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EXECUTIVE SUMMARY
INTRODUCTION

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

The Fiscal Year 1994 Site Management Plan for MCB Camp Lejeune, a primary document
identified in the FFA, identifies 27 sites requiring Remedial Investigation/Feasibility Study (RI/FS)
activities. This report documents the Remedial Investigation (RI) completed for two of these sites:
Site 41 and Site 74. These two sites comprise Operable Unit (OU) No. 4 at MCB Camp Lejeune.
Site 69, the Rifle Range Chemical Dump, was originally included in OU No. 4. However, this site
has now been separated into its own operable unit, OU No. [4, to enable additional field
investigation work to be performed prior to completion of the RI/FS.

The purpose of this remedial investigation is to characterize the nature and extent of contamination,
and potential human health and environmental impacts for Operable Unit (OU) No. 4. This RI has
been conducted in accordance with the requirements delineated in the National Contingency Plan
(NCP) for remedial actions [40 Code of Federal Regulations (CFR) 300.430]. The USEPA's
document Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA (USEPA, 1988a) has been used as guidance for preparing this document.

SITE DESCRIPTION AND HISTORY

MCB Camp Lejeune is located within the Coastal Plain Physiographic Province in Onslow County,
North Carolina, approximately 45 miles south of New Bern and 47 miles north of Wilmington. The
facility covers approximately 236 square miles. The military reservation is bisected by the New
River, which flows in a southeasterly direction and forms a large estuary before entering the Atlantic
Ocean. The eastern border of MCB Camp Lejeune is the Atlantic shoreline. The western and
northwestern boundaries are U.S. Route 17 and State Route 24, respectively. The City of
Jacksonville, North Carolina, borders MCB Camp Lejeune to the north.

Operable Unit No. 4 consists of two sites which have a reported history of chemical warfare material
(CWM) disposal. The CWM suspected at MCB Camp Lejeune are chemical agent identification
sets (CAIS). [The following information about CAIS was obtained directly from documents
published by the U.S. Army Chemical Material Destruction Agency (USACMDA).] There are
various classifications associated with disposal of CWM. Based on a report published by
USACMDA, the sites at MCB Camp Lejeune were classified as "Classification 3 - Suspected
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Burial" (USACMDA, 1993). A classification 3 site is a site at which one or more of the following
conditions apply:

The normal duty activities performed on this site indicate a strong suspicion that
buried CWM may still exist even though they are indicated in literature as
destroyed. An example would be a burn pit where not all of the munitions may
have been consumed even though the period literature indicated that they were,

Chemical weapons were known to be disposed of on this site, but period literature
indicates that the site was cleared. The period definition of cleared, and the
technology for clearing such locations at that time, may lead to the conclusion that
not everything was removed.

The site is a known chemical range but the literature is unclear as to whether
chemical agent was applied to the site by spraying (such that there would be no
buried ordnance) or by range firing/bombing.

Based on information collected during the RI, which may not have been available at the time the
USACMDA report was published, Site 41 may actually be classified as a Class 2 site (Likely Burial)
and Site 74 may actually be classified as a Class 4 site (Possible Burial).

A Class 2 site is a site in which the following conditions apply:

The burial of CWM has been reported. (Applies to Site 41)

The firing of chemical weapons under range conditions (as opposed to static firing
under test conditions) has been reported. (Does not apply to Site 41)

The disposal of chemical weapons by dumping in shallow water has been reported.
(Does not apply to Site 41)

A Class 4 site is a site in which the following conditions apply:

Although no literature exists, which indicates burial was actually conducted, the
activities and timeframe of the operations on the site indicate that burial of chemical
weapons is a possibility. (Applies to Site 74)

The normal duty activities performed on this site indicate some possibility that
chemical weapons may have been buried as there exists no literature that documents
their fate. (Applies to Site 74).

There is enough literature to indicate that CAIS or chemical weapons were used
extensively at the site in such a way that (although the literature does not indicate
it) some chemical material may be present. (Does not apply to Site 74)

With respect to the criteria for a Class 2 site, a background report has indicated the burial of "gas"

at Site 41 (Eakes, 1982). The report also indicated that agents may be at the site. Although no direct
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association of agent disposal has been identified for Site 74, background information referencing
the disposal of wastes at Site 74 have indicated that "some drums may have been left over from a
burial/disposal incident at the Rifle Range Chemical Dump (Site 69)." This reference indicates the
possibility that CWM may also be present at Site 74.

CAIS were produced in large quantities (110,000 sets) and various configurations by the U.S. Army
to train soldiers and sailors in the identification of actual chemical warfare agents and in the proper
actions upon identification (U.S. Army, 1993). The sets contain vials (ampules) or bottles of agent.
The agents used in these sets could contain blister agents [mustard (H) and lewisite (L)], nerve
agents (GA, GB and VX), blood agents [hydrogen cyanide (AC) and cyanogen chloride (CK)], and
choking agent [phosgene (CG)].

There are several different types of CAIS. One variety of CAIS was an instructional "sniff set" that
contained agent impregnated charcoal. It was intended for use indoors to instruct military personnel
in recognizing the odors of chemical agent. This type of set contained only small amounts of
chemical agent. A second major variety of CAIS, designed for use outdoors, consisted of agent
(pure or in solution) in sealed pyrex tubes. The gas tubes would be detonated, creating an agent
cloud. Soldiers would then try to identify the agent based on its odor and other characteristics.
These typically contained more agent then the instructional "sniff sets” and could produce a much
greater hazard. A third major variety of CAIS were those containing bulk mustard. These CAIS
were used in decontamination training by purposely contaminating the terrain or equipment with
mustard, and then teaching the soldiers how to don the correct protective clothing and decontaminate
the area or equipment. These CAIS contained relatively large quantities of pure mustard.

Unfortunately, the types of CAIS used at MCB Camp Lejeune is unknown. However, drums
containing calcium hypochlorite, a decontaminant, have been identified at the base. Therefore, it
is possible that the third variety of CAIS mentioned above (i.e., CAIS containing pure mustard) may
have been used at MCB Camp Lejeune. Based on "best professional judgements" made by
personnel at the U.S. Army Chemical Material Destruction Agency (USACMDA), CAIS at MCB
Camp Lejeune most likely did not contain nerve agents.

In summary, there is a good likelihood that CWM are present at Sites 41 and 74. However, there
is a lack of information to properly identify the amount, types, or disposal methods associated with
CAIS disposal. With respect to disposal, it is not known whether the CWM was destroyed (via
burning or detonation) prior to disposal. Existing information, however, does mention that drums
were used during disposal. 7

Because both sites may contain CWM, they sites have been combined into OU No. 4. The following
provides a description and history of the sites.

Site 41

Site 41, Camp Geiger Dump at the Former Trailer Park, is located east of Highway 17 within the
Camp Geiger area of MCB Camp Lejeune. The site encompasses approximately 30 acres and is
situated in a topographically high area. The central portion of the site is flat. Most of the site is
heavily wooded and vegetated. Only one area of the site, which is essentially the middle area, is
somewhat clear of trees. The northern boundary of the fill area is evidenced by an abrupt five to ten
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foot high change in elevation across the north central portion of the site. The "cleared" area
described earlier is situated just south of this "highwall."

Several dirt roads bisect the site. Drainage is poor as evidenced by numerous ponding areas.
Drainage from the site is received by Tank Creek to the south and an unnamed tributary to the north.
The unnamed tributary flows in a southeast direction around the northeastern and eastern border of
the site until it discharges into Southwest Creek. Tank Creek flows in a southeast direction and also
discharges into Southwest Creek.

The surface of the site is littered with construction or demolition debris. This material consists
mainly of sheet metal, steel I-beams, plastic wire, wood, and concrete. This same material was
observed in the subsurface below uprooted trees (i.e., subsurface contents were observed below the
root system of large uprooted trees). A few rusted empty drums were also noted throughout the site,
including one drum which indicated "dry cleaning solvent." Two seeps were also noted. The seeps
are located below the highwall described earlier and had an orange color appearance. A sheen was
also noted on the seeps. The seeps flow northward and discharge into the unnamed tributary.
Several circular depressions (approximately 5 to 7 foot radius and 2 to 3 feet in depth) were noted
throughout the site area. Based on discussions with ordnance specialists from the U.S. Army
Technical Escort Unit (TEU), these depressions may have been formed by exploding ordnance.

Site 41 is underlain by silty sand, with discontinuous layers of sand, clayey sand, sandy clay, silt,
and clay to a depth between 11 and 29 feet bgs. No groundwater retarding layer was encountered
beneath the site. The upper unit of the Castle Hayne was encountered beneath the silty sands.
Shallow groundwater flow at the site is radial from the mound or fill area; however, the predominant
flow direction is towards the southeast. Shallow groundwater discharges to the unnamed tributary
to the north and east, and Tank Creek to the south. Groundwater flow within the Castle Hayne is
linear and towards the southeast.

Site 41 was used as an open burn dump from 1946 to 1970. The dump received construction debris,
POL wastes, mirex (a pesticide), solvents, batteries, and ordnance. In addition, CWM (most likely
CAIS kits) was reportedly taken to the site for disposal.

Previous investigations under the IR Program involved the installation of five shallow monitoring
wells around the perimeter of the site, and a limited number of surface water and sediment samples
collected from Tank Creek and the unnamed tributary. Low levels of [,2-DCE (1.1 pg/L), benzene
(0.3 pg/L), and dichlorofluoromethane (8 pg/L) were detected in one monitoring well. This well
(41GW?2) is situated in the south central portion of what is believed to be fill material. Some of the
surface water samples revealed low levels of the pesticides aldrin (maximum concentration of
0.015 pg/L) and BHC (maximum concentration of 0.047 pg/L). Sediment samples revealed low
levels of chromium (maximum concentration of 5.09 mg/kg), lead (maximum concentration of 12.1
mg/kg), and 2,4,6-TNT (0.357 pg/kg).

Site 74

Site 74, Mess Hall Grease Pit Disposal Area, is located approximately one-half mile east of
Holcomb Boulevard in the northeast section of MCB Camp Lejeune. Site 74 consists of two areas
of concern (AOC) in a remote area of MCB Camp Lejeune: the former grease pit disposal area; and
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a former pest control area. Both areas of concern are heavily wooded, overgrown with vegetation,
and flat. The former disposal area is approximately 5 acres in size and the former pest control area
is less than one acre in size based on historical photographs. West of the pest control AQC is an area
that may also have been used for disposal, based on mounded materials noted in historical
photographs. This area encompasses approximately 4 acres Presently, this area is flat, wooded, and
there are no signs of the soil mounds which were present in historical photographs. Henderson Pond,
which is the only surface water body associated with the site, is situated south of the former pest
control area. The grease pit area and pest control area are separated by a dirt road and are situated
approximately one-quarter mile apart. There are no structures in the area that are associated with
the operation of the Facility with the exception of an operational supply well (HP-654). Based on
previous sampling results, this supply well is not contaminated. Military training exercises are
conducted in the area. Currently, there are no restrictions to prevent access to the site.

Site 74 is underlain by sand and silty sand. No groundwater retarding layer was encountered beneath
the site; however, the subsurface investigations were primarily limited to a depth of approximately
20 to 25 feet below ground surface. Based on other nearby environmental investigations
(e.g., Site 82 located approximately one and one-half mile south of Site 74), no retarding layer was
encountered until a depth of approximately 220 to 230 feet bgs. In addition, the Castle Hayne
Aquifer was identified at a depth of approximately 90 to 100 feet, based on encountering a shell and
limestone unit. The deep subsurface geologic conditions at Site 74 are believed to be similar to that
described above for Site 82.

The site was used as a disposal area from the early 1950s until 1960. Grease was reportedly
disposed of in pits. It was reported that a volatile substance (possibly fuel) was sometimes used to
ignite the grease. Drums containing PCBs and "pesticide soaked bags" were also reportedly
disposed in trenches. One internal memorandum reports that drums which were supposed to be
taken to Site 69 for disposal were disposed at Site 74 instead. Since the report was rather vague to
the contents of these drums, the site is being handled as a site where CWM may be present in buried
drums since it has been well documented that CWM have been taken and disposed at Site 69.

There are no known disposal activities associated with the former pest control shop. Contamination
at this area is likely due to routine pesticide storage and handling activities.

Historical photographs of the former grease pit disposal area depict extensive trenching activities,
which corresponds to the history of this site. Currently, there are no apparent signs of disposal with
the exception of one area within the grease pit disposal area where a small depression in the ground
surface was observed. At the bottom of the depression was a drum fragment. It is possible that the
depression occurred as a result of subsidence due to buried materials. The former pest control area
is believed to have been used for the storage and handling of pesticides for pest control. Historical
photographs depict a building which probably served the purpose of housing pesticides. This
building, including the foundation, is not discernable.

Previous investigations conducted under the IR Program were conducted at the former grease pit
disposal area and pest control area; however, these investigations involved only two soil samples
from the pest control area and the installation of three monitoring wells at the former grease pit
disposal area. Low levels of pesticides were detected at concentrations which would be considered
"typical of" pesticide concentrations throughout MCB Camp Lejeune (maximum concentration was
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"typical of" pesticide concentrations throughout MCB Camp Lejeune (maximum concentration was
260 ng/kg for DDT). Low levels of the pesticides DDD and DDT were detected in one monitoring
well.

REMEDIAL INVESTIGATIONS

The RI field investigations were initiated in January 1994 and completed in March 1994. In August
1994, selected monitoring wells at both sites were sampled using a low-flow purging technique for
purposes of obtaining representative groundwater samples for subsequent total (unfiltered) and
dissolved (filtered) metals analysis. In addition, a second round of surface water and sediment
samples was collected at Site 41 to better characterize potential ecological impacts. A summary of
the RI field program is provided below for each site.

Site 41

The RI at Site 41 involved a preliminary geophysical survey to characterize the site with respect to
buried material. Determining the potential areas of buried drums was important from the standpoint
that this RI would not deliberately encounter buried drums since these drums could potentially
contain CWM such as mustard gas, based on background information. Following this survey, the
boundary of the former fill area was estimated. The estimated boundary correlated with historical
photographs, which showed activities at this site. The area of buried material delineated via the
geophysical investigation "fits" within the area of concern identified in the aerial photographs.

Twenty-four test borings were augered in areas suspected of waste disposal. All test boring
Jocations were screened in the field via geophysical methods in order to avoid encountering buried
drums. In addition, the samples were screened by the U.S. Army TEU for chemical surety agents.
Surface and subsurface soil samples were collected and analyzed for full TCL organic, compounds
TAL inorganic analytes, chemical surety degradation compounds, and ordnance constituents. In
addition to this investigation, shallow test borings were hand augered downslope of the former dump
in order to evaluate off-site migration of contamination from surface runoff. Shallow test borings
were also hand augered on site near surficial disposal areas. These areas included areas where
surficial debris or anomalies were noted during a site reconnaissance (i.e., construction debris, drum
fragments, etc.). '

The groundwater investigation involved the installation of shallow (13 to 21 feet bgs) and upper
Castle Hayne (37 to 50 feet bgs) monitoring wells throughout the site area, and in assumed
downgradient and upgradient locations. Two rounds of groundwater samples were collected
(approximately two months apart) and analyzed for full TCL organics and TAL inorganics. As
previously noted, selected monitoring wells (wells 41-GW02, 41-GW07, and 41-GW10) were
sampled in August 1994 using a low-flow purging technique for purposes of obtaining representative
groundwater samples for subsequent total (unfiltered) and dissofved (filtered) metals analysis.

Two rounds of surface water and sediment samples were collected from the unnamed tributary, Tank
Creek, and from two seeps which were noted during the site reconnaissance. During the first
sampling round in February 1994, all surface water and sediment samples were analyzed for full
TCL organics and TAL inorganics. A second round of surface water and sediment samples was
collected at Site 41 in August 1994 to better characterize potential ecological impacts. The surface
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water samples were analyzed for both total (unfiltered) and dissolved (filtered) metals, pesticides,
and PCBs.

- Site 74

The RI at Site 74 focused on characterizing the nature and extent of soil and groundwater
contamination at the former grease pit disposal area and pest control area. Soil sampling grids were
established throughout the former grease pit disposal area, the pest control area, and the potential
disposal area due west of the pest control area. Surface and subsurface soil samples were collected
from each test boring and analyzed for full TCL organics and TAL inorganics. All samples were
screened in the field for chemical surety agents by the U.S. Army TEU. The test borings were
augered until groundwater was encountered (between 4 and 19 feet bgs). Two or three soil samples
were collected from each boring. Test borings were also augered for purposes of constructing
shallow monitoring wells. A total of six monitoring wells were installed between the three suspected
disposal areas. One round of groundwater samples was collected and analyzed for full TCL organics
and TAL inorganics. A second round of samples was collected in August 1994 from two monitoring
wells using a different sampling technique (i.e., low-flow) in order to better assess total metals
concentrations in the groundwater.

Three surface water and sediment samples were collected from Henderson Pond and analyzed for
full TCL organics and TAL inorganics.

NATURE AND EXTENT OF CONTAMINATION

A brief summary of the nature and extent of contamination is provided in the following subsections
for Sites 41 and 74. This summary focuses on the primary problems at each site and is not intended
to address in detail all media or resuits. Detailed findings and evaluation of data are presented in
Section 4.0 of this Report.

Site 41
Soil

Soil contamination was dominated by polycyclic aromatic hydrocarbons (PAHs) and low levels of
pesticides, PCBs, and volatiles. The majority of the PAH contamination was detected in onsite
surface soil where contaminant levels exceeded one part per million (i.e., greater than 1,000 pg/kg)
in a few samples. PAH contamination in the surface soil is primarily located in the central and
eastern portions of the former dump area. PAH contamination was also evident in subsurface soil,
but at lower levels. The concentrations of PAHs in subsurface soils were detected in the hundred
parts per billion range. Although PAHs are present in onsite surface and subsurface soil,
groundwater was not contaminated with PAHs. In addition, off-site migration of PAHs was limited.
None of the downslope soil samples exhibited PAHs. The source of the PAHs in soil is believed to
be due to historical open burning operations.

Pesticides were detected in most of the surface soil samples collected from the former dump area,

including downslope surface soil samples. Pesticides were also detected in subsurface soil samples,
but primarily limited to the dump area (only one downslope subsurface soil sample exhibited
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pesticides). The pesticide levels detected in soil are similar to pesticide levels detected at other areas
within MCB Camp Lejeune.

Volatile organics including benzene (maximum concentration of 1.0 pg/kg), chlorobenzene
(100 pg/kg), ethylbenzene (58 ug/kg), and TCE (1.0 pg/kg) were detected in subsurface soil, but not
at elevated concentrations. Chlorobenzene was detected more frequently than the other VOCs.
Toluene (maximum concentration of 4 pg/kg) was the only VOC detected in surface soil. The VOCs
in soil are likely a result of localized spills.

Surface soil contamination also consisted of low levels of Aroclor 1242 (82.9 ng/kg) and Aroclor
1260 (58.2 pg/kg) at two locations within the former dump. PCB constituents were also detected
in subsurface samples collected from the same sampling location which exhibited surficial
contamination. Aroclor 1254 was detected in soil boring SB19 at 36.7 pg/kg, and Aroclor 1260 was
detected in soil boring SB23 at 34.6 pg/kg. Two other nearby sampling locations (Soil borings SB16
and GW11) also exhibited low levels of Aroclor 1260 (317 pg/kg) and Aroclor 1254 (214 pg/kg),
respectively. These four borings are located in the central portion of the dump area. No PCBs were
detected in groundwater indicating that vertical migration to the water table has not occurred.

The concentrations of a number of inorganic constituents exceeded twice the average background
concentration for the base. An ongoing soil background database is being developed for MCB Camp
Lejeune to support RI/FS efforts. At present, the database is limited to 17 surface and 6 subsurface
soil samples collected as part of remedial investigations conducted to date at MCB Camp Lejeune.
The average base-specific inorganic background soil concentrations were estimated using analytical
data from the current database. Comparing the results for surface and subsurface soils, there appears
to be little correlation between elevated metals concentrations in the surface and subsurface soils.
For surface soils, chromium, iron, and vanadium were the predominant metals that exceeded
background levels. In contrast, zinc, barium, manganese, arsenic, and lead were the major
subsurface metals that exceeded twice the background levels. Although there were many
background exceedances associated with the metals results, the data do not suggest a gross metals
contamination problem at the site. The majority of elevated metals concentrations exceeded the
twice background levels by less than an order of magnitude. In addition, the calculated background
concentrations may increase as the database is expanded.

Groundwater

VOC contamination in shallow groundwater was detected in shallow wells 41GW09, 41GW10, and
41GW11. The VOCs included chloroform (1.36 to 3.17 pg/L in wells 41GW9 and 41GW10),
benzene (2.67 pg/L in well 41GW11), chlorobenzene (1.49 pg/L in well 41GW11), and total xylenes
(1.03 pg/L in well 41GW11). Well 41GW11 is located at the center of the former disposal area in
the fill material. Naphthalene, a semivolatile organic, was detected in this well at a concentration
of 3 pg/L. Low levels of 1,2-DCE (1.22 pg/L) and 1,1,1-trichloroethane (19 pg/L) were detected
in deep well 41GW11DW. Chloroform (1.02 pg/L) and dibromochloromethane (1.27 ng/L) were
detected in deep well 41GW12DW.

Metals detected during the first two sampling rounds were widely distributed in shallow

groundwater. Elevated levels of total (unfiltered) metals during these sampling rounds included:
lead (maximum concentration of 9,340 pg/L in well 4IGW11), chromium (maximum concentration
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of 176 pg/L in well 41GW10), manganese (maximum concentration of 2,110 pg/L in well
41GW11), and iron (maximum concentration of 155,000 pg/L in well 41GW11). Well GW11,
which is located in the center of the dump, exhibited the highest levels of total metals. Nine out of
18 groundwater samples exceeded the NCWQS for chromium, and 10 of 18 samples exceeded the
NCWQS for lead. Iron concentrations exceeded the NCWQS in all samples, and manganese levels
exceeded the NCWQS value in 14 samples.

In August 1994, shallow monitoring wells 41GW02, 41GW07, 41GW10, and 41GW11, which
contained the highest combined concentrations of chromium and lead, were resampled using a low-
flow purging technique. The low-flow purging technique was designed to collect a groundwater
sample that is more representative of actual conditions compared to samples collected in previous
rounds using much higher pumping rates (causing more suspended solids in the sample). The low-
flow sampling results showed much lower total metals concentrations than those detected in the
previous sampling rounds. For example, the lead concentration in well 41GW11 decreased from
12,600 pg/L in the April 1994 sample to 26.3 pg/L in the low-flow sample. Furthermore, chromium
concentrations in all four wells sampled using the low-flow method decreased from levels exceeding
100 pg/L to non-detected values. Based on these results, the elevated concentrations of total metals
detected in the first two sampling rounds appear to be largely the result of turbidity in the sample
resulting from sampling procedures rather than from actual leaching of contamination from soils to
groundwater. With the exception of iron and manganese, lead was the only inorganic constituent
that exceeded its NCWQS and MCL value during the low-flow sampling round. Although lead was
detected at 26.3 pg/L in the unfiltered sample from well 41GW11, it was not detected in the filtered
sample. This result suggests that lead, in its dissolved form, may not be migrating through soil and
groundwater, and that the elevated concentration detected in the unfiltered sample could still be the
result of elevated turbidity in the sample. This conclusion is also supported by the fact that a source
of lead contamination was not identified in the subsurface soils, and that lead typically exhibits a
very low mobility in the environment due to its high adsorptive affinity for soils.

During the low-flow sampling round, iron concentrations exceeded the NCWQS in all four wells,
and manganese exceeded the NCWQS in three of the wells. Elevated iron and manganese
concentrations in excess of their NCWQS values have been detected throughout the base in both the
shallow and Castle Hayne aquifers. Therefore, the iron and manganese concentrations detected in
the shallow groundwater at Site 41 may be largely due to high background levels rather than
associated with a site-related metals source.

The pesticides alpha-BHC, beta-BHC, and DDD were detected at trace levels in shallow wells
41GW02, 41GW09, and 41GW11. Their presence could be due to suspended fines in the sample,
or vertical migration via leaching.

Deep groundwater (i.e., the Castle Hayne Aquifer) exhibited mainly total iron and manganese levels
above NCWQSs. Similarly to the shallow groundwater, these metals are believed to be elevated
naturally, and not due to site activities. The results of a Wellhead Monitoring Study performed in
1992 on 75 water supply wells indicated a base-wide average iron concentration of 1,400 pg/L, with
concentrations ranging from 310 pg/L to 9,800 pg/L (Greenhorne & O'Mara, 1992). The average
manganese concentration detected was approximately 78 pug/L, with concentrations ranging from
50 pg/L to 120 pg/L. Lead was detected in the unfiltered samples collected from three of the deep
wells during Round 2, and cadmium appeared in two of the wells. All detections of these
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constituents exceeded their respective NCWQS and MCL standards. These inorganics were not
detected in any of the deep wells during Round 1 nor were they detected in the filtered samples from
both rounds. In addition, the lead and cadmium concentrations detected in Round 2 do not correlate
with the southeast direction of groundwater flow in the Caste Hayne Aquifer. Lead and cadmium
were detected in two upgradient wells (41GW6DW and 41GW9DW) but were not found in wells
41GW4DW and 41GW12DW, which can be considered downgradient of the site. Thus, it appears
that the elevated lead and cadmium concentrations detected in the unfiltered sample are not site-
related and could be the result of elevated turbidity in the sample.

Surface Water/Sediments

As previously mentioned, two seeps are present on site, which discharge into the unnamed tributary
of Tank Creek. The seeps apparently are the result of groundwater discharging from the former
dump area. One seep is located in the eastern portion of the site and flows into the unnamed
tributary. The second seep is located in the north central portion of the site and also flows to the
unnamed tributary.

Surface water samples collected from the seeps primarily contained elevated levels of iron
(maximum concentration of 14,100 pg/L) and manganese (maximum concentration of 209 ng/L).
The evaluation of surface water data shows that concentrations of lead, iron, and manganese within
the seeps are higher than concentrations in the unnamed tributary, particularly for the eastern seep.
A comparison of the average upstream lead concentration to the average downstream level indicates
that the seeps may have a slight impact on unnamed tributary.

A comparison of total (unfiltered samples) and dissolved (filtered samples) metals within the
northern and eastern seeps, and in the unnamed tributary was performed. Total iron values detected
in unfiltered samples were an order-of-magnitude higher than iron levels found in filtered samples,
suggesting that part of the total iron values may be attributable to turbidity in the surface water.
Lead was detected in most unfiltered surface water samples from the seeps and downstream in the
unnamed tributary, but was not detected in the filtered samples. These data suggest that the lead
may be associated with suspended or colloidal matter in the water rather than dissolved species.
Metals present as suspended or colloidal solids are generally not considered to be bioavailable to
aquatic organisms. g

Pesticides in surface water were detected at only one sampling location in the unnamed tributary
during Round 1. Lindane and DDT were detected at 0.020 pg/L and 0.030 pg/L, respectively, at
location 41-UN-SW02. During Round 2, heptachlior was the only pesticide detected. It was detected
at 0.055 pg/L at sampling location 41-UN-SW20. Since there appears to be no site-related pattern
associated with these pesticide detections, the source of the pesticides is most likely a result of past
pest control activities.

Sediment sampling results show that pesticides were detected in the unnamed tributary, Tank Creek,
and seep sediments. Pesticide levels above the NOAA sediment screening criteria (ER-L and ER-L)
were detected in upstream as well as downstream locations, suggesting the source of the pesticides
is due to historical pest control activities.
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Iron and manganese concentrations in the seep sediments, particularly in the eastern seep, are
generally an order of magnitude or more higher than in the unnamed tributary. Thus, it appears that
significant portions of these inorganics are precipitating out of the surface water and accumulating
in the seep sediments before reaching the unnamed tributary. The oxidation and precipitation of iron
is evident from the brownish-orange color observed in the water and sediment in the eastern seep.
The lead concentration exceeded the NOAA sediment screening criterion (ER-L) in 2 out of 28
samples.

A few sediment samples from Tank Creck and the unnamed tributary exhibited PAHs. The PAHs
in sediment were present in one location, which is adjacent to U.S. Highway 17. Runoff from the
highway may be the source of the PAHs at this location.

PCBs, consisting of Aroclor 1248 and 1254, were detected at low levels in a sediment sample
collected from the eastern seep. Concentrations of Aroclor 1242 exceeded the NOAA sediment
screening criterion (ER-L) in 3 out of 28 samples. PCBs were not encountered in the northern seep.

The ordnance constituent 1,3,5-trinitrobenzene (1,390 ng/kg) and TCE (2 pg/kg) were detected in
sample location 41-UN-SD14.

Site 74

Soil

Soil was the medium most impacted by former disposal operations at Site 74.

Pesticides were detected throughout the site area, but were most elevated in the former pest control
area. In the former pest control area, DDE (maximum concentration of 3,700 ug/kg), DDT
(maximum concentration of 3,840 ug/kg), DDE (maximum concentration of 1,730 pg/kg), alpha-
chlordane (1,160 pg/kg), and gamma-chlordane (maximum concentration of 1,680 pg/kg) were
detected well above background levels. The extent of this contamination is primarily limited to the
surface soil. Although pesticides were also detected in subsurface soil, the concentration levels were
not significantly elevated relative to the surface soil.

Soil contamination within the former grease pit disposal area included TCE (maximum
concentration of 8 pg/kg), total xylenes (maximum concentration of 6 pg/kg), and toluene
(maximum concentration of 3 pg/kg). Although some low levels of VOCs were detected in surface
soils, groundwater has not been impacted with volatiles. PAHs were also detected at low levels in
a limited number of samples. The PAHs could potentially be present due to the burning operations,
which reportedly was conducted to destroy the grease. The extent of both PAH and VOC
contamination is limited. Pesticides were also detected in this area, but at levels equivalent to
pesticide levels typically observed throughout MCB Camp Lejeune.

Groundwater
Groundwater sampling results for Site 74 show that metals are the primary contaminants of concern.

On-site shallow groundwater exhibited total manganese, lead, and chromium above Federal MCLs
and NCWQSs in only a limited number of wells, whereas iron exceeded the its NCWQS and MCL
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in every well. The distribution of these contaminants does not suggest a source area. The
contaminant levels and distribution are very similar to other sites investigated at MCB Camp
Lejeune, indicating that the shallow geologic conditions and sampling methods may have elevated
the concentration of total metals rather than a specific disposal event. Upgradient well 74GW03A
also exhibited these metals, including lead, at higher concentrations than wells located closer to the
site.

In August 1994, shallow monitoring wells 74GWO03A and 74GWO07 were resampled using the low-
flow purging technique. The low-flow sampling results showed much lower total metals
concentrations than those detected in the previous sampling round. Only iron, which is elevated
throughout the base, exceeded its NCWQS and MCL (secondary) during this round. This
comparison supports the conclusion that the elevated total metals detected in some of the shallow
groundwater samples are a result of turbity in the well rather than of past disposal activities.
Dissolved (filtered samples) metals in shallow groundwater were not elevated.

Shallow groundwater under the former pest control area exhibited low levels of alpha-chlordane,
gamma-chlordane, lindane (gamma-BHC), and endosulfan. The detected concentrations were below
Federal MCLs and/or NCWQS. Monitoring well 74GW2, located east of the grease pit and
northwest of the former pest control area, exhibited heptachlor at 0.01J pg/L. (the NCWQS for
heptachlor is 0.008 pg/L).

Surface Water/Sediment

Surface water samples collected from Henderson Pond exhibited metals. Lead was the only
constituent which exceeded the Federal AWQC (chronic). Low levels of pesticides (DDE, DDT,
endosulfan II, methoxychlor, and endrin aldehyde) were detected in all three sediment sampling
locations, but at levels below the EPA Region IV sediment screening values. The source of the
pesticides could be due to historical pest control applications since the pesticide levels are similar
to levels detected in sediments throughout the base. TCE was detected in two sediment samples;
one collected from the northern portion of the pond and the other collected from the southern portion
of the pond. The source of the TCE is unknown. TCE was not detected in surface water or
groundwater at the site.

HUMAN HEALTH RISK ASSESSMENT

The baseline human health risk assessment was based on possible exposure pathways under current
and future potential exposure scenarios. Under current conditions, the exposed population
considered base personnel who may be exposed to site contaminants during military training
operations (both sites are in remote areas of the base where military training occurs). The exposure
medium is primarily associated with surface soil. Groundwater was not considered as an exposure
medium under current conditions since the base is serviced by a public (base) water supply system.
In addition, there are no supply wells which have been impacted by either site. Future potential
exposure scenarios involved construction activities and residential use. For the residential scenario,
groundwater and surface soil were identified as exposure media. It should be noted that the future
residential exposure pathway to soil or groundwater is extremely unlikely given that both sites are
suspected of containing buried CWM. For the future construction pathway, subsurface soil was
identified as the exposure medium.
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Site 41

The total site ICR estimated for current military personnel (6E-07) was less than the USEPA's target
risk range (1E-04 to 1E-06). Additionally, the total HI value estimated for this receptor was less
than unity. The total site ICR estimated for future residential children (6E-04) and adults (1E-03)
exceeded the USEPA's upper bound risk range (1E-04). The total site ICR estimated for future
construction workers (9E-08) was less than the USEPA's target risk range of 1E-04 to 1E-06.
Additionally, the total site HI for future residential children (16) and adults (8) exceed unity. The
total site HI estimated for the future construction worker (0.2) did not exceed unity. However,
buried CWM, if present, would still pose a risk to a construction worker at the site. The total site
risk was driven by future potential exposure to shallow groundwater, based on total metals analysis.

Site 74

The total site ICR estimated for current military personnel (8E-08) was less than the lower bound
USEPA's target risk range (1E-06). Additionally, the total HI value estimated for this receptor was
less than unity. Under the future potential risk exposure scenario, the total site ICR estimated for
children (2E-04) and adults (3E-04) exceeded the USEPA's upper bound risk range (1E-04). The
total site ICR estimated for construction workers (2E-08) was less than the USEPA's target risk
range of 1E-04 to 1E-06. Additionally, the total site HI for children (8) and adults (3) exceed unity.
The total site HI estimated for the construction worker (<0.01) did not exceed unity. However,
buried CWM, if present, would still pose a risk to a construction worker at the site. The total site
risk under the future potential exposure scenarios was driven by exposure to shallow groundwater,
based on total metals analysis.

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 ecosystems at OU No. 4. For the terrestrial
ecosystems, metals appear to be the most significant site related COPCs that have the potential to
affect terrestrial receptors at OU No. 4.

Potential adverse impacts to threatened or endangered species are low due to the absence of critical
habitats or noted observations at the three sites. Biohabitats maps did not indicate a significant
impact to ecological resources on or near the three sites. '

Site 41

Aluminum, copper, iron, lead, mercury, and zinc exceeded surface water ARVs and lead, silver,
zine, 4,4'-DDD, 4,4'-DDT, 4,4'-DDE, dieldrin, alpha-chlordane, and gamma-chlordane exceeded the
sediment ARVs. The surface water and sediments with the greatest potential impact to aquatic
receptors are associated with the two seeps and their drainage channels to the unnamed tributary to
Tank Creek. The surface waters of the unnamed tributary and Tank Creek do not show significant
potential for impact to aquatic receptors from COPC concentrations except for aluminum and iron.
However, these COPCs lacked an upstream to downstream concentration gradient in the tributary
and the creek. The sediments of the unnamed tributary and Tank Creek do not show a significant
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potential for impact to aquatic receptors from COPC concentrations due to the lack of upstream to
downstream concentration gradients that would indicate a source area for COPCs on site.

The seeps and drainage channels to the unnamed tributary do not represent a significant habitat for
aquatic receptors. Although the seeps were flowing during various site visits, extended drought
conditions could result in more ephermal conditions. While it is recognized that these systems will
support some tolerant species, the natural conditions that exist in both the seeps and the drainage
channel are not conducive to attainment of a diverse and stable aquatic community. The populations
that would occur in both the seeps and the drainage channel at the site would exhibit high temporal
and spatial variability in both diversity and densities due to the natural conditions that exist. This
type of natural variability has been recognized as one of the most significant components of the
uncertainty associated with ecological risk assessments. Because there is no point of departure
(e.g., 1 x 10" for human health carcinogenic risk) for determining when a ecosystem has been
impacted by site conditions verses when a ecosystem is exhibiting natural temporal and spatial
fluctuations, the high natural variability of ecosystems that exist in drainage channels and seeps
makes it difficult to quantify site impacts to the ecological integrity of these systems.

However, the potential for impacts to the integrity of aquatic receptors in the seeps and drainage
channels warranted additional investigation of these ecosystems. Subsequently, additional surface
water and sediment analysis for metals in the seeps was initiated and were reported and discussed
in this version of the report. In addition to total metal analyses, dissolved metal analyses were
conducted on surface water samples. It has been established that the dissolved fraction of the sample
represents the most bioavailable form of the metal and is a more accurate indication of potential
risks. Mercury and aluminum were not detected in the dissolved analysis, and dissolved lead was
detected only once at a concentration below the surface water ARV. Based on the additional
investigations, these results support the conclusion that the seeps are not adversely impacting the
aquatic ecosystems of the unnamed tributary and Tank Creek and potential impacts from sediments
are limited to the seeps and drainage channels to the unnamed tributary to Tank Creek.

Comparison of surface soils and soil toxicity studies indicate that beryllium, chromium, copper, iron,
lead, manganese, and zinc were detected in concentrations that potentially may decrease the integrity
of terrestrial invertebrates and floral species at Site 41. However, based on the comparison of
chronic daily intakes and terrestrial reference values, there does not appear to be an impact to
terrestrial organisms including rabbits, deer, quail, fox, and raccoon from the site. This analysis
included exposure to surface waters of the seeps, unnamed: tributary, and Tank Creek, which
supports the conclusion that any potential impacts from the seeps are limited to only aquatic
receptors in the seeps itself.

Site 74

Aluminum and lead exceeded the ARVs in surface water. There were no COPCs detected that
exceeded any sediment ARVs. Aluminum was detected at concentrations below both the median
and average base-wide concentrations, while lead was detected at concentrations above both the
base-wide average and median concentrations, but the. quotient ratio was not indicative of a
significant potential for impact to surface water aquatic receptors. For surface soils, chromium at
the site exceeded soil toxicily reference levels. Based on the comparison of chronic daily intakes
and terrestrial reference values, there appears to be a small potential for adverse affect to terrestrial
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organisms due to manganese for the quail and rabbit. There does not appear to be an impact to
terrestrial organisms based on the comparison of chronic daily intakes and terrestrial reference
values for the fox and deer receptors.

CONCLUSIONS

Site 41

L. Polycyclic aromatic hydrocarbons (PAHs) detected in soil may be the result of reported
burning operations during disposal activities. The extent of this contamination is within the
central portion of the former disposal area. PAHs were not detected in groundwater.

2. Pesticides were detected in most soil samples; however, the pesticide levels are within base-
wide concentrations which are indicative of historical pest control spraying. Low levels of
pesticides were detected at isolated areas within the shallow aquifer and the upper portion
of the Castle Hayne aquifer, indicating that pesticides have migrated to a limited extent from
the soil matrix to shallow groundwater.

3. Although there were many background exceedances associated with the metals results, the
data do not suggest a gross metals contamination problem in either the surface or subsurface
soils at the site. The majority of elevated metals concentrations exceeded the twice
background levels by less than an order of magnitude.

4. Total lead, iron, and manganese were detected above State and Federal groundwater
standards in most of the wells during the RI field investigation. Monitoring well 41GW11,
which is located in the central portion of the former disposal area, exhibited the highest
levels of lead, iron, and manganese. However, the elevated concentrations of total metals
may be due to turbidity in the well or sampling techniques rather than from leaching of these
metals from soil to groundwater. Resampling of selected shallow monitoring wells using
the low-flow sampling technique resulted in significantly lower metal concentrations. Lead,
iron and manganese concentrations in well 41GW11 only exceeded drinking water standards
during this round. '

5. Shallow groundwater is apparently discharging from the landfill via two seeps. Surface
water samples collected from the seeps have exhibited elevated levels of iron, lead, and
manganese. However, the unnamed tributary and Tank Creek do not appear to be
significantly impacted by the site or seep discharges. Downstream surface water samples
exhibited slightly higher iron and lead levels than upstream samples. Sediment samples
along the seep pathway primarily exhibited pesticides above EPA Region IV screening
values. High iron concentrations were detected in the seep sediments, suggesting that much
of the iron in the seep surface water is being deposited in the sediments through oxidation
and precipitation.

6. Under current exposure pathways, there are no adverse human health risks mainly because

the site is in a remote area, and there is no exposure pathway associated with the
groundwater (i.e., no water supply wells are currently located near the site).
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7. Under future potential exposure pathways involving residential use, adverse human health
risks would result primarily due to metal concentrations in groundwater. However, future
residential use of the area is unlikely since the site is suspected of containing buried CWM.
In addition, there are no plans to use this area for residential housing.

8. No adverse human health risks were calculated for the future construction worker.
However, buried CWM, if present, would still pose a risk to a construction worker at the
site.

9. The risk analysis for environmental media concentrations and terrestrial intake models did

not indicate that there are significant ecological risks associated with Site 41 to terrestrial
receptors and aquatic receptors in the unnamed tributary and Tank Creek.

10. Based on the results of the human health and ecological risk assessments, there are no areas
of concern associated with soils or sediment that require remediation. However,
institutional controls are considered in the FS to restrict site access and land use because of
the unacceptable risk calculated for the residential use scenario as well as the suspected
buried CWM.

11. Remediation of the groundwater and seep discharges is considered in the FS because there
were some exceedances of State and Federal ARARs. In addition, the seep discharge may
pose a future potential threat to the environment and habitat along the unnamed tributary.

Site 74

1. Soil at the former pest control area exhibited pesticides above base background levels,
indicating that former pest control activities have resulted in soil contamination. The extent
of soil contamination at the former pest control area is limited.

2. Low levels of pesticides were detected in shallow groundwater at the pest control area;
however, the levels are below State and Federal drinking water standards.

3. Soil and groundwater at the former grease pit disposal area have not been significantly
impacted by former disposal activities. Although organic and inorganic contaminants were
detected in soil, the low concentrations and infrequent distribution of the contaminants do
not suggest that there is a source area associated with former disposal areas.

4, The subsurface conditions at the former grease pit disposal area are unknown since no
intrusive investigations (e.g., trenching) could be conducted due to suspected buried CWM.
Therefore, the background information, which indicated that PCBs and other wastes were
disposed at the site, cannot be verified.

5. No chemical agents were detected during borehole monitoring by the U.S. Army TEU. In
addition, no chemical surety degradation compounds were detected in soil samples.
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10.

11.

Elevated total metals in groundwater are not believed to be indicative of former disposal
activities. Dissolved metal concentrations were below State and Federal drinking water
standards.

Under current exposure pathways, there are no adverse human health risks associated with
the site (i.e., the shallow groundwater is not currently being used for any purpose).

Under future potential exposure pathways involving residential use, adverse human health
risks would result due to groundwater usage. However, future residential use of the area is
unlikely since the site is suspected of containing buried CWM.

No adverse human health risks were calculated for the future construction worker.
However, buried CWM, if present, would still pose a risk to a construction worker at the
site.

The risk analysis for environmental media concentrations and terrestrial intake models
indicated that there are no significant ecological risks associated with Site 74 to aquatic and
terrestrial receptors.

Based on the results of the human health and ecological risk assessments, there are no areas
of concern associated with the soils that require remediation. However, institutional
controls are considered in the FS to restrict site access and land use because of the
unacceptable risk calculated for the residential use scenario as well as the suspected buried
CWM.
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1.0 INTRODUCTION

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

The FFA identifies 27 sites requiring Remedial Investigation/Feasibility Study (RI/FS) activities.
These 27 sites have been divided into 14 operable units to simplify proceeding with RI/FS activities.
This report describes the RI conducted at Operable Unit (OU) No. 4, which is comprised of Sites 41
and 74.

The purpose of this Rl is to evaluate the nature and extent of the threat to public health and the
environment caused by the release or threatened release of hazardous substances, pollutants, or
contaminants. This was accomplished by sampling several media (soil, groundwater, surface water,
and sediment) at OU No. 4, 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,
the human health RA, and the ecological RA. Furthermore, the RI provides information to support
the FS and Record of Decision (ROD) for a final remedial action.

Site 41 is known as the "Camp Geiger Dump” and Site 74 is referred to as the "Mess Hall Grease Pit
Disposal Area” . These sites are spread out across the entire MCB Camp Lejeune. Site 41 is located
in the northwestern section of MCB, Camp Lejeune, with Highway 17 bordering the site to the west.
Site 74 is located in the northeast section of MCB, Camp Lejeune with Holcomb Boulevard
bordering the site to the west and Piney Green Road bordering the site to the east. These sites are
identified on Figure 1-1. [Note that all figures and tables are presented at the end of the text
section.]

This RI has been submitted to the Naval Facilities Engineering Command, Atlantic Division
(LANTDIV) MCB, Camp Lejeune Environmental Management Department (EMD), USEPA
Region IV, North Carolina Department of Health and Natural Resources (NC DEHNR), and
members of the Technical Review Committee (TRC).

1.1 Report Organization

The following sections are presented in this RI report.

Section 1.0  Introduction

Section 2.0  Study Area Investigation

Section 3.0  Physical Characteristics of the Study Area
Section 4.0 Nature and Extent of Contamination
Section 5.0 Contaminant Fate and Transport
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Section 6.0 Baseline Human Health Risk Assessment (BRA)
Section 7.0  Ecological Risk Assessment (ERA)

Section 8.0 Summary and Conclusions

Section 9.0  References

Section 1.0 focuses on the purpose of the RI, and a description of the location, setting, and history
of Sites 41 and 74.

Section 2.0 describes the field sampling activities conducted during the RI at OU No. 4. This section
describes the purpose of the sampling procedures, sampling grids, and sampling locations for all
media. Figures are included to show sampling locations. Drilling logs and well installation logs are
also provided to show site geologic conditions. This section also discusses quality control conducted
during the sampling events.

Section 3.0 addresses the physical features of OU No. 4. This section discusses the surface features,
meteorology, surface water hydrology, geology, soils, hydrogeology, demography, land use, the
ecology in and around OU No. 4, and water supply wells identified within the vicinity of OU No. 4.

Section 4.0 presents the nature and extent of the contamination found at OU No. 4. This section
presents the results of the field sampling activities conducted as part of this RI. The results of the
sampling activities are presented in the first part of this section. Also included in this section is a
discussion of the extent of contamination, a summary of the contaminants detected, and a discussion
of the potential sources.

Section 5.0 characterizes the fate and transport contaminants found at OU No. 4. This
characterization includes: potential routes of contaminant migration, contaminant persistence, and
contaminant migration.

Section 6.0 contains the BRA conducted for OU No. 4. The BRA contains a human health
evaluation and an environmental evaluation.

Section 7.0 contains the ERA conducted for OU No. 4. The ERA contains an ecological evaluation
based on possible impacts related to each site.

Section 8.0 includes the Summary and Conclusions. This section summarizes the nature and extent
of contamination, contaminant fate and transport and the human health and ecological RA. In
addition, the conclusions address any data limitations and recommended remedial action objectives.

Section 9.0 includes references cited in this report.

12 Operable Unit Description

Operable units are formed as an incremental step towards addressing individual site problems.
There are currently 27 Installation Restoration Program (IRP) sites on MCB Camp Lejeune which
have been grouped into 14 operable units to simplify the specific problems associated with a site or
a group of sites. Figure 1-2 shows the breakdown of the operable units within MCB Camp Lejeune.
OU No. 4 includes Sites 41 and 74 which were grouped because the sites had historic documentation
of disposal of Chemical Weapons Material (CWM) and industrial wastes.
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Each site included under OU No. 4 is one half hour in driving distance away from the other. Site 41
is located in the northeast section of the base and is in the southern portion of the Camp Geiger area.
The site is situated east of U.S. Highway 17, south of Douglass Road, west of an unnamed tributary,
and north of Tank Creek. Site 41 is estimated to be approximately 30 acres in size. Site 74 is
located in the northeastern section of the base. Site 74 has two areas of concern (AQC) associated
with it, the first AOC is the Mess Hall Grease Pit Disposal Area, and the second AOC is the Former
Pest Control Area. Both AOCs are located one half mile to the east of Holcomb Boulevard and are
north of Wallace Creek and Henderson Pond. The Mess Hall Grease Pit Disposal Area is estimated
to be approximately 3 acres in size, and the Former Pest Control Area is estimated to be only
1,000 square feet. Site descriptions and histories of each site included under OU No. 4 are presented
in section 1.3.

1.3 Site Descriptions and Histories

This section provides a description of the physical setting of the sites included under OU No. 4. A
detailed history of the sites is presented in each subsequent section.

1.3.1 Site 41 Description

Site 41, Camp Geiger Dump Near Former Trailer Park, is located in the Camp Geiger area of MCB
Camp Lejeune. Figure 1-3 presents a site map of Site 41. Site 41 is heavily wooded and vegetated.
The former disposal areas physical boundary are barely discernible. Dirt roads are present along the
boundary and through the center of the site. Some portions of these roads are overgrown and
impassible due to ponding.

The areas along the eastern and southern boundaries are classified as wooded (Palustrine) wetlands
(United State Fish and Wildlife Service, National Wetland Inventory, 1986). These areas are
downslope of the former disposal area.

Throughout the former disposal area are piles of construction debris, mainly metal and concrete.
Drums of various sizes (i.e., 5 gallons up to 55 gallons) are also present throughout the disposal area
at random locations.

The former dump is situated at a local topographic high area with an elevation of approximately
20 feet msl (see Figure 1-3). This portion of the study area is relatively flat, the area surrounding
the former dump is comprised of moderate to steep hillsides which slope toward the unnamed
tributary to the north and east, and to Tank Creek to the south and southwest.

Soils identified by the Soil Conservation Service survey (USDA, 1984) at Site 41 were excavated
soils. The occurrence of excavated soils at Site 41 would tend to confirm past disposal activities.

1.3.2  Site 41 History

Site 41 was used as an open burn dump from 1946 to 1970. The dump received construction debris
and several types of wastes including petroleum, oil, and lubricants (POL), solvents, batteries, mirex
in bags, thousands of mortar shells, one case of grenades, and one 105 mm Howitzer shell. In
addition, it is reported that in the mid-1960s, at least two waste disposal incidents occurred involving
the disposal of drummed wastes from trucks. At such times, a fire truck was present. These wastes
were described as being similar to the types of wastes disposed of at Site 69 (Rifle Range Chemical
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Dump). More definitive information is not available to properly identify these wastes. However,
it is documented that drums of chemical training agents, which may contain small quantities of
blister agents, were disposed of at Site 69. In addition, an incident occurred at Site 69 involving the
explosion of containers containing HTH.

1.3.3  Site 74 Description

Site 74 is located in a stand of woods approximately one-half mile east of Holcomb Boulevard in
the northeast portion of MCB Camp Lejeune. Figure 1-4 presents a site map of Site 74. There are
two AOCs at Site 74: the Mess Hall Grease Pit Disposal Area and the Former Pest Control Area.
The Mess Hall Grease Pit Disposal Area is reportedly located just north of the gravel road, and west
of the dirt road (i.e., northwest of the intersection of the two roads as shown on Figure 1-4). This
grease pit reportedly measures 135 feet long by 30 feet wide by 12 feet deep (Environmental Science
and Engineering (ESE), 1991). However, this pit was not observed during a June 1992 site
reconnaissance, and during the field investigation of this site, nor was it detected by geophysical
techniques. Review of historical aerial photographs indicated that the disposal area is
approximately five acres in size. '

The second AOC, the Former Pest Control Area, is reportedly located about 150 feet east of potable
water supply well No. HP-654 (ESE, 1991). This area reportedly measures an area of 100 feet by
100 feet; however, the area was not recognizable during a site reconnaissance in June 1992, and
during the field investigation from January to March 1994. The general area is heavily overgrown
with vegetation. Surrounding the former pest control area is a large tract of land that may also be
associated with disposal based on review of historical aerial photographs. This area encompasses
approximately four acres as shown on Figure 1-4.

Both AOC:s are relatively flat. There are no significant surface water drainage features (i.e., ditches,
streams, etc.) on site. Henderson Pond, which is used for recreational fishing, is located about
one-half mile southeast from the site. Surface water runoff is expected to be toward the southeast.
However, the area is heavily overgrown with vegetation, which could reduce surface runoff.

1.3.4 Site 74 History

There are presently no disposal activities on site. The site was used as a disposal area from the early
1950s until 1960. Mess Hall grease was disposed of in the pit until 1954, when Hurricane Hazel
reportedly washed the grease out of the pit. Use of the pit was discontinued at this time. It was
reported that on at least one occasion, a volatile substance was used unsuccessfully to burn the
grease. Drums containing either pesticides or transformer oil containing PCBs, and pesticide soaked
bags were also reportedly disposed of near the grease pit. Drums containing chemical surety
materials may also be present since it was reported that drums that were supposed to be disposed at
Site 69 were taken to Site 74. No information about the activities at the Former Pest Control Area
is available.

