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This report describes a hydrogeologic
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EXTENT OF SUB-SURFACE FUEL CONTAMINATION
OCEANA NAVAL AIR STATIOHN

Contract N62470-82-B7800

INTRODUCTION

investigation which was

conducted to delineate the extent of subsurface fuel

contamination at the Oceana Naval Air Station,

and to determine

appropriate response procedures. The investigation was

initiated in part because of the suspected occurrence of fuel in

the subsurface

resulting from leaks and spills.

near certain fuel facilities at the base,

The actual extent and ~

environmental threat posed by such fuel has not been previously

known,

Thus,
those

however,

it was desired to determine the following things about
facilities where some potential for subsurface

occurrence was thought to exist:

*

If and where fuel does occur in the subsurface.

Whether it is mobile or potentially mobile.

Whether the occurrence of such fuel
short-term risk to safety and health.

_Whether the occurrence of fuel poses
significant environmental threat.

What remedial actions are appropriate.

poses

any

fuel

any

other
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The locations of the investigated fuel facilities are shown in
Figure l. Above-ground and underground leakage is known to have
occurred at the Day Tank, Test Cells, and Tank Farm. Some
potential for periodic leakage was thought to exist at the Fire
Training Area. Also, some potential was thought to remain at
the Abandoned North Station Tank Farm (Figure 1).

The approach of this study has been to acquire as much existing
information as possible regarding subsurface conditions at each
of these five sites. Based on this, field investigations were
conducted to gather more definitive information. The results of
these investigations were then evaluated in order to
characterize the significant conditions at each site. In light
of the results, possible remedial actions were evaluated for

those areas where substantial subsurface fuel does occur.

The following section of this report will describe in more detail
the methods of investigation that were empioyed at each of the

sites. Subsequent sections will describe the following for each

site:
* The history o©f pertinent operations and known fuel
leaks and spills.
* Methods of investigation that were unigque to each site.
* Results of the subsurface investigation.
* The degree to which fuel occurs in the subsurface, how
mobile it is, and what type of threat it poses.

* What remedial action is warranted.
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Figure 1: Fuel facilities at the Oceana
Naval Air Station which were investigated
for subsurface fuel occurrence.
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METHODS OF SUBSURFACE INVESTIGATION

Based on prior knowledge of site conditions, backhoe pits, test
borings and monitoring wells were installed at selected points
at the five sites. These facilitated the direct observation of
subsurface conditions and provided the means by which to measure

and sample.

Backhoe Pits

Backhoe pits are simple excavations that are typically about 10
feet long, 4 feet wide and as deep as subsurface or machine
limitations’permit. They are a rapid, inexpensive means to
qualitatively determine subsurface conditions; results from them
were used in the early part of the investigation to guide the
location of test borings and monitoring wells. Additionally,
they permitted the description of some subsurface conditions that
cannot be determined with test borings and monitoring wells.
These typically included the nature of layer interfaces, soil
structure, and perched groundwater conditions.

In this investigation 13 backhbe pits were dug at the five sites
based on the anticipated locations of potentially occurring
subsurface fuel. The locations were largelf'based on the
position of specific fuel facilities such as tanks and buried
pipelines. Subsurface conditions were described from the visual
Observation of pit walls, grab samples, and groundwater.
Descriptive logs from each backhoe pit are provided in
Appendix A,

Standpipes were installed in some backhoe pits prior to
backfilling. The standpipes consisted of 4-inch seepage-bed -
pipe which was constructed of thin-wall perforated PVC. Each
was capped at the bottom and wrapped with burlap in an attempt
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to prevent an excessive 1influx of sediment through the
perforations. ' The standpipes were placed vertically in open
backhoe pits; the pits were then backfilled to the surface. Two
standpipes were installed near the Day Tank, two in the Fire
Training Area, and two near the Test Cells.

Test Borings and Mon

In this investigation, it is assumed that test borings are
drilled holes where sediment samples have been taken; monitoring
wells are the small diameter well screens and casings (pipes)
that are placed in the borings to permit sampling and
measurements to be made of subsurface fluids. Monitoring wells
were installed in all of the test borings made during this
investigation. -

Test borings and monitoring wells were located based on the
anticipated occurrence of subsurface fuel, as indicated by the
results of the backhoe pit investigations. The borings were
advanced to a depth of approximately 20 feet with hollow-stem
augers and continuous split-spoon sampling. All split-spoon
samples were described immediately after recovery in terms of
sediment characteristics, moisture content, and degree of fuel
odor. Test boring logs are presented in Appendix B.

A schematic monitoring well design is illustrated in Figure 2.
In the initial part of well construction, after the hollow-stem
augers had been removed from the borehole, a 4-inch diameter
pipe was inserted to keep the hole open. Each boring was then
backfilled with well-sorted coarse sand to a depth that
permitted the well to be screened above and below the expected
high water table level. A 10-foot-long by 2-inch diameter
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Concrete
Surface Seal

Backfill

Bentonite Seal

| ——Well Casing: 2" I.D. PVC

‘bg ﬁ:““‘Glued Flush Joint

=[]
104 g o :
AV §§{L Water Table
=
Well-Sorted Sand—m |=|+

2l Well Screen: 10' x 2" I.D.
= PVC, 0.015" Slots

2

Figure 2: Schematic Monitoring Well Design
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section of well screen was then installed in the borehole and
backfilled with well-sorted coarse sand.

During the backfilling process, the 4-inch casing was removed
gradually to prevent the collapse of natural sediments onto the
well screen. Approximately 0.5-foot of well-sorted sand was
placed above the top of the screen. A bentonite seal was then
installed and the remainder of the hole was backfilled with
concrete. The monitoring wells installed near the Test Cells
were covered with 6-inch protective steel casings with locking
caps, which were concreted in. At other monitoring wells, the
2-inch PVC casing sticks up one to 2 feet above the ground
surface. '

Monitoring Well Testing

The occurrence of fuel in backhoe-pit sediments and split-spoon
samples was checked visually and by smelling the samples.
Generally, odor is a more reliable gualitative indicator since
small amounts of fresh fuel in soil tend to appear like water.
Sediment containing small amounts of fuel commonly cannot be
visually distinguished from those containing water. Five
split-spoon samples and one water sample were analyzed
quantitatively for fuel concentration by a local laboratory. The
results will be discussed in a subsequent part of this report.

The occurrence of free-floating fuel on the water table was
determined with a transparent bailer and with fuel and
water—-sensitive paste. The paste changes color in response to
the occurrence of water and fuel, permitting the measurement of

fuel thickness on a tape measure which has been lowered into the
well.
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Water-table depths were measured with a wire recorder and with
water—sensitive  paste. The elevations of the tops of selected
well casings were surveyed (Appendix C) to permit the
standardization of water-table levels. '
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TANK FARM

History of Fuel Leakage

Information regarding the loss of fuel at the Tank Farm was
optained from Mr. Troxler (Watch Office) and Mr. White (Fuel
Supervisor).

Buried tanks were installed at the Tank Farm (Figure 1) in the
early 1950s and have stored aviation gasoline, JP-3, and JP-5.
They are known to have leaked for more than a decade, although
the volumes lost are unknown. Leakage has apparently been from
both above and below the water table. Vegetation damage
indicates that fuel has emanated from several points on the
sides of the embankment at the Tank Farm, and accumulated around
the perimeter of the embankment (Figure 3).

At the time of this investigation, a project is underway to
repair leaks from all five buried tanks at the Tank Farm.

Repairs have been completed on Tank F-15, and are currently

underway on F-12 and F-14. They will subsequently be made to
Tanks F-13 and F-16.

It has been necessary to repair the bottoms of the tanks, which
are situated below the normal water—-table elevation. Because of
this, well points are being used to dewater the tank area.
Aaditionally, ten observation wells were installed around the
perimeter of the tank area, as shown in Figure 3. These are
presumably used to mqnitor the effectiveness of dewatering.

Construction plans indicate that these observation wells are
screened approximately 10 feet below the static water-table
level. Since the water-table level has been cased off, floating
fuel cannot enter the wells under static conditions. If the
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wells are pumped, thereby rapidly lowering the water table,
floating fuel tends to remain suspended by capillary action in
the sediment above  the pumping water level. (This 1is
demonstrated and discussed further in the section of this report
entitled "Remedial Measures.") Therefore, the observation wells
used in the tank repair project are not suitable for measuring
the thickness of fuel which has accumulated on the water table
in the tank area. Because of this, three additional monitoring
wells were installed at the eastern end of the Tank Farm in
order to better define the subsurface occurrence of fuel there,

Subsurface Investigation

The locations of the three monitoring wells installed at the
Tank Farm are shown in Figure 3. Geologic logs and well
construction specifications are provided in Appendix B. Backhoe
pits were not excavated at the Tank Farm.

Monitoring wWell MW=-12 is located southeast of buried tank F-14,
outside of the fence that surrounds the Tank Farm (Figure 3).
Interlayered silt and clay were observed in the top 5 feet of
the boring. These were underlain by silty sand and fine to
medium sand to a depth of 8 feet. This was in turn underlain by
more than 10 feet of medium grained, well-sorted sand.

Pure fuel was observed coming out of the MW=-12 boring during
drilling. Split-spoon samples from above the water table had a
moderate fuel odor; those from below the water table had a
moderate to strong fuel odor. Approximately 1 foot of pure fuel
oil accumulated in the completed monitoring well. The fuel had
a yellowish color, which suggests that it is fairly fresh. Fuel
that has been in the ground for some time tends to acquire a
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dark color as a result of degradation and the suspension of
colloidal material.

Monitoring Well MW-13 is located at the northeastern corner of
the fence that surrounds the Tank Farm. Silt, clay and silty
sand occurred to a depth of 6 feet. This was underlain by 12
feet of fine to medium sand. As in MW-12, pure fuel was
observed coming out of the borehole during drilling.
Split-spoon samples from near the water table had a slight fuel
odor; those from below the water table had a moderate to strong
fuel odor. Two split-spoon samples from MW-13 were analyzed for
fuel concentration. The results of these analyses are presented
in Appendix D and-will be discussed in the Summary and
Conclusions part of this section. More than a foot of pure fuel
accumulated T
on the water tabie in the completed monitoring well. As in

MW-12, the fuel had a fairly fresh appearance.

Monitoring Weli MW-14 is located on the northern side of the
Tank Farm near Tanks F-13 and F-14 (Figure 3). The boring was
augered by hand due to the drilling rig's inability to reach the
chosen location because of soft ground. As in the other
borings, silt and clay occurred to a depth of approximately 5
feet and were underlain by silty sand and well-sorted sand. No
fuel was observed in the sediments or on the water table in the
completed well. '

In addition to the fuel thickness measurements made in the three
monitoring wells which were installed as a part of this
investigation, measurements were also made in some abandoned
well-point boreholes. In most cases the boring had collapsed a
few feet down, and the bottom of the fuel slug could not be

accurately measured. Therefore, fuel-thickness measurements
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from these boreholes are not truly representative, and are

considered to represent minimum thicknesses.

Summary and Conclusions

Three test borings/monitoring wells were 1installed on the
northeastern side of the Tank Farm in order to delineate the
occurrence of subsurface fuel. Fuel was observed in two of these
monitoring wells, and in some of the abandoned well-point
boreholes along the northeastern perimeter. As shown in
Figure 4, approximately 0.9 feet of floating fuel was observed
in MW-12, and 1.2 feet was observed in MwWw-13.

Fuel leakage at the Tank Farm is known to have occurred both at
the surface and underground. It is likely that fuel floating -onm
the water table originated from both sources. Based on fuel
thickness measurements made in the monitoring wells and
abandoned boreholes, the floating fuel is larely concentrated in
the Tank Farm proper (Figure 4). The thickness of fuel measured
in MW-12 and MW-13 indicates that some has also migrated eastward
from the embankment.

The extent of fuel floating on the water table could not be well
defined, particularly in the central part of the Tank Farm.
However, based on the observations discussed above and shown in
Figure 4, and on typical §orosities for sediments of this type,
the volume almost certainly equals thousands of gallons.

In view of the measured distribution of fuel thickness (and
correlatively on fuel head potential) it is apparent that a lens
of fuel exists which is somewhat mobile, gradually spreading
outward from the Tank Farm area. Assuming that the leakage has
been shut off, the lens will thin out, dispersing laterally.
Lateral flow of floating fuel will continue until capillary
forces equal those defined by the potential gradient. This



SWAMPY

AREaA

BURIED
FUEL
TANK F-12

BURIED
FUEL

TANK F-18

BURIED ]

PIPELINES

BURIED

TANK £-13

FUEL

BURIED
FUEL
TANK F-16

BURIED
FUEL

TANK F-14

o ——— —

83"

S e  — T
APPROXIMATE SCALE IN FEET

LEGEND

MONITORING WELL INSTALLED
DURING THIS INVESTIGATION

MONITORING WELL INSTALLED
DURING PREVIOUS INVESTIGATIGN

AREA OF FUEL SPILLAGE INFERRED
FROM DEAD VEGETATION

GROUND SURFACE CONTOUR

PRODUCT THICKNESS ON 12-7-02,
IN FEET

Piguré 4

.

P

o

Tank Farm, showing
subsurface fuel in monitoring

measured thickness of

wells on December 7, 1982.

£€8/10/20-20°L0-€LL00-D0



{akda

0C-00113-01.02-02/01/83

- 15 =
equilibrium would be expected to occur within a few hundred feet

of the perimeter fence under the observed conditions.

It is possible that some of the pure fuel will discharge to the
surface at some point downgradient from the Tank Farm before it
achieves this equilibrium condition. Such discharge may be into
the drainage ditch just south of the site, or into the swampy
area immediately to the east. There has not been any documented
discharge of fuel up to this time, however.

As stated previously, two soil samples from MW-13 were analyzed
in order to characterize typical degrees of fuel concentration
just below the. zone of free-floating fuel. As shown in
Appendix D, a sample from a depth of 2 to 3 feet had a
concentration of 0.04%,. A sample from 6 to 7 feet had a
concentration of 0.16%. These are typical residual
concentrations for fuel which has been immobilized in the soil
by capillary action. The dispersal of fuel occurs below the
mean water-table level as a result of continuous water-table
fluctuations in response to natural hydrogeologic events, such

~as precipitation.

If it is not removed, the fuel in the ground at the Tank Farm
will remain there for many years, gradually decomposing as a
result of natural volatilization, biodegradation, and
dissolution. For the volume that apparently exists at the site,
complete natural decomposition would probably take tens of
years. During that period, the pure fuel will continue to be a
source of dissolved fuel which will contaminate groundwater in
the area.

In order to demonstrate the effects of fuel dissolution on
groundwater quality near the Tank Farm, a groundwater sample
from MW-13 was analyzed for dissolved fuel. The well was pumped
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with the pump intake at the bottom of the screen, or about 11
feet below ground surface. The water table in the well was

drawndown 5 feet to a depth of about 8 feet. The sample was
taken after 3 hours of pumping.

As indicated in Appendix D, the concentration of fuel in the
groundwater was 90 ppm. The potential impact of this is
discussed further in the section of this report entitled

"Significance of Dissolved Fuel."

Measurements made at the Tank Farm indicate that the water table
there is relatively flat, with a slight gradient toward the
southeast (Figure 3). This indicates that groundwater flow in
the shallow aquifer is also to the southeast. Shallow
groundwater probably discharges into large_drainage ditches -
which occur about 500 feet from the site.
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DAY TANK AREA

History of Fuel Leakage

Fuel facility personnel have indicated that fuel leakage is known
to have occurred in the Day Tank area in recent years.
Subsurface contamination by fuels apparently resulted from the
accidental loss of fuel onto the ground surface near the Day
Tank. Substantial losses of this type reportedly occurred in
1979 and 1981, when the tank overflowed. The extent of
above-ground spills is evident from dead vegetation around the
tank, as illustrated in Figure 5. It is virtually certain that
a substantial amount of this fuel seeped into the ground and
penetrated to the water table. The volumes of fuel lost during
these events 1is unknown.

Shortly after the field portion of this investigation had been
completed (December 1982), subsurface leakage was discovered
from a 4-inch buried pipeline near the Day Tank (Figure 5). The
period of leakage and volume of fuel lost is unknown, but it is
likely that leakage occurred at a relatively small rate for a
period df at least months.

Subsurface Investigation

Three backhoe pits and four' test borings/monitoring wells were
used to determine subsurface conditions in the Day Tank area.
The locations of these are shown in Figure 5. Backhoe pit logs
are shown in Appendix A.

Backhoe Pit BP~ll was excavated approximately 100 feet north of
the buried Day Tank. Silt was observed in it to a depth of
approximately 4 feet, and was underlain by fine sand. Sediment
from the excavation had a moderate fuel odor. Groundwater was
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observed seeping into the pit from below 3 feet, and Ffuel
emulsion occurred on the surface of groundwater which
accumulated in the pit. Severe caving prohibited the
installation of a standpipe in BP=11.

Backhoe Pit BP-12 was located approximately 50 feet northwest
of the Day Tank. The soil profile was almost identical to that
Observed in BP-ll. Unsaturated soil had a slight fuel odor,
while saturated soil had a very distinct fuel odor. A fluid,
believed to have been mostly fuel, was observed entering the pit
from discrete points below 2 feet. A standpipe was installed in
BP=-12 to a depth of about 9 feet. Subseguent observations

showed that 3.4 feet of free-floating fuel had accumulated on
the groundwater surface in the standpipe.

Backhoe Pit BP-13 was located approximately 100 feet southwest
of the pump house. 1In it, silt was observed to depth of 4 feet,
and was underlain by fine sand with pockets of silt,.
Groundwater entered below 3 feet and had a slight to modérate
fuel odor. Fuel emulsion was noticed on the surface of
groundwater which accumulated in the pit. The fuel odor in
BP-13 was less than that of BP-12., A standpipe was installed to
a depth of 8 feet; subsequent monitoring did not indicate any
free-floating fuel in the standpipe, although there was a slight
fuel odor in the groundwater.

The location of the monitoring wells installed near the Day
Tank are also shown in Figure 5. Geologic logs and construction
details are shown in Appendix B.

