.. Table C- 1 (Appendix C) presents a cost estimate 
for Soil ILAA No. 3. 

USEPAState Acceptance: To be assessed following USEPAMC DEHNR review of the PRAP. 

Community Acceptance: To be assessed following the public comment period. 

6.2.4 Soil RAA No. 4: Source Removal and Off Site Incineration 

Under Soil RAA No. 4, the soil AOC (see Figure 3-5) will be excavated to a depth of 9 feet bgs. 
Confirmatory soil sampling in the excavation area will ensure that all contaminated soil above the 
water table has been removed.  ̂The excavated soil will then be transported to a permitted 
incineration facility for treatment and disposal. 

Overall Protection of Human Health and the Environment: Under RAA No. 4, the subsurface soil 
AOC, which is the source of groundwater contamination, will be removed from the site. 
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Consequently, this AOC will no longer be a source of groundwater contamination, and RAA No. 4 
will achieve RAO #1 (“prevent the leaching of PAH contaminants from the subsurface soil to the 
groundwater”). In addition, the soil AOC will no longer be contributing to unacceptable human 
health risks associated with groundwater (by leaching contaminants into the groundwater). As a 
result, RAA No. 4 will significantly reduce human health risks and provide a high level of 
protectiveness. 

Because ecological risks were determined to be minimal, conditions at Site 3 are already protective 
of the environment. Therefore, RAA No. 4 will provide overall protection of the environment. 

Compliance With ARARs/‘TBCs: Under RAA No. 4, soil with contaminant levels that exceed 
chemical-specific TBCs (i.e., the USEPA Region III SSLs) will be removed from the subsurface and 
treated/disposed at an incineration facility. Thus, subsurface soil at the site will achieve chemical- 
specific TBCs and RAA No. 4 will achieve Soil RAO #2 (“remediate subsurface soil at the site to 
the specified remediation levels”). In addition, the contaminated, excavated soil is expected to 
achieve chemical-specific TBCs via thermal treatment. Incineration is capable of achieving 
stringent cleanup levels for a wide variety of organic and inorganic contaminants (USEPA, 1992). 

RAA No. 4 will be designed to meet all of the location-specific and action-specific ARAlb that 
apply to it (see Section 3.0). 

Long-Term Effectiveness and Permanence: Under RAA No. 4, the soil AOC, which is considered 
to be the main source of groundwater contamination, will be removed from the subsurface:. As a 
result, this alternative will significantly reduce human health risks associated with leaching 
contaminants and provide a high level of long-term effectiveness and permanence. 

The subsurface soil at Site 3 will no longer require S-year reviews by the lead agency. The 
contaminated groundwater, however, may still require these reviews. 

Reduction of Toxicity, Mobility, or Volume Through Treatment: RAA No. 4 involves. direct 
treatment of the excavated soil, so this alternative will result in toxicity, mobility, and volume 
reduction of the soil contaminants. Incineration is expected to treat and/or destroy the majority of 
the soil contaminants. (Incineration is a contaminant destruction technology applicable to a wide 
range of organic contaminants [USEPA, 19921.) Thus, the majority of the contamination is expected 
to experience toxicity, mobility, and volume reduction. The time frame for these reductions is 
estimated to be less than one month. Thus, RAA No. 4 satisfies the statutory ,preference for 
treatment. 

Short-Term Effectiveness: Implementation of RAA No. 4 will temporarily increase risks to the 
community and to workers during soil excavation, backfilling, and transportation to the incineration 
facility. In addition, incinerator off-gases will increase risks to the community. The following 
measures will be taken to provide community and worker protection: proper materials handling 
procedures, PPE, construction safety fencing, and off-gas treatment at the incineration facility. 

Although there may be some air emissions (i.e., dust generation) associated with the excavation 
activities, RAA No. 4 will not present any significant environmental impacts. The time in which 
RAA No. 4 will be implemented is assumed to be less than one month. 
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Implementability: RAA No. 4 is a technically implementable alternative since excavation, 
backfilling, and off site incineration have been easily implemented in the past. Transportation of 
contaminated soil, however, will require appropriate materials handling procedures. 

In terms of administrative feasibility, RAA No. 4 requires coordination with the Base Public 
Works/Planning Department for excavation activities, and the Department of Transportation for off 
site transport of hazardous materials. In addition, federal and state acceptance of the incineration 
facility will be required. 

Cost: The estimated capital cost associated with RAA No. 4 is $3,150,000. Since there are no O&M 
costs, the NPW of this alternative is also $3,150,000. Table C-2 (Appendix C) presents a cost 
estimate for Soil RAA No. 4. 

USEPMState Acceptance: To be assessed following USEPA/NC DEHNR review of the PRAP. 

Community Acceptance: To be assessed following the public comment period. 

6.2.5 Soil RAA No. 5: Source RemovaI and Biological Treatment 

Descrigtioq 

Under Soil RAA No. 5, the soil AOC (see Figure 3-5) will be excavated to a depth of 9 feet bgs. 
Confirmatory soil sampling in the excavation area will ensure that all contaminated soil above the 
water table has been removed. Then the soil will be transported to the existing Lot 203 biocell at 
MCB, Camp Lejeune. The biocell is a landfarm unit with a 1,000 cubic yard capacity. The 
excavated soil from Site 3 will undergo landfarming treatment in three batches which will each 
require approximately three to six months of monthly soil sampling and bimonthly tilling before 
treatment is complete. Treated soil will be reused on Base as fill material. Prior to treatment, a 
pilot-scale treatability study will be conducted to further assess the effectiveness of this alternative. 

Overall Protection of Human Health and the Environment: Under R&4 No. 5, the soiil AOC, 
which is the source of groundwater contamination, will be removed from the subsurface and treated 
at a biological treatment facility. Consequently, the subsurface soil AOC will no longer be a source 
of groundwater contamination, and RAA No. 5 will achieve RAO #1 (“prevent the leaching of PAH 
contaminants from the subsurface soil into the groundwater”). In addition, the soil AOC will no 
longer be contributing to unacceptable human health risks associated with groundwater (by leaching 
contaminants into the groundwater). As a result, RAA No. 5 will significantly reduce human health 
risks and provide a high level of protectiveness. 

Because ecological risks were determined to be minimal, conditions at Site 3 are already protective 
of the environment. However, if not properly controlled, the biocell could potentially increase 
ecological risks to terrestrial receptors that could contact the contaminated soil. The biocell was 
constructed with a six foot earthen berm and leachate collection system which should provide 
adequate controls. Therefore, RAA No. 5 is expected to provide overall protection of the 
environment. 
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Compliance With AWBCs: Under RAA No. 5, soil with contaminant levels that exceed 
chemical-specific TBCs (i.e., the USEPA Region III SSLs) will be removed from the subsurface and 
treated at a biocell. Thus, subsurface soil at the site will achieve chemical-specific TBCs and RAA 
No. 5 will achieve Soil RAO #2 (“remediate subsurface soil at the site to the specified remediation 
levels”). In addition, the contaminated, excavated soil is expected to achieve chemical-specific 
TBCs via biological treatment. 

RAA No. 5 will be designed to meet all of the location-specific and action-specific ARARs that 
apply to it (see Section 3.0). 

Long-Term Effectiveness and Permanence: Under RAA No. 5, the soil AOC, which is considered 
to be the main source of groundwater contamination, will be removed from the subsurface:. As a 
result, this alternative will significantly reduce human health risks associated with leaching 
contaminants. Additionally, this alternative will provide a high level of long-term effectiveness and 
permanence. 

The subsurface soil at Site 3 will no longer require S-year reviews by the lead agency, provided 
biological treatment does not exceed five years. 

Reduction of Toxicity, Mobility, or Volume Through Treatment: RAA No. 5 involves direct 
treatment of the excavated soil, so this alternative will result in toxicity, mobility, and volume 
reduction of the soil contaminants. Biological treatment is expected to treat and/or destroy the 
majority of the soil contaminants. (Biological treatment is a contaminant destruction technology.) 
Thus, the majority of the contamination is expected to experience toxicity, mobility, and volume 
reduction. The time frame for these reductions is estimated to be nine months (three months for 
each of the three biocell batches). However, to be conservative, five years has been assumed for cost 
estimating purposes. Some compounds may be biodegraded into more toxic or more Imobile 
contaminants, so biological treatment may actually increase contaminant toxicity and mobility to 
some extent. If the a biocell is properly monitored and controlled, however, the potential for 
creating more toxic and mobile contaminants can be avoided. Regardless, RA4 No. 5 satisfies the 
statutory preference for treatment 

Short-Term Effectiveness: Implementation of RAA No. 5 will temporarily increase risks to the 
community and to workers during soil excavation, backfilling, transportation, and treatment 
activities. The following measures will be taken to provide’ community and worker protection: 
proper materials handling procedures, PPE, construction safety fencing, and proper maintenance 
of the liner, berm, and leachate collection system at the biocell. 

RAA No. 5 will not present any significant environmental impacts as long as the biocell is 
adequately controlled and maintained. The time in which RAA No. 5 will be implemented is 
assumed to be less than one month, with an O&M-period of approximately 9 months (although 
5 years of O&M have been assumed to develop a conservative cost estimate). 

Implementability: RAA No. 5 is a technically implementable alternative since excavation, 
backfilling, and bioremediation have been easily implemented in the past. The implementability of 
RAA No. 5 will be better assessed after a pilot-scale treatability study is conducted. 
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The implementability may be affected by the extensive O&M that the biocell requires. This O&M 
includes monthly soil sampling, bimonthly tilling, and periodic spraying of collected leachate which 

6-10 



will make implementation more difficult. However, the equipment and procedures used for the 
biocell O&M will be simple and conventional. The biocell must also be available for use during the 
intended treatment schedule. 

The implementability may also be affected by the need to re-permit the Lot 203 biocell. The: biocell 
is currently permitted to treat TPH-contaminated soil. Permit modifications will be required to treat 
the PAH-contaminated soil from Site 3. In addition, some coordination with the Base Public 
Works/Planning Department will be required. 

Cost: The estimated capital cost associated with RAA No. 5 is $362,000. O&M costs of 
approximately $35,000 annually are projected for 5 years of bioceI1 O&M. Assuming an annual 
percentage rate of 5 percent, the NPW of this alternative is $5 14,000. Table C-3(A) (Appendix C) 
presents a cost estimate for Soil RAA No. 5. 

USEPA/State Acceptance: To be assessed following USEPARK DEHNR review of the PRAP. 

Community Acceptance: To be assessed following the public comment period. 

6.3 
. Commwative Analygls 

This section presents a comparative analysis of the soil alternatives. The purpose of the comparative 
analysis is to identify the relative advantages and disadvantages of each BAA. 

63.1 Overall Protection of Human Health and the Environment 

Under RAA Nos. 1 and 2, no remediation actions will be implemented to address the contaminated 
soil AOC. Because the soil AOC will be lefi in place, it will continue to be a source of groundwater 
contamination by leaching PAH contaminants. As such, the soil will be contributing to the 
unacceptable future potential human health risks associated with groundwater. R4A No. 11, the no 
action alternative, provides no means for reducing these human health risks. BAA No. 2, on the 
other hand, includes institutional controls that will reduce some of the potential human health risks. 
RAA Nos. 3,4, and 5 will significantly reduce the risks associated with groundwater by completely 
removing the main source of this groundwater contamination - the subsurface soil AOC. Thus, RAA 
No. 1 provides no additional protection of human health, RAA No. 2 provides some additional 
protection, and RAA Nos. 3,4, and 5 provide significant protection. 

In addition, RAA Nos. 1 and 2 will not achieve Soil RAO #l (“prevent the leaching of PAH 
contaminants from the subsurface soil to the groundwater”). RAA Nos. 3,4, and 5, however, will 
achieve Soil RAO #l because the soil AOC will be removed. 

Because ecological risks were determined to be minimal, conditions at Site 3 are already protective 
of the environment. As a result, all five RAAs will provide overall protection of the environment. 
The biological treatment included under RAA No. 5 could potentially present risks to terrestrial 
receptors. However, the biocell controls (i.e., the berm and leachate collection system) should 
provide adequate ecological protection. 
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63.2 Compliance with ARARs/TBCs 

Under I&4 Nos. 1 and 2, contaminants will remain in the subsurface soil at concentrations that 
exceed chemical-specific TBCs (i.e., the USEPA Region III SSLs). Thus, soil conditions at the site 
will not meet chemical-specific TBCs and RAA Nos. 1 and 2 will not achieve Soil RAO #2 
(“remediate the subsurface soil at the site to the USEPA Region III SSLs”). Under I&4 Nos. 3,4, 
and 5, soil contaminants that exceed chemical-specific TBCs will be removed from the subsurface. 
Thus, soil conditions at the site will meet chemical-specific TBCs and I&4 Nos. 3,4, and 5 will 
achieve Soil RAO #2. 

Although RAO #2 does not require the excavated soil itself to meet chemical-specific TBCs, IWA 
Nos. 4 and 5 will achieve this effect. Under RAA Nos. 4 and 5, the excavated soil will receive active 
treatment (via incineration and biological treatment, respectively) so it is expected to meet the 
chemical-specific ARABS. Under RAA No. 3, however, the excavated soil will bc landfilleld in an 
untreated state so it will not meet the chemical-specific TBCs. 

RAA Nos. 3,4, and 5 can be designed to meet all of.the location- and action-specific ARARs that 
apply to them (see Section 3.0). No location- or action-specific ARARs apply to RAA Nos. 1 and 2. 

6.3.3 Long-Term Effectiveness and Permanence 

RA4 No. 1 does not provide long-term effectiveness and permanence. This is because RAA No. 1 
allows a source of groundwater contamination, the soil AOC, to remain in the subsurface. In 
addition, RAA No. 1 does not provide controls to manage the soil contaminants that Twill be 
remaining in the subsurface. Like RAA No. 1, RAA No. 2 allows the soil AOC to remain in the 
subsurface. However, R&4 No. 2 includes institutional controls to manage the soil contaminants 
that will remain in the subsurface. Therefore, RAA No. 2 provides a greater level of long-term 
effectiveness and permanence than RAA No. 1. The controls should effectively prevent human 
exposure to the creosote contaminants. However, under RAA No. 2, the contaminants will continue 
to leach from the subsurface soil to the groundwater. RAA Nos. 3,4, and 5, on the other hand, 
provide high levels of long-term effectiveness and permanence. Under all three RAAs, the soil AOC 
will be completely removed from the subsurface, preventing contaminants from leaching into the 
groundwater. 

RAA Nos. 1 and 2 will require 5-year reviews by the lead agency. RAA No. 5 will not require these 
reviews provided the treatment time does not exceed 5 years. RAA Nos. 3 and 4 will not require 
5-year reviews for soil, but may require these reviews for groundwater. 

6.3.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

RAA Nos. 1, 2, and 3 do not involve treatment processes so these alternatives will not. reduce 
toxicity, mobility, or volume of the soil contaminants through treatment. RAA Nos. 4 and 5, 
however, involve soil removal and treatment so these alternatives will result in toxicity, mobility, 
and volume reduction through treatment. Most importantly, RAA Nos. 4 and 5 will eliminate the 
mobility of PAH contaminants by preventing them from leaching into the groundwater. 

RAA Nos. 1,2, and 3 do not satisfy the statutory preference for treatment. RAA Nos. 4 and 5 do 
satisfy the statutory preference. 
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6.3.5 Short-Term Effectiveness 

Implementation of RAAs No. 1 and 2 will not increase risks to the community or to workers because 
no actions will be taken. However, RAA Nos. 3,4, and 5 will present risks during soil excavation 
and backfilling activities. In addition, RAA Nos. 3 and 4 will present risks to the community during 
transportation of the contaminated soil to the treatment/disposal facility. RAA No. 5 will present 
some transportation risk (during the haul to Lot 203), but less than RAA Nos. 3 and 4. R4A No. 4 
will present additional risks to the community by creating incinerator off-gas that may escape to the 
atmosphere. Air pollution control equipment at the incineration facility, however, should be able 
to reduce the risks associated with off-gases. RAA No. 5 is the only alternative whose 
implementation may involve a long-term risk to the community and to the workers. The biocell will 
present risks during the initial mixing of fertilizer, during placement of the contaminated soil, and 
during treatment O&M. 

6.3.6 Implementability 

RAA No. 1 is the most implementable, if not the most effective, alternative. BAA No. 2 is the next 
most implementable alternative because it only involves ordinance procurement. The remaining 
RAAs (BAA Nos. 3,4, and 5) are similar in that they include the excavation of subsurface soil. 
RAA Nos. 3 and 4 both include transportation of contaminated soil to an off Base treatment/disposal 
facility. This transportation will require appropriate materials handling procedures. Compared to 
R4A Nos. 3 and 4, however, I&4 No. 5 will require more extensive O&M. In addition, RAA No. 5 
will require a pilot-scale treatability study. 