14 Previous Investigations

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

1.4.1 Initial Assessment Study

An IAS was conducted by Water and Air Research (WAR) in 1983. The IAS identified a number
of sites at MCB Camp Lejeune as potential sources of contamination, including the sites discussed
in this RI. The IAS reviewed historical records and aerial photographs, as well as performing field
inspections and personnel interviews to evaluate potential hazards at various sites on MCB Camp
Lejeune. The IAS recommended performing confirmation studies at Sites 41 and 74 to evaluate the
necessity of conducting mitigating actions or clean-up operations.

14.2 Confirmation Study

A confirmation study was conducted by ESE from 1984 through 1987. The purpose of this
investigation was to investigate the potential source areas identified in the IAS. Sites 41 and 74 were
identified in the IAS. The Confirmation Study was divided into two separate reports: a Verification
Step done in 1984 and a Confirmation Step done in 1986 through 1987. Results from the
Confirmation Study for Sites 41 and 74 are presented in Sections 1.4.2.1 and 1.4.2.2, respectively.

1.4.2.1 Site 41

Previous investigations at Site 41 focused on groundwater, surface water, and sediment. A soil
investigation was not conducted under any step of the Confirmation Study.

Groundwater Investigation

In July 1984, as part of the Verification Step, ESE installed four shallow groundwater monitoring
wells (41GW1,41GW2,41GW3, 41GW4). Shallow groundwater monitoring wells ranged in depth
from 24 to 26 feet bgs. In 1986 a fifth shallow well (41GWS5) was installed in a upgradient
direction. Figure 1-5 presents the shallow monitoring well locations.

Groundwater samples were collected from wells 41GW1, 41GW2, 41GW3, and 41GW4 in
July 1984, additional groundwater samples were also collected in January 1987 from the four wells
and 41GW5. Well 41GWS was sampled again in March 1987. The groundwater samples collected
from these wells were analyzed for the following (ESE, 1991):

Cadmium

Chromium

Hexavalent Chromium (1987 only)
Lead

VOCs

Total Phenols

Organochloride Pesticides

Oil and Grease

Mirex ‘

Ordnance Compounds
Tetrachlorodioxin (1987 only)
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° Xylenes (1987 only)
° MEK (1987 only)
° MIK (1987 only)

Analytical findings for both phases of the groundwater investigation are provided on Table 1-1.

Volatile organics benzene (0.3 ug/L), dichlorodifluvoromethane (8.0 pg/L), trans-1,2-DCE
(1.1 pg/L), and vinyl chloride (1.0 pg/L) were detected in groundwater collected from monitoring
well 41GW2. The concentration of dichlorofluoromethane and vinyl chloride exceeded the NCWQS
established for these compounds.

Groundwater results from the second round of sampling indicated that concentrations of methylene
chloride in groundwater collected from monitoring well 41GW2 (8 ug/L) exceeded the NCWQS

(0.19 pg/L).

Pesticide contaminants aldrin (0.017 pg/L) and heptachlor (0.007 pg/L) were detected in
groundwater collected from monitoring well 41GWS5. Neither of these concentrations exceeded any
state or federal criteria.

First round inorganic groundwater data indicates that groundwater collected from well 41GW3 had
levels of cadmium (7.1 pg/L) which exceeded the MCL and the NCWQS. Chromium was detected
in groundwater collected during both rounds from monitoring wells 41GW1, 41GW2, 41GW3, and
41GWS5. Chromium was detected from the initial groundwater samples collected from 41GW4.
Lead was detected in wells 41GW1 (74.6 ng/L), 41GW2 (196.3 ug/L), and 41GW3 (119.4 pg/L)
during the first round. These concentrations exceed the Federal Action Level of 15.0 pg/L and the
NCWQS Action Level of 50 pg/L for lead. Lead was not detected in second round groundwater
samples collected from monitoring wells 41GW1 and 41GW3. Lead concentrations for well
41GW?2 indicated a decrease in concentration.

Oil and grease was detected in all groundwater samples collected during the first and second rounds.
Concentrations ranged from 900 pg/L (41GW3) to 48,000 ng/L (41GW4).

Phenols were detected in all five monitoring wells. The highest concentration of phenol! was
detected in well 41GWS5 (18 pg/L).

Analytical findings from the second round of groundwater sampling indicated that a nitroaromatic
compound (RDX) was detected in well 41GW3. This positive detection indicates that groundwater
may have been impacted by ordnance disposal at Site 41 (ESE, 1991).

Surface Water Investigation

Four surface water and sediment samples were collected and analyzed in January 1987. Surface
water and sediment samples were collected from two locations in Tank Creek and from two
locations in the unnamed tributary to Southwest Creek. Surface water and sediment sampling

locations are provided on Figure 1-5. The surface water samples were analyzed for the following
(ESE, 1991):

'Y Cadmium
° Chromium
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Hexavalent Chromium
Lead

VOCs

Total Phenols
Organochloride Pesticides
Oil and Grease

Mirex

Ordnance Compounds
Tetrachlorodioxin
Xylenes

MEK

MIK

Results from the surface water samples are provided on Table 1-2.

Methylene chloride was detected in all four surface water samples. Concentrations ranged from
5.5 pg/L (41SW2) 10 9.7 pg/L (41SW3).

Analytical results for the surface water samples indicated that oil and grease was present in all
samples. Concentrations ranged from 200 pg/L (41SW3) to 1,000 pg/L (41SW1).

Phenols were detected above North Carolina Surface Water Standards (NCSWS) for fresh water,
in all four surface water samples, but below the Federal Ambient Water Quality Criteria (AWQC)

standards. The highest detection of phenol at a concentration of 10 ug/L was found in surface water
sample 41SW4.

The pesticide aldrin was detected in samples 41SW2 (0.013 pg/L), 41SW3 (0.015 pg/L), and 41SW4
(0.014 pg/L). All three concentrations exceed the NCSWS for aldrin. Surface water 41SW2 also
had a positive detection for delta benzene hexachloride (D-BHC) at a concentration of 0.047 ug/L.

Inorganic contaminants were not detected in the surface water samples.
Sediment Investigation
The sediment samples collected for this Confirmation Study were analyzed for the following:

Cadmium

Chromium

Hexavalent Chromium
Lead

Oil and Grease

Total Phenols

Mirex

Organochloride Pesticides
Tetrachlorodioxin
Ordnance

Results from the sediment samples are provided on Table 1-3.
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Oil and grease was detected in all sediment samples . Concentrations ranged from 40 pg/g (41SE3)
to 208 pg/g (41SE1).

Phenols and 2,4,6-TNT were detected in samples 41SE3 and 41SE4. Both of these sediment
samples were collected from Tank Creek. The highest concentrations detected for phenol and
2,4,6-TNT were 0.118 pg/g and 0.357 pg/g, respectively.

Chromium was detected in all four sediment samples at concentrations ranging from 1.77 pg/g
(41SE2) to 5.09 pg/g (41SE4). Hexavalent chromium was detected in sediment samples 41SE2,
41SE3, and 41SE4. Concentrations for hexavalent chromium ranged from 1.36 pg/g (41SE2) to
3.74 pg/g (41SE4). Lead was detected in sediment samples 41SE1 (12.1 pg/g) and 41SE2

(4.89 pg/g).

1.4.2.2 Site 74

Previous investigations at Site 74 focused on soil and groundwater. Surface water and sediments
were not included as part of this Confirmation Study. Henderson Pond, the nearest surface water
body, is located approximately 0.4 miles southeast of the site.

Soil Investigation

Two soil borings were hand augered in the Pest Control Area with three samples taken from each
boring during August 1984. The samples were analyzed for organochlorine pesticides. Currently,
there is no documentation that shows the locations of these soil borings.

Analytical findings indicate that 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT were present in the soil.
4,4'-DDD was reported in five of the six soil samples with a maximum concentration of 0.0084 pg/g.
4,4'-DDE was reported in all six samples. Concentrations for 4,4-DDE ranged from 0.0004 to
0.044 pg/g. 4,4-DDT was reported in all three soil samples collected from soil boring 74S1. The
concentration of 4,4-DDT ranged from 0.011 pg/g to 0.260 pg/g. The maximum concentration of
each contaminant was reported in the sample collected closest to the surface. Analytical findings
are presented in Table 1-4.

Groundwater Investigation

Three shallow monitoring wells (ranging in depths from 24 to 26 feet bgs) were installed during the
site investigation conducted at this site. Two of the wells (74GW1 and 74GW2) were installed in
1984. The third well (74GW3) was installed in 1986. Well 74GW1 is located east of the Grease
Pit Disposal Area. Well 74GW?2 is located southeast of the disposal area between the disposal area
and Supply Well HP-654. Well 74GW3 is located northwest and upgradient of the disposal area;
this well was installed as part of the second round of sampling conducted in 1986/1987. Well
locations are provided on Figure 1-6.

The three monitoring wells were sampled during two previous sampling efforts. The first sampling
effort was conducted in July 1984, with wells 74GW1 and 74GW?2 being sampled. The second
combined effort was conducted in December 1986 and March 1987. Wells 74GW1, 74GW2, and
74GW3 were sampled in 1986 and well 74GW3 was sampled again in 1987.
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The groundwater samples collected during the 1984 investigation were analyzed for the following
target compounds:

] Organochlorine Pesticides
° Chlorinated Herbicides
° PCBs

From this round of sampling only two contaminants, 4,4'-DDE and 4,4'-DDT, were detected in
monitoring well 74GW2 at concentrations of 0.001 pg/L for 4,4'-DDE, and 0.007 ng/L for 4,4'-DDT.

The groundwater samples collected during the 1986/1987 investigation were analyzed for the
following compounds:

Organochlorine Pesticides
Chlorinated Herbicides
PCBs

Tetrachlorodioxin

VOCs

From the second round of sampling, 4,4'-DDD was reported at a concentration of 0.029 ug/L from
the groundwater sample collected from 74GW2. One positive detection for methylene chloride
(3.8 png/L) was reported in monitoring well 74GW3. It is possible that this was due to laboratory
contamination and is not a true indication of the contamination at this site; however, no information
is available to assess the analytical methods employed or the Quality Assurance/Quality Control
(QA/QC) protocols used in the laboratory and therefore, this value is reported.

Table 1-5 presents only the analytical findings for those contaminants that were reported above the
detection limit in at least one analytical sample for the years 1984 through 1987.

In July of 1992, included as part of a pre-investigation sampling effort, groundwater samples were
collected from monitoring wells 74GW1 and 74GW2. These samples were collected to aid in
characterizing current site conditions and scope data needs for the RI. The third well, 74GW3, could
not be located and may have been destroyed. Repeated attempts have been made to locate this well.

Groundwater samples collected from these wells were anatyzed for full TCL organics and for total
and dissolved TAL inorganics by Contract Laboratory Program (CLP) protocols and Level IV Data

Quality.

Organic contaminants were not detected in the groundwater samples collected at this site. Total
metals detected at this site included aluminum, barium, iron, magnesium, potassium, and sodium.
With the exception of iron (301 pg/L), detected in groundwater collected from monitoring well
74GW1, exceeding the NCWQS, no other inorganic exceeded applicable state or federal criteria.

Table 1-6 presents the analytical findings for the pre-investigation groundwater sampling.
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TABLE 1-1

CONFIRMATION STUDY
DETECTED TARGET CONTAMINANTS IN GROUNDWATER SAMPLES, SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

North Sample ID/Date Sampled
Parameter ;%IE;?}) Carolina | 416wy | 41GW1 | 41GW2 | 41GW2 | 41GW3 | 41GW3 | 41GW4 | 41GW4 | 41GW5 | 41GW5

WQS® | 1684 | s | mesa | usisr | mesa | 11387 | nesa | i3t | 1137 | asisa
Benzene 5 1 <0.3 <1 0.3 <1 <0.3 <l <0.3 <1 <l <1
Dichlorodifluoromethane NS 0.19 <1 <10 8 <10 <l <10 <l <10 <10 <10
trans-1,2-Dichloroethene 100 70 <1 <1.6 1.1 <1.6 <1.1 <1.6 <l1.1 <1.6 <1.6 <1.6
Vinyl chloride 2 0.015 <0.7 <1 1 <l <0.9 <1 <0.9 <1 <1 <1
Aldrin NS NS <0.0008 | <0.013 | <0.0008 { 0.017 | <0.0008 | <0.013 | <0.0008 | <0.013 | <0.013 | <0.006
Heptachlor 0.40 0.076 <0.0007 | <0.013 | <0.0007 | <0.013 | <0.0007 | <0.013 | <0.0007 | <0.013 | <0.013 0.007
Cadmium NS 5 <6 <29 <6 <29 7.1 <29 <6 <29 4 <3.5
Chromium 100 50 76 10 530 43 230 28 32 <9.4 117 17
Lead 15* 50 74.6 <27 196.3 52 1194 <27 <40 <27 <27 <27
Oil and Grease NS NS 2,000 1,000 2,000 1,000 2,000 900 48,000 2,000 1,000 3,000
Phenols NS NS <l 11 4 11 1 <2 2 6 18 <2
RDX NS NS <3.42 <0.745 <3.23 <745 <33 1.28 <3.3 <0.745 | <0.745 | <0.745

M Federal Maximum Contaminant Levels (MCLs) established under the Safe Drinking Water Act of 1986.

@ NCWQS - North Carolina Administrative Code, Title 15, N.C, DEHNR, Subchapter 2L, Section .0202 - Water Quality Standards for Groundwater, August 4, 1989,
Glass GA standards.

NS = No standard established

*Standard is an action level

Values reported are concentrations in micrograms per liter (z.g/L); this approximates parts per billion (ppb).

Source: ESE, 1990.



TABLE 1-2

CONFIRMATION STUDY
DETECTED CONTAMINANTS IN SURFACE WATER SAMPLES, SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Federal Ambient Water North

Quality Criteria Carolina Sample ID/Date Sampled
Parameter Surface
. Water | 41swi1 | 41sw2 | 41SW3 | 41Sw4
Organisms® | Health® | Standards | 1587 | 187 | w7 | wss7
Oil and Grease NS NS NS 1,000 500 200 300
Phenols 2,560® 3,500 1 4 7 6 10
Aldrin NS 0.000074 | 0.002 <0013 | 0013 0.015 0.014
delta-BHC NS NS NS <0.026 | 0.047 <0.026 | <0.026
Methylene chloride NS NS NS 8.7 55 9.7 6.8

M Freshwater Chronic Criteria

@ Protection of Human Health - Water and Organisms.

@ Insufficient data to develop criteria value presented in the LOEL.
NS = No standard established

Values reported are concentrations in micrograms per liter (1g/L); this approximates parts per billion (ppb).

Source: ESE, 1990.
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TABLE 1-3

CONFIRMATION STUDY
DETECTED CONTAMINANTS IN SEDIMENT SAMPLES, SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Sample ID/Date Sampled
Parameter

41SE1 41SE2 41SE3 41SE4

1/8/87 1/8/87 1/8/87 1/8/87
Chromium 2.66 1.77 1.86 5.09
Chromium (+6) <1.31 1.36 1.57 3.74
Lead 12.1 4.89 <3.49 <4.63
Qil and Grease 208 111 40 159
Phenols <0.066 <0.066 0.081 0.118
2,4,6-TNT <0.00341 <0.00345 0.00459 0.357

Values reported are concentrations in micrograms per gram (u.g/g); this approximates parts per million (ppm).

Source: ESE, 1990.



TABLE 1-4

CONFIRMATION STUDY
DETECTED CONTAMINANTS IN THE SOIL, SITE 74
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Sample ID/Date Sampled
74S1A 74S1B 7451C 7482A 74S2B 7452C
Contaminant | 08/03/84 | 08/03/84 | 08/03/84 | 08/03/84 | 08/03/84 | 08/03/84
DDD, 44 0.0084 | <0.0006 | 0.0006 0.0029 0.0006 0.0006
DDE, 4,4 0.044 0.006 0.0072 0.0051 0.001 0.0004
DDT, 4,4 0.260 0.0086 0.011 <0.0012 | <0.0012 | <0.0013

Values reported are concentrations in micrograms per gram (ug/g); this approximates to parts per million (ppm).

Note: There are no North Carolina pesticide soil standards.

Source: ESE, 1990,
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TABLE 1-5

CONFIRMATION STUDY
DETECTED TARGET CONTAMINANTS IN GROUNDWATER (1984-1987), SITE 74
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Sample ID/Date Sampled
North Supply Well
Federal Carolina T4GW1 | 74GW1 | 74GW2 | 74GW2 | 74GW3 | 74GW3 (654)
Contaminant MCLs®" wQs® 07/04/84 | 12/04/86 | 07/04/84 | 12/04/86 | 12/04/86 | 03/04/87 07/04/84
DDD, 4,4 NS NS <0.0008 | <0.006 | <0.0008 0.029 <0.006 <0.006 <0
DDE, 4,4 NS NS <0.0008 | <0.006 0.001 <0.006 <0.006 <0.006 <0.006
DDT, 4.4 NS NS <0.005 <0.006 0.007 <0.006 <0.006 <0.006 <0.005
1
Methylene Chloride NS 5 NA <28 NA <2.8 38 <2.8 NA

M Federal Maximum Contaminant Levels (MCLs) established under the Safe Drinking Water Act of 1986.
@ NCWQS - North Carolina Administrative Code, Title 15, N.C. DEHNR, Subchapter 2L, Section .0202 - Water Quality Standards for

Groundwater, August 4, 1989. Class GA Standards.
NS = No standard established.

NA = Not analyzed.

Values reported are concentrations in micrograms per liter (ug/L).

Source: ESE, 1990.



TABLE 1-6

PRE-INVESTIGATION
DETECTED CONTAMINANTS IN THE GROUNDWATER (1992), SITE 74
REMEDIAL INVESTIGATION, CT0O-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Sample ID/Date Sampled
74GW1 T4GW2
7/07/92 7
North 07/07/9 07/07/92
Federal Carolina
Contaminant MCLs® wQs® Total | Dissolved | Total | Dissolved
Aluminum NS NS 1,980 ND ND ND
Barium 2,000 (P) 1,000 28 27 32 32
Iron NS 300 301 ND 41 ND
Magnesiam NS NS 1,030 916 957 936
Potassium NS NS 923 913 605 703
Sodium NS NS 3,860 3,850 2,900 2,970

[¢))

Federal Maximum Contaminant Levels (MCLs) established under the Safe Drinking Water Act of 1986.
@

NCWQS - North Carolina Administrative Code, Title 15, N.C. DEHNR, Subchapter 2L, Section .0202 -Water
Quality Standards for Groundwater, August 4, 1989. Class GA Standards.

(P) = Proposed

ND = Not Detected at Method Detection Limit

NS = No standard established

Total/Dissolved metal concentrations

Concentrations reported in microgram per liter (ug/L).

Source: Baker Environmental, July 1992.
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2.0 STUDY AREA INVESTIGATION

The field programs at OU No. 4 (Sites 41 and 74) were initiated to characterize potential disposal
related impacts and threats to human health and the environment resulting from previous operations,
and disposal activities. This section discusses the site-specific RI objectives for each site
(Section 2.1) along with the preliminary RI field activities and the RI field activities conducted to
fulfill those objectives for each site.

2.1 Remedial Investigation Objectives

The purpose of this section is to define the site-specific RI objectives aimed at characterizing the
problems at each site, assessing potential impacts to the public health and environment, and
providing feasible alternatives for consideration in the preparation of the ROD. The site-specific
remedial objectives presented in this section have been identified based on review and evaluation
of existing background information, assessment of potential risks to the public health and
environment, and the consideration of potential feasible technologies/alternatives.

For each site-specific objective identified, the criteria necessary to meet that objective is identified,
along with a general description of the study or investigation efforts required to obtain information.
This information is presented in tabular form; Site 41, the Camp Geiger Dump Near the Former
Trailer Park, is addressed on Table 2-1; and Site 74, the Mess Hall Grease Pit Disposal Area and
Former Pest Control Area, is addressed on Table 2-2.

The RI field investigation performed at Site 41 commenced on January 3 and continued through
March 4, 1994. The field program implemented during the investigation consisted of a geophysical
investigation, soil investigation including drilling and sampling a groundwater investigation
including monitoring well installation (shallow and deep wells) and sampling, surface water and
sediment investigations, and an aquatic and ecological survey.

2.2 Site 41 - Camp Geiger Dump Near Former Trailer Park

The RI field investigation performed at Site 41 commenced on January 3 and continued through
March 4, 1994. The field program implemented during the investigation consisted of a geophysical
investigation, soil investigation including drilling and sampling, a groundwater investigation
including monitoring well installation (shallow and deep wells) and sampling, surface water and
sediment investigations, and an aquatic and ecological survey.

2.2.1 Geophysical Investigation

A geophysical survey was conducted at Site 41 from January 14 to 18, 1994. The survey objectives
were to characterize subsurface conditions present at the site by delineating areas of suspected
disposal and by identifying locations of buried metal. Weston was retained to perform the Site 41
survey.

Prior to the survey, a grid was established on Site 41 by Hoggard/Eure Associates. A baseline was
established along an old access road which bisects the site in a northwest to southeast orientation.
Geophysical traverses were established perpendicular to the baseline at one hundred foot intervals.
The geophysical grid for Site 41 is provided on Figure 2-1.
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Two geophysical techniques were employed during the survey including EM, and magnetometry.
EM profiling was performed to measure lateral variations in subsurface conductivity, which can be
indicative of previous disposal and backfilling, and to identify buried metallic objects and debris.
Magpnetic profiling was performed to complement the EM interpretation of subsurface objects and
debris.

Results from the EM and magnetometry survey provided on Figure 2-1, indicated a broad area of
anomalously high conductivity and magnetic intensity prominent in the east-central portion of the
site (Lines F to M). The geophysical data indicated widespread burial of ferrous and non-ferrous
metallic objects, which could include construction debris, steel reinforced concrete, drums, fencing,
or general scrap metal.

On the west side of the site, survey results indicated only scattered locations of buried metallic
debris. Disposal may consist mostly of construction type materials, which were observed on the
ground surface in this area.

Elevated levels of conductivity were encountered in the southern portion of the site (along Lines I
to L between stations 12 to 14). The lateral change in subsurface conductivity may be indicative of
isolated fill type materials or due to a localized change in clay/moisture content.

Appendix A contains the report prepared by Weston for the geophysical survey at Site 41.
2.2.2  Soil Investigation

The soil investigation performed at Site 41 was intended to assess the nature and extent of
contamination which may have resulted from previous disposal practices or site activities.
Additionally, the investigation was performed to assess human health, ecological, and environmental
risks associated with exposure to surface and subsurface soils. The following describes the sample
collection procedures, sample locations, and analytical program.

The soil investigation conducted at Site 41 focused on three main areas of concern; the background
and surface soil quality downslope of the former disposal area, the on-site surface and subsurface
soil quality at the suspected former disposal area, and the subsurface soil quality from monitoring
well boreholes for correlation to groundwater analyses. The drilling procedures, soil sample
locations, sampling procedures, and the analytical program for this soil investigation are summarized
below.

2.2.2.1 Drilling Procedures

Drilling activities at Site 41 commenced on February 1, 1994 and continued through February 16,
1994. Hardin and Huber, Inc. (HHI) was retained to perform the drilling services. The majority of
surface soil samples were collected by a hand auger. The boreholes for well installations were
advanced by a All Terrain Vehicle (ATV) mounted drill rig using 3-1/4-inch inside diameter (ID)
hollow stem augers. Split-spoon samples were collected from inside the augers according to ASTM
Method D 1586-84 (ASTM, 1984). Additionally, when samples could not be collected with the drill
rig due to access or site conditions (i.e., swamp or low areas), samples were obtained by a hand
auger. The ID of the hand auger is 3.5 inches, and had a sample depth of 6 inches. For soil borings
requiring sample depths of greater than 6 inches, extension poles were affixed to the hand auger to
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obtain samples form varying depths. Soil cuttings obtained during the drilling program were
contained and handled according to the procedures outlined in Section 2.5.

Two types of borings were drilled during the investigation: exploratory borings (i.e., borings
installed for sample collection only) and borings advanced for monitoring well installation. The
sampling intervals for each type of boring were slightly different because of the analytical
requirements for each type. [Note that only selected samples (see Soil Sampling Procedures
discussion below) were submitted to the laboratory for analysis.] Soils obtained from exploratory
borings were collected from the surface (ground surface to 1 foot bgs) and then at continuous
two-foot intervals (starting at one foot) until the borings were terminated at the approximate depth
of the water table (varied from 3 to 11 feet bgs). In some cases where potential wetting fronts were
suspected (i.e., perched water table ), an additional split-spoon was driven below the water table to
confirm groundwater depth. Soils obtained from borings advanced for monitoring well installation
were obtained at continuous two-foot intervals (from the ground surface) to 10 feet below the
encountered water table for shallow monitoring wells, then at approximate five-foot intervals
thereafter for the deep monitoring wells, until the borings were terminated. This sampling scheme
was employed because surface soils were not subject to analytical testing from monitoring well
borings. A summary of the sample/boring; numbers, depths, and intervals for Site 41 is provided
in Table 2-3.

Hand auger cuttings and split-spoon soil samples were classified in the field by a geologist. Soils
were classified using the USCS by the visual-manual methods described in ASTM D-2488.
Lithologic descriptions were recorded in a field logbook and later transposed onto boring log
records. Soil classification included characterization of soil type, grain size, color, moisture content,
relative density (from "blow counts"), plasticity, and other pertinent information such as indications
of contamination. Lithologic descriptions of site soils are provided on the Test Boring Records in
Appendix B and Well Construction Records in Appendix C.

22.2.2 Soil Sampling

Soil samples were collected throughout Site 41 as depicted on Figure 2-2. The sampling distribution
was intended to evaluate the vertical and horizontal extent of contamination at the three areas of
concern. Selection of sample locations was based on review of historical aerial photographs,
geophysical survey results, Camp Lejeune historical records, and previous investigation data.
Review of these documents indicated several areas that have been used for disposal. A total of 16
borings were advanced to assess the background and surface soil downslope of the former disposal
area at Site 41. Additionally, 34 borings were advanced to assess on-site surface and subsurface
soils within the former disposal area. Moreover, 13 borings were advanced for monitoring well
installation to assess subsurface soil quality for correlation to groundwater analysis (note three of
the monitoring wells were placed in background locations, away from the former disposal area).

2.2.2.3 Soil Sampling Procedures

Surface (ground surface to 1 foot bgs) and subsurface (deeper than 1 foot bgs) soil samples were
retained for laboratory analysis. Both surface and subsurface samples were collected to evaluate the
nature and extent (both horizontal and vertical) of potentially impacted soils. Only the surface soils,
however, were collected for human health and ecological risk assessment evaluation. A summary
of the sample/boring; numbers, depths, intervals, and parameters analyzed for Site 41 is provided
in Table 2-3.
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Soil samples were obtained via a drill rig (i.e., split-spoon samples) or a hand auger as described in
the section on drilling procedures. Surface samples were collected by driving a split spoon sampler
or advancing a hand auger to approximately 1 foot bgs so that the soil cuttings could be retained for
the grab sample. Deeper subsurface samples were collected with a split-spoon sampler in
accordance with ASTM Method D 1586-84. The augers, split-spoons samplers, and hand auger
buckets were decontaminated prior to sample collection according to the procedures outlined in
Section 2.4.

Typically, two samples per borehole were submitted for analysis. In some cases, a third sample
from a borehole was also submitted for analysis if indications of contamination (i.e., elevated PID
readings or visual contamination) were noted or if the encountered groundwater table was deeper
than 6 feet. In general, samples retained for laboratory analysis were collected from the surface and
just above the water table. A sample was also submitted from just below the water table at borings
advanced for monitoring well installation so that groundwater results could be correlated with soil
conditions. Note that surface soil samples were not submitted from monitoring well borings.

Soil samples retained for analysis were prepared and handled according to USEPA Region IV SOPs.
Samples collected for volatile organic analysis were extracted with a stainless-steel spoon from
different sections of the split-spoon or auger bucket which represented the entire sampling interval.
Precautions were taken not to aerate the sample to minimize volatilization. Samples retained for
other analytical parameters (e.g., semivolatiles, pesticides/PCBs, and metals) were first thoroughly
homogenized and then placed in the appropriate laboratory containers.

Following sample collection, each sample retained for laboratory analysis was stored on ice in a
cooler. Samples remained within the cooler until written documentation from the United States
Army TEU was provided that showed that the samples were screened for possible CWMs. Upon
Baker receiving written documentation that the samples were clear of any CWMs, the samples were
then processed and packaged for shipment to the laboratory. Note, all soil samples from Site 41
were tested for CWMs, by the TEU, and all results showed non-detect concentrations. Sample
preparation also included documentation of sample number, depth, location, date, time, and
analytical parameters in a field logbook. Chain-of-Custody documentation, (provided in Appendix
D) which includes information such as sample number, date, time of sampling, and sampling
personnel, accompanied the samples to the laboratory. Samples were shipped overnight via Federal
Express to GP in Gaithersburg, Maryland for analysis.

2.2.2.4 Field Screening and Air Monitoring

Several air monitoring and field screening procedures were implemented during the drilling and
sampling activities for health and safety and initial contaminant monitoring. Air monitoring and
field screening procedures implemented at Site 41 were: screening of the surface water, and
screening of the sediment with a PID to measure for volatile organic vapor. Moreover, samples (i.c.,
split-spoon samples) were screened with a PID to measure for volatile organic vapor.
Measurements obtained in the field were recorded in a field logbook and later transposed onto the
Test Boring Records and Well Construction Records which are provided in Appendices B and C
respectively. Field instruments were calibrated and documented on calibration forms prior to the
start of field work each day.
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2.2.2.5 Quality Assurance and Quality Control

Field Quality Assurance/Quality Control (QA/QC) samples were collected during the soil
investigation. These samples were obtained to: (1) ensure that decontamination procedures were
properly implemented (e.g., equipment rinsate samples); (2) evaluate field methodologies (e.g.,
duplicate samples); (3) establish field background conditions (e.g., field blanks [accomplished at Site
691]); and (4) evaluate whether cross-contamination occurred during sampling and/or shipping (e.g.,
trip blanks). Data Quality Objectives (DQOs) for the QA/QC samples were implemented in Quality
Assurance Manual, USEPA Region IV (USEPA, 1991). This DQO Level is equivalent to Naval
Energy and Environmental Support Agency (NEESA) DQO Level D, as specified in the "Sampling
and Chemical Analysis Quality Assurance Requirements for the Navy Installation Restoration
Programs"” document (1988).

Four types of field QA/QC samples were collected and analyzed including: duplicate samples;

equipment rinsates samples; field blanks; and trip blanks. These sampling definitions are listed
below (USEPA, 1991):

° Duplicate Sample: Two or more samples collected simultaneously into separate
containers from the same source under identical conditions.

. Equipment Blanks: Equipment field blanks are defined as samples which are
obtained by running organic free water over/through sample collection equipment
after it has been cleaned. These samples are used to determine if cleaning
procedures were adequate. (The equipment could have been cleaned in the field or
prior to the field operation.) Equipment blanks were collected daily but only
samples collected on every other day were analyzed.

[ Field Blanks: Organic-free water is taken to the field in sealed containers and
poured into the appropriate sample containers at designated locations. This is done
to determine if contaminants present in the area may have an affect on the sample
integrity. Field blanks should be collected in dusty environments and/or from areas
where volatile organic contamination is present in the atmosphere and originating
from a source other than the source being sampled.

® Trip Blanks: Trip blanks are prepared prior to the sampling event in the actual
sample container and are kept with the investigative samples throughout the
sampling event. They are then packaged for shipment with the other samples and
sent for analysis. At no time after their preparation are the sample containers to be
opened before they return to the laboratory. Field sampling teams utilize volatile
organic trip blanks to determine if samples were contaminated during storage and
transportation back to the laboratory. If samples are to be shipped, trip blanks are
to be provided for each shipment but not necessarily for each cooler (i.e., coolers
with samples for volatile analysis only).

Field QA/QC samples were also collected during the soil investigation at Site 41 (including
duplicate samples; equipment rinsate samples; and trip blanks). Table 2-3 summarizes field QA/QC
sample types, sample frequencies, the number of QA/QC samples, and parameters analyzed. Field
QA/QC samples were collected according to the procedures outlined in the USEPA Region IV SOPs
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(note that equipment rinsate samples were collected daily, but were analyzed every other day in
accordance with USEPA Region IV SOPs).

2.2.2.6 Analytical Program

The analytical program initiated for the soil investigation at Site 41 focused on the suspected
contaminants of concern which were based on previous disposal practices. In general, soils collected
from the background and downslope locations were analyzed for the following; full TCL organics
and TAL inorganics, CWM, thiodyglycol, mirex, ordnance, and cyanide. On-site soils were
analyzed for full TCL organics and TAL inorganics, CSM (degradation products), thiodyglycol,
mirex, ordnance, and cyanide; however, 10 of the 34 on-site samples were analyzed for only full
TCL organics and TAL inorganics only. Soil samples obtained from monitoring well installations
were analyzed for full TCL organics and TAL inorganics. A summary of the sample/boring;
numbers, depths, intervals, and parameters analyzed for Site 41 is provided in Table 2-4.

In addition to analyzing for the contaminants of concern, two borings/well installations were
advanced for the collection of soils for analysis of engineering parameters (i.e., particle size, and
Atterberg limits). Engineering parameter samples consisted of composites of individual grab
samples collected from the ground surface to the water table. Note that the samples were prepared
and handled as described in the previous paragraph (i.e., samples were thoroughly homogenized
prior to filling the sample jars).

2.2.3 Groundwater Investigation

The groundwater investigation performed at Site 41 was intended to assess the nature and extent of
contamination which may have resulted from previous disposal practices or site activities.
Additionally, the investigation was performed to assess human health, ecological, and environmental
risks associated with exposure to surface and subsurface soils. The following describes the sample
collection procedures, sample locations, and analytical program.

Seven shallow Type II (i.e., wells installed without casing to seal off a confining layer) monitoring
wells (41GW07, 41GW08, 41GW09, 41GW10, 41GW11, 41GW12, and 41GW13) were installed
at Site 41 between February 3, 1994, and February 16, 1994 at the locations shown on Figure 2-3.
In addition to the shallow wells, 6 deep Type II wells (41GW04DW, 41GW06DW, 41GW0O7DW,
41GW09DW, 41GW11DW, and 41GW12DW) were also installed during this period and are shown
on Figure 2-3. The shallow monitoring wells were installed to collect groundwater from the surficial
aquifer for characterizing the nature and horizontal extent of potentially impacted groundwater, and
to evaluate shallow groundwater flow patterns at the site. The deep monitoring wells were installed
to characterize the deeper portion of the Castle Hayne aquifer. Selection for the placement of the
wells was based on review of historical aerial photographs, geophysical investigation results and
analytical data from previous investigations.

2.2.3.1 Monitoring Well Drilling and Construction

Shallow monitoring wells were installed upon completion of advancing boreholes. Each borehole
was overdrilled with 8-1/4-inch ID hollow stem augers prior to well installation. Well depths ranged
from 14 to 21 feet bgs. In general, the wells were installed approximately 10 feet below where the
water table was encountered during the initial drilling. The wells were installed at depths and with
screen interception intervals sufficient to compensate for seasonal variations in the water table
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(known to fluctuate from 2 to 4 feet). Well construction details for the wells are summarized on
Table 2-5, and well construction diagrams are shown on the Well Construction Records provided
in Appendix C.

Deep monitoring wells were installed upon completion of advancing the boreholes. Each borehole
used the drilling method of mud rotary to complete the borehole to the desired depth. Each borehole
was drilled with a 8-3/4-inch OD roller bit prior to well installation. Well depths ranged from 42 to
52 feet bgs. All deep well screen intervals were set in similar geologic material, which best
represented the upper portion of the Castle Hayne aquifer. Well construction details are summarized
on Table 2-5, and well construction diagrams are shown on the (TR2) Well Construction Records
provided in Appendix C.

The wells (both shallow and deep), for Site 41 were constructed of 2-inch nominal diameter
Schedule 40, flush-joint and threaded polyvinyl chloride (PVC) casing with a 10-foot long No. 10
(.01 inch) slotted screen section. A fine-grained sand pack (No. 1 silica sand), extending
approximately 2 feet above the top of the screen, was placed in the annulus between the screen and
the borehole wall from inside the augers on the shallow wells (note, since augers were not utilized
in deep well installation, the sand pack was poured down the borehole manually). A 1 to 2 foot
sodium bentonite pellet seal was then placed (by dropping the pellets down the borehole) above the
sand pack and hydrated with potable water. The seal was installed to prevent cement or surface run-
off from intruding into the sand pack. The remaining annular space was backfilled with a mixture
of Portland cement and 5 percent bentonite to ground surface, and then a 6 inch protective casing
with cover was placed over the well and into the cement. A protective locking cap was also installed
to the top of the PVC well pipe. A 5 foot by 5 foot by 5 inch pad was placed around the protective
well casing. Then four protective bollard posts were installed around the corners of the concrete
pad. Well tags were installed at the top of each well which contained well construction information.
Typical Type II well construction details are shown on Figure 2-4.

2.2.3.2 Well Development

Following well construction and curing of the bentonite seal, each newly-installed well was
developed to remove fine-grained sediment from the screen and to-establish interconnection between
the well and the formation. The shallow wells were developed by a combination of surging and
pumping (centrifugal pump). The deep wells were development by using a large compressor (with
a filter) and "air lifting" the water out of the well. Typically, 50 gallons (approximately 3 to 5
borehole volumes) of water was evacuated from the shallow wells, followed by 10 minutes of
surging, then continued pumping. Anywhere from 50 to 150 gallons of water (approximately 3 to
5 borehole volumes) was evacuated from the deep wells. Groundwater recovered during well
development was temporarily stored in drums, then transferred into an on-site tanker (refer to
Section 2.5 for IDW handling). Pumping hoses (constructed of flexible PVC) were dedicated for
each well to minimize the potential for cross contamination.

Three to five borehole volumes were removed from each well (where conditions permitted) until the
groundwater was essentially sediment-free. Measurements of pH, specific conductance, and
temperature were recorded at each borehole volume to assist in determining well stabilization.
Periodic flow and volume measurements were also recorded during development to evaluate flow
rates of the shallow water-bearing zone. Well Development Forms summarizing this information
are provided in Appendix E.
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2.2.3.3 Water Level Measurements

Upon completion of well development activities static water level measurements were collected
from TOC reference points (marked on the PVC casing) at each existing and newly-installed well
(refer to Section 3 of this RI Report for water level results). Complete rounds of the measurements
were collected on February 22, March 1, and April 26 through 28, 1994. Groundwater measurements
were recorded using an electric measuring tape. Measurements were recorded to the nearest 0.01
foot from TOC. Water level data were collected within a three hour period.

2.2.3.4 Groundwater Sampling

Groundwater samples were collected from the five existing shallow wells, the seven newly-installed
shallow wells, and the 6 newly installed deep wells at Site 41 during the period of February 14
through February 20, 1994. A second round of groundwater samples were collected during the
period April 26 through April 28, 1994. Results of the second round of groundwater samples is
presented in Section 4.1.3.1 of this RI Report. The locations of these wells are shown on Figure 2-3.

Groundwater samples were collected to confirm the presence and/or absence of contamination in
the shallow and deep aquifers, which may have resulted from previous site disposal practices. At
Site 41, the contaminants of concern were: volatiles, pesticides (Mirex), metals, CWMs, ordnance,
and thiodyglycol based on previous investigative results and historical records. Accordingly, the
sampling program initiated at Site 41 focused on these contaminants.

Prior to groundwater purging, water levels from each well were measured according to procedures
outlined in previous paragraphs. The total well depth was also recorded from each well to the
nearest 0.1 foot using a decontaminated steel tape. Water level and well depth measurements were

used to calculate the volume of water in each well and minimum volume of water necessary to purge
the well.

Water was purged from each well using a decontaminated teflon bailer. Measurements of pH,
specific conductance, and temperature were made prior to purging and after each well volume was
removed to ensure that the groundwater was stabilized before sampling. These measurements were
recorded in a field logbook (refer to Section 4 of this RI Report for results). Purge water was
contained and handled as described in Section 2.5.

Groundwater samples were collected using decontaminated teflon bailers (i.e., bottom loading
bailer). The samples were introduced directly from the bailer into laboratory-prepared, preserved
sample containers (where appropriate) and stored on ice. Sample bottles for volatile analysis were
filled first, followed by Semivolatiles, pesticides/PCBs, thiodyglycol, mirex, ordnance, TAL metals
(total and dissolved), and cyanide. Volatile samples were collected by slowly pouring water from
the bailer into 40 ml vials to minimize volatilization. Samples analyzed for dissolved metals were
first collected in laboratory-prepared bottles and filtered in the field prior to placement in bottles
[preserved with nitric acid (HNO,)]. The samples were filtered through a disposable 0.45 micron
membrane which was attached to teflon tubing. A peristaltic pump was used for the filtering
procedures.

To further investigate the effects of particulates in groundwater samples on total metal
concentrations, four shallow monitoring wells from Site 41 were selected for sampling. These wells
were purged prior to sampling using a low flow submersible pump. The pump was set
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approximately 2-3 feet below the top of the groundwater surface. The flow rate was adjusted to
approximately 0.25 gallons per minute (gpm). Water quality measurements for pH, specific
conductance, temperature, turbidity, and dissolved oxygen were taken to determine when the
groundwater had reached a state of equilibrium. Samples were collected from the pump discharge
immediately following purging at four of the eight wells. One well (41-GW11) exhibited a decrease
in groundwater flow during purging, and was allowed to recharge prior to sampling with the pump.
One well was purged and allowed to set overnight prior to sampling with a teflon bailer.
Groundwater samples were analyzed for pesticides/PCBs, and total and dissolved metals.
Pesticide/PCBs results were inconclusive for the low flow purging technique. Few pesticides were
detected, and those detected were at fairly low concentrations.

Preparation of groundwater samples incorporated similar procedures as to those described for soil
samples. Sample collection information including well number, sample identification, time and date
of sample collection, samplers, analytical parameters, and required laboratory turnaround time were
recorded in a field logbook and on the sample labels. Chain-of-custody documentation (provided
in Appendix D) accompanied the samples to GP.

Several air monitoring and field screening procedures were implemented during the groundwater
sampling activities for health and safety and initial contaminant monitoring. Air monitoring and
field screening procedures implemented at Site 41 were: screening of the well head, and screening
of the actual purged groundwater with a PID to measure for volatile organic vapor. Measurements
obtained in the field were recorded in a field logbook. Field instruments were calibrated and
documented on calibration forms prior to the start of field work each day.

2.2.3.5 Quality Assurance and Quality Control Samples

Field QA/QC samples were also submitted during the groundwater investigation. These samples
included trip blanks, equipment rinsates, and duplicates. Equipment rinsates were collected from
the sampling bailers prior to usage. Table 2-6 summarizes the QA/QC sampling program employed
for the first round of groundwater sampling conducted at Site 41.

2.2.3.6 Analytical Program

One round of groundwater samples were analyzed from the five existing and seven newly-installed
shallow wells, and the 6 newly installed deep wells. During sampling (conducted from February 18
through 20, 1994) the groundwater samples were collected for volatiles, semivolatiles,
pesticides/PCBs, CWMs, thiodyglycol, mirex, ordnance, TAL metals (total and dissolved), and
cyanide.

2.2.4 Surface Water and Sediment Investigation

This section discusses the surface water and sediment investigations conducted for Site 41. Included
in this section are the sampling methodologies, procedures, locations, analytical requirements, and
QA/QC sample types of the surface water and sediment investigations. Surface water and sediment
samples were collected from Site 41 during other site related operations (i.e., surface waters and
sediments were collected from Site 41 while drilling operations were ongoing).

The following subsections describe the surface water and sediment sampling locations, sampling
procedures, analytical program, and QA/QC for Site 41.

2-9



2.2.4.1 Surface Water and Sediment Sampling L ocations

Fourteen surface water and sediment samples were collected at Site 41 during the first sampling
event. Four of the samples were obtained from a unnamed tributary, which borders the site to the
notth and runs west to east. Another four samples were obtained from Tank Creek, which borders
the site to the south and runs west to east. One of the samples was obtained from a unnamed
tributary, which borders the site to the east and runs north to south. Four samples were collected
from two different drainage areas. The one drainage area was located in the central-western area of
Site 41 and flowed to the northeast eventually flowing into the unnamed tributary which ran west
to east. The second drainage area was located in the central-eastern area of Site 41 and flowed to
the north eventually flowing into the unnamed tributary which ran west to east. All of the above
mentioned surface water and sediment locations are provided on Figure 2-6. Surface water samples
are designated with an SW (i.e., 41-UN-SW01 represents Site 41, unnamed tributary, surface water
station 01). Sediment samples are designated with an SD. Sediment locations, depth of sample,
sampling interval, and analytical parameters for Site 41 are provided on Table 2-7.

A second surface water and sediment sampling event was conducted in August 1994 at fourteen
locations (refer to Figure 2-6A). The areas sampled were the two seeps located in the northern and
eastern areas of Site 41, and the unnamed tributary, upstream and downstream from the confluence
of the seeps with the unnamed tributary. Sediment locations, depth of sample, sampling interval,
and analytical parameters for Site 41 are provided on Table 2-7.

2.2.4.2 Surfac ter an ime mpling Procedure

At all sampling stations, surface water samples were collected by dipping the sample container
directly into the water surface. Most samples were collected at the approximate vertical mid-point
by dipping the sample bottles directly into the water. Samples analyzed for volatiles were obtained
prior to any other sample collection. Care was taken to avoid excessive agitation that could result
in loss of VOCs. At all surface water locations, water quality readings were taken (i.e., pH, specific
conductance, and temperature). In general, samples were collected at surface water features that
were either on-site or adjacent to Site 41 to accurately assess any impacts resulting from former
disposal operations.

Sediment samples at Site 41 were collected at two intervals: the first interval was from 0 to 0.5 feet
bgs, and the second interval was from 0.5 to 1.0-foot bgs. All sediment samples were collected
below an aqueous layer using either a stainless steel spoon or hand auger. The sediment was then
placed into the appropriate sample containers, volatiles being collected prior to the remaining
analytical parameters.

All surface water samples were collected in clean containers provided by the laboratory. Bottles for
surface water sample collection containing a preservative (i.e., nitric acid), a transfer bottle was
utilized for sample collection.

The majority of the surface water samples were collected from areas where the water contained
minimal flow. This was the case throughout many of the surface water features due to the small
amount of precipitation incurred during the field investigation. Sediment samples were collected
following collection of the surface water samples to minimize sediment resuspension that may have
interfered with the water analysis.
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following collection of the surface water samples to minimize sediment resuspension that may have
interfered with the water analysis.

All sample locations were displayed by placing a pin flag at the nearest bank or shore. The sample
number was marked on the pin flag with indelible ink.

2.2.4.3 Field Screening and Air Monitoring

Several air monitoring and field screening procedures were implemented for the surface water and
sediment sampling activities for health and safety and initial contaminant monitoring. Air
monitoring and field screening procedures implemented at Site 41 were: screening of the surface
water, and screening of the sediment with a PID to measure for volatile organic vapor.
Measurements obtained in the field were recorded in a field logbook. Note, prior to daily
monitoring, the field instruments were calibrated and documentation was recorded in a field loghook
and on calibration forms.

2.2.4.4 Quality Assurance and Quality Control Samples

Field QA/QC samples were also collected during the surface water and sediment investigations
including duplicate samples, equipment rinsate samples, and trip blanks. The QA/QC sample
collection frequencies are the same as those described in Section 2.2.2.5. Table 2-8 summarizes
field QA/QC samples collected for the surface water and sediment program.

2.2.4.5 Surface Water and Sediment Analvtical Program

The analytical program initiated for the surface water and sediment investigation at Site 41 focused
on suspected contaminants of concern and the overall surface water/sediment quality. As mentioned
previously, the contaminants of concern were identified from previous investigations. Both surface
water and sediment samples for the first sampling event were analyzed for TCL organics, TAL
inorganics, ordnance, and mirex. Samples collected for the second event were analyzed for
pesticides/PCBs, and metals. Surface water samples were analyzed for both total and dissolved
metals. These analyses were to better define contamination for the Feasibility Study.

2.3 Site 74 - Mess Hall Grease Pit Disposal Area

The RI field investigation performed at Site 74 commenced on January 3 and continued through
March 4, 1994. The field program implemented during the investigation consisted of the following:
geophysical survey, preliminary site survey, soil investigation including drilling and sampling, a
groundwater investigation including monitoring well installation (shallow and deep wells) and
sampling, surface water and sediment investigations, and an aquatic and ecological survey.

2.3.1 Geophysical Investigation
A geophysical survey was conducted at Site 74 from June 18 to 19, 1992. The survey objectives
were to characterize subsurface conditions present at the site by delineating areas of suspected

disposal and by identifying locations of buried metal. Weston was retained to perform the Site 74
survey.
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Geophysical data obtained during this survey were referenced by taped distance measurements to
monitoring wells, roads, fences, and other physical features on site. Geophysical survey lines are
provided on Figure 2-7.

To accomplish this survey, the non-invasive geophysical investigation included EM and ground
penetrating radar (GPR) techniques. EM profiling was performed to map the lateral extent of buried
waste and to identify buried metal objects and other debris on site. GPR profiling was conducted
over the area of the suspected disposal trench in an attempt to better define the limits of excavation
and to characterize the buried waste materials.

EM measurements conducted along orthogonal traverses resulted in background conductivity values
between 1 to 3 mmhos/m. The small fluctuation of lateral conductivity values observed across this
area suggest little or no subsurface disturbance, indicating that the location of the trench may have
been incorrectly reported. Figure 2-7 shows the approximate (reported) location of the Mess Hall
Grease Pit. Shown on Figure 2-8 are the four east-west EM conductivity profile printouts, conducted
on the southern portion of the site.

A visual inspection of the area north of the entrance to Site 74, noted a small pit containing
deteriorated drums. An EM traverse was conducted across this area and a large change in
conductivity was measured near the pit as shown on Figure 2-8, Line 4 + 60N. Reconnaissance EM
measurements surrounding the area allowed for an approximate delineation of the feature, which is
located between two roads, as shown on Figure 2-7. This area is a potential former trench which
was likely used for the disposal of waste materials.

GPR was conducted across the suspected trench in an attempt to more accurately establish the limits
of the trench and to further characterize any buried materials. GPR was not effective, however, in
detecting the boundaries of the excavation nor any debris materials due to limited radar signal
penetration.

Appendix A contains the report prepared by Weston for the geophysical survey at Site 74.
2.3.2 Preliminary Site Survey

The soil grids at Site 74 were established to encompass the areas in which possible disposal
activities occurred. Three grid areas were set up for Site 74. The first grid established was the
Former Disposal Area (FDA), which was placed in the general area of the Mess Hall Grease Pit
Disposal Area. The second grid established was the Former Pesticide Control Area (FPA), which
was placed in the general area of the former pesticide storage and mixing building. Lastly, the third
grid established was the Potential Disposal Area (PDA), which was placed to the south and east of
the FPA, where possible storing, mixing, and disposal of pesticides may have occurred.

All three soil grids at Site 74 were placed by scaling existing CADD drawings for distance, and then
by taping these distances off from existing structures present at the site. The FDA grid was
established on 100 foot by 100 foot spacings. The FPA grid was established on 50 foot by 50 foot
spacings. Grid PDA was established on a 200 foot by 200 foot spacings. Pin flags were then placed
at the measured locations with their respective sample identification numbers placed onto the pin
flag. Provided in Figure 2-9 are the soil sampling grids for Site 74.

Proposed well locations were also established by utilizing existing CADD drawings for reference.

2-12

-



)

Access to some of the well locations at Site 74, being that the site is partially wooded, required a
minor amount of clearing. Heavy equipment (i.e., CASE 38EE front end loader) was utilized to
plow trials and make cuts into heavily vegetated areas. Chainsaws were also used to cut down larger
trees preventing drill rig access. Proposed wells were then staked and given their corresponding
identification number. Provided on Figure 2-10 are the well locations for Site 74.

2.3.3 Soil Investigation

The soil investigation performed at Site 74 was intended to assess the nature and extent of
contamination which may have resulted from previous disposal practices or site activities.
Additionally, the investigation was performed to assess human health, ecological, and environmental
risks associated with exposure to surface and subsurface soils. The following describes the sample
collection procedures, sample locations, and analytical program.

