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EXECUTIVE SUMMARY

Introduction

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

health and the environment.

The Fiscal Year 1994 Site Management Plan for MCB Camp Lejeune, a primary document
identified in the FFA, identifies several sites requiripg Remedial Investigation/Feasibility
Study (RI/FS) activities. This report documents the FS completed at one of these sites: Site 2
(Former Nursery/Day Care Center). Site 2 comprises Operable Unit (OU) No. 5. The purpose
of this F'S is to select a remedy that is protective of human health and the environment; attains

Federal and State requirements; and is cost effective.

This FS has been conducted in accordance with the guidelines and procedures delineated in
the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) for remedial
actions (40 CFR 300.430). The USEPA’s document Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA (USEPA, 1988a) has been used as

guidance for preparing this FS. This FS has been based on data collected during the RI
conducted at Site 2 (Baker, 1994). 7

Site Description and History

Site 2 is located at the intersection of Holcomb Boulevard and Brewster Boulevard in the
northeast portion of MCB Camp Lejeune. The site is characterized by the following physical
features. It has relatively flat topography. It is underlain by unconsolidated deposits of sand,

silt, and clay. Groundwater was encountered approximately 6 feet below the surface. The
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water table is relatively flat, with an estimated groundwater hydraulic gradient of
0.005 feet/feet. Shallow groundwater flow is to the northeast.

The site is generally divided into the Building 712 Area and the Former Storage Area (FSA).
The Building 712 Area includes the Lawn Area (LA), Mixing Pad Area (MPA), and the
Railroad Drainage Ditches.

From 1945 to 1958, Building 712 was used for the storing, handling, and dispensing of
pesticides. Building 712 was later used as a children’s day care center. Chemicals known to
have been used include: chlordane, DDT, diazinon, and 2,4-D. Chemicals known to have been

stored on site include dieldrin, lindane, malathion, silvex, and 2,4,5-T.

The mixing pads consist of two concrete slabs, each approximately 5 feet by 5 feet in size. The
pads are located behind Building 712, The former mixing pads are in an area of suspected
contamination. Above ground horizontal storage tanks were detected near the mixzing pad
area in a 1952 aerial photograph included in the Environmental Photographic Interpretation
Center (EPIC) Study (EPIC, 1992). The tanks may have been used to store the
chemicals/product. Contamination is believed to have occurred as a result of small spills,
washout and excess product disposal. During the years of operation, it is reasonable to assume
several gallons per year were involved; therefore, estimated quantity involved is on the order
of 100 to 500 gallons of liquids containing various concentrations of product. Solid residues in
cracks and crevasses may total 1 to 5 pounds. Disposal to Overs Creek is undocumented
(Water and Air Research, 1983).

The FSA was used to store bulk materials and vehicles. The following items,within the FSA,
were identified in aerial photos included in the EPIC Study:

® Arailroad siding, extending from the main line into the FSA

® A crane, possibly located on the railroad siding, that was apparently used to unload

materials from railroad cars

® An area of possibly stained surface soil, present along the eastern border of this area
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Investigation and Study History

Investigations at Site 2 date back to 1983. The studies/investigations that have been

conducted within Site 2 include:
e Initial Assessment Study of MCB Camp Lejeune (Water and Air Research, 1983)

o Confirmation Study for Site 2 (Environmental Science and Engineering, Inc., 1984
and 1986)

¢ Remedial Investigation for Site 2 (Baker, 1994)

Nature and Extent of Contamination

RI activities included a soil (surface and subsurface) investigation, groundwater investigation
(two rounds of groundwater sampling), and surface water/sediment investigation. Based on
the results of the environmental investigations conducted at Site 2 during the RI, the
following conclusions with respect to the nature and extent of contamination at the site were

developed:

® Soil in the vicinity of the former mixing pads has been impacted by pesticide
contamination. Detected pesticides include 4,4'-DDD, 4,4-DDE, 4,4'-DDT, dieldrin,
heptachlor, alpha-chlordane, and gamma-chlordane. Concentrations of these
contaminants range from less than 10 lig/kg to 3,000,000 pg/kg. Soil in this area has
also been impacted by semivolatile organic compound (SVOC) contamination. The
majority of these are polycyclic aromatic hydrocarbons (PAHs). The maximum SVOC
concentration is 14,000 pg/kg. SVOC may be associated with past use of fuel (possibly
diesel fuel) as a carrying agent for herbicides or for use in cleaning and operating

spraying equipment.

® Pesticide contamination was detected in low concentrations (less than 100 pg/kg)
throughout the remainder of Site 2. These concentrations are similar to base-specific
background levels and are several orders-of-magnitude lower than pesticide

contaminant concentrations detected in the vicinity of the former mixing pads.
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Shallow groundwater in the Former Storage Area has been impacted by volatile
organic compound (VOC) contamination. Ethylbenzene (2 - 190 pg/L) and xylenes
(total) (1 - 1,800 pg/L) were detected in groundwater samples collected from shallow
monitoring wells in the Former Storage Area. The area of highest VOC concentration
is at monitoring well 2GW3. VOCs have been detected in this monitoring well during
previous investigations. The extent of VOC contamination appears to be limited to the

vicinity of the Former Storage Area.

Inorganics were detected in groundwater samples collected from shallow monitoring
wells at the site. Several of these analytes exceeded Federal and/or North Carolina
groundwater quality standards. The distribution of detected inorganics in shallow
groundwater followed no discernible pattern. Many of the highest concentrations of
inorganics were detected in background monitoring wells (2GW9, 2GWS8). The
concentrations of detected inorganics is much greater in the unfiltered (total) samples
than in the filtered (dissolved) samples. This indicates that the inorganics detected in
groundwater samples at Site 2 are due predominantly to the presence of soil particles
entrained in the groundwater samples and are not attributable to site operations.
Some inorganics (arsenic, lead, barium, beryllium, and vanadium) were nonetheless

retained as chemicals of concern in the baseline risk assessment.

Trichloroethene (TCE) was detected at a low concentration (5 pg/L) in deep monitoring
well 2GW3D. The extent of this contamination is unknown; however, deep
groundwater quality in the Mainside of MCB Camp Lejeune is impacted by other sites
(OU Nos. 1 and 2). The presence of TCE in the deep aquifer is not likely associated
with Site 2. TCE was not detected in this monitoring well during the second round of

groundwater sampling.

Sediment in the Railroad Drainage Ditch Area has been impacted by pesticide
contamination. These contaminants include 4,4'-DDD, 4,4'-DDE, 4,4-DDT, alpha-
chlordane, and gamma-chlordane. The maximum concentrations of pesticide
contamination (250,000 pg/kg) are present in the immediate vicinity of the former
mixing pads. PAHs were also detected in low concentrations (less than 200 pgkg) in

sediment from this area.

Trace levels (less than 3 pg/L) of pesticides (4,4'-DDD and 4,4'-DDT) were detected in

surface water samples collected in the Railroad Track Drainage Ditches. Carbon
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disulfide, a VOC, was detected (7 pg/L) in surface water from Overs Creek. Copper
was also detected (7 ug/L) above applicable Federal and State surface water standards

in Overs Creek.

Time-Critical Removal Action

The laboratory analytical data generated during the RI indicate the presence of elevated
concentrations of pesticides in soil and sediment near the former washing/mixing pads.
Pesticide concentrations in several samples in this area exceed the benchmark risk-based
concentrations prepared by USEPA Region III (January 28, 1993). The benchmark risk-based
concentration is a value that equates to a 1 x 10-6 cleanup action level. The pesticide
concentrations were evaluated with respect to Removal Action Criteria outlined in the NCP.
The NCP lists a number of criteria that are considered in determining the appropriateness of a

removal action. Section 300.415 paragraph (b)(2)(i) directly applies to the conditions at Site 2.

300.415(b)2)({1) “Actual or potential exposure to nearby human populations, animals,
or the food chain from hazardous substances or pollutants or
contaminants.”

The presence of pesticide contaminants in this area in concentrations exceeding USEPA
benchmark risk-based concentrations indicates that they may pose an imminent and

substantial endangerment to public health, or welfare, or the environment.

The DoN will implement a time-critical removal action (TCRA) for this contaminated
material, Specific soil and sediment cleanup levels were calculated to determine the
approximate extent and volume of material that will need to be removed in the TCRA. These
cleanup levels were based on achieving human health risks for a residential area (1 x 10-6 risk
level). The health-based action levels developed for soil and sediment are also adequately

protective of terrestrial and aquatic life.

The results of the risk assessment indicate that there should be no unacceptable risks to
human health or the environment posed by exposure to the remaining soils after the
remediation of the selected areas in accordance with the TCRA. Therefore, groundwater is the
only media which was evaluated in the FS. Baker has estimated that approximately 500 cubic

yards of soil and sediments will need to be removed under the TCRA.
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Contaminanis of Concern, Remediation Goal Options, and Remediation Levels

Contaminants of concern (COC) for this site consist of the contaminants of potential concern

(COPC) developed for groundwater media in the RI Report.

The remediation goal options associated with groundwater at Site 2 are presented on
Table ES-1. This list was based on a comparison of contaminant-specific ARARs and the site-
specific risk-based concentrations (see Section 2.0 of the FS). The basis for each of the

remediation goals is also presented in Table ES-1.

In order to determine the final set of COC for Site 2, the contaminant concentrations detected
in the groundwater were compared to the preliminary remediation goals presented on
Table ES-1. The contaminants which exceeded at least one of the remediation goal options
have been retained as final COC. The contaminants that did not exceed any of the
preliminary remediation goal options were no longer considered as COC with respect to this
FS. Based on this comparison, the groundwater contaminants presented on Table ES-2

exceeded a final remediation goal and will be retained as COC for Site 2.
Remediation levels for each of the final COC are also presented on Table ES-2. The
remediation level selected was the most limiting (or conservative) remedial goal option (either

ARAR or risk-based) for a particular final COC.

Remedial Action Alternative Development and Evaluation

Based on the information collected during the Rl, including the evaluation of potential human
health and ecological risks, one groundwater area of concern (AOC) was identified within
Site 2. The groundwater sampled from monitoring well 2GW3 showed levels of ethylbenzene
(190 pg/L) and total xylenes (1,800J pg/L) that were above the state groundwater standards.
None of the other groundwater samples indicated that there was contamination in the shallow

aquifer at levels that warranted consideration of remedial action.

To address this AOQC, six groundwater Remedial Action Alternatives (RAAs) were developed

and evaluated. These alternatives include:

® RAANo.1-NoAction
e RAA No. 2 - Institutional Controls with Long-Term Monitoring
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TABLE ES-1

REMEDIATION GOAL OPTIONS
OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

Corresponding Risk Cor?gr?::;iion
Contaminant of Range
Medium Concern RGO Unit Basis of Goal | Carcinogenic | Noncarcinogenic (ng/L)
Groundwater Acenaphthene 50,637 pg/L Calculated HI=1.0 ND-2J
Arsenic 50 pg/L NCWQS ND-23.6
Barium 2,000 pg/L MCL/NCWQS 46-1,420
Beryllium 4 ng/L NCW@QSs 1-2
4,4'-DDD 94 pg/L Calculated |ICR = 1.0E-06 ND-4J
4,4'-DDT 50 pg/L Calculated |ICR = 1.0E-06 ND-9.4
2,4-Dimethylphenol 16,923 pe/L Calculated HI=1.0 ND-6
Ethylbenzene 29 ng/L NCWQS ND-190
Lead 15 pe/L MCL/NCWQS ND-155
2-Methylnaphthalene 24,211 ne/L Calculated* HI=1.0 ND-17
Naphthalene 24,211 ng/L Calculated HI=1.0 ND-15
Phenol 487,364 pg/l  ]. Calculated HI=1.0 ND-3
Trichloroethene 2.8 pe/l NCWQS ND-5
Vanadium 5,908 pg/L Calculated HI = 1.0 9-89
Xylene (total) 530 ne/L NCWQSs ND - 1800J

Notes: RGO = Remediation Goal Option
ICR = Incremental Lifetime Cancer Risk. AnICR of 1.0E-06 indicates that, for a lifetime exposure, one additional case of cancer may

occur per one million exposed individuals. USEPA considers ICRs of 1.0E-04 to 1.0E-06 to be protective of public health (USEPA, 1989a).
HI = Hazard Index. A HI equal to or exceeding 1.0 suggests that noncarcinogenic health effects could occur.

NCWQS = North Carolina Water Quality Standards

MCL = Maximum Contaminant Level

ND = Not Detected

*Naphthalenes toxicity factor was used as a surrogate for 2-methylnaphthalene.



TABLE ES-2

FINAL COC AND REMEDIATION LEVELS

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Pinal Contaminant of ] Remediation Level
Medium Concern (ug/L)
Groundwater
Ethylbenzene 29
Trichloroethene 2.8
Xylene (total) 530
Lead 15.0

Units: pg/L = microgram per liter
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RAA No. 3 - Collection/Treatment/Discharge to a Sewage Treatment Plant
RAA No. 4 - Colleetion/Discharge to a Sewage Treatment Plant

RAA No. 5 - Collection/Discharge to Site 82 (OU No. 2)

RAA No. 6 - In Situ Treatment

Net present worth (NPW) costs were developed for RAAs Nos. 2 through 6, using a 30-year

remediation time basis and a five percent interest rate.

The No Action RAA (No. 1) is required under CERCLA to compare against other alternatives.
There are no capital or operation and maintenance (O&M) costs associated with this

alternative.

The Institutional Controls with Long-Term Monitoring RAA (No. 2) primarily involves the
institution of ordinances restricting the construction of new potable supply wells in the area.
Long- term groundwater monitoring (including on-site and nearby operational supply wells) is
also included with this alternative. No capital costs are required to implement this

alternative. The NPW of this alternative is approximately $350,000.

RAA No. 3 includes the installation of extraction wells to prevent migration of the plume.
Three shallow wells will be installed to a depth of approximately 35 feet to extract
groundwater in the surficial aquifer. These wells will be pumped at a rate of approximately
5 gallons per minute. The extracted groundwater will receive treatment via a treatment train
that will include air stripping and carbon adsorption. The freatment system may also include
a metals removal system. Treated groundwater will be pumped through a force main to a

sanitary sewer that discharges to the Hadnot Point Sewage Treatment Plant (STP).

This alternative will also include long-term groundwater monitoring. In addition, restrictions
will be placed on the installation of any new potable water supply wells within the vicinity of
Site 2. The capital and annual O&M costs associated with RAA No. 3 are $303,000 and
$133,000, respectively. The NPW is $1.89 million.

RAA No. 4 focuses on the extraction and discharge of the contaminated groundwater to the
Hadnot Point STP. Groundwater will be extracted through three shallow extraction wells, as

in RAA No. 3, and pumped untreated through a force main to a sanitary sewer that discharges
to the Hadnot Point STP.
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In addition, RAA No.4 includes the same institutional controls as RAA Nos. 2 and 3. The
capital costs associated with RAA No. 4 are $210,000. The NPW is $1.3 million.

RAA No. 5 considers the discharge of contaminated groundwater to a treatment system to be
installed at Site 82 (OU No. 2). Groundwater will be extracted through three shallow
extraction wells, as in RAA Nos. 3 and 4, and pumped to the groundwater treatment system
planned for Site 82. An on-site pump station at Site 2 will be constructed to pump extracted
groundwater through a force main approximately 1.8 miles south to Site 82, where a

treatment facility is being designed to treat VOC contaminated groundwater.

In addition, RAA No. 5 includes the same institutional controls as RAA Nos. 2, 3,and 4. The
capital costs associated with RAA No. 5 are $323,000. The NPW is $1.44 million.

The last alternative, RAA No. 6, considers the remediation of the contaminated groundwater
near monitoring well 2GW3 via an in situ treatment method. For purposes of the FS, the in-
situ treatment method evaluated includes air sparging wells and soil venting. Approximately
two air sparging wells and two soil venting wells will be installed near monitoring well 2GW3.
Air to the sparging wells will be supplied by a low pressure air blower. A separate vacuum
system will be used to create the negative pressure needed to withdraw the vapors. With this
alternative, no groundwater would be extracted from the aquifer, therefore, no method of

groundwater discharge is required.

In addition, RAA No. 6 includes the same institutional controls as RAA Nos. 2, 3,4 and 5. The
capital costs associated with RAA No. 6 are $124,000. The NPW is $1.32 million.

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

USEPA and NC DEHNR acceptance; and community acceptance.

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

SUMMARY OF DETATLED ANALYSIS - GROUNDWATER RAAs
OPERABLE UNIT NO. 5(SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

RAANo. 2

s RAANo.3

Evaluation Criterd RAANo. 1 Institutional Controls/L Collection/Treatment/ RAANo.4 RAANo.5 BAANo.6
uation a utional - ectio n
Ve No Action o s/hong . eatme CollectionDischarge toaSTP | Collection/Discharge to Site 52 In-Situ Treatment
Term Groundwater Monitoring Discharge to a STP
OVERALL PROTECTIVENESS
O Human Health Protecti No reductionin rigk. Institutional controls provide Groundwater plume treated. Groundwater plume treated. Groundwater plume treated. Groundwater plume treated.
protection against risk from Pump and treat provides Pump and treat provides Pump and treat provides In-situ treatment provides
groundwater ingestion. protection against future protection against future protection against future protection against future
potential risk from groundwater | potential risk from groundwater § potential risk from groundwater | potential rigk from ingestion.
ingestion. ingestion. ingestion.
. Environmental Protecti Allows continued contamination J Allows continued contamination | Migration of contaminated Migration of contaminated Migration of contaminated Level of groundwater
of the groundwater. of the groundwater, Potential groundwater is reduced by pump  § groundwater is reduced by pump | groundwater is reduced by pump } contamination is reduced by in
natural attenuation of organic and treat. and treat. and treat. situ treatment.
contaminants over time. .
COMPLIANCE WITH ARARs
. Chemical-Specific ARARs Will exceed Federal and/or NC Will exceed Federal and/or NC Should meet Federal and NC Should meet Federal and NC Should meet Federal and NC Should meet Federal and NC
groundwater quality ARARs. groundwater quality ARARs. groundwater quality ARARs in groundwater quality ARARsin groundwater quality ARARsin groundwater quality ARARs in
time. time. time. time.
. Location-Specific ARARs Not applicable. Not applicable. Will meet location-specific Will meet location-specific Will meet location-specific Will meet location-specific
ARARs. ARARs. ARARs. ARARs.
[} Action-Specific ARARs Notapplicable. Not applicable. Will meet action-specific ARARs. | Will meet action-specific ARARs. | Will meet action-specific ARARs. | Will meet action-specific ARARs.
LONG-TERM EFFECTIVENESS
ANDPERMANENCE
) Magnitude of Residual Risk | Asmigration of groundwater Risk reduced to human health Risk reduced by extracting Risk reduced by extracting Risk reduced by extracting Risk reduced by in-gitu treatment
continues, potential risks may since the use of the groundwater | contaminated groundwater. contaminated groundwater. contaminated groundwater. of contaminated groundwater.
increase. aquifer is restricted.
. Adequacy and Reliability of § Notapplicable - no controls. Institutional controls are reliable § Groundwater pump and treat is Groundwater pump and treat is Groundwater pump and treat is In-situ treatment demonstrated
Controls if strictly enforced. reliable. reliable. reliable. for COCs
. Need for 5-year Review Review would be required to Review would be required to Review not needed once Review not needed once Review not needed once Review not needed once
ensure adequate protection of ensure adequate protection of remediation goals are met. remediation goals are met. remedlation goals are met. remediation goals are met.
human health and the human health and the
environment is maintained. envir t is mai d
REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME
THROUGH TREATMENT
. Treatment Process Used None. None. Treatment train for metals Physical and biclogical treatment | Treatment train at Site 82for In-gitu air sparging and soil
removal, air stripping, and at STP. metals removal, air stripping, venting for VOC removal.
activated carbon. and activated carbon.
. Arount Destroyed or None. None. Majority of contaminants in Majority of contaminants in Majority of contaminant in Majority of contaminant in
Treated groundwater. groundwater. groundwater plumes. . groundwater plumes.
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TABLE ES-3 (Continued)

SUMMARY OF DETAILED ANALYSIS- GROUNDWATER RAAs
OPERABLE UNIT NO. 5(SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

RAANe. 2 RAA No.3
Evaluation Criteria RAA No.1 Instituti lCootrolle g Collecti nl'l‘ro trment/ RAANo.4 RAA No.5 RAA No.6
on utional Cont ong- ection/Treatmen
No Action Collection/Discharge to a STP Collection/Discharge to Site 82 In-Situ Treatment,
Term Groundwater Monitoring Discharge to a STP © harg harg
. Reduction of Toxicity, None. None. Reduced volume and toxicity of Reduced volume and toxicity of Reduced volume and toxicity of Reduced volume and toxicity of
Mobility or Volume contaminated groundwater. taminated groundwater. contaminated groundwater. contaminated groundwater.
. Residuals Remaining After | Notapplicable - no treatment. Not applicable - no treatment. Minimal residuals after goalsare | Minimal residualsafter goals are | Minimal residuals after goals are | Minimal residuals after goalsare
Treatment : met. met. met. met.
. Statutory Preference for Not satisfied. Not satisfied. Satisfied. Satisfied. Satisfied. Satisfied.
Treatment
SHORT-TERM EFFECTIVENESS
L Community Protection
Risks to community not increased § Risksto ity not incr d § Potential risks to public health Potential rigks to public health Potential risks to public health Potential risks to public health
by remedy implementation. by remedy implementation. and environment during and environment during and environment during and environment during
extraction and treatment due to extraction and treatment due to extraction and treatment due to extraction and treatment due to
equipment failure. equipment fatlure. equipment failure. equipment failure.
] Worker Protection No significant risk to workers. No significant risk to workers. Protection required during Protection required during Protection required during Protection required during
treatment. treatment. treatment. treatment.
L) Environmental Impacts None None None None None None
. Time Until Action is Notapplicable. Risks from potential Thirty years used to determine Thirty years used to determine Thirty years used to determine Thirty years used to determine
Complete groundwater ingestion reduced NPW costs. Time forcompletion | NPW costs. Time for completion | NPW costs. Time for completion | NPW costs. Time for completion
within 3 to 6 months due to of remediation is unknown. of remediation is unknown. of remediation is unknown. of remediation is unknown.
institutional controls.
IMPLEMENTABILITY
L] Ability to Construct and No construction or operation No construction or operation Installation and treatment Installation and treatment Installation and treatment Installation and treatment
Operate activities. activities. technologies proven. technologies proven. technologies proven. technologies proven.
. Ability to Monitor No monitoring. Failure todetect | Proposed monitoring will give Adequate system monitoring. Adequate system monitoring. Adequate system monitoring. Requires indirect monitoring of
Effectiveness contamination will resultin notice of fallure before significant system performance.
potential ingestion of exposure Occurs.
] Availability of Servicesand || None required. None required. Groundwater extraction and Groundwater extraction Groundwater extraction System components readily
Capacities; Equipment treatment equipment is readily equipment is readily available, equipment is readily available. available.
available.
COSTS
Net Present Worth $0 $350,000 $1.89 million $1.3 million $1.44 million $1.32 million

RAA = Remedial Action Alternative

STP =

Sewage Treatment Plant

ARARs = Applicable or Relevant and Appropriate Requirements
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TABLE ES-3

SUMMARY OF DETAILED ANALYSIS - GROUNDWATER RAAs

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

RAANo.3

RAANo. 4

RAANo.5

ensure adequate protection
of human health and the
environment is maintained.

ensure adequate protection
of human health and the
environment is maintained.

remediation goals are met.

remediation goals are met.

remediation goals are met.

. - RAANo.1 RAA No. 2 . : ; . 2 . RAA No. 6
Evaluation Criteria : i : Collection/Treatment/ Collection/Discharge toa ] Collection/Discharge to Site .
No Action Limited Action Discharge toa STP STP 82 In-Situ Treatment
—
OVERALL
PROTECTIVENESS
¢ Human Health Protection| No reduction in risk. Institutional controls Groundwater plume Groundwater plume Groundwater plume Groundwater plume
provide protection against | treated. treated. treated. treated.
risk from groundwater Pump and treat provides Pump and treat provides Pump and treat provides In-situ treatment provides
ingestion. protection against future protection against future protection against future protection against future
potential risk from potential risk from potential risk from potential risk from
groundwater ingestion. groundwater ingestion. groundwater ingestion. ingestion.
¢ Environmental Allows continued - Allows continued Migration of contaminated | Migration of contaminated | Migration of contaminated | Level of groundwater
Protection contamination of the contamination of the groundwater isreduced by | groundwater isreducedby | groundwater isreducedby | contamination is reduced by
groundwater. groundwater. pump and treat. pump and treat. pump and treat. in situ treatment.
COMPLIANCE WITH ARARs i
® Chemical-Specific ARARs| Will exceed Federal and/or | Will exceed Federal and/or | Should meet Federal and Should meet Federal and Should meet Federal and Should meet Federal and
NC groundwater quality NC groundwater quality NC groundwater quality NC groundwater quality NC groundwater quality NC groundwater quality
ARARs. ARARs. ARARs in time. ARARs in time. ARARs in time. ARARs in time. .
e Location-Specific ARARs | Not applicable. Not applicable. Will meet location-specific | Will meet location-specific ] Will meet location-specific | Will meet location-specific
ARARs. ARARs. ARARs. ARARSs.
e Action-Specific ARARs Not applicable. Not applicable. Will meet action-specific Will meet action-specific Will meet action-specific Will meet action-specific
ARARs. ARARs. ARARSs. ARARSs.
LONG-TERM
EFFECTIVENESS AND
PERMANENCE
o Magnitude of Residual As migration of Risk reduced to human Risk reduced by extracting | Risk reduced by extracting | Risk reduced by extracting | Risk reduced by in-situ
Ris groundwater continues, health since the use of the | contaminated groundwater. | contaminated groundwater. | contaminated groundwater. | treatment of contaminated
potential risks may groundwater aquifer is groundwater.
increase. restricted. .
o Adequacy and Reliability | Not applicable - no controls. | Institutional controls are Groundwater pump and Groundwater pump and Groundwater pump and In-gitu treatment
of Controls : reliable if strictly enforced. |treat is reliable. treat is reliable. treat is reliable. demonstrated for COC
e Needfor 5-year Review | Review would be required to | Review would be required to | Review not needed once Review not needed once Review not needed once Review not needed once

remediation goals are met.

REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME
THROUGH TREATMENT

e Treatment Process Used

None.

None.

Treatment train for metals
removal, air stripping, and
activated carbon.

Physical and biological
treatment at STP.

Treatment train at Site 82
for metals removal, air
stripping, and activated
carbon.

In-situ air sparging and soil
venting for VOC removal.




1.0 INTRODUCTION

This report presents the Feasibility Study (FS) for Operable Unit (OU) No. 5, Site 2, Former
Nursery/Day Care Center, Marine Corps Base (MCB) Camp Lejeune. This FS has been
prepared by Baker Environmental, Inc. (Baker) under contract to the Atlantic Division, Naval
Facilities Engineering Command (LANTDIV), Contract Number N62470-89-D-4814. The
development of this report is based on the scope of work for Contract Task Order (CTO)
Number 0174.

This FS has been conducted according to the basic methodology outlined in the National Qil
and Hazardous Substances Pollution Contingency Plan (NCP) for remedial actions (40 CFR
300.430), These NCP regulations were promulgated under the Comprehensive
Environmental Response, Compensation, and Liability bAct of 1980 (CERCLA), commonly
referred to as Superfund, and amended by the Superfund Amendments and Reauthorization
Act (SARA) signed into law on October 17, 1986. The United States Environmental Protection
Agency (USEPA) document Guidance for Conducting Remedial Investigations and Feasibility
Studies Under CERCLA (USEPA, 1988a) has been used as a guidance document for preparing
this report. The FS has been based on data collected during the Remedial Investigation (RI)
conducted by Baker (Baker, 1994).

The purpose of the FS for Site 2 is to select a remedy that: is protective of human health and
the environment; attains Federal and State requirements that are applicable or relevant and

approprié.te; and is cost effective.

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

two major phases:

¢ Development and screening of remedial action alternatives

o Detailed analysis of remedial action alternatives

The first phase includes the following major activities: (1) developing remedial goal options
(RGOs) and remediation levels (RLs), (2) developing general response actions, (3) identifying
volumes or areas of affected media, (4) identifying and screening potential technologies and

process options, (5) evaluating process options, (6) assembling alternatives, (7) defining
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alternatives, and (8) screening and evaluating alternatives. Section 121(b)(1) of CERCLA
requires that an assessment of permanent solutions and alternative treatment technologies or
resource recovery technologies that, in whole or in part, will result in a permanent and
significant decrease in the toxicity, mobility, or volume of the hazardous substance, pollutant,
or contaminant. In addition, treatment alternatives should be developed ranging from an
alternative that, to the degree possible, would eliminate the need for long-term management
to alternatives involving treatment that would reduce toxicity, mobility, or volume as their
principal element. A containment option involving little or no treatment and a no action

alternative should also be developed.

The second major phase of the FS consists of:

o Evaluating the potential alternatives in detail with respect to nine evaluation criteria

to address statutory requirements and preferences of CERCLA

e Performing a comparison analysis of the evaluated alternatives

1.1 Site Background Information

Background information pertaining to Site 2 is presented below. Additional details pertaining
to the site are presented in the RI Report (Baker, 1994).

1.1.1  Site Description

MCB Camp Lejeune is a training base for the Marine Corps, located in Onslow County, North
Carolina (Figure 1-1). The base covers approximately 236 square miles and is bounded to the
southeast by the Atlantic Ocean, to the northeast by State Route 24, and to the west by U.S.
Route 17. The town of Jacksonville, North Carolina is north of the base.

The focused study area for this FS is OU No. 5 which consists of Site 2, Former Nursery/Day
Care Center. In general, Site 2 is located at the intersection of Holcomb Boulevard and
Brewster Boulevard in the northeast portion of Camp Lejeune. Figure 1-2 presents a site plan
of Site 2. The site is made up of two areas: the area around Building 712, including the Lawn
Area (LA) and the Mixing Pad Area (MPA); and the Former Storage Area (FSA), which is
located on the southern portion of the site. The LA and MPA are separated from the FSA by
railroad tracks.
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The land at Site 2 is primarily flat, but dips sharply at the drainage ditches which run parallel
to the railroad tracks. There is a drainage ditch on both the east and west side of the railroad
tracks. Overland drainage is limited over most of the site due to the flat topography.
Drainage along the eastern edge of the Building 712 area is toward these drainage ditches
which run in a north-northwest direction towards Overs Creek. Drainage along the western
edge of the FSA is also toward these drainage ditches. Another drainage ditch extends

westward from the Building 712 area, underneath Holcomb Boulevard.

The site is characterized by the following physical features. It has relatively flat topography.
It is underlain by unconsolidated deposits of sand, silt, and clay. Groundwater was
encountered approximately 6 feet below the surface. The water table is relatively flat
(hydraulic gradient is 0.005 feet/feet). Shallow groundwater flow is to the northeast. Shallow

groundwater is reportedly interconnected with the underlying Castle Hayne Aquifer.
1.1.2 Site History

From 1945 to 1958, Building 712 was used for the storing, handling, and dispensing of
pesticides. Building 712 was later used as a children’s day care center. Chemicals known to
have been used include: chlordane, DDT, diazinon, and 2,4-D. Chemicals known to have been
stored on site include dieldrin, lindane, malathion, silvex, and 2,4,5-T. The MPA isin an area
of suspected contamination. Above ground horizontal storage tanks were detected near the
mixing pad area in a 1952 aerial photograph included in the Environmental Photographic
Interpretation Center (EPIC) Study (EPIC, 1992). Contamination is believed to have occurred
as a result of small spills, washout and excess product disposal. During the years of operation,
it is reasonable to assume several gallons per year were involved; therefore, estimated
quantity involved is on the order of 100 to 500 gallons of liquids containing various
concentrations of product. Solid residues in cracks and crevasses may total 1 to 5 pounds.

Disposal to Overs Creek is undocumented (Water and Air Research, 1983).

There is little information regarding operational history of the FSA. Historical aerial

photographs indicate that the area was used to store bulk materials and vehicles.

The following items, within the FSA, were identified in aerial photos included in the EPIC
Study:
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e Arailroad siding, extending from the main line into the FSA

® A crane, possibly located on the railroad siding, that was apparently used to unload

materials from railroad cars

e An area of possibly stained surface soil, present along the eastern border of this area
1.1.3 Investigation and Study History

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

Previous investigations of hazardous waste sites at MCB Camp Lejeune have been conducted
under an IAS and Confirmation Study. The following summarizes previous investigations and

their findings as they pertain to Site 2:

1.1.3.1 Initial Assessment Study

An JAS was conducted by Water and Air Research, Inc., in 1983, The IAS identified a number
of sites at MCB Lejeune as potential sources of contamination including Site 2. The IAS
reviewed historical records and aerial photographs, as well as performed field inspections and
personnel interviews to evaluate potential hazards at various sites on MCB Camp Lejeune.
Based on review of historical records and general site reconnaissance, Site 2 was among the
sites at MCB Camp Lejeune recommended for further study to evaluate the necessity of

conducting mitigating actions or clean-up operations.

1.1.3.2 Confirmation Study

A Confirmation Study was conducted by Environmental Science and Engineering, Inc., in

1984. Confirmation study activities were aimed at confirming the existence of contaminants
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potentially detrimental to human health and the environment at Site 2. The study included
various phases based on the media of interest. A summary of constituents detected in the

various media sampled is presented below:

¢ Soil sample results indicated that pesticides were present in soils surrounding the
MPA.

® Analysis of pesticides in the shallow aquifer indicated the presence of trace amounts of
pesticides in one well (2GW1). No detected compounds were reported for the nearby
water supply wells. In December 1986, a second round of groundwater samples was
collected. Trace amounts of pesticides were found in 2GW1 and 2GW3. In addition,
ethylbenzene was detected in monitoring well 2GW3 above the North Carolina
Groundwater Standard of 29 pg/L. In March 1987, a third round of groundwater
samples from a select group of wells revealed trace amounts of pesticides in monitoring

well 2GW3 as well ag ethylbenzene above the applicable water quality standard.
e In 1986, two surface water/sediment samples were collected from the drainage ditch
along the eastern boundary of the site. One surface water/sediment sample revealed

the presence of low levels of pesticides.

1.1.3.3 Pre-Remedial Investigation Activities

In July 1992, a geophysical investigation was performed at Site 2 to determine the source of
groundwater contamination near monitoring well 2GW3. No anomalies that could serve as
sources (i.e., tanks or drums) of groundwater contamination were identified during this
investigation. However, an anomalous subsurface feature was detected near monitoring well
2GW3. The data from this anomaly was not conclusive to ascertain whether or not it was a

tank, large diameter utility line or other buried structure.

In January 1994, additional -geophysical investigation activities were conducted in the
vicinity of this anomalous subsurface feature. This focused reinvestigation determined that
there were no subsurface features in this area. The fixture that was apparently detected in

July 1992 may have been an echo or interference from monitoring well 2GW3 (Baker 1994).

Also in 1992 a limited groundwater sampling program was implemented to obtain

preliminary data to streamline RI activities,
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1.1.3.4 Remedial Investigation

The RI field program at Site 2 was initiated to characterize potential environmental impacts
and threats to human health resulting from previous storage, operational, and disposal
activities. Investigation activities commenced in April 1993 and continued through June
1993. The field program consisted of a preliminary site survey; a geophysical survey; a soil gas
survey; a soil investigation including drilling and sampling; a groundwater investigation
including monitoring well installation (shallow and deep wells), aqd sampling; a surface water

and sediment investigation; and an aquatic and ecological survey.
1.1.4 Nature and Extent of Contamination

Levels of organic contamination including pesticides, volatile organic compounds (VOCs), and
semivolatile organic compounds (SVOCs), and metals are present throughout Site 2 in the
various media (i.e., soil, groundwater, surface water, and sediments). Tables 1-1 through 1-13
present a listing of the organic and inorganic constituents detected at the site during the RI.
In addition, concentration ranges and frequencies of detection are presented. Pesticides are
the predominant contaminants in soil (surface and subsurface) and sediment. SVOCs were
also detected in soil. VOCs, SVOCs, pesticides, and inorganics were detected in shallow
groundwater. Low levels of VOCs (5.0 pg/l of TCE) were also detected in the deep (100 foot)

monitoring well.

This section summarizes the nature and extent of contamination at Site 2. The summary is
presented by area of concern (AQC). The following environmental media at Site 2 have been

impacted by former site operation activities:

® Soil in the vicinity of the MPA has been impacted by pesticide contamination. This is
apparently the result of releases associated with pesticide mixing and washing of
pesticide and herbicide spraying equipment. The soil in this area has also been
impacted by SVOC contamination. This is apparently the result of petroleum-based
solvents or fuels (possibly diesel fuel) being used as a carrying agent for herbicide

mixtures and to operate and clean spraying equipment.

o Sediment in the railroad track drainage ditches in the vicinity of the MPA has been

impacted by pesticide contamination. SVOCs have also been detected in sediment

1-8



samples collected in this area. This is apparently the result of releases associated with
herbicide mixing and the cleaning (possibly with diesel fuel) of pesticide and herbicide

spraying equipment.

Soil throughout Site 2 (i.e., outside of the MPA) has been impacted by pesticide
contamination that resulted from the former practice of general base-wide spraying of
pesticides. The pesticide concentrations in soil in the LA and FSA are several orders of

magnitude lower than the pesticide contaminant concentrations detected in the
vicinity of the MPA. |

Shallow groundwater in the FSA has been impacted by VOC contamination.
Ethylbenzene and xylene (total) were detected in groundwater samples collected from
shallow monitoring wells in the FSA. The area of highest VOC concentration is at
monitoring well 2GW3. VOCs have been detected in this monitoring well during
previous investigations. The extent of VOC contamination appears to be limited to the

shallow groundwater in the vicinity of the FSA,

The source of the shallow groundwater contamination in the FSA has not been
determined. Similar contaminants were detected in low levels in one soil boring in the
vicinity of monitoring well 2GW3, indicating that the source may have been at or near

the surface in this area (e.g., surface spill, etc.).

Inorganics were detected in groundwater samples collected from shallow monitoring
wells at the site. Several of these analytes exceeded Federal and/or North Carolina
groundwater quality standards. The distribution of detected inorganics in shallow
groundwater followed no discernible pattern that would indicate a likely source.
Many of the highest concentrations of inorganics were detected in background
monitoring wells (2GW@, 2GW8). The concentrations of detected inorganics is much
greater in the unfiltered (total) samples than in the filtered (dissolved) samples. This
indicates that the inorganics detected in groundwater samples at Site 2 may be due
predominantly to the presence of soil particles entrained in the groundwater samples
and may not be attributable to site operations. Some inorganics (arsenic, lead,
barium, beryllium, and vanadium) were nonetheless retained as chemicals of concern

in the baseline risk assessment.
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o Trichloroethene (TCE) was detected at a low concentration (5 pg/L) in deep monitoring
well 2GW3D. There is no evidence (documentation, soil samples, shallow
groundwater samples) to indicate that this is related to operation activities at Site 2.
TCE and other chlorinated hydrocarbons have been detected in deep groundwater in
other areas at MCB Camp Lejeune (Geophex, 1991). TCE was not detected in this

monitoring well during the second round of groundwater sampling.

