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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To_obtain

foot (ft) _ 0.3048 . meter

foot per day (ft/d) 0.3048 | : meter per day

foot per foot (ft/ft) 1.00 meter per meter

gallon per minute (gal/min) 0.05309 liter per second

milligram per kilogram 1.00 parts per million
per day [(mg/kg)] per- day

centimeter per second (cm/s) 0.03281 foot per second

gram (g) 0.03527 ounce

Temperature in degrees Celsius (°C) can be converted to degrees

Fahrenheit (°F) as follows:

°F = 1.8 x °C + 32



Sea level: 1In this report "sea level" refers to the National Geodetic
Vertical Datum of 1929 - a geodetic datum derived from a general adjustment of

the first-order level nets of both the United States and Canada, formerly

called Sea Level Datum of 1929.

Abbreviations

microgram per liter - ug/L
micromole per liter - umol/L
millimole per liter - mmol)

microcuries per milliliter - uCi/mL



1.0 Introduction

The following is a corrective action plan (CAP) for existing petroleum
hydrocarbon contamination at the Naval Exchange Service Station, Naval Air
Station Memphis (NAS Memphis), at Millington, Tennessee (fig. 1.1). The CAP
was prepared following completion of a Final Remedial Action Plan (Harding
Lawson Associates, 1988), a Vacuum Exgraction Pilot Study and Remedial
Investigation Report by ERC Environmental and Energy Ser§ice§ Company (ERCE),
1990, and an Evaluation of Enhanced and Non-Enhanced Biodegradation as a

J

Remedial Option by the U.S. Geological Survey (Appendix A).

In the following sections, the CAP summarizes the findings of these studies
regarding the evaluated corrective action options, and detailed specifications

and cost estimates for the chosen corrective action.

1.1 Summary of Environmental Assessment Report (EAR) Findings

Site characterization and assessment of the site at the Naval Exchange Service
Statibn have been ongoing since 1987. The main findings of these studies
(Harding Lawson and Associates, 1987; Harding Lawson and Associates, 1988; ERC
Evironmental and Energy Sevices Company, 1989; ERC Environmental Services and

Energy Company, 1990) are summarized below.

1.1.1 History of Contamination

A gasoline leak was discovered at the Naval Exchange Service Station in
February 1986 during a routine inventory of fuel. The loss of fuel, estimated
to be 5,000 gallons, was immediately reported to the Tennessee Department of
Health and Environment. It was discovered that a pipe joint on a buried
regular unleaded gasoline line was leaking. The pipe joint was replaced

and subsequent inventories indicated no further releases of gasoline.
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SubseQueﬁt studies at the site (ERC énvironmental Services and Energy Company,
1990) indicated that as maﬁy as three leaks occurred at different parts of the
faciiity, and that fuel losses totaled as much as 5,400 gallons. A m re
precise estimate of the amount of fuel spilled at the site cannot be made from
existing records. The distribution of contaminated ground water at the site
indicates threé zones of substantial hydrocarbon contamination (ERCE, 1990).
One zone is centered near‘the existing pump islands and is related'to the
original leaking pipe joint. Another contaminated zone is in the area of the
underground storage tanks (UST), and the third contaminated zone 1is near the
oii-water separator (fig. 1.2). Two other areas of hydrocarbon-contaminated
sediment, one south éf the Automotive Exchange Building and the other south of
Building 341, wefe identified from soil boring; (ERCE, 1990). The area of the
pump islands exhibits the highest concentrations éf dissolved hydrocarb n
contamination, the UST somewhat lower concentrations, and the oil-watef

separator the lowest concentrations.

The movement of benzenet toluene, ethylbenzene, and xylene (BTEX) contaminants
was monitored at tﬁe site from 1986 through 1992. The monitoring data
inéicate that contaminated ground water has not moved from the immediate
vicinity of the spills (fig. 1.3). Furthermore, concentrations of benzene in
water from some of the wells declined during this period. Benzene
concentrations in water from well MEM-757-B2, for example, decreased from

6,800 ug/L to 2,810 ug/L during this period.

1.2 Site Geology
The Naval Exchange site is underlain by fine-grained alluvial sediments. The
sediments consist primarily of reworked glacial loess with some lenses of

sand-sized material. The lithology of these sediments is illustrated by the



lithologic logs of boring neaf well MEM-757-17 (fig. 2a, Appendix A) and MEM-
757-16 (fig. 2b, Appendix A). The deepest sediments penetrated by the boring
were‘brown clays and silts, which appear to be undisturbed glacial loess. The
loess is overlain by a thin lens of fine sand, which probably records in-
channel sedimentation in a small-stream. The lithology at this site indicates
that most of the sediments were deposited in flood plain and overbank
environments. The decomposed plant material observed in the layers of silty

clay are consistent with this interpretation.