The soil investigation conducted at Site 74 focused on the surface and subsurface soil quality for the
following areas of concern; the former disposal area (FDA), the former pest control area (FPA), and
the potential disposal area (PDA) which surrounds the pest control area. In addition to the above
mentioned AOC, the subsurface soil quality from monitoring well boreholes for correlation to
groundwater analyses is also an area of concern. The drilling procedures, soil sample locations,
sampling procedures, and the analytical program for this soil investigation are summarized below.

2.3.3.1 Drilling Procedures

Drilling activities at Site 74 commenced on January 10, 1994 and continued through February 21,
1994. Dirilling procedures have already been identified under the Site 41 Soil Investigation.
Section 2.2.2.1 provides procedures, and equipment which were utilized during the soil
investigation.

Two types of borings were installed during the soil investigation: exploratory borings (i.e., borings
installed for sample collection only) and borings advanced for monitoring well installation. The
sampling intervals for each type of boring were different because of the analytical requirements for
each type. [Note that only selected samples (see Soil Sampling Procedures discussion below) were
submitted to the laboratory for analysis.] Soils obtained from exploratory borings were collected
from the surface (ground surface to 1 foot bgs) and then at continuous two-foot intervals (starting
at one foot) until the borings were terminated at the approximate depth of the water table (varied
from 1 to 19 feet bgs). In some cases where potential wetting fronts were suspected (i.e., perched
water table), an additional split-spoon was driven below the water table to confirm groundwater
depth. Soils obtained from borings advanced for monitoring well installation were obtained at
continuous two-foot intervals (from the ground surface) to 10 feet bgs the encountered water table
for shallow monitoring wells, until the borings were terminated. This sampling scheme was
employed because surface soils were not subject to analytical testing from monitoring well borings.
A summary of the sample/boring; numbers, depths, and intervals for Site 74 is provided in
Table 2-9.

Hand auger cuttings and split-spoon soil samples were classified in the field by a geologist. Soils
were classified using the USCS by the visual-manual methods described in ASTM D-2488.
Lithologic descriptions were recorded in a field logbook and later transposed onto boring log
records. Soil classification included characterization of soil type, grain size, color, moisture content,
relative density (from "blow counts"), plasticity, and other pertinent information such as indications
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of contamination. Lithologic descriptions of site soils are provided on the Test Boring Records in
Appendix B and Well Construction Records in Appendix C.

2.3.3.2 Soil Sampling

The majority of soil samples were collected from the three grids (FDA, FPA, and PDA) established
for Site 74, as depicted on Figure 2-11. The sampling distribution was intended to evaluate the
vertical and horizontal extent of contamination at the areas of concern. Selection of sample
locations was based on review of historical aerial photographs, geophysical survey results, Camp
Lejeune historical records, and previous investigation data. Review of these documents indicated
that the areas identified were either used for disposal at some time and had operations being
conducted that could possibly result in contamination (i.e., pesticide mixing at the former pest
control area). Listed below are the soil samples obtained from each area of concern.

Soil samples from grid FDA were collected for both surface and subsurface assessment. A total of
32 borings were advanced to assess the surface and subsurface soil quality. Five hand auger borings
were advanced to assess surface soil quality, and two hand auger borings were advanced to assess
background surface soil quality. In addition, four borings were advanced for monitoring well
installation to assess subsurface soil quality for correlation to groundwater analysis.

Soil samples from grid FPA were collected for both surface and subsurface assessment. A total of 9
borings were advanced to assess surface and subsurface soil quality. One boring was advanced for
monitoring well installation to assess subsurface soil quality for correlation to groundwater analysis.

Soil samples from grid PDA were collected for both surface and subsurface assessment. A total of
10 borings were advanced to assess surface and subsurface soil quality. Five borings were advance
via a hand auger to assess surface soil quality and two borings were advanced to assess background
surface soil quality. One boring was advanced for monitoring well installation to assess subsurface
soil quality for correlation to groundwater analysis.

2.3.3.3 Soil Sampling Procedures

Surface (ground surface to 1 foot bgs) and subsurface (deeper than 1 foot bgs) soil samples were
retained for laboratory analysis. Both surface and subsurface samples were collected to evaluate the
nature and extent (both horizontal and vertical) of potentially impacted soils. Surface soils,
however, were collected for human health and ecological risk assessment evaluation. A summary
of the sample/boring; numbers, depths, intervals, and parameters analyzed for Site 74 is provided
in Table 2-9.

Soil samples were obtained via a drill rig (i.e., split-spoon samples) or a hand auger as described in
the section on drilling procedures. Surface samples were collected by slowly advancing the augers
to approximately 1 foot bgs so that the soil cuttings could be retained for the grab sample. Deeper
subsurface grab samples were collected with a split-spoon sampler in accordance with ASTM
Method D 1586-84. The augers, split-spoons samplers, and hand auger buckets were
decontaminated prior to sample collection according to the procedures outlined in Section 2.4.

Only one sample from each of the surface soil borehole locations was retained for laboratory
analysis. Typically, two samples per monitoring well borehole were submitted for analysis. In some
cases, a third sample from the borehole was also submitted for analysis if indications of
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contamination (i.e., elevated PID readings or visual contamination) were noted or if the encountered
groundwater table was deeper than 6 feet. In general, samples retained for laboratory analysis were
collected from the surface. Samples were also submitted from just above and below the water table
at borings advanced for monitoring well installation so that groundwater results could be correlated
with soil conditions. Note that surface soil samples were not submitted from monitoring well
borings. :

Soil samples retained for analysis were prepared and handled according to USEPA Region IV SOPs.
Samples collected for volatile organic analysis were extracted with a stainless-steel spoon from
different sections of the split-spoon or auger bucket which represented the entire sampling interval.
Precautions were taken not to aerate the sample to minimize volatilization. Samples retained for
other analytical parameters (e.g., semivolatiles, pesticides/PCBs, and metals) were first thoroughly
homogenized and then placed in the appropriate laboratory containers.

Following sample collection, each sample retained for laboratory analysis was stored on ice in a
cooler. Samples remained within the cooler until written documentation from the United States
Army TEU was provided that showed that the samples were screened for possible CWMs, Upon
Baker receiving written documentation that the samples were clear of any CWMs, the samples were
then processed and packaged for shipment to the laboratory. Sample preparation also included
documentation of sample number, depth, location, date, time, and analytical parameters in a field
logbook. Chain-of-Custody documentation, (provided in Appendix D) which include information
such as sample number, date, time of sampling, and sampling personnel, accompanied the samples
to the laboratory. Samples were shipped overnight via Federal Express to GP in Gaithersburg,
Maryland for analysis.

2.3.3.4 Field Screening and Air Monitoring

Several air monitoring and field screening procedures were implemented during the drilling and
sampling activities for health and safety and initial contaminant monitoring. Air monitoring and
field screening procedures implemented at Site 74 were the same as those described for Site 41.
Moreover, samples (i.e., split-spoon samples) were screened with a PID to measure for volatile
organic vapor. Measurements obtained in the field were recorded in a field logbook and later
transposed onto the Test Boring Records and Well Construction Records which are provided in
Appendices B and C. Note prior to daily monitoring, the field instruments were calibrated and

- documentation was recorded in a field logbook and on calibration forms.

2.3.3.5 Quality Assurance and Quality Control

Field QA/QC samples were also collected during the soil investigation at Site 74 (including
duplicate samples; equipment rinsate samples; and trip blanks). Table 2-10 summarizes field
QA/QC sample types, sample frequencies, the number of QA/QC samples, and parameters analyzed.
Field QA/QC samples were collected according to the procedures outlined in the USEPA Region IV
SOPs (note that equipment rinsate samples were collected daily, but were analyzed every other day
in accordance with USEPA Region IV SOPs).

2.3.3.6 Analytical Program

The analytical program initiated for the soil investigation at Site 74 focused on the suspected
contaminants of concern which were based on previous disposal/operational practices. In general,
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soils collected from the background and grid FDA locations were analyzed for full TCL organics
and TAL inorganics, CWM and thiodyglycol. Soil samples obtained from grids FPA and PDA
were analyzed for full TCL organics and TAL inorganics. In addition, soil samples obtained from
monitoring well installations were analyzed for full TCL organics and TAL inorganics. A summary
of the sample/boring; numbers, depths, intervals, and parameters analyzed for Site 74 is provided
in Table 2-9.

In addition to analyzing for the contaminants of concern, one boring/well installation was advanced
for the collection of soils for analysis of engineering parameters (i.e., particle size, and Atterberg
limits). Engineering parameter samples consisted of composites of individual grab samples
collected from the ground surface to the water table. Note that the samples were prepared and
handled as described in the previous paragraph (i.e., samples were thoroughly homogenized prior
to filling the sample jars).

2.3.4 Groundwater Investigation

The groundwater investigation performed at Site 74 was intended to assess the nature and extent of
contamination which may have resulted from previous disposal practices or site activities.
Additionally, the investigation was performed to assess human heaith, ecological, and environmental
risks associated with exposure to surface and subsurface soils. Drilling and well construction
procedures, sample collection procedures, sample locations, and the analytical program are
described in the following sections.

2.3.4.1 Monitoring Well Drilling and Construction

Six shallow Type II (i.e., wells installed without casing to seal off a confining layer) monitoring
wells (7AGWO03A, 74GW04, 74GW05, 74AGW06, 74GW07, and 74GWO08) were installed at Site 74
between January 10, 1994, and February 18, 1994 at the locations shown on Figure 2-12. The
shallow monitoring wells were installed to collect groundwater from the surficial aquifer for
characterizing the nature and horizontal extent of potentially impacted groundwater. Selection for
the placement of the wells was based on review of historical aerial photographs, Camp Lejeune
records, and analytical data from previous investigations.

Shallow monitoring wells were installed following the procedures identified for Site 41 in
Section 2.2.3.1. Well depths ranged from 17 to 26 feet bgs. In general, the wells were installed
approximately 10 feet below where the water table was encountered during the initial drilling. The
wells were installed at depths and with screen interception intervals sufficient to compensate for
seasonal variations in the water table (known to fluctuate from 2 to 4 feet). Well construction details
for the wells are summarized on Table 2-11, and well construction diagrams are shown on the Well
Construction Records provided in Appendix C.

Shallow well construction for Site 74 follows the procedures already identified for Site 41. Typical
shallow Type II well construction details are shown on Figure 2-4.

2.34.2 Well Development

Following well construction and curing of the bentonite seal, each newly-installed well was
developed to remove fine-grained sediment from the screen and to establish interconnection between
the well and the formation. The shallow wells were developed by a combination of surging and
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pumping (centrifugal pump). Typically, 50 gallons (approximately 3 to 5 borehole volumes) of
water was evacuated from the shallow wells, followed by 10 minutes of surging, then continued
pumping. Groundwater recovered during well development was temporarily stored in drums, then
transferred into an on-site tanker (refer to Section 2.5 for IDW handling). Pumping hoses
(constructed of flexible PVC) were dedicated for each well to minimize the potential for cross
contamination.

Three to five borehole volumes were removed from each well (where conditions permitted) until the
groundwater was essentially sediment-free. Measurements of pH, specific conductance, and
temperature were recorded at each borehole volume to assist in determining well stabilization.
Periodic flow and volume measurements were also recorded during development to evaluate flow
rates of the shallow water-bearing zone. Well Development Forms summarizing this information
are provided in Appendix E.

2.3.4.3 Water Level Measurements

Upon completion of well development activities, static water level measurements were collected
from TOC reference points (marked on the PVC casing) at each existing and newly-installed well
(refer to Section 3 of this RI Report for water level results). Complete rounds of the measurements
were collected on February 22, March 1 and 2, and April 29, 1994. Groundwater measurements were
recorded using an electric measuring tape. Measurements were recorded to the nearest 0.01 foot
from TOC. Water level data was collected within a two hour period.

2.3.4.4 Groundwater Sampling Procedures

Groundwater samples were collected from the two existing shallow wells and the six newly-installed
shallow wells. The locations of these wells are shown on Figure 2-12.

Prior to groundwater purging, water levels from each well were measured according to procedures
outlined in previous paragraphs. The total well depth was also recorded from each well to the
nearest 0.1 foot using a decontaminated steel tape. Water level and well depth measurements were
used to calculate the volume of water in each well and minimum volume of water necessary to purge
the well.

Following well volume calculations, a minimum of three to five well volumes were purged from
each well prior to sampling. Water was purged from each well using a decontaminated teflon bailer.
Measurements of pH, specific conductance, and temperature were made prior to purging and after
each well volume was removed to ensure that the groundwater was stabilized before sampling.
These measurements were recorded in a field logbook (refer to Section 4 of this RI Report for
results). Purge water was contained and handled as described in Section 2.5.

Groundwater samples were collected using decontaminated teflon bailers (i.e., bottom loading
bailer). The samples were introduced directly from the bailer into laboratory-prepared, preserved
sample containers (where appropriate) and stored on ice. Sample bottles for volatile analysis were
filled first, followed by semivolatile, pesticides/PCBs, CWMs, thiodyglycol, TAL metals (total and
dissolved), and cyanide. Volatile samples were collected by slowly pouring water from the bailer
into 40 ml vials to minimize volatilization. Samples analyzed for dissolved metals were first
collected in laboratory-prepared bottles and filtered in the field prior to placement in bottles
[preserved with nitric acid (HNO,)]. The samples were filtered through a disposable 0.45 micron
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membrane which was attached to teflon tubing. A peristaltic pump was used for the filtering
procedures.

To further investigate the effects of particulates in groundwater samples on total metal
concentrations, two shallow monitoring wells from Site 74 were selected for sampling. These wells
were purged prior to sampling using a low flow submersible pump. The pump was set
approximately 2-3 feet below the top of the groundwater surface. The flow rate was adjusted to
approximately 0.25 gallons per minute (gpm). Water quality measurements for pH, specific
conductance, temperature, turbidity, and dissolved oxygen were taken to determine when the
groundwater had reached a state of equilibrium. Samples were collected from the pump discharge
immediately following purging at four of the eight wells. One well was purged and allowed to set
overnight prior to sampling with a teflon bailer. Groundwater samples were analyzed for
pesticides/PCBs, and total and dissolved metals. Pesticide/PCBs results were inconclusive for the
low flow purging technique.

Preparation of groundwater samples incorporated similar procedures as to those described for soil
samples. Sample collection information including well number, sample identification, time and date
of sample collection, samplers, analytical parameters, and required laboratory turnaround time were
recorded in a field logbook and on the sample labels. Chain-of-custody documentation (provided
in Appendix D) accompanied the samples to GP.

2.3.4.5 Field Screening and Air Monitoring

Several air monitoring and field screening procedures were implemented during the groundwater
sampling activities for health and safety and initial contaminant monitoring. Air monitoring and
field screening procedures implemented at Site 74 are the same as previously mentioned in
Section 2.2.2.5. Measurements obtained in the field were recorded in a field logbook. Note, prior
to daily monitoring, the field instruments were calibrated and documentation was recorded in a field
logbook and on calibration forms.

2.3.4.6 Quality Assurance and Quali ntrol Sample

Field QA/QC samples were also submitted during the groundwater investigation. These samples
included trip blanks, equipment rinsates, and duplicates. Equipment rinsates were collected from
the sampling bailers prior to usage. Table 2-12 summarizes the QA/QC sampling program
employed for the groundwater investigation conducted at Site 74.

2.3.4.7 Analytical Program

One round of groundwater samples were analyzed from the two existing and six newly-installed
shallow wells. During the round of sampling (conducted from February 16 through February 22,
1994) the groundwater samples were analyzed for volatiles, semivolatiles, pesticides/PCBs, CWMs,
thiodyglycol, TAL metals (total and dissolved), and cyanide.

2.3.5 Surface Water and Sediment Investigation
This section discusses the surface water and sediment investigations conducted for Site 74. Included
in this section are the sampling methodologies, procedures, locations, analytical requirements, and

QA/QC sample types of the surface water and sediment investigations. Surface water and sediment
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samples were collected from Site 74 during other site related operations (i.e., surface waters and
sediments were collected from Site 74 while drilling operations were ongoing).

2.3.5.1 Surface Water and Sediment Sampling Locations

Three surface water and three sediment samples were obtained from Henderson Pond. Henderson
Pond is located to the south east of the potential disposal area. Surface water and sediment sampling
locations are shown on Figure 2-13. Two of the surface water and sediment locations were placed
in areas that had possible surface run-off drainage, the third surface water and sediment sample
location was placed at the end of Henderson Pond by the dam as a background location. Surface
water samples are designated with an SW (i.e., 74-PDA-SWO0I represents Site 74, surface water
station 01). Sediment samples are designated with an SD. Sediment locations, depth of sample,
sampling interval, and analytical parameters for Site 74 are provided on Table 2-13.

2.3.5.2 Surface Water and Sediment Sampling Procedures

At all sampling stations, surface water samples were collected using the same procedures identified
for Site 41 in Section 2.2.4.2. Most samples were collected at the approximate vertical mid-point
by dipping the sample bottles directly into the water. Samples analyzed for volatiles were obtained
prior to any other sample collection. Care was taken to avoid excessive agitation that could result
in loss of VOCs.

Sediment samples were collected using the same procedures identified for Site 41. At each station,
sediment samples were collected from the surface to 0.5 feet bgs.

All samples were collected in clean containers provided by the laboratory. Bottles for surface water
sample collection containing a preservative (i.e., nitric acid), a transfer bottle was utilized for sample
collection.

All of the surface water samples were collected from the Henderson Pond where the water contained
minimal flow. This was the case throughout many of the surface water features due to the small
amount of precipitation incurred during the field investigation. Sediment samples were collected
following collection of the surface water samples to minimize sediment resuspension.

All sample locations were displayed by placing a pin flag at the nearest bank or shore. The sample
number was marked on the pin flag with indelible ink.

2.3.5.3 Field Screening and Air Monitoring

Several air monitoring and field screening procedures were implemented for the surface water and
sediment sampling activities for health and safety and initial contaminant monitoring. Air
monitoring and field screening procedures implemented at Site 74 are the same as previously
mentioned for Site 41. Measurements obtained in the field were recorded in a field logbook. Note,

_prior to daily monitoring, the field instruments were calibrated and documentation was recorded in

a field logbook and on calibration forms.
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2.3.5.4 Quality Assurance and Quality Control Samples

Field QA/QC samples were also collected during the surface water and sediment investigations
including duplicate samples, equipment rinsate samples, and trip blanks. The QA/QC sample
collection frequencies are the same as those described in Section 2.2.2.5. Table 2-14 summarizes
field QA/QC samples collected for the surface water and sediment program.

2.3.5.5 Surface Water and Sediment Analytical Program

The analytical program initiated for the surface water and sediment investigation at Site 74 focused
on suspected contaminants of concern and the overall surface water/sediment quality. The surface
water and sediment investigation conducted at Site 74 was undertaken to accurately assess any
impacts resulting from potentially former disposal operations conducted near the pest control area
(i.e., surface runoff of pesticide contaminated soil). Both surface water and sediment samples were
analyzed for TCL organics and TAL inorganics.

24 Decontamination Procedures

Decontamination procedures performed in the field were initiated in accordance with USEPA
Region IV SOPs. 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, drill and sampling rods. Routine sample collection included: split spoons,
stainless steel spoons and bowls, hand augers (buckets and extension poles), and bailers.

For heavy equipment, the following procedures were implemented:

. Removal of caked-on soil with brush
] Steam clean with high-pressure steam
L Air dry

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

Clean with distilled water and laboratory detergent (Liquinox soap solution)
Rinse thoroughly with distilled water

Rinse twice 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 Section 2.5.

2.5 Investigation Derived Waste (IDW) Handling

Field investigation activities at Sites 41 and 74 resulted in the generation of various IDW. This IDW
included drilling mud, soil cuttings, well development and purge water, and solutions used to
decontaminate non-disposable sampling equipment. The general management techniques utilized
for the IDW were:
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1. Collection and containerization of IDW material.

2. Temporary storage of IDW while awaiting analytical data on characterization from
sampling conducted from January 3 to March 4, 1994.

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.

Both non-contaminated and contaminated wastewater were sent off site to a licensed treatment,
storage, and disposal facility (TSDF). The IDW soils were returned to the source area since the
analytical data indicated that they were nonhazardous, and that returning the soil to the site posed

no additional human health or ecological risk. Appendix F provides information on the management
and disposal of the IDW.
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TABLE 2-1

SUMMARY OF REMEDIAL INVESTIGATION OBJECTIVES
SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Medium or
Area of Concern

RI Objective

Criteria for Meeting Objective

Investigation/Study

Soil la.  Identify the geologic subsurface boundaries | Characterize subsurface soil and metallic | Geophysical Investigation
and buried metal at the site. debris depositions.
1b.  Assess the extent of soil contamination at the | Characterize contaminant levels in surface | Soil Investigation
former landfill area. and subsurface soils at landfill area.
lc.  Assess the extent of overland surface runoff | Characterize contaminant levels in Soil Investigation
to downslope areas. downslope soils along the surrounding
hillsides.
1d.  Assess the possible migration of buried Characterize contaminant levels at areas Soil Investigation
wastes to subsurface site. associated with surficial waste disposal
and buried wastes.
le.  Assess human health and ecological risks Characterize contaminant levels in surface | Soil Investigation
associated with exposure to surface soils at and subsurface soils at the site. Risk Assessment
the site.

Groundwater | 2a.  Assess health risks posed by potential future | Evaluate groundwater quality and compare | Groundwater Investigation
usage of both the shallow and deep to ARARs and health-based action levels. | Risk Assessment
groundwater.

2b.  Evaluate hydrogeologic characteristics for Estimate hydrogeologic characteristics of | Groundwater Investigation
fate and transport evaluation and remedial the shallow and deep aquifers (flow (Field Investigation/
technology evaluation, if required. direction, transmissivity, storativity, etc). | Review of Existing Data)
2c.  Determine whether shallow and deep Evaluate groundwater quality and compare | Groundwater Investigation
groundwater is contaminated with site- to ARARs.
related constituents.
Sediment 3a.  Assess human health and ecological risks Characterize the nature and extent of Sediment Investigation in

associated with exposure to contaminated
sediments.

contamination in sediment,

both the Unnamed and
Tank Creeks
Risk Assessment




TABLE 2-1 (Continued)

SUMMARY OF REMEDIAL INVESTIGATION OBJECTIVES
SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Medium or

Area of Concern RI Objective Criteria for Meeting Objective Investigation/Study
3b.  Assess potential ecological impacts posed by | Qualitatively evaluate stress to benthic and | Sediment Investigation in
contaminated sediments. fish communities. both the Unnamed and
Tank Creeks
3c.  Determine the extent of sediment Identify extent of sediment contamination | Sediment Investigation in
contamination for purposes of identifying where contaminant levels exceed risk- both the Unnamed and
areas potentially requiring remediation. based action levels or EPA Region IV Tank Creeks
TBCs for sediment. Risk Assessment
Surface 4a.  Assess the presence or absence of surface Determine surface water quality in both Surface Water Investigation
Water water contamination in both the unnamed the unnamed and tank creeks.
and tank creek.
4b.  Assess potential ecological impacts posed by | Qualitatively evaluate stress to benthic and | Surface Water Investigation

contaminated surface water.

fish communities.

in both the Unnamed and
Tank Creeks




TABLE 2-2

SUMMARY OF REMEDIAL INVESTIGATION OBJECTIVES

SITE 74

REMEDIAL INVESTIGATION, CT0-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

groundwater is contaminated with
site related constituents.

compare to ARARs,

Medium or . .o . L I
¢ RI Objective Criteria for Meeting Objective Investigation/Study
Area of Concern
1. Soil la.  Identify the former grease pit Characterize the contaminant levels | Geophysical Investigation at the Grease Pit

geologic subsurface soil boundaries | in surface and subsurface soils. Disposal Area
and buried metal at the site.

1b.  Assess the horizontal and vertical Characterize contaminant levels in Soil Investigation
extent of soil contamination at both | surface and subsurface soils.
the pit disposal area and former pest
control area,

le.  Assess the extent of surface soil Characterize contaminant levels in Soil Investigation
runoff from Site 74 off site. surface soils.

1d.  Assess the possible migration of Characterize contaminant levels at Soil Investigation
buried wastes to subsurface soils. areas associated with surficial waste ‘

disposal and buried wastes.

le.  Assess human health and ecological | Characterize contaminant levels in Soil Investigation
risks associated with exposure to surface and subsurface soils. Risk Assessment
surface soils at both the grease pit
disposal and former pest control
areas.

2. Groundwater | 2a.  Assess health risks posed by Evaluate groundwater quality and Groundwater Investigation

potential future usage of the compare to ARARs and health-based | Risk Assessment
shallow groundwater. action levels,

2b.  Evaluate hydrogeologic Estimate hydrogeologic Groundwater Investigation
characteristics for fate and transport | characteristics of the shallow aquifer (Field Investigation/
evaluation and remedial technology { (flow direction, transmissivity, Review of existing data)
evaluation, if required. storativity, etc).

2¢.  Determine whether shallow Evaluate groundwater quality and Groundwater Investigation




TABLE 2-2 (Continued)

SUMMARY OF REMEDIAL INVESTIGATION OBJECTIVES

SITE 74

REMEDIAL INVESTIGATION, CT0-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Medium or
Area of Concern

RI Objective

Criteria for Meeting Objective

Investigation/Study

3. Sediment 3a.  Assess human health and ecological | Characterize the nature and extent of | Sediment Investigation in Henderson Pond
risks associated with exposure to contamination in sediment, Risk Assessment
contaminated sediments,

3b.  Assess potential ecological impacts | Qualitatively evaluate stress to Sediment
posed by contaminated sediments. | benthic and fish communities. Investigation

3c.  Determine the extent of sediment Identify extent of sediment Sediment Investigation
contamination for purposes of contamination where contaminant Risk Assessment
identifying areas of possible levels exceed risk-based action
remediation. levels or EPA Region IV TBCs for

sediment.
4. Surface 4a.  Assess the presence or absence of Determine surface water quality in Surface Water Investigation
Water surface water contamination in Henderson Pond.

Henderson Pond.

4b.  Assess potential ecological impacts | Qualitatively evaluate stress to Surface Water Investigation
posed by contaminated surface benthic and fish communities.
water.

4c.  Assess the potential direct contact Evaluate surface water quality in Surface Water Investigation

with surface water by recreational
users and wildlife.

Henderson Pond.

¢




TABLE 2-3

SOIL SAMPLING SUMMARY

REMEDIAL INVESTIGATION, CTO-0212

SITE 41

MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engineering
Location (feet, bgs) | (feet, bgs) VOAs | SVOAs | Pest/PCBs | Metals | (Deg. Products) | Thiodiglycol | Mirex | Ordnance | Cyanide | TOC | Parameters'® | Comments

41-08-SBO! 13.0 00-1.0 X X X X X X X X X
30-5.0 X X X X X X X X X
9.0-11.0 X X X X X X X X X

41-08-SB02 | 9.0 0.0-1.0 X X X X X X X X X .

00-1.0 X X X X X X X X X @
30-50 X X X X X X X X X
50-7.0 X X X X X X X X X
41-08-SB03 5.0 0.0-10 X X X X X X X X X
1.0-3.0 X X X X X X X X X
41-08-SB04 9.0 0.0-1.0 X X X X X X X X X
3.0-50 X X X X X X X X X
50-17.0 X X X X X X X X X
41-08-SB0S 5.0 00-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
41-0S8-SB-06 9.0 0.0-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
50-7.0 X X X X X X X X X
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TABLE 2-3

SOIL SAMPLING SUMMARY

REMEDIAL INVESTIGATION, CTO-0212

SITE 41

MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engineering
Location (feet, bgs) (feet, bgs) VOAs | SVOAs | Pest/PCBs | Metals | (Deg. Products) | Thiodiglycot | Mirex | Ordnance | Cyanide | TOC | Parameters® | Comments
41-08-SB07 7.0 00-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
30-5.0 X X X X X X X X X
41-08-SB08 7.0 0.0-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
41-08-SB09 3.0 00-1.0 X X X X X X X X X
41-0S-SB10 5.0 0.0-1.0 X X X X X X X X X
0.0- 10 X X X X X X X X X @
1.0-3.0 X X X X X X X X X
41-08-SB11 7.0 0.0-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
41-08-SB12 7.0 00-10 X X X X X X X X X
3.0-5.0 X X X X X X X X X
41-0S-SB13 3.0 0.0- 1.0 X X X X X X X X X
41-0S-SB14 7.0 00-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
30-5.0 X X X X X X X X X




TABLE 2-3

SOIL SAMPLING SUMMARY

REMEDIAL INVESTIGATION, CTO-0212

SITE 41

MCB CAMP LEJEUNE, NORTH CAROLINA

)

Depth of Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engineering
Location (feet, bgs) (feet, bgs) VOAs | SVOAs | Pest/PCBs | Metals | (Deg. Products) | Thiodiglycol | Mirex | Ordnance | Cyanide | TOC | Parameters’? | Comments
41-0S-SB15 7.0 00-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
30-50 X X X X X X X X X
41-0S-SBi6 5.0 0.0-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
41-0S8-SB17 9.0 00-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
30-5.0 X X X X X X X X X
41-08-SB18 40 00-10 X X X X X X X X X @
00-10 X X X X X X X X X @
1.0-3.0 X X X X X X X X X
41-0S8-SB19 7.0 0.0-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
41-08-8B20 7.0 00-1.0 X X X X X X X X X
41-0S-SB21 5.0 00-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
3.0-5.0 X X X X X X X X X
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TABLE 2-3

SOIL SAMPLING SUMMARY

SITE 41
REMEDIAL INVESTIGATION, CTO-0212

MCB CAMP LEJEUNE, NORTH CAROLINA

If

Depth of Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engineering
Location (feet, bgs) (feet, bgs) VOAs { SVOAs | Pest/PCBs | Metals | (Deg. Products) | Thiodiglycol | Mirex | Ordnance | Cyanide | TOC | Parameters® | Comments
41-08-5B22 1.0 00-10 X X X X X X X X X
1.0-3.0 X X X X X X X X X
50-7.0 X X X X X X X X X
41-0S8-SB23 3.0 00-10 X X X X X X X X X
1.0-3.0 X X X X X X X X X
41-08-SB24 1.0 00-1.0 X X X X X X X X X
1.0-3.0 X X X X X X X X X
3.0-50 X X X X X X X X X
41-0S-SB25 35 00-1.0 X X X X
25-35 X X X X
41-0S-8B26 1.5 00-1.0 X X X X
1.0-15 X X X X
41-0S8-SB27 35 00-1.0 X X X X
25-35 X X X X
41-0S-5B28 35 00-1.0 X X X X
2.0-3.1 X X X X
41-0S-SB29 31 00-1.0 X X X X
2.0-3.1 X X X X

(
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TABLE 2-3

SOIL SAMPLING SUMMARY

REMEDIAL INVESTIGATION, CTO-0212

SITE 41

MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engincering
Location (feet, bgs) (feet, bgs) VOAs | SVOAs | Pest/PCBs | Metals } (Deg. Products) | Thiodiglycol | Mirex | Ordnance | Cyanide | TOC | Parameters® | Comments
41-08-SB30 3.0 00-1.0 X X X X
20-3.0 X X X X
41-0S-SB31 3.0 0.0-10 X X X X
20-3.0 X X X X
41-0S-SB32 35 00-1.0 X X X X
®
25-35 X X X X
@
25-35 X X X X
41-0S-SB33 2.0 0.0-1.0 X X X X
)
1.0-2.0 X X X X
41-0S8-SB34 3.0 00-1.0 X X X X
2.0-3.0 X X X X
41-DS-SBO1 1.0 00-1.0 X X X X X X X X X
41-DS-SB02 1.0 0.0-1.0 X X X X X X X X X
41-DS-SB03 1.0 0.0-1.0 X X x X X X X X X @
0.0-1.0 X X X X X X X X X @
41-DS-SB04 1.0 00-1.0 X X X X X X X X X
41-DS-SB05 1.0 0.0-1.0 X X X X X X X X X
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TABLE 2-3

SOIL SAMPLING SUMMARY
SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engineering
Location (feet, bgs) | (feet, bgs) VOAs | SVOAs | Pest./PCBs | Metals | (Deg. Products) | Thiodiglycol | Mirex | Ordnance | Cyanide | TOC | Parameters’” | Comments
41-DS-SB06 ‘ 1.0 00-1.0 X X X X X X X X X
41-DS-SB07 1.0 00-1.0 " X X X X X X X X X
41-DS-SB08 1.0 00-1.0 " X X X X X P X X X @
0.0-1.0 X X X X X X X X X @
41-DS-SB09 1.0 0010 X X X X X X X X X
41-DS-SB10 1.0 0.0 1.0 X X X X X X X X X
41-DS-SB11 1.0 0.01.0 X X X X X X X X X
41-DS-SB12 1.0 0.0 1.0 X X X X X X X X X
41-BB-SBO1 1.0 00-1.0 X X X X X X X X X
41-BB-SB02 1.0 00-1.0 X X X X X X X X X
41-BB-SB03 1.0 00-1.0 X X X X X X X X X
41-BB-SB04 1.0 00-1.0 X X X X X X X X X
41-GW04DW 420 0.0-20 X X X X
20-40 X X X X
41-GW06DW 42.0 2.0-40 X X X X
40-6.0 X X X X




TABLE 2-3

SOIL SAMPLING SUMMARY

SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

)

Depth of Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engineering
Location (feet, bgs) (feet, bgs) VOAs | SVOAs | Pest./PCBs | Metals | (Deg. Products) | Thiodiglycol | Mirex | Ordnance | Cyanide | TOC | Parameters™ | Comments
41-GW07 21.0 0.0-2.0 X X X X @
@
00-20 X X X X
)
6.0-8.0 X X X X
@
6.0-8.0 X X X X
41-GW07DW 45.0 20-4.0 X X X X
)
20-40 X X X X
10.0-12.0 X X X X
10.0- 12,0 X X X X @
41-GWO08 16.0 0.0-2.0 X X X X
20-40 X X X X
41-GW09 21.0 2.0-4.0 X X X X
6.0-8.0 X X X X
41-GW09DW 45.0 20-40 X X X X
9.0-11.0 X X X X
41-GW10 14.0 0.0-2.0 X X X X X X
41-GWil 16.0 0.0-2.0 X X X X
4.0-6.0 X X X X X X
41-GW11DW 52.0 0.0-2.0 X X X X
10.0-12.0 X X X X

Page 7 of 8




TABLE 2-3

SOIL SAMPLING SUMMARY
SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Sampling
Sample Borchole Interval TCL TCL TCL TAL CsM Engineering
Location (feet, bgs) | (feet, bgs) VOAs | SVOAs | Pest/PCBs | Metals | (Deg. Products) | Thiodiglycol | Mirex | Ordnance | Cyanide | TOC | Parameters” | Comments
41-GW12 17.0 0.0-2.0 X X X X
20-40 X X X X
41-GW12DW 40.0 20-40 X X X X
40-6.0 X X X X
41-GW13 18.0 0.0-2.0 X X X X
4.0-6.0 X X X X
Notes: @  Engincering Parameters includes Particle Size and Atterberg limits
@ Duplicate
®  MS/MSD

( ( o




TABLE 24

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL
SAMPLING PROGRAM FOR THE SOIL INVESTIGATION
SITE 41
REMEDIAL INVESTIGATION, CT0O-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Number
Frequency of
QA/QC Sample® of Collection Samples Analytical Parameters @
Trip Blanks® One per Cooler 7 TCL Volatiles
Field Blanks® One per Event 0 TCL Organics/TAL Inorganics/
CSM/Thiodiglycol/Mirex/
Ordnance/Cyanide
Equipment Rinsates® One per Day 4 TCL Organics/TAL Inorganics/
CSM/Thiodiglycol/Mirex/
Ordnance/Cyanide
Field Duplicates 10% of Sample 10 TCL Organics/TAL Inorganics/
Frequency CSM/Thiodiglycol/Mirex/
Ordnance/Cyanide
Notes: ¥ QA/QC sample types defined in Section 2.2.2.1 in text.

)]

Trip blanks submitted with coolers which contained samples for volatile analysis. Samples
analyzed for TCL volatiles only.

@) Parameters analyzed according to CLP Protocol.
®  Field blank collected during Site 69 investigation.

©  Equipment rinsates collected from various sampling equipment (e.g., split spoons, stainless
steel spoons, hollow stem augers, etc.). Note that samples were collected daily but were
analyzed every other day of sampling event. Accordingly, the number of samples

presented represents the number of samples analyzed.




TABLE 2-5

SUMMARY OF WELL CONSTRUCTION DETAILS
SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Screen Sand Pack Bentonite
Top of PVC Ground Interval Interval Interval
Casing Surface Boring Depth | Well Depth Depth Depth Depth Stick-Up

Well No. In]s)t:ﬁ:ed (ree%lai‘gggsln“’ (regl.?t;:;onr:sn grfffﬁﬁ :::?;Ze) grgﬁﬁii lsﬁ?:ée) grg::g :S::Ze) grg:fn:i :::(f)::e) grffﬁﬁﬁi ::xl'(f);e) grf)f::g :fﬁlﬁa
41-GW04DW | 02/08/94 12.89 10.30 42.0 40.0 30.0-40.0 28.0-42.0 26.0-28.0 2.59
41-GWO06DW | 02/16/94 25.31 22.70 42.0 40.0 30.0 - 40.0 28.0-42.0 26.0 - 28.0 2.61

41-GW07 02/05/94 22.73 20.50 21.0 20.5 10.5-20.5 9.0-21.0 6.0-9.0 223
41-GWO7DW | 02/06/94 22.88 20.50 45.0 44.0 34.0-44.0 32.0-45.0 30.0-32.0 2.38

41-GWO08 02/07/94 19.48 17.10 16.0 15.0 5.0-15.0 3.0-16.0 0.5-3.0 2.38

41-GW09 02/02/94 25.98 24.00 21.0 21.0 11.0-21.0 85-21.0 6.5-85 1.98
41-GW09DW | 02/03/94 26.95 24.00 46.0 45.0 35.0-45.0 32.5-46.0 30.0-325 2.95

41-GW10 02/04/94 13.93 12.10 14.0 13.0 3.0-130 1.5-14.0 05-15 1.83

41-GW11 02/06/94 24.69 21.50 16.0 15.0 5.0-15.0 3.0-16.0 05-3.0 3.19
41-GW11DW | 02/07/94 23.63 21.50 52.0 50.0 40.0- 500 37.0-52.0 35.0-37.0 2.13

41-GW12 02/08/94 8.41 6.40 17.0 16.0 6.0-16.0 40-170 2.0-40 2.01
41-GW12DW | 02/15/94 9.08 6.50 40.0 37.0 27.0-37.0 25.0-40.0 225-250 2.58

41-GW13 02/08/94 16.19 13.80 18.0 17.0 7.0-17.0 50-18.0 20-50 2.39
Notes: ® msl - mean sea level

Horizontal positions are referenced to N.C. State Plane Coordinate System (NAD 27) CF =0.9999163 from NCGS Two Way.
Vertical datum NGVD 29.




TABLE 2-6

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL
SAMPLING PROGRAM FOR THE GROUNDWATER SAMPLING
SITE 41
REMEDIAL INVESTIGATION, CT0-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Number
Frequency of
QA/QC Sample® of Collection Samples Analytical Parameters®

Trip Blanks® One per Cooler 4 TCL Volatiles
Field Blanks® One per Event 0 TCL Organics/TAL Inorganics
Equipment Rinsates® One per Day 3 TCL Organics/TAL Inorganics
Field Duplicates 10% of Sample 2 TCL Organics/TAL Inorganics

Frequency
Notes: @  QA/QC sample types defined in Section 2.2.2.1 in text.

)

Trip blanks submitted with coolers which contained samples for volatile
analysis. Samples analyzed for volatiles only.

@ Volatiles analyzed according to EPA Method 524.2; all other parameters
analyzed according to CLP Protocol.
@ Note field blanks were collected during the soil investigation at Site 69.

©)

Equipment rinsates collected from various sampling equipment (e.g., bailer).

Note that samples were collected daily but were analyzed every other day of
sampling event. Accordingly, the number of samples presented represents the
number of samples analyzed.




TABLE 2-7

SEDIMENT SAMPLING SUMMARY

REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

SITE 41

Depth of | Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engineering
Location (feet, bgs) | (feet, bgs) | VOAs | SVOAs | Pest./PCBs | Metals | (Deg. Products) | Thiodiglycol | Mirex | Ordnance | Cyanide | TOC | Parameters | Comments
41-UN-SDO01 1.0 0.0-0.5 X X X X X X
05-1.0 X X X X X X
41-UN-SD02 1.0 0.0-0.5 X X X X X X
05-1.0 X X X X X X
41-UN-SD03 1.0 0.0-0.5 X X X X X X @
0.0-0.5 X X X X X X o
0.5-1.0 X X X X X X @
05-10 | X X X X X X o
41-UN-SD04 1.0 0.0-0.5 X X X X X X
0.5-1.0 X X X X X X
41-NE-SD05 1.0 0.0-0.5 X X X X X X
05-1.0 X X X X X X
41-TC-SD06 1.0 0.0-05 X X X X X X
0.5-1.0 X X X X X X
41-TC-SD07 1.0 0.0-0.5 X X X X X X
0.5-1.0 X X X X X X
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TABLE 2-7

SEDIMENT SAMPLING SUMMARY

REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

SITE 41

Depth of | Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engineering
Location (feet, bgs) | (feet, bgs) | VOAs | SVOAs | Pest/PCBs | Metals | (Deg. Products) | Thiodiglycol | Mirex | Ordnance } Cyanide | TOC | Parameters | Comments
41-TC-SD08 1.0 0.0-0.5 X X X X X X
05-1.0 X X X X X X
41-TC-SD09 1.0 0.0-05 X X X X X X
05-10 X X X X X X
41-UN-SD10 1.0 0.0-05 X X X X X X
0.5-1.0 X X X X X X
41-UN-SD11 1.0 0.0-05 X X X X X X
0.5-1.0 X X X X X X
41-UN-SD12 1.0 0.0-05 X X X X X X
05-10 X X X X X X
41-UN-SD13 1.0 0.0-0.5 X X X X X X
05-1.0 X X X X X X
41-UN-SD14 | 1.0 00-05 | X X X X X X @
00-05 | x X X X X X ®
05-10 | x X X X X X ®
05-10 | X X X X X X ®
41-UN-SD15 0.5 0.0-05 X X
41-UN-SD16 0.5 00-05 X X
41-UN-SD17 0.5 0.0-05 X X
41-UN-SD18 0.5 00-05 X X
41-UN-SD19 0.5 0.0-05 X X

(
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TABLE 2-7

SEDIMENT SAMPLING SUMMARY

REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

SITE 41

Depth of | Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM Engineering
Location (feet, bgs) | (feet, bgs) | VOAs | SVOAs | Pest./PCBs | Metals | (Deg. Products) | Thiodiglycol | Mirex | Ordnance | Cyanide | TOC | Parameters | Comments
41-UN-SD20 0.5 0.0-05
41-UN-SD21 0.5 0.0-05 X
41-UN-SD22 0.5 0.0-0.5 X X
41-UN-SD23 0.5 0.0-05 X X
41-UN-SD24 0.5 0.0-05 X X
41-UN-SD25 0.5 0.0-0.5 X X
41-UN-SD26 0.5 0.0-05 X X
41-UN-SD27 05 | 00-05 X X
41-UN-SD28 0.5 ‘ 0.0-0.5 X X
Notes: @ Duplicate
@ MS/MSD
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TABLE 2-8

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL
SAMPLING PROGRAM FOR THE SURFACE WATER AND SEDIMENT INVESTIGATION
SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Number
Frequency of
QA/QC Sample®” of Collection Samples Analytical Parameters®
Trip Blanks® One per Cooler 7 TCL Volatiles
Equipment Rinsates® One per Day 2 TCL Organics/TAL Inorganics/
Mirex/Ordnance
Field Duplicates 10% of Sample 5 TCL Organics/TAL Inorganics/
Frequency Mirex/Ordnance
Notes: ’  QA/QC sample types defined in Section 2.2.2.1 in text.

@ Trip blanks submitted with coolers which contained samples for volatile

analysis. Samples analyzed for TCL volatiles only.

Parameters analyzed according to CLP Protocol.

Equipment rinsates collected from various sampling equipment (e.g., split
spoons, stainless steel spoons, hollow stem augers, etc.). Note that samples
were collected daily but were analyzed every other day of sampling event.
Accordingly, the number of samples presented represents the number of
samples analyzed.

3)
@)



TABLE 2-9

SOIL SAMPLING SUMMARY
SITE 74
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Sample - ggg}‘:o% s&y&m TCL TCL TCL TAL (CDsehgd. Thiodi- Engineerin
Location (fect, bgs) (feet, bgs) VOAs SVOAs Pest./PCBs Metals Products) glycol Mirex | Ordnance Cyanide TOC Parameters Comments

74-FDA-SBO1 11.0 00-1.0 X X X X X X X
3.0-50 X X X X X X X

7.0-9.0 X X X X X X X

74-FDA-SB02 13.0 0.0-1.0 X X X X X X X
3.0-50 X X X X X X X

9.0-11.0 X X X X X X X

74-FDA-SB03 13.0 0.0-1.0 X X X X X X X
5.0-7.0 X X X X X X X

11.0-13.0 X X X X X X X

74-FDA-SB04 13.0 00-10 X X X X X X X
3.0-50 X X X X X X X

9.0-11.0 X X X X X X X

74-FDA-SB05 13.0 0.0-1.0 X X X X X X X
5.0-7.0 X X X X X X X

9.0-11.0 X X X X X X X

74-FDA-SB06 13.0 00-1.0 X X X X X X X
3.0-5.0 X X X X X X X

9.0-11.0 X X X X X X X

74-FDA-SB07 13.0 00-10 X X X X X X X
3.0-5.0 X X X X X X X

9.0-11.0 X X X X X X X

74-FDA-SB0S 15.0 0.0-1.0 X X X X X X X
50-7.0 X X X X X X X

11.0-13.0 X X X X X X X

74-FDA-SB09 11.0 0.0-1.0 X X X X X X X
3.0-50 X X X X X X X

10-90 X X X X X X X
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TABLE 2-9

SOIL SAMPLING SUMMARY
SITE 74
REMEDIAL INVESTIGATION, CT0O-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Sampling CSM :
Sample Borehole Interval TCL TCL TCL TAL (Deg. Thiodi- Engincerin
Location (feet, bgs) (feet, bgs) VOAs SVOAs Pest./PCBs Mectals Products) glycol Mirex | Ordnance Cyanide TOC Parameters! Comments

74-FDA-SB10 17.0 0.0-1.0

>
>
>
>
>
>
»

7.0-9.0

13.0-15.0

74-FDA-SB11 13.0 0.0-10 >

@
00-1.0

3.0-5.0

9.0-11.0

74-FDA-SB12 15.0 0.0-1.0

50-7.0

11.0-13.0

74-FDA-SB13 11.0 00-1.0

3.0-5.0

7.0-90

74-FDA-SB14 19.0 00-1.0

7.0-90

15.0-17.0

(&)
74-FDA-SB15 17.0 00-1.0

@
0.0-1.0

50-7.0

13.0-15.0

74-FDA-SB16 \ 15.0 00-10

5.0-7.0

11.0-13.0

74-FDA-SB17 11.0 0.0-1.0

1.0-3.0

Call Ea T Call Eall BT Cl Pl Ec For i o o o o o i i i = o P - N i i
ET ET El P ol ECT P P E T E S N o T Pl o i i E E i E E i i
el ET Eod Eo i Co T E i Tl Eo T ol El Eo T E Co T T E Ei o E T Eo T Lol Eo N E N ET i P
T LT El o o - P T Frl o Pl Pl o ol O o ol o o o ol Pl El i
oI E ECR EC E A T i E N i E E S A ST E T Eo T Eo T E T o o E S B E A O o
= P P S P o E O o P i P P o o o o E Pl P P E ol S P P
e Ea i P o i P R E O F i i P PO i o i FO i E E o o o o

3.0 -7.0

¢ ( (-




SOIL SAMPLING SUMMARY

REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

TABLE 2-9

SITE 74

y

Sample
Location

Depth of
Borehole
(feet, bgs)

Samplin
Interva
(feet, bgs)

TCL
VOAs

TCL
SVOAs

TCL
Pest./PCBs

TAL
Metals

CSM
(Deg.
Products)

Thiodi-
glycol

Mirex

Ordnance

Cyanide

TOC

Engineerin
Parameters

Comments

74-FDA-SB18

11.0

0.0-1.0

>

]

»

>

»

=

]

3.0-50

7.0-9.0

74-FDA-SB19

13.0

0.0-1.0

30-50

9.0-11.0

74-FDA-SB20

19.0

0.0-1.0

7.0-9.0

15.0-17.0

74-FDA-SB21

9.0

0.0-1.0

1.0-3.0

50-7.0

74-FDA-SB22

9.0

0.0-1.0

00-1.0

()]

1.0-3.0

50-70

74-FDA-SB23

9.0

00-1.0

1.0-3.0

5.0-7.0

74-FDA-SB24

11.0

0.0-1.0

3.0-50

7.0-9.0

74-FDA-SB25

9.0

00-1.0

30-50

50-70

co B P P PO EI PO P i I o I o PO I C R R S P i S o R i b
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TABLE 2-9

SOIL SAMPLING SUMMARY
SITE 74
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Samplin CSM
Sample Borehole Interva TCL TCL TCL TAL (Deg. Thiodi- Engineerin
Location (feet, bgs) (feet, bgs) VOAs SVOAs | Pest/PCBs | Metals | Products) glycol Mirex | Ordnance | Cyanide | TOC Parameters' Comments
74-FDA-SB26 9.0 0.0-1.0 X X X X X X X
3.0-50 X X X X X X X
50-7.0 X X X X X X X
74-FDA-SB27 1.0 00-1.0 X X X X X X X
1.0-3.0 X X X X X X X
3.0-5.0 X X X X X X X
74-FDA-SB28 9.0 0.0-1.0 X X X X X X X
3.0-5.0 X X X X X X X
50-7.0 X X X X X X X
74-FDA-SB29 5.0 0.0-1.0 X X X X X X X
1.0-3.0 X X X X X X X
3.0-5.0 X X X X X X X
74-FDA-SB30 5.0 0.0-1.0 X X X X X X X
1.0-3.0 X X X X X X X
3.0-5.0 X X X X X X X
74-FDA-SB31 7.0 0.0-1.0 X X X X X X X
1.0-3.0 X X X X X X X
3.0-5.0 X X X X X X X
74-FDA-SB32 7.0 0.0-1.0 X X X X X X X
3.0-50 X X X X X X X
5.0-7.0 X X X X X X X
74-FDA-SB33 1.0 0.0-10 X X X X X X X 0
0.0- 1.0 X X X X X X X @
74-FDS-SB34 1.0 0.0-1.0 X X X X X X X
74-FDS-SB35 1.0 0.0-1.0 X X X X X X X
74.FDS-SB36 1.0 00-10 X X X X X X X

:’;

(




)

SOIL SAMPLING SUMMARY

TABLE 2-9

SITE 74

REMEDIAL INVESTIGATION, CTO-0212

MCB CAMP LEJEUNE, NORTH CAROLINA

"y

Sample ggll‘)c[go(;g sﬁ‘&?&? TCL TCL TCL TAL (Cl)sebéI Thiodi- Engineerin
Location (feet, bgs) (feet, bgs) VOAs SVOAs | Pest/PCBs | Metals | Products) glycol Mirex | Ordnance | Cyanide | TOC Parameters Comtments
74-FDS-SB37 1.0 0.0-1.0 X X X X X X X
74-BB-SBO1 1.0 0.0-1.0 X X X X X X X
74-BB-SB02 1.0 00-1.0 X X X X X X X
74-BB-SB03 1.0 0.0-1.0 X X X X X X X
74-BB-SB04 1.0 0.0-1.0 X X X X X X X
74-GWO03A 18.5 4.0- 6.0 X X X X X
6.0-7.0 X X X X X
74-GW04 200 40-60 X X X X X o
40-6.0 X X X X X @
8.0-10.0 X X X X X
74-GW05 19.0 0.0-2.0 X X X X X
6.0- 8.0 X X X X X X X
74-GW06 26.0 2.0-4.0 X X X X X
8.0-10.0 X X X X X
74-GW07 17.0 0.0-2.0 X X X X X
2.0-4.0 X X X X X
74-GWO08 24,0 4.0-6.0 X X X X X
10.0 - 12.0 X X X X X
74-FPA-SBO1 17.0 0.0-1.0 X X X X X
50-7.0 X X X X X
13.0-15.0 X X X X X
74-FPA-SB02 17.0 0.0-1.0 X X X X X
50-7.0 X X X X X
110-130 X X X X X

Page 5 of §




TABLE 2-9

SOIL SAMPLING SUMMARY
SITE 74
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Samplin CSM
Sample Borehole Interva TCL TCL TCL TAL (Deg. Thiodi- Engineerin,
Location (feet, bgs) (feet, bgs) VOAs SVOAs | Pest./PCBs | Metals Products) glycol Mirex | Ordnance | Cyanide TOC Parameters' Comments

74-FPA-SB03 15.0 0.0-1.0

»
b
>
»
>

5.0-7.0

11.0-13.0

74-FPA-SB0O4 19.0 0.0-1.0

7.0-9.0

15.0-17.0

74-FPA-SBOS 15.0 00-1.0

50-70

11.0-13.0

74-FPA-SB06 13.0 0.0-1.0 ®

@
00-10

50-7.0

9.0-11.0

74-FPA-SBO7 17.0 0.0-1.0

5.0-7.0

13.0-15.0

74-FPA-SB08 17.0 0.0-1.0

50-7.0

13.0-15.0

74-FPA-SB09 17.0 0.0-1.0

7.0-9.0

13.0-15.0

74-PDA-SBO1 1.0 0.0-1.0

1.0-3.0

ST Eo T Eo Tl Ea T o B LT ol Fol ol o ET T o E E i o L N P P o i O
T B o o F I E P ET ol F o o E ol P o o o A i Pl i S P
Eadl E T Eo i EaT Eal EC B Eo T Lol o ol Eo E i Eo i E £ T i N N o i i
EaT EaTl Ea B Lol ol Lot Ecl Tl E T E B T o E i C i o o E E E S i i
Ead F R G i o N i b - S R o o P i b - - P o P P Bl P

30-50




SOIL SAMPLING SUMMARY

TABLE 2-9

)

SITE 74

REMEDIAL INVESTIGATION, CTO-0212

MCB CAMP LEJEUNE, NORTH CAROLINA

Sample
Location

Depth of
Borchole
(feet, bgs)

Sampling
Interval
(feet, bgs)

TCL
VOASs

TCL
SVOAs

TCL
Pest./PCBs

TAL
Metals

CSM
(Deg.
Products)

Thiodi-
glycol

Mirex

Ordnance

Cyanide

TOC

Engineerin
Parameters

Comments

74-PDA-SB02

9.0

0.0-10

»

»

>

>

>

1.0-3.0

5.0-7.0

74-PDA-SB03

11.0

0.0-1.0

3.0-5.0

7.0-9.0

74-PDA-SB04

150

0.0-1.0

9.0-11.0

9.0-11.0

@

11.0-13.0

74-PDA-SBO5

9.0

00-10

1.0-3.0

5.0-7.0

74-PDA-SB06

11.0

00-1.0

3

00-1.0

@

30-5.0

7.0-9.0

74-PDA-SBO7

13.0

00-1.0

1.0-3.0

9.0-11.0

74-PDA-SB0O8

11.0

00-1.0

3.0-5.0

7.0-9.0

Eal E B E i C N o ol o O T El P E o o o i i = i i o

LT 1l ECN T P P P S o i Pl P B o E o i i P R o

ST L E EB o ol o E P E o E i P o i B o P o i

LT Eo T E o EoT E E E I S E i P I o o R U S i E L i

EaT E Pl E o F O P o P EC o o i i o L E U U P P

74-PDA-SB09

15.0

00-1.0

5.0-7.0

11.0-130
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SOIL SAMPLING SUMMARY

TABLE 2-9

SITE 74

REMEDIAL INVESTIGATION, CTO-0212

MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Samplin CSM

Sample Borehole Interval TCL TCL TCL TAL (Deg. Thiodi- Engincerin,

Location (feet, bgs) (feet, bgs) VOAs | SVOAs | Pest/PCBs | Metals | Products) glycol | Mirex | Ordnance | Cyanide | TOC Parameters Comments
74-PDA-SB10 19.0 0.0-1.0

7.0-9.0
15.0-17.0

74-PDA-SB11 1.0 0.0-1.0 X X X X X X X
74-PDA-SB12 1.0 0.0-1.0 X X X X X X X
74-PDA-SB13 1.0 0.0-1.0 X X X X X X X
74-PDA-SB14 L0 0.0-1.0 X X X X X X X
74-PDA-SB15 1.0 00-1.0 X X X X X X X

Notces:

Engineering Parameters includes Particle Size and Atterberg limits

@ Duyplicate
® MS{}MSD

(

p{ 8




TABLE 2-10

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL
SAMPLING PROGRAM FOR THE SOIL INVESTIGATION
SITE 74
REMEDIAL INVESTIGATION CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Number
Frequency of
QA/QC Sample® of Collection Samples Analytical Parameters ©
Trip Blanks® One per Cooler 17 TCL Volatiles
Field Blanks® One per Event 0 TCL Organics/TAL Inorganics/
CSM/Thiodyglycol
Equipment Rinsates® One per Day 6 TCL Organics/TAL Inorganics/
CSM/Thiodyglycol
Field Duplicates 10% of Sample 8 TCL Organics/TAL Inorganics/
Frequency CSM/Thiodyglycol
Notes: @  QA/QC sample types defined in Section 2.2.2.1 in text.

