" TN00639 AR 000698
MILLINGTON SUPPACT

FHNAL < g 5090 3a

Field Application to Enhance /n-Situ Bioremediation
of Chiorinated Solvents via Yegetable Oil Injection

at Site N-6, Former Naval Support Activity Mid-South,
Millington, Tennessee

Naval Support Activity Mid-South
Millington, Tennessee

Prepared For

Naval Facilities Engineering Command
Port Hueneme, California

Naval Facilities Engineering Command
Southern Division

North Charleston, South Carolina

and

Naval Support Activity Mid-South
Miflington, Tennessee

July 2002

PARSONS

1700 Broadway, Suite 900 » Denver, Colorado 80230




.
i

PARSONS

Parsons Infrastructure & Technology Group Inc.
1700 Broadway, Suite 800 « Denver, Colorado 80290 - (303) 831-8100 - Fax: (303) 831-8208 -« WWVParsons.com. -

31 July 2002

Mr. James Reed ,
Southern Division Naval Facilities Engineering Command
Mail Code 1888 :
2155 Eagle Drive

North Charleston, NC 29406

. (843) 820-5543

Subject: Submittal of the Final Field Application to Enhance In-Situ
Bioremediation of Chlorinated Solvents via Vegetable Oil Injection at
Site N-6, Former Naval Support Activity Mid-South, Millington,
Tennessee (Contract N47408-00-C-7112)

Dear Mr. Reed,

Please find enclosed 2 copies (replacement inserts) of the Final Field Application
to Enhance .Jn-Situ Bioremediation of Chlorinated Solvents via Vegetable Oil
Injection at Site N-6, Former Naval Support Activity (NSA) Mid-South, Millington,
Tennessee. The final report was prepared by the Parsons Corporation (Parsons) for
the Naval Facilities Engineering Command (NAVFAC) and NSA Mid-South. Please
replace the draft report cover and report sections with the enclosed copies. The
appendices remain unchanged. Parsons presented the results of this.study’ to:Navy
personnel and BRAC Cleanup Team members on 16 July 2002. If you have any
questions or require additional information, please contact me at (303) 831-8100.

Sincerely,

- PARSONS.

Bruce M. Henry, P.G.
Project Manager

cc: Scott Wight, NAVFAC (letter only)
Rob Williamson, NSA Mid-South (4 copies)
Jack Carmichael, USGS (1 copy)
John Stedman, EnSafe (1 copy)
Jim Morrison, TDEC (1 copy)
Clayton Bullington, TDEC (1:copy) .
Jennifer Herndon, USEPA (1 copy)
Greg Parker, MSCHD(1 copy)

Attachment (2 copies)



FINAL

FIELD FEASIBILITY TEST FOR
IN-SI TU BIOREMEDIATION OF CHLORINATED SOLVENTS
VIA VEGETABLE OIL INJECTION AT SITE N-6,
FORMER NAVAL SUPPORT ACTIVITY MID-SOUTH,
TENNESSEE '

July 2002

Prepared for:

NAVAL FACILITIES ENGINEERING COMMAND
PORT HUENEME, CALIFORNIA

NAVAL FACILITIES ENGINEERING COMMAND
. SOUTHERN DIVISION
N ORTH CHARLESTON, SOUTH CAROLINA
and
NAVAL SUPPORT ACTIVITY MID-SOUTH
- MILLINGTON, TENNESSEE

Prepared by:

PARSONS
1700 Broadway, Suite 900
Denver, Colorado 80290



EXECUTIVE SUMMARY

This report documents the results of a field feasibility test to evaluate the application
of vegetable oil as an organic substrate to enhance the in situ anaerobic reductive
dechlorination of chlorinated aliphatic hydrocarbons (CAHs, or chlorinated solvents) in
groundwater at Site N-6, Former Naval Support Activity (NSA) Mid-South Northside,
Millington, Tennessee. .Prior to the feasibility test, the distribution of parent compounds
tetrachloroethene (PCE) and trichloroethene (TCE) and the degradation daughter product
cis-1,2-dichloroethene (cis-1,2-DCE) in groundwater indicated that limited reductive
dechlorination of chlorinated ethenes was occurring at the site, but that the process was
electron donor (substrate) limited. Vegetable oil was selected as a slowly-soluble organic
substrate to overcome the electron donor deficiency and enhance anaerobic reductive
dechlorination of chlorinated solvents in groundwater.

A field test consisting of injection and monitoring well installations, baseline
sampling, and vegetable oil injection was conducted during July and August 2000. A
total of 6,115 gallons of refined soybean oil and 790 gallons of native water were injected
into eight injection wells in August 2000. Process monitoring was conducted in
November 2000, February 2001, August 2001, and January 2002.

FIELD TEST RESULTS

Changes in geochemical conditions during process monitoring indicates that the
addition of vegetable oil at Site N-6 has induced environmental conditions conducive to
reductive dechlorination in the upper and lower fluvial deposits, but that these changes
are not uniform nor widespread across the study area. Dissolved oxygen (DO)
concentrations decreased at many locations after injection. However, concentrations of
DO have generally remained above 0.4 milligrams per liter (mg/L) throughout the test
area and this suggests that an influx of relatively oxygenated groundwater may be
occurring in the treatment zone. :

Baseline oxidation-reduction potential (ORP) values exhibited a wide range of
reducing conditions with values ranging from a high of +253 millivolts (mV) to a low of
-359 mV. ORP values varied substantially even within the treatment zone, which is
suggestive of a high degree of heterogeneity in the natural reducing conditions at the site
prior to injection. After injection, ORP values tended to stabilize within a range from
+150 mV to —150 mV, indicating reducing conditions typically are within the range of
nitrate-reduction to sulfate-reduction. Increases in methane concentration at several
locations indicate this oxidation-reduction process also has been stimulated by substrate
addition. Iron and methane concentration data further suggest that iron-reduction and
methanogenesis are the dominant terminal electron accepting processes (TEAPs) that
have been stimulated at the site. ’ ‘

After vegetable oil injection there was an overall decrease in TCE concentrations
detected in groundwater. However, this decreasing trend is not uniform for all of the
monitoring locations at Site N-6. The greatest decrease in contaminant concentrations
occurred at the injection locations, where -contaminant concentrations have attenuated
from greater than 600 micrograms per liter (ug/L) to less than method detection limits. It
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1s not readily apparent whether the observed decreases in TCE concentrations are a result
of biodegradation, natural variations in contaminant concentrations, or partitioning of
contaminant mass into the vegetable oil.

Consistent or long-term reductive dechlorination of chlorinated ethenes has not been
demonstrated by monitoring completed through January 2002.. Only within the past two
process monitoring events has reductive dechlorination of TCE to cis-1,2-DCE been
observed. There is currently no evidence of further reductive dechlorination to vinyl
chloride (VC) and ethene. Initial changes in contaminant profiles suggested that
reductive dechlorination was initially stimulated at two locations (PES-MW?7S and PES-
MW 1S). -However, these locations are distant from the injection area relative to the other
monitoring locations. A lack of consistent evidence of reductive dechlorination at these
locations suggests that the initial changes in contaminant profiles may have been a result
of groundwater displacement immediately following injection.

Well locations where evidence of reductive dechlorination of TCE to cis-1,2-DCE has
occurred exhibit the following characteristics:

» TOC equal to or greater than approximately 10 mg/L.

« Measurable quantities of volatile fatty acids (VFAs) equal to or greater than 20
mg/L.

+ ORP less than —60 mV.

« Ferrous iron concentration greater than 4 mg/L, sulfate concentration less than 1
" mg/L, and methane concentration greater than 0.5 mg/L.

« Total biomass greater than approximately 50 picomoles of phOSphOllpld fatty acids
per milliliter (pmoles PLFA/mL).

These conditions have not been induced uniformly or widespread across the treatment
area, but have been limited mostly to the immediate injection area. In order to stimulate
reductive dechlorination, sufficient organic substrate is required to create environmental
conditions sufficiently reducing for methanogenesis to occur while stimulating microbial
growth of dechlorinating microorganisms. Therefore, the lack of reductive
dechlorination at Site N-6 is primarily a function of substrate distribution.

Finally, complete dechlorination to ethene has not been demonstrated. However, the
presence of Dehalococcoides Ethenogenes, a bacteria which is known to degrade
chlorinated ethenes to completion, has been established at the site. The potential for
complete dechlorination to occur will likely depend on the growth and development of
substantial populations of appropriate dechlorinating microorganisms in the presence of
competing microbial processes.

RECOMMENDATIONS

Contaminant, daughter product, geochemical, and microbial data strongly suggest that
the lack of reductive dechlorination at Site N-6 is primarily a function of substrate
distribution. Until it can be demonstrated that adequate distribution of vegetable oil
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substrate will enhance complete biodegradation of CAHs to innocuous byproducts,
further substrate addition or system expansion is not warranted. Rather, further process
monitoring, modifications to the analytical protocol, redistribution of the vegetable oil
substrate, and additional monitoring well installation are recommended.

The presence of some vegetable oil in the injection wells indicates that the oil is
present as a free phase within the aquifer. It is possible that this oil has reduced the
relative permeability of the aquifer to the degree that there is effectively little flow of
groundwater through the treatment zone. Therefore, a second injection event is
recommended to redistribute the oil more uniformly throughout the treatment zone. To
accomplish this, Parsons recommends a “pull-push” combination of 1) extracting free
phase oil from the injection wells, 2) re-injecting the extracted oil as a dilute oil-in-water
emulsion, and 3) a final water push of sufficient volume to distribute the total volume of
oil at a residual saturation of less than 25 percent. This effort would be most effective
using site groundwater extracted from the injection wells along with the free phase oil, or
from a downgradient well (e.g., well PES-MW7S/D), in order to maintain native
geochemical conditions within the treatment zone.

Alternatively, a pair of downgradient wells could be used for extraction to induce flow
between the injection wells and downgradient monitoring wells within the treatment
zone. Groundwater could be extracted and then re-injected into the injection wells to
create a recirculation cell between the injection and extraction locations. This scenario
would attempt to pull the oil through the treatment area. Circulation of at least two pore.
volumes is recommended to redistribute the vegetable oil within the recirculation zone of
influence. It is still recommended to first extract as much free oil from the injection wells
as possible to mix an initial stug of dilute oil-in-water emulsion.

Although no additional fluids (other than those already in the treatment zone) would
be used under this scenario, amendment of the State of Tennessee and the Memphis and
Shelby County Water Quality Control Board injection permits may be necessary. Based
on microbial characterization, bioaugmentation using an established microbial population
from a site known to dechlorinate TCE to completion (i.e,, the Ensafe, Inc.
bioremediation test site at the Former NSA-Midsouth Northside) also should be
considered. ‘

Because of the degree of aquifer heterogeneity, low hydraullc gradient, and elevated
contaminant concentrations observed at upgradient well pair PES-MW1S/D, additional
. momtormg wells should be considered for the site. Parsons recommends additional well
pairs between the injection wells and upgradient well pair PES-MW1S8/D. Depending on
selection of a substrate redistribution design, additional well pairs may be warranted to
evaluate reductive dechlorination within the redistribution zone. Due to the potential for
preferential flow paths and because the impact of the initial injection is being observed as
far as 30 feet downgradient of the injection wells, additional well pairs may be warranted
at distances up to 150 feet downgradient from the injection wells.

