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EXECUTIVE SUMMARY

Introduction

This document was prepared by Baker Environmental, Inc. (Baker) to serve as a report on the
Remedial Investigation (RI) conducted at Operable Unit (OU) No. 10, Site 35 - Camp Geiger Area
Fuel Farm in the spring and summer of 1994.

The purpose of this RI was to evaluate the nature and extent of the threat to public health and the
environment caused by the release of hazardous substances, pollutants or contaminants. This was
accomplished by sampling several media (soil, groundwater, sediment, surface water, fish, crabs,
and benthic macroinvertebrates) at OU No. 10, evaluating the analytical data and performing a
human health risk assessment (RA) and ecological RA. This RI Report contains the results of all
field investigations, a technical memorandum summarizing groundwater data and aquifer
characteristics at MCB, Camp Lejeune, the human health RA, and the ecological RA. Previous
investigations were conducted by Water and Air Research, Inc., (WAR), Environmental Science and
Engineering, Inc. (ESE), NUS Corporation (NUS), Law Engineering (LAW), and Baker
Environmental, Inc. (Baker).

Site Location and Description

Camp Geiger is located at the extreme northwest corner of MCB, Camp Lejeune. The main entrance
to Camp Geiger is off U.S. Route 17, approximately 3.5 miles southeast of the City of Jacksonville,
North Carolina. Site 35, the Camp Geiger Area Fuel Farm refers primarily to five, 15,000-gallon
aboveground storage tanks (ASTs), a pump house, and a fuel unloading pad situated within Camp
Geiger just north of the intersection of Fourth and "G" Streets.

Construction of Camp Geiger was completed in 1945, four years after construction of MCB, Camp
Lejeune was initiated. Originally, the Fuel Farm ASTs were used for the storage of No. 6 fuel oil,
but, were later converted for storage of other petroleum products including unleaded gasoline, diesel
fuel, and kerosene. The date of their conversion is not known.

Routinely, the ASTs at Site 35 supply fuel to an adjacent dispensing pump. A leak in an
underground line at the station was reportedly responsible for the loss of roughly 30 gallons per day
of gasoline over an unspecified period (Law, 1992). The leaking line was subsequently sealed and
replaced.

The ASTs at Site 35 are currently used to dispense gasoline, diesel and kerosene to government
vehicles and to supply USTs in use at Camp Geiger and the nearby New River Marine Corps Air
Station. The ASTs are supplied by commercial carrier trucks which deliver product to fill ports
located on the fuel unloading pad at the southern end of the facility. Six, short-run (120 feet
maximum), underground fuel lines are currently utilized to distribute the product from the unloading
pad to the ASTs. Product is dispensed from the ASTs via trucks and underground piping.

Reports of a release from an underground distribution line near one of the ASTs date back to 1957-
58 (ESE, 1990). Apparently, the leak occurred as the result of damage to a dispensing pump. At
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that time, the Camp Lejeune Fire Department estimated that thousands of gallons of fuel were
released although records which document this incident do not exist. The fuel reportedly migrated
to the east and northeast toward Brinson Creek. Interceptor trenches were excavated, and the
captured fuel was ignited and burned.

Another abandoned underground distribution line extended from the ASTs to the former Mess Hall
Heating Plant, located adjacent to "D" Street, between Third and Fourth Streets. The underground
line dispensed No. 6 fuel oil to a UST which fueled the Mess Hall boiler. The Mess Hall, located
across "D" Street to the west, was demolished along with its Heating Plant in the 1960s.

In April 1990, an undetermined amount of fuel had been discovered by Camp Geiger personnel
along the unnamed drainage channels north of the Fuel Farm. Apparently, the source of the fuel,
believed to be diesel or jet fuel, was an unauthorized discharge from a tanker truck that was never
identified. The Activity reportedly initiated an emergency clean-up which included the removal of
approximately 20 cubic yards of soil.

The Fuel Farm is scheduled to be decommissioned in April 1995. Plans are currently being prepared
to empty, clean, dismantle, and remove the ASTs along with all concrete foundations, slabs on
grade, berms and associated underground piping. The Fuel Farm is being removed to make way for
a six lane divided highway proposed by the North Carolina Department of Transportation (NCDOT).
Construction of the highway is scheduled to commence in August 1995.

Previous Investigations

The following is a summary of the previous investigations performed at Site 35.
Initial Assessment Study

MCB, Camp Lejeune was placed on the National Priority List (NPL) on October 4, 1989 after the
Initial Assessment Study of 1983 identified 76 potentially contaminated sites at the base (Water and
Air Resources, 1983). Site 35 was identified as one of 22 sites warranting further investigation.

Sampling and analysis of environmental media was not conducted during the Initial Assessment
Study.

Confirmation Study

ESE performed Confirmation Studies of the 22 sites requiring further investigation and investigated
Site 35 between 1984 and 1987 (ESE, 1990). In 1984, ESE advanced three hand-auger borings and
collected groundwater and soil samples from each location. Soils were analyzed for lead and oil and
grease. Lead was detected in soil samples obtained from hand auger borings at concentrations
ranging from 6 to 8 mg/kg. Oil and grease was also detected at concentrations ranging from 40 to
2,200 mg/kg.

Shallow groundwater samples were obtained from the open boreholes and analyzed for lead, oil and
grease, and volatile organic compounds (VOCs) including benzene, trans-1,2-dichloroethene (T-1,2-
DCE), trichloroethene (TCE), and methylene chloride. Lead was detected in each sample ranging
from 3,659 pg/L to 1,063 ng/L. Oil and grease was detected in only one sample at 46,000 pg/L.
The only detected VOC was methylene chloride in one sample at 4 pg/L.
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In 1986, ESE collected two sediment and two surface water samples from Brinson Creek and
installed three permanent monitoring wells: two east of and one west of the Fuel Farm. Surface
water and sediment samples were analyzed for lead, oil and grease and ethylene dibromide.
Groundwater samples were obtained in December 1986 and again in March 1987 and were analyzed
for lead, oil and grease, and VOCs.

No target analytes were detected in either surface water sample. Both sediment samples were
reported to contain lead and oil and grease although no data indicating actual levels of detection
were provided in ESE’s report. Levels were reported to be higher in the upstream sample,
prompting ESE to suggest that the discharge of contaminated groundwater to the creek is occurring
at the far northern section of the fuel farm ASTs or that the source of oil and grease and lead may
be upstream.

Lead was detected in only one of six samples (33 pg/L) obtained from the three permanent
monitoring wells. Oil and grease was detected in all six samples ranging from 200 pg/L to
12,000 pg/L.. Detected VOCs included benzene (1.3 pg/L to 30 pg/L), trans-1,2-DCE (3.2 pg/L to
29 ng/L), and TCE (detected at 11 pg/L on both sample dates).

Focused Feasibility Study

A Focused Feasibility Study (FFS) was conducted in 1990 in the area north of the Fuel Farm by
NUS Corporation. The investigation included the installation of four groundwater monitoring wells.
Results of laboratory analysis revealed that groundwater in one well and soil cuttings from two
borings were contaminated with petroleum hydrocarbons. No nonaqueous product was observed.

A geophysical investigation was conducted by NUS as part of the FFS in an attempt to identify
underground storage tanks (USTs) at the site of the former gas station. The results indicated the
presence of a geophysical anomaly to the north of the former gas station.

Comprehensive Site Assessment

Law Engineering, Inc. (Law) conducted a Comprehensive Site Assessment (CSA) during the fall of
1991 (Law, 1992). The CSA involved the drilling of 18 soil borings to depths ranging from 15 to
445 feet. These soil borings were ultimately converted to nested wells that monitor the water table
aquifer along two zones. The shallow zone, or water table zone, generally extends from 2.5 to
17.5 feet, below ground surface (bgs). The deeper zone monitored by the nested wells generally
ranges from 17.5 to 35 feet bgs. Five additional soil borings were drilled and nine soil borings were
hand-augered to provide data regarding soil contamination in the vadose zone. Additional
groundwater data was provided via 21 drive-point groundwater or "Hydropunch" samples. A
"Tracer" study was also performed to investigate the integrity of the ASTs and underground
distribution piping.

Soil and groundwater samples obtained under the CSA were analyzed for both organic and inorganic
compounds. Groundwater analyses included purgeable hydrocarbons (EPA 601), purgeable
aromatics and methyl-tertiary butyl ether (MTBE) (EPA 602), polynuclear aromatic hydrocarbons
(EPA 610), and unfiltered lead (EPA 239.2). Soil analyses were limited to total petroleum
hydrocarbons (TPH) (SW846 3rd Edition, 5030/3550: gasoline/diesel fractions) and lead (SW846
3rd Edition, 6010). Ten soil samples were analyzed for ignitability by SW846 3rd Edition, 1010.
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The results of the CSA identified areas of impacted soil and groundwater. The nature of the
contamination included both halogenated (i.e., chlorinated) organic compounds (e.g., TCE, trans-
1,2-DCE, and vinyl chloride) and nonhalogenated, petroleum-based constituents (e.g., TPH, MTBE,
benzene, toluene, ethylbenzene, and xylene). The contamination encountered was typically
identified in both shallow (2.5 to 17.5 feet bgs) and deep (17.5 to 35 feet bgs) wells.

Law also identified several plumes of shallow groundwater contamination including two plumes
comprised primarily of petroleum-based constituents (e.g., BTEX) and two plumes comprised of
halogenated organic compounds (e.g., TCE). The plumes are all located north of Fourth Street and
east of E Street except for a portion of a TCE plume. This plume extends southwest beyond the
corner of Fourth and E Streets.

In general, contaminant concentrations in soil were greatest in those samples taken at or below the
water table. Law concluded that soil contamination at Site 35 was likely due to the presence of a
dissolved phase groundwater plume and seasonal fluctuations of the water table.

A follow-up to the CSA was conducted by Law in 1992. Reported as an Addendum to the CSA
(Law, 1993), it was designed to provide further characterization of the southern extent of the
petroleum contamination resulting from historical releases. Three monitoring wells were installed
including MW-26, -27, and PW-28. Soil samples were obtained from each of these locations and
analyzed for TPH (gasoline and diesel fractions). As part of the follow-up, a pump test was
performed to estimate the hydraulic characteristics of the surficial aquifer. This test was designed
to determine performance characteristics of a designated pumping well and to estimate hydraulic
parameters of the aquifer. An approximate hydraulic conductivity of 100 feet/day was determined
for the surficial aquifer.

Interim Remedial Action RI/FS by Baker

Baker conducted an Interim Remedial Action RI in December 1993. An additional seven soil
borings were located within and around groundwater contaminant plume areas identified during the
CSA. In addition to the soil borings, thirteen shallow soil samples were taken adjacent to Brinson
Creek to determine the extent of contamination emanating from Site 35. Two of these shallow soil
samples were situated upstream along Brinson Creek to provide background information on TPH
and oil and grease.

In addition to soil sampling, a second round of groundwater level measurements were obtained for
comparison to those presented in the CSA.

The most prevalent contaminants detected in soil samples taken during the Interim Remedial Action
RI were benzene, toluene, ethylbenzene xylenes, naphthalene, and 2-methylnaphthalene. These
constituents are commonly associated with fuel contamination. TPH (gasoline and diesel) and oil
and grease were also observed, in addition to sporadic occurrences of lead, chromium, vanadium,
and arsenic.

Analytical results, in general, confirm the previous findings that contamination in the majority of
the identified soil is associated with a dissolved petroleum hydrocarbon contaminant plume in
shallow groundwater. Oil and grease results observed in shallow soil samples obtained from the
Brinson Creek area are likely influenced by the presence of naturally occurring organics in soils or
an upgradient contamination source. This is supported by elevated background concentrations of

ES-4

(



oil and grease in surface soil samples obtained along the banks of Brinson Creek approximately 1/2-
mile upstream of the site.

The Interim Remedial Action RI/FS culminated with an executed Interim Record of Decision (ROD)
signed on September 15, 1994, for the remediation of contaminated soil along and adjacent to the
proposed highway right-of-way at Site 35. Three areas of soil contamination requiring remediation
have been identified. The first area is located in the vicinity of the Fuel Farms ASTs, and the two
other areas are located north of the Fuel Farm. The larger of these two areas is located along "F"
Street in the vicinity of monitoring well MW-11; the smaller area is in the area of monitoring well
MW-25. Baker has estimated that approximately 3,600 cubic yards (4,900 tons) of contaminated
soil is present in these three areas.

A fourth area of soil contamination, located immediately north of Building G480, was also identified
in the Interim ROD. Additional data pertaining to this fourth area became available subsequent to
the execution of the Interim ROD. This data indicated that contaminated soil was encountered in
this area during the removal of a UST there in January 1994. The contaminated soil was excavated
and reportedly disposed off site; however, no documentation is available regarding how or where
the soil was disposed. An additional soil investigation will be conducted in this area to confirm that
the contaminated soil was not returned to the excavation and that follow-up soil remediation in this
area is not necessary.

Other Investigations

Two USTs located near the Fuel Farm have been the subject of previous investigations conducted
under an Activity-wide UST program. The two USTs include a No. 6 fuel oil UST situated adjacent
to the former Mess Hall Heating Plant and a No. 2 fuel oil UST situated adjacent to the Explosive
Ordnance and Disposal Armory, Office, and Supply Building. The former UST was abandoned in
place years ago (date unknown) and has been the subject of previous environmental investigations
performed by ATEC Associates, Inc. and Law. The latter UST was removed in January 1994,
Contaminated soils adjacent to the UST were reportedly removed with the tank. However, samples
were not collected to confirm the limits of the contaminated soils. Sampling is expected to be
conducted to corroborate the limits of soil contamination.

Comprehensive Remedial Investigation/Feasibility Study

A comprehensive RI was conducted by Baker in 1994 to evaluate the nature and extent of the threat
to public health and the environment caused by the release of hazardous substances, pollutants, or
contaminants, and to support a Feasibility Study evaluation of potential remedial alternatives.

Remedial Investigation Field Activities

The RI field program was initiated on April 11, 1994. Data gathering activities were derived from:
a soil gas survey and groundwater screening investigation; a soil investigation; a groundwater
investigation; a surface water and sediment investigation; and an ecological investigation.

Soil Gas Survey and Groundwater Screening Investigation

Baker monitored the collection of 67 soil gas samples and 72 groundwater screening samples from
sample locations established across the Site 35 study area. This investigation focused on obtaining
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additional information to assess the source(s) of halogenated compounds in shallow groundwater.
The majority of the sample locations were located south of the Fuel Farm and south of Fourth Street,
and were based on the results of previous investigations, which revealed TCE in groundwater. The
purpose of this activity was to assist in the placement of soil borings/monitoring wells.

Soil Investigation

The soil investigation involved the drilling of 26 soil borings at locations primarily determined by
the results of the soil gas survey and groundwater screening investigation. Borings were advanced
to three depths and included 10 shallow borings (14 to 17 feet bgs), 11 intermediate borings (41 to
47 feet bgs), and five deep borings drilled to a depth equivalent to 5 to 10 feet below the semi-
confining layer separating the surficial aquifer from the Castle Hayne Aquifer (51.0 to 66.0 feet bgs).

Soil samples (surface and subsurface) obtained from the borings were analyzed for a few of the
following parameters; TCL volatiles, semivolatiles, pesticides/PCBs, TAL metals, as well as a
variety of engineering parameters that will be used in the FS. A summary of each sample, the depth
it was collected and parameters analyzed is provided in Appendix I.

Groundwater Investigation

The groundwater investigation included the installation of shallow, intermediate, and deep
groundwater monitoring wells. The shallow monitoring wells were installed to intercept the upper
portion of the surficial aquifer. The intermediate wells were constructed to monitor the lower
portion of the surficial aquifer with screens set just above what appeared to be a semi-confining
layer separating the surficial aquifer from the underlying Castle Hayne Aquifer (see Appendix H for
boring logs/well construction records). A total of 21 shallow and intermediate wells were installed
under this RI. In addition, five deep groundwater wells were installed to monitor the upper portion
of the Castle Hayne Aquifer immediately below the suspected semi-confining layer.