6.3.7 Cost 

In terms of NPW, the no action alternative (RAA No. 1) and Institutional Controls (I&4 No. 2) will 
be the least expensive BAAS to implement, followed by RAA No. 3, RAA No. 5, and then RAA 
No. 4. The estimated NPW values, in increasing order, are $0 (BAA No. l), $0 (BAA No. 2), 
$514,OOO(RAANo. 3), $917,00O(RAANo. 5),and$3,150,000@4ANo. 4). 

63.8 USEPA/State Acceptance 

To be assessed following USEPA/NC DEHNR review of the PRAP. 

6.3.9 Community Acceptance 

To be assessed following the public comment period. 
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TABLE 6-1 

DETAILED ANALYSIS OF SOIL ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Soil RAA No. 3 Soil RAA No. 4 Soil RAA No. 5 
Soil RAA No. 1 Soil RAA No. 2 Source Removal and Source Removal and Source Removal and 

Evaluation Criteria No Action Institutional Controls Off Site Landfill Disposal Off Site Incineration Biological Treatment 

VERALL PROTECTIVENESS 

Human Health If left as is, subsurface If let? as is, subsurface Eliminates a source of 
soil will continue to be soil will continue to be a groundwater 
a source of groundwater source of groundwater contamination so human 
contamination. As contamination. As such, health risks associated 
such, the soil will be the soil will be with groundwater will be 
contributing to contributing to significantly reduced. 
unacceptable human unacceptable human 
health risks associated health risks associated 
with groundwater. with groundwater. 

However, institutional 
controls will reduce the 
risks., 

Environmental Protection According to the According to the According to the 
ecological RA, ecological RA, ecological RA, conditions 
conditions at Site 3 are conditions at Site 3 are at Site 3 are already 
already protective of tbe already protective of the protective of the 
environment. environment. environment. 

Yhninates a source Eliminates a source oj 
If groundwater groundwater 
:ontamination so contamination so 
nunan health risks human health risks 
associated with associated with 
qoundwater will be groundwater will be 
;ignificantly reduced. significantly reduced. 

4ccording to the According to the 
:cological RA, ecological RA, 
:onditions at Site 3 conditions at Site 3 
Ire already protective are already protective 
If the environment. of the environment. 

However, terrestrial 
receptors may be at 
risk for contacting 
contaminated soil 
during treatment. 

I I I 

OMPLIANCE WITH ARARs 

Chemical-Specific Contaminant levels Contaminant levels Subsurface soil at the site Subsurface soil at the Subsurface soil at the 
ARARs/TBCs exceeding chemical- exceeding chemical- will meet chemical- site will meet site will meet 

specific TBCs will specific TBCs will specific TBCs; the chemical-specific chemical-specific 
remain in the remain in the subsurface landfilled soil will not TBCs; the excavated TBCs; the excavated 
subs-mTace soi’l. SOL . meet Chiid-SpeCi iC ’ f soil is expected to soi! is expected to 

TBCS. meet chemical- meet chemical- 
specific TBCs via specific TBCs via 
thermal treatment. biological treatment. 

Location-Specific ARARs Not applicable. Not applicable. Can be designed to meet Can be designed to Can be designed to 
location-specific ARARs. meet location- meet location-specific 

specific ARARs. ARARs. 



TABLE 6-l (Continued) 

DETAILED ANALYSIS OF SOIL ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Soil IUA No. 3 Soil RAA No. 4 Soil RAA No. 5 
Soil RAANo. I Soil RAA No. 2 Source Removal and Source Removal and Source Removal and 

Evaluation Criteria No Action Institutional Controls Off Site Landfill Disposal Off Site Incineration Biological Treatmenl 

1 Action-Specific ARARs Not applicable. Not applicable. Can be designed to meet Can be designed to Can be designed to 
action-specific ARARs. meet action-specific meet action-specific 

ARARs. ARARs. 

,ONG-TERM EFFECTIVENESS AND PERMANENCE 

I Magnitude of Residual Risk Risks to contaminated Institutional controls Removal of the Removal of the Removal of the 
groundwater will will reduce the risks contaminant source area contaminant source contaminant source 
remain unchanged. associated with will significantly reduce area will area will significantly 

groundwater. the risks associated with significantly reduce reduce the risks 
groundwater. the risks associated associated with 

with groundwater. groundwater. 

1 Adequacy and Reliability Not applicable - no Institutional controls Construction safety Construction safety Construction safety 
of Controls controls. will be adequate and fencing should provide an fencing should fencing and the liner, 

reliable controls for adequate and reliable provide an adequate berm, and leachate 
preventing exposure to control. and reliable control. collection system 
the creosote should provide 
contaminants. adequate controls. 

1 Need for 5-year Review Review will be required Review will be required Review will not be Review will not be Review will not be 
to ensure adequate to ensure adequate required. required. required assuming 
protection of human protection of human treatment is complete 
health and the health and the within 5 years. 
environment. environment. 



TABLE 6-l (Continued) 

DETAILED ANALYSIS OF SOIL ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Soil RAA No. 3 Soil R4A No. 4 Soil RAA No. 5 
Soil RAA No. 1 Soil RAA No. 2 Source Removal and Source Removal and Source Removal and 

Evaluation Criteria No Action Institutional Controls Off Site Landfill Disposal Off Site Incineration Biological Treatment 

REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT 

l Treatment Process Used 

l Amount Destroyed or 
Treated 

l Reduction of Toxicity, 
Mobility, or Volume 
Through Treatment 

l Residuals Remaining After 
Treatment 

0 Statutory Preference for 
Treatment 

No treatment process. 

None. 

None. 

Not applicable - no 
treatment. 

Not satisfied. 

No treatment process. 

None. 

No treatment process. 

None. 

Incineration. Biological treatment. 

Expected to treat Expected to treat 
and/or destroy the and/or destroy the 
majority of the soil majority of the soil 
contaminants. contaminants.. 

None. None. Reduction in toxicity, Reduction in toxicity, 
mobility, and volume Imobility, and volume 
for the majority of for the majority of the 
the soil soil contamination. 

Not applicable - no Not applicable - no 

contamination. 

No treatment Treatment residuals 
treatnient. treatment. residuals will remain will include the 

on site. treated soil which ma! 
be beneficially reused 
as fill material. 

Not satisfied. Not satisfied. Satisfied. Satisfied. 



TABLE 6-1 (Continued) 

DETAILED ANALYSIS OF SOIL ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Soil RAA No. 3 Soil RAA No. 4 Soil RAA No. 5 
Soil RAA No. 1 Soil RAA No: 2 Source Removal and Source Removal and Source Removal and 

Evaluation Criteria No Action Institutional Controls Off Site Landfill Disposal Off Site Incineration Biological Treatment 

SHORT-TERM EFFECTIVENESS 

B Community Protection Potential risks to the Potential risks to the Potential risks to the Potential risks to the Potential risks to the 
community will not be community will not be community will be community will be community will be 
increased. significantly increased. temporarily increased temporarily increased temporarily increased 

during soil excavation and during soil during soil excavation 
transportation activities. excavation and and transportation 

transportation activities, and during 
activities; also, biocell O&M. 
incinerator off-gases 
will increase risks to 
the community. 

B Worker Protection No risks to workers. No significant risks to Potential risks to workers Potential risks to Potential risks to 
workers. will be temporarily workers will be workers will be 

increased during soil temporarily increased temporarily increased 
excavation and during soil during soil excavation 
transportation activities. excavation and and transportation 

transportation activities, and during 
activities. biocell O&M. 

) Environmental Impact No additional No additional No additional No additional Terrestrial receptors 
environmental impacts. environmental impacts. environmental impacts. environmental may potentially 

impacts. contact contaminated 
soil during treatment. 

) Time Until Action is Not applicable. Not applicable. Approximately one Approximately one Amount of time is 
Complete month. month. unknown. 5 years has 

been assumed for cost 
estimating purposes. 



TABLE 6-1 (Continued) 

DETAILED ANALYSIS OF SOIL ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 

MPLEMENTABILITY 

Soil RAA No. 1 
No Action 

Soil RAA No. 3 Soil RAA No. 4 Soil R&4 No. 5 
Soil RAA No. 2 Source Removal and Source Removal and Source Removal and 

Institutional Controls Off Site Landfill Disposal Off Site Incineration Biological Treatmenl 

) Ability to Construct and No construction or No construction or Easy to implement if Easy to implement if Easy to implement if 
Operate operation activities. operation activities. excavation remains above excavation remains excavation remains 

the water table; no O&M above the water above the water table; 
atter soil is disposed; table; no O&M after O&M for an extender 
requires appropriate soil is disposed, period of time; O&M 
materials handling requires appropriate utilizes simple 
procedures. materials handling equipment and 

procedures. procedures; Lot 203 
biocell must be 
available for use 
duriug the intended 
treatment schedule. 

) Ability to Monitor No monitoring plan for No monitoring plan for No monitoring plan for No monitoring plan No monitoring plan 
Effectiveness measuring measuring effectiveness. measuring effectiveness. for measuring for measuring 

effectiveness. effectiveness. effectiveness. 

) Availability of Services and No services or No services or Services and equipment Services and Services and 
Capacities; Equipment equipment required. equipment required. should be readily equipment should be equipment should be 

available. readily available. readily available. 

) Requirements for Agency None required. No significant Coordination with the Coordination with Coordination with the 
Coordination requirements. Base Public the Base Public Base Public 

Works/Planning Works/Planning Works/Planning 
Department and the Department and the Department; permit 
Department of Department of modification will be 
Transportation; federal Transportation; required for the Lot 
and state acceptance of off federal and state 203 biocell. 
site facility is required. acceptance of off site 

facility is required. 

ZOST (Net Present Worth) $0 $0 $917,000 $3,150,000 $514,000 



7.0 DETAILED ANALYSIS OF THE GROUNDWATER ALTERNATIVES 

This section contains a detailed analysis of the three Groundwater RAAs that were developed in 
Section 5.0. The detailed analysis has been conducted using the nine USEPA evaluation criteria 
defined in Section 6.1. These criteria include: 

Overall Protection of Human Health and the Environment 
Compliance with ARARs 
Long-Term Effectiveness and Permanence 
Reduction of Toxicity, Mobility, or Volume Through Treatment 
Short-Term Effectiveness 
Implementability 
cost 
State Acceptance (not evaluated at this time) 
Community Acceptance (not evaluated at this time) 

State acceptance and community acceptance will be evaluated in the ROD by addressing comments 
received after the TRC has reviewed the FS and the PRAP. The TRC includes participants from the 
NC DEHNR, USEPA Region IV, and the public. 

The detailed 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 ROD (USEPA, 1988). The extent to which 
alternatives are assessed during the 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 and screening (USEPA, 1988). (An initial screening of 
groundwater alternatives, was not conducted.) 

Section 7.1 presents an individual analysis of each groundwater alternative, with respect to the 
evaluation criteria, and Section 7.2 presents a comparative analysis of all the groundwater 
alternatives. (Please note that the detailed analysis of Soil RAAs was already presented in 
Section 6.0.) 

7.1 . . 
Jndiv’dual Analysis of Alternatives 1 

The following subsections present the detailed analysis of the Groundwater RAAS on an individual 
basis. This individual analysis includes a brief description of each RAA and an assessment of how 
well the I&4 performs against the evaluation criteria. Table 7-l summarizes the individual, 
detailed analysis of groundwater alternatives. 

7.1.1 Groundwater RAA No. 1: No Action 

DescrQtion 

Under the no action alternative, groundwater at Site 3 will remain as is. No active remedial actions 
will be implemented. 
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Overall Protection of Human Health and the Environment: Under &IA No. 1, no remedial 
actions will be implemented. As a result, there will be no reduction in the human healtlh risks 
associated with groundwater, and RAA No. 1 will not achieve Groundwater RAO #1 (“prevent the 
potential for direct exposure via ingestion, dermal contact, and inhalation, to contaminated 
groundwater”). Based on this information, RAA No. 1 will not provide overall protection of human 
health and the environment. 

Compliance With ARARs: Under RAA No. 1, no active effort will be made to reduce contaminant 
levels to below chemical-specific ARARs (i.e., the RLs specified in Table 3-l 1). As a result, RAA 
No. 1 will not achieve Groundwater R40 #2 (“remediate groundwater in the shallow aquifer to the 
specified remediation levels”). A waiver of the chemical-specific ARARs may be required before 
this alternative can be implemented. No action-specific or location-specific ARARs apply to this 
no action alternative. 

Long-Term Effecttieness and Permanence: Under RM No. 1, contaminated groundwater will be 
left untreated at the site. However, the risks associated with leaving PAH-contaminated 
groundwater untreated may not be significant. PAH compounds exhibit low volatility and low water 
solubility. PAH compounds with increasing molecular weights exhibit decreasing water solubility. 
Because of their hydrophobic nature, PAHs tend to adsorb onto soils and sediments which, makes 
them relatively immobile contaminants (MahaI%ey, etal.,1991). As a result, the groundwater AOCs 
are not likely to migrate beyond the limits identified in Figure 3-5. To reinforce this theory!, a two- 
dimensional, horizontal flow model was conducted (see Appendix D). The model was conducted 
using the maximum concentration of the most mobile PAH contaminant, naphthalene, and the 
assumption that naphthalene will not biodegrade over time (which is a conservative assumption). 
The results of the model indicate that over time (up to 100 years), naphthalene from the Site 3 AOCs 
will not adversely affect the nearest potable water supply well, OW-3. According to the model, 
which assumes no contaminant biodegradation, naphthalene concentrations at OW-3 will be 0 mg/L 
in one year, 0.0003 mg& in 30 years, and 0.012 mg/L in 100 years. None of these concentrations 
exceed the state standard for naphthalene (0.021 mg/L). In reality, some in situ biodegradation of 
the PAH contaminants is likely to occur so naphthalene concentrations at OW-3 will be even lower, 
if not negligible. Based on this information, the untreated PAH-contaminated groundwater will not 
pose significant risks to the nearest receptors that are currently located on Base. However, future 
potential receptors located in the vicinity of Site 3 could be affected by the PAH-contaminated 
groundwater if adequate precautions or controls are not implemented. 

, 

RAA No. 1 provides no means for avoiding human exposure (i.e., no controls). Therefore, RAA 
No. 1 will not provide long-term effectiveness and permanence. 5-year reviews by the lead1 agency 
will be required to ensure that adequate protection of human health and the environment is 
maintained. 

Reduction of Toxicity, Mobili&, or Volume Through Treatment: The no action alternative does 
not provide an active treatment process. Thus, there will be no toxicity, mobility, or volume 
reduction through treatment, and PAA No. 1 does not satis@ the statutory preference for treatment. 
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Short-Term Effectiveness: There are no remedial action activities associated with RAA No. 1. As 
a result, short-term potential risks to the community and workers will not be increased, and there 
will be no additional environmental impacts. 

Implementability: The no action alternative is implementable since no additional construction or 
operation activities will be conducted. In terms of administrative feasibility, F&4 No. 1 should not 
require additional coordination with other agencies. However, a waiver of the federal and state 
ARARs may be required since contaminants levels exceeding these ARARs will be left on site. The 
availability of services, materials, and/or technologies is not applicable to this alternative. 

If groundwater quality appears to be deteriorating, additional remedial actions could easily be 
implemented under RAA No. 1. 

Cost: There are no capital costs or O&M costs associated with this alternative. Therefore, tlhe NPW 
is $0. 

7.1.2 Groundwater RAA No. 2: Institutional Controls and Monitoring 

Descrivtioq 

Under RAA No. 2, contaminated groundwater at Site 3 will remain as is; no remedial actions 
involving treatment will be implemented. However, institutional controls (including aquifer use 
restrictions and deed restrictions) and a long-term groundwater monitoring program will be 
implemented. Under the proposed monitoring program, samples will be periodically collected from 
seven existing monitoring wells (03-MW02,03-MW02IW, 03-MW02DW, 03-MWO6,03-MW07, 
03MWO8, and 03MWllIW) and analyzed for TCL VGCs, TCL SVGCs, and TAL inorganics. For 
cost estimating purposes, 5 years of quarterly sampling followed by 25 years of semiannual 
sampling have been assumed. The aquifer use restrictions, implemented via the Base Master Plan, 
will prohibit future use of the shallow and Castle Hayne aquifers, within the immediate vicinity of 
Site 3, as potable water sources. The deed restrictions will prevent future placement of wells at the 
site. 