Monitoring Well MW-8 is located approximately 125 feet west of
the pump house, near backhoe pit BP-13., It was located at the
edge of a known fuel spill area as indicated by dead vegetation.
Sediment in the upper 5 feet consisted of silt and clay. As



—
&

Tl T— s

LI

-.
e T

0C-00113-01.02-02/01/83

_20_
observed in the backhoe pits, the lower 15 feet consisted of
fine to medium ‘grain sand. Pure fuel was observed coming out of
the boring during split-spoon sampling, and all soil samples had
a moderate to very strong fuel odor. The  groundwater surface
in the completed monitoring well was found to have both fuel
emulsion and free-floating fuel.

Monitoring Well MW-9 is located approximately 150 feet northwest
of the'pump house. The stratigraphy in MW-9 was essentially the
same as that in MW-8. A moderate amount of fuel odor was
observed in most of the sediment samples from below the water
table. A strong fuel odor was observed in silty sand which
occurred just below the shallow silt and clay unit, at a depth
of about 5 feet (Appendix B).

Monitoring Well MA-1l0 is located approximately 150 feet
northeast of the buried tank (Figure 5). Sediment observed in
it consisted of clayey silt to a depth of 4 feet; this was
underlain by silty fine to medium sand to 8 feet, and medium
sand from there to 20 feet. A moderate amount of fuel odor
was observed in all split-spoon samples from this well. No fuel
was observed on the groundwater surface in the completed well.

Monitoring Well MW-1l is located just south of the buried tank,
near the entrance road to the pump house. The upper 8 feet
consisted of silt with varying amounts of clay and sand. These
fine-grained sediments were underlain by 2 feet of loose fine to
medium sand, which was in turn, underlain by medium sand. Some
split-spoon samples had a moderate to strong fuel odor. No fuel
was observed in the completed monitoring well.
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Summary and Conclusions

Three backhoe pits and four monitoring wells were installed near
the Day Tank to determine the extent of subsurface fuel there.
Fuel was observed in sediments and groundwater from all test
pits and borings. More than 3 feet of pure fuel accumulated in
a standpipe in Backhoe Pit BP-12, located about 50 feet
northwest of the buried Day Tank. Approximately 0.05 foot of
pure fuel was observed on the water table in Monitoring Well
MW-8, located about 200 feet west of the Day Tank.

In recent years there have been substantial accidental losses
near the Day Tank. The loss of fuel onto the ground surface
around the tank probably resulted in the seepage of significant
amounts of fuel into the ground. This is probably the source of
low to moderate levels of fuel which were observed in the soil

and groundwater from most of the backhoe pits, borings and
monitoring wells.

There is no evidence which indicates that fuel from this source
has accumulated in large enough Qgquantities to enable it to be
mobile in pure form, Rather, it has probably dispersed to such

an extent that it is largely retained in the soil by capillary
action. :

Two so0il samples from Monitoring Well MW-8 were analyzed for
fuel concentration, and demonstrate the extent of fuel dispersal
throughout most of the area. As shown in Appendix D, a sample
from a depth of 2 to 3 feet had a fuel concentration of 0.29%; a
sample from 5 to & feet had a concentration of 0.21%. These are

typical concentrations for a residual fuel which has been
immobilized by capillary action.
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The recent leakage of fuel from a buried pipeline near the Day
Tank has resulted in the accumulation of a large amount of pure
fuel on the water table. Some of this probably remained in the
pipeline bed, tending to flow away from the point of leakage.
That which leaked into the surrounding soil is probably
spreading slowly in the form of a gradually thinning lens. It
will continue to do so until it is entirely suspended in the .
soil by capillary action.

Although the fuel from this leak is locally mobile, there is
little potential for it to spread in the natural soil any
farther than a hundred feet or so from the point of origin.
The silt and clay in which the lens is situated are relatively
impermeable, and capillary pressures are relatively high. Also,
the water table is fairly flat in the area, as indicated in~
Figure 5.

Two monitoring points near the buried pipeline showed the
presence of pure fuel floating on the water table. In
Monitoring Well MW-8 pure fuel occurred in combination with a
few inches of fuel/water emulsion. The emulsion generally
occurs as a result of long periods of water-table fluctuations,
and suggests that pure fuel has existed in that area for some
time, The combination of emulsion and pure fuel in MW-8
suygests an accumulation of fuel frdm at least two different
leakage events. '

Despite the observation of floating fuel in some monitoring
points and not in others there remains considerable uncertainty
about the volume of fuel in the ground near the Day Tank. In
particular, the areal extent of pure fuel is still not well
defined and the effective porosity of the fuel-saturated silts
and clays can only be estimated to within about an order of
magnitude. Based on what is known, it is estimated that a few
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thousand gallons of fuel is floating on the water table in the
vicinity of the formerly leaking pipeline.

As at the Tank Farm, subsurface fuel at the Day Tank will slowly
disintegrate as a result of natural volatilization,
biodegradation and dissolution. There appears to be little
potential for the migration of pure fuel away from the site.
The dJreatest environmental risk resulting from the continuing
pfesence of subsurface fuel at the Day Tank is expected to be
the on~-going contamination of groundwater by dissolved fuel,

Water-level measurements and the general topography in the area
indicate that groundwater flows northward from the Day Tank area
(Figure 5). Based on the local topographic setting, the
distance from the Day Tank to a point of potential groundwater
discharge 1s probably at least a mile. Beacuse of this,
dissolved fuel contained in the shallow groundwater system would
probably be reduced to insignificant concentrations before
reaching any downgradient points of discharge. The potential
environmental impact of dissolved fuel is discussed further in
the section of this report entitled "Significance of Dissolved
Fuel."
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TEST CELLS

History of Fuel Leakage

As indicated by Mr. Troxler, there was a significant loss of

fuel from one or two of the buried storage tanks at the Test
Cells in the autumn of 1981, The volume of lost fuel is
unknown, but leakage probably occurrgd at a low rate over an
extended period. Small holes were discovered in the tanks and
were subsequently repaired. The leakage resulted in the

‘discharge of fuel into a nearby water-filled drainage ditch, as

a consequence of lateral subsurface flow.

During the course of this investigation, fuel was observed
emanating from cracks in the pavement juSt north of the Test
Cells. This is probably caused by a leak in a subsurface fuel
transfer pipe.

Subsurface Investigation

Three backhoe pits were excavated and three monitoring wells
installed at the Test Cells. The locations of these are shown in

Figure 6. Backhoe pit logs are shown in Appendix A.

Backhoe Pit BP-1 was located just east of the parking area on
the northeast side of the Test Cells. The excavation showed a
S-foot layer of silty fine to medium sand near the surface,
which was underlain by sandy silt. Sediment from the pit did
not show any indication of fuel, but groundwater which
accumulated in the bottom of the pit had a slight oily sheen on
its surface. A 1l0-foot standpipe was installed in BP-1l, but was

rendered useless by vandalism before any monitoring could be
done.



TESTING

L
N

~_ /

points and water-table elevations on December 7, 1983.

Arrows show direction of flow in sh

allow groundwater system.

- Q
o
, P / ; \
( / / \
w19 / /ﬂam-s )
B8P-3
FUEL \ \
’ PAVEMENT TANK ! -\
AREA ,| .
/ / -/ O\
AN / TEST TEST :
- CELL CELL \
AN B A
\ PARKING, AREA \
\\. /// . v : "\\\\\\\\. \
\.
N / LEGEND
N /
\.\ 7 ®  MONITORING WELL
. BACKHOE PIT WITHOUT
. & STanDPIPE
\4\ ap-2 &3 PACKHOE PIT WITH STANDPIPE
~ - ~7=> AREA OF FUEL SPILLAGE, INFERRED
~ @Mw-6 » <= FROM DEAD VEGETATION
| = " WATER TABLE CONTOUR
~ &~ DIRECTION OF GROUNDWATER
T~ FLOW
. ) l
«0 9 - k
APPROXIMAYE SCALE IN FEET N . ORAINAGE  DiTCH e e ~_4_
Figure 6: Test Cell area, showing locations of monitoring

£8/10/20-20°L0-€LL00-D0




| rha -4

0C-00113-01.02-02/01/83

- 26 -

Backhoe Pit BP-2 was excavated approximately 50 feet southwest
of the southwestern corner of Test Cell B. Silty fine sand was
observed in the upper 3 feet of the profile. This was underlain
by a l-foot layer of silt, which was in turn underlain by
well-sorted medium to coarse sand. No fuel was observed in any
of the sediments, but groundwater in the bottom of the pit had a -
trace of oiLl sheen on its surface.

A standpipe was installed in BP—Z.to a depth of about 8 feet,
Subsequent observations indicated that a slight oily sheen
occurred on the water surface in this standpipe. A slight fuel
odor was also apparent in the standpipe. However, there was not
a measurable thickness of free-floating fuel on the water table,

Backhoe Pit BP-3 was excavated a few feet east-northeast of the -
fence that surrounds the buried fuel tanks. In this pit sand
fill was observed to the total depth of about 11 feet. A
distinct fuel odor was observed during excavation, and increased
with depth, A standpipe was not installed in BP-3 due to the
apparently unsaturated condition of the sediments.

Based on the results of the backhoe pit investigation, three
test borings and monitoring wells were also installed neér the
Test Cells (Figure 6). Geologic logs and construction
specifications for each well are shown in Appendix B.

Monitoring Well MW-5 is located a few feet east of the fence

st

which surrounds the buried fuel tanks (Figure 6). In the boring,
the upper 10 feet of sediment consisted of silty fine to medium

sand with a few thin clay seams occurring below 2 feet. Loose
fine to medium sand occurred from 10 to 18 feet, and was
underlain by clayey silt to the boring's total depth of 20 Efeet.
A very strong fuel odor was observed in split-spoon samples from
2 to 8 feet, while moderate fuel odors were noted from 1 to 2
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feet and 8 to 12 feet, A small amount of dark brown fuel was
. observed on the water surface after the installation of the
monitoring well, Subseguent monltorlng of MW-5 showed a slight

increase in the quantity of fuel present.

P Monitoring Well MW-6 is located just off the southern corner of
) Test Cell B (Figure 6),. Silt and sand were observed to a depth

4 of 6 feet, and were underlain by fine to medium sand to a depth
| of 18 feet. Silty sand occurred from 18 to 20 feet. No fuel
L was observed in any split-spoon samples from MW-6, or in the
L’ \ completed monitoring well,

Pf Monitoring Well MW-7 is located approximately 50 feet from the
weéiern co;;éf of Test Cell B. At that location, the upper 10
feet of sediment consisted of silt and sand. Small clay seams-
also occurred in the upper 4 feet. Fine to medium sand was

o found from 10 feet to the boring's total depth of 20 feet. a

; slight fuel odor was observed in split-spoon samples from 0 to 8

feet; however, no fuel was observed in the completed monitoring

e : well,

Summary and Conclusions

Three backhoe pits were excavated, and three monitoring wells
were installed at the Test Cells in order to determine whether
g' significant amounts of fuel'occur in the subsurface there. Fuel

was observed in sediments from two backhoe pits located east of
. the buried fuel tanks which are at the northeastern corner of
: Test Cell A (Figure 6).

Fuel was also observed in sediments from a test boring located
near the buried tanks, and in sediments from a test boring

located approximately 150 feet northwest of the Test Cells.
Fuel odors were observed in the completed monltorlng wells, and
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the well near the buried tanks had a small amount of
free-floating fuel on the water table.

As stated previously, fuel is known to have leaked from the
buried storage tanks near Test Cell A, and subsequently
discharged into a nearby drainage ditch. It is apparent that
some Of this fuel still remains in the soil between the tanks
and the ditch. A soil sample from Monitoring Well MW-5 was
measured for fuel concentration (Appendix D). Taken from just
below the water table, the sample had a fuel concentration of
0.16%. This 1is consistent with the residual concentrations in
soils from other sites, as discussed previously.

The thin amount of frge-floating product observed in Monitoring.
Well MW-5 suggests that a small volume of somewhat mobile fuel
occurs in the immediate vicinity oﬁ the tanks. However, this
probably constitutes no more than a few hundred gallons, and

there is not enough evide

e Epa—— e = o

action.

There appears to be a slight sheen on the standing water in the
drainage ditch just east of the Test Cells. This could be
derived from the slow but continuing discharge of fuel from the
ground into the ditch. However, since Monitoring Well MW-5 and
Backhoe Pit BP-1 showed little evidence of mobile fuel, this

seems unlikely. It is_possible that the sheen was derjved from
the decompositjon of other organic matgrial in the stagnant

water, There was no fuel odor observed near the ditch.

-
I/V
?

|

j
nce of mobility to warrant remedial /

Chemical_analyges of the ditch water will probably be necessary -

to resolve this uncertainty.

e i P —— —

As indicated previously, fuel is_also known to have leaked from

Cells. Some of this may have reached the water table beneath

<t~

>

a buried pipeline beneath the pavement just north of the Test*
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the point of leakage. Some has also emerged from cracks in the
pavement, and discharged to the ground as surface run-off about
75 feet northwest of Test Cell B (Figure 6).

Although a small amount of this fuel was oObserved in sediments

near the point of run-off, no fuel was observed in the completed

e m——

monitoring well (MW-7) which was located there. This indicates

that there are not large volumes of fuel in the subsurface

northwest of the Test Cells, and probably not significant
volumes of mobile fuel beneath the point of this leakage.

As Figure 6 indicates, groundwater in the Test Cell area
generally flows ‘to the northwest. It is expected that a plume
Of dissolved fuel exists in the groundwater downgradient from
the points of leakage, as discussed for the Tank Farm and Day-
Tank areas. Shallow groundwater from this source probably
normally discharges into drainage ditches which exist at the
southwestern end of Runway 5R. It probably also discharges into
the ditches near the Test Cells during periods of high water
table.

In view of the relatively low volumes of fuel that seem to exist
in the subsurface near the Test Cells, the discharge rate of
dissolved fuel into surface waters is probably very low. Once
in surface waters, subsequent dilution and evaporation would
make it unlikely that any detectable trace of dissolved fuel
would remain in surface waters far downstream from the Test
Cells.

A 4-inch water supply well is located near the two water tanks
on the southern side of the Test Cells. The groundwater is used
primarily for cooling, and may also be used for drinking and
sanitation. Drilling records indicate that the well draws water
from a sandy layer which occurs between the depths of 135 and
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165 feet. Logs of other nearby wells indicate that this
interval is overlain by relatively impermeable silt layers. .One
of these layers was observed at a depth of about 20 feet in the
three monitoring wells. Because of these silty layers, any
dissolved fuels which may occur in the shallow groundwater
system probably have little potential to enter the water supply
well at the Test Cells.
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ABANDONED TANK FARM (NORTH STATION)

History of Fuel Leakage

The Abandoned Tank Farm is located approximately 300 yards east
of the old CPO Club on the northern side of the base (Figure 1).

As shown in Figure 7, at least two buried lines exist at the

- Abandoned Tank Farm by which wash fluids from tanks and pipes

were drained to waste. Although there has been no knowledge of
any significant fuel discharge from these drains, they may have
peen a source of periodic fuel leakage during the time when the
facility was in 'use. They may also have been a means for small
volumes of fuel to discharge since the facility was abandoned.
Mr. Troxler of the Watch Office has indicated that when the tanks
were abandoned, they were emptied of fuel and then filled with
water. Tank G-5, a 50,000 gallon concrete tank located in the
central part of the facility (Figure 7) was then used to store
waste o0il for some period. It is no longer used for this
purpose, but the tank is thought to still contain a foot of oil,
or about 5,000 gallons.

Subsurface Investigation

In order to determine subsurface conditions in the vicinity of
the remaining fuel tanks at the Abandoned Tank Farm, three
backhoe pits were dug and four monitoring wells were installed.
Locations are shown in Figure 7. Backhoe pit logs are shown in
Appendix A.

Backhoe Pit BP-8 was located between the southernmost buried
tank and the middle buried tank. Alternating layers of silt and
sand occurred in the pit to a depth of approximately 5 feet.
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These were underlain by a l-foot layer of clayey silt, which was
in turn underlain by sand. Groundwater was observed coming into
the pit below a depth of 2 feet. A slight odor of degraded fuel
was observed in both the sediments from the pit and groundwater
which accumulated in it. A slight o0il sheen was observed on the

groundwater surface.

Backhoe Pit BP-9 was located east-northeast of the southernmost
buried tanks (Figure 7). Silt occurred to a depth of slightly
more than 5 feet, and was underlain by sand. A rapid influx of
groundwater occurred between 3 and 6 feet. A distinct oil sheen

was opbserved on the accumulated water, but there was no fuel

odor. Similarly, no fuel was observed in the sediments
excavated from BP-9.

Backhoe Pit BP-10 was located roughly halfway between the middle
buried fuel tank (G-5) and the northernmost buried fuel tank
(Figure 7.) As in the other two backhoe pits, sediments
consisted of alternating layers of silt and sand. 2n influx of
groundwater occurred within the uppermost 2 feet, and slight
fuel emulsions were observed in the accumulated water. A more
rapid influx of groundwater occurred below 2 feet; it was
accompanied by some fuel emulsion and sheen. A moderate odor of
degraded fuel was also observed in both the sediments and
groundwater of BP-10. UNo standpipe was installed due to severe
caving of the excavation walls.

The locations of the four monitoring wells installed at the
Abandoned Tank Farm are also shown in Figure 7. Geologic logs
and construction details are shown in Appendix B.

Monitoring well MW-1l is located approximately 150 feet northwest
of Tank G-5, just north of the road. Split-spoon sampling
indicated that naturally occurring clayey silt was present to a
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depth of about 6 feet. This was underlain by a thin layer of
silty fine sand, which was in turn underlain by well-sorted
medium to coarse sand to the total depth of 16 feet. No fuel

was observed in split-spoon samples, or in the completed

monitoring well.

~Monitoring Well MW-2 was installed approximately 100 feet

northeast of the southernmost buried tanks (Figure 7). Clayey
silt occurred to a depth of 5 feet, and was underlain by a thin
layer of silty fine sand. As in MW-1, these layers were
underlain by relatively well-sorted medium sand to the boring's
total depth of 20 feet. A slight to moderate fuel odor was

observed in some split-spoon samples; however, there was no fuel

observed in the completed monitoring well.