Groundwater samples were obtained from each of the 26 newly installed wells and 29 existing wells.
The samples were analyzed for TCL volatiles, semivolatiles, pesticides/PCBs, and TAL metals as
well as a variety of engineering parameters.

Surface Water/Sediment Investigation

Surface water and sediment samples were obtained along Brinson Creek which flows roughly north
to south immediately east of the Fuel Farm. Samples were obtained from ten stations including three
upstream and seven adjacent/downstream locations. Surface water and sediment samples were also
collected from an off-base reference station. The reference station included the White Oak River
watershed.

The surface water and sediment samples were analyzed for TCL volatiles, semivolatiles,
pesticides/PCBs, TAL metals, and particle size distribution.

Ecological Investigation
The ecological investigation included biological sampling (i.e., fish, shellfish, and benthic
macroinvertebrates) along Brinson Creek and along three streams in the nearby White Oak River

watershed including Webb Creek, Hadnot Creek, and Holland Mill Creek. The work performed in
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the White Oak River watershed was part of an overall ecological background inveétigation
conducted as part of this RI.

Nature and Extent of Contamination

The nature and extent of contamination at Site 35 was determined based on the analytical results of
the various media considered under the RI including soil, groundwater, sediment, surface water, and
fish tissue. The RI results were also compared to the results from previous environmental
investigations performed at Site 35, when applicable.

Surface and Subsurface Soil

Relatively few detections of VOCs and SVOCs were observed in surface and subsurface soil
samples obtained under the RI. The most significant contamination detected involved
tetrachloroethane in subsurface soil at boring 35MW-30B located near the barracks southwest of the
Fuel Farm. Pesticides were detected in surface soil samples only, but, are not deemed to be site
related. No PCBs were detected in surface soil samples. Detected inorganics were generally similar
to background surface and subsurface soil concentrations at Camp Lejeune.

Groundwater

The nature and extent of groundwater contamination was considered based on the interval of
groundwater monitored and included the upper portion of the surficial aquifer; the lower portion of
the surficial aquifer; and the upper portion of the Castle Hayne Aquifer.

The results of the RI confirm the results of previous environmental investigations conducted at Site
35 and expand the existing database. Additional groundwater monitoring wells were installed in the
surficial aquifer south of the Fuel Farm, and Fourth Street and in the upper portion of the Castle
Hayne Aquifer.

No substantial contamination was detected in the upper portion of the Castle Hayne Aquifer. This
indicates that, to date, the suspected semi-confining layer that separates the surficial aquifer from
the Castle Hayne Aquifer has served effectively as an aquitard (see Figure 3-4).

Extensive groundwater contamination was observed in the surficial aquifer along both the upper and
lower monitored intervals. Fuel-related organic contaminants, when encountered, appear more
prevalent in the upper portion of the surficial aquifer. .Conversely, solvent-related organic
contaminants, when encountered, appear more prevalent in the lower portion of the surficial aquifer.
This is likely due to the fact that the latter are the more dense compounds having a specific gravity
greater than groundwater.

The extent of fuel-related contamination appears to be adequately defined based on the data obtained
to date. It is limited to the area north of Fourth Street in the vicinity of obvious suspected sources
such as the Fuel Farm and nearby former UST sites.

The extent of solvent-related contamination has not been completely defined to date nor have all of
its sources been identified. A plume appears to extend from north of Fourth Street south to Fifth
Street beyond which the RI did not extend in the southerly direction (see Figures 4-4 and 4-7). The
source of this plume has not been determined. A second smaller plume is present in the vicinity of
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the Former Vehicle Maintenance Garage (Building TC474). The smaller plume appears to be
adequately defined with Building TC474 and the immediate vicinity as the likely source of
contamination,

Elevated levels of inorganic contaminants (total and dissolved) were detected in groundwater
samples obtained from within the surficial aquifer. It is questionable whether this contamination
is due to past site activities because the results are similar to those obtained by Baker at other Camp
Lejeune sites. The elevated total metals are believed to be caused by suspended particulates in the
samples.

Surface Water and Sediment

Significant levels of organic and inorganic contaminants were detected in sediment samples obtained
from locations adjacent to and downstream of Site 35. The results of VOC analyses were "masked"
by the presence of high levels of Tentatively Identified Compounds (TICs), and consequently, few
VOC detections were reported. Nevertheless, the Baker field team commented during sampling that
the sediment samples appeared to contain elevated levels of fuel-related contaminants which could
also explain the presence of TICs. Lead at elevated levels was also detected in these sediment
samples, and like the organic contaminants, could be related to Site 35.

Surface water contamination was limited to a single detection of lead and zinc downstream of
Site 35 at levels in excess of the WQSVs and the NCWQS. No organic contaminants were detected
in surface water samples.

Fish

A variety of organic and inorganic contaminants were detected in fillet and whole body samples
analyzed under this RI. The most significant contaminants detected were the pesticides dieldrin, and
4,4'-DDD with a single detection of inorganic mercury. These contaminants were primarily
responsible for the calculated risk to human health in excess of EPA guidelines.

Baseline Human Health Risk Assessmen

The BRA highlights the media of interest from the human health standpoint at OU No. 10 by
identifying areas with elevated ICR and HI values. Current and future potential receptors at the site
include current military personnel, current recreational adults and children, future residents (i.e.,
children and adults), and future construction workers. Contaminants of Potential Concern (COPCs)
are identified by media and the total site risk for each of these receptors is estimated by logically
summing the multiple pathways likely to affect the receptor during a given activity (see Table ES-1).
The following algorithms defined the total site risk for the current and future potential receptor
groups assessed in a quantitative manner. The risk associated with each site is derived using the
estimated risk from multiple areas of interest.

1. Current Military Personnel

a. Incidental ingestion of COPCs in surface soil + dermal contact with COPCs
in surface soil + inhalation of airborne COPCs
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TABLE ES-1

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN

OPERABLE UNIT NO. 10 (SITE 35)
REMEDIAL INVESTIGATION, CTO0-0232

MCB CAMP LEJEUNE, NORTH CAROLINA

Contaminant

Surface Soil

Subsurface
Soil

Ground-
water

Surface
Water

Sediment

Fish

VYOCs

Acetone

1,1,2,2-Tetrachloroethane

Chloroform

Methylene Chloride

1,1,2-Trichloroethane

1,1-Dichloroethane

1,1-Dichloroethene

2-butanone

Benzene

]
>

Carbon disulfide

cis-1,2-Dichloroethene

Ethylbenzene

Methyl Tertiary Butyl Ether

Tetrachloroethene

Toluene

trans-1,2-Dichloroethene

Trichloroethene

Xylenes (Total)

P

o(leo|o|e
Ik Rl Rl Kl R R T B

SVOCs

Benzo(a) pyrene

Indeno(1,2,3-cd) pyrene

Dibenz(a,h) anthracene

Benzo(g.h,i) perylene

e el Bl e

4-Methylphenol

2,4-Dimethylphenol

Naphthalene

Dibenzofuran

Fluorene

Anthracene

Carbazole

b Bl Rl el el ke

Diethylphthalate

Di-n-butylphthalate
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SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN

REMEDIAL INVESTIGATION, CTO-0232
MCB CAMP LEJEUNE, NORTH CAROLINA

TABLE ES-1 (Continued)

OPERABLE UNIT NO. 10 (SITE 35)

Contaminant

Surface Soil

Subsurface
Soil

Ground-
water

Surface
Water

Sediment

Fish

Bis(2-ethylhexyl)phthalate

X

X

Phenol

X

X

2-Methylnaphthalene

® X

2-Methylphenol

X

Acenaphthene

Phenanthene

Carbazole

Fluoranthene

Pyrene

Butylbenzlphthalate

Benzo(a)anthracene

Chrysene

Benzo(b) fluoranthene

IR R Bl e e e e

Pesticides

Aldrin

gamma-BHC

alpha-Chlordane

beta-BHC

Dieldrin

Endosulfan IT

Endrin Ketone

Endrin Aldehyde

Endrin

P ] I e et I I

delta-BHC

PO Il It Il el Bl Bl Bl B B

gamma-Chlordane

>

Heptachlor

Heptachlor Epoxide

Methoxychlor

4,4-DDE

4,4-DDT

4,4-DDD

I R R R B Rl B Bl e Bl s K T

Inorganics

Aluminum

>

Antimony

Arsenic

.
>
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TABLE ES-1 (Continued)

SUMMARY OF COPCs IN ENVIRONMENTAL MEDIA OF CONCERN
OPERABLE UNIT NO. 10 (SITE 35)
REMEDIAL INVESTIGATION, CTO-0232
MCB CAMP LEJEUNE, NORTH CAROLINA

Contaminant Surface Soil | Subsurface | Ground- Surface Sediment Fish
Soil water Water

Barium X X X X ® X ] X
Beryllium X X X

Cadmium X X X X
Calcium X X X X X

Chromium X X X X L] X

Cobalt X X X X ° X

Copper X X X ° X X
Lead L X ] X ] X ® X ™ X X
Magnesium X X X X X

Manganese L X X ] X ° X L] X X
Mercury X X X X
Nickel X X ] X L] X

Potassium X X X X

Selenium X X X X . X ° X
Silver X ] X

Sodium X X X

Thallium X L X X ] X X

Vanadium X X X X X

Zinc X X X X X . X
Iron X X X X X

Selected as COPC. .
X Positively detected in media.
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2. Future Residents (Children and Adults)

a. Incidental ingestion of COPCs in surface soil + dermal contact with COPCs
in surface soil + inhalation airborne of COPCs

b. Ingestion of COPCs in groundwater + dermal contact with COPCs in
groundwater + inhalation of volatile COPCs

3. Future Construction Worker

a, Incidental ingestion of COPCs in on-site subsurface soil + dermal contact
with COPCs in subsurface soil + inhalation of airborne COPCs

4, Current Recreational Children and Adults

a. Ingestion of COPCs in surface water and sediment + dermal contact with
COPCs in surface water and sediment

b. Ingestion of fish tissue (adults only)

The total site ICR and HI values associated with current and future receptors at this site are
presented in Table ES-2. The total site ICR for the current recreational child (4.4 x 107) current
recreational adult (1.9 x 10%), and current military personnel (3.1 x 10°) are below the USEPA's
upper bound risk range (1 x 10*to 1 x 10), therefore adverse effects are considered unlikely. The
total site HI for the current recreational child (0.01) and current military personnel (0.09) did not
exceed unity. Therefore, adverse effects are considered unlikely. The total site HI for the current
recreational adult (1.8) is slightly above unity. The total site risk is due to potential exposure from
fish fillet ingestion which is driven by the presence of mercury. However, the exposure parameters
used to calculate risk from fish ingestion are very conservative; mercury was not found to be causing
arisk in any other media at Site 35; and the fish collected at Site 35 are considered migratory and
move along Brinson Creek, therefore this risk may not be due to contamination at the site.
Therefore, the risk from ingestion of fish may not be site related.

The total site ICR and HI for the future construction worker (1.2 x 107 and 0.02, respectively) are
below the USEPA's risk range, therefore, risk to this receptor is considered unlikely. The total site
ICR for future adult residents (4.3 x 10”*) and future child residents (2.1 x 10%) exceed the USEPA's
upper bound risk range (1 x 10*to 1 x 10). The total site risk is driven by future potential exposure
to groundwater. The ICR values are driven by the presence of arsenic and beryllium. The total site
HI for the future adult resident (44) and the future child resident (104) exceed unity. The total site
risk is driven by future potential exposure to groundwater. The HI values are driven by the presence
of cis-1,2-dichlorothene, trichloroethene, benzene, antimony, arsenic, barium, chromium, cadmium,
manganese, and vanadium.

Ecological Risk Assessment

Overall, metals and pesticides appear to be the most significant site related COPCs that have the
potential to affect the integrity of the aquatic and terrestrial receptors at Site 35. Although the
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American alligator has been observed at Site 35, potential adverse impacts to this species could not
be quantitatively evaluated.

Aquatic Ecosystem

Surface water quality showed exceedances of aquatic reference values for lead, mercury, and zinc.
In addition, iron, cobalt and manganese were above the concentration that caused adverse impacts
to aquatic species in a few studies. However, most of the studies did not meet the criteria for
reliability, and other studies indicated that potential impacts to aquatic organisms did not occur at
the concentrations detected in the surface water at Brinson Creek. For sediments, concentrations
of lead and the organics dieldrin, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT, endrin, alpha-chlordane, and
gamma-chlordane exceeded the aquatic reference values. In the surface water, mercury exceeded
aquatic reference values in the upstream stations. Although these levels were indicative of a high
potential for risk (QI > 100), mercury is not believed to be site related. Zinc only exceeded unity
slightly and was only found at a single station. Lead has a single exceedance of the aquatic
reference value by slightly greater than 10 indicating a moderate potential for risk to aquatic
receptors. Lead also was found in the groundwater samples at similar levels and is site related.

In the sediments, lead exceeded the lower sediment aquatic reference value throughout Brinson
Creek. The only exceedances of the higher sediment aquatic reference value occurred downstream
of Site 35 with the highest QI of 137 representing a high potential for risk to aquatic receptors. The
lead detected in the sediments is likely site related, the result of past reported surface spills/runoff
and past and ongoing groundwater discharges to surface water.

Pesticides exceeded the sediment aquatic reference values throughout Brinson Creek. The highest
QI, 2,600 for dieldrin, represents a high potential for risk to aquatic receptors. There is no
documented pesticide disposal or storage/preparation activities at Site 35. The pesticide levels
detected in the sediments probably are a result of routine application in the general vicinity of
Site 35.

Although, the pesticides in the sediments were found at levels indicating contamination throughout
the watershed, the highest levels were observed in the lower reaches of Brinson Creek. This
deposition trend may be related to the higher organics in the sediments in the lower reach, which
would accumulate more of these types of contaminants.

The fish community sampled in Brinson Creek was representative of an estuarine ecosystem with
both freshwater and marine species present. In addition, the presence of blue crabs, grass shrimp,
and crayfish support the active use of Brinson Creek by aquatic species. '

The absence of pathologies observed in the fish collected from Brinson Creek indicates that the
surface water and sediment quality may not adversely impact the fish community.

The benthic macroinvertebrate community demonstrated the typical tidal/freshwater species trend
of primarily chironmids and oligochaetes in the upper reaches and polychaetes and amphipods in
the lower reaches. Species representative of both tolerant and intolerant taxa were present. Species
richness and densities were representative of an estuarine ecosystem.

In summary, the aquatic community in Brinson Creek is representative of an estuarine community
and does not appear to be significantly impacted by surface water and sediment quality.
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Terrestrial Ecosystem

Surface soil quality indicated a potential for adversely impacting the terrestrial receptors that have
direct contact with the surface soils. This adverse impact is primarily due to cadmium in the surface
soils. Cadmium was detected at a relatively high concentration in only out of ten surface soil
samples, therefore any estimation of adverse effects on terrestrial receptors using this cadmium
concentration is conservative.

There also appears to be impacts to the terrestrial receptors due to copper in the fish tissue. Copper
was not detected in the surface water but was detected in sediment samples collected downstream
of Site 35 at concentrations lower than the sediment samples taken upstream of Site 35. As such,
the copper in the fish tissue does not appear to be site related.

Conclusions

Site 35 is an active petroleum product Fuel Farm scheduled for decommissioning
and dismantlement in early 1995. The Fuel Farm dates back to 1945 and has a
poorly documented history of various spills and leaks associated with aboveground
and underground storage tanks and associated piping.

Site 35 is situated within Camp Geiger in the northwest corner of Camp Lejeune.
It is located along Brinson Creek which is a boundary line between Camp Lejeune
and adjacent private property.

Several environmental studies have been conducted at Site 35 dating back to 1983.
The data obtained to date indicate the presence of significant elevated levels of
organic and inorganic contaminants in surficial groundwater, Brinson Creek
sediments, and fish tissue. Contaminated soil (fuel-related) in the vicinity of a
proposed highway through Site 35 has been addressed through an Interim Record
of Decision executed on September 15, 1994. One potentially significant area of
subsurface soil contamination was identified during the RI in the vicinity of the
Barracks located southwest of the Fuel Farm based on detections of PCE subsurface
soil samples obtained from borings 35SMW-30B and -37B. In addition, the Baker
field team commented that during the drilling of boring 35SMW-29B a strong odor
was encountered although no VOCs or SVOCs were detected in subsurface soil
samples obtained at this location.

