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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. :

This remedial investigation report describes the nature and extent of contamination, and potential
human health and environmental impacts for Operable Unit (OU) No. 14. Operable UnitNo. 14 is
comprised of Site 69, the Rifle Range Chemical Dump.

SITE DESCRIPTION AND HISTORY

Operable Unit No. 14 has a reported history of chemical warfare materiel (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 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.

o 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 69 may actually be classified as a Class 2 site (Likely
Burial).
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A Class 2 site is a site in which the following conditions apply:
[ The burial of CWM has been reported.

[ The firing of chemical weapons under range conditions (as opposed to static firing
under test conditions) has been reported. (Does not apply to Site 69)

o The disposal of chemical weapons by dumping in shallow water has been reported.
(Does not apply to Site 69)

With respect to the criteria for a Class 2 site, a background report has indicated the burial of "gas"
at Site 69 (Eakes, 1982). The report also indicated that chemical agents may be buried at the site.

CAIS were produced in large quantities (110,000) 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. However, a memo with a hand drawn
sketch of Site 69 identified that "mustard or nerve gas" were disposed of at two locations within the
site (Scudder, 1982).

In summary, there is a good likelihood that CWM are present at Site 69. 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.
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The following provides a description and history of Site 69.

Site 69, the Rifle Range Chemical Dumbp, is located west of the New River in the area of MCB Camp
Lejeune known as the Rifle Range. The site is approximately 14 acres in size and is situated in a
topographic high area. The area is overgrown to the point that the boundary of the former dump is
not readily noticeable. Three surface water bodies are located within a quarter mile of the site: the
New River to the west, an unnamed tributary of the New River to the North, and Everett Creek to the
south. The site area is secluded; however, training exercises are conducted throughout the
surrounding area. Currently, a fence surrounds the site to restrict access.

During the period 1950 to 1976, the area was used to dispose chemical wastes including
polychlorinated biphenyls (PCBs), solvents, pesticides, calcium hypochlorite, high-test hypochlorite
(HTH), and drums of “gas" which possibly contained CWM such as mustard gas.

The site is underlain by silty sands from the ground surface to a depth of approximately 18 feet.
Beneath the silty sand is a fairly continuous sandy clay, and sand and clay unit, to a depth of
approximately 27 feet. This unit could potentially act as a retarding layer. The upper unit of the
Castle Hayne, which was encountered below the sand and clay retarding layer, consists of silty sand
with shell and limestone fragments.

The upper portion of the formation is comprised of silty sand with shell and limestone fragments with
-~ an average thickness of approximately 40 feet. Below the silty sand is a sand unit with trace to little -
silt. This unit also exhibits a sandy clay/clayey sand layer, with an approximate thickness of 109 feet,
at a depth of 145 feet. The deep borings to the bottom of the Castle Hayne encountered limestone
beds in the lower portion, beneath the sand unit. These limestone beds are identified in the literature
as “marked beds” for the bottom of the Castle Hayne, and were encountered in the three deep bonngs
performed in March/April 1996 at depths of approximately 207 feet.

Beneath the limestone beds is silty sand with a 4 foot thick silty , sandy clay layer/lenses. At a depth
of 245 feet, a silty sand unit was encountered which appeared to be glauconitic. Glauconitic is a
descriptive terms which refers to a greenish platy materia which occurs in sediments of marine origin.
A glauconitic sand unit is identified as part of the Beaufort formation which lies below the Castle
Hayne aquifer and the Beaufort confining unit.

The shallow groundwater is typically encountered within a few feet of ground surface to a depth of
approximately 5 feet. Groundwater flow is radial from the site to the low lying areas to the north,
south, east, and west. Groundwater flow in the upper portion of the Castle Hayne is towards the
south/southeast in the southern portion of the site. There would appear to be some interconnection
between the shallow water table aquifer and the Castle Hayne aquifer due to the similar groundwater
elevations at some of the monitoring well locations. Groundwater flow in the deep portion of the
Castle Hayne aquifer is eastward towards the New River. Recharge for the Castle Hayne aquifer
would be from the west, and possibly from the surficial aquifer as the units are separated by a
semiconfining layer. The gradient for the deep Castle Hayne aquifer was calculated to be 0.002 ft/ft,
which is flat.

Previous investigations conducted under the DoN's IR Program at Site 69 have focused on
groundwater, surface water, and sediment. No soil samples were obtained prior to this RI. Shallow
groundwater exhibited elevated levels of volatile organics in the southeast portion of the site. The
volatiles included 1,2-dichloroethene (DCE) (11,000 pg/L), trichloroethene (TCE) (67 pg/L), and
vinyl chloride (36 pg/L). Surface water samples obtained from on-site standing water in low-lying
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areas of the site revealed the same constituents as were detected in shallow groundwater. These low-
lying areas were located in the southeastern portion of the site.

REMEDIAL INVESTIGATIONS
The RI field investigations were initiated in January 1994 and completed in April 1996.

The remedial investigation at Site 69 was initiated by performing a geophysical survey to
characterize the site with respect to buried material. Determining the potential areas of buried drums
was important since these drums could potentially contain CWM. Contact with CWM was purposely
avoided.

Following the geophysical survey, shallow test borings were hand augered and soil samples were
obtained to characterize surface soil quality and near subsurface soil quality. A total of 29 shallow
test borings was installed, in addition to several test borings to characterize background soil quality.
The samples were analyzed for full Target Compound List (TCL) organics, Target Analyte List
(TAL) inorganics, and CWM degradation compounds. Surface and subsurface soil samples were also
collected during the drilling of monitoring well test borings and analyzed for the same constituents.
In March 1995, nine subsurface soil samples were collected within the site area to define subsurface
soil quality near a suspected source area. These samples were collected from just above the water
table. All soil samples were screened in the field by the U.S. Army Technical Escort Unit so that soil
samples containing chemical agents would not be forwarded to the laboratory, and for on-site safety
reasons.

During the RI of Site 69, it was necessary to conduct several different investigations in order to
characterize the extent of contamination in groundwater. The initial RI groundwater investigation
(January 1994) focused on defining the extent of VOC contamination in the shallow aquifer. Four
shallow wells (GW09, GW10, GW11, and GW12) were installed to a depth between 12.5 and 20.5
feet below ground surface (bgs). The well locations are shown in Figure ES-1 at the end of this
Executive Summary. In addition, two wells were installed to depths of 50 feet bgs (well GW02D)
and 58 feet bgs (well GW12DW) in order to determine whether the VOCs were migrating vertically
into the upper zone of the Castle Hayne aquifer. The results of the groundwater sampling of the
existing wells and newly-installed wells indicated two significant findings. First, the concentrations
detected in well GW02 were lower than detected during the Confirmation Study. Second, VOCs
were detected in the upper zone of the Castle Hayne aquifer above the North Carolina WQS, but
much lower than the concentrations detected in the shallow aquifer during previous sampling rounds.

In order to further characterize the extent of VOC contamination, additional monitoring wells were
installed in the shallow aquifer and the Castle Hayne aquifer in May 1994. Well GW13 was installed
to the east at a depth of 13 feet bgs to determine offsite groundwater conditions in the shallow aquifer
(see Figure ES-1). Well GW02DD was installed adjacent to well GWO2 at a depth of 125 feet bgs
to determine whether VOCs had migrated from the upper zone to the intermediate zone of the Castle
Hayne aquifer. Wells GW03DW and GW13DW were installed east of the suspected source area in
the upper zone of the aquifer in order to evaluate vertical and horizontal migration of VOCs from the
suspected source area (i.e., the area near well GW02). Both of these wells were installed at a depth
of 60 feet bgs.

The four newly-installed wells were sampled in June 1994. The two wells installed in the upper zone
of the Castle Hayne aquifer (i.e., wells GWO3DW and GW13DW) exhibited low levels of VOCs,
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indicating that the VOCs have migrated from the suspected source area. Well GW02DD did not
exhibit any VOCs, indicating that VOCs have not migrated to the intermediate zone of the aquifer.

In December 1994, a three-well cluster (wells GW14, GW14IW, and GW14DW) was installed south
of well cluster GWO02 in order to better define the horizontal and vertical extent of contamination.
This step was deemed necessary since shallow groundwater flow and VOC migration was believed
to be south-southeast, and therefore, contamination in this area was possible. It was determined that
the area to the south of the suspected source area needed to be characterized. The cluster of wells
consisted of a well in the shallow aquifer (GW14), a well in the upper zone of the Castle Hayne
aquifer (GW14IW), and a monitoring well in the intermediate zone (GW14DW). The wells were
installed to a depth of 14, 62, and 127 feet bgs, respectively. In February 1995, a round of
groundwater samples were collected from all existing and newly-installed monitoring wells and
analyzed for VOCs via EPA Method 601/602. No VOCs were detected south of the suspected source
area in the GW14 cluster. VOC levels in well GW02 and GWO03 were lower than previous sampling
rounds for reasons unknown.

At this point of the RI, groundwater remediation was being considered by the DoN. In order to
design an effective groundwater collection and treatment system, it was imperative that the source
area be better defined. The suspected source area to date was the area near shallow monitoring well
GWO02, where the highest levels of VOCs had always been detected. The DoN, MCB Camp Lejeune,
North Carolina DEHNR, and EPA Region IV agreed that groundwater and soil north of well cluster
GWO02 should be investigated to better define the source area.

A second geophysical survey was conducted north of well cluster GW02 and GWO03 in January 1995.
The results of this study indicated a substantial amount of buried metallic debris, just north of well
GWO02. In addition, nine shallow groundwater samples were collected for VOC analysis via the
hydropunching technique in order to establish the "northem" boundary of the shallow aquifer VOC
plume. Monitoring wells GW15 and GW15IW were constructed near the area where the highest
VOC levels were observed. These two wells were installed at depths of 13 feet and 60 feet bgs in
the shallow aquifer and upper zone of the Castle Hayne aquifer, respectively. In March 1995, another
round of samples were collected from a selected number of Castle Hayne monitoring wells for VOC
analysis. The highest levels of VOCs were now detected in well GW15IW, which represents the
upper zone of the Castle Hayne aquifer. VOCs were also detected in shallow wells GW15, GW02,
and GW14, as well as in wells GW13D, GW02DW and GW02DD.

The following conclusions were developed following this particular investigation:
1. = The source of VOC contamination is likely near the area of well cluster GW15.

2. The extent of shallow groundwater contamination is defined; the source is near well GW15
and extends approximately to the eastern and southern fence line.

3. Groundwater contamination in the upper zone of the Castle Hayne aquifer is also defined;
the highest levels were detected in well GW15IW. Offsite contamination in the upper zone
of the Castle Hayne is minimal; wells GW14IW and GW13DW exhibited only low levels
of VOCs.
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4, Groundwater contamination at a depth of approximately 100 feet bgs is not as defined as the
shallow aquifer or the upper zone of the Castle Hayne aquifer. Deep groundwater near
cluster GW15 may be contaminated (there is no deep well at this location to verify this). To
what degree the deeper portion of the Castle Hayne is contaminated is unknown. However,
wells GW2DD and GW14, which are downgradient of the suspected source area, did not
exhibit significant contamination.

5. Deep groundwater east, north, and west of the suspected source area is not defined. Based
on the "pattern” of shallow and intermediate groundwater contamination, deep groundwater
contamination north and west of the site is not anticipated. Deep groundwater contamination
east and southeast of cluster GW15 may be contaminated, but the degree of contamination
is questionable.

6. Deep groundwater quality at the bottom zone of the Castle Hayne (greater than 125 feet to
approximately 200 feet bgs) is unknown.

During this stage of the RI, a treatability study (TS) was being implemented to evaluate the
effectiveness of a technology known as "in well aeration." The TS focused on remediating the VOCs
in-situ as opposed to the more common approach of extracting or collecting groundwater for
subsequent physical/chemical treatment and discharge. The TS approach focused on the area near
well cluster GW15. During the scoping of the TS, it was determined that the vertical extent of
contamination needed to be better defined before completing the final details of the TS. Therefore,
as part of the TS, another groundwater investigation was conducted in September 1995. During this
investigation, groundwater samples were collected via the hydropunch technique near well cluster
GW15 at depths of 50, 60, and 70 feet bgs. From this boring, a well was constructed at a depth of
120 feet bgs (GW15DW) in what is referred to as the intermediate zone. Another well (GW15UW)
was installed to a depth of 37 feet bgs to characterize VOC levels in the upper zone of the Castle
Hayne, specifically, in the zone just below shallow well GW15.

The results of the September 1995 TS groundwater investigation indicated that elevated VOCs were
detected in the upper zone of the Castle Hayne between 37 and 70 feet bgs. Monitoring well GW15
exhibited high levels of contamination, similar to those levels detected during the March 1995
sampling round. VOC levels decreased from the 70 foot to 120 foot depth.

A number of data limitations were identified following the September 1995 study. Specifically,
concemns were raised about whether the vertical extent of VOC contamination has been adequately
identified. In order to complete the characterization of VOCs in the Castle Hayne aquifer, the
following study objectives were established:

] Characterize the vertical and horizontal extent of groundwater contamination in the
Castle Hayne aquifer; and
o Determine probable contaminant migration pathways in the Castle Hayne aquifer.
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In order to meet the above-mentioned objectives, three deep monitoring wells were constructed
during the period March 20 through April 18, 1996. All three wells were constructed to monitor
groundwater quality at the bottom zone of the Castle Hayne aquifer. Well GW15BCH was installed
near the suspected source area. Monitoring well GW02BCH was installed south of the suspected
source area, and well GWO3BCH was constructed southeast of the suspected source area. The
bottom of the well screens were set at a depth of 230 feet bgs.

One round of samples were collected using dedicated bailers, between April 19 and 20, 1996, from
the three newly-installed deep wells and from existing deep wells GW02DD, GW03DW, and
GW15DW for analysis of Target Compound List (TCL) volatile organics (CLP protocols, Level IV
data quality). No VOCs were detected in the three newly installed wells.

Extensive surface water/sediment and ecological investigations were conducted in 1992 and in 1994.
Surface water/sediment samples were collected from on-site standing water (i.e., pools of water
formed in low-lying portions of the site), downslope drainage areas, Everett Creek, the New River,
and the unnamed tributary to the New River. Fish and shellfish samples were collected from the
unnamed tributary, Everett Creek, and the New River. A benthic macroinvertebrate study was also
conducted in these surface waters to evaluate environmental stress factors which may be associated
with the site or base-wide activities. All samples were analyzed for full TCL organics and TAL
inorganics.

