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SECTION 1 - INTRODUCTION

1.01 Site Description

Marine Corps Base (MCB) Camp Lejeune is located in Onslow
County, North Carolina (Figure 1). The facility has a roughly triangu-
lar outline and covers approximately 170 square miles. Eleven miles of
Atlantic shoreline form the eastern boundary of Camp Lejeurnie. The
western and northeastern boundaries are U.S. Rt. 17 and State Rt. 24,
respectively. The town of Jacksonville, North Carolina is the northern
boundary of the base (ESE, 1985).

Construction of MCB Camp Lejeune began in 1941, at the hadnot
Point area, where major functions were centered. As the facility grew
and developed, Hadnot Point became crowded with maintenance and
industrial activities (Water and Air Research, 1983). The general
Hadnot Point area is illustrated on Figure 2.

The Hadnot Point Fuel Farm (HPFF), the specific area,of this
hydrogeologic investigation, is located approximately 1200 feet to the
southeast of Holcombe Boulevard, adjacent to Ash Street as depicted on
Figure 1. The HPFF was constructed in about 1941 and consists of 15
fuel storage tanks. There is one (1) above ground 600,000 gallon tank
(Tank 10), six underground (6) 12,000 gallon tanks (Tanks 2, 3, 7, 8
11, 12), and eight underground (8) 15,000 gallon tanks (Tanks 1, 4,
5, 6, 9, 13, 14, and 15). All tanks except the 600,000 gallon tank
were originally placed at grade and completely covered with soil. The
existing tanks are the original tanks that were installed in about 1941.
The large 600,000 gallon tank contains diesel fuel, the other tanks

contain leaded gasoline, unleaded gasoline and kerosene.
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The area surrounding the tank farm is relatively flat, with the soil '

covered tank farm forming a topographic mound that extends approxi-
mately 10 feet above the surrounding yrade. It is a highly developed
area of the base. The natural drainage has been modified by extensive
areas of asphalt and concrete, wund by ditches and storm sewers. The
surface water body in nearest proximity to the tank farm is Beaverdam
Creek, located approximately 2000 feet east of the Tank Farm.
Beaverdam Creek drains into Wallace Creek, which discharges into New

River as shown on Figure 1.

1.02 Background Purpose and Scope

Previous investigations have indicated that leaks may have oc-
curred in the fuel lines and tanks within the HPFF (Water and Air
Research, 1983) and that dissolved fuel constituents and/or a floating
product layer may exist within the shallow ground water in the vicinity
of the tank farm (ESE, 1988).

The characterization Step Report for Hadnot Point Industrial Area
(HPIA) prepared by ESE in 1988 summarizes the results of the Verifica-
tion Step Study conducted by ESE in 1985 and presents the findings of
the Characterization Step Study. The study efforts encompassed the
entire HPIA, a portion of which focused specifically on the HPFF.
These investigations identified the presence of volatile organic com-
pounds (VOC's) within both the shallow aquifer at the tank farm and a
single deep supply well located approximately 1200 to the northwest of
the HPFF. Specifically, shallow ground water samples were found to
contain elevated levels of fuel-derived compounds such as benzene,

ethylbenzene, toluene, and lead.
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O'Brien & GCere Engineers was retained to provide the follow-up
hydrogeologic services necessary to investigate the hydrogeology and
evaluate the extent of fuel leakage fron: the underground storage tanks
and associated transfer lines at the HPFF, as indicated by the previcus
studies.

The purpose of this Investigation Report is to present the informa-
tion that has been gathered during the hydrogeologic investigation
regarding the presence of any product pool or soluble hydrocarbons in
the ground water in the vicinity of Hadrnot Pcint area. A site inves-
tigation was completed which included monitoring well installations,
product thickness measurements, and ground water sampling and analy-
sis. This report presents a summary of the hydrogeologic conditions at
the site and an assessment of the petroleum hydrocarbon occurrence, as

well as recommendations for further investigations and site remediatiot.

12/7/88 3



LA e B B R L R T T e S

SECTION 2 - HISTORY OF FUEL LOSSES

2.01 History of Fuel Losses

Available information regarding the history of fuel losses and
leakage areas was reviewed in order to identify potential areas of
petroleum product accumulation. The areas of investigation included
the age of the tanks, locations of known losses, inventory records, and
types and volumes of fuel losses. A summary of fuel losses is given in
Table 1, and the fuel loss locations are shown on Figure 3.

As stated in Section 1.01, the tanks were installed in about 1941.
The other information about the history of fuel losses at the HPFF is
summarized in the Preliminary Report.

Review of this information indicates that between 23,150 gallons
and 3'3,150 gallons of fuel product have been lost from the tank farm.
In addition, there have been two recorded episcdes of fuel loss where
the amounts lost were unknown; in another case, the amount lost was
not noticeable in inventory.

Of the 23,150-33,150 gallons of known lost product, 3,150 gallons
were unleaded fuel. The 20,000-30,000 gyallon loss that occurred in
1979 was comprised of unknown amounts of diesel and unleaded fuel;
regular fuel may also have been lost. Of the two instances where
unknown amounts of fuel were lost, one was diesel fuel and the other
was unleaded fuel.

Inventory records do not reveal any known fuel losses from leak-
age of the tanks; most of the losses have likely occurred through leaks

in the transfer lines or through leaks in transfer line valves.
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SECTION 3 - FIELD INVESTIGATICNS

3.01 Monitoring Well Installations

A total of twenty (20) ground water monitoring wells were installed
in the vicinity of the HPFF from February to March, 1988 by ATEC
Associates, Inc. of Raleigh, NC, under the supervisicn .of an O'Brien &
Gere Engineers, Inc. hydrogeologist. The locations of the monitoring
wells were based upon consideration of the hydrogeologic conditions and
the assessment of petroleum leakage in the study area. The placement
of the wells, as illustrated in Figure 4, was selected to provide a
preliminary assessment of the extent of any product pool, and to con-
firm the previously evaluated hydrogeologic congitions. The locations
for the initial ten (10) 2 inch inside diameter (1.D.) wells were selected
to provide a preliminary assessment of the extent of the petroleum
hydrocarbons. Based upon field evaluation of this preliminary data,
locations for five (5) additional 2 inch 1.D. monitoring wells, and five
(5) 4 inch 1.D. monitoring wells. were selected. The criteria for the
selection of additional well locations included estimated ground water
flow directions, geologic conditions, observations of any encountered
petroleum product, and soil sample screening (discussed below).

During the drilling program, the boreholes were advanced using
conventional hollow stem auger drilling methods. Samples of the sub-
surface materials were collected at a minimum of every five feet or as
directed by the supervising hydrogeologist, using ASTM method D-1586

for split barrel sampling.

Each soil sample was screened in the field using a photoionization

organic vapor detector to identify the presence of any petroleum
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product within the soils. The field screening provided a preliminar‘
assessment of the wvertical and horizontal extent of petroleum
hydrocarbons. "I"hese data were used, in conjunction with the other
criteria discussed above, to select the optimum locations of the other
monitoring wells during the drilling program. The locations of the five
(5) 4 inch |.D. wells were selected to serve as potential product and/or
ground water recovery wells. All wells were installed and constructed

in accordance with applicable North Carolina, Federal and NAVFAC
specifications and guidelines following the attached menitoring well
installation procedures (Appendix A).

Wells MW-1 and MW-2 are 17 feet deep, with the screened interval
extending from 7 to 17 feet below the ground surface. Wells MW-3
through MW-10 are 15 feet deep with the screened interval extending
from 5 to 15 feet below the ground surface. Due to the thickness o’
product found in MW-2 and MW-7, it was decided to increase the depth
of the remaining wells to 25 feet in order to intersect the entire thick-
ness of any floating product layer. \Vells MW-11 through MW-20 were 25
feet deep with the screened interval extending from 5 to 25 feet.
Boring logs containing detailed descriptions of the subsurface ccnditions
and well constructicn diagrams were prepared for each well location and
are included in Appendices B and C, respectively.

All equipment used in the drilling and well installation program
that came in contact with potentially contaminated materials was aecon-

taminated using high pressure steam cleaning equipment. The water

source for the steam cleaner was a potable water supply designed by.

navy personnel. The fluid generated by the decontamination
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procedures was either discharged onto the ground surface or collected

in an oil/water separator used by Marine and Navy personnel for

cleaning tactical military equipment.

3.02 Ground Water Elevation and Product Thickness Monitoring

Ground water elevations and product thickness measurements were
collected from all of the wells on two separate occasions. One set of
measurements was collected on March 15, 1988, prior to well develop-
ment. A second complete set of measurements was collected on April
20, 1988. An electronic oil/water interface tape was used to measure
the depths to the product layer and ground water. In wells where no
pfoduct layer was detected using the oil/water interface tape, a clean
LexanR bailer was utilized to visually examine the surface of the ground
water to determine the presence of any product sheen. Table 2 summa-
rizes the ground water elevation data and well specifications, and Table

3 summarizes the product thickness data.

3.03 Engineering Survey

An engineering survey was completed at the sile on April 19, 1988
to establish horizontal locations and elevations of each of the monitoring

wells. The locations of the wells were surveyed to the nearest foot and

were plotted on a 1" = 200' scale map provided by the Marine Courps

Base Facilities Department (Figure 4). The elevations at the wells were

surveyed to the nearest 0.01 foot relative to an established USGCS

Benchmark datum. The well elevation data is included in Table 2.
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3.04 Ground Water Sampling and Analysis .