Monitoring Well MW=-3 is located just north of Tank G-5, directly
adjacent to and south of the road (Figure 7). Split-spoon
sampling indicatéd that layers of sandy silt and silty sand‘
occurred to a depth of 7 feet. These were underlain by fine to
medium sand to the boring's total depth of 20 feet. Variable
degrees of fuel odor were noticed in almost all of the

split-spoon samples from MW-3. A trace of fuel emulsion on the
groundwater surface was observed before and shortly after the

installation of the monitoring well. The emilsion was not

observed in subsequent monitoring of the well.

Monitoring Well MW-4 is located approximately 15 feet north of
the northernmost buried tank. In the test boring, silt occurred
to a depth of 4 feet. This was underlain by a thin layer of
silty sand, which was in turn underlain by medium sand to the
voring's total depth of 18 feet, A trace to moderate fuel odor
was observed in some split-spoon samples. No fuel was observed

in the completed monitoring well.
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Summary and Conclusions

Three backhoe pits were excavated and four monitoring wells were
installed at the Abandoned Tank Farm in an attempt to determine
whether fuel occurs in the subsurface. Traces of freely
occurring degraded fuel were observed in two backhoe pits. a
distinct odor of degraded fuel was observed in a third backhoe
pit which was located north of Tank G-5. However, no freely

occurring fuel was observed in the third pit.

Similarly, an odor of degraded fuel was observed in split-spoon
samples from three out of four test borings. Emulsified fuel
was observed on the groundwater surface in a monitoring well
installed north of Tank G-53; however, no free-floating product
was observed in any well,

It is apparent that small amounts of fuel which probably leaked
from the tanks or buried pipelines persist in the subsurface at
the Abandoned Tank Farm., The distinct odor of degraded fuel in

backhoe pit BP-10, which was located near an old waste drain,

suggests that the drain outlet may have been a source of some

leakage. This, in addition to the observation of emulsified

fuel in Monitoring Well MW-3, suggests that Tank G-5 may have
been the source. Trace amounts of fuel observéd in the other
monitoring points could have originated from the spillage of
small amounts of fuel at tﬁe surface during the time when the
facility was active,

There is no evidence of any free product mobility. The

relatively small amount of fuel which occurs in the subsurface

appears to be bound in the soil by capillary action., Fuel was

observed both above and below the water table, and was probably
dispersed in that manner by water table fluctuations.
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As shown in Figure 7, groundwater at the site generally flows
north to northeast, and may discharge into nearby shallow
drainage ditches that flow north toward Potters Road. It is
likely that groundwater downgradient (north) from the site
contains low levels of dissolved fuel. However, in view of the
small volume of subsurface fuel that was observed at the site,
the dissolved fraction in the groundwater is expected to be so
low that it is probably insignificant. This is discussed
further in the section of this report entitled "Significance of
Dissolved Fuel." '



0C-00113-01.02-02/01/83

- 37 -

FIRE TRAINING AREA

History of Fuel Leakage

Discussions were held with Mr. Morton and Mr. Pipkin of the
Public Works Department, These individuals indicated that
runoff from fire fighting exercises usually has included some
fuel. Normally, the runoff is collected by a drain system which
channels it into a buried pil/watér separator (Figure 8).
However, occasionally fuel and water overflow the berm and flow
onto the ground nearby. Vegetation damage occurs just north of
the burning circles and reflects the occurrence of such runoff.

There exists some potential for fuel in this surface runoff to
seep into the ground, thereby contaminating shallow groundwater..
Such seepage had not been previously known, however. Similarly,
it had been thought that some potential existed for leakage to
occur from the drain system and oil/Water separator. This had
not been previously documented either, however.

It was also reported that an area near the fire training circles
was at some time usedvfor the disposal of waste fuels and
lubricants by the "fuel farming" method. With this method, the
hydrocarbon products would have been spread on the soil over a
large area, then tilled regularly. As a result, the products
would be removed from the soil by natural volatilization and
biodegradation. If the disposal and farming had at some time
been performed incorrectly, products may have seeped beyond the
tilled zone and entered the local groundwater system. Due to
this potential, a backhoe pit was excavated in the former fuel
farming area to check soil and groundwater conditions.
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t‘ | Subsurface Investigation

Four backhoe pits were excavated at the Fire Training Area as
r. shown in Figure 8. Descriptive logs from the pits are presented
in Appendix A.

Backhoe Pit BP-4 was located north of the buried oil/water

] separator on the eastern side of the old runway (Figure 8).
l. Alternating layers of silt and sand were observed in the upper 7
- feet of the excavation. These were underlain by well-sorted
Iu coarse sand. Ho standpipe was installed in the excavation due
. to severe wall collapsing both above and below the water table.

l- No fuel was observed in sediments from BP-4, However, a trace
of hydrocarbon sheen was observed on groundwater which
acccunulated in the excavation. )

Backhoe Pit BP-5 was located just east of the buried oil/water
separator on the eastern side of the old runway. It exhibited
‘s | approximately 3.5 feet of silt near the surface, which was
underlain by sand. No fuel was observed in sediments from BP-5
or on the surface of groundwater which accumulated in the pit.
A standpipe was installed in BP-5 to a depth of about 9 feet.
In subsequent monitoring, no fuel was observed. i

Backhoe Pit BP~-7 was located north of the buried oil/water
[ separator approximately 'l foot west of the old runway
- (Figure 8). It exhibited silt in the upper 6 feet which was
underlain by well-sorted medium to coarse sand. No fuel was
observed in the excavation. A standpipe was installed to a
depth of about 9 feet, Subsequent monitoring of the standpipe
has shown no indication of fuel. ‘

hoadtdi.
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Backhoe Pit BP-6 was located in the old fuel farming field
approximately 150 feet west of the old runway (Figure 8). BP-6
indicated the occurrence of a 6-foot layer of silt near the
surface, which was underlain by silty, medium grained sand. No
fuel was observed in the sediments or on groundwater which
accumulated in the pit. A standpipe was not installed in the
excavation due to collapsing conditions, the isolated location
of the pit, and the apparent small probability of any
free-floating fuel being found.

Summary and Recommendations

Four backhoe pité were excavated at the Fire Training Area in an
attempt to determine whether spilled or leaked fuel occurred in
the subsurface. One of these was located in the former fuel
farming area. A trace of fuel was observed in one backhoe pit
(BP-4) located near the buried oil/water separator. However,
this was not a clear indication and did not appear to reflect a
significant amount of fuel occurring in the subsurface. No sign
of fuel was observed in any other pit or in the standpipes that
were installed in two of themn.

On this basis, it is concluded that significant amounts of fuel
do not occur in the subsurface at the Fire Training Area.
Therefore, no further action is warranted at this time.
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THE SIGNIFICANCE OF DISSOLVED FUEL

Fuel products are commonly assumed to be immiscible in water.
Their solubilities are indeed low, but in the context of
drinking water gquality can be gquite significant. Plumes of
dissolved fuel commonly occur in groundwater downgradient from
any subsurface occurrence of pure fuel, as shown schematically in
Figure 9.

Ineson and Packham (1967) have indicated that the solubility of
gasoline in water is typically in the range of 20 to 80 ppm
(parts per million). This is generally consistent with the
individual solubilities of the various constituents of light
fuels, such as heptane, toluene, and benzene (Verschueren,
1977). The solubility of JP-5 can be expected to be at least as
high as that of gasoline.

Water quality standards are not usually specific about acceptable
concentrations of fuels. According to the Virginia State Health
Department, fuels as a whole are not permitted to exceed taste
and odor threshold concentrations in municipal water supplies.
These thresholds are usually about the same as those of the
constituent compounds, or around 0.0l to 1 ppm fqr light fuels.

As indicated in a previous section, a groundwater sample from the
Tank Farm was tested for dissolved JP-5, and had a concentration
of 90 ppm (Appendix D). This suggests that groundwater in the
immediate vicinity of freely occurring subsurface fuel is
essentially saturated with fuel.

Dissolved fuel concentrations will usually be attenuated as
groundwater transports them from their points df origin. This
is primarily due to dispersion and the adsorption (absbrption)
of dissolved compounds by sediments. Adsorption occurs more
readily in clay-rich sediments. Based on the observation of
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Figure 9: Schematic illustration of the
migration of dissolved fuel away from a
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observation of split-spoon samples, most shallow groundwatler
flow at the sites occurs in sand which has little clay in it.
Nevertheless, some adsorption probably does occur. Fine-grained
strata which separate the shallow aquifer from deeper ones
probably have a high capacity for the retention of dissolved
fuels by adsorption.

Based on the observed occurrence of subsurface fuel, there
appears to be some potential for dissolved fuel to contaminate
shallow groundwater at four of the five sites studied. The
concentration of contaminants in a plume downgradient from each
site depends largely on the amount of free fuel occurring in the
ground at the source. To a lesser extent, it also depends on
characteristics of nearby sediments (as described above) and
characteristics of the local groundwater flow system. The
environmental significance of such a plume depends on the
proximity of streams and other points of groundwater discharge,
including nearby wells.

Using existing information, concentrations of dissolved fuel in
groundwatet cannot be accurately predicted downgradient from the
sources., This can only be determined with additional sampling.
However, based on a qualitative evaluation of the factors
described above, there dcoes not appear to be an imminent hazard
resulting from the occurrence of dissolved fuel at these four
sites, '

In each case, it appears that dissolved contaminants would
discharge from the shallow groundwater system before leaving the
Base. In the cases of the Tank Farm, Test Cells, and Abandoned
Tank Farm, such discharge probably occurs to drainage ditches
within 1000 feet of the sites. When dissolved fuel from the
shallow groundwater system discharges into surface waters, any
significant concentrations of fuel are probably rapidly removed
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by volatilization. The Day Tank appears to be so isolated that
significant levels of dissolved fuel are probably attenuated
before reaching any points of discharge.

Generally, it would appear that the only significant
environmental threat posed by dissolved fuel at these sites
would be to deeper groundwater Ssystems, However, based on what
1s known of local stratigraphy and groundwater use, it would
seem that there is little potential for dissolved fuel to enter
deeper aquifers. Available well logs indicate the presence of

numerous fine grained units which would prevent any significant

downward flow; however, this should be further investigated,
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REMEDIAL MEASURES

As described in the preceding sections of this report, various
amounts of fuel occur in the subsurface at the Tank Farm, Day
Tank, Test Cells, and Abandoned (North Station) Test Farm.
Existing subsurface fuel generally has a low degree of mobility
as pure fuel. Because of this and the distances between spill
sites and 2zones of potential discharge, the occurrence of pure
subsur face fuel poses little direct environmental threat.

However, some degree of indirect threat results from the
continuing dissolution of fuel into the groundwater. Dissolved
fuel will continue to enter the shallow groundwater system for
as long as any pure fuel remains suspended in soil near the
water table,

Therefore, if the decision is made to abate groundwater
contamination resulting from subsurface fuel occurrence, it will
probably be necessary to deal with two related but somewhat
different problems: the presence of dissolved fuel in the
groundwater, and the continuing presence of a source of the
dissolved fuel. 1In the following sections these problems will be
discussed separately.

Dissolved Fuel

As stated previously, lighter fuel products such as JP-5 and
gasoline reportedly have water solubilities in the neighborhood
of 20 to 80 ppm. Groundwater sampled at the Tank Farm had a JP-5
concentration of 90 ppm. Despite the effects of dilution and
natural adsorption, it is possible that dissolved fuel could be
transported by groundwater into nearby drainage ditches, or be
induced into deeper groundwater systems,
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The flow of dissolved contaminants can be contained by reversing
the existing directions of groundwater flow. This is normally
done by pumping the groundwater with one or more withdrawal wells
located in the plume of contaminated groundwater. Contaminated
effluent from the collection wells would have to be treated and
then either returned to the aquifer or discharged to surface

waters,

A comprehensive solution to the problem of dissolved fuel would
require aquifer restoration by pumping and treating virtually
all of the affected groundwater. Due to the retention of fuel
by adsorption to sediments, it would probably be necessary to
pump more than one affected pore volume. 1In a typical case,
millions of gallons of groundwater would have to be pumped and

treated before satisfactory aquifer restoration is achieved.

At each of the fuel facilities, the effective withdrawal of
contaminated groundwater could probably be accomplished with one
high-capacity shallow well located just downgradient from the
source (spill) area.

Two methods of treatment are often used for low levels of organic
contaminants, such as fuels. Both methods take advantage of the
hydrophobic nature of light petroleum products, and the relative
ease with which such compounds transfer to another phase.

Adsorption is widely used for the treatment of organics in
surface~-water supplies, and is most often achieved 'by passing
contaminated water through columns or beds of activated carbon.
In this case, contaminated groundwater would be passed through
such columns directly from the wellhead, and then either
discharged to surface waters or injected back into the aquifer.
It would be necessary to install columns or beds semi-permanently
at each spill site, and to periodically regenerate the carbon.
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For these reasons, the use of activated carbon for a temporary,
long-term groundwater withdrawal and treatment system is not
generally economical.

Low levels of fuel products may also be effectively removed by
aeration or air stripping,. At relatively isolated locations,
such as those 1investigated here, air stripping can be
accomplished simply by spraying the effluent into the air from
raised, exposed nozzles. The atomization of groundwater in this
manner is much more efficient than the aeration columns or beds
traditionally used for water treatment. Moreover, it 1is
extremely economical since it requires only an array of
small-diameter pipé outlets, nozzles, and simple runoff control.
As in the case of an adsorption system, runoff could either be
discharged to surface waters or allowed to drain back into the
aquifer.

Effective treatment by this method can be accomplished at any
time except during frozen periods. Based on our experience with

- the use of such systems, the effects on air gquality can be

expected to be minimal within 100 yards of the system, and
negligible beyond that.

Pure Fuel

Pure, or undissolved, fuel hés been found in the subsurface in
varying amounts at the Tank Farm, Day Tank, Test Cells, and
Abandoned Tank Farm. At the Tank Farm and Day Tank some
sediments near the water table are completely saturated with
fuel. At the Test Cells and Abandoned Tank Farm, only residual
saturation seems to be present.
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There appears to be little potential for any of this fuel to
flow laterally to such an extent that it could discharge'
directly into surface waters. However, at each site pure fuel
in the subsurface is a source of dissolved fuel which almost
certaihly occurs in the groundwater downgradient from the point
of leakage. Unless it is removed from the soil, pure fuel will
most likely continue to be a source of dissolved fuel in the
groundwater for many years. On this basis, the remedial option
discussed below would be intended to remove pure fuel from the
subsurface, thereby eliminating the source of dissolved fuel.

Collection Trenches

In those places where subsurface fuel occurs in large enough
guantities to be mobile, collection trenches can sometimes bé
used to recover the fuel. The method is frequently advantageous
where the water table is shallow and where there are no
limitations on extensive digging. These criteria fit the Tank
Farm and Day Tank areas.

The trenches should be excavated to well below the water table,
which at the above two sites would be a depth of 5 to 10 feet.
Digging and trench maintenance would be facilitated by the silty
competent soils which extend below the water table at both
sites. In order to collect fuel with the trenches it would be
necessary to pump groundwaher from them, thereby creating a
small water-table gradient toward the trench. A second
skimmer-type pump should be used to remove accumulated fuel from
the trench.

Fuel collection will be most effective if the trenches are
excavated in the area of thickest fuel accumulation. In the case

0of highly mobile fuel, it might be advantageous to put the trench
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on the downgradient side of the subsurface fuel lens, between the
lens and any point of Potential discharge into surface waters.,

1t should be borne in mind that this method cannot remove all of
the pure fuel that occurs in any given zone. Depending on
sediment and fuel characteristics, as much as half of the fuel
may remain in the soil, immobilized by capillary action. This
portion would have to be dealt.with in another manner, as is
discussed in a following section.

Collection trenches are probably the least expensive means by
which mobile subsurface fuel can be recovered.

Recovery Wells

When groundwater is pumped from recovery wells, a cone of
drawdown is created which also induces the flow of floating fuel
into or toward the recovery well. Fuel will collect on the
water's surface in the well, and can be recovered with a second
pump or with a bailer. Like collection trenches, recovery wells
will only be effective in places where there is a sufficient
quantity of fuel for it to be mobile.

The use of wells to collect floating fuel is advantageous
because their use is flexible and effective. They can be
installed easily, and sequentially if necessary, in response to
new information about fuel occurrence and mobility. They are
also far less disruptive and obtrusive than collection trenches.

Monitoring Wells MW-8 and MW-13 were tested in an effort to
determine the viability of using recovery wells at the Tank Farm
and the Day Tank. In each case, floating fuel was removed from
the well with a bailer. Groundwater in the well was not pumped,
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however. The rate of fuel influx into each well was recorded and
is shown in Figure 10.

The results of these tests (Figure 10) indicate that fuel
re-entered each well soon after it was bailed. Some 0f this
probably originated in the sand pack installed around the well
screen. Complete recovery of the slug thickness took
approximately one day in each case.

An inflow test was also conducted by pumping MW-13 for a
relatively brief period. While groundwater was pumped from the
bottom of the well, the thickness of the fuel slug on the water
surface was periodically measured. Fuel was not bailed from the
well at any time during the test. The water level in the well
was drawn down about 5 feet. Sustained pumping was hampered by
the monitoring well's low yield and by mechanical problems with
the pump. '

As shown in Figure ll, pumping commenced with 0.9 foot of fuel
floating in the well. Much of this fuel disappeared as the water
table was drawndown. Figure 11 shows that about 0.2 foot of
fuel was measured in the well after about 10 minutes of pumping.

‘A slow influx of fuel then occurred at about thre same rate as

was observed when the fuel was simply bailed (Figure 11l). Pump
surging after about 100 minutes caused the fuel thickness to
diminish again, just prior to the end of the test.

It is likely that when the water table was drawn down in the
sediment around the well, fuel was left suspended above the new
pumping level by capillary action, and thereby immobilized. The
tendency for this to happen depends on the original fuel in the
fEormation, the amount of drawdown, and the textural
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characteristics and stratification of the sediment. Soon after

pumping ceased, a slight influx was observed.

Due to limitations in the hydraulic efficiency of small diameter
monitoring wells, and resulting short duration of this pumping
test, 1t 1s difficult to generalize about the effects of well
pumping on fuel influx rates. However, based on the results of
this test it seems that fuel can be effectively induced into
recovery wells at these sites. It appears that recovery would
best be accomplished by continuously bailing free-floating fuel
from the water surface in the well, with minimal lowering of the
water table.