1.1.3 Site Hydrogeology

The fine-grained sediments at the study site are characterized by relatively
low hydraulic conductivities. Extensive hydrologic testing, which included
aquifer tests conducted by ERCE (1990), indicated hydraulic conductivities on

the order of 1 ft/d.

Water levels in the surficaial aquifer at the site, measured on December 8,
1992, (fig. 1.4) indicate that ground water moves onto the site from the east,
and moves either toward ihe drainage ditch on the south side of 0ld Navy Road,
or toward a marshy area to the north of the site. Because the site is almost
entirely covered by macadam blacktop, vertical recharge to the surficial

aquifer is limited to the grassy area on the eastern border of the site.
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The measured hydraulic conductivities and the water-level data allow rates of

ground-water flow to be estimated using Darcy’s Equation:
v = (K dh/ax)/P () =l

where:
v is the average velocity of ground water in feet per day,
K is the average hydraulic conductivity in feet per day),
dh/dx is the hydraulic gradient (dimensionless), and

P is sediment porosity (dimensionless).

In the vicinity of the underground storage tanks (fig. 1.4), water levels
decreased from about 269 feet to 265 feet above sea level over a lateral
distance of about 200 ft. This decrease gives a dimensionless hydraulic
gradient of 0.02. Given a hydraulic conductivity of 1 ft/d (ERCE, 1990) and
assuming a porosity of 0.3, vﬁich is typical of silty materials, the average
ground-water flow velocity is estimated to be 0.067 ft/day. At this velocity,
a non-reactive solute would have been transported about 170 feet in the 7
years since the spills were discovered. However, Well MEM-757-15, which is
about 55 feet downgradient of the underground storage tank zone (Well B2),
does not show measurable levels of contamination (Table 1, Appendix A). This, .

in turn, indicates that the hydrocarbon contaminants are reactive and are

" being retarded relative to ground-water flow.

11



1.1.4 Cleanup Levels for Soil and Ground Water

Under Tennessee regulations, cleanup levels for soil and ground water are
established on the basis of sediment permeability and the classification of
ground water as either drinking water or non-drinking water. An Environmental
Assessment Réport (EAR) prepaied for the Aircraft Firefighting Training
Facility at Memphis NAS, which is immediately adjacent to the Naval Exchange
did not indicate any useiaf shallow ground water within -one mile of the

site (EnSafe/Allen & Hoshali, 1992). Thus, ground water at the site is
classified as non-drinking water. The hydraulic conductivity at the Naval
Exchange has been investigated by several contractors (Harding Lawson
Associates, 1987; ERCE, 1990) and has been found to be in thé range of from

4

0.1 to 1.0 ft/d (10 to 10 -3 cm/sec). For sediments that have a hydraulic

conductivity in the range noted above, and water classified in the non-
drinking category, applicable cleanup levels for soil are 250 mg/kg for BTEX,
and 500 mg/kg for total petroleum hydrocarbons (TPH). Similarly, cleanup

levels for ground water are 0.07 mg/L for benzene and 1.0 mg/L for TPH. -

12



1.1.5 Rature and Extent of Contamination

Soils

- TPH concentrations in soils that exceed cleanup levels are present south f

the pump Islands (1,900 mg/kg TPH), south of Building 341 (15,000 mg/kg TPH)
and south of the Automotive Exchange Building (1,100 mg/kg TPH) (ERCE, 1990).
Figure 1.5 shows zones where TPH concentrations in soils exceeded cleanup
levels.

Ground Water

The concentration of contaminants in ground water exceeded cleanup levels

in the area immediately south of the pump islands, and in the vicinity of the
UST (fig. 1.3). Near the UST, benzene concentrations in ground water ranged
from 0.125 to 2.8 mg/L, and TPH concentrations in ground water ranged from 10
to 35 mg/L. South of the pump isl#nds, benzene concentrations ranged from

0.165 to 14 mg/L and TPH concentrations ranged from 2 to 35 mg/L.

13
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2.0 CORRECTIVE ACTION PLAN

This Corrective Action Plan (CAP) will provide general information concerning
the éorrective actions that were evaluated and the specifications and costs
for the corrective action options that were chosen. This section of the CAP
was cdmpleted upon review of the contaminant plumes delineated in previous
studies and their current status as determined during evaluation of

biodegradation as a remediation option at this site (Appendix A).