Process monitoring is recommended prior to any substrate redistribution to provide
additional evaluation of the initial test. Because redistribution would cause changes in
geochemical and contaminant concentrations simply by dlsplacement monitoring to
establish a new baseline is recommended within 30 days of substrate redistribution.
Semi-annual performance monitoring is recommended for at least 12 to 18 months to
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determine whether substrate redistribution was effective in stimulating reductive
‘dechlorination.

Additions to the sampling protocol also are recommended. The addition of dissolved
hydrogen is recommended to further evaluate the TEAPs that are occurring across the
site. Select samples for VFA and PLFA analysis are recommended to determine the
change and development of microbial communities and degradation processes that
contribute to reductive dechlorination. Finally, additional aquifer testing may be
beneficial to establish preferential flow paths within the treatment zone.
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ACRONYMS AND ABBREVIATIONS

ug/kg micrograms per kilogram
png/L micrograms per liter
amsl - above mean sea level
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SECTION 1
INTRODUCTION

This report provides results of a field-scale application for enhanced in-situ
bioremediation of chlorinated solvents via vegetable oil injection at Site N-6, Former
Naval Support Activity (NSA) Mid-South Northside, Millington, Tennessee. This report
was prepared for the Naval Facilities Engineering Command (NAVFAC) and NSA Mid-
South by the Parsons Corporation (Parsons).

1.1  OBJECTIVES

This project is being conducted by NAVFAC in conjunction with Parsons and NSA
Mid-South to document the enhanced bioremediation of chlorinated solvents dissolved in
groundwater by injecting an organic substrate (vegetable oil) into the subsurface below
the water table. Speciﬁcally, the objective of this field application is to determine if
vegetable oil injection ‘is a viable treatment option for remediation of volatile organic
compounds (VOCs) in groundwater at Site N-6.

1.2 SCOPE OF WORK

Site-specific activities conducted at NSA Mid-South in support of the field feasibility
test included: :

« Installation of 8 vegetable oil injection wells and 16 groundwater monitoring wells
using Rotasonic drilling technology;

o Baseline (i.e., pre-injection) sampling of groundwater at the newly-installed
injection and monitoring wells, and existing monitoring wells 007G15UF
(shallow) and 007G 15LF (deep), in accordance with the Final Work Plan for Field
Application to Enhance In-Situ Bioremediation of Chlorinated Solvents via
Vegetable Oil Injection at Site N-6, Former Naval Support Activity Mid-South,
Millington, Tennessee (Parsons, 2000) and the Technical Protocol Jor Evaluating

. Natural Attenuation of Chlorinated Solvents in Groundwater (United States
Environmental Protection Agency [USEPA], 1998);

o Pre-injection aquifer testing (hydraulic conductivity) of four injection wells and
eight monitoring wells;

« Injection of a total of 6,115 gallons of refined soybean oil;
« Post-injection aquifer testing (hydraulic conductivity) of previously tested wells;

« Surveying of the newly installed injection and monitoring wells; and

1-1
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» Post-injection sampling of groundwater and vegetable oil at the system monitoring
' and injection wells and existing monitoring wells 007G15UF and 007G15LF in
November 2000, February 2001, August 2001, and January 2002.

» This report describes the activities performed for the field test and results of
process monitoring.

1.3 REPORT ORGANIZATION

This report consists of six sections, including this introduction, and three appendices.

- Section 2 summarizes historical site characterization. Section 3 describes the field

system installation, substrate addition, and the procedures followed for data collection.

Section 4 discusses and evaluates the results of the vegetable oil injection. Section 5

provides conclusions and recommendations, and Section 6 contains the references used in’
preparing this document. Appendix A contains analytical results and Appendix B .
contains field sampling data and forms. Appendix C contains plots of contaminant
concentrations and molar fractions over time for the system monitoring wells.

14  SITE HISTORY

NSA Mid-South is located in Millington, Tennessee (Figure 1.1). Navy airfield
operations ceased in 1995, at which time the mission of this Navy facility changed from
‘Naval Air Station (NAS) Memphis to NSA Memphis. ‘In 1998, the facility officially
became NSA Mid-South. As a result of the Base Closure and Realignment Act (BRAC)
of 1990, a portion of NSA Mid-South (the Northside) has been closed and was
transferred to the City of Millington in January 2000. The City of Millington now owns
and operates the Northside as a municipal airport. :

To expedite the transfer of the Northside to the City of Millington, the BRAC Cleanup
Team (BCT) designated the NSA Northside fluvial deposits groundwater as Area of
Concern A (AOC A). A Resource Conservation and Recovery Act (RCRA) Facility
Investigation (RFI) for Solid Waste Management Unit (SWMU) 7, the Building N-126
Plating Shop Dry Well, identified multiple areas in which groundwater was contaminated
with chlorinated solvents. One particular site near former Hanger N-6 is the focus of this
field application. The RFI was performed pursuant to the Navy’s Installation Restoration"
Program (IRP) and the Hazardous and Solid Waste Amendments (HSWA) section of the.
RCRA Permit (TNHW-094), issued to NSA Memphis in 1996 by the Tennessee
Department of Environment and Conservation (TDEC).

Site N-6 is located in the Northside portion of NSA Mid-South, now City of
Millington property. Figure 1.2 shows the site features and potential sources of solvents.
The N-6 Site is centered around a former aircraft hanger (former Building N-6), and
includes the surrounding flightline apron. The Building N-6 area was previously used for
maintenance of military aircraft. Suspected releases of solvents at the site include the
reported use of unspecified solvents as weed killer east of former Building N-6. Other
suspected sources of solvents include a small aircraft parts stripping and painting area
west of former Building N-6 and an underground waste tank present within former
Building N-6 (EnSafe, 2000a). Actual dates or quantities of contaminant releases are
unknown.
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Solvents reportedly used at NSA Mid-South include 1,1,1-tetrachlorethane (TCA) and
trichloroethene (TCE). Chemicals of concern (COCs) identified for Site N-6 include
TCE,; the dichloroethene (DCE) isomers 1,1-DCE, cis-1,2-DCE, and trans-1,2-DCE; 1,1-
dichloroethane (DCA); 1,2-DCA; and carbon tetrachloride (CT). The work under this
project focuses on the bioremediation of these chlorinated compounds.
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SECTION 2
SUMMARY OF HISTORICAL SITE CHARACTERIZATION

This section summarizes the results of site characterization conducted by NSA Mid-
South.

2.1  HISTORICAL SITE CHARACTERIZATION

Site-specific data were reviewed to evaluate groundwater flow and contaminant
transport and to determine locations for installation of injection and groundwater
monitoring wells. Section 2.1 presents a synopsis of site characterization data made
available to Parsons. Section 2.2 presents an interpretation of the data from the
standpoint of biodegradation of chlorinated ethenes, ethanes, and methanes present at the
site. Because chlorinated ethenes comprise the bulk of dlssolved chlormated solvents at
Site N-6, they are the focus of thls discussion.

The followmg sections are based upon review and summary of data from the
following sources:

e RCRA Facility Investigation Report,- Naval Support Activity Memphis, AOC A, .
Northside Fluvial Groundwater (EnSafe, 2000a);

o Aquifer Characterization Test Report, Area of Concern A, Naval Support Activity
Mid-South, Millington, Tennessee (EnSafe, 2000b);

o RCRA Facility Investigation Report Addendum, Naval Support Activity Memphis,
AOC A, Northside Fluvial Groundwater (EnSafe, 2000c); '

o Hydrogeology and Groundwater Quality of Naval Support Activity Memphzs,
Millington, Tennessee (Carmichael et al., 1997).

The reader is referred to these documents for 2 more detailed review of site-specific data
Additional sources of site data are referenced w1th1n the text.

2.1.1 Geology

The stratigraphic units beneath Site N-6 identified for thls and previous studies in
descending order are: Pleistocene age loess; Pleistocene to possibly Pliocene age fluvial
deposits; and upper units of the Claiborne Group, specifically the Cockfield and Cook
Mountain Formations of Eocene age. = The Cockfield and Cook Mountain Formations
are overlying confining units to the Memphis Sand, which comprises the regional
Memphis aquifer. Alluvium is locally present beneath the alluvial plain of North Fork

2-1
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Creek and its tributaries (Figure 1.1), but is generally absent in the apron area (i.e., Site
N-6). Figure 2.1 shows the locations of hydrogeologic Cross Sections A-A’ (Figure 2.2)
and B-B’ (Figure 2.3) across Site N-6. The following lithologic descriptions and
stratigraphic relationships are summarized from the AOC A RFI (EnSafe, 2000a and
2000c).

Loess deposits underlying the Northside consist of silt, silty clay, and minor amounts
of sand and clay. Loess deposits range in thickness from 25 to 45 feet across the apron
area, and average approximately 35 feet thick at Site N-6. The color of the loess varies
from differing shades of brown, yellow, orange, red, and olive-gray. It is often mottled in
color and may contain trace amounts of organic matter. The loess typically becomes
stiffer, less moist, and contains a greater clay content with depth. In areas not covered by

“the concrete apron, the loess yields water and is the shallowest water-bearing zone at
NSA Mid-South.

A relatively thin layer of reworked fluvial deposits is locally present between the loess
and underlying fluvial deposits. Where present, this transition zone consists of sandy silt
and silty and clayey fine- to medium-grained sand.

Fluvial deposits lie unconformably beneath the loess/fluvial deposits transition zone
and may be recognized by the uppermost presence of very fine grained sand. Previous
investigations at the site have divided the fluvial deposits into an upper sand-dominated
zone and a lower gravel-dominated zone (Cross Sections A-A’ and B-B’). The upper
sand-dominated fluvial sediments consist of very-fine to coarse-grained sand, coarsening
‘downward in the sequence. These sands locally contain lenses of silt and/or clay, and the
sand may be finely micaceous. Scattered gravel also is present inter-fingered or
interbedded with the fluvial sands. Sand-dominated fluvial deposits are commonly light
brown to reddish-brown, and are locally mottled yellowish-gray to orange.

The lower gravel-dominated fluvial deposits are characterized by mixtures of poorly
to moderately sorted gravels (up to 3-inch diameter) and fine- to very coarse-grained
sand, in a generally coarsening downward sequence. The gravel and sand mixtures
contain inter-fingering fine- to coarse-grained sand stringers with some silt and clay. The
gravel-dominated fluvial deposits are generally dusky yellow to dark yellowish-orange
and yellowish-gray. - . '

The fluvial deposits beneath Site N-6 range from 35 feet to 64 feet thick, with the
thickest deposits directly beneath the former N-6 hanger (source area identified on Cross
Sections A-A’ and B-B”).