Organic contamination in groundwater is presently limited to the surficial aquifer
which is monitored at two levels including the groundwater surface (upper portion)
and atop an underlying suspected semi-confining layer (lower portion). The
suspected semi-confining layer appears to be adequately serving as an effective
aquitard separating the surficial aquifer from the underlying Castle Hayne Aquifer
as no significant levels of contamination were detected in the underlying Castle
Hayne Aquifer. Relative to organic contaminants, both fuel- and solvent-related
contaminants were detected in groundwater samples obtained from the upper and
lower portions of the surficial aquifer. In general, fuel-related contamination was
detected most prevalently in samples obtained from wells monitoring the upper
portion of the surficial aquifer. Conversely, solvent-related contaminants were
more prevalent in groundwater samples obtained from wells monitoring the lower
portion of the surficial aquifer.
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SI1-S4

TABLE ES-2
TOTAL SITE RISK
OPERABLE UNIT NO. 10 (SITE 35)
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA
Soil Groundwater Surface Water Sediment Fish TOTALS
t .
Receptors ICR HI ICR HI ICR HI ICR HI ICR HI ICR HI

Future Child Resident 4,5E-05 0.93 2.1E-03 103 NA NA NA NA NA NA 2.1E-03 104

(=<1 (D 99) (99
Future Adult Resident 2.7E-05 0.10 4 3E-03 44 NA NA NA NA NA NA 4.3E-03 44

(<D Q3] (99) 99)
Future Construction Worker 1.2E-07 0.02 NA NA NA NA NA NA NA NA 1.2E-07 0.02

(100) | (100)
Current Military Personnel 3.1E-06 0.09 NA NA NA NA NA NA NA NA 3.1E-06 0.09

(100) (100)
Current Recreational Child NA NA NA NA 1.1E-07 | <0.01 | 3.3E-07 0.01 NA NA 4 4E-07 0.01

27 (<D (73) 99)
Current Recreational Adult NA NA NA NA 1.2E-07 | <0.01 | 4.5E-07 | <0.01 1.8E-05 1.8 1.9E-05 1.8
(<1) (<1 (=N (<1 99 (99)

Notes: ICR = Incremental Lifetime Cancer Risk

HI = Hazard Index
ND = Not Determined
NA = Not Applicable

() = Percent Contribution to Total Risk




The source of the fuel-related groundwater contamination appears to be the Fuel
Farm, underground piping, and nearby USTs. It appears to be adequately defined
and somewhat limited to the area north of Fourth Street.

Solvent-related contamination appears to be separated into two plumes. The
smaller plume is located in the vicinity of Building TC474, a former Vehicle
Maintenance Garage, which is its most likely source. The larger plume is located
west of the Fuel Farm and extends from north of Fourth Street south to Fifth Street
and possibly beyond. Based on data obtained to date the horizontal limits of the
second solvent-related plume has not been defined and its source is not known.

Elevated levels of inorganic contaminants (total and dissolved) were detected in
groundwater samples obtained from within the surficial aquifer. It is questionable
whether this contamination is due to past site activities because the results are
similar to those obtained by Baker at other Camp Lejeune sites.

Organic and inorganic contaminants were detected in sediment samples obtained
at locations adjacent to and downstream of Site 35. The results of VOC analyses
were "masked" by the presence of Tentatively Identified Compounds (TICs) at high
levels. The TICs may be indicative of accumulated higher molecular weight
hydrocarbons which are the remnants of past contamination.

Inorganic contamination, primarily in the form of lead, was also detected at
elevated concentrations and is likely related to Site 35.

Baker calculated that the human health risk associated with Site 35 is in excess of
the acceptable range. The total risk was driven by future potential exposure to
groundwater and current potential exposure to fish. However, only non-
carcinogenic risks were likely with exposure to fish.

The ecological risk assessment indicated that the aquatic community within Brinson
Creek was representative of an estuarine community and does not appear to be
adversely impacted by surface water and sediment quality. Additionally, there are
no significant adverse impacts to terrestrial receptors from site-related
contaminants,

Recommendations

Based on the data obtained it is recommended that:

The remedial investigation at Site 35 be extended south of Fifth Street as needed
to define the extent and locate the source(s) of solvent-related groundwater
contamination in the surficial aquifer.

The monitoring wells screened within the surficial aquifer that were sampled under
the RI for inorganic contaminants (total phase only) be resampled using low-flow
pumping techniques. This technique uses a peristaltic pump that limits the pumping
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rate to between 0.20 - 0.30 gallons per minute (gpm). These pumping rates are set
to produce no net head loss in the well being sampled. Sediments (the likely source
of the high inorganic concentrations in total phase samples) in the bottom of the
well are also left mostly undisturbed. Samples are collected only after 3 to 5 well
volumes have been removed, water quality has stabilized, and turbidity levels are
less than 10 Nephelometric Turbidity Units (NTUs).

Surface soils and sediments be resampled for mercury and zinc in order to replace
that data which was rejected during validation. The data generated from the
additional sampling of soils and sediments combined with the results of the low-
flow groundwater sampling for metals should enable Baker to determine whether
or not Site 35 is the source of elevated zinc and/or mercury concentrations in
Brinson Creek surface water and fish. In addition, new information regarding
metals concentrations in Site 35 media will be used to further evaluate the human
health and environmental risks associated with the site. The soils and sediment data
and any associated analyses will be incorporated into an addendum to the RI
Report.

Sediment samples along Brinson Creek be obtained at locations adjacent to and
downstream of Site 35 and analyze for TPH (EPA Methods 5030 and 3550) so as
to provide data regarding the extent of organic contamination that was "masked" by
TICs in results obtained under the RI. '

An Interim Remedial Action Feasibility Study be prepared that focuses on
groundwater in the vicinity of the Fuel Farm and north of Fourth Street. The
purpose of this Interim FS will be to address groundwater contamination in this area
which may be a continuing source of contamination to Brinson Creek.

The northeastern edge of the halogenated organic plume has not been delineated.
Therefore, soil and groundwater samples should be collected on the northern side
of Brinson Creek in order to determine if the creek is acting as a barrier to
groundwater contamination that may be migrating off-site.

Special precautions be taken when soil excavation is performed during the
construction of the new highway. Specifically, it is recommended that the written
construction workplans reference the need for monitoring of volatile organic
contaminant concentrations in the breathing zone of the workers, and that
institutional and engineering controls be established to minimize human exposure
to both VOCs and fugitive dust particulates. Although the calculated risk to human
health for future construction workers on Site 35 is well below the EPA acceptable
range, adverse exposure to a volatilized fraction of contaminants in the subsurface
soil or inhalation of airborne contaminants is possible.
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1.0 INTRODUCTION

This document is a report on the Remedial Investigation (RI) activities performed at Operable Unit
(OU) No. 10, Site 35 - Camp Geiger Area Fuel Farm. It has been prepared by Baker Environmental,
Inc. (Baker) for presentation to the Department of the Navy (DoN), Naval Facilities Engineering
Command, Atlantic Division (LANTDIV) under Navy CLEAN Contract Number
N62470-89-D-4814. The RI has been conducted in accordance with guidelines and procedures
presented in the National Oil and Hazardous Substances Pollution Contingency Plan (NCP)(40 CFR
300.430). USEPA's Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (USEPA 1988) was used as a guide for preparing this document.

The purpose of this RI was to evaluate the nature and extent of the threat to public health and the
environment caused by the release of hazardous substances, pollutants or contaminants. This was
accomplished by sampling several media (soil, groundwater, sediment, surface water, fish, crabs,
and benthic macroinvertibrates) at OU No. 10, evaluating the analytical data and performing a
human health risk assessment (RA) and ecological RA. This RI report contains the results of all
field investigations, a technical memorandum summarizing groundwater data and aquifer
characteristics at MCB, Camp Lejeune, the human health RA, and the ecological RA. Previous
investigations were conducted by Water and Air Research, Inc., (WAR) Environmental Science and
Engineering, Inc. (ESE), NUS Corporation (NUS), Law Engineering (LAW) and Baker
Environmental, Inc. (Baker).

Marine Corps Base (MCB) Camp Lejeune, North Carolina has been actively involved in various
environmental investigation and remediation programs since 1983, beginning with the Navy
Assessment and Control of Installation Pollutants (NACIP) Program. The first study conducted
under the NACIP to investigate potentially hazardous site at MCB Camp Lejeune was an Initial
Assessment Study (IAS). It was conducted in 1983 and identified areas of concern that may
potentially cause threats to human health and the environment as a result of past storage, handling,
and/or disposal of hazardous material. Based on a review of historical records, field inspections and
personal interviews, 76 areas of concern (AOCs) were identified. The IAS concluded that none of
the sites pose an immediate threat to human health or the environment, however, 22 sites warrant
further investigation to assess long-term impacts. During preliminary investigation of the AOCs,
an additional AOC (Site 78, Hadnot Point Industrial Area) was identified.

The Department of Navy's Installation Restoration Program (IRP) was initiated in 1986 following
the legislation of the Superfund Amendments and Reauthorization Act (SARA). The IRP was
implemented to follow the requirements of SARA and replaced the NACIP.

MCB Camp Lejeune was placed on the Comprehensive Environmental Response, Compensation and
Liability Act (CERCLA) National Priorities List (NPL) effective October 4, 1989 (54 Federal
Register 41015, October 4, 1989). Subsequently, a Federal Facilities Agreement (FFA) between the
United States Environmental Protection Agency Region IV (EPA), the North Carolina Department
of Environment, Health and Natural Resources (NC DEHNR), and the DoN was signed in February
1991. The primary purpose of the FFA is to ensure that environmental impacts associated with past
and present activities at the MCB are thoroughly investigated and appropriate CERCLA
response/Resource Conservation and Recovery Act (RCRA) corrective action alternatives are
developed and implemented as necessary to protect public health and the environment.
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The FFA covers 23 sites at MCB Camp Lejeune that require investigation in accordance with the
NCP, CERCLA and SARA under the terms and conditions outlined in the FFA. These sites have
been divided into 13 operable units to simplify proceeding with Remedial Investigation/Feasibility
Studies (RI/FS) activities.

1.1 Background

This section presents an overview of Site 35 and is divided into two subsections, Site Description
and Site History.

1.1.1  Site Description

MCB, Camp Lejeune (also referred to as the "Activity") is located in Onslow County, North
Carolina (Figure 1-1). The Activity currently covers approximately 234 square miles and is bisected
by the New River, which flows in a southeasterly direction and forms a large estuary before entering
the Atlantic Ocean. The borders of the Activity are defined by the U.S. Route 17 and State Route
24 to the west and northwest, respectively. The eastern border is defined by the Atlantic Ocean
shoreline and the City of Jacksonville, North Carolina, borders the Activity to the north.

Camp Geiger is located at the extreme northwest corner of MCB Camp Lejeune and contains a
mixture of troop housing, personnel support and training facilities. The main entrance is located
along U.S. Route 17, approximately 3.5 miles southeast of the City of Jacksonville, North Carolina.
Site 35, Camp Geiger Area Fuel Farm refers primarily to five, 15,000-gallon aboveground storage
tanks (ASTs), a pump house, a fuel loading/unloading pad, an oil water separator, and a distribution
island situated just north of the intersection of Fourth and "G" Streets. Results of previous
investigations have expanded the study area beyond the confines of the Fuel Farm. To date, the
study area is bounded on the west by D Street, on the north by Second Street, on the east by Brinson
Creek and on the south by Fifth Street and Building No. TC572 (Figure 1-2).

Brinson Creek begins north of US Route 17 and forms the eastern boundary of the site and Camp
Geiger, as it flows to the New River. East of Brinson Creek is private property. It appears, based
on rough field measurements and observations, that Brinson Creek is tidally influenced to some
point north of Site 35.

The 40-acre study area surrounding Site 35 is primarily covered with vegetation. Although the
majority of the area is maintained, the portion adjacent to Brinson Creek is heavily wooded and
overgrown. Roadways, buildings, former building foundations and several large parking areas are
located throughout the study area. Eight large warehouses (TC572, TC470, TC473, TC474, TC462,
TC560, TC341, and TC342), five barracks (G530 through G534) for temporary housing troops and
an armory (G480) presently exist within the boundaries of the study area.

A pair of abandoned railroad tracks are located near warehouses TC462 and TC560 oriented in the
north/south direction which appear to have been used to supply the series of three warehouses (two
existing and one former), the ice house and the fuel farm. Chemicals are currently being stored
within a fenced portion of the study area located between warehouses TC470 and TC572. The
foundations of previously existing structures are scattered throughout the study area marking the
former existence of a warehouse (TC460), a mess hall, a mess hall heating plant, a gas station and
an ice house.
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Two large fields exist in the central and western central portions of the study area. Both of the fields
are used for recreation and training exercises. The "COMMARFORLANT Nuclear Biological
Chemical Defense School Training Range" is located southeast of the site. Training exercises and
lectures on nuclear, chemical and biological warfare are administered at this facility. This facility
stores and employs the chemical warfare training agent CS (0-chlorobenzylidene malonitrile) on a
regular basis.

1.1.2  Site History

Construction of MCB, Camp Lejeune began in 1941 with the objective of developing the "Worlds
Most Complete Amphibious Training Base." Construction started at Hadnot Point, where the major
functions of the Activity are centered. Development at the Activity is primarily in five geographical
locations under the jurisdiction of the Base Command. These areas include Camp Geiger, Montford
Point, Courthouse Bay, Mainside, and the Rifle Range Area.

Construction of Camp Geiger was completed in 1945, four years after construction of MCB, Camp
Lejeune was initiated. Originally, the Fuel Farm ASTs were used for the storage of No. 6 fuel oil,
but were later converted for storage of other petroleum products including unleaded gasoline, diesel
fuel, and kerosene. The date of their conversion is not known.

Routinely, the ASTs at Site 35 supply fuel to an adjacent dispensing pump. A leak in an
underground line at the station was reportedly responsible for the loss of roughly 30 gallons per day
of gasoline over an unspecified period (Law, 1992). The leaking line was subsequently sealed and
replaced.

The ASTs at Site 35 are currently used to dispense gasoline, diesel and kerosene to government
vehicles and to supply underground storage tanks (USTs) in use at Camp Geiger and the nearby New
River Marine Corps Air Station. The ASTs are supplied by commercial carrier trucks which deliver
product to fill ports located on the fuel loading/unloading pad located south of the ASTs. Six, short-
run (120 feet maximum), underground fuel lines are currently utilized to distribute the product from
the unloading pad to the ASTs. Product is dispensed from the ASTs via trucks and underground

piping.

Previously abandoned underground distribution line extended from the ASTs to the former Mess
Hall Heating Plant, located adjacent to "D" Street, between Third and Fourth Streets. The
underground line dispensed No. 6 fuel oil to a UST which fueled the Mess Hall boiler. The Mess
Hall, located across "D" Street to the west, is believed to have been demolished along with its
Heating Plant in the 1960s.

Reports of a release from an underground distribution line near one of the ASTs date back to 1957-
58 (ESE, 1990). Apparently, the leak occurred as the result of damage to a dispensing pump. At
that time the Camp Lejeune Fire Department estimated that thousands of gallons of fuel were
released although records of the incident have since been destroyed. The fuel reportedly migrated
to the east and northeast toward Brinson Creek. Interceptor trenches were excavated and the
captured fuel was ignited and burned.

In April 1990, an undetermined amount of fuel was discovered by Camp Geiger personnel along two
unnamed drainage channels north of the Fuel Farm. Apparently, the source of the fuel, believed to
diesel or jet fuel, was an unauthorized discharge from a tanker truck that was never identified. The
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Activity reportedly initiated an emergency clean-up which included the removal of approximately
20 cubic yards of soil.

The Fuel Farm is scheduled to be demolished by April 1995. Plans are currently being prepared to
empty, clean, dismantle, and remove the ASTs along with all concrete foundations, slabs on grade,
berms and associated underground piping. The Fuel Farm is being removed to make way for a six
lane divided highway proposed by the North Carolina Department of Transportation (NCDOT)
(Figure 1-3).