A ground water sample was collected from each of the monitoring
wells on April 20-21, 1988 according to the attaeched protocols (Appen-
dix D). The wells that contained a product layer were evacuated and
sampled using a Waterra Hand PumpR system, which consists of a
DelrinR (high density plastic, similar to Teflor;P‘) fcot valve connected
to a length of poiypropylene tubing. The pumping action is based on
the inertia of the water in the tubing created by the up and down
movement of a hand crank attached to the tubing. The advantage of
this system is its simplicity as well as its ability to sample the water
below the product layer without agitating the sample or exposing the
sample to air before it is placed into the sample container. The wells

without a product layer were sampled using a clean, stainless steel

bailer. The ground water samples were analyzed by OBG Laboratories.
Inc. of Syracuse, NY feor volatile organic compounds (VOC's) using EPA
Methods 601 and 602. One field blank and one replicate sample were

also analyzed for VOC's for QA/QC controls.

In addition, product samples were collected from five of the six
wells that contained a measurable product layer. These samples were
analyzed using a Cas Chromatograph/Flame lonization Detector (CC/FID)
scan for petroleum hydrocarbon identification. Product samples were
collected from the following wells: MW-2, MW-7, MW-12, MW-16, zand

MW-18. The laboratory analyses are summarized on Tables 4 and 5.
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SECTION 4 - HYDROGECGLOGIC ASSESSMENT

4.01 Regional Hydrogeology

4.01.1 Regional Geologic Conditions

Camp Lejeune is located in the Atlantic Coastal Plain
physiographic province. The Coastal Plain is underlain by uncon-
solidated deposits. The formations consist mostly of sand and clay
with minor amounts of gravel. Some beds of marl and shell rock
are reported. Regionally, these deposits dip gently southeastward
in a thickening wedge that overlies the underlying bedrock (Todd,
1983).

The surficial deposits of the Coastal Plain are mostly perme-
able, unconsolidated sand and gravel. These surficial deposits,
together with the updip parts of deeper aquifers, constitute the
unconfined (water table) aquifer of the Coastal Plain. The water
table aquifer can be vulnerable, both to saline encroachment and
to surface pollutants, due to the permeable nature of the sediments
(Todd, 1983).

A sequence of unconsolidated seditientary deposits approxi-
mately 1400 to 1700 feet thick exists beneath Camp Lejeune. The
following discussion of the site geology will be restricted to the
uppermost 300 feet of the sequence, since these strata contain the
aguifers which are the source of fresh water for the base. These
deposits are comprised of unconsolidated and semiconsolidated
materials (NCDNR & CD, 1980, Water and Air Research, 1983).

At the top of the sequence, undifferentiated Pleistocene and

Recent sands and clays fcrm the most seaward.band cof sediments.
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These deposits can reach a thickness of 35 feet (NCDNR & CD,‘

1980, Water and Air Research, 1983).

The Yorktown Formation, of Pliocene &ge, underlies the
Pleistocene and Recent deposits, outcropping in a bank east and
south of Jacksonville. This unit consists of lenses of sand, clay,
mark, and limestone; it can reach a thickness of 60 feet (NCDNR &
CD, 1980, Water and Air Research, 1983).

An unnamed formeation of Oligocene age underlies the
Yorktown Formation. These sediments consist of fossiliferous
limestone, calcareous sand, and clay. The Oligocene deposits vary
in thickness from approximately 40 feet to more than 200 feet
(NCDHR & CD, 1980, Water and Air Research, 1983).

The Castle Hayne Limestone, of Eocene age, unconformably

underlies the Oligocene deposits. This unit consists of shell
limestone, marl, calcareous sand, and clay. In Onslow County,
the Castle Hayne varies in thickness from 10C feet to more than

200 feet (NCDNPR & CD, 1980, Wcter and Air Research, 1983).

4.01.2 Regional Ground Water Flecw Patterns

Some of the formations in the Coastal Plain are permeable and
have been defined as aquifers. NMost of these fcrmations are of
wide areal extent. Hydraulic connections between aquifers is
common through the complex interbedding that is characteristic of
Coastal Plain sediments. Most of the aquifers are not separate and
independent hydrogeologic units; rather, each is part of a complex

hydrologic system. This system may even include streams and‘

lakes where the aquifers are at or near the land surface (Ref. 4).
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The aquifer system at Camp Lejeune consists of an unconfined
(water table) aquifer and a semi-confined aquifer. The water
table aquifer extends from the land surface to the first signiticant
confining bed that is encountered (NCDNR & CD, 1980, Water and
Air Research,‘ 1983).

The semi-confined aquifer is composed of limestone and
calcareous sands of the Yorktown Formation, the Oligocene depos-
its, and the Castle Hayne Limestone. The confining beds that
form the bottom of the water table aquifer and that are present in
the semi-confined aquifer consist of clay, sandy clay, silty clay,
and occasionally dense limestone. These beds are discontinuous
lenses and may be present at any depth (NCDNR & CD, 1680,

Water and Air Research, 1983).

Site Hydrogeology

4.02.1 Site Geologic Conditions

The discussion of the site geology will be limited to the
uppermost 25 feet of the unconsolidated soils, which is the maxi-
mum depth of the subsurface investigation for this project. The
primary soils encountered during the investigation were fine and
medium sands, mixed with lesser amounts of silt. Discontinuous,
trace amounts of fine gravel were noted in the silty sand mixtures
throughout the site. Clay stringers were found consistently
throughout the silty sand mixtures with an occasional thin layer of
clay (up to 2 feet thick). Minor amounts of riaturally occurring
organic materials, including organic silts and clays, peat, wood

fragments, and plant debris were found in several of the borings,
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including MW-11, 13, 14 and 20, indicating the presence of a

former coastal marshland. Up to 4 feet of miscellaneous fill materi-

al was found in borings that were adjacent to buildings and devel-

oped roads.

4.02.2 Site Ground Water Flow Patterns

Figure 5 shows the ground water elevations in the twenty
monitoring wells at the site on April 20, 1983. Eecause the pres-
ence of a floating product layer tends to depress the water table,
due to hydrostatic pressure, the gyground water elevations in the
wells containing a product layer were corrected to give elevations
that would be representative of the aquifer without the effects of

the floating product layer. The calculation used to correct the

ground water elevaticns takes into consideraticn the thickness of '
the product layer, the densities of the product and ground water,

and the soil properties (CONCAWE, 1979). The correction factor

is represented by the formula:

EC = E + (0.82 x T), where

EC = Corrected ground water clevation:

E = Elevation of the grcund water under the influence of the
product layer; and

T = Product thickness

Tables 2 and 3 have been complied summarizing the corrected
and actual ground water elevations and the preduct thickness

data, respectively.

Due to the extreme variability of the product thickness (see

Table 3) and the complex interbedded nature of the soils at the
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site, the ground water gradient in the immediate vicinity of the
HPFF cannot be interpreted from the available data. The average
regional ground water gradient with in the HPIA has been inter-
preted to be approximately 0.20 feet per foot (ft/ft). Ground
water movement in the shallow aquifer in this area is generally
toward the southwest, towards the New River (ESE, 1988). The
varying product thicknesses cause differential depression of the
ground water throughout the study area. Measurements of free
product in the wells have inherent inaccuracies due to fluctuations
in the water table (CONCAWE, 1979). Other factors that affect

the actual and corrected ground water elevations include the

geologic conditions at the site, the complete assemblage of under-

ground utilities shown on Figure 3, and the mounding of scils over

the tanks. The presence of discontinuous lenses of clay and silty
clay can cause localized semi-confined conditions in the unconfined

aquifer, as well as localized perched water table conditions.

- " T et e ge—
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SECTION 5 - PETROLEUM HYDROCARBON ASSESSMENT ‘

5.01 Free-Phased Product

Free-phased product was detected floating on the ground water in
six of the monitoring wells installed at the site, including MW-2, 7, 12,
15, 16, and 18. The product thickness data is summarized in Table 3.
The thickness of the floating layer ranged from 0.24 feet in MW-15 to
15.34 feet in MW-16 on April 20, 1988. None of the other monitoring
wells contained measurable product layers or visible sheens. The
measured thickness of product in the well may represent approximately
four times the actual thickness of the free-floating product on the

ground water surface due to the accumulation of product within the

open well casing (CONCAWE, 1979). The actual thickness of the float-
ing product layer on the water table is estimated to range from approx‘
imately 0.06 feet to 3.84 feet. The product thickness data collected on
April 20, 1988 is illustrated on Figure 6. It is apparent from the data
collected to date that two separate product pools are present in the
vicinity of the HPFF. One pool extends toward the northwest from the
northwestern portion of the fuel farm, while the other pool exists at the
southeastern edge of the fuel farm oriented on @ northeast/southwest
axis. The product pool northwest of the fuel farm is smaller in area,
but thicker than the more widespread, thinner pool to the southeast.
This indicates that the product pool on the southeastern edge of the
fuel farm has been there longer and has had more time to spread out.

Product samples were collected from MW-2, MW-7, MW-12, MW-16,

and MW-18 on April 20, 1988. These samples were shipped to OBG.

Laboratories in Syracuse, NY fcr anzlysis using a Gas Chromatograph/
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Flame lonization Detector (GC/FID) scan for petroleum hydrocarbon
identification. The laboratory analyses identified the product as

gasoline for all five of the monitoring wells sampled.

5.02 Soluble Constituents

The ground water samples collected from the wells on April 20-21,
1988 were shipped to OBG Laboratories for analysis for petroleum
hydrocarbons and solvents using the purge and trap/GC method. The
analytical results are summarized in Table 5, and the laboratory reports
are included in Appendix E. Figures 7 and 8 illustrate the
iso-concentration ccntours of the benzene and total hydrocarbon concen-
trations, respectively.