2.1 CORRECTIVE ACTIONS CONSIDERED

2.1.1 Soil Corrective Action

At the site, contaminant levels in surface soils and sediments from 2 to &
feet below land surface do not exceed cleanup levels (ERCE, 1990). The
absence of near-surface contamination reflects the fact that contamination was
introduced below grade (such as the leaking pipe joint) rather than spilled at
land surface. However, just south of the pump island, sediments at depths of
6 to 8 feet below grade had a maximum TPH concentration of 1,600 mg/kg TPH and
sediments at depths of 8 to 10 feet had a maximum TPH concentration of 1,900
mg/kg. Sediments at depths of 10 to 12 feet below grade at this location had

TPH concentrations of 900 mg/kg or less.

Three technologically feasible and reliable corrective action options were
considered for the remediation of petroleum-contaminated sediments and soils

to the applicable cleanup levels. These options were:
(1) Vacuum Extraction

(2) Enhanced Bioremediation

(3) Non-Enhanced Bioremediation

14



Vacuum Extraction - Vacuum extraction .has been widely employed to remediate
hydrgcarbon-contaﬁinated sediments in a variety of geologic settings. The
potential for applying this technology at the Naval Exchange Service Stati n
site was' evaluated by ERCE (1990). The ERCE study (Appendix B) concluded
that, because of the low permeability of the sediments and because much of the
contaminated sediment was below the water table, a large number of extraction
wvells (approximately 1,100) would be needed to lower the water table

sufficiently to effect remediation.

Costs - The cost of this option was nof determined by ERCE. But it was
coﬂcluded that, based on the number of extraction wells needed and associated
piping for water and air, the costs would be prohibitive.

Enhanced Bioremediation - Enhanced bioremediation is a technology that is
widely applied to petroleum hydrocarbon contamination qf soils. 1Its major
advantage over vacuum extraction is that it can lead to the removal of n n-

volatile as well as volatile compounds.

The feasibility of using nutrient-enhanced bioremediation was assessed by the
U.S. Geological Survey (Appendix A) and Harding Lawson Associates (1988;
Appendix C). The Harding Lawson study reported that benzene, toluene, and
xylene (BTX) were removed more rapidly from soil-water slurries under enhanced
(addition of ammonium nitrate and potassium phosphate) conditions than under
non-enhanced conditions (Plate 14, Appendix C). The study also indicated that
total light hydrocarbons associated with fhe soil (Plate 15, Appendix C) were
removed under both enhanced and non-enhanced conditions. Total BTX loss -
(Plate 17, Appendix C) and loss of light hydrocarbons from soils were slightly
higher under enhanced ;han under non-enhanced conditions. Growth of

15



microorganisms in laboratory incubations (Plate 19, Appendix C) was slightly

higher under enhanced conditions relative to non-enhanced conditions.

.A U.S. Geological Survey study (Appendix A) used different methods than
Harding Lawson Associates (1988) but arrived at similar conclusions. When
non-contaminated sediments were incubated with 14C-labeled toluene (fig. 7,
Appendix A), mineralization of the toluene to 14CO2 was more rapid under
nutrient-enhanéed conditions than under non-enhanced conditions. However, in
sediments with significant contamination (fig. 8, Appendix A), addition of
nutrients did not increase rates of toluene degradation. Thése results

indicate that for heavily-contaminated soils, nutrient enhancement may

increase rates of hydrocarbon loss but the increase is likely to be modest.

The low permeability of sediments underlying the Naval Exchange Servic
Station places constraints on enhanced bioremediation. The most widely
used design for enhanced bioremediation is to inject nutrients by means of
injection wells (Hutchins and others, 1991). This procedure works'vell in
high-permeability sediménts but is less efficient in low-permeability
sediments such as those underlying the Naval Exchange Service Station Site.
Recent studies of bioremediation have concluded that aquifer sediments with
permeabilities less than 10'4 cm/sec are unsuitable for enhanced
bioremediation (National-Research Council, 1993). Because sediment
permeability at the Naval Exchange Service Station site is 10-4 cm/sec or
less, the efficiency of nutrient delivery to contaminated sediments will be

marginal.

16



Costs - In addition to the costs 6f constructi n and maintenance of an
enhanced bioremediation system, ¢ sts would be incurred in m nitoring the
effeétiveness of the system. It is proposed to monitor BTEX and gasoline-
range organics (GRO) TPH concentrations in sediments at four locations and at
5 depths at each location. The locations to be monitored are the four major

areas of soil contamination near well MEM-757-B2 (near the UST), near wells

MEM-757-1 and MEM-757-2 (near the pump island), near boring location A-9

(ERCE, 1990, south of the Automotive Exchange Building), and near boring
location A-19 (ERCE, 1990; south of Building 341). Costs associated with a

single sampling run for BTEX and TPH (GRO) are as follows.