Overali Protection of Human Health and the Environme&: Under K4A No. 2, institutional 
controls and long-term groundwater monitoring will reduce the human health risks associated with 
exposure to contaminated groundwater. The monitoring program will track contaminant 
concentrations (VOCs and SVOCs) in both the shallow and Castle Hayne aquifers. If the monitoring 
program indicates that contaminant levels are increasing or migrating toward operating supplty wells, 
appropriate action can be taken before exposure occurs. (However, based on flow model presented 
in Appendix D, contaminants are not expected to migrate to the nearest supply wells.) Aquifer use 
and deed restrictions will prohibit use of the shallow and Castle Hayne aquifers, in the immediate 
vicinity of Site 3, as potable water sources. Consequently, these restrictions will prevent the 
potential for direct human exposure to contaminated groundwater. Based on this information, RAA 
No. 2 will achieve Groundwater RAO #l (“prevent the potential for direct exposure via ingestion, 
dermal contact, and inhalation, to contaminated groundwater”), and RAA No. 2 will provide overall 
protection of human health and the environment. 
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Compliance FIQ!J ARARsr Under RAA No. 2, no active effort will be made to reduce contaminant 
levels to below chemical-specific ARARs (i.e., the groundwater RLs specified in Table 3-l I). As 
a result, RAA No. 2 will not achieve Groundwater RAO #2 (“remediate groundwater in the shallow 
aquifer to the specified remediation levels”). This alternative may require a waiver of the chemical- 
specific ARABS before it can be implemented. No action-specific or location-specific ARARs apply 
to this alternative. 

Long-Term Effectiveness and Permanence: Under RAA No. 2, contaminated groundwater will be 
left untreated at the site. However, the risks associated with leaving the PAH-contaminated 
groundwater untreated may not be significant. PAH compounds exhibit low volatility and low water 
solubility. PAH compounds with increasing molecular weights exhibit decreasing water solubility. 
Because of their hydrophobic nature, PAHs tend to adsorb onto soils and sediments which makes 
them relatively immobile contaminants (Mahaffey, et al.,1991). As a result, the groundwater AOCs 
are not likely to migrate beyond the limits identified in Figure 3-5. To reinforce this theory, a two- 
dimensional, horizontal flow model was conducted (see Appendix D). The results of this model 
indicate that the untreated PAH-contaminated groundwater will not pose significant risks to the 
nearest receptor (potable water supply well OW-3) that is currently located on Base. (Note: Refer 
to the Long-Term Effectiveness and Permanence evaluation for RAA No. 1 [Section 7.1. Ii] for a 
more comprehensive discussion of the model and its results.) However, future potential receptors 
located in the vicinity of Site 3 could be affected by the PAH-contaminated groundwater if adequate 
precautions or controls are not implemented. 

RAA No. 2 provides institutional controls (aquifer use restrictions and long-term monitoring) that 
will effectively prevent future human exposure. Therefore, RAA No. 2 will provide long-term 
effectiveness and permanence. Regardless, 5-year reviews by the lead agency will be required to 
ensure that adequate protection of human health and the environment is maintained. 

Reduction of Toxicity, MobiZi@;or Volume Through Treatment: RAA No. 2 does not provide an 
active treatment process. Thus, there will be no toxicity, mobility, or volume reduction through 
treatment, and RAA No. 2 does not satisfy the statutory preference for treatment. 

Short- Term Effectiveness : Under RAA No. 2, the only activity that may increase risks to the 
community and to workers is periodic groundwater sampling. However, potential risks to the 
community and workers will only be slightly increased. RAA No. 2 will not create any additional 
environmental impacts. The time required for the action to be complete cannot be estimated, but 
thirty years was assumed for cost estimating purposes. 

Implementability: RAA No. 2 is a technically implementable alternative since groundwater 
sampling and ordinance procurement have been easily implemented in the past. In a.ddition, 
groundwater monitoring wells have proven to be a reliable technology. If groundwater quality 
appears to be deteriorating over time, additional remedial actions could easily be implemented along 
with RAA No. 2. 

In terms of administrative feasibility, this alternative will not require additional coordination with 
other agencies. However, semiannual reports must be submitted to document sampling procedures. 
In addition, all required services, materials, and/or technologies should be readily available. 

Cost: The estimated capital cost associated with RAA No. 2 is $0. The projected annual 
O&M costs are approximately $63,800 for quarterly sampling in years l-5, and $33;200 for 
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semiannual sampling in years 6-30. Assuming an annual percentage rate of 5 percent, the NPW of 
this alternative is $643,000. Table C-4 (Appendix C) presents a cost estimate for Groundwater RAA 
No. 2. 

7.1.3 Groundwater RAA No. 3: Extraction and On Site Carbon Adsorption Treatmient 

RAA No. 3 involves the installation of two extraction wells (in the shallow aquifer) that will 
intercept the two groundwater AOCs identified in Figure 3-5. One extraction well will be positioned 
near existing well 03MWO2, and one extraction well will be positioned near existing well 
03-MW06. Groundwater from both wells will be transported to an on site treatment plant where it 
will undergo pretreatment for oil/water separation and suspended solids/metals removal, then carbon 
adsorption treatment. The treated groundwater will be discharged into a nearby sanitary sewer line 
for subsequent discharge to one of the sewage treatment plants located on Base. In addition to 
groundwater extraction and treatment, RAA No. 3 includes aquifer use restrictions and deed 
restrictions as institutional controls, and a long-term groundwater monitoring program. Under the 
monitoring program, wells 03-MW02, 03-MW02IW, 03-MW02DW, 03-MW06, 03-MW07, 
03-MWO8, and 03MWllIW will be periodically sampled; samples will be analyzed for TCL VOCs, 
TCL SVOCs, and TAL inorganics. 

Assessment 

Overall Protectkm of Hwtum Heaith and the Environment: Because RAA No. 3 provides active 
groundwater remediation, institutional controls, and a long-term groundwater monitoring program, 
this alternative will reduce potential risks to human health. The pump and treat system will 
effectively collect and treat the groundwater contaminants. By alleviating some of the groundwater 
contamination, the pump and treat system will be reducing human health risks associated with 
groundwater. The long-term monitoring program will track contaminant (VOC and SVOC) 
concentrations in both the shallow and Castle Hayne aquifers. If the monitoring program indicates 
that contaminant levels are increasing or migrating toward operating supply wells, appropriate action 
can be taken before exposure occurs. (However, based on flow model presented in Appendix D, 
contaminants are not expected to migrate to the nearest supply wells.) Aquifer use and deed 
restrictions will prohibit use of the shallow and Castle Hayne aquifers, within the immediate vicinity 
of Site 3, as potable water sources. Thus, these restrictions will prevent the possibility that human 
receptors may ingest, dermally contact, or inhale contaminated groundwater. Based on this 
information, RAA No. 3 will achieve Groundwater RAO #l (“prevent the potential for direct 
exposure via ingestion, dermal contact, and inhalation, to contaminated groundwater”). In a.ddition, 
RAA No. 3 provides overall protection of human health and the environment. 

Compliance FE& AR4Rs: Because RAA No. 3 involves collecting the contaminated groundwater 
and actively treating it, the contaminants could potentially meet chemical-specific ARARs (i.e., the 
groundwater RLs specified in Table 3-11). However, there are technical limitations associated with 
groundwater extraction systems that may affect their ability to achieve stringent ARARs. 
Groundwater contaminants, especially PAHs, may sorb to solid particles or escape into sulbsurface 
pore spaces or fissures where they become difficult to extract. Therefore, RAA No. 3 may not be 
able to completely remediate the aquifer to the most stringent chemical-specific ARABS, RAA No. 3 
will most likely not achieve Groundwater RAO #2 (“remediate groundwater in the shallow aquifer 
to the specified remediation levels”). 
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RAA No. 3 can be designed to meet the location-specific and action-specific ARARs that apply to 
it (see Section 3.0). 

.--x, 

Long-Term Effectiveness and Permanence: Under RAA No. 3, PAH-contaminated groundwater 
will be collected and treated at an on site treatment plant. However, the pump and treat system will 
only be effective to a certain extent. Technologies for completely extracting contaminants from 
groundwater are not proven. Contaminants, especially PAHs, may sorb to solid particIes or escape 
into subsurface pore spaces or fissures where they become difficult to extract. Also, contaminants 
may continue to Ieach from solid particles into the groundwater. As a resuh, the extraction 
technologies included under RAA No. 3 may not be effective at completely remediating the aquifer, 
and RAA No. 3 may not provide a high level of long-term effectiveness and permanence. 

The potential for inorganics precipitation to clog well screens aIso limits the reliabifity of the 
extraction well technology. In addition, there is a potential for equipment replacement and/or repairs 
for both the extraction wells and the treatment plant equipment. 

On the other hand, the proposed monitoring program and periodic O&M system checks at the 
treatment plant will be adequate and reliable controls for determining the effectiveness of RAA 
No. 3. As long as they are enforced over time, aquifer use and deed restrictions will be adequate and 
reliable controls for preventing future human exposure to contaminated groundwater. Regardless, 
S-year reviews by the lead agency will be required to ensure that adequate protection of human 
health and the environment is maintained. 

Reduction of Toxicity, Mobility, or Volume Through Treatment: The treatment processes 
associated with RAA No. 3 include liquid-phase carbon adsorption for VOC removal, neutralization, 
precipitation, flocculation, sedimentation, and filtration for suspended solids/metals removal, and 
oil/water separation. 

These treatment processes will reduce the toxicity and volume of contaminants collected by the 
extraction wells. However, the extraction wells will only be able to collect some of the groundwater 
contamination. Some of the contamination will remain in the aquifer adsorbed to soils and 
sediments or trapped in pore spaces and fissures. In addition, the extraction wells will reduce the 
mobility of the majority of the groundwater contamination. The time frame in which these 
reductions will occur is assumed to be 30 years. 

RAA No. 3 satisfies the statutory preference for treatment. Residuals remaining after treatment may 
include metals sludge, separated oil, exhausted carbon, and treated groundwater. 

Short-Term Effectiveness: Dust production during the underground piping and extraction well 
installation may cause some risk to the community. In addition, workers may require protection 
during the installation and operation of the pump and treat system. In terms of enviromnental 
impacts, RAA No. 3 may cause aquifer drawdown during groundwater extraction. 

The exact amount of time required to complete the remedial action is unknown. For costing 
purposes, 30 years of system operation and groundwater monitoring have been assumed. 

Implementability: RAA No. 3 is a technically implementable alternative. Based on past experience 
and case studies, no major technical difficulties are anticipated under construction and operation of 
a pump and treat system. All of the associated technologies are conventional and well-demonstrated 
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to be implementabie. However, operation of the system will be energy-intensive and frequent 
maintenance and equipment replacement may be required. In addition, dissolved metals will most 
likely precipitate out of solution and clog the extraction well screens. 

If the long-term monitoring program indicates that groundwater quality is deteriorating, additional 
remedial actions could easily be implemented under RAA No. 3. 

In terms of administrative feasibility, RAA No. 3 will require extensive coordination with the Base 
Public Works/planning Department. Also, the substantive requirements of water discharge permits 
will have to be met. However, all required services, materials, and/or technologies should be readily 
available. 

Cost: The estimated capital cost associated with RAA No. 3 is $422,000. The projected annual 
O&M costs are $63,800 for quarterly sampling in years l-5; $33,200 for semiannual sampling in 
years 6-30, and $84,800 for treatment system O&M in years l-30. Assuming an annual percentage 
rate of 5 percent, the NPW of this alternative is $2,369,000. Table C-5 (Appendix C) presents the 
cost estimate for Groundwater RAA No. 3. 

7.2 
. 

Comparative Analym 

This section presents a comparative analysis of the groundwater RUs. The purpose of the 
comparative analysis is to identify the relative advantages and disadvantages of each RAA. 

73.1 Overall Protection of Human Health and the Environment 

RAA No. 1, the no action alternative, will not reduce the human health risks associated with 
groundwater. On the other hand, RAA Nos. 2 and 3 will reduce human health risks because both 
alternatives include institutional controls and long-term monitoring. The institutional controls will 
prevent human receptors from ingesting, dermally contacting, or inhaling groundwater contaminants. 
Long-term monitoring will provide a warning system against contaminants that have migrated to 
unsafe locations, and contaminants that have increased to unsafe levels, so that human exposure can 
be avoided. Thus, RAA Nos. 2 and 3 will achieve Grouudwater RAO # 1 (“prevent the potential for 
direct exposure via ingestion, dermal contact, and inhalation, to contaminated groundwater”), but 
R&4 No. 1 will not. In addition, RA4 Nos. 2 and 3 will provide overall protection of human health 
and the environment, but IUA No. 1 will not. 

Compared to RAA Nos. 1 and 2, RAA No. 3 provides some additional protection to human health 
and the environment by collecting the groundwater contaminants and actively treating them at an 
on site treatment plant. However, this additional protection is not necessary to prevent future human 
exposure to the groundwater contaminants. PAHs exhibit low volatility and low aqueous solubility; 
due to their hydrophobic nature, they tend to adsorb onto soils and sediment (Mahaffey, et. al., 
1991). As a result, the PAH contaminants at Site 3 will have a low migration potential so it is 
unlikely that they will horizontally or vertically migrate to the nearest current receptors. 

7.2.2 Compliance with ARARs 

RAA Nos. 1 and 2 will allow contaminant levels exceeding chemical-specific ARARs (i.e., the 
groundwater RLs identified in Table 3-l 1) to remain in groundwater at the site. Therefore, RAA 
Nos. 1 and 2 will not comply with chemical-specific ARARs and they will not achieve Groundwater 
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RAO #2 (“remediate groundwater in the shallow aquifer to the specified remediation levels”). RAA 
Nos. 1 and 2 may also require a waiver of the chemical-specific AIWRs before these alternatives 
can be implemented. RAA No. 3 could potentially remediate the groundwater to chemical-specific 
ARARs, but most likely this alternative will not achieve such stringent cleanup standards. 
Groundwater contaminants, especially PAHs, may sorb to solid particles or escape into subsurface 
pore spaces or fissures where they become difficult to extract. Most likely, extraction wells will 
only collect a portion of the PAH contamination; the remaining PAH contamination will remain in 
the groundwater. Therefore, extraction wells may not be able to completely remediate the aquifer 
to the most stringent chemical-specific ARARs, and RAA No. 3 may not achieve Groundwater 
RAO #2 (“remediate groundwater in the shallow aquifer to the specified remediation levels”). 

No location- or action-specific ARARs apply to RAA Nos. 1 and 2. RAA No. 3 can be designed to 
meet all of the location- and action- specific ARARs that apply to it. 

7.2.3 Long-Term Effectiveness and Permanence 

RAA No. 3 will provide long-term effectiveness and permanence because it involves collection and 
treatment of the contaminated groundwater. Although RAA No. 2 will allow groundwater 
contaminants to remain untreated at the site, this alternative will also provide long-term 
effectiveness and permanence. Based on the hydrophobic nature of PAH contaminants, and the 
results of the two-dimensional flow model presented in Appendix D, leaving PAH contaminants 
untreated at the site will not affect the nearest, current receptors. It may affect future receptors 
occurring in the vicinity of Site 3, but RAA No. 2 includes institutional controfs and long-term 
monitoring that will effectively prevent future human exposure. RAA No. 1, on the other hand, 
provides no means for preventing future human exposure so this alternative will not Iprovide 
long-term effectiveness and permanence. 

The pump and treat system included under RAA No. 3 will only be adequate and reliable to al certain 
extent. Technologies for completely extracting contaminants from groundwater are not proven. 
Contaminants, especially PAHs, may adsorb to solid particles or escape into subsurface pore spaces 
or fissures where they become difficult to extract. Also, contaminants may continue to leach from 
solid particles into the groundwater. As a result, extraction wells may not be completely reliable for 
removing PAH contaminants from the shallow aquifer. 

All three RAAs will require S-year reviews by the lead agency to ensure that adequate protection 
of human health and the environment is maintained. 

7.2.4 Reduction of Toxicity, Mobility, or Volume Through Treatment 

RAA No. 3 will reduce the toxicity, mobility, and volume of contaminated groundwater that is 
collected by the extraction wells. However, some of the contaminated groundwater will not be 
collected so it will not receive treatment. This is because PAH contaminants may adsorb to soils 
and sediments and escape in pore spaces and tissures. Unlike RAA No. 3, RAA Nos. 1 and 2 do not 
involve active treatment processes. Therefore, RAA Nos. 1 and 2 will not reduce the toxicity, 
mobility, or volume of groundwater contamination. 