Table 5 and Figures 7 and 8 indicate that the ground water analy-
ses are consistent with the location of the product pools. The most
significant concentrations of benzene and total hydrocarbons (THC)
were found in the wells containing product and those adjacent to the
product pool. The wells containing product had benzene concentrations
of 4,700 parts per billion (ppb) to 29,000 ppb. Wells not containing
product had concentrations of benzene ranging from 1 ppb in MW-9 to
19,000 ppb in MW-1. Total hydrocarbon concentrations ranged from
43,000 ppb to 300,000 ppb in wells contained product, and from 10 ppb
to 97,000 ppb in wells not containing product. Other compounds found
within the ground water include toluene, ethyl benzene, xylenes, and
methyl tertiary butyl ethylene (MTBE). The concentrations of the

individual compounds at each well are detailed in Table 5.

The size, shape, and axial orientation of the benzene and total

hydrocarbon plumes identified at the HPFF coincide closely with the
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product pools. It is apparent that the source of the benzene, toluene,

and xylenes (BTX) and total hydrocarbons in the ground water is the
free-phased gasoline floating on the ground water as indicated on
Figure 6. The limits of the benzene ccrnicentrations are defined in
MW-9, MW-3, and MW-4 on the southeast side of the fuel farm, by NW-5
and MW-11 to the northwest and MW-13 to the northeast. Th.ese wells
were below the EPA Maximum Contaminant Limit (MCL) of 5 ppb for
benzene in drinking water (CFR, 1987). The limits of benzene concen-
trations above the EPA MCL are undefined in those areas denoted by a
dashed line on Figure 7. The limits of the total hydrocarbon concen-
trations (i.e. 100 ppb) are defined by MW-9 to the south of the fuel
farm, MW-4 on the east side, MW-13 to the north, and MW-5, 8, 11,

and 14 on the west side of the fuel farm. The concentrations of total

hydrocarbons above the 100 ppb level are undefined in those areas
denoted by a dashed line on Figure 8.,

The benzene and total hydrocarbons were considered to be the
most significant compounds in the ground water at the HPFF, therefore,
their concentrations were illustrated using equal-concentration contour
maps (Figures 7 and 8). The distribution of the other compounds
found in the ground water at the site is cunsistent with the benzene
and total hydrocarbon concentrations, and iso-concentration contour
maps would illustrate similar trends. Eenzene, as well as toluene,
ethylbenzene, and xylenes are components of gasoline, and indicate
contamination by gasoline. MTBE is an additive to gasoline, and also

indicates contamination by gasoline.

Only trace levels of chlorinated solvents not associated with petro—‘

leum hydrocarbons were detected within the ground water, including 1
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ppb of trichloroethylene (TCE) in  MW-20, and 4 ppb of
tetrachloroethylene (PERC) in MW-3. However, higher levels of these
compounds as well as other chlorinated solvents were detected within

the shallow ground water in the other areas of the HPIA (ESE, 1988).
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SECTION 6 - REMEDIAL ALTERNATIVES

Based on the results of the hydrcgeologic investigation, the follow-

ing remedial alternatives are presented for the Navy's consideration.

Leak Source Detection - Product inventory records should be assembled

and a risk assessment for the tanks should be conducted to identity the
potential sources of petroleum procduct loss. Following this assessment
an integrity testing program could be initiated for these tanks and lines
that are found to have a high potential for leakage. However, due to
the high cost ($400,000) of replacing the valves and conducting this

testing (ESE 1988), the MCB has decided that this testing is not cost

effective.

Tank Removal - Based on the high probability of the tanks leaking aue

to their age (47 years), removal of the leaking underground tanks may
be considered to discontinue the source of petroleum hydrocarbons
detected within the ground water. The tanks should be removed in
accordance with the National Fire Protection Association (NFPA) and

federal, state and local underground storage tank regulations;

Soil Remediation - Following the tank removal all contaminated soils

should be remediated to the depth of ground water. Alternative meth-
ods for soil remediation may include one or more cf the following: soil
removal and off-site disposal, soil removal and on-site aeration, in-situ
vacuum extraction, and in-situ biodegradation. The selected method

will be based upon the extent of soil contamination.
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Installation of Product Recovery System - A product recovery system

should be installed to effectively remove the free phase product floating
on the ground water surface. In addition, the recovery system should
remove petroleum hydrocarbon constituents (i.e. benzene, toluene,
xylene) that are dissolved within the ground water. The system de-
signed for removal of the dissolved petroleum hydrocarbons should also
be designed for removal of the chlorinated solvents detected in the
vicinity of the tank farm. Based on the hydrogeologic conditions at the
site (high permeability materials, gentle gradient, localized plume con-
figuration), it appears that a recovery well system is the most cost

effective method for product recovery.

Additional field investigations are needed to determine the size and
number of product recovery wells that would be necessary for a prod-
uct recovery system. Installation of additional monitoring wells is
necessary in order to fully define the extent of the containment plume.
In addition,.six inch diameter test wells should be installed, and pump
tests should be performed to determine the zone of capture, as well as
anticipated flow rates for the product recovery and ground water
treatment system. These test wells can be converted into recovery
wells. The existing wells, including ground water monitoring wells

installed by ESE, Inc., will be utilized to the extent possible in the

development of the necessary data for the design of a recovery systen.
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SECTION 7 - CONCLUSIONS AND RECOMMENDATIOMS .
|

7.01 Conclusions

The following conclusions were drawn from the data collected

during the field investigation and subsequent data evaluation:

1. Fuel losses of gasoline have likely occurred predominantly
through leaks in the transfer lines or valves.

2. As a result of the fuel losses, two product pools have accu-
mulated in the areas indicated on Figure 6.

3. The geology of the site consists primarily of silty sand, with
occasional discontinuous clay layers and stringers.

4, The ground water flow conditions are locally influenced by
the presence of the product pool combined with the presence
of discontinuous clay layers, numerous underground utilities,‘
and the mound of soil above the tank farm. No localized
grad'ients were delineated, however, the regional gradient is
approximately 0.20 ft/ft, with flow to the southwest toward
the New River.

S, The free-phased product layer floating on the ground water
has been identified as gasoline.

6. The ground water analyses indicate that the floating product
layer has contributed significant levels of dissolved petruleum
compounds including berizene, toluene xylene, and
ethylbenzene into the ground water.

i Benzene was detected at concentrations exceeding the EPA's

Maximum Contaminant Level for drinking water of 5 parts per.

billion.
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8. Although the benzene plume has been characterized in the
immediate vicinity of the tank farm, the extent of the benzene
plume has not been fully defined to a resolution of 5 ppb,
which represent the Maximum Contaminant Limit established by
the EPA.

9. Trace levels of non-petroleum, volatile organic compounds
(VOCs) including trichloroethylene and tetrachloroethylene
have been detected at levels less than 5 parts per billion
within the fuel farm. Previous investigations indicate the
presence of elevated levels of VOC's in other areas of the

Hadnot Point Industrial Area.

7.02 Recommendations

Based on the conclusions stated above, we have developed the
following recommendations for the tanks. We have structured the
recommendations into three basic categories. The first category in-
cludes Leak/Source detector alternatives to help identify which of the
tanks may be acting as sources. The second category includes
Soil/Cround water remediation for those tanks which are identified as
potential sources. The third category is primarily hydrogeoclogic rec-
ommendations which will serve to further identify the extent of the
existing plume, and an ultimate remedial scheme. This last category
should be implemented as soon as possible, preferably concurrent with
the activities of the first two categories.

A. Leak Source Detection Alternatives:

1. Assemble product inventory records for each tank. Reconcile

product inventory stored versus usage for each tank.
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Reconciliation records should indicate which tanks may L)‘

leaking and a gross leakage rate.

2 Initiate storage tank management program to provide for the
systematic removal of the leaking storage tanks while provid-
ing temporary petroleum storage in the non-leaking tanks
until a total replacement program could be undertaken.

3. As an alternate to the program identified above, the Navy
could undertake a systematic complete tank removal and
replacement program. All 14 underground gasoline tanks and
associated piping would be removed and replaced (as
required) with new tanks and piping having secondary con-
tainment.

B. Soil/Ground Water Remediaticn

1. Following tank removal activities, all contaminated suil abov‘
the water table should be remediated. Initially, a soil
sampling program should be conducted to delineate the verti-
cal and horizontal extent of soil contamination. Based on the
extent of soil contamination, one of the following remedial
alternatives should be implemented; in-situ biodegradation,
in-situ vacuum extraction, excavation with off-site disposal,

excavation with on-site disposal.

R

Localized product recovery (vacuun: truck, sorbents, etc.) to
remove the free-phase product floating on ground water
surface. Unrecovered product and miscible contaminants
would be recovered in the site wide remedial program de-

scribed in the hydrogeologic recommendations below. ‘
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C. Hydrogeologic Recommiendations

1.

12/7/88

It is recommended that up to ten (10) additional ground water
monitoring wells be installed to define the benzene plume
boundaries to the EPA Maximum Contaminant Level of five
part per billion.

Two test wells should be installed, one within each of the
product pools identified in the vicinity of the tank farm. Soil
samples from the monitoring wells should be analyzed for
grain size distribution to design the well screen of the test
wells. These test wells can be converted into product recov-
ery wells.

