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FUEL FACILITY LEAKAGE STUDY
AT THE NAVAL AMPHIBIOUS BASE,
LITTLE CREEK, VIRGINIA

Contract N62470-82-B-7800

INTRODUCTION

This report describes a hydrogeologic investigation which was
conducted to delineate the extent of subsurface fuel
contamination at the Little Creek Naval Amphibious Base, and to
recommend appropriate response procedures. As stated in a scope
of work prepared by LANTDIV, the program objectives were as
follows:

Test and study the geology and hydrology along the water
front and around bulk storage facilities at the Naval
Amphibious Base, Little Creek, to determine the extent and
severity of petroleum leakage and land based spills, the
sources of the same, and the best practical methods of
abatement and cleanup. The final objective is the
determination and the development of corrective projects.

The investigation was initiated in part as a result of the known
subsurface occurrence of fuel in the vicinity of Piers 11-19 at
the base. The extent and threat posed by this fuel has not
been known, however. Thus, it was desired to determine the
following things about the area near Piers 11-19:

* If and where fuel does occur in the subsurface.

* Whether it is mobile or potentially mobile.

. Wright assoclates, Inc.



* What 1likelihood there is that it could enter ship
wastewater lines and in turn damage the effective

operation of the Hampton Roads sewade treatment plant.

* Whether the presence of fuel poses any other significant
environmental threat.

* What remedial actions are appropriate,

Prior to this investigation there had been no knowledge of the
occurrence of subsurface fuel at other fuel facilities at the
base. However, the investigation was designed to include
subsurface exploration at the other fuel facilities where there
is some potential for substantial fuel leakage. Thus, in
addition to the Pier 11-19 area, investigations were performed at
the Steam Plant, the Fuel Farm (1lth Street and Desert Point
Road), and Tank 1551 (west of Piers 11-19). The locations of
these sites are shown in Figure 1.

The approach of this study has been to acquire as much existing
information as possible regarding subsurface conditions at each
of these 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 conditions at each of the sites. 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 employed at each of the
four sites. Subsequent sections will describe the following for
each site at the base:

r.@. wright assoclates, inc.
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* The history of pertinent: operations and known fuel
leaks.

* Methods of investigation that were unique to each site.

* Results of the subsurface investigation.

* How much fuel occurs in the subsurface, how mobile it

is, and what type of threat it poses.

* What remedial action is warranted.

METHODS OF SUBSURFACE INVESTIGATION

Based on prior knowledge of site conditions, bacHhoe pits, test
borings, and monitoring wells were installed at selected points
at the four 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
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 11 backhoe pits were dug at the four sites
based on the anticipated location of potentially occurring
subsurface fuel; their locations were also based on the position
of fuel facilities and the anticipated direction of groundwater
movement. Subsurface conditions were described from the visual
observation of pit walls, grab samples, and groundwater.
Descriptive logs from each backhoe pit are included in
Appendix A.

In those pits where groundwater was reached and where the pit
walls were competent, standpipes were installed prior to
backfilling. In all, six standpipes were installed, all in the
vicinity of Tank 1551 and Piers 11-19. The standpipes consisted
of four-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 to prevent an excessive influx
of sediment through the perforations. The standpipes were placed
vertically in the open backhoe Pits; the pits were then
backfilled to the surface.

Test Borings and Monitoring Wells

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 which permit sampling and
measurements to be made of subsurface fluids. Monitoring wells
were installed in all of the test borings made during this
investigation. Logged data from pPrevious test borings was also

used to characterize subsurface conditions.
Test borings and monitoring wells were located based on the

results of the backhoe pit investigations, on the anticipated
occurrence of subsurface fuel, and on the locations of

r.e. wright associetes, ine.



underground utilities. The borings were advanced to a depth of
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 the well construction, after the
hollow-stem augers were removed from the borehole, a 4-inch
Each boring

was then backfilled with well-sorted coarse sand to a depth that
permitted the well to be screened above and below mean tidal
level. A 10-foot long by 2-inch diameter section of well screen
was then installed in the borehole and backfilled with
well-sorted sand.

During the backfilling process the 4-inch casing was removed
gradually to prevent the collapse of natural sediments onto the
well screen. Approximately one foot of well-sorted sand was
pPlaced above the top of the screen. A bentonite seal was then
installed and the remainder of the hole was backfilled. Those
monitoring wells installed beneath pavement at Piers 11-19 were
covered with 6-inch manholes which are flush to the pavement and
concreted 1in. At other monitoring wells the casing sticks up
1-2 feet above the ground surface.

Each monitoring well was developed to verify and enhance the
hydraulic connection between the well and the natural sediment,
This was done by periodically pumping each well for a period of
one hour.



Figure 2
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Figure 2: Schematic Monitoring Well Design
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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 qualitative jindicator since
small amounts of 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 were analyzed quantitatively for fuel
concentration by a local laboratory. These will be discussed
further 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 in the well.

Water-table depths were measured with a wire recorder and with
water-sensitive paste. The elevation of the top of each well
casing was surveyed (Appendix C) to permit the standardization
of water-table levels.



STEAM PLANT

History of Fuel Leakage

Discussions were held with Steam Plant personnel and with Mr. Mac
Staples, Fuel Supervisor. These individuals had no knowledge of
any subsurface occurrence of fuel at the Steam Plant, or of fuel
leaks or spills which might have resulted in subsurface

contamination.

Subsurface Investigation

In order to determine the presence of subsurface fuel at the
Steam Plant, three backhoe pits were dug there. Locations of
these pits are shown in Figure 3. Descriptive logs from the
pits are shown in Appendix A.

Backhoe Pit BP-7 was located north of the westeﬂn fuel-storage
tank, across Murray Road from the plant. The excavation
indicated a clayey-silt layer near the surface, which was
underlain by about 5 feet of well sorted sand fill. The
sand fill was underlain by poorly sorted naturally occurring
sand. No standpipe was installed in the excavation due to
severe wall collapsing and the location of the pit in the
fuel-storage tank berm. No fuel was observed in the sediments
from BP-7, nor in groundwater that accumulated in the

excavation.

Backhoe Pit BP-8 was located in the unpaved parking lot across
Murray Road from the Steam Plant (Figure 3). It exhibited
4 feet of sand near the surface, which was underlain by a
stratigraphic sequence similar to that observed from the surface
down in BP-7, No standpipe was installed in BP-B due to wall
collapsing. No fuel was observed in BP-8.



Figure 3
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Backhoe Pit BP-9 was located next to the Ash Silo immediately in
front of the Steam Plant., It indicated the occurrence of 5 feet
of fill which was underlain by naturally occurring silty sand.
The natural sediments had a sharp hydrogen sulfide smell. No
standpipe was installed in the excavation due to collapsing
conditions and the location of the Pit in a work area. No fuel
was observed in BP-9,

Summary and Recommendation

Three backhoe pits were excavated at the Steam Plant in an
attempt to determine whether spilled or leaked fuel occurs in the
subsurface. No fuel was observed in any of the pits.