BTEX and TPH analyses, 20 samples each $§6,000
Sampling Crew, 3 days $2,000
Split-spoon coring rig, 3 days $5,500

Total ' $13,500

The monitoring schedule suggested for the CAP .is to monitor the site for soil
BTEX and TPH (GRO) on a yearly basis for five years, with an evaluation of the
effectiveness of. the enhanced bioremediation strategy at the end of this

period.

17



Non-Enhanced Bioremediation - Non-efthanced bioremediation is the proéess by
which naturally occurring populations of microorganisms degrade contaminants
in piace. The feasibility of non-enhanced biofemédiation for soils was
addressed by Harding Lawson Associates (1988; Appendix C). Their study
indicated that indigenous microorganisms capable of degrading petroleum
hydrocafbons are present at the site and that degradation of hydrocarbons in
sediments occurs at measurable rates. Determining rates of biodegra&ation in
place, as opposed to deterﬁining such rates in the laboratéry is
problematical. The Harding Lawson laboratory data suggest degradation rates
from 0.7 to 9.5 mg/kg/d for light petroleum hydrocarbons (plate 18, Appendix
C). Such rates would reduce hydrocarbon contamination in sediments below
cleanup levels within 10 years. The U.S. Geological Survey laboratory
evaluation of BTEX degradation (Appendix A), which documented rates at which
1ac—labeled toluene was dggraded to 14002, indicated toluene degradatiqn rates
of 2.5 mg/kg/d. These rates are similar to those indicated by the Harding
Lawson Associates study. However, because petroleum hydrocarbon
concentrations in sediments at the site have not been monitored with time, it
is not possible to compare the laboratory-measured rates to rates occurring in

place. It is commonly observed, however, that degradation in place proceeds

slower that in laboratory incubations (Hutchins and others, 1991).

18



Costs - The principal costs associated with n n-enhanced bioremediation are
costs for continued monitoring to verify that concentrations of soil
contaminants are being reduced. It is suggested that BTEX and gasoline-range
organics (GRO) TPH concentrations in sediments be monitored at four locations
and at 5 depths at each location. The locations to be monitored are the four
major areas of soil contamination near well MEM-757-B2 (near the UST), wells
MEM-757-1 and MEM-757-2 (near the pump island), near boring location A-9
(ERCE, 1990, south of the. Automotive Exchange Building), and near boring
location A-19 (ERCE, 1990; south of Building 341). Costs associated with a

single sampling event for BTEX and TPH (GRO) are as follows.

BTEX and TPH analyses, 20 samples each $6,000
Sampling Crew, 3 days $2,000
Split-spoon coring rig, 3 days $§5,500

Total $13,500

For the CAP, it is suggested that soil BTEX and TPH (GRO) be monitored at the
site on a yearly basis for 5 years, with an evaluation of the effectiveness of

the non-enhanced bioremediation strategy at the end of this time.
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2.1.2 Ground-Water Corrective Action
Concentrations of TPH in ground water exceed cleanup levels in the area south
of the pump island and near the UST’s. More detailed descriptions of ground-

water contamination are presented in reports by Harding Lawson Associates

(1987), ERCE (1990), and in Appendix A.

The shallow ground water in the vicinity of the Naval Exchange Service Station
Site is classified as non-drinking water on the basis of water-use and water-
quality data (Ensafe/Allen & Hoshall, 1992). For sediments with

4

permeabilities from 10 ~ to 10 -6 cm/sec, the applicable cleanup levels are

0.07 mg/L for benzene and 1.0 mg/L for TPH (GRO).

Three technologically feasible corrective action options were considered to
remediate petroleum-contaminated ground water to the applicable cleanup.

levels. These options were:

(1) Ground-Water Recovery with Activated Carbon Adsorption
(2) Enhanced Bioremediation

(3) Non-Enhanced Bioremediation

20



Ground Water Recovery with Activated Carbon Adsorption - For this option,
ground water would be removed by the use £ recovery wells, tr ated with
carbon adsorption, and discharged to the Millington Publicly Owned Treatment
Works (POTW). 'The process of retrieving the grouﬁd water would serve to
hydraulically contain the contamination. Also, because of the large number of
available wells, new wells would not need to be drilled. On the basis of the
site aquifer characteristics, it is estimated that the existing wells, pumped
at a rate of approximately 0.5 gal/min, could be used to collect contaminated

AN
ground water.