Q)

@)

Trip blanks submitted with coolers which contained samples for volatile analysis. Samples
analyzed for TCL volatiles only.
Parameters analyzed according to CLP Protocol.

@ Field blank collected during Site 69 investigation.

5)

Equipment rinsates collected from various sampling equipment (e.g., split spoons, stainless
steel spoons, hollow stem augers, etc.). Note that samples were collected daily but were
analyzed every other day of sampling event. Accordingly, the number of samples

presented represents the number of samples analyzed.




TABLE 2-11

SUMMARY OF WELL CONSTRUCTION DETAILS
SITE 74
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

] Screen Sand Pack Bentonite
Fop Of_ PVC Ground Interval Interval Interval
Casing Surface Boring Depth | Well Depth Depth Depth Depth Stick-Up
Date Elevation Elevation (feet, below (feet, below (feet, below (feet, below (feet, below (feet, above
Well No. Installed (feet, above msl)(” (feet, above msl) ground surface) ground surface) ground surface) ground surface) ground surface) | ground surface)
74-GWO03A | 01/18/94 36.14 334 18.5 18.0 8.0-18.0 6.0-18.5 40-6.0 2.74
74-GW04 01/18/94 35.37 32.7 20.0 19.5 95-19.5 7.5-20.0 45-175 2.67
74-GWO05 | 01/11/94 34.30 328 19.0 16.5 6.0-16.5 45-19.0 00-45 1.50
74-GWO06 | 01/11/94 33.12 31.6 26.0 26.0 155-26.0 12.0-26.0 95-12.0 1.52
74-GWO07 | 02/18/94 34,52 324 17.0 16.5 6.5-16.5 35-17.0 1.5-3.5 2.12
74-GW08 | 02/18/94 30.55 284 240 23.0 13.0-230 11.0-240 9.0-110 2.15
Notes: Y msl - mean sea level

Horizontal positions are referenced to N.C. State Plane Coordinate System (NAD 27) CF = 0.9999216 from USMC Monument Toney.
Vertical datum NGVD 29.




TABLE 2-12

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL
SAMPLING PROGRAM FOR THE GROUNDWATER INVESTIGATION
SITE 74
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Number
Frequency of
QA/QC Sample™® of Collection Samples Analytical Parameters®

Trip Blanks® One per Cooler 3 TCL Volatiles
Field Blanks® One per Event 0 TCL Organics/TAL Inorganics
Equipment Rinsates® One per Day 2 TCL Organics/TAL Inorganics
Field Duplicates 10% of Sample 1 TCL Organics/TAL Inorganics

Frequency

Notes: @  QA/QC sample types defined in Section 2.2.2.1 in text.

v)

Trip blanks submitted with coolers which contained samples for volatile
analysis. Samples analyzed for volatiles only.

@ Volatiles analyzed according to EPA Method 524.2; all other parameters
analyzed according to CLP Protocol.

@
®

Note field blanks were collected during the soil investigation at Site 69.
Equipment rinsates collected from various sampling equipment (e.g., bailer).

Note that samples were collected daily but were analyzed every other day of
sampling event. Accordingly, the number of samples presented represents the
number of samples analyzed.




TABLE 2-13

SEDIMENT SAMPLING SUMMARY
SITE 74

REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Sampling
Sample Borehole Interval TCL TCL TCL TAL
Location (feet, bgs) (feet, bgs) | VOAs | SVOAs | Pest./PCBs | Metals
74-PDA-SDO1 0.5 0.0-0.5 X X X X
74-PDA-SD02 0.5 0.0-05 X X X X
74-PDA-SD03 0.5 0.0-0.5 X X X X




TABLE 2-14

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL
SAMPLING PROGRAM FOR THE SURFACE WATER AND SEDIMENT INVESTIGATION
SITE 74
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Number
Frequency of
QA/QC Sample® of Collection Samples Analytical Parameters®™
Trip Blanks® One per Cooler 1 TCL Volatiles
Equipment Rinsates® One per Day 1 TCL Organics/TAL Inorganics/
Cyanide
Field Duplicates 10% of Sample 0 TCL Organics/TAL Inorganics/
Frequency Cyanide
Notes: ¥ QA/QC sample types defined in Section 2.2.2.1 in text.

@ Trip blanks submitted with coolers which contained samples for volatile
analysis. Samples analyzed for TCL volatiles only.

®  Parameters analyzed according to CLP Protocol.

“  Equipment rinsates collected from various sampling equipment (e.g., split
spoons, stainless steel spoons, hollow stem augers, etc.). Note that samples
were collected daily but were analyzed every other day of sampling event.
Accordingly, the number of samples presented represents the number of
samples analyzed.
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3.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

This section describes the regional and site-specific environmental setting. A discussion of
topography, surface hydrology and drainage, geology, hydrogeology, ecology, land use and
demographics, climate/meteorology, and water supplies is presented for MCB, Camp Lejeune and
Sites 41 and 74. The tables and figures for Section 3 are contained at the back of the section.

3.1 T raphy and Surf: eatur

The generally flat topography of MCB, Camp Lejeune is typical of the seaward portions of the North
Carolina coastal plain. Elevations on the base vary from sea level to 72 feet above mean sea level
(msl); however, the elevation of most of MCB, Camp Lejeune is between 20 and 40 feet above msl.
All elevations (i.e., topographic and groundwater) are presented as feet, and referenced to mean sea
level.

Site 41, the former dump, is situated at a local high area with an elevation of approximately 20 feet
msl. The study area itself is relatively flat. The area surrounding the former dump is comprised of
moderate to steep hillsides which slope toward the unnamed tributary to the north and east, and to
Tank Creek to the south and southwest (refer to Figure 3-1). Site 41 is moderately to lightly
wooded. The areas east, south, and west of the site are comprised of swamps.

The land is primarily flat at Site 74. A low area is present at the location of the former grease pit,
west of the dirt access road. This low area is occasionally ponded during periods of heavy
precipitation. Most of the area is moderately wooded. Henderson Pond is located approximately
one quarter mile to the south/southeast of the former pesticide storage/handling area. The pond area
is located downgradient from the potential disposal area and the pest control area. Figure 3-2 depicts
the surface features for Site 74.

3.2 Surface Water Hyvdrology

The following summary of surface water hydrology was originally presented in the IAS report
(Water and Air Research, 1983).

The dominant surface water feature of MCB, Camp Lejeune is the New River. It receives drainage
from most of the base. The New River is short, with a course of approximately 50 miles on the
central coastal plain of North Carolina. Over most of its course, the New River is confined to a
relatively narrow channel entrenched in the Eocene and Oligocene limestones. South of
Jacksonville, the river widens dramatically as it flows across less resistant sands, clays and marls.
At MCB, Camp Lejeune, the New River flows in a southerly direction into the Atlantic Ocean
through the New River Inlet. Several small coastal creeks drain the area of MCB, Camp Lejeune
that are not associated with the New River and its tributaries. These creeks flow into the Intracoastal
Waterway, which is connected to the Atlantic Ocean by Bear Inlet, Brown's Inlet, and the New River
Inlet. The New River, the Intracoastal Waterway, and the Atlantic Ocean meet at the New River
Inlet.

Water quality criteria for surface waters in North Carolina have been published under Title 15 of the
North Carolina Administrative Code. At MCB, Camp Lejeune, the New River falls into two
classifications: SC (estuarine waters not suited for body contact sports or commercial shellfishing)
and SA (estuarine waters suited for commercial shellfishing). The SC classification applies to three

3-1



areas of the New River at MCB, Camp Lejeune. The area of the New River in the area of the Rifle
Range is classified as SC. The rest of the New River at MCB, Camp Lejeune falls into the SA
classification.

Drainage at MCB, Camp Lejeune is generally toward the New River, except in areas near the coast,
which drain through the Intracoastal Waterway. In developed areas, natural drainage has been
altered by asphalt cover, storm sewers, and drainage ditches. Approximately 70 percent of MCB,
Camp Lejeune is situated in broad, flat interstream areas. Drainage is poor in these areas.

The U.S. Corp of Engineers has mapped the limits of the 100-year floodplain at Camp Lejeune at
7 feet above msl in the upper reaches of the New River.

Site 41

The dominant surface water features at Site 41 are the unnamed tributary to the north and east, and
Tank Creek to the south/southeast of the site. Because the site is located on a topographic high,
surface runoff radially flows towards both the unnamed tributary and Tank Creek. Both of these
surface water bodies flow in a southeast direction and then discharges into Southwest Creek.
Southwest Creek flows towards the south/southeast and discharges into the New River.

Site 74

Henderson Pond, located south/southeast of the former pesticide storage/handling area, is the only
surface water feature in the area of Site 74. There are some shallow drainage pathways which lead
to Henderson Pond from the former pesticide storage/handling area. As stated in Section 3.1, Site
74 is relatively flat, and ponding of water occurs during periods of heavy precipitation. Another
major surface water feature is Wallace Creek, located approximately one mile south of the site. No
major drainage pathways run directly from Site 74 to Wallace Creek; however, overflow from
Henderson Pond flows to Wallace Creek.

33 1 nd Soil
3.3.1 Regional Geology and Soils

MCB, Camp Lejeune is located in the Atlantic Coastal Plain Physiographic Province. The sediments
of the Atlantic Coastal Plain consist of interbedded sands, clays, calcareous clays, shell beds,
sandstone, and limestone. These sediments lay in interfingering beds and lenses that gently dip and
thicken to the southeast (ESE, 1992). These sediments were deposited in marine or near-marine
environments, range in age from early Cretaceous to Quaternary time, and overlie igneous and
metamorphic basement rocks of pre-Cretaceous age. Table 3-1 presents a generalized stratigraphic
column of geologic and hydrogeologic units for this area.

United States Geological Survey (USGS) studies at MCB, Camp Lejeune indicate that the Base is
underlain by seven sand and limestone aquifers separated by confining units of silt and clay. These
include the water table (i.e., surficial, water-bearing layer), Castle Hayne, Beaufort, Peedee, Black
Creek, and upper and lower Cape Fear aquifers. The combined thickness of these sediments is
approximately 1,500 feet. Less permeable clay and silt beds function as confining units or
semiconfining units which separate the aquifers and impede the flow of groundwater between
aquifers. Figure 3-3 depicts the locations of hydrogeologic cross-sections of MCB Camp Lejeune
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area. The cross-sections illustrating the relationship between aquifers in this area are presented on
Figure 3-4.

3.3.2 Site Specific Geology and Soils
3.3.2.1 Site41

The site is primarily underlain by silty sand, with discontinuous layers of sand, clayey sand, sandy
clay, silt, and clay, and underlain by shelly sand (Castle Hayne Aquifer). Seven shallow wells and
six deep wells were installed during the field program. The location of the cross-sections are shown
on Figure 3-5. Figure 3-6 presents cross-section A-A' from a south to north direction at Site 41. The
geologic cross-section in a south to north direction (B-B') is presented as Figure 3-7. Figure 3-8
presents cross-section C-C' from a west to east direction.

The silty sand, clayey sand, sand, sandy clay, silt, and clay are all part of the Quaternary
"undifferentiated” Formation that characterizes the shallow water table aquifer. The silty sand
ranged in depth from 11 to 29 feet bgs. No apparent groundwater retarding layers were encountered,
as only discontinuous sandy clay and silty clay layers were identified. These layers were generally
Jess than 3 feet thick. The top of the upper unit of the Castle Hayne appears to be relatively flat
across the site at an approximate elevation of -6 msl..

Relative densities indicate the shallow soils to be very loose to medium dense. The shelly sands
encountered at depth, the upper unit of the Castle Hayne, are medium dense to very dense. Unified
Soil Classification System (USCS) classification for the shallow soils identified at the site are SM
(silty sand), SP (poorly graded sands with little to no fines), CL (sandy clay and clays), and ML
(silts). The shelly sands are classified as a SP soil.

Two samples (41-GW10, 0 to 2 feet; and 41-GW11, 4 to 6 feet) were submitted for grain size and
Atterberg limits analyses. The laboratory data classified the sample from location 41-GW10 as a
sand/loamy sand, and from location 41-GW11 as a loamy sand. These classifications generally
correlate with the field descriptions for the shallow soils.

3.3.2.2 Site 74

Site 74 is underlain primarily by sand and silty sand. A total of nine shallow monitoring wells have
been installed to date during previous investigations and the subject RI investigation. New shallow
wells were installed at six locations; one of which was a replacement well (74-GW03A) for well
74-GW03 which could not be found. No deep wells have been installed at Site 74. The locations
of geologic cross-sections for Site 74 are shown on Figure 3-9.- Cross-sections illustrating the
stratigraphy beneath Site 74 are provided on Figures 3-10 (northeast to southwest) and 3-11
(northwest to southeast).

The shallow sands and silty sands are part of the Quaternary age "undifferentiated" Formation which
characterizes the shallow water table aquifer. The silty sand unit was encountered at the ground
surface in all but one monitoring well soil boring (74-GW02) and extended to depths ranging from
one foot to greater than 26 feet. Relative soil densities obtained from standard penetration tests
indicate the shallow soils to be very loose to dense. The sand and silty sand units are classified as
SP (poorly graded sands, little to no fines) and SM (silty sands) under the USCS. A soil sample
from monitoring well soil boring 74-GW05 (6 to 8 feet) was submitted for grain size and Atterberg
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limits. Laboratory data classified the sample as a loamy sand, which generally correlates with the
field description of a silty sand. No apparent groundwater retarding layers were encountered during
the RI field program; however, a sandy clay layer was identified at the bottom of soil boring 74-
GWO3A (17 to 18.5 foot depth) in the northern area of the site. This unit was not encountered in any
other boring location. The monitoring wells installed during the RI did not extend into the Castle
Hayne. Monitoring wells were not installed in the upper portion of the Castle Hayne Formation due
to the fact that Base supply well HP-654 is located near Site 74 and has been periodically sampled
and analyzed for full organics and inorganics with no contamination detected to date.

34 rogeol
3.4.1 Regional Hydrogeology

The following summary of regional hydrogeology was originally presented in Harned et al. (1989)
and reevaluated by Cardinell, et al. (1993).

The surficial water table aquifer consists of a series of sediments, primarily sand and clay, which
commonly extend to depths of 75 feet. This unit is not used as a water supply on the Base.

The principal water supply for the Base is found in the series of sand and limestone beds that occur
between 50 and 300 feet below land surface (bls). This series of sediments generally is known as
the Castle Hayne Formation, associated with the Castle Hayne Aquifer. This aquifer is about 150
to 400 feet thick in the area and is the most productive aquifer in North Carolina.

Clay layers occur in both of the aquifers. However, the layers are thin and discontinuous in most
of the area, and no continuous clay layer separates the surficial aquifer from the Castle Hayne
Aquifer. The clay layers range from 10 to 15 feet thick and comprise between 15 and 24 percent of
the combined thickness of the two aquifers. The clay layers appear to be thicker and more
continuous in the northwestern part of the Base, particularly in the area of the MCAS. It is inferred
from their generally thin and discontinuous nature that considerable leakage of groundwater occurs
across and around the clay layers, particularly in the upper part of the Castle Hayne aquifer.

Onslow County and MCB, Camp Lejeune lie in an area where the Castle Hayne Aquifer contains
freshwater, although the proximity of saltwater in deeper layers just below the aquifer and in the
New River estuary is of concern in managing water withdrawals. Overpumping of the deeper parts
of the aquifer could cause encroachment of saltwater. The aquifer contains water having less than
250 milligrams per liter (mg/L) chloride throughout the area of the Base.

The aquifers below the Castle Hayne Aquifer lie in a thick sequence of sand and clay. Although
some of these aquifers are used for water supply elsewhere in the Coastal Plain, they contain
saltwater in the MCB, Camp Lejeune area and are not used.

Rainfall in the MCB, Camp Lejeune area enters the ground in recharge areas, infiltrates the soil, and
moves downward until it reaches the water table, which is the top of the saturated zone. In the
saturated zone, groundwater flows in the direction of lower hydraulic head, moving through the
system to discharge areas like the New River and its tributaries, or the ocean.

The water table varies seasonally. The water table receives more recharge in the winter and summer
than in the fall and spring when much of the water evaporates or is transpired by plants before it can
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reach the water table. Therefore, the water table generally is highest in the winter/summer months
and lowest in spring/fall.

In confined aquifers, water is under excess hydraulic (i.e., head) pressure and the level to which it
rises in a tightly cased well is called the potentiometric surface. The hydraulic head in a confined
or semiconfined aquifer, such as the Castle Hayne, shows a different pattern of variation over time
than in an unconfined aquifer. Some seasonal variation also is common in the water levels of the
Castle Hayne Aquifer, but the changes tend to be slower and over a smaller range than for water
table wells.

According to the North Carolina Administrative Code, Title 15, Subchapter 2L, "Classifications and
Water Quality Standards Applicable to the Groundwaters of North Carolina”, the surficial water
table aquifer and the Castle Hayne Aquifer are classified as GA; for existing or potential sources of
drinking water supplies for humans with a chloride concentration equal to or less than 250 mg/L.
This groundwater classification is for waters which are considered suitable for drinking in their
natural state.

3.4.2 Site Specific Hydrogeology
3.4.2.1 Site 41

Groundwater was encountered during the RI at depths ranging from 2.09 to 8.99 feet bgs (elevation
15.01 to 4.31 msl). Measured shallow groundwater levels for Site 41 are presented on Table 3-2.
A groundwater contour map for the shallow aquifer on February 22, 1994 is presented on
Figure 3-12. The contour map indicates a slight mound effect in the central portion of the site in the
area of monitoring well 41-GW11. Shallow groundwater flow is axial and radial for the site, but the
predominant flow direction appears to be towards the southeast (same flow direction as the unnamed
tributary and Tank Creek), with radial flow towards the north/northeast and south/southwest. The
high groundwater area appears to be a recharge zone for the central portion of the site. The area to
the northwest is also a groundwater recharge area for the site, as the axial flow direction is from the
northwest across the site. A shallow groundwater gradient measured from well 41-GW11 to well
41-GWO13 in the south for February 22, 1994 was 0.007 ft/ft. Shallow groundwater discharges to
the swampy areas east, south and west of the site, and to the unnamed tributary and Tank Creek.

Groundwater contours for the shallow aquifer for the Round Two groundwater sampling on
April 26 - 28, 1994 at Site 41 are presented on Figure 3-13. Indications of the high groundwater
elevations within the central portion of the site are evident, with axial/radial flow similar to what was
observed in February 1994. There was an anomalous groundwater level for well 41-GW02 (2 foot
lower in groundwater level change than other well readings that day) for which there is no
discernable reason. Due to this anomalous reading, this groundwater level was not used in preparing
the contour map. The shallow groundwater gradient between wells 41-GW11 and 41-GW13 for that
day was 0.01 ft/ft to the south.

The shallow aquifer at Site 41 was characterized by performing in situ rising and falling head slug
tests in monitoring wells 41-GW07, 41-GW08, 41-GW09, 41-GW10, and 41-GW12. The tests were
performed on April 30 and May 1, 1994. An electronic data logger (In Situ Hermit Model SE2000)
and pressure transducer assembly were used to record the recovery of groundwater in these
monitoring wells to static level. All data was recorded on a logarithmic scale to closely monitor the
initial changes in groundwater elevation. The data resulting from the slug tests were converted into
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time (in minutes) and the corresponding change in water level displacement (in feet). Only the
results from the rising head slug tests were analyzed, using Geraghty & Miller's AQTESOLV
computer program for performing quantitative groundwater assessments, due to the fact that the
shallow wells were screened across the groundwater table thus making the falling head test invalid.
The Bouwer and Rice solution for slug tests in unconfined aquifers was used to evaluate all test data.
The input parameters and plots generated from the slug tests are contained in Appendix G.

Table 3-3 lists the K values obtained from the data analysis, the average hydraulic gradient from the
two shallow groundwater contour maps, the assumed effective porosity, and the calculated value for
groundwater velocity. The average of the estimated K values from the five wells was 2.1 feet/day
(7.4 x 10* cm/sec), which is within the typical range for silty sands (Freeze/Cherry, 1979). The
hydraulic gradient from groundwater measurements between wells 41-GW11 and 41-GW13 on
February 22, 1994 was 0.007 ft/ft. Published effective porosity values indicate a range of 25 to
50 percent for sands and silts (Freeze/Cherry, 1979). Due to the silty nature of the sands, a value
of 35 percent was used for effective porosity. The estimated average linear groundwater velocity
was calculated by using the following formula:

V =Kin

Where: V = groundwater velocity
K = hydraulic conductivity
1= hydraulic gradient
n = effective porosity

Using these variables, the groundwater velocity (V) in a north to south direction is estimated to be
0.04 feet/day (15 feet/year). This is a conservative estimate because of the nature of the silty sand
and the variability in the estimated K values from the slug tests. An approximate transmissivity
value (T) can be obtained from the hydraulic conductivity (K) and the saturated thickness (b) of the
aquifer. Using a saturated thickness of 16 feet above the Castle Hayne formation for the shallow
aquifer, an approximate T value for the shallow aquifer in this direction is 33.6 feet?/day. A recent
hydrogeologic investigation conducted by Baker in the Camp Geiger area (1994), which included
an aquifer pump test within the shallow water-bearing zone (approximately 25 foot depth), indicated
T and K values of 94.92 ft*/day (7.1 x 10? gallons/day/ft) and 6.3 feet/day (2.2 x 107 cm/sec),
respectively. Values for T determined from a pump test performed at Hadnot Point on the opposite
side of the New River from Camp Geiger were 75 feet¥day (5.61 x 10? gallons/day/ft). The average
transmissivity value for these two pump tests is 85 feet’day. The calculated transmissivity value
of 33.6 feet’/day from slug tests is of the same order of magnitude as the average pump test value.

Groundwater levels in the deep monitoring wells are presented on Table 3-4. Depths to groundwater
ranged from 4.80 to 13.54 feet bgs (elevation 15.09 to 3.10 feet msl). Figures 3-14 and 3-15 present
the groundwater contour maps for the deep aquifer on February 22, 1994 and April 26-28, 1994,
respectively. Groundwater flow within the deep aquifer is generally linear, as seen on the
groundwater contour maps, and in a southeasterly direction at an average hydraulic gradient of
0.006 ft/ft, measured between wells 41-GW09DW and 41-GW11DW for the February 22 and
April 26-28, 1994 groundwater measurements. The recharge area for the deep aquifer is from the
northwest. An evaluation of groundwater levels within well nests at Site 41 indicate that there is a
potential vertical gradient upward in the northwest area of the site (well locations 41-GW07 and
41-GW09) and downward in the central and southern areas of the site (well locations 41-GW11 and
41-GW12, respectively). The potential vertical gradients ranged from 0.001 to 0.114 ft/ft. The deep
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aquifer would appear to discharge at an off site location, possibly the New River, where the Castle
Hayne formation is near surface.

In situ rising head and falling head slug tests were performed in three deep monitoring wells
installed at Site 41 (41-GW06DW, 41-GW07DW, and 41-GW12DW) during April 30 and May 1,
1994. Both the rising and falling head test data was analyzed for these wells using Geraghty &
Miller's AQTESOLYV program, as with the shallow aquifer tests. The input parameters and plots
generated for the deep wells are contained in Appendix G. Table 3-5 lists the K values obtained
from the data analysis, the average hydraulic gradient from the two deep groundwater contour maps,
the assumed effective porosity, and the calculated value for groundwater velocity. The average of
the estimated K values from the three wells was 2.2 feet/day (7.8 x 10~ cm/sec). The average K
value is within the typical range for silty sands (Freeze/Cherry, 1979). Average calculated hydraulic
gradient from the groundwater measurements was 0.006 ft/ft. Published effective porosity values
indicate a range of 25 to 50 percent for sands and silts (Freeze/Cherry, 1979). Due to the silty nature
of the sands, a value of 35 percent was used for effective porosity. The estimated average linear
groundwater velocity was calculated by using the following formula:

V =Kin

Using the variables listed previously for the shallow aquifer, the groundwater velocity (V) for the
deep aquifer is estimated to be 0.04 feet/day (15 feet/year). This is a conservative estimate because
of the nature of the silty sand and the variability in the estimated K values from the slug test data.
Using an estimated saturated aquifer thickness of 200 feet, an estimated T value of 396 feet?/day
(3 x 10° gallons/day/foot) was obtained. A Wellhead Management Program Engineering Study
(Geophex, Ltd., 1991) was conducted in 1990 at Camp Lejeune which states a transmissivity value
of 8,000 feet?’day (6 x 16 gallons/day/foot) for the Marine Corps Air Station (MCAS). The

~ estimated T value calculated from the slug test data is representative of the 35 to 55 foot depth in

the area of Site 41, as opposed to the deep water supply zones (100 to 200 feet).

The lithology does not indicate a confining or semiconfining layer between the surficial water table
aquifer and the Castle Hayne Aquifer. This is substantiated by the similarity in groundwater flow
direction, elevations, and gradient between the two aquifers. The differentiation between the two
water bearing zones is based on lithology, groundwater parameters as seen from the evaluation of
slug test data, and usage (the surficial aquifer is not used as a water supply on the base). Evaluation
of groundwater elevations indicates a potential vertical gradient between the two aquifers.

3.4.2.2 Site 74

The shallow groundwater lies within the silty sand at a depth of between 4.36 to 19.06 feet bgs
(elevation 28.04 to 12.52 msl). Table 3-6 presents the groundwater levels measured during the RI
field program. Groundwater contour maps for February 22, March 1, and April 29, 1994 are
presented on Figures 3-16, 3-17, and 3-18, respectively. The contour maps indicate groundwater
within the shallow aquifer at Site 74 flows in a east/northeast direction. Groundwater flow is at a
hydraulic gradient of 0.03 ft/ft, measured from well 74-GW07 to well 74-GW02. Groundwater in
well 74-GWO06 continually exhibited slightly lower groundwater levels than nearby wells. There is
no apparent reason for these anomalous levels. The groundwater contour maps indicate a generally
linear flow across the site with recharge from the west/southwest of the site. There is no apparent
discharge area for the shallow aquifer in the vicinity of the site. No deep monitoring wells were
installed during this investigation because the RI focused on the shallow aquifer since the nearby
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deep supply well HP-654, located across the access road from the site, is periodically sampled for
full organic and inorganic analysis and no contamination has been detected to date.

The shallow aquifer at Site 74 was characterized by performing rising and falling head in situ slug
tests in monitoring wells 74-GWO03A, 74-GW06, and 74-GWO08. The tests were performed on
April 29, 1994 employing the same methods and equipment described in Section 3.4.2.1. Only the
rising head test data was analyzed using Geraghty & Miller's AQTESOLV computer program for
groundwater assessments, due to the wells being screened across the groundwater surface thus
making the falling head test invalid. The Bouwer and Rice solution for slug tests in unconfined
aquifers was used to evaluate all test data. The input parameters and plots generated from the slug
tests are contained in Appendix H.

Table 3-7 lists the K values obtained from the data analysis, the hydraulic gradient, the assumed
effective porosity, and the calculated value for groundwater velocity. The average estimated K value
from all three wells is 3.5 feet/day (1.2 x 102 cm/sec), which is within the typical range for silty
sands (Freeze/Cherry, 1979). The hydraulic gradient from groundwater measurements between
wells 74-GW07 and 74-GWO02 on February 22, 1994 was 0.03 fv/ft. Published effective porosity
values indicate a range of 25 to 50 percent for sands and silts (Freeze/Cherry, 1979). Due to the silty
nature of the sands, a value of 35 percent was used for effective porosity. The estimated average
linear velocity was calculated by using the formula:

V =Kin

Using the variables listed in Section 3.4.2.1, the groundwater velocity (V) of the shallow aquifer in
a southwest to northeast direction at Site 74 is estimated to be 0.3 feet/day (110 feet/year). This is
a conservative estimate because of the nature of the silty sand and the variability in the estimated
K values from the slug test data. An approximate transmissivity value (T) can be obtained from the
hydraulic conductivity (K) and the saturated thickness (b) of the aquifer. Using a saturated thickness
of 19 feet within the monitoring wells, an approximate T value for the shallow aquifer would be
66 feet?/day (5 x 10 gallons/day/foot), which is comparable to the average value referenced from
the Baker aquifer pump tests in Section 3.4.2.1.

35 La e Demographics
3.5.1 Regional

Present military population of MCB, Camp Lejeune is approximately 40,928 active duty personnel.
The military dependent community is in excess of 32,081. About 36,086 of these personnel and
dependents reside in base housing units. The remaining personnel and dependents live off Base and
have had dramatic effects on the surrounding area. An additional 4,412 civilian employees perform
facilities management and support functions. The population of Onslow County has grown from
17,739 in 1940, prior to the formation of the Base, to its present population of 121,350 (Master Plan,

Camp Lejeune Complex, North Carolina, 1988).

The existing land use pattern for the various developed geographic areas within the MCB are listed,
per geographic area, on Table 3-8. In addition, the number of acres comprising each land use
category has been estimated and provided on the table. Site 41 is located in the northwestern region
of the MCAS southwest of Camp Geiger. Site 74 is located in the north central part of the base at
Lot 204.
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3.5.2 Site41

Site 41 (Camp Geiger Dump Near Former Trailer Park) is located adjacent to U.S. Highway 17 in
a heavily wooded area away from residential and/or support areas. Training is conducted on a
periodic basis through the area. The area encompassing Site 41 also is occasionally used for military
training exercises. The site is not fenced; therefore, access is not restricted from within the base or
U.S. Highway 17. The closest military complex is Camp Geiger, located approximately two miles
northeast of the site. Future land use is reserved for military training. Hunting is permitted in the
area via permission from the base command.

A mixture of old and new facilities exist at Camp Geiger, the result of which is a patchwork of
buildings arranged in a north to south configuration. The development of the approximately 216
acres has resulted in facilities that are not interrelated, physically or functionally.

Supply and storage, concentrated along the eastern edge of the developed area and in the central
portion, covers about 50 acres of land. Maintenance facilities, which cover about 19 acres, are
located adjacent to the supply/storage areas. Combined supply/storage and maintenance areas
account for nearly 32 percent of the developed land in Camp Geiger.

No family housing exists at Camp Geiger. Troop housing situated on 54 acres is located in three
areas, interspersed with community and commercial facilities. Training tends to be conveniently
accessible by foot from troop housing although less accessible from community buildings, such as
the dining facilities. The 16 acres of recreational areas are scarce in terms of number and
inconvenient in terms of access.

Downslope of the site is a wooded wetland or swamp area. There may be sensitive ecological
receptors in this area which will be further evaluated as part of the ecological risk assessment.

353 Site74

The area around Site 74 is occasionally used for military training. The closest military complex is
associated with a water treatment plant and administrative building located about one-half mile west
of the site. Midway Park, a large housing development, is located about one mile northwest of the
site. Future land use of the area is reserved for military training. Hunting is permitted in the area;
however, passes must be issued so that hunting activities do not conflict with military training.

The upper reaches of Wallace Creek, located approximately two miles southeast of the site, is
designated as a natural area. There are no sensitive ecological populations reported to inhabit the
site.

3.6 limate and Meteorol

MCB, Camp Lejeune experiences mild winters, and hot and humid summers. The average yearly
rainfall is greater than 50 inches, and the potential evapotranspiration in the region varies from 34
to 36 inches of rainfall equivalent per year. The winter and summer seasons usually receive the most
precipitation. Temperature ranges are reported to be 33 to 53 degrees Fahrenheit (°F) in the winter
(i.e., January) and 71 to 88°F in the summer (i.e., July). Winds are generally south-southwesterly
in the summer and north-northwesterly in the winter (Water and Air Research, 1983). Table 3-9
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presents a climatic summary for the MCAS New River. Tidal data for the New River in
Jacksonville, North Carolina is presented in Table 3-10.

37  Water Supply

MCB, Camp Lejeune water is supplied entirely from groundwater obtained from approximately 90
water supply wells and treated. There are eight water treatment plants with a total capacity of
15.821 million gallons per day (MGD). Groundwater usage is estimated at over 7 MGD (Harned,
et al., 1989).

The water supply wells are all located within the boundaries of the base. The average water supply
well at the base has a depth of 162 feet, a casing diameter of 8 inches, and yields 174 gallons per
minute (gpm) (Harned, et al., 1989)

All of the water supply wells utilize the Castle Hayne Aquifer. The Castle Hayne Aquifer is a highly
permeable, semiconfined aquifer that is capable of yielding several hundred to 1,000 gpm in
municipal and industrial wells in the MCB, Camp Lejeune area. The water retrieved is typically a
hard, calcium bicarbonate type.

Table 3-11 and 3-12 present summaries of water supply wells within a one-mile radius of Site 41
and Site 74, respectively. Figure 3-19 shows the locations of the operational water supply wells
within a one-mile radius of Sites 41 and 74.

No base supply wells were sampled during this investigation. Specific supply wells are periodically
sampled for full organic and inorganic analysis. Supply wells located near Site 41 do not appear to
be potentially impacted by this site because they are not located downgradient from the site. Base
water supply well HP654 is located approximately one-quarter mile from Site 74, and downgradient
of the site. This well is routinely sampled by Base personnel for organics and metals analyses. Site
74 may have a potential impact on Supply Wells HP-629 and HP-621 which are located
downgradient. These wells, however, are approximately one quarter mile from the site and slightly
north of the groundwater flow direction.

3-10
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TABLE 3-1

GEOLOGIC AND HYDROGEOLOGIC UNITS IN
THE COASTAL PLAIN OF NORTH CAROLINA
REMEDIAL INVESTIGATION, CTO0-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

GEOLOGIC UNITS HYDROGEOLOGIC UNITS
System Series Formation Aquifer and Confining Unit
Quaternary Holocene/Pleistocene Undifferentiated Surficial aquifer
Yorktown confining unit
Pliocene Yorktown Formation(l) |} Yorktown Aquifer
Eastover Formation(!) .
Miocene Pungo River confining unit
Pungo River Formation(l) | Pungo River Aquifer
Tertiary Belgrade Formation(?) | Castle Hayne confining unit
Oligocene Castle Hayne Aquifer
River Bend Formation °
Eocene Castle Hayne Formation | Beaufort confining unit(3)
Beaufort Aquifer
Paleocene Beaufort Formation
Peedee confining unit
Peedee Formation
Peedee Aquifer
Black Creek and Black Creek confining unit
Cretaceous Upper Cretaceous Middendorf Formations | Black Creek Aquifer
Upper Cape Fear confining unit
Upper Cape Fear Aquifer
Cape Fear Formation |Lower Cape Fear confining unit
Lower Cape Fear Aquifer
Lower Cretaceous confining unit
Lower Cretaceous(l) Unnamed deposits(l) Lower Cretaceous Aquifer(l)
Pre-Cretaceous basement rocks -- --

(1) Geologic and hydrologic units probably not present beneath MCB, Camp Lejeune.
(2) Constitutes part of the surficial aquifer and Castle Hayne confining unit in the study area.
(3) Estimated to be confined to deposits of Paleocene age in the study area.

Source: Harned et al., 1989.




TABLE 3-2

SUMMARY OF WATER LEVEL MEASUREMENTS FROM SHALLOW MONITORING WELLS ON

FEBRUARY 14-19, 1994, FEBRUARY 22, 1994, MARCH 1, 1994, AND APRIL 26-28, 1994

SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Depth to Groundwater Depth to Groundwater
Top of PVC Groundwater Elevation Depth to Groundwater Depth to Groundwater | Groundwater Elevation
Casing (feet, below (feet, above Groundwater Elevation Groundwater Elevation (feet, below (feet, above
Elevation® top of casing) msl) (feet, below (feet, above (feet, below (feet, above | top of casing) msl)
(feet, above (02/14/94 - (02/14/94 - top of casing) msl) top of casing) msl) (04/26/94 - (04/26/94 -
Well No. msl) 02/19/94) 02/19/94) (02/22/94) (02/22/94) (03/01/94) (03/01/94) 04/28/94) 04/28/94)
41-GW01® 22.60 22.18 0.42 8.50 14.10 7.36 15.24 8.42 14.18
41-GW02® 14.63 4.00 10.63 4.59 10.04 3.97 10.66 7.66 6.97
41-GW03@ 19.23 10.25 8.98 10.41 8.82 9.74 9.49 11.27 7.96
41-GW04? 11.99 6.34 5.65 8.25 3.74 5.85 6.14 6.99 5.00
41-GW05? 26.59 10.53 16.06 10.80 15.70 10.35 16.24 11.21 15.38
41-GW07% 22.73 10.40 12.33 10.33 12.40 9.15 13.58 10.68 12.05
41-GW08® 19.48 7.26 12.22 7.34 12.14 7.06 12.42 7.88 11.60
41-GWQ9¥ 25.98 10.97 15.01 10.56 15.42 10.31 15.67 10.66 15.32
41-GW10® 13.93 5.54 8.39 5.60 833 481 9.12 6.62 7.31
41-GW119 24.69 10.14 14.55 9.45 15.24 9.38 15.31 9.58 15.11
41-GW129 8.41 4.10 431 424 4.17 347 4.94 5.37 3.04
41-GW13® 16.19 8.80 7.39 7.95 8.24 9.37 6.82 10.20 5.99
Notes: (7 Mean sea level

@
@)

Existing monitoring well instailed by ESE, Inc., November 1986.
Phase I monitoring well installed by Baker Environmental, Inc., February 1994,



TABLE 3-3

AQUIFER CHARACTERISTICS - SHALLOW MONITORING WELLS
SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Hydraulic Hydraulic Groundwater

Conductivity Gradient Effective Velocity
x) ) Porosity" %)

Well No. (feet/day) (feet/feet) (n) (feet/day)
41-GW07 1.1507 0.007 0.35 0.02
41-GW08 0.1378 0.007 0.35 0.003
41-GW09 3.6720 0.007 0.35 0.07
41-GW10 0.9442 0.007 0.35 0.02
41-GW12 4.5749 0.007 0.35 0.09

O}

Freeze/Cherry, 1979 - Groundwater




TABLE 3-4

SUMMARY OF WATER LEVEL MEASUREMENTS FROM DEEP MONITORING WELLS ON

FEBRUARY 14-19, 1994, FEBRUARY 22, 1994, MARCH 1, 1994 AND APRIL 26-28, 1994

SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Depth to Groundwater
Top of PVC Depth to Groundwater Depth to Groundwater Depth to Groundwater | Groundwater Elevation
Casing Groundwater Elevation Groundwater Elevation Groundwater Elevation (feet, above (feet, above
Elevation (feet, below (feet, above (feet, below (feet, above (feet, below (feet, above msl) msl)
(feet, above top of casing) msi) top of casing) msl) top of casing) msl) (04/26/94- (04/26/94-
Well No. msl) (02/14-19/94) | (02/14-19/94) (02/22/94) 02/22/94) (03/01/94) (03/01/94) 04/28/94) 04/28/94)
41-GW04DW 12.89 7.15 5.74 717 5.72 6.81 6.08 7.40 5.49
41-GW06DW 25.31 11.80 13.51 11.80 13.51 11.21 14.10 12.30 13.01
41-GWO7DW 22.88 10.30 12.58 10.35 12.53 9.33 13.55 11.06 11.82
41-GW09DW 26.95 11.88 15.07 11.86 15.09 11.13 15.82 11.86 15.09
41-GW11DW 23.63 13.08 10.55 13.12 10.51 12.46 11.17 13.54 10.09
41-GW12DW 9.08 4.80 428 5.50 3.58 4.82 4.26 5.98 3.10

Notes: O

Mean sea level



TABLE 3-5

AQUIFER CHARACTERISTICS - DEEP MONITORING WELLS
SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Hydraulic Hydraulic Groundwater
Conductivity Gradient Effective Velocity
X) ® Porosity(i) V)
Well No. (feet/day) (feet/feet) (n) (feet/day)
41-GW06DW 2.1917 0.006 0.35 0.04
41-GW07DW 2.4250 0.006 0.35 0.04
41-GW12DW 1.8562 0.006 0.35 0.03

®  Freeze/Cherry, 1979 - Groundwater




TABLE 3-6

SUMMARY OF WATER LEVEL MEASUREMENTS FROM SHALLOW MONITORING WELLS ON
FEBRUARY 22, 1994, MARCH 1, 1994, MARCH 2, 1994, AND APRIL 29, 1994
SITE 74
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Top of PVC Depth to Groundwater Depth to Groundwater Depth to Groundwater Depth to Groundwater
Casing Groundwater Elevation Groundwater Elevation Groundwater Elevation Groundwater Elevation
Elevation®” (feet, below (feet, above (feet, below (feet, above (feet, below (feet, above (feet, above (feet, above
(feet, above top of casing) msl) top of casing) msl) top of casing) msl) msl) msl)
Well No. msl) (02/22/94) (02/22/94) (03/01/94) (03/01/94) (03/02/94) (03/02/94) (04/29/94) (04/29/94)
74-GW01?® 35.88 2240 13.48 21.94 13.94 21.24 14.64 20.43 15.45
74-GW02@ 3523 20.62 14,61 21.43 13.80 21.00 1423 19.17 16.06
74-GW03A® 36.14 8.34 27.80 8.38 27.76 8.28 27.86 7.86 28.28
74-GW04® 35.37. 13.82 21.55 13.62 21,75 13.58 21.79 11.38 23.49
74-GW05® 34.30 729 27.01 7.38 26.92 7.28 27.02 7.30 27.00
74-GW06® 33.12 20.58 12.54 19.61 13.51 19.26 13.86 18.08 15.04
74-GWOT7® 34.52 6.48 28.04 6.43 28.09 6.30 28.22 6.49 28.03
74-GW03® 30.55 17.34 13.21 17.02 13.53 16.76 13.79 14.95 15.60
Notes: 0 Mean sca level

@
()

Existing monitoring well installed by ESE, Inc., November 1986.

Phase I monitoring well installed by Baker Environmental, Inc., January-February 1994,



TABLE 3-7

AQUIFER CHARACTERISTICS - MONITORING WELLS

SITE 74

REMEDIAL INVESTIGATION, CT0-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Hydraulic Hydraulic Groundwater
Conductivity Gradient Effective Velocity
X) ® Porosity V)
Well No. (feet/day) (feet/feet) (n) (feet/day)
74-GW03A 0.5907 0.03 0.35 0.05
74-GW06 6.3302 0.03 0.35 0.54
74-GWO08 3.5496 0.03 0.35 0.30




TABL | )8

LAND UTILIZATION: DEVELOPED AREAS ACRES/LAND USE (PERCENT)
REMEDIAL INVESTIGATION, CT0-0212

MCB, CAMP LEJEUNE, NORTH CAROLINA

Training Supply/ Family | Troop
Geographic Area Oper. | (Instruc.) | Maint. | Storage | Medical | Admin. | Housing | Housing | CM Cco Recreat. | Utility Total
Hadnot Point 31 15 154 157 10 122 22 196 115 36 182 40 1,080
(2.9) (1.4) (143) | (144) 0.9 (11.3) 2.0) (18.1) }(10.7) (3.3) (16.9) 3.7 (100)
Paradise Point 1 3 1 343 19 3t 610 2 1,010
0) (0.4) (V)] (34) (1.9 3B.n (60.4) 0.2) (100}
Berkeley Manor/ 406 41 1 57 2 507 -

Watkins Village (80) 8.1 0.2) (11.2) 0.5) (100)

Midway Park 1 2 2 248 8 3 4 1 269
0.4 0.7 0.7 92.2) 3.0 (1.1) (1.5) 04 (100)

Tarawa Terrace 3 1 428 55 11 47 8 553
land II 0.5) 0.3) 77.4) 9.9) 2.0) 8.5) (1.4) (100)

Knox Trailer 57 57
(100) (100)

French Creek 8 1 74 266 3 7 122 22 6 74 583
(1.4) 0.2) (127 | 45.6) 0.5) (1.2) (209 § 3.8 (1.09) (12.7) (100)

Courthouse Bay 73 28 14 12 12 43 15 4 43 11 255
(28.6) (10.9) (5.5) 4.7 4.7 (16.9) | (5.9 (1.6) (16.9) 4.3) (100)

Onslow Beach 6 1 3 2 1 2 2 12 25 8 62
9.8) (1.6) 4.8) 3.2) (1.6) 3.2) 3.2) }19.3) 40.3) | (13.0) (100)

Rifle Range 1 1 7 1 5 7 30 5 1 9 13 80
(1.3) (.3 (8.8) 1.3) 6.3) (8.8) 375 | 6.3) (1.3) (11.3) | (16.3) (100)

Camp Geiger 4 15 19 50 23 54 27 2 16 6 216
(1.9 (6.9) (8.8) (23.1) (10.6) (25.0) ] (12.5) (1.0) 74 2.8) (100)

Montford Point 6 48 2 4 2 9 82 20 1 49 10 233
(2.6) (20.5) 0.9 .n 0.9) 3.9 - (352) | 8.9 ©0.4) (21.0) 4.3) (100)

Base-wide Misc. 1 87 3 19 18 128
0.8) (68.0) 2.3) (14.8) (14.1) (100)
TOTAL 57 155 287 590 17 186 1,523 548 370 65 1.116 119 5,033
.y 3.1 5.7 11.7) | (0.38) 3D (30.2) (108 | (74 1.3) (22.2) 2.4) (100)




TABLE 3-9

CLIMATIC DATA SUMMARY FOR MCAS NEW RIVER
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Source: Naval Oceanography Command Detachment, Asheville, North Carolina. Measurements obtained from January 1955 to December 1982,

(

Temperature ) Temperature Mean Number of Days With
(Celsius) ;:}::(‘j‘l’;’ (Fahrenheit) Precipitation Temperature
Maximum | Minimum | Average | (Percent) §| Maximum | Minimum | Average | >=0.01" >=0.5" >=90F | »=75F <=32F
January 7.5 1.4 4.2 76 54 34 44 11 2 0 1 14
February 7.0 1.5 3.8 74 57 36 46 9 3 0 1 11
March 8.0 0.8 35 78 64 42 53 10 2 0 5 7
April 6.5 0.5 3.0 79 73 51 62 8 2 -- 14 --
May 8.4 1.7 43 86 80 60 70 10 3 2 25 0
June 11.8 24 5.8 85 85 67 76 11 4 6 19 0
July \14.3 4.5 8.0 85 88 72 80 14 5 12 31 0
August 12.6 1.7 6.1 87 87 1 80 12 4 11 31 0
‘September 12.2 1.4 47 87 83 66 75 9 3 3 27 0
October 6.5 0.7 2.8 82 74 54 64 7 2 - 16 -
November 5.7 0.6 2.6 80 66 44 55 7 1 0 6 4
December 6.1 0.4 4.0 77 58 37 48 9 2 0 2 11
Annual 14.3 0.4 52.8 81 72 53 63 117 33 34 188 47
-- Less than 0.5 days

(




TABLE 3-10

TIDE DATA FOR THE NEW RIVER IN JACKSONVILLE, NORTH CAROLINA
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

High Tide Low Tide High Tide Low Tide High Tide Low Tide
Hgt Hgt Hgt Hgt . Hgt Hgt
Date Time | (ft) | Time (ft) Date Time | (ft) | Time ®) Date Time | (ft) | Time (ft)
08/01/92] 13 | 17 | 79 | 088 14 | 167 | NA | NA 09/02/92| 3.1 | 1.52 | 104 | 094
NA | NA | 203 | 092 0817192 137 | 166 | 82 | L1 156 | 1.59 | 22.8 | 098
15 | 162 | NA | NA NA | NA | 204 | 1.14 09/03/92 | 41 | 145 | 11.0 | 095
08/02/92 127 | 162 | 88 | 0.84 19 | 162 | NA | NA 167 [ 155 | NA | NA
NA | NA | 212 | 09 08/18/92 I"145 [ 165 | 86 | 1.09 NA | NA | 02 | 102
08/03/92 | 25 | 155 | 95 | 093 NA | NA | 214 | 112 09/04/92 48~ 139 | 120 | 0.99
150 | 1.64 | 222 | 092 8/19/92 | 27 | 155 | 93 | 105 177 | 153 | NA | NA
08/04/92 | 33 | 15 | 101 | 095 152 | 164 | 222 | 1.13 NA | NA | 07 | 102
165 | 167 | 226 | 1.0 0872092 | 3.7 | 1.54 | 100 | 1.12 09/05/92 "¢ [ 144 | 132 | 1.04
08/05/92 | 45 | 154 | 114 | 1.05 154 | 166 | 233 | 117 188 | 158 | NA | NA
169 | 162 | NA | NA 082192 | 42 | 155 | 112 | 113 NA | NA | 1.7 | LI5
NA | NA | 04 | 1.02 166 | 164 | NA | NA 09/06/92 72 1160 | 141 | 115
08/06/92 "53| 1.47 | 124 | 1.03 NA | NA | 02 | 114 199 | 168 | NA | NA
181 | 159 | NA | NA 08/22/92 ™59~ [1.51 | 120 | 1.06 NA | NA | 27 | 1.3
NA | NA | 13 | 104 176 | 158 | NA | NA 0907792 g7 [ 162 | 149 | 117
08/07/92 g3 | 149 | 133 | 1.04 NA | NA | 09 | 1.07 204 | 166 | NA | NA
190 | 159 | NA | NA 08/23/92 e | 1.48 | 13.1 | 102 09/08/92 ] 88 | 155 | 3.4 | 112
NA | NA | 20 | 1.08 187 | 160 | NA | NA 211 | 159 | 15.7 | 1.08
08/08/92 737 7147 | 144 | 1.02 NA | NA | 20 | 1.05 09/09/92| 9.6 | 1.55 | 40 | 1.04
210 | 158 | NA | NA 08/24/92 537 [ 152 | 142 | 101 219 | 157 | 165 | 1.04
08/09/92 | 86 | 1.44 | 34 | 1.02 200 | 164 | NA | NA 09/10/92 | 104 | 154 | 48 | 099
208 | 155 | 154 | 1.03 NA | NA | 3.0 | 1.02 225 | 155 | 172 | 1.02
08/10/92 | 96 | 15 | 41 | 1.02 08/25/92 g4 | 156 | 151 | 095 09/11792 | 108 | 166 | 48 | 1.05
218 | 159 | 162 | t1.01 210 | 165 | NA | NA 233 | 166 | 181 | 112
08/11/92 | 102 | 1.52 | 49 | 1.03 08/26/92 | 92 | 159 | 40 | 095 09/12/92 | 114 | 171 | 61 | 1.14
NA | NA | 169 | 1.02 218 | 171 | 162 | 0.0 237 | 164 | 185 | LI2
03 | 1.72 | NA | NA 08727/92 | 103 | 171 | 50 | 097 09/13/92 | 12.1 | 1.69 | 67 | 1.09
08/12/92 ‘111 | 157 | 5.7 | 099 225 | 174 | 173 | 095 NA | NA | 189 | L.10
228 | 159 | 17.6 | 096 08/28/92 | 112 | 1.73 | 60 | 095 03 | 164 | NA | NA
08/13/92 | 114 | 159 | 6.1 | 1.02 NA | NA | 185 | 0389 09/14/92 M27 1 170 | 7.0 | 1.08
NA | NA | 180 | 1.06 05 | 164 | NA | NA NA | NA | 198 | 111
004 | 181 | NA | NA 08729/92 "125 [ 181 | 69 | 097 09 | 161 | NA | NA
08/14/92 "1 9 [ 1.76 | 6.4 | 1.19 NA | NA | 195 | 096 09/15/92 ™31 [ 169 | 76 | 1.07
NA | NA | 190 | 121 09 | 174 | NA | NA NA | NA | 202 | L1
04 | 184 | NA | NA 0830092 a9 [ 175 | 7.7 | 0.96 14 | 158 | NA | NA
08/15/92 126 | 1.79 | 80 | 127 NA | NA | 202 | 093 091652 139 | 162 | 81 | 1.05
NA | NA | 197 | 120 14 | 157 | NA | NA NA | NA | 210 | 1.04
10 | 176 | NA | NA 083192 {41 (161 | 85 | 084 09/17/92 [ 22 | 150 | 9.1 | 1.00
08/16/92 130 | 1.73 | 77 | 122 NA | NA | 210 | 091 146 | 157 | 218 | 1.02
NA | NA ] 199 | 1.16 25 | 156 | NA | NA 09/18/92] 29 | 143 | 98 | 096
09/01/92 NA | 92 | 096 154 | 156 | 228 | 1.03

:;T.c;o?%ﬁ ;I;ie Station ,Hampton Roads, VA 148 165 219 1.00




TABLE 3-11

SUMMARY OF WATER SUPPLY WELLS WITHIN A ONE-MILE RADIUS OF SITE 41®
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Screened Specific Estimated Approximate Distance/
USGS Identification | Total Depth Intervals Capacity Transmissivities | Direction from Site®
Well No. Number (feet) (feet) (gal/min/foot) (feet*/day) (feet)
Site 41: o o
HP-613 3442290772020.1 150 60-70 3960/southwest
90-95
115-120
130-135
145-150
HP-616 3442470772028.1 170 95-115 @ @ 4750/ west
130-150
160-170
HP-629 3444520771912.1 240 60 - 70 5.7 7,900 2220/northeast
125 - 140
160 - 170
220 - 230
HP-641 3449220771922.1 178 108 - 118 @ @ 2220/southeast
128 - 150
158 - 168
HP-647 3443030772017.1 200 105 - 115 9.8 18,700 4120/northwest
138 - 143
175 - 190
HP-648 3442510771848.1 265 107 - 122 29 5,600 3960/east
245 - 260
@) @ )
HP-653 3442100771925.1 270 3330/southeast
HP-654 3442270771953.1 250 @ @ @ 2060/southwest
HP-705 3443060772000.1 160 120 - 160 9.0 13,100 3170/northwest




TABLE 3-11 (CONTINUED)

SUMMARY OF WATER SUPPLY WELLS WITHIN A ONE-MILE RADIUS OF SITE 41
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Screened Specific Estimated Approximate Distance/
USGS Identification | Total Depth Intervals Capacity Transmissivities | Direction from Site®
Well No. Number (feet) (feet) (gal/min/foot) (feet?/day) (feet)
HP-706 3442580771930.1 176 126 - 176 3.8 4,700 1580/north
HP-709 3442130771859.1 140 70 - 90 44 8,500 4590/southeast
110 - 140
HP-710 3442110771843.1 140 70 -90 5.1 9,900 4910/southeast
110 - 140
LCH-4007 3443110771953.1 145 50 - 60 11.8 13,700 3330/northwest
89-99
120 - 130
140 - 145
Notes: )  Information obtained from "Assessment of Hydrogeologic and Hydraulic Data at Camp Lejeune Marine Corps Base, North

Carolina,” 1989.
@ Information not available.
®  Distance measured from site location mark on Figure 3-21.