It is concluded that significant amounts of fuel do not occur in

the subsurface at the Steam Plant; therefore, no further action
is warranted at this time.

r o wricght aceaciates fme.



- 12 -

FUEL FARM

History of Fuel Leakage

Fuel Farm personnel, particularly Mr. Mac Staples, were
interviewed and had no knowledge of the subsurface occurrence of
fuel at the Steam Plant, or of fuel leaks or spills which may

have resulted in subsurface contamination.

It was reported that small amounts of fuel are occasionally
spilled at the loading rack which is at the southeastern corner
of the facility, and also at the vehicle pump area which is in
the northeastern corner. In the former case, runoff and any
spilled fuel drains into a nearby buried tank (Figure 4). Runoff
from the vehicle pump area drains directly into Desert Cove,
The integrity of these surface-spill drains was beyond the scope

of this project and was not investigated.

Subsurface Investigation

Two backhoe pits were dug at the Fuel Farm, as shown in
Figure 4. Descriptive logs from the pits are presented in
Appendix A.

Backhoe Pit BP-10 was located outside of the fence at the
southwestern corner of the site. Sediment in it consisted
primarily of dune sand; the upper three feet was fill comprised
of well-sorted sand and miscellaneous organic debris. Although a
small influx of perched groundwater occurred at a depth of about
5 feet, the water table was not encountered at the pit's total
depth of 7.5 feet. Because of this and collapsing walls, no

r.e. Wright assoclates, inc.
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standpipe was installed in the pit. No fuel was observed in the
sediments from BP-10.

Backhoe Pit BP-1l1 was located approximately 15 feet southwest of
the buried tank that collects runoff from the loading rack
(Figure 4),. Sand fill occurred to the pit's total depth of
8 feet. Collapsing walls prevented digging to the water table;
as a result, no standpipe was installed. No fuel was observed
in the sediments from BP-11,.

Three monitoring wells were installed at the Fuel Farm in order
to determine conditions at the water table (below the reach of
the backhoe) and within the relatively confined fenced-in area
(Figure 4). Geologic logs and construction speqifications for
each well are shown in Appendix B.

Monitoring Well MW-6 is located about 10 feet east of the buried
tank near the loading rack (Figure 4). Stratigraphy in the
upper 10 feet was essentially the same as that Observed in
BP-11. Naturally occurring sand and silt was found below 10
feet. No fuel was observed in split-spoon samples or on the
water surface in the completed well.

Monitoring Well MW-7 is located near above-ground tanks in the
yard southwest of the Pump House. Sediment in it consisted
largely of fine to coarse loose sand; thin silty and clayey seams
occurred below the water table. No fuel was observed in
split-spoon samples or on the water surface in the completed
well.

Monitoring Well MW-8 is located inside of the fence along the
southern side of the site. Sediment in it consisted of fine to
coarse sand with silty and clayey seams occurring}below 6 feet.
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No fuel was observed in split-spoon samples or on the water
surface in the completed well.

Summary and Recommendations

Two backhoe pits were excavated and three monitoring wells were
installed at the Fuel Farm in an attempt to determine whether
fuel occurs in the subsurface. HNo fuel was observed.

It is concluded that significant amounts of fuel do not occur in

the subsurface at the Fuel Farm; therefore, no further action is
warranted at this time.

r.e. wright assoclates, inc.
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TANK 1551
Tank 1551 is a half million gallon half-buried tank used to
store ship fuel for use at Piers 11 through 19, It is located

about 1500 feet west of the piers (Figure 1).

History of Fuel Leakage

Fuel facilities personnel were interviewed an¢ indicated no
knowledge of leakage or the subsurface occurrence of fuel near
Tank 1551.

Subsurface Investigation

Three backhoe pits were dug near Tank 1551, as shown in
Figure 5, Descriptive logs from the pits are presented in
Appendix A.

Backhoe Pit BW-1 was located approximately 30 feet north of the
buried tank. In it well-sorted sand fill occurred to the pit's
total depth of about 8 feet. Groundwater entered the pit at a
depth of about 7 feet. However, no fuel was observed in the
groundwater or in sediment from the pit.

A standpipe was installed in BW-1 to permit subsequent
groundwater monitoring. Standpipe construction materials and
methods of installation are described in the Methods section of
this report. Samples from the standpipe confirmed that no fuel
has accumulated on the water table in the vicinity of BW-1.



Figure 5
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Backhoe Pit BW-2 was located about 25 feet southwest of Tank
1551 (Figure 5). Sand fill occurred in it to a depth of about
5 feet, and was underlain by silty sand. No fuel was observed
in the sediments or in groundwater that accumulated in the
bottom of the pit. Samples from a standpipe in BW-2 confirmed
that no fuel has accumulated on the water table in the vicinity
of the pit.

Backhoe Pit BW-3 was located about 20 feet north of the Pump
House at Tank 1551 (Figure 5). Fill occurred down to the pit's
total depth of 11 feet, and it was primarily sand. Silty clay
layers occurred at about 5 feet and 6 feet (Appendix A). A
minor perched groundwater system was caused by the upper silty
clay zone. No fuel was observed in sediments from the pit or in

groundwater which accumulated in the pit.

Two standpipes were installed in BW-3. A deep one (length of
11 feet) was placed in order to sample groundwater from both the
main groundwater system and the minor perched system. The
shallow standpipe was installed to a depth of 4 feet in order to
sample just the perched system. Observations in both standpipes
confirmed that no fuel is present in the subsurface in the
vicinity of Bw-3.

Summary and Recommendations

Three backhoe pits were excavated near Tank 1551 in an attempt to
determine whether fuel occurs in the subsurface. Prior to
backfilling, standpipes were placed in each pit to facilitate
groundwater monitoring. No fuel was observed in backhoe-pit

sediments, in groundwater which accumulated in the pits, or in
groundwater in the standpipes.

r.@. wright associates, inc.
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It is concluded that significant amounts of fuel do not occur in
the subsurface in the vicinity of Tank 1551. On this basis,
monitoring wells were deemed unnecessary. No further action is

warranted at Tank 1551 at this time.

r.e. wright associates, inc.
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PIERS 11 - 19

The area of investigation at Piers 11 to 19 is generally beneath
the long pavement and parking area which is adjacent to all the
piers. The area is approximately 2000 feet long and 250 feet
wide. Also discussed in this section are the results from a
single backhoe pit excavated near the subsurface fuel pipeline
that connects the Pier area to Tank 1551.

History of Fuel Leakage

The following information was obtained from Mr. Staples, Fuels
Supervisor, and Mr. Seay of the Transportation Department.