The Cockfield Formation lies unconformably below the fluvial deposits at depths of
80-100 feet below Site N-6 (Cross Sections A-A’ and B-B’). The upper contact of the
Cockfield Formation is typically distinguished by a marked change from the overlying
gravel-dominated fluvial deposits to a heterogeneous mixture of sand, silt, clayey sand,
clay, and lignite. The uppermost part of the Cockfield Formation is generally comprised
of very fine- to fine-grained sand with interlaminations of silt and/or clay, and is
generally dusky brown to brownish-gray. : '
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2.1.2 Hydrogeology

The water table beneath Site N-6 is generally located approximately 40 feet below
ground surface (bgs). The Northside fluvial groundwater flow pattern can be seen in
Figure 2.4, which illustrates upper and lower fluvial deposits groundwater flow across the
Northside AOC A for April 1996 (EnSafe, 2000a). The groundwater surface is generally
located at the top of the fluvial deposits, but also may be locally present within the loess
deposits at Site N-6. As shown, the local flow direction near Site N-6 is toward the
northwest with a horizontal gradient of approximately 0.004 foot per foot (ft/ft), based on
elevations from wells 007G12LF and 007G13LF. The fluvial deposits potentiometric
surface occurs within the loess deposits (Cross Sections A-A’ and B-B’), indicating
confined or semi-confined conditions. Groundwater elevations for wells screened in the
upper and lower fluvial deposits indicate that groundwater flow for these horizons are
similar across the apron area. Groundwater elevation data from well pair 007G15UF/LF
indicate a vertical gradient of -0.013 ft/ft in a downward direction.

Aquifer characterization conducted by the United State Geological Survey (USGS) in
1995 indicated horizontal hydraulic conductivity of the fluvial deposits across the
Northside of 5.3 feet per day (ft/day) from an aquifer test; horizontal hydraulic
conductivity ranging from 10 to 38 ft/day by monitoring well specific capacity testing;
and horizontal hydraulic conductivity ranging from 0.004 to 1.98 ft/day using Hydrocone
testing within the upper fluvial deposits/loess transitional interval. Further aquifer
_characterization by EnSafe (2000b) using a short-term, specific-capacity test, a step-
drawdown test, and a longer-term constant-rate aquifer test yielded a hydraulic
conductivity for the fluvial deposits ranging from 44.6 ft/day to 68.3 ft/day, with a
geometric mean of 59.1 f/day.

Given an estimated effective porosity of 27 percent, a hydraulic gradient of 0.004 ft/ft,
and a hydraulic conductivity of 5.3 ft/day, EnSafe (2000a) calculated an advective
groundwater velocity of 30 feet per year (ft/yr) for an area incorporating Site N-6.
- Similarly, a hydraulic conductivity of 59.1 ft/day can be used to calculate an advective
groundwater velocity of 320 ft/yr. Based on the observed variation in lithology and
hydraulic conductivity within the fluvial deposits, groundwater velocities may range over
an order of magnitude or greater. This suggests the potential for preferential flowpaths.

22 NATURE AND EXTENT OF CONTAMINATION

Historical delineation of contaminants in soil and groundwater at Site N-6 has
occurred over a number of sampling events involving both permanent monitoring wells
and single-point sampling with direct-push techniques (DPT). The naturé and extent of
soil and groundwater contamination based on historical analytical results are discussed in
the following sections.

2.2.1  Soil Analytical Results

Soil samples were collected near the Site N-6 source area from a single borehole
(007SMW15) drilled for monitoring well location 007G15LF/UF (Figure 2.1). No
constituent in any soil sample from this location exceeded soil screening levels (SSLs)
for contaminant transport from soil to groundwater, or residential soil .risk-based
concentrations (RBCs) established for AOC A (EnSafe, 2000a). This soil borehole
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location is within the footprint of former Hanger N-6, and may not be optimally located
to characterize source-area soils. Suspected source areas at Site N-6 include a former
grassy area stormwater drain to the east of former Hanger N-6 and a former subsurface
- waste tank located below grade and within the. footprint of the former hanger (Figure
1.2).

2.2.2  Groundwater Quality

Eight permanent monitoring wells (007G12LF, 007G13LF, 007G14LF, 007G15LF,
007G15UF, 007G24MF, 007G25MF, and 007G26MF), and 37 single-point samples from
19 temporary DPT borehole locations have been sampled from 1994 to 1998 as part of
the RFI and long-term monitoring (LTM) at Site N-6. Historical analytical results for
VOC:s in groundwater are summarized in Table 2.1

Table 2.1 indicates that TCE, 1,1 DCE 1,2-DCA, and CT have been detected
consistently over time in samples from wells 007GI1SUF and 007GISLF. The
degradation products 1,2-DCE and chloroform also have been detected in site
groundwater, although at lower concentrations that the potential source or parent
chlorinated compounds. Historically maximum concentrations of TCE ranged up to
1,160 micrograms per liter (ug/L) at a depth of 60 feet at DPT location 7-69, located just
to the east of the former hanger.

The maximum concentrations of 1,2-DCE (29.2 pg/L), CT (199 pg/L), and
. chloroform (180 pg/L) also were detected at the same depth interval at DPT location 7-
69. The maximum concentrations of 1,1-DCE (380D [diluted] pg/L), 1,1-DCA (67
pg/L), and benzene (6.6 pg/L) were detected in well 007G15UF in April 1997 Other
VOC compounds detected at Site N-6 include tetrachloroethene (PCE), 1,2-DCA,
~ bromochloromethane, dichlorofluoromethane, and acetone. Semi-volatile organic
compounds (SVOCs) detected were bis(2-ethylhexyl)phthalate (BEHP) and total
petroleum hydrocarbons - diesel range organics (TPH-DRO). The limited presence of
benzene and TPH-DRO indicates some release of fuel hydrocarbons in addition to
chlorinated solvents.

Maximum historical concentrations of TCE from 1994 to 1998 at each sampling
location for fluvial deposits groundwater are contoured on Figure 2.5. The maximum
identified concentrations of TCE are in groundwater at the eastern end of former Hanger.
N-6, coinciding with a former grassy area where solvents reportedly were spread to kill
weeds (Figures 1.2 and 2.5).  Based on these data, the TCE plume extended
approximately 900 feet downgradient towards the .north-northwest in the general
~ direction of groundwater flow (Figures 2.4 and 2.5).

Figures 2.6 and 2.7 show the vertical profiles of TCE in groundwater along Cross
Sections A-A’ and B-B’ (see Figure 2.1 for cross section locations). While TCE is
present from the potentiometric surface to the base of the fluvial deposits, the maximum
TCE concentrations are inferred to occur within the middle to lower portions of the
aquifer. However, the vertical contaminant profile cannot be demonstrated conclusively
because of a lack of groundwater sampling points in the upper fluvial deposits
downgradient from the source area (Figure 2.6).
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TABLE 2.1 .
SUMMARY OF HISTORIC VOLATILE ORGANIC COMPOUND DETECTIONS IN GROUNDWATER
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

1,1,1- Carbon . Bromochloro  Dichlorofuoro ‘ Semi-Volatiles
Sample  Stratigraphic - PCE¥ TCEY 12-DCE* 1,1-DCE  TCAY 1,1-DCAY ~ 12-DCA  Tetrachloride ~Chloroform  -methane -methane Acetone  Benzene BEHPY  TPH-DRO
Location Interval” Date (ug/L)” (ng/L) (ng/L) (ng/L)  (pgl) (ng/L) - (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ug/L) (ng/L)
PERMANENT MONITORING WELLS - ,
007G12LF LF Mar-96 NDY ND ~ ND ND ND ND ND ND ND ND' ND ND ND ND ND
Aug-96 ND ND ND ND ND ND ND ND ND ND ND : ND ND NAY NA
May-97  ND ND ND ND ND ND ND ND ND " ND ND | ND ND NA NA
Nov-97 ND ND ND ND ND ND ND ND ND ND ND i ND ND NA NA
Aug-98 ND ND ND ‘ND ND ND ND ND ND ND ND . ND ND NA NA
Nov-98 ND ND ND ND ND . ND * ND ND ND ND ND ND ND NA NA
007G13LF LF Mar-96 ND ND ND ND ND " ND - ND ND ND ND ND . ND ND 2.0)7 ND
Apr-97 ND ND ND ND ND ND ND ND ND ND ND . ND ND NA NA
_ ~ Nov-97 ND- . ND ND ND ND ND ~ ND ND ND ND ' ND ND ND NA NA
007G 14LF LF Mar-96 ND ND ND ND ND ND ND . ND ND ND ND . ND ND 8.0J ND
Aug-96 ND ND ND ND ND .© ND ND ND ND ND ND . ND ND NA NA
Nov-97.. ND ND ND ND ND ND ND ND ND ND ND ., ND ND NA NA
007G 15UF UF Mar-96 ND 840 207*¢ 280 ND 48] ND 20J 70 ND ND “ND 7.0] 1.0J 160
Aug-96 ND 800 2% 290 ND 43] ND 19] 63 ND ND ND 6.0J NA ‘NA
Apr-97 ND 600D 20% 380D ND 67 ND 14 44 ND ND i ND 6.6 NA NA
Nov-97 0.80J 580D 18* 320 ND 51 ND 9.8 30 ND- ND ;93 4.6] ‘NA NA
Aug-98 0.581 580D 19* 320D ND 64 ND 4.3] 17 ND ND { ND 4.6] NA NA
" 007G15LF LF Mar-96 ND ND ND ND ND ND ND 20 5] ND ND " ND ND 14 110
Aug-96 ND 13 ND 6.0J ND 2] 'ND 26 10 ND ND  ND ND NA NA
Apr-97 ND 12 ND 6.3 ND ND ND 27 7.4 ND ND * ND ND NA NA
Nov-97 1.1 12 ~ ND ND ND ND ND 2.8] 2.7) ND ND ND ND NA NA
Aug-98 ND 6.5 ND 3.9] ND ND ND 15 5.6 ND ND “ND ND NA NA
007G24MF MF - Aug-98 ND - NDr ND ND ND ND ND ND ND ND ND "ND ND NA NA
_ Nov-98 ND ND ND 'ND ND ND ND ND ND ND ND © ND ND 'NA 'NA
007G25MF MF  Aug-98 ND 18 ND 2.9] ND ~ ND ND ND 2.0J ND ND - - ND ND _NA NA
Nov-98 ND 13] ND 2.0] ND ND ND ND ND ND ND ND ND NA NA
007G26MF MF Aug-98 ND 18 ND ND' ND ND ND ND ND ND ND "ND ND NA NA
Nov-98 ND 4.0J ND ND ND ND ' ND ND ND ND ND ND ND NA NA
007G49LF UF (58) Jun-99 ND 2.0] ND ND ND ND ND ND ND ND ND "ND ND NA NA
MF (63" Jun-99 ND 2.0J ND ND ND ND ND ND ND "~ ND ND 8.0J ND NA NA
MF (68") Jun-99 ND 2.0] ND ND ND ND ND ND ND ND ND ND ND NA NA
MF (73 Jun-99 ND ND ND ND . ND ND ND ND ND ND ND 6.0J ND NA NA
LF (78" Jun-99 ND ND ND ND ND ND ND ND ND ND ND - ND ND NA NA
LF (83" Jun-99 ND ND ND ND ND ND ND " ND ND ND ND ND ND NA NA
LF (88" Jun-99 ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