Fuel recovery rates would be expected to be fairly low, on the
order of tens of gallons per day per well. To speed up the rate
would probably require the installation of more than one
recovery well, but this should be determined only after testing
an actual recovery well. A properly designed and constructed
recovery well would be essential for effective recovery. It
should be at least 6 inches in diameter and have a gravelvpack
at least 2 inches thick. |

Flushing System

The effectiveness of either‘trenches or wells can be increased
by actively flushing fuel from the soil. This should be done by
causing substantially greater-than-normal rates of vertical water
infiltration over those areas hydraulically influenced by
trenches or wells. At the Tank Farm and Day Tank this could be
easily accomplished with heavy duty lawn sprinklers such as
those used on golf courses.
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The increased rates of infiltration will re-mobilize some of the
fuel which is'suspended above the water table by capillary
action. The water will also help to mobilize pure fuel which is
floating on the water table, both by raising the water table and
by causing increased lateral flow toward the recovery trench or

well.

Biodegradation

Subsurface fuel sustains naturally occurring bacteria, which
consumes it at a very low rate. It is estimated that the
complete removal of subsurface fuel by naturally occurring
biodegradation, volatilization, and dissolution would take at

least 10 years at the Tank Farm and Day Tank. With the addition

and nurturing of commercially available mutant bacteria, fuel
can be eliminated from the subsurface in a matter of months.

The mutant bacteria used for enhanced biodegradation require
moisture, but are almost exclusively aerobic. Rates of
biodegradation are therefore proportional to the degree to which
a fluid mediuﬁ is oxygenated. In the case of free-floating
fuel, most bacterial activity occurs at the fuel/groundwater
interface. Since the area of this interface is relatively small
compared to exposed areas in the unsaturated zone, and since

groundwater denerally has little dissolved oxygen in it, rates

of biodegradation in the saturated zone are normally low.

The rate of biodegradation can be significantly increased by
hydraulically manipulating the local groundwater system with some
of the methods discussed previously. For example, the thickness
of completely saturated fuel can be reduced or eliminated by
sharply lowering the water table with the pumping wells. This
would facilitate the collection of mobile fuel, and at the same
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time cause much of the fuel to be suspended in the unsaturated
zone where biodegradation is more effective.

It has been found that rates of biodegradation are optimized if
bacteria-laden water is continually flushed through the affected
area. An efficient system, therefore, consists of a closed loop
by which groundwater is pumped from recovery wells, bacteria
growth 1is enhanced in a reactor tank, and bacteria and
nutrient-laden water is caused to infiltrate back into the
aquifer,

A distinct advantage of biodegradation is that it is highly
effective in areas where the fuel saturation is low and
hydraulic means of recovery (such as trenches and wells) are
therefore ineffective. Because of this, enhanced biodegradation
is the only practical means by which fuel can be removed from
the subsurface at the Abandoned Tank Farm (North Station) and
the Test Cells. It would also be the only practical method by
which to remove immobile fuel at the Tank Farm and the Day Tank,
after the mobile fraction has been recovered with trenches or
wells,



i 95

0C-00113-01.02-02/01/83

- 56 -

GENERAL SUMMARY AND CONCLUSIONS

A hydrogeological investigation was performed to delineate the

extent of fuel in the subsurface at the Oceana Naval Air Station.
The investigation was performed at the Tank Farm, Day Tank, Test
Cells, Abandoned Tank Farm (North Station), and Fire Training
Area (Figure 1).

Field work was planned on the basis of existing information
concerning subsurface fuel, and on hypotheses regarding possible
fuel occurrence and mobility. 1In the initial phase of field
work, 13 backhoe pits were duy as part of a preliminary effort to
find subsurface'fuel, and to describe soil and groundwater
conditions.

Six standpipes were installed in those backhoe pits where there
seem to be some potential for fuel accumulation, and where soil
conditions were favorable. They were subsequently used to
measure fuel occurrence and water table elevations.

Thirteen test borings were drilled and‘monitoring wells were
installed to facilitate the quantification of soil, groundwater,
and subsurface fuel information. Continuous split-spoon samples
were obtained to delineate fuel occurrence and stratigraphy.
Measurements of floating fuel occurrence and water table

elevations were measured in the monitoring wells.

At the Tank Farm, three test borings/monitoring wells were
installed on the northeastern side of the fenced-in area
(Figure 3). Fuel thickness measurements were made in these and
in some previously installed well-point borings. Floating fuel
was observed in two monitoring wells and eight old well point

borings, as shown in Figure 4.
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Fuel leakage has been well-documented at the Tank Farm, and a
program 1is pteSently underway to repair each of the five buried
tanks. Measurements made during this investigation have shown
that substantial amounts of fuel remain in the ground in the
northeastern part of the Tank Farm. Based on observed head
potentials, a lens of subsurface fuel is gradually dispersing or
spreading beyond the immediate boundaries of the Tank Farm. This
lens will not flow far, and probably does not pose any direct
environmental threat beyond the Tank Farm area. However, the
lens of fuel will continue to be an indirect threat, inasmuch as
it is a source of dissolved fuel in nearby groundwater.

Near the Day Tank, three backhoe pits were excavated and four
monitoring wells were installed (Figure 35). Fuel was observed
in all of them. The loss of fuel onto the ground surface and
its subsequent infiltration appears to have been a source of
widely occurring low levels of subsurface fuel. Recent leakage
from a buried pipe appears to have been the source of a large
accumulation of pure fuel in the ground just west of the Day
Tank.

As at the Tank Farm, there is little potential for pure
subsurface fuel at the Day Tank to flow far from its present
location. However, any pure fuel remaining in the ground will
continue to be a source of dissolved fuel in nearby groundwater.

At the Test Cells, three backhoe pits were excavated and three
monitoring wells were installed (Figure 6). Subsurface fuel was
observed near the buried fuel tanks near the northeastern corner
of Test Cell A. Fuel is known to have leaked from these tanks
in recent years, and discharged into a nearby drainage ditch.
Only residual amounts were observed in the soil; there now
appears to be no significant accumulation or flow of pure fuel.
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Dissolved fuel probably occurs in groundwater just downgradient
from the buried tank area. Since much less pure fuel exists
there than at the Tank Farm or Day Tank, the amount of dissolved
fuel would correspondingly be expected to be significantly less.
Most of this probably discharges from the shallow groundwater
system into the drainage ditches which occur near the Test Cells.

Three backhoe pits were excavated and four monitoring wells were
installed at the Abandcned Tank Farm (North Station)(Figure 7).
Traces of degraded fuel were observed in two of the backhoe pits
and three of the monitoring wells. No free-floating fuel was
observed. It seems likely that the observed fuel is the remnant
of a larger volume that occurred in the subsurface during the
period wnhen the North Station Tank Farm was used, It may have
originated from leaking pipes and tanks and periodic surface
spills. The remaining freely occurring fuel is probably a source
of dissolved fuel in the local shallow ground&ater system,

Four backhoe pits were excavated in the Fire Training Area
(Figure 8). A trace of fuel was observed in one pit located
near the buried oil/water separator. This may have originated
from the infiltration of fuel which flowed onto the ground from
the burning circle. However, the amount of fugl Observed was
very small, and did not reflect a significant amount of fuel
occurring in the subsurface. No sign of fuel was observed in
any of the other pits. On.this basis, no environmental threat
exists in the Fire Training Area.

At each site, except the Fire Training Area, the occurrence of a
plume of dissolved fuel appears to be the greatest environmental
threat related to subsurface fuel occurrence. The solubility of
light fuels in groundwater is many times the allowable limits
for drinking water. Groundwater immediately beneath freely
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occurring subsurface fuel may be expected to have fuel
concentrations near saturation level.

Concentrations of dissolved fuel will be attenuated with
distance from the source, according to the characteristics of
sediments and the groundwater flow systenm. This cannot be
quantified with existing information, however. Most of the
dissolved fuel from these sites will probably be transported in
the shallow groundwater system to a point where it is discharged
into a nearby drainage ditch. Because of this, it is not
anticipated that any dissolved fuel will be transported off of
the Base in the shallow groundwater system. It is possible
that some dissolved fuel may enter deeper aquifers as a result
of the pumping of nearby wells. Intervening low permeability
units will probably prevent this from happening to any
significant degree. However, this should be proven,

Possible remedial measures have been discussed for dissolved fuel
and'freely occurring fuel. Plumes of dissolved fuel can be
contained with groundwater withdrawal wells. The groundwater
can then be treated on-site by such means as adsorption
(activated carbon) and aeration, prior to being discharged.

A simple and inexpensive air-stripping system can be constructed
on-site for the treatment of contaminated groundwater. It would
consist of discharge pipes and nozzles which would atomize the
groundwater into the open air. Effluent could be discharged to
drainage ditches or recirculated to the groundwater system.

The mobile portion of freely occurring subsurface fuel can be
collected with trenches or wells. Shallow water table levels and
cohesive soils make the use of trenches practical. it has been
shown that properly designed wells would also be efficient.
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Wells would probably be more expensive than trenches, but would
be less disruptive.

Neither collection wells nor trenches would be able to remove
that portion of the free fuel which is retained in the soil by
capillary action. This portion would continue to be a source of
dissolved fuel, however. The most effective way to remove it
would be with a recirculating system which combines pumping,
enhanced biodegradation, and flushing.
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RECOMMENDATIONS

This investigation has shown that varying amounts of fuel
occur in the subsurface at the Tank Farm, Day Tank, Test
Cells, and Abandoned (North Station) Tank Farm. The
greatest threat posed by this fuel appears to be that it is
a source of dissolved fuel in nearby groundwater. Potential
environmental problems resulting from dissolved fuel in the
groundwater need to be investigated further. This should
include the following steps:

a. An inventory should be made of all wells on the Station
and those within half a mile of the perimeter of the
Station. This can be compiled fairly easily by NAS
personnel,'using NAS records and those from the State

and County. The inventory should include the following
information for each well:

* Exact location
* Surface elevation
* Depth of screened interval

Other well construction specifications
Nature of groundwater use
Typical short-term and long-term pumping rates

Static (non-pumping) water table elevation

Typical water table drawdown during pumping
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* Any existing water quality data

*

Geolbgic log

Selected nearby water-supply wells should be analyzed
to determine their areas of hydraulic influence, This

- may be estimated for some wells based on estimated
. quantitative aquifer characteristics and the data

listed above. Aquifer tests have probably been run on
any large water-supply wells, and data from these
tests can frequently be used for this purpose, For
questionable wells, it may be necessary to conduct
aquifer ﬁests specifically for this purpose.

In every case an attempt must be made to determine tﬂe
hydraulic effects of pumping on groundwater in the
shallow aquifer, It must then be determined if any
potential exists for dissolved fuel to enter nearby
wells or deeper aquifers, either as a result of natural
groundwater flow or well pumping.

This phase of work must be done by a qualifiéd
hydrogeologist or 'a hydrologist. The estimated costs
for this phase are indicated on Form 1391, which
follows this narrative.

If, based on the above analysis, there appears to be
some potential for dissolved fuel to at some time enter
wells or deeper aquifers, the plume(s) must be defined
more specifically.

To do this, additional monitoring wells should be
installed downgradient from the spill sites(s). Deep
borings (50 to 150 feet) may be necessary to better
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define the relationship between the shallow groundwater
system and deeper ones. Water quality samples and head
measurements should be taken from the monitoring wells.

As in this investigation, 2-inch PVC monitoring wells
will be adequate. However, since dissolved fuel will
be the primary concern, the wells should be screened
well Dbelow the water table, so that floating fuel is
not induced by pumping.

If the above investigation shows a significant potential for
dissolved fuel to enter nearby wells or a deeper aquifer,
that potential should be removed using the measures
discussed in the section of this report entitled "Remedial
Measures."

The scope of this work cannot be anticipated prior to the
completion of Phases A and B; therefore estimated costs are
not given.

The plume(s) of dissolved fuel should be removed with a
withdrawal and treatment system. Air stripping will
probably be most effective for the ‘long-term treatment of
low levels of dissolved fuel. "

Mobile fuel at the source should be removed using collection
trenches and or/wells, as described previously.

The immobile fraction of free fuel remaining in the
subsur face should be removed with a combination system of
groundwater withdrawal trenches and wells, enhanced biodegra-
dation, and reinjection (flushing) with bacterial-laden
water.
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Existing and potential occurrences of subsurface fuel should
be monitored regularly using the monitoring wells and
standpipes installed during this investigation. This should
be done by sniffing the well casings and standpipes, and by
using a transparent interface sampler such as one produced
by O0il Recovery Systems, Inc., (approximately $75.00) or
equivalent. Wells and standpipes at the Tank Farm and Day
Tank should be checked monthly. Those at the Test Cells
should be checked‘quarterly. Those at the Abandoned (North
Staticon) Tank Farm should be checked annually. ‘

Thé Virginia State Water Control Board requires notification
in the event that any fuel is found underground. The
Tidewater Regional Office should be contacted. This report
should provide any documentation they require, prior to the
implementation of any additional work. '
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1. COMPONENT 2. DATE
Navy FY 19_MILITARY CONSTRUCTION PROJECT DATA Feb. 1983
3. INSTALLATION AND LOCATION 4. PROJECT TITLE

Subsurface Dissolved

la.

1b.

ic.

14.

NAS Oceana, Virginia Beach, VA Fuel Investigation
5. PROGRAM ELEMENT 6. CATEGORY CODE 7. PROJECT NUMBSER 8. PROJECT COST (3000}
--- - - $26.0
9. COST ESTIMATES
ITEM U/M | QUANTITY ggs‘; (:&fg;
la. Well Inventory hr. 80 35 2.8
lb. Aquifer Testing and Analysis hr. 160 35 5.6
lc. Monitoring Well Installation ea. 8 1200 9.6
and Testing
ld. Data Analysis and Report hr. 160 35 5.6
Subtotal hr. 23.6
Contingency (10%) 2.4
TOTAL 26.0

10. DESCRIPTION OF PROPOSED CONSTRUCTION

Work items are described in detail in accompanying report.
Costs of remedial fuel removal cannot be reliably anticipated
prior to the results of these work items. ’

Well inventory performed primarily by Oceana personnel;
indicated costs are for guidance and evaluation by
professicnal hydrogeologist.

Quantification of local aquifer characteristics to better
define the threat to local water supplies resulting from
subsurface fuel occurrence.

Installation and testing of additional monitoring wells

to define plumes of dissolved fuel at two sites on Base.
Includes planning and supervision by hydrogeologist, and
water-chemistry analysis.

Analysis of all information obtained in steps la, 1lb,
and lc, and more specific evaluation of the environmental
threat posed by dissolved fuel in groundwater.

DD.

FORM PREVIOUS EDITIONS MAY BE USED INTERNALLY PAGE NO.
DEC 781391 UNTIL EXHAUSTED

$% 0132 LF 001 2910
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APPENDIX A

BACKHOE PIT LOGS



Location:

Depth

0-0.3"

0.3-1.9°

1.9-3.1'

3.1-5.3"

5.3-11+"

BACKHOE PIT LOGS

0C-00113-01.02-02/01/83

Test cell area, 10' east of parking area in east side.

Unified
Classification

Pt

SM

SM

SM

MH

Description

Sandy Topsoil, not well
developed, with decomposed
leaves and roots.

Sand, light gray; very fine
to fine sand, little silt,” -
moist, friable, mottled
especially near roots; no
fuel observed.

Sand, light brown; as above,
patches of gray sand, friable
to stiff, distinct mottling,
no fuel observed.

Sand, medium gray; medium
sand, trace to little silt,
moist, friable, distinct
mottling, be¢oming increas-
ingly orange toward bottom,
all orange at bottom: no
fuel observed.

Silt, dark gray; some sand,
little clay (sticky),
homogenous, influx of
groundwater near top; trace
fuel sheen on groundwater in
pit, no odor.

r.@. Wright asseciates, ine.
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Location:

Depth

0-3.0"

3.0-3.6"

3.6-4.7"

4.7-8+"

Location:

Depth

0-1.6"'

0C-00113-01.02-02/01/83

BP-2

Test cell area; 50! éouthwest of southwest corner of
western cell.

Unified
Classification Description

SM Sand, medium gray; fine sand,
some silt, moist, stiff,
orange mottling which increases
towards bottom; no fuel ob-
served.

SM Sand, as above; moist to wet,
soft, sticky (capillary zone);
no fuel observed.

ML Silt, dark gray; little fine

sand, little clay, wet,

sticky, no mottling, rapid
influx of groundwater, trace
of a fuel sheen; no fuel odor.

SP Sand, medium to dark gray;
medium to coarse sand, trace
silt, beach sand, saturated:
no fuel observed.

BP-3

Test cell area; 3' from east fence around buried fuel
tanks.

Unified
Classification Description
SM Sand fill, medium brown; fine

to medium sand, little silt,
trace clay, slightly moist,
very stiff, friable; no fuel
observed.

v

- 2 B s =
r.@. vwright associates,
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Depth

l1.6-11.0"

Depth

0.-0.6"
0.6-0.9"'

0.9-1.4"

1.4-2.8"

2.8-4.0"

4.0-4.8"

4.8-7.0"'

-

Unified
Classification

Unified
Classification

SM

]

U

Pt

SM

MH

SM

ML

ML

SP

0C-00113-01.02-02/01/83

Description

Sand, dark bluish gray; fine
to medium sand, little silt,
increasingly moist with

depth (not saturated), stiff,
slightly cohesive; little to
moderate odor of JP-5 increas-
ing with depth

Description

Topsoil, sandy.
Sand, medium brown.

Silt, dark gray, little very
fine sand, dry, friable,
very stiff, no fuel observed.

Sand, medium dark gray, very
fine sand, some silt, slightly
moist, plastic, very stiff,
slightly mottled; no fuel
Observed. '

Silt, dark gray, little fine
sand, little doy, moist,
plastic, medium stiff; no
fuel observed.

Silt, as above; highly
mottled and moist; no fuel
Observed.

Sand, medium greenish gray;
fine to medium sand, moist,
mottled, well sorted, friable,
soft; no fuel observed.