In the 1950's, prior to the paving of the parking lot, waste oil
was periodically dumped or sprayed onto the area for dust and
runoff control. Several thousand gallons of this reportedly came
from small tanks at Quonset huts when the huts were abandoned.

In the 1960's, approximately 11,000 gallons of ship fuel was
lost from the subsurface pipeline in the vicinity of Piers 16 to
19. This loss is thought to have been in the faorm of a number
of slow leaks in the pipe, probably resulting from electrolysis.
Leakage was enhanced by line pressures of 60 to 80 psi during
fuel loading and unloading. A new fuel pipeline was installed
in 1970.

Concern about the subsurface occurrence of fuel at the piers
began in the mid 1970's when the ship wastewater sewer was
installed. During the installation, several hundred thousand
gallons of groundwater and fuel were pumped from excavations.
However, only a small fraction of this was fuel. - Since the
installation of the sewer system, small amounts of water and

r.@. wright associates, inc.
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fuel have been pumped from transfer pits, sumps, and manholes
about once a month.

Fuel was observed in the new sewer soon after it was built. It
is thought that seepage into the sewer line resulted from the
decomposition of gaskets at pipe joints, caused by the fuel. Two
or three test borings were drilled about a year after the sewer
was installed in an effort to delineate the extent of subsurface
fuel at the northern end of the piers. The results of these

borings were inconclusive.

There has been continuing uncertainty about the extent and
mobility of subsurface fuel in the pier area. Of particular
cause for concern has been the possibility that relatively large
amounts of fuel could become mobilized, enter the sewer line and
eventually enter the treatment system at the nearby Hampton Roads
Sewage Disposal Plant. This could cause serious problems with
the normal operation of the plant, resulting in large costs to
the Navy. It was this possibility that was largely responsible
for the initiation of this study.

Subsurface Investigation

Three backhoe pits, four standpipes, and six test borings and
monitoring wells were used to determine subsurface conditions in
the vicinity of Piers 11 to 19. The locations of these are shown
in Figure 6.

Backhoe Pits and Standpipes

Backhoe Pit BW-4 was excavated near a catch basin which holds
runoff from the loading area between the piers and Tank 1551
(Figure 6). It is also located near the underground pipeline

which connects Tank 1551 to the pier area. Although this

r.@. wright associates, ine.
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location is not part of the pier area where subsurface fuel is
known to occur, it is described here because of its general

proximity to the piers.

In BW-4, fill consisting of sand and pockets of silt occurred to
a depth of approximately 5 feet (Appendix A). This contained
a minor perched groundwater system caused by the silt pockets,
Sediment from this interval seemed to have a slight fuel odor;
however, a strong odor from oil in a nearby catch basin made the
determination of this uncertain. The fill was underlain by
naturally occurring silty sand. Groundwater in the bottom of
the pit had a trace of 0il sheen on its surface.

Two standpipes were installed in BW-4. As in BW-3, a deep one
was placed to sample groundwater from the main groundwater
system as well as the minor perched system. A shallow one was
installed in order to sample the perched system only. Subsequent
Observations indicated that a very slight oily sheen occurred on
the water surface in the deeper standpipe. A slight fuel odor
was also apparent in the deeper standpipe. However, there was
not a measurable thickness of free floating fuel in the deeper
standpipe. No fuel was apparent in the shallow standpipe.

Therefore, it is evident that very small amounts of fuel are
floating on the main water table in the vicinity of BW-4. It
seems likely that it has originated from the near&y catch basin,
which contains water and fuel runoff from the loading facility.
A leak in the pipeline between the piers and Tank 1551
would probably have resulted in larger amounts of fuel floating
on the water table.

Two backhoe pits were excavated just west of the paved parking
lot that extends from Pier 11 to Pier 19. BW-5 was between

Piers 17 and 18, near the pipeline that goes from the pilers to

r.@. wright assoctates, inc.
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Tank 1551 (Figure 6). In it, sand and silt fill extended to a
depth of 7 feet, and was underlain by naturally occurring well
sorted sand. A distinct fuel odor was observed in the
saturated, naturally-occurring sediments below 7 feet. A
standpipe installed in BW-5 had a moderately distinct fuel odor
in it, but no measurable free floating fuel. Backhoe Pit BW-6
was excavated just west of the pavement opposite Pier 13
(Figure 6). In it, sand and silt fill occurred to a depth of
about 6 feet, and was underlain by naturally-occurring sand. No
fuel was observed in the fill; however, a distinct fuel odor was
observed in saturated sediments below 7 feet. A standpipe in
BW-6 had a slight fuel odor in it.

Test Borings and Monitoring Wells

In order to determine subsurface condition$ beneath the
pavement, six test borings and monitoring wells were installed
in the pier area. Locations are shown in Figure 6.
Installation procedures are described in the Methods section of
this report. Geologic logs and construction deﬁails for each
well are shown in Appendix B.

Monitoring Well MW-1 was installed near Pier 19. Split-spoon
sampling indicated that sand fill occurred to a depth of about 7
feet, and was underlain by sand and some layers of silty sand.
Slight fuel odor was observed in all sediments above the water
table, and a strong fuel odor was observed in sebiments at and
below the water table.

Samples from below the water table would not normally be expected
to contain free (undissolved) fuel. Fuel which was observed in
samples from beneath the water table probably originated in

r.@. wright associates. ine.
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groundwater at the water table, and contaminated the sampler as
it passed through that interval.

Monitoring Well MW-2 was augered in the parking area between
Piers 15 and 16. In it, sand fill occurred to a depth of about 5
feet, and was underlain by silty sand and layers of clay and
peat. No fuel was observed in sediments down to 6 feet. A
slight fuel odor was observed in sediments just above the water
table and in saturated sediments at the water table.

Monitoring Well MW-3 is located in the parking area opposite
Pier 14. Sand fill extended to a depth of about 6 feet and was
underlain by naturally occurring fine to coarse sand with little
silt. Fuel odor was observed in the upper 4 feet of sediment,
and in those sediments in the zone of water-table fluctuation.

Monitoring Well MW-4 is located in the parking area opposite
Pier 12. In it, sand fill extended to about 10 feet, and was
underlain by layers of sand and silty sand. All sediments above
the water table had strong to very strong fuel odor. An
interval of 0.5 feet thickness of sand appeared at the water
table and appeared to be saturated with black fuel.

Monitoring Well MW-5 was installed opposite Pier 11, and
indicated that silty sand fill occurrred to a depth of about 5
feet. This was underlain by relatively well sorted sand. A
trace of fuel odor was observed from 3 to 5 feet and in the
sediments at the water table.