& Trace levels of pesticides were detected in surface water samples collected in the
railroad drainage ditches. This may be the result of Site 2 operations or general base-
wide spraying. Copper was detected above applicable Freshwater Water Quality
Screening Value (FWQSV), North Carolina Water Quality Standards (NCWQS), and
Federal Ambient Water Quality Criteria (AWQC) applicable to Overs Creek.

1.1.5 Summary of Human Health and Ecological Risks

At the time when RI laboratory analytical results became available and were initially
compiled, MCB Camp Lejeune/DolN determined that a Time-Critical Removal Action (TCRA)
was appropriate for the pesticide-contaminated soil and sediment in the vicinity of the MPA.
The TCRA, which is currently in the design stage, is described in Section 1.2. Because a TCRA
will be implemented, the baseline risk assessment (included in the RI Report) considers risks

to human health and the environment at this site under two scenarios:

o Risksto human health and the environment without (or before) the TCRA.
¢ Risksto human health and the environment with (or after) the TCRA.

The following summarizes the human health and ecological risks under these scenarios.

The pesticide contaminated surface soil and sediment at the LA and MPAs (before the
proposed TCRA), have the potential to present the greatest adverse human health risks from
all media evaluated at Site 2. The risks calculated for this area, after the proposed TCRA,

were greatly reduced into acceptable ranges for soil and sediment, for all receptors.

The risks calculated for soil in the FSA area fell within acceptable risk levels (1.0E-06 to
1.0E-4) both before and after the proposed TCRA.
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Future potential use of shallow groundwater exhibited unacceptable (i.e., greater than 1 x 10-4
and an HI > 1.0) noncarcinogenic and carcinogenic risks to future resident children and
adults due mainly to arsenic, beryllium, and pesticide contamination. However, shallow

groundwater is not utilized for potable supply or other uses.

The total site risk at Overs Creek indicates that contamination from Site 2 is not appreciably
migrating to the creek, and that adverse human health risks are not expected to occur due to
contamination at Overs Creek. No ecological risks (aquatic or terrestrial) existed in the post-
TCRA scenario.

Total site incremental lifetime cancer risk and hazard indices for this site are presented in
Table 1-14. After completion of the TCRA, total risk for civilian base personnel and
construction worker receptors will have ICRs less than 1.0E-06 and HIs less than 1.0. Site
risks remain (i.e., ICR greater than 1.0E-04 and HI greater than 1) for the child resident and
adult resident (future) receptors due to groundwater contamination. There are no site risks
(ICR less than 1.0E-06 and HI less than 1) associated with Overs Creek.

Total risks remaining after the TCRA are attributable to contamination in the shallow
groundwater on site. The FS will, therefore, focus on developing remedial action alternatives

for mitigating these risks.

1.2 Time-Critical Removal Action

The following subsections describe the TCRA proposed for this site,
1.2.1 Purpose of TCRA

The NCP lists a number of criteria that are considered in determining the appropriateness of a

removal action. Section 300.415 paragraph (b)(2)(i) directly applies to the conditions at Site 2.
300./415 (b)(2)(1)  “Actual or potential exposure to nearby human populations, animals,
or the food chain from bazardous substances or pollutants or

contaminants.”

There are presently no permanent access restrictions in this area. The building on site is

currently used as an administrative office building.
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The presence of pesticide contaminants in this area may pose an imminent and substantial
endangerment to public health, or welfare, or the environment. In this case, a time-critical (as
opposed to non-time critical) removal action would be appropriate. Time-critical removalg
require less than six months to plan and are the most common type of removal actions. An
engineering evaluation and cost analysis (EE/CA) is not required under time-critical removal

actions.

There are several major advantages associated with conducting a time-critical removal action

under these conditions:

o It would result in the removal of materials that may pose an immediate threat to

human health and the environment in a timely fashion.

® The removal could be performed without the need to perform an EE/CA given the

relatively non-complex nature of the problem.

e It would serve to focus, and potentially eliminate the need for, feasibility study

activities for the soil matrix.

Based on the RI findings and human health and ecological risks, a TCRA for the removal and
disposal of contaminated surface and subsurface soil and sediment, identified in the area of the
two mixing/wash pads and the former storage area, has been proposed. The TCRA is currently

in the design phase.
1.2.2 Remediation Goals

Specific soil and sediment remediation levels have been established to fulfill requirements of
the TCRA objectives. These levels were calculated based on future residential land use.
Tables 1-15 and 1-16 provide a summary of the soil and sediment remediation levels for the
soil and sediment COC. The remediation levels are based on achieving a 1.0E-06 risk level for
human health., The results of the ecological RA in the RI Report indicated that adverse
ecological impacts to the aquatic environment were not expected to be significant. For
terrestrial organisms, pesticides were identified to be the most significant COC that would

have the potential for decreased viability for this population. However, after the TCRA, a low
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likelihood of decreased viability to the terrestrial population was anticipated. Therefore, no

media of concern for the ecological environment was considered for OU No. 5.

Upon completion of the TCRA, the primary sources of contamination at Site 2 will be removed.
The only remaining COC will be organic and inorganic contaminants in groundwater. This

FS will only address the groundwater.
1.2.3 TCRA Scope of Work
The proposed TCRA includes:
® Excavation of the soil, sediment, and debris from the mixing pad area and FSA

¢ Confirmation soil sampling and analysis, and additional excavation of material

contaminated in excess of the removal action endpoints

¢ Transportation and disposal of contaminated soil and sediment at a RCRA'-permitted

hazardous waste landfill
e Site restoration

For the purpose of remedial alternative development and evaluation in the FS, an assumed
source area or "hot spot,"” was developed and identified for remediation as part of the TCRA.
Based on design documents being prepared for the TCRA, the areas to be remediated
encompass approximately 14,000 square feet (0.3 acres) and a volume of approximately 500
cubic yards. The AOCs were developed primarily for evaluation of removal efforts and
potential FS design considerations. Figure 1-3 depicts the areas identified for remediation
under the TCRA. More specific information on the planned TCRA is presented in the TCRA
Design Package (Baker, 1994).

1.3 Feasibility Study Report Organization

Based on RI findings and the results of the RA, the FS process has emphasized the

development of remedial alternatives that meet the following conditions:

e Provide permanent solutions to contamination problems and long-term effectiveness
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e Meet Applicable or Relevant and Appropriate Requirements (ARARs) on a federal

level, or a state level if the state requirements are more stringent

The FS Report is organized into six sections. This Introduction section (Section 1.0) presents a
brief discussion of the FS process, report organization, site background information,and a
summary of the RI conducted at the site. The remediation goal options, remediation levels,
and remedial action objectives that have been established for the site are contained in
Section 2.0. Identification and preliminary screening of general response actions, remedial
action technologies, and process options are contained in Section 3.0. Development and
screening of remedial alternatives for groundwater are contained in Section 4.0. The detailed
analysis of remedial alternatives and a comparative analysis of alternatives for groundwater
are contained in Section 5.0, The detailed analysis is based on a set of nine criteria including
effectiveness, implementability, cost, acceptance, and overall protection of human health and

the environment. References are listed in Section 6.0.

Three appendices are included with this F'S: Appendix A contains a letter referencing factors
warranting a TCRA; Appendix B contains action level calculations for obtaining remediation
goal objectives; and Appendix C contains costing summaries and backup calculations for the

cost estimates presented in Section 5.0.
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TABLE 1-1

SUMMARY OF SITE 2 ORGANIC ANALYTICAL DATA
LAWN AND MIXING PAD AREAS - SURFACE SOIL
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Range of Pogitive No. of
Detections Positive Detects/
Organic Chemical (ng/kg) No. of Samples

Volatiles
Toluene ND-6 1711
Xylene (total) 4-5 4/11
Pesticides
alpha-Chlordane 4.3 - 3,900 9/46
gamma-Chlordane 5.2-3,400 6/46
4,4"-DDD 9.8 - 1,200,000 33/46
4,4-DDE 4.9 - 30,000 38/46
4,4-DDT 5 - 3,000,000 40/46
Dieldrin ND -1,400 1/46
Heptachlor ND -280 1/46

Notes: Concentrations expressed in microgram per kilogram

(ng/kg).

ND - Not Detected
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TABLE 1-2

SUMMARY OF SITE 2 INORGANIC ANALYTICAL DATA
LAWN AND MIXING PAD AREAS - SURFACE SOIL

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-6 inches)
Base-Specific Twice the Bage- Range of No. of No. of Times Exceeded
Background Specific Average Positive Positive Detects/ Background/
Inorganic Concentration Range(l) | Concentration Detections No. of Samples No. of Times Detected
Aluminum <90.5-1,490 1,459 2,310-9,650 11/11 11/11
Arsenic <0.44-0.91 0.8 0.52-4.3 8/11 4/8
Barium 3.5-16.5 13  5.1-25.9 11/11 4/11
Beryllium <0.06 - <0.22 0.1 0.22-0.22 2/11 2/2
Cadmium <0.35-<1.1 0.8 11-1.1 2/11 2/2
Calcium 108-10,700 4,932 508 - 109,000 11/11 8/11
Chromium <0.06 - <3.2 2 3-12.7 10/11 10/10
Cobalt <0.37-<1.8 1.6 ND-2.8 1/11 /1
Copper <1.1-3.1 2.8 0.46-19.9 11/11 4/11
Iron 160 - 1,020 1,051 722 - 3,880 11/11 9/11
Lead 2.0-204 45 5.7-225 11/11 4/11
Magnesium <20.2-200 146 109 - 1,850 11/11 8/11
Manganese <2.0-11.1 14 2.1-63.9 11/11 4/11
Mercury <0.02-<0.12 0.1 0.25-0.69 2/11 2/2
Potassium 54.5-102 104 59.6 - 368 11/11 111
Selenium <0.31-<1.0 0.9 0.66 -0.82 2/11 0/2
Sodium <94-67.5 49 20.7-214 11/11 5/11
Thallium <0.22- <0.41 04 ND-0.26 1/11 0/1
Vanadium <2.1-5.3 4.6 3.1-14.5 11/11 7/11
Zinc <1.1-28.3 23 3.8-125 8/11 4/8

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

ND - Not Detected

(1) Soil background concentrations are based on reference background soil samples from samples taken for Site 2 and previous
investigations at Camp Lejeune.




TABLE 1-3

SUMMARY OF SITE 2 ORGANIC ANALYTICAL DATA
LAWN AND MIXING PAD AREAS - SUBSURFACE SOIL
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Range of Positive No. of
Detections Positive Detects/
Organic Chemical (ugkg) No. of Samples

Volatiles
Xylene (total) 5-4,100 2/11
Semivolatiles
Acenaphthene ND -360 111
Anthracene ND-150 1/11
Fluoranthene ND-160 1/11
Fluorene 160 - 700 2/11
Z-Methylnaphthalene. 1,000 - 14,000 2/11
Naphthalene 130 - 4,800 2/11
n-Nitrosodiphenylamine 340 -1,000 2/11
Phenanthrene 350-1,500 2/11
Pyrene ND- 160 1/11
Pesticides
alpha-Chlordane 2.2-2,500 6/46
gamma-Chlordane 2.4-2,300 4/46
4,4'-DDD 4.2 -130,000 27/46
4,4'-DDE 4.6-6,300 24/46
4,4'.DDT 4 - 82,000 32/46
Heptachlor ND-190 1/46

Notes: Concentrations expressed in microgram per kilogram (ug/kg).

ND - Not Detected
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TABLE 1-4

SUMMARY OF SITE 2 INORGANIC ANALYTICAL DATA
LAWN AND MIXING PAD AREAS - SUBSURFACE SOIL

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Subsurface Soil (6 inches to the water table)
Base-Specific
Background Twice the Base- Range of No. of No. of Times Exceeded
Concentration | Specific Average Positive Positive Detects/ Background/
Inorganic Range(l) Concentration Detections No. of Samples No. of Times Detected
Aluminum 672-10,200 8,946 2,840 - 8,770 11/11 0/11
Arsenic <0.47 - <0.65 0.6 0.62-1.3 2/11 2/2
Barium <4.0-109 12 3.7-18.2 11111 1/11
Beryllium <0.05- <0.23 0.2 0.24 -0.26 2/11 2/2
Calcium <10.7-81.3 1,508 58.3 -21,700 11/11 311
Chromium <3.2-8.7 8.7 24-151 10/11 2/10
Cobalt <0.35-<1.9 1.6 24-3.2 2/11 2/2
Copper <047-1.2 1.6 0.73-4.6 5/11 1/5
Iron 126 - 2,840 1,778 324 - 2,560 11/11 1/11
Lead 1.2-6.1 9.1 29-821 11/11 2/11
Magnesium <25.4-260 231 81-484 10/11 1/10
Manganese 1.2-5.2 6.2 2.2-125 10/11 3/10
Mercury <0.02-<0.11 0.1 ND -0.22 1711 in
Potassium <81.6-187 223 50.5 - 288 11/11 1/11
Sodium <14.5- <44.9 41 15.5-51.6 11/11 4/11
Vanadium <15-134 10 3-8.6 11/11 0/11
Zine <0.19-11.6 5.6 1.9-29.1 6/11 3/6

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

ND - Not Detected _
(1) Soil background concentrations are based on reference background soil samples from samples taken for Site 2 previous
investigations at Camp Lejeune.



TABLE 1.5

SUMMARY OF SITE 2 ORGANIC ANALYTICAL DATA
FORMER STORAGE AREA - SURFACE SOIL
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Range of Positive No. of
Detections Positive Detects/
Organic Chemical (ng'kg) No. of Samples

Volatiles

Toluene ND-5 1/5
Xylene (total) ND-8 1/5
Pesticides

4,4'-DDD 30-1,200 4/5
4,4-DDE 76 - 230 4/5
4,4'-DDT 4.7 -9,400 5/5

Notes: Concentrations expressed in microgram per kilogram

(ngkg).

ND - Not Detected
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TABLE 1-6

SUMMARY OF SITE 2INORGANIC ANALYTICAL DATA
FORMER STORAGE AREA - SURFACE SOIL

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-6 inches)
Base-Specific
Background Twice the Base- Range of No. of No. of Times Exceeded
Concentration | Specific Average Positive Positive Detects/ Background/
Inorganic Range(D Concentration Detections No. of Samples No. of Times Detected
Aluminum <90.5-1,490 1,459 4,900 - 8,590 5/5 5/5
Arsenic <0.44-0.91 0.8 0.69-0.86 3/5 1/3
Barium 3.5-16.5 13 9.7-14 5/5 1/5
Beryllium <0.06 - <0.22 0.1 0.23-0.24 3/5 3/3
Calcium 108-10,700 4,932 551 - 108,000 5/5 3/5
Chromium <0.06 - <3.2 2 6.6-9.8 5/5 5/5
Copper <1.1-3.1 2.8 0.47-8.2 5/5 1/5
Iron 160- 1,020 1,051 1,760 - 2,980 5/5 5/5
Lead 20-204 45 5.6-104 5/5 05
Magnesium <20.2-200 146 242 -1,830 5/5 5/5
Manganese <2.0-11.1 14 5.9-204 5/5 3/5
Mercury <0.02- <0.12 0.1 0.34-0.44 3/5 3/3
Potassium 54.5-102 104 195 - 364 5/5 5/5
Selenium <0.31-<1.0 0.9 0.27-0.49 3/5 0/3
Silver <0.37-62 11 0.71 1/5 0/1
Sodium <9.4-67.5 49 38.1-238 5/5 4/5
Vanadium <2.1-5.3 4.6 8.5-11.2 5/5 5/5
Zine <11-28.3 23 7.5-51.9 4/5 1/4

Notes: Concentrations expressed in milligram per kilogram (mg/kg).
(1) Soil background concentrations are based on reference background soil samples from samples taken for Site 2 and
previous investigations at Camp Lejeune.




TABLE 1-7

SUMMARY OF SITE 2 ORGANIC ANALYTICAL DATA
FORMER STORAGE AREA - SUBSURFACE SOIL
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Range of Positive No. of
Detections Positive Detects/
Organic Chemical (ng’kg) No. of Samples
Volatiles
Xylene (total)* 4-5 2/12
Pesticides
4,4'-DDD 11-1,000 6/11
4,4'-DDE 6-31 2/11
4,4-DDT 6-1,500 6/11
TEX*
Toluene ND-9.1 19
Ethylbenzene ND-9.1 1/9
o0-Xylene** ND-10.3 1/9
m- and p-Xylene** ND-14.2 1/9

Notes: Concentrations expressed in microgram per kilogram

(ng/kg).

ND - Not Detected

* TEX -Toluene, ethylbenzene, and xylene

** Xylene was analyzed for by the Contract Laboratory
Program for organics and by USEPA Method 602.
o-Xylene and m- and p-xylene were combined to get a
total xylene concentration of 24.5 mg/kg.
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TABLE 1-8

SUMMARY OF SITE 2INORGANIC ANALYTICAL DATA
FORMER STORAGE AREA - SUBSURFACE SOIL
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Subsurface Soil (6 inches and below)
Base-Specificc | Twice the Base-
Background Specific Range of No. of No. of Times Exceeded
Concentration Maximum Positive Positive Detects/ Background/
Inorganic Range(D) Concentration Detections No. of Samples No. of Times Detected
Aluminum 672-10,200 8,946 1,060-17,600 11/11 711
Axrsenic <0.47 - <0.65 0.6 0.52-1.7 7A1 6/7
Barium <4.0-10.9 12 54-17.8 11/11 5/11
Beryllium <0.05-<0.23 0.2 0.24 -0.25 3/11 3/3
Cadmium <0.34-<1.2 1 1.6 1/11 1/1
Calcium <10.7-81.3 1,508 24.1 - 246,000 11/11 1/11
Chromium <3.2-8.7 8.7 5.2-16.6 11/11 2/11
Cobalt <0.35-<1.9 1.6 2.5 1711 1/1
Copper <047-1.2 1.6 0.49-42 8/11 5/8
Iron 126 - 2,840 1,778 998 - 7,240 11/11 7/11
Lead 1.2-.6.1 9.1 1.2-8 11/11 0/11
Magnesium <2b5.4-260 231 85.7 - 3,860 11/11 8/11
Manganese 1.2-5.2 6.2 2.5-24.1 11/11 6/11
Mercury , <0.02- <0.11 0.1 0.22-0.39 7/11 717
Potassium <81.6-187 223 67.5-772 11/11 7/11
Selenium 0.23-<1.0 0.8 0.29-0.63 3/11 0/3
Sodium . <14.5- <44.9 41 26.6-1,030 11/11 5/11
Vanadium <15-134 10 4.2-259 11/11 9/11
Zinc <0.19-11.6 5.6 2.5-12.6 4/11 1/4

Notes: Concentrations expressed in milligram per kilogram (mgrkg).
(1) Soil background concentrations are based on reference background soil samples from samples taken for Site 2 and
previous investigations at Camp Lejeune.
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TABLE 1-9

COMPARISON OF SITE 2 GROUNDWATER ANALYTICAL RESULTS TO STANDARDS AND CRITERIA

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Contaminant Frequency/Range Groundwater Standards and Criteria Comparigon to Standards and Criteria
No. of Positive | Range of MCLs/ No. of Positive | No. of Positive | No. of Positive
Detects/ Positive |Background | NCWQS(D | MCLGs (| HAs® | Detects Above | Detects Above | Detects Above
Chemical No. of Samples | Detections | 2-GW(09-01 (ug/L) (ue/l) (pg/L) NCWQS MCLs/MCLGs HAs
Volatile Organics
Ethylbenzene 219 2-190 ND 29 700 700 172 0/2 0/2
Trichloroethene 19 ND-5 ND 2.8 5/0 300 11 0/1® 0/1
Xylene (total) 3/9 1-1800 ND 530 10,000 10,000 1/3 0/3 0/3
Semivolatile Organics .
Acenaphthene 1/8 ND-2 ND -- -- - -- - --
2,4-Dimethylphenol 1/8 ND-6 ND - - - - - -
2-Methylnaphthalene 2/8 3-17 ND - - - - - -
Naphthalene 2/8 2-15 ND - - 20 -- - 0/2
Phenol 1/8 ND.3 ND -- - 400 - - 0/2
Pesticides
4,4.DDD 1/9 ND-4 0.73 - - - - - -
4,4'-DDT 1/9 ND-10 1.6 - - - - - -

Notes: All concentrations expressed in microgram per liter (ng/L).

-- = Not Available or Not Applicable

(M NCWQS - North Carolina Water Quality Standards for Groundwater
(2 MCL - Maximum Contaminant Level. Lead and copper standards are an action level.
(3 HA - Lifetime health advisories for 70 kg adult (value for trichloroethene, arsenic, and
beryllium is for the 10-4 cancer risk).
@ USEPA, Region II1, October 1993.

(5) Value is the value for naphthalene.
(6) Trichloroethene equaled the MCL.

(" Value is for chromium+6,

@ Secondary MCL.
® Chromium ™6 value equaled the RBC.
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TABLE 1-9 (continued)

MCB CAMP LEJEUNE, NORTH CAROLINA

COMPARISON OF SITE 2 GROUNDWATER ANALYTICAL RESULTS TO STANDARDS AND CRITERIA
OPERABLE UNIT NO. 5 (SITE 2)

Contaminant Frequency/Range Groundwater Standards and Criteria Comparison to Standards and Criteria
No. of Positive | Range of MCLs/ No. of Positive { No. of Positive | No. of Pogitive
Detects/ Positive |Background | NCWQS () | MCLGs (| HAs® | Detects Above | Detects Above | Detects Above
Chemical No. of Samples | Detections | 2-GW09-01 (ng/L) (pg/L) (ug/L) NCWQS MCLs/ MCLGs HAs
Inorganics
Aluminum 8/8 269-36,000 56,300 - 50-200 ®) - -- 8/8® -
Arsenic 7/8 2.2-23.6 12,9 50 50 2 0/7 0/7 Yy
Barium 8/8 46-1,420 328 2,000 2,000 2,000 0/8. 0/8 0/8
Beryllium 2/8 12 3 - 4 0.8 02 2/2
Cadmium 1/8 7 ND 5 5 5 1 71 11
Chromium 5/8 11-18 75 50 100 100 0/5 0/5 0/5
Cobalt 2/8 10-12 10 - - - - - -
Copper 8/8 3-10 25 1,000 1,300 -- 0/8 0/8 -
Lead 5/8 2.7-15.5 27.2 15 15 - 1/5 1/5 -
Manganese /8 21-79 290 50 50(8 .- 4/7 -- -
Selenium 1/8 4.2 ND 50 50 - 0/1 01 -
Vanadium 7/8 9-89 86 - - - - - -
Zinc 8/8 6-146 103 2,100 - 200 0/8 -- 0/8

Notes: All concentrations expressed in microgram per liter (ug/L).

-- = Not Available or Not Applicable

(MNCWQS - North Carolina Water Quality Standards for Groundwater
(2 MCL - Maximum Contaminant Level. Lead and copper standards are an action level.
(3 HA - Lifetime health advisories for 70 kg adult (value for trichloroethene, arsenic, and
beryllium is for the 10-4 cancer risk).
(4 USEPA, Region ITi, October 1993.

(5) Value is the value for naphthalene.
® Trichloroethene equaled the MCL.

(M Value is for chromium +86,

®) Secondary MCL.
9 Chromium+6 value equaled the RBC.




TABLE 1-10

COMPARISON OF RAILROAD TRACK DRAINAGE DITCH SURFACE WATER
ANALYTICAL DATA TO STATE STANDARDS AND FEDERAL CRITERIA
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Contaminant
Frequency/Range Comparison to Standards and Criteria
No. of No. of No. of
Positive Range of Positive Positive
Detects/ Positive Detects Detects
‘ No. of Detections | NCWQS(D) | AWQCs2 above above
Parameter Samples (pg/L) (ng/L) (pg/L) NCWQS AWQCs

Pesticides
4,4'-DDD 477 0.11-1.9 NA 8.3x10-43) - 4/4
44'-DDT 217 0.74-0.94 5.88E-4 2.4E-5 2/2 2/2
Inorganics
Arsenic 1/1 3.3 NA 2.2E-3 - 1/1
Barium 11 . 85 100 1,000 0/1 0/1
Beryllium 11 1.0 6.8E-3 3.7x10%4 1/1 ‘ 11
Chromium 111 14 NA 1.7x10°@® - 0/1
Copper 11 31 NA 1,3004) - 0/1
Lead 11 23.4 NA 504 - 0/1
Manganese 11 58 200 50 0/1 1/1
Vanadium 11 15 NA NA - -
Zinc 11 418 NA NA - -

Notes: Concentrations expressed in microgram per liter (ug/L).
NA - Not Available .
() NCWQS - North Carolina Water Quality Standard for Freshwater (human health)
2) AWQCs - Federal Ambient Water Quality Standards (human health, water and
organisms)
3) Recalculated using IRIS, 1990.
4) Value withdrawn (Federal Register, December 1992).
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TABLE 1-11

COMPARISON OF OVERS CREEK SURFACE WATER ANALYTICAL DATA TO
STATE STANDARDS AND FEDERAL CRITERIA
OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

Contaminant
Frequency/Range Comparison to Criteria
No. of No. of No. of
Positive Maximum Positive Positive
Detects/ Positive Detects Detects
No. of Detection | NCWQS @ | AWQCs @ above above
Parameter Samples (pg/L) (pg/L) (pg/L) NCWQS AWQCs
Inorganics
Barium 2/2 25 NA 1,000 -- 0/2
Copper 2/2 7 NA 1,3003) - 0/2
Manganese 2/2 24 NA 50 - 0/2

Notes: Concentrations expressed in microgram per liter (ug/L).
NA -Not Applicable, no standard promulgated
(1) NCWQS - North Carolina Water Quality Standard for Tidal Saltwaters (human health)
2 AWQCs - Federal Ambient Water Quality Standards (human health, water and organisms)
(3 Value is calculated using IRIS (USEPA, 1990).
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TABLE 1-12

SUMMARY OF SITE 2 SHALLOW SEDIMENT INORGANIC
ANALYTICAL DATA
RAILROAD TRACK DRAINAGE DITCHES

OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

Twice the
Maximum Average
Detected Background
Concentration Concentration Exceeded
Parameter (mg/kg) (mg/kg) Background(@)

Aluminum 5,500 4,620 Y
Arsenic 1.4 1.36 Y
Barium 28.5 114 Y
Beryllium 0.25 ND Y
Chromium 6.5 6.9 N
Copper 6.6 2.3 Y
Lead 51.4 12 Y
Manganese 32.3 12.5 Y
Selenium 0.38 ND Y
Vanadium 115 6.6 Y
Zinc 120 21.3 Y

Notes: Units in milligram per kilogram.

(1) USEPA, 1993. Selecting Exposure Routes and Contaminants of
Concern by Risk-Based Screening.

) Y/N (yes/no), denotes maximum detected value exceeded risk-based
concentration.

® Chromium+6

(4) USEPA, 1990. “Interim Guidance on Establishing Soil Lead Cleanup
Levels at Superfund Sites.”
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TABLE 1-13

SUMMARY OF OVERS CREEK SHALLOW SEDIMENT INORGANIC
ANALYTICAL DATA
OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

Maximum Twice the Average
Detected Background
Concentration Concentration Exceeded
Parameter (mg/kg) (mg/kg) Background®
Aluminum 8,680 4,620 Y
Arsenic 0.79 1.36 Y
Barium 114 11.4 Y
Beryllium 0.85 ND Y
Chromium 9.9 6.9 Y
Copper 6.4 2.3 Y
Lead 8.8 12 Y
'Manganese 203 12.5 Y
Selenium 1.7 ND Y
Thallium 0.31 ND Y
Vanadium 6.8 6.6 Y
Zinc 69 21.3 Y

Notes: Unitsin milligram per kilogram.

(1) USEPA, 1993. Selecting Exposure Routes and Contaminants of
Concern by Risk-Based Screening.

@) Y/N (yes/no), denotes maximum detected value exceeded risk-based
concentration.

3) Chromium*6

4) USEPA, 1990. “Interim Guidance on Establishing Soil Lead
Cleanup Levels at Superfund Sites.”
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TABLE 1-14

TOTAL SITE INCREMENTAL LIFETIME CANCER RISK AND HAZARD INDICES
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Lawnand
Mizing Pad Areas - Former Storage Area -
Lawn and Time Critical Time Critical

Mixing Pad Areas Removal Action | Former Storage Area Removal Action Overs Creek

Receptors ICR ICR HI ICR HI ICR HI ICR HI

Civilian Base Personnel 1E-4 5E-7 0.008 3E-7 0.004 3E-8 3E-4 -- -

Construction Worker 1E-10 4E-8 4E-8 - -

Child Resident - -

Adult Resident - --
Trespassing Child -- - -- - - - - -- 1E-7 1E-3
Trespassing Adult - - - - - - - - 9E-8 3E-4

Notes: ICR = Incremental Lifetime Cancer Risk
HI = Hazard Index

Shading indicates that risk level is not within or fell above acceptable levels.




TABLE 1-15

SUMMARY OF SOIL REMEDIATION LEVELS

TIME-CRITICAL REMOVAL ACTION
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Residential Remediation Level

Residential Remediation Level

Contaminant of Concern (Carcinogenic) (Noncarcinogenic)
(mg/kg) (mg/kg)
Acenaphthene 8)) 4,153
Anthracene 1) 20,765
Chlordane (Total) 0.621 4
4,4-DDD 4 (2)
4,4-DDE 3 (2
4,4-DDT 3 35
Dieldrin 0.05 4
Ethylbenzene QD 6,922
Fluoranthene 143 2,769
Heptachlor 0.179 35
N-Nitrosopliphenylamine 165 (2)
Naphthalene (1) 2,769
2-Methylnaphthalene 1) 2,769%
Phenanthrene 48 (2)
Pyrene 68 2,076
Toluene (1) 13,844
Trichloroethene 74 (2)
Xylene (Total) o)) 138,433

Notes: (1} Cancer slope factor not available
(2> Reference dose not available
*  The toxicity factor for naphthalene was used to develop remediation level for 2-methyl

naphthalene.

Remediation levels are for the resident child.
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TABLE 1-16

SUMMARY OF SEDIMENT REMEDIATION LEVELS

TIME-CRITICAL REMOVAL ACTION

OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

Residential Remediation Level | Residential Remediation Level
Contaminant of Concern (Carcinogenic) (Noncarcinogenic)

(mg/kg) (mg/kg)
Chlordane (Total) 4 26
4,4'-DDD 21 2
4,4'-DDE 15 (2
4,4'.DDT 15 216
Dieldrin 1) 22
Endosulfan IT 1 216
Ethylbenzene (D 43,260
Naphthalene 1) 17,304
2-Methylnaphthalene 1) 17,304*
Xylene (Total) (1) 865,202

Notes: (1) Cancer slope factor not available
(2) Reference dose not available
*  The toxicity factor for naphthalene was used to develop remediation level for 2-methyl

naphthalene.

Remediation levels are for the resident child.
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2.0 DEVELOPMENT OF REMEDIATION GOAL OPTIONS, REMEDIATION
LEVELS, AND REMEDIAL ACTION OBJECTIVES

This section presents the development of Remediation Goal Options (RGOs), Remediation
Levels (RLsg), and Remediation Action Objectives (RAOs) for Site 2.

2.1 Remediation Goal Options

RGOs are chemical-gpecific concentration goals established for specific media and land-use
combinations for the protection of human health and the environment, The RGOs for Site 2
have been developed with consideration of the TCRA to be conducted pursuant to 40 CFR Part
300.415. There are two general sources of chemical-specific RGOs: (1) concentrations based on
Applicable or Relevant and Appropriate Requirements (ARARs) and, (2) risk-based
concentrations for the protection of public health and the environment. There are several
steps involved in developing RGOs for a site including: identifying the media and
contaminants of concern (COC); identifying the routes of exposure; identifying the receptors;
and evaluating ARARs. The development of the RGOs via these steps are detailed in the
following sections. All summary tables prepared for Section 2 are located at the end of this

section.
2.1.1 Media(s) of Concern

The TCRA will address the removal of contaminated soil and sediment at the MPA. The
remaining soil and sediment at the site will not pose a human health risk greater than
1.0E-06, which falls within the USEPA’s acceptable target risk range of 1.0E-04 to 1.0E-06.
Therefore, soil and sediment were not considered as media of concern in this ¥S. In addition,
the risks calculated in the baseline RA for all of the receptors to surface water fell below
acceptable risk levels. Therefore, surface water was not considered a media of concern for this
FS. However, the results of the RA indicated that groundwater was a media of concern with

respect to carcinogenic and noncarcinogenic risks before and after the implementation of the
TCRA.

The results of the ecological RA in the RI Report indicated that adverse ecological impacts to
the aquatic environment were not expected to be significant. For terrestrial organisms,
pesticides were identified to be the most significant COC that would have the potential for
decreased viability for this population. However, after the TCRA, a low likelihood of
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decreased viability to the terrestrial population was anticipated. Therefore, no media of

concern for the ecological environment was considered for OU No. 5.
2.1.2 Contaminants of Concern

Groundwater COC were selected in the baseline RA based on site history, frequency of
detection, detected concentrations, toxicity, and comparison to established standards or
criteria. The COC identified for groundwater are listed in Table 2-1,

2.1.3 Routes of Exposure and Receptors

The results of the human health RA indicated that the primary exposure route of concern was
future ingestion of groundwater. However, currently there are no receptors who are exposed
to the shallow groundwater the site. The shallow aquifer is a series of sediments, primarily
sand and clay, which commonly extends to depths of 50 to 100 feet. The future development of
the shallow aquifer for potable use is unlikely because of the general poor water quality in the
shallow zone, poor flow rates, and the unlikely future development of the site for residential
housing. All of the groundwater used at MCB, Camp Lejeune is supplied by the deeper Castle
Hayne aquifer. There are four water supply wells located in the vicinity of Site 2: 616, 645,
646, and 647. The locations with respect to Site 2 are illustrated on Figure 2-1.

For representative exposure scenarios for the probable future use of the site, the RGOs for
groundwater contaminants in the FS were calculated based on the potential exposure of the
future construction worker. In addition, as a conservative estimate of exposure and for
comparative purposes, RGOs were also calculated for the future residential child and adult

exposure scenarios.

2.14 Applicable or Relevant and Appropriate Requirements

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

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

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

drinking water source.
CERCLA’s definition of “Relevant and Appropriate Requirements” is:

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

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

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

of Historic Places.

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



Subsection 121(d) of CERCLA requires that Federal and State substantive requirements that
qualify as ARARs be complied with by remedies. Federal, State, or local permits do not need
to be obtained for removal or remedial actions implemented on site but their substantive
requirement must be obtained. “On site” is interpreted by the USEPA to include the areal
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. ARARsidentified for OU No. 5 are presented in the following section.

2.1.4.1 Chemical-Specific ARARs

The following criteria were used in the selection of chemical-specific ARARs: the North
Carolina Water Quality Standards (NCWQSs) applicable to groundwaters, the Federal
Primary MCLs, and Federal risk-based Health Advisories (HAs). A brief description of each of

these ARARs are presented below and are summarized on Table 2-2.

North Carolina Water Quality Standards (Groundwater) - Under the North Carolina
Administrative Code (NCAC), Title 15A, Subchapter 2L, Section .0200, (15A NCAC 2L.0200)
the North Carolina Department of Environment, Health, and Natural Resources (NC
DEHNR) has established groundwater standards (NCWQSs) for three classifications of
groundwater within the State: GA, GSA, and GC. Class GA waters are those groundwaters in
the State naturally containing 250 milligram per liter (mg/L) or less of chloride. These waters
are an existing or potential source of drinking water supply for humans. Class GSA waters
are those groundwaters in the State naturally containing greater than 250 mg/L of chloride.
These waters are an existing or potential source of water supply for potable mineral water and
conversion to fresh water. Class GC water is defined as a source of water supply for purposes
other than drinking. The NCAC T15A:02L.0300 has established sixteen river basins within
the State as Class GC groundwaters (15A NCAC 21..0201 and 2L.0300). Shallow groundwater
at MCB Camp Lejeune is currently classified ag GA.

The water quality standards for the groundwaters are the maximum allowable concentrations
resulting from any discharge of contaminants to the land or water of the State, which may be

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



groundwater unsuitable for its intended best usage. If the water quality standard of a
substance is less than the limit of detectability, the substance shall not be permitted in
detectable concentrations. If naturally occurring substances exceed the established standard,
the standard will be the naturally occurring concentration as determined by the State.
Substances which are not naturally occurring, and for which no standard is specified, are not
permitted in detectable concentrations for Class GA or Class GSA groundwaters
(15A NCAC 2L.0202).

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

lesser of:

Systemic threshold concentration (based on reference dose and average consumption)
Concentration which corresponds to an incremental lifetime cancer risk of 1,0E-06
Taste threshold limit value

Odor threshold limit value

Federal MCL

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 technical feasibility of removing

the contaminant from the public water supply.

Health Advisories (HAs) - HAs are guidelines developed by the USEPA Office of Drinking
Water which describe nonregulatory concentrations of drinking water contaminants at which
adverse health effects would not be anticipated to occur over specific exposure durations.
These guidelines are designed to consider both acute and chronic toxic effets in children
(assumed body weight of 10 kg) who consume 1 liter of water per day or in adults (assumed
body weight of 70 kg) who consume 2 liters of of water per day. Health Advisories are
generally available for acute (1 day), subchronic (10 days), chronic (longer term),




approximately seven years, and lifetime exposures based on data describing noncarcinogenic
endpoints of toxicity. HAs do not quantitatively incorporate any potential carcinogenic risk
from such exposure. Chemical concentration values for carcinogens are correlated with a
cancer potency value (unit risks) with assumptions for lifetime exposure and the consumption

of drinking water.

Table 2-3 presents the chemical-specific ARARs and to be considered criteria for the
groundwater COC at Site 2.

2.1.4.2 Location-Specific ARARs

Potential location-specific ARARs identified for OU No. 5 are listed on Table 2-4. An
evaluation determining the applicability of these location-specific ARARs with respect to OU
No. 5 is also presented and summarized on Table 2:4. Based on this evaluation, specific

sections of the following location-specific ARARs may be applicable to OU No. 5:

Fish and Wildlife Coordination Act

Federal Endangered Species Act

North Carolina Endangered Species Act

Executive Order 11990 on Protection of Wetlands
Executive Order 11988 on Floodplain Management

RCRA Location Requirements

- Please note that the citations listed on Table 2-4 should not be interpreted to indicate that the

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

2.14.3 Action-Specific ARARs

Action-gpecific ARARs are typically evaluated following the development of alternatives since
they are dependent on the type of action being considered. Therefore, at this step in the
FS process, potential action-specific ARARs have only been identified and not evaluated for
OU No. 5. A set of potential action-specific ARARs are listed on Table 2-5. Note that the
citations listed on this table should not be interpreted to indicate that the entire citation is an
ARAR. The citation listing is provided on the table as a general reference. These ARARs will
be evaluated after the remedial action alternatives have been identified for OU No. 5.

Additional action-specific ARARs may also be identified and evaluated at that time.



2.1.5 Risk-Based Remediation Goal Options

Risk-based RGOs were developed for the groundwater COC. Derived RGOs for OU No. 5
involved establishing acceptable human health risk criteria and determining allowable risk to
COC, which were then used to back calculate media-specific concentrations for established
risk levels. For QU No. 5, RGOs were calculated for the receptor most likely to come into
contact with the groundwater i.e., the future construction worker. However, for a
conservative estimate of exposure, RGOs were also calculated for the future residential child
and adult.