NATURE AND EXTENT OF CONTAMINATION

The analytical results for this RI are presented in tables at the end of Section 4 in this report. The
results are also illustrated on figures, which can be found at the end of Section 4. These tables and
figures may assist the reader of this Executive Summary to better understand the nature and extent
of contamination at Site 69.

GROUNDWATER

Groundwater contamination is most prevalent in the shallow aquifer in the area of shallow well
GW15. Samples collected from well GW02, which historically exhibited VOC levels in the ppm
range, have exhibited much lower levels over the last few years. Based on the most recent rounds
of sampling, it appears that the VOC contamination in the shallow aquifer emanates very close to
well GW15 and extends horizontally to the south and to the east of the suspected source area. VOC
contamination has been detected at low concentrations in well GW14, which is located approximately
300 feet south of well GW15 and in well GW13, which is located about 700 feet east of well GW15).
Based on the low levels detected in these wells, it is unlikely that VOCs are significantly elevated
offsite beyond wells GW14 and GW13.

VOCs have migrated vertically from the source area (i.c., near well cluster GW15) into the Castle
Hayne aquifer. The upper zone of the aquifer has exhibited the most elevated levels of VOCs. The
highest levels were detected in wells GW15UW and GW15IW. VOCs have also migrated to the
intermediate zone of the aquifer. The extent of contamination in the intermediate zone is believed
to be limited since well GW02DD, located to the south, did not exhibit much contamination. VOC
levels below 120 feet are likely to be lower in concentration since deep well GW15BCH did not
exhibit VOC contamination. In summary, VOC levels near the suspected source area decrease
significantly from the shallow aquifer to the intermediate zone of the Castle Hayne.

ES-7



Shallow groundwater also exhibited total metals including iron, manganese, lead, and chromium
above Federal Maximum Contaminant Levels (MCLs) and North Carolina Water Quality Standards
(NCWQS). The distribution of these contaminants throughout the site does not suggest a pattern that
could be correlated with a plume. 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 due to suspended solids,
rather than a specific disposal event. Total metals in the deep groundwater were limited to only iron
and manganese, at much lower levels than observed in shallow groundwater. Dissolved metals
detected above the MCLs or NCWQS were limited to only iron and manganese.

SOIL

Soil samples from monitoring well borings did not exhibit significant concentrations of VOCs.
Since no subsurface exploratory trenching was performed to investigate the presence of buried
drums (because of the possibility of encountering CWM), the source of shallow groundwater
contamination could not be determined. However, geophysical investigations conducted on site
revealed buried metallic debris just north of well cluster 69-GW 15, which indicated elevated levels
of VOCs. It should be noted that the VOC contaminant levels in wells 69-GW02 and 69-GW03
have deceased over time, indicating that the source of the groundwater contamination may have
migrated from the vadose zone.

Metal concentrations in soil were not significantly elevated above base-specific background levels.
The metal concentrations in soil are similar to those levels detected at other sites within MCB Camp
Lejeune. No apparent source or area of concern (AOC) was noticeable which would account for the
elevated total metals observed in shallow groundwater. Therefore, this supports the belief that total
metals are elevated due to geologic conditions/sampling methods rather than disposal activities.

Pesticides were detected in only a few surface soil samples, but at levels which are typically found
throughout MCB Camp Lejeune. The pesticides are likely related to historical pest control
activities. Low levels of Aroclor 1260 (94 pg/kg) were detected in one surface soil sample. This
contaminant was not detected in subsurface soils. The contaminants acetophenone and
hydroxyacetophenone, which are degradation compounds of the ingredient used in tear gas, were
detected in low concentrations in two on-site surface soil samples. These contaminants may be
present due to the ongoing training exercises involving the use of tear gas in the surrounding area
of the site. No other chemical surety degradation compounds were detected. Additionally, no
chemical surety agents were detected by the U.S. Army TEU during sample screening.

SURFACE WATER/SEDIMENTS

Surface water samples collected from the on-site standing pools of water exhibited elevated levels
of 1,2-DCE (55 pg/L), TCE (4 ng/L), vinyl chloride (8 pug/L), and chloroform (2 pg/L). These same
contaminants were also detected in shallow groundwater in the southeast portion of the site. The
standing pools are located in this general area of the site, indicating that the source of this
contamination is associated with the groundwater. Sediment samples collected from one of the two
pools also exhibited 1,2-DCE. Surface water samples collected from the drainage area to the
northeast of the site exhibited low levels of toluene (1 pg/L), xylene (10 pg/L), and ethylbenzene
(1 pg/L). Groundwater was not contaminated in this area, therefore, the presence of these
contaminants may be due to past localized spills of fuel products.
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Surface water samples collected from the New River, the unnamed tributary, and Everett Creek did
" not exhibit organic contamination. Metals were detected, but not at levels indicative of a problem
due to disposal activities. Sediment samples collected from the unnamed tributary did exhibit low
levels of benzo(a)pyrene, pesticides (DDE and DDD), Aroclor 1260, and metals (arsenic, chromium,
and lead) in one sample station. The presence of these constituents are not believed to have migrated
from Site 69 due to the distance as well as the limited degree of soil and groundwater contamination
exhibiting these contaminants. Sediment samples collected from the New River and Everett Creek
exhibited metals. Their presence is not likely associated with Site 69.

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 (Site 69 is in a remote area of the base where military training occurs). The exposure
medium is primarily associated with surface soil. Groundwater was not considered as an exposure
medium since the Base is serviced by a public (Base) water supply system. In addition, there are
no supply wells which have been impacted by Site 69. Future potential exposure scenarios involved
construction personnel and residential. 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 the Site is suspected of containing buried
CWM. For the future construction pathway, subsurface soil was identified as the exposure medium.

The total site incremental carcinogenic risk (ICR) and hazard index (HI) values associated with
current and future receptors at this site are presented in Table 6-47 (see Section 6.0). Given the
absence of chemicals of potential concern (COPCs) in the surface soil, current land use (fenced area
with restricted access), and that groundwater in this area is not used for potable purposes, there are
no current risks posed to any population from this site. Under the future potential risk exposure
scenario, the total site ICR estimated for children (3E-04) and adults (6E-04) exceeded the USEPA's
upper bound risk range (1E-04). The total site ICR estimated for construction workers (6E-08) was
less than the USEPA's lower bound target risk range (1E-06). Additionally, the total site HI for
children (26) and adults (11) exceed unity. The total site HI estimated for the construction worker
(<0.01) did not exceed unity. The total site risk under the future potential exposure scenarios was
driven by exposure to shallow groundwater. It should be noted that the estimated ICRs and HIs for
exposure to subsurface soil do not account for the possibility of exposure to CWM since
CWM-related contaminants could not be quantified during the RI.

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. 14. For the terrestrial
ecosystems, metals appear to be the most significant site related COPCs that have the potential to
affect terrestrial receptors at QU No. 14.

Potential adverse impacts to threatened or endangered species are low due to the absence of critical

habitats or noted observations at the site. Biohabitats maps did not indicate a significant impact to
ecological resources on or near the Site 69.

ES-9



Copper and silver exceeded the ARARs/TBCs in surface water and cadmium, mercury,
benzo(a)pyrene, 4,4'-DDE, 4,4'-DDT, and PCB-1260 exceeded NOAA sediment screening criteria.
The silver quotient ratio was slightly high. However, although silver was above the base-wide and
median concentrations, it is not related to the site. In addition, silver was detected in the New River
in upstream samples at concentrations similar to those found in Everett Creek. The sediment
exceedances indicated concentrations above the base-wide and median concentration for cadmium,
mercury, 4,4'-DDE, 4,4'-DDT, and PCB-1260.

The potential risks to aquatic receptors due to the above exceedances in the surface waters around
the site was evaluated by conducting biosurveys and fish tissue analysis. Fish populations were
sampled and were representative of estuarine and tidal freshwater systems. The predominant fish
species were croaker, Easter mosquito, and pinfish. There were no anomalies observed on the fish.
The fish community appeared healthy and not impacted due to site contaminants.

Fish tissues were sampled and the following were detected: organics (benzene, toluene, and
2-methylphenol), pesticides (4,4-DDE and 4,4-DDD), PCBs (1254 and 1260), and metals
(aluminum, beryllium, cadmium, iron, selenium, silver, and zinc). The levels detected in the fish
tissue were low when compared to published background values, and did not indicate that these
COPCs were site related.

Benthic invertebrates were sampled and were representative of estuarine and tidal freshwater species.
The predominant species included capitellids followed by tubificids, spionids, goniadids, and
bivalves. Diversity and density were characteristic of salinity ranges of zero to 15 ppt in regional
surface waters.

No COPCs exceeded soil toxicity reference levels and 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.

CONCLUSIONS

L Shallow groundwater has been impacted with volatile organic compounds by former disposal
operations. The VOC contamination, which is dominated by 1,2-DCE, is present in the
southern portion of the site, near monitoring wells 69-GW02 and 69-GW15. In this area,
VOCs are above State and Federal drinking water standards. VOCs were also detected in
offsite shallow wells, but at much lower levels. Off-site contaminant levels are below
Federal and State drinking water standards. The horizontal extent of the VOC plume in the
shallow aquifer has been defined, and is primarily present under the former disposal area.

2. The vertical extent of VOC contamination (i.¢., primarily 1,2.DCE) in groundwater appears
to be centered in the upper portion of the Castle Hayne Aquifer. VOC levels in the upper
portion of the Castle Hayne appear to decrease rapidly as the plume migrates offsite to the
east-southeast. Offsite VOC levels in the upper portion of the Castle Hayne are below State
and Federal groundwater standards.

3. Groundwater quality in the intermediate zone of the Castle Hayne Aquifer has been slightly
impacted by the VOCs. Low levels of 1,2-DCE were detected in wells GWO3DD and
GW15DW at concentrations below State and Federal drinking water standards. No off-site
intermediate zone wells exhibited contamination.
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10.

11

12.

13.

VOCs have not migrated to the deep zone of the Castle Hayne Aquifer.

Although VOCs are present in both the shallow and Castle Hayne Aquifers, the vertical and
horizontal extent of contamination is limited in area. Based on existing data, the plume is
estimated to cover an area of approximately three to four acres.

The source of the VOCs may be associated with buried waste near well cluster 69-W15.
This area contains a significant amount of buried metallic debris, based on the results of the
geophysical surveys. It is possible that the source of VOCs are within the fill area and may
continue to impact groundwater quality, however, VOC levels in wells 69-GW02 and
69-GWO03 appear to be decreasing.

Elevated total metals in shallow groundwater are not believed to be indicative of past
disposal operations. This conclusion is based on the following: metal concentrations in soil
are similar to levels typically encountered throughout MCB Camp Lejeune; there is no
pattern or plume to suggest that the total metals are elevated due to a source; total metals in
groundwater are similar to some of the background wells throughout the base; and dissolved
metals in groundwater are not elevated.

Onsite ponded water in the southern portion of the site is contaminated with VOCs. The
ponded water appears to be hydraulically connected to the shallow aquifer.

Offsite surface water bodies have not been impacted by the site.

Under current human health exposure scenarios, there are no adverse human health risks
mainly because groundwater in this area is not utilized for potable supply, and because
access to the site is restricted.

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

There are no significant ecological risks to aquatic or terrestrial receptors associated with
Site 69. Although environmental media concentrations exceeded ARARs/TBCs, aquatic
biosurveys indicate fish and benthic macroinvertebrate populations that are representative
of typical estuarine and tidal freshwater systems that are not adversely impacted by
contaminant sources.

Based on the human health and ecological risk assessments, groundwater is the only medium
of concern at Site 69. Although there is no current groundwater exposure pathway that
would result in adverse human health risks, VOCs are migrating into the Castle Hayne
Aquifer. The Castle Hayne is utilized extensively throughout MCB Camp Lejeune and the
surrounding communities as a source of water.
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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 Fiscal Year 1997 Site Management Plan for MCB Camp Lejeune, a primary document identified
in the FFA, identifies 42 sites requiring Remedial Investigation/Feasibility Study (RI/FS) activities.
These 27 sites have been divided into 18 operable units to simplify proceeding with RI/FS activities.
This report describes the RI conducted at Operable Unit (OU) No. 14, which is comprised of Site 69.

The purpose of this RI 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 Operable Unit No. 14, evaluating the analytical data, and performing a human health
Risk Assessment (RA) and ecological RA. This RI report contains the resuits 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 69 is the "Rifle Range Chemical Dump." Site 69 is located in the southwest section of MCB,
Camp Lejeune. The New River is to the east and State Route 210 to the south of Site 69. Site 69 is
identified on Figure 1-1. [Note that all figures are presented at the end of the text section .]

11 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
Section4.0  Nature and Extent of Contamination

Section 5.0  Contaminant Fate and Transport

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
Site 69.

Section 2.0 describes the field sampling activities conducted during the RI at Operable Unit No. 14.
This section describes the purpose of the sampling procedures, sampling grids, and sampling
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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 Operable Unit No. 14. This section discusses the
surface features, meteorology, surface water hydrology, geology, soils, hydrogeology, demography,
land use, the ecology in and around Operable Unit No. 14, and water supply wells identified within
the vicinity of OU No. 14.

Section 4.0 presents the nature and extent of the contamination found at Operable Unit No. 14. 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 summary of the contaminants detected, extent of contamination, and a
discussion of the potential sources.

Section 5.0 characterizes the fate and transport of contaminants found at Operable Unit No. 14. This
characterization includes: potential routes of contaminant migration, contaminant persistence, and
contaminant migration.

Section 6.0 contains the Baseline Risk Assessment (BRA) conducted for Site 69. The BRA contains
a human health evaluation and an environmental evaluation.

Section 7.0 contains the Ecological Risk Assessment (ERA) conducted for Site 69. The ERA
contains an ecological evaluation based on possible impacts related to Site 69.

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.