Carbon adsorption can be used to treat/remove liquid and vapor-phase

volatile organic compounds from contaminated water. Contaminated water flows
through a packed column of granular activated .carbon where the organic
compounds are removed by physical and chemical adsorption. Physical
adsorption works by forming molecular condensation in the capillaries of the
solid, whereas chemical adsorption requires formation of a monomolecular layer
of the contaminant on the surface of the activated carbon. Carbon adsorption

may be applied to liquid or vapor-phase organic materials.

Carbon adsorption treats contaminated liquid and vapor-phase volatile
organics. The advantages of carbon adsorption are that the technology is
readily available and implementable, and the capital cost is comparable to
other organic removal systems. The disadvantages of carbon adsorption are the
disposal of spent activated carbon (which may be classified as a hazardous
waste), plugging of the carbon filters by precipitating iron and by suspended
particles, and rapid depletion of the filter capacity by high organic carbon
concentrations. Another disadvantage is that BTEX immobilized in aquifer
sediments will continue to be solubilized as the pump and treat process 1is

21
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ongoing. Because of the high sorptive capacity of the sediments underlying
the Naval Exchange (Appendix A), it is anticipated that the pump and treat

of the contaminants.

Costs - Capital costs for constructing and operating a carbon adsorption
treatment system were estimated based on design criteria listed by
EnSafe/Allen & Hoshall (1992). The estimated cost for construction is
$200,000, icluding the cost of two carbon adsorbers, equipment freight,
replacement carbon, ten pumps, piping and electrical, engineering labor,
macadam remcval during piping installation, and macadam replacemﬁnt.
Estimated operation and maintenance cost for carbon adsorption will be
approximately $100,000 per year, based on expected rates of carbon

replacement, electrical costs, and maintenance costs.

Enhanced Bioremediation - Nutrient-enhanced bioremediation is a process by

~ which naturally occurring microbial processes in an aquifer are stimulated to

facilitate degradation of pollutants. This is most commonly accomplished by
addition of nutrients such as nitrogen and phosphorus that are not naturally
abundant and which commonly limit rates of degradation. Harding Lawson
Associates, 1988 (Appendix C, plate 14) reported that by adding nitrogen and
phosphorous to samples of ground water, BTX biodegradation rates increased
relative to samples to which no nutrients were added. Similarly, Harding '
Lawson Associates (1988) reported that this activity was due to microorganisms

that were capable of growth on petroleum hydrocarbons.

More recent studies by fhe U.S. Geological Survey (Appendix A) have shown that -

BTX compounds are mineralized by indigenous microorganisms, but that

22



degradation rates under enhanced conditions were not substantially higher than
undef non-enhanced conditions. This indicates that micr bial activity at the
Naval Exchange Service Station site is not limited by available nitrogen and
phosphaté and that additiqn of these compounds will not substantially increase

rates of biodegradation.

Costs - An itemized capital cost for constructing an enhanced bioremediation
system at the Naval Exghange Service Station site was not prepared. However,
the cost for constructing a enhanced bioremediation system for a JP-4 jet
fuel-contaminated aquifer in Hanahan, South Carolina, was approximately
$350,000 (Donald Matthews, Defence Logistics Agency, oral communication, 1993)
and construction costs at the Naval Exchange Service Station site would
probably be similar. The costs for operation and maintenaee of the Hanahan
site are approximately $120,000 per year (Don Vroblesky, U.S. Geological
Survey, oral communication, 1993), and costs for maintaining an enhanced
bioremediation system at the Memphis NAS Naval Exchange Service Station site

would also probably be similar.
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Non-Enhanced Bioremediation - Data showing the efficiency of n n-enhanced
bioremediation for containing and treating petroleum hydrocarbon-contaminated
ground water has only recently been made available. During long-term
monitoring of a crude oil spill in Bemidji, Minn., it has been shown that over
a period of years, rates of non-enhanced biodegradation come into equilibrium
with rates of contaminant transpbrt (Baedecker et al., 1993).. If rates of
contaminant transport by ground-water flﬁw are low compared to rates of non-
enhanced biodegradation, hydrocarbdn contamination is effectively contained
near the source -of contamination. Furthermore, degradation of petroleum
hydrocarbons in ground water and in the sediment leads to an overall reducti n
in the mass of contaminants over time, and, under favorable con&itions,

reduces ground water hydrocarbon concentrations below cleanup levels.