The methodology used for the risk-based RGOs is in accordance with USEPA risk assessment
guidance (USEPA, 1989a) (USEPA, 1991a). For noncarcinogenic effects, a concentration was
calculated that corresponds to an HI of 1.0, or unity, which is the level of exposure to a
contaminant from all significant exposure pathways in a given medium below which it is
unlikely for even sensitive populations to experience health effects. Based on the NCP (40
CFR 300.430), for known or suspected carcinogens, acceptable exposure levels are generally
concentrations that represent an ICR between 1.0E-04 and 1.0E-06, which corresponds to an
ICR over a lifetime as a result of exposure to the potential carcinogen from all significant
exposure pathways for a given medium. Therefore, risk-based RGOs for the carcinogenic COC
were calculated at three ICR levels; 1.0E-04, 1.0E-05, and 1.0E-06 for all receptors.

Three steps were involved in estimating the risk-based RGOs for COC at OU No. 5. These
steps are generally conducted for a media and land-use combination and involved identifying
the most significant: (1) exposure pathways and vroutes, (2) exposure parameters, and
(3) equations. The equations included calculations of total intake from a given medium and
were based on identified exposure pathways and associated parameters. Equations and input

parameters are presented in Appendix B.

2.1.6 Comparison of Risk-Based Remediation Goal Options to
Maximum Contaminant Concentrations in Groundwater

This subsection discusses a comparison of risk-based RGOs to maximum contaminant

concentrations in groundwater.
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Identification of remedial alternatives should not solely be placed on the estimation of risk-
based RGOs. Comparison of maximum contaminant concentration to risk-based RGOs was
performed to provide a upper-bound conservative estimation, and aid in the screening and
identification of remedial alternatives. They are not to be used in making final remedial

decisions.

2.1.6.1 Future Residential Child and Adult

The carcinogenic and noncarcinogenic risk-based RGOs, with respect to the future residential
child and adult, were calculated for the dermal contact and ingestion of groundwater
scenarios. The two exposure pathway scenarios were summed for each receptor to evaluate
the additive effects of the COC. Of the residential child and adult, the residential child
noncarcinogenic RGOs were the most conservative of the two residential receptors. Likewise,
the residential adult carcinogenic RGOs were the most conservative of the the two residential

receptors. Therefore, the following discussion reflects this result.

The RGOs calculated for the residential child and a comparison to the maximum groundwater
COC concentrations are presented on Table 2-6. As shown on the table, the maximum

concentration of arsenic, barium, and 4,4'-DDT exceeded the noncarcinogenic RGOs at the HI
of 1.0.

The RGOs calculated for the residential adult and a comparison to the maximum groundwater
COC concentrations are presented on Table 2-7. As shown on the table, the maximum
concentration of arsenic and beryllium exceeded the carcinogenic RGOs at all three of the ICR
levels, In addition, 4,4'-DDD and 4,4'-DDT exceeded the carcinogenic RGOs at the 1.0E-05
and 1.0E-06 ICR levels only.

2.1.6.2 Future Construction Worker

The carcinogenic and noncarcinogenic risk-based RGOs, with respect to a future construction
worker, were calculated for the dermal contact and ingestion of groundwater scenarios. The
two exposure pathway scenarios were summed to evaluate the additive effects of the COC.
The RGOs calculated for this receptor and a comparison to the maximum groundwater COC
concentrations are presented on Table 2-8. As shown on the table, none of the maximum
concentrations of COC exceeded the carcinogenic RGOs at all three ICR levels or the

noncarcinogenic RGOs.
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2.1.6.3 Summary of Remediation Goal Options

Table 2-9 presents a summary of RGOs, basis of goal and corresponding risks of groundwater
COC for the future construction worker receptor. The future construction worker is the

receptor most likely to come into contact with shallow groundwater at Operable Unit No. 5.
2.1.7 Uncertainty Analysis

The general uncertainties associated with calculating risk-based RGOs are summarized
below. 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 qualitative statement that the RGOs was based on estimated inputs defines

the certainfy in a qualitative manner.

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

associated with them (e.g., events per year).

Although RGOs are believed to be fully protective for the 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 all RGOs,

protectiveness is not freely achieved (i.e., cumulative risk may fall outside the risk range).

2.2 Remediation Levels

This section presents the Remediation Levels (RLs) chosen for QU No. 5. RLs are chosen by

the risk manager for the COC and are also included in the ROD. These numbers derived from



the RGOs presented on Table 2-9 are no longer goals and may be considered required levels for

the remedial actions to achieve.

The final COC are selected from that group of groundwater COC that were detected in
concentrations exceeding the RGO listed on Table 2-9. The final COC and their associated
RLs are presented on Table 2-10. This list was based on a comparison of contaminant-specific
ARARSs and the site-specific risk-based RGOs. If a COC had an ARAR, the most limiting (or
conservative) ARAR was selected as the RL for that contaminant. If a COC did not have an
ARAR, the most conservative risk-based RGO was selected for the RL.

In order to determine the final COC for QU No. 5, the contaminant concentrations detected at
each site were compared to the RLs. The contaminants which exceeded at least one of the RLs
were retained as final COC. The contaminants that did not exceed any of the RLs were no

longer considered as COC with respect to this FS.

The final groundwater COC are trichloroethene, ethylbenzene, xylene (total), and lead.
Contaminant source areas have been identified based on past operations and supporting
analytical data. The groundwater monitoring results suggest that the sources of groundwater
contamination are, or were, present in localized areas within Site 2. Organic contaminants
were detected in wells located in the FSA. The source is, or was most likely the result of
previous site operations since the general groundwater flow is to the north and east. The
concentrations of organic and inorganic contaminants detected above Federal and North
Carolina groundwater quality standards and inorganic chemicals of concern are presented in

Figures 2-2, 2-3, and 2-4, respectively.

2.3 Remedial Action Objectives

The general approach used for development of groundwater containment and treatment
scenarios in the FS was to estimate the downgradient edge of contaminated areas based on
available information while making only limited assumptions concerning any upgradient

extent of contaminant plumes.

In general, the groundwater remediation levels developed for the organic contaminants were
used to estimate the downgradient extent of groundwater defined as “contaminated.” As
discussed in Section 1.0 and in the RI, the inorganic constituents detected are most likely

associated with turbidity in the wells and are well within the typical range for inorganics in
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groundwater. During the initial sampling, the organic contaminant trichloroethene was
detected in the deep monitoring well 2GW3D, at a concentration equal to the Federal MCL
(5 pg/L) and above the state limit of 2.8 ng/l.. Additionally, the contaminant (TCE) found in
this well is considered to be unrelated to former operations at Site 2 and may be associated
with the TCE levels found in the deep aquifer at several locations on base (Geophex, 1991),
TCE was not detected in this monitoring well during the second round of sampling. Therefore,
the following remedial action objectives will be considered for the shallow groundwater at
Site 2:

¢ To prevent exposure to (ingestion, inhalation, and dermal contact) groundwater COC

exceeding the remediation levels

o To prevent further migration of contaminated groundwater in the surficial and Castle

Hayne Aquifers

e To restore the groundwater to meet the remediation levels set for the groundwater

coC

2-11



g1z

| \
\
\ S—674 FINISHED WATER
N \ RESERVOIR
SITE 2 \\
S—673 RAW WATER
v/ RESERVOR
\ @
30 ‘ﬁ)
o—— 25— ‘ \ \
~ 645 D) A =
2 BOULE

\

7

VARD

oo
2
B
s
m

818

5245 ¢

) - ‘
% U= 1:4;7 =48 3 (
[_=51 _ 1 inch = 300 ft. Baker Envionmental,m

R
174202;'9 —_—
e

iy SQ ~50
LEGEND
FIGURE 2-1
WATER SUPPLY WELLS IN THE

VICINITY OF SITE 2
FEASIBILITY STUDY CT0-0174

MARINE CORPS BASE, CAMP LEJEUNE

6636 WATER SUPPLY WELL

SOURCE: LANTDIV, FEB. 1992 NORTH CAROLINA

Old5166 BLZ.



€1-3

ﬂ \\ \\ —_
| \ N
2GwW3S W

ROUND 1 \\ \

ND

PESTICIDES/PCBS \ \ \
4,4-DDD  0.73
4,4'-DDT___ 1.6
\\ seunoLrLes
hD ND 672
SEMIVOLATILES 74 PESTICIDES /PCBS
NA \ 4,4-pDT = 0.1J Q
PESTICIDES/PCBS
ND O \\
26W2 \ ’
¢ \\ 26W10
ROUND 1
)
ND A2
NAPHTHALE:J/E 2J /cm ~ \ . ‘
' \
2~METHYLNAPHTHALENE 3.
PESTICIDES/PCBS \\
ND \ ..
| N\ S673
ROUND 2 A\ RAW_WATER
YOLATILES — \\ P RESERVOIR
ND 712 A —
NAPHTHALENE 10 ' 2611 W\ T
2-METHYLNAPHTHALENE 8J \_- 74
PESTICIDES /PCBS A X
ND ROUND 2 A\ ROUND T ]
ND \ XYLENES(fotal) I
YLENES(total 19
2—METH LRATT A CENE 54 ‘\‘ ETHYLBENZENE 2
PESTICIDES/PCBS \ SEMIVELATILES
4,4'~DDE 0.84 N PESTICIDES /PCBS
4,4'-DDD 37E e

D o
4,4'-DDT 6.5 2_G_W4 ] N
—— mp—— S —— \\
— — —— —~—
265 A. ~ T~

YOLATILES
ROUND 1 YOLATILES CARBON DISULFIDE 1
VOLATILES M TCE 5 S2BUTANO 5
XYLENES(fotal) 1800J SEMIVOLATILES .&EMDLQLAILLES
ETHYLBENZENE - 190 PHENOL 3J ND
IN NOV. 8, 1544 AERIAL PHOTO. SEMIVOLATILES .EESII_C_L%ESLEQB_S ' .EESIIQ[%E_SLEC_B_S
2,4 DIMETHYLPHENOL 6J
NAPHTHALENE 15 ND_(duplicate) %
2~METHYLNAPHTHALENE 17 APPROXIMATE LOCATION OF 26W3D ROUND 1
ACENAPHTHENE 2J FORMER RAILROAD SIDING
PESTICIDES/PCES IDENTIFIED ON FEB. 10, 1962 L YOQLATILES
D AERIAL PHOTO. 26W3 ND
SEMIVOLATILES
T - ESTE "
. VOLATILES PESTICIDES /PCBS
ROUND 1 Z%ligER%%ENZENE Z el
4,4'-DDT 9.4
YOLATILES YOLATILES ETHYLBENZENE 93E
SEMIVOLATILES SEMIVOLATILES SEMIVOLATILES ROUND 2
ND ND 2,4 DIMETHYLPHENOL 54 26w8
PESTICIDES/PCBS 26W6 | NAPHTHALENE 4 YOLATILES |
ND i 2~-METHYLNAPHTHALENE  8J NA :
PESTICIDES/PCBS SEMIVOLATILES
NOTE: \i& ND o '
~GROUNDWATER SAMPLE STATIONS PESTICIDES /PCBS
SHOWN WITHOUT CONCENTRAT|ONS 0 40 80 ! 180 4:4'—DDD : 5.4 »
INDICATES NON-DETECTABLE LEVELS. ] R gD aker
SEE TABLES IN TEXT .
174305FS 1 ineh = 80 ft. ))\\\\\\1 Baker Environmontl, e,
2GW1  GROUNDWATER WELL LEGEND _FIGURE 2-2
) POSITIVE DETECTIONS OF ORGANIC
S EXCEEDS NORTH CAROLINA GROUNDWATER STANDARD COMPOUNDS IN GROUNDWATER
ND NOT DETECTED SITE 2
NA  NOT ANALYZED
J ESTIMATED CONCENTRATION FEASIBILITY STUDY CTO-0174
COMPOUND CONCENTRATIONS EXPRESSED IN ug/I(ppb) MARINE CORPS BASE, CAMP LEJEUNE
SOURCE: LANTDIV, FEB. 1982 NORTH CAROLINA




¥1-¢

A
26W9
ROUND 1
JOTAL
MANGANESE (S) 129 BERYLLIUM (F 7.0
FILTERED == CHROMIUM (S 83
CHROMIUM (S 75 LEAD (FAL 23.6
MANGANESE (S) 290 MANGANESE (S) 747
LEAD (FAL) 27.24
BERYLLIUM (F)
MANGANESE (S) 676 ROUND 2

\\ MANGANESEIQ("IS%L 92

ROUND 1 \ mﬁEDRED

TOTAL _ \

FULTERED 672
NA ggz @\\\\

ROUND 1

2¢6wW10

JOTAL
BERYLLIUM (F) 1.08

CADMIUM (F/s)) 7.0

MANGANESE " (S 55.0

LEAD (FAL) 15.5J \\
FILTERED : \\

MANGANESE (S) 51.0

S673
| \ _ RAW_ WATER
\ P RESERVOIR
- 712 \\\ _—
\ <
"\ 20w\ @\t
. | X
ROUND 2 i
S~ A
CHROMIUM (S) 117 ROUND 1
LEAD (FAL 44.8 TOTAL
MANGANESE (S) 190 MANGANESE (S) 72.0
MANGANESE (S) 51 FILTERED
l I

7" 20w4 ND .

\ ——— T T\~ __
26W5 p - ~ T~
3 ) =

\\b : 2cw'7
N\ \ A

JOTAL
DRAINAGE IDENTIFIOATION \\ ' BARIUM (S) 1420

IN NOV. 8, 1844 AER{AL PHQTO. FILTERED
BARIUM (S) 1400

ROUND 1
JOTAL APPROXIMATE LOCATION OF
MANGANESE (S) 79.0 FORMER FAILROAD SIDING R @ 26W3D
IDENTIFIED ON FEB. 10, 1952 2G6W3
FILTERED AERIAL PHOTO. ey
MANGANESE (S) 65.0 SIS \
% T 1\ C ROUND 1
ROUND 2 MANGANESE (S) 53.0
ToTAL | 1 FILTERED " 26w8
ND
FILTERED S AWWY T |
MANGANESE (S 156
: () 26W6 ROUND 2
JOTAL
NOTE: MANGANESE (S) 415
—~GROUNDWATER SAMPLE STATIONS .
SHOWN WITHOUT CONCENTRATIONS 160

FILTERED
| MANGANESE (S) 402 -
INDICATES LEVELS BELOW APPLICABL —] » aker
STANDARDS. SEE TABLES IN TEXT. -
\74506FS 1 inch = 80 ft.

Baker Environmental, me.

20W1 LEGEND FIGURE 2 3
&' GROUNDWATER WELL POSITIVE DETECTIONS ABOVE APPLICABLE FEDERAL
(F)  EXCEEDS FEDERAL STANDARD AND STATE STANDARDS FOR TOTAL AND FILTERED
(S)  EXCEEDS STATE STANDARD . INORGANIC ANALYTES IN GROUNDWATER
(FAL) F%?'E%AEI:I'E%?EEJNABL(%\\//EELAPPLICABLE STANDARDS SITE 2 :
HJR §gTTlMAA%BY%%oNCENTRAmN' FEASIBILITY STUDY CTO-0174
S MARINE CORPS BASE, CAMP LEJEUNE
souner Lare e RESeD N us/i(peb) NORTH CAROLINA




S1-Z

a——

\
\ N
AN

4’\\\\

26W9 A0\

ARSENIC 12.9 )
BARIUM 328
BERYLLIUM 3
LEAD 27.2
VANADIUM 86
JOTAL
NA
FILTERED
NA

26W2 A ’

ARSENIC 21.2
BARIUM 52
BERYLLIUM 1 ‘
LEAD 15.5
VANADIUM 72
S673
RAW WATER
\ ‘ P RESERVOIR
' 712 ~
\ ~
\

ARSENIC 23,6 X
BARIUM 95 ~_. -
BERYLLIUM 2 X

LEAD 2.7
ARSENIC 5.7
VANADIUM 89 BARIUM 98
BERYLLIUM ND
LEAD B.3
VANADIUM 18

I

' 7 2GW4 - L

. e —— AT
2GW5 c e \\\
\\\

ARSENIC 2.2
BARIUM 100 \\ 2GW7

BERYLLIUM ND
LEAD ND
VANADIUM 9

\\\\ ARSENIC ND
» BARIUM 1420

DRAINACE IDENTIFIGATION BERYLLIUM ND
IN NoV. 8, 1344 AERAL PHOTO, LEAD ND
VANADIUM ND
T F I
FORMES SATLROAs BN N\ B 2GW3D
IDENTIFIED ON FEB. 10, 1962 ‘ 2GW3
AERIAL PHOTO,
. ARSENIC 2.5
\ BARILLMIUM ;-6
. BERYLL| D -
v B LEAD 3.5 s 26W8
: VANADIUM 10
BERYLLIUM ND \\
LEAD 6.7
VANADIUM 15 2GWE ARSENIC 9.2
BERYLLIUM ND
] LEAD ND
YANADIUM 12
'+ 180 ~—— ,
»
] ‘1& Baker
174312FS 1 inch = 80 ft Beker Environmental, ino.
LEGEND - _ :
2GW1 R FIGURE 2-4
GROUNDWATER WELL
B o7 DETECTED INORGANIC CONCENTRATIONS OF
N> NOT DETECTED COCs IN_GROUNDWATER

TOTAL INORGANIC CONCENTRATIONS EXPRESSED IN ug/L FEASIBILITY STUDY CTO-0174

MARINE CORPS BASE, CAMP LEJEUNE
SOURCE: LANTDIV, FEB. 1992 NORTH CAROLINA




TABLE 2-1

PRELIMINARY CONTAMINANTS OF CONCERN
OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

Contaminant of Concern
Media Evaluated in the Baseline RA (1)

Groundwater Acenaphthene
Arsenic
_ Barium
Beryllium
4,4'-DDD
4,4'.DDT
2,4-Dimethylphenol -
Ethylbenzene
Lead
. ~2-Met]:1ylnapht]:malene
Naphthalene
Phenol
Trichloroethene
Vanadium

Xylene (total)

Note: () Thislist includes the COC selected for
groundwater evaluation for the baseline RA in
the RI Report (Baker, 1994).
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TABLE 2-2 Pagelof3

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED CONTAMINANT-SPECIFIC CRITERIA
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

ARAR Citation Requirement Consideration in the F'S
FEDERAL/CONTAMINANT-SPECIFIC
Safe Drinking Water Act Standards for protection of drinking water sources | Relevant and appropriate in developing
a.  Maximum Contaminant Levels (MCLs) serving at least 25 persons. MCLs consider health | remediation levels for contaminated
40 CFR 141.11-141.16 - factors, as well as economic and technical feasibility | groundwater used as a potable water
b. Maximum Contaminant Level Goals of removing a contaminant; MCLGs do not consider |supply.
(MCLGs) 40 CFR 141.50-141.51 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 Presents non-enforceable toxicity data for specific To be considered (TBC) requirement in the
and Development, chemicals for use in public health assessments to public health assessment.
characterize risks due to exposure to contaminants.

Carcinogenic Potency Factors, EPA Presents non-enforceable toxicity data for specific TBC requirement in the public health
Environmental Criteria and Assessment Office; chemicals for use in public health assessments to assessment.
EPA Carcinogen 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 assessment.

supply systems. Available for short- or long-term
exposure for a child and/or adult.

National Emissions Standards for Hazardous Air | Standards promulgated under the Clean Air Actfor | Remedial actions (e.g., air stripping) may

Pollutants (NESHAPs) (40 CFR Part 61) significant sources of hazardous pollutants, such as | result in release of hazardous air
vinyl chloride, benzene, trichloroethylene, pollutants. The treatment design may
dichlorobenzene, asbestos, and other hazardous elect to control equipment air emissions

substances. Considered for any source that hasthe | usingthe same or similar methods.
potential to emit 10 tons of any hazardous air
pollutant or 25 tons of a combination of hazardous
air pollutants per year.
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TABLE 2-2 (Continued)

Page 2 0f 3

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED CONTAMINANT-SPECIFIC CRITERIA

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

ARAR Citation

National Ambient Air Quality Standards
(40 CFR 50)

Requirement

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.

Consideration in the FS

Relevant and appropriate‘requirements for
remedial actions requiring discharge to the
atmosphere.

EPA Ambient Water Quality Criteria
(Section 304(a)(1) of CWA)

Non-enforceable criterion for water quality for the
protection of human health from exposure to
contaminants in drinking water and from ingestion
of aquatic biota and for the protection of fresh-water
and salt-water aquatic life.

Potentially relevant and appropriate for
groundwater treatment.

STATE/CONTAMINANT-SPECIFIC

State of North Carolina Department of
Environment, Health, and Natural Resources
Division of Environmental Management

15A NCAC 2B.0200 - Classifications and Water
Quality Standards Applicable to Surface Waters

of North Carolina

Surface water quality standards based on water use
and criteria class of surface water.

Relevant and appropriate for remedial
actions requiring discharge to surface
water.

North Carolina Anti-Degradation Policy for
Surface Water (Water Quality Standards
Title 15A, Chapter 2, Subchapter 2B)

Provides for an anti-degradation policy for surface
water quality. Pursuant to this policy, the
requirements of 40 CFR 131.12 are adopted by
reference in accordance with General Statute 150B-

14(b).

This policy is a TBC requirement for
remedial actions requiring discharge to
surface water.

North Carolina Groundwater Standards
Applicable Statewide

Establishes maximum contaminant concentrations
to protect groundwater. These standards are
mandatory.

Potentially relevant and appropriate for
remedial actions requiring discharge to
groundwater.
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TABLE 2-2 (Continued)

Page3of 3

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED CONTAMINANT-SPECIFIC CRITERIA

OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

ARAR Citation

North Carolina DEHNR Regulations

Requirement

Standards for protection of health of consumers
using public drinking water supplies. Establishes
MCLs for given contaminants.

Consideration in the FS

Potentially relevant and appropriate in
developing remediation goals for
contaminated groundwater used asa
potable water supply.

North Carolina DEHNR Toxic Air Pollutant Rule
Statutory Authority
G.S. 143-215.107(a)(1),(3),(4),(5); 143-B-282

A facility shall not emit any toxic air pollutants (as
listed in Rule .1104) that may cause or contribute
beyond the premises (contiguous property
boundary) to any significant ambient air
concentration that may adversely affect human
health.

Potentially relevant and appropriate for
remedial actions requiring discharge to the
atmosphere.




TABLE 2-3

CONTAMINANT-SPECIFIC ARARs AND
TO BE CONSIDERED CRITERIA
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Federal Health Advisories 3
(ng/L)
Groundwater MCL®@ NCWQSs 2
Contaminant of Concern (ug/L) (ng/L) Foral0kg | Fora70kg
Child Adult
Longer Term Lifetime
Arsenic 50 50 - 24
Barium 2,000 2,000 - 2,000
Beryllium - 4 400 0.84)
4,4'-DDD - - - -
4,4'-DDT - - - -
2,4-Dimethylphenol - - - -
Ethylbenzene 700 29 1,000 700
Lead 15 15 - -
2-Methylnaphthalene - - - -
Naphthalene - -- 400 20
Phenol - - 6,000 4,000
Trichloroethene 5 2.8 - 3004
Vanadium - - - -
Xylene (total) 10,000 530 40,000 10,000
Notes: (1) MCL = Safe Drinking Water Act Maximum Contaminant Level (MCL for lead

is an Action Level)
(2 NCWQS = North Carolina Water Quality Standards for Class GA

groundwater

(3 Health Advisories - to be considered criteria
4 Level at 10-4 cancer risk

-- No ARAR available or established
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TABLE 2-4

Pagelof3

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED LOCATION-SPECIFIC CRITERIA

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

ARAR Citation

FEDERAL AND STATE/
LOCATION-SPECIFIC

Requirement

Consideration in the FS

National Historic Preservation Act of 1966

16 USC 470, 40 CFR 6.301(b), and 36 CFR 800

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.

No kﬁow:ivh‘istoric properties are within or
near QU No. 5, therefore, this act will not
be considered as an ARAR.

Archeological and Historic Preservation Act

16 USC 469 and 40 CFR 6.301(c)

Establishes procedures to provide forkpfeservation of

historical and archeological data which might be
destroyed through alteration of terrain.

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

'Historic Sites, Buildings and Antiquities Act
116 USC 461467 and 40 CFR 6.301(a)

Requires action to avoid undesirable impacts on
landmarks on the National Registry of Natural
Landmarks.

No known historic sites, buildings or
antiquities are within or near OU No. 5,
therefore, this act will not be considered as
an ARAR.

'Fish and Wildlife Coordination Act

16 USC 661-666

Requires action to protect fish and wildlife from
actions modifying streams or areas affecting
streams.

Overs Creek and the drainage ditch
adjacent to the railroad tracks are located
near and within the operable unit
boundaries, respectively. If remedial
actions are implemented that modify this
creek or drainage channel, this will be an
applicable ARAR.

Federal Endangered Species Act
16 USC 1531, 50 CFR 200, and 50 CFR 402

Requires action to avoid jeopardizing the continued
existence of listed endangered species or
modification of their habitat. '

Many protected species have been cited
near and on MCB Camp Lejeune such as
the American alligator, the Bachmans
sparrow, the Black skimmer, the Green
turtle, the Loggerhead turtle, the piping
plover, the Red-cockaded woodpecker, and
the rough-leaf loosestrife (LeBlond, 1991),
(F'ussell, 1991), (Walters, 1991). Therefore,
this will be considered as an ARAR.
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TABLE 2-4 (Continued) Page2of 3

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED LOCATION-SPECIFIC CRITERIA
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

ARAR Citation Requirement Consideration in the F'S
R S S
North Carolina Endangered Species Act Per the North Carolina Wildlife Resources Since the American alligator has been
GS 113-331 t0 113-337 Commission. Similar to the Federal Endangered  |sighted in nearby surface water features,

Species Act, but also includes State special concern | this will be considered as an ARAR.
species, State significantly rare species, and the

State watch list.
Rivers and Harbors Act of 1899 Requires permit for structures or work in or No remedial actions will affect the
(Section 10 Permit) affecting navigable waters. navigable waters of the New River.
33USC 403 Therefore, this act will not be considered as
an ARAR.
Executive Order 11990 on Protection of Wetlands | Establishes special requirements for Federal Based on a review of Wetland Inventory
Executive Order Number 11990 and 40 CFR 6 agencies to avoid the adverse impacts associated Maps, the lower reaches of Overs Creek
with the destruction or loss of wetlands and to avoid ]| has areas of wetlands. Therefore, this will
support of new construction in wetlands if a be an applicable ARAR.
practicable alternative exists.
Executive Order 11988 on Floodplain Establishes special requirements for Federal Based on the Federal Emergency
Management agencies to evaluate the adverse impacts associated | Management Agency's Flood Insurance

Executive Order Number 11988, and 40 CFR 6 with direct and indirect development of a floodplain. | Rate Map for Onslow County, the site is
primarily within a minimal flooding zone
(outside the 500-year floodplain). The
creek is within the 100-year floodplain
(FEMA, 1987). Therefore, this may be an

ARAR for the operable unit.
Wilderness Act Requires that federally owned wilderness area are | No known federally owned wilderness
16 USC 1131 and 50 CFR 35.1 not impacted. Establishes nondegradation, areas near the operable unit exist,
maximum restoration, and protection of wilderness | therefore, this act will not be considered as
areas as primary management principles. an ARAR.
National Wildlife Refuge System Restricts activities within a National Wildlife No known National Wildlife Refuge areas
16 USC 668, and 50 CFR 27 Refuge. near the operable unit exist, therefore, this

will not be considered as an ARAR.




€22

TABLE 2-4 (Continued) Page3of3

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED LOCATION-SPECIFIC CRITERIA
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

ARAR Citation Requirement Consideration in the FS
—
Scenic Rivers Act Requires action to avoid adverse effects on No known wild or scenic rivers near the
16 USC 1271, and 40 CFR 6.302(e) designated wild or scenic rivers. operable unit exist, therefore, this act will
not be considered as an ARAR.

Coastal Zone Management Act Requires activities affecting land or water usesina | No activities will affect land or water uses

16 USC 1451 coastal zone to certify noninterference with coastal |in a coastal zone, therefore, this act will
zone management. not be considered as an ARAR.

Clean Water Act (Section 404) Prohibits discharge of dredged or fill material into | No actions to discharge dredged or fill

33USC 404 wetland without a permit. 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 storage, treatment, or | These requirements may be applicable if
40 CFR 264.18 disposal of RCRA hazardous waste may occur. the remedial actions for the operable unit
includes the on-site storage, treatment, or
disposal of RCRA hazardous waste.
Therefore, these requirements may be an
applicable ARAR for the operable unit.
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TABLE 2-5

Pagelof3

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED ACTION-SPECIFIC CRITERIA

OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

ARAR Citation

FEDERAL AND STATE/ACTION-SPECIFIC

Requirement

Consideration in the F'S

OSHA Requirements
(29 CFR Parts 1910, 1926, and 1904)

Regulations provide occupational safety and health
requirements applicable to workers engaged in on-
site field activities.

Required for site workers during
construction and operation of remedial
activities. Applicable to all actions at the
site.

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

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

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

Subtitle C

Waste
(40 CFR Part 261)

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

Resource Conservation and Recovery Act (RCRA)

Identification and Listing of Hazardous

Regulations concerning determination of whether or
not a waste is hazardous based on characteristics or
listing.

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

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.

RCRA Subtitle D

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

Applicable to remedial actions involving
treatment, storage, or disposal of materials
classified as solid and/or special waste.
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TABLE 2-5 (Continued)

Page2of 3

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED ACTION-SPECIFIC CRITERIA

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

ARAR Citation

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

Requirement

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).

Consideration in the FS

LDRs may prohibit or govern the
implementation of certain remedial
alternatives. Extraction and treatment
and/or movement of RCRA hazardous
waste may trigger LDR requirements for
the waste. Reinjection of treated
groundwater into or above an underground
source of drinking water may be exempt
from LDRs given the treatment of the
groundwater meets exemption
requirements.

 Control of Air Emissions from Superfund Air
| Strippers at Superfund Ground Water Sites
(OSWER Directive 9355.0-28)

Guidance that establishes criteria as to whether air
emission controls are necessary for air strippers. A
maximum 3 lbs/hr or 15 lbs/day or 10 tons/yr of VOC
emissions is allowable; air pollution controls are
recommended for any emissions in excess of these
quantities. '

To be considered (TBC) as remedial action
may include air stripping.

General Pretreatment Regulations for Existing
and New Sources of Pollutants (40 CFR Part 403)

Regulations promulgated under the Clean Water
Act. Includes provisions for effluent discharge to
Publicly Owned Treatment Works (POTW).
Discharge of pollutants that pass through or
interfere with the POTW, contaminate sludge, or
endanger health/safety of POTW workers is
prohibited. These regulations should be used in
conjunction with local POTW pretreatment program
requirements.

Applicable for remedial actions involving
discharge to a sanitary sewer.
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TABLE 2-5 (Continued)

Page3of3

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
AND TO BE CONSIDERED ACTION-SPECIFIC CRITERIA

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

ARAR Citation

North Carolina Water Pollution Control
Regulations (Title 15, Chapter 2, Section .0100)

Requirement

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

Consideration in the FS

May be applicable for actions requiring
discharge to the ditches on site. The base
currently has a North Carolina permit for
surface water discharge to the ditch to the
north of the site. This permit may need to
be modified.

Protection of Archaeological Resources
(32 CFR Parts 229 and 229.4;
43 CFR Parts 107 and 171.1-5)

Develops procedures for the protection of
archaeological resources.

Applicable to any excavation on site. If
archaeological resources are encountered
during soil excavation, they must be
reviewed by Federal and State
archaeologists.

North Carolina Sedimentation Pollution Control
Act of 1973 (Chapter 113A)

Regulates stormwater management and erosion/
sedimentation control practices that must be
followed during land disturbing activities.

Applicable for remedial actions involving
land disturbing activities (i.e., excavation
of soil and sediment).




TABLE 2-6

GROUNDWATER REMEDIATION GOAL OPTIONS
FUTURE RESIDENT CHILD
OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

Child Maximum
Contaminant of (Carcinogenic) C!:nld . v« | Contaminant of
(ng/L) (Noncarcinogenic)
Concern we/L) Concern
1.0E-04 | 1.0E-05 | 1.0E-06 Concentration

“
Acenaphthene 08 0 1) 935 2
Arsenic 10 1 0.1 5 23.6
Barium 6))] &) (@8] 1,091 1,420
Beryllium 4 0.4 0.04 78 2
4,4'.DDD 48 4.8 0.48 (2) 4
44'-DDT 28 2.8 0.28 4 9.4
2,4-Dimethylphenol 6))] ¢} 1 312 6
Ethylbenzene o)) D €8] 398 190
Lead 03] (1 (1) 2) 15.5
2-Methylnaphthalene D D @ 546 17
Naphthalene (&} 1) @ | 546 15
Phenol (1) (D L 9,225 3
Trichloroethene 1,604 160 16.05 91 ' 5
Vanadium (1) 8] 6] 109 89
Xylene (total) ) o8 e8] 26,886 1,800

Notes: * Carcinogenicrisk based on an incremental risk of 1.0E-06 level.
** Noncarcinogenic risk based on a hazard index of 1.0.
(1) Remediation level not calculated since a Cancer Slope Factor is not available.
(2) Remediation level not calculated since a reference dose is not available.

Bold indicates the maximum concentration of contaminant of concern exceeds noncarcinogenic
RGO.
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TABLE 2-7
GROUNDWATER REMEDIATION GOAL OPTIONS

FUTURE RESIDENT ADULT
OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

:.\dult L v Maximum
Contaminant of © arc(gzgo/iimc) (Noncai?rl::;enic)** Contaminant of
| e
1.0E-04 | 1.0E-05 | 1.0E-06

Acenaphthene 1 Q) (48] 2,180 2
Arsenic 5 0.5 0.05 11 23.6
Barium 1 o8 (1) 2,544 1,420
Beryllium 2 0.2 0.02 182 2
4,4'-DDD 20 2 0.2 @) 4
4,4'-DDT _ 11 11 0.11 8 9.4
2,4-Dimethylphenol (&)) @ (&) 728 6
Ethylbenzene - &) e ¥ 740 190
Lead (1 (1) (1 (2) 15.5
2-Methylnaphthalene 1) ) 1) 1,220 17
Naphthalene @ 1) 1 1,220 15
Phenol D )] )] 21,399 3
Trichloroethene 740 74 74 209 5
Vanadium 1) (&)} o)) 254 89
Xylene (total) (@3] (§8)] (8] 59,863 1,800

Notes: * Carcinogenic risk based on an incremental risk of 1.0E-06 level.
** Noncarcinogenic risk based on a hazard index of 1.0.
(1) Remediation level not calculated since a Cancer Slope Factor is not available.
(2) Remediation level not calculated since a reference dose is not available.

Bold indicates the maximum concentration of contaminant of concern exceeds noncarcinogenic

RGO.
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GROUNDWATER REMEDIATION GOAL OPTIONS

TABLE 2-8

FUTURE CONSTRUCTION WORKER
OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

Construf:tion Worfer ‘ Maximum
Contaminant of (Carcail;i(;mc) ?ﬁﬁiir;rﬁﬁ:gzl‘;g{: : Contaminant of
S
1.0E-04 | 1.0E-05 | 1.0E-06

Arsenic 3,376 338 34 253 23.6
Barium @® D Y 59,076 1,420
Beryllium 1,374 137 14 4,220 2
4,4'-DDD 9,367 937 94 (2) 4
4,4'.DDT 4,957 | - 496 50 120 9.4
2,4-Dimethylphenol (@) (03} @O 16,923 6
Ethylbenzene 1 (6))] @ 9,316 190
Lead (D 1) o0 (2) 15.5
2-Methylnaphthalene 1) 1) 1) 24,211 17
Naphthalene ol 1) 0} 24,211 15
Phenol (€)) 6] 08! 487,364 3
Trichloroethene 495,221. 49,522 4,952 4,669 5
Vanadium ¥)) (1) (@h)] 5,908 89
Xylene (total) 48] @ 1 1.1E+06 1,800

Notes: * Carcinogenicrisk based on an incremental risk of 1.0E-06 level.
** Noncarcinogenic risk based on a hazard index of 1.0. )
(1)’ Remediation level not calculated since a Cancer Slope Factor is not available.
(2) Remediation level not calculated since a reference dose is not available.
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TABLE 2-9

SUMMARY OF RGOs, BASIS OF GOAL AND CORRESPONDING RISK FOR GROUNDWATER COC
FUTURE CONSTRUCTION WORKER
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA

Detected
Corresponding Risk Concentration
Contaminant of Range
Medium Concern RGO Unit Basis of Goal Carcinogenic | Noncarcinogenic (pg/L)
Groundwater Acenaphthene 50,637 pe/L Noncarcinogenic Risk HI = 1.0 ND-2J
Arsenic 50 pg/L NCWQS ND -23.6
Barium 2,000 ug/L MCL/NCWQS 46 - 1,420
Beryllium 4 pg/L NCWQS ) 1-2
4,4'-DDD 94 ug/L CarcinogenicRisk | ICR = 1.0E-06 ND-4J
4,4'-DDT 50 pe/L CarcinogenicRisk | ICR = 1.0E-06 ND-94
2,4-Dimethylphenol 16,923 pg/L Noncarcinogenic Risk HI =1.0 ND-6
Ethylbenzene 29 pg/L NCWQS ND-190
Lead 15 pg/L MCL/NCWQS ND-15.5
2-Methylnaphthalene 24,211 pg/LL | Noncarcinogenic Risk* HI=10 ND-17
Naphthalene 24,211 pe/L Noncarcinogenic Risk HI=1.0 ND-15
Phenol 487,364 pg/L Noncarcinogenic Risk HI=10 ND-3
Trichloroethene 2.8 ng/L NCWQS ND-5
Vanadium 5,908 ng/L Noncarcinogenic Risk HI=10 9-89
Xylene (total) 530 ng/L NCWQS ND - 1800J

Notes: RGO = Remediation Goal Option
ICR = Incremental Lifetime Cancer Risk. An ICR of 1.0E-06 indicates that, for a lifetime exposure, one additional case of cancer may occur per
one million exposed individuals. USEPA considers ICRs of 1.0E-%4 to 1.0E-06 to be protective of public health (USEPA, 1989a).
HI = Hazard Index. A HI equal to or exceeding 1.0 suggests that noncarcinogenic health effects could occur.
NCWQS = North Carolina Water Quality Standards
MCL = Maximum Contaminant Level
ND = Not Detected
*Naphthalenes toxicity factor was used as a surrogate for 2-methylnaphthalene.



TABLE 2-10

FINAL COC AND REMEDIATION LEVELS
OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

Final Contaminant of | Remediation Level Basis of
Medium Concern (ng/L) Remediation Level
Groundwater
Ethylbenzene 29 NCWQS
Trichloroethene 2.8 NCWQS
Xylene (total) 530 NCWQS
Lead 15.5 MCL/NCWQS

Units: pg/l = microgram per liter
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3.0 IDENTIFICATION AND PRELIMINARY SCREENING OF
REMEDIAL TECHNOLOGIES

This section includes the identification and preliminary screening of a set of remedial action
technologies that may be applicable for the remediation of the groundwater at Site 2.
Section 3.1 identifies a set of general response actions that may be applicable to the operable
unit. Section 3.2 includes the identification of a set of remedial technologies applicable to
groundwater remediation. Section 3.3 presents the preliminary screening of the set of
identified remedial technologies and process options. Section 3.4 presents the process option

evaluation. All of the tables in Section 3.0 are presented at the end of this section.