1.2 Operable Unit Description

Operable units are formed as an incremental step towards addressing individual site problems. There
are currently 42 Installation Restoration Program (IRP) sites on MCB Camp Lejeune which have
been grouped into 18 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.
Originally, Site 69 was grouped with Sites 41 and 74 in OU No. 4. These sites had been grouped
because all three sites had historic documentation of disposal of Chemical Weapons Material (CWM)
and industrial wastes. Presently, Site 69 is identified as OU No. 14.

Site 69 is located in the southwestern area of the base and is in the southem portion of the Rifle

Range area. The site is situated west of the New River Estuary and is approximately 6 acres in size.
The description and history of Site 69 is presented in Section 1.3.

13 Site Description and History

This section provides a description of the physical setting of Site 69, which is included under
OU No. 14. A detailed history of Site 69 is presented in the subsequent sections.
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1.3.1  Site 69 Description

Site 69, the Rifle Range Chemical Dump, is located west of the New River estuary in the area of
MCB Camp Lejeune known as the Rifle Range. Figure 1-3 presents a site map of Site 69. Site 69
is a former disposal site (i.c., landfill) and is approximately 6 acres in size. Access is restricted by
a 6-foot high chain link fence with a locked entrance gate. The site is heavily wooded with several
species of trees including pine, sweetgum, dogwood, and oak. Within the fenced in boundary, the
forest type is mostly new growth with a predominance of pine species. Old growth forests (1 ¢., oak,

and sweetgum) dominate the land areas outside the boundaries of the site fence.

The site is located approximately three miles east-southeast of the intersection of Highway 17 and
Route 210. The site is situated where a light-duty, unnamed roadway splits to form a "Y". For this
report, this road shall be referred to as the "access road.”

The New River is located about one-quarter mile east of the site. Everett Creek is located about
one-half mile south of the site. An unnamed tributary to the New River is situated about one-quarter
mile north of the site. A light-duty road borders the site to the west. Both Everett Creek and the
unnamed tributary drain into the New River.

Site 69 is situated at a topographic high. Most of the site within the fence area is flat; however, the
topography surrounding the site slopes gently in all directions. During the site field investigation
which was conducted from January to March of 1994, portions of the site area exhibited
standing/ponding water, which could indicate poor drainage.

Surface water runoff from the northern portion of the site may drain toward the unnamed tributary
located to the north; however, the surrounding area is heavily wooded and consists of a dense
understory that could inhibit off-site drainage at great distances. Surface runoff from the southeastern
portion of the site reportedly drains to unnamed ditches that drain into the New River. Surface runoff
from the southwestern portion of the site drains into the Everett Creek basin, which could potentially
drain into Everett Creek and the New River. However, as previously mentioned, the surrounding
areas are heavily wooded and consist of a thick understory, which could inhibit overland surface
runoff at great distances.

1.3.2  Site 69 History

Site 69 was used as a chemical waste dump between 1950 and 1976. The waste materials were
reportedly disposed in pits or trenches, 6 to 20 feet deep. Various wastes have been reportedly
disposed of at the site including polychlorinated biphenyls (PCBs), fire retardants,
pentachlorophenol, dichloro-diphenyltrichloroethane (4,4'-DDT), trichloroethylene (TCE), malathion,
diazinon, lindane, calcium hypochlorite, gas cylinders, high-test hypochlorite (HTH), drums of "gas"
[possibly training agent containing chloroacetophone (CN)], chemical agent test kits for chemical
warfare, and fired and unfired blank rifle cartridges [Water and Air Research, (WAR) 1983]. -

Based on conversations with personnel from the U.S. Army Environmental Center (USAEC),
formerly the U.S. Army Toxic and Hazardous Materials Agency (USATHAMA) and the U.S. Army
Technical Escort Unit (TEU), there is a high probability that chemical agent training kits also are
buried at the site. PCBs were reportedly sealed in cement septic tanks prior to disposal at the site.
The presence of the fired and unfired rifle cartridges indicate that troop training exercises have
occurred in this area (WAR, 1983).
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In 1970, an explosion reportedly occurred at Site 69 during a disposai operation. Containers of
4,4'-DDT, TCE, and calcium hypochlorite were placed in a pit at the site. While the containers were
being covered with earthen, an explosion and fire occurred (WAR, 1983).

The site is inactive at present.  Access is restricted by a chain-link fence. No known training
activities are presently conducted within the fenced-in area. In addition, conversations with military
personnel in charge of the Rifle Range area, which includes Site 69, have indicated that only
authorized individuals are permitted in the area of Site 69.

1.4 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 USEPA's Preliminary Assessments/Site
Investigations (PA/SI) and Confirmation Studies, similar to the USEPA's RI/FS. When the
Superfund Amendment and Reauthorization Act (SARA) was passed in 1986, the DoN aborted the
NACIP program in favor of the Installation Restoration Program (IRP), which adopted the USEPA
Superfund procedures.

1.4.1 Initial Assessment Study

An TAS was conducted by WAR in 1983. The IAS identified a number of sites at MCB Camp
Lejeune as potential sources of contamination, including the site discussed in this Rl 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 Site 69 to evaluate the necessity of conducting
mitigating actions or clean-up operations.

14.2 Confirmation Study

A confirmation study was conducted by Environmental Science and Engineering, Inc. (ESE) from
1984 through 1987. The purpose of this investigation was to investigate the potential source areas
identified in the IAS. Site 69 was identified in the IAS. The Confirmation Study was divided into

two separate reports: a Verification Step done in 1984 and a Characterization Step done in 1986
through 1987. Results from the Confirmation Study for Site 69 are presented in Section 1.4.2.1.

1.42.1 Site 69

Previous investigations at Site 69 focused on groundwater, surface water, and sediment. Soil
investigations were not conducted at Site 69 as part of the confirmation study.

Groundwater Investigation
As part of the Verification Step conducted in July 1984, eight groundwater monitoring wells (ranging
in depths from 20 to 22 feet bgs) were installed and sampled at Site 69. These well locations are

provided on Figure 1-4. The samples were analyzed for the following:

] Volatile Organic Compounds (VOCs)
L PCBs :
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Pentachlorophenol
Residual Chlorine
Organochlorine Pesticides

Mercury

Groundwater samples collected from monitoring wells installed along the southern and eastern
portion of the site (69GW02, 69GW03, and 69GWO04) exhibited volatile contamination. Volatile
organics detected in the groundwater included benzene, 1,2-dichloroethane (1,2-DCA),
trans-1,2-dichloroethane (t-1,2-DCA), TCE, toluene, and vinyl chloride. Volatile organics 1,2-DCA
(5.9 pg/L), trans-1,2-DCA (9,700 ug/L) and vinyl chloride (80 pg/L) detected in well 69GWO02
exceeded the Federal Maximum Contaminant Level (MCL) and the North Carolina Water Quality
Standard (NCWQS) established for these compounds. Additionally, the concentration of TCE
(340 pg/L) detected in well 69GWO02 exceeded the MCL. Volatile organic concentrations for
1,2-DCA (1.9 pg/L), trans-1,2-DCA (4,000 pg/L), benzene (4 pg/L) and vinyl chloride (2 pg/L)
detected in well 69GWO03 exceeded either the NCWQS or MCL. Only trans-1,2-DCA exceeded the
NCWQS and MCL for groundwater collected from monitoring well 69GWO04.

Other contaminants of interest including PCBs, pentachlorophenol, and residual chlorine were not
detected. Mercury was detected in one of four groundwater samples (69GWO01), however, at a
concentration well below the NCWQS and MCL.

In December 1986, a second round of groundwater samples were collected from the eight monitoring
wells. This sampling was conducted as part of the Characterization Step. The samples were analyzed
for the same compounds as the 1984 round additionally tetrachlorodioxin, methyl ethyl ketone
(MEK), methyl isobutyl ketone (MIBK), and ethylene dibromide (EDB). The results from this
sampling were similar to those of the 1984 sampling; various VOCs were detected primarily in wells
69GW02, 69GWO03, and 69GW04.

Results from the two rounds of groundwater samples are provided on Table 1-1. (Note that all tables
are provided at the end of each section.)

As part of the Supplemental Characterization Step, the eight monitoring wells were sampled in
January 1991. The samples were analyzed for full target compound list (TCL) organics and target
analyte list (TAL) inorganics. Pesticides and semivolatiles were not detected in the samples.
Detected volatile organic contaminants and maximum concentrations included 1,2-dichloroethylene
(1,2-DCE) (11,000 pg/L. maximum), TCE (67 pg/L maximum), vinyl chloride (36 pg/L maximum),
and chlorobenzene (40 pg/L maximum). Detected inorganics and concentration ranges included
aluminum (2,300 - 43,800 pg/L), antimony (68.5 pg/L), arsenic (2.8 - 11.0 pg/L), barium (36.6 - 153
ug/L), beryllium (0.85 - 3.0 pg/L), calcium (2,500 - 8,330 pg/L), chromium (5.3 - 47 pg/L), cobalt
(8.6-9.7 ug/L), copper (4.9 -27.5 pg/L), cyanide (11.2 pg/L), iron (7,740 -792,000 pg/L), lead (2.6 -
23.9 pg/L), magnesium ( 1,970 -4,410 pg/L), manganese (4.6 - 230 pg/L), nickel (5.7 - 27.6 pg/L),
potassium (1,450 - 4,190 pg/L), silver (1.6 -6.5 pug/L), sodium (4,880 - 18,900 pg/L), thallium
(4.9 - 5.2 ug/L), vanadium (6.1 - 2,240 pg/L), and zinc (51.8 - 10,200 pg/L) (ESE, 1992).

Surface Water Investigation
Surface water samples were collected during various investigations at Site 69. These investigations

were conducted in August 1984 (Verification Step), December 1986 (Characterization Step), and
January 1991 (Supplemental Characterization Step).
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In 1984, two surface water samples were collected from low-lying ponding areas in the vicinity of
the former disposal area. No sediment samples were obtained at either location. The surface water
samples collected during the Confirmation Study were analyzed for the following: :

VOCs

Organochloride Pesticides
Pentachlorophenol
Mercury

The two surface water sampling locations are shown on Figure 1-5. Several volatile organics were
detected in the two surface water samples. Maximum contaminant concentrations for benzene
(0.4 pg/L), chlorobenzene (2.1 pg/L), 1,2-DCA (0.9 pg/L), trans-1,2-DCA (410 pg/L), ethylbenzene
(3 ng/L), 1,1,22-tetrachloroethane (1,1,2,2-PCA) (59 pg/L), 1,1,2-trichloroethane (1,1,2-PCA)
(6 pg/L), TCE (55 ug/L), toluene (11 pg/L), and vinyl chloride (15 ng/L). Table 1-2 presented a
comparison of surface water contaminant concentrations to Federal Ambient Water Quality Criteria
(AWQC). ‘

As part of the Characterization Step, three surface water samples were collected from three small
water-filled depressions around Site 69. Depression areas are located along the east and north of the
site, and along the southern edge of the site. Surface water sampling locations are depicted on Figure
1-6. The samples were analyzed for the following:

Organochlorine Pesticides
PCBs

Pentachlorophenol

VOCs

Mercury

Residual Chlorine
Tetrachlorodioxin

MEK

MIBK

EDB

Pentachlorophenol (1.24 pg/L maximum), trans-1,2-DCE (310 pg/L. maximum), TCE (63 pg/L
maximum), and vinyl chloride (41 pg/L maximum) were detected in the on-site sample 69SW1, and
the eastern sample 69SW2. No VOCs were detected in the sample 69SW?3 collected north of the site;
however, low levels of mercury (0.20 pg/L) were detected at this location.

Surface water sampling locations for the Characterization Step are provided on Figure 1-6. A
summary of contaminants detected for surface water is provided in Table 1-2.

Three surface water samples were collected as part of a Supplemental Characterization Study. One
sample was collected at the same southern-edge location which was sampled in the Characterization
Step. The remaining two samples were collected from two unnamed tributaries that drain from the
site into the New River estuary, east-southeast of the site. The surface water sampling locations are
depicted on Figure 1-6. The samples were collected near the confluence of the New River and
analyzed for full TCL organics and TAL inorganics.

Pesticides and semivolatiles were not detected in any of the samples. Volatile organics were
detected in sample 69SW1, only. Inorganics detected in the samples and concentration ranges
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included aluminum (309 - 622 pg/L), barium (28.2 pg/L), calcium (3,630 - 241,000 pg/L), copper
(6.4 pg/L), cyanide (11.2 pg/L), iron (159 - 4,420 pg/L), magnesium (223 pg/L), potassium
(710 - 318,000 pug/L), silver (2.4 - 3.1 pg/L), sodium (5,090 pg/L), vanadium (5 pg/L), and zinc
(1,960 ug/L) (ESE, 1992). Surface water sampling locations for the 1991 round of sampling are
provided on Figure 1-6. A summary of organic contaminants detected in surface water is provided
on Table 1-2. '

In August 1992, surface water/sediment samples were collected along the New River, Everett Creek,
and an unnamed tributary to the river, as part of remedial investigation. These samples were
collected in order to conduct the ecological risk assessment. In addition, a benthic, shellfish, and
fish population study and fish tissue sampling was conducted. The investigation and results of this
study are discussed in Section 2.2.3.6 of this Rl report.

Sediment Investigation

As part of the Characterization Step conducted in December 1986, two sediment samples were
collected from two unnamed tributaries that drain from Site 69 into the New River estuary. These
sediment sampling locations are provided on Figure 1-5.  The two tributaries are located
east-southeast of the site. The samples were analyzed for the following (ESE, 1991):

Organochlorine Pesticides
PCBs

Pentachlorophenol

VOCs

Mercury

Residual Chlorine
Tetrachlorodioxin

MEK

MIBK

EDB

Pentachlorophenol (1.190 pg/g) and dichlorodiphenyldichloroethylene (4,4'-DDE) (0.0188 ng/g)
were detected in sediment sample 69SE4. Pesticide contaminant dichlorodiphenyldichloroethane
(4,4-DDD) (0.113 pg/g) was detected in sediment sample 69SES. Table 1-3 provides a summary
of contaminants detected in the sediment samples.