Following installation of the test wells, an 8-hour pump test
should be conducted on each test well to determine the hy-
draulic characteristics of the aquifer such as hydraulic
conductivity, transmissivity and well yield. This data will be
utilized to determine design conditions for the product recov-
ery system such as: well yield, well diameter, water level
drawdown, and influent/effluent concentrations of dissolved
petroleum hydrocarbons (i.e. benzene, toluene, xylene).
Following the pump tests, design drawings and specifications
should be prepared for a product recovery system following

the installation of the test wells and the pump testing of the

wells.

23



REFERENCES ‘

1. "Confirmation Study to Determine Existence and Possible Migration
of Specific Chemicals In Situ," Environmental Science and Engi-

neering, Inc., January 1985.

2. "Initial Assessment Study of Marine Corps Base - Camp Lejeune,
North Carolina," Water and Air Research, Inc., April 1983.

3. "Ground Water Ewvaluation in the Central Coastal Plain of North
Carolina," North Carolina Department of Natural Resources and

Community Development, 1980.

u, "Ground Water Resources of the United States, " compiled by
David K. Todd, Premier Press, Berkeley, California, 1983, pp.
29-33.

5. "Protection of Ground Water from Oil Pollution," Conservation of

Clean Air and Water - Europe (CONCAWE), Report No. 3, 1979.

6. Code of Federal Regulations, Chapter 40, Part 141, Subpart G -
National Revised Primary Drinking Water Regulations: Maximum
Contaminant Levels, Section 141.61. July, 1987.

12/7/88



Tables

=
OBRIEN& GERE




|Location*

*

1

2

Date
4/83

(1983)

3/82

1/86
3/85

(1979)

8/87

9/87

TABLE 1

HISTORY OF FUEL LOSSES

MARINE CORPS BASE

CAMP LEJEUNE, NORTH CAROLINA

Fuel Txge

diesel
diesel

unleaded

unleaded
unleaded

diesel, unleaded,
possibly regular

unleaded

unleaded

Locations correspond to Figure 3.

Amount of Loss

not noticeable in inventory
unknown -

unknown

1,038 gallons
1,618 gallons

20,000 - 30,000 gallons

47 gallons

447 gallons

Notes

line leak (pinhole)
surface seepage

line leak (broken, repair-
ed on same day)

valve leaks

line leak

noticed in inventory

noticed in inventory
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Table 2
Well Specifications and Ground Water Elevation Data
Hadnot Point Fuel Farm
Camp Lejeune, NC

Ground Casing Well Corrected Ground Water

Well Elev. Elev. Depth Elevationsx*

Number (ft.) (ft.) (ft.) 3/15/88 4/20/88

MW-1 28.3 30.00 17.0 19.38 19.41
MW-2 30.0 31.68 17.0 18.41 18.53
MW-3 29.0 29.23 15.0 19.72 19.83
MW-4 29.8 31.61 15.0 21.69 21.73
MW-5 28.5 28.54 15.0 21.45 21.25
MW-6 27.8 29.95 15.0 19.26 19.20
MW-7 27.7 27.68 15.0 N/A 20.54
MW-8 26.6 26.35 15.0 20.12 20.18
MW-9 28.8 30.73 15.0 18.78 18.75
MW-10 28.1 28.01 15.0 18.26 18.42
MW-11 26.5 28.52 25.0 19.49 18.63
MW-12 26.9 28.62 25.0 20.47 19.36
MW-13 28.8 30.56 25.0 20.94 20.87
MW-14 27.7 27.87 25.0 19.72 20.05
MW-15 28.3 30.13 25.0 20.22 19.71
MW-16 28.4 30.33 25.0 18.67 18.74
MW-17 29.5 31.70 25.0 19,25 18.97
MW-18 29,9 31.80 25.0 18.68 18.86
MW-19 29.4 31.99 25.0 18.72 18.45
MW-20 26.8 31.01 25,0 20.84 19,65

*Corrected ground water elevations =
ground water elevation + (0.82 x product thickness).

N/A = Data not available.
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Table 3
Product Thickness Data
Hadnot Point Fuel Farm
Camp Lejeune, NC

Well Number 3/15/88 4/20/88
MW-1 -—— -——
MW-2 2.97 3.17
MW-3 ——— —-_———
MW-4 ——— —-_——
MW-5 ———— ———
MW-6 —— ——
MW-7 N/A 0.35
MW-8 - ——
MW-9 ——— -———
MW-10 —— ———
MW-11 -——— -——
MW-12 4.33 9.81
MW-13 -—- -——
MW-14 -—— -—
MW-15 0.86 0.24
MW-16 14.85 15.34
MW-17 -—— -
MW-18 . 4.59 5.10 ‘
MW-19 i i e
MW-20 ——— ————
N/A = Data not available.

--—- = No product layer detected.




Table 4

Product Sample Analsis
Hadnot Point Fuel Farm
Camp Lejeune,NC

Well Number Identification
MW-2 Gasoline
MW-7 Gasoline
MWw-12 Gasoline
MW-16 Gasoline
MW-18 Gasoline
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Hadnot Point Fuel Farm
Camp Lejeune, NC

Table 5
Ground Water Sample Analysis

EBEN
(ppb)

XYL
(ppb)

TCE
(ppb)

PERC
(ppb)

MTBE
(ppb)

THC
(ppb)

< \)

MW-3

MW-4

MW-5

MwW-6

MW-7

MW-8

MW-9

MW-10

MW-11

MW-12

MW-13

MW-14

MW-15

MW-16

MW-17

 MW-18

MW-19

MW-20

LEGEND:

4/20/88
4/21/88
4/20/88
4/20/88
4/20/88
4/20/88
4/21/88
4/20/88
4/20/88
4/20/88
4/20/88
4/21/88
4/20/88
4720/88
4/21/88
4/21/88
4/21/88
4/21/88
4/21/88

4/21/88

<1

<1

600

28000

19

<1

51

19000

4700

28000

11000

24000

21

60

BEN - Benzene
TOL - Toluene

EBEN - Ethylbenzene

XYL - Xylenes
TCE - Trichloroethene

PERC - Tetrachloroethene
MTBE - MTBE
THC - Total Hydrocarbons

110000

<1

1700

26000

<1

17000

<1

18000

28000

13000

42000

150

160

<1

<1

1600

2800

<1

<1

1500

<1

2400

1900

2500

1900

53

79

21000

48000

2

7100

12000

<1

14

8400

13000

12000

9100

12000

130

96

<1000

<1000

<1

<1

<1

<100

<1000

<1

<1

<1

<1

<1000

<1

<1

<1000

<1000

<100

<1000

<1

<1000

<1000

<1

<1

<100

<1000

<1

<1

<1

<1

<1000

<1

<1

<1000

<1000

<100

<1000

<1

<1

<10000

<10000

<10

<10

<10

<1000

<10000

<10

<10

<10

<10

<10000

<10

<10

<10000

<10000

2800

<10000

<10

<10

300000

480

16

<10

13000

68000

26

92

170

<10

50000

23

1"

43000

79000

42000

96000

640

870
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MONITORING WELL INSTALLATICON PROCEDURES

Drilling ancd Sampling Procedures

]- All monitoring wells will be installed using the hollow stem auger
drilling method. A drill crew shall consist of an experienced driller
and a driller assistant to work on each rig. A geologist experienced in
hazardous waste. site investigations shall be on site to supervise the
drilling and monitor for safety control. The well depths will be spec-
ified by the supervising hydrogeologist, however, the wells shall not
exceed a maximum depth of 25 feet. A potable water source on base
will be designated by the government.

During the drilling samples of the encountered subsurface materials

= shall be collected at a minimum of every five feet and/or changé in‘
L material at the discretion of the supervising hydrogeologist. The
sampling method employed shall be ASTM-D-1586/Split Barrel Sampling
L for standard penetration tests. Upon retrieval of the sampling barrel,
the collected sample shall be placed in glass jars labelled and retained
for future reference. The hydrogeologist will prepare a descriptive log
of each boring which will include: soil texture, odor, moisture content,
depth to ground water and any visual incications of contamination. Ad-
ditionally, the supervising hydrogeologist will monitor organic vapors
using an HNU PID to assess the presence of contaminated soil and
- assess site safety conditions and the need for respiratory protection

while drilling.




Monitoring Well Completion

After the completion of the soil sampiing and driilling to the spec-
ified depth, a monitoring well will be installed in accordance with the
attached well detail. The wells will be constructed of either two inch
or four inch diameter, flush joint threaded, Schedule 40 or 80, PVC
well screen and casing. A ten to twenty foot section of PVC well
screen with a .020 slot size will be used in each well. The well casing
and screen assembly will be placed into the borehole to the specified
depth and a suitable sand pack will be placed in the annular space
around the screen, extending two feet above the top of the screen.
The sand pack shall consist of a well sorted silica sand that allows a
maximum of ‘ten percent of the material to pass through the screen
slots. A one foot thick layer of bentonite pellets will be installed on
top of the sand pack. A grout mixture consisting of two parts sand,
one part cement and up to ten percent bentonite will be thoroughly
mixed with the specified amount of water and place in the annular space
above the sand pack.