Unlike RAA Nos. 1 and 2, RAA No. 3 will create treatment residuals. The residuals associated with 
RAA 3 (sludge, separated oil, exhausted carbon, and treated groundwater) will be voluminous and 
must be properly treated and/or disposed. 
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RAA No. 3 satisfies the statutory preference for treatment; RAA Nos. 1 and 2 do not. 

72.5 Short-Term Effectiveness 

Implementation of RAA Nos. 1 and 2 does not pose substantial risks to the community or to 
workers. Implementation of RAA No. 3 does pose risks because it involves construction of 
extraction wells, underground pipelines, and a treatment facility. During pipeline construction, 
special care must be taken to avoid underground utilities. RAA No. 3 also involves loag-term 
operation and maintenance of an extraction well system and an on site treatment facility. The 
treatment facility will generate residual waste streams that must be properly treated and/or disposed. 
Because it creates aquifer drawdown, RAA No. 3 is the only alternative that could potentially create 
environmental impacts. 

Under all three RAAs, the time for the action to be complete is unknown. Thirty years of 
groundwater monitoring was assumed for RAA No. 2, and 30 years of groundwater monitoring and 
treatment system O&M was assumed for RAA No. 3. 

72.6 Implementability 

RAA No. 1 is the easiest alternative to implement, if not the most effective. RAA No. 2 is ,the next 
most implementable alternative followed by RAA No. 3. RAA No. 1 requires no operation or 
maintenance. RAA No. 2 requires minimal operation and maintenance (groundwater samples will 
be collected semiannually and wells will have to be replaced periodically). RAA No. 3, however, 
requires extensive operation and maintenance. Under all three RAAs, additional remedial actions 
could easily be implemented. 

RAA Nos. 2 and 3 involve conventional equipment and services that should be readily available. 
Compared to RAA No. 2, RAA No. 3 will all require more extensive coordination with the Base 
Public Works/Planning department. Unlike RAA No. 1, RAA Nos. 2 and 3 will require semiannual 
submission of reports that document sampling results. Unlike RAA No. 3, RAA Nos. 1 and 2 may 
require a waiver of ARARs since groundwater contaminants will be left untreated at the site. 

7.2.7 Cost 

In terms of NPW, the no action alternative (RAA No. 1) would be the Ieast expensive IRAA to 
implement, followed by RAA No. 2, then RAA No. 3. The estimated NPW values in increasing 
order are $0 (RAA No. l), $643,000 (RAA No. 2), and $2,369,000 (RAA No. 3). 
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TABLE 7-l 

DETAILED ANALYSIS OF GROUNDWATER ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 
Groundwater RAA No. 1 

No Action 
. Groundwater RAA No. 2 

Institutional Controls and Monitoring 
I  I  I  

OVERALL PROTECTIVENESS 

Groundwater RAA No. 3 
Extraction and On Site Carbon 

Adsorption Treatment 

l Human Health No reduction in potential human health 
risks. 

l Environmental Protection No reduction in potential risks to 
ecological receptors. 

COMPLIANCE WITH ARARs 

l Chemical-Specific ARARs Contaminant levels exceeding chemical- 
specific ARARs will remain in the 
groundwater. 

Institutional controls and long-term 
monitoring will reduce potential human 
health risks. 

No reduction in potential risks to 
ecological receptors. 

Contaminant levels exceeding 
chemical-specific ARARs will remain in 
the groundwater. 

Not applicable. 

Not applicable. 

I 

Institutional controls, long-term 
monitoring, and groundwater 
extraction/treatment will reduce potential 
human health risks. 

No reduction in potential risks to 
,ecological receptors. 

Contaminant levels exceeding chemical- 
specific ARARs will most likely remain 
in the groundwater. 

Can be designed to meet location- 
specific ARARs. 

Can be designed to meet action-specific 
ARAB. 

l Location-Specific ARARs Not applicable. 

l Action-Specific AIURs Not applicable. 

LONG-TERM EFFECTIVENESS AND PERMANENCE 
I 

l Magnitude of Residual Risk 

l Adequacy and Reliability of 
Controls 

Risks to contaminated groundwater will 
remain unchanged; these risks will be 

Institutional controls and monitoring will Institutional controls and monitoring wil 
reduce the risks associated with reduce the risks associated with 

minimal considering the hydrophobic contaminated groundwater; these risks 
nature of the PAH contaminants. 

contaminated groundwater; these risks 
will be minimal considering the 
hydrophobic nature of the PAH 

will be minimal considering the 
hydrophobic nature of the PAH 

contaminants. contaminants. 

Not applicable - no controls. The monitoring program is adequate and Once designed/sized in accordance with 
reliable for determining the alternative’s site-specific characteristics, 
effectiveness. If they are enforced over extraction/treatment should be both 
timei aquifer use and deed restrictions 
will be adequate and reliable for 

adequate and re!iab!e. The monitoring 
program is adequate and reliable for 

preventing human exposure to the determining the alternative’s 
groundwater. effectiveness. If they are enforced over 

time, aquifer use and deed restrictions 
will be adequate and reliable for 
preventing human exposure to the 
groundwater. 



TABLE 7-l (Continued) 

DETAILED ANALYSIS OF GROUNDWATER ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Groundwater RAA No. 3 
Groundwater RAA No. 1 Groundwater RAA No. 2 Extraction and On Site Carbon 

Evaluation Criteria No Action Institutional Controls and Monitoring Adsorption Treatment 

LONG-TERM EFFECTIVENESS AND PERMANENCE (continued) 

0 Need for 5-year Review Review will be required to ensure 
adequate protection of human health and 

Review will be required to ensure 
adequate protection of human health and 

Review will be required to ensure 

the environment. the environment. 
adequate protection of human health and 
the environment. 

REDUCTION OF TOXICITY, MOBILITY, OR VOLUME THROUGH TREATMENT 

l Treatment Process Used No treatment process. No treatment process. Extraction wells, liquid-phase carbon 
adsorption, metals pretreatment, 
oil/water separation. 

l Amount Destroyed or Treated None. None. Some of the contamination will be 
treated; some will remain adsorbed to 
subsurface soil particles or trapped in 
pores spaces and fissures. 

l Reduction of Toxicity, Mobility, or None. None. Some. 
Volume Through Treatment 

l Residuals Remaining After Not applicable - no treatment. Not applicable - no treatment. 
Treatment 

Treatment residuals will include sludge, 
separated oil, exhausted carbon, and 
treated groundwater. 

l $tatutory Preference for Treatment Not satisfied. Not satisfied. Satisfied. 

SHORT-TERM EFFECTIVENESS 

l Community Protection 

l Worker Protection 

l Environmental Impact 

0 Time Until Action is Complete 

, 

Potential risks to the community will not 
be increased during implementation. 

Potential risks to the community will not 
be significantly increased. 

Potential risks to the community will be 
increased during installation of the 
extraction/treatment system, and during 
system operation. 

No risks to workers. Potential risks to workers will be slightly Potential risks to workers will be 
&eaged; .pwtat tnte..t:l\n :s ranr*i;oA 7 VlRIl p*v. “I,“,. 1 ,L&ru ti8.L 2, -^- .1,-A increased; worker protection 1b 1 r;quu eu. 

No additional environmental impacts. No additional environmental impacts. Potential for aquifer drawdown. 

Not applicable. Not applicable. Unknown; 30 years has been assumed 
for cost estimating purposes. 



TABLE 7-l (Continued) 

DETAILED ANALYSIS OF GROUNDWATER ALTERNATIVES 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB CAMP LEJEUNE, NORTH CAROLINA 

Evaluation Criteria 

IMPLEMENTABILITY 

Groundwater RAA No. 1 Groundwater RAA No. 2 
No Action Institutional Controls and Monitoring 

Groundwater RAA No. 3 
Extraction and On Site Carbon 

Adsorption Treatment 

l Ability to Construct and Operate No construction or operation activities. No construction or operation activities. Based on past experience, a pump and 
treat system will be easy to construct and 
operate. Utilities may make pipeline 
construction challenging. Disposal of 
treatment residuals (i.e., sludge and oil) I and inorganics precipitation on the well 
screens may also make system operation 
challenging. 

l Reliability of Technology Not applicable. Monitoring wells are a reliable Inorganics may precipitate on the well 
technology. screens creating the need for well 

replacement. Also, the long operation 
time for the system may necessitate 
equipment replacement. If contaminants 
migrate into inaccessible regions, the 
pump and treat system will be less 
effective at collecting them (MacDonald, 
1995). 

l Ease of Undertaking Additional Additional remedial actions can be easily Additional remedial actions can be easily Additional remedial actions can be easily 
Remedial Actions implemented. implemented. implemented. 

l Ability to Monitor Effectiveness No monitoring plan. Failure to detect Monitoring plan will detect contaminants Monitoring plan will detect contaminants 
contamination could result in before significant exposure can occur. before significant exposure can occur. 
human/environmental exposure. 

l Availability of Services and 
Equipment 

l Requirements for Agency 
Coordination 

COST (Net Present Worth) 

No services or equipment required. 

No requirements. 

$0 

Services and equipment are readily 
available. 

Must submit semiannual reports to 
document sampling. 

$643,000 

Services and equipment are readily 
available. 

The substantive requirements of water 
discharge permits must be met; must 
submit semiannual reports to document 
sampling. 

%2,369,000 
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Computed by: MDB Date: 2/96 

EXAMPLE GROUfioWA?ER RGO CALCULATION 
OPBRABLE tiiVIT NO. 12 (SITE 3) 
CONTRACT TASK ORDER 0274 

Purpose: Estimate groundwater concentration which does not produce carcinogenic risk in 
excess of 1 x 10-6 or a noncarcinogenic risk in excess of 1.0. 

C(mgfL) = 
TR or THIx BWx ATx DY 

IR x EF x ED x CSF or 1lRJD 

Where: TR 
THI 
BW 
AT 
DY 
IR 
EF 
ED 
CSF 

Target Carcinogenic Risk 
Target Hazard Index 
Body Weight (kg) 
Averaging time (years) 
Days per year (day/year) 
Ingestion rate (L./day) 
Exposure frequency (day&r) 
Exposure duration (years) 
Carcinogenic Slope Factor (mg/kg.day)-’ 

Example Carcinogen: Benzene 

C(mglL) = 
1.0~10-~ x 70 kg x 70 yrs x 365 dayslyr 

2=Iday x 350 daylyr x 30 x 2.9 x lo-* mglkg.day -’ 

= 0.0029 

Example Noncarcinogen: l,l-Dichloroethene 

365 C(mglL) 1.0 x 70 x 30 x dayslyr = kg yrs 

24 day x 350 daystyr x 30 yrs x 1/9.0Eeo’ mglkg.day 

= .3285 



INGESTlON OF QROUNDWATER REMEDIAlION LEVEL 
FEASABILITY STUDY CT@@274 
OPERABLE UNft NO. 12 (SITE 3J 
MCB CAMP LEJEUNE 
ADULT RESIDENT 

7300 
2s24 

73000 
21900 

mg*mon 
Rti* 

WW 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 

70 70 586 ?.2OEo1 f.cGc6 
70 70 ms ?.2OEQ2 f.oE.02 
70 70 35s 7.2oE.03 f.oE4s 
70 70 32s 7.3oEtoo WEQB 

w WW lw 
Ib 70 
70 70 70 70 70 70 
70 70 
70 70 70 70 
70 
70 70 70 70 

& 

1.u) 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.m 
1.00 
1.m 
1.00 
1.00 
mo 
I.00 
I.00 
1.00 
1.m 
iG3 



14, 
1% 
e4 

3120 
IS.34 

INPUTS 

1E.M 

rprcinc 

WCMC 

1 

350 

6 

15 

70 

6 

3s5 

1 

1 

1 

1 

1 

1 

1 

1 

, 

1 

1 

1 

t 

t 

t 

1 
t 
t 

1 
t 
1 

WP Hs2ad lncbx 1.00 
l.M 
1.00 
1.00 
t.w 
I.00 
t.00 

1 

1.00 
1.00 
i.00 
wo 
I.00 
1.00 
1.00 
1.00 
!.oo 
too 

I 

1.00 
1.00 
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TABLE C-l 

COST ESTIMATE: SOIL RAA NO. 3 - SOURCE REMOVAL AND OFF SITE LANDFILL DISPOSAL 

OPERABLE UNIT NO. 12 (SITE 3) 

FEASIBILITY STUDY, Cl-O-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

ALTERNATIVE SUMMARY: EXCAVATION OF THE CONTAMINATED SOIL; TRANSPORTATION OF THE SOIL TO AN OFF SITF, ILUARDOUS WASTE LANDFILL 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

ECT CAPITAL COST ESTIMATE 

rrnl 
Prcccl!sbuction subminRh 
Mobilizaticn/Demcbizaticn 
Decontamination Pad 
Contract Administmticn 
PcstccnstN&n submittals 
Subtotal Genera1 Cortr: 

IS 
LS 
L3 
LS 
LS 

1 t 20,ooo $ 20,cGo En&wing Estimate Wcrk, E&S, NPDES, H&S, and Quality Control Plans; Shop Drawin@ 
1 t 15.cOo b 15,ooO Engineering Estimate Includea mobilization for alI rubccnh-actcn 
1 $ 10,ooo S IO.Mx) Engines&g Estimate Includa dacomlaydcwn aroa 
1 s 40,ooo $ 40,wo Engineering EMimate hwci~ project managsment, field supervision, H&S, etc. 
1 0 10,ooo 0 10,OCQ Engineering Estimate Reocrd Drawings, etc. 

s 95,000 

Work 
Concrete Ranoval 
Tempomy Safety Fencing 
soil stockpile Area 
Topsoil Spreading io Cleared Areaa 
Fine Ording and Seeding (Revegetalion) 
Ccmxete Rehabilitaticn over Excavation 
Re-establish Dirt Access Road 
Subtotal Slto Work Cortr: 

SY 180 
LF 480 
SY 516 
SY 385 
SY 385 
CY 30 
CY 317 

0 10 $ 1,800 Eng. E&mate; Msaca 19%. 020-550-1900 &mme 6” tbicknerr. mesh reinfcrced 

s 2.20 $ 1,056 Eq. Estimate; Means 19%,028-320-4800 
s 3.50 $ 2,016 Bog. Esthnats; Preticua Projects Amme 72’ x 72’ area with geomembme liner 

s 3 $ l,lJS Eng. Estimate, Means 1%. 022-286 Exchtdes ccncrote pad area and access mad 
$ 2 s 770 Eog. Badmate; Means 19%. 022-286 Exclude8 ccncrete pad area and access road 

$ 117 $ 3.510 En& Estimats; Means 19%. 033-100-4700 Assume 6” thickness 
s 2.10 $ 666 Eng Estimate; Means 19%,022-204-2200 BackSll material I?cm cc-Bats bcrmw pit (no cost) 

s 11,ooa 

ExcavatIon/BaekIIII 
EXCWdiCC 
Ccntimmtmy Sampliog of Excavdticn Area 

Sample Labor 
Sample Shipping 
Sampling Expendables 
Loading and Hauling Backfill 

Spreading and Compacting Backtill 
Subtotal Sol1 ExcavatIon/BackIIIl Costs: 

CY 2GOo s 6.80 $ 13,600 Eng Estimate; Means 1996, 022-242-2420 ,4s.mne 75 H.P. dczor, 300 foot haul 
Sample 36 0 359 s 12,924 Engineering Estimate Cat from Baker B0A.s; includes TCL SVOC analysis and validation; 

1 campldsO0 sf alcng excavation base (20). 1 samplel50 lfalcng 
perimeter (8); perimeter samples wiIl bc collected twice since 
excavation will proceed in two stages 

Hr.3 9 f 26 S 234 En+ering Estimate Assume I hrl4 samples @ $26/hr 

EA 3 s loo $ 300 E@neering E&mate Amme 3 shipments @ $100 each 
LS 1 s 100 $ 100 Engineering Estimate Assume $100 
CY 2400 s 5.10 $ 12,240 Eng. Estimate; Meacs 1996, A12.1-614-4400 Backtill material ticom on-Bae bcrmw pit (no cost); assume six 20 CY dump 

tmcks, 2 mile round trip 
CY 24W 5 3.04 t 7,296 Eng. Estimate; Means 1996. A12.1-724-1100 8’ lifb, 2 passes, 75 HP dozer & mller compactors; 20% increase in soil 

s 46,700 

DIrpo5al 
Hauling 

Di.lpcsal - Lk3nd6u 

Subtotal Sol1 Disposal Coti 

#TOTAL DIRECT CAPITAL COSTS: 