Figure 1-6 indicates the three sediment sampling locations for the Characterization Step conducted
in January 1991. These samples were analyzed for full TCL organics and TAL inorganics. Organic
contaminants were not detected in the samples. Inorganics detected and concentration ranges include
aluminum (1,950 - 2,650 mg/kg), antimony (3.4 - 9.70 mg/kg), barium (3.2 - 7.6 mg/kg), chromium
(3.5 - 6.4 mg/kg), copper (0.69 - 2.0 mg/kg), iron (1,500 - 2,890 mg/kg), lead (1.7 - 3.1 mg/kg),
magnesium (74.2 - 902 mg/kg), manganese (2.0 -12.4 mg/kg), potassium (456 - 582 mg/kg), silver
(0.97 mg/kg), sodium (76.1 - 3,290 mg/kg), vanadium (3.0 - 6.90 mg/kg), and zinc (6.10 - 19.5

mg/kg).

In August 1992, surface water/sediment samples were collected along the New River, Everett Creek,
and an unnamed tributary to the river, as part of the investigation. These samples were collected in
order to conduct the ecological risk assessment. In addition, a benthic, shellfish, and fish population
study and fish tissue sampling was conducted. The investigation and results of this study are
discussed in Section 2.2.3.6 of this RI report.
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CONFIRMATION STUDY

TABLE 1-1

DETECTED TARGET CONTAMINANTS IN GROUNDWATER SAMPLES, SITE 69
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Federal NC Sample No./Date
Parameter MCLs | Groundwater | coGw] 69GW1 | 69GW2 | 69GW2 | 69GW3 | 69GW3 | 69GW4 69GW4
Standards 7/18/84 12/12/86 7/18/84 12/17/86 7/18/84 12/17/86 7/18/84 12/18/86
Mercury 2 1.1 0.2 0.2 <0.2 0.2 <0.2 0.2 <0.2 0.2
beta-BHC None None <0.0001 <0.013 <0.0001 <0.013 <0.0001 0.087 <0.0001 <0.013
delta-BHC None None <0.0003 NR <0.0003 0.034 <0.0003 2.44 <0.0003 <0.013
1,2-Dibromomethane None None NA <0.02 NA 4.74 NA 0.363 NA <0.02
Benzene 5 1 <0.3 <1 0.7 <25 4 4 <0.6 <1
Chlorobenzene 100 300 <0.5 <6 <0.5 <150 49 55 <0.9 <6
Chloroform None 0.19 <0.7 <1.6 <0.6 <40 <0.6 <1.6 1.3 14
1,2-Dichloroethane 5 0.38 <1 <2.8 5.9 <70 1.9 <2.8 <1.8 <2.8
1,1-Dichloroethylene 7 7 <1.2 <2.8 1.6 <70 2.7 <2.8 <24 <2.8
trans-1,2-Dichloroethene 100 70 <1.2 <1.6 9700 37000 4000 830 410 91
Methylene chloride None 5 10 <2.8 <1 <70 <1 <2.8 <2 <2.8
1,1,2,2-Tetrachloroethane None None <0.9 <4.1 44 <100 <0.8 <4.1 2 5.4
Tetrachloroethene 5 None <1.7 <3 20 <75 <1.6 <3 <3.3 <3
1,1,2-Trichloroethane 5 None <1.2 <5 7.9 <130 <1.2 <5 3.1 <5
Trichoroethene 5 None <1.3 <3 340 710 4.9 <3 <2.5 <3
Toluene 1,000 1,000 0.7 <6 5 <150 14 10 <1 <6
Vinyl chloride 2 0.015 <0.9 <1 80 440 2 1.6 <2 <1




TABLE 1-1 (Continued)

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

North Sample No./Date
Parameter 5/[%1;1:(111) Carolina 69GW35 69GW5 69GW6 69GW6 69GW7 69GW7 69GWS 69GW38
wQs® 7/18/84 12/18/86 7/18/84 12/18/86 7/18/84 12/18/86 7/18/84 12/18/86
Mercury 2 1.1 <0.2 <0.2 <0.2 0.2 <0.2 0.2 <0.2 0.2
beta-BHC NS NS <0.0001 <0.017 <0.0001 <0.013 <0.0001 <0.013 <0.0001 <0.013
delta-BHC NS NS <0.0003 <0.017 <0.0003 <0.013 <0.0003 <0.013 <0.0003 <0.013
1,2-Dibromomethane NS NS NA <0.02 NA <0.02 NA <0.02 NA <0.02
Benzene 5 1 <0.3 <1 <0.3 <1 <0.3 <1 <0.3 <1
Chlorobenzene 100 300 <0.5 <6 <0.5 <6 <0.5 <6 <0.5 <6
Chloroform NS 0.19 <0.7 <1.6 <0.6 <1.6 <0.7 <1.6 <0.7 <1.6
1,2-Dichloroethane 5 0.38 <1 <2.8 <0.9 <2.8 <1 <2.8 <1 <2.8
1,1-Dichloroethylene 7 7 <1.2 <2.8 <1.2 <2.8 <1.2 <2.8 <1.3 <2.8
trans-1,2-Dichloroethene 100 70 <1.2 4.2 <1.2 <1.6 <1.2 <1.6 <1.2 <1.6
Methylene chloride | NS 5 - <1 <2.8 <1 <2.8 <1 <2.8 <1 <2.8
1,1,2,2-Tetrachloroethane NS NS <0.9 <4.1 <0.8 <4.1 <0.9 <4.1 <0.9 <4.1
Tetrachloroethene 5 NS <1.7 <3 <1.6 <3 <1.7 <3 <1.7 <3
1,1,2-Trichloroethane 5 NS <1.2 <5 <12 <5 <1.2 <5 <1.2 <5
Trichoroethene 5 NS <13 <3 <1.3 <3 <1.3 <3 <1.3 <3
Toluene 1,000 1,000 <0.6 <6 <0.6 <6 <0.6 <6 <0.6 <6
Vinyl chloride 2 0.015 <1 <1 <0.9 <1 <1 <1 <0.9 <1

NS = No Standard Established NA = Not Analyzed

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

Source: ESE, 1992.

M Federal maximum contaminant levels (MCLs) established under the Safe Drinking Water Act of 1986.

@ NeWQS - North Carolina administrative code, Title 15, N.C. DEHNR, Subchapter 2L, Section .0202 - Water Quality Standards (WQS) for groundwater, August 4,
). Class GA Standards. |
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TABLE 1-2

CONFIRMATION STUDY

DETECTED TARGET CONTAMINANTS IN SURFACE WATER SAMPLES, SITE 69
REMEDIAL INVESTIGATION, CTO-0212

MCB CAMP LEJEUNE, NORTH CAROLINA

Federal Ambient Water
Quality Criteria Sample No./Date

Verification Step Characterization Step Supplemental Characterization

695W1 69SW2 | 69SW1 69SW2 | 69SW3 | 69SW1 69SW4 | 69DWS

Parameter Organisms®® | Health® 8/4/84 8/4/84 | 12/12/86 | 12/12/86 | 12/12/86 | 1/14/91 | 1/14/91 1/14/91

alpha-BHC NS NS <0.001 | <«0.001 0.043 0.056 <0.035 <0.05 <0.05 <0.05

beta-BHC NS NS 0.03 0.005 0.043 0.18 <0.013 <0.05 <0.05 <0.05

delta-BHC NS NS 0.2 0.02 NR NR NR <0.05 <0.05 <0.05
Pentachlorophenol 13 1,000 10 <0.9 <0.89 1.24 <0.89 <50 <100 <50
Benzene NS 0.66 0.4 <0.2 <1 <1 <1 <5 <5 <5
Chlorobenzene NS 488 2.1 <0.3 <6 <6 <6 <5 <5 <5
Chloroform 1,240 0.19 6 <Q.5 <1.6 <1.6 <1.6 3J <5 <5
1,2-Dichloroethane 20,000 0.94 0.9 <0.8 <2.8 <2.8 <2.8 <5 <5 <5
trans-1,2-Dichloroethene NS NS 410 10 310 170 <1.6 190 <35 <35
Ethylbenzene NS 1,400 3 <0.6 <7.2 <72 <72 <5 <5 <5
Methylene chloride NS NS <0.6 8 <2.8 <2.8 <2.8 <5 1BJ <5
1,1,2,2-Tetrachloroethane 2,400 0.17 59 <0.5 <4.1 <4.1 <4.1 5 <5 <5
1,1,2-Trichloroethane 9,400 0.6 6 <0.8 <5 <5 <5 <5 <5 <5
Trichoroethene 21,000 2.7 55 1.3 63 12 <3 7 <5 <5
Toluene NS 14,000 11 <0.4 <6 <6 <6 2] <5 <5
Vinyl chloride NS 2 15 <0.6 41 <1 <1 15 <5 <5

Mercury 0.012 0.144 <0.2 <0.2 <0.2 <0.2 0.2 <0.10 <0.10 <0.10

NA = Not Analyzed

M Freshwater Chronic Criteria.

NS = No Standard Established

@ Protection of Human Health - Water and Organisms

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

Source: ESE, 1992,




TABLE 1-3

CONFIRMATION STUDY
DETECTED TARGET CONTAMINANTS FOR SEDIMENT SAMPLES, SITE 69
REMEDIAL INVESTIGATION, CTO-0212
MCB CAMP LEJEUNE, NORTH CAROLINA

Verification Step
Parameter 69SE4 69SES
12/12/86 12/12/86
DDD, 4.4 <0.0129 0.113
DDE, 4,4' 0.0188 <0.0224
Pentachlorophenol 1.190 <0.0513

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

Note: There are no NC sediment standards.

Source: ESE, 1990.
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20 STUDY AREA INVESTIGATION

The field programs at Operable Unit No. 14, (Site 69) 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 Site 69 (Section 2.1),
along with the preliminary RI field activities and the RI field activities conducted to fulfill those
objectives.

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.
Table 2-1 presents this information in tabular form for Site 69, the Rifle Range Chemical Dump.

2.2 Site 69 - Rifle Range Chemical Dump
2.2.1 Aerial Photograph Investigation

In August of 1992, an interim aerial photographic investigation report was completed by the
USEPA's Environmental Photographic Interpretation Center (EPIC) in Warrenton, Virginia, of the
Advanced Monitoring Systems Division in Las Vegas, Nevada. The investigation was performed
at the request of the Superfund Support Section of USEPA Region IV. The aerial photographs detail
operations at Site 69 during the period from 1949 to 1980. Investigation results were employed to
locate and assess potential sources of contamination, and to document past waste disposal activities
within the study areas.

Information supplied by USEPA Region IV identified Arcas of Concern (AOCs) within Site 69, and
verified the occurrence of waste disposal activities. Where possible, such activities were noted in the
EPIC report (and annotated on the photographs from years 1956, 1964, and 1970).

Black-and-white aerial photographs from 1949, 1956, 1958, 1964, 1970, 1974, 1975, and 1980 were
used for the analysis of Site 69. The 1938 round of photographs established a basis of comparison,
prior to development of the Camp Lejeune Military Reservation.

The analysis was performed by viewing backlit transparencies of aerial photographs through a
stereoscope. Stereoscopic viewing of aerial photographs creates a perceived three-dimensional effect
which enables the analyst to identify visible characteristics (e.g., color, tone, shadow, texture, size,
shape, and pattern). These visible characteristics permit a specific object or condition to be
recognized on aerial photographs (EPIC, 1992).

2-1



2.2.1.1 Aerial Photograph - February 1956

Activity is first noted at this site in this year of photography. The site consists of a partially
revegetated and disturbed ground area. According to collateral information, the site was used at
some point as a rifle range. Two trenches are visible along the southeastern borders of the disturbed
ground area. Trench No. 1 (TR1) contains dark-toned liquid. Note that any potential overflow of
liquid from TR1 would flow south into the drainage pathway which eventually leads east into the
New River (EPIC, 1992).

Two sections of Trench No. 2 (TR2) have been excavated. A dark-toned area of material (possibly
vegetation) is visible adjacent to TR2. Several mounds of light-toned material (presumably
excavated from the trenches) are present next to TR1 and TR2. A small linear mound of material is
also visible along the north edge of the site (EPIC, 1992),

This year of aerial photography has been reproduced, and is provided on Figure 2-1.

2.2.1.2 Aerial Photograph - November 1958

Photography from 1958 was not reproduced for the EPIC report, and was unattainable for this RI
report. However, photography features from 1958 will be annotated on the 1964 photography.

In 1958, a small drainage channel was visible for the first time, leading away from the southeast
corner of Site 69. By 1958, TR1 and TR2 have become enlarged. Trench No. 3 (TR3) is now visible
and appears to be connected to the south edge of TR2. Note that the approximate southern half of
the range (between the trenches and the road/trail) has been cleared. The northern half of the
disturbed ground area visible in 1956-continues to revegetate (EPIC, 1992).

2.2.1.3 Aerial Photograph - February 1964

The northern half of Site 69 continues to revegetate. TR1 through TR3 remain visible. TR1 contains
probable medium-toned liquid. The vehicle pathway and associated cleared area visible in 1958 have
revegetated. TR2 and TR3 are revegetating (not annotated). A small cleared area is visible within
the wooded areas south of Site 69. Farther south, an even larger area, which appears to be in the
process of being cleared, is visible (EPIC, 1992).

This year of aerial photography has been reproduced, and is provided on Figure 2-2.

2.2.1.4 Aerial Photograph - October 1970

TR1 through TR3 have been filled. Most of the former rifle range has revegetated, except for a
graded area visible at the location of the disturbed ground area seen in 1958 and two additional
graded areas noted at the former locations of TR2 and TR3. A solitary pool of probable liquid is seen
within the northern graded area. Note also that the cleared areas visible south of Site 69 in 1964 have
since revegetated (EPIC, 1992).

This year of aerial photography has been reproduced, and is provided on Figure 2-3.
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2.2.2 Preliminary Rl Field Investigation

Geophysical Investigation

A geophysical survey was conducted by Baker at Site 69 from August 24 to September 3, then again
from December 14 to 18 of 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. The firm of Weston Geophysical Corporation (Weston) was retained to perform the survey.

‘Due to heavy vegetation and understory at Site 69, geophysical traverses were referenced to an old
- road crossing the site and located by compass bearing and taped distance measurements. These
cast-west oriented traverses were subsequently located and stationed at 50-foot intervals by
Hoggard/Eure Associates. A second phase geophysical investigation at Site 69 was then conducted
to further define areas of suspected burial.