Monitoring Well MW-9 is located in the parking area between
Piers 16 and 17. It was installed after the monitoring wells at
the Fuel Farm, when it was discovered that monitoring wells
installed in the mid-1970's were plugged with sediment; Sand
and silt fill occurred to a depth of about 8 feet, and these
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deposits were underlain by a thin layer of clay and layers of
silty sand and well sorted sand. A slight fuel odor was
observed in the sediments at the water table, but not in the

overlying sediments,

Subsurface Fuel Volumes

In order to assess the potential problems resulting from the
subsurface occurrence of fuel at Piers 11 and 19, it is necessary
to estimate the volume of subsurface fuel and the degree of its

existing and potential mobility.

As indicated in the preceding sections of this report,
subsurface fuel was observed in each of the backhoe pits and test
borings installed in the Piers 11 to 19 area (see locations,
Figure 6). In each of the pits and test botings fuel was
observed in the unsaturated soil above the 2zone of normal
water-table fluctuation. In some cases, fuel occurred
throughout the entire unsaturated zone; in other cases it only
occurred in certain intervals.,

This is consistent with what is known about fuel spillage in the
area. Much of the waste fuel that was spread at the site would
have percolated downward and become bound in the unsaturated zone
by capillary action. In some cases, it would have seeped
laterally after encountering a relatively impermeable zone.

An estimate of the volume of fuel occurring in the unsaturated
zone has been made from both quantitative and qualitative
observations made of sediment samples. The estimate is based on
some statistical assumptions; its accuracy is therefore limited
by a relatively small number of observations.
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The volume of soil which is partially saturated with fuel has
been estimated from the observation of split-spoon samples and
backhoe pit samples as discussed previously. The number of feet
of partially saturated sediment in each boring is shown in
Figure 7. It is evident from Figure 7 that the thickness of
partially saturated sediment ranged from 0 in MW-5 to 8 feet in
MW-4, There was a general tendency for greater thicknesses to
occur closer to the piers. The average partially-saturated
thickness was 4.0 feet,

Based on these observations and the history of spreading waste
fuels at the site, the overall area of partially-saturated fuel
occurrence has also been estimated and is also shown in
Figure 7. This is about 13 acres.

Four respresentative split-spoon samples from the unsaturated
zone were analyzed for fuel concentration by a local laboratory.
The results of these analyses are shown in Table 1 and
Appendix D. A fifth sample (MW-4, 8-9 feet) was taken
from the saturated =zone. As Table 1 indicates, the fuel
concentration in the unsaturated zone ranged from 0.02 to 0.19
percent by volume,

Assuming an average soil concentration of 0.105 percent, and the
average affected thickness in the area outlined on Figure 7, it
is estimated that the volume of fuel in the unsaturated zone is
about 17,000 gallons.

In view of sampling limitations, the actual amount of fuel in the
unsaturated zone near Piers 11 to 19 may differ considerably
from this. Since the soil samples used for these analyses came
from the borings which had the greatest thickness of contaminated
sediments (Figure 1), they may be more representative of more
highly contaminated areas. However, even if the lowest measured
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Table 1

Concentration of Fuel in Unsaturated Sediments

Volume percentage computed from weight percentage, assuming
sediment porosity of 35% and fuel specific gravity of 0.85.
Weight percent data shown in Appendix D.

Table 1

Monitoring Well Volume
and depth, ft. %
Mw-1, 4'-5" 0.16
Mw-1, 8'-9' 0.02
Mw-1, 10'-11"' 0.03
Mw-4, 6'-7' 0.13
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concentration is assumed (0.02 percent), three thousand gallons
of fuel appear to be suspended in the unsaturated zone. The
actual amount probably is between 3000 and 15,000 gallons.

Free-floating fuel (pure or non-agueous fuel floating on the
water table) was found in MW-4 near Pier 12. This may have
resulted from the vertical percolation and accumulation of waste
fuels as described above. It may also have resulted from a
leaky fuel pipeline. Under some circumstances, free-floating
fuel can migrate to an area through gravel-filled pipeline
excavations. However, in the case of MW-4, this appears to be
unlikely. The probable movement of fuel will be discussed in

the next section of this report.

The average observed thickness of free fuel in MwW-4 was about
0.7 feet. For the slug to have this apparent thickness it
almost certainly has an areal extent of at least tens of feet.
However, as stated previously, free fuel was not observed in
other monitoring points. On that basis, the estimated
configuration of the free fuel slug is also shown in Figure 7.
The apparent oblong shape of the slug may be a result of
continuous tidal action, as discussed in the next section of
this report. The estimated maximum area of free-fuel
accumulation is about 0.8 acres (Figure 7).

Although it is difficult to'verify, several authors have stated
that the thickness of a fuel slug measured in a monitoring well
is three to four times greater than that actually occurring in
the nearby formation de Pastrovich and others, 1979; Williams and
Wilder, 1971).

Therefore, if the actual slug thickness in the formation near
the well is 0.17 to 0.23 feet, and the slug is at its thickest
at that point, it may be assumed that the overall average
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thickness in the formation is about half that, or 0.08 to 0.11
feet thick.

If the moderately well-graded sand formation has a porosity of
35 percent, it is estimated that approximately 7600 to 10,000
gallons of fuel is floating on the water table in the vicinity
of MW-4. '

As with the estimation of fuel in the unsaturated zone, this
estimation is based on a small amount of information. The areal
extent of the fuel slug, as shown in Figure 7, is probably
an upper limit. Therefore, it is probably safe to assume that
7600 to 10,000 gallons is the maximum volume of free-floating
fuel.

For some years fuel has occurred at Piers 11-19 wﬁth no serious
adverse affect. However, the potential for future problems has
been uncertain. The question remains whether fuel could become
remobilized in such a way as to enter the ship wastewater sewer
in harmful quantities.

As indicated in the previous section of this report, samples from
eight sampling points suggest that fuel occurs almost
ubiquitously in the unsaturated zone (above the water table) near
the piers. It is probably still distributed in a way which
reflects the manner in which it was orginally spread as waste
oil. The fuel was observed in silty, clayey material as well as

in sand.

When the o0il was spread, much of it would have seeped downward
under the influence of gravity. The wetted surface of the o0il
would have increased until such time that capillary forces

equalled gravitational ones. In some cases oil may have seeped

r.e. wright associates, ine.



- 32 -

down to the water table before the capillary forces became
dominant. At that point it would have spread laterally along
the water table.

Since the remaining fuel is bound by capillary forces in the
unsaturated zone, there is little remaining potential for it to
flow on its own. This would be especially true in fine-grained,
poorly sorted sediment where intergranular pores tend to be
very small and capillary forces tend to be relatively large.

However, subsequent mobility of fuel in the unsaturated zone
would be expected to occur as a result of flushing by another
seeping fluid. The infiltration of either more waste oil,
precipitation, or other fluids would result in the release of
additional fuel from the unsaturated zone.

Since the area in question is essentially all paved, however, it
is unlikely that fuel would be released from the unsaturated
zone as a result of any continued flushing action. Therefore,
although thousands of gallons of fuel occur in the unsaturated
zone above the water table in the Pier 11-19 area, it is
largely immobile due to the pavement cover. It is highly
unlikely that significant amounts of fuel in the unsaturated
zone could become mobilized, thereby causing any sort of
problem.