.@. wright associates; ine.
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W minl

Depth

7.0-8.5"

g.5-11+"

Location:

Depth

0-0.9"

0.9-1.4"

1.4-2.6"

2.6-3.7"

3.7-10+"

" Unified
Classification

SP

Sp

BP-5

Fire-Training area; 20' east
separator, just east of old

Unified
Classification

Pt

MH
MH

MH

SM

r.@. Wright assoc!

0C-00113-01.02-02/01/83

Description

Sand, orangish brown: coarse
sand, trace silt, well sorted,
wet, friable; no fuel Observed.

Sand, dark gray; as above,

saturated; trace sheen on
groundwater.

of buried oil/water
runway.

Description T

Topsoil, sandy, overlying
0ld macadam.

Silt, dark gray; little
very fine sand, dry, friable,
very stiff; no fuel observed.

Silt, as above; slightly
mottled and moist; no fuel
observed.

Silt, dark gray; little
fine sand, little clay,
moist, moderately stiff,
sticky, increasingly
mottled with depth; no
fuel observed.

Sand, light gray mottled with
orange; fine sand, little
silt, saturated about 6"
down, groundwater influx at
4.5'; no fuel observed.

ales, ine.
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——-r

BP-7

Tl T e

Location: Fire-training area; 1' west of old runway, 75°' nofth
of buried oil/water separator.

Unified
Depth Classification Description

0-0.3" Pt Topsoil, sandy;

; 0.3-0.6" SM Sand, light brown; fine sand, -
= : little silt, dry, friable;
no fuel observed

0.6-1.9" MH Silt, medium to dark gray;
little fine sand, trace clay,
moist, medium stiff, some

}: mottling; no fuel observed.

1.9-4.3" ML ‘ Silt, dark gray, little fine
; ‘ sand, little clay, moist,

. ' - cohesive, slightly mottled;
no fuel observed.

PR

{_ 4.3-6.3" SM Sand, light greenish gray;
fine sand, little silt,
_ . moist, friable, slightly
I' mottled; no fuel observed.

6.3-7+" sp _ Sand, light brown; medium
to coarse sand, trace silt,
well sorted, saturated,
friable; no fuel observed.

r.@. wright associates, ine.
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Location: Fire-training area; 1
of buried oil/water sep

Unified

Depth Classification
0-0.3" Pt
0.3-0.6" SM
0.6-1.9" MH
109-4-3. ML
4.3-6.3" SM
6.3=-7+' . Sp

1

0C-00113-01.02-02/01/83

west of old runway, 75' north
arator.

Description

Topsoil, sandy.

Sand, light brown; fine sand,
little silt, dry, friable;
no fuel observed

Silt, medium to dark gray;
little fine sand, trace clay,
moist, medium stiff, some
mottling; no fuel observed.

Silt, dark gray, little fine
sand, little clay, moist,
cohesive, slightly mottled;
no fuel observed.

Sand, light greenish gray;
fine sand, little silt,
moist, friable, slightly
mottled; no fuel observed.

Sand, light brown; medium
to coarse sand, trace silt,
well sorted, saturated, -
friable; no fuel observed.

P

@. wright assocelztes, ine.
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BP-8

Location: 01ld fuel farm; between southern and middle buried fuel
tanks at o0ld fuel farm.

Unified
Depth Classification Description

0-0.4" Pt Topsoil, sandy.

0.4-0.9"' _ MH Silt, medium to dark gray;
little sand, trace clay,
slightly moist, friable,
medium stiff; no fuel
observed. T

c.9-1.3" SM Sand, light gray mottled
with dark orange; fine sand,
little silt, slightly moist,
friable, stiff; no fuel
observed.

1.3-4.9 MH Silt, dark brown; little very
fine sand, trace clay, moist,
friable, stiff, small amount
of groundwater coming in
below 2'; trace of oil sheen
on groundwater, also possible
slight odor of degraded
gasoline in water.

4.9-6.0" ML Clayey silt, light gray
mottled with orange; little
very fine sand, saturated,
sticky, medium stiff, fairly
rapid influx of groundwater.

6.0-8.0+" SM Sand, bluish gray with some
orange mottling; fine sand,
little silt, trace clay,
saturated, soft, mottles
disappear below 7.0', tex-
ture is coarser below 7.0';
no discernable fuel odor.

r.@. wright assoclia’es. ins.
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BP-9

Location: 01ld fuel farm; 60' northeast of southern-most buried
tank, approximately 125' from BP-§.

Unified
Depth Classification Description

0-0.9' Pt - Topsoil, light brown, stiff.

0.9-3.2" MH Silt, dark gray; little
sand, trace clay, slightly
moist, friable, medium stiff,
rapid influx of water below
3'; no fuel observed.

3.2-5.5" MH Silt, light gray with orange
' : mottling; little very fine
sand, saturated, friable, =~ -
stiff; rapid influx of water
with a distinct oil sheen,
no certain odor.

5.5-7.0+" SM Sand, light gray with some
- orange mottling; fine sand,

little silt, saturated,
friable; no fuel observed.

BP-10

Location: 01ld fuel farm; half-way between northern most buried
tanks and the middle buried tanks.

Unified
Depth Classification Description
0-0.4"' Pt Topsoil, sandy.
0.4-0.8" SwW Sand, ligh£ brown; fine to

coarse sand, trace gravel,
trace silt, moist, friable,
soft; no fuel observed.

r.e. wright assosiates, ine.
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Depth

0.8-1.6"

1.6-3.7"

3.7-6.0+"

Location:

Depth

0-0.9!

Unified
Classification

MH

MH

SM

Day tank area; 75°'

Unified
Classification

Pt

r.@. Wright assoc

BP-11

north of

Fl
u

0C-00113-01.02-02/01/83

Description

Silt, dark brownish gray;
little very fine sand,
moist, friable, stiff;

no fuel observed.

Silt, dark bluish gray with
pockets of medium gray;
little very fine sand, trace
clay, moist, friable,

medium stiff, increasingly
moist with depth, little
perched groundwater coming
in at top; slight emulsions
on collected water but no
sheen; slight fuel odor.

Sand, grayish green; very
fine sand and silt, moist, ~
medium stiff, somewhat
cohesive, silt decreasing
with depth; moderate odor

of degraded fuel, rapid
influx of groundwater

with fuel emulsion, slight
sheen.

buried tank.

Description

Topsoil, organic, not
sandy.

~ g
DR
2885 1

RC.
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Unified
Depth Classification
0.9-2.5" MH-ML
2.5-4.3" MH-ML
4.3-11.0+" SM

BP-12

0C-00113-01.02-02/01/83

Description

Silt, light gray; little
very fine sand, little
clay, moist, stiff,
moderately cohesive;
moderate fuel odor.

Silt, grayish brown, as
above, groundwater seeps in
below 3', moderately rapid;
fuel emulsions noticed on
accumulated water.

Sand, light bluish gray;

fine sand, well sorted,
little silt, trace clay,

has pockets of sandy silt

and clay, saturated, friable,
fuel emulsion on accumulated ~
water,

Location: Day tank area; 40' southwest of buried tank.

Unified
Depth Classification
0-0.6" ML
0.6-4.2" MH-ML

r.@. ‘Wrigh? assoc

Description

Silty topsoil.

Silt, dark gray; little fine
sand, trace clay, slightly
moist, friable, very stiff,
fluid enters pit below 2' in
discrete points; fluid
probably mostly fuel,

slight fuel odor.

o



ey

Unified
Depth Classification
4.2-10.5+" SM

BP-13

0C-00113-01.02-02/01/83

Description

Sand, bluish gray:; pockets of
silt, saturated; distinct
fuel odor.

Location: Day tank area; 100' south of buried tank.

Unified
Depth Classification
0-0.4" SM
0.4-4.1" MH-ML

Description

Sandy Topsoil.

Silt, dark brownish gray;
little fine sand, trace clay,
slightly moist, friable,
slightly stiff, somewhat
mottled below 3.5'; ground-
water enters below 3' with

a fuel odor.

Sand and silt, light bluish
gray; moderately mottled,
saturated; slow influx of
groundwater with moderate
fuel odor, fuel emulsions
on accumulated water, less
fuel odor in this pit than
in BP-12.

r.e. wright asscciates, ine.

<V
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SUIL, ROCK CLASSIPI(

LUt
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e

Project Oceana Job No. g-gp Boring No. .,
Location ©0ld Fuel Farm - Classified by pep Sheet 1 of >
sntractor_Herbert Assoc. Driller_R. Seage Ground Surf. Elev. 18.4'

thod of Advancing Boring

Split-Spoon Augering

Static water Level

2.3

Date Started 11/22/3> Date Completed 11/24/82
@ o
g : . 2|2 5
B H H Seéxmgnt S g | Construction B
ﬁ 3_2 Blows per o 8 Description and - o Details oy
6 In. Classification S d R e
. 8 g g g o 2 an emarks v
Sleow 3 18 g
&8 & 8| - 3
w =
| 0.0'-1.0" Topsoil, sandy; dark i ™ No‘fuel odor
s1| 2 brown, fine to coarse sand, plls 18
| moist, friable. . =
L1 4 ML | =
1.0'=2.0' silt; i No fuel odor
52 4 Dark gray; fine sand, moist, [ 17
Stiff. = N
2 5 . No fuel odor
2.0'-3.0' As above. — - _ji
S3| 4 : 16
3 5 ML
3.0'-4.0" silt;
‘1154 5 Medium brownish-gray; fine sand, No fuel odor 15
very moist, soft.
4 3 : .
4.0'-5.0' As above, saturated, No fuel odor
S5 2 medium stiff. 14
5 2 ML
5.0'-6.0' As above. i No fuel odor
S6 2 : 13
6 3
6.0'-7.0"' sand; No fuel odor
S7) 6 Medium brownish~gray; fine sand, 12
little silt, moderately well
7 7 SM sorted, very moist, medium stiff.
7.0'-8.0' As above, little to No fuel odor
s8 4 some silt in pockets. 11
8 9 8.0'~9.0' Sand; No fuel odor
Light brownish-gray; medium to
S9] 4 coarse sand, well sorted, some 10
silt, medium stiff and cohesive. =
2 3 S =1
_ 9.0'-10.0' As above, trace silt. 4 | No fuel odor
_ 1 B1o 7 8 9
10 10 H

r.e. wright assoclates, Inc.
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Project

Location 0l1d Fuel Farm

~“ontractor

Oceana

[ 72 VR TV

Lok

Job No. 8280

»

Classified by RCB

Herbert Assoc.

Driller R. Seage

2thod of Advancing Boring

Split-Spoon Augering

0C-00113-01.02-02/01/83

Boring No. MW-1

Sheet 2 of

Ground Surf, Elev.

Static Water Level

18.4'

Date Started 11/22/82 Date Completed 11/24/82
o g
% . o | -3 5
g . S Sediment 3| © | Construction -

o ;,é Blows per e Description and — E Details Py

B 8 5 6 In. @ 8 Classification S s and Remarks °

4|92 8 |° 2|8 e

$low Q [/ & S

o I ) U ]

8 Q-o% 4 G — .3
8 - =
w0 =

: 511013 10.0'-11.0' As above. fuel odor 8
| 11 13 SW|[ 11.0'-12.0' As above. fuel odor
512 10 7
12 9
12.0'-13.0' As above. fuel odor
513( 7 6
13 | 11 SwW
13.0'-14.0' As above fuel odor
514 9 5
14 13
14.0'-15.0' As above. No fuel odor
515 20 4
15 18 SW
15.0'-16.0' As above. No fuel odor
516 20 3
16 22

r.@. wright assoclates, ﬂ@@.
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Project

Qceana

S v R Ve \'-l[“‘._

Job No. 8280

Location

0ld Fuel Farm »

Classified by gen

“ontractor Herbert Assoc.

2thod of Advancing Boring

0C-00113-01.02-02/01/83

Boring No. my-2

Sheet

Driller R. Seage

Date Started 11/22/82

Split-Spocon Augering

1 of2

Ground Surf. Elev. 17.6"

Static Water Level 1 13

Date Completed 11/30/82

Ft.
and Number

Depth.
Sample Occurrence

Blows per

6 In.

Recovery In.

Uscs

Sediment
Description and
Classification

{Well Construction

Construction
Details
and Remarks

Elevation, Ft

n
[

s2

ML

s3

s4

ML

S5

S6

10

13

ML

SM

S8

s7)-

SP

SW

59

S1QY

SP

0.0'=1.0" Topsoil and Silt;
Dark gray; little fine sand,
slightly moist, friable, medium
stiff.

‘l.O'-Z.O' Silt as above.

No fuel

No fuel

T 117 l|1 .
l | I' | Graphical Log

217

2.0'=3.0" siit;
Dark grayish-brown; little very
fine sand, trace clay, slightly
moist, friable, medium stiff.
3.0'-4.0"' sSilt as above.

4.0'-5.0' silt as above; with partg!

of light gray very fine silty
sand, mottled, very moist,
medium stiff.

5.0'-6.0' sSilty sand;
Light gray; very fine to fine

sand, some silt, mottled, moist,{f

slightly friable, medium stiff.
6.0'-7.0' sand;
Light gray; medium sand, well-

sorted, trace silt, not mottled,{

moist, soft.
7.0'-8.0' Sand;
Medium gray; very fine to

medium sand, very moist, friable

soft.
8.0'-9.0' sand as above.

9.0'-10.0' sand;
Medium gray; medium sand,
moderately well-sorted, moist,

Ul |l||
Illl la

No fuel

No fuel

HHENN

friable, soft. Jiﬁ.;

No fuel

No fuel

No fuel

No fuel

odor

odor

odor

odor

odor

odor

odor

odor

odor

Trace fuel odor

17

TTF

15

13

r.e. wright assoclates, Ine.
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Project Oceana Job No. 8280 Boring No. wy-2
Location 013 Fuel Farm - Classified by gpcp Sheet 2 of 2
‘sntractor Herbert Assoc. Driller__ R. Seage Ground Surf. Elev. 17.€
:thod of Advancing Boring Snlit-Spacn Algering Static Water Level 1 3
Date Started 11/22/82 Date Completed 11/30/82
@ s
g:': g _ o | -9 o
g 5 Sediment J | © | construction “‘
» Eé Blows per o n Description and — 2 Details Iy
18 & 6 1In. o |3 Classification sS4 and Remarks S
£|02 5 |7 203 5
FU R VL o} O Q, Q >
&5 8 g g 5 g
[a 5 4] — (55
® 2
, 10 10.0'=-11.0"' sand as above. No fuel odor
‘ S13 7
‘ 8
11 SP |
| 5 ° 11.0'-12.0' Sand as above. No fuel odor
Sl [
6
12 -
18 12.0'-13.0' Sand as above. Trace fuel odor
S13 ‘ 5
1 7
3 | SP
18 13.0'-14.0' Sand as above. Little fuel
S14 odor 4
14
14 : .
24 14.0'=-15.0' sand as above. Trace fuel odor
S1S ' 3
25
15 SP
25 15.0'-16.0' Sand as above. Moderate fuel
516 odor ’ 2
2%
16 . "
25 16.0'~17.0' sSand as above. o Moderate to
517 ) strong fuel 1
20 ., odor
17 sp e
21 17.0'-18.0"' sand as above. L Moderate to
518 strong fuel g
20 . odor
18 e
10 18.0'-19.0' Sand as above. No fuel odor
519 :':'.’.'-:".' -1
17 . TR
19 SP s
-_—__ 25 19.0'-20.0' sand as above. . No fuel odor
520 RSO -2
31 i I
20 Ll |

r.e. wright assoclates, inc.
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i, ROUK CUASS LT
|  Project oceana Job No.  g5a0 Boring No. -3
s Location 014 Fuel Farm - Classified by  gor Sheet_1  of__ 2
“ontractor___ Herbert Assoc. Driller___ R seage Ground Surf. Elev. 18.8
ethod of Advancing Boring Split-Spoon Augering Static Water Level 2 7
Date Started 11/23/82 Date Completed 11/23/82
) =
g : | | 3 5
e - Sediment 3 ‘d Construction B
o ;_é Blows per > |9 Description and - 2 Details )
B 8 5 6 In. o |3 Classification 8 ‘.;,’ and Remarks 2
1O =2 > D . o o +
&2 Slomw § 18 S
| &|ES < 5|4 =
3 g
f , 3 0.0'-1.0' Topsoil; —— & W Trace fuel odor
| lts1 Dark brown; sandy, fine to * — 3
| 10 coarse sand, moist, friable. [ 18
l 1 _ 221 | (==
e J 10 ML{1.0'-2.0" Silt; f Trace fuel odor
s2 Dark grayish-brown; some very o
‘ 20 fine sand, moist, stiff, = - Lo lag
2 cohesive. T Strong fuel odox;
10 ML|2.0'-3.0' sSilt as above. e also a septic odgr
s3 . —
- 14 | S 16
3 16 [
14 SM13.0'-4.0' Silty Sand; .:.- Strong fuel odor
sS4 Medium greenish-gray; fine sand, ’
11 little silt, trace medium sand, 20 15
4 moist, friable, soft.. R
6 4.0'-5.0' silt; - Strong fuel odon
S5 Dark grayish-brown; some very o (Driller says strong
4 ) fine to fine sand, saturated, uel odor is 14
5 16 slightly cohesive, medium stiff. A oming from well.
| 6 MH{5.0'-6.0' sSandy Silt; Strong fuel odon
! S6 Grayish-green; some very fine to L-.
© fine sand, little clay; very . 13
;- 6 moist:cohesive. 22 .
L 6 6.0'-7.0' Sandy Silt as above. id 2 Strong fuel odorn
s7 MH 3 ,
- 11 \ 12
| 7 13 [+ *
L. 13 7.0'-8.0' Sand; it Strong fuel odon
s8 sw| Light greenish-gray; fine to E" '
i 6 medium sand, trace silt, 11
8 saturated, friable, soft. .
3 8.0'-9.0' sand as above. . Weak fuel odor
§9 | sw
3 10
9 16 3
1 6 9.0'-10.0' sand; -2 Trace of fuel
510 SP| Medium gray; medium sand, well- [: odor
o 13 sorted, saturated, friable, soft 9
10 .,

| Al

r.e. wright assoclates, Ine.
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Project Oceana Job No. 8280 Boring No. MW=-13
Location (14 Fuel Farm * Classified by gg7 Sheet 2 of 2
‘ontractor__ Herbert Assoc. Driller R. Seage Ground Surf. Elev. 18.8
ethod of Advancing Boring Split-Spoon Augering Static Water Level 3. 7°
Date Started 11/23/82 Date Completed  17/23/82
: 5 :
g : ; . o : o
R ~ Sediment S | & | construction -
2128 Blows per| » |w Description and ~ 1 Details b
| O IS o . @ | o - g
8 é 6 In. g g Classification o s and Remarks ,S
. - c +
S|y : £18 :
&3 R 2 S 2
a % (&) — =
w 2
‘ 10 lO.O'-llTO' Sand as above, trace '] Trace fuel odor
| 811 of silt.
10 8
| 11 24 | SP].
| I - 9 11.0'-12.0' sand as above. No fuel odor
| 512 .
| S 7 7
12 -
9 12.0'-13.0"' Sand as above. Moderate fuel
] 513 odor (smells lifke—
— 13 septic but may beg——
I;— 22 | sp weathered fuel)
20 13.0'-14.0' sand as above. Weak odor (smells
like septic but
= | 1S14 may be weatherdd
25 fuel). 5
14
12 14.0'-15.0' Sand as above, trace Moderate fuel
siy of fine sand, medium stiff, odor | '
17 cohesive. Sand heaving. 4
15 ) 16 |sp ‘
27 15.0'-16.0' sSand as above, trace weak fuel odor
51¢ of silt. Cohesive.
35 3
16
14 16.0'-17.0"' sand; Strong fuel
s11 Light greenish-gray:; fine to odor
20 medium sand, trace silt, satur- 3
: 11 {sw ated, medium stiff, slightly
17 cohesive, tighter, mod. sorted.
27 17.0'-18.0' sand as above, light Stron? odor
S18 to medium gray. optict tikma
38 be weathered 1 1
18 fuel).
18.0'-19.0"' sand; Moderate fuel
s1g 0 i Greenish-gray; medium to coarse odor
sand, trace of silt and fine 5
sand, saturated, friable, soft
A9 7 10 | sp (loose). ’
— 19.0'-20.0' sand as above. Moderate fuel
s24 24 . odor
-1
20 32

r.e. wright assoclates, Inc.
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. 0C-00113-01.02-02/01/83
GALLUP SURVEVYORS & ENGINEERS, LT..