The feasibility of using non-enhanced bioremediatioﬁ at the Naval Exchange
Service Station site was investigated by the U.S. Geological Survey_(Appendix
A). In this study, a combination of field and laboratory dAta was used to
estimate degradation rates of toluene. This information was then combined
with hydrologic data to estimate rates of ground-water flow at the site. By
using an analytical equation that incorporated estimated rates of
biodegradation and estimated rates of ground-watef flow, it was estimated that
concentrations of BTX in ground water would be restored below cléanup levels
within 30 feet of contaminated soils, and that non-enhanced bioremediation
likely will prevent contaminated water from reaching the nearest point of
contact with humans. The results of this analysis are consistent with the
observed distribution of BTX compounds at the site, and the observed lack of
movement of the contamination plume over the previous 7 years. This evidence

indicates that non-enhanced bioremediation is a technologically feasible
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strategy for treating petroleum hydrocarbon-contaminated ground water at the

site.

Costs - The principal costs associated with non-enhanced bioremediation are
continued monitoring to verify that contaminated water is contained and that
TPH and benzene concentrations are éleanup levels by the time the water is
discharged to adjacent surface-water bodies. Costs associated with a siﬂgle

sampling event for BTEX an& TPH (GRO) are as follows.

BTEX and TPH (GRO) analysis, 30 samples §5,400

Sampling Crew, 3 days $§2,000
Total . $7,400

For the CAP, it is suggested that the site be monitored for BTEX and TPH on a
quarterly basis for two years, for a total cost of $29,600 per year. If the
resglts of the quarterly sampling indicate that the plume of contaminated.
ground water is stationary, the sampling frequency could be reduced to once.

per year thereafter.
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2.2 CORRECTIVE ACTIONS CHOSEN

2.2.1 Soil Corrective Action

The cor;ective action chosen by the Resﬁonsible Party to remediate
contaminated soil is non-enhanced bioremediation. The ability of naturally
occurring microorganisms to degrade hydrocarbons associated with soils at this
site under non-enhanced conditions has been firmly established (Appendices A
and C). Furthermore, the relatively modest increases of hydrocarbon
biodegrédation rates that can be achieved by nutrient addition do noc'justifi
the much higher cost of an enhanced biodegradation system. Because
determination of the rate of non-enhanced biodegradation remains problematic,
continued monitoring of the soils at this site on a yearly bas1§ is an

important component of the chosen corrective action.

2.2.2 Ground-Water Corrective Action

The corrective action chosen by the Responsible Party to remediate
contaminated ground water is non-enhanced bioremediation. The ability of
naturally occurring microorganisms to degrade hydrocarbons associated with
ground water under non-enhanced conditions has been confirmed and documented
(Appendix A, Appendix C) using both laboratory experiments and field
monitoring data. The fact that contaminated ground water has not measurably
moved in the 2-year period between January 1991 and December 1992 demonstrates
that the plume is presently contained. The low rates of ground-water flow,
and observed rates of biodegradation (Appendix A, p. 16-17) are the principal
reasons for the observed containment of contaminated ground water. The
aquifer is, in effect, functioning much like a bed of activated sludge in an
aerobic digester. Contaminated ground water is continuously leached from the
contaminated soils, and transported toward the discharge areas on either the

north or south sides of the site. As this contaminated water is transported,
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indigenous microorganisms metabolize the hydrocarbons. Applicati n of an
analytical equation that incorporates ¢ ntaminant transp rt by advective
ground-water flow and biodegradation, indicates that water is brought t
within cleanup levels over a 30-ft flowpath. Because flowpaths to the nearest
possible points of discharge are greater than 100 ft in length, a sufficient
buffer exists for non-enhanced bioremediation to bring contaminatioﬁ levels
well within cleanup levels prior to discharge to any potentialrpoint of

contact with humans.

An important component of ﬁhe chosen corrective action is cpntinued monitoring
of ground water at this site to verify that contaminated ground.water remains
contained over time. Monitoring on a quarterly basis is proposed for the
first 2 years, after which the monitoring could be reduced to apnually if

benzene and TPH are shown to remain immobilized.
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2.3 CORRECTIVE ACTIOR PLAN COSTS

Thé pr;ncipgl costs associated with non-enhanced bioremediation are costs for
monitoring soils and ground water. These costs are outlined in Table 2.1.
The analytical cost is based on $150 per sample for BTEX and $150 per sample'
for TPH (GRO). Sampling sediments and ground water would take about 5

days. The sampling labor cost is based on two geologists and two
drillers/technicians collecting the samples at $35.00 per hour. The labor
costs outlined in Table 2.1 include labbr for sampling and for compiling

status reports.
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Table 2.1.--Cost Schedule for Non-Enhanced Bioremediation

ITEM MONITORING YEAR
* 2* 3™ P 5

Laboratory
Analyses

soil $7,200 $7,300 $7,400 $7,500 $§7,600

water $21,600 $21,600 $6,000 $6,300 $§6,600
Labor and Materials

soil $§7,500 §7,500 $2,400 $§2,600 §2,800

water $2,000 $2,200 $2,400 $2,600 $2,800
Sample
Shipping $300 -$300 $300 $300 $300
Subtotal $38,600 $38,900 313,500' $19,300 $20,100