1.S 1 s 54,owl $ 54,ooo Eng. Estimate; Vendor Quote Assume 44 CY dump hailers, add 20% to soil v&me after excavation 
54 truckloads roqcired @ $1,000 per load 

TCIU 3240 $ 170 $ 550,800 Eog. Estimate; Vendor Quote Nearest RCRA-pomdtted Subtitle C facility ia located in Pinewood, SC. 

s 604,800 

s 757,500 



COST COMPONENT UNIT QIJANTlTk 

TABLE C-l (CONTINUED) 

COST ESTIMATE: SOIL RAA NO. 3 - SOURCE REMOVAL AND OFF SITE LANDFILL DISPOSAL 

OPERABLE UNIT NO. 12 (SITE 3) 
FRASIBILm STUDY, CTO-0274 

MCB, CAMP LEIEUNE, NORTH CAROLINA 

INDIRECT CAPmAL COSTSt 

Enginecring and Design 
Contiqenoy Allowance 

SUBTOTAL INDIRECT CAPITAL COSTS: 

LS I 
LS I 

T 

I ! 
UNIT SUBTOTAL TOTAi 

COST COST COST SOURCE BASIS I COMMENTS 

E 45,450 $ 4s.450 Engineering Estimate Assums 6% of Total Direct Capital Costa 
6 113,625 S 113,625 Enginsering Estimate krwme 15% of Total Direct Capital Costs 

s 159,100 

DIRECT AND INDIRECT CAPITAL COSTS 

TOTAL COST (NPW) - SOIL RAA NO. 3 

]Retiions: Final FS 
S 917,000 I 

s 917,000 IBy: MSH Clk TLB /Date Completed: July 22, 1996 

Note: Costa obtained from Meam have been increased by 20% to account for the small size of the conrtruction project Means assumes a large project 



TABLE C-2 

COST ESTIMATE: SOIL RAA NO. 4 - SOURCE REMOVAL AND OFF SITE INCINERATION 

OPERABLE UNITNO. 12 (SITE 3) 

FEASlBlLITY STUDY, CTO-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

ALTERNATIVE SUMMARY: EXCAVATION OF THE CONTAMINATED SOIL; TRANSPORTATION OF THE SOIL TO  AN OFF SITE INCINERATION FACILITY 

UNIT SUBTOTAL TOTAL 

COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

IRECT CAPITAL COST FaSTIMATE 

~cntnl 
Preccnst~&n Submittals 
Mobilizati&Demobilimtion 

Decontminstion Pad 
Contract Adnkistmtion 
PostConsbwtion Submittals 
Subtotal General Caplhl Costs: 

LS 
LS 
LS 

LS 
LS 

I s 20,ooo s 20,000 En&cd@ Estimate Work, E&S, NPDES, H&S, C QC Plans; Shop Drawiws 
1 6 15,wo 3 15,Mlo Enginesing Estimate Includes Mobil&ion for all subcontractors 
1 3 lO.ow s lO,o@l Engjneeriq Estimate includes deconkydown area 
1 s 40,ow s 40,000 En@nening Estimate Invoicing, project managmm~ field supervision, H&S, etc. 
1 S 10,ocQ s 10,ooa Engineering Estimate Opmtimt Mrmals, Record Drawings, etc. 

s 95,000 

lt.?Wwk 
Concrete Removal 

Temporary Safety Fencing 
soil stockpile Area 
Topsoil Spredbq in Cleared Areas 
Fine Grsding and Se- (J&vegetation) 
Concmtc Rehabilitation over Excavation 
Re-establish Dirt Access Road 
Subtotal Site Work Capital Costs: 

SY 
LF 

SY 
SY 
SY 
CY 
CY 

180 0 10 $ 1,800 Eng. Estimate; Means 19%,020-550.1900 Assume 6’ thicbms, mesh reinforced 
480 0 2.20 $ 1,056 Eng. Estimate; Means 1996,028-320.4800 
516 $ 3.s s 2,016 Eng. Estimate, Previous Projects Assme~x72’areawithSeomcmbraneher 
385 

: 

3 s 1,155 ENS. Bstimatc; Means 1994 022-286 Excludes concrete pad arca and access road 
385 2 s 770 En& B&mate; Means 1996,022-286 Excludes conaete pad area and access road 
30 s I17 3 3.510 Eng Estimate; Means 1996,033-100-4700 Assume 6” tllickness 

317 $ 2.10 s 666 Eng. Estimak; Means 1996,022-2062200 B&till mataial &om on-Base borrow pit (no cost) 
S 11,000 

stl Excavatton/Baddlll 
Excavation 
Con6mwdory Sampling of Excavation Area 

Sample Labor 
sample shipgng 
Sampling Eqendables 
Loading and Hauling Back6ll 

Spreading and Compacting Backfill 
Subtotal Soil ExcavattonlBa&lll Costs: 

CY 2oM) s 6.80 s 13,6M) Eng. Estimate; Means 1996,022~242.2420 Assume 75 H.P. dozer, 300 foot haul 
Sample 36 s 359 $ 12,924 Engineering Estimate Cost from Baker BOPU; includes TCL SVOC analysis and validation; 

1 sampl&Of~ sfalq excavation base (20), 1 sample/ 50 lfalong 
perimeter (8); perimeter samples will be collected twice since 

wccavation will pceed in two sb3gcs 
HIS 9 S 26 $ 234 Engineering Estimate Assume 1 hr14 samples @! s26nu 

EA 3 3 lea 3 300 Engine* Estimate itss.unle 3 shipments @ $100 each 
LS 1 s loo s 100 Engineaing Estimate Asslmle $100 
CY 2m s 5.10 s 12,240 Eng. Estimate; Means 1996, Al2.1-614.44M) Backfdl material fkan on-Base borrow pit (no cost); assume six 20 CY dump 

buckr, 2 mile round trip 
CY 2400 s 3.04 s 7,296 Eng. Estimate; Means 1996, Al2.1.724.1100 8” lit’s, 2 passes, 75 HP dozer & roller compactors; 20% increase in soil 

s 46,700 

sdnemtton 
Hatdin8 to lncinemtion Facility 

lndnemtim Fees 

SubtohllnctnemttonCortr: 

LS 

TOIIS 

I 3 118,wO S 118,1X@ En& Estimate; Vendor Quote Assume 44 CY dump trailers; add 20% to soil volume after excavation 
(2000 CY x 1.20); 54 t~ckloads required @J S2,200 per load 

32.40 $ 720 S 23332,800 En& Estimate; Vendor Quote Assme 2OYe incresse in soil volume after excavation; nearest facility is 
in Cdvert City, KY 

S 2,450,SOO 

UBTOTAL DIRECT CAPITAL COSTS: S 2,603,500 



‘. 

3 
TABLE Ct (CONTINUED) 

COST ESTIMATE SOIL RAA NO. 4 -SOURCE REMOVAL AND OFF SITE INCINERATION 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

COST COMPONENT 

INDIRECT CAPITAL COSTS: 

UNIT SUBTOTAL TOTAL 

UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

Engineering md Design 
contingency Allowance 

SUBTOTAL INDIRECT CAPITAL COSTS: 

DIRECT AND INDIRECT CAPITAL COSTS 
TOTAL COST (NPW) - SOIL RAA NO. 4 

IS 
IS 

I s 156,210 S 156,210 Engincaing Estimate Assume 6% ofTotal Direct Capital Costs 
I 2 390,525 2 390,525 Engineering Estimate Assume 15% ofTotal Direct Capital Costs 

s 546,700 

Revisions: Final FS 
$ 3.150.000 
$ 3,150,OOO By:MSH Chk: TLB IDate Completed: July 22,19% 



TABLE C-3 (A) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL AND BIOLOGICAL TREATMENT 

LOT 203 BIOCELL 

OPERABLE UNIT NO. 12 (SITB 3) 

FJMSIBILITY STUDY, CTO-0274 

MCB, CAMP LFJEUNE, NORTH CAROLINA 

ALTERNATIVE SUMMARY: BXCAVATION OF CONTAMINATED SOIL; TREATMENT OF THE SOIL AT THE SXISTING LOT 203 BIOCELL IN 22 BATCHES 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

NNIJAL O&M COETS 

reElmen Cd OperaIIda (Asrume a TOW ot 3 Years tar Eyslem OperalIon) 

smplc Labor HOUIX 48 1 26 s 1.248 Engimming F&mm.? Amme hdmo. 12 modyear. S254lu 

Sample ShIppinE MOMil 12 t loo f 1.200 Bngineeling- Amme 1 ahIpmmUmonti @ SIOO each 

smlple .Analy=s Amme monthly miI rampI@ (3 compa9ites pzr event) 

m  s&nivoMer E8i-l@ 36 t 200 f 7.uw) Engmemq Ea(imale: B&et BOAJ 

Tda! Cqaide Carba! S%lpk M f 100 s 3,m Engineering I%s!bn* vmdor Quocc 

NbbienI~ (Nitmgmn k Phosphora) SampIe 36 2 117 S 4.212 Engines U Baker BOAS 

PH sample 36 s 7 1 2.52 I3qmemg Ea(imate: Vendor QuMe 

Mhcoltlmt &II&de 36 s 15 2 540 Enginening Entimatc; vdm Quot4 

Baccainl PapuMion Density sflmp1e 36 s 35 3 1.260 Engineerbq IMme Vendor Quote 

sooIbcbhgl~ml kh 168 s 40 3 6,726 Fag. F.&m*; Fmi0E (iem) 33 I I 0301 Includea I&or end darer with tiller atachmen~ 7 hrs bimonthly 

w!mrMrmgrmml Iba 24 s 26 s 624 Enginesling Bdlbnae Assume 1 hr bbnmtbly ,o apray w&et and pump c&&d leacbae (%&In) 

Ntimt Additb” LE 1 s 2400 S 2400 Engin~tiq Wbute AmIme $204 InontbIy for nbbimD 

Mmuuamion and Records I Im 120 s 54 s 6,om Ellgineeling~~ Assums IO IndmmIh @ SMdv 

SltbtoW Treatmeat Cd OperaSan Coals: 3 35,300 

UBTOTAL ANNUAL O&M COSTS: s 35,500 

IRK!T CAPITAL COST ESTIMATE 

LS 

IS 

IS 

LE 

LE 

LS 

1 3 20,wo s mJo4 Engblecling- Work. E&S. NPDEE, II&S. & QC Phw Shop IJmv&s 

1 3 15,oca s IS,wO T3llgil~mse IncIbdea mobiII&on for alI mbconltacIo~a 

1 s 10,ooo t 10,wo F,r&mmgFscimre Includes decm&ydowb soa 

1 s 4o.oM) s 4o.K% BngineeringBsdmQ4c Invoking project mmxs~ement, field super&ion+ H&S. etc. 

I s 10,cinl s 10,OW Bngintning Edhat Miacellaneoru Pmgmss Rapoltn 

I S Icaxm s 100.do0 Bllginoaing~ Coat e&m&d for CT0 274 (MOD 02) Final IPIFP. engineering c&mate 

s 195,EoE 



TABLE C-3 (A) (CONTINUED) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL AND BIOLOGICAL TREATMENT 
LOT 203 BIOCELL 

OPERABLE UNIT NO. 12 (SITE 3) 

FEASIBILITY STUDY, CT070274 
MCB, CAMP LEJEUNR, NORTH CAROLINA 

COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

8Y 180 
LF 180 

SY 576 

SY 385 

SY 185 

CY 30 

CY 317 

I IO s 1.869 En& ?3tlmmc Memu 1996.020-550-1900 Amme 6” lhicknen. melh reinforced 

s 2.20 s I.056 i3&EAWMsmu 19%.028-3204800 

I 3.54 f 2,016 En&E4limmPTevlauProjKla Aamlma~x7z~?n‘!hgemnrmbraneliner 

5 3 s 1.155 &I& Edmde; Memu 1996,022-i% Excludes eonmtc pBd arca and access mad 

8 2 8 770 Fag. Iaim* hiem 19%. 022~2% lixcludes concrete psd arep and mxctl mad 

s 117 s 3.510 Eng.Esdm*Mcaru 1996,033.100-47OQ Amme 6” thicknca 

8 2.10 t 666 I3q. Edimtie; Memu 1996.022.X-4-22%+ EPckfiU maerid from on-B&x b-arrow pit (no coat) 

8 11,ooa 

CY 2OOil t 6.80 s 13,600 6ng.Eatimdc:eau19%,022-2422420 Amme 75 &P. do.wf, ux) foot haul 
sample 36 s 359 s 12924 EngineerblgBsumdm Cod’fmm Baker BOA* includea TCL SVCC Waysis md validstion; 

I mmpMO4 If alonS wxwtion ba?e (20). I aampld 50 lf atong 

paimeta (8% palmelm camplea will be collected twice since 
ecccawionwiuproceedbllwo~a 

Hn 9 t 26 s 234 Eryinewillg~ hume 1 lul4 mmplea @ 126lIu 
EA 3 t loo s 300 Engbl~W Amme 3 hlpmmb @ SIOO each 

LS I t 100 s loo IJll&m&- Asnuna Sloe 
CY 2400 s 5.10 8 12240 En&w Memu 1996, AI2.1-6144400 BackM mdmid fkm on-Base bamv pit (no cod)z amane six 20 CY dump 

bmckx, 2 mile mund trip 
CY 2400 t 3.04 8 7.296 l31&Ihlim~Mc1~~ 1996.A12.1-724-1100 8” I%, 2 passer. 75 HP dozer S roller compactma 

8 46,700 

BP PIacemenbDb~al 
Loading and Hauling Soil to and fmm Lot 203 

(2cw CY x no%%) 
Inbid C2nmcMdm Sampling of Biocl B*b 
Sample Shippb@ and Labor 
Spread@ Soil in the Eiocell 

(2030cYx1205~) 
Lc~eDiaponal 
Sublotal Sol PlacemenUDlsporal Colts: 

CY 

EA 
IS 
CY 

IS 

2400 8 12.84 s 30,816 F.n& ti Means 1996, A12.1-614-4600 Assume d&l 20 ‘3 dump bucks, 4 ndle round Irip; 20% Increase in soil volume after 
excavation; asum maed #oil ia used for 6ll on Base 

9 t 474 8 4.266 Ih,,j,,e& Bdmdq Baker BOAa 2.5 balchea. 3 samples pnb&ck all nnalydcal pnametem included (see O&M) 
1 t 334 8 334 EJlgillmwe 1sbipment~510&3hoursparb#ch@S!X/hr 

7.400 S 2.1 f 6,ooO E$b.l3timdqMswa 1996. AI2.L724-1100 

L s 5.004 s 5,030 
s 46,400 

3ETOTAL. DIRRCT CAPITAL COSTS: s 299,100 



TABLE C-3 (A) (CONTINUED) 

COST ESTlMATEz SOIL RAA NO. 5 -SOURCE REMOVAL AND BIOLOGICAL TREATMENT 
LOT 203 BIOCELL 

OPERABLE UNIT NO. 12 (SITE 3) 
FJMSIBIL~Y STUDY, CTO-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

COBT COMPONBNT UNIT QUANTIN 

INDIRBCT CAPITALCORTB: 

Eryln=m=JDabn LS I 
coti~mcy Auowmce LS L 

SUBTOTAL INDIRECT CAPlTAL COSTS: 

UNlT SUBTOTAL 
COST COST 

s 17,946 
s 44.863 

s 17.946 
8 44,865 

TOTAL 
COST SOURCE BASIS / COMMBNTS 

IcwlmnM: FlmIFS 
ANNUAL TREATMENT SYSTEM O&M COSTS (over 5 years) S 35,000 
DIRECT AND INDJRECT CAPITAL COSTS S 362.000 
TOTAL COST (NPW) - SOIL BAA NO. 5 $ 514,000 ByzMSH ChkTLB luas compI&a: July 22.19% 

Note: Colts obtfdncd from Means have been increased by 20% to exeunt for the small size of the conscomioon project. Mearu amunwll a lagc project. 