3.1 General Response Actions

General response actions are broad-based medium-specific categories of actions that can be
identified to satisfy the remedial action objectives of an F'S. The general response actions that
will satisfy the remedial action objectives identified for Site 2 are listed on Table 3-1. As
shown on the table, four general response actions have been identified for the groundwater
objectives: no action, institutional controls, containment actions, and collection/treatment

actions. A brief description of each of the above-mentioned general response actions follows,

3.1.1 No Action

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

danger than the no action alternative itself.
3.1.2 Institutional Controls

Institutional controls are various "institutional" actions that can be implemented at a site as
part of a complete remedial alternative to minimize exposure to potential hazards at the site.
With respect to groundwater, institutional controls may include monitoring programs,

ordinances and access restrictions.



3.1.3 Containment Actions

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

groundwater at Site 2.
3.14 Collection/Treatment Actions

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

situ.

3.2 Identification of Remedial Action Technologies and Process Options

In this step, an extensive set of potentially applicable technology types and process options
will be identified for each of the general response actions identified for the contaminated
groundwater at Site 2. The term “technology type” refers to general categories of technologies
such as chemical treatment, thermal treatment, biological treatment, and in situ treatment.
The term “technology process option” refers to specific processes within each technology type,
for example rotary kiln, fluidized bed, and multiple hearth incineration are process options of
thermal treatment. Several technology types may be identified for each general response

action, and numerous technology process options may exist within each technology type.
Remedial action technologies potentially applicable to the site are listed on Table 3-2 with

respect to their corresponding general response action. The applicable process options

associated with each of the listed technologies are also listed on the table.
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3.3 Preliminary Screening of Remedial Action Technologies and Process Options

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

following the preliminary screening will be evaluated in Section 3.4.

As shown on Table 3-3, several technologies and/or process options were eliminated from
further evaluation since they were determined to be inappropriate for the site-specific
characteristics and/or contaminant-specific characteristics of Site 2. The groundwater

technologies/options that were eliminated include:

e  Vertical Barriers e Chemical Dechlorination
e Horizontal Barriers ® Plasma ArcTorch

® Reverse Osmosis e Pyrolysis

e QOil/Water Separation e Wet Air Oxidation

The technologies and process options that passed this preliminary screening are listed on
Table 3-4.

34 Process Option Evaluation

The objective of the process option evaluation is to select only one process option for each
applicable remedial technology type to simplify the subsequent development and evaluation of
alternatives without limiting flexibility during remedial design. More than one process
option may be selected for a technology type if the processes are sufficiently different in their
performance that one would not adequately represent the other. The representative process

provides a basis for developing performance specifications during preliminary design; however
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the specific process option used to implement the remedial action may not be selected until the

remedial design phase.

The process options listed on Table 3-4 were evaluated based on 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 is with respect to the COCs. The implementability
evaluation focused on the administrative feasibility of implementing a technology (e.g.,
obtaining permits), since the technical implementability was previously considered in the
preliminary screening. The cost evaluation played a limited role in this screening. Only
relative capital and operating and maintenance (O&M) costs were used instead of detailed
estimates. Per the USEPA FS guidance, the cost analysis was made on the basis of

engineering judgment.

A summary of the process option evaluation is presented on Table 3-5 for groundwater. It is
important to note that the elimination of a process option does not mean that the process
option/technology can never be reconsidered for the site. As previously stated, the purpose of

this part of the FS process is to simplify the development and evaluation of potential

alternatives.

Table 3-6 identifies the screened set of technologies/process options that will be used to develop

potential remedial alternatives in Section 4.0.



TABLE 3-1

GENERAL RESPONSE ACTIONS FOR OPERABLE UNITNO. 5
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA

Media Area of Concern Remedial Action Objective General Response Action
Groundwater Surficial and ® Prevent exposure to (ingestion, inhalation, and dermal e NoAction
Castle Hayne Aquifers(l contact) groundwater COCs exceeding the remediation

goals. o Institutional Controls

® Prevent the horizontal and vertical migration of o Containment Actions
contaminated groundwater in the Surficial and Castle
Hayne Aquifers. e Collection/Treatment Actions

e Restore the groundwater aquifer to meet the remediation
goals set for the groundwater COCs

g (1) There is no confining layer between the Surficial and Castle Hayne Aquifers at this operable unit. Therefore, both aquifers act as one water

bearing zone.



TABLE 3-2

POTENTIAL SET OF REMEDIAL ACTION TECHNOLOGIES AND
PROCESS OPTIONS IDENTIFIED FOR OPERABLE UNIT NO. 5

FEASIBILITY STUDY CTO0-0174

MCB CAMP LEJEUNE, NORTH CAROLINA

General Response
Action

Remedial Action Technology

Process Option

No Action

No Action

Not Applicable

Institutional Controls

Monitoring

Groundwater Monitorin,

Ordinances

Aquifer-Use Restrictions

Access Restrictions

Deed Restrictions

Fencing

Containment Actions

Capping

Clay/Soil Cap

Asphalt /Concrete Cap

Soil Cover

Multilayered Cap

Vertical Barriers

Grout Curtain

Slurry Wall

Sheet Piling

Rock Grouting

Horizontal Barriers

Grout Injection

Block Displacement

Extraction

Extraction Wells

Subsurface Drains

Interceptor Trenches

Discharge

Reinjection
¢ Injection Wells
o Infiltration Galleries

Collection/Treatment
Actions

KExtraction

Extraction Wells

Subsurface Drains

Interceptor Trenches

Biological Treatment

Aerobic

Anaerobic

Physical/Chemical
Treatment

Air Stripping

Steam Stripping

Carbon Adsorption

Reverse Osmosis

Jon Exchange

Chemical Reduction

Chemical Oxidation

Neutralization

Precipitation

Oil/Water Separation

Filtration

Flocculation

Sedimentation

Chemical Dechlorination
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TABLE 3-2 (Continued)

POTENTIAL SET OF REMEDIAL ACTION TECHNOLOGIES AND

PROCESS OP

TIONS IDENTIFIED FOR OPERABLE UNIT NO. 5
FEASIBILITY STUDY CTO-0174

MCB CAMP LEJEUNE, NORTH CAROLINA

General Response Action

Remedial Action Technology

Process Option

Collection/Treatment
Actions (Cont)

Thermal Treatment

Incineration

¢ Liquid Injection
¢ RotaryKiln

o Fluidized Bed

¢ Multiple Hearth

Molten Salt

Plasma Arc Torch

Pyrolysis

Wet Air Oxidation

Off-Site Treatment

POTW

RCRA Facility

Sewage Treatment Plant

Pipeline to other IRP site

Tn Situ Treatment

Biodegradation

Air Sparging/Soil Ventin

On-Site Discharge

Surface Water (Overs Creek)

Reinjection
e Injection Wells
o Infiltration Galleries

Off-Site Discharge

POTW

Pipeline to River (New River)

Sewage Treatment Plant

Drinking Water Plant

Deep Well Injection

Pipeline to other IRP site




TABLE 38-3 Pagelof6
PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
General Response Action | Remedial Action Technology Process Option Description Site-Specific Applicability Screening Results
No Action No Action Not Applicable No action - contaminated Potentially applicable to any site; Retained
groundwater remains as is. required by the NCP.
Institutional Controls Monitoring Groundwater Monitoring Ongoing monitoring of existing wells. {Potentially applicable. Retained
Ordinances Aquifer-Use Restrictions Prohibit the use of the contaminated [Potentially applicable. Retained
. aquifer as a drinking water source.
Access Restrictions Deed Restrictions Limit the future use of land including |Potentially applicable. Retained
| placement of wells.
Fencing Limit access by installing a fence Potentially applicable; some fencing |[Retained
around contaminated area. already exists,
Containment Actions Capping Clay/Soil Cap Capping material placed over areas of [Potentially applicable. Retained
Asphalt/Concrete Cap contamination.
Soil Cover
Multilayered Cap
Vertical Barriers Grout Curtain Pressure injection of grout ina The heterogeneity of the fill material |Eliminated
regular pattern of drilled holes to at the Operable Unit may prevent a
contain contamination. “gap-free” curtain. No continuous
confining layer under the sites for the
wall to adjoin to.
Sharry Wall Trench around areas of No continuous confining layer under ]Eliminated
contamination. The trench isfilled  |the sites for the wall to adjoin to.
with a soil bentonite slurry to limit
migration of contaminants.
Sheet Piling Interlocking sheet pilings installed  [No continuous confining layer under |Eliminated
via drop hammer around areas of the sites for the wall to key into.
contamination.
Rock Grouting Specialty operation for sealing No rock at the site. Eliminated
fractures, fissures, solution cavities, i
or other voids in rock to control flow of
) groundwater.
Horizontal Barriers Grout Injection Pressure injection of grout toforma JTechnique is in the experimental Eliminated
bottom seal across a site at a specific  }stage. Depth of the contaminated
depth. %rsoundwater at the sites would limit
its use.
Block Displacement Continued pumping of grout into Depth of contaminated groundwater JEliminated
specially notched holes causing would limit its use. Technique is in
displacement of a block of the experimental stage.
contaminated earth.
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TABLE 3-3 (Continued) Page2of6
PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
' FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
General Response Action | Remedial Action Technology Process Option Description Site-Specific Applicability Screening Results
Containment Actions Extraction Extraction Wells Series of wells used to extract Potentially applicable Retained
(cont) contaminated groundwater.

Subsurface Drains Interceptor Trenches Perforated pipe installed in trenches [Depth of the contaminated Retained
backfilled with porous media to collect | groundwater will limit its use.
contaminated groundwater. Applicable to only the shallow

groundwater. May be applicable for
preventing migration of groundwater
to Qvers Creek.

Discharge Reinjection: The extracted groundwater can be Deep injection wells potentially Retained

¢ Injection Wells reinjected back into the aquifer applicable. Site geology and low
e Infiltration Galleries (following some treatment) to enhance |water table may prohibit the use of
the collection of contaminated infiltration galleries.

— _ groundwater via extraction wells.

Collection/Treatment Extraction Extraction Wells Series of wells used to extract Potentially applicable Retained
Actions contaminated groundwater.
Extraction/Injection Wells Injection wells inject uncontaminated |Potentially applicable Retained

groundwater to enhance collection of

contaminated groundwater via the

extraction wells. Or theinjection

wells can also inject material into an

aquifer to remediate groundwater,

Subsurface Drains Interceptor Trenches Perforated pipe installed in trenches |[Applicable to only the shallow Retained
backfilled with porous media to collect |groundwater. May be applicable for
contaminated groundwater preventing migration of groundwater.

Biological Treatment Aerobic Degradation of organics using Potentially applicable to organic Retained
microorganisms in an aerobic contaminants of concern.
environment.

Anaerobic Degradation of organics using Potentially applicable to some of the ‘|Retained

microorganisms in an anaerobic
environment

groundwater contaminants of concern
(multi-chlorinated compounds with
three or more chlorines). Possible use
as pretreatment for aerobic
treatment.
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TABLE 8-3 (Continued)

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CTOQ-0174
MCB CAMP LEJEUNE, NORTH CAROLINA

Page3of6

General Response Action

Remedial Action Technology

Process Option

Description

Site-Specific Applicability

Screening Results

Collection/Treatment
Actions
(cont)

Physical/Chemical
Treatment

Air Stripping

Mixing large volumes of air with
water in a packed column to promote
transfer of VOCs to air. Applicable to
volatile organics and some SVOCs.

Potentially applicable for VOCs and
selected number of SVOCs.

Retained

Steam Stripping

Mixing large volumes of steam with
water in a packed column to promote
transfer of VOCs to air. Applicable to
a wide range of organics.

Potentially applicable for VOCs and
Jselected number of SVOCs.

Retained

Carbon Adsorption

Adsorption of contaminants onto
activated carbon by passing water
through carbon column. Applicable to
wide range of organics.

Potentially applicable

Retained

Reverse Osmosis

Using high pressure to force water
through a membrane leaving
contaminants behind. Applicable to
dissolved solids (organic and
inorganic).

Not applicable for most of the
constituents of concern.

Eliminated

Ion Exchange

Contaminated water is passed
through a resin bed where ions are
exchanged between resin and water.
Applicable for inorganics, not
organics,

Potentially applicable

Retained

Chemical Reduction

Addition of a reducing agent to lower
the oxidation state of a substance to
reduce toxicity/solubility. Applicable
to chromium, mercury and lead.

Potentially applicable

Retained

Chemical Oxidation

Addition of an oxidizing agent to raise
the oxidation state of a substance.
Applicable to cyanide, organics, and
some inorganics.

Potentially applicable

Retained

Neutralization

Addition of an acid or base to a waste
in order to adjust its pH. Applicable to
acidic or basic waste streams.

Although pH is not a concern at the
operable unit, neutralization may be
applicable in a treatment train with
precipitation.

TRetained

Precipitation

Materials in solution are transferred
into a solid phase for removal.
Applicable to particulates and metals.

Potentially applicable for inorganics.

Retained

Qil/Water Separation

Materials in solution are transferred
into a separate phase for removal.
Applicable to petroleum
hydrocarbons.

Not necessary for the contaminants of
concern. No free phase product
detected at the sites.

Eliminated
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TABLE 3-3 (Continued)

PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA

Paged of 6

General Response Action

Remedial Action Technology

Process Option

Description

Site-Specific Applicability

Screening Results

Collection/Treatment
Actions
(cont)

Physical/Chemical
Treatment
(cont)

Filtration

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

Potentially applicable

Retained

Flocculation

Small, unsettleable particles
suspended in a liquid medium are
made to agglomerate into larger
particles by the addition of
flocculating agents, Applicable to
particulates and inorganics.

Potentially applicable

Retained

Sedimentation

Removal of suspended solids in an
aqueous waste stream via gravity
separation. Applicable tosuspended
solids.

Potentially applicable

Retained

Chemical Dechlorination
(KPEG)

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

Not applicable to the groundwater
contaminants of concern.

Eliminated

Thermal Treatment

Incineration

e Liquid Injection
o RotaryKiln

o Fluidized Bed

e Multiple Hearth

Combustion of waste at high
temperatures, Different incinerator
types can be applicable to pumpable
organic wastes, combustible liquids,
soils, slurries, or sludges.

Potentially applicable

Retained

Molten Salt

Advanced incineration; waste
contacts hot molten salt to undergo
catalytic destruction. Applicable for
hazardous liquids, low ash, high
chlorine wastes.

Potentially applicable

Retained

Plasma Arc Torch

Advanced incineration; pyrolyzing
wastes into combustible gases in
contact with a gas which has been
energized to its plasma state by an
electrical discharge. Applicable for
liquid organic waste.

Lack of operational experience

Eliminated
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TABLE 3-3 (Continued) Pageb5o0f6
PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CT(0-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
General Response Action | Remedial Action Technology Process Option Description Site-Specific Applicability Screening Results
Collection/Treatment Thermal Treatment Pyrolysis Advanced incineration; thermal Typically used for compounds not Eliminated
Actions conversion of organic material into conductive to conventional
(cont) solid, liquid, and gaseous components; [incineration; Operable Unit No. 5
takes place in an oxygen-deficient compounds are suitable to other
- atmosphere. Applicable for organics [incineration methods.
and inorganics.
Wet Air Oxidation Advanced incineration; aqueous Typically used for compounds not Eliminated
phase oxidation of dissolved or conductive to conventional
|suspended organic substances at incineration; Operable Unit No. 5
elevated temperatures and pressures. |compounds are suitable to other
Applicable for organics with high incineration methods.
COD, high strength wastes, and for
- oxidizable inorganics.
Off-site Treatment POTW Extracted groundwater discharged to {Potentially applicable Retained
Jacksonville POTW for treatment.
RCRA Facility Extracted groundwater discharged to [Potentially applicable Retained
licensed RCRA facility for treatment
and/or disposal,
Sewage Treatment Plant Extracted groundwater discharged to |Potentially applicable Retained
Hadnot Point STP for treatment.
Pipeline to other IRP Site Extracted groundwater discharged to [Potentially applicable Retained
QOperable Unit No. 2.
In Situ Treatment Biodegradation System of introducing nutrients and |Potentially applicable to shallow Retained
oxygen to waste for the stimulation or Jaquifer.
augmentation of microbial activity to
degrade contamination. Applicable to
a wide range of organic compounds.
Air Sparging/Soil Venting “In Situ Air Stripping”. Usedin Potentially applicable as a shallow Retained

combination with treatment of soils in
the unsaturated zone. Applicable to
organics.

aquifer technology. In deep zones,
well spacing requirements make the
use cost prohibitive.
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TABLE 3-3 (Continued) Page6of6
PRELIMINARY SCREENING OF GROUNDWATER TECHNOLOGIES AND PROCESS OPTIONS
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
General Response Action | Remedial Action Technology Process Option Description Site-Specific Applicability Screening Results
Collection/Treatment On-Site Discharge Surface Water Treated water discharged tostream  |Potentially applicable Retained
Actions on the site (i.e., Overs Creek).
(cont) Reinjection Treated water reinjection into the site [Deep injection wells potentially Retained
o Injection Wells aquifer via use of shallow infiltration applicable. Site geology and low
o Infiltretion Galleries galleries (trenches) or via deep water table may prohibit the use of
injection wells. infiltration galleries.
Off-Site Discharge POTW Treated water discharged to Potentially applicable Retained
Jacksonville POTW.
Pipeline to River Treated water discharged toriver off [Potentially applicable Retained
gite (i.e., New River).
Sewage Treatment Plant Treated water discharged to Hadnot [Potentially applicable Retained
Point Sewage Treatment Plant
Drinking Water Plant Treated water discharged to Camp Potentially applicable Retained
Lejeune Drinking Water Treatment
Plant
Deep Well Injection Treated water is reinjected into the  |Potentially applicable Retained
brine aquifer located under the Castle
Hayne Aquifer. . -
Pipeline to other IRP Site Extracted groundwater discharged to [Potentially applicable Retained

Operable Unit No. 2




TABLE 3-4

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

FEASIBILITY STUDY CTO-0174

MCB CAMP LEJEUNE, NORTH CAROLINA

General Response Action | Remedial Action Technology Process Option
_ N
No Action No Action Not Applicable
Institutional Controls Monitoring Groundwater Monitoring
Ordinances Aquifer-Use Restrictions
Access Restrictions Deed Restrictions
Fencin
Containment Actions Capping Clay/Soil Cap
Asphalt/Concrete Cap
Soil Cover
. Multilayered Cap
| Extraction Extraction Wells
_§ubsurface Drains Interceptor Trenches
_ﬁ _ Discharge Reinjection - Injection wells
Collection/Treatment  Kixtraction Extraction W Wells
Actions | Subsurface Drains Interceptor Trenches
Biological Treatment Aerobic
Anaerobic
Physical/Chemical Air Stripping
Treatment Steam Stripping
Carbon Adsorption
Jon Exchange
Chemical Reduction
Chemical Oxidation
Neutralization
Precipitation
Filtration
Flocculation
| _ Sedimentation
Thermal Treatment Incineration
Molten Salt
Off-Site Treatment POTW
RCRA Facility
Sewage Treatment Plant
. [Pipeline to IRP Site
In Situ Treatment Air Sparging/Soil Venting
[Biodegradation
On-Site Discharge Surface Water

Reinjection - Injection wells

"Off-Site Di scharge

POTW

Pipeline to River

Sewage Treatment Plant

Drinking Water Plant

Deep Well Injection

Pipeline to IRP Site
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TABLE 3-5 Pagelof7
SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
Evaluation
General Remedial
Response Action Evaluation
Action Technology Process Option Effectiveness Implementability Cost Results
No Action No Action Not Applicable Evaluation not necessary since only one | Evaluation not necessary since only one | Evaluation not necessary since Retained
process option process option only one process option
Institutional | Monitoring | Groundwater Monitoring Evaluation not necessary since only one | Evaluation not necessary since only one | Evaluation not necessarysince | Retained
Controls Emcess option Erocess option %tg%g%ggc%ssgﬂz_ipn
rdinances [ Aquifer-Use Restrictions valuation not necessary since only one valuation not necessary since only one valuation not necessary since Retained
process option process oFtion only one 1grocess option
Access Deed Restrictions ®. Does not meet remediation goals O asily implemented ‘Negligible cos Retained
Restrictions alone o Legal requirements
o No exposures durmg implementation
e Effectiveness dependent on
-_continued future implementation
Fencing ¢ Does not meet remeslatlon goals ® Lasily implemented Low capital, low Q&M Retained
alone ® Nolegal requirements
¢ Minimal to low exposures during
implementation
Containment {|Extraction Extraction Wells o Effective for collecting and/or e Easily installed Moderate capital, low O&M Eliminated
Actions containing a contaminated o Equipment readily available
groundwater plume o No permits required
. otential exposures during
implementation
Subsurtace Interceptor Trenches O Efiectwe Tor collecting and/or e liquipment readily available Low to moderate capital, low kliminated
Drains containing a contaminated ® Requires extensive O&M
groundwater plume excavation/trenching
o Potential exposures during ® Requires more area than extraction
implementation - wells
. Apphcable for shallow grou.ndwater
umes only
° glower recovery than extraction
wells
e More effective for low permeability
soils than extraction wells
1scharge heinjection - Injection Wells Jeo ective for containing a contami- ® Lasily installed Moderate capital, moderate Ehminated
nated groundwater plume ifusedin |e® Equipment readily available o&M
conjunction with extraction wells o No permits required
o Potential exposures during ® Requires pilot test
implementation ¢ Significant maintenance
¢ Injection wells effectiveness is
dependent on site geology
o Wells tend to clog in time
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TABLE 3-5 (Continued) Page20f7
SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CTO0-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
Evaluation
General Remedial
Response Action Evaluation
Action Technology Process Option Effectiveness Implementability Cost Results
Collection/ Extraction Extraction Wells Effective for collecting and/or o Easily implemented Moderate capital, low O&M Retained
Treatment containing a contaminated e Equipment readily available
Actions groundwater plume o Nopermits required
Potential exposures during
implementation -
Subsurface Interceptor Trenches Effective for collecting and/or e Bquipment readily available Low to moderate capital, low ‘Eliminated
Drains containing a contaminated o Requires extensive 0&M
groundwater plume excavation/trenching
Potential exposures during @ Requires more area than extraction
implementation wells
Applicable for shallow groundwater
plumes .
Slower recovery than extraction
wells
More effective for low permeability
goils than extraction wells -
Biological Aerobic May be able to meet remediation ® Equipment should be easily Moderate capital, moderate Eliminated
Treatment goals obtainable 0&M
Potential exposures during o Mobile units available
implementation ® May require bench-scale testing
Effectiveness dependent on strength }e Low strength of contaminated
and biodegradability of contaminants groundwater may make operation
difficult
Anaerobic May be able to meet remediation ¢ Equipment should be easily ‘Moderate capital, moderate Eliminated
goals obtainable O&M
Potential exposures during o Mobile units available
implementation ® May require bench-scale testing
Effectiveness dependent on strength [e Low strength of contaminated
and anaerobic biodegradability of groundwater may make operation
contaminants difficult
Very slow process
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TABLE 3-5 (Continued) Page 3 of 7
SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CT0-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
Evaluation
General Remedial
Response Action Evaluation
Action Technology Process Option Effectiveness Implementability Cost Results
Collection/ Physical/ Air Stripping Can potentially meet remediation ¢ Equipment readily available Moderate capital, low to Retained
Treatment Chemical goals for organics ® Many mobile units available moderate O&M
Actions Treatment Feasible for large volumes of o May require bench-scale testing
(Cont) moderate to low soluble VOC- o Off-gas and/or tower scale treatment
contaminated water may be required
Lower efficiency in cold weather ® May require air emissions permit
Proven and widely used technology
Potential exposures during
implementation
May require pretreatment for metals .
Steam Stripping Can potentially meet remediation ¢ Readily available, not as common as | Moderate capital, moderate to Eliminated
goals air stripping - high O&M
Feasible for large volumes of VOC- ® May require air emissions permits
contaminated water e Off-gas and/or tower scale treatment
Lower efficiency in cold weather may be required
May require pretreatment for metals
and oils and grease
Typically used for less volatile or
highly soluble compounds
Carbon Adsorption Can potentially meet remediation e KBquipment readily available ‘Moderate capital (dependent on | Retained
goals o Many prefabricated mobile units loading requirements), moderate
Applicable to a wide variety of available to high O&M
organics and inorganics o May require bench-scale testing ’
Can be used as a polishing step e Spent carbon must be properly
following air stripping handled
Proven and widely used technology
Ton Exchange May not meet all remediation goals |e Full-scale industrial use for recovery |Moderate to high capital, Eliminated
Effective and reliable; proper of valuable metals moderate to high O&M
pretreatment required e Equipment is widely available
Typically used as a polishing stepfor |® Regeneration solutions are generally
removal of selected dissolved metals readily available
Insensitive to variations in flow rates |®# Bench-testing required
Pretreatment for oil and grease ® Residuals include waste solutions

required

and spent resing
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TABLE 3-5 (Continued) Pagedof 7
SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
Evaluation
General Remedial
Response Action Evaluation
Action Technology Process Option Effectiveness Implementability Cost Results
Collection/ Physical/ Chemical Reduction e May not meet all remediation goals ¢ Simple and readily available Low to moderate capital, Eliminated
Treatment Chemical ‘1o Well studied and understood reaction equipment moderate to high O&M
Actions Treatment ¢ Itisnot aselective process o The continuous process configuration
(Cont) (Cont) e Limited to a few selected metals is easily automated
(chromium, mercury, lead) o REasily implemented
o Typically followed by precipitation
o Ifcomplex wastewater - oxidized
chemicals may be reduced to more
toxic forms _ _
Chemical Oxidation O ay not meet all remediation goals o Well-demonstrated at hazardous Low to moderate capital, Eliminated
e Reliable and proven on industrial waste sites in pilot- and full-scale moderate to high O&M
wastewaters for metals (manganese, ¢ Readily available, conventional '
iron) treatment. Can be used alone or equipment required
in conjunction with precipitation e Benchscale testing normally
required
Neutralization ® Will not meet all remediation goals ®  Widely used and well demonstrated ) Low capital, low to moderate Retained
e Canbeusedin a treatment train for o Simple and readily available O&M
pH adjustment equipment/materials
o Bench-scale studies may be required
Precipitation ® May meet inorganic remediation goals | @ Widely used and well demonstrated | Low capital, moderate O&M Retained
o Effective, reliable, permanent, and o Equipment is basic and easily
conventional technology designed
e Typically used for removal of heavy o Compact, single units that are
metals deliverable to the site
o Followed by solids-separation method e Requires bench- or pilot-scale tests
o Generates sludge which can be
voluminous, difficult to dewater, and
. may require treatment —
Filtration & Will not meet inorganic remediation ¢ KEquipment is relatively simple to Low capital, low O&M Retained
goals alone install and no chemicals are required
e Conventional, proven method of e DPilot study is required
removing suspended solids from o Package units available

wastewater

® Does not remove other contaminants

® - Pretreatment for oil and grease
required

e Generates a sludge which requires
proper handling
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TABLE 3-5 (Continued) Page5of7
SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CTO0-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
Evaluation
General Remedial
Response Action Evaluation
Action Technology Process Option Effectiveness Implementability Cost Results
Collection/ Physical/ Flocculation May not meet inorganic remediation o Equipmentisreadily availableand [ Low capital, moderate O&M Retained
Treatment Chemical goals easy to operate
Actions Treatment Well established technology o Can be easily integrated into more
(Cont) (Cont) Applicable to any aqueous waste complex treatment systems
stream where particles must be
agglomerated into larger more
settleable particles prior to other types
of treatment
Performance depends on the
variability of the composition of the
waste being treated - _
Sedimentation Will not meet inorganic remediation o Sedimentation tanks demonstrated | Moderate capital, moderate Eliminated
goals alone and proven successful at hazardous | O&M :
Effective for removing suspended waste sites
solids and precipitated materials from |e Effluent streams include the effluent
wastewater water, scum, and settled solids
Performance depends on density and
particle size of the solids; effective
charge on the suspended particles;
types of chemicals used in
pretreatment; surface loading; upflow
rate; and rejection time
Feasible for large volumes of water to
be treated
Thermal Incineration May meet remediation goals o Commercially available and widely | High capital, moderate to high Eliminated
Treatment Capable of burning waste in any used O&M
physical form ® Requires air emission controls and
Susceptible to thermal shock extensive maintenance
Low thermal efficiency o Skilled workers required
Potential exposures during operation |e Generates exhaust gases and ash

residue
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TABLE 3-5 (Continued) Page6of 7
SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
- FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
Evaluation
General Remedial
Response Action Evaluation
Action Technology Process Option Effectiveness Implementability Cost Results
Collection/ Thermal Molten Salt ¢ May meetremediation goals ¢ Emerging technology High capital, moderate to high Eliminated
Treatment Treatment e Applicable for the destruction of o Developmental, pilot-scale units o&M
Actions (cont) liquids and solids available
(Cont) @ Appears to be sensitive to materials ¢ Requires frequent bed replacement
containing high ash content or high
chlorine content
o Molten salt produced may be corrosive
o Potential exposures during operation - -
[Off-Site POTW e Effectiveness and reliability require ¢ Existing POTW may need upgraded | Moderate capital, moderate Eliminated
Treatment pilot test to determine o Readily implementable if POTW will | 0&M
grant permission; otherwise may not
be feasible
— o Permitrequired .
RCRA Facility o [Effective and reliable treatment ® Dependent on availability of and Moderate capital, moderate Eliminated
o Transportation required distance to nearest RCRA facility O&M
Sewage Treatment Plant ¢ Effectiveness and reliability require ¢ Readily implementable if STP will Moderate capital, low O&M Retained
pilot test to determine accept waste; otherwise may not be
feasible
e Modifications to permits may be
— required
Pipeline to IRP Site o [Effective and reliable treatment e Equipmentis readily available Moderate capital, moderate Retained
method ® A treatmentsystem is planned for 0O&M
: Operable Unit No. 2
In Situ Biodegradation ¢ Dependent on geology ¢ Emerging technology Low capital, low O&M Retained
Treatment ¢ Generally considered a shallow soil/ e Equipment and materials should be
groundwater technology only readily available
o Treatability studies required
® May reduce the remediation time as
compared to bioremediation alone
Air Sparging and e Highly dependent on geology ¢ Emerging technology Low capital, low O&M Retained
Soil Venting ¢ Monitoring via wells may notbe o Equipment and materials should be
effective readily available
o Generally considered a shallow aquifer |® Treatability studies required
technology only : @ May reduce the remediation time as

compared to bioremediation alone
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TABLE 3-5 (Continued) Page7of 7
SUMMARY OF GROUNDWATER PROCESS OPTION EVALUATION
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA
Evaluation
General Remedial
Response Action Evaluation
Action Technology Process Option Effectiveness Implementability Cost Results
Collection/ On-Site Surface Water e Effective and reliable discharge ® May require impact studies to assess | Low to moderate capital, low Eliminated
Treatment Discharge method affects to environment o&M
Actions - ¢ _NPDES permit required .
(Cont) Reinjection - Injection Wells |® Injection wells effectivenessis highly |e Easily installed Moderate capital, moderate Eliminated
dependent on site geology o Egquipmentreadily available O&M
e Wellstend to clogin time o No permits required
o Potential exposures during ¢ Require pilot test
implementation o Significant maintenance -
Off-Site POTW o Effective and reliable discharge o Discharge permits required High capital, moderate O&M Eliminated
Discharge method e Acceptance by a local POTW may be
. difficult to obtain _
Pipeline to New River o Effective and reliable discharge e Discharge permits required Moderate to high capital, low Eliminated
method ® Distance to New River from operable | O&M
unit may make this option difficult to
implement
Sewage Treatment Plant e Kffective and reliable discharge e Discharge permit may need modified | Low capital, low O&M Retained
method e Capacity of the Hadnot Point STP
— . may not be able to accept the flow _
Drinking Water Treatment [e Effective discharge option o Drinking water plant’s discharge. Moderate capital, low O&M Eliminated
Plant e Innovative approach Permit may need modified
o Reuse of water @ May require groundwater treatment
system to be modified
o May be difficult to gain acceptance
Deep Well Injection o Injection wells effectiveness is highly |® Discharge permit required Moderate capital, moderate Eliminated
dependent on site geology ¢ Injection wells must be installed o&M
e Wells may clog in time _
Pipeline to IRP Site ® Lifective discharge option ® [Easily installed Moderate capital, low O&M Retained
e Innovative approach ¢ Equipmentreadily available
® Requires coordination with schedule

for remedial action at Operable Unit
No. 2




TABLE 3-6

AND PROCESS OPTIONS
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA

FINAL SET OF POTENTIAL REMEDIAL ACTION TECHNOLOGIES

Media General Response Action | Remedial Action Technology Process Option
Groundwater No Action No Action Not Applicable
Institutional Controls Monitoring Groundwater Monitoring
Ordinances Aquifer-Use Restrictions
Access Restrictions Deed Restrictions
Fencing
Collection/Treatment Extraction Extraction Wells
Actions Physical/Chemical Treatment |Air Stripping
Carbon Adsorption
Neutralization
Precipitation
" |Filtration
Flocculation
Off-Site Treatment Sewage Treatment Plant
Pipeline to IRP Site
In Situ Treatment Air Sparging/Soil Venting
Off-Site Discharge Sewage Treatment Plant
Pipeline to IRP Site
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4.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES

In this section, generai response actions and the process options chosen to represent the
various technology types applicable for Site 2 will be combined to form groundwater remedial
action alternatives (RAAs) for the operable unit. Following development, each alternative
may be evaluated against the short-term and long-term aspects of three criteria: effectiveness,
implementability, and cost (i.e, the preliminary screening). The RAAs with the most
favorable composite evaluation of all criteria will be retained for further consideration during
the detailed evaluation presented in Section 5.0. Note that the preliminary screening at this
step of the FS is optional. It will only be conducted if too many alternatives are initially

developed.

4.1 Development of Alternatives

The general response actions and process options chosen to represent the various applicable
technologies identified on Table 3-6 have been combined into RAAs potentially applicable for
the contaminated groundwater within the operable unit. Table 4.1 presents the set of RAAs
developed for remediating the contaminated groundwater within the operable unit. The
components of each RAA (i.e., technology type and process option) and the area or volume
included under each RAA is presented in the table. Six RAAs have been identified for
groundwater ranging from no action to groundwater extraction and treatment. A description

of each of the RAAs is presented below.

4.1.1 Groundwater RAA No.1: No Action

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

and dispersion,

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

often than every five years.



4.1.2 Groundwater RAA No. 2: Institutional Controls with Long-Term Monitoring

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

degradation, attenuation, and dispersion.

RAA No. 2 will include the following three institutional controls: long-term groundwater
monitoring, aquifer-use restrictions, and fencing. The RAA will include semiannual sampling
and analysis of 12 existing monitoring wells and 3 supply wells at the operable unit (see
Figures 1-2 and 2-1). As shown on Figure 1-2, the wells to be sampled are located near the
area of contamination. As listed below, the wells to be monitored include one deep monitoring

well, 11 shallow monitoring wells, and three operational supply wells.

Deep Wells Shallow Wells Supply Wells
2GW3D 2GW1 2GW7 616

2GW2 2GWS 646

2GW3 - 2GW9 647

2GW4 2GW10

2GW5 26W11

2GW6

Additional wells may be added to the monitoring program, if necessary. The monitoring

program will include the following:

e Analyses
» TCLVOCs
Barium
Beryllium
Cadmium
Chromium
Lead
Manganese
Total Suspended Solids
Total Dissolved Solids

v v vV vVVvVVYwYw

¢ Frequency:
» Years1-2: Quarterly
» Years3-5. Semiannually
» Years6-30: Annually



Aquifer-use restrictions will be placed on the local supply wells. Supply Well 645 is currently
inactive. Under RAA No. 2, this well will remain inactive. The locations of the Supply Wells
616, 645, 646, and 647 are shown on Figure 2-1.

Restrictions concerning the installation of any new potable water supply wells within the
vicinity of Site 2 will be recommended. This area has previously been proposed to be a
groundwater preservation area for consideration as a potential water supply well field site

(Geophex, 1991; page 32). This should be reevaluated in light of the results of the RUFS.

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

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

4.1.3 Groundwater RAA No. 3: Collection/Treatment/Discharge to a Sewage
Treatment Plant

In general, RAA No. 3 includes the collection and treatment of the shallow contaminated
plume. In addition, this RAA includes the same institutional controls as Groundwater RAA
No. 2 (Institutional Controls with Long-Term Monitoring). Under this RAA, the
contaminated groundwater plume originating from Site 2 will be collected via a system of
extractions wells placed near monitoring well 2GW3, and downgradient from the area of
contamination. Extracted groundwater will be treated on site via one of a combination of
applicable treatment options (treatment train), and then discharged via a force main to a
sanitary sewer manhole located west of the site. Details of the extraction system and

treatment system are discussed below.

Groundwater Extraction System - Under RAA No. 3, groundwater in the shallow aquifer near

monitoring well 2GW3 will be withdrawn through a network of three 6-inch diameter
extraction wells pumping at a rate of 5 gallons per minute (gpm) each and installed at a depth

of approximately 35 feet. A typical extraction well is shown on Figure 4-1.

The proposed locations of the extraction wells are shown on Figure 4-2. The locations for the
wells were based on several factors including estimated radius of influence dimensions;
spacings of overlapping cones of depressions; and accessibility. A radius of influence of 75 feet

was used for placing the shallow extraction wells. This radius of influence and the estimated
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pumping rate were based on information obtained from pumping tests conducted at nearby
sites within MCB Camp Lejeune (Baker, 1993c). Additional extraction wells will be added to
the system if groundwater monitoring indicates that the groundwater is significantly

deteriorating in other areas of the site.

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

several technologies. A typical process schematic of the type of treatment system included
under this RAA is presented on Figure 4-8. Once extracted, the contaminated groundwater
will be pumped to an on-site pretreatment system for the removal of inorganic COCs (such as
barium, beryllium, chromium, lead, and manganese), by filtration. Please note that the other
process options applicable to inorganic removal that passed the screening in Section 3.3 are
still potential technologies. Bench-scale treatability studies and/or literature searches will be
required to design the pretreatment system. Residuals generated from the pretreatment
system such as sludges will need to be tested and disposed of properly. Based on the metals
concentrations of the residuals, disposal may be at an off-site landfill. Any annual cost

allowance of $25,000 was to cover sludge disposal costs and spent carbon replacement.

The pretreated effluent from the inorganic removal system will be pumped to a treatment
system which will be de'signed for the removal of organic COCs including TCE, acenaphthene,
ethylbenzene, naphthalene, and xylene. The physical/chemical treatment system will consist
of an air stripping unit and an activated carbon adsorption unit. The air stripping unit will be
designed for the removal of the volatile organic COCs, and for a maximum flow of
approximately 15 gpm (based on three shallow wells pumping at 5 gpm). Residuals generated
from the air stripper will include air emissions contaminated with organics. Based on the
VOC levels in the groundwater, it is assumed that vapor recovery equipment, such as vapor-

phase activated carbon, will not be required.