In non-traffic areas, and when the casing will not cause an ob-
struction, a four inch diameter protective steel casing shall be installed
over the PVC casing and extend at least 2.5 feet into the ground and
two to three feet above the ground surface, as shown on Figure 7.
The steel casing will be provided with a vented hinged locking cap for
security. In areas of heavy traffic or when the casing may cause an
obstruction, the protective casing will be grouted inside a 12-inch diam-
eter watertight manhole that is flush .with the ground surface, as shown
on Figure 8. A concrete apron measuring five feet by five feet by 0.5

feet will te constructed around each well. The cencrete will consist of
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3,000 psi ready mixed concrete and will be crowned 3/4-inch above the
existing surface to promote surface runoff away from the weaii. The
above ground wells will be protected with three Schedule 40 steel pipes,
three inch ID, imbedded in 2 minimum of 2.5 feet of 3,000 psi concrete.
The concrete to secure the three pipes will be poured at the same time
as the five feet by five feet by 0.5 feet concrete apron and be an inte-
gral part of the pad. The steel pipes will be filled with concrete and
painted day-glow yellow. Each well will be properly labelled by metal
stamping on the exterior of the locking cap or marhole cover and by la-
belling the exterior of the security pipe. A sign reading "Not for
Potable Use or Disposal"® shall be firmly attached to each well. Well
permits by state agencies will be the responsibility of the drilling

contractor.

Well Development

Following well construction each monitoring well will be developed
or cleared of fine grainédl materials and sediments that have settled in
or around the well to ensure the well screen is transmitting a represen-
tative flow groundwater. The development will be accomplished using
either the bailing or continuous low-yield pumping methods. Well devel-
opment discharge may be disposed of on the ground surface near each

well,

Decontamination

All drilling equipment including augers, drilling rods and split
spoon sampling equipment, will be cleaned between each drilling location

using a high pressure steam cleaner to avoid potential cross contamina-




tion of the monitoring wells.

lowea tc seep into the grcund

E.l.C.

Wash water will not be contained and al-

locally, unless ctherwise direcled by the
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FIHDI!
4 G%E TEST BORING 106 mt F BORING ML My SEET IO
PROJECT LOCATIN: Camp Le jeune : S %«,{f Y e BEv
ey split spdo i
QLIENT, Navy mmm 1bs. Em DATE ELEV.
FALY 30 inches FILE N0,
B0RING 0.1 ATEC RING LOCATION:
FORE W) Sanford Sweetey ggtl,t:g E%Q;%:
0% BEOLOGISTiM ke Wittner DATES: STARTED: 2 /24 88 00D:2 24
SwALE
SWLE STRTUN| ELIPvENT £0U1 vENT
DEPTH BOS [PoETRY| N DESCRIPTION 3
o[ bom |76 [RecoveR| wiiE Sone | DeTaLe IETALED
0 | 1f{0-2 }3-4-5-524/18] 9 |18-5 dry, dark brown grading
to tan- buff silty SAND:
-0'" dry, tan,clayey SAND
\'v-a
S12]5-7 4-4-5-6 24/24 9 |24-21" dry ,darkbrown, clavey
SAND
21-0" dry, white - 1t, tan,
fine SAND
HNV: 60
10 )3 f10-12 {7-10-8-B 2414 18 18-15" damp, dirty brown,
~ | clayey SAND T
15= 15=0" damp, white, med SAND
. strong odor P
HNV: 140 HALRE
1514 [15-17 Ju-13-14 24, | 28 '
18 damp, white & tan with some
gray streaks, med. SAND
HNV:180
water table approx. 9' BGL



wet, white-1t, gray, fine SAND
odor

HNV: 100-150

0 BRIEN | GLRE TEST BORING L0 REPORT F BORING M. Mp2  SEET I OF ]
DEINERS, INC. A O el
; GRCHD WATER
PROJECT LOCRTION: Camp Le jeune Swar DEPTH DRTE aEy,
TV split spoon DEPTH aTE ELEV,
OLIENTy Navy HYMR1 140 1bs
FALt 30 inches FILE NO.a
2 ATEC BORINE LOCATION: *
?8&?“ Sanford Sweetey BRIND ELEVAT [ON: 3 4 88\
086 BEQLOSISTiMike Wittner DATES) STRRTED; 2 /24 88 po: 2 4
SwAE [
S g STRTWM! €0U1PrENT EX 1T (K
DEPTH BOS (meTRU] N DESTRIFTION CREE| INSTALLED INGTARLLED [
No.| DEFTH /8" [RECOVERY| VA(LE DEPTH S
0 1 0-2 p-6-4-4 24/201 10 ry, tan fine SAND: one ”charredL
black spot - coal chunk?
HNV: 100/10-20
5 215-7 46-11-12| 24/24 171 24-21" dry, brown, fine SAND
with silt
21-0" dry, brown, fine SAND;
odor
HNV: 100/10
10] 3 {10-12 {13510 24/24 8 [24-12" s]. damp, white-gray,
fine SAND with some iron stain-
ing
12-4" s1. damp, white-gray,
sandy CLAY; odor
4-0" same as 24-12"
15| 4| 15-17]4-5-9.9 24/ 14 |HNV:50-100

Note jf HNy reading is in following format: x/y, x=

water table approx. 13' BGL

initial peak, y= steady state
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SAND

HNV:<1

0" BRIEN §
DEINTR, TIC. e Lt REPORT F BORINS MO M3 ~ SEET | OF 1
PROJECT LOCATION: Camp Le jeune : SR g{%" TR DRTE oev
. nKl Spllt SPOOT] DEPTH DaTE m.
OLIENT) Navy HYMERI 140 1bs '
FAL: 30 inches FILE NO.»
SORING 0.1 ATEC gt .
FORE™AN T Sanford Sweetey Bare L val oo
0% BEOLOBIST:  Mike Wittner DATES) STARTED:2 25/88 poED: 2 2588
SMALE R
' SHdE STRTUM]| EOL!PrENT EQU. YT (N
DEPTH BOS  |mETRYV| N DESCRIPTION TAL TR
No.| DEPTH /8°  |RECOMERY| VRLLE > %Tf HETALD BRI g.
0 110-2 3-4-4-3 24200 8 dry, dirty brown and tan, fine
SAND
HNV: <1
5 2 |5-7 3-57-1G 24/24 12 24-21" dry, dirty brown, silty
fine SAND
21-0" dry to sl. damp. tan and
white-gray, fine-med, SAND
HNV: <1
10] 3 ]10-1214-4-4-2]24/12| 8 12-3" damp, tan-brown, fine-med
SAND .
3-0" damp, gray to brown, fine
SAND
1 HNV: <1
15] 4| 15-17|6-9-13-1P 24/24 22 sl, damp, 1t, gray, fine-med.

water table approx. 10.5' BGL
when drilled from 5 to 10', chan
when drilled from 10!

ged from white sand to tan sand
to 1S', changed from tan sand to brown sand




22-20" damp, gray, fine SAND

20-17" damp, gray, CLAY
17-12" damp, gray, fine SAND

12-11" damp, gray, CLAY

11-10" damp, gray, fine SAND
10-0" damp, tan to orange tan,
fine SAND

HNV:<1

ORI | LR TEST PORING L 0B REPORT ; SEET 1
DEINTRS, IN. B e — - ¥ BORING M0 MW 4 -
o :
PROJECT LOCATION: Camp Lejeune 1i m Eg;#’ R DATE ELEV.
e,  Split DEPTH DRTE ELEV.
oIBm Navy HVMER; 140 1bs
FRLL: 30 inches FILE NO. 4
BORING 0.1 ATEC BORING LOCRTION:
FOREvAN: Sanford Sweetey SROUND ELEVATION:
0F6 BEOLOBIST:  Mjke Wittner DATES: STRRTED: 2 £5/ 88 DOD: 2 /5/88
SARRALE R
SAOLE STRTM| EQUIPYENT EOLIPYENT (N
DEP T BOS (mETRU| e DESCRIFTION CAEs| INSTALLED INCTRLLED | X
Yo.| DEPFTH /8" [RECOVERY| VLLE UEPTH S
0 110-2 13-4-6-57 24/21} 10 }dry, tan, 1t . olive green, and
dirty brown, fine SAND
HNV: <1
5 215-7 8-13-21 24/18| 34 dry, white-1t, gray, fine-med.
28 SAND
HNV : <1
10 |5 J10-12 p-1-1-1|24/12] 2 banp, white-1t. tan, clayey
and sandy SILT
HNV:<1
15 {4 |[15-17 |2468 |24/24]10 24-22" damp, brown, find SAND

' water table approx. 9.5' BGL
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PRIy KR TEST BORING LOB REPORT X - 1
DEINCERS, INC. BScRrR T sl ¥ BORING "1\U£57 SEET 1 OF
- R MR
PROJECT LoceTioN;  Camp Le jeune . SR E@“{H@ moar: REV.
TYRE split spoon DEPTH DATE ELEY,
QLIENT Navy HPR 140 1bs
FALL 30 inches FILE NO.1
ORING £, 1 ATEC BORING LOCAT |ON:
FORE™AN1 Sanford Sweetey 6ROMND ELEVATION:
0F6 BEQLOGIST:  Mjke Wittner DATES: STRRTED: 2 /%5/ 88 poeD: 2 25/ 8¢
SVAE - R
AMOLE STATUN] EQUIPPENT EQUIPENT (X
DEPTH BOS (FNTRY| N DESCRIPTION 0] INTAULED ALED
o peem |76 [recoERY] vae DEPTH ISTRLED 1%,
0 1] 0-2 |4-7-28 y24/12] 35 |12-2" surface gravel & concrete
10 8 ! 12-0" s1. damp, brown, organic
layer-original soil surface;
wood lose in spoon tip-from
railroad tie?
HNV: O
5 21 5-7 2-1-2-2{24/20] 3 sl. damp, 1t. gray-1lt. green,
sandy CLAY
HNV: <1
1013 {10-12 | 3-3-34124/18 6 |damp to wet, med, gray, fine
SAND
HNV:<1
15/ 4]15-17 |6-6-9-9{24/18]15 wet, tan, fine SAND

HNV:<1

water table approx. 10.5' BGL




Bottom of Hole at 17.0 ft.