F A 

TABLE C-3 (B) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL AND BIOLOGICAL TREATMEX’JT 

LOT 203 BIOCELL (1,340 Cy); OFF SITE LANDFILL DISPOSAL (660 CY) 

OPERABLE UNIT NO. 12 (SITE 3) 

FEASD3IIXTY STUDY, CTO-0274 

MCB, CAMP LEJJWNR, NORTH CAROLINA 

ALTRRNATIVR SUMMARY: RXCAVATION OF CONTAMINATED SOIL4 TRRATMENT OF THE SOIL FROM 3 TO  9 FEItT BQS (APPROX 1,340 Cu) AT THE EXISTING LOT 203 BIOCBLL IN 2 BATCHES; 

DISPOSAL OF THE SOIL FROM 0 TO  3 FEET BCS (APPROX. 660 CY) IN A NON-HAZARDOUS WASTE LANDFILL 

COST COMPONENT UNIT QUANTITY 

NNUALOdM COSTS 

rcatmcat Cd Operatkm (Assume a Total of 4 Yenrr for I 

StIntpIe Labor 

Smnple sfipping 

smbp* Am+: 

TCI. SemivoMile, 

To(al Oqmtk Carbon 

Nub-tarts (Nii~em & phoaphorow) 

PH 

MosibmCadmt 

Bwterial Pop&ion D@ty 

soshfiYin#Aerplion 

war hhagement 

Nut&u Addition 
. -on tmd Recorda 

SubtoW Treatmeat Cd Opernttan Costs 

UBTOTAL ANNUAL O&M COSTS: 

IRBCT CAPITAL COST ESTIMATE 

.em opt 

HOUn 

MOMh 

sample 

sample 

sample 

sanp1e 

sample 

sample 

HIa 

Hn 

LS 

Hn 

LS 

LS 
LS 

LS 

LS 

LS 

“0”) 

48 

12 

36 

36 

36 

36 

36 

36 

168 

14 

I 

120 

1.248 

1,200 

7.269 

3,600 

4,212 

222 

540 

1,260 

6.7’20 
624 

1466 

6,Mx) 

2wM 

15,066 

IO.996 

40.926 

LO,000 

100,om 

TOTAL 
COST SOURCE BAStS I COMMBNTS 

3SJOO 

Work F.&S, NPDES. H&S. & QC Plan& Shop Draw’ibSt 

Includea mobtE?&ott for aB m&contmcton 

Inch&s deconkydown sre6 
hvolcing, project mwsgsmmt tield attpervisto~ H&S, etc. 

hfi.weIImeotu Fmps Repata 

Cost &sled for CT0 274 (MOD 02) Final E%=P; mgincning estimate 



TABLE C-3 (B) (CONTINUED) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL AND BIOLOGICAL TREATMENT 
LOT 203 BIOCELL (1,340 Cy); OFF SITE LANDFJLL DISPOSAL (660 Cl’) 

OPERABLE UNIT NO. 12 (SITE 3) 
FJL4SJBILITY STUDY, CTO-0274 

MCB, CAMP LJZJELINE, NORTH CAROLINA 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

SY 1.90 s IO s 1,soQ Ery. FaGmae; Memu 1996.020-550-1900 Amme 6” lhtcknesr, mesh reinforced 

LF 480 s 2.20 s 1.056 m  Edimda; Meem 1996.02%3204800 
SY 576 s 3.50 s 2,016 Eng. Edme; Prwhu Projectr AnLIme 72 x 72 @se* with golnelnbwc liner 

SY 385 s 3 s 1.15s En). Esiimple; Mcmu 1996.022436 Bxcludm concm@ pad axea and s.ccem road 

SY 385 s 2 s 770 Bn& F&WC Mepru 1996.022-286 Exchwle~ ccmcmw pad m-a rmd lvce88 road 

CY 30 s 117 s 3.510 Rn]. m  Mem 1996,033-100-475S Amums 6” thickmss 

CY 317 s 2.10 s 666 Fag. Edim*: hiem 1996.022-204-2200 BacktiU m~erial kom on-Base borrow pit (no cost) 

t 11,000 

CY 2OaO t 6.80 3 13,600 Brig. Eatimale: Mews 1996,022-242-X20 ~smmc 7S H.P. dozer, 300 fwt haul 

smnp1e 36 a 359 s 12924 BnginecringEslimple COa’fmm Baker BOAS. includea TCL SVOC wslysis and validarion; 
, ample/500 af allong excllwion bssc (20). 1 sample/ 50 lfalong 

psrima(er (8): perimaer sfmple will e collected twice since 
e~onwulpmceedinlwo stage9 

Iba 9 s 2.5 s 234 Amume 1 hrl4 sample0 @ f26flu 
EA 3 f IW s 300 

$??E 
Arsume3tipmmts@S1@3each 

LS 1 s 100 f 100 EngincniryE.¶6In~ AMmIle mo 
CY 2400 s 5.10 a 12,240 I&. Eadmti Means 1996. A12.1-6144i400 B&R” material Itom on-Baac borrow pit (no cost): assume six 20 CY dump 

bucks, 2 mile round trip 
CY 24M) s 3.04 5 7,296 Eng. Es&a& Mews 1996. A12.1-72.4-1100 a” ISIS, 2 pawa, 75 HP dozer & roller compgtors 

s 46,700 

CY 1608 s 12.84 a 20,647 Eng. w Mews 1996, A12.1-61446M) Am,,,,e eight 20 CY dump tmcka, 4 mile round hip: 20% increase in soil volume atIer 
excavwion; awum~ trded roil Ia used for till on Bme 

CY 1608 s 2s a 4,020 Eng. ~Mcert~ 1996, A12.1-724-1100 

EA 6 a 240 t 1.440 Engine@ Fatim&ec; Baker BOAS 2 b&he*; 3 samplea per bl*ch; aU nnalylical pnrametera included (ace O&M) 

LS I s z-61 9.54 Ell.$ine~satimac 1 shipment ti 5100.3 hour8 per bsch @ S26/hr 

LOad IS 5 2806 3 50.400 Asme s2sooRosd: 18 loads 

TOIU 1070 s im s 181.900 Jb@neaing m  Vendor Qnotc Listcdhazardou~wasleumierRCRA 

IS 1 s 5.040 a 5.004 263663 Engincerins- Aanme tmoo 

s 3 

5 516,300 



COST COMPONKNT 1 

1NDlRICT CAPITAL COST& 

SUBTOTAL INDIRECT CAPITAL COSTS: 

- 
UNIT - 

LS 
LS 

QUANTITY 

I 
I 

TABLE C-3 (B) (CONTJNUED) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL AND BIOLOGICAL TREATMENT 
LOT 203 BIOCELL’(lf40 CY); OFF SITE LANDFILL DISPOSAL (660 Cy) 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB, CAM? LEJEUNE, NORTH CAROLINA 

TOTAL 
COST SOURCK BASIS/COMMENTS 

L(wuIIo111: brnP6 

ANNUAL TREATMENT SYSTEM O&M COSTS (over 4 years) s 35,000 
DIRECT AND INDIRECT CAPITAL COSTS S 625,000 
TOTAL COST (NPW) - SOIL RAA NO. 5 $ 749,000 By:MSH CskTLB /Bate Completed: July Z1996 

Nde: Corn obtaimd &am Mema lmve been increased by 2Q% to account for the small size of tie comttuciion project. Mews t~munc~~ a large project. 



TABLE C-3 (C) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL AND BIOLOGICAL TREATMENT 

ON SITR LANDFARM UNIT 

OPERABLE UNIT NO. 12 (SITE 3) 

FEASIBILITY STUDY, CTO-oZ74 

MCB, CAMP LFJRUNE, NORTH CAROLINA 

ALTRRNATlVS S”MMAR~ EXCAVATION OF CONTAMlNATED SOlI TREATMENT OF THE SOIL WITH A LANDPARM UNIT CONSTRUCTED AT SITS 3 

UNIT SUBTOTAL TOTAL 
COST COMPONRNT “NIT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

YNUAL O&M COSTS 

~ealmenl Gel OperalIon (Assume 1 Total or 5 Years for S stem OperaUon) 

.9aplc Labof HOlU-8 48 s 2.5 t 1,248 mgblcning Eslhn~C Amme 4 hdmo. 12 mouyear, t26Ihr 

salqds shipping Monul I2 s loo 3 I.200 Enginse*we Armma I hipmenthmlh @ SIOO each 

Sample Analysel Aammlc monthly soil aampliry (3 compositea per event) 

la. semivolalilcs .%lplC 36 t 200s 7.m Engine- &tin& Baker BOAs 

T&d orgB”ic Clrbm sample M t 100 2 3.@4 Ehlgineeling Estimsls; vmdm Qucde 

Nubimu @Jilrqwn k Phorphoroua) SIUIIplG 36 S 117 s 4.212 Enghming Fcstinta: Baker BOAa 

PR SCSlQlle 36 t .75 7.9. Enginsming Ihumse; Vendor QllMe 

MOaihueC~ %lllPlC 36 s 15 S 540 Engincning Esdmds; Vmdor Quc4e 

BaaaidPopuMionDasity SElllplE 36 s 35 s 1,260 BqjneerinSE%br@VendorQuote 

soiIMixiq/tiGn IIn 168 s 40 I 6.720 !a& Es(Lnsls: ECHOS (Mews) 33 110301 Includes labor and dozer with liller &chmmt: 7 hm bimonthly 

WeI Manngnnen( Hn 24 t 26 1 624 Enginecling- ABUM 1 lu bimonthly IO spray w@r and pump calkted leach& (S26k) 

NuUimtl Addilim LS 1 S 2400 S 24’3’3 EngineelingEdbn~ Awmw S203 monthly for mdricnta 

Admm&dion md Retor& HIa 120 S 50 s 6.‘XQ F%nghhga Amme 10 h&month @ SM/hr 

Subtotal Treatment Cd Opera&m Gosh: s 29,300 

JBTOTAL ANNUAL O&M COST% S 29,300 

IRECT CAPITAL COST ESTIMATE 

cnerd 
Recotion sum LS 1 S 30.030 s M.WO Bnginccling~ Work. F&S. NPDBS. H&S. B QC Plaw Shop Dm%s 

bkui?si-owm LS 1 S 30,ooo s 30,ooo lTlgheclingMlmae lncludea mobilization for all ntbconhncto~ 

Deed-lmw LS 1 S I0,ooo s 10,ooO lzngineeling- lncludea deemvlaydown area 

conhact AdminiswLion LS 1 S 40,ooo s 40,ooo Engineaing~~e Invoicing project mensgsment field m@rvinion, H&S, etc. 

Posl-congnution Subminaln LS 1 S lO,(Mo s lO.MN) FJlgineelingEstimac hIisdmeous F’mzqess Repot’& 

Tr&bilhy Study LS 1 S 100,MM s lcQ.ooo Engin-- Cost eacimalcd for CT0 274 (MOD 02) Final LP/Fp; mpineei’@ estimate 

Subtotal Ceoeral Case: S 220,ooo 



TABLE C-3 (C)(CONTINUED) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL AND BIOLOGICAL TREATMENT 

ON SITR LANDFARM UNIT 
OPERABLE UNIT NO. 12 (SITE 3) 

FEASIBILITY STUDY, CTO-0274 

MCB, CAMP LBJBUNE, NORTH CAROLINA 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS I COMMENT!3 

SY 180 

LF low 

SY 576 
SY 385 

SY 385 

CY 30 
CY 317 

d EICIVIUOIIIB~~ 
Bxcavmim 
confimlatary smnpliq of -‘m Area 

sample Labor 
sample shipping 
szmpliq !apendabIes 
Ladb~S and Haul& Back&” 

Sprcadiq md ComptiS Ba*Iill 
Subtotal Sol KrcwaUoruBwkllS Corb: 

CY 2wl s 6.80 S 13,600 !3g, EYtimei< Mcm 19%. 022a42*2420 Assum 15 KP. dozer, 300 fwthaul 
SERlpI~ 36 2 359 3 12924 EngineenilgEatimad Cod fmm Baker BO& includea TCL SVOC mudyaia and va!idm.io~ 

I &mpldSOO rf slang excavdion baac (20). I axmple/ 50 If along 
paimecer (8) perimacr sampler will be collected twice since 
txcnvptionwuIpr.xeedinhvo rtagn 

Hz-s 9 s 26 S 234 Engineering- Asanme I hrl4 tample: @ s?&br 
EA 3 I 100 s MO Engtneeling~ae Anmme3sbipm&@tlOOe 
LS 1 J 100 s 100 Fzrtgineel-ingEstim~ Aammlc SIOO 
CY 24oQ s 5.10 s 12,240 Bq, Esiim&q Meana 1996. A12.1-61444400 BaMll m&iial from on-Bass borrow pit (no coat): assume ti 20 CV dump 

trucks. 2 mite round trip 
CY 2400 8 3.04 s 7.2% Fq. Estimate: Memu 1996, A12.1-724-1100 8” Iif& 2 passn. 73 HP dozer & roller comppaon 

s 46,700 

mdfwm Utdl Cot~rlrucUan A$Bumcl1,wocycapadtyinn3s,.MX)aluarsfootBcs 
sits Frepanlion - orading to 1% slope SY 3889 t 1.74 s 6,767 Eng. Edm&q Meam 1996.025-122-0010 
Linrm SF 35OQO s 2.60 s 91,OiM BCHOS (Mews) 33 08 0573 AamlmeMmnBDPfilinerwithllnderlyinSSe~e fabric 
Giwel Layer CY 50 S 14.50 I 72.5 En& Edima: Contract Rsle 
Sand Layer CY 2222 8 a.20 s 18,220 ECHOS (MeaM) 33 310103 

Leshate Coueclion pipins LF 350 s 8 s 28W Brig. F.stimd< Rstiw Pmjeci 
Lewbate collection sump Each 1 s 5.m f 5mo Ecmos (Mm) 19 04 0603: Engr. Fdtimstc 
- HoldinS Teak !ach 1 1 1,600 S 1,600 BCHOS (hfeanr) 19 04 0446 
EqnipmenlsLoragch Each 1 s 25c-J s 2soo mg.Bstime IncbNh lllamid & in6taud‘m 

Berm c( 168 s 30.33 t 5,095 BCHOS @tern) Assumetx6~ilbmnr.no~~(~B~~~~ow~) 
Chin Link Fence LF 754 t 19.33 s 14.703 Means 1996 028-3OS-OS00 6bi&6gawire,&.slcel 
SubtoW landfarm Untt Conrtructton Cortx s 148,400 

d PhcementiDbpmal Cc& 
Initial CbaMrrirslion Snmpliq of Biocell Bitch 
Smnple SbippinS rmd Labor 
bIitialFntilircrMiX& 
Plxiq Soil in Lalldfarm unit 
HmdtngT~soil 
LcactiDiapoaal 
l3iqnml of Trentmcnt unil 
Subtotal So8 PlacemenbDhpowl Costs: 

EA 
LS 
LS 
c-f 
CY 
LS 
LS 

JBTOTAL DIRECT CAPITAL COST?? s 466,200 



TABLE C-3 (‘2) (CONTINUED) 

COST ESTIMATE: SOIL RAA NO. 5 -SOURCE REMOVAL AND BlOLOClCALTREATMENT 
ON StTB LANDFARM UNIT 

OPERABLE UNIT NO. 12 (SITR 3) 
FEASIBILITY STUDY, CTO-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE EASIS / COMMENTS 

tNnlRXCt CAPITALCOSTS! 

F.+sarirq md Doti,y~ LS I s n,971 s 21.912 !ilghssriry eaimals 
contingency Auowmlcc LS 1 S 69.910 S 69.930 Fnginc~EstbnSe 

SUBTOTAL tNDlRECT CAPITAL COSTS: S 97,900 

Reviatom: FtmlFS 
ANNUAL TREATMENT SYSTEM O&M COSTS (over 2 yean) s 29.000 

DIRECT AND INDIRECT CAPITAL COSTS s 564,000 
TOTAL COST (NPW) - SOIL RAA NO. 5 S 690,000 By MSH chlr: TLB 

tictt: Costr obtzimd from Mews have been incremed by 20?? lo account for the ma!l ti of the Comcfion project. Mewa ammes a tmge pmjeti. 