The aqueous effluent from the stripper will be pumped to the activated carbon adsorption unit
for final removal (polishing) of the organic compounds. The carbon adsorption system will
include granular activated carbon (GAC). The final design of the carbon system will be based
on the contact time determined from bench-scale test results. Spent carbon generated from
this process will either be properly disposed off site, or shipped to a carbon regeneration
facility. The selection of the spent carbon option will be based on economics. Typically, off-site
disposal or pff-site regeneration of spent carbon is more economical than on-site regeneration
for small volumes of water. Note that air emissions will be monitored during groundwater

treatment activities.
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Discharge of the Treated Water - Treated groundwater will be pumped through a 2-inch force

main to a sanitary sewer which discharges to the Hadnot Point Sewage Treatment Plant
(STP). The sanitary sewer is located approximately 1,500 feet west of the site on Brewster
Avenue. The location of the proposed force main for RAA No. 3 is shown on Figure 4-4.

Institutional Controls

Groundwater RAA No. 3 will include the same three institutional controls included with
Groundwater RAA No. 2: long-term groundwater monitoring, aquifer-use restrictions, and
fencing. Therefore, the discussion of institutional controls presented in Section 4.1.2 for
Groundwater RAA No. 2 applies to this RAA.

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

no less often than every five years.
4.14 Groundwater RAA No. 4: Collection/Discharge to a Sewage Treatment Plant

RAA No. 4 focuses on collection and discharge of the contaminated groundwater to the Hadnot
Point STP. Groundwater collection and discharge will continue until the remediation goals
are met. In addition, this RAA includes the same institutional controls as Groundwater RAA
Nos. 2, and 3. The placement of wells within this area should result in a cone of influence that
will capture contaminants at the downgradient edge of the plume over time. The major

components of Groundwater RAA No. 4 are described below.

Groundwater Extraction System - Under RAA No. 4, groundwater in the shallow aquifer near

monitoring well 2GW3 will-be withdrawn through a series of three shallow wells pumping at
a rate of 5 gpm and installed at a depth of 35 feet. The proposed locations of the extraction
wells are the same as RAA No. 3, and are shown on Figure 4-2. The proposed extraction wells
will be centered on the area of the highest contamination (near monitoring well 2GW3) and
immediately downgradient of this area. A radius of influence of 75 feet and a pumping rate of

5 gpm was assumed for the shallow extraction wells. Additional extraction wells will be added

4-8
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to the system if groundwater monitoring indicates that the groundwater is significantly

deteriorating in other areas of the site.

Treatment System - Under RAA No. 4, the extracted groundwater will receive no “on-site”
treatment. Treatment will be provided by the Hadnot Point STP.

Discharge of the Extracted Groundwater - The extracted groundwater will be pumped through

a 1,500 foot force main to a sanitary sewer which discharges to the Hadnot Point STP. The

location of the proposed force main is the same as RAA No. 3, and is shown on Figure 4-4,

Institutional Controls

Groundwater RAA No. 4 will include the same three institutional controls included with
Groundwater RAAs Nos. 2 and 3: long-term groundwater monitoring, aquifer-use
restrictions, and fencing. Therefore, the discussion of institutional controls presented in
Section 4.1.2 for Groundwater RAA No. 2 applies to this RAA. In addition, since contaminants
will remain at the site under this alternative, the USEPA is required by the NCP [40 CFR
300.515(e)(ii)] to review the effects of this alternative no less often than every five years.

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

five years.
4.15 Groundwater RAA No. 5: Collection/Discharge to Site 82

In general, RAA No. 5 is identical to RAA No. 4, except the extracted groundwater will be
discharged to the groundwater treatment system to be installed at Site 82 at MCB Camp
Lejeune. In addition, this RAA includes the same institutional controls as Groundwater RAA
Nos. 2, 3 and 4. The objective of this RAA is to eliminate the contaminants in the groundwater
and to mitigate the further migration of the existing groundwater plume. The major

components of Groundwater RAA No. 5 are described below.
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Groundwater Extraction System - Under this RAA, groundwater in the shallow aquifer near

monitoring well 2GW3 will be withdrawn through a series of three extraction wells pumping
at arate of 5 gpm and installed at a depth of 35 feet. The proposed locations of these extraction
wells are the same as RAA Nos. 3, 4, and 5 and are shown on Figure 4-2. The proposed
extraction wells will be centered on the area of highest contamination (near monitoring well
2GW3). A radius of influence of 75 feet and a pumping rate of 5 gpm were assumed for the
shallow extraction wells. Additional extraction wells will be added to the system if
groundwater monitoring indicates that the groundwater is significantly deteriorating in other

areas of the site.

Treatment System - Under this alternative, the extracted groundwater will receive no “on-

pite” treatment. Treatment will be provided by the treatment system to be constructed at
Site 82. This treatment system will consist of a metals removal system, air stripping, and
granular activated carbon. Additional information on this system is presented in the “Final

Feasibility Study for Operable Unit No. 2” (Baker, 1993b).

Discharge of the Extracted Groundwater - The extracted groundwater will be discharged to
the treatment system to be installed at Site 82. An on-site pump station will be constructed to
pump the extracted groundwater through a force main south to Site 82. The force main will be

installed parallel to the railroad right-of-way, and will be approximately 1.8 miles long.

Institutional Controls

Groundwater RAA No. 5 will include the same three institutional controls included with
Groundwater RAAs Nos. 2, 3, and 4: long-term groundwater monitoring, aquifer-use
restrictions, and fencing. Therefore, the discussion of institutional controls presented in
Section 4.1.2 for Groundwater RAA No. 2 applies to this RAA.

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

five years.
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4.1.6 Groundwater RAA No. 6: In Situ Treatment

RAA No. 6 considers the remediation of the contaminated shallow groundwater near
monitoring well 2GW3 via an in situ treatment method. The objective of this RAA is to reduce
the COCs in the groundwater to the remediation goals established in Section 2.0. For the
purposes of this F'S, and based on the results of preliminary screening, the selected in situ
treatment method is a combination of soil vapor extraction (SVE) and air sparging. This

remediation technology is described below.

SVE is an in situ soil remediation process. There are various names used for this process,
including soil venting, in situ volatilization and vapor extraction. For the purpose of this F'S,

the terms SVE and air sparging are used to describe this treatment process.

Air sparging is a process which provides in situ removal of VOCs from groundwater and
saturated soils by injecting air under pressure. Air sparging essentially creates a crude air
stripper in the subsurface, with the saturated soil acting as the packing (Angell, 1992). This
method allows for the effective removal of VOCs without groundwater recovery. Air sparging
works in two basic ways. First, it strips the contamination from the aquifer and brings it up to
the vadose zone where a bioventing system helps create bacteria c;)lonies that consume the
organic contaminants. Secondly, the air increases the dissolved oxygen content of the water,
which allows the naturally occurring bacteria in the aquifer to grow and consume

contamination within the aquifer.

SVE is used to ensure proper air flow and to collect the vapors within the vadose zone. In
many applications, the use of so0il venting wells allows the treatment zone to be better defined
within the contaminant plume. SVE helps to control the lateral movement of the air as it

passes from the groundwater into the vadose zone.

Treatment System - The air sparging/SVE system will consist of a network of air sparging

wells, which are designed to inject air into the groundwater, and soil vents, which are installed
to collect and withdraw vapors from the unsaturated soils. Air will be supplied by a low
pressure blower system installed near the air sparging wells. A separate vacuum system will
be used to create the negative pressure needed to withdraw the vapors. A pilot study and/or a
soil vapor survey will be required to determine to optimum location for the air sparging and
soil venting wells. A schematic of the air sparging/SVE system is shown on Figure 4-5.
Figure 4-6 shows the proposed SVE system site layout.
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Institutional Controls

Groundwater RAA No. 6 will include the same three institutional controls included with
Groundwater RAAs Nos. 2, 3, 4, and 5: long-term groundwater monitoring and aquifer-use
restrictions. Therefore, the discussion of institutional controls presented in Section 4.1.2 for
Groundwater RAA No. 2 applies to this RAA.

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

five years,

4.2 Screening of Alternatives

Typically, this section of the FS presents the initial screening of the potential RAAs. The
objective of this screening is to make comparisons between similar alternatives, so that only
the most promising ones are carried forward for further evaluation (USEPA, 1988a). This
screening is an optional step in the FS process and ié usually conducted if there are too many
RAAs to conduct the detailed evaluation. For Site 2, the decision was made not to conduct this
preliminary RAA screening step and to include all of the developed RAAs in the detailed

evaluation presented in Section 5.0.
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TABLE 4-1

POTENTIAL SET OF GROUNDWATER REMEDIAL ACTION ALTERNATIVES
FEASIBILITY STUDY CTO-0174
MCB CAMP LEJEUNE, NORTH CAROLINA

Remedial Action Alternatives

1 2 3 4 5 6
Institutional | Collection/
Controls with | Treatment/ | Collection/ | Collection/
Technology No Long-Term | Dischargeto | Discharge | Discharge to In Situ
Type Process Option Area or Volume Action | Monitoring STP to STP Site 82 Treatment
Monitoring Groundwater Monitoring 10 Existing monitoring X X X X X
wells and 3 supply wells
Ordinances Aquifer-Use Restrictions Supply Well 645 X X X X X
Access | Restrictions Former Storage Area X X X X X
Restrictions | Fencing
Extraction Extraction Wells 3 Extraction wells placed X X X
for treatment

Physical/ Treatment Train Extracted groundwater X X
Chemical Consisting of Air Stripping,
Treatment Carbon Adsorption, and

Metals Removal _
Off-Site Treatment at Biological Extracted groundwater X
Treatment STP

Treatment at IRP Site Extracted groundwater X
In Situ Air Sparging and In-place groundwater X
Treatment Soil Venting
Off-site Sewage Treatment Plant Treated groundwater X X
Discharge

Off-Site IRP Site Treated groundwater X




4/M

5.0 DETAILED ANALYSIS OF ALTERNATIVES

This section of the FS contains the detailed analysis of the set of RAAs developed in
Section 4.0. This analysis has been conducted to provide sufficient information to adequately
compare the alternatives, select an appropriate remedy for the site, and demonstrate
satisfaction of the CERCLA remedy selection requirements in the Record of Decision (ROD)
(USEPA, 1988a).

The extent to which alternatives are assessed during this detailed analysis is influenced by
the available data, the number and types of alternatives being analyzed, and the degree to

which alternatives were previously analyzed during their development (USEPA, 1988a).

The following nine evaluation criteria serve as the basis for conducting the detailed analysis:

Overall protection of human health and the environment
Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume

Short-term effectiveness

Implementability -

Cost ’

USEPA/State acceptance

Community acceptance

I R R Rl

The first two criteria (Threshold Criteria) relate directly to statutory findings; the next five
criteria (Primary Balancing Criteria) are the primary criteria upon which the analysis is
based; and the final two criteria (Modifying Criteria) are typically evaluated following
comment on the RI/FS report and the Proposed Remedial Action Plan (PRAP).

5.1 Individual Analysis of Alternatives

The individual analysis of the RAAs is presented in the following subsections. This analysis
includes an assessment and a summary profile of each of the RAAs against the evaluation
criteria, and a comparative analysis among the alternatives to assess the relative performance

of each with respect to each of the evaluation criterion.
The cost estimates that have been developed for each of the alternatives include both ecapital

and operational expenditures. The cost evaluation presents the net present worth (NPW)

values for each of the alternatives such that the options can be easily compared. The accuracy
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of each cost estimate depends on the assumptions made and the availability of costing
information. The present worth costs were calculated assuming a 30-year operational period
(based on USEPA guidance) for all of the alternatives, a five percent discount factor, and a
zero percent inflation rate. All costs presented in the following sections have been updated to

1993 dollar values. The individual cost estimates are included in Appendix C.
5.1.1 Groundwater RAA No. 1: No Action

Description

Under the Groundwater RAA No. 1, the groundwater in the aquifer at the operable unit will
remain as is. Under this alternative, the contaminants identified in the shallow and deep
portions of the aquifer will remain, which will result in the potential for further migration of
the contaminated plumes. Aquifer restoration may result through natural processes such as

biological degradation, attenuation, and dispersion.

Assessment

QOverall Protection of Human Health and the Environment

Under this alternative, the existing contamination in the groundwater aquifer (both shallow
and deep portions) will have the potential for further migration both horizontally and
vertically. Therefore, this alternative does not provide for any protection to human health or
the environment,

Compliance With ARARs

Under the No Action RAA, the groundwater quality in the aquifer will continue to exceed the
Federal and/or North Carolina contaminant-specific ARARs established for the COCs. No
action-specific or location-specific ARARs apply to this RAA.

Long-Term Effectiveness and Permanence
In terms of the magnitude of residual risks remaining at the operable unit, this alternative

will not reduce any potential risks present at the sites with respect to the contaminants in the

groundwater. In time, natural bacteriological attenuation may lessen the potential for risks.
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In terms of the adequacy and reliability of controls used to manage treatment residuals or
untreated wastes that will remain at the operable unit, the No Action RAA does not include
any type of controls for the remaining contamination. Therefore, this RAA is not considered

reliable.

The No Action RAA would require USEPA’s 5-year review to ensure that adequate protection

of human health and the environment is maintained.
Overall, the Groundwater RAA No. 1 can not be considered as an effective or permanent RAA.
Reduction of Toxicity, Mobility, or Volume

No form of treatment is included under the No Action RAA (with the exception of natural
biodegradation). Therefore, a very limited amount of the contaminants in the groundwater
aquifer will be destroyed or treated. This RAA does not satisfy the statutory preference for

treatment.
Short-Term Effectiveness

Since there are no remedial action activities associated with RAA No. 1, the risks to the
community are not increased by the implementation of this RAA. In addition, there are no
significant risks to workers with respect to implementation. The current impacts to the
environment from the existing conditions will continue. The time required to meet the

remedial response objectives can not be estimated.
Implementability

With respect to technical implementability, RAA No. 1 is the easiest alternative to implement
since there are no construction or operation activities. In addition, this RAA does not include
any actions to monitor its effectiveness. In terms of administrative feasibility, this alternative
should not require coordination with other agencies (i.e., no permits are necessary). The

availability of services, materials, and/or technologies is not applicable to this alternative.
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Cost

There are no capital costs or O&M costs associated with this alternative. Therefore, the NPW
is $0.

USEPA/State Acceptance

To be addressed following USEPA/NC DEHNR review of the PRAP.
Community Acceptance

To be addressed following the public comment period associated with the PRAP.

5.1.2 Groundwater RAA No. 2: Institutional Controls with Long-Term Monitoring

Description

Under Groundwater RAA No. 2, only institutional controls with long-term monitoring
including long-term groundwatef monitoring and aquifer-use restrictions will be included.
Aquifer restoration may occur through natural processes such as biological degradation,
attenuation, and dispersion. The RAA will include semiannually sampling and analysis of
groundwater from 1 deep monitoring well, 11 shallow monitoring wells, and 3 local supply

wells for five years. The monitoring program will include the following:

e Analyses
» TCLVOCs
Barium
Beryllium
Cadmium
Chromium
Lead
Manganese
Total Suspended Solids
Total Dissolved Solids

v vV Vv VvVvweVwvy

o Frequency:
» Years1-2: Quarterly
» Years 3-5: Semiannually
» Years 6-30: Annually



Aquifer-use restrictions will be placed on the one currently closed local supply well. In
addition, restrictions concerning the installation of any new potable water supply wells within
2,000 feet of Site 2 will be recommended.

Assessment
Qverall Protection of Human Health and the Environment

Under this RAA, the existing contamination in the groundwater aquifer will have the
potential for further migration both horizontally and vertically. Currently, one supply well in
the area of contamination is not operating. Supply wells located outside the area of

contamination are monitored periodically by the base and are not contaminated.

If the aquifer-use restrictions are strictly enforced, and monitoring of the plume and
operational supply wells is implemented, this RAA will provide protection to human health
with a reduction in the potential for groundwater ingestion. This RAA allows continued
contamination of the groundwater, therefore, it provides little, if any, protection to the

environment.
Compliance With ARARs

Under RAA No. 2, the groundwater quality in the aquifer will exceed the Federal and/or
North Carolina contaminant-specific ARARs established for the COCs. No action-specific or
location-specific ARARs apply to this RAA.

Long-Term Effectiveness and Permanence

In terms of the magnitude of residual risks remaining at the operable unit, this RAA will
reduce the risks to human health since the use of the groundwater as a potable water source
near the sites will be restricted. Risks would remain under this RAA if the groundwater at the

site was used as a drinking water source without treatment.

The adequacy and reliability of the controls included under this RAA (i.e., aquifer-use
restrictions) is effective. If strictly enforced, these controls will reduce the risks associated
with the ingestion of the contaminated groundwater. If not strictly enforced, these controls

would not be adequate.
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RAA No. 2 would require USEPA’s 5-year review to ensure that adequate protection of human

health and the environment is maintained.
Reduction of Toxicity, Mobility, or Volume

No form of treatment is included under RAA No. 2 (with the exception of natural
biodegradation). Therefore, a very limited amount of the contaminants in the groundwater
aquifer will be destroyed or treated. This RAA does not satisfy the statutory preference for

treatment.
Short-Term Effectiveness

Since there are only administrative activities associated with RAA No. 2, the risks to the
community (base personnel) are not increased by the implementation of this RAA. In
addition, there are no significant risks to workers. The current impacts to the environment
from the existing conditions will continue. Under this RAA, the potential risks associated
with contaminated groundwater will be reduced due to institutional controls within 3 to 6

months.
Implementability

With respect to technical implementability, RAA No. 2 is easy to implement since the only
activities are administrative or involve groundwater monitoring. The monitoring wells
already have been installed at the sites. The proposed monitoring will indicate if the
groundwater quality is significantly deteriorating. In terms of administrative feasibility, this
alternative should not require coordination with other agencies following the ROD (i.e., no
approvals of permits or other actions are necessary). The required sampling equipment and

materials are readily available.

Cost

There are minimal capital costs associated with RAA No. 2. An annual O&M cost of
approximately $57,100 is projected for the quarterly sampling for the first two years.

Approximately $28,550 is projected for the semiannual sampling for years three through five.

After five years, annual groundwater monitoring was assumed, with an estimated annual cost
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of $15,475. Assuming a monitoring period of 30 years and an annual percentage rate of five
percent, the NPW of this RAA No. 2 is approximately $350,000.

USEPA/State Acceptance

To be addressed following USEPA/NC DEHNR review of the PRAP.

Commaunity Acceptance

To be addressed following the public comment period associated with the PRAP.

5.1.3 Groundwater RAA No. 3: Collection/Treatment/Discharge to
Sewage Treatment Plant

Description

In general, RAA No. 3 includes the containment of the contaminated plumes via extraction
and treatment. In addition, this RAA includes the same institutional controls as Groundwater
RAA No.2 (Institutional Controls with Long-Term Monitoring). The objective of this RAA is
to reduce or eliminate the potential for further migration of the existing groundwater
contaminant plume at the operable unit. A series of shallow extraction wells will be installed
near monitoring well 2GW3. The extracted groundwater will be treated on site via a
combination of several treatment technologies including metals removal, air stripping, and
carbon adsorption. Treated water will be pumped to a sanitary sewer that discharges to the
Hadnot Point STP.

The RAA will include sampling and analysis of groundwater from 1 deep monitoring well, 11
shallow monitoring wells, and 3 local supply wells. The monitoring program will include the

following:

o Analyses
» TCLVOCs
Barium
Beryllium
Cadmium
Chromium
Lead
Manganese
Total Suspended Solids
Total Dissolved Solids

v vV VvVvVvVeVvwVyw
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¢ Frequency:
» Years1-2: Quarterly
» Years3-5: Semiannually
» Years6-30: Annually

After five years, the site will be evaluated, using the semiannual sampling data, to determine
if sampling can occur less often. Aquifer-use restrictions will be placed on the one currently
closed local supply well. In addition, restrictions will be placed on the installation of any new
wells within the vicinity of Site 2.

Assessment
Qverall Protection of Human Health and the Environment

Under this RAA, the migration of the contaminated plume will be mitigated, further reducing
the potential risks associated with groundwater exposure (via operating supply wells). If the
aquifer-use restrictions and monitoring program are strictly enforced, this RAA will provide
additional reduction in the potential for groundwater ingestion. This RAA reduces the
continued migration of the contaminant plume, therefore, it provides protection to the

environment.
Compliance With ARARs

Under RAA No. 3, the groundwater quality in the aquifer will be improved at the initiation of
the groundwater pump and treat system. The Federal and/or North Carolina contaminant-
specific ARARs established for the COCs may be met under this RAA over time. Location-
specific ARARSs are not applicable to this alternative. Action-specific ARARs such as NPDES

and air emission permits may apply to thisRAA.
Long-Term Effectiveness and Permanence

In terms of the magnitude of residual risks remaining at the operable unit, this RAA will
reduce the risks to human health for the following reasons: (1) the migration of the
contaminant plume is mitigated, and (2) the use of the groundwater as a potable water source
near the sites is restricted. Following the completion of this RAA, there should be low residual

risks remaining at the operable unit with respect to the contaminated groundwater.



Groundwater pump and treat methods are both adequate and reliable to some extent. All of
the technologies/process options are proven and commercially used. As with most equipment,
there is a potential for replacement and/or repairs. The adequacy and reliability of the

institutional controls are effective.

Since this RAA is expected to take many years to reach remediation goals, it will require
USEPA’s 5-year review to ensure that adequate protection of human health and the

environment is maintained.
Reduction of Toxicity, Mobility, or Yolume

Under this RAA, the groundwater will be treated via a treatment system consisting of, but not
limited to, air stripping, carbon adsorption, and metals removal. This RAA is designed to
reduce the mobility of the contaminants in the groundwater. This RAA satisfies the statutory

preference for treatment.
Short-Term Effectiveness

The risks to the community/base personnel will be slightly increased due to a temporary
increase in dust production and volatilization during the installation of underground piping
for the groundwater treatment system. Workers will require additional protection during the
installation and operation of the groundwater treatment system, Environmental impacts will
include aquifer drawdown during groundwater extraction. With respect to time to complete
the remedial action, the groundwater pump and treat system will be operated for many years,
and the contaminant plume may not ever be completely remediated due to the thickness and

horizontal characteristics of the aquifer. For FS purposes, 30 years has been estimated.

Implementability

With respect to technical implementability, the groundwater pump and treat system will
require operation. If necessary, the extraction system would be relatively easy to expand with
the addition of extraction wells and piping. The monitoring wells have already been installed
at the sites. The proposed monitoring will indicate if the groundwater quality is significantly

deteriorating or improving as a result of this action. In terms of administrative feasibility,
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this alternative will require permission for discharge into the Base sanitary sewer system.

This RAA requires treatment plant operators.
Cost

The capital costs associated with RAA No. 3 are estimated to be $303,000. An annual O&M
cost of approximately $162,760 is projected for the operation of the extraction/treatment
system and the quarterly groundwater monitoring program for years one and two.
Approximately $134,210 is projected for system operation and semiannual sampling for years
three through five. After five years, annual groundwater monitoring was assumed. Assuming
a monitoring period of 30 years and an annual percentage rate of five percent, the NPW of
RAA No. 3 is approximately $1,890,000. Refer to Appendix C for the cost estimate for this
RAA.

USEPA/State Acceptance

To be addressed following USEPA/NC DEHNR review of the PRAP.

Community Acceptance

To be addressed following the public comment period associated with the PRAP,

5.14 Groundwater RAA No. 4: Collection/Discharge to a Sewage Treatment Plant
Description

RAA No. 4 includes the extraction of the contaminated groundwater via extraction wells and
discharge to the Hadnot Point STP for treatment. Under RAA No. 4, no on-site treatment
system will be provided, as treatment will fake place at the STP. In addition, this RAA
includes the same institutional controls as Groundwater RAA Nos. 2 and 3. Like RAA No. 3
the objective of this RAA is to reduce or eliminate the potential for further migration of the
existing groundwater contaminant plume at the operable unit.

The RAA will include semiannual sampling and analysis of groundwater from one deep

monitoring well, nine shallow monitoring wells, and three local supply wells (TCL volatile

organics) for five years. After five years, the site will be evaluated using the semiannual
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sampling data to determine if sampling can occur less often. Aquifer-use restrictions will be
placed on the one currently closed local supply well. In addition, restrictions will be placed

restricting the installation of any new wells within the vicinity of Site 2.
Assgessment
Qverall Protection of Human Health and the Environment

Under this RAA, the migration of the contaminated plume will be mitigated, further reducing
the potential risks associated with groundwater exposure (via operating wells). If the aquifer-
use restrictions and monitoring program are strictly enforced, this RAA will provide
additional reduction in the potential for groundwater ingestion. This RAA reduces the
continued migration of the contaminant plume, therefore, it provides protection to the

environment,
Compliance With ARARs

Under RAA No. 4, the groundwater quality in the aquifer will be improved with the initiation -
of the groundwater extraction and treatment. The Federal and/or North Carolina '
contaminant-specific ARARs established for the COCs in groundwater may be met under this
RAA over time. Location-specific ARARs are not applicable to this alternative. With respect
to action-specific ARARs, the Hadnot Point STP may have to modify its existing NPDES

permit to accept this waste stream.
Long-Term Effectiveness and Permanence

In terms of the magnitude of residual risks remaining at the operable unit, this RAA will
reduce the risks to human health for the following reasons: (1) the migration of the
contaminant plume in mitigated, (2) the use of the groundwater as a potable water source near
the sites will be restricted, and (3) the operating supply wells in the area will be monitored.
Following the completion of this RAA, there will likely be low residual risks remaining at the

operable unit with respect to using the aquifer at Site 2 as a potable supply.
The source removal activities under this RAA are reliable and adequate. Groundwater

pumping methods are both adequate and reliable to some extent. The use of biological
treatment (at the STP) to remove the COCs has been documented. However, the impact that
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the COCs may have on the overall operation of the STP cannot accurately be predicted. As
with most equipment, there is a potential for replacement and/or repairs. The adequacy and

reliability of the institutional controls are effective.

Since this RAA is expected to take many years to reach the remediation goals, it will require
USEPA’s 5-year review to ensure that adequate protection of human health and the

environment is maintained.
Reduction of Toxicity, Mobility, or Volume

Under this RAA, groundwater will be treated via the physical and biological treatment system
at the STP. This RAA is designed to reduce the toxicity, mobility, and volume of the

contaminants in the groundwater. This RAA satisfies the statutory preference for treatment.
Short-Term Effectiveness

The risks to the community will be slightly increased due to a temporary increase in dust
production and volatilization during the installation of underground piping for the
groundwater extraction system. Workers will require additional protection during the
installation and operation of the groundwater extraction and pumping system.
Environmental impacts will include aquifer drawdown during groundwater extraction. With
respect to time to complete the remedial action, the groundwater extraction system will be
operated for many years, prior to achieving complete groundwater restoration. For costing

purposes, 30 years of operation has been estimated.
Implementability

With respect to technical implementability, the groundwater extraction and pumping system
will require operation. If necessary, the extraction system would be easy to expand. The
monitoring wells have already been installed at the sites. The proposed monitoring program
will indicate if the groundwater quality is significantly deteriorating. In terms of
administrative feasibility, this alternative may require a modification to the Hadnot Point
STP NPDES permit or permission for other discharge. This RAA will require routine

operation and maintenance for the groundwater extraction system.
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Cost

The capital costs associated with RAA No. 4 are estimated to be $210,000. An O&M cost of
approximately $106,220 is projected for the operation of the extraction/treatment system and
the quarterly groundwater monitoring program for years one and two. Approximately
$77,670 is projected for system operation and semiannual sampling for years three through
five. After five years, annual groundwater monitoring was assumed. Assuming a monitoring
period of 30 years and an annual percentage rate of five percent, the NPW of RAA No. 4 is
approximately $1,300,000. Refer to Appendix C for the cost estimate for this RAA.

USEPA/State Acceptance

To be addressed following USEPA/NC DEHNR review of the PRAP.
Community Acceptance

To be addressed following the public comment period associated with the PRAP,

515 Groundwater RAA No.5: Collectionfbischarge to Site 82

Description

RAA No. 5 includes the extraction of the contaminated groundwater via extraction wells and
discharge to the planned groundwater treatment system to be constructed at Site 82
(OU No. 2). Under RAA No. 5, no on-site treatment system will be provided, as treatment will
take place at OU No. 2. In addition, this RAA includes the same institutional controls as
Groundwater RAA Nos. 2, 3, and 4. The objective of this RAA is to reduce or eliminate the
potential for further migration of the existing groundwater plume at Site 2.

The RAA will include semiannual sampling and analysis (TCL volatile organics) of
groundwater from one deep monitoring well, nine shallow monitoring wells, and three local
supply wells for five years. After five years, the site will be evaluated using the semiannual
sampling data to determine if sampling can occur less often. Aquifer-use restrictions will be
placed on the one currently closed local supply wells. In addition, restrictions will be placed on

the installation of any new wells within the vicinity of Site 2.
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Assessment
Qverall Protection of Human Health and the Environment

Under this RAA, the contaminated groundwater will be removed and treated, reducing the
potential risks associated with groundwater degradation in supply wells, If the aquifer-use
restrictions and monitor program are strictly enforced, this RAA will provide additional
reduction in the potential for groundwater degradation. This RAA reduces the continued
contamination of the groundwater via contaminant removal, therefore, it provides protection

to the environment.
Compliance With ARARs

Under RAA No. 5, the groundwater quality in the aquifer will be improved with the initiation
of the groundwater extraction and treatment. The Federal and/or North Carolina
contaminant-specific ARARs established for the effluent discharge will potentially be met
under this RAA in time. ARARs associated with groundwater quality will be met over time.
Location-specific ARARs are not applicable to this alternative. Action-specific ARARs such as
NPDES and air emission permits may apply to this RAA.

Long-Term Effectiveness and Permanence

In terms of the magnitude of residual risks remaining at the operable unit, this RAA will
reduce the risks to human health for the following reasons: (1) the contaminated
groundwater will be extracted and treated, (2) the use of the groundwater as a potable water

source near the sites will be restricted, and (3) existing supply wells will be monitored.

The source removal activities under this RAA are reliable and adequate. Groundwater pump
and treat methods are both adequate and reliable for extracting and treating the groundwater.
All of the technologies/process options for treating the effluent at OU No. 2 are proven and
commercially used. As with most equipment, there is a potential for replacement and/or

repairs. The adequacy and reliability of the institutional controls are affective.
Since this RAA will take several years to meet the remediation goals, it will require USEPA’s

5-year review to ensure that adequate protection of human health and the environment is

maintained.
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Reduction of Toxicity, Mobility, or Volume

Under this RAA, the groundwater within the contaminant plume will be treated at OU No. 2
via a treatment system consisting of, but not limited to, air stripping, carbon adsorption, and
metals removal. This RAA is designed to reduce the toxicity, mobility, and volume of the

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

Short-Term Effectiveness

The risks to the community will be slightly increased due to a temporary increase in dust
production and volatilization during the installation of underground piping for the
groundwater extraction system. Workers will require additional protection during the
installation and operation of the groundwater extraction and pumping system.
Environmental impaets will include aquifer drawdown during groundwater extraction. With
respect to time to complete the remedial action, the groundwater extraction system will be

operated for many years. For costing purposes, 30 years has been estimated.

Implementability

With respect to technical implementability, the groundwater pump and treat system will
require operation. If necessary, the extraction system would be easy to expand. The
monitoring wells associated with long-term monitoring already have been installed at the
sites. The proposed monitoring will indicate if the groundwater quality is significantly

deteriorating, or improving.

Once in operation, the pumping system at OU No. 2 will require maintenance. Items of

concern would be the extraction pumps and the pumping system.
In terms of administrative feasibility, this alternative would require coordination with other

agencies for possible NPDES and air permits. No problems are anticipated with the

availability of any of the required equipment, laboratory services, or associated materials.
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Cost

The capital costs associated with RAA No. 5 are estimated to be $323,000. An O&M cost of
approximately $108,220 is projected for the operation of the extraction/treatment system and
the quarterly groundwater monitoring program for years one and two. Approximately
$79,670 is projected for system operation and semiannﬁal sampling for years three through
five. After five years, annual groundwater monitoring was assumed. Assuming a monitoring
period of 30 years and an annual percentage rate of five percent, the NPW of RAA No. 5 is
approximately $1,440,000. Refer to Appendix C for the cost estimate for this RAA.

USEPA/State Acceptance

To be addressed following USEPA/NC DEHNR review of the PRAP.
Community Acceptance

To be addressed following the public comment period associated with the PRAP.
5.16 Groundwater RAA No. 6: In Situ Treatment

RAA No. 6 provides for remediation of the contaminated plume via an air sparging and soil
venting system. In this method, air will be injected into the groundwater through air sparging
wells. The air acts to strip and remove the VOC contaminants from the groundwater. Soil
venting wells will be placed to control air flow and to collect vapors within the vadose zone.
The collected vapors would be treated to remove the contaminants prior to the air being vented
to the atmosphere. No groundwater is removed in this alternative, therefore, groundwater
does not have to be discharged to a STP or a watercourse. The objective of this RAA is to
reduce the COCs in the groundwater to levels that meet the remediation goals,‘and to reduce
the potential for further migration of the existing groundwater plume at Site 2. In addition,
this RAA includes the same institutional controls as Groundwater RAA Nos. 2, 3, 4, and 5.

The RAA will include semiannual sampling and analysis (TCL volatile organics) of
groundwater from one deep monitoring well, nine shallow monitoring wells, and three local
supply wells for five years. After five years, the site will be evaluated using the semiannual

sampling data to determine if sampling can occur less often. Aquifer-use restrictions will be
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placed on the one currently closed local supply well. In addition, restrictions will be placed on

the installation of any new wells within the vicinity of Site 2.
Assessment
Qvuerall Protection of Human Health and the Environment

Under this RAA, the contaminated groundwater will be treated, reducing the potential risks
associated with groundwater degradation in supply wells. If the aquifer-use restrictions and
monitor program are strictly enforced, this RAA will provide additional reduction in the
potential for groundwater degradation. This RAA reduces the continued contamination of the
groundwater via contaminant in-situ treatment, therefore, it provides protection to the

environment.
Compliance with ARARs

Under RAA No. 6, the groundwater quality in the aquifer will be improved with the initiation
of the groundwater treatment system. ARARs associated with groundwater quality will be
met over time. The timeframe to achieve the remediation goals is difficult to estimate due to
the nature of the groundwater contamination, and the hydrogeologic complexity of the site.
Location-specific ARARs are not applicable to this alternative. Action-specific ARARs such as
air emission permits may apply to thisRAA.

Long-Term Effectiveness and Permanence

In terms of the magnifude of residual risks remaining at the operable unit, this RAA will
reduce the risks to human health for the following reasons: (1) the contaminated groundwater
will be treated, (2) the use of the groundwater as a potable water source near the sites will be

restricted, and (3) existing supply wells will be monitored.

The treatment activities under this RAA are reliable and adequate. In-situ treatment
methods are both adequate and reliable for treating the groundwater, but not for recovering
all groundwater contaminants that would be present via partitioning between groundwater
and aquifer solids. This technology/process option for treating the groundwater is being used
at other NPL sites. As with most equipment, there is a potential for replacement and/or

repairs. The adequacy and reliability of the institutional controls are effective.
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Since this RAA will take several years to meet the remediation goals, it will require USEPA‘s
S-year review to ensure that adequate protection of human health and the environment is

maintained.
Reduction of Toxicity, Mobility, or Volume

Under this RAA, the groundwater within the contaminant plume will be treated via an in-situ
air sparging and soil venting process. This RAA is designed to reduce the toxicity, mobility,
and volume of the contaminants in the groundwater. This RAA satisfies the statutory

preference for treatment.
Short-Term Effectiveness

The risks to the community will be slightly increased due to a temporary increase in dust
production and volatilization during the installation of underground piping for the
groundwater treatment system. Workers will require additional protection during the
installation and operation of the groundwater treatment system. With respect to time, the
system will be operated for a period of 2 to 5 years. However, for costing purposes, 30 years has

been estimated.
Implementability

With respect to technical implementability, the air sparging/soil venting SVE system will
require operation. If necessary, the system would be easy to expand. The monitoring wells
associated with long-term monitoring already have been installed at the sites. The proposed
monitoring will indicate if the groundwater quality is significantly deteriorating, or

improving.

Once in operation, the system will require maintenance. Items of concern would be the air
sparging blowers and vacuum blowers, the vapor phase carbon units, and spent carbon. Time

would be required in this alternative for the removal and replacement of spent carbon.
In terms of administrative feasibility, this alternative would require coordination with other

agencies for possible air permits. No problems are anticipated with the availability of any of

the required equipment, laboratory services, or associated materials.
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Cost

The capital costs associated with RAA No. 6 are estimated to be $124,000. An Q&M cost of
approximately $113,440 is projected for the operation of the air sparging/soil venting SVE
system and the quarterly groundwater monitoring program for years one and two.
Approximately $84,890 is projected for system operation and semiannual sampling for years
three through five. After five years, annual groundwater monitoring was assumed. Assuming
a monitoring period of 30 years and an annual percentage rate of five percent, the NPW of
RAA No. 6 is approximately $1,320,000. Refer to Appendix C for the cost estimate for this
RAA.

USEPA/State Acceptance

To be addressed following USEPA/NC DEHNR review of the PRAP.

Community Acceptance

To be addressed following the public comment period associated with the PRAP.

5.2 Comparative Analysis

This FS has identified and evaluated a range of RAAs potentially applicable to the media of
concern at Site 2. Table 5-1 presents a summary of this evaluation. A comparative analysis in
which the alternatives are evaluated in relation to one another with respect to the nine
evaluation criteria is presented below. The purpose of this analysis is to identify the relative

advantages and disadvantages of each RAA.
5.2.1 Overall Protection of Human Health and the Environment

RAA No. 1 (No Action) does not provide protection to human health or the environment.
Under the Institutional Controls with Long-Term Monitoring RAA (No. 2), institutional
controls will provide protection to human health, although the potential for further migration
of the contaminated groundwater still exists. All of the remaining Groundwater RAAs
provide protection of human health and the environment. RAA Nos. 3, 4, 5, and 6 provide

protection through preventing further migration of the contaminated groundwater plume and
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providing treatment. It should be noted that RAAs Nos. 3, 4, 5, and 6 may result in complete
restoration of the plume over time; however, remediation will continue for many years. RAA
No. 6 may provide for the shortest time to restore the plume maybe as short as two to five

years.

5.2.2 Compliance with ARARs

RAA Nos. 1 and 2 will potentially exceed Federal and State ARARs. RAA Nos. 3, 4, and 5 will
potentially meet all of their respective ARARs for the treated effluent. In time, RAA Nos. 3, 4,

5, and 6 will meet the groundwater remediation goals.
5.2.3 Long-Term Effectiveness and Permanence

RAA No. 1 will not reduce potential risks due to exposure to contaminated groundwater.
Risks will be reduced under RAA Nos. 2 through 6 through the implementation of the
institutional controls and/or treatment. The reliability of enforcing aquifer-use restrictions is
effective. RAAs 3 through 6 will provide additional long-term effectiveness and permanence
because they use a form of treatment to reduce the potential hazards posed by the COCs

present in the groundwater aquifer.