O'BRIEN & GERE Report of Boring No.: MW-f
ENGINEERS, INC. TEST BORING LOG Sheet ?
Project Location: Hadnot Point Tank Farm SAMPLER Ground Water Depth Date
Camp Lejeune, N.C. Type: Split Spoon Depth Date
Client: U.S. Navy Hammer: 140 1bs. Fall: 30 inches|File Ne.: 3543, 002,320
Boring Co.: ATEC Assoc., Inc. Boring Location:
Foreman: Sanford Sweetegr Ground Elevation:
OB6 6Geologist: John C. Brod Dates: Started: 3/01/88 Ended: 3/01/88
Sample Stratum Field Testing (R
Sample Change Equipment ]
Depth Depth Blows {Penetr/ | "N" Description Gereral Installed Sp k
No} in ft. /6" |Recovry |Value Descript pH | Cond |HNU |s#
0 | 1] o0-2 3-5 e4/13 | 11 |Brown MEDIUM/FINE SAND, little silt, damp, 1
: medium dense, slight petroleum odor.
-5
5 2l 5-7 2-4 c4/24 9 5.9 1
Grag with Tight brown mottIing FIRE7REDIOR
5~7 some sxlt moist, loose, slight
: petroleum odor,
Broundwater encountered at 9.5 ft.
10 ) 3| fo-12 7-11 24/18 | 23 | - Grading to medium SAND with some fine 150
sand and little silt. Strong gasoline/
12-13 petroleun odor, Wet,
15 | 4) 15-17 4-8 24/19 | 18, | - Same, petroleum odor and product present 163
10~10




|

0'BRIEN & BERE
ENGINEERS, INC.

TEST BORING LOG

Report of Borin? No.: MW-7
Sheet

ject Location: Hadnot Point Tank Farm
y _ Camp Lejeune, N.C.
ient: U.S. Navy

SAMPLER
Type: Split Spoon

Hammer: 140 1bs. Fall: 30 inches

Ground Water Depth

p
File No.: 3343.002, 320

Depth

Date
Date

Boring Co.: ATEC Assoc., Inc. Boring Locaticn:
Foreman: Sanford Sweete 6round Elevation:
0BG Geologist: John C. grod Dates: Started: 3/01/88 Ended: 3/01/88
Sample Stratum Field Testing |R
Sample Change Equipment n
Depth Depth Blows |Fenetr/ | "N* Description Gereral Installed Sp k
No| in ft, /6" Recovry {Value Descript pH | Cond [HNU is#
0 ] 1} o0-2 11-7 24/24 12 |Sand and GRAVEL RORD FILL. 45
0.7
5-5 Tight gray FINE7REDIUN SARD, scme silf,
moist, medium dense. Strong petroleum odor
due to petroleum staining.
S ] 21455 3-3 24/20 | 6 | - Grading to MEDIUM/FINE SAND with little 120
silt, Some light brown mottling, loose.|.
3-3 Slight petroleum odor.
Groundwater encountered ™ 8.0 ft.
10 | 3] 10-12 2-5 24/19 1 9 | - Mottled gray/light brown medium sand, 180
some fine sand. Sand is wet with
4-3 8asoline/petroleum preduct, strong odor.
.3' layer of black petroleum soaked
sand at 11.7' to 12.0'. .
15 | 4] 15-17 2-2 c4/24 | B | - Same, with scme dark gray mottling. 195
> Petroleum product and odor present.
Bottow of Hole at 17.0 ft.
20
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O'BRIEN & GERE

Report of Borin? No. :GﬂH—B\)

ENGINEERS, INC. TEST BORING LOG Sheet —
Project Location: Hadnot Point Tank Farm SAMPLER Ground Water Depth Date
Camp Lejeune, N.C. Type: Split Spoon Depth Date
Client: U.S5. Navy Hammer: 140 1bs. Fall: 30 inches{File No.: 3543.002.320
Boring Co.: ATEC Rssoc., Inc. Boring Location:
Foreman: Sanford Sneeteg bround Elevation:
0BG Geologist: John C. Brod Dates: Started: 3/01/88 Ended: 3/01/88
Sample Stratum Field Testing |R
Sample Charge Equipment N
Depth Depth Blows {Penetr/ { "N" Description Beneral Installed Sp k
Nof in ft. /6™  |Recovry |Value Descript pH | Cond [HNU |s*
0 |1 02 14-11 24/19 | 20 |SAND and GRAVEL ROAD FILL. - A
9-9 Dark brown with Tight brown mottling FINE/ '
MEDIUM SAND, little silt, trace fine
gravel, occasional wood/plant fragment,
damp, medium dense,
B - brading to black black/dark aray fine/
medium sand, softer with higher fine
35 )2l 57 -2 24/23 1 5 content, moist. 3
3-3 6.5
Light gra¥ MEDIUMW/FINE SARD, Tittle sili,
woist, soft, slight petroleum odor.
Groundwater encountered at ~ 9.0 ft.
10 7 3} 10-12 2-4 24/24 8 = Gradin? to medium sand with some fine 2
sand, little silt, wet.
4-5
15 | 4] 15-17 4-4 24/23 | 7 | - Same |
3-4
Bottom of Hole at 17.0 fi.
20




0" BRIEN § BLRE TEST XORING 0B REPORT F BORING MO MPY  ©€fT | F |
DEINLRS, I s Dxwrm Mt 10 ]
: ——6RCD WATER
PROJECT LOCATION: Camp Le jeune ., SR DEPTH DRTE BLEV.
] TYRE s sglxt spoon DEPTH DATE BV,
QLIENTy Navy woren; 140 1bs
FRUL} 30 inches FILE MO, 3
BOPING CD.13 ATEC BORING LDCRTION:
FORD»AH1 Sanford Sweetey BAGUD ELEVAT DN
0R6 BEOLOBIST: Mike Wittner DRTES: STARTED12 29/ 88 DO:2 35/88
Saae R
SOLE STRTUN| EQU!~ENT EQUIPENT [
DEPTH BLOS (POETRV| °N* DESCRIPTION CREL] DETALED INSTALLED |X
No.| DEPTH /8% |RECOVERY| VRLLE DESTH S

0 |1 0-2 [F255 ;24714 7 damp, tan with some brown spots
fine SAND r

HNV:<1

5 2 15-7 5-9 1114 24/24] 20 damp, tan and white, fine SAND

ﬁNV:(l

10{3 J10-12 P49-13| 24/22| 13 [22-18" sl. damp, orange-tan and

dirty brown, fine SAND

18-0'" sl. damp, 1t. gray with
discontinuous rusty lines,

CLAY

HNV: <1

15| 4 hs-17 |2-3-519 244 8

4-12' wet, white-very 1t. tan,

{silty CLAY

12-0" wet, white-very 1t. tan,
fine-med. SAND

_— o o g— —

HNV:<1




O BRIEN | R TEST NORINE L0 R ; 1
S B TEsT KRD6 LB REPORT JF BORING ML 1 SEET 1 OFL
BFCAD MWRTER
PROJECT LOCATIONS  Camp Le jeune - SFHALER DEPTH DaTE BEV.
’ I split spoon DEPTH DATE A
OLIENT) Navy HVERI 120 1bs’ Sl
FALs 30 inches FILE M0.1
BORING C0.1 ATEC BORING LOCATICN:
FORE»AM) Sanford Sweetey E5IND B EAT 10N:
0B6 GEOLOGIST: Mjke Wittner DATES: STRATED: 2/2588 DOED: 275/ 88
SRALE 1
SAMALE STRTWN| EQUIPFENT EIENT (M
DEPTH NOS [POETRV] °N° DESCRIPTION OREE| INSTARLLED INSTALLED |X
No.| DEPTH /6*  |RECOVERY| VALLE DEPTH ls«
0]1 ] 0-2 }1-10-84 24724 18 |20-18" gravel & pavement
10 18-17" dry, brown, fine SAND
17-0' dry, tan-med, brown
clayey and sandy SILT tight
material HANV:<1
512 15-7 |7-10-13]24/24 23 | dry, dirty brown (top 1"),
15 white and orange tan, fine
SAND (white matl.) and med.
SAND (orange tan, brown matl.)
HNV: <1
. q
10 |3 10-12)8-10-13-24/2 22
13 wet, tan, fine SAND
HNV: 1-1.5
15| 4 15-17{4-8-114 24/14 19 wet, white, fine-med, SAND
odor
L HNV:25/10-15
|
-

'
water table approx. 9.5' BGL

L




0’BRIEN & GERE
ENGINEERS, INC.

TEST BORING LOG

. —_—a
Report ofsﬁggén? No. :\ MH-11 ;7

ject Location: Hadnot Point Tank Farm

Camp Lejeune, N.C.
ent: U.S. Navy

; oy SAMFLER
ype: Split Spoon
Hamwsers 140 lgs.