As described previously, free-floating fuel occurs on the water
table in the vicinity of Pier 12. Its mobility is closely

related to that of groundwater in the area.

In order to determine the characteristics of the groundwater
flow system in the pier area, water table levels were
periodically measured in all monitoring points near the piers.
Average water table levels are shown in Figure 6. The water
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table typically occurs from 7-9 feet below the ground surface,
or at an elevation of 2-3 feet above mean sea level. Based on
these elevations and local topography, it is inferred that
groundwater generally flows eastward through the pier area,
pPrior to discharging into the Cove (Figure 6).

Under other circumstances, the water iable would be expected to
be essentially at sea level within 100 feet or so of the Cove.
However, a combination of factors appear to be responsible for
maintaining the average water level a few feet above sea level

near the piers.

Natural groundwater flow would normally be horizontal so near to
its point of discharge into surface water. It is likely that
the concrete ramps at the water's edge have effectively dammed
this type of flow. However, in order for it to discharge
beneath the ramps, groundwater hust achieve a vertical flow
component. But, the vertical flow tends to be inhibited by
naturally occurring stratification. This results in a build-up
of head in groundwater beneath the eastern part of the parking
area as illustrated schematically in Figure 8.

The damming effect has probably prevented the observed fuel in
the saturated zone from discharging into the Cove. The fuel
slug remains floating on the water table, while groundwater
continues to flow beneath it and discharge into the Cove. The
slug cannot flow westward because of the upward slope of the
water table in that direction. This results in the slug having
an elongate shape parallel to the shore, as shown in Figure 7.

While this situation apparently reflects general conditions
beneath the parking lot, there are short-term changes which
result from tidal activity. Typical water table fluctuations
over the course of one day are shown in Figure 9, based on
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Figure 8: Schematic cross section showing groundwater
system and floating fuel beneath parking area near

Piers 11-192,
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measurements of four monitoring wells near the piers. Two of
the wells closest to the Cove, MW-1 and MW-3, show a tidal
fluctuation which is delayed about one hour from that in the
Cove. The amplitude in them is about 1/10 of that in the Cove,
or about 0.25 feet,

Monitoring well MW-2 is located about 200 feet from the Cove
(Figure 6). Water level measurements indicated that the average
head measured in it was about 2.25 feet (above sea level);
however, no tidal fluctuation was evident. Water level

measurements were generally accurate to about 0.05 feet.

Figure 9 also illustrates head changes in MW-4, where floating
fuel occured. Fluid level measurements were corrected for fuel
density. It is evident from Figure 9 that the amplitude of
tidal fluctuation in MW-4 was about the same as that observed in
other wells close to the Cove. However, the elevation of the
top of the fluid was more similar to that in the well (MW-2)
farther from the Cove. This reflects the thickness of the
floating fuel slug.

Head conditions in MW-4 are shown in more detail in Figure 10.
The groundwater surface (water table) generally fluctuated
between elevations of 1.5 and 2.0 feet, as it did in MW-1 and
MW-3. The fuel surface fluctuated between 2.25 and 2.50 feet.
As Figure 11 illustrates, the fuel slug thickness was
proportional to tidal stage, being about 0.5 feet at high tide
and 0.8 feet at low tide.

To some extent this thickness change may reflect hydraulic
conditions immediately around and in the monitoring well,
However, it probably also indicates that the fuel slug as a

whole alternately disperses and contracts with each tidal wave.
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Figure 9: Water table stage in four monitoring

wells on August 31, 1982. Tidal level in Little
Creek Cove is also shown.
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The floating fuel can enter the ship wastewater sewer, of course,
only where the fuel slug and the sewer coincide. In places
where the sewer has been installed well above or below the zone
of (water table) tidal fluctuation, it can be expected that
little potential exists for an influx of floating fuel,

Sewer profiles reproduced in Figure 12 show the relationship
between the location of the sewer and the probable location of
the fuel slug near Pier 12. Based on available information it
seems evident that the main sewer line is generally situated
below the zone of water table fluctuation. There appears to be
some sewer line coincidence with the water table between Piers
11 and 12, however. There is also coincidence with the laterals
that connect the line to Piers 12 and 13 and with Manholes 18
and 19. Most other utilities are apparently situated above the
zone of water table fluctuation.

The greatest potential for fuel influx into the ship wastewater
sewer is in those places near Pier 12 where the floating fuel
occurs at the same elevation as the sewer. These areas are shown
in Figure 13.

In the Pier 11-19 area as a whole, the zone of water table
fluctuation coincides with the sewer line at both ends of the
area and at manholes and laterals. These areas are also shown
in Figure 13, and would be potential entry points if floating
fuel is present there.
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REMEDIAL MEASURES

As described in the preceding sections of this report, rather
large amounts of subsurface fuel occur in both the unsaturated
zone and the saturated 2zone beneath the parking area at Piers
11-19. Fuel in the unsaturated zone is generally immobile and
poses little threat to the environment or to the ship wastewater
sewer, Fuel in the saturated zone near Pier 12 is more mobile
and could enter the sewer in some places.

Even though fuel in the unsaturated zone does not pose any
significant threat, possible remedial actions will be discussed
in the following sections for both the unsaturated and
saturated zones near Pier 12, A sense of the available remedial
options for the unsaturated zone will aid an understanding of

recommendations presented in the final part of this report.

Unsaturated Zone

The removal of fuel from the unsaturated zone near Piers 11-19
would be technically difficult for two main reasons. First, the
fuel occurs in low, variable concentrations in sediment beneath a
very large area. Second, most of that area lies beneath a large,
heavily used parking 1lot. Access to the subsurface would
therefore be difficult,

Two methods are commonly used to remove fuel from the unsaturated
zone, The first is to hydraulically flush fuel from the
unsaturated zone by encouraging the infiltration of water at a
relatively higher rate.

r.2. wright associates, inc.
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In this case, water would have to be injected into closely
spaced well points located throughout the affected area. In
order to achieve the necessary flushing at all levels, well
points would be made to penetrate to depths of only a few feet,
thereby permitting the injected water to flow down along the
same flow paths that the fuel had taken. The result would be to
create a thin layer of fuel floating at the top of the saturated
zone throughout the area. The fuel would then have to be

removed by pumping from wells into an oil/water separator.

It is estimated that the well points would have to be spaced in
a grid on about 20 foot centers. Thus, nearly 1500 well points
would be required for full coverage of the area. Even if it
were done in stages, this would clearly be an intensive effort
that is not warranted by the severity of the problem in the
unsaturated zone.