In addition to the Fuel Farm dismantling, soil remediation activities will be executed along the
highway right-of-way as per an Interim Record of Decision executed on September 15, 1994. The
soil remediation work is scheduled to commence in May 1995.

1.2 umma f Previous Investigation

The purpose of this section is to summarize existing information pertaining to previous
environmental studies involving Site 35. Information presented herein can be found in the Initial
Assessment Study of Marine Corps Base, Camp Lejeune, North Carolina (WAR, 1983), Final Site
Summary Report, MCB Camp Lejeune (ESE, 1990) Draft Field Investigation/Focused Feasibility
Study, Camp Geiger Fuel Spill Site (NUS, 1990), Underground Fuel Investigation and
Comprehensive Site Assessment (Law, 1992) and the Addendum Report of Underground Fuel
Investigation and Comprehensive Site Assessment (Law, 1993) and the Interim Remedial Action
Remedial Investigation/Feasibility Study (Baker, 1994). Sample locations associated with each of
these studies are depicted on Figure 1-4.

1.2.1 Initial Assessment Study

MCB, Camp Lejeune was placed on the National Priority List (NPL) in 1983 after the Initial
Assessment Study (IAS) identified 76 potentially contaminated sites at the Activity (WAR, 1983).
Site 35 was identified as one of 23 sites warranting further investigation. Sampling and analysis of
environmental media was not conducted during the IAS.

1.2.2 Confirmation Study

ESE performed Confirmation Studies of the 22 sites requiring further investigation which included
a study of the Fuel Farm between 1984 and 1987 (ESE, 1990). In 1984, ESE advanced three hand-
auger borings (35GW-1, -2, and -3) downgradient of the site, and collected groundwater and soil
samples from each location. Soils were analyzed for lead and oil and grease. Lead was detected in
soil samples obtained from hand auger borings at concentrations ranging from 6 to 8 mg/kg. Oil and
grease was also detected at concentrations ranging from 40 to 2,200 mg/kg.

Shallow groundwater samples were obtained from the open boreholes and analyzed for lead, oil and
grease, and volatile organic compounds (VOCs) including benzene, trans-1,2,-dichloroethene (trans-
1,2,-DCE), trichloroethene (TCE), and methylene chloride. Lead was detected in each sample
ranging from 1,063 pg/L (35GW-3) to 3,659 png/L (35GW-1). Oil and grease was detected in
sample 35GW-2 at 46,000 pg/L. The only detected VOC was methylene chloride in sample 35GW-
1 at4 ng/L.
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In 1986, ESE collected two sediment (35SE] and 35SE2) and two surface water (35SW1 and
35SW2) samples from Brinson Creek and installed three permanent monitoring wells (35GW-4, -5,
and -6 which were later renamed EMW.-5, -6, and -7), two east of and one west of the Fuel Farm.
Table 1-1 details well construction. Surface water and sediment samples were analyzed for lead,
oil and grease and ethylene dibromide. Groundwater samples were obtained in December 1986 and
again in March 1987 and were analyzed for lead, oil and grease (O&G), and volatile organic
compounds (VOCs).

No target analytes were detected in either surface water sample. Both sediment samples were
reported to contain lead and oil and grease although no data indicating actual levels of detection
were provided in ESE’s report. Levels were reported to be higher in the upstream sample,
prompting ESE to suggest that the discharge of contaminated groundwater to the creek is occurring
at the far northern section of the Fuel Farm ASTs or that the source of O&G and lead may be
upstream.

Lead was detected in only one of six samples (33 pg/L: EMW-6) obtained from the three permanent
monitoring wells. Oil and grease was detected in all six samples in a range from 200 pg/l. (EMW-5:
December 1986) to 12,000 pg/L (EMW-5: March 1987). Detected VOCs included benzene (range:
1.3 pg/L at EMW-7 to 30 pg/L at EMU-6), trans-1,2,-DCE (range: 3.2 ng/L at EMW-5 to 29 pg/L
at EMW-7), and TCE (detected at 11 pg/L at EMW-7 on both sample dates).

ESE recommended further investigations designed to determine the horizontal and vertical extent
of contamination residing within the soils and groundwater beneath the site and sediments in Brinson
Creek. In addition, ESE recommended investigation of the adjacent automotive maintenance/hobby
shop to determine if it is a source of VOC contamination. In conjunction with the investigations,
ESE recommended a risk assessment for portions of the ESE report that pertain to Site 35
(Appendix A).

1.2.3 Focused Feasibility Study

A Focused Feasibility Study (FFS) was conducted in 1990 in the area north of the Fuel Farm by
NUS. Although the FFS was conducted, a Record of Decision was not signed as a result. The FFS
included the installation of four groundwater monitoring wells numbered EMW-1, -2,-3, and -4.
Table 1-1 summarizes well construction details. Baker was not able to obtain a copy of the NUS
report. It was, however, discussed in the Comprehensive Site Assessment Report (Law, 1992). Law
indicated that the results of laboratory analysis revealed groundwater in one well and soil cuttings
from two borings were contaminated with petroleum hydrocarbons although non-aqueous product
was not observed. No quantifiable data was provided in the Law report.

A geophysical investigation was also conducted by NUS as part of the FFS in an attempt to identify
USTs at the site of the former gas station. The results indicated the presence of a geophysical
anomaly in the vicinity of the former gas station.

1.2.4 Comprehensive Site Assessment

Law conducted a Comprehensive Site Assessment (CSA) during the fall of 1991 (Law, 1992). The
CSA involved the drilling of 18 soil borings to depths ranging from 15 to 44.5 feet. These soil
borings were ultimately converted to nested wells (MW-8 through 25) that monitor the water table
aquifer along two zones. The shallow wells were constructed to monitor the water table and
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generally screened from 2.5 to 17.5 feet below ground surface (bgs). The deeper wells monitored
the lower portion of the surficial aquifer and are generally screened from 17.5 to 35 feet bgs.
Table 1-2 summarizes well construction details. Well MW-20 was the only well installed that is not
a double nested well. It is screened from 3 to 12.5 feet bgs. Five additional soil borings were drilled
and nine soil borings were hand-augered to provide data regarding vadose zone soil contamination.
Three soil borings (SB-1, SB-2, SB-3) were drilled specifically to provide subsurface stratigraphic
data. Additional groundwater data was provided via 21 drive-point groundwater or "Hydropunch"
samples. A "Tracer" study was also performed to investigate the integrity of the ASTs and
underground distribution piping.

Soil and groundwater samples obtained under the CSA were analyzed for both organic and inorganic
compounds. Groundwater analyses included purgeable hydrocarbons (EPA 601), purgeable
aromatics and methyl-tertiary-butyl-ether (MTBE) (EPA 602), polynuclear aromatic hydrocarbons
(PAHs) (EPA 610), and unfiltered lead (EPA 239.2). Soil analyses were limited to total petroleum
hydrocarbons (TPH) (SW846 3rd Edition, 5030/3550: gasoline/diesel fractions) and lead (SW846
3rd Edition, 6010). In addition, ten soil samples were analyzed for ignitability by SW846 3rd
Edition, 1010.

The results of the CSA identified areas of impacted soil and groundwater. The nature of the
contamination included both halogenated (i.e., chlorinated) organic compounds (e.g., TCE, trans-
1,2-DCE, and vinyl chloride) and nonhalogenated, petroleum-based constituents (e.g., TPH, MTBE,
benzene, toluene, ethylbenzene, and xylene). The contamination encountered was typically
identified in both shallow (2.5 to 17.5 feet bgs) and deep (17.5 to 35 feet bgs) wells.

Law also identified several plumes of shallow groundwater contamination including two plumes
comprised primarily of petroleum-based constituents (e.g., BTEX) and two plumes comprised of
halogenated organic compounds (e.g., TCE). The plumes are all located north of Fourth Street and
east of E Street except for a portion of a TCE plume that extends southwest beyond the corner of
Fourth and E Streets.

In general, contaminant concentrations in soil were greatest in those samples taken at or below the
water table. Law concluded that soil contamination at Site 35 was likely due to the presence of a
dissolved phase groundwater plume and seasonal fluctuations of the water table. For portions of this
report, refer to Appendix B.

A follow-up to the CSA was conducted by Law in 1992. Reported as an Addendum to the CSA
(Law, 1993), it was designed to provide further characterization of the southern extent of the
previously identified petroleum contamination. Three monitoring wells were installed including
MW-26, -27, and PW-28. Monitoring well construction details are summarized in Table 1-2. Soil
samples were obtained from each of these locations and analyzed for TPH (gasoline and diesel
fractions). As part of the follow-up, a pump test was performed to estimate the hydraulic
characteristics of the surficial aquifer. This test was designed to determine performance
characteristics of the pumping well (PW-28) and to estimate hydraulic parameters of the aquifer.
An approximate hydraulic conductivity of 100 feet/day was determined for the surficial aquifer.
Portions of the Addendum to the CSA is provided in Appendix C.
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1.2.5 Interim Remedial Action RI/FS

An Interim Remedial Action field investigation was initiated by Baker in December 1993. Its
purpose was to provide additional soil data to augment the existing Site 35 database, to determine
the presence of non-fuel related chemical contaminants, to provide additional information regarding
the extent of soil contamination, and to support an Interim Remedial Action FS.

Seven soil borings (SB-29 through SB-35) were advanced to depths 6 to 12 feet for the purpose of
collecting samples for chemical analysis. Samples were screened with an HNu photoionization
detector (PID) to detect potential volatile organic hydrocarbons and to help select which sample
would be submitted for laboratory analysis. Samples submitted to the laboratory were analyzed for
USEPA Contract Laboratory Program (CLP) Target Compound List (TCL) volatiles and
semivolatiles, Target Analyte List (TAL) inorganics, TPH by SW846 3rd Edition, Modified Method
8015 and oil and grease by SW846 3rd Edition Method 9071. Samples analyzed for TPH were
extracted in accordance with SW 846 3rd Edition, Methods 5030 (gasoline range organics) and 3550
(diesel range organics). A composite sample was analyzed for the TCLP and RCRA Hazardous
Waste Characteristics.

In addition, 13 shallow surface soil samples (BCSB-01 through BCSB-13) were collected at a depth
of 0" to 12" from topographically low areas of Brinson Creek and the drainage channel located north
of the Fuel Farm. Soil samples BCSB-01 through BCSB-10 were analyzed for CLP TCL volatiles
and semivolatiles, TAL inorganics, TPH by SW 846 3rd Edition, Modified Method 8015 and oil and
grease by SW 846 3rd Edition, Method 9071. Soil samples BCSB-11, 12, and 13 were analyzed for
TPH and oil and grease only. A composite sample was analyzed for full TCLP and RCRA
characteristics.

In general, analytical data gathered during the Interim RI suggests that the petroleum hydrocarbon
contamination is primarily located near the surface of the shallow groundwater. The results indicate
that the highest TPH related contamination occurs at or below the water table and groundwater
fluctuations likely account for the subsurface soil contamination detected immediately above the top
of the groundwater.

The Interim Remedial Action RI/FS culminated with an executed Interim Record of Decision
(ROD), signed on September 15, 1994, for the remediation of contaminated sotl along and adjacent
to the proposed highway right-of-way at Site 35. Three areas of contaminated soil have been
identified. The first area is Jocated in the vicinity of the Fuel Farm ASTs, and the two other areas
are located north of the Fuel Farm. The larger of these two areas is located along "F" Street in the
vicinity of monitoring well MW-25. Baker has estimated that approximately 3,600 cubic yards
(4,900 tons) of contaminated soil is present in these areas. Contaminated soil located in these areas
is scheduled for removal and disposal at an off-site soil recycling facility beginning in 1995.

A fourth area of soil contamination, located immediately north of Building G480, was also identified
in the Interim ROD. Additional data pertaining to this fourth area became available subsequent to
the execution of the Interim ROD. This data indicated that contaminated soil was encountered in
this area during the removal of a UST there in January 1994. The contaminated soil was excavated
and reportedly disposed off site; however, no documentation is available regarding how or where
the soil was disposed. An additional soil investigation will be conducted in this area to confirm that
the contaminated soil was not returned to the excavation and that follow-up soil remediation in this

area is not necessary.
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1.2.6  Other Investigations

Two USTs located near the Fuel Farm have been the subject of previous investigations conducted
under the Activity's UST program. The two USTs include a No. 6 fuel oil UST situated adjacent to
the former Mess Hall Heating Plant and a No. 2 fuel oil UST situated adjacent to Building G480
(Explosive Ordnance and Disposal Armory, Office, and Supply Building). The former was
abandoned in place years ago (date unknown) and has been the subject of previous environmental
investigations performed by ATEC Associates, Inc. (ATEC) and Law. The latter was removed in
January 1994. Contaminated soils adjacent to the UST were reportedly removed with the tank.
However, samples were not collected to confirm the limits of contamination.

As part of the Interim Remedial Action for soil to be executed in 1995 by OHM Corporation, four
soil borings will be advanced in the immediate vicinity of the former No. 2 fuel oil UST. Soil
samples will be collected from each location immediately above the water table and analyzed for
TPH (5030 and 3550). The sampling is expected to verify the remaining soils do not contain
hydrocarbon contamination associated with the former UST.

ATEC conducted a site assessment in the vicinity of Building TC341 to investigate contamination
associated with the UST previously used to supply fuel to the Mess Hall Heating Plant. During the
investigation, ATEC installed three shallow monitoring wells and analyzed the soils and
groundwater for TPH (EPA Method 8015) and BTEX (EPA Method 8020) (ATEC, 1992). The
details of well construction are summarized on Table 1-1.

Results of TPH in soils ranged from 110 mg/kg (MW-3) to 2,000 mg/kg (MW-2). Total BTEX was
detected in soils ranging from non-detected concentrations to 5,530 pg/kg in MW-2. TPH in
groundwater was detected in MW-1 at a concentration of 5 mg/L and in MW-2 at 3 mg/L. Total
BTEX was detected in the groundwater sample collected from MW-2 at a concentration of 34 pg/L.
Based on these resuits, ATEC had recommended removal of the UST and associated piping. For
details of the ATEC report please refer to Appendix E.

Law submitted a report for a leaking underground storage tank (LUST) site assessment for Building
TC341 on April 13, 1994, to LANTDIV summarizing the activities conducted in March 1994. The
assessment was conducted in order to delineate the extent of contamination identified by ATEC.

The assessment involved the installation of 12 Type II and two Type III groundwater monitoring
wells and analysis of soils and groundwater (Figure 1-4). Well construction details are provided on
Table 1-3. The soils were analyzed for TPH according to EPA Methods 5030/8015 (volatile
fractions), 3550/8015 (semivolatile fraction), and 9071 (oil and grease), TCLP metals, ignitability,
and pH. Groundwater samples were analyzed for purgeable aromatic hydrocarbons (EPA
Method 602), polynuclear aromatic hydrocarbons (EPA Method 610), and the eight RCRA metals.

Results of TPH (5030/8015) in soils ranged from nondetectable concentrations to 4,100 mg/kg in
MW-14 (3.5 to 5 feet). TPH (3550/8015) was detected in soil samples at MW-11, MW-17, MW-14,
and MW-15 at concentrations of 11 mg/kg, 11 mg/kg, 800 mg/kg, and 490 mg/kg, respectively. In
addition, TCLP metals (barium, chromium, and cadmium) were detected in samples at
concentrations below TCLP limits. Results for pH in soils range between 5.53 to 7.48 and
ignitability was not detected.
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RCRA metals, volatile organic compounds, and semivolatile organic compounds were detected in
groundwater samples from monitoring wells MW-1 through MW-17. RCRA metals were detected
in both of the samples submitted for metals analyses. Volatile organic compounds were detected
in four of the five samples submitted for analyses. Seventeen samples were submitted for analyses
of semivolatile organic compounds and five possessed detectable concentrations. For complete
details and results of the investigation, refer to Appendix F.

Law concluded that the majority of the soil and groundwater contamination originating from the tank
system at Building TC341 had been adequately defined. Preparation of a Corrective Action Plan
is in progress and was scheduled to be completed in January 1995.