Fall: 30 inches

6round Water Depth

File No.: 3343.002.320

Depth

Date
Date

Boring Co.: ATEC Assoc., Inc.
Foreman: Sanford Sneetegr
OB6 Geologist: John C. Bred

Boring Location:
Ground Elevation:

Dates: Started: 3/02/88

Ended: 3/02/88

Sample Stratum Field Testing |R
Sample Change Equipment "
Depth Depth Blows |Penetr/ | “N" Description General Installed Sp k
No| in ft. /6" Recovry |Value Descript pH | Cond |HNU [s#
0 |1} 02 5-10 24/19 | 28 |Light brown SAND and GRAVEL RORD FILL. 0.5
18-18 o I b L
HottTed grayish brown REDIDM7FIRE SAND,
little silt, moist, medium dense.
9 | 2] 4857 2-2 24/17 1 4 | - Brading to mottled Eray MEDIUM SAND, 0
some fine sand, little silt, soft, very
2-3 moist, with ocrasional plant and wood
fragrents.
10 | 3] 10-12 2-3 24/18 | 7 | - Grading with more medium sand, wet, 0
medium dense.
4-5
15 | 4 15-17 2-3 24/21 | 5 | - Same, slight solvent or chemical odor. 0
2-4
20 | 5] 20-22 3-3 24/24 | 6 | - brading with little fine sand, very wet. 95
3-3
23 | 6] 25-27 | WOH/12" | 24/22 t {- g;ading to darker gray, strong solvent 1o}
or.
1/1e*
Bottom of Hole at 27.0 ft.
30
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l 0'BRIEN & BERE Report of Boring No. :(Md-12 |
ENGINEERS, INC. TEST BORING L0G port of et} Mo e
Project Location: Hadnot Point Tank Farm SAMPLER Ground Water Depth Date

l Camp Lejeune, N.C. Type: Split Sgoon Depth Date
Client: U.S. Navy Hammer: 140 1 Fall: 30 inches|File No.: 3543.002.320
Boring Co.: ATEC Assoc., Inc. Boring Location:

Foreman: Sanford Sweeteg Bround Elevation:
DBG Geologist: John C. Brod Dates: Started: 3/07/88 Erded: 3/07/88
Sample Stratum Field Testing (R
Sample Change Equipment n
L Depth Depth | Blows |Penetr/ | “N" Description General Installed Sp k
No| in ft. /6" Recovry {Value Descript pH | Cord [HNU |s#
0 )1 02 10-12 24/20 | 28 |Dard brown SAND and GRAVEL ROAD FILL. 1
o o o B L
L 16-23 Grayish brown FINE7REDICR GAND, Tittle silt
and fine/medium ?ravel, trace coarse sand
and coarse gravel, damp, medium dense. .
L «8*
L 5 | 2] 57 2-2 24/15 | 5 1
3-3
l 8.5
l 10 ] 3} 10-12 2-2 24/18 } 4 |Gray FINE SAND, some medium sand and silt, 1
very moist, %t
2-3
l 15 | 4] 15-17 2-2 24/19 | 5 | - Grading to FINE/MEDIUM SAND, scme silt, e
trace fine gravel, wet, medium stiff.
3-2 Some layering of dark gray medium/fire
L sand present.
18.5
Gray CLAY, Iittle silt, damp, medium stiff, *
L hig p]ashcity.
20 | 5] 20-22 9-10 24/20 | 22 . — 20. 5’ 150
[ig g gray WEDIOR7FINE GARD, Iittle silf,
12-15 wet, medium dense. Petroleun/gasolme
odor and product present.
| 25 | B} 25-27 &2 24/24 1 5 | - Grading with less silt, some dark gray 125

L — = mottling, saturated with gasoline.

L Botton of Fole at 27,0 Tt

L # Water above confining clay layer had no noticable product of odor.

Material below the confining ¥ayer was saturated with gasoline.



l 0' BRIEN & GERE
l ENGINEERS, INC.

TEST BORING LOG

Sheet

Report of Borin? No.: MW-13

l t: U.S. Navy

Camp Lejeure, N.C.

t Location: Hadnot Point Tank Farm

SAMPLER

Type: Split Spoon

Hammer: 140 1lbs. Fall: 30 inches

Ground Water Depth
Depth

File No.: 3543.002. 320

Date
Date

'Boring Co. : ATEC Assoc., Inc.

Boring Location:

Foreman: Sanford Sueeteg Grourd Elevation:
0BG Geologist: John C. Brod Dates: Started: 3/09/88 Ended: 3/09/88
Sample Stratum Field Testing |R
_ Sample Change Equipmwent "
l Depth Depth Blows |Penetr/ | "N* Description General Installed Sp k
No| in ft. /6" Recoyry {Value Descript pH | Cond |HNU |s#
o0 | 1] 02 11-7 24/18 | 15 |Tan SAND and GRAVEL ROAD FILL. , 5
1.0
l 8-11 Dark brown SILT and FINE SARD, trace medium
sand, some wood fragments, roots and
organic material, moist, medium dense.
L,
L 5 |2 57 4-5 24/0 9 | - No recovery - —
4-4
l 13}
|
l 10 | 3 10-12 2-1 24/19 | 3 |6ray FINE/MEDIUM SAND, some silt, .
3 occasional clay stringer, very moist, soft.
2_
L I 15 | 4 1517 5-9 24/13 | 23 | - brading to MEDIUM/FINE SAND, little silt 2
b wet, medium dense.
L 14-15
|
[
L
l 20 5] 20-22 -2 24/21 5 - Grading to FINE/MEDIUM SAND, loose. 1
L 34
{
"5 |6leser| 51 [ awes| a 25.5"
e Dark gray SILT, some clay and fine sand. e 1
' Bronn ORGANTC SILT/PEAT; Wood Fragaents, |
l roots, little fine sand, moist stiff.
. Bottoa of Hole at 27.0 ft,
30 ~




0'BRIEN & GERE
ENSINEERS, INC.

TEST BORING LOG

Project Location: Hadnot Point Tank Farms
Camp Lejeune, N.C.
Client: U.S. Navy

SAMPLER
Type: Split Sgoon

Hammer: 140 1bs. Fall: 30 inches

Report of Borin? No. :(Mu-14 |
Sheet -
Grourd Water Depth Date
Depth Date

File No.: 3543.002.320

Boring Co.: ATEC fssoc., Inc.

Boring Location:
6round Elevation:

Foreman: Sanford Sweete )
OBG Geologist: John C. grod Dates: Started: 3/08/88 Erded: 3/08/88
Sample Stratum Field Testing |R
Sample Change Equiprent i
Depth Depth Blows |Penetr/ | "N* Description Gereral Installed Sp k
No| in ft. /6" Recovry [Value Descript pH | Cond [HNU |s#
o |1 02 8-9 248/7 11 |6rayish brown SAND and GRAVEL RDAD FILL, 1
some silt, medium dense, dry.
3-4
4,0
Grayish brown with tan mottIing, FINE 5ARD,
some silt, little medium sand, moist,
3 2] 97 10-11 24/22 | 20 Imedium dense, 6
3-8 )
- Occasional chunks of wood/organic matter
10 | 3] 10-12 3-1 24/16 | 2 . {
11,0
1-2 Bray FINE 5ARD and 5ILT, trace medium sand, | .
wet, soft. Occasional clay stringer.
nght gray FINE/MEDIUM SAND, little silt,
wet, loose.
15 | &) 15-17 1-2 24/21 4
e e 16.0? {
2-3 Dark brown ORGARIC SILT/FEAT, wocd
fragments, roots, moist, soft.
- Thin layer of organic clay.
20 | 5) 20-22 1-2 24/16 1 8 4
I - 2o
6-15 EYEHY gray FIRE7REDIOR SARD, Tittle silf,
wet, medium dense.
25 | 6] 25-27 3-4 24/8 7 | - Same with some dark ?ra¥ discoloration 15
e and brown mottling. Petroleum odor.
Bottom of Hole at 27.0 ft.
30




TEST EORING LOG

Report of Borin? No.: MW-15
Sh

eet

L 0’BRIEN & BERE
ENGINEERS, INC.
ject Location: Hadnot Point Tank Farm
ient: U.5. Navy

SAMPLER Ground Water Depth Date
Camp Lejeune, N.C. Type: Split Sgoon Depth Date
Hammer: 140 1bs. Fall: 30 inches|File No.: 3543.002.320
Boring Co.: ATEC Assoc., Inc. Boring Location:
L Foreman: Sanford 5weete§ 6round Elevation:
0BG Geologist: John C. Brod Dates: Started: 3/08/88 Erded: 3/08/88
Sample Stratum Field Testing |R
Sample Change Equipment “
Depth Depth | Blows |Penetr/ | *N® Pescription General Installed Sp k
Nol in ft. /6" Recovry |Value Descript pH | Cond {HNU [s*
0 1} 02 2-3 24/16 6 |Brown FINE SAND, little medium sand and 3
silt, moit, loose.
3-2
J.2'
5 |2 57 e-1 24/19 | 4 |Bray FINE SAND, some wedium sand, Iittle d
silt, moist, loose.
3~7
l 10 | 3} 10-12 3-10 24/13 | 22 | - Brading to FINE/MEDIUM SAND, little 18
silt, wet, medium dense.
12-15
l 15 | 4] 15-17 6-12 24/18 | 22 | - Same, with brown mottling and discolor- 14
ation, petroleun/disel fuel odor.
L 10-9
20 | 5| 20-e2 2-2 24/24 | S |Gray MEDIUM/FINE SAND with cccasional clay 128
stringer, loose, Stroremg petroleum/gasoline
L 3-4 odor, material saturated with gasoline,
& | 6] 2527 3-3 24/24 | 6 | - Same 95
I =
Bottom of Hole at 27.0 ft.
L 30




0'BRIEN & BERE
ENSINEERS, INC.

TEST BORING LOG

Report of Boring No.: MW
¥ Sheet ?

-16

Project Location: Hadnot Point Tank Farm

Client: U.S. Navy

Camp Lejeune, N.C.