(




TABLE 3-12

SUMMARY OF WATER SUPPLY WELLS WITHIN A ONE-MILE RADIUS OF SITE 74®
REMEDIAL INVESTIGATION, CT0O-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Screened Specific Estimated Approximate Distance/
USGS Identification | Total Depth | Intervals Capacity Transmissivities Direction from Site®
Well No. Number (feet) (feet) (gal/min/foot) (feet¥/day) (feet)
Site 74: @ o
TC-190 3443170772737.1 180 130-140 5280/northeast
150-180
® @
TC-1000 3443430772825.1 137 86-96 4750/north
116-136
TC-1001 | 344270772729.1 100 70-100 @ @ 5280/northeast
TC-1255 | 3443290772736.1 250 124-132 @ @ 4750/mortheast
156-166
180-190
TC-1258 344350772805.1 204 124-134 29 5,600 4750/northeast
154-164
182-192

Notes: @  Information obtained from "Assessment of Hydrogeologic and Hydraulic Data at Camp Lejeune Marine Corps Base, North
Carolina,” 1989.
@ Information not available.

®  Distance measured from site location mark on Figure 3-21.
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4.0 NATURE AND EXTENT OF CONTAMINATION

This section presents and evaluates the results of the remedial investigation performed at Operable
Unit (OU) No. 4 (Sites 41 and 74). Results and evaluations for Sites 41 and 74 are each presented
separately in Sections 4.1 and 4.2, respectively. The positive detection summary tables and
detection figures referenced in this section for each site are presented at the end of Section 4.
Appendices I through M present the Field Duplicate Summaries, TCLP Summary, Engineering
Parameters Summary, Quality Assurance/Quality Control Summary, and Sampling Summaries of
OU No. 4 for the various media. Appendix T presents Baker's Draft Report Evaluation of Metals
in Groundwater, June 1994, prepared for the Department of the Navy, Atlantic Division Naval
Facilities Engineering Command.

4.1 ata Quali

Analytical data generated during the RI was submitted for third-party validation to Chester
Engineers, Inc. Procedures established by the National Functional Guidelines for Organic (USEPA,
1991a) and Inorganic (USEPA, 1988) Analyses were adhered to during the validation process.
Validation of the analytical data, through established procedures, served to reduce the inherent
uncertainties associated with its usability. Data qualified as "J" were retained as estimated.
Estimated analytical results within a data set are common and considered usable by the USEPA.
Data may be qualified as estimated for several reasons, including an exceedance of holding times,
high or low surrogate recovery, or intra-sample variability. In addition, values may be assigned an
estimated "J" qualifier if the reported value is below the Contract Required Detection Limit (CRDL)
or the Contract Required Quantitation Limit (CRQL). Data assigned a rejected "R" qualifier were
excluded from the usable data set.

Analyses for over 12,000 separate contaminants were included in the Site 41 evaluation. Over 9,000
separate contaminants were analyzed for during the Site 74 evaluation.

Additional data qualifiers were employed during the validation of data. The "NJ" qualifier denotes
that a compound was tentatively identified, but the reported value may not be accurate or precise.
Compounds which were not detected and had inaccurate or imprecise quantitation limits were
assigned the "UJ" qualifier.

4.1.1 Data Management and Tracking

The management and tracking of data from the time of field collection to receipt of the validated
electronic analytical results is of primary importance and reflects the overall quality of the analytical
results. Field samples and their corresponding analytical tests were recorded on the chain-of-
custody sheets, which are included as Appendix D. The chain-of-custody forms were checked
against the Field Sampling and Analysis Plan (Baker, 1993) to determine if all designated samples
were collected for the appropriate parameters. Upon receipt of the laboratory results, a comparison
to the field information was made to determine if each sample received by the laboratory was
analyzed for the correct parameters. Similarly, the validated information was compared to
laboratory information as a final check. In summary, the tracking information was used to identify
the following items:

° Identify sample discrepancies between the analysis plan and the field investigation.
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L Verify that the laboratory received all samples, and analyzed for the correct

parameters.
K Verify that the data validator received a complete data set.
® Ensure that a complete data set was available for each media of concern prior to

entering results into the database.

4.2 Non-Site Related Analytical Results

Many of the organic and inorganic constituents detected in soil, groundwater, surface water, and
sediments at Sites 41 and/or 74 are attributable to non-site related conditions or activities. Two
primary sources of non-site related results include laboratory contaminants and naturally-occurring
inorganic elements. In addition, non-site related operational activities and conditions may contribute
to "on-site" contamination. A discussion of non-site related analytical results for Sites 41 and/or 74
is provided in the following subsections.

4.2.1 Laboratory Contaminants

Blank samples provide a measure of contamination that has been introduced into a sample set during
the collection, transportation, preparation, and/or analysis of samples. To remove non-site related
contaminants from further consideration, the concentrations of chemicals detected in blanks were
compared with concentrations of the same chemicals detected in environmental samples.

Common laboratory contaminants (i.e., acetone, 2-butanone, chloroform, methylene chloride,
toluene, and phthalate esters) were considered as positive results only when observed concentrations
exceeded ten times the maximum concentration detected in any blank. If the concentration of a
common laboratory contaminant was less than ten times the maximum blank concentration, then it
was concluded that the chemical was not detected in that particular sample (USEPA, 1989). The
maximum concentrations of detected common laboratory contaminants in blanks for Site 41 were
as follows:

° acetone 2] pg/L
® methylene chloride 8J ug/L

The maximum concentrations of detected common laboratory contaminants in blanks for Site 74
were as follows:

° acetone 47J ng/L
[ methylene chloride 8J ug/L
° di-n-butylphthalate 2J ng/L
° chloroform 10J pg/L

Organic constituents contained in blanks that are not considered common laboratory contaminants
(i.e,, all other TCL compounds) were considered as positive results only when observed
concentrations exceeded five times the maximum concentration detected in any blank (USEPA,
1989a). All TCL compounds of less than five times the maximum level of contamination noted in
any blank were considered to be not detected in that sample. The maximum concentrations of all
other detected blank contaminants for Site 41 were as follows:
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° heptachlor 0.03J pg/L

No contaminants were detected in blanks for Site 74 except those considered common laboratory
contaminants.

A limited number of solid environmental samples that exhibited high concentrations of tentatively
identified compounds (TICs) underwent an additional sample preparation. Medium level sample
preparation provides a corrected Contract Required Quantitation Limit (CRQL) based on the volume
of sample used for analysis. The corrected CRQL produces higher detection limits than the low
level sample preparation. A comparison to laboratory blanks used in the medium level preparation
was used to evaluate the relative amount of contamination within these samples.

4.2.2 Naturally-Occurring Inorganic Elements

In order to differentiate inorganic contamination due to site operations from naturally-occurring
inorganic elements in site media, the results of the sample analyses were compared to information
regarding background conditions at MCB, Camp Lejeune. The following guidelines were used for
each media:

Soil: MCB, Camp Lejeune Background Soil Samples
Groundwater: MCB, Camp Lejeune Background Groundwater Samples
Surface Water: MCB, Camp Lejeune Base Upgradient Levels
Sediments: MCB, Camp Lejeune Base Upgradient Levels

The following subsections address the various comparison criteria used to evaluate the analytical
results from soil, groundwater, surface water, and sediment samples collected at Site 41 and/or 74.

42.2.1 Soil

In general, chemical-specific ARARs are not available for soil. As a result, base-specific
background concentrations have been compiled from a number of locations throughout MCB, Camp
Lejeune to evaluate background levels of inorganic elements in the surface and subsurface soil.
Organic contaminants, unlike inorganic elements, are not naturally-occurring. Therefore, it is
probable that all organic contaminants detected in the surface and subsurface soil are attributable
to activities which have or are currently taking place within or surrounding the study area.

Typical background concentration values for inorganic elements in soil at MCB, Camp Lejeune are
presented in Table 4-4. These ranges are based on analytical results of background samples
collected in areas not known to have been impacted by site operations or disposal activities at MCB,
Camp Lejeune. In subsequent sections, which discuss the analytical results of samples collected
during the soil investigation, only those inorganic parameters with concentrations exceeding these
ranges will be considered.

4.2.2.2 Groundwater

Monitoring wells were located in upgradient directions of Sites 41 and 74 to provide groundwater
data to assess background conditions in groundwater. Background wells are often installed to assess
the natural state and quality of groundwater. Natural in this sense implies that the groundwater has
not been altered due to human activity. In some cases, these monitoring wells provide data that is
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representative of naturally occurring conditions. In other cases, these wells may not be
representative of naturally occurring conditions, if other base-related activities have altered the
natural state of groundwater. In the latter cases, these wells would produce "control" samples.
Control samples are samples which may not represent background conditions, but represent the
current state of groundwater quality upgradient of the site. During the past four years, a number of
background wells have been installed throughout the Base as part of individual site investigations.
Most of the background wells installed throughout the base produce control samples. The data
collected from these wells have generated data that is representative of "base-wide" groundwater

quality.

Chemical-specific ARARSs are available for evaluation of groundwater analytical results. In the
subsequent sections, which address the analytical results of samples collected during the
groundwater investigation, only those inorganic parameters with concentrations exceeding
applicable Federal and/or State regulations will be discussed. In order to supplement comparison
criteria, a number of base-specific background (i.e., upgradient) samples were compiled as part of
a study to evaluate levels of inorganic elements in groundwater at MCB, Camp Lejeune (refer to
Appendix T).

Groundwater samples were analyzed for total and dissolved (i.e., "filtered") inorganic parameters.
Concentrations of dissolved inorganics were found to be generally lower than total inorganics for
each sample, particularly for metals such as chromium, iron, lead and manganese. A 0.45-micron
filter was used in the field to remove small particles of silt and clay that would otherwise be
dissolved during sample preservation and generate an unrealistically high apparent value of metals
in groundwater. The total metals, or unfiltered samples, thus reflect the concentrations of inorganics
in the natural lithology and inorganic elements dissolved in the groundwater.

To more accurately represent total metals in groundwater, a "low-flow" purging technique has been
adopted at MCB, Camp Lejeune. This technique allows for the purging of groundwater monitoring
wells at a low rate prior to sampling. This reduces the amount of suspended solids in the
groundwater sample which contributes to the overall concentration of metals. This "low-flow"
purging allows for the collection of a much more representative sample. The procedures followed
for this purging were based on discussions with the USEPA Region I'V research office in Athens,
Georgia. The USEPA is currently researching the use of "low-flow" purging and sampling, and
anticipates issuing Standard Operating Procedures (SOPs) later this year.

Relatively high concentrations of metals in unfiltered groundwater are not considered abnormal,
based on experience gained from several other studies at MCB, Camp Lejeune (see Appendix T).
The difference between the two analytical results (i.e., total and filtered) is important in terms of
understanding and separating naturally-occurring elements (e.g. lead) from contamination by site
operations (e.g., lead in gasoline).

USEPA Region IV requires that unfiltered inorganic concentrations be used in evaluating ARARs
and risk to human health and the environment. In the subsequent sections, which discuss the
groundwater sample analytical results, both total and dissolved inorganics (which exceed applicable
Federal and/or State standards) will be presented and discussed.

Groundwater in the MCB, Camp Lejeune area is naturally rich in iron and manganese. Iron and
manganese concentrations (i.e., total and dissolved) in groundwater at MCB, Camp Lejeune often
exceed the Federal MCLs and NCWQS of 300 and 50 pg/L, respectively. Elevated levels of iron
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and manganese, at concentrations above the NCWQS, were reported in samples collected from a
number of base potable water supply wells which were installed at depths greater than 162 feet bgs
(Greenhorne and O'Mara, 1992). Iron and manganese concentrations in several monitoring wells
at Site 16 exceeded the MCLs and NCWQS but fell within the range of concentrations for samples
collected elsewhere at MCB, Camp Lejeune. There is no record of any historical use of iron and
manganese at Site 16. In light of this, it is assumed that iron and manganese are naturally-occurring
inorganic elements in groundwater, and their prescence is not attributable to site operations.

42.2.3 Surface Water and Sediment

Surface water and sediment samples have been collected at four sites at MCB Camp Lejeune and
the results summarized for metals. Samples were collected from the following areas:

Site 6 - Bearhead Creek
Wallace Creek

Site 78 - Beaver Dam Creek
Codgels Creek

Site 41 - unnamed tributary
Tank Creek
northeast tributary to unnamed tributary

Site 69 - Everett Creek
New River
unnamed tributary

Metal concentrations in surface water at the Base vary widely. A total of 94 samples had been
analyzed for metals with aluminum, barium, calcium, iron, magnesium, manganese, potassium, and
sodium detected in at least 75 percent of the samples. These metals exhibited the highest detected
concentrations within the metals. Appendix U contains a summary of the frequency of detection
with the calculated average for each metal.

The most detected metals in sediments include aluminum, barium, calcium, chromium, copper, iron,
lead, magnesium, manganese, potassium, sodium, vanadium, and zinc. These metals were detected
in approximately 70 percent of the samples. Appendix U contains a summary of the frequency of
detection with the calculated average for each metal.

4.3 tate an ral Criteri d Standard

Contaminant concentrations can be compared to contaminant-specific established State and Federal
criteria and standards such as Maximum Contaminant Levels (MCLs) or Ambient Water Quality
Criteria (AWQC).

The only enforceable Federal regulatory standards for water are the Federal MCLs. In addition to
the Federal standards, the State of North Carolina has developed the North Carolina Water Quality
Standards (NCWQS) for groundwater and surface water. Regulatory guidelines were used for
comparative purposes to infer the potential health risks and environmental impacts when necessary.
Revelant regulatory guidelines include AWQC and Health Advisories.
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In general, chemical-specific criteria and standards are not available for soil. Therefore, base-
specific background concentrations were compiled to evaluate background levels of inorganic
constituents in the surface and subsurface soil. Organic contaminants were not detected in the base-
specific background samples. Therefore, it is likely that all organic contaminants detected in the
surface and subsurface soil, within OU No. 4, are attributable to the practices which have or are
currently taking place within the areas of concern. Additionally, in order to evaluate soil
concentrations, the risk-based concentrations (RBCs) for residential soil ingestion developed by
USEPA (Region III) were used as guidance criteria to evaluate soil concentrations. The RBCs were
used as a benchmark for evaluating site investigation data and to assist in predicting single-
contaminant health risks. These values were used in conjunction with other criteria in the selection
of the COPCs.

A brief explanation of the criteria and standards used for the comparison of site analytical results
is presented below.

Maximum Contaminant Levels - MCLs are enforceable standards for public water supplies
promulgated under the Safe Drinking Water Act and are designed for the protection of human health.
MCLs are based on laboratory or epidemiological studies and apply to drinking water supplies
consumed by a minimum of 25 persons. They are designed for prevention of human health effects
associated with a lifetime exposure (70-year lifetime) of an average adult (70 kg) consuming 2 liters
of water per day. MCLs also consider the technical feasibility of removing the contaminant from
the public water supply.

North Carolina Water Quality Standards (Groundwater) - NCWQSs are the maximum
allowable concentrations resulting from any discharge of contaminants to the land or waters of the
state, which may be tolerated without creating a threat to human health or which otherwise render
the groundwater unsuitable for its intended purpose.

Ambient Water Quality Criteria - AWQCs are non-enforceable regulatory guidelines and are of
primary utility in assessing acute and chronic toxic effects in aquatic systems. They may also be
used for identifying the potential for human health risks. AWQCs consider acute and chronic effects
in both freshwater and saltwater aquatic life, and potential carcinogenic and noncarcinogenic health
effects in humans from ingestion of both water (2 liters/day) and aquatic organisms (6.5 grams/day),
or from ingestion of water alone (2 liters/day). The AWQCs for the protection of human health for
potential cacinogenic substances are based on the USEPA's specified incremental cancer risk range
of one additional case of cancer in an exposed population of 10,000,000 to 100,000 (i.e., the 10E-7
to 10E-5 range).

North Carolina Water Quality Standards (Surface Water) - The NCWQSs for surface water are
the standard concentrations, that either alone or in combination with other wastes, in surface waters
that will not render waters injurious to aquatic life or wildlife, recreational activities, public health,
or impair waters for any designated use.

Region IV Sediment Screening Values - Federal sediment quality criteria for the protection of
aquatic life are being developed. In the interim, the EPA Region IV Waste Management Division
recommends the use of sediment values compiled by the National Oceanic and Atmospheric
Administration (NOAA) as screening values for evaluating the potential for chemical constituents
in sediments to cause adverse biological effects. NOAA developed this screening method through
evaluation of biological effects data for aquatic (marine and freshwater) organisms, obtained through
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equilibrium partitioning calculations, spiked-sediment bioassays, and concurrent biological and
chemical field surveys. For each constituent having sufficient data available, the concentrations
causing adverse biological effects were arrayed, and the lower 10 percentile (called an Effects
Range-Low, or ER-L) and the median (called Effects Range-Median, or ER-M) were determined.

If sediment contaminant concentrations are above the ER-M, adverse effects on the biota are
considered probable. If contaminant concentrations are between the ER-L and the ER-M, adverse
effects are considered possible, and EPA recommends conducting sediment toxicity tests as a
follow-up. If contaminant concentrations are below the ER-L, adverse effects are considered
unlikely.

4.4 Site 41 - Camp Geiger Dump Near Former Trailer Park

The analytical results, the extent of contamination, and a summary of the findings for Site 41 surface
soil, subsurface soil, groundwater, surface water, and sediment are presented in the following
sections.

4.4.1 Surface Soil

4.4.1.1 Analytical Results

Surface soil positive detection summaries for organics and inorganics are presented in Tables 4-1
and 4-2, respectively.

Organics

Based on the analytical results for organics, semivolatile organic compounds (SVOCs) and
pesticides were the most frequently detected contaminants in surface soil at Site 41. The
concentrations of SVOCs ranged from very low to moderately high in surface soil at Site 41. The
majority of SVOCs detected can be associated with the reported open burning activities and disposal
of POL wastes. Detected SVOCs that are known laboratory contaminants were bis(2-
ethylhexyl)phthalate, di-n-butylphthalate, and di-n-octylphthalate.

Pesticide concentrations in surface soil were low. The volatile organic compound (VOC) toluene
was detected at low levels in isolated areas of the site. Other VOC contaminants detected were
methylene chloride and acetone, which are known artifacts that result from field decontamination
procedures and laboratory procedures.

The ordnance compound 1,3-di-nitrobenzene was detected in one surface soil sample.
Summarized below are the organic compounds detected in surface soil at Site 41. This summary
includes the range of positive detections [i.e., above the reported contract required quantitation level

(CRQL)], the location where the maximum concentrations were detected, and the frequency of
detection.
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Maximum

Organic Compounds Range of Positive Detections Concentration
Detected Above CRQL (ng/kg) Sample Location Frequency
VOLATILES
Methylene Chloride 2]-51 41-08-SB09-00 13/46
Acetone 3J-2,800] 41-0S-SB19-00 11/46
Toluene 1J-4J 41-0S-SB25-00 3/46
SEMIVOLATILES
1,4-Dichlorobenzene 180J - 180J 41-08-SB12-00 1/46
2-Methylnaphthalene 557 - 553 41-0S-SB12-00 1/46
Acenaphthene 91J-380J 41-08-SB10-00 2/46
Anthracene 413 -510 41-0S-SB10-00 3/46
Benzo(a)anthracene 1303 - 2,400 41-08-SB10-00 4/46
Benzo(a)pyrene 407 - 2,000 41-08-SB10-00 5/46
Benzo(b)fluoroanthene 38J-2,500 41-0S-SB10-00 6/46
Benzo(g,h,i)perylene 46J - 1,600 41-0S-SB10-00 4/46
Benzo(k)fluoranthene 501 - 1,700 41-08-SB10-00 6/46
Bis(2-chloroethyl)ether 571 -220] 41-0S-SB34-00 6/46
Bis(2-ethylhexyl)phthalate 427 - 5801 41-0S-SB12-00 12/46
Carbazole 44] - 330 41-0S-SB10-00 2/46
Chrysene 497 - 2,300 41-0S-SB10-00 6/46
Dibenzofuran 1307 - 1303 41-0S-SB10-00 1/46
Dibenzo(a,h)anthracene 571-57] 41-0S-SB12-00 1/46
Di-n-butylphthalate 42J - 230] 41-08-SB02-00 13/46
Di-n-octylphthalate 40J - 2007 41-0S-SB18-00 6/46
Fluoranthene 407 - 2,500 41-0S-SB14-00 8/46
| Fluorene 791 - 280] 41-0S-SB10-00 2/46
Indeno(1,2,3-cd)pyrene 713 -76] 41-0S-SB20-00 2/46
Naphthalene 70J - 70J 41-0S-SB12-00 1/46
Phenanthrene 721 - 2,600 41-0S-SB10-00 6/46
Pyrene 507 -2,3007 41-0S-SB14-00 7/46
PESTICIDES/PCBs
beta-BHC 4.72NJ - 4,72N]J 41-DS-SB03-00 1/46
delta-BHC 0.03NJ - 0.03NJ 41-0S-SB26-00 1/46
Lindane (gamma-BHC) 0.22N7J - 0.22NJ 41-08-SB32-00 1/46
Heptachlor 0.3NJ-7.16 41-0S-SB03-00 5/46
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Maximum
Organic Compounds Range of Positive Detections Concentration
Detected Above CRQL (ng/kg) Sample Location Frequency

Heptachlor Epoxide 0.56J - 9.6 41-0S-SB03-00 5/46
Dieldrin 0.2NJ - 13.03NJ 41-0S-SB08-00 17/46
4,4'-DDE 0.12] - 87.6] 41-0S-SB08-00 34/46
Endrin 1.471-2.93] 41-0S-SB03-00 5/46
Endosulfan I 0.45NJ -5.01J 41-0S-SB22-00 13/46
4,4'-DDD 0.37J-92J 41-0S-SB12-00 19/46
Endosulfan Sulfate 0.327-3.59] 41-0S-SB03-00 5/46
44'-DDT 0.371-277] 41-0S-SB14-00 29/46
Methoxychlor 1.41J - 3.28NJ 41-0S-SB03-00 3/46
Endrin Ketone 0.44NJ - 0.44NJ 41-0S-SB19-00 1/46
Endrin Aldehyde 0.61J-1.37J 41-0S-5SB12-00 7/46
Alpha-Chlordane 0.08J-92.71) 41-0OS-SB03-00 16/46
Gamma-Chlordane 0.06NT7 - 93.5J 41-08-SB03-00 16/46
Aroclor 1242 829J-829 41-0S-5B19-00 1/46
Aroclor 1260 58.4J-58.4) 41-0S-8B23-00 1/46
ORDNANCE

1,3-Di-nitrobenzene 824N7J - 824NJ 41-DS-SB03-00 1/46

Inorganics

Inorganics were detected in all surface soil samples at Site 41. The inorganics detected in surface
soil are summarized below. The summary includes the range of positive detections, location of the
highest concentration, and the frequency of detection. Thallium was the only inorganic not detected
in the surface soil at Site 41.
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o Maximum
Inorganics Detected Range of Positive Detections Concentration
Above CRQL (ug/kg) Sample Location Frequency
Aluminum 878 - 17,400J 41-0S-SB12-00 46/46
Antimony 2.18J-2.57 41-0S-SB11-00 2/46
Arsenic 0.671-4.42 41-0S-SB17-00 19/46
Barium 3.14-82.2 41-08-SB12-00 46/46
Beryllium 0.187-0.344 41-0S-SB14-00 12/46
Cadmium 0.854-7.44 41-0S-8B12-00 5/46
Calcite 32.9 - 40,300 41-08-SB17-00 42/46
Chromium 2.19-414 41-0S-SB12-00 41/46
Cobalt 6.46 - 6.46 41-0S8-SB12-00 1/46
Copper 4.17-132 41-08-SB12-00 15/46
Iron 397-91,600 41-05-SB12-00 46/46
Lead 2.57Y- 341 41-0S-SB12-00 46/46
Magnesium 28.1- 1,100 41-0S8-5B17-00 46/46
Manganese 1.67J - 6,000 41-0S-SB12-00 44/46
Mercury 0.073-0.768 41-0S8-SB12-00 22/46
Nickel 736-353 41-0S-SB12-00 4/46
Potassium 184 - 547 41-08-SB17-00 14/46
Selenium 0.357 - 0.596 41-05-SB15-00 3/46
Silver 0.096 - 18.3J 41-DS-SB10-00 3/46
Sodium 84.7-230 41-0S-SB12-00 8/46
Vanadium 4.62-39.8 41-0S8-SB14-00 31/46
Zinc 3.771 - 14,600 41-0S-SB12-00 42/46
Total Cyanide 1.09 - 1.57 41-DS-SB07-00 46/46

4.4.1.2 Background Surface Soils

Soil samples were collected from four background soil borings near Site 41. Site 41 background soil
borings were located to the northeast of the site near the northeast tributary that discharges into the
unnamed tributary (refer to Figure 4-1). Tables 4-3 and 4-4 present positive detection summaries
for organics and inorganics, respectively for site background samples. Volatiles were not detected
in any of the background samples. The semivolatile 2-chloronaphthalene was detected in sample
41-BB-SB02-00 at a concentration of 280.0J pg/kg.

Sample 41-BB-SB01-00 exhibited 4,4'-DDE (49.0J pg/kg), endosulfan IT (2.76NJ pg/kg), 4,4'-DDD
(34.2] pg/kg), 4,4'-DDT (6.33] pg/kg), and endrin ketone (1.70J pg/kg). 4,4'-DDE and 4,4'-DDT
were detected in sample 41-BB-SB04-00 at concentrations of 2.62J pg/kg and 1.81J pg/kg,
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respectively. Background pesticides levels were low and within comparable values for soils at MCB
Camp Lejeune.

No PCBs, chemical surety degradation compounds, or ordnance constituents were detected in
background samples.

Fourteen of 24 inorganics were detected (arsenic, beryllium, cadmium, cobalt, nickel, selenium,
silver, sodium, thallium, and vanadium were not detected) in background samples. Table 4-5
presents a comparison of site surface soils to site-specific and base background levels. Inorganic
concentrations in the background soils are comparable to values reported at other sites at Camp
Lejeune. There are isolated detections above the base averages for all detected inorganics.

4.4.1.3 Extent of Contamination

Toluene, methylene chloride, and acetone were the only volatiles detected in surface soils at Site 41.
Toluene was detected at low concentrations in 3 surface soil samples at isolated locations (see
Figure 4-1). Two of the detections were on the east side of the site, with the remaining location in
the northwest area. No specific source for toluene has been identified at the site. The toluene
detected in the surface and subsurface soils is likely associated with historical reports indicating that
wastes consisting of petroleum, oils, and lubricants were disposed at the dump. These types of
wastes may account for the presence of toluene in the soils. Methylene chloride and acetone were
also detected in surface soil samples; however, the presence of these compounds are likely the result
of laboratory contamination and/or field decontamination procedures.

Semivolatile organic compounds (SVOCs) in surface soils were generally present over the central
portion of Site 41. Figure 4-2 presents the detected concentrations of semivolatiles. A total of 23
individual semivolatiles were detected in 14 soil sampling locations. Locations 41-0S-SB10,
41-0S-SB12, 41-OS-SB18, and 41-OS-SB20 exhibited the greatest frequency and highest
concentrations of semivolatiles. These sampling locations are within the central portion of the site.
Sample 41-OS-SB10-00 exhibited the highest concentrations for twelve semivolatiles. Samples
41-08-SB12-00 and 41-OS-SB12-00 exhibited the highest concentrations. The downslope samples
(generally located around the perimeter of the site) were either non-detect or had very low
concentrations for only one or two semivolatiles.

The semivolatiles detected in the surface soils are primarily polycyclic aromatic hydrocarbons
(PAHs). The presence of PAHs can be attributed to the POL wastes (i.e., petroleum, oil and
lubricants) reported to have been disposed of at the site. In addition, the presence of PAHs in soil
may be indicative of burning, which has been documented as a means for destroying the wastes prior
to disposal (Water and Air Research, 1983). No information is available as to specific quantities of
POLs disposed of at the site.

Pesticides were detected at low concentrations throughout the site area. No specific area at Site 41
exhibited elevated levels of pesticides. Figure 4-3 presents the extent of pesticide contamination
within the surface soil at Site 41. Pesticides were generally detected at concentrations less than
5 ug/kg at low concentrations throughout. Concentrations detected were similar to base wide
concentrations from the historical use of pesticides at Camp Lejeune. The highest concentrations
were detected for dieldrin [13.03NJ pg/kg (41-OS-SB08-00)], 4,4'-DDE [87.6] pg/kg (41-0OS-SB08-
00)], 4,4'-DDD [92] pg/kg (41-OS-SB12-00)], 4,4-DDT [277] pg/kg (41-OS-SB14-00)], alpha-
chlordane [92.7] ng/kg (41-0OS-SB03-00)], and gamma-chlordane [93.5] ug/kg (41-0S-SB03-00)].
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The frequency and concentrations of pesticides were generally the same for on-site and down slope
samples. Site 41 was reported to have been used for the disposal of the pesticide mirex; however,
no mirex was detected in any of the samples. The absence of mirex in surface soils may indicate
that the mirex was buried in trenches and/or burned (destroyed). Historical usage of pesticides at
Camp Lejeune for pest control has been well documented (Water and Air Research, 1983).

Figure 4-4 presents the detected concentrations of PCBs in surface soils. The PCB aroclor 1242 was
detected in sample 41-OS-SB19-00 at a concentration of 82.9J pg/kg. Sample 41-OS-SB23-00
exhibited a concentration of 58.4) ug/kg for aroclor 1260. Historical records do not indicate the
disposal of PCBs; however, oils and lubricants disposed at the site may have contained PCBs which
would account for the presence of these concentrations.

The ordnance compound 1,3-di-nitrobenzene was detected at a concentration of 824NJ pg/kg in
sample 41-DS-SB03-00 (refer to Figure 4-5). Site 41 may have been used to periodically destroy
ordnance, based on observations made at the site by unexploded ordnance field personnel
knowledgeable with ordnance disposal practices.

Inorganic levels in surface soils were generally higher than those reported for the site-specific
background samples, but within background averages for MCB Camp Lejeune. Table 4-5 presents
a comparison of inorganic levels in surface soils to base background levels. Maximum detected
concentrations for inorganics were above background levels. Aluminum, barium, calcium, iron,
magnesium, manganese, and zinc were detected at concentrations well above background. The
central portion of the site exhibited the maximum concentrations for metals. Isolated sampling
locations to the northwest and south of the central portion exhibited a few maximum metal
concentrations.

4.4.2 Subsurface Soils

4.42.1 Analytical Results

Positive detection summaries of subsurface soils for organics and inorganics are presented in
Tables 4-6 and 4-7, respectively.

Organics

SVOCs and pesticides, as in the surface soil, were detected most frequently in the subsurface soil.
Concentrations for SVOCs were elevated, but lower than those reported for the surface soil. The
laboratory contaminants bis-(2-ethylhexyl)phthalate, butyl benzyl phthalate, diethylphthalate, di-n-
butylphthalate, and di-n-octylphthalate were detected at elevated to moderately high levels in the
subsurface soil. Pesticide concentrations were elevated and frequently higher than those reported
for the surface soil. VOCs detected in the subsurface soil were indicative of reported disposal
practices at the site. Other VOC contaminants detected were methylene chloride and acetone, which
are known artifacts that result from field decontamination procedures and laboratory procedures.

The PCBs aroclor 1254 and 1260 were reported in five samples in the subsurface soil at very low
levels (less than 1 ppm).

The chemical surety degradation compound acetophenone was detected in one sample in the
subsurface soil.
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Summarized below are the organic compounds detected in the subsurface soil at Site 41. This
summary includes the range of positive detections above the CRQL, location of the highest
concentration, and the frequency of detection.

Maximum
Organic Compounds Range of Positive Detections Concentration
Detected Above CRQL (ng/kg) Sample Location Frequency
VOLATILES
Chloromethane 2] -3} 41-0S-SB01-02 2/66
Methylene Chloride 2] -261 41-0S-SB14-01 18/66
Acetone 47 - 6,000] 41-GW07-01 34/66
2-Butanone 1J-15J 41-08-SB17-02 8/66
Trichloroethene 1J-1J 41-05-SB02-02 1/66
Benzene 1J-17 41-0S-SB07-02 1/66
Chlorobenzene 4] - 100 41-08-SB22-03 5/66
Ethylbenzene 7¥-58 41-0S-SB22-03 2/66
SEMIVOLATILES
1,4-Dichlorobenzene 49] - 49] 41-GW11DW-01 1/66
2-Methylnaphthalene 41J - 550 41-0S-5B22-03 4/66
4-Chloro-3-methylphenol 61J-61J 41-GW13-03 1/66
4-Methylphenol 53F-53] 41-0S-SB22-03 1/66
Acenaphthene 52 - 130J 41-058-SB12-02 3/66
Benzo(a)anthracene 71J - 160 41-GW11DW-01 2/66
Benzo(a)pyrene 74) - 4,700] 41-0S-8B14-01 6/66
Benzo(b)fluoranthene 75J -150] 41-GW11DW-01 2/66
Benzo(g,h,i)perylene 41] - 4,600 41-0S-SB14-01 5/66
Benzo(k)fluoranthene 80J - 109 41-GW11DW-01 2/66
Bis(2-chloroethyl)ether 791 - 800J 41-08-5B03-01 3/66
Bis(2-ethylhexyl)phthalate 391 -7,200 41-0S-SB14-01 33/66
Butyl benzyl phthalate 88J- 88J 41-GW13-03 1/66
Carbazole 66] -66J 41-GW13-03 1/66
Chrysene 43J-170 41-GW11-01 4/66
Dibenzofuran 48] - 48] 41-GW13-03 1/66
Diethylphthalate 110J-110) 41-GW13-03 1/66
Di-n-butylphthalate 407 - 230J 41-08-5B02-02 26/66
Di-n-oxylphthalate 403 - 1,600 41-0S-SB17-02 9/66
Fluoranthene 467 - 2601 41-GW11DW-01 5/66
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Maximum
Organic Compounds Range of Positive Detections Concentration
Detected Above CRQL (ng/kg) Sample Location Frequency
Fluorene 443 - 120 41-08-SB12-02 4/66
Ideno(1,2,3-cd)pyrene 105J - 105 41-GW11DW-01 1/66
Naphthalene 453 -290 41-0S-SB22-03 5/66
N-nitrosodiphenylamine 240 - 240 41-GW11DW-06 1/66
Phenanthene 397 - 260 41-GW11DW-01 5/66
Pyrene 521 -290 41-GW11DW-01 6/66
PESTICIDES/PCBs
delta-BHC 0.911-0.91J 41-0S-SB19-01 1/66
Lindane (gamma-BHC) 11.97-11.9) 41-0S-SB06-03 1/66
Heptachlor 0.68J-18 41-08-SB03-01 9/66
Aldrin - 0.77-12.8J 41-0S-SB06-03 5/66
Heptachlor epoxide 0.4)-11.5] 41-0S-SB03-01 5/66
Endosulfan I 0.78NJ - 2.92] 41-0S-SB18-01 5/66
Dieldrin 0.32J - 60NJ 41-0S-SB18-01 17/66
44'-DDE 0.32N7J - 39.6J 41-0S-SB14-01 27/66
Endrin 0.357-28.3] 41-0S-SB06-03 11/66
Endosulfan II 0.5NJ - 25.2NJ 41-08-SB11-01 14/66
4.4'-DDD 0.34N7 - 1060} 41-0S8-SB22-03 26/66
4,4'-DDT 0.68NJ - 302J 41-0S-SB14-01 10/66
Methoxychlor 5.47NJ - 5.47NJ 41-08-SB14-02 1/66
Endrin Ketone 0.86] - 0.86] 41-08-SB06-03 1/66
Endrin Aldehyde 0.85N7J - 4.38] 41-08-5B18-01 9/66
Alpha-Chlordane 0.28J - 1607 41-0S-5B03-01 17/66
gamma-Chlordane 0.31J- 170J 41-0S-SB03-01 13/66
Aroclor 1254 36.71 - 214J 41-GW11-03 5/66
Aroclor 1260 34.6]-317] 41-0S-SB16-01 5/66
CHEMICAL SURETY DEGRADATION COMPOUND
Acetophenone 120] - 120] 41-08-SB21-01 1/66
Inorgani

Inorganics were detected in all subsurface soil samples at Site 41. The inorganics detected in
subsurface soil are summarized below. The summary includes the range of positive detection above
CRQL, location of the maximum concentration, and the frequency of detection. Thallium was the
only inorganic not detected in the subsurface soil at Site 41.
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Range of Positive Maximum
Inorganics Detected Detections Concentration Sample
Above CRQL (ug/kg) Location Frequency
Aluminum 486 - 13,500) 41-GW09DW-05 66/66
Antimony 1.92] - 2.94 41-08-SB06-01 4/66
Arsenic 0.518 -3.02 41-08-SB03-01 33/66
Barium 3.15-186 41-08-SB11-01 63/66
Beryllium 0.187 - 0.31 41-0S8-SB30-01 10/66
Cadmium 1.32-4.73 41-08-SB11-01 3/66
Calcium 37.3 - 18,900 41-0S-5B08-01 60/66
Chromium 2.1-405J 41-0S-SB11-01 64/66
Cobalt 4.53-4.53 41-0S-SB18-01 1/66
Copper 3.77-39.8 41-0S-SB11-01 15/66
Iron 1157 - 41,100 41-0S-SB18-01 66/66
Lead 0.894J - 829 41-0S-SB03-01 66/66
Magnesium 18.4 - 567 41-GW09DW-05 65/66
Manganese 1.63 - 244 41-08-SB18-01 60/66
Mercury 0.057-0.312 41-GW11-01 17/66
Nickel 7.56-12.9 41-0OS-5B18-01 2/66
Potassium 123 - 562 41-GW09DW-05 26/66
Selenium 0.3737 - 0.948 41-0S-SB17-01 11/66
Silver 0202-9.71J 41-GW07DW-06 4/66
Sodium 59.3-486 41-0S-SB11-01 10/66
Vanadium 4.79-25.7 41-GW07-04 44/66
Zinc 2.817-481 41-0S-SB11-01 57/66
Total Cyanide 1.06 - 1.63 41-08-SB30-01 66/66

4.4.2.2 Background Subsurface Soils

Inorganic concentrations for subsurface soils are generally higher than background levels established
from the Base database for subsurface soils (refer to Table 4-8).

4.4.2.3 Extent of Contamination
Results indicate the presence of volatiles, semivolatiles, pesticides, PCBs, and metals in subsurface
soils. Chemical surety degradation compounds were detected to a limited degree in subsurface soils.

Ordnance constituents were not detected in subsurface soils.

In addition to the reported disposal of hazardous substances at Site 41, historical records indicate
that construction debris was also disposed at the site. This was confirmed from field observations
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made during the RI and from the results of the geophysical survey performed as part of the RI. The
geophysical survey determined that the east-central portion of the site was underlain by ferrous and
non-ferrous metallic objects. Based on the types of debris noted on the ground surface, it is believed
that the debris consists of: construction debris, steel reinforced concrete, drums, fencing, or general
scrap metal. The area delineated by the geophysical survey as containing debris or possible
landfilled material is located in the central portion of the site and defines the boundary of the site.
This area occupies a topographic high and is designated as the "on-site" area. Monitoring well
boring 41-GW11DW encountered approximately 10 feet of fill. The fill was comprised of trash
consisting of plastic and wire. This material was not encountered in any other borings.

The highest concentrations of VOCs, albeit low, in subsurface soils were detected in the central
portion of the site. Six VOCs were detected in the subsurface (refer to Figure 4-6) as compared to
only one VOC (toluene) in the surface soil. Constituents of fuels (benzene, chlorobenzene and
ethylbenzene) were detected in subsurface soils but not in the surface soils. No one location or area
exhibited a "pattern" or characteristic that would be associated with a significant source or disposal
area. The relatively low levels of VOCs may support the theory that past burning operations could
have destroyed a majority of the solvents or fuels taken to Site 41 for disposal.

SVOCs in subsurface soils were generally detected within the central portion of the site at depths
between 1 and 5 feet. The frequency and concentrations of semivolatiles in subsurface soils were
less than those reported for surface soils. Figure 4-7 presents the detected semivolatiles and
concentrations.

Sample 41-0S-SB14-01 (1 to 3 feet) exhibited the highest SVOC concentrations [benzo(a)pyrene
(4700J pg/kg) and benzo(g,h,i)perylene (4600J ug/’kg)]. Samples 41-0OS-SB12-02, 41-0S-SB16-01,
and 41-0S-SB18-01 exhibited numerous SVOCs but at relatively low levels. These locations,
including 41-0OS-SB14-01, are in a line across the central portion of the site, as shown on Figure 4-7.
The high concentrations and greater frequency of constituents within the central area of the site
would support the theory that this area received wastes.

Pesticides were detected in subsurface soils, generally within the 1 to 3 foot depth. Detected
concentrations of pesticides were above those reported for the surface soils. The highest
concentration was for 4,4'-DDD (1060J pg/kg) in subsurface soil sample 41-OS-SB22-03. This
contaminant was detected at 8.46 pg/kg in the surface soils at the same location. Pesticides were
most frequently detected in subsurface soil within the central area of the site, which followed the
pattern seen in the surface soils. Figure 4-8 presents the detected pesticides and concentrations. The
areas away from the central portion of the site exhibited pesticides at depth, but at a much lower
frequency and concentration than what was observed in the surface soil.

Aroclor 1254 and aroclor 1260 were the only detected PCBs in subsurface soils (refer to Figure 4-9).
Samples exhibiting PCBs in the subsurface soil were 41-0S-SB16-01 (aroclor 1260), 41-OS-SB19-
01 (aroclor 1254), 41-OS-SB23-01 (aroclor 1260) and 41-GW11-03 (aroclor 1254). PCB
concentrations in the subsurface soils were detected in the 1 to 3 foot depth and at higher
concentrations than in the surface soils. PCBs in surface and subsurface soil were detected within
the central portion of Site 41.

The only chemical surety degradation compound detected in subsurface soil was acetophenone. This
constituent was detected in sample 41-OS-SB21-02 (depth 3 to 5 feet) at a concentration of
120 ng/kg (refer to Figure 4-10). Location 41-0S-SB21 is located in the southwestern portion of
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the site. This area exhibited high conductivity values by the geophysical survey. The high
conductivity values may be indicative of landfill type materials.

Metals in concentrations subsurface soil were generally within background levels for MCB Camp
Lejeune. Metals which were significantly above background levels include aluminum, calcium,
iron, manganese, and zinc. These same metals were also identified in the surface soils above
background levels. Table 4-6 presents a comparison of inorganic levels in subsurface soils to base
background levels. Inorganics were primarily present within the subsurface soils of the central
portion of the site.

4.4.3 Groundwater

Two rounds of groundwater samples were collected and analyzed for all monitoring wells installed
at Site 41. The first round was collected in February 1994 and the second round was collected in
April 1994. In August 1994, a third round of samples were collected from four shallow monitoring
wells (41-GW02, 41-GW07, 41-GW10, and 41-GW11) using a low-flow purging technique. This
technique was employed to reduce or eliminate suspended solids, which were believed to contribute
to elevated total metal concentrations.

For the third sampling event, samples were analyzed for pesticides/PCBs, and total and dissolved
metals. The results from the low flow purge sampling have been incorporated into the positive
detection summary tables for Site 41. To incorporate the analytical results, it was necessary to add
the sample as a separate column in the organics summary tables. Since only pesticides/PCBs were
analyzed in the third round, the other organics are listed as not analyzed (NA). For the Round Two
sample, pesticides/PCBs are listed as "NA". This allowed for the calculation of frequency and
average to remain consistent for the human health risk assessment. For inorganics, the analytical
results were directly substituted for the Round Two results.

4.4.3.1 Analytical Resuits

Summary of Round One

Round One shallow and deep groundwater analytical results for Site 41 are provided in Table 4-9
for organics, and Tables 4-10 and 4-11 for metals (total and dissolved metals, respectively).

Shallow Agquifer
Organics

VOCs were the most frequently detected organic compounds in the shallow aquifer at Site 41.
Concentrations for VOCs were low. The detected VOCs were consistent with reported disposal
practices at the site. SVOC contaminates included naphthalene in one well, and the known artifacts
associated with laboratory procedures of bis(2-ethylhexyl)phthalate and di-n-butylphthalate. These
VOCs were detected at low concentrations.

Pesticides were detected at low concentrations and in isolated wells.

No PCBs chemical surety degradation compounds, or ordnance compounds were detected in the
shallow aquifer at Site 41.
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Presented below is a summary of the detected organic compounds above the CRQL. This summary

includes the Federal and State drinking water standards, the range of positive detections or organics, 4
the location of the highest concentration, and the frequency of detection.
Standards (ug/L) Range of Maximum
Positive Concentration
Organic Compounds Federal Detections Sample
Detected Above CRQL MCL | NCWQS (ug/L) Location Frequency
VOLATILES
| Chioroform 100 0.19 1.367-3.17) 41-GW10 2/12
Bromodichloromethane 100 - 1.05J- 1.05J 41-GW09 1/12
Dibromodichloromethane -- -- 1.957-1.95] 41-GW09 1/12
| Benzene 5 1 2.671-2.671 41-GW11 1/12
—| Bromoform 100 0.19 1.33-1.33 41-GW09 1/12
Chlorobenzene -- 50 1.497 - 1.49] 41-GW11 1/12
SEMIVOLATILES
Bis(2-ethylhexyl) - - 1J-1 41-GW13 1712
phthalate
Di-n-butylphthalate -- 700 1J-2] 41-GW03/ 3/12
41-GW04 :
Naphthalene _ — 37-3] 41-GW11 1/12 -
PESTICIDES
alpha-BHC - - 0.01J-0.01J 41-GW09 1/12
beta-BHC - - 0.04] - 0.08] 41-GW09 2/12
4,4'-DDD -- -- 0.0INJ-0.01NJ 41-GW11 1/12
Inorganics
Metals were detected in all surficial groundwater samples at Site 41. The total and dissolved metals
detected above Federal and/or State drinking water standards in the surficial aquifer are summarized
below. The summary includes the applicable Federal and State standards, the range of positive
detections above standards, location of the maximum concentration, and the frequency of detection.
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Three VOCs were detected in the Castle Hayne Aquifer at Site 41. Concentrations of the VOCs
were low and reported for only one location, respectively. The only SVOC detected was
nitrobenzene in one well. The pesticide beta-BHC was detected in two wells at low concentrations.