The second method to be considered for the unsaturated zone is
the enhancement of fuel biodegradation. This would be achieved
by the addition of commercially available mutant bacteria and
nutrients to the soil. Specialized bacteria would consume the
fuel, effectively removing it from the environment,

For biodegradation to be effective, however, a flushing system
would be required. It would essentially be similar to the well
point flushing system previously described. Oxygenated water
would have to be injected by way of shallow well points and
allowed to percolate through the unsaturated zone. Water would

also have to be pumped out and recirculated.

Although the removal of fuel could be achieved more quickly with
biodegradation than with a straight flushing system, months of
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intensive labtor would be required and the estimated cost to do
this would be $300,000.

Thus, in view of the relatively small problem posed by the fuel
in the unsaturated zone, and the impracticality of dealing with

it, its removal is not considered further in this report,

Saturated Zone

The proximity of floating fuel to the ship wastewater sewer near
Pier 12 is cause for greater concern than the fuel in the
unsaturated zone. Remedial options discussed below would be
intended to remove the fuel from the saturated zone, thereby
eliminating the potential for sewer influx.

Biodegradation

Mutant bacteria used for fuel biodegradation require moisture,
yet are almost exclusively aerobic. Rates of biodegradation are
therefore proportional to the degree to which a fluid medium 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
generally has little oxygen dissolved in it, rates of
biodegradation in the saturated zone are normally low. The rate
can be increased by the injection of oxygenated water, but the
gains achieved by this do not generally warrant the effort. 1In
short, biodegradation is effective on free-floating fuel, but
generally at rates which make it inefficient.

r.@. wright associates, ine.



- 45 -

Interceptor Trenches

An interceptor trench can sometimes be used to collect
subsurface fuel if a significant hydraulic gradient toward it is
present or is created by pumping groundwater. The method is
frequently advantageous in Places where the water table is
shallow and where there are no limitations on extensive digging.

The area near Pier 12 is clearly not suited for trenches,
however, It is paved, heavily used, and has numerous
underground utilities. It is also doubtful that the sediments
would be competent enough for a trench to remain open to a depth
of more than 9 feet for a prolonged period.

Cutoff Wall and/or Underdrain Collection

This type of system is sometimes used to stop the flow of
contaminated water. The cutoff wall would probably consist of a
subsurface bentonite slurry wall, installed in a trench
downgradient from the affected groundwater. Underdrains could be
used to collect fuel and groundwater, and to prevent its escape
from the cutoff area.

Such a system is also unwarranted in this situation. As
described previously, the slug of floating fuel is relatively
stationary. Thus, the concrete ramps essentially serve as a
cutoff wall and a second cutoff would serve no purpose.

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

r.@. Wricht associates fmne.



- 46 -

water's surface in the well, and can be recovered with a second
pump or with a bailer.

The use of wells to collect floating fuel is advantageous
because their use is flexible while being effective. They can
be installed easily and sequentially, if necessary, in response
to new information about fuel occurrence and mobility. In a
heavily used area like that near Pier 12, they can be made

unobtrusive by being installed in manholes.

Monitoring well MW-4 was tested in an effort to determine the
viability of using recovery wells near Pier 12. In the first
test, 0.88 feet of floating fuel was removed from the well with a
bailer. Groundwater in the well was not pumped, however. The
rate of fuel influx into the well was recorded, and is shown in

Figure 14.

Figure 14 indicates that about 0.2 feet of fuel entered the well
soon after it was bailed. This probably originated in the sand
pack installed around the well screen. Fuel continued to flow
into the well at decreasing rates; 1500 minutes (1 day) after
the bailing, about 0.6 feet had re-entered the well.

An inflow test was also conducted by pumping MW-4 for a
relatively brief period. While groundwater was pumped from the
bottom of the well, the thickness of the fuel slug was
periodically measured on the water surface. The water level in
the well was drawn down about 4 feet. Sustained pumping was
hampered by the monitoring well's low yield and by mechanical
problems with the pump.

Pumping commenced with 0.6 feet of fuel floating in the well.
Much of this fuel disappeared as the well was drawn down.
Figure 15 shows that about 0.1 feet of fuel was measured in the
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well soon after pumping began. After 140 minutes of pumping,
the fuel thickness remained at 0.1 feet; therefore, however,
virtually no fuel entered the well during pumping.

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, thereby immobilized. The
tendency for this to happen depends on the thickness of the
floating fuel in the formation, the amount of drawdown, and the
textural characteristics and stratification of the sediment.

Soon after pumping ceased a slight influx was observed.

Due to limitations in the hydraulic efficienty of small diameter
monitoring wells, and the resulting short duration of this
pumping test, it is 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 effectively be
induced into a recovery well if drawdown in the well is kept to
a minimum, It appears that recovery would best be accomplished
by continuously bailing free-floating fuel from the water
surface in the well, without lowering the water table at all.
In practice, however, it may be found that a small amount of
drawdown would hasten the rate of influx.

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
six inches in diameter and have a gravel pack at least two inches
thick.

r.e. wright assoclates, ine.



SUMMARY AND CONCLUSIONS

A hydrogeologic investigation was performed to delineate the
extent of fuel in the subsurface at the Little Creek Naval
Amphibious Base. Of particular interest was the nature of
subsurface fuel in the area near Piers 11-19, and the potential
for it to enter the ship wastewater sewer and subsequently
enter the Hampton Roads Wastewater Treatment Plant, Also, the
degree of subsurface fuel occurrence near the Fuel Farm, the
Steam Plant, and Tank 1551 (Figure 1) was investigated.

Field work was planned on the basis of the existing information
concerning subsurface fuel, and on hypotheses regarding possible
fuel occurrence and mobility. In the initial Phase of field
work eleven backhoe pits were dug in an effort to find
subsurface fuel. They also pPermitted a rapid description of
soil and groundwater conditions.

Six standpipes were installed in those backhoe pits where the
water table was reached and where they would not be in the way.
They were used to measure the accumulation of floating fuel on
the water table, and to measure water table elevations.

Nine test borings were drilled and monitoring wells were
installed in those places where backhoe pits and/or standpipes
could not be used because of local conditions. Continuous
split-spoon samples were used to delineate fuel occurrence and
stratigraphy. Measurements of floating fuel occurrence and water
table elevations were made in the monitoring wells (Figure 2).

At the Steam Plant three backhoe pits were dug near fuel
storage tanks and fuel pipelines (Figure 3). Standpipes, test

borings, and monitoring wells were not installed. No fuel is
observed in the pits, either in sediment or groundwater, Based

on these observations, significant amounts of fuel do not occur
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in the subsurface at the Steam Plaht, and no further action is
warranted at this time.

At the Fuel Farm, two backhoe pits and three monitoring wells
were installed (Figure 4). Standpipes were not installed. No
fuel was observed, either in sediment or groundwater. Based on
these observations, significant amounts of fuel do not occur in
the subsurface at the Fuel Farm. Therefore, no further action
is warranted at this time.