} ~BRUCE B. GAUUP, C.LS. 325 FIRST COLONIAL ROAD

" BRUCE W. GAUUP, PE ‘ g VIRGINIA BEACH, VIRGINIA 23454
, : (804) 428-2132

-~
o

i;

December 14, 1982

[— Mr. Robert Brod

R.E. Wright Associates, Inc.
) 3240 Schoolhouse Road
[ Middletown, Pa. 17057

Dear Mr. Brod:

" |

At your direction our firm recently obtained vertical control datum on the
respective "monitor well sites” located on the Oceana Naval Facility. This involved
getting the elevation of the top of well pipes and the respective ground elevation at
each site.

[

The well site areas (listed by priority), designations and elevations (N.O.S.
Datum - M.S.L. 0.00') are as follows:

First Priority - "Fuel Farm Area"

[f W= 12 Top of P.V.C. = 17.43

Ground = 15.5
; W= 13 Top of P.V.C. = 16.70
to Ground = 14.8
L W - 14 Top of P.V.C. = 19.40
o Ground o= 14,7
l‘ "0ld" Well Sites (Galvanized Pipes)
MW - 1 Top of Pipe = 16.19
‘ Ground = 15.1
MW - 2 Top of Pipe = 16.78
. Ground = 15.3
Zi MW - 3 Top of Pipe = 16.45
Ground = 15.2
.
. MW - 4 Top of Pipe = 16.19
Ground = 15.1
f; MW - 5 Top of Pipe = 17.70
i Ground = 16.4
f MW ~ 6 Top of Pipe = 16.96
Ground = 15.8

[
[§e1 1



| 0C-00113-01.02-02/01/83
GALLUP SURVEYORS & ENGINEERS, L1 wu.

? BRUCE B. GALIUP, C.LS. ‘ 325 FIRST OLONIAL ROAD

' BRUCE W. GALIUP, PE. : ’ . VIRGINIA BEACM, VIRGINIA 23454
(804) 4288132

Mr. Robert Brod
Page Two
December 14, 1982

Tl T
E]
]

Top of Pipe = 18.04
Ground = 16.6
MW - 8 Top of Pipe = 17.67
Ground = 16.7
. MW - 9 Top of Pipe = 16.45
i' - Ground = 15.1
MW - 10 Top of Pipe = 16.31
, Ground = 14.8
Second Priority ~ "Day Tank/Farm Area"
[ W -8 Top of P.V.C. = 19.52 )
Ground = 17.6
W =9 Top of P.V.C., = 18.74
Ground = 16.8
P W - 10 Top of P.V.C. = 19,27
b Ground =17.4
[ Ground = 18,3
1 Ground = 17.5
= 17.4

?. ) Ground

Third Priority = "Test Cell Area" (Note: These wells are locked)

g . W=-5 Top of P.V.C. = 16.75
' : Concrete = 15.74
: W-6 Top of P.V.C. = 14.17
5 Concrete = 13.24
W=7 Top of P.V.C. = 15.59

Concrete = 14.70

4
R N



GALLUP SURVEYORS & ENGINEERS, L w.

O0C-00113-01.02-02/01/83

i

(b

BRUCE 8. GALIUP, C.LS.
BRUCE W. GALLUP, P E. ’ -

Mr. Robert Brod
Page Three
Derember 14, 1982

TCSP - 1 Top of P.V.C.
. Ground

Fourth Priority = "C.P.O & Acey Deucey Club Area"

Ww-1 Top of P.V.C.
Ground

W~ 2 " Top of P.V.C.
-~ Ground

W-23 Top of P.V.C.
Ground

W -4 Top of P.V.C.
Ground

Noting that we completed all sites requested, I trust this

service, now or in the future, please don't hesitate to call.

Yours truly,

]

il

Hon

325 FIRST COLONIAL ROAD

VIRGINIA BEACH, VIRGINIA 23454

13.43
12.6

19.63
18.4

19.04
17.6

19.48
18.8

= 19,09
= 17.8

(804) 4288132

information fulfils
your requirements. If there are any questions or if we can be of any additional

GALLUP SURVEYORS & ENGINEERS, LTD.

W'W

Terry W. Branch

TWB:gb
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| . JENNINGDS LABOKA  0C.00113-01.02-02/01/83
ANALYTICAL AND CONSULTI

!’ " 1118 CYPRESS AVENUE « P.0.BOX 851 « VIRGINIA BEACH, VA. 23451 « PHONE (804) 425-1498
VA (EPA) CERTIFIED LABORATORY for Official Referee Chemists for: Labo A

~ ‘nking Water Analysis - Microbiological, o] Referee - herists Tor rég)gfkgp:gai;’b‘;:r i’:\'ﬁ:‘i‘g?TER
‘ A Inorganic and Organic AMERICAN OIL CHEMISTS SOCIETY Effluents for NPDES PERMITS

, NATIONAL SOYBEAN CERTIFIED OFFICIAL U.S.

: ASBESTOS ANALYSIS — NIOSH 582 PROCESSORS ASSOCIATION FOR MEATUAigf‘};'{gBOMTORY
! , CERTIFICATE OF ANALYSIS
’ 2 R. E. WRIGHT ASSOCIATES, INC. : DATE: December 17, 1982

3240 Schoolhouse Road
Middletown, Pennsylvania 17057
i»ﬂ ATTN: Mr. Robert C. Brod

- . |
AMPLE OF SOIL SAMPLES (5) and WATER SAMPLE (1)

MARKED

Samples delivered to laboratory 12/9/82 @ 12:00 Noon

-~ FFICIAL SAMPLE BY:

SAMPLE AS MARKED FUEL CONTENT(As Is Basis)
SOIL SAMPLES
f% #1 - W-5 (s-5) (4-5") (1-1) ' 0.1616 %
. #2 - W-8 (S-3) (2-3") (3-3) 0.2908 %
¥ #3 - u-8 (5-6) (5-6') (1-3) ) 0.2068 %
{; #4 - W-13 (-3 (2-3") (5-5) 0.0444 %
' #s -

W-13 (S-7) (6-7') (4-6) 0.1616 7%

[ . WATER SAMPLE

W-13 3 Hrs. ' ' 90.4 PPM

Respectfully submitted,
JENNINGS LABORATORIES, INC.

- Laboratory - oy iy 1
~ Analysis No. 34004 Wﬂﬂla’( -

{i//CHEnusr -
OFFICIAL METHODS OF A.0.A.C, A.0.C.S.,, AS.T.M,, A.P.H.A,, E.P.A. AND N.S.P.A. USED IN ALL ANALYSIS UNLESS OTHERWISE STATED

[
. A8
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. 1L, KUCK CLASSIFL

- 0C-00113-01.02-02/01/83

Project noaana Job No. 8280 Boring No. MW~-4
Location_0Q1d Fuel Farm - Classified by jom Sheet _1  of >
~ontractor Herbert Assoc. Driller R, seaqe Ground surf. Elev. 17 ¢
lethod of Advancing Boring Split-Spoon_ Augering Static Water Level 1 =«
Date Started 11/23/82 Date Completed 11/24/82
T =
e : o | 2 o
g = Sediment S bt Construction b
- ;_é Blows per > | Description and — 2 Details c
B 8 3] 6 In. ) 8 Classification -9 e and Remarks 2
1 C 2 S = .-8 8 I
Slew : 518 :
o e S ] o] Q
Sk g 503 5
: . m
wn k3
| I 3 0.0'-1.0' Topsocil and Silt; "B No fuel odor
L1}l Dark grayish-brown; little fine -
T 4 18{ML sagd, trace clay, damp, medium L7
N stiff, cohesive.
—— 5 1.0'-2.0' s5ilt as above, moist. No fuel odor
4 52 - i tir |
-1 16
2 ° _
< 2.0'-3.0' silt as above. No fuel odor
183 ]
15
—_— =
4 201 ML .
3.0'-4.0' sSilt as above. No fuel odor
{ .t s4 4 |
| 14
4 5
4.0'-5.0' sandy Silt; E No fuel odor A
S5l 2 ML Light brownish-gray; very fine to e
fine sand, trace clay, saturated, ¥ 13
- 4 18 slightly cohesive. -
5.0'-6.0' Silty Sand; e No fuel odor
sdl 4 SM} Light greenish~gray; very fine :o'f . 5
fine sand, some silt, saturateqd, p——
6 4 friable, slightly stiff. :
6.0'-7.0' silty sand as above, No fuel odor
s7 5 SM| slightly cohesive. . T
7 3 18 joy
7.0'-8.0' sand; .{Possible slight
S8 16 Light greenish-gray; fine to 3 -
megium sand, trace silt, poorly fuel odor 10
sorted, saturated, friable,
8 17 1 —_
™ loose. i
S ; 18.0'-9.0' Sand; 3 “4Moderate fuel
891 5 ! | Light greenish-gray; medium sand, . *f odor 3
! ! | trace coarse sand, trace silt ]
‘ 9 "9 GISP! Yell—sorted, saturated, friabie [::::
—1 oose. &
— L i 9.0'-10.0' sand as above. - IModerate fuel
p10 15 ' odor 8
10 14 ‘

r.e. wright assoclates, Inc.
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0C-00113-01.02-02/01/83

Job No.

Project Oceana 8280 Boring No. Mw-4
Location  0ld Fuel Farm- Classified by Sheet 2 of 2
‘ontractor Herbert Assoc. Driller R. Seage Ground Surf. Elev. 17.
2thod of Advancing Boring Split-Spoon Augering Static Water Level 1.7°
Date Started 11/23/82 Date Completed 11/24/82
3 5 .
5 :5 . o Bl o
N — Sediment S I3 Construction -
S 13 é Blows per > lo Description and — 2 Details :
=18 § 6 In. v 13 Classification I and Remarks 2
S|°% 3 |~ 215 "
Slom 3 g | 3 g
-2 u ] u
Q I3 1Y — —
Q g Q -t (5]
L
wn =
| 10.0'-11.0' Sand as above, sand Weak fuel odor
1 |51} 8 is heaving.
| 7
11 7 16 SP |,
] 11.0'-12.0' sSand as above. Weak fuel odor |
S12 12 —_
| -5
‘ 12 20
| 12.0'-13.0"' sSand as above. Trace of fuel |
S13 13 odor |
— [
13 | 122 16 gP | ORI
13.0'-14.0' sand; Trace of fuel
S14 25 Light greenisH-gray; medium to odor
— coarse sand, trace of gravel,
saturated, friable, loose. 4
14 27
g 14.0'-15.0' sand as above, ‘light Trace of fuel
S1 8 brownish~gray. odor
3
15 18 16 {SP
15.0'~-16.0' sand as above, Trace of fuel
s14 32 medium sand, trace coarse sand. “odor
2
16 50 '
16.0'-17.0' sand as above. Trace of fuel
s11 o odor )
17 16 3isp
17.0'-18.0"' sand as above. Trace of fuel
518 41 odor
0
18 49 | S
! L

r.e. wright assoclates, Ine.
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oo LL/ROCK CLASSIFIC

Project Oceana Job No. 8280 Boring No. Mw-S
Location Test Cells" - Classified by ggr Sheet 1 of 2
ntractor__ Herbert Assoc. Driller _ R. Seage Ground Surf. Elev. 15.7
2thod of Advancing Boring Split-Spoon Augering Static Water Level 3_7°¢
Date Started 11/30/82 Date Completed 11/30/82
3] § .
; : . 2|3 :
. : " — Sediment S ﬁ Construction B
Wil é Blows per| s, lun Description and - E Details e
fr, 8} 1o @) > . . 1] & [o)
8 3 6 In. g g Classification 131 a and Remarks I
< 12= 2 215 ]
PDlow Q- Q| < >
Ul g 7] ] )
< Qe [+ ] i far
a ﬁ ) ~— -
)
5] =
| 0.0'-1.0"' silty Sand; 113l Moderate fuel
s1{ 1 Greenish-gray, fine to medium odor
sand, some silt, poorly sorted, 15
1 s 113lsm }damp, friable, soft.
1.0'-2.0' silty Sand as above, 1 Moderate fuel
s2 4 little silt. (May be £ill.) odor
| -1 14
2 3
2.0'=3.0' silty Sand as above, Very strong
s3l 2 little silt, moist. fuel cdor
— 13
3 2 15]sM
3.0'-4.0' Silty Sand as above. Very strong
‘ s4 3 fue#yodor
12
4 2 .
4.0'-5.0" silty Sand as above, Very strong
= saturated. Very soft. fuel odor
11
5 1 12{sM
5.0'-6.0' Silty Sand as above. Very strong
sé 0 fuel odor
10
6 1
6.0'-7.0"' Silty Sand as above. Very strong
s7t 1 fuel odor
9
7 1 17| sM
7.0'-8.0" Silty Sand as above. 4 Very strong
S8 1 fuel odor
8
8 1 :
8.0'-9.0' Silty Sand as above, Moderate fuel
s9 2 i trace of clay in small lenses, odor
] slightly cohesive. 7
) 2 17| sm|
9.0'~10.0' silty Sand as above. {1 Moderate fuel
1 k10 2 odor
5
10 2

r.e. wright assoclates, Ine.
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Project

Oceana

0C-00113-01.02-02/01/83

oL/ ROCK CLAass1Ir]

Job No. 8280

Location

Test Cells

‘ontractor___Herbert Assoc.,
ethod of Advancing Boring

Classified by JST

Driller R. Seage

Sclit-Sooon Audering

Boring No. MW=5

Sheet 2 of 2

Ground Surf., Elev. 15,

Static Water Level 3.7

Date Started 11/30/82 Date Completed  171/30/8>
) =
g - o | A S
2. 5 Sediment S | © | Construction -
- ;_é Blows per % Description and ~ | B Details e
“18 8 6 In. o |3 Classification 318 and Remarks S
1o =2 2 2 ot o IS
= o] = Q )
pulil BT 0 S 5] >
o e I =} ) < o
Q ;T @ ] 4 —~
Q 5 Qo - [
w £
j 10.0'-11.0"' sand; Moderate fuel
1 ! isiy 2 Greenish-gray; medium sand, trace odor
fine sand, trace silt, saturated, )
11 2 18|SP |. friable, loocse.
‘ 11.0'-12.0"' sand as above. Moderate fuel
S13 3 odor |
] _l 4
12 4 ]
12.0'-13.0"' Sand; Faint fuel odor |
si3 3 Greenish-gray; fine to medium
—_— sand, trace of silt, saturated, 3
13 3 16{sW| friable, loose.
‘ 13.0'-14.0' sand as above. Faint fuel odor |
: S14 4
2
14 3
14.0'-15.0' sand as above. No fuel odor |
si1§ 1
v 1
15 6 24isw
15.0'-16.0"' sand as above, No fuel odor
516 3 tighter in spots.
Q
16 9 , ,
16.0'-17.0' sand as above. Faint fuel codor |
s17p 1
[ -1
17 2 22| sw )
17.0'-18.0"' sand as above. el Faint fuel odor |
S18 5 RO
o
18 1 _1
18.0'-19.0' Clayey Silt; iy No fuel odor
s19 1 Greenish-gray; trace of fine sand,:lff .
little clay, moist, cchesive, R wiiugy =3
_19]} 0 24| ML{ soft. —13 |
1 19.0'-20.0' Clayey Silt as above. [Z'T No fuel odor
520 1 C
= -4
20 o — —

r.e. wright assoclates, Ine.
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0C-00113-01.02-02/01/83

- -

<CLL/ROCK CLASSIFIC.  ___ ..