1.3 Report Organization

The RI Report is a compilation of nine sections. Section 1.0, Introduction, presents the purpose of
the RI, site description, site history, and results of previous investigations. The field investigation
activities conducted under the RI are summarized in Section 2.0 and the physical characteristics of
the study are summarized in Section 3.0. Section 4.0 presents a discussion of the nature and extent
of contamination. Contaminant fate and transport and the baseline risk assessment are presented in
Sections 5.0 and 6.0, respectively. Section 7.0 presents details of the ecological risk assessment.
Conclusions and recommendations are discussed in Section 8.0. Tables, figures, and references
pertinent to each section are presented at the end of each section.
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SUMMARY OF EXISTING WELL CONSTRUCTION DETAILS

TABLE 1-1

1992 UNDERGROUND STORAGE TANK ASSESSMENT NEAR THE FORMER MESS HALL HEATING PLANT

1990 FIELD INVESTIGATION OF CAMP GEIGER FUEL SPILL SITE

1986 SITE ASSESSMENT OF CAMP GEIGER FUEL FARM
SITE 35, CAMP GEIGER AREA FUEL FARM

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA
CONTRACT TASK ORDER 0232

Top of Ground Surface
Date Consultant PVC Casing Elevation Stick-Up Boring Well Screen Depth to Depth to
Well No. Installed Supervising Elevation (feet, above (feet, above Depth Depth Interval Depth | Sand Pack | Bentonite
Well Installation (feet, above M’SL) ground surface) | (feet, bgs)® | (feet, bgs) (feet, bgs) (feet, bgs) | (feet, bgs)
MSL)®
1992 Underground Storage Tank Assessment Near Former Mess Hall Heating Plant
MW-1® | 6-1-92 | ATEC and Associates 20.59® - - 20.0 20.0 5.0-20.0 3.0-20.0 2.0-3.0
MW-2®) | 6-2-92 | ATEC and Associates 21.13® - -- 20.0 20.0 5.0-20.0 3.0-20.0 20-3.0
MW-3® | 6-2-92 | ATEC and Associates 20.49® -- - 20.0 20.0 5.0-20.0 3.0-20.0 2.0-3.0
1990 Field Investigation of Camp Geiger Fuel Spill Site
EMW-1 1990 NUS 19.16 17.40 1.87 - 23.0 8.5-17.5® - --
EMW-2 1990 NUS - -- -- - 1.87 - 10.89% - -
EMW-3 1990® NUS 7.00 4,70 2.3M -- 14.85 3.06 - 12,06 -- -
EMW-4 1990¢ NUS -- - -- - 2.61-11.619 - -
1986 Site Assessment of Camp Geiger Fuel Farm
EMW-35 1986® ESE 17.987 16.1M 1.9M -- 26.30 10.5 - 24.5% - -
EMW-6 1986® ESE 15.97M 1420 1.8M - 28.67 10.5 - 24,5@ - -
EMW-7 1986®) ESE 18.490 16.4M 2.10 - 27.80 10.5 - 24,59 - -
Notes: @ MSL = mean sea level

@
@)

@
©)
®
N
@®)

bgs = below ground surface
Calculated values based on elevations recorded in Law's report, "Final Report Underground Fuel Investigation Comprehensive Site Assessment," dated
February 7, 1992.
Data/information was found in Law's report, "Final Report Underground Fuel Investigation Comprehensive Site Assessment," dated February 7, 1992.
Data/information found in ESE's "Site Summary Report," dated September 1990.
Elevations as recorded in Law's report, "Leaking Underground Storage Tank, Site Assessment Report," dated April 13, 1994.
Data was gathered by Baker during 1994 Remedial Investigation.
-- Indicates that the data is not known.




TABLE 1-2

SUMMARY OF EXISTING WELL CONSTRUCTION DETAILS
1991 ASSESSMENT OF A SUSPECTED FUEL LEAK ORIGINATING FROM THE CAMP GEIGER FUEL FARM (1991)

SITE 35, CAMP GEIGER AREA FUEL FARM
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA
CONTRACT TASK ORDER 0232

hy

Top of Ground Screen Depth to

Consultant PVC Casing Surface Stick-Up Boring Well P Depth to
Date .. . . Interval Sand . 3
Well No. Supervising Elevation Elevation (feet, above Depth Depth o) &) Bentonite®

Installed ; 7 Depth Pack
Well Installation (feet, above (feet, above | ground surface) | (feet, bgs) (feet, bgs) (feet, bgs) | (feet, bgs) (feet, bgs)
MSL)® MSL) » 8 - 98

MW-8S/D | 8-15-91 | Law Engineering 19.17® 16.8® 2.4 30.0 30.0 45-135 | 2.0-150 1.0-2.0
20.5-29.5 [ 18.0-30.0 | 15.0-18.0

MW-9S/D | 8-16-91 | Law Engineering 18.88 16.9 2.0 30.0 30.0 35-125 | 2.0-13.0 1.0-2.0
25.5-29.5 116.0-30.0 | 13.0-16.0

MW-10S/D | 8-19-91 | Law Engineering 19.01 16.6 24 30.0 30.0 45-135 | 2.0-14.0 1.0-2.0
25.5-29.5 | 19.0-30.0 | 16.0-19.0

MW-118/D | 8-19-91 | Law Engineering 18.39@ 15.9¢ 2.5 30.0 30.0 45-135 } 2.0-195 1.0-2.0
255-29.5 |22.5-30.0 | 19.5-225

MW-128/D | 8-19-91 | Law Engineering 19.94 17.3 2.6 28.5 28.5 50-14.0 | 3.0-145 20-3.0
24.0-28.0 | 19.0-285{ 15.5-19.0

MW-13S/D | 8-19-91 | Law Engineering 17.02 14.6 24 30.0 30.0 55-145 | 3.0-185 2.0-3.0
255-295 1225-300 | 18.5-225

MW-14S/D | 8-20-91 | Law Engineering 17.73 153 24 30.0 30.0 35-125 | 20-13.0 1.0-2.0
245-285 |21.0-29.0 | 18.0-21.0

MW-15S/D | 8-20-91 | Law Engineering 18.05¢ 15.5® 2.6 30.0 30.0 45-135 | 25-175 1.5-25
25.5-29.5 125.0-30.0 | 17.5-23.0

MW-16S/D | 8-21-91 | Law Engineering 20.06 17.6 2.5 29.0 29.0 5.0-140 | 20-175 1.0-2.0
24.0-285 [20.0-245 | 17.5-20.5

MW-17S/D | 8-21-91 | Law Engineering 16.77 14.1 27 29.5 29.5 75-165 | 45-195 35-45
25.0-29.0 }22.5-30.0 [ 19.5-22.5

MW-18S/D | 8-21-91 | Law Engineering 13.40® 10.8® 2.69 25.0 25.0 30-12.0 | 1.5-14.0 05-15
20.5-245 | 17.0-250 | 14.0-17.0

MW-19S/D | 8-22-91 | Law Engineering 8.72 6.0 2.7 25.0 25.0 45-135 | 20-15.0 1.0-2.0
225-245 120.0-2501] 17.0-20.0




TABLE 1-2 (Continued)

SUMMARY OF EXISTING WELL CONSTRUCTION DETAILS
1991 ASSESSMENT OF A SUSPECTED FUEL LEAK ORIGINATING FROM THE CAMP GEIGER FUEL FARM (1991)

SITE 35, CAMP GEIGER AREA FUEL FARM
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA
CONTRACT TASK ORDER 0232

Top of

Ground

Consultant PVC Casing Surface Stick-Up Boring Well Screen Depth to Depth to
Date . . . Interval Sand G
Well No. Supervising Elevation Elevation (feet, above Depth Depth @) o Bentonite®

Installed : @ Depth' Pack
Well Installation (feet, above (feet, above | ground surface) | (feet, bgs)® | (feet, bgs) (feet, bgs) | (feet, bgs) (feet, bgs)
MSL)® MSL) » 08 08

MW-20S/D | 8-23-91 Law Engineering 15.97% 13.6® 2.49 12.5 12.5 3.0-12.0 1.5-12.5 05-1.5

MW-218/D | 8-23-91 | Law Engineering 17.57 15.1 2.5 27.5 27.5 45-135 | 2.0-14.0 1.0-2.0
25.5-27.0 122.0-285 | 19.0-22.0

MW.22S/D | 8-28-91 | Law Engineering 19.18® 16.3® 2.94 35.0 35.0 55-145 | 3.0-255 20-3.0
32.5-35.0 {29.0-35.0 [ 25.5-29.0

MW-23S/D | 8-27-91 | Law Engineering 8.74 6.4 2.3 20.0 20.0 25-95 1.0-10.0 05-1.0
17.5-20.0 | 13.0-21.0 | 10.0-13.0

MW.-24S/D | 8-28-91 | Law Engineering 18.72® 16.5® 228 29.0 29.0 85-17.5 | 4.0-20.0 0.8-3.0
26.5-29.0 |23.0-29.0 | 20.0-23.0

MW-255/D | 8-29-91 | Law Engineering 13.32 11.3 2.0 30.0 30.0 45-135 [ 20-220 1.0-2.0
27.5-30.0 [25.0-30.0 | 22.0-25.0

Notes: ' MSL = mean sea level

@
3

@
%)

bgs = below ground surface
Two wells were installed within the same borehole, therefore, the two ranges of depth correspond to depths at which the screen, sand pack, and bentonite seal
can be located with respect to each well.

Elevations as recorded in Law's report, "Final Report Underground Fuel Investigation Comprehensive Site Assessment, dated February 7, 1992.

Calculated values based on elevations recorded in Law's report, "Final Report Underground Fuel Investigation Comprehensive Site Assessment, dated February 7,

1992,

* A shallow and an intermediate well were installed in the same borehole at locations with an S/D designation. Law Engineering installed two separate sets of wells on two
occasions (August 1991 and March 1994) and duplicated designations MW-8 through MW-17. Baker added the S/D designation for clarity. The designation indicates a
shallow well screened across the water table. The D designation indicates an intermediate well screen in the 20 to 30-foot interval.

¢




TABLE 1-3

SUMMARY OF EXISTING WELL CONSTRUCTION DETAILS
1994 UNDERGROUND STORAGE TANK ASSESSMENT NEAR BUILDING TC341
' SITE 35, CAMP GEIGER AREA FUEL FARM
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA
CONTRACT TASK ORDER 0232

Top Of. Ground Surface . Screen
Date Con.sgltant PVC Ca.smg Elevation Stick-Up Boring Depth | Well Depth Interval Depth to Depth' to
Well No. Installed Superv1smg Well Elevation (feet, above (feet, above (feet, bas)® | (feet, bgs) Depth Sand Pack | Bentonite®®
Installation (feet, above MSL) ground surface) (feet, bgs) (feet, bgs) | (feet, bgs)
MSL)® :
MW-4 3-1-94 |Law Engineering 20.52 18.4 2.1 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-5 3-1-94 |Law Engineering 19.794 17.99) 1.9® 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-6 3-1-94 |Law Engineering 19.169 17.3® 1.9® 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-7 3-1-94 |Law Engineering 19.12@ 17.2® 1.9 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-8 3-1-94 |Law Engineering 16.56® 16.56® Flush® 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-9 3-3-94 |Law Engineering 19.36® 17.4® 2.09 33.0 32.0 27.0-32.0 | 24.5-33.0 | 0.0-22.0
MW-10 3-3-94 |Law Engineering 19.31@ 17.4® 1.95@ 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-11 3-4-94 |Law Engineering 19.21¥ 17.3® 1.95% 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-12 3-7-94 |Law Engineering 19.75® 17.8® 2.0® 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-13 3-7-94 |Law Engineering 17.799 15.8% 2.0® 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-14 3-8-94 |Law Engineering 16.314 16.3®) Flush® 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-15 3-8-94 |Law Engineering 16.20¥ 16.2® Flush® 30.0 30.0 25.0-30.0 | 23.0-30.0 | 0.0-22.0
MW-16 3-8-94 |Law Engineering 16.53® 16.59 Flush® 14.0 13.0 3.0-13.0 2.0-14.0 0.0-2.0
MW-17 3-8-94 [Law Engineering 16.149 16.1® Flush® 14.0 13.0 3.0-13.0 | 2.0-14.0 0.0-2.0

Notes: »  MSL = mean sea level
@ bgs = below ground surface
®  Indicates that interval is recorded as cement in well construction records submitted to the State of North Carolina, however, some bentonite usually exists
as a barrier within this interval to prevent cement infrusion into sand pack.
@ Elevations as recorded in Law's report, "Leaking Underground Storage Tank, Site Assessment Report," dated April 13, 1994.
®  Calculated values based on elevations recorded in Law's report, "Leaking Underground Storage Tank, Site Assessment Report," dated April 13, 1994.
* Law Engineering installed two separate sets of wells at this site on two occasions (August 1991 and March 1994) and duplicated designations MW-8 through MW-17.
Additional designations (S [shallow]/D [deep]) were added to these nested wells installed in 1991 for clarity.
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2.0 STUDY AREA INVESTIGATION

The field program at Site 35 was initiated to characterize potential environmental impacts and
threats to human health, ecology and the environment resulting from previous activities.
Investigations conducted at the site were initiated in an attempt to define potential impacts to surface
and subsurface soil, groundwater, sediments and surface waters. Specifically, this study was
designed to provide:

° Data regarding the nature and extent of environmental impact on aquatic and
benthic species in Brinson Creek which abuts the eastern boundary of the site.

® Additional soil and groundwater data to support a quantitative, site-wide
environmental risk assessment.

° Soil and groundwater data sufficient to afford an evaluation of the source, nature,
and extent of previously identified halogenated organic contamination in the
shallow groundwater.

2.1 RI Field Program

The majority of the RI field activities conducted at Site 35 were initiated on April 11 continuing
through and concluding on May 22, 1994. Additional work (primarily IDW management, surveying,
aquifer characterization tests and groundwater elevation measurements) was conducted at the site
between June 14 and September 10, 1994. The field program consisted of: a soil gas survey and
groundwater screening investigation; a soil investigation; a groundwater investigation; a surface
water and sediment investigation; an ecological investigation; a site survey; and investigative
derived waste (IDW) handling. Details of these activities are discussed in the following sections.

2.1.1 Soil Gas Survey and Groundwater Screening Investigation

A soil gas investigation was conducted at the site from April 13 through 16, 1994. During the
investigation, samples of soil gas (i.e., vadose zone) and groundwater (i.e., headspace) were
analyzed on site via a gas chromatograph (GC). The purpose of this investigation was to assist in
placement of soil borings/monitoring wells within the boundaries of the 40 acre site. The
investigation was performed by Tracer Research Corporation (Tracer) and was supervised by Baker
personnel. A copy of Tracer's report is provided in Appendix G. The following provides a brief
description of the soil gas field procedures and results.

2.1.1.1 Sampling Procedures and Analytical Program

Initially, 55 sampling locations were established within the study area. The proposed locations were
selected based on previous contamination identified at the site. A grid was established across the
site to define the areas of the site where contamination is present. The results of the soil gas survey
were used for placement of groundwater monitoring wells during the RI.

The locations were surveyed and marked with a bright orange wooden stake to assist Tracer in
locating the sample point. The sample number was marked on the stake to ensure proper sample
designation. An additional 18 sample locations were eventually added as the investigation
proceeded. In all, soil gas samples were collected from 67 of the 73 locations. The primary reason
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for soil gas samples not being collected was the presence of shallow groundwater near the ground
surface at five locations (35-SG-51 through 55) in the vicinity of Brinson Creek. At one other soil
gas location (35-SG-15), Tracer failed to record the analytical result. Groundwater screening
samples were collected from 72 locations (Figure 2-1). At the sample location (35-SGW-34) in
which a groundwater sample was not collected, an impervious substrate was encountered.

Prior to the day's activities, enough sampling equipment (i.e., sample probes, drive points, etc.) for
entire day's work was decontaminated by washing with soapy water and rinsing thoroughly. Internal
surfaces were flushed dry using pre-purified nitrogen and external surfaces were wiped clean with
clean paper towels. The polyethylene sampling tube was replaced after each sample point in order
to minimize cross contamination.