All of the RAAs will require a 5-year review. However, RAA No. 6 may meet treatment goals

in less than 5 years.
5.24 Reduction of Toxicity, Mobility, or Volume Through Treatment

No form of treatment is included under RAA Nos. 1 and 2. RAA Nos. 1 and 2 do not satisfy the
gtatutory preference for treatment, whereas the other RAAs do satisfy the preference. All of
the “treatment” RAAs will provide reduction of toxicity, mobility and/or volume of

contaminants in the groundwater aquifers.
5.2.5 Short-Term Effectiveness

Risks to community and workers are not increased with the implementation of RAA Nos. 1
and 2. Current impacts from existing conditions will continue under these two RAAs. Under
RAA Nos. 3, 4, 5, and 6, risks to the community and workers will be slightly increased due to a

temporary increase in dust production and volatilization during the installation of the piping
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for the groundwater treatment system or piping system (during treatment operations for the

workers). In addition, aquifer drawdown will occur under RAA Nos. 3, 4, and 5.
5.2.6 Implementability

No construction, operation, or administrative activities are associated with RAA No. 1. There
are no construction or operation activities associated with RAA No. 2 other than groundwater
sampling which is easily performed. RAA No. 3 will require operation of a groundwater pump
and treatment system which can be labor intensive. RAA Nos. 4 and 5 will require operation
of a groundwater extraction system only. RAA No. 6 will require operation of an in situ
system.

5.2.7 Cost

Costs for RAAs 1 through 6 are summérized below. Refer to Appendix C for details on

development of costs.
Remedial Action Alternatives
No. 1 No. 2 No. 3 No. 4 No.5 No. 6

Capital Costs $0 $0 $303,000 $210,000 $323,000 $124,000

O&M Costs
Years1&2 $0 $57,100 $162,760 $106,220 $108,220 $113,440
Years 3-5 $0 $28,550 $134,210 $77,670 $79,670 $84,890
Years 6-30 $0 $15,475 $119,935 $63,395 $65,395 $70,615
Present Worth $0 $350,000 | $1,890,000 | $1,300,000| $1,440,000| $1,320,000

7

5.2.8 TUSEPA/State Acceptance

To be addressed following USEPA/NC DEHNR review of the PRAP.

5.2.9 Community Acceptance

To be addressed following the public comment period associated with the PRAP.,
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TABLE 5-1

SUMMARY OF DETAILED ANALYSIS - GROUNDWATER RAAs
FEASIBILITY STUDY - CTO-0174

OPERABLE UNIT NO. 5 (SITE 2)

MCB CAMP LEJEUNE, NORTH CAROLINA

RAANo. 2 RAA No.
Evaluation Criteri RAA No.x Instituti lCootrols/Lo Collecti nmo im v RAA No. 4 RAA No.5 RAA No. 6
valuation Criteria itutional Con ng- ection/Treatmen .
No Acti Collection/Discharge to a STP Collection/Disc! e to Site 82 In-Situ Treatment
o Term Groundwater Monitoring Discharge toa STP e e horg
OVERALLPROTECTIVENESS
) Human Health Protection No reduction in rigk. Institutional controls provide Groundwater plume treated. Groundwater plume treated. Groundwater plume treated. Groundwater plume treated.
protection against risk from Purap and treat provides Pump and treat provides Pump and treat provides In-gitu treatment provides
groundwater ingestion. protection against future protection against future protection against future protection against future
potential risk from groundwater | potential risk from groundwater | potential risk from groundwater | potential risk from ingesti
ingestion. ingestion. ingestion.
. Environmental Protection Allows continued contamination | Allows continued contamination | Migration of contaminated Migration of contaminated Migration of contaminated Level of groundwater
of the groundwater. of the groundwater. Potential groundwater is reduced by pump | groundwater is reduced by pump | groundwater is reduced by pump | contamination is reduced by in
natural attenuation of organic and treat. and treat. and treat. gitu treatment.
contaminants over time.
COMPLIANCE WITH ARARs
. Chemical-Specific ARARs | Will exceed Federal and/or NC Will exceed Federal and/or NC Should meet Federal and NC Should meet Federal and NC Should meet Federal and NC Should meet Federal and NC
groundwater quality ARARs. groundwater quality ARARs. groundwater quality ARARsin groundwater quality ARARsin groundwater quality ARARsin groundwater quality ARARs in
time. time. time. time.
. Location-Specific ARARs Not applicable. Not applicable. Will meet location-specific Will meet location-specific Will meet location-specific Will meet location-specific
ARARs. ARARs. ARARs. ARARs.
D) Actlon-Specific ARARs Not applicable. Not applicable. Will meet action-specific ARARs. | Will meet action-specific ARARs. | Will meet action-specific ARARs. | Will meet action-specific ARARs.
LONG-TERM EFFECTIVENESS
ANDPERMANENCE
. Magnitude of Residual Risk | Asmigration of groundwater Risk reduced to buman health Risk reduced by extracting Risk reduced by extracting Risk reduced by extracting Risk reduced by in-situ treatment
continues, potential risks may since the use of the groundwater | contaminated groundwater. contaminated groundwater. contaminated groundwater. of contaminated groundwater.
increase. aquifer is restricted.
. Adequacy and Reliability of | Not applicable - no controls. Institutional controls are reliable | Groundwater pump and treat is Groundwater pump and treatis Groundwater pump and treat is In-gitu treatment demonstrated
Controls if strictly enforced. rellable. reliable. reliable. for COCs
. Need for 5-year Review Review would be required to Review would be required to Review not needed once Review not needed once Review not needed once Review not needed once
ensure adequate protection of ensure adequate protection of remediation goals are met. remediation goals are met. remediation goals are met. remediation goals are met.
human health and the human health and the
environment is maintained. envir t is maintained
REDUCTION OF TOXICITY,
MOBILITY, OR VOLUME
THROUGH TREATMENT
. Treatment Process Used None. None. Treatment train for metals Physical and biological treatment | Treatment train at Site 82 for In-situ air sparging and soil
removal, air stripping, and at STP. metals removal, air stripping, venting for VOC removal.
activated carbon, and activated carbon.
. Amount Destroyed or None. None. Majority of contaminants in Majority of contaminants in Majority of contaminant in Majority of contaminant in
Treated groundwater. groundwater. groundwater plumes. groundwater plumes.
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TABLE 5-1 (Continued)

SUMMARY OF DETAILED ANALYSIS - GROUNDWATER RAAs
FEASIBILITY STUDY - CTO-0174

OPERABLE UNIT NO. 5 (SITE 2)
MCB CAMP LEJEUNE, NORTH CAROLINA

RAANo. 2 RAANo.3
Evaluation Criteria RAANo.1 Institutional Controls/Lo Collection/Treatment/ RAANo.4 RAANo.3 RAA No. 6
val 0 utional Con ng- ection/Tre
No Action Gollection/Discharge to a STP Cellection/Discharge to Site 82 n-Situ Treatment
¢ Term Groundwater Monitoring Discharge to a STP arg harg
. Reduction of Toxicity, None. None, Reduced volume and toxicity of Reduced volume and toxicity of Reduced volume and toxicity of Reduced volume and toxicity of
Mobility or Volume taminated groundwat taminated groundwater. contaminated groundwater. contaminated groundwater.
. Residuals Remaining After || Not applicable - no treatment. Not applicable - no treatment. Minimal residuals after goals are | Minimal residuals after goals are Minimal residuals after goals are | Minimal residuals after goals are
Treatment met. met. met. met.
. Statutory Preference for Not satisfied. Not satisfied. Satisfied. Satisfied. Satisfied. Satisfied.
Treatment
SHORT-TERM EFFECTIVENESS
. Community Protection :
Risks to community not increased § Risks to community notincreased | Potential risks to public health Potential risks to public health Potential risks to public health Potential risks to public health
by remedy implementation. by remedy implementation. and environment during and environment during and environment during and environment during
extraction and treatment due to extraction and treatment due to extraction and treatment due to extraction and treatment due to
equipment faflure. equipment failure. equipment failure, equipment failure.
. Worker Protection No significant risk to workers, No significant risk to workers. Protection required during Protection required during Protection required during Protection required during
treatment. treatment. treatment. treatment.
. Environmental Impacts None None None None None None
. Time Until Action is Not applicable. Risks from potential Thirty years used to determine Thirty years used to determine Thirty years used to determine Thirty years used to determine
Complete groundwater ingestion reduced NPW costs. Time for completion | NPW costs. Time for completion J§ NPW costs. Time for completion | NPW costs. Time for completion
within 3 to 6 monthsdue to of remediation is unknown. of remediation is unknown. of remediation is unknown. of remediation is unknown.
institutional controls,
IMPLEMENTABILITY
. Ability to Construct and No construction or operation No construction or operation Installation and treat t Installation and treatment Installation and treatment Installation and treat. t
Operate activities. activities. technologies proven. technologies proven. technologies proven. technologies proven.
. Ability to Monitor No monitoring. Failure to detect | Proposed monitoring will give Adequate system itoring. Adequate system monitoring. Adequate system monitoring. Requires indirect monitoring of
Effectiveness contamination will result in notice of fallure before significant system performance.
potential ingestion of exposure occurs,
contaminated groundwater.
° Availability of Servicesand § None required. None required. Groundwater extraction and Groundwater extraction Groundwater extraction System components readity
Capacities; Equipment treatment equipment is readily equipment is readily available. equipment is readily available. available.
available.
CoSsTS
Net Present Worth $0 $350,000 $1.89 million $1.3 million $1.44 million $1.32 million

RAA = Remedial Action Alternative

STP =

Sewage Treatment Plant

ARARs = Applicable or Relevant and Appropriate Requirements
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Baker Environmental, Inc.
Airport Office Park, Building 3
420 Rouser Road

Coraopolis, Pennsylvania 15108

(412) 269-6000
July 13, 1993 FAX (412) 269-2002

Commander

Atlantic Division

Naval Facilities Engineering Command
1510 Gilbert Street (Building N-26)
Norfolk, Virginia 23511-2699

Attn: Ms. Linda Berry, P.E.
Code 1823

Re: Contract N62470-89-D-4814
Navy CLEAN, District III
Contract Task Order (CTO) 0174
RI/FS at Operable Unit No. 5 (Site 2)
Marine Corps Base Camp Lejeune, North Carolina
Time Critical Removal Action Evaluation

Dear Ms. Berry:

Baker Environmental, Inc. (Baker) is currently condueting RI/FS activities at Operable
Unit No. 5 (Site 2) at Marine Corps Base (MCB) Camp Lejeune, North Carolina. Soil, .
groundwater, surface water, and sediment samples were collected during the field
investigation in late April 1993. The majority of the validated laboratory analytical
results for these samples has been received by Baker.

A preliminary assessment of the available data indicate the presence of elevated
concentrations of pesticides in soil at two discrete areas on-site. The purpose of this
correspondence is to present these results to.you and evaluate them with respect to
Removal Action Criteria outlined in the National Oil and Hazardous Substances Pollution
Contingency Plan (NCP). This may be of assistance to you in determining if a removal
action is warranted for this site.

SITE EVALUATION

Elevated concentrations of pesticides have been detected in the soil surrounding two
former pesticide mixing/washing pads on-site. Detected pesticides include:

MAXIMUM BENCHMARK RISE-BASED
COMPOUND | ~,NCENTRATION | CONCENTRATION (USEPA)
4,4DDD 1,200 ppm 7.1 ppm
4,4'-DDE 130 ppm 5 ppm
4,4'-DDT 2,500 ppm
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The benchmark risk-based concentration was prepared by USEPA Region III (January 28,
1993) and applies to soils in residential areas. The benchmark risk-based concentration is
a value that equates to a 1 x 10-6 cleanup action level. Baker has used these values in
this preliminary evaluation. Site-specific ecleanup action levels, however, will be
generated in association with the risk assessment and will likely be higher than the
benchmark values.

The elevated concentrations of pesticides appear to be limited to the immediate vicinity
of the two former washing/mixing pads. A conservative estimate of the volume of soil
impacted by pesticide contamination is presented below: -

PAD LENGTH WIDTH DEPTH TOTAL
North Pad 94 ft 4T £t 4 ft 17,672 £t3
South Pad 157 ft 46 ft 4 ft 28,888 ft3

TOTAL| 46,560 ft3
(or)}| 1,724 yds3

REMOVAL CRITERIA

The NCP lists a number of criteria that are considered in determining the
appropriateness of a removal action. Section 300.415 paragraph (b)(2)(i) directly applies
to the conditions at Site 2.

300.415 (b)(2)(3) "Actual or potential exposure to nearby human
populations, animals, or the food chain from hazardous
substances or pollutants or contaminants."

There are presently no access restrictions in this area. The building on site is currently
used as an administrative office building.

The presence of pesticide contaminants in this area may pose an imminent and
substantial endangerment to public health, or welfare, or the environment. In this case,
a time-critical (as opposed to non-time critical) removal action would be appropriate.
Time-critical removals require less than six months to plan and are the most common

type of removal actions. An engineering evaluation and cost analysis (RE/CA) is not
required under time-critical removal actions. :

There are several major advantages associated with conducting a time-critical removal
action under these conditions:

. It would result in the removal of materials that may pose an immediate threat
to human health and the environment in a timely fashion.




Ms. Linda Berry, P.E.
July 13, 1993
Page 3

L The removal could be performed without the need to perform an EE/CA or FS
given the relatively non-complex nature of the problem.

L It would serve to focus, and potentially eliminate the need for, feasibility
~ study activities for the soil matrix.

RECOMMENDATIONS

A time-critical removal action is appropriate at Site 2 considering the small volume of
waste involved and the potential health risks assoeiated with prolonged exposure. In
order for LANTDIV to determine the appropriate disposal/treatment options, soil
samples should be collected and analyzed to determine whether the pesticide-
contaminated soil is characteristically hazardous. This determination will have a
significant bearing on the cost of disposal. Non-hazardous waste could be disposed of at
a price of approximately $90-100 ¢y whereas hazardous waste disposal will cost
approximately $250-300 cy (assuming no further treatment is required). Therefore, it is
recommended that additional soil samples be collected from Site 2 soils for full TCLP,
corrosivity, reactivity, and ignitability analysis.

The additional sampling and analysis can be conducted as part of this CTO by utilizing
the negotiated Unit Cost clusters for sampling and analysis. It is recommended that
within the area of concern, three soil samples are collected for analysis. One sample
should be collected near the mixing pads where the highest pesticide levels were
detected. Two other soil samples should be collected from areas representing moderate
to low levels of pesticides above the preliminary action levels. The determination of
which areas of soil contamination exhibit hazardous characteristies will be required prior
to initiation of the removal action.

Baker hopes that you find this correspondence useful in yo-ur assessment of this site. If
you have any questions regarding this matter, or would like to discuss it further, please
contact me at (412) 269-2038 or Mr. Raymond P. Wattras (Activity Coordinator) at (412)
269-2016.

Sincerely,
BAKER ENVIRONMENTAL, INC.

/oo ¥ W odias

?or Donald C. Shields
Project Manager

‘DCS/nd

ce: Mr, Keith Simmons, P.E., Code 0223
Ms. Lee Anne Rapp, Code 183
Ms. Beth Hacie, Code 02231
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CALCULATION OF SURFACE. SOIL ACTION LEVELS « RESIDENTIAL

OPERABLE UNIT NO.S, SITE 2

REMEDIAL INVESTIGATION, CTO-0174

MCB, CAMP LEJUENE, NORTH CAROLINA
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PURPOSE: CALCULATE SOIL ACTION LEVELS PROTECTIVE OF HUMAN BEALTH SUBSEQUENT TO EXPOSURE.
DERMAL CONTACT AND INCIDENTAL INGESTION SCENARIOS
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PERTINENT EQUATIONS: CARCINOGENIC CONTAMINANT ACTION LEVELS

DERMAL DOSE = (C{SAMADKEFNEDYAFXCFN(BWHAT)

WHERE: € » THE CONTAMINANT CONCENTRATION (mg/Ke)

SA = EXPOSED SKIN SURFACE AREA (cm)

AD = THE SOIL ADHERENCE FACTOR (mg/cm ~ 2°¢)

EF = THE EXPOSURE FREQUENCY (441)

ED = THE EXPOSURE DURATION (y1s)

AF = THE ABSORBED PRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg)

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME ( 70yrs * 365) ()

INCIDENTAL INGESTION DOSE = (CXAIXDXYRSXAPNCTH(BWXLE)

WHERE:

€ = THE CONTAMINANT CONCENTRATION (mg/Kg)

Al = THE AMOUNT INGESTED (g/d)

EF = THE EXPOSURE FREQUENCY (47)

ED = THE EXPOSURE DURATION (yrs)

AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION PACTOR (Kg/mg)

BW = AVERAGE BODY WEIGHT Of THE RECEPTOR (Kg)
AT = AVERAGING TIME ( 70yrs * 365) (4)

TOTAL RISK = (DERMAL DOSE + ACCIDENTAL ING. DOSEy*CPF

WHERE:

.

CPF = THE CARCINOGENIC POTENCY FACTOR (Kg*d/mg)
DERMAL DOSE = C*Kt
ACCIDENTAL ING. DOSE = C*K2

ACTION LEVEL (C) = TOTAL RISK/(K1 + K2XCPF)

RESIDENT-CHILD

CONTAMINANT
snanmsmmanene
NAPHTHALENE
2METHYLNAPHTHAL
ACENAPHTHENE
PHENANTHRENE
ANTHRACENE
FLUORANTHENE
PYRENE
N-NITROSODIPHENYL
4,0.00T

44.0DK

4,0.0DD

DIELDRIN
HEPTACHLOR
CHLORDANE (TOTAL)
FLUORENE
TOLUENE
ETHYLBENZENE
XYLENE (TOTAL)
ARSENIC

WHERE: TOTAL RISK = 1.0E-06

SA Al AD EF ED AF

AF

SKIN GUT

(em”2) (mgD) (mglem~Pd  (dfyr)
mmms Sems weesems asas

1

o

o

001
0.01
001
0.0
0.01
001
o.01
0.0
o0
001
o0
0.0
0,01
.01
001
0
0.01
o01
¢ oon
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NONCARCINOGENIC ACTION LEVELS

DERMAL DOSE = (CHSANADKEFNEDKARXCR)/(BWHAT)

‘WHERE:

C = THE CONTAMINANT CONCENTRATION (mg/Kg)
$A = EXPOSED SKIN SURFACE AREA (cm)
AD = THE $OIL ADHERENCE FACTOR (mg/em ~ 2°4)
EF = THE EXPOSURE FREQUENCY (44)
ED = THE EXPOSURE DURATION (yr3)
AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CR = THE CONVERSION FACTOR (Kg/mg)
BW » AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME (ED * 365) (4)

ACCIDENTAL INGESTION DOSE = (CAIXDXYRSNAFNCE)(BWYLE)

WHERE:

€ = THE CONTAMINANT CONCENTRATION (mg/Ke)

Al = THE AMOUNT INGESTED (gd)

EF = THE EXPOSURE FREQUENCY (4/yr)

ED = THE EXPOSURE DURATION (yrs)

AF = THE ABSORBED PRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mp)

BW = AVERAGE, BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME (£D * 365) (¢)

HAZARD = (DERMAL DOSE 4 ACCIDENTAL ING. DOSE)/RID

WHERE:

RID = THE REFERENCE DOSE (mg/Kg*4)
DERMAL DOSE = C°K3
ACCIDENTAL ING, DOSE = C*K4

ACTION LEVEL (C) = HAZARD*RID/(K3 + K4)

WHERE: HAZARD = 1.0
emma anma
cr BW AT AT Ki K2 K3 K4 ICR HI CPF RID CARC. NONCARC.
(CARC) (NON) ACTION ACTION
(Kg/mp)  (Kg) [CH [O) (Kg*d/mg) (mg/Ke*d) LEVEL(ppm) LEVEL(ppm
——— nanm
1E-06 15 25550 2190  LE2E07  L1OE-06 1.66E-06  L2SE-05  1.00E-06 1 400E-02 L] 27686
1E-06 18 25550 %0 L2507 LIOE.06 1L66E-06  1.28E-05  LOOE.0S 1 4.00E-02 L 1 27686
1E-06 15 25850 2190 LAZE-0T  LIOE-06  1.66E-06  L28E-05  1.00E-06 1 6.00E-02 0.0 fas30
1E-06 13 258%0 2190  L2E-07  LIOE-06  LGGE06  LISE-05  1.0OF-06 1 3.00E-02 [ X] 20765
1E06 15 25550 290 - L2807  LIOE.06  LG6E-06  L28E-05  LOOE-06 1 3.00£-01 a6 7649
1E.06 1s 25550 2190 LA2E.07  LI10E.06 1.66E-06  1.28E.05  LOOE-06 1 400E-02 . 27686
1E-06 15 23530 2190  LLE07T  LIOE-06  L6SE-06  128E-05  L.OOE-06 1 3.00E-02 .0 0768
1E-06 18 25550 290 LOE-0T  LIE06 1.66E-06  LISE-05  1LO0E.-06 1 490E-03 1648 [ L]
1E-06 18 258% 1%  L42EQT  LIOE-06 L6SE-06  L2SE-0S  LOOE-06 1 J4OE-01  S00K-04 4 346
1E-06 18 258%0 2190 LOE-07  LI0E.06 L66E-06  1L28E-05  LOOE-06 1 S40E-01 24 20
1E-06 15 235%0 2190 L42E-07  LIOE-06  1.66E-06  128E-05  L.00E-06 1 2.40E-01 34 [ 1]
1E-06 15 25550 2190  LME07  LIOE-06  L6GE-06  LISE-08  LOOE-06 1 LOGOE+01  S00E-08 008 s
1E-06 15 28580 2190  LREQT  L10E-06 1.66E-06  LI8E.05  1.00E-06 1 450E400  S00E-04 018 346
1E-06 15 25850 2190 LOEOT  LIOE-06  LGGE-06  1.28E-05  1L.O0E-06 1 LWE+00  6.00E-05 0.62 42
1E-06 15 288%0 2190  LAZE-07T  LIOE-06  1.66E-06  L2SE-05S  LOOE-06 1 4.00E-02 U] 27686
1E-06 18 28550 2190 142807  LIOE-06  1.66E-06  1.28E-08  LOOE-06 1 2.00E-01 0.0 138432
1E-06 15 25550 2190 L&E07T  LI0E.06  L6GE-06  L28E.05  LOOE.06 1 LO0E-01 00 o206
1E-06 15 25550 2190 LAEQT  LIOE-06  LGGE-06  LISE-05  1.00E-0¢ 1 2.00E+00 (2] 1384324
1E-06 15 25550 2190  142E-08  LIGE-06  L6GE-07  128E-05  LOOE.0§ 1 TS0E-01  3.00E-04 12 B2




CALCULATION OF SURFACE SOIL ACTION LEVELS « RESIDENTIAL

OPERABLE UNIT NO.S, SITE 2

REMEDIAL INVESTIGATION, CTO-0174

MCB, CAMP LEJUENE, NORTH CAROLINA
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PURPOSE: CALCULATE SOIL ACTION LEVELS PROTECTIVE OF HUMAN HEALTH SUBSEQUENT TO EXPOSURE.
DERMAL CONTACT AND INCIDENTAL INGESTION SCENARIOS
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PERTINENT EQUATIONS; CARCINOGENIC CONTAMINANT ACTION LEVELS

DERMAL DOSE = (CKSANADNEFXEDNAFXCF)/(BWKAT)

WHERE: € = THE CONTAMINANT CONCENTRATION (mg/Kg)

$A = EXPOSED SKIN SURFACE AREA (cm)

AD = THE SOIL ADHERENCE FACTOR (mg/em ~ 1%¢)

EF = THE EXPOSURE FREQUENCY (4/yr)

ED = THE EXPOSURE DURATION (7)

AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg)

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME ( 70yrs * 365) (d)

INCIDENTAL INGESTION DOSE = (CXAINDXYRSYAFXCRY/(BWKLF)

WHERE:

C = THE CONTAMINANT CONCENTRATION (mg/Kg)

Al = THE AMOUNT INGESTED (g/d)

EF = THE EXPOSURE FREQUENCY (d/yr)

ED = THE EXPOSURE DURATION (yrs)

AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION PACTOR (Kg/mg)

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (K¢)
AT = AVERAGING TIME ( 7057 * 365) ()

TOTAL RISK = (DERMAL DOSE + ACCIDENTAL ING. DOSE)*CPF

WHERE:

.

CPFP = THE CARCINOGENIC POTENCY FACTOR (Kg*d/mg)
DERMAL DOSE = C*K1L
ACCIDENTAL ING. DOSE = C*K2

ACTION LEVEL (C) = TOTAL RISKAK1 + K2)(CPF)

RESIDENT-ADULT

‘CONTAMINANT

N-NITROSODIPHENYL
40.00T

4,#-0DE

4,6.00D

DIELORIN
HEPTACHLOR
CHLORDANE (TOTAL)
TOLUENE
ETHYLBENZENE
XYLENE (TOTAL)
ARSENIC
LT e 2 Tt ]
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WHERE: TOTAL RISK = 1.0E-06

A u AD er AP AF
SKIN  GUT

(em™2) (mgD) (mgem”™I4 @) (M)
S
500 100 1 % % e 1
500 100 1 3% % e 1
B0 100 1w % e 1
0 100 1 3% % ea 1
0 100 1 % ea 1
0 10 13 % e 1
PO 10 1 % % em 1
;o 100 1 % % em 1
0 10 1t % % em 1
»0 100 1 % % eet 1t
B0 10 1% % em 1
50 100 1 % % e 1
0 100 1 3w e 1
500 100 1 3% % ek 1
500 100 1 % % e 1
50 100 1 3 % e 1
B0 10 1 % % e 1
0 100 1 3% » e 1
0 100 1 3% % e 1

NONCARCINOGENIC ACTION LEVELS

DERMAL DOSE = (CXSAXADXEFYEDXAFXCEY/(BWXAT)

‘WHERE:

C = THE CONTAMINANT CONCENTRATION (mg/Kg)
SA = EXPOSED SKIN SURPACE AREA (em)
AD = THE $OIL ADHERENCE FACTOR (mg/em ~ 29¢)
EF = THE EXPOSURE FREQUENCY (4/y1)
ED = THE EXPOSURE DURATION (yr)
AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (K¢)
AT = AVERAGING TIME (ED * 365) (§)

ACCIDENTAL INGESTION DOSE = (CAINDXYRSHAFXCR)/(BWNLE)

WHERE:

C = THE CONTAMINANT CONCENTRATION (mg/Ks)

Al = THE AMOUNT INGESTED (g/d)

EF = THE EXPOSURE FREQUENCY (d/yr)

ED = THE EXPOSURE DURATION ()

AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg)

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME ( ED * 365) (4)

HAZARD = (DERMAL DOSE + ACCIDENTAL ING. DOSE)/RID

WHERE:

RID = THE REFERENCE DOSE (mg/Kg*d)
DERMAL DOSE = C*K3
ACCIDENTAL ING. DOSE = C*K4

ACTION LEVEL (C) = HAZARD*RID/(K3 + K4

WHERE: HAZARD = 1.0
aam= ——
CF BW AT AT K1 K2 K3 K4 ICR HAZAR CeF RD CARC. NONCARC.
(CARC) (NON) ACTION ACTION
(Ke/mg)  (Kp) (U] @ (Kg*d/mg) (mg/Kg*d) LEVEL(ppm) LEVEL(ppm
mmmn ummn
1E-06 70 25550 10950  346E-07  SSTE-07  S06E-07  LITE.06  LOOE-06 1 4.00E-02 (14 183648
1E-06 70 25550 10950  346E07  SSTE-07T  SO0SE-07  1ITE-06  LOOE-06 1 A00E-02 0.0 183648
1E-06 7 25850 10950  346E-07  SATE-07  S0SE-07  LITE06  1.00E-06 1 6.00E-02 (1] 275412
1E-06 70 25880 10950  346E-07  SSTE-07  SOSE-07T  L3ITE-06  1.00E.06 1 3.00E-02 .0 1316
1E-06 70 28850 10950  346E07  SSTE-Q7  $.08E-07  LITE-06  1.00E-06 1 3.00E-01 [ 1] 1377388
1E-06 k4 258%0 10950 346E07  SSTE07  $08F.07  L3ITE.06  LOOE-06 1 ANE-02 0.0 183648
1E-06 70 25550 10950  346E-07  SSTE-07  S0SE-07  L3ITE-06  LOOE-06 1 400E.02 0.0 183648
1E.06 70 25550 10950 346E-07  SSTE-QT  KOSE07  LITE06  1.00E-06 1 3.008-02 0.0 137736
1E-06 7 25850 10950  346E-07  S87E-07  808E-07  L3ITE-06  1.00E-06 1 4.90E-03 2186 [ 1]
1E.06 70 25550 10950  346E-07  SSTE07  KO0SE07T LITE.06 LOOEW0S 1 340E-01 S.00E-04 32 s
1E-06 70 253%0 10950  346E-07  SSTE0T  RO0SE-07  L3I7E.06  1.00E-06 1 3.40E-01 32 LY
1E-06 70 28550 10950  346E-07  SSTE-07  $.06E-07  L3ITE-06  L.OOE-06 1 2402-01 45 00
1E-06 70 25550 10950  346E-07  S87TE-07  S08E.07  L3ITE.06  LOOE-06 1 LGOE+0I  S00E-05 .07 0
1E-06 70 25550 10950  J46E-07  SSTE-07  SOSE.07  LITE.06  L.OOKE-06 1 4S0E+00  S.00E-04 024 2296
1E-06 70 25350 10950  346E-07  SSTE-07  KOSE-07T  137E-06  L.OOE-06 1 LE+00  60E-05 082 s
1E-06 70 25550 10950  3A6E-07  SSTE-Q7T  RO06E-07  LITE.06  LOOE-06 1 2.00E-01 00 18239
106 70 25350 10950  346K-07  SSTE-07  KO0GEL7  1ITE-06 1.00E.06 1 L00E-01 00 459119
1E-06 7 25550 10950  J4GE-07  SSTE0T  S0SEAT  LITENG  LOOE.06 1 200E+00 00 91829.0
1E-06 70 25550 10950  J46E-08  SSTE-07  KOSE-06 1ITE-06 L.OOE-06 1 L75E4+00  3.00E-04 09 2068
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CALCULATION OF SEDIMENT ACTION LEVELS - RESIDENTIAL
OPERABLE UNIT NO.5, SITE 2
REMEDIAL INVESTIGATION, CTO-0174
MCB, CAMP LEJUENE, NORTH CAROLINA .
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PURPOSE: CALCULATE SEDIMENT ACTION LEVELS PROTECTIVE OF HUMAN HEALTH SUBSEQUENT TO EXPOSURE.

DERMAL CONTACT AND INCIDENTAL INGESTION SCENARIOS

PERTINENT EQUATIONS: CARCINOGENIC CONTAMINANT ACTION LEVELS

NONCARCINOGENIC ACTION LEVELS

DERMAL DOSE = (C)(SA)(ADNEF)(ED)(AF)(CF)/(BW)(AT)

WHERE: € = THE CONTAMINANT CONCENTRATION (mg/Kg)
SA = EXPOSED SKIN SURFACE AREA (cm)
AD = THE SOIL ADHERENCE FACTOR (mg/em ~2%d)
EF = THE EXPOSURE FREQUENCY (d/yr)
ED = THE EXPOSURE DURATION (yrs)
AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME ( 70yrs * 365) (d)

DERMAL DOSE = (C)(SA)(AD)(EF)(ED)(AF)(CF)/(BW)(AT)

WHERE: C = THE CONTAMINANT CONCENTRATION (mg/Kg)
SA = EXPOSED SKIN SURFACE AREA (cm)
AD = THE SOIL ADHERENCE FACTOR (mg/em " 2d)
EF = THE EXPOSURE FREQUENCY (dfyr)
ED = THE EXPOSURE DURATION (yrs)
AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME ( ED * 365) (d)
INCIDENTAL INGESTION DOSE = (C)(AI)(D)(YRS)(AF)(CF)/(BW)(LF) ACCIDENTAL INGESTION DOSE = (C)(Al)(D)(YRS)(AF)(CF)/{(BW)(LF)
WHERE: € = THE CONTAMINANT CONCENTRATION (mg/Kg)
Al = THE AMOUNT INGESTED (g/d)
EF = THE EXPOSURE FREQUENCY (d/yr)
ED = THE EXPOSURE DURATION (yrs)
AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME ( 70yrs * 365) (d)

WHERE: C = THE CONTAMINANT CONCENTRATION (mg/Kg)
Al = THE AMOUNT INGESTED (g/d)
EF = THE EXPOSURE FREQUENCY (d/yr)
ED = THE EXPOSURE DURATION (yrs)
AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME (ED * 365) (d)
TOTAL RISK = (DERMAL DOSE + ACCIDENTAL ING. DOSE)*CPF HAZARD = (DERMAL DOSE + ACCIDENTAL ING. DOSEYRID
WHERE: CPF = THE CARCINOGENIC POTENCY FACTOR (Kg*d/mg) WHERE: RfD = THE REFERENCE DOSE (mg/Kg*d)
DERMAL DOSE = C*K1 DERMALDOSE =C*K3
ACCIDENTAL ING, DOSE = C*K2 ACCIDENTAL ING. DOSE = C*K4

ACTION LEVEL (C) = TOTAL RISK/(K1 + K2)(CPF) ACTION LEVEL (C) = HAZARD*RID/(K3 + K4)

EEEEEDXD EEEEED CTEIZERSE EIXRER
NONCARC.
ACTION

(mg/Kg*d) LEVEL{ppm) LEVEL(ppm

RiD

CARC.
ACTION

4.00E-02
4.00E-02
5.00E-04

$.00E-05
5.00E-04
6.00E-05
LOOE-01

2.00E+00

5.00E-03

0

~ocoamoalRibho

17304
17304
216

0

0

2
216
2%
43260
865202
2413

RESIDENT-CHILD WHERE: TOTALRISK = 1.0E-06 WHERE: HAZARD = 1,0
AEEEEEEETEEE FSEXRE EEREX ETREEE MMEIIT I - mmam ESEZE EEES SEXSS TN N LMD ER SETDDIES SDEXTEN SEEEEDXD TXIEESE XXX
SA Al AD EF ED AF AF CF BW AT AT K1 K2 K3 K4 ICR HI CPF

SKIN GUT (CARC) (NON) :

CONTAMINANT (cm”2) (mgD) (mgem®2*d (dfyr) (1) (Kgmg) (Kg) (@ @ (Kg*d/mg)

ECZEEEEEEEEEDN AXEZFE XERE REEXMEN MMIMIE MW = = = I X IR IR I ':58 MEIEME WMIMLAIT X == ==

NAPHTHALENE 2600 200 1 56 6 0.010 1 1E-06 15 25550 2190 . 228E-08  L7SE-07  2.66E-07 205E-06  1.00E-06 1

2METHYLNAPHTHA 2600 200 1 56 6 0.010 1 1E-06 15 25550 2190 - 228E-08  L75E07  2.66E-07 2.05E06  LOOE-06 1

44.DDT 2600 200 1 56 6 0.010 1 1E-06 15 25550 2190 228B-08  L75E-07  266E-07  205E-06  1.0OE-06 1 340E-01

44-DDE 2600 200 1 56 6 0.010 1 1E-06 15 25550 2190  228E08  L7SE07  266E-07  2.05E06  LOOE-06 1 340E-01

44.DDD 2600 200 1 56 6 0.010 1 1E-06 15 25550 2190  228E08. LTSE-07  266E-07 2.05E-06  LOOE-06 1 240E-01

DIELDRIN 2600 200 1 56 [ 0.010 1 1E06 15 25550 2190 228808  LTSEO7 266E07 2.05E06  LOOE-06 1 160E+01

ENDOSULFANII 2600 200 1 56 [ 0.010 1 1E-06 15 25550 2190 2.28B-08  L75E-07 2.66E-07 2.05E-06  1.00E-06 1 450E+00

CHLORDANE (TOTA 2600 200 1 56 [ 0.010 1 1E06 15 25550 2190  2.28E-08 L7SE-07  266E-07 205E-06 1O0E-06 1 130E+00

ETHYLBENZENE 2600 200 1 56 [ 0.010 1 1E06 15 25550 2190 228E-08 L75E07  266E-07 205E-06 LOOE-06 1

XYLENE (TOTAL) 2600 200 1 56 6 0.010 1 1E-06 15 25550 2190  228B.08  L7SE07 266E-07 205E-06 LOOE-06 1

BERYLLIUM 2600 200 1 56 L6 0001 1 1E06 15 23550 2190  228E-09  L75E407  2.66E-08 205E-06  1.00E-06 1 430E+00

L 2 b b i 2 2 2 1 1 e 1 1t 1 J m £ 2 £ 3 £ : & ] EEEAE RENE EEEEDX EXERE SEXFEEX EDXDTEEN = = AT A
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TEaEIISIERED EEID RN o EEmAENRE o= mmmamas
CALCULATION OF SEDIMENT ACTION LEVELS - RESIDENTIAL
OPERABLE UNIT NO.5, SITE 2
REMEDIAL INVESTIGATION, CTO-0174
MCB, CAMP LEJUENE, NORTH CAROLINA
EEEEEESESERE EIEEE EIZIE ERE £ 2 & 2 AWM EEMA DMIDIEIT MATMINIE ISP mE X =
PURPOSE: CALCULATE SEDIMENT ACTION LEVELS PROTECTIVE OF HUMAN HEALTH SUBSEQUENT TO EXPOSURE.
DERMAL CONTACT AND INCIDENTAL INGESTION SCENARIOS
E 2 2 2 3 2 5 & ] e 2 2 2 = £ 3 2 ] 2 2 - X EXARE EEEES SESIEDR SEXTIDSXED BEEMRES EERDREZE MEMNSEN DEXIERE

PERTINENT EQUATIONS: CARCINOGENIC CONTAMINANT ACTION LEVELS NONCARCINOGENIC ACTION LEVELS

DERMAL DOSE = (C)(SA)(AD)(EF)(ED)(AF)(CF)/(BW)(AT) DERMAL DOSE = (C)(SA)(ADYEF)ED)(AF)(CF)/(BW)(AT)
WHERE: C = THE CONTAMINANT CONCENTRATION (mg/Kg)
SA = EXPOSED SKIN SURFACE AREA (cm)
AD = THE SOIL ADHERENCE FACTOR (mg/om ™ 2*d) AD = THE SOIL ADHERENCE FACTOR (mg/em ~2°4)
EF = THE EXPOSURE FREQUENCY (d/yr) EF = THE EXPOSURE FREQUENCY (dfyr)
ED = THE EXPOSURE DURATION (yrs) ED = THE EXPOSURE DURATION (yrs)
AF = THE ABSORBED FRACTION OF THE CONTAMINANT AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg) CF = THE CONVERSION FACTOR (Kg/mg)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg) BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME ( Toyrs * 365) (d) AT = AVERAGING TIME (ED * 365) (d)

WHERE: C = THE CONTAMINANT CONCENTRATION (mg/Kg)
SA = EXPOSED SKIN SURFACE AREA (cn)