Two geophysical techniques were employed during the survey including electromagnetic terrain
conductivity (EM), and magnetometry. EM profiling was performed to measure lateral variations
in subsurface conductivity, indicative of previous disposal and backfilling, and to identify buried
metallic objects and debris. Magnetic profiling was performed to complement the EM interpretation
of subsurface objects and debris. '

EM conductivity and magnetic intensity measurements were obtained along orthogonal traverses
extending across the site. Results from the EM measurements showed background conductivity
levels at 10 mmhos/m. A distinct increase in conductivity above 10 mmhos/m, representative of a
lateral change in conductivity due to buried waste and fill material, was measured across two broad
areas as shown on Figure 2-4. Within these two areas, EM in-phase and magnetic measurements
indicated buried metallic and ferrous metallic objects.

The greater lateral extent of increased conductivity, to that of detected buried metal, may suggest that
previous widespread burial of non-metallic debris on site may have occurred. Furthermore, zones
of highest conductivity were not always coincident with the area of buried metal, suggesting
widespread disposal on-site. An alternative explanation for the lateral extent of increased
conductivity, primarily to the south and north, may be the presence of a conductive contaminant
plume. _

Appendix A contains the report prepared by Weston for the geophysical survey at Site 69.
2.2.3 RI Field Investigation

The initial RI field investigation performed at Site 69 commenced on January 3 and continued
. through March 4, 1994. The field program implemented during the investigation consisted of a
preliminary site survey; hydropunch 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.

Additional RI investigations, which focused primarily on characterizing the extent of groundwater
contamination, were initiated in May 1994, December 1994, March 1995, September 1995 and
March 1996.




2.2.3.1 Preliminary Site Survey

During the week of December 26, 1993, a Baker field crew established a soil sampling grid at
Site 69. In addition to the soil grid, proposed well locations were also identified and staked.

The soil sampling grid at Site 69 was established to encircle the large area of possible buried metal,
found by the geophysics survey. The grid at Site 69 is referred to as the Chemical Storage Area
(CSA). The CSA grid was established on 100 foot by 100 foot spacings at Site 69 and laid out by
scaling existing CADD drawings for distance, and then by taping these distances off from existing
structures present at the site. Pin flags were then placed at the measured locations with their
respective sample identification numbers placed on the pin flag. Provided on Figure 2-5 is the
location of the CSA soil sampling gnd.

Proposed well locations were also established by utilizing existing CADD drawings for reference.
Access to all well locations at, Site 69, being that the site is heavily wooded, required a substantial
amount of clearing. Heavy equipment (i.c., CASE 38EE front end loader) was utilized to plow roads
and make cuts into heavily vegetated areas. Chainsaws were also used to cut down larger trees
preventing drill rig access. Proposed well locations were then staked and given their corresponding
identification number. Provided on Figure 2-6 are the well locations for the initial set of monitoring
wells at Site 69.

2.2.3.2 Hydropunch Investigations

On January 6 and 7, 1994, Baker retained the services of Target Environmental Services, Inc.
(Target) to perform hydropunch groundwater sampling at Site 69. A total of 14 groundwater samples
were collected at the site. Seven of these samples were collected from the drainage area to the
southeast of the site, and the other seven were collected from the drainage area to the northeast.
Figure 2-7 depicts the hydropunch locations in both the southeast and northeast drainage areas.

To collect the samples, a van-mounted hydraulic probe was used to advance 3 foot sections of
1-3/8" outside diameter (OD) threaded steel casing to the sampling depth. The steel casing was then ~
removed and a 5 foot section of 1" diameter slotted PVC pipe was connected to one or more 5 foot
sections of PVC riser pipe and was inserted to the full depth of the hole. The pipe was allowed to
sit from one to two hours to allow groundwater to fill the pipe. A stainless steel bailer was utilized
to collect the sample from the PVC slotted riser. Samples were placed in 40 mL, teflon septum
sealed glass vials and acidified to pH 2 using a 50% hydrochloric acid solution, sealed, labeled, and
shipped to the laboratory. Samples NE-7A and SE-7A, because they were collected from the
swampy standing water areas, were collected by submerging clean vials with clean sampling gloves
and then preserving the samples as described above..

Prior to the day's field activities and after collection of each sample, the steel casing and the bailer
apparatus were decontaminated by washing the equipment with a Alconox soap solution (laboratory
detergent), rinsing with distilled water, and drying with filtered ambient air to ensure discrete
sampling.

All of the 14 samples collected were prepared for analysis according to EPA Method 3810, and
analyzed according to EPA Method 8010 on a gas chromatograph equipped with an electron capture
detector (ECD). Four analytes were chosen to be screened during analysis, due to the common usage
in  industrial solvents. The following chemicals were analyzed for; trans-1,2-DCE,
cis-1,2-dichloroethene (cis-1,2-DCE), TCE, and tetrachloroethene (PCE). Target's Report on the
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January 1994 investigation is presented in Appendix B of this report. Results of the hydropunch
sampling are discussed in Section 4.4.2 of this RI Report.

On March 21, 1995 and March 22,1995, Target performed a second hydropunch investigation within
Site 69. A total of nine locations were sampled and are shown on Figure 2-7. This investigation was
to further define surficial groundwater contamination north of well location 69-GW02, since elevated
levels of volatile organic compounds (VOCs) had been detected in wells in the southern portion of
the site (near wells 69-GW02 and 69-GWO03).

Surficial groundwater samples from these hydropunch locations were analyzed in the field. Samples
were subjected to a dual analyses. One analysis [USEPA Method 8010 (modified)] was performed
using a gas chromatograph equipped with an electron capture detector (ECD) and the second analysis
[USEPA Method 8020(modified)] was conducted using a gas chromatograph equipped with a flame
ionization detector (FID). These analyses were for -chlorinated solvents and BTEX constituents,
respectively. Results of the sampling and analyses are presented in Section 4.5. Subsurface soil
samples were also collected from these sampling locations from just above the groundwater surface.
These samples were sent to a contracted laboratory for analysis and are discussed in the soil
investigation subsection (Section 2.2.3.3). Target's Report on the March 1995 investigation is
‘presented in Appendix B of this report and the results are discussed in Section 4.5. All locations for
this investigation were initially cleared by an unexploded ordnance subcontractor, and sampling
activities were monitored by the U.S. Army Technical Escort Unit (TEU) for chemical surety
degradation compounds (CSM). TEU also field screened the samples for CSM prior to submittal to
the laboratory.

Field QA/QC samples were collected before the hydropunch sampling was initiated, at the end of the
first day of survey activities, and at the end of the second day of survey activities. These QA/QC
samples were collected by rinsing distilled water through the decontaminated stainless steel bailer
into sample vials. These results of the QA/QC samples are presented along with hydropunch samples
in Section 4.4.3 of this RI Report.

2.2.3.3 Soil Investigation

The soil investigation performed at Site 69 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 69 focused on two main AOCs; the background and on-site
surface soil quality of the former disposal area, and the subsurface soil quality from monitoring well
boreholes. Monitoring well boreholes were located on-site and to the northeast and southeast of the
fenced-in portion of Site 69. Results from subsurface soils that were analyzed were used for
correlation to groundwater analyses. The drilling procedures, soil sample locations, sampling
procedures, and the analytical program for this soil investigation are summarized below.

Drilling Procedures
Drilling activities at Site 69 commenced on January 6, 1994, and continued through January 12,

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
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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
obtain samples from varying depths. Soil cuttings obtained during the drilling program were
contained and handled according to the procedures outlined in Section 2.4.

Two types of borings were installed during the investigation: hand auger exploratory borings (i.c.,
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 hand augers were collected from
the surface (ground surface to 1 foot) and then were terminated due to the possibility of CWMs
present on site.  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 water table
for shallow monitoring wells, then at approximate five-foot intervals thereafter for the deep
monitoring wells, until the borings were terminated. 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. 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 69 is provided in Table 2-2.

Hand auger cuttings and split-spoon soil samples were classified in the field by a geologist. Soils
were classified using the Unified Soil Classification System (USCS) by the visual-manual methods
described in ASTM D-2487 and 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 C and the Test Boring and Well Construction
Records in Appendix D.

Soil Sampling Locations

The majority of the soil samples were collected within the fenced-in area at Site 69 as depicted on
Figure 2-8. The sampling distribution was intended to evaluate the vertical and horizontal extent of
contamination at the two AOCs. Selection of sample locations was based on review of historical
acrial photographs, geophysical survey results, Camp Lejeune historical records, and previous
investigation data. Review of these documents indicated that the trenched areas were used for
disposal. A total of 29 hand auger borings were advanced to assess the background and surface soil
‘of the formal disposal area at Site 69. A total of 15 borings were advanced for monitoring well
installation to assess subsurface soil quality for correlation to groundwater analysis. Additionally,
ten subsurface soil samples were collected from the hydropunch locations and intermediate well
location during March 1995.
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Soil Sampling Procedures

Surface soil samples [ground surface to 1 foot below ground surface (bgs)] collected from hand
augers and subsurface soil samples from monitoring well installations (deeper than 1 foot bgs) 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. 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 69 is provided in
Table 2-2.

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 2.3.

Only one sample from each of the surface soil borehole locations was retained for laboratory
analysis. Typically, two samples per monitoring well boreholes were submitted for analysis. In
some cases, a third sample from the borehole was also submitted for analysis if indications of
contamination (i.e., elevated photoionization detector (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
Standard Operating Procedures (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.

During the March 1995 hydropunch investigation, subsurface soil samples were collected from just
above the groundwater surface. These samples were collected by Target using a push type sampler
which was equipped with a plastic liner. The liners were removed from the sampler and split open
to recover the soil sample. As with the initial soil investigation, samples were prepared and handled
for analysis according to USEPA Region IV SOPs.

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 Technical Escort Unit (TEU) was provided indicated that the samples had been screened for
possible CWMs (i.e., Mustard or blistering agents). Upon Baker receiving written documentation
that the samples were absent 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. The following information
is provided on the Chain-of-Custody documentation, (provided in Appendix E) sample number, date,
time of sampling, and sampling personnel, accompanied the samples to the laboratory. Samples were
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shipped overnight via Federal Express to GP Environmental Services, Inc. (GP) in Galthersburg,
Maryland for analysis.

Analytical Program

The analytical program initiated for the soil investigation at Site 69 focused on the suspected
contaminants of concern which were based on previous disposal practices. Soils collected from the
background and former disposal area locations were analyzed for the full TCL organics and TAL
inorganics, CWM (degradation products), and thiodiglycol. 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 69 is provided in
Table 2-2,

Soil samples collected during the March 1995 investigation were analyzed for VOCs and CSM
constituents. These analyses were based on the detected levels of 1,2-dichloroethene (total)
(1,2-DCE) and trichlorethene (TCE) in groundwater at well location 69-GW02, and on the potential
of chemical warfare materials from past disposal activitics. A summary of the sample number,
depths and parameters analyzed is provided in Table 2-2.

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 (ie., 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).

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); 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 accordance
with DQO Level IV as defined in the Environmental Compliance Branch SOPs and 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 rinsate samples; field blanks; and trip blanks. These sampling definitions are listed below
(USEPA, 1991): :

] Duplicate Sample: Two or more samples collected simultancously 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
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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).

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 at Site 69 (including duplicate samples; field blank samples,
equipment rinsate samples; and trip blanks) according to the procedures outlined in the USEPA
Region IV SOPs.

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. During drilling, ambient
air monitoring in the vicinity of the borehole was performed with a PID to monitor for airborne
contaminants. 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 the Test Boring Records and Well Construction
Records which are provided in Appendices C and D. Field instruments were calibrated and
documented on calibration forms prior to the start of field work each day.

2.2.3.4 Groundwater Investigation

The groundwater investigation performed at Site 69 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 groundwater. The following describes the sample collection
procedures, sample locations, and analytical program.

Four shallow Type II (i.c., wells installed without casing to seal off a confining layer) monitoring

wells (69-GW09, 69-GW10, 69-GW11, and 69-GW12) were installed at Site 69 between January 7,
and January 12, 1994, In addition to the shallow wells, one Type II well (69-GW12DW), and one
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Type HI well (69-GW02DW) (i.e., wells installed with casing to seal off a confining unit) were also
installed in the upper portion of the Castle Hayne aquifer. Well locations are presented on
Figure 2-9. 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 deeper monitoring wells were installed
for the same reasons as above, but to characterize the upper portion of the Castle Hayne aquifer.
Selection for the placement of the wells was based on review of historical aerial photographs, Camp
Lejeune records, and analytical findings from previous investigations.

From May 17 to May 25, 1994, Baker installed four additional wells at Site 69. The purpose of these
wells was to delineate the vertical and horizontal extent of volatile contamination that was detected
in wells 69-GW02, 69-GW02DW, and 69-GWO03. To accomplish this, one well (69-GW02DD) was
installed in what is referred to as the intermediate zone of the Castle Hayne aquifer, at a depth of
approximately 125 feet bgs. This well was installed to assess potential vertical migration of VOCs.
Two wells (69-GWO03IW and 69-GW13IW) were installed in the upper zone of the Castle Hayne at
depths of approximately 62 feet bgs for purposes of assessing both vertical and horizontal VOC
migration. A shallow well (69-GW13) was installed to the east of the suspected source area for
purposes of assessing offsite VOC migration. These well locations are depicted on Figure 2-9. Wells
69-GW02DD, 69-GWO03IW, and 69-GWI13IW were all Type III well construction, with well
69-GWO02DD being cased twice (once at 12 feet bgs, and again at 73 feet bgs.). The shallow well
(69-GW13) was a Type II construction.

- During December 12, 1994 through December 20, 1994, three additional groundwater monitoring
‘wells were ‘installed south of well location 69-GWO02 outside the site boundary fence (refer to
Figure 2-9) to determine if site VOC contaminants had migrated off-site. This triple nest of wells
was installed to monitor the shallow aquifer (69-GW14, 14"), upper Castle Hayne aquifer
(69-GW14IW, 62") and the intermediate zone of the Castle Hayne (69-GW14DW, 127'). The shallow
well was a Type II construction and the upper Castle Hayne well was a Type 1II construction with
a 6" 1.D. steel outer casing installed to a depth of 12 feet in a sandy clay confining layer. The
- intermediate well was a Type III construction with a 10" L.D. steel outer casing installed to a depth
of 12 feet (set in the sandy clay confining layer) and a 6" 1.D. steel inner casing installed to a depth
of 72 feet. The inner casing was installed to prevent any potential contamination that had been
detected in the upper zone of the Castle Hayne at location 69-GW02 from being transported to the
intermediate zone during drilling at this new location.