LF (939 Jun-99 ND ND ND ND ND ND ND ND ND ND ND - ND ND NA NA
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TABLE 2.1 (Continued)
SUMMARY OF HISTORIC VOLATILE ORGANIC COMPOUND DETECTIONS IN GROUNDWATER
NSA MID-SQOUTH SITE N-6

MILLINGTON, TENNESSEE
1,1,1- Carbon Bromochloro  Dichlorofuoro Semi-Volatiles
- Sample Stratigraphic - PCE” TCEY 1,2-DCE¥  1,1-DCE TCAY 1,1-DCAY - :12-DCA  Tetrachloride ~Chloroform -methane -methane "-Acetone Benzene BEHP? TPH-DRO¥
Location Interval” Date (ug/L)? (ug/L) (ng/L) (ug/L) (ug/L) (ug/L) (ng/L) (ng/L) (ug/L) (ng/L) (ug/ll) = (ug/l) (ug/L) (ug/L) (ug/L)
TEMPORARY MONITORING POINTS : .
7-34 UF (45") Nov-95 ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA
7-35 UF (49) Nov-95 ND 117 99 80 - ND ND 44 10 ND 32 ND ND ND NA NA
7-36 MF (58" Nov-95 ND ND 28 ND ND ND ND ND ND ND 6.1 " ND ND NA NA
7-37 MF (60") Nov-95 ND ND ND ND ND ND ND ND ND ND ND v ND ND NA NA
7-49 LF (34" Nov-95 ND 8.1 ND ND ND ND ND ND ND ND ND . ND ND NA NA
7-50 MF (61") Nov-95 ND ND ND ND ) ND ND ~ ND ND ND ND ND . ND ND NA NA
7-51 UF (54) Nov-95 - ND ND ND ND ND ND : ND ND ND ND ND . ND : ND NA NA
7-52 UF (52") Nov-95 ND ND ND ND ] ND ND ND ND ND ND ND ND - ND NA NA
7-53 : MF (64") Feb-96 ND ND ND ND ND ND ND ND ND ND - ND . ND ND NA NA
7-54 MF (58" Feb-96 ND ND ND ND ND ND ND ND ND ] ND ND i ND ND NA NA
7-68 UF (48") Feb-97 ND 2.6 ND 3.2 ND 1.9 ND . ND ND ND ND 200 ND NA NA
UF (53" Feb-97 ND 3.7 ND 5.1 ND 2.7 . ND ND ND . ND ND v 51 ND ' NA NA
MF (58" Feb-97 ND 1.6) ND 4.3 ND 2.4 ND ND ND ND ND . 1380 ND NA NA
MF (64") Feb-97 ND ND ND 2.0] ND ND ND 17 28 ND ND 562 ND NA NA
MF (69" - Feb-97 ND 1.2] ND 2.3] ND ND ND 23 22 ND ND ND ND NA NA
LF (73" Feb-97 ND 8.2 5.6 ND ND ND ND 15 23 ND ND | ND ND ‘ NA NA
LF (78" Feb-97 ND 6.4 5.1 ND ND ND ND 6.5 8.1 ND ND ND ND NA NA
LF (83" Feb-97 ND 1.3] ND ND ND ND ND 1.3) 4.1]) ND ND 594 . ND NA " NA
LF (88" Feb-97 ND ND ND ND ND ND ND 1.4) 3.9]) ND ND : ND ND NA NA
'7-69 MF (60") Feb-97 "ND 1160 29 183 ND 37 ND 199 180 ND ND - ND 5.1 NA NA
LF (90') Feb-97 ND 1.6} ND ND ND ND : ND - ND ND ND ND ND ND NA NA
7-70 UF (46') Feb-97 ND 17 ND 11 ND 3.2) ND ND 1.9]) ND ND ND ND NA NA
MF (68") Feb-97 ND 190 ND 43] ND ND ND ND 47 ND ND . ND ND NA NA
LF (88" Feb-97 ND 39 ND 1.0 ND ND ND 3.5) 11 ND ND ND ND NA NA
7-71 ) UF (46") Feb-97 ND ND ND ND ND - 1.7) ND ND ND ND ND . '-’ 1020 _ ND NA NA
MF (68') Feb-97 ND 422 ND 2.7 ND ND ~ ND 121 61 ND : ND - ND ND NA NA
LF (88") Feb-97 " ND 14 ND 2.6 ND ND ND 34 16 ND ND . ND ND NA NA
7-72 UF (46") Feb-97 ND 16 ND 8.7 ND 4.1 - ND ND ND ND ND ND ND NA NA
MF (68" Feb-97 ND 122 ND 1.6] ND ND ND 10 31 ND ' ND ND ND NA NA
LF (90" Feb-97 ND 8.7 ND 2.1] ND ND ND 29 21 ND ND 197 ND NA NA
7-73 MF (68') Feb-97. ND 15 ND ND ND ND ND ND 2.1J ND ND 164 ND ’ NA NA
LF (90" Feb-97 ND ND ND ND ND ND ND ND ND ND " ND : 44} ND NA NA
7-74 MF (68") Feb-97 ND 47 ND 1.4] ND ND ND ND 4.3] ND ND . ND ND NA - NA
LF (91" Feb-97 ND . 1.2] ND ND ND ND ND ND ND ND ND - 33] ND NA NA
7-79 MF (67") Feb-97 ND 61 ND 10 ND- 3.5 ND ND 7.2 ND ND " ND ND NA NA
7-80 MF (66') Feb-97 ND 26 ND 14.2 ND ND ’ ND ND 3.3] ND ND . ND ND NA NA
LF (87) Feb-97 ND ND . ND ND ND ND ND ND ND ND ND ND ND NA NA

¥ pPCE = tetrachloroethene; TCE = trichloroethene; DCE = dichloroethene; TCA = trichloroethane; DCA = dichloroethane; BEHP = bis(2-ethylhexyl)phthalate; TPH-DRO = total petroleum hydrocarbons - diesel range organics.
¥ UF = upper fluvial deposits; MF = middle fluvial deposits; LF = lower fluvial deposits. '
“ ug/L = micrograms per liter. . ¥ j = estimated concantration.

¥ ND = not detected. ' » ¥* = total cis- and trans-1,2-DCE.
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23 GROUNDWATER USE AND POTENTIAL RECEPTORS

Fluvial deposits groundwater is not used for beneficial use at former NSA Mid-South
Northside. The nearest potential receptor on the Northside is public supply well PW-N1,
located approximately 450 feet southwest of the Building N-126 dry well (approximately
1,500 feet cross gradient from Site N-6). PW-N1 is screened in the Memphis Aquifer
and hydraulically separated from the shallower fluvial aquifer by the upper Claiborne
confining unit (EnSafe, 2000a). This well has been placed on emergency standby as a
precautionary measure since 1994,

Points of potential exposure within the fluvial deposits groundwater consist of shallow
private domestic wells outside the Northside (City of Millington) property. The nearest -
domestic supply well screened in the fluvial deposits is approximately 6,000 feet north-
northwest of the apron area and is inactive (EnSafe, 2000a).

Because contaminated groundwater at Site N-6 has the potential to migrate off the
Northside property, the objective of this field application is to determine if vegetable oil
injection is a viable treatment option for chlorinated solvents in groundwater at Site N-6.
The downgradient property boundary is located approximately 4,000 feet northwest from
the Site N-6 source area (Figure 1.1). '

2-14
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SECTION 3
FIELD TEST IMPLEMENTATION

Site-specific activities conducted at Site N-6 in support of the enhanced
bioremediation field application included:

3.1

Installation of 8 vegetable oil injection wells and 16 groundwater monitoring wells
using Rotasonic drilling technology;

Baseline (i.e., pre-injection) sampling of groundwater at the newly-installed
injection and monitoring wells, and existing monitoring wells 007G15UF
(shallow) and 007G 15LF (deep), in accordance with the Final Work Plan for Field
Application to Enhance In-Situ Bioremediation of Chlorinated Solvents via
Vegetable Qil Injection at Site N-6, Former Naval Support Activity Mid-South,
Millington, Tennessee (Parsons, 2000) and the Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Groundwater (USEPA, 1998);

Pre-injection aquifer testing (hydraulic conductivity) of four injection wells and
eight monitoring wells;

Plumbing of the pilot-scale system and injection of a total of 6,115 gallons of
refined soybean oil;

Injection of bromide (aqueous phase) in order to determine zones of influence;

Post-injection aquifer testing (hydraulic conductivity) of the previously tested
wells;

Surveying of the newly-installed injection and monitoring wells; and
Post-injection sampling of groundwater and vegetable oil at the system monitoring
and injection wells and existing monitoring wells 007G15UF and 007GI15LF in
November 2000, February 2001, August 2001, and January 2002.

SYSTEM INSTALLATION

Initial field activities performed during July and August 2000 are summarized in
Table 3.1. The following sections provide a description of these activities as well as
performance monitoring activities completed through January 2002.

3-1
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TABLE 3.1

NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

SUMMARY OF INITIAL SITE ACTIVITIES

Location

Monitoring
Well
Installation

Slug
Test
Analysis

Water
Level
Measurement

Soil Analyses

Oil Analyses

Groundwater Analyses

vOCs¥
SW8260B

Total
Organic Carbon
(SW9060)

VOCs
SW8260B

VOCs
SW8260B

Methane,
Ethane,
Ethene

Nitrate +
Nitrite
(E300.1) -

Bromide
(E320.1)

Total Organic
Carbon
(SW9060M)

Well Head
Analysesbl

Mobile Lab
Analysesd

Monitoring Wells

PES-MW-1D

PES-MW-1S

PES-MW-2D

PES-MW-28

PES-MW-3D

PES-MW-3S

— e =

PES-MW-4D

PES-MW-4S

PES-MW-5D

PES-MW-5S

PES-MW-6D

PES-MW-6S

[PESSMW-TD

PES-MW-7S

PES-MW-8D

PES-MW-8S

i L R A L R R B e LR E R R B

—l=l=f=]=]==f=]=l=]=]=]|={-

007GL15UF

007GL1S5LF

e Ll e L e B L A B B B e R A B R A e R e R

—_l=]=]=]=]=]=]l=]=]=]=l=]=}|=|=]=|=]|=

—_—p= ===~ ]=]=]=]=]==]=]=]=f=|=]|=

—l=l=]=]=]=]=]=]=]=]=l=]=]={= ===

—_ === f= = === === | ===

— ===l === == == === | =] -

Injection Wells

PES-INJ-1D

PES-INJ-1S

PES-INJ-2D

PES-INJ-2S

PES-INJ-3D

PES-INJ-3S

bl e R B

Uy U [N N

PES-INJ-4D

b Bl A B A B L

PES-INJ-4S

P A LA b R A

[ QUG [ U [N R U

—_ = === |-

—_l= == ===

SUBTOTALS

26

22

QA/QC

Duplicates

MS/MSD

Trip Blanks

Rinseates

TASK TOTAL:

10

3

29

29

25

26

29

¥ VOCs to include aromatic and chlorinated aliphatic hydrocarbons,
¥ Well head analyses include dissolved oxygen, oxidation-reduction potential, pH, temperature, and conductivity.