INCIDENTAL INGESTION DOSE = (C)AI}D)(YRS)(AF)(CF)/(BW)(LF) ACCIDENTAL INGESTION DOSE = (C)(AI)(D)(YRS)(AFY(CF)/{BW)(LF)
WHERE: C = THE CONTAMINANT CONCENTRATION (mg/Kg) WHERE: C = THE CONTAMINANT CONCENTRATION (mg/Kg)
Al = THE AMOUNT INGESTED (g/d) Al = THE AMOUNT INGESTED (g/d)
EF = THE EXPOSURE FREQUENCY (dfyr) EF = THE EXPOSURE FREQUENCY (d/yr)
ED = THE EXPOSURE DURATION (yrs) ED = THE EXPOSURE DURATION (yr)
AF = THE ABSORBED FRACTION OF THE CONTAMINANT AF = THE ABSORBED FRACTION OF THE CONTAMINANT
CF = THE CONVERSION FACTOR (Kg/mg) CF = THE CONVERSION FACTOR (Kg/mg)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg) BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME ( T0yrs * 365) (d) AT = AVERAGING TIME ( ED * 365) (d)

TOTAL RISK = (DERMAL DOSE + ACCIDENTAL ING. DOSE)*CPF HAZARD = (DERMAL DOSE + ACCIDENTAL ING. DOSE)/RfD

WHERE: CPF = THE CARCINOGENIC POTENCY FACTOR (Kg*d/mg) WHERE: RfD = THE REFERENCE DOSE (mg/Kg*d)
DERMAL DOSE = C*K1 DERMAL DOSE = C*K3
ACCIDENTAL ING. DOSE = C*K2 ACCIDENTAL ING. DOSE = C*K4

ACTION LEVEL (C) = TOTAL RISK/(K1 + K2)(CPF) ACTION LEVEL (C) = HAZARD*RfD/(K3 + K4)

RESIDENT-ADULT WHERE: TOTALRISK = LOE-06 WHERE: HAZARD = 1.0

EXATESTCTRRMAL EXTITLE AERT TXRITRNE EEER WEIX L2 2 = ZEZERXRE FEBLE FTETSE TETTR S
SA Al AD EF ED AF AF CF BW AT AT K1 K2 K3 K4 ICR HAZAR CPF
SKIN GUT (CARC) (NON)

CONTAMINANT {(”2) (mgD) (mglm~2'd (dyr) (1) Kgmz) Kg) @ @ (Kg*d/mg)
AT 30 I 30 ST IX 3R 2 3T I AR AR == - o= =moe ENEXZRE SXRE BITXBIX mas = = E L 1 1 B 1 3t 2 % % 4
NAPHTHALENE 1800 100 1 2 30 o001 1 1E06 70 25550 10950  84SE-09  470E08 197E-08 110E07  LOUE06 1
2METHYLNAPHTHA 1800 100 1 2% 30 001 1 1E06 70 25550 10950 84SE-09 4ME08 197E-08 LI0E07  LOOE-06 1

44-DDT 1800 100 1 2 30 ool 1 1E06 70 25550 10950  84SE-09  470E-08 197E-08  L10E-07  LOOE-06 1 3.40E-01
44-DDE 1800 100 1 % 30 001 1 1E-06 70 25550 10950  84SE-09  470E-08 197E-08  110E07  L00E-06 1 340E-01
44-DDD 1800 100 1 % 30 001 1 1E06 70 25550 10950 84SE-09  470E-08 197E-08  110E07  LO0E-06 1 240E-01
DIELDRIN 1800 100 1 3 30 oo 1 1E06 70 25550 10950  84SE-09  4T0E-08 197E-08 LI0E-07  LOOE-06 1 160E+01
ENDOSULFAN II 1800 100 1 2 30 o0t 1 1B06 70 25550 10950 84SE-09  470E08 197E-08  L10E07  LOOE-06 1 450B+00
CHLORDANE (TOTA 1800 100 1 % 30 ool 1 1E-06 70 25550 10950  84SE-09  470E-08 197E-08 110E-07  LOOE-06 1 130E+00
ETHYLBENZENE 1800 100 1 2% 30 oo 1 1E-06 70 25550 10950  84SE-09  470E08 L97E-08  LIOE07  LO0E-06 1

XYLENE (TOTAL) 1800 100 1 % 30 o0 1 1E06 70 25550 10950  845E-09  AT0E-08 197E-08  L10E407  1.00E-06 1
BERYLLIUM 1800 100 1 28 30 0001 1 1B06 70 25550 10950  &4SE-10 4T0E-08 LI7E-09  L10E07  1.00E-06 1 430E+00

RfD

CARC. NONCARC
ACTION ACTION

(mgKg*d) LEVEL(ppm) LEVEL(ppm

4,00E-02
4.00E-02
5.00E-04

5.00E-05
5.00E-04
6.00E-05
LOOE-01

2.00E+00

5.00E-03

FILE: 74SEDAC.WQ1

0 309322
0 309322
53 3867
53 0
s 0
1 387
4 3867
14 464
0 13308
0 15466102
5 44818



CALCULATION OF GROUNDWATER INGESTION ACTION LEVELS - CONSRUCTION WORKER EXPOSURES
OPERABLE UNIT NO.5, SITE 2

FEASIBILITY STUDY CTO-0174

MCB, CAMP LEJUENE, NORTH CAROLINA

PURPOSE: CALCULATE GROUNDWATER ACTION LEVELS PROTECTIVE OF HUMAN HEALTH UPON EXPOSURE.
DERMAL CONTACT AND INGESTION SCENARIOS

PERTINENT EQUATIONS:

CARGINOGENS AND NONCARCINOGENS:

DERMAL DOSE = (C) (SA) (ABS)(EF)ED) (T) (CFI/EW) (AT)
WHERE: C = CONTAMINANT CONCENTRATION * 1000 (uglt)

SA = EXPOSED SKIN SURFACE AREA (cm)

AD = ABSORPTION RATE (mg/em~2 hr}

EF = EXPOSURE FREQUENGY (d/yr)

ED = EXPOSURE DURATION (yrs)

ET = TIME OF EACH EXPOSURE (hrs)

CF = CONVERSION (Llcm* 3}

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)

AT = AVERAGING TIME (days) (CARCINOGENS = 365d/yr * 70 yrs)

(NONCARCINOGENS = 385 diyr * ED yn)

INGESTION DOSE = (C)(IF) (EF)(ED) (AF)/(BW)(AT)
WHERE: © = CONTAMINANT CONCENTRATION * 1000 (ug/L}

IR = AMOUNT INGESTED (L/d)

EF = EXPOSURE FREQUENGY (diyr)

ED = EXPOSURE DURATION {yrs)

AF = ABSORBED FRACTION OF THE CONTAMINANT

BW = AVERAGE BODY WEIGHT OF THE RECEFTOR (Kg)

AT = AVERAGING TIME (days) (CARCINOGENS = 365djyt * 70 yrs)

(NONCARCINOGENS = 365 d/fyr * ED yr)

INCREMENTAL CANCER RISK (ICR) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)*CSF HAZARD INDEX (Hf) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)/RIO

WHERE: CSF = CARCINOGENIC SLOPE FACTOR (Kg*d/mg)
DERMAL DOSE = C*K1
INCIDENTAL INGESTION DOSE = C*K2

WHERE: RfO = REFERENCE DOSE (mg/Kg*d)
DERMAL DOSE = C*K3

INCIDENTAL INGESTION DOSE = C*K4

ACTION LEVEL (C) = TOTAL RISK/K1 + K2)(CSF)

ACTION LEVEL (C) = HI * RID/(K3 + K4}

CONSTRUCTION WORKER WHERE: TOTAL RISK = 10-06 AND Hi= 1
 EEEEECEEZTIXIEX = EEXX X EXEEXIX WITIEEE MERTE EERIER HEZEN EXEESTEE TEXETTE SEESRNIT DNMAITIEM I O NI 2 3 1 3 3
SA IR PC. ET CF EF ED BW AT AT K1 K2 K3 K4 iCR HI
(CARC)  (NON)

CONTAMINANT @m~2) U Emh)  (rd) Mem~3) @y o0 Ko @ @

EEZEDERXRMREEEIERRE EEREEIR EEXRE ERXEXEER EXZER EERE =m EEE EETTEXTR TEARRRNEE RITXEE DRI
NAPHTHALENE 5800 1 8.9E-02 1 0.001 30 1 70 25550 385 8.8E-06 1.7E-05 4.8E-04 1.2E-03 1E-08 1
2-METHYLNAPHTHALEN 5900 1 8.8E-02 1 0.001 30 1 70 25550 385 8.8E-06 1.7E-05 4.8E-04 1.2E-03 1E-06 1
ACENAPHTHENE 5900 1 1.55€-03 1 0.001 30 1 70 25550 365 1.5€-07 1.7E-05 1.1E-05 1.28-03 1€-08 1
TRICHLOROETHENE 5900 1 1.8E-02 1 0.001 30 1 70 25550 385 1.6E-08 1.7E-05 1.1E-04 1.2E-03 1E-08 1
ETHYLBENZENE 5900 1 1.38E+00 1 0.001 30 1 70 25550 365 1.4E-04 1.7E-05 9.8E-03 1.2E-03 1E-08 1
XYLENE (TOTAL) 5800 1 7.76-02 1 0.001 a0 1 70 25550 a85 7.6E-08 1.7E-05 5.3E-04 1.26-03 1E-06 1
4,4-000 5800 1 2.8E-01 1 0.001 30 1 70 25550 aes 2.8E-05 1.7E-05 1.8E-03 1.2E-03 1E-08 1
4,4-DDT §800 i 4,3E-01 1 0.001 a0 1 70 25550 a85 4,3E-05 1.7E-05 3.0E-03 1.2E-03 1E-06 1
PHENOL 5800 1 8.26-03 1 0.001 30 1 70 25550 385 8.1E-07 1.7E-05 5.7E-05 1.2E-03 1E-08 1
2,4-DIMETHYLPHENOL 5900 1 1.1E-03 1 0.001 30 1 70 25550 385 1.1E-07 1.7E-05 7.6E-08 1.26-03 1E-08 1
ARSENIC 5900 1 1.55E-03 1 0.001 30 1 70 26550 385 1.5E-07 1.7E-05 1.1E-05 1.2E-03 1E-06 1
BARIUM 5800 1 1.85E-03 1 0.001 30 1 70 25550 365 1.5E-07 1.7E-05 1.1E-05 1.26-03 1E-08 1
BERYLUUM 5900 1 1.55E-03 1 . 0.001 30 1 70 25550 385 1.5E-07 1.7E-05 1.1E-05 1.2E-03 1E-08 1
VANADIUM 5900 1 1.55E-03 1 0.001 30 1 70 25550 388 1.56-07 1.7E-05 1.1E-056 1.2E-03 1E-06 1

-

FILE NAME: CWALG.WQ1

CSF

(Kg*d/mg)

1.10E-02

2.40E-01
3.40E-01
1.75E400

4.30E+00

R0

CARC,
ACTION

NONCARC,
ACTION

{mg/Kg*d) LEVEL (ugh) LEVEL (ugh)

4,00E-02 0 24211
4.00E-02 ] 24211
8.00E-02 0 50637
6.00E-03 4852 4669
1.00E-01 0 831e
2.00E400 0 1171239

94 [+
5.00E-04 50 120
6.00E-01 0 4873684
2.00E-02 0 168923
3.00E-04 34 253
7.00E-02 0 50078
5.00€-03 14 4220
7.00E-03 0 5008
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CALCULATION OF GROUNDWATER ACTION LEVELS - CONSTRUCTION WORKER EXPOSURES
OPERABLE UNIT NOS, SITE 2
FEASIBILITY STUDY CTO-0174

MCB, CAMP LEJUENE, NORTH CAROLINA

PURPOSE: CALCULATE GROUNDWATER ACTION LEVELS PROTECTIVE OF HUMAN HEALTH UPON EXPOSURE.
DERMAL CONTACT AND INGESTION SCENARIOS

RESIDENT

PERTINENT EQUATIONS:

CARCINOGENS AND NONCARCINOGENS:

DERMAL DOSE = (C)(SA)(ABS)(EF){EDNET)(CF)/(BW){AT)

WHERE:

INGESTION DOSE = (C)(IR)}(EF)(ED)(AF)/(BW)AT)

WHERE:

€ = CONCENTRATION * 1000 (ug/l)

SA = EXPOSED SKIN SURFACE AREA (cm)

AD = ABSORPTION RATE (mg/em~ 2 bv)

EF = EXPOSURE FREQUENCY (1)

£D = EXPOSURE DURATION (yrs)

ET = TIME OF EACH EXPOSURE (hvs)

CF = CONVERSION (iem~ 3)

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR

o)

AT = AVERAQGING TIME (days) (CARCINOGENS = 365d/yr * 70 yrs)

(NONCARCINOGENS = 365 djyr * €D yr)

C = CONTAMINANT CONCENTRATION * 1000 (ug/l)
IR = AMOUNT INGESTED (L/d)

EF =~ EXPOSURE FREQUENCY (d/y)

ED = EXPOSURE DURATION (yrs)

AF = ABSORBED FRACTION OF THE CONTAMINANT

BW = AVERAGE BODY WEIGHT Of THE RECEFTOR

L)

AT = AVERAQING TIME (days) (CARCINOGENS = 365d/yr * 70 yrs)

(NONCARCINOGENS = 365 diyr * £D yr)

INCREMENTAL CANCER RISK (ICR) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)*CSF

ACTION LEVEL (C) = TOTAL RISK/(K1 + K2)(CSF)

WHERE:

CSF = CARCINOGENIC SLOPE FACTOR (Kg*d/mg)
DEAMAL DOSE = C*K1
INCIDENTAL INGESTION DOSE = C*K2

HAZARD INDEX (H1) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)/RID
WHERE:  RfD = REFERENCE DOSE (mg/Kg"d)

DERMAL DOSE = C*K3

INCIDENTAL INGESTION DOSE = C*K4

ACTION LEVEL (C) = Hi * RID/(K3 + Kd4)

CONSTRUCTION WORKER WHERE: CR = 1E-06 AND HI =1

SA PC T cF EF ED BW AT AT Kt K2 K3 K4 ICR CSF RID CARC. NONCARC.

(CARC)  (NON) ACTION ACTION

CONTAMINANT (em~2 {emvhe) Mrid)  (Hem™ ) (v m Kg) @ @ Kg*dmg)  (mg/Kghd) LEVEL (ug/l) LEVEL (up/)
NAPHTHALENE 5000 1 89602 1 0.00t ) 1 70 26550 25 S.8E08 1.7E06 48504 1.2600 1E06 1 400802 [ 24211
2-METHYLNAPHTHALENE 5500 1 95 1 0.001 20 1 70 26650 388 €8E-08 1.7E05 48E04 1.2600 1E08 1 4.00E02 [ 24211
ACENAPHTHENE 5000 1 155E08 1 0.001 20 1 70 25850 3 15607 1.76:05 1.1E06 1,260 1E06 1 8.00E02 [ 50837
TRICHLOROETHENE 5000 1 16202 1 0.001 2 [ 70 26550 £ 1.6E08 1.7608 11E04 12603 1E06 1 1.10E02  6.00E03 49622 4600
ETHYLBENZENE 5600 1 1.38E+00 1 0.001 20 1 70 26550 288 14504 1.7E05 9.6503 1.2608 1E06 1 1.00E01 [ sat6
XYLENE (TOTAL) 5000 [ 77602 1 0.001 EY 1 70 26550 35 7.6£:08 1.7€08 83504 12600 1E05 1 200E+00 0 17123
44'.DDD 5900 1 28601 1 0,001 % 1 70 26550 285 28606 1,706 1.98-08 12608 1E05 1 240801 %07 °
4,4'00T 5600 1 43E-01 1 0.001 ) 1 70 25550 265 43E05 1.7E05 2.05-08 1.2603 1E05 1 340501 BO0E-04 408 120
PHENOL 5000 1 a2£0s 1 0.001 ) 1 70 26560 265 81E07 17608 K7E05 12603 1E06 1 8.00E01 ) 487084
24-DIMETHYLPHENOL 8900 1 1.1E03 1 0.001 20 1 70 26850 285 11807 1.7E08 7.62-08 1.2603 1€05 1 200602 [ 16923
ARSENIC 5900 1 185E00 1 0.001 £ 1 70 26850 285 1.5807 1.7E08 1.1E08 12603 1E05 1 L7EE+00  3.00E04 338 263
BARIUM 5900 1 1566408 1 0.001 % 1 70 25550 285 15607 1.7E-08 11606 1,2608 1E-05 1 7.00E02 [ 50078
BERYLLIUM 5000 1 155603 1 0.001 %0 1 70 26550 £ 1.6607 1.76-06 1.1E-08 1.2608 1E05 1 ADOE+00 5005038 137 20
VANADIUM £900 1 156603 1 0001 EY) 1 70 26550 265 1.6E07 1.7E-08 11606 1,263 1E05 1 7.00603 [ 5008

FILE NAME: CWALSWQH




CALCULATION OF GROUNDWATER ACTION LEVELS - CONSTRUCTION WORKER EXPOSURES
OPERABLE UNIT NO.G, SITE 2

FEASIBILITY STUDY CTO0174

MCB, CAMP LEJUENE, NORTH CAROLINA

PURPOSE: CALCULATE GROUNDWATER ACTION LEVELS PROTECTIVE OF HUMAN HEALTH UPON EXPOSURE.

DERMAL CONTACT AND INGESTION SCENARIOS
PERTINENT EQUATIONS:

CARCINOGENS AND NONCARCINOGENS:
DERMAL DOSE = (C)(SA)(ABS)(EF)(ED)(ET)(CRI/BW)AT)

WHERE:

INGESTION DOSE = (C)IR)EFHEOAF/(BW)AT)

WHERE:

G = CONTAMINANT CONCENTRATION * 1000 (ug/l)

SA = EXPOSED SKIN SURFACE AREA (em)

AD = THE ABSORPTION RATE (mg/em™2he)

EF = EXPOSURE FREQUENCY (diyr)

ED = EXPOSURE DURATION (yr3)

€T = TIME OF EACH EXPOSURE (hrs)

CF = CONVERSION (Liem~ )

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)

AT = AVERAGING TIME (days) (CARCINOGENS = 385d/yr * 70 yrs)
(NONCARCINOGENS = 385 diyr * ED yr)

C = CONTAMINANT CONCENTRATION * 1000 (ug/l)

1R = THE AMOUNT INGESTED (L/d)

EF = THE EXPOSURE FREQUENCY {d/yr)

ED = THE EXPOSURE DURATION {yr3}

AF = THE ABSORBED FRACTION OF THE CONTAMINANT

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)

AT = AVERAGING TIME (days) (CARCINOGENS = 385d/yr * 70 yrs)
(NONCARCINOGENS = 365 diyr * EO y1)

INCREMENTAL CANCER RISK (ICR) = (DERMAL DOSE 4 INCIDENTAL INGESTION DOSE)*CPF

.

WHERE:

ACTION LEVEL (C) = TOTAL RISK/(KY + K2)(CSF)

CSF = CARCINOGENIC SLOPE FACTOR (Kg*d/mg)
DERMAL DOSE = C * K
INCIDENTAL INGESTION DOSE = C* K2

HAZARD INDEX (HI) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)/RIO

WHERE:  RD = REFERENCE DOSE (mg/Kg*d)
DERMAL DOSE = C *K3

INCIDENTAL INGESTION DOSE = C * K4

ACTION LEVEL (C) = Hi * RID/KS + K¢

CONSTRUCTION WORKER WHERE: ICR = 10-04 AND HAZARD INDEX = 1

sA R PC ET oF EF €0 BW AT AT K1 K2 K3 Ke 1CR Hi CSF RM CARC. NONCARC.

(CARC)  (NON) ACTION ACTION

CONTAMINANT {em~23) ud) (em) (/) Qem~™9) @ om (Ke) ()] [C)] Kg*dimg)  (meKgd)  LEVEL (ugh) LEVEL (ug)
NAPHTHALENE 5600 1 esE0R 1 0.001 2 1 70 26550 35 88608 17605 48E04 12608 1604 1 4.00E02 ° 24211
2-METHYLNAPHTHALENE 000 1 esE0R 1 0.001 2 1 70 26580 266 asco8 1.7E05 48E04 1.2608 1E04 1 400E02 0 24211
ACENAPHTHENE 5000 1 188E03 1 0.0t 2 1 70 26580 265 1.56-07 1.7605 14E06 12608 1E04 1 800602 0 50837
TRICHLOROETHENE 5600 1t tee02 1 0.001 2 1 70 26850 265 1.6608 17605 11E04 12603 1604 1 1.10E02 G003 405221 4000
ETHYLBENZENE 8600 1 1386400 1 0.001 20 1 70 26580 25 1.4E-04 1.7605 96508 12608 1E:04 1 1.00€-01 0 w18
XYLENE (TOTAL) 5600 1 77E02 1 0.001 20 1 70 25550 265 7.6608 17606 63504 12608 1E04 1 200E+00 [} 17120
4,4-00D 5000 1 2880t 1 0.001 » 1 7 28550 25 26805 1.78.05 19803 12603 1E04 1 240E-01 : 07 0
44-00T 800 1 asEot 1 0.00t 30 1 70 26850 28 43608 1.7E08 20E03 12608 1604 1 340E01  BOOE-O4 4967 120
PHENOL 5900 1 azEes 1 0.004 2 1 70 26550 285 84E07 17606 87505 1.2608 1604 1 8.00E-01 ° 487384
24 DIMETHYLPHENOL 5000 1 19E0 1 0.00t £ 1 7 25850 28 1AE07 1.7E08 7.6E08 12603 1604 1 200E02 0 18623
ARSENIC 5900 1 185608 1 0.001 2 1 70 26550 265 15607 17608 1.4E05 12603 1604 1 L75E400  3.00E-04 076 263
BARIUM 5600 1 1ssE0s 1 0.001 2 1 70 26550 365 18807 17605 14E05 1.2603 1E04 1 7.00E-02 [} 50078
BERYLLIUM 5000 1 155603 1 0.001 2 1 720 26850 385 15607 17805 11606 1.26-08 1E04 1 A0E+00  EOOE03 1974 4220
VANADIUM 5000 1 155603 1 oo EY) 1 70 26850 %5 1.BE07 1.7E06 1.4E06 12603 1E-04 1 7.00E03 0 5608

FILE NAME: CWALAWQ1



OPERABLE UNIT NO.5, SITE 2
FEASIBILITY STUDY CTO-0174

MCB, CAMP LEJUENE, NORTH CAROLINA

PURPOSE: CALCULATE GROUNDWATER ACTION LEVELS PROTECTIVE OF HUMAN HEALTH UPON EXPOSURE.

DEAMAL CONTACT AND INGESTION SCENARIOS

RESIDENT

PERTINENT EQUATIONS:

CARCINOGENS AND NONCARCINOGENS:

DERMAL DOSE = (C)(SA)(ABS)(EF)(ED)(T)(CF)/(BW)(AT)

INGESTION DOSE = (C)IR)(EF)EDMAF)/(BWHAT)

WHERE:

WHERE:

© = CONTAMINANT CONCENTRATION * 1000 (ug/L)
8A = EXPOSED SKIN SURFACE AREA (cm)

AD = ABSORPTION RATE {mg/em~2hr)

EF = EXPOSURE FREQUENCY (d/yn)

ED = EXPOSURE DURATION (yrs)

ET = TIME OF EACH EXPOSURE (brs)

CF = CONVERSION (Likm~ )

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)

AT = AVERAGING TIME (days) (CARCINOGENS = 388d/yr * 70 yr3)

(NONCARCINOGENS = 365 d/yr * ED y1)

© = CONTAMINANT CONCENTRATION * 1000 (ug/l)
IR = AMOUNT INGESTED (L)

EF = EXPOSURE FREQUENCY (dn)

ED = EXPOSURE DURATION (yrs)

AF = ABSORBED FRACTION OF THE CONTAMINANT

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)

AT = AVERAQING TIME (days) ({CARCINOQGENS = 385d/yr * 70 yrs)

(NONCARCINOGENS = 365 djyr * ED yr)

INCREMENTAL CANCER RISK (ICR) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)“CSF

WHERE:

ACTION LEVEL (C) = ICR/(K1 + K2(CSF)

CSF = CARCINOGENIC S8LOPE FACTOR (Kg*d/mg)
DERMAL DOSE = C*K1
INCIDENTAL INGESTION DOSE = G*K2

HAZARD INDEX (H{) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)/RD

WHERE:

ACTION LEVEL (C) = HI * RID/(K3 + K¢

RID = REFERENCE DOSE (mg/Kg*d)
DERMAL DOSE = C*K3
INCIDENTAL INGESTION DOSE = C*Ka

RESIDENTIAL CHILD WHERE; ICR = 10-08 AND Hi=1

SA R PC ET cf EF €D W AT AT Kt K2 K3 K4 ICR H Cc8F RID CARC. NONCARC.

(CARC)  (NON) ’ ACTION ACTION

CONTAMINANT em*3 W9 (cmvhe) te/d)  (Uem~ Y @y o o) @ @ (Ko*dimg)  (mg/Kg*d)  LEVEL (ugl) LEVEL (ugh)
NAPHTHALENE 8500 1 agE2 025 0.001 380 [ 18 26850 2190 80E-04 85603 94503 84502 1E08 1 400802 000 [
2-METHYLNAPHTHALENE 0500 1 Q$E02 028 0.001 380 [ 15 26550 2190 S.0E-04 85500 $.4E03 Q4502 1E08 1 400602 0.00 548
ACENAPHTHENE 8500 1 185803 025 0.001 360 [} 15 26550 2190 1.8605 55603 21E04 a4E-02 1E-08 1 800602 0.00 »6
TRICHLOROETHENE 0500 1 teE02 026 0.001 20 [ 15 26550 2190 19604 55603 22603 84502 1E08 1 110602  8.00E-03 16.06 "
ETHYLBENZENE 8500 1 138400 025 0.001 260 [ 16 26550 2190 18602 §56-09 1.9E-01 Q4ECR2 1E-08 1 1.00E-01 0.00 %8
XYLENE (TOTAL) 8600 1 178 028 0.001 %0 I 3 26560 2190 20504 B5E03 1.06-02 s4E02 1E-08 1 2005400 0.00 26808
44000 8600 1 28601 025 0.001 360 s 15 28850 2190 23503 85E:03 28502 84502 1608 1 240E-01 048 0
44007 8500 1 43€01 025 0.001 360 s 15 28550 2190 5.0E-03 85603 s8E02 &4502 1508 1 340E01  5.00E-04 028 4
PHENOL 8500 1 2603 025 0.001 360 s 16 26650 2190 96805 65603 1.4E03 84E02 1E-08 1 £.00E-01 0.00 8225
24-DIMETHYLPHENOL 8500 1 1B 02 0.001 350 8 18 26550 2190 13606 B5E-03 15604 84502 1E08 1 200602 0.00 N2
ARSENIC 8500 1 185603 025 0.001 380 s 15 26550 219 1.6E-05 65603 21E04 Q4E02 1E08 1 175400 A.00E-04 0.10 5
BARIUM 8500 1 1.85E03 028 0.001 380 [ 15 26850 2190 16605 B5E08 21E04 S4B 1E-08 1 7.00E02 0.00 1001
BERYLLIUM 8500 1 185603 028 0.001 %0 [ 186 26650 2190 1.9E06 B5E0S 24504 S4B 1£-08 1 430E+00  5.00E08 0.04 7
VANADIUM 8500 1 185603 026 ' 0001 350 s 15 25550 2190 1.8605 B5E-03 21E04 84802 1E-08 1 7.008-03 0.00 108
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CALCULATION OF GROUNDWATER ACTION LEVELS - RESIDENTIAL EXPOSURES
OPERABLE UNIT NO.5, STTE 2

FEASIBILITY STUDY CTO-0174

MCB, CAMP LEJUENE, NORTH CARCLINA

PURPOSE: CALCULATE GROUNDWATER ACTION LEVELS PROTECTIVE OF HUMAN HEALTH UPON EXPOSURE.
DERMAL CONTACT AND INGESTION SCENARIOS

PERTINENT EQUATIONS:

CARCINOGENS AND NONCARCINOGENS:
DERMAL DOSE = (C}(SA} (ABS){EF){ED){ET) (CF)/BW) (AT)

WHERE: C = CONTAMINANT CONCENTRATION * 1000 (ug/l}
SA = EXPOSED SKIN SURFACE AREA (cm)
AD = ABSORPTION RATE (mg/em ~ 2 h)
EF = EXPOSURE FREQUENCY (dyr)
ED = EXPOSURE DURATION {yrs)
£T = TIME OF EACH EXPOSURE {hrs)
CF = CONVERSION (Wcm ~3)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME {days) (CARCINOGENS = 365djyr * 70 yrs)
(NONCARCINOGENS = 365 dfyr * ED yr)

INGESTION DOSE = (C) (IR) (EF) (EC) (AF)/ (BW) (AT)

WHERE: C = CONTAMINANT CONCENTRATION * 1000 (ug/)
IR = AMOUNT INGESTED (L/d)
EF = EXPOSURE FREQUENCY (d/yn
ED = EXPOSURE DURATION {yrs)
AF = ABSORBED FRACTION OF THE CONTAMINANT
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME (days) (CARCINOGENS = 385djyr * 70 yrs)
(NONCARCINOGENS = 365 djyr * ED y1)

INCREMENTAL CANCER RISK = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)*CSF
WHERE: CSF = CARCINOGENIC SLOPE FAGTOR (Kg*d/mg)
DERMAL DOSE = C*K1
INCIDENTAL INGESTION DOSE = C*K2

ACTION LEVEL (C) = ICR/(K1 + K2){CSF)

RESIDENTIAL CHILD WHERE: ICR = 10-05
EamxEmaEsssss aEsEm SmEE ERESRMRE EENSE EEEEE EEREE EEE SRS 6N
A IR PC ET CF EF ED BW AT
(CARC)
CONTAMINANT em~2) W  mhy () Mem™Y  @yd ) (Kg) ()
EIZDoDmEISIERS EXEXSE EZSE SRHTDARNMN MARRER XRNNMDENR ERIDRT DIV EEES BEXER
NAPHTHALENE 8500 1 60802 025  0.001 350 6 15 25550
2-METHYLNAPHTHALEN 8500 1 68E02 025  0.001 350 6 15 25550
ACENAPHTHENE 8500 1 155603 025 0,001 350 6 15 25550
TRICHLOROETHENE 8500 1 16602 025 0,001 350 6 15 25650
ETHYLBENZENE 500 1 1386400 0.25  0.00t 350 8 16 25550
XYLENE (TOTAL) 8500 1 727602 025  0.001 350 6 16 25550
4,4-DDD 8500 1 28E-01 025 0001 350 8 15 25550
4,4-DDT 8500 1 43E-01 025  0.001 350 6 15 25550
PHENOL 8500 1 82603 025  0.001 350 6 15 25550
2,4-DIMETHYLPHENOL 8500 1 11E03 025  0.001 a50 6 15 25550
ARSENIC 8500 1 1.656-03 025  0.001 350 6 15 25850
BARIUM 500 1 155603 025  0.001 250 6 15 25550
BERYLLIUM 8500 1 155603 025 0,001 350 6 15 25550
VANADIUM 8500 1 155603 025 0,001 350 8 15 25550

AT
(NON)
@

EEAXEL DETEST EppmTEIE AT SSESSAE OIS SESEN RSOREER

2180
2190
2190
2190
2180
2190
2190
2190
2190
2180
2180
2190
2190
2190

Ki

8.0E-04
8.0E-04
1.8E-05
1.9E-04
1.8E-02
8.0E-04
3.98-03
5.0E-03
9.6E-05
1.3E-05
1.8E-05
1.8E-05
1.8E-05
1.8E-05

WHERE: RfD = REFERENCE DOSE {mg/Kg*d)
DERMAL DOSE = C*K3

INCIDENTAL INGESTION DOSE = G*K4
ACTION LEVEL (€) = HI*RID/(K3 + K4)

AND

K2

8,5E-03
5.5E-03
6.5E-03
5.5E-03
6.5E-03
5.5E-03
5.5E-03
5.5E-03
5,5E-03
5.5E-03
5.5E-03
5.5E-03
5.5E-03
5.5£-03

Hi=1

K3

9.4E-03
9.4E-03
21E-04
2.2E-03
1.8€-01
1.0E-02
3.8E-02
5.8E-02
1.1E-03
1.5E-04
2.1E-04
2.1E-04
2.1E-04
2.1E-04
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HAZARD INDEX (H)) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)/RfO

K4

6.4E-02
8.4E-02
6.4E-02
8.4E-02
6.4E-02
6.4E-02
8.4E-02
6.4E-02
8,4E-02
6.4E-02
6.4E-02
6.4E-02
6.4E-02
8.4E-02

iCR

1E-05
1E-05
1E-05
1E-08
1E-05
1E-05
1E-05
1E-05
1E-05
1E€-05
1E-05
1E-05
1E-05
1E-05

HI

.k b b ek A ed wh b A b b b b

CSF

{Kg*d/mg)

1.10E-02

2.40E-01
3.40E-01

1.75E+00

4.30E+00

SREE SRR ER S aC NCNR R SCE SCM NG DX IX AT
NONCARC.
ACTION
(mg/Kg*d) LEVEL {ug/) LEVEL (ugl)

RD

4.00E-02
4.00E-02
6.00€-02
6.00E-03
1.00E-01
2.00E+00

5.006-04
8.00E-01
2.00E-02
3.00E-04
7.00E-02
5.00E-03
7.00E-03

CARC.

ACTION

548
548
935
9




CALCULATION OF GROUNDWATER ACTION LEVELS - RESIDENTIAL EXPOSURES
OPERABLE UNIT NO.6, SITE 2

FEASIBILITY STUDY CTO-0174

MCB, CAMP LEJUENE, NORTH CAROLINA

PURPOSE: CALCULATE GROUNDWATER ACTION LEVELS PROTECTIVE OF HUMAN HEALTH UPON EXPOSURE.
DERMAL CONTACT AND INGESTION SCENARIOS

PERTINENT EQUATIONS:

CARCINOGENS AND NONCARCINOGENS:
DERMAL DOSE = (C)(SA)ABS)(EFNEDHEN(CFI/BW)AT)

WHERE: © = CONTAMINANT CONCENTRATION * 1000 (ug/t)
SA = EXPOSED SKIN SURFACE AREA (cm)
AD = ABSORPTION RATE (mg/em~ 2 h)
EF = EXPOSURE FREQUENCY (diy)
ED = EXPOSURE DURATION (yra)
ET = TIME OF EACH EXPOSURE (hs)
CF = CONVERSION (/em~3)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME (days) (CARCINOGENS = 385t * 70 yrs)
(NONCARCINOGENS = 365 diyr * ED yr)

INGESTION DOSE = (C)(IR}{EF)(ED)(AF)/(BW)(AT)

WHERE: € = CONTAMINANT CONCENTRATION * 1000 {ug/)
IR = AMOUNT INGESTED (L/c)
EF = EXPOSURE FREQUENCY (dyr)
ED = EXPOSURE DURATION (ys)
AF = THE ABSORBED FRACTION OF THE CONTAMINANT
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME (days) (CARCINOGENS = 365d/yr * 70 yrs)
(NONCARCINOGENS = 365 diyr * ED yr)

INCREMENTAL CANCER RISK (ICR) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)*CSF HAZARD INDEX (Hi) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)/RID
WHERE: CSF = CARCINOGENIC 8LOPE FACTOR (Kg*d/mg) WHERE: RID = REFERENCE DOSE (mg/Kg*d)
DERMAL DOSE = C*Kt DERMAL DOSE = C*K3
INCIDENTAL INGESTION DOSE = C*K2 INCIDENTAL INGESTION DOSE = C*Ké
ACTION LEVEL (C) = TOTAL RISK/(K1 + K2)(CSF) ACTION LEVEL (C) = HI*RID/(K3 + K4)
RESIDENTIAL CHILD WHERE: ICR = 1004 AND Hl=1
SA IR PC ET CF EF &D BW AT AT K1 K2 K3 K¢ icA Hl CSF /10 CARC, NONCARC.
(CARC)  (NON) ACTION ACTION
CONTAMINANT @M @ mhy (o) Wemny)  @m m Ko @ ) (KoPdimg)  (mg/Kghd)  LEVEL(ugh)  LEVEL (ug)
anmrns mmmnn -
NAPHTHALENE 8500 1 S9E0R 026 0.001 350 [ 18 25580 2190 B8.0E-0¢ S8E-08 9.4E-03 8.4E-02 1E-04 1 4.00E-02 0.00 548
2-METHYLNAPHTHALENE 8500 1 Q9E-02 025 0.001 350 [ 15 26550 2% 8.0E-04 65603 9.4E-03 8.4E-02 1604 1 4.00E-02 0.00 548
ACENAPHTHENE 8500 1 1.56E-03 026 0.001 as0 ] 15 28550 2190 1.8E-05 5.5E-03 21E-04 Q4E-02 1E-04 1 &00E-02 0.00 05
TRICHLOROETHENE 8500 1 1.88-02 028 0.001 350 [ 18 25550 2190 1.9E04 &5E-03 226038 S4E-02 1E-04 1 1,40E-02 G.O0E0S 1004.54 )]
ETHYLBENZENE 8500 1 1.38E+00 026 0.001 50 ] 15 25550 2190 1.6E-02 65803 1.96-01 GA4E-02 1E-04 1 1.00E-01 0.00 368
XYLENE (TOTAL) 8500 1 1.7E02 028 0.001 350 ] 15 26850 2190 9.0E-04 5.5E03 1.0E-02 SAE02 1E-04 1 200E +00 0.00 20808
4,4'-D0OD 8500 1 28801 028 0.001 350 [ ] 18 25850 2190 33E03 8.5E-03 3.8E02 G.4E-02 1604 1 240E-01 47.88 ]
4,4-00T 8500 1 A3E-01 (33 0.001 0 [ 15 25550 290 50E-03 S.5E-08 B.8E-02 8.4E-02 1E-04 1 3.40E-01 B.00E-04 2008 4
PHENOL 8500 1 82603 028 0.001 350 ] 15 25550 2190 9.8E-05 6.56-03 1.1E-03 84E02 1E-04 1 8.00E-01 0.00 9226
2,4-DIMETHYLPHENOL 8500 1 1.4E-08 026 0.001 350 [ 18 25550 2190 1.3E05 8.5E-03 1.56-04 SAE02 1E-04 1 200E-02 0.00 M2
ARSENIC 8500 1 155603 025 0.001 350 ] 16 26550 29 1.8E-05 5,603 21E-04 8AE-02 1E-04 1 1.75E+00 3.00E-04 10.% 8
BARIUM 8500 1 1.65E-03 026 0.001 350 [} 185 26850 2190 1.6E-05 6.5E-03 21E04 S4E-02 1E-04 1 7.006-02 0.00 1081
BERYLLIUM 8500 1 1.56E03 025 0.001 350 ] 15 25550 2180 1.8E-05 55E-00 21E04 S4E02 1E-04 1 4.30E+00 500E-03 423 il
VANADIUM 8500 1 1.55E-03 026 2.001 350 [} 18 265650 2190 1.8E-06 65503 21E04 84E02 1E-04 1 7.00E-03 0.00 108
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OPERABLE UNIT NO S, SITE 2
FEASIBILITY STUDY CTO-0174
MC8, CAMP LEJUENE, NORTH CAROLINA

PURPOSE: CALCULATE GROUNDWATER ACTION LEVELS PROTECTIVE OF HUMAN HEALTH UPON EXPOSURE.
DERMAL CONTACT AND INGESTION SCENARIOS