Baker conducted a geophysical survey north of well cluster GW02 and between wells GW02 and
GWO03 in January 1995. The results of this study indicated a substantial amount of buried metallic
debris, especially north of the well GW02. In addition, nine shallow groundwater samples were
collected for VOC analysis via the hydropunching technique in order to establish the "northern”
boundary of the shallow aquifer VOC plume. The hydropunch locations are depicted on Figure 2-8.
The most elevated VOC levels were detected at location HP-02.

Two groundwater monitoring wells were installed during the March 1995 field investigation, based
on the results of the hydropunch sampling and analysis. Monitoring wells 69-GW15 (shallow
aquifer, 13 feet) and 69-GW15IW (upper zone of the Castle Hayne, 60 feet) were installed north of
well location 69-GW02 in the vicinity of hydropunch sample location 69-DA-HP02 which exhibited
high levels of 1,2-DCE and TCE. Well 69-GW15 was a Type II construction and well 69-GW15IW
was a Type III construction with an 8" 1.D. steel outer casing set at 12 feet.



The shallow monitoring wells were installed upon completion of advancing the boreholes. Each
borehole was overdrilled with 8-1/4-inch ID hollow stem augers prior to well installation. Well
depths ranged from 13.5 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 (known to fluctuate from 2 to 4 feet). Well construction details for the wells are
summarized on Table 2-4, and well construction diagrams are shown on the Well Construction
Records provided in Appendix D.

During this stage of the RI, a treatability study (TS) was being implemented to evaluate the
effectiveness of a technology known as "in well aeration." The TS focused on remediating the VOCs
in-situ as opposed to the more common approach of extracting or collecting groundwater for
subsequent physical/chemical treatment and discharge. The TS approach focused on the area near
well cluster GW15. During the scoping of the TS, it was determined that the vertical extent of
contamination needed to be better defined before completing the final details of the TS. Therefore,
as part of the TS, another groundwater investigation was conducted in September 1995. During this
investigation, groundwater samples were collected via the hydropunch technique near well cluster
GW15 at depths of 50, 60, and 70 feet bgs. From this boring, a well was constructed at a depth of
120 feet bgs (GW15DW) in what is referred to as the intermediate zone. Another well (GW15UW)
was installed to a depth of 37 feet bgs to characterize VOC levels in the upper zone of the Castle
Hayne, specifically, in the zone just below shallow well GW15. The results of the September 1995
TS groundwater investigation are provided as Appendix X. Well locations are shown on Figure 2-9.

A number of data limitations were identified following the September 1995 study. Specifically,
concerns were raised about whether the vertical extent of VOC contamination has been adequately
identified. In order to complete the characterization of VOCs in the Castle Hayne aquifer, the
following study objectives were established:

L Characterize the vertical and horizontal extent of groundwater contamination in the
Castle Hayne aquifer; and
o Determine probablé contaminant migration pathways in the Castle Hayne aquifer.

In order to meet the above-mentioned objectives, three deep monitoring wells were constructed
during the period March 20 through April 18, 1996. All three wells were constructed to monitor
groundwater quality at the bottom zone of the Castle Hayne aquifer. Well GW15BCH was installed
near the suspected source area. Monitoring well GW02BCH was installed south of the suspected
source area, and well GWO3BCH was constructed southeast of the suspected source area. The
bottom of the well screens were set at a depth of 230 feet bgs. Figure 2-9 also depicts the locations
of all monitoring wells and has been provided in color to differentiate between wells in the shallow
aquifer, and in the upper zone, intermediate zone, and deep zone of the Castle Hayne aquifer. The
wells were constructed as Type Il monitoring wells in accordance with the final RI/FS Project Plans
(Baker, 1994).

The -upper Castle Hayne 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.
All upper Castle Hayne 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
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on Table 2-4, and well construction diagrams are shown on the Well Construction Records provided
in Appendix D.

The wells were constructed of 2-inch nominal diameter Schedule 40, flush-joint and threaded poly
vinyl chloride (PVC) casing with a 10-foot or 15-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 S 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 2-10. Figure 2-11 shows the well construction details for a typical intermediate
and deep Type III well.

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 decp wells were developed using a large compressor (equipped
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
2.4 for IDW handling). Pumping hoses (constructed of flexible PVC) were dedicated for each well
to minimize the potential for cross contamination.

Measurements of pH, specific conductance, and temperature were recorded at each borchole volume
in determining well stabilization. Periodic flow and volume measurements were also recorded during
development to evaluate flow rates of the shallow and deeper water-bearing zones. Well
Development Forms summarizing this information are provided in Appendix F.

Water Level Measurements

Upon completion of well development activities, static water level measurements were collected from
top-of-casing (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 the following dates: February 16, March 1, and April 30,
1994; January 25 and February 20, 1995; and May 2, 1996. 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.

2-12



Groundwater Sampling

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

Groundwater Sampling Procedures

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 69,
the contaminants of concern were: volatiles, pesticides, metals, CWMs, and thiodyglycol based on
previous investigative results and historical records. Accordingly, the sampling program initiated
at Site 69 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.

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 2.4.

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, CWMs, thiodiglycol, 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.

Following the initial sampling at Site 69 in January and June 1994, all subsequent sampling events
utilized a "low-flow" purging technique. This technique was implemented to reduce the effects of
particulates in groundwater samples on total metal concentrations. The "low-flow" purging and
sampling involved the use of a low flow submersible pump 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 and turbidity were
taken to determine when groundwater had reached a state of equilibrium. Samples were collected
directly from the pump discharge or with a decontaminated teflon bailer following purging.

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 E) accompanied the samples to GP.
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Analytical Program

. One round of groundwater samples were collected in January 1994 from the 8 existing and four
newly installed shallow wells. Groundwater samples were collected from the two newly installed
- upper Castle Hayne wells in February 1994. The groundwater samples were analyzed for volatiles,
semivolatiles, pesticides/PCBs, CWMs, thiodiglycol, TAL metals (total and dissolved), and cyanide.
The samples were analyzed by Contract Laboratory Program (CLP) protocols. Four additional wells
installed in May 1994 were sampled in June 1994 and analyzed for TCL organics and TAL metals
(total and dissolved).

Selected wells in the southern and eastern portions of the site were sampled at various times
following the initial sampling in January and June 1994 to better define contamination exhibited at
well locations 69-GWO02 and 69-GW03. These samples were purged and sampled using the "low-
flow" purging technique. Samples from the August 1994 sampling event were analyzed for TAL
metals (total and dissolved). Selected wells were again sampled in January 1995, following the
installation of a three-well cluster at location 69-GW14. These samples were analyzed for VOCs.

A complete round of groundwater samples were collected in February 1995 from the fourteen
shallow wells, and seven Castle Hayne wells. These samples were analyzed for VOCs at Microbac
Laboratories in Norfolk, Virginia. This sampling round was initiated due to the suspected cross
contamination of the January samples from another site at MCB Camp Lejeune.

In March 1993, after the installation of wells 69-GW15 and 69-GW15IW. A total of 5 shallow and
7 Castle Hayne wells were sampled and analyzed for VOCs by Quanterra Laboratories in Pittsburgh,
Pennsylvania. '

In September 1995, as part of the pre-treatability study groundwater investigation, groundwater
samples were collected via hydropunching to better define the extent of groundwater contamination
near shallow monitoring well G15. Based on these results, two additional wells were installed in the
Castle Hayne aquifer (wells GW15DW and GW15UW). Samples were collected from the two
newly-installed wells and from wells GW15 and GW15IW, and analyzed for VOCs.

In April 1996, following the installation of three deep wells in the Castle Hayne aquifer, additional
groundwater sampling was performed. Samples were collected from the three newly-installed wells
(GW02BCH, GWO03BCH, and GW15BCH) and from existing wells GW02D, GW03D, and
GW15DW for analysis of VOCs.

nality Assurance and Qualitv 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 2-5 summarizes the QA/QC sampling program employed for
the groundwater investigation conducted at Site 69.

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 69 were: screening of the well head, and screening of the
actual purged groundwater with a PID to measure for volatile organic vapor. Measurements obtained
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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 Surface Water and Sediment Investigation

This section discusses the surface water and sediment investigations conducted for Site 69. Included
_ in this section are the sampling methodologies, procedures, locations, analytical requirements, and

QA/QC sample types of the surface water and sediment investigations. Site 69 had a full ecological
and aquatic survey conducted during the period that RI activities were being performed for OU. No.
2 (August through November 1992). In addition to this survey, a surface water and sediment
investigation was also conducted during field activities from January through March 1994. For this
report, the ecological and aquatic survey is discussed in Section 2.2.3.6 and the surface water and
sediment investigation is discussed below.

Surface Water and Sediment Sampling Locations

Seven surface water and seven sediment samples were collected at Site 69. Three of the samples
were obtained from on-site standing water areas. Two samples were collected from the drainage arca
to the northeast and two samples were collected from the drainage area to the southeast. Figure 2-12
provides the surface water and sediment sampling locations at Site 69. Surface water samples are
designated with an SW (i.e., 69-OS-SWO01 indicating Site 69, on-site, surface water station 01).
Sediment samples are designated with an SD. Sediment locations, depth of sample, sampling
Ainterval, and analytical parameters for Site 69 are provided on Table 2-6.

Surface Water and Sediment Sampling Procedures

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 volatiles. At all surface water locations, water quality readings were taken (i.c., pH,
specific conductance, and temperature).

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. 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 which contained 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 appeared
stagnant or 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. In general, samples
were collected at surface water features that were either on-site or adjacent to Site 69 to accurately
assess any impacts resulting from former disposal operations. Sediment samples were collected
following collection of the surface water samples to minimize sediment resuspension. Surface water
and sediment sample were collected from downstream stations prior to moving to upstream stations.
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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.

Surface Water and Sediment Analytical Program

The analytical program initiated for the surface water and sediment investigation at Site 69 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 were analyzed for full TCL organics, TAL inorganics, CWMs, and
thiodiglycol.

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 2.2.3.3. Table 2-7 summarizes ficld
QA/QC samples collected for the surface water and sediment program.

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 69 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 ficld logbook. Field instruments were calibrated and documented on
calibration forms prior to the start of field work each day.

2.2.3.6 Ecological and Aquatic Survey

A ecological and aquatic survey was conducted of Site 69 under the field operations of OU. No. 2
during the period from August to November, 1992. Three AOCs were investigated. The three arcas
included: the unnamed tributary to the New River which is located north of Site 69, Everett Creek
which is located approximately 1/4 mile south of Site 69, and the New River which is located
. approximately 1/4 mile to the east of Site 69. The following subsections discuss the type of media
sampled, the sampling locations, the sampling procedures, the analytical program, and QA/QC
sampling program.

Media Types

The following media types were selected to be sampled: surface water, sediment, fish, shellfish, and
benthic macroinvertebrate organisms. These media types were selected to assess any potential
impacts related to the former disposal operations that took place at Site 69.

Surface Water/Sediment/Fish/Shellfish/Benthic Sampling Locations

Surface water and sediment samples were collected from all three stations located on the unnamed
tributary. Benthic samples were also collected from all the stations. Only one location was sampled
for fish; shallow water precluded site access during the times the sampling events were planned for
the other two fish locations. Shellfish were not collected at the sampling stations located on the
unnamed tributary, due to the absence of shellfish organisms.
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Surface water and sediment samples along Everett Creek were collected from Stations 1, 3, and 4.
Benthic and fish samples were collected from Stations 2, 3, and 4. Benthic and fish samples were
not collected from Station 1 due to upstream inaccessibility with the boat. However, only one
shellfish sample was collected from Everett Creek at Station 4. Shellfish were not collected from
the remaining two sampling locations because they were not present at these sampling stations
during the period of sampling. '

Surface water and sediment samples along with benthic and fish samples were collected from all
three stations located on the New River. However only two shellfish samples were collected from
the New River. Shellfish were not collected from the remaining one sampling location because they
were not present at this sampling station during the period of sampling.

Surface water and sediment sampling locations are shown on Figure 2-13.

Surface Water/Sediment/Fish/Shellfish/Benthic Sampling Procedures

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, dissolved oxygen, salinity and temperature).

Sediment samples at all sampling locations were collected by pushing a sediment corer into the
subsurface. The sediment corer is a metal tube with a inner retractable plastic tube. As the tube is
driven into the subsurface, the sediment is pushed into the plastic tube. The sediment corer is then
removed from the subsurface and opened. A push rod then is used to force the sediment out of the
plastic tube, this gives the sampling personnel a undisturbed sediment core to sample. This procedure
was performed at each station to acquire sediment samples from 0 to 0.5 feet, and 0.5 to 1.0-foot
Zones.

Fish were collected via three procedures. The first procedure was the use of a electrofisher. The
electrofisher produces a DC current which was applied to the sampling station area. This current
stuns the fish, and they float to the surface. Stunned fish were collected with one-inch mesh or
smaller dip nets. The second procedure was the use of gill nets. The gill nets were 6 feet deep by
50 feet long with a stretch mesh size ranging from three to four inches, and an approximate twine
break strength of 29 pounds. The nets were deployed in the morning or evening, and they were
checked for fish within twelve hours after deployment. The third procedure was the use of haul
seines. The haul seine was deployed with one person securing the seine on the shore and another
person walking out in a loop. The bottom of the net was kept in contact with the sediment to prevent
fish from swimming under the net. When the person deploying the net arrived back at shore, the net
was pulled in.

Shellfish were collected manually at all locations at the three areas of concern.
Benthic macroinvertebrates were collected by using a standard ponar sampler. The ponar was
deployed from the boat. Once the ponar was retrieved with a sediment sample, it was opened into

a clean tub and the larger sediments were removed. The sediments were then transferred to a 0.5 mm
sieve that was agitated to remove small particles. The remaining contents in the sieve were then
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placed into a plastic sample jars containing a 10 percent formalin solution for preservation. These
samples were then transported to Baker Ecological Laboratory for sample processing,

Surface Water/Sediment/Fish/Shellfish/Benthic Analytical Program

The analytical program initiated for the ecological and aquatic investigation at Site 69 focused on
suspected contaminants of concern. As mentioned previously, the contaminants of concern were
identified from previous investigations. In general, the media types were selected and sampled to
accurately assess any impacts resulting from former disposal operations. All media types were
analyzed for TCL organics and TAL inorganics.