Ammo 6% of Total Dtred Cqdld Costa 
Amum 15% of Total Diren Cqtht Costa 

IDale Compteted: July 22,1996 



TABLE C-3 (D) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL AND BIOLOGICAL TREATMENT 

RIOPILE 

OPERABLE UNlT NO. 12 (SlTF, 3) 

FEASIBILITY STUDY, CTO-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

COST COMPONENT 

YNUAL O&M COSTS 

ALTRRNATIVB SUMMARY; EXCAVATION OF CONTAMINATED SOILi TREATMENT OF THE SOIL USlNG 4 ON-SITS BIOPlLES 

UNIT SUBTOTAL TOTAL 
UNIT QUANTITY COST COST COST SOURCE BASIS / COMMBNTS 

~c,,,nent Ce# Operdon (Asrumc , ToIn1 al 2 Year8 Par S trlcm OperalIon) 

3anpls Labor HCiUCl 72 

sempr shtpphg Mdl I2 

sample Anfdyaec 

TCL Ssmtvo~ea S~PlC 96 

Tdpl orgnnic C&n Sample 96 

Nuuimts (Nitqem & Phosphorous) Sample 96 

PR sample 96 

Mosihue Conten: sample % 

Blanial Popul&n Density Z.Xllple 96 

c-tnd hcainmmcc nom 48 

necllicity MOIllb 12 

Admuuarption and Records Hn 120 

SubtoW Treatment Gel Operatton Co%(s: 

JBTOTAL ANNUAL O&M COSTS: s 61,800 

[RECT CAPITAL COST ESTIMATE 

LS 

LS 

LS 
LS 

LS 

LS 



TABLE C-3 (D) (CONTlNUED) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL AND BIOLOGICAL TREATMENT 
BIOPILE 

OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MC& CAMP LEJJtUNE. NORTH CAROLINA 

COST COMPONENT 
UNlT SUBTOTAL TOTAL 

UNIT QUANTIlY COST COST COST SOURCE BASIS I COMMENTS 

SY 180 

1.F IWO 
SY 576 

SY 385 

SY 385 

CY IO 

CY 317 

t 10 t I,SW En& laimm; Memu 1996.020.3M-1900 Ammo 6” thicknen. mwh reinforced 

1 2.20 I 2200 l3n.g.. Fidimdna: Mamu 1996.028-320-4853 Around the sxcaMion area and around 01s biopils comtxuction area 
s 3.93 s 2016 Ens. Bdimd.a. Prwiow Project4 ABams7YX7YPnwkhglbl~ 
S 3 s l.lSS Eng. Enimsle; h4tm 1996. ozz-2s6 Bxclud.% cam-eta pad wa and access rood 
1 2 s 770 l3&. Estimde: Mem 1996.022-266 Excludn concmta pad arca sad acccesa mad 
s 117 s 3.510 En& Edmae: hielms 1996.033-100-+7w Amme 6” lhicbms 

S 2.10 s 666 En& Eaimae; MeaN 1996.022-2w.2200 FJ~IUI melaid from on-Base barrow pit (no cod) 

S t2,too 

CY 2000 S 6.80 S 13,600 F.ng. Eplinutr. Mewr 1996022-242-2420 AsaIm 75 H.P. dozer. 3OQ fed haul 
ample 36 S 359 s 12m Bngbleming- Cod + Baker BOA& include8 TCL SVOC walysis and v’dlidadon; 

I ssmp1J500 sf atong excawion bae (20). I semplel50 lf along 
peliule (8) perimelcr ImplM win be dleded mice dtlce 

exctionwittpmccsdiIwodagM 
lb 9 S 26 s 234 EAQ,ine~Eslimdc Amume 1 br/4 samples Q s26& 
EA 3 S 100 s 303 wlglnacrbIgEdlm~ Asmm1e3nhipm~@SlOOeach 
LS I f 1w s llw EngineeringEs(imsla AmwIle Sloe 
CY 2400 S 5.10 S 12,240 Fry. ,Min,c,c Uesru 1996, A12.1.6144400 Backfill an&rid itom on-Bmas borrow pit (no contl assume six 20 CY dump 

lmcka, 2 mile round trip 
CY 7.400 S 3.04 s 7.296 Eng. IMm&; Meana 19%. A12.1-724-llO+l 8”lifw,2pme*75W&zm&mUcrcompdom 

S 46,700 

clpk Canslructlan 
siltl%epmion-orsding 
Linen 
omfel Layer 
Acrrtion Piping 
waterKnKkoutvwse1 
Blower 
Nutrient Addilim Sjxtem 
overhead spinktw syuem 
Vapor-Phase Cnrbon Adsorption Unit 
LCechac c0lledi.m sump 
Leachde Holdin Tank 
Equipmtnl Build@ 
Btml 

Chain Lb,k Fence 
sublotst Blapk Con11ructJo0 cash: 

SY 
SF 
CY 
LF 

Each 
Each 
Each 
LF 

Each 
Each 
Each 
Each 
CY 

LF 

1600 S 1.74 s 2784 Eng. Edimatc Mema 1996.025-122-0010 A8sumcprading~fouranethaPnMYxMl’eac 
14400 S 2.60 S 37,440 Bctios (Means) 33 OS 0573 AsmJme4biopiles,sYxsYcach;somilHDpE 
533 t 14.50 s 7,729 EZlg.~Contrae(RM 
924 s 3.13 s 2892 ECHOS (lziem) 33 26 08M slcued 4” WC pips ; 3 rowa Uuough eazl~ biopile. 79 from each pile to the equipment bldg. 

2 s 2wl J 4,ooo Eng,.E&tblePreviolMProjcda Aasumc %!,oc4 epch; blclti one for b&-up 
2 f 556 s 1.112 Emos (?&SW) 33 310103 Asmmc 150 CFM 3/4 HP blower with one for back-up 
I S 4,caO s 4.m lndudm m&aid wd equipment 

362 s 25 s 9.050 ECH0s(hicsna)19060101 One overhead fine tlwough esch biopile, plus connectin liner to equipment building 
1 S 1.m s 1.0% Eng. PatLnrte: Previous Pmjed 
1 S 1,310 s 1,310 Bctfos (Meals) 19 04 0603 
I S 1,6w s 1.m FAZ-IOS (Mcaraf 19 04 c-446 
1 S 10,000 s 10.0% Brig, Edmae: Prcvlou Projcctl Includea maerid & won 

427 S 5.00 s 2135 Eng. Btimde; Mem 1996 022-2084420 Assume 4’ x 6 aail berm, 480 LF in Ien& 3OU had for soil from on-Base borrow pit 
no lIMelid cat 

480 S 19.10 s 9,360 Mamu 19% 028-308-0500 6bi&6gawire,gslv,&eel 
S 94,400 

EA 
LS 
LS 
CY 
c-f 
LS 
I,.? 

9 t 474 s 4,266 ulgineaiq Eatimac; Baker BOAd 25 bet.cher. 3 samples per batch; all alytical parameters included (see O&M) 
1 S 334 3 334 lznginaning- lsbipmentd5100.3howsperbatch@S26du 
1 S 3,000 1 3.w Engkletrhlg Edime assume 53.M10 for n&x-id. labor. and equipment 

2400 f 2.50 s 6.oM) Eng. ti Memu 1996, Al2.1-724-1100 
7.400 S 6.42 S 15,408 Eng. E&m&; Mcmu 1996. A12.1.614-4600 A8mm eight 20 CY dump kncka. 4 mile mund hip: 20X increase in roil volume after 

1 t s.ow s WQ Fq. Edimdc; Pm&u Projects 
I s l.w@ s !.OW En& E8hde: Prwiow Projean 

S 35,000 

JBTOTAL DIRECT CAPITAL COSTS: S 408,2(M 



TABLE C-3 (D) (CONTINUED) 

COST ESTIMATE: SOIL RAA NO. 5 - SOURCE REMOVAL ANI! BIOLOGICAL TREATMENT 

BIOPILE 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTOM74 

MCB. CAMP LEIEUNE, NORM CAROLINA 

COST COMPONENT 

[LlIizr;; 
SVBTOTAL INDIRBCT CAPITAL COSTS: 

UNIT - 

LS 
LS 
LS 

- 

t 24,492 
I 61.ml 

s 61,230 

s x.492 
s 61.210 

s 61.230 

Renslom: Frml FS 

ANNUAL TREATMENT SYSTEM O&M COSTS (over 2 yean) S 62,000 

DIRECT AND INDIRECT CAPITAL COSTS s 555,000 

TOTAL COST (NPW) - SOIL RAA NO. 5 S 670,000 By:MSH Chkz TLB IDale Canpletedz luly 22.1996 

Nole: Costs obtained from Mea ‘have been increased by 20% to account for the small size of the constm3ion project. Means aedumm L large Men. 

l- 
QUANTITY 

UNlT 
COST 

SUBTOTAL 
COST 

TOTAL 
COST SOURCK BASIS I COMMENTS 



TABLE d-4 

COST ESTIMATE: CROUNDWATBR RAA NO. 2 - INSTITUTIONAL CONTROLS AND MONtTORlNC 
OPERABLE UNIT NO. 12 (SITR 3) 
FEASIBILITY STUDY, CTO-U274 

MCB, CAMP LFJEUNE, NORM CAROLINA 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS / COMMBNTS 

4NlJALOIM COST BSTIMATE 

~aundwafer Monltotlng flcsrr l-5: Quarterly Sampang) 
LPbOI noun 240 s 26 s 6.240 lhgineedJlgEdImdc Qmtedy mmpllng of 7 wellx 

Aslums 3 dayI per mmplhg went M. travel time 
2 &w./alg. mmp1m @ tz6Jlw en, totel of 30 
wweld (IO bdday) 

TflVOl Evanl 4 5 l,300 3 6.‘324 !2Jigin~nin&- cod bKlwia car rental dr airfm for 2 people 
Ammailkfm=ssoo/pmanc~ti= 
s3oolevmt 

Per Diem Event 4 s 396 S 1.584 !3gheering Edma Corn lncludw lodging & mcala far 1 peopla 
Lodghg=@o/~meals= 
s,mwPmm 3 dayynrm( 

TN. hxganicl S0lllpk 56 3 219.53 s 12,294 B&et Awage BOAa t3W eampln: 7 Born wells. 7 QAQC = 14 t& 
(hcludw labvram’y malygla & 
dda validdion Costa) 

TCL SVOCn %Tliple 56 s 346.77 f 19.419 B&t A-8 BOA4 OWannpln:ffromhll!s.7QAQC=14tctsl 
(hclwles Laborstory dpia & 
da ndiddion COati) 

TCL vocs Sample S6 s 173.34 1 9.707 Baker Averqqs BOAa OWtnmpln:?B~,,,welB,7QAQC=l416a 
(lndudealaboratorymalyxis& 
dda %aliddion cosq 

Mix. Urpenm EVeIll 4 s soos Zoo0 
. ?edymmgBdim* Include9 ml rental B&s qulpmcnt mmpling 

B &on expmdable9. ice & DI water, cooler4 
RepoIl EVcnl 4 s 1,oao t 4.m !2Alghwling5dm~ lnportpcr=tPlt%~~ 
well h4ninlmmcc Year 1 s loo 1 100 Ealgim*Edimae hdu&, repdmiq and miscellmeooru npain 
Well Replacement Year 1 3 2303 s 23M) IalejneuingEdbnItc tlmms25oo1ye= 

lbtotll Groundwater Monitoring Cost, (Tears I-5): s 63,800 

I 
rcudwater Monltorfog (Years 630: Sendannual Sampling) 

Llbor HOUn 120 s 26 s 3.120 r5lgineeringBdim~ ScmtannuaI smlpling of 7 w&x 

Aane3dfIysprmnplhlgmntcl.mwe1dme 
2geohng.wmplem@szdiht~totalof30 

lt&vmt(10hmAlay) 
TraVel EVElIt 

Pttlhll Evmt 

TAL lnorgwies Smlple 

TCL SW’.3 smlple 

TCL. VOCS Smlplc 

Misc. Expenses EVeilt 

w- Event 
weu hfainlenance YeaI 
Well Replament Ye= 

~btotd Groundwater Monltorlng Costs (Years 630): 

2 s 1,500 I 3.m BllgblecfingEs(imBtc CcstlIuMetlcattiBairfaroforlpsople 
Asmlme~~~mrtntBI= 

s3Oolcvalt 
2 s 396 S 792 F2l$neningEstiml*a cod inch&9 lcdging & mesh for 2 People 

Lodghg=s4oidaylperqn.mqB= 
swdayrpcnon. 3 wewlt 

20 s 219.53 S 6.147 Baket Avsraga BOA4 OW mmplea: 7 5am wells, 7 QAQC = 14 tctal 

(Inch&9 labamxy msl!ysi & 
ddn VPlitim Co@) 

28 3 346.77 S 9,710 Baker Avenge B0.h OW tamplee: 7 from wells. 7 QAQC = 14 total 
(Include4 lahwty mtll* B 
dda vali~on COsca) 

20 s 173.34 s 4.834 Baker A”e.m@ BOAn OW ampln: 7 fmm wells. 7 QAJQC = 14 tdal 

(lncludw labmsoty analysis .4 
lida valiti CO&+&!) 

2 s 500 s Loo0 EngineclingEdimatc bl&dw Hnu mt!d Has qtipmmt rampling 
& &con wpdables, ice & DI wrtcr, coolen 

2 s l.@ao t ZWJ Bngineaing~M lrrpoaF-Plins~ 
1 s loo f 100 EnghemingFstimde hcludm rapaintins snd mltceUawous nprdn 

1 s zwl s 2500 Engineering- Acnnrmc Lwmyear 
s 33,200 

ROUNDWATER MONlTORlNC COSTS (Yea= l-5) S 63,800 Retiions: Final FS 

ROUNDWATER MONITORING COSTS (Years 6-30) 
: 

33,200 

IRECT CAPITAL COSTS 
^..-.. ,.,.ce..aw...r. ,-.nn.rr,n..,.mn n. I a,,7 I c L‘, nnn nw L”9” f-h!? T1 n In?.+.. Pnnmlrtd I,+ -- *nn= 

Note: Coti oRalned from l&ma. but PM ECHOS (Means), have been increased by 2o?h to aecwmt for the amtdl project sire. Meann assumes alarge project. 



J 
TABLE C-5 

COST ESTIMATE: GROUNDWATER RAA NO. 3 -EXTRACTION AND ONSITE CARBON ADSORPTION TREATMENT 

OPERABLE UNIT NO. 12 (SlTJZ 3) 

FEASIBLLITY STUDY, CTO-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

.--.-..... . . . . . . ..--.__ _ -_--_-.. ..lll,^---.. _ .-_---__,__ ___-^_-.- --.-.--...--- - _..._ -.. __._.__... -.._,--__- _-_-.___.-_..- .._ - _..._ - ..____-.. - 

UNIT SUBTOTAL TOTAL 

COST COMPONENT UNIT QUANTITY COST COST COST SOURCE BASIS/COMMENTS 

YNUAL O&M COST RRTIMATR 

roundwatcr Monltorlng (Yerrr l-5: Qunrleriy Sampling) 

Labor HOUI9 240 t 26 s 6.240 See Table C4 Scs Table C-4 

Tnntd Event 4 I 1.500 t 6,ooO SW T&h C-4 SW Table C4 

Per Diem Event 4 s 3% s 1,584 See Table C-l see r&de c-4 

Laboramy Analyses. 

TAL lnorgpnics S?Alple 56 J 219.53 S 12.294 See Table C-4 See Table C4 

TCL SVOCs Wllple 56 s 346.77 S 19,419 See Table C-4 See Table C4 

TCL VCC: SSlllplt 56 1 173.34 s 9,707 See Table C-4 800 Table C-4 

Misc.Expmm Event 4 s 504 s zo@o .I.?# Tabls c-4 See Table C-4 

Repoa Event 4 t 1,ooo s 4,MH) Se Table C-4 SeeTableC-4 

well Maintenmce YWI 1 s loo s 100 See Table C-t See Table C-i 

well Replacemsnt YCXt 1 s 25cQ s 2sw See Table C-l See Table C-4 

Subtotal Groundwater Monitoring Costa (Yeara 15): f Q,SOO 

roundwater Monltorlng (Yews 6-30: SemlannuaJ Sampang) 

l.sba Houra 120 s 26 3 3.128 See Table C-4 See Table C-4 

TraVOl Event 2 s l.Mo s 3.oM) Set Tpble C-4 See Table C-4 

Pn Diem EVKII 2 s 3% s 792 See Table C-4 See Table C-4 

Lilbamy Amlym _ 

TALlnmn sample 28 s 219.53 S 6,147 See Tstle C.4 See Table C-l 

TCL SVOO Sample 28 8 346.77 s 9,710 See Tat& C-4 SW Table C-4 

TCL. VOCS sample 28 s 173.34 s 4,854 See Table C-4 see Table c-4 

Misc. Expmscs Event 2 f soos 1038 See Table c4 See Tablt C-4 

Repaa Event 2 3 1,ovo s zoo0 Sea Table C-4 See Table C-4 

well la.intafnce Yeal I s loo s 1MJ See Table CA See Table C-4 

Well Raplacement YeaI 1 8 25M, t 2500 See Table C4 See Table C.4 

Subtotal Groundwater Monitoring Costs (Years 630): 3 33,200 

‘eatment System O&M (Ycnrr I-30) 

Labor for Plant O&M WC& 52 s 86) s 41.680 EngbleodngEsiimE4e Amum 16 hrdwk, 52 wkdye6z SSOdu 

Labar for ssmpling MOdi 12 s 7.08 S 2496 @zineeringBdimde Amum.? 8 hrhnonk 12 nwnWy~ L fZG/hr 

ChemicaL LS 1 s 6,900 S 6.900 hginscdng~ PTtvioua-s 

Efllumt Samp!& - Analysis ssmps 12 s SoQf 6,‘M’ Enginening~ hume one aamplehnonth Q $500/samp1e: cost Bccounts 

IaVOC rmd SVOC amdyes & NPDBS pamit analynes 

sludge/oil oispoml M‘J”!Jl 12 s 75 t 9iM ww-* 1&umJ2montha~8150/dnunfordispoaal 

C&n Regeneration HA 0.5 s 750 3 375 En~ccdng~e ~saums c&m ~genermton every other year $9750 ewh 

Flmicity LS 1 s 20,ooa s 20,ooo FLnglneerillg- 24 how&lay for 365 days@ operadon 

Well Mtitcnwce LS 1 s l.Mo s l.SW F.ngiluKing~~ Amum 1 well nplsced every two years. incl. pump and misc. spp~a. 