SAMPLER
Type: Split Sgoon
S,

Hammer: 140 1 Fall: 30 inches

Ground Water Depth Date
Depth Date
File No.: 3543.002.320

Boring Co.: ATEC Assoc., Inc.
Foreman: Sanford Sweetey
0BG Geologist: John C. Brod

Boring Location:
Ground Elevation:

Dates: Started: 3/10/88

Ended: 3/10/88

Sample Stratum Field Testing |R
Sample Change Equipwent n
Depth Depth Blows |Fenetr/ | "N" Description General Installed Sp k
No| in ft. /6" Recovry |Value Descript pH | Cond [HNU ]s#
0 |1} o2 2-2 24/13 | 4 |Tan SAND and GRAVEL FILL . 4
2-3 Grayish tan with some dark brown mottling '
FINE/MEDIUM SAND, scme silt, moist, medium
stiff, petroleum odor.
5 |2 57 4-5 24/15 12 i6ray FINE SAND, some silt and medium sand 150
wet, medium dense. Petroleum product and
1-7 odor.
10 | 3} 10-12 4-5 24/15 | 12 | - brading to FINE/MEDIUM SAND, little 165
== silt, occasional clay stringer.
15 | 4] 15-17 2-2 24/26 | 6 P 18.9 190
Light gray SILT, scme clay and fine sard,
4-4 moist, soft petroleum odor.
- Grading with more fine sand.
20 | 5| 20-22 4-5 24/17 13 a1, 135
8-8 [Iéﬁrﬁray FIRE7MEDIOR SAND, Tittle silt, '
wet, medium dense. Saturated with
gasoline,
25 | 6] 2527 24/19 _ e 25.6' 150
Dark gray/black FIRE/REDION GARD, some
silt, wet, medium dense. Color due to
petroleum discoloration.
Bottom of Hole at 27.0 ft.
30
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O'BRIEN & GERE
ENGINEERS, INC.

TEST EORING LOG

Sheet

Report of Borin? No.: MW-17

ject Location: Hadnot Point Tank Farm
Canp Lejeure, N.C.
ient: U.5. Navy

SAMPLER
Type: Split Sgoon
Hammer: 140 1bs.

Ground Water Depth

Depth

Fall: 30 inches]File No.: 3543.002. 320

Date
Date

Boring Co.: ATEC Assoc., Inc. Boring Location:
Foreman: Sanford Sweeteg Grourd Elevation:
DB6 Geologist: John C. Brod Dates: Started: 3/09/88 Ended: 3/09/88
Sample Stratum Field Testing |R
Sanple Change Equipment n
Depth Depth Blows |Penetr/ | "N" Description Gereral Installed Sp k
No! in ft. /6" Recovry |Value Descript pH | Cond [HNU |s¥
0 |1} o2 2-5 24/23 | 12 |Mottled grayish brown FINE/MEDIUM SAND, 35
some silt, trace fine gravel, moist, medium
7-7 dense. Petroleum odor and discoloration.
3 {2 57 3-3 24/19y 8 | e o ]5.9 5
Cight gray FIREZREDION SARD, some silE,
5-5 moist, loose. Petroleum odor.
10 7 3} 10-12 3-9 24/21 19 | - brading to MEDIUM/FINE SAND, little 150
silt, reddish tan discoloration due to
10-11 presence of gasoline product.
15 ] 4] 15-17 3-5 24/15 10 | - Same, with grayish tan color. 25
5-7
20 | 5| 20-22 -7 24/22 | 16 | - Grading to MEDIUM SAND, some fine sand, 175
little silt, occasional clay
9-11 stringer, s‘rong gasoline odor.
25 | 6] 25-27 3-5 24/24 | 11 | - 6rading with slightly wore silt and fine 125
sand.
66
Bottom of Hole at 27.0 ft.
30




0'BRIEN & BERE _ Report of Eorin? No.: MW-18
ENGINEERS, INC. TEST BORING LOG Sheet
Project Location: Hadnot Point Tank Farm SAMPLER 6round Water Depth Date
Canp Lejeune, N.C. Type: Split Spoon . Depth Date
Client: U.S. Navy Hammer: 140 1bs. Fall: 30 inches|File No.: 3543.002.320
Boring Co.: ATEC Assoc., Inc. Boring Location:
Foreman: Sanford Sueeteg Ground Elevation:
0BG Geologist: John C. Brod Dates: Started: 3/11/88 Ernded: 3/11/88
Sample Stratum Field Testing |R
Sample Change Equipment "
Depth Depth Blows }Penetr/ } “N" Description Beneral Installed Sp k
No] in fi. /6" Recovry |Value Descript pH | Cond [HNU s
0 i} o0-2 2=3 24/16 & |{Olive brown FINE SAND and SILT, little rati]
nedium sand, trace fine gravel, damp,
3-4 medium stiff, odor.,
3,0
5 | 2] &7 5-6 24/22 | 14 [Mottle li?ht gray/tan FINE/MEDIUM SAND, 2
little silt, moist, medium dense. Slight
8-11 odor.
10 | 3f 10-12 3-6 24/18 11 | - Brading with some silt, less tan 150
mottling, petroleum odor.
-3
15 | 4! 15-17 3-6 c4/16 12 | - Same, with occasional clay stringer, wet 155
strong petroleum odor.
6-8
20 | 5) 20-22 2-3 24/24 | 5 } - Bradin? to FINE SAND, some medium sand 125
and silt, loose. Solvent/petr‘oleum
2-4 odor.
25 | 6] 25-27 4-3 24/19 { 6 | - Same, with layers of medium sand. 14
3-3
Bottom of Hole at 27.0 ff.
30

T e T o e o - —— o — — - r— - g

-



0'BRIEN & GERE
ENGINEERS, INC.

TEST BDRING LOG

Report of BorinY No.: MW-19

Sheet

t Location: Hadnot Point Tank Farm
Camp Lejeune, N.C.
t: U.S. Navy

SAMPLER
Type: Split SEoon
Hammer: 140 1bs.

Fall: 30 inches

Ground Water Depth
Depth
File No.: 3543.002. 320

Date
Date

Boring Co.: ATEC Assoc., Inc. Boring Location:
Foreman: Sanford Sweete Ground Elevation:
0BG Geologist: John C. grod Dates: Started: 3/14/88 Ended: 3/15/88
Sample Stratum Field Testing |R
Sample Charge Equipment 0]
Depth Depth | Blows |Penetr/ | "N" Description Gereral Installed Sp k
No) in ft. /6" [Recovry |Value Descript pH | Cond |HNU |s#
0 ] 1] 02 -1 24/11 13 |Tan SAND and GRRVEL RORD FILL
.o
55 Light brown FINE SAND, Iittle silt ard
medium sand, moist, medium dense.
5.0
5 |2 57 7-11 c4/21 | 24 Lxghf gray FINE SARD, Iittle silt and
mediunsand, moist, medium dense.
13-17
10 | 3| 10-12 2-3 24/20 | 9 | - Grading to FINE/MEDIUM SAND, little
silt, loose.
6-6
15 | 4] 1517 2-4 24/22 1 10 | - Grading to MEDIUM/FINE SAND, little
silt, some layering of medium sand, some
6-10 tan wottling, wet, medium dense.
20 | 5] 20-22 1-4 24/20 | B8 | - Same, with color changing to orange/
brown.
4-5
25 | 6| 25-27 3-3 24/24 | & | - Same
3-3
Boftom of Hole at 27.0 ft.
30
1 (I 1




0'BRIEN & GERE
ENGINEERS, INC.

TEST BORING LOG

Report of Boring No. :K‘MH—"(D
P gheet 1 N

heet

Project Location: Hadnot Point Tank Farm SAMPLER Ground Water Depth Date
Camp Lejeune, N.C. Type: Split Spoon Depth Date
Client: U.S. Navy Hammer: 140 lbs. Fall: 30 inches|File No.: 3543.002. 320
Boring Co.: ATEC Assoc., Inc. Boring Location:
Foreman: Sanford Sweeteg Ground Elevation:
0BG Geologist: John C. Brod Dates: Started: 3/14/88 Erded: 3/14/88
Sample Stratum Field Testing |R
Sample Change Equipment 0]
Depth Depth Blows |Penetr/ | *N" Description Gereral Installed Sp k
Ne| in ft. /6" Recovry {Value Descript pH | Cond |HNU |s*
0o |1 o2 c-4 24/16 | 9 |[Tan FINE SAND, some medium sand (FILL) ) (1
0.5
5-4 Dark brown SILT ard FINE GAND, Iittle
medium sand and fine gravel, little organic
material and wood fragments, moist, medium
dense.
4,0
5 |2 §7 1-1 24/22 | 3 |bBrayish brown FINE SAND, some silt and (1
nedium sand, some interbedding of gray
2-2 silty clay, trace fine gravel, moist, soft.
10 | 3] 10-12 1-1 24/2 3 | - Same (1
e-1
15 | 4] 15-17 4-2 24/19 1 § | - Grading to gray FINE/MEDIUM SAND, little (1
silt, trace fine gravel and organic
3-2 material, wet, loose,
20 | 5] 20-22 b-6 24/17 12 | - brading to MEDIUM/FINE SAND, little silt |
occasional thin silty clay layer, nedium
6-8 dense,
25 | 6] 25-27 | WOH/24" | 24/14 | --- | - Grading to dark gray MEDIUM SAND, scme (1
fire sand, little silt, wet, very loose.
Bottom of Hole at 27.0 ft.
30

# WOH = Weight of Hammer.