The entire sampling system was purged of ambient air prior to the collection of each soil gas sample.
The majority of the soil gas samples were collected by hydraulically pushing/pounding 7- and 9-
foot, 3/4-inch diameter, hollow, steel sampling probes equipped with disposable drive points to the
sampling depth. At some locations, the soil gas probes were manually advanced to the desired
depth. Where asphalt or concrete was present a rotary hammer was employed for penetration prior
to using the sampling probe.

Upon reaching the desired sampling depth, the sampling probe was fitted with an aluminum reducer
and a length of polyethylene tubing leading to a teflon sampling tube attached to a vacuum pump.
Two to five volumes of in-situ soil gas was withdrawn through the stainless steel probe and used to
purge atmospheric air from the sampling system. The sample was collected in a glass syringe by
inserting the needle through the polyethylene tubing and into the sample passageway. The volume
of air within the syringe was purged by evacuating five to ten syringe volumes of gas prior to sample
collection. Vacuum administered to the probe was monitored to ensure an adequate gas flow from
the vadose zone.

Groundwater samples were collected by driving 7- to 14-foot, 3/4-inch, hollow, steel sampling
probes equipped with disposable drive points to a depth of one to ten feet below ground surface.
Once the groundwater surface was encountered, the probes were withdrawn several inches to permit
water to flow into the resulting void. A polyethylene sampling tube was placed down the pipe and
groundwater was collected from just beneath the water surface. Samples were placed in 40 ml vials,
the vials were filled halfway and agitated. The headspace gas was drawn off the sample and
analyzed.

All of the soil gas and groundwater samples were analyzed for trichloroethylene (TCE) and benzene
using a Hewlett Packard 5890 Series Il gas chromatograph (GC) equipped with a flame ionization
detector (FID), electron capture detector (ECD) and two computing integrators. Benzene was
detected on the FID, TCE was detected on the ECD and nitrogen was used as the carrier gas.
Approximately 10 mL of soil gas and 40 mL of groundwater were collected for immediate analyses
in the Tracer analytical van.

2.1.1.2 Results

Results of the soil gas investigation are summarized on Table 1 of Tracer's report (see Appendix G)
and are illustrated on Figures 2-2 and 2-3. Benzene was detected in 11 of 67 soil gas samples
ranging from 0.01 pg/L (35-SG-47) to 2.0 pg/L (35-SG-61). TCE was detected in the 19 of 67
samples ranging from 9 x 10 pg/L (35-SG-61) to 0.8 ng/L (35-SG-13). A conversion factor of 0.32
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for benzene and 0.19 for TCE needs to be multiplied to the result in pg/L to yield ppm according
to Tracer. The conversion from compound vapor mass to compound vapor volume is necessary for
comparison of soil gas results to soil analysis. In order to convert the data, two gas laws are used:

1) 1 mole of any gas occupies approximately 25 L at room temperature and pressure.
2) 1 mole of a gas contains a mass equal to its molecular weight in grams.

Each compound will have a different conversion factor due to its molecular weight. The following
formula was used to establish the conversion of ug/L to ppm:

[Sample concentration (png/L)] {25/mole WT] = ppm

Benzene was detected in 13 of 72 groundwater screening samples ranging from 0.06 pg/L
(35-SGW-47 and 35-SGW-48) to 16,000 pg/L (35-SGW-56). TCE was detected in 32 of 72 samples
ranging from 4 x 10 pg/L (35-SGW-44, 35-SGW-49 and 35-SGW-56) to 160 pg/L (35-SGW-69).
No conversion is needed for groundwater screening results.

Baker evaluated the results of the soil gas and groundwater screening investigation in the field as
a basis for the placement of soil borings and groundwater monitoring wells set within the surficial
aquifer. In general, areas with positive detections of benzene and TCE in soil gas corresponded to
similar positive detection in surficial groundwater. Three distinct zones of soil gas and surficial
groundwater contamination include: 1) an area southeast of Fuel Farm in the vicinity of Building
TC474 (i.e., the former vehicle maintenance facility); 2) an area roughly 150 feet west of the Fuel
Farm in the vicinity of the former gas station, and; 3) an area located about 500 feet southwest of
the Fuel Farm near the intersection of Fourth and "E" Streets. Baker established surficial aquifer
monitoring well locations with the intent of confirming both the positive and negative soil gas and
groundwater screening results. Wells were. also located beyond the limits of the soil gas and
groundwater screening investigation in an attempt to establish the limits of contamination.

2.1.2  Soil Investigation

A soil investigation was conducted at Site 35 with the intention of assessing the nature and extent
of contamination resulting from previous disposal practices and site activities and to define the limits
of previously detected contamination in the vicinity of the Camp Geiger Area Fuel Farm.
Additionally, the investigation was conducted to assess human health, ecological, and environmental
risks associated with contact, inhalation and possible ingestion of surface and subsurface soil
particles. The following describes the drilling procedures, sample locations, sample methods, and
analytical program for the site.

2.1.2.1 Drilling Procedures

Twenty-six soil borings were advanced for the purpose of sample collection, geologic identification
and description, and monitoring well installation at the locations depicted on Figure 2-4. Activities
at the site commenced on April 15 and were completed on May 16, 1994 using a truck-mounted drill
rig supplied and operated by Hardin Huber, Incorporated. Soil cuttings obtained during the drilling
program were contained and handled according to procedures outlined in Section 2.3. Drilling and
sampling activities were performed using Level D personal protection and operations were
continuously monitored with a photoionization detector, a radiation meter and an LEL/O, meter.
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Soil borings were advanced to three ranges of depth with different intentions for each type of boring.
Procedures varied depending on the type of soil boring needed at each location. A total of 10
shallow soil borings were advanced for the purpose of monitoring well installation only. The
borings were advanced 14 to 17 feet bgs using 6.25-inch inside diameter (ID) hollow-stem augers
and were not logged by the site geologist due to the close horizontal proximity of a deeper boring.
The borings were designed to allow construction of monitoring wells with screens that intersect the
water table.

Eleven intermediate soil borings were terminated at the top of the semi-confining layer (encountered
at approximately 41 to 47 feet bgs) separating the water table and the Castle Hayne Aquifers. These
borings were advanced using fluid (bentonite slurry) rotary drilling methods for the purpose of
sample collection, soil identification and description, and monitoring well installation. They were
designed to allow construction of wells which would monitor the deep portion of the water table
aquifer.

The intermediate borings were continuously sampled to the water table (approximately 10 to 12 feet)
and every five feet thereafter to termination of the boring with a split-spoon sampling device
following methods outlined in ASTM 1586-84. The sampling protocols were modified in some
cases where the site geologist needed more information about a particular soil type or if the
formation appeared to be unstable at a particular interval. Soils were considered unstable if
problems occurred during drilling that were indicative of borehole collapse. When unstable soils
were encountered, samples were not collected until the borehole was advanced beyond the problem
interval. Each split-spoon soil sample was classified in the field by the site geologist. Soils were
classified, recorded in a field logbook, and later transposed onto boring log records. Classification
included characterization of soil type, grain size, color, moisture content, relative density (from
Standard Penetration Test "blow counts"), plasticity and other pertinent information such as
indications of contamination. Lithologic descriptions of site soils are provided on the Test Boring
and Well Construction Records in Appendix H.

Five deep soil borings were advanced using fluid (bentonite slurry) rotary drilling methods for the
purpose of sample collection, soil identification and description, and monitoring well construction.
These borings were terminated approximately 5 to 10 feet below the semi-confining layer (ranging
from 51.0 to 66.0 bgs), within the upper portion of the Castle Hayne Aquifer. Casing was installed
into the semi-confining unit during monitoring well installation to seal any pathway for vertical
migration created by drilling and sampling. The purpose of these borings was to define the vertical
and horizontal extent of soil contamination in the vadose zone; monitor the upper portion of the
Castle Hayne Aquifer; and potentially identify vertical migration through the semi-confining layer.

As with the intermediate soil borings, the deep borings were continuously split-spoon sampled to
the water table (approximately 10 to 12 feet) and every five feet thereafter to termination of the
boring. The sampling protocols were modified in some cases where the site geologist needed more
information about a particular soil type or if the formation appeared to be unstable at a particular
interval. Soils were considered unstable if problems occurred during drilling that were indicative
of borehole collapse. When unstable soils were encountered, samples were not collected until the
borehole was advanced beyond the problem interval. However, once the semi-confining layer was
encountered, continuous sampling was again conducted in an effort to identify the approximate
thickness of this soil layer. Each split spoon sample was classified and recorded in the same manner
as the soils collected from the intermediate wells.
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2.1.2.2 Soil Sampling

Soil samples were collected from surface locations and soil borings advanced across the site with
the intentions of delineating the vertical and horizontal extent of contamination and providing data
for human health and ecological risk assessments. Selection of boring locations were based on
review of previous environmental investigations, Camp Lejeune historical records, and soil gas and
groundwater screening investigation results. A summary of the sample numbers, sample depths and
parameters analyzed is provided in Appendix I.

Surface soil samples were collected from 14 locations (35-SS01-00 through 35-SS14-00) across the
site using a stainless steel hand auger. Samples were collected by slowly advancing the augers to
approximately 6-inches bgs so that the soil cuttings could be retained for the analytical sample. The
first few inches of top soil or matted roots were removed prior to advancing the augers. The auger
buckets, extension rods, spoons and bowls were decontaminated prior to sample collection according
to the procedures outlined in Section 2.2.

A single vadose zone, subsurface soil sample was collected from each intermediate and deep soil
boring and submitted for analysis. Samples were selected based on volatile organic headspace
analysis or proximity to the water table. Results of the headspace analyses are summarized in
Appendix J. The sample was collected via a split spoon sampling device and placed in the
appropriate laboratory supplied containers.

All soil samples retained for analysis were prepared and handled according to USEPA Region IV
Standard Operating Procedures (SOPs) as outlined in the FSAP (Baker, 1994). Chain-of-custody
documentation (provided in Appendix K), which included information such as sample number, date,
time of sampling, and sampling party accompanied the samples to the laboratory. Samples were
shipped overnight via Federal Express to Inchcape Testing Corporation (Inchcape) in Richardson,
Texas for analysis.

2.1.2.3 Analytical Program

The analytical program initiated for the soil investigation at Site 35 focused on the suspected
contaminants of concern which were based on previous disposal practices, site activities and findings
of previous investigations. In general, soils at the site were analyzed for TCL volatiles,
semivolatiles, pesticides, PCBs and TAL metals. A summary of each sample, the depth it was
collected and parameters analyzed is provided in Appendix I. In addition to the contaminants of
concern, a single soil sample was submitted for analysis of engineering parameters including total
phosphorous, nitrogen, corrosivity, ignitability, reactivity, and microbial enumeration. The
engineering parameters were obtained to assist in selecting potential applicable remedial
technologies under the FS.

2.1.3 Groundwater Investigation

The groundwater investigation at the site consisted of several activities including construction of
shallow, intermediate and deep monitoring wells, well development, groundwater sampling, static
water measurements and aquifer testing. The intent of the investigation was to confirm the presence
or absence of shallow, intermediate and deep groundwater contamination, evaluate the horizontal
and vertical extent of potentially impacted groundwater and evaluate the shallow and deep
groundwater flow patterns in the area.
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The field procedures and sampling methods employed for this study were implemented in
accordance with USEPA Region IV SOPs. These procedures also included sample handling and
preservation, documentation and chain of custody procedures. Specific sampling procedures are
detailed in the FSAP (Baker, 1994). The following sections describe the procedures for
drilling/monitoring well installation, well development, groundwater sampling and static water level
measurements.

2.1.3.1 Well Installation

Twenty-one Type II groundwater monitoring wells (wells without an outer casing sealing off a
confining layer) were installed in each of the shallow and intermediate soil borings between April 26
and May 16, 1994 at locations depicted on Figure 2-4. These wells were installed in the water table
aquifer to determine the horizontal and vertical extent of contamination existing within the aquifer,
and evaluate the shallow groundwater flow patterns. The shallow wells were constructed in a
manner that would allow the screened portion of the well to intercept the water table. The screen
intervals were designed to compensate for seasonal fluctuation in the water table.

The wells were constructed of 2-inch nominal diameter, schedule 40, flush-joint and threaded poly
vinyl chloride (PVC) casing with a 10-slot screen. The shallow wells were constructed with 10-foot
screens and the intermediate wells were constructed with 5-foot screens. A medium-grained sand
pack was placed in the annulus between the screen and the borehole wall extending above the screen
interval (a minimum of 0.4 feet). A sodium bentonite seal (a minimum of 1 foot) was placed on top
of the sand pack to prohibit intrusion of grout or surface run-off into the sand pack. The remaining
annular space between the bentonite seal and the surface was filled with a cement/bentonite grout.
A protective casing, well pad and cement-filled ballards completed the construction of each well and
protected the wells from damage and tampering. Well tags containing well construction details and
the notation "Caution Not Potable Water" were affixed to the wells. Well construction details are
summarized in Table 2-1.

Five Type III groundwater monitoring wells (wells installed with an outer casing to seal off the
confining layer) were installed in each of the deep soil borings between April 20, to May 1, 1994,
These wells were designed to evaluate the vertical extent of shallow aquifer contamination and to
evaluate the groundwater flow patterns of the deep aquifer. The wells were constructed in a manner
that would position the screen directly beneath the semi-confining layer to monitor the upper portion
of the Castle Hayne Aquifer. The wells were constructed in the same manner as the intermediate
wells with the exception that a steel outer casing was installed to seal off vertical migration of
contamination from the water table aquifer into the Castle Hayne Aquifer via the borehole.

2.1.3.2 Well Development

Upon completion and curing, each newly installed well was developed to remove fine-grained
sediment from the screen and to establish hydraulic communication between the well and the
formation. A minimum of three to five well volumes were removed from each well until the
groundwater was essentially sediment-free. The wells were developed by a combination of surging
and pumping techniques. Hoses used for development were dedicated to each well to minimize the
potential for cross contamination and discarded upon completion. Measurements of ph, conductivity
and temperature were recorded to assist in evaluating well stabilization. Groundwater recovered
during development procedures was temporarily stored in drums, then transferred into an on-site
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tanker (see Section 2.3 for IDW handling). Well development forms summarizing the information
are provided in Appendix L.

2.1.3.3 Static Water Level Measurements

Static water level measurements were collected at various times throughout the investigation. The
measurements were recorded using an electronic measuring tape to the nearest 0.01 foot from top
of casing. Complete rounds of data were collected from a select group of existing wells and all
newly installed wells on June 14, July 20, and September 9, 1994. Tables 2-3, 2-4, and 2-5
summarize the measurements collected from the shallow, intermediate and deep monitoring wells.
Data were collected within a four-hour period during each event.

2.1.3.4 Groundwater Sampling

This section describes the sampling procedures and analytical methods associated with the
groundwater sampling program.

Groundwater samples were collected from each of 26 newly installed wells and 29 existing wells
to confirm the presence or absence of contamination in the water table and Castle Hayne Aquifers.
Prior to collecting the samples, the wells were purged of three to five well volumes of water.
Temperature, conductivity and ph were collected after each well volume was removed to determine
that the groundwater had stabilized prior to sampling.

Samples were collected using Teflon bottom loading bailers equipped with a monofilament leader
dedicated to each well. The samples were introduced directly from the bailer into a laboratory-
prepared sample container and stored on ice. Preparation of the groundwater samples incorporated
similar procedures as to those described for soil sampies and are outlined in the FSAP (Baker, 1994).
Chain-of-custody documentation (provided in Appendix K) accompanied the samples to the
analytical laboratory.

2.1.3.5 Analytical Program

A single round of groundwater samples were collected from the 29 existing and 26 newly installed
wells. The samples were analyzed for TCL volatiles, semivolatiles, pesticides and PCBs; TAL
metals; and engineering parameters such as BOD, COD, total organic carbon, total suspended
solids, total dissolved solids, nitrogen, total phosphorous, microbial enumeration, and alkalinity.
The engineering parameters were intended to assist in selecting potentially applicable remedial
technologies. A summary of the sample numbers and parameters analyzed are provided in Appendix
I. The samples were prepared and handled in accordance with the FSAP (Baker, 1994) and USEPA
Region [V SOPs.