No PCBs, chemical surety degradation compounds, or ordnance were detected in the Castle Hayne

Aquifer at Site 41.

Presented below is a summary of the detected organic compounds. This summary includes the
Federal and State drinking water standards, the range of positive detections of organics, the location

of the highest detected concentration, and the frequency of detection.

Standards (ug/L) Range of Maximum
Positive Concentration
Metals Detected Above | Federal Detections Sample
CRQL MCL NCWQS (ug/L) Location Frequency
TOTAL METALS
Antimony -- 17.97-17.9] 41-GW11 1112
Beryllium 4 - 453-428 41-GW12 6/12
Cadmium 5 5 6.26- 110 41-GW11 6/12
Chromium 100 50 54.4-176 41-GW10 9/12
Copper 1,000 1,000 1,030 - 1,030 41-GW11 1/12
" {Iron 300 300 13,600 - 160,000 41-GW12 12/12
—|Lead 15 15 19.8-9,340 41-GW11 10/12
~ | Manganese 50 50 56.6-2,110 41-GW11 12/12
Nickel 100 -- 68.1J - 137 41-GW11 2/12
Silver - 50 63.4] - 63.4] 41-GW13 1/12
Zinc - 2,100 5,180 - 5,180 41-GW11 1/12
DISSOLVED METALS
Antimony 6 - 11.4-19.1 41-GW07 5/12
Iron 300 300 3137 -42,400 41-GW04 5112
Manganese 50 50 129 - 521 41-GW11 6/12
Castle Hayne Aquifer
Organics




Standards (ug/L) Range of .
Organic Compounds Positive Maximum
Detected Above Federal Detections Concentration
CRQL MCL | NCWQS (ug/L) Sample Location Frequency
VOLATILES
1,2-Dichloroethene - - 1.22F-1.22) 41-GW11DW 1/6
(total)
Chloroform 100 0.19 1.023-1.02J 41-GW12DW 1/6
Dibromodichloro~ - - 1.273-1.27] 41-GWI2DW 1/6
methane
SEMIVOLATILES
Nitrobenzene - - 47-4] 41-GW09DW 1/6
PESTICIDES/PCBs
beta-BHC -- - 00.47 - 0.06J 41-GW04DW 2/6
Inorganics

Metals were detected in all Castle Hayne groundwater samples at Site 41. The total and dissolved
metals detected above Federal and/or State standards in the Castle Hayne Aquifer are summarized
below. The summary includes the applicable Federal and State standards, the range of positive
detections above standards, location of the maximum concentration, and the frequency of detection.

Standards (pg/L) Range of Maxunum
Positive Concentration
Metals Detected Federal Detections Sample
Above CRQL MCL | NCWQS (ug/L) Location Frequency

TOTAL METALS

Iron 300 300 6917 - 15,300 41-GW06DW 6/6
Manganese 50 50 87.5-101 41-GW06DW 2/6
Silver -- 50 62.8] - 62.8] 41-GW12DW 1/6
DISSOLVED METALS

Antimony 6 - 114-15.6 41-GW06DW 5/6
Manganese 50 50 94 - 94 41-GW11DW 1/6

Groundwater field parameter results for pH, temperature, and specific conductance are presented
in Table 4-12. These values represent all field measurements obtained during Round One
groundwater sampling activities (i.e., from each well volume purged). Reviewing the last readings
obtained for each well, which are representative of groundwater conditions following purging, pH
values ranged from 7.30 to 8.15 s.u., specific conductance values ranged from 295 to 1383
micromhos/cm, and temperature values ranged from 16.5 to 20.5°C. Specific conductance values
appear to be within the range of natural waters, which is 50 to 500 micromhos/cm (Pagenkopf,
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1978), except for the readings at wells 41-GW11DW and 41-GW12DW. pH values are within the
range of Federal Secondary Drinking Water MCLs (6.5 to 8.5 s.u.) with the exception of one
reading at well 41-GW-6DW (8.56 s.u.).

Summary of Round Two

A second round of groundwater samples were collected and analyzed to confirm and better define
the metal concentrations detected during the initial round of sampling and analysis.

This section summarizes the results of the Round Two groundwater sampling investigation. Round
Two shallow and deep groundwater analytical results for Site 41 are provided in Table 4-13 for
organics, and Tables 4-14 and 4-15 for metals (total and dissolved, respectively).

urficial Aquifer
Organics
Only VOCs associated with fuels were detected in the second sampling round. These VOCs were
detected at low concentrations and within the same well (41-GW11). Acetone, associated with
decontamination procedures was detected in the same well.
Summarized below are the VOCs detected in the surficial aquifer during the second sampling round

at Site 41. This summary includes the Federal and State standards, the range of positive detections,
the location of the maximum concentration, and the frequency of detection. -

Standards (ug/L) Range of Maximum
Organic Compounds Positive Concentration
Detected Above Federal Detections Sample
CRQL MCL NCWQS (ug/L) Location Frequency

VOLATILES

Acetone -- 700 47-12J 41-GW11 3/12
Benzene 5 1 21-2] 41-GW11 1712
Chlorobenzene -- 50 2]-2] 41-GW11 1/12

Inorganics

Metals were detected in all surficial groundwater samples during the second round at Site 41. The
total and dissolved metals detected above Federal and/or State standards are summarized below.
This summary includes the applicable Federal and State standards, the range of positive detections
above these standards, the location of the highest concentration, and the frequency of detection.
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Standa‘rds (ng/L) Range of Maximurp
Positive Concentration
Metals Detected Federal Detections Sample
Above CRQL MCL | NCWQS {ug/L) Location Frequency

TOTAL METALS
Beryllium 4 - 525-374 41-GW12 5/12
Cadmium 5 5 6.49 - 37.5 41-GW035 4/12
Chromium 100 50 67.1- 166 41-GW03 7/12
Iron 300 300 890 - 199,000 41-GW05 12/12
Lead 15 15 16.1- 145 41-GW08 7/12
Manganese 50 50 64.3 - 766 41-GW05 11/12
Nickel 100 - 177-177 41-GW05 1/12
DISSOLVED METALS
Antimony 6 -- 73-73 41-GW04 1/12
Iron 300 300 789 -29,500 41-GW04 4/12
Manganese 50 50 73.8-352 41-GW02 7/12

t e Aquifer

Organics

1,1,1-Trichloroethane was the only VOC detected during the second round of sampling in the Castle
Hayne at Site 41. The following table summarizes the organic compound detected in the Castle
Hayne, including the Federal and State drinking water standard, the detected concentration, the

location of the detection.

Standards (ug/L) Range of Maximum
Positive Concentration
Organic Compounds | Federal Detections Sample
Detected Above CRQL | MCL | NCWQS (pg/L) Location Frequency
VOLATILES
1,1,1-Trichloroethane 200 200 19-19 41-GW11DW 1/6

Inorganics

Metals were detected in all samples from the Castle Hayne during the second round of sampling.
The total and dissolved metals detected above Federal and State standards are presented in the table
below. This table includes the applicable Federal and State drinking water standards, the range of
detections above these standards, the location of the highest detected concentration, and the
frequency of detection.
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Standards (pg/L) Range of Maximum
Positive Concentration
Metals Detected Above | Federal Detections Sample
CRQL MCL NCWQS (ng/L) Location Frequency

TOTAL METALS

Cadmium 5 5 5.38 - 8.68 41-GW09DW 3/6
Chromium 100 50 81-81 41-GW09DW 1/6
Iron 300 300 3,900 - 34,100 | 41-GW09DW 6/6
Lead 15 15 152-348 41-GW09DW 3/6
Manganese 50 50 66.8 - 367 41-GW09DW 4/6
DISSOLVED METALS

Antimony 6 - 19.3-193 41-GW06DW 1/6
Manganese 50 50 119-119 41-GW11DW 1/6

Groundwater field parameter results for pH, temperature, and specific conductance are presented
in Table 4-16. These values represent all field measurements obtained during Round Two
groundwater sampling activities (i.e., from each well volume purged). Reviewing the last readings
obtained from each well, which are representative of groundwater conditions following purging, pH
values ranged from 6.76 to 8.69 s.u., specific conductance values ranged from 242 to 1704
micromhos/cm, and temperature values ranged from 18.0 to 21.5°C. Specific conductance values
appear to be within the range of natural waters, which is 50 to 500 micromhos/cm (Pangenkopf,
1978), except for the readings at wells 41-GW11DW and 41-GW12DW. pH values are within the
range of Federal Secondary Drinking Water MCLs (6.5 to 8.5 s.u.).

Comparison of Round One and Round Two Results

Groundwater analytical comparisons of Round One and Round Two results for Site 41 are
summarized for organics, total metals, and dissolved metals on Tables 4-17, 4-18, and 4-19,
respectively.

Surficial Aquifer

The data for the shallow groundwater indicates a decrease in organic contaminants between the first
and second rounds of samples. Benzene and chlorobenzene were detected in well 41-GW11 at
concentrations similar to those detected during the first round. No semivolatiles or pesticides/PCBs
were detected during Round Two. The groundwater measurements for the second round were
slightly lower than those for the first round (generally less than 2 feet).

Detected total and dissolved metals for the second round were similar to those detected in the first
round (see Tables 4-18 and 4-19, respectively). The maximum detected concentration for those total
metals above Federal primary or secondary MCLs and/or NCWQS were slightly higher in the
second round, but generally within the same order of magnitude. Lead concentrations in well
41-GW11 increased from 9340 pg/L to 12600 pg/L between the first and second rounds.
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The analytical results for the Round Three sampling lowered the maximum detection for total
cadmium and lead. Lead was lowered from a maximum of 12,600 pg/L to 145 pg/L. Tables 4-20
and 4-21 present comparison of the three rounds of results from wells 41-GW02, 41-GW07, 41-
GW10, and 41-GW11 for total and dissolved metals, respectively. There was a significant decrease
in total metal concentrations between the first and second rounds and the third round. This was on
the order of 2 to 3 magnitudes. Dissolved metals did not exhibit a decrease in the third round.

tle uifer

The only volatile detected during the second round was 1,1,1-trichloroethane in well 41-GW11DW
(located in the central portion of the site) at a concentration of 19.0 pg/L. 1,1,1-trichloroethane was
not detected during Round One. No semivolatiles or pesticides/PCBs were detected in the second
round.

Detected total and dissolved metals for Round Two were similar to those for Round One (see
Tables 4-17 and 4-18, respectively). Cadmium and lead were detected during the second round of
sampling above Federal MCLs and/or NCWQS but were not detected above standards during the
first round.

4.4.3.2 Background

Surficial Aquifer - Monitoring well 41-GWO05 is located upgradient, towards the northwest, from
Site 41. Organic concentrations in well 41-GW05 were below Federal and/or State criteria and
standards. Inorganic concentrations detected in well 41-GWO05 were above state or federal drinking
water standards for arsenic, beryllium, cadmium, chromium, iron, lead, manganese and nickel.
Inorganic levels were generally lower than values detected in onsite shallow monitoring wells.

Castle Hayne Aquifer - Monitoring well 41-GW06DW was installed upgradient from Site 41. No
organics were detected above Federal and/or State criteria and standards in this well. This well
exhibited the highest levels of iron and manganese (total) than any of the onsite wells.

4433 Extent of Contamination

Volatiles were detected at low levels in the surficial aquifer at Site 41 during Round One sampling.
Samples collected from shallow monitoring wells 41-GW09 and 41-GW10 exhibited the most
frequent and highest concentrations of volatiles. Chloroform was detected in both wells at
concentrations ranging from 1.36J pg/L (41-GW09) to 3.17J pg/L (41-GW10). Monitoring well
41-GW10, which exhibited the highest chloroform concentration, is located downgradient from the
central area of the site. Monitoring well 41-GWO09 is situated in the northwest corner of the study
area, outside the former disposal area and in an apparent upgradient direction.

Round Two results indicated fewer detected volatiles; however, well 41-GW11 exhibited low
concentrations of benzene (2.00J pg/L) and chlorobenzene (2.00J pg/L), which were not detected
in the first round of sampling. Figures 4-11 and 4-12 presents the detected volatile concentrations
above Federal MCLs and/or NCWQS for Round One and Round Two, respectively. The apparent
source area for chloroform could be in the central portion of the site with shallow groundwater flow
from 41-GW11 north/northeast to 41-GW10.
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Low levels of chloroform (1.02J pg/L) and dibromochloromethane (1.27J pg/L) were detected in
deep well 41-GWI12DW during Round One. 1,2-dichloroethene (total) was detected at a
concentration of 1.22J pg/L in well 41-GW11DW. These contaminants were not detected during
Round Two. Shallow wells 41-GW12 and 41-GW11 did not exhibit concentrations of the detected
deep constituents during either the first or second round. Deep monitoring well 41-GW11DW
exhibited a 1,1,1-trichloroethane concentration of 19.0J pg/L in Round Two. Volatile concentrations
detected in well 41-GW11DW (located in the central portion of the disposal area) may be indicative
of a localized source within the fill material. The inconsistencies between Round One and Round
Two results observed in the detected volatiles may be do to variations in groundwater flow rates or
elevations through the aquifer, which may increase or decrease the amount of contaminant reaching
the well. The only volatile detected above the Federal MCL and/or NCWQS was chloroform (refer
to Figure 4-13).

Naphthalene was the only semivolatile detected during Round One in the shallow groundwater. It
was detected at a low concentration of 3J pg/L in monitoring well 41-GW11, which is located in the
center of the dump site. Nitrobenzene [4] pg/L (41-GW09DW-01)] was the only semivolatile
detected in the deep aquifer. The presence of both naphthalene and nitrobenzene may be due to POL
disposal, which was reported to have occurred at the site. No semivolatiles were detected during
Round Two sampling and analysis.

As shown on Figure 4-14, pesticides were detected in the shallow groundwater at very low levels
(<0.10 pg/L). The highest pesticide concentrations were detected in wells 41-GW09 and 41-GW11.
Trace levels of the pesticide beta-BHC were detected in deep monitoring wells 41-GW04DW
(0.06J pg/L) and 41-GWO09DW (0.04] pg/L). Beta-BHC was also detected at low levels (i.e., below
MCLs and/or NCWQS) in the shallow aquifer. Concentrations were less in the deep aquifer for
beta-BHC. This pesticide was not detected in the surface and subsurface soil. No pesticides were
detected in any of the wells during Round 2 sampling activities.

Eleven TAL Total Metals were detected in the surficial aquifer above Federal primary or secondary
MCLs and/or NCWQS during Round One (refer to Figure 4-15). Iron concentrations, based on total
metals analysis, exceeded background levels as well as levels observed in shallow groundwater
throughout MCB Camp Lejeune. Lead was detected in well 41-GW11 at a concentration of
9340 ug/L. Lead concentrations in surface soils were elevated at sample location 41-OS-SB12 near
well location 41-GW11DW. The subsurface soil sample from monitoring well boring 41-GW11
(shallow monitoring well boring) exhibited elevated levels of lead from 1 to 3 foot depth
(110 pg/kg) but not from the 5 to 7 foot depth (8.76 pg/kg). Soil samples collected from the deep
monitoring well boring (41-GW11DW) had detected lead concentrations of 47.1 pg/kg at the 1 to
3 foot depth and 15.2 ng/kg at the 9 to 11 foot depth. A specific source can not be identified for the
elevated total lead concentrations in the shallow and deep aquifers. Although lead is present in the
surface and subsurface soils, the concentrations do not correlate with the concentrations observed
in the shallow groundwater. It is possible that the existence of ferrous construction debris in the fill
material may be contributing to the lead concentrations in shallow groundwater. This high
concentration of total lead in groundwater indicates a potential source in the central portion of the
site. Concentrations for other total metals were similar to those detected at other areas of
Camp Lejeune.

Nine TAL Total Metals were detected in the shallow groundwater above Federal primary or
secondary MCLs and/or NCWQS during Round Two analysis (refer to Figure 4-16). As with Round
One analytical results, iron concentrations were above background levels; however, the occurrence
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and concentrations were not consistent with Round One results. The inconsistency between Round
One and Round Two results for iron may be do to seasonal fluctuations in the groundwater between
sampling rounds, variations in groundwater flow rates through the aquifer, which may increase or
decrease the amount of contaminant reaching the well, and/or differences in suspended solids which
may be biasing total metal concentrations. Lead was detected in ten wells during Round Two
above Federal and State drinking water standards. The occurrences and concentrations for lead were
not consistent with Round One results. Inconsistencies observed for lead may be do to the same
reasons stated for inconsistencies observed in iron concentrations between Round One and Round
Two. Other total metal concentrations were similar to Round One concentrations. Figure 4-16
presents the detected TAL Total Metal concentrations for shallow wells above Federal primary or
secondary MCLs and/or NCWQS for Round Two.

Concentrations of TAL Total Metals in the Castle Hayne Aquifer were reported at levels below those
in the surficial aquifer during Round One, by an order of magnitude or less. No apparent source area
has been identified, based on the levels detected in surface or subsurface soils (metal concentrations
in surface and subsurface soil were similar to background levels). The occurrence and concentration
of metals exhibits no discernable pattern. Concentrations of these metals are similar to those
detected in other areas of Camp Lejeune. Figure 4-17 presents the TAL Total Metals concentrations
in the Castle Hayne Aquifer above the Federal primary or secondary MCLs and/or NCWQS for the
deep aquifer during Round One.

Five TAL Total Metals (cadmium, chromium, iron, lead, and manganese) were detected during the
Round Two analysis of the deep wells. Cadmium, chromium, and lead were not detected above
Federal and State standards for analysis of deep wells during Round One. Silver was detected above
the NCWQS in well 41-GW12DW during Round One but not during Round Two. Concentrations
for total metals detected during Rounds One and Two were higher in Round Two. The detected
concentrations of Total TAL Metals in deep wells above Federal and State standards during Round
Two are presented on Figure 4-18.

Total Suspended Solids (TSS) result for the surficial aquifer was elevated (540 mg/L). As stated for
Site 69, conclusions from the evaluation of total metals in the surficial aquifer on a base-wide basis
indicated that suspended solids have a direct effect on total metal concentrations in groundwater as
does the geologic conditions associated with the site area. The TSS for the deep aquifer was only
slightly elevated, but may still be a contributing factor to detected total metal concentrations in the
Castle Hayne Aquifer.

TAL Dissolved Metal concentrations for the surficial aquifer in Rounds One and Two at Site 41
were lower than detected total metal concentrations. Dissolved metal concentrations were similar
between Round Two and Round One results. Antimony, iron, and manganese were detected above
Federal MCLs and/or NCWQS in both Round One and Round Two.

Concentrations of TAL Dissolved Metals in the Castle Hayne Aquifer were lower than total metal
concentrations for Round One and Round Two. Round Two concentrations were similar to Round
One concentrations for dissolved metals. Antimony, and manganese were detected above MCLs
and/or NCWQS for both sampling rounds. Iron was only detected above standards for Round Two.
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4.4.4 Surface Water

The following section discusses the results of the surface water investigation performed at Site 41.
The surface water bodies sampled at Site 41 were the unnamed tributary and Tank Creek, and two
groundwater seeps which drain into the unnamed tributary.

A second surface water and sediment sampling event was conducted in August 1994. The areas
sampled were the two seeps located in the northern and eastern areas of Site 41, and the unnamed
tributary, upstream and downstream from the confluence of the seeps with the unnamed
tributary. These areas were resampled to better define pesticide/PCB, and total and dissolved metal
concentrations for the Feasibility Study.

4.4.4.1 Analytical Results

Tables 4-22 and 4-23 present the positive detection summaries for organics and total metals,
respectively for both sampling events. Table 4-24 presents the positive detection summaries for
dissolved metals for the second sampling event.

First Sampling Event
Organics

Chlorobenzene was the only VOC detected in surface water during the first sampling event at
Site 41. This VOC was detected at low concentrations at two locations. The pesticides lindane and
4,4'-DDT were detected at low concentrations at two separate locations.

No SVOCs, PCBs, chemical surety degradation compounds, or ordnance were detected in surface
water samples during the first sampling event at Site 41.

Summarized below are the organic compounds detected in surface water at Site 41. This summary
includes applicable Federal and State criteria for ambient water, the range of positive detections, the
location of the highest concentration, and the frequency of detection.

Criteria (pg/L) Range of Maximum
Positive Concentration
Organic Compounds Detections Sample
Detected Above CRQL | AWQC | NCWQS (ug/L) Location Frequency

VOLATILES

Chlorobenzene 680 488 1.00J - 4.00 41-UN-SW12 2/14
PESTICIDES

Lindane -- -- 0.02J - 0.027 41-UN-SW02 1/14
4,4'-DDT 0.00059 | 0.00059 0.037-0.03J 41-UN-SW02 1/14
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norgani

Metals were detected in all surface water samples collected at Site 41 during the first sampling
event. A summary of the applicable Federal and State criteria for ambient water, the range of
positive detections, the location of the maximum concentration, and the frequency of detection is

presented below.

Criteria (pg/L) Range of Maximum
Positive Concentration
Metals Detected Federal Detections Sample
Above CRQL AWQC | NCWQS (ng/L) Location Frequency

TOTAL METALS

Aluminum -- -- 178 - 3,390 41-UN-SW13 13/14
Barium 1000 1000 17.9-113 41-UN-SW13 14/14
Calcium - - 9,980 - 84,200 | 41-UN-SW14 14/14
Chromium 50 - 8.52-8.52 41-TC-SW07 1/14
Iron 300 /oD 469 - 14,100 41-UN-8W13 14/14
Lead 50 50 1.13-12.1 . | 41-UN-SW13 9/14
Magnesium - -- 1,550- 12,700 | 41-UN-SW13 14/14
Manganese 50 50 12.3-209 41-UN-SW14 14/14
Mercury 0.144 - 0.101 - 0.101 41-UN-SW13 1/14
Potassium - - 923 - 10,200 41-UN-SW13 14/14
Sodium - - 4,760 - 23,600 | 41-UN-SW14 14/14
Zinc - - 16.3-332 41-NE-SW05 9/14

Detected TAL metal concentrations were within the ranges determined from Base wide surface
water samples, and generally at or below established average concentrations for TAL metals in

surface water.

Second Sampling Event

Organics

No organic compounds were detected in the surface water samples collected during the second

sampling event.

Inorganics

Metals were detected in all surface water samples for the second sampling event. The total and
dissolved metals detected above Federal and/or State standards are summarized below. This
summary includes applicable standards, range of positive detections, location of the maximum
concentration, and the frequency of detection.
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Criteria (ug/L) Range of Maximum
Positive Concentration
Metals Detected Federal Detections Sample
Above CRQL AWQC | NCWQS (ug/L) Location Frequency
TOTAL METALS
Aluminum - -- 76.6 - 17,800 41-UN-SW24 12/14
Arsenic 0.0022 - 22-302 | 41-UN-SW24 9/14
Barium 1000 1000 18.4 - 442 41-UN-SW24 14/14
Cadmium 10 -- 62-62 41-UN-SW24 1/14
Calcium - - 21,100 - 165,000 | 41-UN-SW23 14/14
Cobalt -~ - 19.6-43.9 41-UN-SW24 3/14
Copper 300 - 13.3-412 41-UN-SW24 4/14
Iron 300 | /9QY 649 - 278,000 | 41-UN-SW24 14/14
Lead 50 50 3.1-36.8 41-UN-SW25 10/14
Magnesium - - 1,850 - 13,500 41-UN-SW22 14/14
Manganese 50 50 17.5-1,700 41-UN-SW24 14/14
Mercury 0.144 - 0.21-0.56 41-UN-SW23 8/14
Nickel 134 25 20-20 41-UN-SW24 1/14
Potassium - - 1,620 - 13,400 41-UN-SW16 14/14
Sodium - - 573 - 67,600 41-UN-SW24 14/14
Vanadium - - 354-515 41-UN-SW24 3/14
Zinc - - 214-235 41-UN-S5W24 14/14
DISSOLVED METALS
Arsenic 0.0022 - 2-29 41-UN-SW28 4/14
Barium 1000 1000 18.2-82.4 41-UN-SW16 14/14
Calcium - - 23,700 - 154,000 | 41-UN-SW23 14/14
Cobalt -- - 15.7-15.7 41-UN-SW24 1/14
Copper 300 - 11.2-238 41-UN-SW26 11/14
Iron 300 7 0Q9 118 - 12,800 41-UN-SW24 14/14
Lead 50 50 24-24 41-UN-SW28 1/14
Magnesium - - 2,020 - 14,200 41-UN-SW22 14/14
Manganese 50 50 18.1-1,360 41-UN-SW22 14/14
Potassium - - 1,770 - 15,600 41-UN-SW16 14/14
Sodium -- - 6,860 - 76,800 41-UN-SW24 14/14
Zinc - -- 54-14.1 41-UN-SW27 14/14
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4.4.4.2 Background

Inorganic concentrations were within the Base upgradient study results. Table 4-25 presents a
comparison of inorganic levels in surface water to base upgradient levels for the first sampling
event. Table 4-26 presents a comparison of total metal levels in surface water to base upgradient
levels for the second sampling event.

4443 Extent of Contamination

No organic contaminants were detected in Tank Creek. Figures 4-19 and 4-20 present the detected
concentrations of volatiles and pesticides during the first sampling event, and pesticides for the
second sampling event, respectively, for Site 41. TAL metal concentrations are presented on
Figures 4-21 and 4-22 for the first and second sampling events, respectively.

The only detected volatile was chlorobenzene. Chlorobenzene was detected in one surface water
sample from each of the two seepage areas that drain into the unnamed tributary. Detected
concentrations were low, 4.0J pg/L in the northern seep and 1.0J pg/L in the eastern seep.
Chlorobenzene was not detected in the surface soils, but was detected in the subsurface soils. One
detection of chlorobenzene in the subsurface soils was at sample location 41-0S-SB22 (100 pg/kg)
which is approximately at the head of the eastern seep. Low levels of chlorobenzene were also
detected in the shallow groundwater at Site 41, but not in the general areas of the seeps. No apparent
source from soils or groundwater is evident for the detected levels of chlorobenzene in the northern
seep.

Surface water samples from the unnamed tributary and Tank Creek exhibited similar contaminants
and concentrations as in previous sampling events.

Pesticides were detected in one surface water sample (41-UN-SW02) at very low levels. This
sample location is towards the northwest portion of the unnamed tributary upstream from the
northern seep. The detected pesticides were lindane (0.020J pg/L) and 4,4'-DDT (0.030J pg/L).
Lindane was not detected in the sediment sample at this location, but 4,4-DDT was detected at a
concentration of 1.36NJ pg/kg (0 to 6 inches) and 2.58) pg/kg (6 to 12 inches). Neither lindane nor
4,4'-DDT were detected in shallow groundwater at the site. The detected concentrations of lindane
and 4,4-DDT in the surface water sample were equal to the minimum detected concentrations for
the base-wide samples. Groundwater discharge is not likely the source of pesticides in the unnamed

tributary.

Metals concentrations in surface water samples exhibited little variation between samples collected
from the unnamed tributary and samples collected from Tank Creek. Metal concentrations were
higher in the second round of samples collected from the seeps. In the northern seep, metal
concentrations were higher at the upgradient end than near the unnamed tributary. The eastern seep
exhibited higher concentrations in the central portion and at the confluence with the unnamed
tributary. Metal levels in the unnamed tributary remained consistent between locations upstream
and downstream of the confluence with the northern seep. The detected metal concentrations in the
unnamed tributary were lower than levels in the northern seep. In the unnamed tributary at the
eastern seep, metal concentrations increased near the confluence with the seep as compared to
upstream locations. Farther downstream these levels continue to decrease. As discussed previously,
the observed and reported ferrous construction debris could be a source for the high metal
concentrations observed in the seeps.
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445 Sediments

Sediment samples were collected at the surface water sample locations during the first and second
sampling events.

4.4.5.1 Analytical Results

Results from sediment samples collected from Site 41 indicated positive detections of organics and
inorganics (Tables 4-27 and 4-28, respectively) for both sampling events. The following is a
summary of the results:

First Sampling Event
Organics

SVOCs and pesticides were the most frequently detected organic compounds in the first sampling
event sediment samples at Site 41. Both SVOCs and pesticides were detected over the sampled
lengths of the unnamed tributary and Tank Creek. Concentrations for both SVOCs and pesticides
were low. Bis(2-ethylhexyl)phthalate, di-n-butylphthalate, and di-n-octylphthalate, known
contaminants associated with laboratory and field procedures, were detected. Pesticides were most
frequently detected of the organic compounds. VOCs were detected in sediment samples but less
frequently than other organic compounds. The detected VOCs are attributable to the disposal wastes
reported for Site 41. Other VOC contaminants included methylene chloride and acetone which are
associated with laboratory and field procedures.

The PCBs aroclor 1248 and aroclor 1254 were detected in the unnamed tributary at low levels and
infrequently.

The ordnance compound 1,3,5-trinitrobenzene was detected in one sediment sample from the
unnamed tributary.

Presented below is a summary table of the detected organic compounds. This summary includes the
applicable National Oceanic and Atmospheric Administrations (NOAA) criteria for sediments, the
range of positive detections, location of the highest concentration, and the frequency of detection.

Organic Compounds Criteria (ng/ke) Range of Positive Maximum
Detected Above NOAA NOAA Detections Concentration
CRQL ER-L ER-M (ng/kg) Sample Location Frequency

VOLATILES

Methylene chioride - - 2.00J - 7.00J 41-TC-SD07-06 8/28
Acetone - - 4.00J - 190.0 41-TC-SD09-06 11/28
Trichloroethene - - 2.00J-2.00] 41-UN-SD14-612 1/28
Toluene -- - 2.00J - 2.00] 41-TC-SD07-06 2/28
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Organic Compounds Criteria (ug/kg) Range of Positive Maximum
Detected Above NOAA | NOAA Detections Concentration
CRQL ER-L ER-M (ng/kg) Sample Location | Frequency
SEMIVOLATILES
Benzo(a)pyrene 400 2500 57.0J-57.0] 41-TC-SD06-06 1/28
Benzo(b)fluoranthene - - 69.03 - 69.0) 41-TC-SD06-06 1/28
Benzo(k)fluoranthene - - 58.0J - 58.0] 41-TC-SD06-06 1/28
Bis(2-ethylhexyl) - - 44] - 94] 41-UN-SD10-612 5128
phthalate .
Di-n-butylphthalate - - 4807 - 370 41-UN-SD10-06 6/28
Di-n-octylphthalate -- - 49.0J - 310.0J 41-UN-SD03-612 328
Fluoranthene 600 3600 100.0J - 100.0J 41-TC-SD06-06 1/28
Pyrene 350 2200 100.0J - 100.0J 41-TC-SD06-06 128
PESTICIDES/PCBs
Dieldrin 0.02 8 0.46 - 6.39NJ 41-UN-SD13-06 10/28
Endosulfan II - - 0.64NJ - 8.22] 41-UN-SD14-06 19/28
4,4'-DDE 15 0.53-31.3J 41-UN-SD10-612 8/28
4,4'-DDD 2 20 0.38NJ - 73.9] 41-UN-SD10-612 18/28
44'-DDT 1 7 0.36NJ - 34.87 41-TC-SD06-06 15/28
Methoxychlor - - 0.911-21.7] 41-TC-SD09-06 6/28
Endrin Ketone -- -- 0.66NJ - 0.66NJ | 41-UN-SD11-612 1/28
Alpha-Chlordane - - 0.347-3.72] 41-UN-SD10-06 13/28
Gamma-Chlordane - -- 0.4J-6.35] 41-UN-SD10-06 11/28
Aroclor 1248 50 400 63.0] - 140.0] 41-UN-SD13-612 2/28
Aroclor 1254 50 400 68.0J - 68.0J 41-UN-SD13-06 1/28
ORDNANCE ’
1,3,5-Trinitrobenzene - - 1,390.0 - 1,390.0 41-UN-SD14-06 1728

I ani

Metals were detected in all sediment samples collected from the unnamed tributary and Tank Creek
at Site 41 during the first sampling event. The metals detected in the sediment samples are
summarized below. This summary includes the applicable NOAA criteria, the range of positive

detections, the location of the maximum concentration, and the frequency of detection.
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Criteria (mgke) Range of Positive Maximum
Metals Detected NOAA | NOAA Detections Concentration
Above CRQL ER-L ER-M (mg/kg) Sample Location | Frequency

TOTAL METALS

Aluminum - - 351- 18,800 41-TC-SD09-06 28/28
Arsenic 33 85 0.617 - 3.67 41-TC-SD09-06 - 9/28
Barium - - 3.06-79.9 41-TC-SD09-06 22/28
Beryllium - - 0.235 - 0.413 41-UN-SD10-06 5/28
Calcium - - 96.3J - 4,790 41-TC-SD09-06 28/28
Chromium 80 145 242-16.5] 41-TC-SD09-06 13/28
Copper 70 390 7.34-8.34 41-UN-SD13-612 2/28
Iron -- - 2623 - 15,100 41-TC-SD09-06 28/28
Lead 35 110 1.10-59.4 41-UN-SD13-06 28/28
Magnesium - - 15.3 - 1,590 41-UN-SD10-06 28/28
Manganese - -- 1.38-46.4 41-TC-SD09-06 23/28
Nickel 30 50 3.79-597 41-UN-SD01-06 6/28
Potassium - - 332 - 1,060 41-TC-SD09-06 5/28
Selenium -- - 0.629] - 0.862J 41-TC-SD06-612 4/28
Silver 1 22 1.14 - 29.7 41-UN-SD13-06 3/28
Sodium - -- 73.6 - 1,480 41-TC-SD09-06 9/28
Thallium - - 1.197-1.19] 41-UN-SD04-612 1/28
Vanadium - - 9.72-11.8 41-UN-SD13-612 8/28
Zinc 120 270 13.6 - 85.3 41-TC-SD09-06 11/28
Second Sampling Event

rgani

The pesticides 4,4'-DDE, 4,4'-DDD, and 4,4-DDT were detected at low concentrations within the
seeps and the unnamed tributary during the second sampling event at Site 41. The following table
summarizes the applicable NOAA criteria, range of positive detections, location of the highest
detection, and the frequency of detection.
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Organic Compounds Criteria (ug/kg) Range of Positive Maximum
Detected Above NOAA | NOAA Detections Concentration
CRQL ER-L ER-M (ng/kg) Sample Location | Frequency

PESTICIDES/PCBs

4,4'-DDE 2 15 7.8-19 41-UN-SD25-06 3/14
4,4'-DDD 2 20 42-42 41-UN-SD27-06 4/14
4,4-DDT 1 7 5.8-210 41-UN-SD20-06 2/14

Inorganics

Metals were detected in all sediment samples during the second sampling event at Site 41. The
following table summarizes the applicable NOAA criteria, range of positive detections, location of

the maximum concentration, and frequency of detection.

Organic Compounds Criteria(mg/kg) Range of Positive Maximum
Detected Above NOAA | NOAA Detections Concentration

CRQL ER-L ER-M (mg/kg) Sample Location | Frequency
TOTAL METALS
Aluminum - - 276 - 10,200 41-UN-5D25-06 14/14
Arsenic 33 85 0.6-93 41-UN-SD25-06 4/14
Barium - -- 1.4-161 41-UN-2D25-06 14/14
Calcium - - 48.6 - 8,420 41-UN-SD25-06 14/14
Chromium 80 145 23-28 41-UN-SD24-06 3/14
Cobalt - -- 28-28 41-UN-SD24-06 1/14
Copper 70 390 63-199 41-UN-SD25-06 2/14
Iron -- - 300 - 104,000 41-UN-SD25-06 14/14
Lead 35 110 1.5-28.1 41-UN-SD25-06 14/14
Magnesium - - 24.2-321 41-UN-SD25-06 14/14
Manganese - - 1.3-306 41-UN-SD23-06 14/14
Mercury 0.15 1.3 0.46 - 0.63 41-UN-SD23-06 2/14
Sodium - -- 29.8-410 41-UN-SD25-06 14/14
Vanadium - - 3.5-30 41-UN-SD25-06 4/14
Zinc 120 270 5.85-155 41-UN-SD25-06 14/14

4.4.5.2 Background

Volatile and semivolatile results cannot be compared to the Base wide study as the database only
tabulates pesticides/PCBs. Pesticide concentrations were detected below the average determined

for the Base wide study.
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Inorganic concentrations for Site 41 were comparable to those tabulated for the Base wide study.
4.4.5.3 Extent of Contamination

Low levels of volatiles were reported in a limited number of sediment samples collected at Site 41.
Trichloroethene was detected at a concentration of 2J pg/kg in sample 41-UN-SD14-612; however,
trichloroethene was not detected in the surface water sample. Trichloroethene was not detected in
the surface soils or surficial groundwater at the site. Trichloroethene was detected in one subsurface
sample from 3 to 5 feet at location 41-OS-SB02 (located in the northwest area of the site). This
location is on the opposite side of the site from sediment sample location 41-UN-SD14. At the
observed concentrations, an apparent source of TCE cannot be determined.

Toluene was detected at a concentration of 2J pg/kg in samples 41-TC-SD06-06 and
41-TC-SD07-06. These locations are towards the upstream portion of Tank Creek, south of the site.
Tank Creek flows onto the base at sample location 41-TC-SD06. Sample location 41-TC-SD07 is
located downgradient from this location. Toluene was not detected in the surface or subsurface soils
in this area. Shallow groundwater did not exhibit detected levels of toluene. Figure 4-23 presents
the detected concentrations of volatiles in sediment. The low detected concentrations of volatiles
indicate only isolated occurrences and not a major source area. No on-site source is apparent for the
observed levels of toluene in the sediment samples.

Semivolatiles were detected in only one sediment sample [41-TC-SD06-06 (ground surface to
6 inches)], which was collected at an upstream location along Tank Creek. Concentrations ranged
from 57J pgkg to 1007 pg/ke. Semivolatiles detected include benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, fluoranthene, and pyrene (refer to Figure 4-24).
Semivolatiles were not detected in any of the surface water samples. Shallow and deep groundwater
did not exhibit these semivolatiles. Surficial and subsurface soils detected these semivolatiles at
isolated locations, primarily in the central portion of the site. As stated previously, location
41-TC-SDO06 is located at the point where Tank Creek comes onto the base. An onsite source for
these contaminants is not apparent. Given the location of the sampling station near Highway 17, the
source of PAH contamination may be due to runoff from the roadway.

Pesticides were detected in all sediment samples collected at Site 41 (refer to Figures 4-25 and 4-26).
Concentrations are either within or slightly above the general range associated with pesticide levels
detected at other surface water bodies throughout MCB Camp Lejeune. Based on the distribution
and concentrations of pesticide contaminants, it is not believed that the pesticides in sediment are
a result of former disposal activities. Fewer pesticides were detected during the second sampling
event in the seeps and unnamed tributary. Pesticide concentrations were higher for the second
sampling event than the first samples collected in the seeps. The maximum concentrations of
pesticides were detected in the unnamed tributary near the confluences with the seeps. All pesticides
were detected above their NOAA ER-M values for the second sampling event except for 4,4'-DDD
and 4,4'-DDT in sample 41-UN-SW26. However, downstream of this location, pesticide levels
decrease and are similar to pesticide levels in Tank Creek.

The PCBs aroclor 1248 and 1254 were detected at sediment sample location 41-UN-SD13 (refer to
Figure 4-25). This location is at the upper end of the eastern seep, located in the northeast of the site
near the unnamed tributary. No PCBs were reported for the sediment sample collected downgradient
in the eastern seep at the unnamed tributary.
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The ordnance constituent 1,3,5-trinitrobenzene was detected at a concentration of 1390 pg/kg in
sample 41-UN SD14-06 (refer to Figure 4-27). This location is at the downgradient end of the
eastern seep where the seep discharges into the unnamed tributary. 1,3,5-trinitrobenzene was not
detected in the surface and subsurface soil at the site. The ordnance constituent 1,3-di-nitrobenzene
was detected directly north of sediment sample location 41-UN-SD14 at a concentration of 824.0
NJ pg/kg, indicating the presence of ordnance constituents in the soil at the site. No ordnance
constituents were detected in the groundwater at the site. The specific source of the ordnance
constituent is unknown, but the detected concentration corroborates the historical information on
ordnance disposal and detonation at Site 41.

TAL metals were detected in all sediment samples (refer to Figures 4-28 and 29). Concentrations
for metals in the sediment samples collected from the unnamed tributary and Tank Creek were
below base-wide averages established for sediment samples at MCB Camp Lejeune (refer to
Section 4.1). The sediment samples collected from the eastern seep exhibited ferrous metal (iron
and lead) concentrations above the Base wide averages. Metal concentrations in the unnamed
tributary and Tank Creek sediments do not appear to be significant since they are comparable to
base-wide concentrations. The elevated levels of metals detected in the eastern seep may be due to
the disposal of ferrous construction debris at the site, which has affected shallow groundwater, and
may be contributing to the concentrations detected in the eastern seep. Half of the maximum
inorganic concentrations were detected in the eastern seep during the second sampling event. Lead,
mercury, silver, and zinc maximum concentrations were the only metals detected above the NOAA
ER-L values.

4.4.6 Engineering Parameter Results

Engineering parameters were analyzed for selected soil and groundwater samples collected at
Site 41. Soil samples were analyzed for 41-GW10 and 41-GW11. Soil engineering parameters were
grain size distribution and Atterberg limits. Shallow and deep groundwater samples were collected
from shallow well 41-GW04 and deep well 41-GW04DW and analyzed for alkalinity, BOD, COD,
total phosphorous, TDS, TSS, total Kjeldahl nitrogen, and standard plate count. Engineering
parameter results for soil and groundwater are summarized in Appendix K.

Results indicated the following average analysis data for soils for 41-GW10:

Sand - 85.3%; silt - 6.35%; and clay - 8.35%

Liquid limit - 12.5; and non-plastic

U.S. Department of Agriculture soil classification is a sand/loamy sand.
USCS soil classification is SM.

Results indicated the following average analysis data for soils for 41-GW11:

Sand - 79.95%; silt - 6.8%; and clay - 13.25%

Liquid limit - 15.5; non-plastic

U.S. Department of Agriculture soil classification is a loamy sand
USCS soil classification is SM.

Results indicated the following concentration levels in shallow (41-GW04) groundwater:
® alkalinity 136 mg/L
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° BOD 3.57 mg/L

] COD 76.6 mg/L

] total phosphorous 0.01U mg/L
° TDS 151 mg/L

° total Kjeldahl N 5.59 mg/L

. TSS 540 mg/L

° standard plate count 132 CFU/mL

Results indicated the following concentration levels in deep (41-GW04DW) groundwater:

° alkalinity 169 mg/L

L BOD <2mg/L

° COD 11 mg/L

[ total phosphorous <0.10 mg/L

® TDS 162 mg/L

° total Kjeldahl N 0.184 mg/L

° TSS 179 mg/L

® standard plate count  5.74 CFU/m/L

4.4.7 Quality Assurance/Quality Control Results

Quality Assurance/Quality Control (QA/QC) samples were collected during the soil, groundwater,
and surface water and sediment investigations. These samples included trip blanks, field blanks,
equipment rinsates, and duplicate samples. Analytical results of the field duplicates are provided
in Appendix I and other field QA/QC (e.g., rinsate blanks, trip blanks, etc.) results are provided in
Appendix L.

Organics and inorganics were detected in several QA/QC samples. Organics detected in QA/QC
samples included methylene chloride, acetone, and heptachlor. Methylene chloride was detected
in 8 trip blanks at concentrations ranging from 2.00J pg/L to 6.00] pg/L. Acetone was detected in
one trip blanks (41-RS-11) at a concentration of 2.00J pug/L. Heptachlor was detected in two rinsate
blanks. As previously stated, methylene chloride and acetone are most likely the result of laboratory
contamination. The presence of acetone may also be the result of decontamination procedures with
isopropanol alcohol. All 24 TAL inorganics were detected in QA/QC samples but most were
quantified with U, UJ, J and R qualifiers.

44.8 Summary
4438.1 latile Organic Contaminati

Site 41 exhibited low levels of organics in the soil and groundwater. Volatiles were detected at
isolated areas in surface and subsurface soil, and in surface water and sediment. Low levels of
VOCs (chlorobenzene, chloroform, dibromochloromethane and 1,1 ,1-trichloroethane) were detected
in the shallow and/or deep aquifers at isolated locations. Chloroform was the only volatile detected
above MCL and/or NCWQS within the shallow and deep aquifers. No source areas for chloroform
were identified within the surface and subsurface soil which would contribute to the groundwater
contamination. Chlorobenzene was detected in one surface water sample in the upper portion of the
eastern seep, near where chlorobenzene was detected in the subsurface soil.
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4.4.8.2 Semivolatile Organic Contamination

Semivolatiles were detected in both surface and subsurface soils, primarily within the central and
eastern portions of the former disposal area. The surficial and deep aquifers exhibited only low
levels of naphthalene and nitrobenzene. Semivolatiles were detected at low levels in one sediment
sample at the upgradient end of Tank Creek at the base boundary. The semivolatiles in Tank Creek
are likely due to runoff from Highway 17 rather than the site.

4.4.8.3 Pesticide Contamination

Pesticides were evident in surface and subsurface soil, and shallow and deep aquifers, but at low
levels. The occurrence of pesticides in the soil was widespread, with the central portion of the site
exhibiting the most frequent detections and highest concentrations. The surficial aquifer exhibited
few pesticides above Federal MCLs and/or NCWQS, primarily in the central portion of the site.
Pesticides were also detected in the surface water and sediments at Site 41. The only occurrence of
pesticides in surface water was in the unnamed tributary upstream from the confluence of the
northern seep. Pesticides were detected in all sediment samples collected from the unnamed
tributary, Tank Creek, and the northern and eastern seeps. The occurrence and concentrations of
pesticides in sediment is widespread. The highest levels are from the seep areas. The concentrations
of pesticides in the surface water and sediment at Site 41 are comparable to the average
concentrations determined base-wide for MCB Camp Lejeune.

4.4.8.4 PCB Contamination

Low levels of PCBs were detected in surface soil, subsurface soil, and sediment. PCBs were
detected in the surface and subsurface soil only within the central portion of the former disposal
area. PCBs were only detected in the sediment sample collected from the upstream end of the
eastern seep. The concentrations of PCBs in sediment were slightly higher than the base-wide
averages but within the ranges established for PCBs at the Base.

4.4.8.5 Ordnance and CWM Contamination

The ordnance compound 1,3-dinitrobenzene was detected in one surface soil sample (41-DS-SB03)
near the eastern seep. 1,3,5-trinitrobenzene was detected in sediment sample 41-UN-SD14 in the
middle section of the eastern seep. These isolated detections may be evidence of the disposal and
detonation of ordnance reported for the site.

Chemical surety degradation compound acetophenone was detected in the subsurface soil at low
levels at one location (41-OS-SB21) within the southern portion of the site. This may be the result
of troop training exercises using tear gas.

4.4.8.6 Inorganic Contamination

Metals are the most prominent contaminant at Site 41. Metals were detected in the soil,
groundwater, surface water, and sediment. A number of inorganics in soil exceeded twice the
average base background concentration; however, the data do not suggest that a gross metals
problem exists for soils. Elevated metals in groundwater included iron, lead, and manganese. The
iron and manganese are likely associated with natural conditions whereas the lead may be elevated
due to suspended solids. Inorganics in surface water showed only slight differences in
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concentrations between upstream and downstream samples. Iron and lead was detected at slightly
higher levels in the unnamed tributary downstream of Site 41.

4.5 ite 74 - all Grea it Di

The analytical results, extent of contamination, and a summary of the findings for Site 74 surface
soil, subsurface soil, groundwater, and surface water and sediment investigations are presented in
the following sections.

4.5.1 Surface Soil

4.5.1.1 Analytical Results

Surface soil positive detection summaries for organics and inorganics are presented in Tables 4-29
and 4-30, respectively.

Organics

Pesticides were the most frequently detected organic compounds in surface soils at Site 74. Elevated
levels of pesticides were reported for Site 74. SVOCs were detected most frequently after
pesticides. The SVOCs detected in surface soils are indicative of reported waste disposals at the site.
SVOC concentrations were low. The phthalate contaminants detected in the surface soils are known
to be associated with laboratory analysis. VOCs which are associated with solvent and fuel wastes
at Site 74 are trichloroethene, toluene, styrene, and xylenes. These contaminants were reported at
low concentrations. Other VOC contaminants included methylene chloride and acetone, which
could result from field decontamination procedures, sampling equipment, and laboratory procedures,
were also detected in the surface soils.

The chemical surety degradation compound hydroxyacetophenone was detected in one surface soil
sample.

No PCBs or ordnance were detected in surface soils at Site 74.
Summarized below are the organic compounds detected in the surface soil at Site 74. This summary

includes the range of positive detections, the location where the highest concentration was detected,
and the frequency of detection.
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Organic Compounds

Range of Positive Detections

Maximum
Concentration

Detected Above CRQL (ng/kg) Sample Location Frequency

VOLATILES

Methylene Chloride 47 -23.0J 74-FDA-SB33-00 20/60
Acetone 4) -210] 74-FDA-SB05-00 22/60
Trichloroethene 2)-8] 74-FDA-SB18-00 5/60
Toluene 17-37 74-FDA-SB13-00 3/60
Styrene 17-17 74-FDA-SB37-00 1/60
Xylenes (total) 37-6J 74-FDA-SB05-00 2/60
SEMIVOLATILES

4-Chloro-3-Methylphenol 547 - 240 74-FDA-SB17-00 2/60
Acenaphthene 397 -39J 74-PDA-SB01-00 1/60
Benzo(a)pyrene 1307 - 130 74-FDA-SB23-00 1/60
Benzo(g,h,i)perylene 61J - 160J 74-FDA-SB31-00 2/60
Bis(2-chloroethyl)ether 127 - 1807 74-FDA-SB02-00 | 5/60
Bis(2-ethylhexyl)phthalate 2407 - 240J 74-FDA-SB14-00 1/60
Diethylphthalate 86] - 866 74-PDA-SB04-00 2/60
Di-n-Butylphthalate 397 - 126] 74-FDA-SB02-00 13/60
Pyrene 38J-387 74-PDA-SB01-00 1/60
PESTICIDES/PCBs

alpha-BHC 0.45J - 0.45J 74-FDA-SB23-00 2/60
Heptachlor 0.2NJ - 2983 74-PDA-SB13-00 8/60
Aldrin 0.4INJ - 0.4INJ 74-FDA-SB04-00 1/60
Heptachlor Epoxide 0.217-1.43J 74-FPA-SB03-00 5/60
Dieldrin 0.32] - 706NJ 74-PDA-SB13-00 5/60
4,4'-DDE 0.31J- 1,730 74-PDA-SB13-00 31/60
Endrin 0.423 - 1.06] 74-FPA-SB06-00 3/60
Endosulfan II 0.44NJ - 1.31NJ 74-FPA-SB03-00 3/60
4.4'-DDD 0.37NJ - 3,700) 74-PDA-SB06-00 17/60
4,4-DDT 0.81J - 3,840J 74-PDA-SB13-00 22/60
Methoxychlor 166J - 1661 74-PDA-SB13-00 1/60
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Maximum
Organic Compounds Range of Positive Detections Concentration
Detected Above CRQL (ng/kg) Sample Location Frequency

Endrin Aldehyde 0.5NJ - 2.29NJ 74-PDA-SB14-00 5/60
Alpha-Chlordane 0.39J - 1,160J 74-PDA-SB13-00 8/60
Gamma-Chlordane 0.45J - 1,680 74-PDA-SB13-00 8/60
CHEMICAL SURETY DEGRADATION COMPOUNDS

Hydroxyacetophenone 190J -190J 74-FDA-SB25-00 1/37

Inorganics

Inorganics were detected in all surface soil samples at Site 74. The inorganics detected in surface
soil are summarized below. The summary includes the range of positive detections, location of the
highest concentration, and the frequency of detection. Beryllium, cobalt, and thallium were the only
inorganics not detected in the surface soil at Site 41.