Tank 1551 is used for ship fuel storage, and is located west of
Piers 11-19 (Figure 5). Three backhoe pits were dug near it,
and standpipes were installed in all of then. No fuel was
observed in sediment or groundwater, Based on these
observations, there is no significant amount of fuel in the
ground near Tank 1551. No further action is warranted at this
location.

A single backhoe pit was installed near a collection pond at the
Fueling Depot on Amphibious Drive west of Piers 11-19 (Figures 5
and 6). Small amounts of fuel were observed in sediment and
groundwater, which probably originated in the catch basin.
However, it appears to be in small enough amounts and far enough
from the pier area so as to have little potential to discharge
into the sewer line or the cove.

There is a history of fuel leakage and intentional fuel disposal
in the vicinity of the parking area near Piers 11-19. Based on
this, two backhoe pits and six test borings and monitoring wells
were installed in the area (Figure 6). Fuel was observed in
soils from akove the water table at all of these monitoring
points. Fuel was also observed floating on the water table in
Monitoring Well MW-4, near Pier 12 (Figure 7).
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An estimate o5f the total volume of fuel in partially saturated
sediment (abcve the water table) has been made from qualitative
observations at the monitoring points and from quantative
measurements made on four split-spoon samples. The volume of
fuel in the unsaturated zone beneath the 13-acre parking area is
probably about 10,000 gallons.

Fuel in the unsaturated zone is generally bound by'capillary
action. Under other circumstances it could be flushed down to
the water table by other infiltrating fluids. However, pavement
prevents such infiltration in most of the affected area. It is
highly unlikely that significant amounts of fuel in the

unsaturated zone could become mobilized.

An estimate has also been made of the volume of fuel floating on
the water table near Pier 12, based on measurements in MW-4, It
is apparent that thousands of gallons are present there,
probably on the order of as much as 10,000 gallons.

The mobility of floating fuel is largely dependent on the nature
of the local groundwater system. Natural groundwater discharge
to Little Creek Cove beneath the Piers is inhibited by concrete
ramps at the water's edge and by natural soil stratification
(Figure 8). This has resulted in a rise of the water table to a
level significantly above the tidal level in the adjacent Cove.
This buildup, plus a natural water table gradient toward the
east, appear to have trapped the floating fuel, thereby
preventing its discharge into the cove.

Water table levels within a hundred feet of the cove show a
distinct tidal response (Figure 9). The thickness of the fuel
slug in MW-4 also varied with tidal stage, being thicker at low
tide (Figures 10 and 11). This may reflect a periodic expansion
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and contraction of the fuel slug, or the movement of the entire
slug in response to tidal waves.

Profiles of the ship wastewater sewer indicate that the sewer
intersects the zone of water table fluctuation in some places
(Figures 12 and 13). In those places, the potential for
floating fuel to enter the sewer would be greatest.

Two remedial procedures have been discussed for the fuel in the
unsaturated zone near Piers 11-19. These are hydraulic flushing
and biodegradation. Flushing would require hundreds of well
points, complex (albeit temporary) plumbing, and a well
collection array.

Biodegradation would require essentially the same system for the
maintenance of mutant bacteria. Local conditions would
substantially reduce the effectiveness of either system, In
view of the small potential for problems resulting from fuel in
the unsaturated zone, remedial measures for that zone should not
be considered any further.

Abatement options have also been evaluated for the floating fuel
near Pier 12. Biodegradation is generally not an efficient
means for removal of fuel from the saturated zone, An
interceptor trench is not suitable because the area is heavily
used, paved, and has numerous utilities underground. A cutoff
wall and/or underdrain collection system would not be necessary
since the fuel is essentially immobile, except for sewer line
access. Such a system would also be unnecessarily complex and

expensive,

Recovery wells would be a flexible and inexpensive means to
collect and recover floating fuel. Monitoring Well MW-4 was

tested in an effort to determine the effectiveness of wells for
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this purpose at the site. 1In one test, fuel was bailed from the
well but groundwater was not pumped. Fuel re-entered the well
at a rate which suggests that fuel could slowly be recovered by
this method (Figure 14).

In another test, groundwater was pumped from MW-4, thereby
establishing a cone of drawdown. During the pumping period
there was little or no influx of fuel into the well (Figure 15).
Fuel in the nearby formation probably became suspended in the
capillary zone above the pumping level.

Based on this it seems that fuel can be effectively collected by
a recovery well near Pier 12, if drawdown is kept to a minimum;
this can be accomplished by bailing the well continuously. The
existing monitoring wells will not be effective for fuel
collection. With the installation of a properly designed and
constructed well, fuel recovery rates would be expected to be on
the order of tens of gallons per day.

RECOMMENDATIONS

l. No effort should be undertaken to remove fuel from the
unsaturated zone near Piers 11-19, until it is demonstrated
that such fuel causes problems or has the potential to do so.

2. Fuel which is floating on the water table near Pier 12
should be removed from the subsurface. This should be done
by the procedures outlined below. The estimated costs for
this program are indicated on Form 1391, which follows this
narrative.
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Additional monitoring wells should be installed within
a a few hundred feet of MW-4 in order to define the
share and size of the fuel slug. It is anticipated
that three to five additional monitoring wells will be
sufficient for this purpose. The first monitoring well
should be installed next to the ship wastewater sewer
near Pier 13, Subsequent well installation should be
guided by observations made in this new well and Mw-4.

The additional monitoring wells should be tested for
rate of fuel influx in the same manner as described in
this report. This should include fuel-thickness
measurements following the bailing of fuel from a well,
and during a period of water table drawdown.

Depending on the results of the above outlined
Preliminary investigation, one or more fuel recovery
wells should be installed. 1In order to remove fuel at
a relatively efficient rate, this well(s) should have a
casing diameter of at least § inches, and a gravel pack
diameter of at least 10 inches.

The recovery well(s) should be continuously bailed in
such a way as to maximize the rate of fuel influx.
Measurements in MW-4 suggests that this will involve
minimal water table drawdown. However, this should be
verified by testing the recovery well, Rates of fuel
influx should be determined for different amounts of
water table drawdown in the well; the optimum amount of
drawdown should be stabilized. An automatic mechanical
bailer should be used to continuously remove fuel from
the water table. Effluent from the recovery well(s)
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should be discharged into a portable oil/water
separator; fuel should then be removed from the site.

Existing and potential occurrence of subsurface fuel should
be monitored regqularly 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 0il Recovery Systems, Inc. (approximately $75), or
equivalent. Wells and standpipes near Piers 11-19 should be
checked monthly. Those near Tank 1551 and at the Fuel Farm
should be checked semi-annually.