“ Mobiie lab analyses include chloride, carbon dioxide, alkalinity, ammonia, sulfate, ferrous iron, sulfate, hydrogen sulfide, and manganese.
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3.1.1 Injection Point and Groundwater Sampling Locations

Locations for the 8 injection wells and 16 groundwater monitoring wells are shown on
Figure 3.1. These locations were determined from a review of available site data, with
the injection wells located to provide optimal vegetable oil distribution in the portion of
the plume with the highest contaminant concentrations (i.e., greater than 1,000 pg/L
TCE).

The four injection well pairs were installed approximately 15 feet apart, across the
area with the highest groundwater TCE concentration (1,160 pg/L at DPT location 7-69).
The vertical layout of the injection wells is shown in Figure 3.2. It was anticipated
during system design that the radius of influence of the injected vegetable oil would be
up to approximately 5 to 10 feet (horizontally) based upon historic hydraulic data and
- proposed oil injection volumes.

Monitoring well pairs were installed at distances of 10, 20, 30, 50 and 100 feet
downgradient from the injection wells.” Monitoring well locations were spaced to
monitor the groundwater system downgradient from the injection zone over a period of
18 months, based on groundwater advective velocities ranging from 30 to 320 fu/yr
(Section 2.2). One upgradient well pair (PES-MWI1S and D) was instailed to monitor
background groundwater geochemistry and aqueous phase contaminant concentrations.

3.1.2  Injection and Groundwater Monitoring Well Installation

Newly installed monitoring and injection wells were installed with a Rotosonic
drilling rig subcontracted from Alliance Environmental Incorporated. Injection.and
monitoring wells were installed in July 2000. Construction details are included in
Appendix B.1, and are summarized in Table 3.2. Injection and monitoring well screens
were constructed of 10 feet of flush-threaded, Schedule 40, 2-inch inside-diameter (ID),
polyvinyl chloride (PVC) with 0.02-inch factory-slotted openings. Injection screens
installed in the upper fluvial deposits were placed at least 2 to 3 feet below the water
table to avoid short circuiting of injected vegetable oil to the vadose zone. Monitoring
well screens were placed at similar depths as the injection screens. All injection and
monitoring wells were sealed with bentonite and grouted to the surface with a
cement/bentonite grout. Each injection and groundwater monitoring well was completed
slightly below grade to protect each well from potential damage. Flush-mounted
protective casings were used to protect the monitoring and injection wells.

3.1.3  Soil Sampling

During drilling activities, continuous soil cores were collected from ground surface to
total depth in order to identify the depths of significant stratigraphic contacts or other soil
properties. Boring logs prepared during drilling by the field geologist are presented in
Appendix B.2. A portion of soil sample was used to measure the total concentration of
ionizable VOCs in the soil headspace using a photo-ionization detector (PID). If
headspace readings significantly above background readings were obtained, indicating
the presence of contamination, then the associated soil sample was submitted to a
laboratory for analysis of VOCs using the method specified in Table 3.3. Soil samples
for total organic carbon (TOC) analysis also were collected from select fluvial deposits

3-3
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TABLE 3.2
WELL CONSTRUCTION SUMMARY

NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Top of Casing | Screened ‘Well
Well Installation Northing Easting Elevation Interval Diameter Stratigraphic
Identification Date (State Plane) | (State Plane) | (feet amsl)” (feet bgs)” (inches) Interval”
Injection Wells 7
PES-INJ-1S 19-Jul-00 392214.45.  815028.46 293.44 55.0 - 65.0 2.0 Upper-Fluvial
PES-INJ-1D 19-Jul-00 39221445 815028.46 293.44 75.0 - 85.0 2.0 Lower-Fluvial
PES-INJ-2S 20-Jul-00 392219.89 815042.45 293.20 44.8 - 54.8 2.0 Upper-Fluvial
PES-INJ-2D 20-Jul-00 392219.89  815042.45 293.21 65.0-75.0 2.0 Lower-Fluvial
PES-INJ-3S 23-Jul-00 392224.65 815056.27 293.09 55.0-65.0 2.0 Upper-Fluvial
PES-INJ-3D 23-Jul-00 392224.65 815056.27 293.12 75.0 - 85.0 2.0 Lower-Fluvial
PES-INJ-48 23-Jul-00 392230.14  815070.41 293.44 45.4-554 2.0 Upper-Fluvial
PES-INJ-4D 23-Jul-00 392230.14  815070.41 293.40 65.0-75.0 2.0 Lower-Fluvial
Monitoring Wells
PES-MW-18 18-Jul-00 3921 15.58 815062.15 293.37 45.3 -55.3 2.0 Upper-Fluvial
PES-MW-ID 18-Jul-00 392115.58 815062.15 293.33 70.0 - 80.0 2.0 Lower-Fluvial-
PES-MW-2S 1-Aug-00 392229.39  815038.32 293.38 55.0 - 65.0 2.0 Upper-Fluvial
PES-MW-2D 1-Aug-00 392229.39 815038.32 293.32 75.0 - 85.0 2.0 Lower-Fluvial
PES-MW-3S 24-Jul-00 392235.18 815052.39 293.39 45.0 - 55.0 2.0 Upper-Fluvial
PES-MW-3D 24-Jul-00 392235.18 815052.39 293.40 65.0 - 75.0 2.0 Lower-Fluvial
PES-MW-4S~ 21-Jul-00 39224132 815036.00 293.34 55.0- 65.0 2.0 Upper-Fluvial
PES-MW-4D 21-Jul-00 392241.32 815036.00 293.34 75.0 - 85.0 2.0 Lower-Fluvial
PES-MW-5S 20-Jul-00 392250.05 815029.07 293.27 45.4-554 2.0 Upper-Fluvial
PES-MW-5D 20-Jul-00 392250.05 815029.07 293.27 65.0 - 75.0 2.0 Lower-Fluvial
- PES-MW-63 22-Jul-00 392251.69 - - 815045.97 ~293.28 55.0 - 65.0 2.0 Upper-Fluvial
PES-MW-6D 22-Jul-00 " 392251.69"  815045.97 293.31 75.0 - 85.0 2.0 Lower-Fluvial
PES-MW-78 21-Jul-00 392273.12 . 815033.08 293.10 45.0 - 55.0 2.0 Upper-Fluvial
PES-MW-7D 21-Jul-00 392273.12 815033.08 293.08 65.0 - 75.0 2.0 Lower-Fluvial
PES-MW-8S 22-Jul-00 39232146  815011.22 292.94 55.0-65.0 2.0 Upper-Fluvial
PES-MW-8D 22-Jul-00 392321.46 815011.22 292.94 75.3 - 85.3 2.0 Lower-Fluvial
007G15UF 19-Mar-96 392229.59 814956.53 292.91 40.0 - 50.0 2.0 Upper-Fluvial
007G15LF 19-Mar-96 392221.04  814961.17 293.36 90.0-' 100.0 2.0 Lower-Fluvial

¥ feet amsl indicates elevation in feet above mean sea level.
Y feet bgs indicates depth in feet below ground surface.

¢ Upper fluvial interval is defined as 40 to 65 feet bgs, and lower fluvial interval is defined as 65 to 90 feet bgs.
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TABLE 3.3

ANALYTICAL PROTOCOLS FOR SOIL, VEGETABLE OIL,
AND GROUNDWATER SAMPLES

NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
FIELD (F) OR
MATRIX METHOD ANALYTICAL
Analyte LABORATORY (L)

WATER

Redox Potential Direct-reading meter F

Dissolved Oxygen Direct-reading meter F

- pH Direct-reading meter F

Specific Conductance Direct-reading meter F

Temperature Direct-reading meter F

Ferrous Iron Colorimetric, Hach Method 8146 (or similar) F

Manganese Colorimetric, Hach Method 8034 (or similar) F

Hydrogen Sulfide Colorimetric, Hach Method 8131 (or similar) F

Sulfate Colorimetric, Hach Method 8051 (or similar) F

Alkalinity (Carbonate [CO;?) Titrimetric, Hach Method 8221 (or similar) F

and Bicarbonate [HCO;™'])

Chloride Titrimetric, Hach Kit 8P (or similar)

Carbon Dioxide Titrimetric, CHEMetrics Method 4500 (or similar) F

Nitrate + Nitrite E300.1 L

[as Nitrogen (N)]

Bromide E320.1 L

Methane, Ethane, Ethene AM-18Y L

Total Organic Carbon Walkley-Black” L

vOCs” SW8260B L
SOIL

Total Organic Carbon Walkley-Black” L

VOCs SW8260B L
VEGETABLE OIL

VOCs SW8260B L

¥ Microseeps Inc., standard operating procedure.
* VOCs = volatile organic compounds.
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intervals from locations PES-MW1 and PES-MWS in order to quantify concentrations of
organic carbon in the subsurface soil at Site N-6 prior to vegetable oil injection.

3.2 MEASUREMENT OF BASELINE GEOCHEMICAL CONDITIONS AND
CONTAMINANT PROFILES

After installation and development of the injection wells and groundwater monitoring
wells, groundwater samples were collected to characterize initial site-specific
geochemical and contaminant conditions in accordance with the Technical Protocol for
Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (USEPA, 1998).
Groundwater samples were analyzed for chlorinated solvents and their degradation
products, dissolved oxygen (DO), nitrate, ferrous iron [Fe(ll)], manganese [Mn(ll)],
sulfate, hydrogen sulfide, carbon dioxide, methane, ethane, ethene, oxidation-reduction
potential (ORP), alkalinity, pH, temperature, specific conductance, TOC, bromide, and
chloride. Pre-injection baseline groundwater samples were collected in July and August
2000 and shipped to Microseeps, Inc., of Pittsburgh, Pennsylvania for analysis. Baseline
groundwater samples were analyzed in the field and by Microseeps, Inc. following
analytical protocols summarized in Table 3.3.

3.3 AQUIFER TESTING

Aquifer testing (rising head slug tests) were conducted before oil injection and after
oil injection on selected injection and monitoring wells to estimate the hydraulic
conductivity of unconsolidated deposits at Site N-6, and to estimate the impact of oil
injection on the hydraulic conductivity of aquifer materials in close proximity to the
injection wells. Aquifer test calculations are included in Appendix B.3.

34 SUBSTRATE ADDITION

After baseline geochemical and contaminant sampling and pre-injection aquifer
testing were completed, approximately 6,100 gallons of edible (i.e., food-grade) soybean
oil was injected into eight injection wells. A summary of the injection event, including
volumes of oil and water, injection pressures, and injection flow rates is presented in
" Table 3.4. The soybean.oil was injected under pressure directly into each injection well
using an ARO air diaphragm pump. As soybean oil was injected into each injection well,
the total volume of oil injected was monitored using a Teflon®-coated inline flow meter.