Range of Positive Maximum
Inorganics Detected Detections Concentration Sample
Above CRQL (ng/kg) Location Frequency
Aluminum 36.3 - 10,900 74-FDA-SB20-00 60/60
Antimony 1.72-3.43 74-PDA-SB08-00 2/60
Arsenic 0.6217 - 1.16 74-FDA-SB12-00 9/60
Barium 2.89-54.7 74-FPA-SB02-00 54/60
Cadmium 0.543 - 0.686 75-FDA-SB05-00 4/60
Calcium 34.9 - 175,000 74-FPA-SB02-00 53/60
Chromium 1.89 - 10.6 74-FPA-SB02-00 50/60
Copper 5.07-22 74-FDA-SB34-00 4/60
Iron 31.2Y - 34,200 74-FDA-SB08-00 60/60
Lead 0.878J-154 74-FDA-SB31-00 60/60
Magnesium 16.3 -2,790 74-FPA-SB02-00 52/60
Manganese 1.44-96.2 74-FDA-SB08-00 58/60
Mercury 0.015 - 0.092 74-FPA-SB04-00 8/60
Nickel 3.15-4.78 74-FDA-SB08-00 6/60
Potassium 80.7 - 351 74-FPA-SB02-00 16/60
Selenium 0.609-1.2 74-FDA-SB17-00 14/60
Silver 0.116J - 0.116J 74-FDA-SB23-00 1/60

4-41




Range of Positive Maximum
Inorganics Detected Detections Concentration Sample
Above CRQL (ng’ke) Location Frequency
Sodium 105J - 860 74-FDA-SB29-00 10/60
Vanadium 4,03 -15.1 74-FDA-SB20-00 34/60
Zinc 227-339 74-FPA-SB02-00 33/60
Total Cyanide 1.05- 137 74-FDA-SB06-00 60/60

4.5.1.2 Background Surface Soils

Four background soil locations were sampled for surficial soils at Site 74. The background soil
borings were drilled in the areas south and east of the site (refer to Figure 4-30). Tables 4-3 and 4-4
present positive detection summaries for organics and inorganics, respectively. This data has been
incorporated into the Base-wide background soil database.

No volatiles or semivolatiles were detected in the surficial background soil samples.

Three samples had detections of 4,4-DDE [74-BB-SB02-00 (2.13] pg/kg), 74-BB-SB03-00
(0.850J pg/kg), and 74-BB-SB04-00 (2.31J pg/kg)l.

No PCBs, chemical surety degradation compounds, or ordnance constituents were detected in
background samples.

Nineteen of 24 inorganics were detected (beryllium, cadmium, cobalt, selenium, and thallium were
not detected) in background samples. Inorganic concentrations in the background soils are
comparable to values reported at other sites at Camp Lejeune.

4.5.1.3 Extent of Contamination

Results indicate the presence of volatiles, semivolatiles, pesticides, chemical surety degradation
compounds, and inorganics within the surface soils of Site 74. PCBs were not detected, although
they were reportedly disposed of within the site.

Volatiles were detected in isolated areas of the former disposal area and the potential disposal area.
Figure 4-30 presents the detected concentrations of volatiles in the surface soils. Trichloroethene
(TCE) was detected the most frequently and with the highest concentrations, albeit low. TCE was
detected only in samples from the former disposal area, except for one sample (74-PDA-SB11)
south of the potential disposal area, and along the north-south access road located on the east side
of the former disposal area (refer to Figure 4-30).

Solvents or fuels reportedly had been used to ignite grease during disposal operations; however, only
low levels of volatiles (trichloroethene, toluene, styrene and xylenes) were detected (infrequently)
in surface samples.

Semivolatiles were present in surface soils at relatively isolated areas of the former disposal area and

at one location in the western corner of the potential disposal area south of the former disposal area.
The detected concentrations for semivolatiles are presented on Figure 4-31. Concentrations were
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generally low except for 4-chloro-3-methylphenol, benzo(a)pyrene, benzo(g,h,i)perylene, and bis(2-
ethylhexyl)ether. These higher detections of semivolatiles were located in the southern portion of
the former disposal area. The semivolatile detections generally occur towards the perimeter of the
former disposal area.

The polycyclic aromatic hydrocarbons (PAHs) benzo(a)pyrene, benzo(g,h,i)perylene, and pyrene,
which were detected in the surface soil, may have resulted from localized surface spills during the
operation of the disposal area, or may be related to past “burning “ operations.

Pesticides were detected over a widespread area of Site 74 in surface soils. The extent of pesticide
contamination in surface soils at Site 74 is depicted on Figure 4-32. Due to the large number,
frequency, and concentration ranges of pesticides detected in the surface soil at Site 74, only those
detections above 1 pg/kg are presented on Figure 4-32. Fifteen of 21 pesticides were detécted at
Site 74 within the former disposal area, potential disposal area and former pesticide control area.
The highest concentrations of pesticides were detected at the former pesticide control area. This was
the area where pesticides were reportedly stored and handled prior to use. Site-specific background
samples exhibited very low levels of one pesticide, 4,4-DDE. Historical usage of pesticides at Camp
Lejeune for pest control has been well documented (Water and Air Research, 1983), which may also
account for some of the widespread, but low levels of pesticides detected at the site.

The chemical surety degradation compound hydroxyacetophenone was only detected in sample
74-FDA-SB25-00 at a concentration of 190J pg/kg. This compound is likely associated with
training exercises involving the use of tear gas. As noted in Section 4.1.2.1, hydroxyacetophenone
and acetophenone are degradation compounds of chloroacetophenone, which is the main ingredient
of "riot gas" (i.e., tear gas). Figure 4-33 presents the detected concentration of hydroxyacetophenone
and its location.

The concentration ranges for most of the inorganics detected in the surface soils were similar to
concentrations detected in the site-specific background samples collected during the 1994 RI
program and the Base background ranges for soils at MCB Camp Lejeune. Table 4-31 is a
comparison of inorganics in surface soils to site and base background values. Metals with
concentrations significantly above the background levels were aluminum, calcium, iron, magnesium,
manganese, and sodium. Manganese, as reported in previous studies, is a common inorganic found
throughout Camp Lejeune (Greenhorne & O'Mara, 1992). The concentrations for the inorganics
detected in surface soils were generally within an order of magnitude of background levels. Because
of the random distribution of the inorganics, it does not appear that the source is related to Site 74
activities.

4.5.2 Subsurface Soils

4.5.2.1 Analytical Results

Subsurface soil results for organics and inorganics are presented in Tables 4-32 and 4-33,
respectively.

ani

Within the subsurface soil at Site 74, pesticides were the most frequently detected organic
compounds. The concentrations for pesticides were low. Phthalates were the only SVOCs detected
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in the subsurface soil. These are known contaminants which can result from laboratory procedures.
Methylene chloride and acetone, associated with field decontamination procedures and laboratory
procedures, were the only detected VOCs.

No PCBs, chemical surety degradation compounds, or ordnance were detected in subsurface soil at
Site 74.

Summarized below are the detected organic compounds in the subsurface soil at Site 74. This
summary includes the range of positive detections, the location of the maximum concentration, and
the frequency of detection.

Maximum
Organic Compounds Range of Positive Detections Concentration
Detected Above CRQL (ng/kg) Sample Location Frequency

VOLATILES

Methylene Chloride 190 - 190 74-FPA-SB04-04 1/47
Acetone 6.00J - 820.0 74-FDA-SB08-04 32/47
SEMIVOLATILES

Bis(2-ethylhexyl)phthalate 37.0]-240.0J 74-GW08-03 8/47
Diethylphthalate 874 - 874 74-PDA-SB06-04 1/47
Di-n-Butylphthalate 43.0] - 155.0) 74-FPA-SB02-06 10/47
PESTICIDES/PCBs

Heptachlor 0.240J - 1.591 74-GW03A-04 3/47
Aldrin 0.4007J - 0.400J 74-PDA-SB09-06 1/47
Heptachlor Epoxide 0.3301-0.330J 74-PDA-SB08-02 1/47
4,4-DDE 1.05NJ -21.3J 74-FPA-SB03-03 5/47
4,4-DDD 0.5901 - 3.61J 74-PDA-SB06-04 5/47
4,4-DDT 0.340J-21.37] 74-PDA-SB06-02 9/47
Methoxychlor 7.06] - 7.06] 74-FPA-SB01-03 1/57
Endrin Aldehyde 0.48NJ - 0.77NJ 74-GWO03A-03 2/47

ani

Inorganics were detected in all subsurface soil samples at Site 74. The inorganics detected in
subsurface soil are summarized below. This summary includes the range of positive detections,
where the highest concentration was detected, and the frequency of detection.
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Range of Positive Maximum
Inorganics Detected Detections Concentration Sample
Above CRQL (pg/ke) Location Frequency
Aluminum 349 - 9,380 74-FPA-SB09-07 47/47
Antimony 1.9-1.97 74-PDA-SB04-05 2/47
Arsenic 0.538-2.76 74-PDA-SB02-03 10/47
Barium 277-17.5 74-PDA-SB07-01 29/47
Calcium 34 -2,250 74-FPA-SB04-08 23/47
Chromium 1.92-991 74-FPA-SB02-03 41/47
Iron 123 - 4,940 74-FPA-SB06-03 47/47
Lead 0.751-7.42 74-FPA-SB04-08 47/47
Magnesium 15.4 - 250 74-FPA-SB09-07 45/47
Manganese 1.55-21.7 74-PDA-SB05-02 32/47
Mercury 0.056 - 0.056 74-GW04-05 1/47
Potassium 191 - 302 74-PDA-SB10-08 4/47
Selenium 0.818-0.818 74-GW07-01 1/47
Vanadium 3.93-14.2 74-FPA-SB06-03 16/47
Zinc 251-11.9 74-FPA-SB04-08 18/47
Total Cyanide 1.05-1.25 74-GW08-03 47/47

4.5.2.2 Extent of Contamination

No volatiles or semivolatiles were detected in the subsurface soils.

Pesticides were detected at low levels in the subsurface soils to depths of 11 to 13 feet in the
potential disposal area (refer to Figure 4-34). Within the former pesticide control area, pesticides
were detected at depths of 5 to 7 feet and 9 to 11 feet. Pesticides generally adhere to soil particles
and do not migrate. The depths at which pesticides were detected may indicate that filling or
regrading could have occurred in this area after the former pest control building was torn down.
There does not appear to be evidence of vertical migration due to the fact that sampling locations
had detected levels of pesticides at depth but not in the surface samples. Two locations within the
former disposal area had detected pesticides at depths of 1 to 3 feet and 7 to 9 feet. Pesticides were
detected in monitoring well soil boring 74-GWO03 A, north of the former disposal area, at depths of
3 to 5 feet and 5 to 7 feet.

No PCBs or chemical surety degradation compounds or ordnance constituents were detected in the
subsurface soils.

The concentration ranges for most of the inorganics detected in the subsurface soils were similar to
concentrations detected in the Base background ranges for soils at MCB Camp Lejeune. Table 4-34
presents a comparison of inorganics in subsurface soil to base background values. Metals with
concentrations significantly above the background levels were aluminum, calcium, iron, magnesium,
manganese, and sodium. Iron and manganese were also reported in shallow groundwater at levels
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above the Federal MCLs and/or NCWQS. Manganese, as reported in previous studies, is a common
inorganic found throughout Camp Lejeune (Greenhorne & O'Mara, 1992). The concentrations for
the inorganics detected in both the surface and subsurface soils were generally within an order of
magnitude of background levels. Because of the random distribution of the inorganics, it does not
appear that the source is related to Site 74 activities.

453 Groundwater

In addition to the Round One groundwater sampling, a special limited sampling event was conducted
in August 1994. Two monitoring wells (74-GW03A and 74-GW07) were sampled using a low-flow
purging technique to reduce or eliminate suspended solids which contribute to total metal
concentrations.

4.5.3.1 Analytical Results

Groundwater analytical results for the surficial aquifer at Site 74 are provided in Table 4-35,
Table 4-36, and Table 4-37 for organics, total metals and dissolved metals, respectively.

Organics

Pesticides were the most frequently detected organic compounds in the surficial groundwater at
Site 74. Pesticides were detected at low concentrations. The known decontamination and laboratory
procedure contaminants phthalates and acetone were detected in the groundwater.

No PCBs, chemical surety degradation compounds, or ordnance were detected in the surficial
groundwater at Site 74.

Summarized below are the organic compounds detected in the shallow groundwater at Site 74. This
summary includes the applicable Federal and State drinking water standards, the range of positive
detections, the location with the highest detected concentration, and the frequency of detection.

. Standards (pg/L) Range of Maximum

Organic Compounds Positive Concentration
Detected Above Federal Detections Sample

CRQL MCL | NCWQS (ug/L) Location Frequency
VOLATILES '
Acetone -- 700 2]-2.04] 74-GW03A 1/8
SEMIVOLATILES
Di-n-Butylphthalate - 700 21-2] 74-GW04 1/8
PESTICIDES/PCBs
Lindane 0.2 0.2 0.04] - 0.047 74-GW08 177
Heptachlor 0.4 0.008 0.0INJ - 0.01NJ 74-GW01 1/7
Endosulfan I1 - - 0.02] - 0.02) 74-GW08 1/7
Alpha-Chlordane 2 0.027 0.02NJ - 0.02NJ 74-GW08 177
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Inorganics

Metals were detected in all groundwater samples at Site 74. The total and dissolved metals detected
above Federal and/or State standards in groundwater are summarized below. This summary includes
the applicable Federal and State standards, the range of positive detections, location of the highest

detected concentration, and the frequency of detection.

Standards (ng/L) Range of Positive C(l)\;{x:)e(lllrtl:;filon
Metals Detected Federal Detections Sample
Above CRQL MCL | NCWQS (ng/L) Location Frequency

TOTAL METALS

Chromium 100 50 56.6 - 56.6 74-GW01 1/8
Iron 300 300 821 - 96,100.0 74-GW02 8/8
Lead 15 15 153-153 74-GW01 1/8
Manganese 50 50 115.0-115.0 74-GW02 1/8
DISSOLVED METALS

Antimony 6 - 8.26-8.26 74-GW08 1/8
Iron 300 300 350 - 1,040 74-GW03A 4/5
Manganese 50 50 1,730 - 1,730 74-GW07 1/8

Groundwater field parameter results for pH, temperature, and specific conductance are presented
in Table 4-38. These values represent all field measurements obtained during groundwater sampling
activities (i.e., from each well volume purged). Reviewing the last readings obtained for each well,
which are representative of groundwater conditions following purging, pH values ranged from 4.18
to 7.26 s.u., specific conductance values ranged from 38 to 193 micromhos/cm, and temperature
values ranged from 14 to 18°C. Specific conductance values appear to be within the range of natural
waters, which is 50 to 500 micromhos/cm (Pagenkopf, 1978), except for well 74-GWO01 (only one
volume of groundwater was purged due to the well going dry). All values for pH are below the
range of Federal Secondary Drinking Water MCLs (6.5 to 8.5 s.u.) with the exception of the three
readings at well 74-GWO07.

4.5.3.2 Background

Monitoring well 74-GWO3A is in an upgradient direction to Site 74, based on groundwater
measurements and flow direction. Organic concentrations in well 74-GW03A were nondetect,
except for acetone. Maximum inorganic concentrations above Federal and/or State standards were
only detected for iron in well 74-GWO03A. These concentrations were comparable with Base
background levels.

4.5.3.3 Extent of Contamination

Acetone and di-n-butylphthalate were they only VOCs and SVOCs detected in the surficial
groundwater. It is suspected that these compounds are present due to laboratory contamination.

4-47



PCBs, and chemical surety degradation compounds were not detected in shallow groundwater at
Site 74.

Four pesticides were detected in shallow groundwater at Site 74. Lindane (gamma-BHC)
(0.04J ng/kg), endosulfan II (0.02] pg/kg), and alpha-chlordane (0.02NJ pg/kg) were detected in
sample 74-GW08-01. Well 74-GWO08 is located in the southeast corner of the former pesticide
control area. The concentrations are low but may be attributed to the former activities of pesticide
staging and mixing, which is evident from the pesticides detected in the surface and subsurface soils
in this area. Sample 74-GW01-01 exhibited a concentration of heptachlor at 0.01NJ pg/kg. This
well is located east of the former disposal area. Well 74-GW01 is in a downgradient direction from
the former disposal area where pesticides were detected in the surface and subsurface soils. Only
heptachlor was detected above the Federal MCLs and/or NCWQS.

There was a total of four TAL metals (total) detected above the Federal MCLs and/or NCWQS,
incorporating the low-flow sampling. Figure 4-35 presents the detected concentrations of TAL
metals above the MCLs and/or NCWQS. Iron was the most frequently detected metal in the shallow
groundwater, with the highest recorded concentrations. The highest total iron concentration was
detected in well 74-GW02, east of the former disposal area. Iron was detected in well 74-GW03A
at a concentration of 38,500 pg/L.. The subsurface samples collected from depths of 5 to 7 feet and
7 to 9 feet at this location exhibited low levels (393 and 243 pg/kg, respectively) of iron. Metal
concentrations do not appear to cotrelate to the groundwater flow direction. They are scattered over
the site with no discernable migration path. Groundwater concentrations of metals also do not
correlate specifically with surface and subsurface soils. Metals were detected in all areas of the site
with no pattern to high concentrations and no direct correlation to concentrations detected in
groundwater.

Dissolved iron and manganese were detected above MCLs and/or NCWQS. Dissolved
concentrations were detected less frequently and at lower concentrations (generally an order of
magnitude) than total metals. Concentrations of dissolved metals show no apparent pattern. Iron
concentrations above standards are found in the north, east and south of the former disposal area,

and within the central portion of the former disposal area. The TSS value (937 mg/L) was elevated

for the surficial groundwater sample.

Results from the low flow purge samples showed a decrease in total metals concentrations. These
concentrations were similar to dissolved metal concentrations which support the conclusion that
suspended solids in the sample affect total metal concentrations. Conclusions from the evaluation
of total metals in the surficial aquifer on a Base wide basis indicated that suspended solids have a
direct effect on total metal concentrations in groundwater as does the geologic conditions associated
with the site area. -

4.5.4 Surface Water
The following section discusses the results of the surface water investigation performed at Site 74.

The surface water body sampled at Site 74 was Henderson Pond, which is situated due south of the
former pesticide handling area.
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45.4.1 Analytical Results

Results from surface water samples collected from Site 74 during the RI indicated positive
detections of inorganics (Table 4-39). No organic contaminants were detected in any of the surface
water samples.

Organics

No organic compounds were detected in the surface water at Site 74,

Inorganics

Metals were detected in all surface water samples at Site 74. The metals detected in surface water
are summarized below. This summary includes applicable Federal and State criteria, range of
positive detections, the location of the highest detected concentration, and the frequency of
detection.

Criteria (ng/L) Range of
Positive Maximum
Metals Detected Federal Detections Concentration
Above CRQL AWQC | NCWQS (ug/L) Sample Location Frequency
Aluminum -- - 1277 - 492) 74-PDA-SWO01 3/3
Calcium - - 10,400 - 11,700 74-PDA-SW02 3/3
Iron 300 - 138 -274 74-PDA-SW02 3/3
Lead 50 50 1.62] - 6.04) 74-PDA-SW02 373
Magnesium -- -- 782 - 881 74-PDA-SW02 373
Potassium -- -- 448 -719 74-PDA-SWO01 2/3
Sodium - -- 13,400 - 21,700 74-PDA-SW02 3/3

4.5.4.2 Extent of Contamination

No organics were detected in the three surface water samples collected from Henderson Pond.

Seven TAL metals were detected. Figure 4-36 presents the detected concentrations of metals. TAL
metals concentrations for the surface water samples collected at Henderson Pond were below
average concentrations established for Base wide total metals in surface water samples. The
detected concentrations for lead (5.84 pg/L, 6.04 png/L, and 1.62 png/L) in the three surface water
samples were slightly higher than the 3.33 pg/L average determined from Base wide samples.

No previous surface water sampling has been conducted at Site 74, so no comparisons can be made.

Comparing to values from the Base upgradient results, Henderson Pond exhibited results lower than
the Base upgradient study for inorganics (refer to Table 4-40).
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45,5 Sediments

4.5.5.1 Analytical Results

Results of sediment samples collected from Henderson Pond indicated positive detections of
organics and inorganics (Tables 4-41 and 4-42, respectively).

Organics

VOCs, SVOCs, and pesticides were the organic compounds detected in the sediment at Site 74.
Pesticides were detected most frequently; however, at low concentrations. Trichloroethene and 3,3-
dichlorobenzidine were the only detected VOCs and SVOCs, respectively, in the sediment at Site 74.
These organic compounds were also detected at low concentrations.

No PCBs, chemical surety degradation compounds, or ordnance were detected in the sediment
samples at Site 74.

Summarized below are the organic compounds detected in the sediment at Site 74. This summary
includes the applicable NOAA criteria for sediment, range of positive detections, location where the
highest concentration was detected, and the frequency of detection.

Organic Compounds Criteria (ng/ke) Range of Positive Maximum
Detected Above NOAA | NOAA Detections Concentration
CRQL ER-L ER-M (ng/kg) Sample Location | Frequency

VOLATILES v

Trichloroethene - - 8.0J-8.0] 74-PDA-SD01-06 173
SEMIVOLATILES

3,3-Dichlorobenzidine - - 140.0J - 140.0J 74-PDA-SD03-06 1/3
PESTICIDES/PCBs

4,4'-DDE 2 15 0.900J - 1.857 74-PDA-SD01-06 2/3
44'-DDT ' 1 7 0.820NJ - 0.820NJ | 74-PDA-SD02-06 1/3
Endosulfan [1 - - 0.637 - 0.807F 74-PDA-SD03-06 2/3
Methoxychlor - - 0.8307-0.83J 74-PDA-SD02-06 1/3
Endrin Aldehyde - - 1.35NJ- 1.35NJ | 74-PDA-SD03-06 1/3

Inorganics

Metals were detected in all sediment samples at Site 74. The metals detected in the sediment are
summarized below. This summary includes the applicable NOAA criteria for sediment, range of
positive detections, location of the highest detected concentration, and the frequency of detection.
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Criteria (mg/kg) Range of
Positive Maximum
Metals Detected NOAA | NOAA Detections Concentration
Above CRQL ER-L ER-M (mg/kg) Sample Location | Frequency
Aluminum - - 584 - 3,320 74-PDA-SD02-06 373
Barium - - 573-13 74-PDA-SD02-06 2/3
Calcium - -- 178 - 725 74-PDA-SD02-06 3/3
Chromium 80 145 1.8-3.13 74-PDA-SD02-06 2/3
Iron -- - 199 - 1,530 74-PDA-SD02-06 3/3
Lead 35 110 2.67J - 6.06] 74-PDA-SD02-06 3/3
Magnesium -- - 19.3-102 74-PDA-8D02-06 3/3
Manganese - - 2.76-5.27 74-PDA-SD02-06 373
Selenium - -- 1.02-1.02 74-PDA-SD03-06 1/3
Vanadium - -- 44-44 74-PDA-SD03-06 1/3
Zinc 120 270 12.6-12.6 74-PDA-SD02-06 1/3

4.5.5.2 Extent of Contamination

Results indicated the presence of volatiles, semivolatiles, pesticides, and inorganics in the three
sediment samples collected from Henderson Pond. Refer to Figure 4-37 for the detected
concentrations of volatiles and semivolatiles. Figure 4-38 presents the positive detections for
pesticides in the sediment samples collected at Henderson Pond. TAL metals concentrations are
presented on Figure 4-39.

Trichloroethene (TCE) was detected at a concentration of 8.00J pg/kg in sample 74-PDA-SD01-06.
3,3-dichlorobenzidine was detected at a concentration of 140.0J pg/kg in sample 74-PDA-SD03-06.
The presence of TCE in sediment is not likely related to disposal activities at Site 74. There are no
known historical records indicating the disposal of TCE near this pond. It is possible that the TCE
is due to groundwater discharge; however, this cannot be determined due to a lack of groundwater
data near this area.

3,3-dichlorobenzidine, generally classified as a solvent constituent, was detected in sample 74-PDA-
SD03-06 at a concentration of 140.0J pg/kg. 3,3-dichlorobenzidine was not detected in surface and
subsurface soils, or shallow groundwater. This tends to indicate that the presence of this
contaminant is not from Site 74.

Five pesticides were detected in sediment samples at levels which are similar to other pesticide
levels throughout MCB Camp Lejeune. The pesticides 4,4-DDD, 4,4'-DDT, endosulfan II, and
methoxychlor were detected at concentrations towards the lower end of the Base wide concentration
ranges for these pesticides. Endrin aldehyde was not detected in the Base wide sediment samples,
but it was detected in the southern sample location at a concentration of 1.35NJ pg/kg. The presence
of pesticides in sediments is likely due to the historical usage of pesticides at the base. The presence
of these pesticides is not likely due to surface runoff from the former pest control area due to the low
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levels and widespread extent of contamination. No documentation is available to substantiate
pesticide usage in the area.

No organics were detected above NOAA ER-L values for sediments.

Eleven TAL metals were detected in sediment samples. Total metal concentrations in the sediment
samples were below the Base wide averages determined for sediments.

4.5.6 Engineering Parameter Results

Engineering parameters were analyzed for selected soil and groundwater samples collected at
Site 74. A soil sample was analyzed from monitoring well boring 74-GW05. A surficial aquifer
groundwater sample was collected from shallow well 74-GW0S. Soil engineering parameters were
grain size distribution and Atterberg limits. Groundwater engineering parameters included
alkalinity, BOD, COD, total phosphorous, TDS, TSS, total Kjeldahl nitrogen, and standard plate
count. Engineering parameter results for soil and groundwater are summarized in Appendix K.

No analytical data is available from engineering analysis of the soil sample due to problems at the
lab with reporting.

Results indicated the following concentration levels in the surficial aquifer:

o alkalinity <1.0 mg/L

® BOD 3.53 mg/L

e COD 36.7 mg/L

® total phosphorous 0.02 mg/L

] TDS 60 mg/L

° total Kjeldahl N 0.739 mg/L

® TSS 937 mg/L

° standard plate count 30700 CFU/mL

4.3.7 Quality Assurance/Quality Control Results

Quality Assurance/Quality Control (QA/QC) samples were collected during the soil, groundwater,
and surface water and sediment investigations. These samples included trip blanks, field blanks,
equipment rinsates, and duplicates. Analytical results of the field duplicates are provided in
Appendix I and other field QA/QC (e.g., rinsate blanks, trip blanks, etc.) results are provided in
Appendix L.

Various organics and inorganics were detected in QA/QC samples. The only organics detected were
methylene chloride, acetone, and di-n-butylphthalate. Methylene chloride was detected in 4 trip
blanks and 1 rinsate sample. Acetone were detected in one trip blank (74-TB-07). Di-n-
butylphthalate was detected in one rinsate sample (74-RS-03). As stated previously, methylene
chloride and acetone are most likely the result of laboratory contamination. Acetone may also be
the result of decontamination procedures with isopropanol alcohol. Di-n-butylphthalate detected
in the rinsate sample may be the result of the gloves used in the field. Phthalates are a common
component of plastics and the isopropanol alcohol (which may degrade the gloves) used in the
deconing procedures may have caused the phthalates to be detected in the rinsate sample. All TAL
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inorganics were detected in QA/QC samples but most were quantified with U, UJ, R, and UR
qualifiers.

458 Summary

Pesticides was the contaminant class detected most frequently and at the highest concentrations,
primarily at the former pesticide control and potential disposal areas. The wide range of pesticides
and concentrations detected in the surface soils and at depth (up to 13 feet) indicates contamination
from the former site operations of staging and mixing pesticides. Pesticides have not significantly
affected the shallow groundwater at the site, or the surface water and sediments at Henderson Pond.

Low levels of volatiles and semivolatiles were detected in surface soil at isolated areas of the site,
but have not impacted subsurface soils or groundwater. The low level of the chemical surety
degradation compound hydroxyacetophenone detected in the southwest corner of the former disposal
area can be attributed to the use of tear gas during training exercises. No PCBs were detected in the
soils, groundwater, surface water, or sediments at the site.

TAL metals were detected in the soils, groundwater, and surface water and sediments. No
discernable pattern is apparent for the metals extent. Concentrations in soils were generally similar
to those reported for site-specific background samples and detected in other areas of the base. In
groundwater, no migration pathway could be identified to determine a source. Well 74-GWO03A,
located to the north of the former disposal area in a general upgradient direction, had the second
highest concentration of iron.

The presence of TCE in two sediment samples may be due to other unknown disposal operations
near the pond.
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TABLE 4-1

OPERABLE UNIT NO. 4 (SITE 41)

DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0O-0212

ORGANICS

Client Sample ID: 41-DS-SB01-00 41-DS-8B02-00 41-DS-SB03-00 41-DS-SB04-00 41-DS-SB05-00 41-DS-SB06-00 41-DS-SB07-00
Laboratory Sample ID: 9402042-10A 9402043-09 9402043-10 9402042-11A 9402042-12A 9402042-13A 9402042-14A
Depth: 0-12" 0-12" 0-12" 0-12* 0-12" 0-12" 0-12"
Date Sampled:
Percent Solids: 87.1 85.5 77.2 89.9 88.3 86.9 83
UNITS
SEMIVOLATILES
1,4-Dichlorobenzene UG/KG ND ND ND ND ND ND ND
2-Methylnaphthalene UG/KG ND ND ND ND ND ND ND
Acenaphthene UG/KG ND ND ND ND ND ND ND
Anthracene UG/KG ND ND ND ND ND ND ND
BenzofaJanthracene UG/KG ND ND ND ND ND ND ND
Benzofa]pyrene UG/KG ND ND ND ND ND ND ND
Benzo[b]fluoranthene UG/KG ND ND ND ND ND ND ND
Benzo[gh,ijperylene UG/KG ND ND ND ND ND ND ND
Benzo(k]fluoranthene UG/KG ND ND ND ND ND ND ND
bis(2-Chloroethyl) ether UG/KG ND ND ND ND ND ND ND
bis(2-Ethylhexyl)phthalate UG/KG ND ND ND ND ND ND ND
Carbazole UG/KG ND ND ND ND ND ND ND
Chrysene UG/KG ND ND ND ND ND ND ND
Dibenzofuran UG/KG ND ND ND ND ND ND ND
Dibenz([a,hjanthracene UG/KG ND ND ND ND ND ND ND
di-n-Butylphthalate UG/KG ND ND ND ND ND ND ND
di-n-Octylphthalate UG/KG ND ND ND ND ND ND ND
Fluoranthene UG/KG ND ND ND ND ND ND ND
Fluorene UG/KG ND ND ND ND ND ND ND
Indenof1,2,3-cd]pyrene UG/KG ND ND ND ND ND ND ND
Naphthalene UG/KG ND ND ND ND ND ND ND
Phenanthrene UG/KG ND ND ND ND ND ND ND
Pyrene UG/KG ND ND ND ND ND ND ND

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected
NI - estimated/tentative identification



TABLE 4-1
OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0-0212

ORGANICS

Client Sample ID; 41-DS-SB01-00 41-DS-SB02-00 41-DS-SB03-00 41-DS-SB04-00 41-DS-SB05-00 41-DS-SB06-00 41-DS-SB07-00

Laboratory Sample ID: 9402042-10A 9402043-09 9402043-10 9402042-11A 9402042-12A 9402042-13A 9402042-14A

Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"

Date Sampled:
Percent Solids: 87.1 85.5 71.2 89.9 88.3 86.9 83
UNITS
VOLATILES

Methylene chloride UG/KG ND ND ND 33 ND ND ND
Acctone UG/KG ND ND ND ND ND 37 37

Toluene UG/KG ND ND ND ND ND ND ND

PESTICIDE/PCBS

beta-BHC UG/KG ND ND 472 NJ ND ND ND ND

delta-BHC UG/KG ND ND ND ND ND ND ND

Lindane (gamma-BHC) UG/KG ND ND ND ND ND ND ND

Heptachlor UG/KG ND ND ND ND ND ND ND

Heptachlor epoxide UG/KG ND ND ND ND ND ND ND

Dieldrin UG/KG ND ND ND ND ND ND ND
4,4-DDE UG/KG ND 096 J ND ND 072 J 147 045 J

Endrin UG/KG ND ND ND ND ND ND ND

Endosulfan II UG/KG ND ND ND ND ND ND ND

4,4-DDD UG/KG ND 0.56 J ND ND ND ND ND

Endosulfan sulfate UG/KG ND ND ND ND ND ND ND

4,4-DDT UG/KG ND 126 J ND ND 14 J ND ND

Methoxychlor UG/KG ND ND ND ND ND ND ND

Endrin ketone UG/KG ND ND ND ND ND ND ND

Endrin aldehyde UG/KG ND ND ND ND ND ND ND

alpha-Chlordane UG/KG ND ND ND ND ND ND ND

gamma-Chlordane UG/KG ND ND 169 J ND ND ND ND

Aroclor 1242 UG/KG ND ND ND ND ND ND ND

Aroclor 1260 UG/KG ND ND ND ND ND ND ND

ORDNANCE

1,3-Dinitrobenzene UG/KG ND ND 824 NJ ND ND ND ND

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed .
‘ ND-f'  ‘ected :
(h NIJ - estima W © identification i
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TABLE 4-1

OPERABLE UNIT NO. 4 (SITE 41)

DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0-0212

ORGANICS

Client Sample 1D: 41-DS-SB08-00 41-DS-SB09-00 41-DS-SB10-00 41.DS-SB11-00 41-DS-SB12-60 41-08-SB02-00 41-08-SB03-00

Laboratory Sample ID: 9402043-07 9402042-15A 9402042-16A 9402042-17A 9402042-18A 9402021-06 9402021-10

Depth: 0-12" 0-12" 0-12" 0-12* 0-12" 0-12* 0-12*

Date Sampled:
Percent Solids: 83.5 87.5 75.7 87.5 86.8 86.8 82.6
UNITS
SEMIVOLATILES

1,4-Dichlorobenzene UG/KG ND ND ND ND ND ND ND

2-Methylnaphthalene UG/KG ND ND ND ND ND ND ND

Acenaphthene UG/KG ND ND ND ND ND ND ND

Anthracene UG/KG ND ND ND ND ND ND ND

Benzofaanthracene UG/KG ND ND ND ND ND ND ND

Benzofa]pyrene UG/KG ND ND ND ND ND ND ND

Benzo[b]fluoranthene UG/KG ND ND ND ND ND ND ND

Benzo[g,h,i]perylene UG/KG ND ND ND ND ND ND ND

Benzofk]fluoranthene UG/KG ND ND ND ND ND ND ND
bis(2-Chloroethyl) ether UG/KG ND ND ND ND ND ND 1)

bis(2-Ethylhexylyphthalate  UG/KG ND ND ND ND ND ND ND

Carbazole \ UG/KG ND ND ND ND ND ND ND

Chryzene UG/KG ND ND ND ND ND ND ND

Dibenzofuran UG/KG ND ND ND ND ND ND ND

Dibenz{a,hjanthracene UG/KG ND ND ND ND ND ND ND
di-n-Butylphthalate UG/KG ND ND ND ND ND 230 I 150 J

di-n-Octylphthalate UG/KG ND 55 J ND ND ND ND ND

Fluoranthene UG/KG ND ND ND ND ND ND ND

Fluorene UG/KG ND ND ND ND ND ND ND

Indenof{1,2,3-cd]pyrene UG/KG ND ND ND ND ND ND ND

Naphthalene UG/KG ND ND ND ND ND ND ND

Phenanthrene UG/KG ND ND ND ND ND ND ND

Pyrene UG/KG ND ND ND ND ND ND ND

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected
NIJ - estimated/tentative identification



TABLE 4-1

OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0-0212

ORGANICS

Client Sample ID: 41-DS-SB08-00 41-DS-SB09-00 41-DS-SB10-00 41-DS-SB11-00 41-DS-SB12-00 41-08-SB02-00 41-08-SB03-00
Laboratory Sample ID: 9402043-07 9402042-15A 9402042-16A 9402042-17A 9402042-18A 9402021-06 9402021-10
Depth: 0-12 0-12* 0-12" 0-12" 0-12" 0-12" 0-12"
Date Sampled:
Percent Solids: 83.5 87.5 75.7 87.5 86.8 86.8 82.6
UNITS
VOLATILES
Methylene chloride UG/KG ND ND 5 ND ND ND ND
Acetone UG/KG ND ND ND ND ND ND 57
Toluene UGKG ND ND ND ND ND ND ND
PESTICIDE/PCBS
beta-BHC UG/KG ND ND ND ND ND ND ND
delta-BHC UG/KG ND ND ND ND ND ND ND
Lindane (gamma-BHC) UG/KG ND ND ND ND ND ND ND
Heptachlor UG/KG ND ND ND 1.51 J ND ND 716 )
Heptachlor epoxide UG/KG ND ND ND ND ND ND 96 NJ
Dieldrin UG/KG ND ND ND ND ND ND ND
4,4-DDE UG/KG ND 1.81 J 1.75 NJ ND 044 NJ 043 J 61 J
Endrin UG/KG ND ND ND ND ND ND 293 )
Endosulfan I UG/KG ND ND ND ND ND ND 359 J
4,4-DDD UG/KG ND ND ND ND ND ND ND
Endosulfan sulfate UG/KG ND ND ND ND ND ND ND
44-DDT UG/KG ND 037 J 228 J ND ND 0.58 NJ 4 ]
Methoxychlor UG/KG ND ND ND ND ND ND 3.28 NJ
Endrin ketone UG/KG ND ND ND ND ND ND ND
Endrin aldehyde UG/KG ND ND ND ND ND ND ND
alpha-Chlordane UG/KG ND ND ND ND ND 05 J 927 ¥
gamma-Chlordane UG/KG ND ND ND ND ND 04 J 935 J
Aroclor 1242 UG/KG ND ND ND ND ND ND ND
Aroclor 1260 UG/KG ND ND ND ND ND ND ND
ORDNANCE
1,3-Dinitrobenzene UG/KG ND ND ND ND ND ND ND

!

J - value is estimated

UG/KG - microgram per kilogram

NA - not analyzed
ND-gff'  scted
NJ - estimat. : identification
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TABLE 4-1

OPERABLE UNIT NO. 4 (SITE 41)

DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0-0212

UG/KG - microgram per kilogram
J - value is estimated

NA - not analyzed
ND - not detected

NJ - estimated/tentative identification

ORGANICS

Client Sample ID: 41-0S-SB04-00 41-08-SB05-00 41-0S-SB06-00 41-08-SB07-00 41-0S-SB08-00 41-08-SB09-00 41-08-SB10-00

Laboratory Sample ID: 9402086-04 9402042-01A 9402086-01 9402042-05A 9402086-09 9402042-03A 9402064-04

Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"

Date Sampled:
Percent Solids: 90.3 91.6 88.1 86.2 86.3 89 84.3
UNITS
SEMIVOLATILES

1,4-Dichlorobenzene UG/KG ND ND ND ND ND ND ND

2-Methylnaphthalene UG/KG ND ND ND ND ND ND ND
Acenaphthene UG/KG ND ND ND ND ND ND 380 J

Anthracene UG/KG ND ND ND ND ND ND 510

Benzo[a]anthracene UG/KG ND ND ND ND ND ND 2400

Benzo[ajpyrene UG/KG ND ND ND ND ND 40 J 2000

Benzo[b]fluoranthene UG/KG ND ND 3937 ND ND 8J 2500

Benzo[g.h,i]perylene UG/KG ND ND ND ND ND ND 1600

Benzo[k]ftuoranthene UG/KG ND ND 54 ND ND 50 J 1700
bis(2-Chloroethyl) ether UG/KG ND 65 ND ND ND ND 5717
bis(2-Ethylhexyl)phthalate UG/KG 43 ND 42 7 ND 240 J ND 170 J
Carbazole UG/KG ND ND ND ND ND ND 330 J

Chrysene UG/KG ND ND 5073 ND ND 49 J 2300
Dibenzofuran UG/KG ND ND ND ND ND ND 130 J

Dibenz[a,h]anthracene UG/KG ND ND ND ND ND ND ND

di-n-Butylphthalate UG/KG 69 ND 110 J ND 5517 ND ND

di-n-Octylphthalate UG/KG ND ND ND ND ND ND ND

Fluoranthene UG/KG ND ND 108 J ND 537 97 ND
Fluorene UG/KG ND ND ND ND ND ND 280 ¥

Indeno[1,2,3-cd]pyrene UG/KG ND ND ND ND ND ND ND

Naphthalene UG/KG ND ND ND ND ND ND ND

Phenanthrene UG/KG ND ND 72 ND ND ND 2600

Pyrene | UG/KG ND ND 7317 ND 50 J 71 ND



TABLE 4-1

OPERABLE UNIT NO. 4 (SITE 41)

DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS

Client Sample ID: 41-08-SB04-00 41-08-SB05-00 41-0S-SB06-00 41-08-SB07-00 41-08-SB08-00 41-08-SB09-00 41-08-SB10-00

Laboratory Sample ID: 9402086-04 9402042-01A 9402086-01 9402042-05A 9402086-09 9402042-03A 9402064-04

: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"

Date Sampled:
Percent Solids: 920.3 91.6 88.1 86.2 86.3 89 843
UNITS
VOLATILES

Methylene chloride UG/KG 37J 4 ) 4 37 ND 517 ND

Acetone UG/KG ND ND ND 6 J ND 18 J 20

Toluene UG/KG ND ND ND ND ND ND ND

PESTICIDE/PCBS

beta-BHC UG/KG ND ND ND ND ND ND ND

delta-BHC UG/KG ND ND ND ND ND ND ND

Lindane (gamma-BHC) UG/KG ND ND ND ND ND ND ND

Heptachlor UG/KG ND ND ND ND ND ND ND

Heptachlor epoxide UG/KG ND ND ND ND ND ND ND
Dieldrin . UG/KG ND ND 0.83 J ND 13.03 NJ ND 6.12 NJ
4,4-DDE ' UG/KG 107 J ND 084 J 04 J 876 J 402 J 389 J

Endrin UG/KG ND ND ND ND ND ND ND

Endosulfan IT UG/KG ND ND 261 ) ND ND 0.45 NJ ND
4,4-DDD UG/KG 08 J ND 288 J ND ND 418 J 432 ]

Endosulfan sulfate UG/KG ND ND ND ND ND ND ND
4,4-DDT UG/KG ND ND 1.03 NJ 057 ] 104 NJ 127 J 413 J

Methoxychlor UG/KG ND ND ND ND ND ND ND

Endrin ketone UG/KG ND ND ND ND ND ND ND

Endrin aldehyde UG/KG ND ND 0.68 NJ ND ND ND ND
alpha-Chlordane UG/KG ND ND ND ND ND 025 J 1.66 J
gamma-Chlordane UG/KG ND ND ND ND ND ND 133 J

Aroclor 1242 UG/KG ND ND ND ND ND ND ND

Aroclor 1260 UG/KG ND ND ND ND ND ND ND

ORDNANCE
1,3-Dinitrobenzene UG/KG ND ND ND ND ND ND ND

(

NJ - estimate.

J - value is estimated
NA- not analyzed
ND - cted

UG/KG - microgram per kilogram

¢ identification
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TABLE 4-1

OPERABLE UNIT NO. 4 (SITE 41)

DOWNSLOPE AND ONSITE SURFACE SOIL

MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS
Client Sample ID: 41-08-SB11-00 41-08-SB12-00 41-08-SB13-00 41-0S-SB14-00 41-08-SB15-00 41-08-SB16-00 41-08-SB17-00
Laboratory Sample ID: 9402086-07 9402042-08A. 9402052-08 9402064-01 9402070-01 9402043-05 9402052-03
Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"
Date Sampled:
Percent Solids: 84.8 76.8 87.1 81.9 83.8 83.6 83.9
UNITS
SEMIVOLATILES
1,4-Dichlorobenzene UG/KG ND 180 J ND ND ND ND ND
2-Methylnaphthalene UG/KG ND 55 7 ND ND ND ND ND
Acenaphthene UG/KG ND 91 J ND ND ND ND ND
Anthracene UG/KG ND 110 J ND ND ND ND ND
Benzo[a)anthracene UG/KG ND 360 J ND ND ND ND ND
Benzo[a}pyrene UG/KG ND 300 J ND ND ND ND ND
Benzo[b]fluoranthene UG/KG ND 270 J ND ND ND ND ND
Benzo[gh,i]perylene UG/KG ND 240 J ND ND ND ND ND
Benzo[k]fluoranthene UG/KG ND 320 ND ND ND ND ND
bis(2-Chloroethyl) ether UG/KG ND ND ND ND ND ND ND
bis(2-Ethylhexyl)phthatate UG/KG 46 1 580 J ND ND 240 J 51 ND
Carbazole UG/KG ND 4 ] ND ND ND ND ND
Chrysene UGKG ND 420 J ND ND ND ND ND
Dibenzofuran UG/KG ND ND ND ND ND ND ND
Dibenz[a,h}anthracene UGKG ND 573 ND ND ND ND ND
di-n-Butylphthalate UG/KG 427 ND ND ND ND ND ND
di-n-Octylphthalate UG/KG ND ND ND ND ND ND 110 J
Fluoranthene UG/KG ND 820 ND 2500 J 40 J ND ND
Fluorene UG/KG ND 79I ND ND ND ND ND
Indenof1,2,3-cd]pyrene UG/KG ND ND ND ND ND ND ND
Naphthalene UG/KG ND 70 J ND ND ND ND ND
Phenanthrene UG/KG ND 540 ND 1800 J ND ND ND
Pyrene UG/KG ND 600 J ND 2300 J ND ND ND

UG/KG - microgram per kilogram

J - value is estimated
NA - not analyzed
ND - not detected

NI - estimated/tentative identification



TABLE 4-1

OPERABLE UNIT NO. 4 (SITE 41)

DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA

REMEDIAL INVESTIGATION - CTO-0212

ORGANICS

Client Sample ID: 41-08-SB11-00 41-08-SB12-00 41-08-SB13-00 41-08-SB14-00 41-08-SB15-00 41-08-SB16-00 41-08-SB17-00

Laboratory Sample ID: 9402086-07 9402042-08A 9402052-08 9402064-01 9402070-01 9402043-05 9402052-03

Depth: 0-12" 0-12" 0-12¢ 0-12" 0-12" 0-12" 0-12"

Date Sampled:
Percent Solids: 84.8 76.8 87.1 81.9 83.8 83.6 83.9
UNITS
VOLATILES

Methylene chloride UG/KG 4] 37 3 ND ND ND 27

Acetone UGKG ND ND 115 J 33 14 ND ND

Toluene UG/KG ND ND ND ND ND ND ND

PESTICIDE/PCBS

beta-BHC UG/KG ND ND ND ND ND ND ND

delta-BHC UGKG ND ND ND ND ND ND ND

Lindane (gamma-BHC) UG/KG ND ND ND ND ND ND ND

Heptachlor UG/KG 092 J ND ND ND ND ND ND

Heptachlor epoxide UGKG ND ND ND ND ND ND ND
Dieldrin UG/KG 513 NJ ND 047 J ND 205 J 112 J 1.07 NJ
4,4-DDE UG/KG 251 J 60.8 J 0.46 NJ 324 ) 1.14 J 407 J 424 J

Endrin UG/KG 147 NJ ND ND ND ND ND ND

Endosulfan I UG/KG 415 NJ ND 462 NJ ND 1.88 J 1 NJ ND
4,4-DDD UG/KG 482 J 92 7 077 NJ 79.1 ) 235 NJ 3.07 NJ 152 J

Endosulfan sulfate UG/KG ND ND ND ND ND ND ND
4,4-DDT UG/KG 148 J 8.06 J 1.86 J 277 ) 1.73 ) 1.01 214 )

Methoxychlor UG/KG ND 141 J ND ND ND ND ND

Endrin ketone UG/KG ND ND ND ND ND ND ND

Endrin aldehyde UG/KG ND 137 J ND ND ND ND ND
alpha-Chlordane UG/KG 1.7 7 217 7 ND 044 J 085 J ND 0.48 J
gamma-Chlordane UG/KG 117 J 201 J ND ND 074 J ND 028 J

Aroclor 1242 UG/KG ND ND ND ND ND ND ND

Aroclor 1260 UGKG ND ND ND ND ND ND ND

ORDNANCE
1,3-Dinitrobenzene UG/KG ND ND ND ND ND ND ND

(

UG/KG - microgram per kilogram

J - value is estimated
NA - not analyzed

ND-ﬁ
NJ - esti

cted

R, ¢ identification
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TABLE 4-1
OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212
ORGANICS

Client Sample ID: 41-08-SB18-00 41-08-SB19-00 41-08-8B20-00 41-08-SB21-00 41-08-8B22-00 41-08-SB23-00 41-08-SB24-00
Laboratory Sample ID: 9402061-01 9402043-03 940205204 9402052-05 9402061-04 940204301 9402061-07
Depth: 0-12" 0-12" 0-12" 0-12" 0-12* 0-12" 0-12"
Date Sampled:
Percent Solids: 88.2 84.2 82.7 89 84.5 85.8 83.8
UNITS
SEMIVOLATILES
1,4-Dichlorobenzene UG/KG ND ND ND ND ND ND ND
2-Methylnaphthalene UG/KG ND ND ND ND ND ND ND
Acenaphthene UG/KG ND ND ND ND ND ND ND
Anthracene UG/KG ND ND 41 J ND ND ND ND
Benzo[a]anthracene UG/KG 130 J ND 140 J ND ND ND ND
Benzo[a]pyrene UG/KG 120 J ND 120 J ND ND ND ND
Benzo{b]fluoranthene UG/KG 120 J ND 140 J ND ND ND ND
Benzo[g,h,ijperylene UG/KG nJ ND 46 J ND ND ND ND
Benzo[klfluoranthene UG/KG 120 J ND 86 J ND ND ND ND
bis(2-Chloroethyl) ether UG/KG ND ND ND ND ND ND ND
bis(2-Ethylhexyl)phthalate UG/KG ND 160 J ND ND ND 70 ) ND
Carbazole UG/KG ND ND ND ND ND ND ND
Chrysene UG/KG 160 J ND 150 J ND ND ND ND
Dibenzofuran UG/KG ND ND ND ND ND ND ND
Dibenz{a,h]anthracene UG/KG ND ND ND ND ND ND ND
di-n-Butylphthalate UG/KG ND 62 J ND ND ND ND ND
di-n-Octylphthalate UG/KG 200 J ND 86 J ND 52 ND 40 J
Fluoranthene UG/KG 240 J ND 240 J ND ND ND ND
Fluorene UG/KG ND ND ND ND ND ND ND
Indeno[1,2,3-cd]pyrene UG/KG 71 7 ND 76 J ND ND ND ND
Naphthalene UG/KG ND ND ND ND ND ND ND
Phenanthrene UG/KG 140 J ND 200 J ND ND ND ND
Pyrene UG/KG 240 J ND 230 J ND ND ND ND

NJ - estimated/tentative identification

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected



TABLE 4-1

OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0-0212

ORGANICS

Client Sample ID: 41-08-SB18-00 41-0S-SB19-00 41-0S-SB20-00 41.08-SB21-00 41-08-SB22-00 41-08-SB23-00 41-08-SB24-00

Laboratory Sample 1D: 9402061-01 9402043-03 9402052-04 940205205 9402061-04 9402043-01 9402061-07

Depth: 0-12" 0-12* 0-12" 0-12" 0-12" 0-12" 0-12"

Date Sampled:
Percent Solids: 88.2 84.2 82.7 89 84.5 85.8 83.8
UNITS
VOLATILES

Methylene chloride UG/KG ND ND 4] 37 ND ND ND

Acetone UG/KG ND 2800 ND ND ND ND ND
Toluene UG/KG ND ND ND ND 27 ND 17J

PESTICIDE/PCBS

beta-BHC UG/KG ND ND ND ND ND ND ND

delta-BHC UG/KG ND ND ND ND ND ND ND

Lindane (gamma-BHC) UG/KG ND ND ND ND ND ND ND

Heptachlor UG/KG ND ND ND ND ND ND ND
Heptachlor epoxide UG/KG 239 J ND ND ND 0.56 NJ ND 0.81 NJ
Dieldrin UG/KG 281 J 565 J 083 NJ ND 2.16 NJ 307 NJ 1.04 NJ
4,4-DDE UG/KG 148 J 636 J 229 J ND 1.58 NJ 693 J 322171

Endrin UG/KG ND ND ND ND ND ND ND
Endosulfan II UG/KG 379 ) 4.44 J 362 J ND 501 ND 25 J
4,4-DDD UG/KG 276 J 692 J ND ND 846 J 45 J 4.68 J

Endosulfan sulfate UG/KG ND ND ND ND ND ND ND
4,4-DDT UG/KG ND 2717 25 J ND 741 7 663 J 1.66 J

Methoxychlor UG/KG 1.51 J ND ND ND ND ND ND

Endrin ketone UG/KG ND 0.44 NJ ND ND ND ND ND

Endrin aldehyde UG/KG 061 J ND ND ND ND ND ND
alpha-Chlordane UG/KG 087 J 225 J 0.27 NJ ND 388 J 147 J 084 J
gamma-Chlordane UG/KG 057 ) 08 J 03 J ND 368 J 125 J 082 J

Aroclor 1242 UG/KG ND 829 J ND ND ND ND ND

Aroclor 1260 UG/KG ND ND ND ND ND 584 J ND

ORDNANCE
1,3-Dinitrobenzene UG/KG ND ND ND ND ND ND ND

(

UG/KG - microgram per kilogram

ND - I
NI - estimated/"
7]

J - value is estimated

NA - not analyzed
“scted

identification

(



OPERABLE UNIT NO. 4 (SITE 41)

)