* quarterly sampling of ground water, annual sampling of sediments

**annual sampling of ground water and sediments.

A 2.4 PROPOSED IMPLEMENTATION SCHEDULE

It is proposed to begin monitoring the non-enhanced bioremediation system in

April, 1994.
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2.5 SIGNATURE PAGE

This document has been approved by the Director of the U.S. Geological Survey.
Such approval coﬁstitutes an affirmation that the technical interpretations in
the document are supportable, that any stated conclusions are impartial and

objective, and that the U.S. Geoiogical Survey presents the interpretations as

the best that could be made on the basis of the data availéble on the date of

approval.

Francis H. Chapelle, Ph.D. Hydrologist November 17, 1993
Name Title Date
Slgnature
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ﬁVALUATION OF ENHANCED AND NON-ENHANCED BIODEGRADATION AS OPTIONS FOR
REMEDIATING PETROLEUM HYDROCARBON CONTAMINATION,
NAVAL EXCHANGE, NAVAL AIR STATION MEMPHIS, TENNESSEE - _
SUMMARY
Field and laboratory studies show that microorganisms indigenous
to the ground-water system underlying the Naval Exchange Service Station
degrade petroleum hydrocarbons at slow but measurable rates. Radiolabeled

14
( 14

C) toluene was mineralized to 002 at rates on the order of 10'4 pmol

I...1 d-l and the process exhibited first-order degradation rate constants n
the order of 0.03 day'l. Although thesé rates are low, they are significant
in the hydrologic envifonment of this site. Becausé of low hydraulic
coﬁductivities (appfoximately 1 ft/d) and low hydraulic gradients>
(approximately 0.03 ft/ft), rates of ground-water flow are slow and range
from 5 to 10 ft/year. Given these low rates of ground-water flow, rates £
biodegradation effectively contain soluble BTEX hydrocarbons within a
lateral distance of 10 to 30 feet from contaminated sediments. There 1is
some evidence that addition of nitrogen and phosphate nutrients may increase
rates of biodegradation, but the increase i{s small. The nearest potential
point of human contact to contamination, under current site conditi ns, is a
drainage ditch approximately.loo ft south of the the contaminated zone.
Available evidence indicates that dissolved contaminants will be completely
degraded before they reach this point. Non-enhanced biodegradation is thus

an effective remediation alternative for addressing contaminated ground

vater at this site.



INTRODUCTION

In 1986, a gasoline leak was discovered at the Naval Exchange Service
Station..Naval Air Station (NAS) Memphis, Tenn. The loss of fuel totaled
approximately 5,000 gallons. The‘leak wvas reported to the Tennessee
Department of Health and Environment, and an initial gsséssment of the
contamination was made'(Hérding Lawson Associates, 1987). A follow-up study
(Harding Lawson Associates, 1988) recommended that enhanced biodegradation
vas a feasible remediation option at the site. Suﬁsequenf to this, the
feasibility of vacuum extraction as a remediation option was investigated
(ERC, 1990). This study concluded that, due to low hydraulic conductivi;igs
observed at the site, vacuum extraction was not technologically feasible.

In the present report, the feasibility of enhanced and non-enhanced
biodegradation of petroleum hydrocarbon contamination is evaluated. This
evaluation consisted of field studies to document the present location and
distribution of soluble hydrocarbons, principally benzene, toluene,
ethylbenzene, and xylene (BTEX). Additionally, the presence of unﬁtable
intermediate products of hydrocarbon biodegradation, such as organic acids,
was used to document in situ biotransformation of petroleum hydrocarbons.
| Finally, laboratory-derived rates of toluene (a model BTEX compound)
degradation under enhanced and non-enhanced conditions weére determin d.

The results indicate that hydrocarbons are Seing degraded at the site
under in situ conditions. Rates of biodegradation at the site are low
compared to rates reported at other sites. However, because of the
unusually low rates of ground-water flow, biodegradation effectively

confines the BTEX plume to within 10 to 30 ft of the contaminated sediments.



Based on laboratory experiments, the addition of nitrogen and phosphate
nuirients to the ground-water system might increase rates of biodegradation,

but the increase would likely be relatively small.