Injection pressures at wells PES-INJ2S, PES-INJ-2D, and PES-INJ4S exceeded the
capacity of the injection system, resulting in lower volumes of oil injected for these
wells. After the soybean oil was injected into each well, a water push consisting of
approximately 100 gallons of water was injected in order to increase the horizontal
distribution of oil into the aquifer matrix in the vicinity of each injection well screen.
Sodium bromide was added as an aqueous phase tracer to the water push at a
concentration of approximately 500 milligrams per liter (mg/L). The tracer was added in
order to track movement of water that was injected during the injection event, which is
anticipated to be an approximate indicator of the area of influence of the treatment zone.

3-8
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TABLE 3.4

VEGETABLE OIL INJECTION SUMMARY
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

Screened Water Total Screened Radius of | Oil Injection | Oil Injection | Water Push | Water Push
Interval Oil Push Volume Percent Length Influence® Pressure Flow Rate Pressure Flow Rate
Well (feet bgs)” | (gallons) | (gallons) | (gallons) 0il (feet) (feet) (psi)” (gpm)” (psi) (gpm)
INJECTION WELLS :
PES-INJ1S 55.0 - 65.0 1000 100 1100 90.9 10 4.2 35 3.7-39 30-35 5.1
PES-INJID 75.0 - 85.0 665 . 100 765 86.9 10 3.5 35 39-49 30-38 5.5
PES-INJ2S 44.8 - 54.8 500 100 600 83.3 10 3.1 28 - 40+ 4.2-6.1 28 - 30 8.5
PES-INJ2D 65.0 - 75.0 450 90 540 83.3 10 2.9 40+ 1.6-2.5 40+ 2.1
PES-INJ3S 55.0 - 65.0 1000 100 1100 90.9 10 4.2 32-35 -4.3-4.8 38-40 5.3
PES-INJ3D 75.0 - 85.0 1000 100 1100 90.9 10 4.2 25-35 56-65 18 - 35 8.8
PES-INJ4S 454-554 500 100 600 83.3 10 3.1 38-40 23-32 15-30 6.5
PES-INJ4D 65.0-75.0 1000 100 1100 90.9 10 42 35-38 3.1-34 40 4.3
AVERAGES: 764 99 863 87.6 3.6

TOTALS: 6115 790 6905
Y feet bgs = feet below ground surface.
* Assumes an effective porosity of 27 percent.
o psi = pounds per square inch.
¢ gpm = gallons per minute.
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3.5 PROCESS MONITORING

In order to monitor system performance over time, Parsons sampled newly-installed
monitoring wells, select injection wells, and existing monitoring wells 007G15LF and
007G5UF at 3, 6, 12, and 18 months after injection. During the 18-month process
monitoring event (January 2002), additional groundwater sample aliquots were collected
at select wells and sent to Microbial Insights, Inc. for volatile fatty acid (VFA),
phospholipid fatty acid (PLFA), and denaturing gradient gel electrophoresis (DGGE)
analyses. These analyses were performed to provide a quantitative way to assess viable
biomass, microbial community structure, metabolic activity, and provide qualitative
information about the prominent microorganisms present in the subsurface at Site N-6.
A summary of the Phase 11 process monitoring activities is shown in Table 3.5.
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TABLE 3.5
SUMMARY OF PERFORMANCE MONITORING ACTIVITIES
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

Oil Analyses Groundwater Analyses

Water Methane, Nitrate + Total Organic
Level voCcs¥ - VOCs Ethane, Nitrite Bromide Carbon Well Head Mobile Lab
Location Measurement SW8260B SW8260B Ethene (E300.1) (E320.1) | (SW9060M) | Analyses” Analyses”

Monitoring Wells

PES-MW-1D

PES-MW-18

PES-MW-2D

PES-MW-28

PES-MW-3D

PES-MW-3S

PES-MW-4D

PES-MW-48

PES-MW-5D

PES-MW-58

PES-MW-6D

PES-MW-6S

PES-MW-7D

PES-MW-78

PES-MW-8D

— === = == | ===} ]

PES-MW-8S

007GL15UF

P L B L e e R A B e A B B R L A B A B A S A

007GLI1SLF

Injection Wells

PES-INJ-1D

PES-INJ-1S

PES-INJ-2D

PES-INJ-2S

PES-INJ-3D

PES-INJ-3S

PES-INJ-4D

b B LR A R L
[S3 [S) [EF N

—_ === =]~

—_ == |=]=]=]=]=

—l=l=l=]=]=]=]-

[N [UDY PUSY JUUR IR (U P P

—_ === =f =

PES-INJ-4S

SUBTOTALS 8 26 26 26 22 22 26 26

QA/QC

Duplicates 1

MS/MSD 1

Trip Blanks

Ll LA L A%

Rinseates

SUBTOTAL PER EVENT: 10 34 29 29 25 25 26 29

¥ VOCs to include aromatic and chlorinated aliphatic hydrocarbons.
¥ Well head analyses include dissolved oxygen, oxidation-reduction potential, pH, temperature, and conductivity.
“ Mobile lab analyses include chloride, carbon dioxide, alkalinity, sulfate, ferrous iron, hydrogen sulfide, and manganese.
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SECTION 4
RESULTS

Chlorinated aliphatic hydrocarbons (CAHs, or chlorinated solvents) can be used as
electron acceptors under reductive dechlorination; however, there must be an appropriate
source of carbon (electron donor) for microbial growth in order for this process to occur.
Potential carbon sources include vegetable oil, fuel hydrocarbons, low-molecular-weight
compounds (e.g., lactate, acetate, or methanol) present in natural organic matter, or less--
chlorinated compounds such as vinyl chloride (VC) or DCE. Addition of vegetable oil to
the groundwater at Site N-6.will serve to promote remediation of the CAH plume by
providing a large quantity of substrate for microbial growth and as a means of lowering
the reduction-oxidation (redox) conditions within the aquifer. )

The separate-phase-nature and low solubility of vegetable oil allows for slow
dissolution into groundwater, thus making it a slow-release carbon source. Vegetable oil
is an inexpensive, innocuous, edible (i.e., food-grade) carbon source that is not regulated
as an environmental groundwater contaminant by the USEPA. Because vegetable oil is a
non-aqueous phase liquid (NAPL), the potential exists that a single, low-cost injection

- could provide sufficient carbon to drive reductive dechlorination for many years. -

Therefore, the objective of adding vegetable oil to the subsurface at Site N-6 is to
either promote or reduce those fate and transport processes that are key to maintaining.
contaminant mass control (i.e., plume stability) and increasing contaminant mass
reduction (i.e., plume treatment). Given an understanding. of the fate and transport
processes likely to be involved at this site during treatment, a sampling program was
designed and implemented to characterize the impact of vegetable oil addition on
changes in contaminant mass and concentration.

Vegetable oil was injected at Site N-6 in August 2000 to create the redox and electron
donor conditions necessary to promote the microbial reductive dechlorination of the
chlorinated solvents present in groundwater at the site. A secondary benefit of vegetable
oil injection is that dissolved contaminants will preferentially partition out of the
groundwater and into the vegetable oil NAPL. This is beneficial because aqueous-phase
chlorinated solvent concentrations are lowered until steady-state conditions are reached.
This results in an initial attenuation of the dissolved phase plume. Contaminants are then
released from the oil to groundwater at a rate dependent upon dissolution and/or
degradation of the vegetable oil, and degradation of contaminants in the dissolved phase.
In any event, contaminants are released back to groundwater within a zone of adequate
substrate and optimal conditions for reductive dechlorination.

022/737490/6.doc



41 GROUNDWATER FLOW

Table 4.1 presents groundwater elevation measurements collected during baseline
sampling, process monitoring events, and from annual monitoring by EnSafe, Inc.
Figures 4.1 and 4.2 present groundwater elevations for the upper-fluvial deposits in
July/August 2000 and July/August 2001, respectively. The monitoring network for the
pilot test was designed assuming that groundwater flow was toward the north-northwest.
However, groundwater elevation data collected since system installation within the
treatment zone suggest a very flat groundwater potentiometric surface for both the upper
and lower fluvial aquifer zones. In fact, in November 2000, there was at least some
component of groundwater flow toward the south, from the injection wells toward
monitoring well PES-MW1S (Table 4.2). This well was installed to monitor upgradient
groundwater chemistry. Based on hydraulic data, and the geochemical data presented
below, it appears that well PES-MWI1S was impacted chemically by vegetable oil
injection activities shortly after injection, but that the impact has decreased over time.

Groundwater flow in July/August 2001 (Figure 4.2) was toward the north-northwest,
but the gradient within the treatment zone remains relatively flat compared to the overall
gradient from well 007G14LF to well 007G12LF. Groundwater elevations for January
2002 (Table 4.2) are similar to pre-injection conditions, and indicate the gradient in the
treatment zone also is toward the north-northwest. This suggests that the apparent
mounding of the potentiometric surface observed in November 2000 near the injection
wells may have been due to seasonal effects, and that the hydraulic gradient in the
treatment zone still remained relatively flat in spite of any changes (i.e., decrease) in
hydraulic conductivity as a result of the vegetable oil injection.

Table 4.2 presents the results of pre-injection aquifer testing and estimates of
groundwater seepage velocity. The geometric mean for hydraulic conductivity values
measured in the upper fluvial zone was 7.1 ft/day (2.5E-03 cm/sec), while the geometric
mean for the hydraulic conductivity values measured in the lower fluvial zone was 9.0
fi/day (3.2E-03 cm/sec).

" Aquifer test data collected during the January 2002 process monitoring event (post-
injection) are presented in Table 4.3. The geometric mean for hydraulic conductivity
values measured in the upper fluvial zone was 17 fi/day (6.0E-03 cm/sec), while the
geometric mean for the hydraulic conductivity values measured in the lower fluvial zone
was 6.2 ft/day (2.2E-03 cm/sec).

Comparison of the pre-injection aquifer testing data with the post-injection aquifer
testing data indicates that hydraulic conductivities measured after injection are similar to
the hydraulic conductivities measured prior to injection (within the same order of
magnitude). Therefore, oil injection activities at Site N-6 do not appear to have an
impact on the hydraulic conductivity of the aquifer matrix downgradient from the
injection area. It should be noted that post-injection aquifer tests could not be completed
in the injection wells due to the presence of substantial thicknesses of vegetable oil
remaining after injection. As a result, the effect of vegetable oil injection on the
hydraulic conductivity of the aquifer matrix in the immediate v1c1mty of the injection
wells could not be directly assessed.