TABLE 4-1

DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS

Client Sample ID: 41-0S-SB25-00 41-08-8B26-00 41-08-8B27-00 41-08-SB28-00 41-08-8B29-00 41-08-SB30-00 41-08-SB31-00
Laboratory Sample ID: 9402088-01A 9402088-03A 9402088-05A 9402088-08A 9402071-03 9402071-05 9402088-10A
Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"
Date Sampled: 02/05/94 02/05/94
Percent Solids: 84.6 80.6 73 82.2 88.8 83.2 69.5
UNITS
SEMIVOLATILES
1,4-Dichlorobenzene UG/KG ND ND ND ND ND ND ND
2-Methylnaphthalene UG/KG ND ND ND ND ND ND ND
Acenaphthene UG/KG ND ND ND ND ND ND ND
Anthracene UG/KG ND ND ND ND ND ND ND
Benzo[aJanthracene UG/KG ND ND ND ND ND ND ND
Benzo[a]pyrene UG/KG ND ND ND ND ND ND ND
Benzo[b]fluoranthene UG/KG ND ND ND ND ND ND ND
Benzo[g,h,i]perylene UG/KG ND ND ND ND ND ND ND
Benzo[k]fluoranthene UG/KG ND ND ND ND ND ND ND
bis(2-Chloroethyl) ether UG/KG ND ND ND 94 ND ND 59 J
bis(2-Ethythexyl)phthalate UG/KG ND ND 64 J ND ND ND ND
Carbazole UG/KG ND ND ND ND ND ND ND
Chrysene UG/KG ND ND ND ND ND ND ND
Dibenzofuran UG/KG ND ND ND ND ND ND ND
Dibenz[a,h}anthracene UG/KG ND ND ND ND ND ND ND
di-n-Butylphthalate UG/KG 86 99 J 86 J 58 ND 920 J ND
di-n-Octylphthalate UG/KG ND ND ND ND ND ND ND
Fluoranthene UG/KG ND ND ND ND ND ND ND
Fluorene UG/KG ND ND ND ND ND ND ND
Indenof[1,2,3-cd]pyrene UG/KG ND ND ND ND ND ND ND
Naphthalene UG/KG ND ND ND ND ND ND ND
Phenanthrene UG/KG ND ND ND ND ND ND ND
Pyrene UG/KG ND ND ND ND ND ND ND

NIJ - estimated/tentative identification

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected



TABLE 4-1

OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS

Client Sample ID: 41-08-8B25-00 41-08-8B26-00 41-08-SB27-00 41-08-SB28-00 41-08-SB29-00 41.08-SB30-00 41-08-SB31-00
Laboratory Sample ID: 9402088-01A 9402088-03A 9402088-05A 9402088-08A 9402071-03 9402071-05 9402088-10A
Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"
Date Sampled: 02/05/94 02/05/94
Percent Sofids: 84.6 80.6 73 82.2 88.8 83.2 69.5
UNITS
VOLATILES
Methylene chloride UG/KG ND ND ND ND ND ND ND
Acetone UG/KG ND ND ND ND ND ND ND
Toluene UG/KG 4] ND ND ND ND ND ND
PESTICIDE/PCBS
beta-BHC UG/KG ND ND ND ND ND ND ND
delta-BHC UG/KG ND 0.03 NJ ND ND ND ND ND
Lindane (gamma-BHC) UG/KG ND ND ND ND ND ND ND
Heptachlor UG/KG 03 NJ ND ND ND ND ND ND
Heptachlor epoxide UG/KG ND ND ND ND ND ND ND
Dieldrin UG/KG ND ND ND ND ND ND ND
4,4-DDE UG/KG ND 012 J 0.51 NJ ND 0.790 J 436 J ND
Endrin UG/KG ND ND ND ND ND ND ND
Endosulfan I UG/KG ND ND ND ND ND ND ND
4,4-DDD UG/KG ND 037 J ND ND ND ND ND
Endosulfan sulfate UG/KG ND ND ND ND ND ND ND
4,4-DDT UG/KG ND ND 1.7 71 2 0.410 NJ 20.1 J ND
Methoxychlor UG/KG ND ND ND ND ND ND ND
Endrin ketone UGKG ND ND ND ND ND ND ND
Endrin aldehyde UG/KG ND ND ND ND ND ND ND
alpha-Chlordane UG/KG ND 0.08 J ND ND ND ND ND
gamma-Chlordane UG/KG ND 0.06 NJ ND ND ND ND ND
Aroclor 1242 UG/KG ND ND ND ND ND ND ND
Aroclor 1260 UGKG ND ND ND ND ND ND ND
ORDNANCE
1,3-Dinitrobenzene UG/KG N/A N/A N/A N/A N/A N/A N/A
UG/KG - microgram per kilogram
I - value is estimated

- NA - not analyzed ,

ND- scted t

(im NJ - estima ¢ identification "



TABLE 4-1
OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS

Client Sample ID: 41-08-SB32-00 41-08-SB33-00 41-08-SB34-00

Laboratory Sample ID: 9402088-12A 9402071-08 9402088-15A

Depth: 0-12" 0-12" 0-12"

Date Sampled: 02/05/94
Percent Solids: 85.5 78.1 71.7
UNITS
SEMIVOLATILES

1,4-Dichlorobenzene UG/KG ND ND ND

2-Methylnaphthalene UG/KG ND ND ND

Acenaphthene UGKG ND ND ND

Anthracene UG/KG ND ND ND

Benzofajanthracene UG/KG ND ND ND

Benzo[a]pyrene UG/KG ND ND ND

Benzofb]fluoranthene UG/KG ND ND ND

Benzo[gh,ijperylene UG/KG ND ND ND

Benzofk]fluoranthene UG/KG ND ND ND
bis(2-Chioroethyl) ether UGKG ND ND 220 J

bis(2-Ethylhexyl)phthalate UGKG 47 7 ND ND

Carbazole UG/KG ND ND ND

Chrysene UG/KG ND ND ND

Dibenzofuran UG/KG ND ND ND

Dibenz[a h]anthracene UG/KG ND ND ND

di-n-Butylphthalate UG/KG 43 J ND ND

di-n-Octylphthalate UG/KG ND ND ND

Fluoranthene UG/KG ND ND ND

Fluorene UG/KG ND ND ND

Indeno1,2,3-cd]pyrene UG/KG ND ND ND

Naphthalene UG/KG ND ND ND

Phenanthrene UG/KG ND ND ND

Pyrene UG/KG ND ND ND

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected
NIJ - estimated/tentative identification



TABLE 4-1
OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS

Client Sample ID: 41-08-SB32-00 41-08-SB33-00 41-08-SB34-00

Laboratory Sample 1D: 9402088-12A 9402071-08 9402088-15A

Depth: 0-12" 0-12" 0-12"

Date Sampled: 02/05/94
Percent Solids: 85.5 78.1 71.7
UNITS
VOLATILES

Methylene chloride UG/KG ND ND ND

Acetone UG/KG 77 ND ND

Toluene UG/KG ND ND ND

PESTICIDE/PCBS

beta-BHC UG/KG ND ND ND

delta-BHC UG/KG ND ND ND

Lindane (gamma-BHC) UG/KG 022 NJ ND ND

Heptachlor UG/KG ND ND ND

Heptachlor epoxide UG/KG ND ND ND

Dieldrin UG/KG 02 NJ ND ND
4,4-DDE UG/KG 0.56 J ND 411 J

Endrin UG/KG ND ND ND

Endosulfan 1T UG/KG ND ND ND

4,4-DDD UG/KG ND ND ND

Endosulfan sulfate UG/KG 032 J ND ND
4,4-DDT UG/KG ND 0910 NJ 367 J

Methoxychlor UG/KG ND ND ND

Endrin ketone UG/KG ND ND ND

Endrin aldehyde UG/KG ND ND ND

alpha-Chlordane UG/KG ND ND ND

gamma-Chlordane UG/KG ND ND ND

Aroclor 1242 UG/KG ND ND ND

Aroclor 1260 UG/KG ND ND ND

ORDNANCE
1,3-Dinitrobenzene UG/KG N/A N/A N/A

UG/KG - microgram per kilogram
J - value is estimated

NA - not analyzed
ND- *ected
NJ - estimat, ¢ identification

(

b



TABLE 4-2
POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)

DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA

REMEDIAL INVESTIGATION
TAL INORGANICS
Client Sample ID: 41-DS-SB01-00 41-DS-SB02-00 41-DS-SB03-00 41-DS-SB04-00 41-DS-SB05-00 41-DS-SB06-00 41-DS-SB07-00 41-DS-SB08-00
Laboratory Sample ID: 9402042-10A 9402043-09 9402043-10 9402042-11A 9402042-12A 9402042-13A 9402042-14A 9402043-07
Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"
Date Sampled:
Percent Solids: 87.1 85.5 71.2 89.9 883 86.9 83 83.5
UNITS
Aluminum MG/KG 4080 J 2650 3140 1430 J 3390 J 4190 J 5850 J 5690
Antimony MG/KG ND ND 2.18 J ND ND ND ND ND
Arsenic MG/KG 0.998 ND ND ND ND ND ND ND
Barium MG/KG 432 6.53 7.47 3.78 13.6 11.9 142 13.2
Beryllium MG/KG ND ND ND ND ND ND 0.215 ND
Cadmium MG/KG ND ND ND ND ND ND ND ND
Calcium MG/KG 165 135 162 372 ND ND 66 104
Chromium MG/KG 5.44 ND 2.85 ND 2.25 2.68 6.26 5.09
Cobalt MG/KG ND ND ND ND ND ND ND ND
Copper MG/KG ND ND ND ND ND ND ND ND
Iron MG/KG 3540 J 1600 722 849 J 2080 J 1720 J 4060 J 2790
Lead MG/KG 367 ) 467 ) 9.66 J 257 ) 661 J 6.79 ) 642 J 9.09 J
Magnesium \MG/KG 923 96.3 75.6 325 64.2 85 135 181
Manganese MG/KG 1.67 J 6.27 3.63 ND 489 J 10.5 J 746 J 113
Mercury MG/KG ND 0.077 0.108 ND ND ND ND 0.074
Nickel MG/KG ND ND ND ND ND ND ND ND
Potassium MG/KG ND 201 ND ND ND ND ND 206
Selenium MG/KG ND ND ND ND ND ND ND ND
Silver MG/KG ND ND ND ND ND ND ND ND
Sodium MG/KG ND ND ND ND ND ND ND ND
Vanadium MG/KG 10.8 ND ND ND 4.62 6.32 938 6.2
Zine MG/KG 6.16 6.21 5.19 421 6.81 6.65 8.65 9.11
Total Cyanide MG/KG 115 1.17 13 1.11 1.13 1.15 1.57 1.2

MG/KG - milligram per kilogram

J - value is estimated
ND - not detected



TABLE 4-2
POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION
TAL INORGANICS

Client Sample ID: 41-DS-SB09-00 41-DS-SB10-00  41-DS-SB11-00 41-DS-SB12-00 41-0S-SB01-00 41-08-SB02-00 41-08-SB03-00 41-08-SB04-00
Laboratory Sample ID: 9402042-15A 9402042-16A 9402042-17A 9402042-18A 9402021-01 9402021-06 9402021-10 9402086-04
Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12* 0-12" 0-12"
Date Sampled:
Percent Solids; 87.5 75.7 87.5 86.8 847 86.8 82.6 90.3
UNITS
Aluminum MG/KG 2580 J 2670 J 4640 4430 J 14200 7890 6770 981
Antimony MG/KG ND ND ND ND ND ND ND ND
Arsenic MG/KG ND ND ND 1.26 2.22 179 1.73 ND
Barium MG/KG 7.28 179 812 15.9 19.1 12.1 217 3.14
BeryHium MG/KG ND ND ND ND 02 ND ND 0.221
Cadmium MG/XG ND ND ND ND ND ND ND ND
Calcium MG/KG 422 830 806 ND 1700 547 16600 297
Chromium MG/KG ND 2.63 3.76 3.86 173 9.72 9.21 239 )
Cobalt MG/KG ND ND ND ND ND ND ND ND
Copper MG/KG ND ND ND ND ND ND ND ND
Iron MG/KG 1330 J 1820 J 2040 1840 J 12200 4900 5040 451
Lead MG/KG 543 J 107 6.19 107 J 731 6.57 37.1 3.37
Magnesium MG/KG 454 79.7 75 102 358 236 468 39.3
Manganese MG/KG 606 J 6.4 10.1 932 8.84 4.68 189 2.17
Mercury MG/KG ND ND 0.106 0.115 ND ND 0.084 ND
Nickel MG/KG ND ND ND ND ND ND ND ND
Potassium MG/KG ND ND ND ND 391 298 227 ND
Selenium MG/KG ND ND ND ND ND ND ND ND
Silver MG/KG ND 183 J ND ND 0.096 ND ND ND
Sodium MG/KG ND ND ND ND ND ND ND 84.7
Vanadium MG/KG ND 5.9 6.67 5.78 263 14.1 11.7 ND
Zinc MG/KG 5.41 835 5.26 6.76 9.02 7.92 50 ND
Total Cyanide MG/KG 114 1.32 1.49 1.15 1.18 1.15 1.21 1.11

MG/KG - milligram per kilogram
J - value is estimated

ND- { ‘acted
I

i
GI\ i
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TABLE 4-2
POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)

DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA

REMEDIAL INVESTIGATION

TAL INORGANICS

Client Sample ID: 41-0S-SB05-00 41-08-SB06-00 41-08-SB07-00 41-0S-SB08-00 41-05-SB09-00 41-08-SB10-00 41-08-SB11-00 41-08-SB12-00
Laboratory Sample ID: 9402042-01A 9402086-01 9402042-05A 9402086-09 9402042-03A 9402064-04 9402086-07 9402042-08A
Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" o-12" 0-12"
Date Sampled:
Percent Solids: 91.6 88.1 86.2 86.3 89 84.3 84.8 76.8
UNITS
Aluminum MG/KG 1440 J 2710 4710 J 4070 3970 J 3320 3260 17400 J
Antimony MG/KG ND ND ND ND ND ND 2.57 ND
Arsenic MG/KG ND ND 0.721 ND ND 1.02 ND 3.54
Barium MG/KG 5.42 8.49 12.9 24.8 13.3 29.3 272 82.2
Beryllium MG/KG ND ND 0.208 0.188 ND 0.295 ND 0.238
Cadmium MG/KG ND ND ND 1.23 ND ND 1.84 7.44
Calcium MG/KG 251 4700 1170 1590 2060 4750 1190 8970
Chromium MG/KG 2.19 405 J 8.77 732 542 747 1 834 J 414
Cobalt MG/KG ND ND ND ND ND ND ND 6.46
Copper MG/KG ND 64 4.17 12,9 7.42 44.5 30.7 132
Iron MG/KG 1060 J 2050 5970 J 6590 3040 J 4660 4800 91600 J
Lead MG/KG 443 ) 12.7 9.56 J 523 66.7 J 212 101 341 J
Magnesium MG/KG 43.6 130 157 144 156 221 104 426
Manganese MG/KG 185 J 6.65 7117 373 125 J 30.6 55.8 6000 J
Mercury MG/KG ND ND ND 0.205 ND 0.073 0.316 0.768
Nickel MG/KG ND ND ND ND ND ND ND 353
Potassium MG/KG ND ND ND ND ND ND ND 196
Selenium MG/KG ND 0.357 ND ND ND 0.467 ND ND
Silver MG/KG ND ND ND ND ND ND ND 0.903 J
Sodium MG/KG ND 86.8 ND 88.6 ND 142 192 230
Vanadium MG/KG ND 591 17.9 7.69 8.01 9.16 9.4 27
Zinc MG/KG 4.89 114 8.58 163 348 158 196 14600
Total Cyanide MG/KG 1.09 1.14 1.16 116 1.12 1.19 1.18 1.32

MG/KG - milligram per kilogram

J - value is estimated
ND - not detected



TABLE 4-2

POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA

REMEDIAL INVESTIGATION

TAL INORGANICS

Client Sample ID: 41-0S-SB13-00 41-08-SB14-00 41-08-SB15-00 41-08-SB16-00 41-08-SB17-00 41-0S-SB18-00 41-0S-SB15-00 41-08-8B20-00
Laboratory Sample ID: 9402052-08 9402064-01 9402070-01 9402043-05 9402052-03 9402061-01 9402043-03 940205204
Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"
Date Sampled:
Percent Solids: 87.1 81.9 83.8 83.6 83.9 §8.2 84.2 82.7
UNITS
Aluminum MG/KG 1510 2830 2860 4250 12800 3060 4980 5140
Antimony MG/KG ND ND ND ND ND ND ND ND
Arsenic MG/KG ND 114 J 1.16 ND 4.42 0.819 192 1.51
Barium MG/KG b)) 173 14.1 9.84 25.5 133 16.4 14.1
Beryllium MG/KG ND 0.344 0.322 ND 0.191 ND ND ND
Cadmium MG/KG ND ND ND ND 0.854 ND ND 1.48
Calcium MG/KG 117 612 1240 685 40300 306 3020 1250
Chromium MG/KG 2.68 295 J 708 J 5.22 20.3 4.67 18.2 8.51
Cobalt MG/KG ND ND ND ND ND ND ND ND
Copper MG/KG ND 10.2 7.42 ND 136 J 14 ) 20.6 9.08 J
Iron MG/KG 397 43520 3980 2580 12100 2760 12400 4080
Lead MG/KG 6.38 59.7 52.8 143 J 116 17.3 231 ) 30.1
Magnesium | MGG 53.1 502 99.2 158 1100 106 202 211
Manganese MG/KG 1.69 434 12.4 5.19 41.9 7.67 53.8 22.8
Mercury MG/KG 0.086 0.129 ND 0.081 0.187 ND 0.105 ND
Nickel MG/KG ND 7.48 ND ND 7.36 ND 741 ND
Potassium MG/KG ND ND ND ND 547 ND 259 245
Selenium MG/KG ND ND 0.596 ND ND ND ND ND
Silver MG/KG ND ND ND ND ND ND ND ND
Sodium MG/KG ND ND ND 174 ND ND ND ND
Vanadium MG/KG ND 39.8 7.93 9.68 24.8 735 8.26 10.7
Zinc MG/KG 131 ) 62.6 316 15.2 946 J 333 J 121 476 J
Total Cyanide MG/KG 1.15 1.22 119 1.2 1.19 1.13 L19 1.21

¢

MG/KG - mitligram per kilogram

J - value is estimated

ND- ‘; scted
Iili
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TABLE 4-2

POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)
DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA

REMEDIAL INVESTIGATION
TAL INORGANICS
Client Sample ID: 41-08-SB21-00 41-08-SB22-00 41-08-SB23-00 41.08-SB24-00 41-08-SB25-00 41-08-SB26-00 41-0S-SB27-00 41-08-SB28-00
Laboratory Sample ID: 9402052-05 9402061-04 9402043-01 9402061-07 9402088-01A 9402088-03A 9402088-05A 9402088-08A
Depth: 0-12* 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"
Date Sampled:
Percent Solids: 89 84.5 85.8 83.8 84.6 80.6 73 82.2
UNITS
Aluminum MG/KG 2990 5640 4500 4160 6280 878 6300 1190
Antimony MG/KG ND ND ND ND ND ND ND ND
Arsenic MG/KG ND 0.909 0.68 2.52 0.797 ND 0.671 ND
Barium MG/KG 29 163 13.8 13.9 10.5 3.22 217 19.8
Beryllium MG/KG ND 0.187 ND ND ND ND ND ND
Cadmium MG/KG ND ND ND ND ND ND ND ND
Calcium MG/KG 329 715 8380 2930 56.7 174 2990 894
Chromium MG/KG 3.68 6.67 n 724 893 J 279 J 796 1 321
Cobalt MG/KG ND ND ND ND ND ND ND ND
Copper MG/KG ND ND ND 463 J ND ND ND ND
Iron MG/KG 584 3030 4570 4510 4950 J 676 .J 3190 J 481 J
Lead MG/KG 2.7 157 229 7 23.1 926 J 7.06 J 275 J 931 J
Magnesium MG/KG 944 215 276 268 162 28.1 277 88.3
Manganese MG/KG ND 114 13.7 153 246 1.97 30.6 8.52
Mercury MG/KG 0.098 ND 0.1 ND ND ND 0.105 0.074
Nickel MG/KG ND ND ND ND ND ND ND ND
Potassium MG/KG ND 184 254 186 299 ND 317 ND
Selenium MG/KG ND ND ND ND ND ND ND ND
Silver MG/KG ND ND ND ND ND ND ND ND
Sodium MG/KG ND ND 120 ND ND ND ND ND
Vanadium MG/KG ND 6.8 8.62 9.95 13.9 ND 9.96 ND
Zine MG/KG 377 1 285 ¥ 264 217 ND ND 39.5 ND
Total Cyanide MG/KG 1.12 1.18 1.16 1.19 1.18 1.24 137 1.22

MG/KQG - milligram per kilogram

J - value is estimated
ND - not detected
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TABLE 4-2

POSITIVE DETECTION SUMMARY

OPERABLE UNIT NO. 4 (SITE 41)

DOWNSLOPE AND ONSITE SURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA

REMEDIAL INVESTIGATION

TAL INORGANICS

Client Sample ID: 41-08-5B2%-00 41-08-SB30-00 41-08-SB31-00 41-08-SB32-00 41-08-SB33-00 41-08-SB34-00
Laboratory Sample ID: 9402071-03 9402071-05 9402088-10A 9402088-12A 9402071-08 9402088-15A
Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"
Date Sampled: 02/05/94 02/05/94 02/05/94
Percent Solids: 88.8 83.2 69.5 85.5 78.1 71.7
UNITS
Aluminum MG/KG 2760.0 J 60900 J 3620 930 31500 J 2900
Antimony MG/KG ND ND ND ND ND ND
Arsenic MG/KG ND ND ND ND ND ND
Barium MG/KG 7.52 9.04 278 5.69 11.2 9.12
Beryllium MG/KG ND 0.206 ND ND ND ND
Cadmium MG/KG ND ND ND ND ND ND
Calcium MG/KG ND 158.0 3190 329 179.0 745
Chromium MG/KG ND 7.84 4.09 J ND 380 353 J
Cobalt MG/KG ND ND ND ND ND ND
Copper MG/KG ND ND 5.38 ND ND ND
Iron MG/KG 1350.0 J 48100 J 1230 J 874 J 19800 J 1150 J
Lead MG/KG 3.05 3.48 127 ) 153 J 71.73 158 J
Magnesium MG/KG 51.0 167.0 203 51.4 133.0 55.7
Manganese MG/KG 4.08 J 350 ) 56.4 4.76 454 ) 9.46
Mercury MG/KG ND ND 0.097 ND ND ND
Nickel MG/KG ND ND ND ND ND ND
Potassium MG/KG ND ND ND ND ND ND
Selenium MG/KG ND ND ND ND ND ND
Silver MG/KG ND ND ND ND ND ND
Sodium MG/KG ND ND ND ND ND ND
Vanadium MG/KG ND 13.6 ND ND ND ND
Zinc MG/KG 398 7.62 285 13.1 26.4 49.5
Total Cyanide MG/KG L13 1.20 1.44 117 1.28 1.29

MG/KG - milligram per kilogram
J - value is estimated

ND- ‘;" ‘ected ‘Iml
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TABLE 4-3

POSITIVE DETECTION SUMMARY

OPERABLE UNIT NO. 4 (SITES 41, 69, AND 74)
SITE - BACKGROUND SURFACE SOILS
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS

Client Sample ID: 41-BB-SB01-00 41-BB-SB02-00 41.BB-SB03-00 41-BB-$B04-00 69-BB-SB02-00 69-BB-SB03-00  74-BB-SB02-00

Laboratory Sample ID: 9402043-12 9402043-13 9402043-14 9402043-15 9401055-04A 9401055-05A 9401138-15

Depth: 0-12" 0-12" 0-12" 0-12* 0-12 0-12" 0-12"

Date Sampled: 02/02/94 02/02/94 02/02/94 02/02/94 01/08/94 34342 01/23/94

Percent Solids: 81.4 91.4 90.5 84.0 84.5 83.0 85.5

UNITS
SEMIVOLATILES

2-Chloronaphthalene UG/KG ND 2800 J ND ND ND ND ND

bis(2-Ethylhexyl)phthalate  UG/KG ND ND 390 J ND ND ND ND

Diethylphthalate UG/KG ND ND 2100 J ND ND ND ND

PESTICIDES

4,4-DDE UG/KG 490 J ND ND 262 J 120 J 684 J 213 J

Endosulfan 1T UG/KG 2.76 NJ ND ND ND ND ND ND

4,4-DDD UG/KG 342 J ND ND ND ND ND ND

4,4-DDT UG/KG 633 J ND ND 181 J ND 404 J ND

Endrin ketone UG/KG 170 NJ ND ND ND ND ND ND

ND - not detected

UG/KG - microgram per kilogram
J - value is estimated

NJ - estimated/tentative identification



POSITIVE DETECTION SUMMARY

TABLE 4-3

OPERABLE UNIT NO. 4 (SITES 41, 69, AND 74)

SITE - BACKGROUND SURFACE SOILS

MCB CAMP LEJEUNE, NORTH CAROLINA

REMEDIAL INVESTIGATION - CTO-0212

ORGANICS
Client Sample ID: 74-BB-SB03-00 74-BB-SB04-00
Laboratory Sample ID: 9401138-16 9401138-17
Depth: 0-12" 0-12"
Date Sampled: 01/23/94 01/23/94
Percent Solids: 923 82.4
UNITS
SEMIVOLATILES
2-Chloronaphthalene UG/KG ND ND
bis(2-Ethylhexyl)phthalate UG/KG ND ND
Diethylphthalate UG/KG ND ND
PESTICIDES
4,4-DDE UG/KG 0850 J 231 )
Endosulfan I UG/KG ND ND
4,4-DDD UG/KG ND ND
4,4-DDT UG/KG ND ND
Endrin ketone UG/KG ND ND

UG/KG - microgram per kilogram

J - value is estimated
ND - not detected

NJ- &stimated/t(' ‘¢ identification
is

¢
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TABLE 4-4
POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITES 41, 69, AND 74)
SITE - BACKGROUND SURFACE SOILS
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

TAL INORGANICS
Client Sample ID: 41-BB-SB01-00 41-BB-8B02-00 41-BB-SB03-00 41-BB-SB04-00 69-BB-SB01-00 69-BB-SB02-00 69-BB-SB03-00
Laboratory Sample ID: 9402043-12 9402043-13 9402043-14 9402043-15 9401055-03A 9401055-04A 9401055-05A
Depth: 0-12" 0-12" 0-12" 0-12" 0-12" 0-12" 0-12"
Date Sampled: 02/02/94 02/02/94 02/02/94 02/02/94 01/08/94 34342 34342
Percent Solids: 81.4 91.4 90.5 84.0 93.0 84.5 83.0
UNITS
Aluminum MG/KG 528.0 1430.0 21000 5370.0 1310.0 4150.0 9370.0
Antimony MG/KG 207 7 ND ND ND ND ND ND
Arsenic MG/KG ND ND ND ND ND ND 0.790
Barium MG/KG ND 4.06 4.53 13.4 5.60 154 19.6
Calcium MG/KG ND 54.6 792 46.3 282 43.6 2820
Chromium MG/KG ND ND 2.64 324 ND 4.00 J 125 J
Copper MG/KG ND 87.2 ND ND ND ND ND
Iron MG/KG 83.0 970.0 1120.0 2160.0 425.0 14300 9640.0
Lead MG/KG 2.59 ) 10.9 298 J 6.61 2.80 6.00 5.30
Magnesium MG/KG ND 39.1 740 144.0 373 91.8 610.0
Manganese MG/KG ND 10.2 116 11.8 15.1 12.7 123
Mercury MG/KG ND 0.078 0.057 0.080 ND 0.060 ND
Nickel MG/KG ND ND ND ND 2.90 ND ND
Potassium MG/KG ND ND 190.0 177.0 ND ND 361.0 J
Silver MG/KG ND ND ND ND ND ND 430 J
Sodium MG/KG ND ND ND ND ND ND ND
Vanadium MG/KG ND ND ND ND ND ND 13.5
Zinc MG/KG 2.66 6.11 3.97 7.15 3.10 5.20 10.8
Total Cyanide MG/KG 1.23 1.09 110 119 2.20 2,40 2.40

MG/KG - milligram per kilogram
J - value is estimated
ND - not detected



TABLE 4-4
POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITES 41, 69, AND 74)
SITE - BACKGROUND SURFACE SOILS
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0-0212

TAL INORGANICS

Client Sample ID: 69-BB-SB04-00 74-BB-SB01-00 74-BB-§B02-00 74-BB-SB03-00 74-BB-SB04-00
Laboratory Sample ID: 9401055-06A 9401138-14 9401138-15 9401138-16 9401138-17
Depth: 0-12" 0-12" 0-12" 0-12" 0-12°
Date Sampled: 01/08/94 01/23/94 01/23/94 01/23/94 01/23/94

Percent Solids: 83.4 87.2 85.5 92.3 82.4

UNITS

Aluminum MG/KG 5360.0 31100 1730.0 1000.0 2100.0
Antimony MG/KG ND ND ND ND ND
Arsenic MG/KG ND ND ND ND ND

Barium MG/KG 20.8 111 ND 3.12 16.0

Calcium MG/KG 530 181.0 46.9 43.9 3770

Chromium MG/KG 5.80 J ND 270 ND 1.98
Copper MG/KG ND 4.56 3.92 ND ND

Iron MG/KG 3890.0 1740.0 401.0 787.0 1640.0

Lead MG/KG 5.60 .19 7 3.79 114 J 1420 J

Magnesium MG/KG 247.0 70.0 375 16.1 52.5

Manganese MG/KG 8.30 9.44 3.13 7.37 4.61
Mercury MG/KG ND ND ND ND ND
Nickel MG/KG ND ND ND ND ND
Potassium MG/KG 106.0 J ND ND ND ND
Silver MG/KG 0390 J ND ND ND ND

Sodium MG/KG ND 70.4 71.8 87.6 1220

Vanadium MG/KG 5.60 5.21 ND ND 4.69
Zinc MG/KG 7.90 ND ND ND ND

Total Cyanide MG/KG 2.40 1.15 1.17 1.08 1.21

MG/KG - milligram per kitogram
J - value is estimated

ND- ‘ ‘ected
i



TABLE 4-5

COMPARISON OF INORGANIC LEVELS IN SURFACE SOILS

AT SITE 41 TO BACKGROUND LEVELS
REMEDIAL INVESTIGATION - CTO - 0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Site 41 Site Background Base Background

(mg/kg) (mg/kg) (ugke)
Aluminum 878 - 17,400 528 - 5,370 17.7-9,570
Antimony 2.18-2.57 207-2.07 033-8
Arsenic 0.671-4.42 ND 0.065-3.9
Barium 3.14-822 4.06-134 0.65-20.8
Beryllium 0.187-0.344 ND 0.02-0.26
Cadmium 0.854-7.44 ND 0.04-06
Calcium 32.9-40,300 46.3 - 54.6 425-10,700
Chromium 2.19-414 2.64-3.24 0.33-125
Cobalt 6.46 - 6.46 ND 0.185-2.355
Copper 4.17-132 87.2-872 05-872
Iron 397 - 91,600 83 -2,160 69.7 - 9,640
Lead 2.57-341 2.59-10.9 0.47- 142
Magnesium 28.1-1,100 39.1- 144 2.55-610
Manganese 1.67 - 6,000 102-11.8 0.87 - 66
Mercury 0.056 - 0.768 0.057 - 0.080 0.01 - 0.08
Nickel 7.36-35.3 ND 0.6 -3.55
Potassium 184 - 547 177-190 1-416
Selenium 0.357 - 0.596 ND 0.075-1.3
Silver 0.096 - 18.3 ND 0.0435-43
Sodium 84.7-230 ND 4.7-126
Vanadium 4.62-398 ND 0.305-182
Zinc 3.77 - 14,600 2.66-7.15 03-283
Total Cyanide 1.09-1.57 1.09-1.23 0.265-24

ND = Nondetect
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TABLE 4-6

POSITIVE DETECTION SUMMARY

OPERABLE UNIT NO. 4 (SITE 41)
ONSITE SUBSURFACE SOIL

MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0-0212

ORGANICS
Client Sample ID: 41-08-SB01-02 41-08-SB01-05 41-08-SB02-02 41-08-8B02-03 41-08-SB03-01 41-08-SB04-02 41-0S-SB04-03
Laboratory Sample ID: 940202102 9402021-03 9402021-08 940202109 9402021-11 9402086-05 9402086-06
Depth: 3.5 9-11' 3-5 5-T 1.3 3-5 5T
Date Sampled:
Percent Solids: 834 88.8 88 931.5 82.8 87.6 78.1
UNITS
SEMIVOLATILES

1,4-Dichlorobenzene UG/KG ND ND ND ND ND ND ND
2-Methyinaphthalene UG/KG ND ND ND ND ND ND ND
4-Chloro-3-methylphenol UG/KG ND ND ND ND ND ND ND
4-Methylphenol UG/KG ND ND ND ND ND ND ND
Acenaphthene UG/KG ND ND ND ND ND ND ND
Benzo[ajanthracene UG/KG ND ND ND ND ND ND ND
Benzofa]pyrene UG/KG ND ND ND ND ND ND ND
Benzofb]fluoranthene UGKG ND ND ND ND ND ND ND
Benzofg,h,i]perylene UG/KG ND ND ND ND ND ND ND
Benzo{k]fluoranthene UG/KG ND ND ND ND ND ND ND
bis(2-Chloroethyl) ether UG/KG ND ND ND ND 800 ND ND

bis(2-Ethylhexyl)phthalate UG/KG 230 J ND 40 J 39 ND ND 61
Butyl benzy! phthalate UG/KG ND ND ND ND ND ND ND
Carbazole UG/KG ND ND ND ND ND ND ND
Chrysene UG/KG ND ND ND ND ND ND ND
Dibenzofuran UG/KG ND ND ND ND ND ND ND
Diethylphthalate UG/KG ND ND ND ND ND ND ND

di-n-Butylphthalate UG/KG 200 J 180 J 230 J 871 110 J 43 69
di-n-Octylphthalate UG/KG ND ND ND ND ND ND ND
Fluoranthene UG/KG ND ND ND ND ND ND ND
Fluorene UG/KG ND ND ND ND ND ND ND
Indeno[1,2,3-cd]pyrene UG/KG ND ND ND ND ND ND ND
Naphthalene UG/KG ND ND ND ND ND ND ND
N-nitrosodiphenylamine UG/KG ND ND ND ND ND ND ND
Phenanthrene UG/KG ND ND ND ND ND ND ND
Pyrene UG/KG ND ND ND ND ND ND ND

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected
NI - estimated/tentative identification



TABLE 4-6

POSITIVE DETECTION SUMMARY

OPERABLE UNIT NO. 4 (SITE 41)
ONSITE SUBSURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS

Client Sample ID: 41-08-SB01-02 41-08-SB01-05 41-08-SB02-02 41-08-SB02-03 41-08-SB03-01 41-08-SB04-02 41-0S-SB04-03

Laboratory Sample ID: 9402021-02 9402021-03 9402021-08 9402021-09 9402021-11 9402086-05 9402086-06

Depth: 3.5 9-11' 3-5 5-T 1-3 3.5 5.7

Date Sampled:
Percent Solids: 834 88.8 88 93.5 82.8 87.6 78.1
UNITS
VOLATILES

Chloromethane UG/KG 37 27 ND ND ND ND ND
Methylene chloride UG/KG ND ND ND ND ND s 713
Acetone UG/KG ND ND 9] 117J ND 54 J 62 J

2-Butanone UG/KG ND ND ND ND ND ND ND

Trichloroethene UG/KG ND ND 17 ND ND ND ND

Benzene UG/KG ND ND ND ND ND ND ND

Chlorobenzene UG/KG ND ND ND ND ND ND ND

Ethylbenzene UG/KG ND ND ND ND ND ND ND

PESTICIDE/PCBS

beta-BHC UG/KG ND ND ND ND ND ND ND

delta-BHC UG/KG ND ND ND ND ND ND ND

Lindane (gamma-BHC) UG/KG ND ND ND ND ND ND ND

Heptachlor UG/KG ND ND ND ND 18 ND ND

Aldrin UG/KG ND ND ND ND ND ND ND

Heptachlor epoxide UG/KG ND ND ND ND 11.5 J ND ND

Endosulfan I UG/KG ND ND ND ND ND ND ND
Dieldrin UG/KG ND ND ND ND ND ND 757 7

4,4-DDE UG/KG ND ND ND ND 381 ND 4.78 NJ

Endrin UG/KG ND ND ND ND 425 NJ ND ND
Endosulfan II UG/KG ND ND ND ND ND ND 10 J
4,4-DDD UG/KG ND ND ND ND ND ND 115 J

4,4-DDT UG/KG ND ND ND ND 46 J ND ND

Methoxychlor UG/KG ND ND ND ND ND ND ND

Endrin ketone UG/KG ND ND ND ND ND ND ND

’\

UG/KG - microgram per kilogram
J - value is estimated

NA- not analyzed
ND. cted
NJ - estimate i, ¢ identification
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TABLE 4-6

POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)

ONSITE SUBSURFACE SOIL

MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS
Client Sample ID: 41-08-SB01-02 41-08-8B01-0S 41-0S8-5B02-02 41-08-SB02-03 41-08-SB03-01 41-0S-SB04-02 41-08-SB04-03
Laboratory Sample ID: 9402021-02 940202103 9402021-08 9402021-09 9402021-11 9402086-05 9402086-06
Depth: 3.5 9-11' 3-5 5T 1.3 3.5 5-7
Date Sampled:
Percent Solids: 83.4 88.8 88 93.5 82.8 87.6 78.1
UNITS
PESTICIDE/PCBS Cont.
Endrin aldehyde UGKG ND ND ND ND ND ND ND
alpha-Chlordane UG/KG ND ND ND ND 160 J ND 294 NJ
gamma-Chlordane UG/KG ND ND ND ND 170 J ND ND
Aroclor 1254 UG/KG ND ND ND ND ND ND ND
Aroclor 1260 UG/KG ND ND ND ND ND ND ND
CHEMICAL SURETY
Acetophenone UG/KG ND ND ND ND ND ND ND

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected
NJ - estimated/tentative identification



TABLE 4-6

POSITIVE DETECTION SUMMARY

OPERABLE UNIT NO. 4 (SITE 41)
ONSITE SUBSURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0-0212

ORGANICS
Client Sample ID: 41-05-SB05-01 41-08-SB06-01 41-08-SB06-03 41-08-SB07-01 41-08-SB07-02 41-08-SB08-01 41-08-SB09-01
Laboratory Sample 1D: 9402042-02A 9402086-02 9402086-03 9402042-06A 9402042-07A 9402086-10 9402042-04A.
Depth: 1-3 1-3' 5-T 1.3' 3.5 1-3 13
Date Sampled:
Percent Solids: 874 89.3 87.1 89.9 81 88.7 88.5
UNITS
SEMIVOLATILES
1,4-Dichlorobenzene UG/KG ND ND ND ND ND ND ND
2-Methylnaphthalene UG/KG ND ND ND ND ND ND ND
4-Chloro-3-methylphenol UGKG ND ND ND ND ND ND ND
4-Methylphenol UG/KG ND ND ND ND ND ND ND
Acenaphthene UG/KG ND ND ND ND ND ND ND
Benzo[a)anthracene UG/KG ND ND ND ND ND ND ND
Benzo[a]pyrene UG/KG ND ND ND 240 J 1060 ND ND
Benzo[b]flucranthene UG/KG ND ND ND ND ND ND ND
Benzo[gh,i]perylene UG/KG ND ND ND ND ND ND ND
Benzo[k}fluoranthene UG/KG ND ND ND ND ND ND ND
bis(2-Chloroethyl) ether UG/KG ND ND ND ND ND ND ND
bis(2-Ethylhexyl)phthalate UG/KG ND 55 49 J ND ND 150 J ND
Buty] benzy! phthalate UG/KG ND ND ND ND ND ND ND
Carbazole UG/KG ND ND ND ND ND ND ND
Chrysene UG/KG ND ND ND ND ND ND ND
Dibenzofuran UG/KG ND ND ND ND ND ND ND
Diethylphthalate UGKG ND ND ND ND ND ND ND
di-n-Butylphthalate UGKG ND 52 46 J ND ND 737 ND
di-n-Octylphthalate UG/KG ND ND ND ND ND ND ND
Fluoranthene UG/KG ND ND ND ND ND ND ND
Fluorene UG/KG ND ND ND ND ND ND ND
Indeno([1,2,3-cd]pyrene UGKG ND ND ND ND ND ND ND
Naphthalene UGKG ND ND ND ND ND ND ND
N-nitrosodiphenylamine UG/KG ND ND ND ND ND ND ND
Phenanthrene UG/KG ND ND ND ND ND 40 J ND
Pyrene UG/KG ND ND ND ND ND ND ND

¢

UG/KG - microgram per kilogram
J - value is estimated

NA - not analyzed
ND ‘ected
NI - estima ¢ identification



POSITIVE DETECTION SUMMARY
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TABLE 4-6

OPERABLE UNIT NO. 4 (SITE 41)
ONSITE SUBSURFACE SOIL

MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0O-0212

)

ORGANICS

Client Sample ID: 41-08-SB05-01 41-08-SB06-01 41-08-SB06-03 41-08-SB07-01 41-08-SB07-02 41-08-SB08-01 41-08-SB09-01

Laboratory Sample ID: 9402042-02A 9402086-02 9402086-03 9402042-06A. 9402042-07A 9402086-10 9402042-04A

Depth: 13 1-3 5-7 1-3' 3.5 13 1-3'

Date Sampled:
Percent Solids: 87.4 89.3 87.1 89.9 81 88.7 88.5
UNITS
VOLATILES

Chloromethane UG/KG ND ND ND ND ND ND ND
Methylene chloride UG/KG ND ND 317 3 ND ND 4]
Acetone UG/KG ND 74 J 1500 J 51 54 ) 4 67 J

2-Butanone UG/KG ND ND ND ND ND ND ND

Trichloroethene UG/KG ND ND ND ND ND ND ND

Benzene UG/KG ND ND ND ND 17 ND. ND
Chlorobenzene UG/KG ND ND 71 ND 39 ND 47

Ethylbenzene UG/KG ND ND 77 ND ND ND ND

PESTICIDE/PCBS

beta-BHC UG/KG ND ND ND ND ND ND ND

delta-BHC UG/KG ND ND ND ND ND ND ND

Lindane (gamma-BHC) UG/KG ND ND 119 J ND ND ND ND

Heptachlor UG/KG ND ND 131 J ND ND ND ND

Aldrin UG/KG ND ND 128 J ND ND ND ND

Heptachlor epoxide UG/KG ND ND ND ND ND ND ND

Endosulfan I UG/KG ND ND ND ND ND ND ND

Dieldrin UG/KG ND 032 J 276 J ND ND 327 NJ 042 NJ
4,4-DDE UG/KG ND 039 J ND ND ND 103 J 032 NIJ

Endrin UG/KG ND ND 283 J ND ND 1.14 NJ ND
Endosulfan I UG/KG ND ND ND ND ND 422 ] 087 J
4,4-DDD UG/KG ND 152 ) 082 J ND ND 558 NJ 123 ]

4,4-DDT UG/KG ND ND 297 J ND ND ND ND

Methoxychlor UG/KG ND ND ND ND ND ND ND

Endrin ketone UG/KG ND ND 086 J ND ND ND ND

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected
NJ - estimated/tentative identification




TABLE 4-6
POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)
ONSITE SUBSURFACE SOIL
MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS
Client Sample ID: 41-08-SB05-01 41-08-8B06-01 41-08-SB06-03 41-08-SB07-01 41-08-SB07-02 41-08-SB08-01 41-08-SB09-01
Laboratory Sample ID: 9402042-02A 9402086-02 9402086-03 9402042-06A 9402042-07A 9402086-10 9402042-04A
Depth: 1-3 13 57 1-3 3-8 1-3 13
Date Sampled:
Percent Solids: 874 89.3 87.1 89.9 81 88.7 88.5
UNITS
PESTICIDE/PCBS Cont.
Endrin aldehyde UG/KG ND ND 0.86 J ND ND ND ND
alpha-Chlordane UG/KG ND 029 J ND ND ND 0.74 J 053 J
gamma-Chlordane UG/KG ND 031 J ND ND ND 0.54 J ND
Aroclor 1254 UG/KG ND ND ND ND ND ND ND
Aroclor 1260 UG/KG ND ND ND ND ND ND ND
CHEMICAL SURETY
Acetophenone UG/KG ND ND ND ND ND ND ND

UG/KG - microgram per kilogram
J - value is estimated

NA - not analyzed
ND- scted
NJ - estima . identification
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TABLE 4-6

OPERABLE UNIT NO. 4 (SITE 41)
ONSITE SUBSURFACE SOIL

MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS
Client Sample ID: 41-08-SB10-01 41-08-SB11-01 41-08-SB12-02 41-08-SB14-01 41-08-SB14-02 41-08-SB15-01 41-08-SB15-02
Laboratory Sample ID: 9402064-06 9402086-08 9402042-09A 9402064-02 9402064-03 9402070-02 9402070-03
Depth: 1-3 1-3' 3-5 1.3' 3-5 1-3' 3.5
Date Sampled:
Percent Solids: 87.8 82.4 82.7 88.6 92.8 86.6 87
UNITS
SEMIVOLATILES
1,4-Dichlorobenzene UG/KG ND ND ND ND ND ND ND
2-Methylnaphthalene UG/KG ND ND 41 J ND ND ND ND
4-Chloro-3-methylphenol UG/KG ND ND ND ND ND ND ND
4-Methylphenol UG/KG ND ND ND ND ND ND ND
Acenaphthene UG/KG ND ND 130 J ND ND ND ND
Benzo{a]anthracene UG/KG ND ND ND ND ND ND ND
Benzo[a]pyrene UG/KG ND ND ND 4700 J ND ND ND
Benzo{b]fluoranthene UG/KG ND ND ND ND ND ND ND
Benzo[g h,i]perylene UG/KG ND ND ND 4600 J ND 41 ND
Benzo[k]fluoranthene UG/KG ND ND ND ND ND ND ND
bis(2-Chloroethyl) ether UG/KG ND ND ND ND ND 79 ND
bis(2-Ethylhexyl)phthalate UG/KG 67 105 J ND 7200 J ND 490 74 ]
Butyl benzyl phthalate UG/KG ND ND ND ND ND ND ND
Carbazole UG/KG ND ND 66 J ND ND ND ND
Chrysene UG/KG ND ND ND ND ND ND ND
Dibenzofuran UG/KG ND ND 48 J ND ND ND ND
Diethylphthalate UG/KG ND ND ND ND ND ND ND
di-n-Butylphthalate UG/KG 51 ND ND ND ND ND ND
di-n-Octylphthalate UG/KG ND ND 67 J ND ND ND ND
Fluoranthene UG/KG ND ND ND ND ND ND ND
Fluorene UG/KG ND ND 120 J ND ND ND ND
Indeno{1,2,3-cd]pyrene UG/KG ND ND ND ND ND ND ND
Naphthalene UG/KG ND ND ND ND ND ND ND
N-nitrosodiphenylamine UG/KG ND ND ND ND ND ND ND
Phenanthrene UG/KG ND ND ND ND ND ND ND
Pyrene UG/KG ND ND ND ND ND ND 63 J

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected
NI - estimated/tentative identification



TABLE 4-6
POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)
ONSITE SUBSURFACE SOIL

MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CT0-0212

ORGANICS
Client Sample ID: 41-08-SB10-01 41-08-SB11-01 41-08-SB12-02 41-08-SB14-01 41-08-SB14-02 41-08-SB15-01 41-08-SB15-02
Laboratory Sample ID: 9402064-06 9402086-08 9402042-09A 9402064-02 9402064-03 9402070-02 9402070-03
Depth: 1-3' 1-3 3-5 1-3 3.5 1-3' 3-5
Date Sampled:
Percent Solids: 878 824 82.7 886 92.8 86.6 87
UNITS
VOLATILES
Chloromethane UG/KG ND ND ND ND ND ND ND
Methylene chloride UG/KG ND ND 4] 26 J 217 3 ND
Acetone UG/KG ND 160 J 24 J 3800 J 960 ND 72
2-Butanone UG/KG ND ND ND ND ND ND ND
Trichloroethene UG/KG ND ND ND ND ND ND ND
Benzene UG/KG ND ND ND ND ND ND ND
Chlorobenzene UG/KG ND ND ND ND ND ND 4]
Ethylbenzene UG/KG ND ND ND ND ND ND ND
PESTICIDE/PCBS
beta-BHC UG/KG ND ND ND 217 ) ND ND ND
delta-BHC UG/KG ND ND ND ND ND ND ND
Lindane (gamma-BHC) UG/KG ND ND ND ND ND ND ND
Heptachlor UG/KG ND ND 161 J ND ND ND ND
Aldrin UG/KG ND ND ND ND ND ND ND
Heptachlor epoxide UG/KG ND ND ND ND ND 04 J ND
Endosulfan 1 UG/KG ND ND ND ND ND ND ND
Dieldrin UG/KG ND 271 ] ND 195 NJ 0.48 NJ ND ND
4,4-DDE UG/KG 595 J 174 J 296 J 396 J 248 J ND 126 J
Endrin UG/KG ND 596 NJ ND ND ND ND ND
Endosulfan IT UG/KG ND 252 NJ ND ND 0.92 NJ ND ND
4,4-DDD UG/KG ND 254 NJ 085 NJ 147 ) 212 J ND 108 J
4,4-DDT UG/KG ND ND ND 302 ¥ 496 J ND ND
Methoxychlor UG/KG ND ND ND ND 547 NJ ND ND
Endrin ketone UG/KG ND ND ND ND ND ND ND
UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed )
‘j ND- ‘ected ‘
\ NJ - estimate e identification i



POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)
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TABLE 4-6

ONSITE SUBSURFACE SOIL

MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS
Client Sample ID: 41-0S-SB10-01 41-08-SB11-01 41-08-SB12-02 41-08-§B14-01 41-08-SB14-02 41-08-SB15-01 41-08-SB15-02
Laboratory Sample ID: 9402064-06 9402086-08 9402042-09A 9402064-02 9402064-03 9402070-02 9402070-03
Depth: 1-3' 1-3' 3-5 1.3 3-5 1.3 3-5
Date Sampled:
Percent Solids: 87.8 82.4 82.7 88.6 92.8 86.6 87
UNITS
PESTICIDE/PCBS Cont,
Endrin aldehyde UG/KG ND ND ND ND ND ND ND
alpha-Chlordane UG/KG ND 681 J ND ND ND ND ND
gamma-Chlordane UG/KG ND 1.03 J ND ND ND 062 J ND
Aroclor 1254 UGKG ND ND ND ND ND ND ND
Aroclor 1260 UG/KG ND ND ND ND ND ND ND
CHEMICAL SURETY
Acetophenone UG/KG ND ND ND ND ND ND ND

UG/KG - microgram per kilogram
J - value is estimated
NA - not analyzed
ND - not detected
NJ - estimated/tentative identification



TABLE 4-6
POSITIVE DETECTION SUMMARY
OPERABLE UNIT NO. 4 (SITE 41)
ONSITE SUBSURFACE SOIL

MCB CAMP LEJEUNE, NORTH CAROLINA
REMEDIAL INVESTIGATION - CTO-0212

ORGANICS
Client Sample ID: 41.08-SB16-01 41-08-SB17-01 41-08-SB17-02 41-08-SB18-01 41-08-SB19-01 41-08-SB21-01 41-08-SB21-02
Laboratory Sample ID: 9402043-06 9402052-01 9402052-02 9402061-03 9402043-04 9402052-06 9402052-07
Depth: 1-3' 1-3 3.5 1.3' 1-3' 1-3' 3.5
Date Sampled:
Percent Solids: 84.9 88.9 87.1 87.7 87.9 69.7 82
UNITS
SEMIVOLATILES
1,4-Dichlorobenzene UG/KG ND ND ND ND ND ND ND
2-Methylnaphthalene UG/KG ND ND ND ND ND ND ND
4-Chloro-3-methylphenol UG/KG ND ND ND ND ND ND 61
4-Methylphenot UG/KG ND ND ND ND ND ND ND
Acenaphthene UG/KG ND ND ND ND ND ND ND
Benzo[a]anthracene UG/KG 71 ] ND ND ND ND ND ND
Benzofajpyrene UG/KG 74 ) ND ND ND ND ND ND
Benzo[b]fluoranthene UG/KG 753 ND ND ND ND ND ND
Benzo([g,h,i]perylene UG/KG 60 J ND ND ND ND ND ND
Benzolk]fluoranthene UG/KG 80 J ND ND ND ND ND ND
bis(2-Chloroethyl) ether UG/KG ND ND ND ND ND ND ND
bis(2-Ethylhexyl)phthalate UG/KG 6