Ar,mmbdm wd Records HOwa loo s JO s soa0 EngineeingEsiimaie 23 bldqumia * uony 

Subtotal Treatment !3yrtem O&M costs (Years I-30): $ 84,800 



TABLE C-5 (CONTINUED) 

COST ESTlMATE: GROUNDWATER RAA NO. 3 -EXTRACTION AND ONSITE CARBON ADSORPTION TREATMENT 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASJBILITY STUDY, CTO-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

UNIT QUANTITY 

LS 

LS 

LS 

LS 

LS 

IF 540 

LF 750 

LF 104 

Each 1 

CY 16 

SY 96 

IF 7w 

LF 

Each 
Exch 

Each 
IS 

!Xach 

UNIT SUBTOTAL TOTAL 

COST COST COST SOURCE BASIS / COMMENTS 

40,ciM 

4o.ooo 

10,OOl 

5oo.ooo 

3O.wO 

15 

I5 

20 

2m 
54 

2 

45 

125 

26a 

1.m 

l.Mo 
1,250 

I.810 

40,ocla 

10,000 

50.050 
30,000 

8,100 

11,250 

2ooo 

2ooo 
800 

192 
31.500 

22.50 
520 

2Mm 

3.wo 
1.250 

3,620 

S5,BW I 



? 
TABLE C-5 (CONTINUED) 

COST ESTIMATE: GROUNDWATER RAA NO. 3 - EXTRACTION AND ONSITE CARBON ADSORPTION TREATMENT 
OPERABLE UNIT NO. 12 (SITE 3) 
FJMSJBlLITY STUDY, CTO-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

COST COMPONENT 

lag Systems 

1” WC Oroundwn Rscowry Llns 

l/z” PR Air supply Lbls 
4” PVC Conduit to Contnin 2” md l/Z” Line* 

4” WC OroundWerDi,chrc@ Line 

MisdJmeow Fittings 
Subtotal PIplug Systems CaplW Cortx 

~atmtnt Plant EquIpmen 
Paekngd Trcatmml Plant 

bl#dMan of Equipment 
Subtotal Treatment Plant EqUfpment Cnpltsl Cost% 

IBTOTAL DIRECT CAPITAL COSTS: 

“NIT SUBTOTAL TOTAL 

“NIT QUANTITY COST COST COST SOURCE BASlS , COMMENTS 

LF 1290 5 3 $ 4.193 Mema Site 195% 026-578 Pipe kr#h quc4ed includn down-hole lines 

LF 1290 s 2 s 2580 Mem Sits 1994.026-854 Pips lm#h quoted includw down-hole lines 

LF 540 I 5 s Z878 Means 311s 1994.026-678 TO  provide prdectton for injedion md recovery liner 

LF 750 s 5 s 3.998 Memu sue 1994.026-m Pipe lcqh quoted ineludes down-hole lines 

LS 1 f 1.365 s 2047 Fdlgimedng iMmm4 Astame 10% of piping co* 

S 14706 

LS I S 4s.Om s 45.000 Engineering Estimstc: Vmdor Quote lncludea 2 SW-lb liquid-phase carbon adsorption wits, flowmacrd 
ilunlmmtirm contKd pale1 mi!Keumeous spptienmlccs, oiL%ws 

,epmtm, ,mi@on @cm. iiluuio~~edimen~dion unit, md 

pm-f&i&d build& 10 bpm f=iEty 

LS 1 S 11.250 s Il.250 BngbleaingEslimM Amme 2599 of equipment Costa 

S S6,300 

S 310,400 

DIRECT CAPITALCOSTS: 

Engineer md Dedgn LS 1 S 18.624 S 18,624 Englnening- Assume 6% of Total Direct Capital Coslll 

Cmtingmcy Allomcc LS 1 S 46.560 s 46.5X.0 Engblening~e Assume 1SY. of Total Direct Capital COSLS 

St&up costs LS 1 S 46.560 s 46.m Bngin~Eraimac Amum 1% of Total Dkect C+d Costs 

IBTOTA‘ INDIRECT CAPITA‘ COSTS: S 111,700 

Xf&U MONITORING SYSTEM O&M COSTS (Years l-5) s 63,800 Revisions: FidFS 

NNUAL MONlTORlNG SYSTEM O&M COSTS (Yean 6-30) s 33200 

NMJAL TRJUTMENT SYSTJCM O&M COSTS (Years l-30) S 84,800 

JRECT AND INDIRECT CAPITAL COSTS S 422.100 

Nat: Costa otied from Means. but not ECHOS (Mews). have been increased by 20% to ~fcount for the mnall project sia. Mewa asmanes a largs proje~3 



TABLE C-6 

COST ESTIMATE: GROUNDWATER RAA NO. 3 - EXTRACTION AND ONSITE CARBON ADSORPTION TREATMENT 

OPERABLE UN-IT NO. 12 (SITE 3) 

FEASJJIILITY STUDY, CTO-0274 

MCB, CAMP LEIEUNE, NORTH CAROLINA 

ALTERNATIVESUMMAR y: 2 EXTRACTION WELLS, 10 GPM TREATMENT FACILITY, LIQUID-PHASE CARBON ADSORPTION TREATMENT, LONG-TERM GROUNDWATER MONITORING 

UNIT SUBTOTAL TOTAL 
COST COMPONENT UMT QUANTITY COST COST COST SOURCE BASIS I COMMENTS 

NNUAL O&M COST ESTlMA’l’F: 

:roundratsr Mnt~ltoh~g (A#nume Scnhnnual Sampling for 30 Yearn) 
Labor IIoura 128 s 26 s 3,328 Enginsdring Eslimatc Semiannual aampliog of 9 wells: 

Assume 4 daya per sampling event, incl. travel time 
2 geohyg. samplers @J $26&r ea. total of 64 
h&vent, 2 sventdyear, 128 total myr 

TIaVCl Event 2 $l,SooS 3,wo Engineering Estimate Cost includes car rental & airfam for 2 people 
Amma &fare=$6OO/ptrson, car rental- 
S3cO~event 

Per Diem Event 2 S 264 S 528 Enginesring Estimate cost includes lodging & mealr for 2 people 
Lodging=$40/day/pers0n, meals* 
$26/daylperson, 4 duydevent 

Labmtoly Analyses - 
TCL SVoCs Sample 17 s 347 s 5.895 Baker Average 1994 BOAa CtW samples: 9 corn wells. 1 duplicate, 

(rncl~s labomtory anal+ & 1 Ms/lvfsD, 5 rinsates (I/day). 
data validation costs) 1 field blank = 17 sampleslevent 

TCL VOCs Sample 22 s 173 s 3.813 Baker Average 1994 BOAa CtW samples: 9 from wells, 1 duplicate, 
(Includes laboratory analysis & 1 MS/?@.D. 5 trip blanks (I/day). 5 rinsates 
data validation costs) (l/day), 1 field blank = 22 samplesJavent 

Misc. Expemes Event 2 $ 500 $ 1,oMI BngineeIingB&nata Includes Hnu rental, H&S equipmant, sampling 
& decon expendables. ice & DI water, coolers 

Report Event 2 $l,OcO$ 2.oM) Fhlgineering Jamate 1 report per sampling event 

Well Maintenance Year 1 $ 100 $ 100 Engineering Estimate Includes repainting and miscsllaneous repairs 

Well Replacement YefU 1 s 2,500 $ 2,5CQ Engineering Estimate Assume $2,5OO/year 

Subtotal GW Monitoring Annual O&M Costs: s 22200 

I I 
‘nntmcnt System O&M (Assume 30 Yean of System Operation 

Labor for Plant O&M Week 52 $ 800 s 41,600 Engineering luimate Assume 16 brs/wk, 52 &/year, $50/?-u 

Labor for Sampling Month 12 $ 208 $ 2.496 Engineering Estimate Assume 8 hdmonth, 12 monthly at $26/hr 

chemicals LS 1 $ 6,900 S 6,900 Engineming Estimate Previous Estknates 

Emuant Sampling - Analysis Sample 12 S 500 S 6,ooO Engineering Estimate Amme one sample/month @ $5OO/sample; cost accounts 

for VOC and SVOC analyses & NPDES permit analyses 

Sludge Disposal Month 12 S 75 s 900 Engineering Estimate 1 drum/Z months at $15O/dnan for disposal 

Electricity LS 1 $20,ooo 0 20,ooo Engineering Estimats 24 hours/day for 365 dayslyr operation 

Well Maiitenance LS 1 $ 1,500 s 1,500 Engineering Estimate Assums 1 well replaced ewy two ye?, incl. pump and misc. app~ 

Atitration and Records Hours 100 s 50 s 5,000 Engineering Estimate 25 hm/qumter at 0501hr 

Subtotal Treatment Annual O&M Cost.% S 84,396 

SUBTOTAL ANNUAL O&M COSTS: S 106,596 

IIRECT CAPITAL COST ESTIMATE 

kneral 
Preconstruction Submittals LS 1 %4o,m s 4o.ooo Engineering Estimate. Work, E&S. NPDES. H&S, & QC Plans; Shop Dra+ 

MobilirationlDemobilization LS 1 $4O,oim s 40,owJ Engineering Estimate Includes mobilization for all subcontractors 

Decontamination Pad LS 1 $1O,alo s 1 o,GiIo Engineering Estimate Includes deconilaydovm area 

Contract Administration LS 1 $5O,ooo d 50,Ow Engineering Estimate Invoicing project management, Geld supervision, H&S. etc. 

Post-Conahuction Submittals LS 1 $3O,oGo s 30,000 Engineering Estimate Miscellaneous Progress Reports 
Subtotal General Capital Costs: s 170,000 



COST COMPONENT 

lte Work 
Trenching for Collection Line 
Trenching far Dimchnrg6 Line 
Wax Comwtion al Traatmant I’lwt 
Sump Discharge 
Topsoil Spreading over Trenching 
Fine Grading 8 Seeding over Trenching 
Electrical to Wells 

Subtotal Site Work Capital Costs: 

Itraction Wells 
Extraction Wells &Installation 
Well Development 
Extraction Well Pumps 
Misc. Appurtenances 
Installation of Pumps & Equipment 
Well Howe 
Subtotal Extraction Wells Capital Co 

TABLE C-6 (CONTINUED) 

COST ESTIMATE: GROUNDWATER RAA NO. 3 - EXTRACTION AND ONSITE CARBON ADSORPTION TREATMENT 
OPERABLE UNIT NO. 12 (SITE 3) 
FEASIBILITY STUDY, CTO-0274 

MCB, CAMP LEJEUNE, NORTH CAROLINA 

JNIT - QUANTITY 
UNIT SUBTOTAL TOTAL 

COST COST COST SOURCE BASIS I COMMENTS 

LF 540 s 15 

LF 750 s 15 
LF loo s 20 

Each 1 s 2,caI 
CY 16 S 50 

SY 96 s 2 
LF 700 $ 45 

LF 
Each 
Each 
Each 

LS 
Each 

L 

18 
2 
2 
2 
1 
2 

S 125 
S 260 
s 1,oQo 
s 1,500 
$ 1,250 
s 1,810 

$ 8,100 
s 11.250 

$ z@JfJ 

i 2933 800 
0 192 
s 31 .soo 

2,250 
520 

s vJ3J 
3,0@ 
1,250 

0 3.620 

S 

Engineering Estimate 
k3&$“&“~ ,%3timatC 
Enginesring Estimate 
Engineering Estimate 
Engineering B&mate 
Means Site 1994.022-286 
h&X.Wh8 &hl”i3t~ 

55,800 

Engineering Estimate 
Engine&,$ Estimate 
Vendor Quote. 

2 Extraction Wells -9 deep each; Std. 40 6” PVC 
Assume 4 lm. at S 65hr. (per well) 
Assume pneumatic pumps; one for each extraction well 

Vendor Quote Assume $1,500 
Vendor Quote Assume 25% of equipment costs I 
Engineering Estimate; Vendor Quote Watertight closure/vault (4’deep); cost includes material & installation 

S 12,600 

Includes excavation, removal. backfill & tamping. utility protection 
Jncludea excavation, removal, backfill & tamping utility protection 
Includes t~ancbiig & laying 1” coppper line, utility protection 
Includes materials and installation 
Includes offsite topsoil & 6” placement 

Conduit &wiring hand holes, pump power 



TABLE C-6 (Ck’INUED) 

COST ESTIMATE: GROUNDWATER RAA NO. 3 - EXTRACTION AND ONSITE CARBON ADSORPTION TREATMENT 
OPERABLE UNIT NO. 12 (SITE 3) 
PEASDXL~Y STUDY, CTO-0374 

MCB, CAMP LKTEUNE, NORTH CAROLINA 

hq Systems 
2” PVC Oratrrhv~ter llocovo~y Iho 1.1’ I290 3 $ 

: 2s 
4.193 Means Site 1994,026-67X Pipe length quoted includes down-hole lines 

I /2” PE Air Supply Line Li’ I290 2,580 Meann Site 1994,026-854 Pipe length quoted includes down-hole lines 
4” PVC Conduit In Cnnlnin 2” iwd l/2” 1.1’ 540 s 5 $ 2,878 Meann Site 1994.026-678 To provide protection for injection and recovev lines 
4” PVC Oroundwatcr Diachnrga I.ino LI: 150 $ 5 $ 3,998 Moans Site 1994,026-678 Pipe length quoted includes down-hole lines 
Miscellmeous Fittings LS 1 S 1,365 S 2,047 Engineering Estimate Assume 10% of piping costs 
Subtotal Piping Systems Capital Costs: S 15.700 

eatment Plant Equipment 
Packaged Treatment Plant LS 1 s45,ooo $ 45,ooo Engineering Estimate Includes liquid-phase carbon adsorption wit& tlowmeters/iitnune 

control panel, miscellaneous appurtenances, end prefabricated buih 
Installation of Equipment LS 1 $11,250 $ 11,250 Engineering Estimate Assume 25% of equipment costs 
Subtotal Trnetment Plant Equipment Capital Costs: S 56,300 

I 
SUBTOTAL DIRECT CAPITAL COSTS: s 310,400 

DIRECT CAPITAL COSTS: 

Engineering and Design LS 1 $18.624 9 18,624 Engineering Estimate Assume 6% of Total Direct Capital Costs 
Contingency Allowance LS 1 $46.560 $ 46.560 Engineering Estimate Assume 15% of Total Direct Capital Costs 

start-up costs LS 1 $46,560 $ 46.560 Ikgineering Estimate Assume 15% of Total Direct Capital Costs 

SUBTOTAL INDIRECT CAPITAL COSTS: s 111,700 

INUAL MONITORING SYSTEM O&M COSTS S 22.200 Revisions: 
INUAL TREATMENT SYSTEM O&M COSTS S 84,400 
RECT AND INDIRECT CAPITAL COSTS S 422,100 
.e . . .T  , - . n ” m - . . , .  “r.n*TmTn . . , I  ““73, -1 I  I  ,.a__ NT,..- l \  c 1 nr ,  nnn P . , .  xra rhl-. TTn ln.tr Cnmnt,=td Fehn---. ’ A ‘nnr ,I& L”JI {l-W, - ~K”UI.YvvAl~~nnnJ ,wx,rurr ‘, ” ‘,,Y”~,““” ,Y,’ L”L” -.-. *“- 
tes: 
1, The Present W&b (Pw) Value accounts for 30 years of Groundwater Extraction and Treatment and 30 years of 0romdwate.r Monitoring. 

-1- --... .-.--. ___. .lal 14, I7I” 
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APPENDIX D 
TWO-dIMENSIONAL WORIZQNTAL PLOW MODEL ASSUMING 

A SLUG SOURCE (WILSON m MILLER, 1978) 
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