Quality Assurance and Quality Control Samples

Field QA/QC samples were also collected during the ecological and aquatic survey including
duplicate samples, equipment rinsate samples, and trip blanks. The QA/QC sample collection
frequencies are the same as those described in Section 2.2.3.3. Table 2-8 summarizes field QA/QC
samples collected for the ecological and aquatic survey.

2.3 Decontamination Procedures

Decontamination procedures performed in the ficld 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
. 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 2.4.

2.4 Investigation Derived Waste (IDW) Handling

Field investigation activities at Site 69 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
drilling and sampling conducted from January 3 to March 4, 1994, and March 1995.

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

SUMMARY OF REMEDIAL INVESTIGATION OBJECTIVES

SITE 69

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

Medium or
Area of Concern

RI Objective

Criteria for Meeting Objective

Investigation/Study

1. Soil la. Assess horizontal and vertical Characterize contaminant levels in Soil Investigation
extent of soil contamination in surface and subsurface soils.
off-site downslope areas. :
1b. Assess the extent of soil Characterize contaminant levels in Soil Investigation
contamination at the disposal surface and subsurface soils.
area.
lc. Assess the level and nature of Characterize contaminant levels in Soil Investigation
surficial soil contamination with | surface areas, trenches, and subsurface
respect to possible contact by soil boundaries.
humans and wildlife.
1d. Identify the buried metal at the Characterize the subsurface soil and Geophysical Investigation
site. metallic debris.
le. Assess human health and Characterize contaminant levels in Soil Investigation
ecological risks associated with surface and subsurface soils. Risk Assessment
exposure to surface soils.
2. Groundwater |2a. Assess health risks posed by Evaluate groundwater quality and Groundwater Investigation
potential future usage of both the | compare to ARARs and health-based | Risk Assessment
shallow and deep groundwater. action levels.
2b. Evaluate hydrogeologic Estimate hydrogeologic characteristics | Groundwater Investigation

characteristics for fate and
transport evaluation and remedial
technology evaluation, if
required.

of both the shallow and deep aquifer
(flow direction, transmissivity,
storativity, etc).

(Field Investigation/Review of
Existing Data)




TABLE 2-1 (Continued)

SUMMARY OF REMEDIAL INVESTIGATION OBJECTIVES

SITE 69

REMEDIAL INVESTIGATION, CTO-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 Characterize the nature and extent of | Sediment Investigation of on-site
ecological risks associated with contamination in sediment. ponded areas and Drainage Areas to the
exposure to contaminated Southeast and Northeast
sediments. Risk Assessment

3b. Assess potential ecological Evaluate stress to benthic and fish Sediment Investigation of on-site
impacts posed by contaminated communities. ponded areas and Drainage Areas to the
sediments. Southeast and Northeast Sediment

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 remediation. | levels exceed risk-based action levels

or EPA Region IV TBCs for sediment.

3d. Asses the potential direct contact | Evaluate sediment quality in drainage | Sediment Investigation
with sediment by recreational areas, nearby streams and tributaries,
users and wildlife. Everett Creek, and the New River.

4. Surface Water |4a. Assess the presence or absence of | Characterize the nature and extent of | Surface Water Investigation

surface water contamination on
site.

contamination in sediment.

4b.

Assess potential ecological
impacts posed by contaminated
surface water.

Evaluate stress to benthic and fish
communities.

Surface Water Investigation

4c.

Assess the potential direct contact
with surface water by recreational
users and wildlife.

Evaluate surface water quality in
drainage areas, nearby streams and
tributaries, Everett Creek, and the
New River.

Surface Water Investigation
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TABLE 2-2

SOIL SAMPLING SUMMARY

SITE 69

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

Depth of Sampling CSM L
5::; gfn (I?;rzl:)ogl:) (fI::zr;;ls | JS[I{S S'\r’g%\s PesI/CPLCBs I\’/Irgalis pr(o]()ji%ts) Thiodiglycol { Mirex | Ordnance | Cyanide lf:rilrg Zf;gg) Comments
69-CSA-SBO1 1.0 00-10 | x X X X X X
69-CSA-SB02 | 1.0 00-10 | X X X X X X
69-CSA-SB03 1.0 00-10 | x X X X X X
00-10 | X X X X X X @
69-CSA-SBO4 | 1.5 00-1.5 X X X X X X
69-CSA-SBOS 1.0 00-10 | x X X X X X
69-CSA-SBO6 | 1.0 00-10 | x X X X X X
69-CSA-SBO7 | 1.0 00-10 | X X X X X X
69-CSA-SB08 [ 1.0 00-10 | X X X X X X ®
00-10 | X X X X X X @
69-CSA-SB09 | 1.0 00-10 | X X X X X X
69-CSA-SB10 | 1.0 00-10 | X X X X X X
69-CSA-SB11 10 00-10 | X X X X X X
69-CSA-SB12 | 1.0 00-10 | X X X X X X
69-CSA-SB13 1.0 00-1.0 X X X X X X
69-CSA-SBl4 | 10 00-10 | X X X X X X
69-CSA-SB15 | 1.0 00-10 | x X X X X X
69-CSA-SB16 1.0 0.0-1.0 X X X X X X @
00-10 | X X X X X X @
69-CSA-SB17 | 1.0 00-10 | X X X X X X




TABLE 2-2 (Continued)

SOIL SAMPLING SUMMARY
SITE 69
REMEDIAL INVESTIGATION, CTO-0212

MCB CAMP LEJEUNE, NORTH CAROLINA

Depth of Sampling CSM r L
omte | oo | el | 68| T s | s || T | e | o | s | BRERES | commens
69-CSA-SB18 1.0 00-1.0 X X X X X X
69-CSA-SB19 1.0 0.0-1.0 X X X X X X
69-CSA-SB20 1.0 0.0-1.0 X X X X X X
69-CSA-SB21 1.0 0.0-1.0 X X X X X X
69-CSA-SB22 1.0 0.0-1.0 X X X X X X
69-CSA-SB23 1.0 00-1.0 X X X X X X
69-CSA-SB24 1.0 0.0-1.0 X X X X X X
69-CSA-SB25 1.0 0.0-1.0 X X X X X X
69-DA-HPO1 10.0 50-7.0 X X
69-DA-HP02 5.0 0.0-2.0 X X
69-DA-HPO03 9.0 4.0-6.0 X X
69-DA-HP0O4 9.0 4.0-6.0 X X
69-DA-HPO35 9.0 4.0-6.0 X X
69-DA-HPO6 5.0 00-20 X X
69-DA-HPO7 11.0 6.0-8.0 X X
69-DA-HP08 9.0 4.0-6.0 X X
69-DA-HP0S 9.0 5.0-7.0 X X
69-BB-SBO1 1.0 00-1.0 X X X X X
69-BB-SB02 1.0 0.0-1.0 X X X X X

i

i
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TABLE 2-2 (Continued)
SOIL SAMPLING SUMMARY
SITE 69
REMEDIAL INVESTIGATION, CT0O-0212
MCB CAMP LEJEUNE, NORTH CAROLINA
Depth of Samplin CSM L
S:é:g:; (lgé)e%t:)ogl:) (g:;irgglsg) \;r((): ,Is:s S;T/((;IAS Pes'tI:/CPIéBs I\P’II:;S pr%i%is) Thiodiglycol | Mirex | Ordnance | Cyanide f;ig 2?;2(% Comments
69-BB-SB03 1.0 00-1.0 X X X X
69-BB-SB04 1.0 00-1.0 X X X X X
69-GWO2DW |  50.0 00-20 | x | X X X X ®
00-20 | x | x X X ®
4.0-6.0 X X X X
69-GW09 21.0 2.0-40 X X X X
8.0-10.0 X X X X
69-GW10 17.0 00-20 X X X X
40-55 X X X X
69-GW11 19.0 2.0-4.0 X X X X
6.0-8.0 X X X X
69-GW12 135 00-20 X X X X
69-GW12DW 60.0 00-20 X X X X
69-GW15IW 62.0 1.0-3.0 X X X

Note: @

@ Duplicate
®  MS/MSD

Engineering Parameters include Particle Size, Atterberg limits.




TABLE 2-3

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL

SAMPLING PROGRAM FOR THE SOIL INVESTIGATION
SITE 69
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 9 TCL Volatiles
Field Blanks® One per Event 7 TCL Organics/TAL Inorganics/
CSM/Thiodiglycol
Equipment Rinsates® | One per Day 5 TCL Organics/TAL Inorganics/
CSM/Thiodiglycol
Field Duplicates 10% of Sample 5 TCL Organics/TAL Inorganics/
' Frequency CSM/Thiodiglycol

Notes:
)

3)
)

&)

QA/QC sample types defined in Section 2.4.3.1 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 blanks collected from a potable and distilled water sources used for
decontamination purposes.

Equipment rinsates collected from various sampling equipment (¢.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.



Notes:

)

TABLE 2-4

SUMMARY OF WELL CONSTRUCTION DETAILS

SITE 69

REMEDIAL INVESTIGATION, CT0-0212

MCB CAMP LEJEUNE, NORTH CAROLINA

Top of PVC Ground Screen Sand Pack Bentonite
Casing Surface Boring | well Depth Interval Interval Interval
. Elevation Elevation | Depth (feet, | (feet, below Depth Depth Depth Stick-Up
Monitoring Date (feet, above (feet, above | below ground ground (feet, below (feet, below (feet, below (feet, above
Zone ® Well No. Installed msl)@ msl) surface) surface) ground surface) | ground surface) | ground surface) | ground surface)

UCH 69-GW02DW | 01/21/94 36.94 34.1 50.0 50.0 40.0 - 50.0 37.5-50.0 35.0-375 2.84

SA 69-GW09 01/08/94 12.44 9.0 21.0 20.5 10.5-20.5 8.0-21.0 3.0-8.0 3.44

SA 69-GW10 01/09/94 41.89 39.0 17.0 16.0 6.0-16.0 4.0-17.0 0.0-4.0 2.89

SA 69-GW11 01/07/94 28.82 25.9 19.0 19.0 9.0-19.0 6.0-19.0 20-6.0 2.92

SA 69-GW12 01/06/94 11.15 8.4 13.5 12.5 2.0-12.5 1.5-13.5 00-1.5 2.5
UCH 69-GW12DW | 01/22/94 9.38 1.5 60.0 58.0 48.0-58.0 | 45.0-60.0 43.0-45.0 1.88
ICH 69-GW02DD | 05/19/94 36.98 342 127.0 125.0 115-125 110-127 104-110 2.78
UCH 69-GW031 05/21/94 37.55 35.0 62.0 60.0 50-60 46-62 41-46 2.55

SA 69-GW13 05/24/94 38.12 358 13.5 13.0 3-13 2-13.5 0.25-2 2.32
UCH 69-GW131 05/23/94 38.40 357 62.0 60.0 50-60 45-62 38-45 2.70

SA 69-GW14 12/17/94 3522 33.07 14.0 13.0 3.0-13.0 1.5-14.0 05-1.5 2.15
UCH 69-GW14IW | 12/17/94 35.21 32.77 62.0 60.0 450-60.0 | 40.0-62.0 34.0-40.0 2.44
ICH 69-GW14DW | 12/16/94 35.17 32.67 127.0 125.0 110.0- 125.0 | 105.0-127.0 ] 100.0 - 105.0 2.50

SA 69-GW15 03/23/95 37.41 35.70 13.0 13.0 3.0-13.0 20-13.0 1.0-2.0 1.71
UCH 69-GW15IW | 03/24/95 37.54 35.70 60.0 60.0 45.0-60.0 | 43.0-60.0 40.0-43.0 1.84
DCH 69-MWO02BCH | 04/18/96 36.79 344 233.0 230.0 220-230 216 -233 207 -216 2.39
DCH 69-MWO3BCH | 04/08/96 38.52 36.0 233.0 230.0 220 - 230 215.5-233 205.5-21.5 2.52
DCH 69-MW15BCH | 04/03/96 38.63 36.2 250.0 230.0 220 - 2300 218 -250 208 - 218 2.43

@ SA denotes "shallow aquifer"; UCH denotes "Upper Castle Hayne";' ICH denotes "Intermediate Castle Hayne"; DCH denotes "Deep Castle Hayne"
@ msl - mean sea level

Horizontal positions are referenced to N.C. State Plane Coordinate System (NAD 27) CF = 0.9999397 from USMC Monuments L-8 and L-9.

Vertical datum NGVD 29,
@ 20 feet of 2-inch diameter rise was installed below the screen to support the installed well to the bottom of the borehole (230-250 feet).




TABLE 2-5

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL
SAMPLING PROGRAM FOR THE GROUNDWATER INVESTIGATION
SITE 69
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 10 TCL Volatiles
Field Blanks® One per Event 5 TCL Organics/TAL Inorganics
Equipment Rinsates® One per Day 9 TCL Organics/TAL Inorganics
Field Duplicates 10% of Sample 4 TCL Organics/TAL Inorganics

Frequency

Notes: @ QA/QC sample types defined in Section 2.3.3.1 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.




SEDIMENT SAMPLING SUMMARY

TABLE 2-6

SITE 69

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

Depth of | Sampling
Sample Borehole Interval TCL TCL TCL TAL CSM
Location (feet, bgs) | (feet, bgs) | VOAs | SVOAs | Pest/PCBs | Metals | (Deg. Products) | Thiodiglycol | Comments
69-08-SDO01 0.5 00-05 | X X X X X @
00-05 | X X X X X X @
69-0S-SD02 0.5 0.0-0.5 X X X X X X
69-0S-SD03 0.5 0.0-0.5 X X X X X X
69-DA-SDO01 0.5 0.0-0.5 X X X X X X
69-DA-5SD02 0.5 0.0-0.5 X X X X X X
69-DA-SD04 0.5 0.0-0.5 X X X X X X
69-DA-SD06 0.5 0.0-0.5 X X X X X X
Notes: @ Duplicate

@ MS/MSD




TABLE 2-7

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL

SAMPLING PROGRAM FOR THE SURFACE WATER AND SEDIMENT INVESTIGATION

SITE 69
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 4 TCL Volatiles
Equipment Rinsatest” One per Day 1 TCL Organics/TAL Inorganics/
CSM/Thiodiglycol
Field Duplicates 10% of Sample 1 TCL Organics/TAL Inorganics/
Frequency CSM/Thiodiglycol

Notes: @ QA/QC sample types defined in Section 2.4.3.1 in text.