2.1.4 Surface Water/Sediment Investigation

Surface water and sediment samples were obtained along Brinson Creek to assess possible impacts
from Site 35 and assist in human health and ecological risk assessments. Ten sampling stations were
established along Brinson Creek including three upstream (35-SW/SDO01 through 35-SW/SD03) and
seven adjacent/downstream locations (35-SW/SD04 through 07 and 36 SW/SDO05 through 07)
between the site and the New River (Figure 2-5). Sampling locations labeled as 36-SW/SDO05
through 07 were collected downstream at Site 35 to determine the effect that contaminants, if any,
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from Site 35 have had on downstream sediments and surface waters. The exact sampling locations
were determined in the field and corresponded roughly with the aquatic/ecological survey sampling
locations. One surface water (near bank) and two sediment samples (0 to 6 inches and 6 to 12 inches
below the sediment surface) were collected from each location. The surface water and sediment
samples were analyzed for TCL organics and TAL metals. The 0 to 6 inch sediment interval also
was analyzed for total organic carbon (TOC) and particle-size distribution. Surface water samples
were analyzed for hardness.

2.1.4.1 Surface Water Sample Collection

At each surface water sampling station samples were collected at the or near the western bank of
Brinson Creek. Care was taken to ensure that the sampler did not contact and/or stir up the
sediments, while still being relatively close to the sediment-water interface.

The surface water samples were collected by dipping the laboratory-supplied sample bottles directly
into the water. Clean PVC gloves were worn by sampling personnel at each sampling station. For
those sample bottles that contained preservative (e.g., sulfuric acid), the water was collected in a
clean, decontaminated sampling container, and then slowly transferred into the appropriate
laboratory-supplied sample bottle.

Water samples at the furthest downstream station were collected first, with subsequent samples
taken at the next upstream station(s). Sediment samples were collected after the surface water
samples to minimize sediment disturbance and suspension. If surface water samples were collected
after collection of sediment samples, potentially contaminated sediments could be captured within
the surface water sample and could potentially affect the results of the sample analyses.

All sample containers not containing preservative were rinsed at least once with the sample water
prior to final sample collection. In addition, the sampling container used to transfer the water into
sample bottles containing preservatives was rinsed once with sample water.

Care was taken when collecting samples for analysis of volatile organics compounds (VOCs) to
avoid excessive agitation that could result in loss of VOCs. VOC samples were collected prior to
the collection of the samples for analysis of other parameters. The sample bottles were filled by
pouring down the side until the container was completely filled leaving no headspace. Each filled
bottle was checked for bubbles and rejected if encountered.

Temperature, pH, salinity, and specific conductance of the surface water were measured in the field
at each sampling location immediately following sample collection.

The sampling location was marked by placing a wooden stake and bright colored flagging at the
nearest bank or shore. The sampling location was marked with indelible ink on the stake. In
addition, the distance from the shore and the approximate location was estimated and recorded in
the field log book. Photographs were taken to document the physical and biological characteristics
of the sampling location.

The following information was recorded in the field logbook:

° Project location, date and time
® Weather
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Sample location, number, and identification number

Flow conditions (i.e., high, low, in flood, etc.)

On site water quality measurements

Visual description of water (i.e., clear, cloudy, muddy, etc.)

Sketch of sampling location including boundaries of the water body, sample
location (and depth), relative position with respect to the site, location of wood
identifier stake

o Names of sampling personnel
° Sampling technique, procedure, and equipment used

2.‘1 4.2 Sediment Sample Collection

At each sediment sampling station samples were collected at a depth of 0 to 6 inches and 6 to 12
inches. Because the sediment samples were collected from the near bank where the water was
shallow, it was not necessary to use a coring device proposed in the FSAP (Baker, 1994). Instead,
a liner without the cover was used to collect the sediment samples. A new plastic liner tube, fitted
with an eggshell catcher to prevent sample loss (if necessary), was used at each station.

The liner was pushed into the sediments to a minimum depth of 15 inches, or until refusal,
whichever was encountered first. The sediments in the 0 to 6 inch interval and 6 to 12 inch interval
were removed with a decontaminated extruder and placed into the appropriate sample containers.
If less than 12 inches of sediments were obtained, the first 6 inches were placed in the 0 to 6 inch
container, and the remaining sediment was placed into the 6- to 12-inch container.

2.1.4.3 Surface Water/Sediment Sample Analysis

Surface water/sediment samples were analyzed for TCL volatiles, semivolatiles, pesticides, PCBs,
and TAL metals. The 0 to 6 inch sediment sample also was analyzed for TOC and particle size
distribution. A summary of the sample numbers and parameters analyzed are provided in Appendix
I. The samples were prepared and handled in accordance with the FSAP (Baker, 1994) and USEPA
Region IV SOPs.

2.1.5 Ecological Investigation

The ecological investigation included sampling along Brinson Creek, which is the principle surface
stream near Site 35, and along three streams in the nearby White Oak River watershed as part of an
overall ecological background investigation (see Figure 2-6). The background streams include
Webb Creek, Hadnot Creek, and Holland Mill Creek.

Biological samples collected as part of this investigation included fish, crabs, and benthic
macroinvertebrates. The biological samples were collected to obtain population statistics for fish
and benthic macroinvertebrates and to obtain fish and crab tissue samples for chemical analysis
(TCL volatiles, semivolatiles, pesticides and PCBs, and TAL inorganics). Prior to initiating the
sampling event at each station, the following information describing the site was recorded in the
field log book:

] Average width, depth and velocity of the water body.

° Description of substrate.
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[ Description of "abiotic" characteristics of the reach such as pools, riffles, runs,
channel shape, degree of bank erosion, and shade/sun exposure.

® Description of "biotic" characteristics of the reach including aquatic and riparian
vegetation and wetlands.

Water quality measurements were collected during the benthic macroinvertebrate sampling, at a
minimum, and during collection of some of the fish samples. On-site water quality measurements
at these stations consisted of temperature, pH, specific conductance, salinity and dissolved oxygen.
These measurements were conducted prior to sample collection.

2.1.5.1 Fish and Shellfish

This section discusses collection of the fish and shellfish (i.e., crabs) samples in Brinson Creek and
the reference stations at Webb Creek, Hadnot Creek, and Holland Mill Creek.

A literature review was conducted to determine the fish species residing in the tidal areas of central
North Carolina that may potentially be exposed to contaminants in the surface water/sediment
exposure pathway. This review included compiling information from State and Federal natural
resources agencies. In addition, Baker's experience in sampling similar areas formed a basis for a
database of expected species for the area.

Three species of fish were to be sampled for tissue analysis, with each species being a representative
of one of three trophic (feeding) groups, which included top carnivores (first order predator), forage
fish (second order predator), and bottom feeders (third order predator). In addition, a minimum of
ten individuals per specie, if available, of adult fish of preferably uniform size were composited and
analyzed for whole body burden and fillet burden of chemicals, with the same species of fish being
sampled from each station. A fish species was successfully collected if the above requirements were
satisfied. These requirements were identified to Baker by the U.S. Fish and Wildlife Service as part
of the Work Plan review.

Sampling variability can prevent the same species of fish from being sampled at each station because
either the preferred species was not captured, or adequate numbers of uniform-size individuals were
not captured. Therefore, if the preferred species was not successfully collected to satisfy the above
requirements, a substitute species was collected that, if possible, exhibited a similar trophic position
in the estuarine ecosystem.

The collected fish species were identified, measured, and counted. The small fish (less than 20 mm)
were weighed in groups of 10 or 20 because of their low individual weight; the larger fish were
weighed individually. The proportion of individuals as hybrids and the proportion of individuals
with disease, tumors, fin damage, and skeletal anomalies was recorded at each station.

Fish that exhibited signs of being dead for an extended period of time (i.e., brown gills, bloating)

were not retained for tissue analysis because of the potential for decomposition and leaching of
contaminants from the organs into the edible portions of the fish.
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Brinson Creek

This section discusses collection of the fish in Brinson Creek including the station locations and
sampling procedures.

Station Locations

Fish were collected from three stations near Site 35 (35-FS01, 35-FS02, and 35-FS03) and three
downstream stations near Site 36 (36-FS01, 36-FS02, and 36-FS03) (see Figure 2-5 for approximate
station locations).

Station 35-FS01 was the furthest upstream fish station on Brinson Creek, adjacent to 35-SW/SD02.
Station 35-FS02 was located adjacent to the site between 35-SW/SD04 and 35-SW/SDO05. Finally,
~ 35-FS03 was located downstream of the site adjacent to 35-SW/SD06. Stations 36-FS01, 36-FS02,
and 36-FS03 were located on Brinson Creek adjacent to 36-SW/SD07, 36-SW/SD06, and
36-SW/SDOS5, respectively.

Sampling Procedures

Fish were collected at 35-FS01 using a Smith-Root Inc., backpack electrofisher powered by a 300-
watt portable generator. A DC current was applied utilizing a "rattail" as the cathode and a hand-
held electrode as the anode. The length of shocking time per subsection was recorded as seconds
of applied current. Stunned fish were collected with one-inch mesh or smaller dip nets handled by
members of the field sampling team.

Fish were collected at 35-FS02 and 35-FS03 using a combination of gill nets, hoop nets,
electrofishing, catfish traps, and minnow traps. Fish were collected at 36-FS01, 36-FS02 and
36-FS03 using a combination of gill nets, hoop nets, catfish traps, and minnow traps. In addition,
crabs were collected at 36-FS02 and 36-FS03 using crab pots. Crabs were not collected at 36-FS01,
35-FS01, 35-FS02 and 35-FS03 because the salinity was too low.

The gill nets used to collect the fish were monofilament, 50 or 100 feet in length, six-feet deep, and
had a stretch mesh size ranging from 3 to 4 inches. The nets were deployed by securing the ends
in the creek with 6.5 feet poles. Two yellow buoys marked with Baker Environmental, the hotel
phone number, and the scientific collection permit number were attached to each net. The gill nets
were checked within 12 hours of being deployed.

The hoops nets ranged in width at the outer-most loop from 2 to 3.5 feet in diameter, and were 4.5
to 14 feet in length. The square mesh size was 1 to 1.5 inches. The nets were used with either 10,
25 or 40 foot wings.

The hoop nets were deployed by attaching each wing to a 6.5 fence foot post that was driven into
the sediments, with the wings forming a 45 to 90 degree angle. The back of the hoop net then was
attached to a 6.5 foot fence post, and the net was stretched out to pull the wings taught. This post
then was driven into the sediments to secure the net in place. The nets were checked at least once
daily, because these nets typically do not kill the captured fish.



Catfish traps were deployed at each station. The catfish traps were approximately four to five feet
in length and 15 inches in diameter. They were deployed by weighing down the traps and setting
them in the channel. They were marked with a yellow buoy for easy retrieval.

Minnow traps, baited with dog food, were deployed at each station along the right bank facing
downstream. The traps were checked periodically during the sampling trip.

Crab pots were used to collect blue crabs at each of the stations. The crab pots were either baited
with chicken necks or dead fish obtained during the fish sampling. The crab pots were checked
periodically throughout the sampling event.

ebb Creek

This section discusses collection of the fish samples in Webb Creek including the station locations
and sampling procedures.

Station Location

The fish station WCO02 was located on Webb Creek approximately 300 feet upstream from the Camp
Lejeune railroad crossing. Station WC03 was located in the White Oak River approximately 25 feet
downstream from its confluence with Webb Creek. See Figure 2-7 for approximate sample
locations. '

Sampling Procedures

Fish were collected in Webb Creek using gill nets, hoop nets, and minnow traps. The same sample
collection and sample processing procedures used in Brinson Creek were conducted at the Webb
Creek stations. All fish that were collected were processed for population statistics; no fish at these
stations were collected for tissue analysis.

Hadnot Creek

This section discusses collection of the fish samples in Hadnot Creek including the station locations
and sampling procedures.

Station Location

Fish were collected from four stations in Hadnot Creek (HCO1, HC02, HC03 and HCO04)(see
Figure 2-8). HCO1 was located approximately 100 feet upstream of Route 1104. Station HC02 was
located approximately 2,500 feet upstream of Route 58. Station HCO03 was located in the White Oak
River approximately 100 feet upstream from its confluence with Hadnot Creek. Finally, station
HCO04 was located in Hadnot Creek by the road off of the Route 1105 crossing. In October, 1993,
fish were collected by Baker in Hadnot Creek as part of another investigation (Baker, 1993). Fillet
samples of these fish were chemically analyzed and the results are discussed in Section 7.0.

Sampling Procedures

Fish were collected in Hadnot Creek using hoop nets, gill nets, a haul seine, pole fishing, and the
backpack electroshocker. The same sample collection and sample processing procedures used in
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the Brinson Creek were conducted at the Hadnot Creek stations. Pole fishing only was conducted
during the October 1993 sampling.

At the stations where haul seines were utilized, a minimum of two haul seines were conducted. The
haul seine was deployed with one person securing the seine on the shore and the other person
walking out in a loop. The bottom of the net was kept in contact with the sediment to prevent fish
from swimming under the net. Other field personnel aided in removing snags from the net and
preventing fish from jumping over the net. When the person deploying the net arrived back at the
shore, the net was pulled in, keeping the bottom of the net on the sediment. After the bag was lifted
and the fish were carefully transferred into plastic tubs filled with water.

Holland Mill Creek

This section discusses collection of the fish samples in Holland Mill Creek including the station
locations and sampling procedures.

Station Location

Fish were collected from three stations in Holland Mill Creek (HM01, HMO02, and HMO03)(See
Figure 2-9). HMO1 was located on Cartwheel Branch just upstream of Route 1444. Station HM02
was located at the confluence of Holland Mill Creek and Cartwheel Branch. Station HMO03 was
located in the White Oak River approximately 50 feet downstream from Holland Mili Creek.

Sampling Procedures

Fish were collected at these stations for population statistics. Fish were not collected at these
stations for tissue analysis. Fish were collected in Holland Mill Creek using hoop nets, gill nets, a
haul seine, and the backpack electroshocker. The same sample collection and sample processing
procedures used in the Hadnot Creek stations were conducted at the Holland Mill Creek stations.

2.1.5.2 Benthic Macroinvertebrates

This section discusses collection of benthic macroinvertebrate samples in the Brinson Creek and the
reference stations at Webb Creek, Hadnot Creek, and Holland Mill Creek.

Brinson Creek
Sampling Locations

Benthic macroinvertebrates were collected from four stations at Site 35 (35-BNO1, 35-BN02,
35-BN03, and 35-BN04) and three stations at Site 36 (36-BN01, 36-BN02, and 36-BN03) (see
Figure 2-5 for approximate station locations). All the stations were located in the same proximity
as their respective adjacent sediment samples.

Station 35-BN01 was the furthest upstream benthic macroinvertebrate sampling location on Brinson
Creek, adjacent to 35-SW/SD02. Station 35-BN02 was located adjacent to the 35-SW/SD04.
Station 35-BN03 was located downstream of the site adjacent to 35-SW/SD06. Finally, station
35-BN04 was located adjacent to 35-SW/SD07. Stations 36-BNO1, 36-BN02, and 36-BN03 were
located on Brinson Creek adjacent to 36-SW/SD07, 36-SW/SD06, and 36-SW/SDO05, respectively.
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Sampling Procedures

Benthic macroinvertebrates were collected using a standard ponar grab sampler. The dimensions
of the ponar are 23 x 23 cm (9 x 9 in.) for a sampling area of 529 cm? or 0.0523 m? (81 in?). Each
benthic macroinvertebrate sample was collected from the boat except for Station 35-BN01, which
was a walk-in station.

The ponar was deployed from the boat, which was positioned in slightly different locations for each
replicate to prevent re-sampling the same area. After retrieving the ponar with a sediment sample,
it was opened into a clean tub and the sediments were removed with a teflon spatula. The sediments
were transferred to a 0.5 mm sieve that was agitated (by hand) in water to remove the small
particles. The remaining contents in the sieve were transferred into 16-ounce plastic sample jars.
The jars were filled up to one-half full with sediments, and buffered formalin solution (10 percent
by weight) was added to the remainder of the jar to preserve the benthic macroinvertebrates
contained in the sediments. A 100 percent cotton paper label, marked in pencil with the sample
number, was placed inside the jar. The outside of the jar was labeled with the sample number using
a black permanent marker to identify the sample containers.