RESIDENT

PERTINENT EQUATIONS:

CARCINOGENS AND NONCARCINOGENS:
DERMAL DOSE = (C)(SA) (ABS)(EF) (ED)(T)(CF//(BW)(AT)

WHERE:

INGESTION DOSE = (C)IR/EFNEDMAF)/(BW)(AT)

WHERE:

© = CONTAMINANT CONCENTRATION * 1000 (ug/t)

SA = EXPOSED SKIN SURFACE AREA (cm)

AD = ABSORPTION RATE (mglcm™ 2 v)

EF = EXPOSURE FREQUENCY (d/y1)

ED = EXPOSURE DURATION (yra)

ET = TIME OF EACK EXPOSURE (vs)

CF = CONVERSION (L/em~ )

8W = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)

AT = AVERAGING TIME (days) (CARCINOGENS = 385d/yr * 70 yrs)
{(NONCARCINOGENS = 365 djyr * ED y1)

€ = CONTAMINANT CONCENTRATION * 1000 (ug/L)

IR = AMOUNT INGESTED (/)

EF = EXPOSURE FREQUENCY ()

ED = EXPOSURE DURATION (yrs)

AF = ABSORBED FRACTION OF THE CONTAMINANT

BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)

AT = AVERAGING TIME (days) (CARCINOGENS = 385dAr * 70 yrs)
(NONCARCINOGENS = 385 d/yr * ED y)

INCREMENTAL CANCER RISK (ICR) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)*CSF

WHERE:

ACTION LEVEL (C) = ICR/(K1 + K2(CSF)

CSF = CARCINOQGENIC SLOPE FACTOR (Kg*d/mg)
DERMAL DOSE = C*K3
INCIDENTAL INGESTION DOSE = C*K2

HAZARD INDEX (HI) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)/RD

WHERE:
DERMAL DOSE = C*K3

RfD = REFERENCE DOSE (mg/Kg*d)

INCIDENTAL INGESTION DOSE = C*K4

ACTION LEVEL (C) = Hi * RD/(K3 + K4}

RESIDENTIAL ADULT
=xnax = Emzmmzes mazzmx xx=n rmmmazcaT
SA R PC ET CF EF ED 8w AT AT i K2 K3 K4 ICR HI CSF RID CARC. NONCARC,
{CARC) (NON} ACTION ACTION
CONTAMINANT em~3 9 (envin) te/d)  (Uem~y) (Ciy] o Kg) @ @ Kg*dmg)  (mg/Kg*d)  LEVEL (ug) LEVEL (ug)
NAPHTHALENE 22000 2 G9E02 025 0.00¢ 350 20 70 26550 10950 22E-03 1.26-02 54E-03 27802 1E08 1 4.00E-02 0.00 1220
2-METHYLNAPHTHALENE 22600 2 69E-02 0.25 0.001 380 0 70 258850 10960 23603 1,202 54E03 27802 1E-08 1 4.00E-02 0.00 1220
ACENAPHTHENE 22600 2 1.56E-03 0.25 0.001 50 0 70 26550 10960 6.26-08 1.2€-02 1.2604 27€-02 1E-08 1 8.00E-02 0.00 2180
TRICHLOROETHENE 2800 2 1,662 028 0.001 380 20 70 28550 10960 S.4E04 1.2602 1.2603 27E02 1E-08 1 1.10E02  GO0E-R 740 200
ETHYLBENZENE 220800 2 1.38E+00 028 0.001 380 » 70 26550 10850 4.6E02 1.2602 19E01 27€02 1E-08 1 1.00E01 0.00 740
XYLENE (TOTAL) 22600 2 7.7E02 026 0.001 50 20 70 25550 10950 26E-03 1.2€-02 80603 27602 1€-08 1 200E+00 0.00 50683
44'-0D0D 22800 2 28E-01 026 0.001 360 0 70 25560 10950 9.4E03 1.28-02 22802 27€02 1E-08 1 240E-01 020 0
44007 22800 2 ASE0t 028 0.001 50 0 70 26550 10960 1.4E02 12602 A4E02 27E02 1E-08 1 A40E0t  5.00E04 0.1t 8
PHENOL 22800 2 82603 0.28 0.001 350 x 70 25550 10950 28E-04 12602 S4E-04 27602 1E08 1 @Q.00E-0t 0.00 21399
24-DIMETHYLPHENOL 22800 2 11E03 028 0.001 3%0 ] 70 268550 10050 A7E08 $.2E02 8.8E-05 27E02 1E08 1 200€-02 0.00 728
ARSENIC 22800 2 1.55E-03 0.25 0.001 360 ] 70 26550 10950 52608 1.2602 1.26-04 27E02 1E-08 1 1.78E+00  Q.00E-04 0.05 1t
BARIUM 22800 2 1.55E-03 0.25 0.001 350 ) 70 26550 10960 5.26-06 1.2602 1.26-04 27€-02 1E-08 1 7.00E02 0.00 2844
BERYLLIUM 22000 2 1.55E-09 028 0.001 360 » 70 26550 10660 5.2E-05 1.26-02 1.26-04 27E02 1E-08 1 430E+00  5.00E-03 0.02 162
VANADIUM 22800 2 1.65E-00 025 - 0008 360 -] 70 26550 10960 B2E-05 1.2E-02 1.26-04 27E02 1E-06 1 7.00E-0 0.00 264
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CALCULATION OF GROUNDWATER ACTION LEVELS - RESIDENTIAL EXPOSURES
OPERABLE UNIT NO.5, SITE 2

FEASIBILITY STUDY CTO-0174

MCB, CAMP LEJUENE, NORTH CAROLINA

PURPOSE: CALCULATE GROUNDWATER ACTION LEVELS PROTECTIVE OF HUMAN HEALTH UPON EXPOSURE.
DERMAL CONTACT AND INGESTION SCENARIOS

PERTINENT EQUATIONS:

CARCINOGENS AND NONCARCINOGENS:
DERMAL DOSE = (C)(SA) (ABS){EF)ED) (ET)(CF)/BW)(AT)

WHERE: © = CONTAMINANT CONGENTRATION * 1000 (ugit)
SA = EXPOSED SKIN SURFACE AREA (cm)
AD = ABSORPTION RATE (mg/cm 2 hi}
EF = EXPOSURE FREQUENCY (dfyr)
ED = EXPOSURE DURATION {yrs)
ET = TIME OF EACH EXPOSURE (hrs)
CF = CONVERSION (L/om* 3)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME (days) (CARCINOGENS = 385d/yr * 70 yrs)
(NONCARCINOGENS = 385 djyr * ED yr)

INGESTION DOSE = (C)(F) (EF) (EO)(AF)/(BW)(AT)

WHERE: C = CONTAMINANT CONGENTRATION * 1000 {ugiL)
1R = AMOUNT INGESTED (/d)
EF = EXPOSURE FREQUENCY (d)
ED = EXPOSURE DURATION {yrs)
AF = ABSORBED FRACTION OF THE CONTAMINANT
BW = AVERAGE BODY WEIGHT OF THE RECEFTOR (Kg)
AT = AVERAGING TIME {days) (CARCINOGENS = 385d/yr * 70 yrs)
(NONCARCINOGENS = 385 djyr * £D yr)

INCREMENTAL CANCER RISK = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)*CSF HAZARD INDEX (Hl) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)/RID
WHERE: CSF = CARCINOGENIC SLOPE FACTOR (Kg*d/mg) WHERE: RfD = REFERENCE DOSE (mg/Kg*d)
DERMAL DOSE = C*K1 DERMAL DOSE = C*K3 .
INCIDENTAL INGESTION DOSE = C*K2 INCIDENTAL INGESTION DOSE = C*K4
ACTION LEVEL (C) = ICR/(K1 + K2)(CSF) ACTION LEVEL {C) = HI*RID/(K3 + K4)
RESIDENTIAL ADULT SA R PC ET CF EF ED BW AT AT Ki K2 Ka K4 ICR Hi CSF RD CARC. NONCARC.
(CARC)  (NON) ACTION ACTION

CONTAMINANT m~2) (Ud) {em/hn) (hrid) Uem”3)  (diy) (%) (Kq) () ] (Kg*d/mg) (mg/Kg*d) LEVEL (ugh) LEVEL (ugll
EEZEEERNESRIEXEEIRTE EEEEE |MEIEE NI 4 3 £ ] E £ -+ § 14 EmEE ME2RE MMM EEEZS EERNMIXDTT TEXNEARAD TCRTEADRX MM ETEXE XXX L.t 1 5 3 EEZEREE MEZTER DTEXIXMEDTIEIN IXIEN DI MRS
NAPHTHALENE 22800 2 88E02 025 0001 350 30 70 25550 10850 2.3E-03 1.26-02  5.4E-03 27602  1E05 1 4.00E-02 0.00 1220
2-METHYLNAPHTHALEN 22800 2  89E-02 025  0.001 350 30 70 25550 10950 2.36-03 1.2B-02  5.4E02 27E02  1E05 1 4.00E02 0.00 1220
ACENAPHTHENE 22800 2 155603 025  0.001 350 30 70 25550 10950 5.2E-05 1.26-02 1.26-04 27602  1E05 1 8.00E-02 0.00 2180
TRICHLOROETHENE 22800 2 1.86-02 025  0.001 350 30 70 25550 10050 5.4E-04 1.28-02 1.26-03 27E-02 1605 1 1.10E-02 6.00£-03 74.05 200
ETHYLBENZENE 22800 2 1.38E400 025  0.001 350 30 70 25550 10850 4,86-02 1.26-02 1.4E01 27602 1E-05 1 1.00E-01 0.00 740
XYLENE (TOTAL) 22800 2 77802 025 0.0t 350 30 70 25550 10050 2.6E-03 12602  6.0E03 27602  1E05 1 2.00E+00 0.00 50863
4,4-DDD 22800 2  28E01 025  0.001 350 30 70 25550 10850 8.4£-03 1.26-:02  2.26-02 27602 1E05 1 2,40E-01 1.87 0
4,4-00T 22800 2 43E01 025 0001 350 30 70 25550 10850 1.48-02 12602  24E02  27E02  {ELQS 1 3.40E-01 5.00E-04 148 8
PHENOL 22600 2 82603 025  0.001 350 30 70 25550 10050 2.8£-04 1.2E:02  B84E04  27E-02 1E05 1 8.00E-01 0.00 21399
2,4-DIMETHYLPHENOL 22800 2 11E-03 025 0,001 350 30 70 25550 10950 3.76-05 1.28-02  B.6E05 27602  1E05 1 2.00E-02 0,00 728
ARSENIC 22800 2 1.55E08 025 0001 350 30 70 25550 10050 5.26-05 1.2E-02 1.26-04 27802  1E-05 1 1.75E400 3.00E-04 0.48 M
BARIUM 22800 2 155603 025 0001 350 30 70 25550 10850 52605 1.26-02 1.2E:04 27602  1E-05 1 7.00E-02 0.00 2544
BERYLLIUM 22800 2 155603 025  0.001 350 30 70 25550 10950 5.2E-05 1.26-02 12604  27E-02  1E-05 1 480E+00 5.00E-03 0.20 182
VANADIUM 22800 2 155603 025 0001 350 30 70 25550 10950 5.26-05 1.26-02 1.2E:04 27602  1E-05 1. 7.00E-03 0.00 254

MEBRURBRBERMRELE ERBRRE BRERR - -

FILE NAME: GWACT5.WQ1
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CALCULATION OF QROUNDWATER ACTION LEVELS - RESIDENTIAL EXPOSURES
OPERABLE UNIT NO.5, SITE 2

FEASIBILITY STUDY CTO-0174

MCB, CAMP LEJUENE, NORTH CAROLINA

PURPOSE: CALCULATE GROUNDWATER ACTION LEVELS PROTECTIVE OF HUMAN HEALTH UPON EXPOSURE.
DEAMAL CONTACT AND INGESTION SCENARIOS

PERTINENT EQUATIONS:

CARCINOGENS AND NONCARCINOGENS:
DERMAL DOSE = (C)(SA)(ABS)(EF)(ED)ET)(CFI/(BWH(AT)

WHERE: C = CONTAMINANT CONCENTRATION * 1000 (ug/)
8A = EXPOSED SKIN SURFACE AREA (orn)
AD = ABSORPTION RATE {mgiom ™ 2Hr)
EF = EXPOSURE FREQUENCY (i)
ED = EXPOSURE DURATION (yrs)
ET = TIME OF EACH EXPOSURE (hvs)
CF = CONVERSION (Ucm~3)
BW = AVERAGE BODY WEIGHT OF THE RECEPTOR (iKg)
AT = AVERAGING TIME (days) (CARCINOGENS = 365d/yr * 70 yrs)
(NONCARCINOGENS = 68 d/yr * ED yr)

INGESTION DOSE = (C)(IR)(EF}{ED)(AF)/BWHAT)

WHERE: C = CONTAMINANT CONCENTRATION * 1000 (ug/t)
1R = AMOUNT INGESTED (LUd)
EF = EXPOSURE FREQUENCY (dfyr)
€0 = EXPOSURE DURATION (yrs}
AF = THE ABSORBED FRACTION OF THE CONTAMINANT
BW = AVERAQE BODY WEIQHT OF THE RECEPTOR (Kg)
AT = AVERAGING TIME (days) (CARCINOGENS = 386d/yr * 70 yrs)
(NONCARCINOGENS = 365 cyr * EDyn)

INCREMENTAL CANCER RISK (ICR) = (DERMAL DOSE + INCIDENTAL INQESTION DOSE)*CSF HAZARD INDEX (Hi) = (DERMAL DOSE + INCIDENTAL INGESTION DOSE)/RID
' WHERE: CSF = CARCINOGENIC SLOPE FACTOR (Kg*d/mg) WHERE:  RfO = REFERENCE DOSE (mg/Kg*d)
DERMAL DOSE = C*K1 DERMAL DOSE = C*K3
INCIDENTAL INGESTION DOSE = C*K2 INCIDENTAL INGESTION DOSE = C*K4
ACTION LEVEL (C) = TOTAL RISK/(K1 + K2)(CSF) ACTION LEVEL (C) = HI*RID/(K3 + K4)
RESIDENTIAL ADULT
zmax = - Y
SA 1R PC ET CF EF ED BW AT AT K1 K2 Ks Ke ICR HI CSF RID CARC. NONCARC.
{CARC) (NON) ACTION ACTION
CONTAMINANT (em*2 W9 (em/ha) tw/d)  Wem™3 (A 1] (Kg) @ @ (Kg*dmg)  (mg/Kghd)  LEVEL(ugl)  LEVEL (o)
MECTRUALLMARATTIRL ZXEXARSE DAERMTET =
NAPHTHALENE 22800 2 69E02 028 0.001 380 % 70 25860 10960 20E03 1.26-02 S4E-03 27E02 1E-04 1 4,00E-02 0.00 1220
2-METHYLNAPHTHALENE 22800 2 G9E-02 0.26 0.001 350 0 70 25560 10960 23803 12802 S4E-03 276 1E-04 1 4.00E-02 0.00 1220
ACENAPHTHENE 22800 2 155803 028 0.001 360 0 70 25550 10960 B.2E-05 1.2802 1.2E-04 27802 1E04 1 S.00E02 .00 2180
TRICHLOROETHENE 22800 2 1.6E02 025 0.001 380 0 70 28880 10960 EAE-04 1.2602 1.2608 27E-02 1604 1 1.10E-02 740.48 0
ETHYLBENZENE 22000 2 1.98E+00 025 0.001 350 0 70 26650 10950 48502 1.26-02 1.1E-01 27602 1E-04 1 1.00E-01 .00 740
XYLENE (TOTAL) 22000 2 77802 026 0.001 350 2 70 25650 10950 286E-03 1.2602 GO0E-03 27€-02 1E04 1 200E400 0.00 50683
44'-00D 22800 2 28E-01 025 0.001 350 ko 70 25550 10950 9.4E-03 1.2802 22802 27E-02 1E04 1 024 19.74 0
44’007 22000 2 43E-0 025 0.00 350 0 70 28550 10060 1402 1.2602 S4E-02 27602 1€-04 1 034 0.0008 1128 )
PHENOL 22800 2 22603 025 0.001 350 »® 70 25550 10960 28E-04 1.26-02 Q4E-04 27602 1E-04 1 oe 0.00 21369
24-DIMETHYLPHENOL 22800 2 11E0 026 0.001 350 30 70 26650 10060 3.7E-08 1.2602 8.6E-05 27602 1E-04 1 0.02 0.00 728
ARSENIC 22800 2 1.55E-08 026 0.001 350 0 70 26550 10950 5.2E08 1.2E.02 1.26-04 27802 1€-04 1 178 0.0003 485 1"
BARIUM 22000 2 1.65E-03 0.26 0.001 360 %0 70 26550 10950 6.26-05 1.2602 1.26-04 27602 1E-04 1 0.07 0.00 2644
BERYLLIUM 22800 2 1.568-03 025 0.001 380 0 70 28580 10960 5.2E.08 1.26-02 1.2E-04 2702 1E-04 1 43 0.005 197 182
VANADIUM 22000 2 1.68E-08 028 0.001 350 0 70 25550 10960 6.2E-05 1.26-02 1.26-04 27602 1E-04 1 0.007 0.00 254

FILE NAME: GWACT4AWQ1
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TABLEC-1  CTO-0174

DETAIL COSTING EVALUATION
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 2

LIMITED ACTION
O &M COST ESTIMATE 23-Jun-94
COST COMPONENT UNIT QUANTITY | UNIT COST | SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE
COST COST
\Groundwater Monitoring - Years 1 - 15 wells sampled guarterly.
Labor Hours 360 $35 $12,600 15 wells x 2 samplers x 3 hrs/well x 4 events  |Engineering estimate
Lab. Analysis - TCL VOA/Metals [Sample 60 $375 $22,500 15 samples; quarterly Basic Ordering Agreement
Misc. Expenses Sample Event 4 $2,500 $10,000 Incl. travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 4 $3,000 $12,000 1 report per sampling event Engineering estimate
[Groundwater Monitoring - Years 3 - 15 wells sampled semiannually.
Labor Hours 180 $35 $6,300 15 wells x 2 samplers x 3 hrs/well x 2 events | Engineering estimate
Lab. Analysis - TCL VOA/Metals  |Sample 30 $375 $11,250 15 samples; semiannually Basic Ordering Agreement
Misc. Expenses Sample Event 2 $2,500 $5,000 Incl. travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 2 $3,000 $6,000 1 report per sampling event Engineering estimate
roundwater Monitoring Years 6 - 3 15 wells sampled annually.
Labor Hours 90 $40 $3,600 15 wells x 2 samplers x 3 hrs/well x 1 event  |Engineering estimate
Lab. Analysis - TCL VOA/Metals |{Sample 15 $375 35,625 15 samples; annually Basic Ordering Agreement
Misc. Expenses Sample Event 1 $2,750 $2,750 Incl. travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 1 $3,500 $3,500 1 report per sampling event Engineering estimate
[Total Annual O&M Costs, Years1 -2 $57,100 For years 1 and 2
[Total Annual O&M Costs, Years 3 - 5 $28,550 For years 3 through 5
[Total Annual O&M Costs, Years 6 - 30 $15,475 For years 6 through 30
Approximate Present Worth Value $350,000




TABLE C-2

CTO-0174

DETAIL COSTING EVALUATION

GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 3

COLLECTION/TREATMENT/DISCHARGE TO STP

CAPITAL COST ESTIMATE 23-Jun-94
COST COMPONENT UNIT QUANTITY | UNIT COST | SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE
COST COST
[Mobilization
Equipment Lump Sum 1 $15,000 $15,600 Engineering Estimate
Miscellaneous Lump Sum 1 $10,000 $10,000 Utilities hook-up, site preparation Engineering Estimate
$25,000
Groundwater Extraction System
Driller Mobilization Lump Sum 1 $3,000 $3,000 Basic Ordering Agreement
Extraction Well - Shallow (3) Per Foot 105 $450 $47,250 6" stainless steel, 35’ deep Engineering Estimate
Well Development Per Well 3 $375 $1,125 Engineering Estimate
Extraction Pump at 3 Wells Per Pump 3 $9,500 $28,500 Vendor Quote
Piping From Wells Per Foot 300 $15 $4,500 HDPE pipe, PVC casing, w/trench Basic Ordering Agreement
$84,375
retreatment System Lump Sum 1 $22,000 $22,000 Inorganics removal Vendor Information
hysical/Chemical Treatment System
Air Stripper Lump Sum 1 $11,800 $11,800 AIr stripper, pumps, controls Vendor Information
Carbon Adsorption Lump Sum 1 $10,000 $10,000 Carbon units, pumps, electric, etc. Vendor Information
Misc. Equipment Lump Sum 1 $15,000 $15,000 Sludge dewatering press, holding tank Vendor Information
Treatment Building Lump Sum 1 $15,000 $15,000 8 ft. by 16 ft. Vendor Information
$73,800
Pischarge of Treated Water
Surface Infastructure Lump Sum 1 $5,000 $5,000 Site power, conduits, piping Engineering Estimate
Effluent Pump Station Lump Sum 1 $4,600 $4,600 Package duplex pump station Engineering Estimate
Discharge Piping Per Foot 1500 $10 $15,000 PVC pipe, w/trench Engineering Estimate
$24,600
emobilization
Administrative Activities Lump Sum 1 $10,000 $10,000 Project close out doc. and reporting Engineering Estimate
Site Restoration Lump Sum 1 $5,000 $5,000 General site cleanup, revegetation, etc. Engineering Estimate
Equipment and Temporary Utilities Lump Sum 1 $2,000 $2,000 Engineering Estimate
$17,000
[Subtotal Capital Cost $224,775
gineering @ 10% $22.478
Fnﬁngencies @ 20% $44,955
ilot Studies @ 5% $11,239
ITotal Capital Costs $303,446
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TABLE C-2 (continued)

DETAIL COSTING EVALUATION
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 3
COLLECTION/TREATMENT/DISCHARGE TO STP

O & M COST ESTIMATE 23-Jun-94
COST COMPONENT UNIT QUANTITY | UNITCOST | SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE
COST COST
Groundwater Monitoring - Years 1-2 15 wells sampled quarterly.
Labor Hours 360 $35 $12,600 15 wells x 2 samplers x 3 hrs/well x 4 events Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 60 $375 $22,500 15 samples; quarterly Basic Ordering Agreement
Misc. Expenses Sample Event 4 $2,500 $10,000 Incl. travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 4 $3,000 $12,000 1 report per sampling event Engineering estimate
$57,100
Groundwater Monitoring - Years 3 -5 15 wells sampled semiannually.
Labor Hours 180 $35 $6,300 15 wells x 2 samplers x 3 hrs/well x 2 events Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 30 $375 $11,250 15 samples; semiannually Basic Ordering Agreement
Misc. Expenses Sample Event 2 $2,560 $5,000 Incl travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 2 $3,000 $6,000 1 report per sampling event Engineering estimate
$28,550
KGroundwater Monitoring Years 6 - 30 15 wells sampled annually.
Labor Hours 90 $35 $3,150 15 wells x 2 samplers x 3 hrs/well x 1 event Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 15 $375 $5,625 15 samples; annually Basic Ordering Agreement
Misc. Expenses Sample Event 1 $2,500 $2,500 Incl travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 1 $3,000 $3,000 1 report per sampling event Engineering estimate
$14,275
System Operation and Maintenance
Electricity Per Year 1 $12,000 $12,000 Pretreatment, treatment, building Engineering estimate
Materials Per Year 1 $12,000 $12,000 Chemicals, polymer, etc. Engineering estimate
Material Handling Per Year 1 $25,000 $25,000 Spent carbon, sludge disposal Engineering estimate
Operating Labor . | Per Year 1 $15,000 $15,000 Approx. 2 hours/day @ $30.00/hr Engineering estimate
Maintenance Labor Per Year 1 $4,300 $4,300 Approx. 12 hours/month @ $30.00/hr Engineering estimate
Administration Per Year 1 $5,000 $5,000 Approx. 12 hours/month @ $35.00/hr Engineering estimate
$73,300
[Effluent Sampling
Labor Hours 96 $35 $3,360 8 hours/month Engineering Estimate
Laboratory Analysis - TCL VOA Sample 56 $37§ $21,000 Samples: 1/week + 1/quarter Engineering Estimate
Reporting Per Quarter 4 $2,000 $8,000 Lab reports, etc (1 report/quarter) Engineering Estimate
$32,360
[Total Annual O&M Costs, Years 1-2 $162,760 For years 1 and 2
[Fotal Annual Q&M Costs, Years3- 5 $134,210 | For years 3 through 5
[Total Annual O&M Costs, Years 6 - 30 $119,935 For years 6 through 30
JApproximate Present Worth Value $1,890,000
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TABLEC-3  CTO-0174

DETAIL COSTING EVALUATION
GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 4
COLLECTION/DISCHARGE TO STP

CAPITAL COST ESTIMATE 23-Jun-94
COST COMPONENT UNIT QUANTITY | UNITCOST | SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE
COST COST
[Mobilization
Equipment Lump Sum 1 $5,000 $5,000 Engineering Estimate
Miscellaneous Lump Sum 1 $10,000 $10,000 Utilities hook-up, site preparation Engineering Estimate
$15,000
Groundwater Extraction System .
Driller Mobilization Lump Sum 1 $3,000 $3,000 Basic Ordering Agreement
Extraction Well - Shallow (3) Per Foot 105 $450 $47,250 6" stainless steel, 35’ deep Engineering Estimate
Well Development Per Well 3 $375 $1,125 Engineering Estimate
Extraction Pumps Per Pump 3 $9,500 $28,500 Vendor Quote
Piping From Wells Per Foot 300 $15 $4,500 HDPE pipe, PVC casing, w/trench Basic Ordering Agreement
Equipment Building Lump Sum 1 $15,000 $15,000 8 ft. by 16 ft. Engineering Estimate
$99,375
[Discharge of Groundwater
Surface Infastructure Lump Sum 1 $5,000 $5,000 Site power, conduits, piping Engineering Estimate
Effluent Pump Lump Sum 1 $4,600 $4,600 Package duplex pump station Engineering Estimate
Discharge Piping Per Foot 1500 $10 $15,000 PVC pipe, w/trench Engineering Estimate
- $24,600
emobilization
Administrative Activities Lump Sum 1 $10,000 $10,000 Project close out doc. and reporting Engineering Estimate
Site Restoration Lump Sum 1 $5,000 $5,000 General site cleanup, revegetation, etc. Engineering Estimate
Equipment and Temporary Utilities Lump Sum 1 $2,000 $2,000 Engineering Estimate
$17,000
Subtotal Capital Cost $155,975
ngineering @ 10% $15,598
ntingencies @ 20% $31,195
ilot Studies @ 5% : $7,799
{[Total Capital Costs $210,566
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TABLE C-3 (continued)

DETAIL COSTING EVALUATION

GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 4

COLLECTION/DISCHARGE TO STP

0O & M COST ESTIMATE 23-Jun-94
COST COMPONENT UNIT QUANTITY | UNIT COST | SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE
. COST COST
Groundwater Monitoring - Years 1-2 15 wells sampled quarterly.
Labor Hours 360 $35 $12,600 15 wells x 2 samplers x 3 hrs/well x 4 events Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 60 $375 $22,500 15 samples; semiannually Basic Ordering Agreement
Misc. Expenses Sample Event 4 $2,500 $10,000 Incl. travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 4 $3,000 $12,000 1 report per sampling event Engineering estimate
$57,100
Groundwater Monitoring Years 3 - 5 15 wells sampled semiannually.
Labor Hours 180 $35 $6,300 15 wells x 2 samplers x 3 hrs/well x 2 events Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 30 $375 $11,250 15 samples; semiannually Basic Ordering Agreement
Misc. Expenses Sample Event 2 $2,500 $5,000 Incl travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 2 $3,000 $6,000 1 report per sampling event Engineering estimate
$28,550
Groundwater Monitoring Years 6 - 30 15 wells sampled annually.
Labor Hours 90 $35 $3,150 15 wells x 2 samplers x 3 hrs/well x 1 event Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 15 $375 $5,625 15 samples; semiannually Basic Ordering Agreement
Misc. Expenses Sample Event 1 $2,500 $2,500 Incl travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 1 $3,000 $3,000 1 report per sampling event Engineering estimate
$14,275
System Operation and Maintenance
Electricity Per Year 1. $6,000 $6,000 Air compressors and pumping equip. Engineering estimate
Operating Labor Per Year 1 $3,600 $3,600 Approx. 10 hours/month @ $30.00/hr Engineering estimate
Maintenance Labor Per Year 1 $2,160 $2,160 Approx. 6 hours/month @ $30.00/hr Engineering estimate
Administration Per Year 1 $5,000 $5,000 Approx. 12 hours/month @ $35.00/hr Engineering estimate
$16,760
[Effluent Sampling
Labor Hours 96 $35 $3,360 § hours/month Engineering Estimate
Laboratory Analysis - TCL VOA Sample 56 $375 $21,000 Samples: 1/week + 1/quarter Engineering Estimate
Reporting Per Quarter 4 $2,000 $8,000 Lab reports, etc (1 report/quarter) Engineering Estimate
$32,360
Total Annual O&M Costs, Years 1-2 $106,220 For years 1 and 2
Total Annual O&M Costs, Years 3 -5 $77,670 For years 3 through 5
[Total Annual O&M Costs, Years 6 - 30 $63,395 For years 6 through 30
IApproximate Present Worth Value $1,300,000
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TABLE C-4

CTO-0174

DETAIL COSTING EVALUATION

GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 5

COLLECTION/DISCHARGE TO SITE82 (O U NO. 2)

CAPITAL COST ESTIMATE 23-Jun-94
COST COMPONENT UNIT QUANTITY | UNIT COST | SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE
COST COST
[Mobilization
Equipment Lump Sum 1 $5,000 $5,000 Engineering Estimate
Miscellaneous Lump Sum 1 $10,000 $10,000 Utilities hook-up, site preparation Engineering Estimate
$15,000
IGroundwater Extraction System
Driller Mobilization Lump Sum 1 $3,000 $3,000 Basic Ordering Agreement
Extraction Well - Shallow (3) Per Foot 105 $450 $47,250 6" stainless steel, 35° deep Engineering Estimate
Well Development Per Well 3 $375 $1,125 Engineering Estimate
Extraction Pumps Per Pump 3 $9,500 $28,500 Engineering Estimate
Piping From Wells Per Foot 300 $15 $4,500 Stainless steel pipe w/tench Basic Ordering Agreement
Equipment Building Lump Sum 1 $15,000 $15,000 8ftbyl6ft Engineering Estimate
$99,375
(Discharge of Groundwater
Surface Infastructure Lump Sum 1 $5,000 $5,000 Site power, conduits, piping Engineering Estimate
Effluent Pump Lump Sum 1 $4,600 $4,600 Package duplex pump station Engineering Estimate
Discharge Piping Per Foot 9800 $10 $98,000 PVC pipe, w/trench Engineering Estimate
$107,600
[Demobilization
Administrative Activities Lump Sum 1 $10,000 $10,000 Project close out doc. and reporting Engineering Estimate
Site Restoration Lump Sum 1 $5,000 $5,000 General site cleanup, revegetation, etc. Engineering Estimate
Equipment and Temporary Utilities Lump Sum 1 $2,000 $2,000 Engineering Estimate
$17,000
[Subtotal Capital Cost $238,975
ngineering @ 10% $23,898
ntingencies @ 20% $47,795
ilot Studies @ 5% $11,949
[[Total Capital Costs $322,616




TABLE C-4 (continued)
DETAIL COSTING EVALUATION

GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 5
COLLECTION/DISCHARGE TO SITE 82 (O U NO. 2)

O & M COST ESTIMATE 23-Jun-94
COST COMPONENT UNIT QUANTITY | UNIT COST | SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE
COST COST
iGroundwater Monitoring - Years 1-2 . 15 wells sampled quarterly.
Labor Hours 360 $35 $12,600 15 wells x 2 samplers x 3 hrs/well x 4 events Engineering estimate
Lab. Analysis - TCL. VOA/Metals Sample 60 $375 $22,500 15 samples; semiannually Basic Ordering Agreement
Misc. Expenses Sample Event 4 $2,500 $10,000 Incl. travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 4 $3,000 $12,000 1 report per sampling event Engineering estimate
$57,100
Groundwater Monitoring Years 3 -5 15 wells sampled semiannually.
Labor Hours 180 $35 $6,300 2 samplers; 3 hrs/well average Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 30 $375 $11,250 15 samples; sexniannually Basic Ordering Agreement
Misc. Expenses Sample Event 2 $2,500 $5,000 Incl travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 2 $3,000 $6,000 1 report per sampling event Engineering estimate
$28,550
IGroundwater Monitoring Years 6 - 30 15 wells sampled annually.
Labor Hours 90 $35 $3,150 2 samplers; 3 hrs/well average Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 15 $375 $5,625 15 samples; annually Basic Ordering Agreement
Misc. Expenses Sample Event 1 $2,500 $2,500 Incl travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 1 $3,000 $3,000 1 report per sampling event Engineering estimate
$14,275
[System Operation and Maintenance
Electricity Per Year 1 $8,000 $8,000 Air compressors and pumping equip. Engineering estimate
Operating Labor Per Year 1 $3,600 $3,600 Approx. 10 hours/month @ $30.00/hr Engineering estimate
Maintenance Labor Per Year 1 $2,160 $2,160 Approx. 6 hours/month @ $30.00/hr Engineering estimate
Administration Per Year 1 $5,000 $5,000 Approx. 12 hours/month @ $35.00/hr Engineering estimate
i $18,760
[Effluent Sampling
Labor Hours 9 $35 $3,360 8 hours/month Engineering Estimate
Lab. Analysis - TCL VOA/Metals Sample 56 $375 $21,000 Samples: 1/week + 1/quarter Engineering Estimate
Reporting Per Quarter 4 $2,000 $8,000 Lab reports, etc (1 report/quarter) Engineering Estimate
$32,360
[Total Annual O&M Costs, Years 1-2 $108,220 For years 1 and 2
[Total Annual O&M Costs, Years 3- 5 $79,670 For years 3 through 5
[Total Annual O&M Costs, Years 6 - 30 $65,395 For years 6 through 30
$1,440,000

IApproximate Present Worth Value
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TABLEC-5  CTO-0174
DETAIL COSTING EVALUATION

GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 6
IN-SITU GROUNDWATER TREATMENT

CAPITAL COST ESTIMATE 23-Jun-94
COST COMPONENT UNIT QUANTITY | UNIT COST | SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE
COST COST
[Mobilization
Equipment Lump Sum 1 $5,000 $5,000 Engineering Estimate
Miscellaneous Lump Sum 1 $10,000 $10,000 Utilities hook-up, site preparation Engineering Estimate
$15,000
Groundwater Extraction System
Driller Mobilization Lump Sum 1 $3,000 $3,000 Basic Ordering Agreement
Air Sparging Well - (2) Per well 2 $4,000 $8,000 6" PVC, 25’ deep Engineering Estimate
Soil Venting Well - (2) Per well 2 $4,000 $8,000 6"PVC, 25 deep Engineering Estimate
Well Development Per Well 4 $375 $1,500 Engineering Estimate
Piping From Wells Per Foot 300 $15 $4,500 PVC pipe w/trench Basic Ordering Agreement
$25,000
ir Sparging/Soil venting
Equipment Lump Sum 1 $15,000 $15,000 Blowers, vacuum pumps, etc. Engineering Estimate
Carbon Adsorption Lump Sum 1 $10,000 $10,000 Carbon units, pumps, electric, etc. Engineering Estimate
[Treatment Building Lump Sum 1 $15,000 $15,000 8ftbyl6ft Engineering Estimate
$40,000
[Demobilization
Administrative Activities Lump Sum 1 $5,000 $5,000 Project close out doc. and reporting Engineering Estimate
Site Restoration Lump Sum 1 $5,000 $5,000 General site cleanup, revegetation, etc. Engineering Estimate
Equipment Lump Sum 1 $2,000 $2,000 Engineering Estimate
$12,000
[Subtotal Capital Cost $92,000
ngineering @ 10% $9,200
ntingencies @ 20% $18,400
ilot Studies @ 5% $4,600
[[Cotal Capital Costs $124,200
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TABLE C-5 (continued)

DETAIL COSTING EVALUATION

GROUNDWATER REMEDIAL ACTION ALTERNATIVE NO. 6
IN-SITU GROUNDWATER TREATMENT )

O & M COST ESTIMATE 23-Jun-94
COST COMPONENT UNIT QUANTITY | UNIT COST | SUBTOTAL TOTAL BASIS OR COMMENTS SOURCE
COST COST
Groundwater Monitoring - Years 1 -2 15 wells sampled quarterly.
Labor Hours 360 $35 $12,600 15 wells x 2 samplers x 3 hrs/well x 4 events Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 60 $375 $22,500 15 samples; semiannually Basic Ordering Agreement
Misc. Expenses Sample Event 4 $2,500 $10,000 Incl travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 4 $3,000 $12,000 1 report per sampling event Engineering estimate
$57,100
[Groundwater Monitoring Years 3- 5 15 wells sampled semiannually.
Labor Hours 180 $35 $6,300 2 samplers; 3 hrs/well average Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 30 $375 $11,250 15 samples; semiannually Basic Ordering Agreement
Misc. Expenses Sample Event 2 $2,500 $5,000 Incl. travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 2 $3,000 $6,000 1 report per sampling event Engineering estimate
$28,550
iGroundwater Monitoring Years 6 - 30 15 wells sampled annually.
Labor Hours 90 $35 $3,150 2 samplers; 3 hrs/well average Engineering estimate
Lab. Analysis - TCL VOA/Metals Sample 15 $375 $5,625 15 samples; annually Basic Ordering Agreement
Misc. Expenses Sample Event 1 $2,500 $2,500 Incl. travel, lodging, supplies,- 2 people Engineering estimate
Reporting Sample Event 1 $3,000 $3,000 1 report per sampling event Engijneering estimate
$14,275
[System Operation and Maintenance
Electricity Per Year 1 $8,000 $8,000 Blowers, vacuum pumps, etc. Engineering estimate
Material Handling Per Year 1 $4,500 $4,500 Spent carbon replacement Engineering estimate
Operating Labor Per Year 1 $3,600 $3,600 Approx. 10 hours/month @ $30.00/hr Engineering estimate
Maintenance Labor Per Year 1 $2,880 $2,880 Approx. 8 hours/month @ $30.00/hr Engineering estimate
Administration Per Year 1 $5,000 $5,000 Approx. 12 hours/month @ $35.00/hr Engineering estimate
$23,980
[Effluent Sampling
Labor ) Hours 9 $35 $3,360 8 hours/month Engineering Estimate
Laboratory Analysis - TCL VOA Sample 56 $375 $21,000 Samples: 1/week + 1/quarter Engineering Estimate
Reporting Per Quarter 4 $2,000 $8,000 Lab reports, etc (1 report/quarter) Engineering Estimate
$32,360
[Total Annual O&M Costs, Years 1-2 $113,440 For years 1 and 2
[Total Annual O&M Costs, Years 3 - 5 $84,890 For years 3 through §
[Total Annual O&M Costs, Years 6 - 30 $70,615 For years 6 through 30
|Approximate Present Worth Value $1,320,000

Note: Present worth value calculated for 30 years. However, the in-situ system would probably operate approximately 5 years, which results in
an approximate present worth value of $490,000.
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