Project Oreana Job No. gogg Boring No. wmy-¢
Location Test Cells ™ - Classified by  Jsr Sheet 1 of 2
ontractor__ Herbert Assoc. Driller R. Seage Ground Surf. Elev. 13.2
:thod of Advancing Boring Split-Spoon Augering Static Water Level 1.3'
Date Started 11/30/82 Date Completed 11/30/82
. I8 .
g = , 2|7 I
i Z - Sediment 3 13) Construction =
FUR é Blows per LS Description and - 2 Details -
= 3] | @] Ry . L] e g
183 6 In. g | Classification o B and Remarks L
ol o
Slom 9 518 ]
Q|- 5 Q - >
¢ | = ] ~— M
= 5 o ~ ';1'
o £
I 0.0'-1.0" Sandy SIIt; — 84 b1 Organic odor
sy 1 Medium brown; some fine to medium |-’ = but no fuel odop—ns
— sand, many ?r aglcs,fmottled 4 yplh
| I appearance (shades of gray an —-
1 2 18|ML| reddish-brown), damp, sllghtly . {No fuel/Pdor
— cohesive, stiff. - 4
| E— 52 5 1.0'-2,0' Sandy Silt as above. 12
2 7 | -
2.0'-3.0' sandy Silt; | No fuel odor T3
sy 5 ' Light grayish-brown; little fine
to medium sand, trace clay, damp,
— 6 17| e, cohesive, stiff, much of sample
= ¢ appears highly oxidized.
3.0'-4.0' sandy Silt as above. No fuel odor 10
sS4 9
4 9
4.0'-5.0' Silty Sand; No fuel odor 9
ss| 5 Light orangish-brown; fine sand,
little medium sand, little silt,
= 3 19} gm| trace clay in the form of small
2 *! clay lensés, moist, friable to
cohesive, medium stiff. 5
sé 4 5.0'-6.0"' silty Sand as above, No fuel odor
becoming less silty with depth.
6 8 '
6.0'-7.0' Sand; 2 No fuel odor
sA 6 Light grayish-brown; medium sand, |-’ 7
little coarse sand, trace of fine |::
. sand and silt, saturated, friable]:
7 7 201 SWl 1o0se. ’ ’ X3
7.0'-8.0' sand as above. No fuel cdor P
s 3
g 8
8.0'-9.0"' sand; \ No fuel odor 5
8 . —_— . .
s9 Grecenish-gray; fine to medium e
sand, trace silt, saturated, p
9 13 o2lsw] friable, loose, some stiffness ’
— in spots.
—] 15 9.0'-10.0' sand as above. r No fuel odor 4
| |s14 . .
10 - 16 ‘:

r-e. wright assoclates, ine.
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0C-00113-01.02-02/01/83

<L LlL/ROCK CLASSIFICa: 2o SnLLa

Job No.

Project oceang 8280 Boring No. wmw-6
Location gqact cells . Classified by jgp Sheet 2 of 2
»ntractor Herbert Assoc. Driller R. Seage Ground Surf. Elev. 13.2
:thod of Advancing Boring Split-Spoon Augering Static Water Level 1.3°
Date Started 11/30/82 Date Completed 11/30/82
3 S ;
2 o o v IE
e - Sediment S | © | construction B
o ;_‘é’ Blows per ol ks Description and - 3 Details e |
=185 6 In. v |3 Classification St 4 and Remarks L
182 : |° z| 5 :
Slomw 0 a8 5
Qg g ) ) v
Q | & = ] ~— r—t
a 5 134 - =
Y
w =
, 10.0'-11.0' Sand as above, @:{ 1 1 Faint odor, 3
‘ S1} 8 sand is heaving. E: F11 not fuel odor
{11 9 23 |sw L
11.0'-12.0' sSand as above. - No fuel odor 2
| S13 2
[12 5
12.0'-13.0' sand as above, light [ No fuel odor 1
S13 8 grayish-brown. b
3 10 21 |sw
: 13.0'-14.0' sand as above. o No fuel odor 0
s14 10 G
14 &
14.0'-15.0"' Sand as above. E No fuel odor =1
si1g4 6 | z
15 2 21 jsw -
15.0'-16.0' Sand as above. No fuel odor =2
Sld 1
16 2
16.0'-17.0' Sand as above, No fuel odor =3
S173 2 greenish-gray, very loose, soft.
17 1 23 |sw
17.0'-18.0' Sand as above, K No fuel odor -4
S18 0 becoming siltier with depth. LS
18 1 ‘:..."._-‘: _
18.0'-19.0" silty Sand; BREK No fuel odor -3
S14 5 SM | Greenish-gray; fine to medium T
, sandé little silt, saturated, RN
i . i o
5 3 20 v, friable i epls
19.0'~19.5"' silt; LT No fuel odor -6
1 k20 8 Gray; . trace very fine sand, QA
saturated, medium stiff, slightly e —
cchesive to friable. S
<0 10 SM 10, S all 0 Silty Sand ag ahove . Moi¥

r.e. wright assoclates, Ine.
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UM AWAY el dhadd a

<. LL/ROCK CLASSIFIC

Project Job No. Boring No.

Oceana_
“ontractor _ Herbext Assog.

2thod of Advancing Boring

8280
Classified by jgr

MW-~7
Sheet 1 of 2

Ground Surf. Elev.

——

Driller 14.°

R. Seage

Static Water Level

Split-Spoon Augering 3.3

Date Completed 12/3/82

Date Started 12/3/82

-

Sediment Construction

i

and Number

Blows per
6 In.

Recovery 1In.

Uscs

Description and
Classification

Details

and Remarks

Sample Occurrence
Graphical Log
Well Construction
Elevation, pt

o

0.0'-1.0" Silt; . —] B siight fuel odor

h

{

]/‘m‘ﬂ\; ~

JTTHTTT sepen. .

sl

s2

11

18

ML

S3

sS4

13

17

ML

MH

S5

16

17

22

19

SM

Dark greenish-gray; trace fine
sand and clay, many organics,

.moist, cohesive, tight.
1.0'-2.0' Silt as above, light

greenish-gray, little clay, tighte£:_ 5

2.0'-3.0* sandy Clayey Silt;
Dark greenish-gray; little very
fine to fine sand, little clay,

moist, cohesive, stiff, very tightﬁ”

in areas of high clay content.
3.0'-4.0' Sandy Silt;

Slight fuel

Slight fuel

J14

some fine

Dark greenxsﬁ-gray;
sand, trace me
moist, medium stiff, friable.

4.0'-5.0"' silty Sand; .
Grayish-green; very fine to mediun
sand, some silt, saturated, .
slightly cohesive, medium stiff.

5.0'-6.0"'" Silty Sand as above.

s7

S8

10

21

SM

©.0'-7.0' silty Sand as above,
dark greenish-gray, trace of
clay in small layers.

7.0'-8.0' silty Sand as above.

[ 1 ke

10

S9

S104

16

20

SM

8.0'-9.0°
Greenilish-gray;

Silty Sand;

fine to medium
sand, trace coarse sand, little
silt, saturated, friable, locose.
9.0'-10.0"' silty sSanéd as above.

ium sand, very .

Slight fuel

Slight fuel

Slight fuel

Slight fuel

Slight fuel

No fuel odor

odor

13

odor

12

odor

11

odor

10

odor

odor

odor]

No fuel odor

r.e. wright assoclates, Ine.
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Froject Oceana Job No. g2g0 Roring No. Mw=7
Location_ Test Cells- - Classified by  ggr Sheet 2 2
‘ontractor__ Herbert Assoc. Driller _ R. Seage Ground Surf. Elev. 14.7
2thod of Advancing Boring Split-Spoon Augering Static Water Level 3, 3¢
Date Started 12/3/82 Date Completed 12/3/82
g : | |
= N o> = [=
¢ . s Sediment 2 | © | construction il
o ;_é Blows per!} » |wn Description and - 2 Details a
e 8 =5 6 In. 3 8 Classification 8 ﬁ and Remarks S
1o 2 > |2 al g i
£la : 218 &
Qe S ] T Q
¢ & m 24 ] — —
(&) 5 (i = [
w0 =2
‘ 10.0'-11.0' Sand; Slight fuel odor |
S11 3 Greenish-gray; medium sand,
. little fine sand, saturated, 4
11 4 24 | SP|, friable, loose.
] 11.0°-12.0' Sand as above. Slight fuel odor
N 4
b 3
12 3
‘ 12.0'-13.0' sand as above. fuel odor
513 8 .
_ | 2
13 8 23 |sP
13.0'-14.0' sand as abcve. fuel odor
‘ S14 10
» 1
14 12 S .
14.0'-15.0"' Sand; S0 No fuel odor
S15 5 Greenish-gray; fine to medium ?}}3
sand, trace silt, saturated, ‘Q}E} 0
15 9 12 {sw| friable, very loose, soft. fﬁ}},
15.0'-16.0' sand as above. :fﬁ{- No fuel odor ‘
S16G 9 | ;
16 6 e
16.0'-17.0' sand as above. ;:&;{ No fuel odor
s17] 3 .
_ i | -2
17 3 0 |sw R
17.0'~18.0' sand as above. REPEH No fuel odor .
518 5 ' e ‘
o -3
18 4 seter
: T -
! —

r.e. wright assoclates, Inc.
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- L/ROUK CLASSIEFL

Project Oceana Job No. gago Boring No.  My-8
Location Test Cells * Classified by JIST Sheet 1 of P
ontractor_ Herbert Assoc. Oriller R, seage Ground Surf. Elev. 17
.ethod of Advancing Boring Split-Spoon Augering Static Water Level 2.0
Date Started  12/1/82 Date Completed 12/1/82
w ' =
e : o | 3 o
VY = Sediment S Y Construction &
o S_é Blows per| > |un Description and — E Details e
1355 6 In. o 13 Classification 514 and Remarks S
| O =2 2> 13 ot I~ +
o o] L Q [13]
AEY: 1§ 3|8 :
[T o TR =4 e — —
Q| E . (& - 155
a )
0 =
- 0.0'-1.0" silt; g W Strong fuel odor
s1 2 Dark brown; trace fine sand, 17
trace clay, many organics, moist,
1 4 14 | MY. cohesive, stiff. \ _
1.0'-2.0' Silt as above, clay Strong fuel odor|
S2 5 content increasing with depth. 16
 ——— 147 -
2 5 AV I
2.0'-3.0' silty Clay; ]
: s3| 3 Grayish-brown; little silt, Strong fuel odor[—
- moist, cohesive, stiff, fairly
3 3 16 | CI4 tight, tough. _
3.0'-4.0' sSilty Clay as above. Strong fuel odor|
* 54 3 . 14
4 2 ‘
4.0'-5.0"' Clay; Strong fuel odor|
)] 2 CH Grayish-green; trace silt, damp, 13
plastic, tight, highly cohesive. |
5 3 15 .
5.0'-6.0' sand; Strong fuel odor|
s6 1 swl| Greenish-gray; fine to medium 12
sand, trace silt, saturated, ]
6 3 friable, loose. |
6.0'-7.0' sand; Strong fuel odor|
s7 4 ) Greenish-gray to brownish-gray; {11
) fine to medium sand, trace silt,
trace coarse sand, saturated
z 7 20 Jsw friable, lcose. ’ ’ !
S8 9 7.0'-8.0"' sand as above. Strong fuel odor?‘ﬁ;’
; .
|
8 11 ¢ .
| | f *8.0'-9.0' sSand as above, E Moderate fuel
s9 8 * mostly medium sand. - odor 9
Tl ] e fmle
N !9.0'—10.0' Sand as above. |Moderate fuel
, S1d 6 i odor 8
i i
l 10 5 :

r.@. wright assoclates, inc.
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0C-00113-01.02-02/01/83

RUCK VLASSIPLC

treoject Oceana Job No. 8280 Boring No. Mw-~8
Location Day Tank - Classified by JST Sheet 2 of 2
~ontractor Herbert Assoc. Driller R. Seage - Ground Surf. Elev. 17.
.ethod of Advancing Boring Split-Spoon Augering Static Water Level 2.0
Date Started 12/1/82 Date Completed 12/1/82
o o
C ] .
S : 2138 o 3
5o — Sediment S ﬁ Construction &
o5 é Blows per > | Description and ~ 1 Details =
=13 § 6 1In. o |3 Classification R and Remarks 2
1O =2 =] e o -
Sl 3 RS S
R & S| - i
a % O - |5
u
wn =
. 10.0'-11.0" sand as above. Moderate fuel
i lisiy 3 ’ odor N
P11 5 21 |sp
] 11.0'-12.0' Sand as above. Moderate fuel
L] [S12 15 odor | 6
S Y S
12 16 ———
] 12.0'~-13.0"' Sand as above, trace Moderate fuel |
s13 S of coarse sand. odor |
13 10 23 |SP ‘
13.0'-14.0' Sand as above. Moderate fuel
S14 15 odor 4
14 _ 16
14.0'~15.0"' Sand as above. : Pure fuel coming | j
s13 3 teli from hole 3
| JRNXE Very strong fuel
15 7 20 |sp NS odor
‘ 15.0'-16.0' Sand as above. ﬁ:?{ Very strong fuel
s14 11 ISR odor 2
16 12 : ,
16.0'-17.0' Sand as above, tighter Strong fuel odor
sS174 9 1
17 13 . 22 | sP
17.0'-18.0"' sand as above, very Strong fuel odor| :
s1g 32 tight, tough. O
{
18 40 S
. 18.0'-19.0' sSand as above. Strong fuel odory _ -
| s1q 8 g -1
19 20 22 sp1
19.0'-20.0' sand as above. Strong fuel odor|
s24 25 -2
20 29 !

r.e. wright assoclates, ine.
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wo LL/ROCK CLAGSLFI

Job No.

Oceana Q780 Boring No. MW=-9
Location Dav Tank . Classified by ggp Sheet 1 of 2
~“ontractor Herbert Assoc. Driller _R. Seage Ground Surf. Elev. 16.:
f“ethod of Advancing Boring _ split-Spoon Augering Static Water Level 1.4°
Date Started 12/1/82 Date Completed 12/1/82
3 5 .
5 o g | - 1T e
R — Sediment S | £ | construction i
PR A= @ Blows per| » lun Description and — a Details c
R i (O . . g | & Q
O 3 6 In. o | Classification o by and Remarks -
O =2 > |2 - = =
= 0 < Q T
e £ ] ] v
g 2 © = vy — =t
Q % &) — &)
)
tn = .
‘ 0.0'-1.0" sSilt; | —— ] I organic odor ‘
s1 2 Tan to dark brown; trace clay, g?— but no fuel .
| trace fine sand, some organics, —— odor 16
1 3 15|ML|{ damp, cohesive, stiff. : 4
| 1.0'-2.0"' silt as above, clay No fﬁé; odor j
L |{s2 S content increasing with depth.
S 115
2 5. -
. 2.0'-3.0" silty Clay; Moderate fuel
. §3; 3 Dark grayish-brown; little silt, odor
damp, slightly plastic, cohesive, 14
3 3 14 |CL fairly tight.
3.0'-4.0' silty Clay as above. Moderate fuel ‘
sS4 3 odor .
EE
4 4 1
4.0'-5.0"' Clay; Moderate fuel
S5p 3. CL| park grayish-green; trace silt; | odor
damp, plastic, tight, highly 12
5 1 14 cohesive.
5.0'-6.0"' sSilty Sand; Strong fuel odox
S6 2 SM{ Greenish-gray; very fine to
medium sand, little silt, 11
6 1 saturated, friable, loose. ‘
6.0'-7.0' silty Sand as above. Moderate fuel ,
s7 4 odor
. 10
7 6 18{sw
7.0'-8.0"' Sand; Moderate fuel |
s8 6 Greenish-gray; fine to medium odor
sand, trace silt, saturated, g
8 5 . loose, friable.
'8.0'-9.0" Sand; A Trace fuel odor
§9¢ 10 | Greenish-gray; medium sand, littlg.
+ fine sand, saturated, friable, ' 8
9| 16 20\ SPI soft. 5 |
+9.0'-10.0' sand as above. L% Trace fuel odor
| |s1d 28 | : ‘
- : .- 7
10 30 1 '

r-@. wright assoclates, ine.
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.l ROCK V0LASSIFLG

Project Oceana Job No. 8280 Boring No.  Mw-9
Location Day Tank . Classified by JST Sheet 2 of 2
Contractor Herbert Assoc. Driller R. Seage Ground Surf. Elev. 16.8
lethod of Advancing Boring Split~Spoon Augering Static Water Level 1.4
Date Started 12/1/82 Date Completed 12/1/82
U < i
Q ) .
o ¢ o] R =
g . S Sediment S | &1 cConstruction By
o Sé’ Blows per > la Description and — o Details c
e 8 3 é& In. a 8 Classification 8 ﬁ and Remarks S
1O 2 2 e - o P
o 0 = 0 T
“|uwg 0 alo N
Sl g Q o [+]
3] [Pt 4 " — —
o 5 %] -t 23}
)
v =
| I 10.0'~11.0' sand as above, sand ".'-°- Moderate fuel
| {S11 4 starting to heave. odor 3
{11 4 21 | sp|.
| S 11.0'-12.0' sand as above. Moderate fuel
L 1812 10 odor S
{12 13 -
12.0'-13.0"' sand as above. Moderate fuel
S13 9 odor 3
13 9 22 | sp ,
13.0'-14.0' sand as above. Moderate fuel -
S14 10 odor 3
14 12
' 14.0'-15.0"' sand as above, trace Moderate fuel
S1y 6 fine sand. odor 5
15 10 20 | sp
15.0'-16.0' sand as above. Moderate fuel
S16 12 odor T
16 55 .
16.0'~17.0' Sand as above, RIS Moderate fuel
S171 7 heaving badly. AN odor 5
17 7 18 | sp 333
17.0'-18.0' sand as above. r-.-'..':'; Moderate fuel
S18 13 AR odor
'.'-','.t -1
18 15 '....:".‘ .
1
-2

r.e. wright assoclates, ine.
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e BRUCK CLAGSGLY

Project Oceana Job No. Boring No.