4-2
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TABLE 4.1

SUMMARY OF GROUNDWATER ELEVATIONS
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Top of Casing Screened Depth to Groundwater Depth to Oil Corrected Water
Elevation Interval Stratigraphic Water Elevation 0il Thickness Elevation"
Identification Date {feet ams})” (feet bgs)” Interval (feet) (feet amsl) (feet) (feet) (feet ams})
Injection Wells
PES-INJ-1S August-00 293.44 55.0-65.0 Upper-Fluvial 39.92 253.52 - - -
November-00 293.44 55.0-65.0  Upper-Fluvial 65.45 227.99 39.04 26.41 252.29
February-01 293.44 55.0-65.0  Upper-Fluvial 65.37 228.07 38.89 26.48 252.43
August-01 293.44 55.0 -650  Upper-Fluvial 65.50 227.94 38.07 2743 253.18
January-02 294.44 55.0-65.1 Upper-Fluvial 65.80 228.64 37.46 28.34 254.71
PES-INJ-1D Augusl-Od 293.44 75.0-850  Lower-Fluvial 40.16 25328 - - -
November-00 293.44 75.0-85.0  Lower-Fluvial 82.85 210.59 38.08 44.77 251.78
February-01 293.44 75.0-85.0  Lower-Fluvial 81.11 21233 37.95 43.16 252.04
August-01 293.44 75.0-85.0  Lower-Fluvial 80.17 213.27 37.16 43.01 252.84
January-02 293.44 75.0-85.0  Lower-Fluvial 79.12 214.32 36.47 42.65 253.56
PES-INJ-2S August-00 293.20 44.8-54.8  Upper-Fluvial 39.55 253.65 - - -
November-00 293.20 44.8-54.8  Upper-Fluvial 52.20 241.00 40.04 12.16 252.19
February-01 293.20 44.8-54.8  Upper-Fluvial 51.55 241.65 39.93 11.62 252.34
August-01 293.20 44.8-54.8  Upper-Fluvial 49.80 243.40 39.10 10.70 253.24
January-02 293.20 44.8-54.8  Upper-Fluvial . - 4846 244.74 38.48 9.98 253.92
PES-INJ-2D August-00 293.21 65.0-75.0  Lower-Fluvial ©  39.74 25347 - . - - -
November-00 293.21 65.0-75.0  Lower-Fluvial 67.80 225.41 36.95 30.85 253.79
February-01 293.21 65.0-75.0  Lower-Fluvial 67.50 225.71 38.50 29.00 252.39
August-01 293.21 65.0-75.0  Lower-Fluvial 66.30 226.91 37.82 28.48 253.11
January-02 293.21 65.0-75.0 _ Lower-Fluvial 62.20 231.01 37.47 24.73 253.76
PES-INJ-3S August-00 293.09 55.0-65.0  Upper-Fluvial 39.52 253.57 - - -
November-00 293.09 55.0-65.0  Upper-Fluvial 64.93 228.16 38.75 26.18 252.25
February-01 293.09 55.0-65.0  Upper-Fluvial 65.00 228.09 38.65 26.35 252.33
Augusi—Ol i93.09 55.0-65.0  Upper-Fluvial 64.95 228.14 37.80 27.15 253.12
January-02 293.09 55.0-65.0  Upper-Fluvial 64.38 228.71 37.14 27.24 253.77
PES-INJ-3D August-00 . 293.12 75.0-85.0  Lower-Fluvial 39.84 25328 - - -
- November-00 2;93.12 75.0-85.0  Lower-Fluvial 8030 212.82 38.00 42.30 251.74
February-01 293.12 75.0-85.0  Lower-Fluvial 79.50 213.62 37.90 41.60 251.89
August-01 293.12 75.0-85.0  Lower-Fluvial 78.02 215.10 37.03 40.99 252.81
) January-02 293.12 75.0 - 85.0 Lowc;'-Fluvial 7717 215.95 36.37 _ 40.80 - 253.49
PES-INJ-4S August-00 293.44 454-554  Upper-Fluvial 39.73 253.71 - - -
November-00 293.44 45.4-554  Upper-Fluvial 7491 218.53 36.00 3891 254.33
February-01 293.44 454-554  Upper-Fluvial 50.10 24334 40.25 9.85 252.40
August-01 293.44 454-554  Upper-Fluvial = 48.32 245.12 39.45 8.87 253.28
January-02 293.44 45.4-554  Upper-Fluvial 47.54 245.90 39.56 7.98 253.24
PES-INJ4D August-00 293.40 65.0-75.0  Lower-Fluvial 40.04 25336 - - -
November-00 293.40 . 65.0-75.0  Lower-Fluvial 74.71 218.69 40.40 3431 250.26
February-01 | 293.40 65.0-75.0 Lower-Fluvial 74.65 218.75 38.59 36.06 251.93
August-01 293.40 65.0-75.0  Lower-Fluvial 71.18 222.22 37.81 33.37 252.92
January-02 293.40 65.0-75.0  Lower-Fluvial 70.26 223.14 37.21 33.05 253.55
Remed\737490\0 7k 4-3




TABLE 4.1 (C_ontinued) )
SUMMARY OF GROUNDWATER ELEVATIONS

NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE
Top of Casing Screened Depth to Groundwater Depth to 0il Corrected Water
Elevation Interval Stratigraphic Water Elevation 0il Thickness Elevation”
Identification Date (feet amsl)” (feet bgs)” Interval (feet) (feet amsl) (feet) " (feet) (feet amsl)

Monitoring Wells -
PES-MW-1S August-00 293.37 45.3-553  Upper-Fluvial 39.59 253.78 - - -
November-00 1293.37 45.3-553  Upper-Fluvial 40.88 252.49 - - -
February-01 293.37 45.3-553  Upper-Fluvial 40.86 252.51 - - -
August-01 293.37 45.3-553  Upper-Fluvial 39.97 253.40 - - -
January-02 293.37 45.3-553 Upper-ﬂﬁvial 39.35 254.02 - - -
PES-MW-1D August-00 293.33 .70.0-80.0  Lower-Fluvial 39.74. -253.59 - - -
November-00 293.33 70.0-80.0  Lower-Fluvial 41.02 252.31 - - -
February-01 293.33 70.0-80.0  Lower-Fluvial 41.06 252.27 - - -
August-01 293.33 70.0-80.0  Lower-Fluvial 40.15 253.18 - - -
January-02 293.33 70.0- 80.0  Lower-Fluvial 39.48 253.85 - = —
PES-MW-2S August-00 293.38 55.0-65.0  Upper-Fluvial 39.79 253.59 -- - -
November-00 293.38 55.0-65.0  Upper-Fluvial 40.25 253.13 - - -
February-01 293.38 1 55.0-650  Upper-Fluvial 41.10 252.28 - -- -
August-01 29338 55.0-65.0  Upper-Fluvial 46. 12 253.26 - - -
January-02 . '293.38 55.0-65.0  Upper-Fluvial 39.51 253.87 -~ - -~
PES-MW-2D August-00 293.32 75.0-85.0 Lower-Fluvial 40.05 1 253.27 - - -
November-00 293.32 75.0-850  Lower-Fluvial 41.56 251.76 - - -
February-01 293.32 75.0-85.0  Lower-Fluvial 41.40 251.92 - - -
August-01 293.32 75.0-85.0  Lower-Fluvial 40.45 252.87 - - -
January-02 293.32 75.0-85.0  Lower-Fluvial 39.89 253.43 - - -
PES-MW-3S August-00 293.39 45.0-550  Upper-Fluvial » 39.67 253.72 - - -
November-00 293.39 450-550  Upper-Fluvial 41.21 252.18 - - -
February-01 293.39 45.0-550  Upper-Fluvial 40.90 252.49 - - -
August-01 293.39 45.0-55.0  Upper-Fluvial 40.08 253.3) - - -
January-02 293.39 45.0- 55.0.  Upper-Fluvial 39.49 . 253.90 - - ~
PES-MW-3D August-00 293.40 65.0-75.0  Lower-Fluvial 39.95° 253.45 - - -
November-00 293.40 65.0-75.0  Lower-Fluvial 41.46 251.94 -- - -
February-01 293.40 65.0-75.0 Lower-Fluvial 41.10 252.30 - - -
.August—OI 293.40 65.0-75.0  Lower-Fluvial 40.32 253.08 , - - -
January-02 293.40 65.0-75.0  Lower-Fluvial 39.71 253.69 - — -
PES-MW4S August-00 293.34 55.0-65.0  Upper-Fluvial 39.69 253.65 - - -~
November-00 293.34 55.0-65.0  Upper-Fluvial 4084 252.50 - - -
February-01 293.34 55.0-65.0 ~ Upper-Fluvial  41.02 252.32 - - -
August-01 293.34 55.0-65.0  Upper-Fluvial 40.08 "253.26 - - -
January-02 293.34 55.0- 65.0  Upper-Fluvial 39.48 253.86 - - -
PES-MW-4D August-00 29334 75.0-850  Lower-Fluvial  40.09 253.25 - - -
November-00 293.34 75.0-85.0  Lower-Fluvial 41.25 252.09 - - -
February-01 293.34 75.0-85.0  Lower-Fluvial 41.;13 251.91 - - -
August-01 293.34 75.0-85.0  Lower-Fluvial 40.58 252.76 - - -
January-02 293.34 75.0-85.0  Lower-Fluvial 39.95 .253.39 . - - -
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TABLE 4.1 (Continued)

SUMMARY OF GROUNDWATER ELEVATIONS

NSA MID-SOUTH SITE N-6.

MILLINGTON, TENNESSEE
Top of Casing Screened Depth to Groundwater Depth to 0il Corrected Water
Elevation Interval Stratigraphic Water Elevation Oil Thickness Elevation”
Identification Date (feet ams))” (feet bes)” Interval (feet) (feet amsl) (feet) (feet) (feet amsl)
PES-MW-5S August-00 293.27 454-554  Upper-Fluvial 39.56 253.71 - - -
November-00 293.27 454 -554  Upper-Fluvial 40.55 252.72 - - -
February-01 293.27 45.4-554  Upper-Fluvial 40.89 252.38 - - -
August-01 293.27 454-554  Upper-Fluvial 39.97 253.30 - - -
January-02 293.27 454 - 554  Upper-Fluvial 39.93 253.34 - - -
PES-MW-5D August-00 293.27 65.0-75.0  Lower-Fluvial 39.91 253.36 - - -
November-00 293.27 65.0-750  Lower-Fluvial 40.79 ’ 252.48 - - -
February-01 293.27 65.0-75.0  Lower-Fluvial 41.22 252.05 - - -
August-01 293.27 65.0-75.0  Lower-Fluvial 40.36 252.91 - - -
January-02 293.27 _ 65.0-75.0 Lower-Fluvial 39.81 253.46 -~ -~ —
PES-MW-6S August-00 293.28 55.0-65.0  Upper-Fluvial 39.66 253.62 - - -
November-00 293.28 55.0-650  Upper-Fluvial 40.72 252.56 - - -
February-01 293.28 55.0-65.0  Upper-Fluvial 4093 25235 - - -
August-01 293.28 55.0-65.0 - Upper-Fluvial 40.07 25321 - - -
January-02 293.28 55.0-65.0  Upper-Fluvial 39.48 - 253.80 - - -
PES-MW-6D August-00 293.31 75.0-85.0  Lower-Fluvial 40.08 253.23 - - -
" November-00 293.31 75.0-85.0  Lower-Fluvial 41.13 252.18 -- - -
February-01 29331 75.0-85.0  Lower-Fluvial 41.36 251.95 - - -
August-01 29331 75.0-85.0  Lower-Fluvial 40.57 252.74 - - -
January-02 293.31 - 75.0-85.0  Lower-Fluvial 39.94 253.37 - - -
PES-MW-78 August-00 293.10 45.0-550  Upper-Fluvial 39.40 253.70 - - -
November-00 293.10 45.0-55.0  Upper-Fluvial 40.30 252.80 - - -
February-01 - 293.10 45.0-55.0  Upper-Fluvial 40.73 252.37 - - -
August-01 293.10 45.0-55.0  Upper-Fluvial 39.94 253.16 - - -
January-02 293.10 45.0-55.0  Upper-Fluvial 39.24 253.86 - - -~
PES-MW-7D August-00 293.08 65.0-75.0.  Lower-Fluvial 39.85 253.23 - - -
November-00 293.08 65.0-75.0  Lower-Fluvial 40.70 25238 - - -
February-01 293.08 65.0-75.0  Lower-Fluvial 41.14 251.94 - - -
August-01 - 293.08 65.0-75.0  Lower-Fluvial 40.30 252.78 - - -
January-02 293.08 65.0 - 75.0,  Lower-Fluvial 39.75 253.33 - - -
PES-MW-8S August-00 ) 292.94 55.0-65.0  Upper-Fluvial 39.79 253.15 - - -
November-00 292.94 55.0-65.0  Upper-Fluvial 40.75 252.19 - - -
February-01 292.94 55.0-65.0  Upper-Fluvial 40.43 252.51 - - -
August-01 - 292.94 55.0- 65.0  Upper-Fluvial 4115 251.79 - - -
January-02 292.94 . 55.0- 65.0  Upper-Fluvial. 39.68 25326 - - -
PES-MW-8D August-00 292.94 75.3-85.3 Lower-Fluvial . 39.90 253.04 - - -
November-00 292.94 75.3-853  Lower-Fluvial 40.95 251.99 - - -
February-01 292.94 75.3- 85.3 Lower-Fluvial 4113 251.81 - - .
August-01 292.94 75.3-853 . Lower-Fluvial 40.36 252.58 - - -
January-dz' 292.94 75.3-85.3  Lower-Fluvial 39.83 253.11 - - -
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TABLE 4.1 (Continued)