After all the benthic macroinvertebrate sampling at Brinson Creek was completed, the sample jars
were transported to RMC Environmental Services, Inc. (RMC) of Spring City, Pennsylvania for
sample sorting and taxonomic identification of the benthic macroinvertebrates.

Webb Creek

Benthic macroinvertebrates were collected in Webb Creek using the ponar grab deployed from the
boat. The same sample collection and sample processing procedures used in Brinson Creek were
conducted at the Webb Creek stations.

Hadnot Creek

Benthic macroinvertebrates were collected in Hadnot Creek using the ponar grab deployed from the
boat. The boat was not used at HCO1 or HC04 because the water was too shallow. Benthic
macroinvertebrates were collected using the same procedures used for collecting benthic
macroinvertebrates in Brinson Creek.

Holland Mill Creek

Benthic macroinvertebrates were collected in Holland Mill Creek using the ponar grab deployed
from the boat. The boat was not used at HM01 because the water was too shallow. The same sample
collection and sample processing procedures used in Brinson Creek were conducted at the Holland
Mill Creek stations.

2.2 Decontamination Procedures

Decontamination procedures performed in the field were initiated in accordance with USEPA
Region IV SOPs. The decontamination procedures outlined in the Final Sampling and Analysis Plan
(SAP) were modified as follows. In general, sampling and drilling equipment were divided into two
decontamination groups: heavy equipment and routine sample collection equipment. Heavy
equipment included: the drill rig, hollow-stem augers, and drill rods. Routine sample collection
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equipment included: split-spoons, stainless-steel spoons and bowls, bailers, bailer wire, hand auger
bucket, and sediment corer.

For heavy equipment, the following procedures were implemented:

[} Removal of caked-on soil with brush
° Steam clean with high- pressure steam
o Air dry

For routine sample collection equipment, the following procedures were implemented:

Clean with potable water and laboratory detergent (Alconox soap solution)
Rinse thoroughly with deionized water

Rinse with pesticide- grade isopropanol alcohol

Air dry

Wrap in aluminum foil, if appropriate

Temporary decontamination pads, constructed of wood and plastic, were constructed to minimize
spillage onto the ground surface. Decontamination fluids generated during the field program were
containerized and handled according to the procedures outlined in the following section.

23 Investigative Derived Waste (IDW) Handling

Field investigation activities at Site 35 resulted in the generation of various IDW. This IDW
included drilling mud, cuttings, development water, purge water, soils from sampling activities, and
solutions used to decontaminate non-disposable sampling equipment. The general management
techniques utilized for the IDW were:

1. Collection and containerization of IDW material.
2. Temporary storage of IDW while awaiting analytical data.
3. Final disposal of aqueous and solid IDW material.

The management of the IDW was performed in accordance with guidelines developed by the
USEPA Office of Emergency and Remedial Response, Hazardous Site Control Division.

IDW liquids were sent off site to a licensed hazardous waste disposal facility. The IDW soils were
returned to the source area since the analytical data indicated that they were nonhazardous.
Appendix M provides information on the management and disposal of the IDW.
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TABLE 2-1

SUMMARY OF SHALLOW AND INTERMEDIATE WELL CONSTRUCTION DETAILS

SITE 35, CAMP GEIGER AREA FUEL FARM
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA
CONTRACT TASK ORDER 0232

Consul.tz?nt PVT(;Og:st;ng Ground S}lrface Stick-Up . Screen Depthto | Depthto

Well No. Date Supervising Elevation Elevation (feet, above Boring Dep;ch Well Depth | - Interval Sand Pack | Bentonite

Installed Well‘ (feet, above (feet, above ground surface) (feet, bgs)@ | (feet, bgs) Depth (feet, bgs) | (feet, bes)

Installation ’ MSL) (feet, bgs)® ’ 1e
MSL)®
35MW-26B | 5-13-94 Baker 15.05 154 -0.35 43.0 42.52 37.5-41.5 36.0 31.0
35MW-29A | 4-27-94 Baker 20.62 18.6 2.0 17.0 15.77 6.0-15.0 4.5 25
35MW-29B | 4-26-94 Baker 20.28 18.5 1.8 47.0 46.60 41.6-45.6 37.0 35.0
35MW-30A | 5-11-94 Baker 18.38 16.3 2.0 17.0 15.81 5.81-14.81 4.5 3.0
35MW-30B | 5-11-94 Baker 18.38 16.2 22 43.0 41.73 36.7-40.7 33.0 30.0
3SMW-31A | 5-1-94 Baker 18.32 16.4 1.9 14.0 13.01 3.05-12.0 2.5 1.0
35MW-31B | 4-30-94 Baker 18.46 16.4 2.1 47.0 42.40 37.5-41.5 35.0 32,5
35MW-32A | 5-14-94 Baker 18.23 16.1 2.1 15.0 13.87 3.90-12.90 3.0 2.0
35MW-32B | 5-14-94 Baker 18.75 16.1 2.8 43.0 42.02 37.3-41.25 34.0 29.0
35MW-33A | 5-12-94 Baker 16.68 16.9 -0.31 15.0 14.36 4.25-13.25 3.0 1.5
35MW-33B | 5-12-94 Baker 16.62 16.8 -0.18 45.0 44.61 39.7-43.7 36.0 30.0
35SMW-34A | 5-10-94 Baker 16.77 14.7 2.0 15.0 14.07 4.0-13.0 3.5 25
35MW-34B | 5-10-94 Baker 16.76 14.8 2.0 42.0 41.30 36.25-40.25 32.0 29.0
3I5SMW-35A | 5-3-94 Baker 1545 13.6 1.8 15.0 14.47 4.8-13.8 3.0 1.0
35SMW-35B | 5-3-94 Baker 15.67 13.7 2.0 41.0 39.83 34.0-39.0 31.0 26.0
35SMW-36A | 5-9-94 Baker 13.30 11.3 2.0 16.0 13.23 3.25-12.25 2.5 L5
35MW-36B | 5-4-94 Baker 13.22 11.3 1.9 40.0 36.42 31.4-354 31.0 28.0
3I5SMW-37A | 5-15-94 Baker 20.30 18.3 2.0 16.0 15.09 5.0-14.0 4.0 25
35MW-37B | 5-15-94 Baker 20.33 183 2.0 45.0 44,60 39.7-43.7 36.0 32.0
35MW-38A | 5-16-94 Baker 19.74 18.1 1.6 16.0 15.34 5.25-14.25 3.5 2.0
35MW-38B | 5-16-94 Baker 20.00 18.2 1.5 45.0 44.37 39.5-43.5 36.0 32.0
Notes: () MSL = mean sea level

@ bgs = below ground surface

® Screen interval is measured from top to bottom slot of screen

"A" designation is shallow; "B" designation is intermediate.




TABLE 2-2

SUMMARY OF DEEP WELL CONSTRUCTION DETAILS
SITE 35, CAMP GEIGER AREA FUEL FARM
MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA
CONTRACT TASK ORDER 0232

Top of Ground .
Consul'tgnt PVC Casing | Surface Stick-Up Boring Well Ou’Fer Screen Depth to | Depth to
Date  |Supervising . . (feet, above Casing Interval .
Well No. Elevation | Elevation Depth Depth Sand Pack | Bentonite
Installed Well (feet, above |(feet, above ground (feet, bgs)® | (feet, bgs) Depth Depth a | (feet, bgs) | (feet, bgs)
: s ) ] ¢] 3 ] 3
Installation MSL)® MSL) surface) (feet, bgs) | (feet, bgs)
35GWD-1 | 4-26-94 Baker 19.95 18.0 2.0 67.0 61.00 46.0 56.1-60.1 55.0 45.0
35GWD-2 | 4-20-94 Baker 20.10 17.5 2.6 65.0 62.23 46.0 57.2-61.2 54.0 44.0
35GWD-3 | 4-27-94 Baker 19.03 16.7 2.6 68.0 65.28 45.0 60.3-64.3 57.0 44.0
35GWD-4 | 4-29-94 Baker 13.58 11.9 1.7 54.0 52.15 43.0 47.2-51.2 45.0 40.0
35GWD-5 5-1-94 Baker 10.23 7.7 25 59.0 56.13 8"-16.0* | 51.2-55.2 45.0 37.0
6" -38.0%
Note: ) MSL = mean sea level

@ bgs = below ground surface
® Screen interval is measured from top to bottom slot of screen
* = Well 35GWD-5 had an 8-inch outer casing pushed to 16 feet and a 6-inch casing placed to 38 feet.




TABLE 2-3

SUMMARY OF WATER LEVEL MEASUREMENTS FROM SHALLOW WELLS
SITE 35, CAMP GEIGER AREA FUEL FARM

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA

CONTRACT TASK ORDER 0232

Depth to Depth to Depth to Groundwater Groundwater Groundwater
Top of Casing Groundwater Groundwater | Groundwater Elevation Elevation Elevation
Well No. Elevation (feet, below (feet, below (feet, below [ (feet, above MSL) | (feet, above MSL) | (feet, above MSL)
(feet, above MSL)" | top of casing) | top of casing) | top of casing)
(6-14-94) (7-20-94) (9-9-94) (6-14-94) (7-20-94) (9-9-94)
EMW-1 19.21 10.00 10.58 9.24 9.21 8.63 9.97
EMW-3 7.13 -- 3.55 2.82 -- 3.58 431
EMW-5 18.05 9.27 9.65 8.92 8.78 8.40 9.13
EMW-6 18.52 13.80 14.26 13.35 4.72 426 5.17
EMW-7 16.00 10.82 11.34 10.40 5.18 4.66 5.60
MW-4S 20.52 9.09 9.67 7.70 11.43 10.85 12.82
MW-9S 18.92 9.08 9.57 8.36 9.84 9.35 10.56
MW-108 18.99 8.79 9.20 8.02 10.20 9.79 10.97
MW-128 19.91 12.83 13.38 12.36 7.08 6.53 7.55
MW-138 16.92 12.12 12.68 11.74 4.80 4.24 5.18
MW-14S 17.78 11.41 11.90 10.93 6.37 5.88 6.85
MW-16S 20.10 14.84 15.29 1438 5.26 4.81 5.72
MW-178 16.83 12.76 13.21 12.32 4,07 3.62 451
MW-198 8.76 4.90 5.30 3.94 3.86 3.46 4.82
MW-218 17.48 10.67 11.10 10.20 6.81 6.38 7.28
MW-23§ 8.74 6.66 6.96 5.24 2.08 1.78 3.50
MW-258 13.33 9.13 9.54 8.74 4.2 3.79 4.59




TABLE 2-3 (CONTINUED)

SUMMARY OF WATER LEVEL MEASUREMENTS FROM SHALLOW WELLS
SITE 35, CAMP GEIGER AREA FUEL FARM

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA

CONTRACT TASK ORDER 0232

Depth to Depth to Depth to Groundwater Groundwater Groundwater
Top of Casing Groundwater Groundwater Groundwater Elevation Elevation Elevation
Well No. Elevation (feet, below (feet, below (feet, below | (feet, above MSL) | (feet, above MSL) | (feet, above MSL)
(feet, above MSL)Y" | top of casing) | top of casing) | top of casing)

(6-14-94) (7-20-94) (9-9-94) (6-14-94) (7-20-94) (9-9-94)
35MW-26A 15.05 7.99 8.48 7.44 7.06 6.57 7.61
35MW-29A 20.62 9.48 9.95 8.49 11.14 10.67 12.13
35MW-30A 18.38 7.79 8.28 6.49 10.59 10.10 11.89
35MW-31A 18.32 10.91 11.32 10.37 7.41 7.00 7.95
35MW-32A 18.23 9.64 10.14 8.67 8.59 8.09 9.56
35MW-33A 16.68 9.72 10.30 9.24 6.96 6.38 7.44
35MW-34A 16.77 8.24 9.63 6.84 8.53 7.14 9.93
35MW-35A 15.45 8.66 9.07 7.94 6.79 6.38 7.51
35MW-36A 13.30 10,06 10.47 9.58 . 324 2.83 3.72
35SMW-37A 20.30 8.36 8.91 7.31 11.94 11.39 12.99
35MW-38A 19.74 8.44 8.81 7.08 11.30 10.93 12.66

Note: ) MSL = mean sea level



TABLE 2-4

SUMMARY OF WATER LEVEL MEASUREMENTS FROM INTERMEDIATE WELLS
SITE 35, CAMP GEIGER AREA FUEL FARM

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA

CONTRACT TASK ORDER 0232

Depth to Depth to Depth to Groundwater Groundwater Groundwater
Top of Casing Groundwater Groundwater | Groundwater Elevation Elevation Elevation
Well No. Elevation (feet, below (feet, below (feet, below | (feet, above MSL) | (feet, above MSL) | (feet, above MSL)
(feet, above MSL)" | top of casing) | top of casing) | top of casing)
(6-14-94) (7-20-94) (9-9-94) (6-14-94) (7-20-94) (9-9-94)
MW-9D 18.88 9.15 9.63 8.40 9.73 9.25 10.48
MW-10D 19.01 8.94 9.36 8.06 10.07 9.65 10.95
MW-12D 19.94 12.96 13.50 12.46 6.98 6.44 7.48
MW-13D 17.02 12.22 12.72 11.80 4.80 4.30 5.22
MW-14D 17.73 11.38 11.82 10.88 6.35 5.91 6.85
MW-16D 20.06 14.82 15.28 14.31 5.24 4.78 5.75
MW-17D 16.77 12.60 13.05 12.18 4.17 3.72 4.59
MW-19D 8.72 4.58 4.95 4.12 4.14 3.77 4.60
MW-21D 17.57 10.74 11.21 10.29 6.83 6.36 7.28
MW-23D 8.74 5.50 5.88 5.16 3.24 2.86 3.58
MW-25D 13.32 8.83 9.26 8.43 4.49 4.06 4.89
35MW-26B 15.05 8.19 8.60 7.54 6.86 6.45 7.51
35MW-29B 20.28 9.22 9.65 8.12 11.06 10.63 12.16
35MW-30B 18.38 7.93 8.38 6 .69 10.45 10.00 11.69
35MW-31B 18.46 11.31 11.75 10.73 7.15 6.71 7.73
35MW-32B 18.75 10.24 10.72 9.46 8.51 8.03 9.29
35MW-33B 16.62 9.76 10.25 9.20 6.86 6.37 7.42
35MW-34B 16.76 8.26 9.89 6.64 8.50 6.87 10.12
35MW-35B 15.67 8.98 9.50 8.40 6.69 6.17 7.27
35MW-36B 13.22 10.31 10.71 9.86 291 2,51 3.36
35MW-37B 20.33 8.82 9.91 7.56 11.49 10.40 12.74
35MW-38B 20.00 8.78 9.20 7.49 10.94 10.52 12.51

Note:

() MSL = mean sea level



TABLE 2-5

SUMMARY OF WATER LEVEL MEASUREMENTS FROM DEEP WELLS
SITE 35, CAMP GEIGER AREA FUEL FARM

MARINE CORPS BASE, CAMP LEJEUNE, NORTH CAROLINA

CONTRACT TASK ORDER 0232

Depth to Depth to Depth to Groundwater Groundwater Groundwater
Top of Casing Groundwater Groundwater Groundwater Elevation Elevation Elevation
Well No. Elevation (feet, below (feet, below (feet, below | (feet, above MSL) | (feet, above MSL) | (feet, above MSL)
~ | (feet, above MSL)" | top of casing) | top of casing) | top of casing)
(6-14-94) (7-20-94) (9-9-94) (6-14-94) (7-20-94) (9-9-94)
35GWD-1 19.95 9.47 10.15 8.38 10.48 9.80 11.57
35GWD-2 20.10 14.66 15.11 14.13 5.44 4.99 5.97
35GWD-3 19.03 9.80 10.29 8.98 9.23 8.74 10.05
35GWD-4 13.58 8.41 8.88 7.93 5.17 4.70 5.65
35GWD-5 10.23 6.24 6.65 5.74 3.99 3.58 4.46

Note:

() MSL = mean sea level
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