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

®  Pparameters 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.




TABLE 2-8

SUMMARY OF FIELD QUALITY ASSURANCE/QUALITY CONTROL
SAMPLING PROGRAM FOR THE ECOLOGICAL AND AQUATIC SURVEY
SITE 69
REMEDIAL INVESTIGATION CTO0O-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 2 TCL Organics/TAL Inorganics
Equipment Rinsates® One per Day 2 TCL Organics/TAL Inorganics
Field Duplicates 10% of Sample 3 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 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.
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DG - Disturbed Ground
TR-1-Trench #1

LQ - Liquid

LT - Light Toned

M - Mounded Material
MT - Medium Toned

Source: EPIC, 1992

1inch = 1900 ft.

M - Material

POSS - Possible

ST -Stain

TR-2 - Trench #2

— - Natural Drainage
---- - Access Road

FIGURE 2-1

SITE6S
AERIAL PHOTOGRAPHY OF SITE 69,
FEBRUARY 1, 1956

REMEDIALINVESTIGATION CTO-0212
MARINE CORPS BASE, CAMP LEJEUNE
NORTH CAROLINA




DG - Disturbed Ground
TR-1-Trench #1

LQ - Liquid

LT - Light Toned

WM - Mounded Material
MT-Medium Toned
CA -Cleared Area

REV - Revegetated

Source: EPIC, 1992

linch = 1900 {t.

PROB - Probable
TR-3-Trench #3

M - Material

POSS - Possible

ST -Stain
TR-2-Trench #2

— - Natural Drainage
-~ -~ - Access Road

FIGURE 2-2

SITE 69
AERIALPHOTOGRAPHY OF SITE 69,
FEBRUARY 10, 1964

REMEDIAL INVESTIGATION CT0-0212
MARINE CORPS BASE, CAMP LZJEUNE
NORTH CAROLINA




DG - Disturbed Ground
TR-1-Trench #1

LQ - Liquid

LT - Light Toned

MM - Mounded Material
MT - Medium Toned

ZA -Cleared Area

REV - Revegetated

Source: EPIC, 1992

14940

1 inch = 1900 ft.

PROSB - Probable
TR-3-Trench #3

GR - Graded

M - Material

POSS - Possible

ST - Stain

TR-2 - Trench #2

— - Natural Drainage
---- - Access Road

FIGURE 2-3

SITE 69
AERIAL PHOTOGRAPHY OF SITE 69,
OCTOBER 4, 1970

REMEDIAL INVESTIGATION CT0-0212
MARINE CORPS BASE, CAMP LZJEUNE
NORTH CAROLINA
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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
Site 69. The tables and figures for Section 3 are contained at the back of the section.

3.1 Topography and Surface Features

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.

Site 69 is situated at a topographic high from the immediate surrounding area. Most of the site within
the fence is flat; however, the land surrounding the site slopes gently in all directions, as shown on
Figure 3-1. The site and surrounding area is heavily wooded. During a site reconnaissance in 1991
and the subject RI, portions of the site area exhibited standing water, which could indicate poor
drainage. Everett Creek is located approximately one half mile to the southwest and the New River
is located approximately one quarter mile to the northeast.

3.2 Surface Water Hydrology

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
areas of the New River at MCB, Camp Lejeune, including the Marine Corps Air Station (MCAS).
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.
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Site 69

The main surface water features in the area around Site 69 are the New River to the east and Everett
Creek to the south/southwest. Surface water runoff from the southeast portion of the site drains to
unnamed ditches that drain into the New River. Surface runoff from the southwest portion of the site
drains into the Everett Creck Basin, which could potentially drain into Everett Creck and the New
River. Surface water runoff from the northern portion of the site may drain toward the unnamed
tributary located to the north. The surrounding areas are heavily wooded and consist of a thick
understory, which could inhibit overland surface runoff at great distances.

33 Geology and Soils

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.c., 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 3-2 depicts the locations of hydrogeologic cross-sections of MCB Camp Lejeune
area. The cross-sections illustrating the relationship between aquifers in this area are presented on
Figure 3-3.

3.3.2 Site 69 Geology and Soils

Information obtained during the RI program indicated that Site 69 is underlain primarily by
unconsolidated deposits of silty sand, sandy clay, sand and clay, and clayey sand. These soils
represent the Quaternary age "undifferentiated" Formation which characterizes the shallow water
table aquifer. Silty sands were encountered from the ground surface to depths ranging from 5 to 18
feet. Beneath the silty sand is a fairly continuous sandy clay, and sand and clay units, which may
serve as a groundwater flow retarding layer. This unit shows an apparent thickness ranging from 6
to 27 feet.

Locations of the geologic cross-sections prepared for this site are shown on Figure 3-4. Figure 3-5
presents three geologic cross-sections for the site. Cross-section A-A’ depicts the site lithology from
south to north and cross-section B-B” depicts the lithology from southeast to north. Cross-section
C-C’ depicts the lithology from west to east. An evaluation of the cross-sections indicate that the
surface of the Castle Hayne dips towards the south/southeast. The soil boring at monitoring well
location 69-GWO02DW indicates the top of the Castle Hayne at an elevation of 0 feet mean sea level
(msl), whereas it was encountered at location 69-GW12DW at an elevation of -27 msl.
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As shown on cross-sections A-A’, B-B’, and C-C', the surficial soils are comprised of fine grained
sand with varying amounts of silt between 5 and 22 feet thick. Beneath the surficial silty sand is a
fairly continuous silty clay and sandy clay unit ranging in thickness from 0 to approximately 25 feet
thick. The clay unit was not observed at well location 69-GW12, southeast of the site. The Castle
Hayne formation lies below the clay unit. The upper portion of the formation is comprised of silty
sand with shell and limestone fragments with an average thickness of approximately 40 feet. Below
the silty sand is a sand unit with trace to little silt. This unit also exhibits a sandy clay/clayey sand
layer, with an approximate thickness of 10 feet, at a depth of 145 feet. The deep borings to the
bottom of the Castle Hayne encountered limestone beds in the lower portion, beneath the sand unit.
These limestone beds are identified in the literature as “marker beds” for the bottom of the Castle
Hayne, and were encountered in the three deep borings performed in March/April 1996 at depths of

approximately 207 feet. ’

Monitoring well boring 69-GW15BCH was the deepest boring drilled during the 1996 field program;
total depth of 252 feet. Beneath the limestone beds is silty sand with a 4 foot thick silty, sandy clay
layer/lenses. At a depth of 245 feet, a silty sand unit was encountered which appeared to be
glauconitic. Glauconitic is a descriptive term which refers to a greenish platy mineral which occurs
in sediments of marine origin. A glauconitic sand unit is identified as part of the Beaufort formation
which lies below the Castle Hayne aquifer and the Beaufort confining unit. The identification of the
limestone “marker beds” and the glauconitic sand unit was used as a basis for terminating the boring
and installing monitoring wells GW15BCH, GW02BCH, and GW03BCH below the limestone beds.

Relative soil densities were obtained from results of the standard penetration tests (blows per 6 inches
for a standard spoon sampler). These densities indicate the shallow soils to be very loose to medium
dense. The deep shelly sands have a relative density of medium dense to very dense. One soil
sample was submitted from Site 69 (69-GW02DW from 6 to 8 feet) for grain size distribution and
Atterberg limits. Laboratory data classified the sample as a loamy sand. This classification generally
correlates with the field description of a silty sand. Unified Soil Classification System (USCS)
designations for the soils encountered at the site are SM (silty sands), CL (sandy clays) and SC
(clayey sands).

34 Hydrogeology
34.1 Regional Hydrogeology
The following summary of regional hydrogeology was originally presented in Harned et al. (1989).

The surficial water table aquifer consists of a series of sediments, primarily sand and clay, which
commonly extend to depths of 50 to 100 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 350
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 5 to 30 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. 1t is inferred from their
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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 than in the
summer when much of the water evaporates or is transpired by plants before it can reach the water
table. Therefore, the water table generally is highest in the winter months and lowest in summer or
early 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.

34.2 Site 69 Hydrogeology

Shallow groundwater was encountered during drilling at Site 69 during the RI at depths ranging from
1.23 to 5.26 feet bgs (elevation 7.17 to 3.74 feet msl). Groundwater levels measured in existing and
newly installed shallow monitoring wells over a 2-year period and are presented in Table 3-2.

Shallow groundwater contour maps were constructed for the shallow water-bearing unit and are
presented on Figures 3-6, 3-7, 3-8, and 3-9. The groundwater contour maps indicate a relatively flat
mound centered at the site with the shallow groundwater surface sloping away radially from the site
at an approximate gradient of 0.065 ft/ft (range 0.07 to 0.06). Shallow groundwater likely discharges
into the New River located approximately one quarter mile to the east, and into Everett Creek one
half mile to the southwest. This correlates with the general topography of the site. Groundwater

recharge appears to occur within the central portion of the site. '

3-4



- N

Groundwater level measurements were obtained from all wells at Site 69 on May 2, 1996.
Groundwater level measurements are presented in Table 2. Groundwater elevations for the shallow
water table are similar to previously-measured levels. The upper zone Castle Hayne wells
(approximately 60 feet bgs) indicate groundwater levels between 4.62 feet and 33.96 feet bgs
(elevation 4.44 to 8.91 feet msl). Figures 3-10, 3-11 and 3-12 depict groundwater contours for the
upper zone of the Castle Hayne aquifer. In the southern portion of the site, groundwater flow in the
upper Castle Hayne is east-southeast.

Groundwater levels in the intermediate and bottom zone Castle Hayne wells (125 and 230 feet bgs)
were 27.22 feet to 32.54 feet bgs (elevation 5.14 to 9.57 feet msl). There would appear to be some
interconnection between the shallow water table aquifer and the Castle Hayne aquifer due to the
similar groundwater elevations at some of the monitoring well locations. A groundwater contour
map (refer to Figure 3-13) was constructed for the deepest zone of the Castle Hayne aquifer from
monitoring wells installed in April 1996. The contour map indicates an eastward groundwater flow
direction towards the New River. Recharge for the Castle Hayne aquifer would be from the west,
and possibly from the surficial aquifer as the units are separated by a semiconfining layer. The
gradient for the deep Castle Hayne aquifer on May 2, 1996 is 0.002 ft/ft, which is flat.

The shallow aquifer at Site 69 was characterized by performing in situ rising head slug tests in
monitoring wells 69-GW09, 69-GW10 and 69-GW12. This testing was performed on April 29
and 30, 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 were recorded on a logarithmic scale to closely monitor the initial changes in groundwater
elevation. The data resulting from the slug tests were converted into time (in minutes) and the
corresponding change in water level displacement (in feet). All slug test data were analyzed using
Geraghty & Miller's AQTESOLV computer program for performing quantitative groundwater
assessments. The Bouwer and Rice solution for slug tests in unconfined aquifers was used to
evaluate all test data. The input parameters and plots generated are contained in Appendix H.

Table 3-3 lists the hydraulic conductivity (K) values obtained from the data analysis, the average
hydraulic gradient, the assumed effective porosity, and the calculated value for groundwater velocity.
The average estimated K value from all three wells is 0.66 feet/day (2.3 x 10 cm/second). The
average K value is within the acceptable range for silty sands (Freeze/Cherry, 1979). Average
calculated hydraulic gradient from groundwater measurements was 0.065 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
linear groundwater velocity was calculated by using the following formula:

V =Ki/n

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

Using the above variables, the average groundwater velocity (V) is estimated to be 0.12 feet/day

(44 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.

3-5



An approximate transmissivity value (T) can be obtained from the hydraulic conductivity (K) and
the thickness of the aquifer (b). Assuming a shallow aquifer thickness of 36 feet (maximum saturated
thickness of surficial deposits above the Castle Hayne), an estimated T of 24 feet?/day was calculated.
A recent hydrogeologic investigation conducted by Baker in the MCAS area (1994), which included
an aquifer pump test within the shallow water-bearing zone (approximately 15 feet), indicated K and
T values of 6.3 feet/day (2.2 x 10 cm/sec) and 703 gallons/day/foot (94 feet*/day), respectively. The
estimated values obtained at Site 69 from the slug test data are approximately ten times the values
obtained from the pump test. This may be due to the fact that well 69-GW09 was actually screened
within the upper portion of the Castle Hayne and well 69-GW12 may have been screened partially
within the sandy clay deposits. Values for T determined from a pump test performed at Hadnot Point
on the opposite side of the New River from Site 69 were 561 gallons/day/foot (75 feet’day). The
average transmissivity value for the two pump tests is 40 feet?day. The calculated transmissivity
value from slug tests at Site 69 was approximately one-third of the average pump test value.

In situ falling head and rising head slug tests were performed in the two deep monitoring wells which
are installed in the upper unit of the Castle Hayne Aquifer. Analysis of these slug tests was
performed as stated for the shallow aquifer. Appendix H contains the input parameters and plots
generated for the deep wells. Table 3-3 lists the K values obtained from the data analysis, the
average hydraulic gradient, and the assumed effective porosity. The average estimated K value from
the two wells is 3.5 feet/day (1.2 x 10 cm/sec). The average K value is within the acceptable range
for silty sands (Freeze/Cherry, 1979). An estimated hydraulic gradient for the Castle Hayne Aquifer
is 0.016 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
porosity. The estimated average linear groundwater velocity for the Upper Castle Hayne was
calculated by using the following formula:

- V=Kin

Using the variables listed above, the deep groundwater velocity (V) is estimated to be 0.16 feet/day
(58 feetfyear). 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. Estimates of transmissivity for the deep
aquifer are available from well performance tests conducted in a potable water supply well in the
Castle Hayne aquifer in the vicinity of the Rifle Range. Transmissivity value from well RR-229
testing was 19,400 feet*/day (145,110 gallons/day/foot).

35 Land Use De‘mographics
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.

The existing land use pattern for the various d