T

oyl

ke

i
ot ok

8280 MW~-10
Location Day Tank . . Classified by JST Sheet 1 of >
Contractor___Herbert Assoc. Driller R, Seage Ground Surf. Elev. 17
lethod of Advancing Boring Split-Spoon Augering Static Water Level 1 _g°
Date Started 12/2/82 Date Completed 12/2/82
IF 5
{' < Z o -t o
; I t Sediment S ﬁ Construction e
o S_é Blows per > o Description and - 2 Details o
=18 E 6 In. o |3 Classification S and Remarks S
. o 2z > |0 - o pa)
< o] = Q ]
EAE ; 218 :
;5 jo M) x 5 — 2
E o =
w =
J 0.0'-1.0' Clayey Silt to Silty Claypr—f b b Moderate fuel _ .
| s1 1 Dark brown to Iight brownish-gray; |— odor 17
silt and clay, appears layered, iy ]
i 3 19 ML | organics, cohesive, damp, stiff, p-= |
— CL | very tight in spots. - —
s 3 1.0'-2.0' Clayey Silt to Silty Clayfe— Moderate fuel i
— as above. —— odor <7 —e-
2 4 p— ;
‘ 2.0'-3.0"' Clayey Silt to Silty Clay[z= Moderate fuel |
s3 3 as above. B odor | 15
—_ ML p— —
-3 3 18 |, P—
~13.0'-4.0' clayey Silt to Silty Clayle¢ Moderate fuel |
S4 4 as above. v 114
4 3
4.0'-5.0"' sSilty Sand; 4 fuel
s5 5 Greenish~brown to greenish-gray; X 13
fine to medium sand, some silt, A )
trace clay, moist, slightly N —
3 3 15 sM cohesive, medium stiff. XX
5.0'-6.0' Silty Sand; e, Moderate fuel |
56 6 Greenish-gray; fine to medium ‘ odor |12
sand, some silt, saturated,
6 4 friable. S
6.0'-7.0"' Silty Sand; Moderate fuel
s7 2 Greenish-brown; fine sand, little odor 11
- medium sand, little silt, trace :
7 1 20 |sM | clay, saturated, friable to
slightly cohesive. e
7.0'-8.0' silty sand as above. Moderate fuel
S8 5 10
» odor
8 3
! ‘8.0'-9.0' sand; Moderate fuel |
S 6 1 Greenish-gray; medium sand, littley- odor i 9
| fine sand, trace silt, trace |
) 7 21 |SWw| coarse sand, saturated, friable,
tighter in spots.
1 k1o 15 9.0'-10.0' sand as above. Moderate fuel 3
] ; odor
10| 22 |

r.e. wright assoclates, Ine.
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0C-00113-01.02-02/01/83

P'roject Oceana Job No. 8280 Boring Ne. MW-10
Locatiocn Day Tank . Classified by JST Sheet 2 of 2
Contractor Herbert Assoc. Driller R. Seage Ground Surf. Elev. 17.¢
ethod of Advancing Boring Split Spoon - Augering Static Water Level 1.8'
Date Started 12/2/82 Date Completed 12/2/82
8 5 |
. t 5 — Seglmgnt S 13 Construction
2125 Blows per| = |un Description and ~ | i Details c
I 6 In. o 3 Classification 3 I and Remarks 2
82 505 2 a 3
el o) ' o /o) o
U o 2l o >
Qg Q @ o
Qe w 4 = — -
Q % &) - [
» 2
10.0'-11.0"' sand; .l
S1lY 2 Light brownish gray; medium sand,{- Moderate Fuel 7
‘ trace fine & coarse sand, friablef Odor
111 7 loose.
] 20 iSWi 11.0'-12.0' Sand as above. Moderate Fuel
‘ S13 15 Cdor 6 !
12 16 .
12.0'~13.0"' sand; L:e Moderate Fuel
S13 9 Brownish gray; medium sand, . Odor 5
—_— saturated, friable, sand is
13 1§ 11 23 | SW| heaving a little, little fine san 3
13.0'-14.0' sand as above. Moderate Fuel
. | 1S14 19 Odor 4
14 22
14.0'-15.0' sand as above. Moderate Fuel
si3 8 odor 3
15 8 22 | SWy 15.0'-16.0' Ssand as above Moderate Fuel
Odor |
9 2
S14
16 10 .
16.0'-17.0' Sand as above, EEQ: Moderate Fuel
9 brownish gray to greenish gray. :535 Odor 1
S17
17 11 14 | sW) 17.0'-18.0' Sand as above. [ Moderate Fuel
Odor
23 a
s18 !
18 23
+ 18.0'-20.0' Sand as above. A
13 : 5 -1
S19 :
19| 18 0 | sW R
—_ N IS
25 i -2
T | is2d | [l
ho‘” 30 i R

r.@. wright assoclates, Ine.
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0C-00113-01.02-02/01/83

< LL, ROCK CLASELR L

Froject Oceana Job No. 8280 Boring No. Mw-13}
Location Day Tank . Classified by Jsr Sheet 1 of 2
“ontractor __ Herbert Assoc. Driller R. Seage Ground Surf., Elev.18.3'
ethod of Advancing Boring Split Spoon - Augering Static Water Level 2.5°'
Date Started 12/1/82 Date Completed 12/1/82
g 5 .
3 g . 21T 2
. t s —_ Seqlmgnt 3 8 Construction
£138 Blows per 2o Descripticn and —~ | g Details e
. 6 In. o |l Classification S s and Remarks S
|82 5D g1 8 ar i
o) o) £ 9] o
| 0™ O a, O >
&% R & 8 - 2
QB O — 6]
] 3
w =
] 0.0'-1.0"' silt; — -4l W Organic Odor 18
— ] [ 81} 2 ML| Dark brown; trace clay, organics, j:?: No Fuel Odor
‘ Moist, cohesive, medium stiff.  — .
L1 4 14 1.0'-2.0' Silty Sand; ] Slight Fuel Odor
] Medium brown; fine to medium sand,ﬁfﬁﬂ ) 17
‘ S2 2 sM| little silt, moist, friable, loosdir.-
2 3 B
‘ 2.0'-3.0" Clayey Silt; Moderate Fuel 16
S3y 2 Dark brown; little clay, trace Cdor f7
- fine sand, saturated, cohesive, |
3 2 16 |ML! fairly tight in spots. — -
3.0'-4.0' Clayey Silt as above. — — Moderate Fuel |1g
sS4 2 Li:' odor ‘
4 2 =y |
4.0'-5.0" Sandy Silt; N Strong Fuel Cdony 14
ssf 2 Medium to dark brown; little fine [-e—f
_ to medium sand, trace clay, sat- f[.——| | ;
5 3 19 | ML} urated, moderately cochesive, stifff , !
, in spots. " 113
56 4 5.0-6.0' Sandy silt as above, ] Strong Fuel Odoy !
: . . iy | e
becoming sandier with depth I ‘ |
6 5 ' Ky |
6.0'-7.0' Silty Sand; E*' Strong Fuel Odoy 12
S7 1 6 Greenish gray; fine to medium 0y
sand, little silt, saturated,
7 7 18 | sM| friable ‘
7.0'-8.0' Silty sand as above Strong Fuel Odoy 13
S8 8 |
8 11 v ‘
| 18.0'-9.0' sand; Strong Fuel Cdeor 10
S9 {1 10 | ! Light greenish gray; fine to M
! | medium sand, trace very fine sand|:
9 1 11 21 | sWi and silt, saturated, friable.
1 }9.0'-10.0' Sand as above. Strong Fuel Odod 9
___11s1q 12 '
j
10 11 ]

r.@. wright assoclates, inec.
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- tes BMOWK CLASSIFLC

Project Oceana Job No. 8280 Boring No. mMyw-11
Location Day Tank . Classified by ggr Sheet 2 of 2
Contractor_____ Herbert Assoc. Driller ‘R. Seage Ground surf. Elev. 18.3'
:thod of Advancing Boring Split Spoon - Augering Static Water Level 2.5
Date Started 12/1/82 ’ Date Completed 12/1/82
3 5 :
& = o] - -
2 S Sediment 1|t Construction =
o S_é Blows per > | Description and — 2 Details e
“18E 6 In. 7 13 Classification S8 and Remarks S
O 2 > D ! o -
= O ] 0 L]
Fu) TR o] 0 Q 8] >
o |~ g ] ] v
Jd U™ [+4 ] —t -
a 5 O ra =
2] =
. 10.0'-11.0' Sand; Fuel
, S11 2 : Greenish gray; medium sand, littlg::
fine sand, saturated, friable, ,
11 7 21{ SW| loose, sand beginning to heave
. 11.0'-12.0" sand as above. Fuel 7
S12 11
[ 12 15 7
] 12.0'-13.0' sand as above. Moderate Fuel a
S13) 4 Oder
13 7 21/ SW113.0'-14.0' Sand as above. Moderate Fuel
Odor 5
S14 11
14 14 e
14.0'-15.0' sand as above. 22?& Moderate Fuel 4
s19 7 Aty Odor
15 11 23y SW{15.0'~16.0"' Sand as above, sand ﬁ:ﬁ: Moderate Fuel
heaving badly Rty i Odor 3
S16 23
16 NA
o)
|

r.e. wright assoclates, Ine.
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—- Lo /ROCKR CLASSLFIC

Prozect Oceana Job No. 8280 Boring No. Mw-12
Location New Fuel Farm Classified by JST Sheet 1 of 2
“ontractor___Herbert Assoc. Driller R. Seage Ground Surf. Elev. 15.5'
>thod of Advancing Boring Split Spoon - Augering Static Water Level 2.4°
Date Started 12/2/82 Date Completed 12/2/82
@ ! =
g o 5 :
@ < . 3 »
) : : — Se§1m§nt S ﬁ Construction R
rﬁ 8'@ Blows per o 8 Description and - o Details a
G 6 In. Classificatio 516 S
) 8 E g % ssifica n o @ and Remarks =
Slom 81 518 g
518 R & 8| 3
Q- s [C) 3 @
ol =
. 0.0'-1.0' Clayey Silt; ) |~ I Moderate Fuel
| S1{1 ML4 Medium brown; some clay, organics,"—'_i Odor 15
| damp, cohesive, medium stiff. "
{3 1 17 1.0'-2.0"' Silty Clay: v ol Moderate Fuel
| Tan; little silt, damp, cohesive, r - Odor
| S2 3 CY stiff, very tight. -4 - 14
e
2 3 — ]
| 2.0'-3.0' Silty Clay as above. ?:f Moderate Fuel
S3) 3 —4- Odor 6 13
— 3 19 ICL {3.0'-4.0' Silty Clay as above. j—:ﬁ_j Moderate Fuel
’ Odor
sS4 4 12
4
- 4.0'-5.0' Clayey Silt; Strong Fuel Odox]
S5¢ 5 ML} Medium brown; little clay, very 11
moist in spots, cohesive, medium
e 6 18 stiff. e
5.0'-6.0' 8ilty Sand; b Strong Fuel CdoY
s6 5 SM| Brownish gray; very fine to fine 10
sand, little silt, trace clay, 5
4 saturated, slightly cohesive to [ii:
, 6.0'-7.0' Sand; friable. 2 Strong Fuel Odox
S71 6 Brownish gray; fine to medium sanq-},'—_' S
trace silt, saturated, friable, [:ig
- 6 17 {sSW| soft.
7.0'-8.0' Sand as above. Strong Fuel Odoq
s8 7 3
5 10 :
l8.0'—9.0' Sand; Strong Fuel Odor
S9{ 10 Brownish gray to greenish gray; -7
medium sand, trace fine sand,
a | 15 201SP| saturated, friable, fairly tight.
9.0'-10.0' sand as above. Moderate Fuel
__1 k10 15 odor 5
tgn 17 B

r.e. wright assoclates, inc.
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e Lo/ ROCK CLASSIFLC

Job No.

Project Oceana 8280 Boring No. Mmw-12
Location  New Fuel Farm* Classified by ggr Sheet 2  of 2
“ontractor____ Herbert Assoc. Driller R. Seage Ground Surf. Elev. 15.5°'
2thed of Advancing Boring split Spoon - Augering Static Water Level 2_4°'
Date Started - 12/2/82 Date Completed 12/2/82
8 8 .
b= c o | A pu
3 - - Sediment 3 S Construction R
o g_é Blows per| » |un Description and ~ 1 8 Details Py
e § 3 6 In. § § Classification 3 ﬁ and. Remarks L
. = > v o +J
2lee : g8 3
8‘ 2 © (<4 y — 3
Qg L] < [Xi
0 =
—_ 10.0'~11.0' Sand as above. trong Fuel Odor,
1 is1y 2 Fuel Coming Out 5
IS, of Hole.
S 2 19 ISP }111.0'-12.0"' Sand as above. trong Fuel Cdor
S12 12. 2
2 16 , -
, 12.0'-13.0"' Sand as above, little oderate Fuel
s131 5 fine sand, trace silt Odor 3
. 13 20 [SW 1 13.0'~14.0' Sand as above. Moderate Fuel
Odor
1314 18 2
114 20
14.0'-15.0"' sand as above. Moderate Fuel
S13 2 Odor 1
15 4 211SW}15.0'-16.0' Sand as above Moderate Fuel
Odor
S1ig 7 Q
16 10 _ ‘
16.0'-17.0' Sand as above. Strong Fuel Odor
S17 6 -1
17 10 12|sW}17.0'-18.0' Sand as above, Strong Fuel Odor
sand is heaving
5119 10 -2
18 11
[}
I -3
i
I‘_" |

r.@. magm assoclates, Ine.
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< 1L/ROCK CLASSIFIC

Project Oceana Job No. 8280 Boring No. MW-14
Location  New Fuel Farm, Classified by JsT Sheet 1 of 1
“ontractor Driller JST Ground Surf. Elev.14.7'

ek .

o

it

:thod of Advancing Boring Hand Auger Static Water Level 0.4"
Date Started 12/7,/92 Date Completed 12/7/82
@ I
; : . 2| 3 | a:'
) ﬁs — Set_ilmgnt .3 g Construction A
e 8‘2 Blows per 3‘ 8 Description and - o Details o
03 6 In. v | Classification S s and Remarks 2
(S 2 5 |° 25 2
Yoo 4] S| O >
138 & s o
L]
Q s © - 3
0 =
Hand 0.0'-1.0' Silt; *1 J: {No FueluOdor
] Augered ML} Dark brown; little clay, many ==
‘ to 5.58' organics, damp, cohesive. '__‘-'E' 14
| =St 5
| 1.0'-2.0" Clayey Silt; CI= T B INo Fuel odor.
ML| Dark brown; some clay, moist - §—1-
to saturated, cohesive. n vy 13
S
CL{2.0'-3.0 Silty Clay; n :iNo Fuel Odor
Tan to medium brown; some silt, [ —
| é saturated, cohesive, stiff, z_: 12
3| < i 2y =
= $M[3.0'-4.0' silty Sand: vrliHNo Puel odor
. g Light grayish brown; very fine
o, to medium sand, little silt, 11
4 E trace clay, saturated, friable to 5
@ SM| slightly cohesive. 3
% 4.0'-5.0" Silty Sand to Sand; 3
Greenish gray;fine to medium sand ™ 10
) little silt, saturated, friable, ¢
very loose toward 5.0°'. .
9

r.e. wright assoclates, Ine.
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0C-00113-01.02-02/01/83

Project Oceana Job No. 8280 Boring No. MW-13
Location New Fuel Farm. Classified by JST Sheet 1 of 2
“ontractor Herbert Assoc. Driller R. Seage Ground Surf. Elev. 14.8
2thod of Advancing Boring Split Spocn - Augering Static Water Level 2.3"
Date Started 12/2/82 Date Completed 12/2/82
8 § .
& ¢ . o= »
R — Seélment S o | Construction b
134 Blows per > o Description and ~ | O Details c
6 In. Classificati A °
. 8 g g g ssification .2 2 and Remarks 3
lez ¢ &8 s
Yy ] VR it
Q 5 O — =3
0 2
‘ 0.0'-1.0" Clayey Silt; - aOrganic Odor,
‘ s1l|t Light grayish brown to tan; some L= No Fuel Odor
| clay, organics, damp, cohesive, |- 14
2 15 ML | stiff. 1
‘ 1.0'-2.0' Clayey Silt as above. EZ: Slight Fuel Odor |
—1 |s2 4 L~
S = — 13
2 5 - -~
2.0'-3.0"' Clay: IT—I Slight %el Odor
s3| S Grayish to brownish green; trace [=—i
— silt, damp, highly plastic, iLg 12
3 5 17 CL | cohesive, fairly tight. P
3.0'-4.0' silty Clay; Py Slight Fuel Odor
sS4 7 Greenish gray; little silt, moist@irﬁ
cohesive, stiff. — 11
4 6 -
4.0'-5.0' Sandy Silt; F— Moderate Fuel
ss 6 MH | Greenish gray, little fine sand, R Odor
' trace medium sand and clay, YO 10
E) 6 12 saturated, slightly cohesive, -
medium stiff. AR
S6 5 SM15.0-'6.0' Silty Sand; :' Moderate Fuel
Greenish gray; fine to medium E Odor 9
& 6 sand, some silt, saturated, .
slightly cohesive to friable. ’
s7{ 4 6.0'=7.0"' sand; {Very Strong
Greenish gray; fine to medium Fuel Odor 8
7 6 16 |sW| sand, trace coarse sand and sile, )
saturated, friable, loose. ; :
s8 7 7.0'-8.0' sand as above. {Very Strong Fuel
Odor 7
8 12
18.0'-9.0' Sand; Strong Fuel Odor
so| 8 ! Greenish gray to light brownish
| gray, medium sand, trace fine 6
S | 14 201SP{ sand and silt, saturated, friable}: =
— 9.0'-10.0' sand as above. ’ 4{Strong Fuel Odor
—d|s19 17
5
10 20

r.e. wright assoclates, Ine.
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Project

Location New Fyel Farm

Qceana

ow L L/l RL\:K \.'LASS lk‘I{

Job No. ‘8280

Classified by jgrp

Boring No.

0C-00113-01.02-02/01/83

MW-13

Sheet 2 of

2

Zontractor Herbert Associates Driller R. Seage Ground Surf. Elev. 14.8
ethod of Advancing Boring Split Spoon - Augering Static Water Level 2.3
Date Started 12/2/82 Date Completed 12/2/82
: g .
5 | g 2|z 5
) z 5 - Sediment 3 13 Construction B
O] 'E Blows per ol k4] Description and - o Details e
<P |8} [y . o e o
8 § 6 In. g a Classification o @ and Remarks Pt
. v [ =] s}
S|low 3 138 g
Q| e 5 ¢ ) )
Q 5 &) — m
0
n =
‘ 10.0'-11.0' Sand; 44 Strong Fuel
| s1y 2 Greenish gray; fine to medium Odor
‘ sand, little silt, saturated, 4
{11 2 16 | sw| friable.
11.0'-12.0' sSand as above. Strong Fuel
S13 5 Odor
SO 3
12 8 X -
11 12.0'-13.0' sand as above, mostly &752 Strong Fuel
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