The 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 a
fuel recovery effort.
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1. COMPONENT

NAVY

FY 19__ MILITARY CONSTRUCTION PROJECT DATA

2. DATE

Oct., 1982

3. INSTALLATION AND LOCATION

Little Creek YAB, Virginia Beach, VA

4. PROJECT TITLE
Subsurface Fuel Removal,
Piers 11-19 Area

5. PROGRAM ELEMENT

6. CATEGORY CODE

7. PROJECT NUMBER

8. PROJECT COST ($000)

= —-—-- - $36
9. COST ESTIMATES
UNIT COST
ITEM UM | QUANTITY | ~oer ($000)
Monitoring Wells ea. 3 500 1.5
Recovery Wells ea. 2 2500 5.0
Well Pumping Equipment LS 2 1000 2.0
Continuous Fuel Bailers, rental for 6 months |Weel 2 x 24 150 8.0
wks.
Bailer Maintenance and Labor hr. 250 25 6.3
Hydrogeologic Consulting Services glus
expenses - . hr. 250 35 10.0
—__‘-— ———
Subtotal 32.8
Contingency (10%) 3.3
TOTAL 36.1

I70. DESCRIPTION OF PROPOSED CONSTRUCTION

3. 1Install cne or two fuel collection wells.

1. Install additional monitoring wells to better define extent of fuel
floating on water table near Pier 12.

2. Perform hydrogeologic testing on new monitoring wells to finalize site-
specific characteristics of fuel recovery system.

4. Bail collection wells continuously until floating fuel no longer has
potential to enter ship wastewater sewer.

DD oec e 1391

&/N 0102-LF-001-2910

PREVIOUS EDITIONS MAY BE USED INTERNALLY
PAGE NO.
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APPENDIX A
Backhoe Pit Logs
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BACKHOE PIT

BP-1

Location:

Unified
Classification

Depth

0 - 4.4 SP

4.4 - 8.5+ Sp

BP-2

Location: 25 feet southwest of Tank

Unified
Classification

Depth
0 - 0.7

0.7 - 1.7 Sp

SP

1.7 - 4.7

4.7 - 7.0° SP

LOGS

30 feet northwest of Tank 1551

Description

Sand Fill, medium brown;
little silt, friable,
slightly moist, contains

brick, pipe, and wood

fragments; no fuel observed.
Sand Fill, medium to dark
gray; coarse sand, little
silt, contains some boulders;
groundwater influx at 6.6°';
no fuel observed.

1551

Description

Topsoil.

Sand Fill, orange-brown;
very fine to coarse sand,
some silt, little cobbles,
stiff, moderately moist; no
fuel observed.

Sand Fill, light brown; as
above, less silt, somewhat
friable, moderately mottled
in lower 0.5 feet; no fuel
observed.

Silty Sand, medium dark
gray; coarse sand, little
fine sand, little silt, some
very silty pockets, moist;

no fuel observed.
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7.0+ Sp Sand, very light gray;
medium to coarse, saturated;
no fuel observed.

BP-3
Location: 20 feet north of Pump House near Tank 1551

Unified
Depth Classification Description

0 - 3.7 SW Sand Fill, variable brown;
medium to coarse sand, little
silt, little pebbles, little
organic material; no fuel
observed.

3.7 - 4.9 SP Sand Fill, medium gray;
coarse, very well sorted, few
pockets of dark gray silty
clay; no fuel observed.

4.9 - 5.8 CL Silty Clay Fill, dark gray
and orange; causes perched
groundwater system; no fuel
observed.

5.8 - 6.5 SP & CL Sand and Silty Clay Fill;
as above; no fuel observed.

6.5 - 11.0° SP Sand Fill, light gray with
pockets of brown; coarse,
little fine sand, trace silt;
saturated; no fuel observed.

BP-4

Location: 20 feet northeast of catchbasin near loading racks
between Tank 1551 and Pier 17

Unified
Depth Classification Description
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0 - 0.9' Pt Top soil
0.9 - 2.8 SP Sand Fill, light brown;

coarse, well sorted, trace
silt; no fuel observed.

2.8 - 5.5° SW Sand Fill, light gray to
black; fine to coarse, little
silt, little organic debris,
with some pockets of dark
gray silty clay; perched
groundwater caused by silty
clay pockets; trace fuel
odor.

5.5 - 11,0+ SwW Silty Sand, brown and gray;
fine to coarse sand, some
silt, many roots, moderately
cohesive; much groundwater
seepage in coarse-grained
pockets; trace o0il sheen on
groundwater.

BP-5

Location: 50 feet west of paved parking lot, between Piers 17
and 18

Unified
Depth Classification Description

o -1.7" SP Sand Fill, light to dark
brown; coarse sand,
moderately well sorted,
variable silt concentration;
no fuel observed.

1.7 - 4.2¢ Sp Sand Fill, very light gray
to dark gray; coarse, well-
sorted, friable; no fuel
observed.

4.2 - 7.0 ML Clayey Silt Fill, orange-
brown; little sand, few
boulders, stiff; lower
l1-foot somewhat mottled with
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7.0 - 10.0" SP

gray clay silt; no fuel
observed.

Sand, medium gray; coarse
sand, trace fine sand, well
sorted; saturated;
increasing fuel odor with
depth, especially in fine-
grained pockets.

BP-6

Location: 15 feet west of pavement, opposite Pier 13

Unified
Depth Classification Description

0 -1.0° SM

1.0 - 2.5 SM

2.5 - 6.0 ML

6.0 - 7.0 SP

7.0 - 9,5+ SP

Sand Fill, orange-brown;

fine to medium sand, some
silt, trace clay, stiff;

no fuel observed.

Sand Fill, dark gray;
as above, more clay in
pockets.

Clayey Silt Fill, orange-
brown; little fine to
coarse sand, little clay,
very stiff; no fuel
observed.

Sand, medium brown;

medium sand, trace silt,
moderately soft and moist;
slight fuel odor.

Sand, medium to dark

gray;
Distinct fuel odor.
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BP-7

Location: Steam Plant 40 feet north of western Fuel Tank, north
of plant

Unified
Depth Classification Description
Lepen P

0 - 0.5" GW Gravel Fill

0.5 - 1.7" SM Silty Sand, dark gray; fine
to medium sand, some silt,
little clay, with pockets of
silty clay, soft, moderately
cohesive; no fuel observed.

1.7 - 2.7 ML Sandy Silt, light brown;
some fine sand, little clay,
stiff and dense; no fuel
observed.

2.7 - 6.5" SP Sand Fill, white to light
gray; coarse, well sorted;
rapid influx of groundwater
below 3.7 feet; no fuel
observed.

6.5 - 8.0+ SP Sand, dark gray; fine to
me8ium, little silt, trace
clay; natural sediments;
no fuel observed.

BP-8

Location: Steam Plant, in corner of parking lot between plant
and tanks, near above—ground pipeline

Unified
Depth Classification Description
0 - 3.2 SpP Sand Fill, light brown:

fine to medium sand, trace

@ wvwrimkhe seceAmrcialteace imeE



	Part A RFP 687046 Part 3 H Part  5