METHODS AND MATERIALS

Field Sampling

A site visit was made December 8-11, 1992, for the purpose of
collecting water-chemistry data, water samples for BTEX analysis, and
sediment samples for laboratory ‘studies on BTEX biodegradation. Prior to
ground-water sampling, water levels were recordea and then the wells
purged (3 well-casing volumes).‘ ﬁeasurements of water temperature, pH, and
concentrations of dissolved oxygen, dissolved ferrous iron, and dissolved
sulfide were made in the field using techniques described by Wood (1976) and
Skougstad and others (1978). Samples were collected for BTEX and tofal
petroleum hydrocarbons (TPH) for gasoline range organic (GRO) compounds and
transported to the laboratory for analysis. Additional water samples wére
transported to the laboratory for analysis of short-chain aliphatic organic
acids such as formate and acetate. Sediment samples were recovered from an
uncontaminated site (MEM-757-17; Fig. 1) and a contaminated site (MEM-757-

Bl; Fig. 1) wusing a hand auger. Sediments were placed in pre-sterilized

.wide-mouth glass mason jars, chilled, and transported to the laboratory for

analysis.

Laboratory Studies
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Two independent methods were used to evaluate rates of BTEX degradati n
in laboratory studies. The first method was similar to one described by
Barker and others (1987). Triplicate vials were loaded with 50 grams (wet
weight) of sediment, slurried with 150 mL of uncontaminated wvater from the
site, and spiked with benzene, toluene, and xylene (BTX) to yiéld a final
concentration of approximately 300 umol/L for each compound. Duplicate
vials were loaded in a similar fashion, amended with mercuric chloride to a

final concentration of 5 mmol/L, and autoclaved for 30 minutes prior to |

addition of BTX to serve as microbiologically inactive controls. Vials

were capped with Teflonl-coated stoppers and crimped into place.
Concentrations of BTX were then monitored for 54 days using high pressure
liquid chromatography (HPLC). In addition, concentrations of carbon dioxide
(002) were monitored in the headspace of the vials using gas chromatography
with thermal conductivity detection.

The second method tracked prodnctioﬁ of'14c02 end-products from

146 jabeled

radiolabeled compounds as a measure of microbial activity.
glucose was used to demonstrate the presence of microbial activity, and
subsequent experiments used 140 labeled toluene to estimate rates of toluene

degradation.

lAny use of trade, product, or firm names is for descriptive purposes only

and does not imply endorsement by the U.S. Government.



Afproximately 0.5 uCi of radiolabeled compound was added to 1.0 gm £
sediments in each triplicate vial. Heat and mercury-killed controls were
prepared as degcribed above. At specified times, vials were acidified with '
phosphoric acid (H3P04. 2.0 M), the evolved 14002 collected in potassium
hydroxide (KOH, 1.0 M) base traps, and ;4c me;sured with liquid
scintillatién counting. Reported 140 values were corrected for activity in
traps at time zero, and for background counts in the scintillation fluid
(Ultima Gold, Packard Instrument Corporation). Reported activities are
given as a percentage of added label.
gESULTS

Hydrologic Framework

The Naval Exchange site is located in the Gulf Coast Physiographic
Province and underlain by fine-grained alluvial sediments of Pleistocene
-age. The sediments consist primarily of reworked glacial loess with some
lenses of sand-sized material. The lithology of these sediments is
illustrated by the lithologic log of a boring near well MEM-757-17 (Fig.
2a). The déepest sediments in this boring were brown clays and silts that
. .appear to be undisturbed glacial loess. This was overlain by a thin lens of
fine sand, which probably was deposited as in-channel sedimentation f a
small stream. The fine-grained litholoéy at this site indicates that most
of the sediments were deposited in flood plain and overbank environments.
The bits of degraded plant material present in the layers of silty clay are
consistent with this interpretation. Most of the site lacks the sandy
lithology characteristic of in-channel sedimentation (Fig. 2b), indicating

that overbank and flood-plain environments dominated at this site.
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These fine-grained sediments are characterized by relatively low
hydraulic conductivities. Extensive hydraulic testing, which included
aquifer tests (ERC, 1990), indicated hydraulic conductivities on the order
of 1 ft/day. The water-tablg surface at the site (measured on December 8,
1993; Figure 1) indicates that ground water moves onto the. site from the
east, and moves toward—potential discharge areas in tﬁe drainage ditch n
the south side of the 0l1d Navy Road and in the marshy area to the north f
the site. Because the site is almost entirely overlain by macadam
(blacktop), vertical recharge to the water table is limifed to the grassy
area on the eastern border of the site.

The measured hydraulic conductivities and the water data allow rates £

ground-wvater flow to be evaluated using Darcy’s Equation:
v = (K dh/dx)/P (1

where:
v is the average velocity of ground water in feet per day,
K is the average hydraulic conductivity ;n feet per day),
dh/dx is the hydraulic gradient (dimensionless), and

P is the sediment porosity (dimensionless).

T