SUMMARY OF GROUNDWATER ELEVATIONS

NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Top of Casing Screened Depth to Groundwater Depth to Oil Corrected Water
Elevation Interval Stratigraphic Water Elevation Oil Thickness Elevation¥
Identification Date (feetams)” (et bgs)” Interval (feet) (feet amsl) (feet) (feet) (feet amsl)
007GISUF August-00 292.91 40.0 - 50.0 Upper-Fluvial 39.18 253.73 - - -
November-00 292.91 40.0-50.0-  Upper-Fluvial 40.44 252.47 - - -
February-01 292.91 40.0-50.0  Upper-Fluvial NM NM - -~ -
August-01 292.91 40.0-50.0  Upper-Fluvial 39.58 253.33 - - -
January-02 292.91 40.0 - 50.0 Upper-Fluvial 39.05 253.86 — — -
007GISLF August-00 293.36 90.0-100.0 Lower-Fluvial 40.24 253.12 - - -
November-00 293.36 90.0-100.0  Lower-Fluvial 41.45 . 251.91 - - -
February-01 293.36 90.0-100.0  Lower-Fluvial 41.42 251.94 - - -
August-01 293.36 90.0-100.0  Lower-Fluvial 40.61 252.75 - - -
January-02 1293.36 90.0-100.0  Lower-Fluvial 40.09 253.27 - - -
007G12LF July-00 288.78 79.10-89.10  Lower-Fluvial 38.38 250.40 - - -
July-01 288.78 79.10-89.10  Lower-Fluvial 40.13 248.65 - - —~.
007GI13LF July-00 292.96 65.20-75.20  Lower-Fluvial 38.50 254.46 - - -
July-01 292.96 65.20-75.20  Lower-Fluvial 39.81 253.15 - -~ —
007G14LF July-00 296.43 85.30-95.30  Lower-Fluvial 41.75 254.68 - - -
July-01 296.43 85.30-95.30  Lower-Fluvial 43.05 - 253.38 - - -
007G24MF July-00 289.06 60.00-70.00 Middle-Fluvial 37.77 251.29 - - -
July-01 289.06 60.00-70.00  Middle-Fluvial 39.37 249.69 - - -
007G25MF July-00 289.97 71.50-81 ;50 Middle-Fluvial 38.91 251.06 - - -
July-01 289.97 71.50-81.50  Middle-Fluvial 40.58 249.39 - - -
007G26MF July-00 290.13 60.00-70.00 Middle-Fluvial 39.20 . 250.93 - - -
July-01 290.13 60.00-70.00  Middle-Fluvial 40.87 249.26 - — -
007G49LF July-00 289.68 56.5-96.50 Lower-Fluvial 38.80 250.88 - - -
July-01 289.68 56.5-96.50 Lower-Fluvial 40.49 - 249.19 -~ - -

* Groundwater potentiometric elevation corrected for the presence of oil using an oil specific gravity of 0.92.

¥ feet amsl indicates elevation in feet above mean sea level.,

¢ feet bgs indicates depth in feet below ground surface.
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TABLE 4.2

PRE-INJECTION HYDRAULIC CONDUCTIVITIES AND AVERAGE GROUNDWATER VELOCITIES
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Casing Static Maximum
Rising or Screened Inside Water- . " Hydraulic Conductivity Estimated Hydraulic Groundwater
Monitoring Test Falling Interval Diameter Level (K) Effective Gradient Velocity
Well Date Test (R bgs)” (inches) | (feetbtoe) | (iday)” | (emvsec)’ | (epa/f)” | Porosity ()’ (uyn)’
Upper Fluvial Zone - Monitoring Wells : )
PES-MW35S lS-Aug-OO Rise 454-55.4 2.0 39.56 3.89 " 1.37E-03 .29.1 0.27 0.005 26.3
15-Aug-00 -Fall 45.4-554 2.0 39.56 6.96 2.46E-03 52.1. 0.27 0.005 47.1
Average for PES-MWS5S .5.42 1.91E-03 40.6 0.27 0.005 36.7
PES-MW8S 15-Aug-00 Rise 55.0-65.0 2.0 39.79 2.84 1.00E-03 21.2 0.27 0.005 19.2
-15-Aug-00 Fall 55.0-65.0 2.0 39.79 3.18 1.12E-03 - 23.8 0.27 0.005 21.5
;me for PES-MW8S 3.01 1.06E-03 225 0.27 0.005 20.3
Upper Fluvial Zone - Injection Wells
PES-INJ2S 15-Aug-00 Rise’ 44.8-54.8 2.0 39.55 18.29 6.46E-03 136.8 0.27 0.005 123.6
15-Aug-00 Fall 44.8-54.8 2.0 39.55 13.68 4.33E-03 102.3 0.27 0.005 92.5
Average for PES-INJ2S 15.99 5.64E-03 119.6 0.27 0.005 108.0
PES-INJ3S 15-Aug-00 Rise 55.0-65.0 2.0 39.42 9.26 3.27E-03 69.3 0.27 0.005 62.6
15-Aug-00 Fall 55.0-65.0 2.0 39.42 9.97 3.52E-03 74.6 0.27 0.005 67.4
Average for PES-INJ3S . 9.62 3.39E-03 71.9 0.27 0.005 65.0
GEOMETRIC MEAN FOR UPPER SATURATED ZONE (PRE-INJECTION) 7.08 2.50E-03 52.9 0.27 0.005 47.8
ses\remed\737490\05000\tables\7 xls 4-9




TABLE 4.2 (Continued)
PRE-INJECTION HYDRAULIC CONDUCTIVITIES AND AVERAGE GROUNDWATER VELOCITIES
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

Casing. Static Maximum
Rising or Screened Inside Water Hydraulic Conductivity Estimated Hydraulic Groundwater
Monitoring Test Falling Interval Diameter Level (K) Effective Gradient Velocity
Well Date Test (ft bgs)” inches) | (feetbtoe) | (R/day)” | (cmisec)® | (gpd/f)” | Porosi (f/R)* (fuyn®
Lower Fluvial Zone - Monitoring Wells )
PES-MW5D 15-Aug-00 Rise 65.0-75.0 2.0 39.91 10.51 3.71E-03 78.6 0.27 0.005 71.0
15-Aug-00 Fall 65.0-75.0 2.0 39.91 12.81 4.52E-03 95.8 0.27 0.005 86.6
A\'ﬂe for PES-MWS5D 11.66 . 4.12E-03 87.2 0.27 0.005 78.8
PES-MWS8D 15-Aug-00 Rise 75.3-85.3 2.0 39.90 5.07 1.79E-03 379 0.27 0.005 343
15-Aug-00 Fall 75.3-85.3 2.0 39.90 0.04 1.52E-05 0.3 0.27 0.005 0.3
é:ga;_ge for PES-MW8D ) 2.56 " 9.02E-04 19.1 0.27 0.005 17.3
Lower Fluvial Zone - Injection Wells
PES-INJ2D 15-Aug-00 Rise 65.0-75.0 2.0 39.74 21.26 7.50E-03 159.0 0.27 0.005 143.7
15-Aug-00 Fall 65.0-75.0 20 39.74 20.51 7.24E-03 153.4 0.27 0.005 138.6
Average for PES-INJ2D- 20.89 7.37E-03 156.2 0.27 0.005 141.2
PES-INJ3D 15-Aug-00 Rise 75.0-85.0 20 39.84 9.18 3.24E-03 68.7 0.27 0.005 62.1
15-Aug-00 Fall 75.0-85.0 2.0 39.84 11.73 4.14E-03 87.7 0.27 0.005 79.3
Average for PES-INJ3D ' 10.46 3.69E-03 78.2 0.27 0.005 70.7
GEOMETRIC MEAN FOR LOWER SATURATED ZONE (PRE-INJECTION) 8.98 3.17E-03 67.2 . 0.27 0.005 60.7

YR bgs = Feet below ground surface.
v ft/day = Feet per day.
“ em/sec = Centimeters per second. -

s:\es\remed\737490\05000\tables\7 xls

v gpd/ft2 = Gallons per day per square foot.
.¥ fYft = Foot per foot.
d fVyr = Feet per year.
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TABLE 4.3

POST-INJECTION HYDRAULIC CONDUCTIVITIES AND AVERAGE GROUNDWATER FLOW VELOCITIES
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Casing Static Maximum
Risingor | Screened Inside Water Hydraulic Conductivity Estimated | Hydraulic | Groundwater
Monitoring Test Falling Interval Diameter Level (K) Effective | Gradient ~ Velocity
Well Date Test (f %s)” (inches) | (feetbtoc) | ‘(iday)® | (cnvsec)® | (ﬂid/ﬂz)d’ Porosity (fUR)” (fryr)”
Upper Fluvial Zone - Monitoring Wells Post-Injection Slug Tests
PES-MW2S 31-Jan-02 Rise 55.0-65.0 2.0 39.51 24.45 8.63E-03 182.9 0.27 0.005 165.3
31-Jan-02 Fall 55.0-65.0 2.0 39.51 45.89 1.62E-02 3433 - 0.27 0.005 310.2
Average for PES-MW2S 35.17 1.24E-02 263.1 0.27 0.005 2377
PES-MW3S 31-Jan-02 Rise 45.0-55.0 2.0 - 3949 15.77 5.57E-03 118.0 0.27 0.005 106.6
31-Jan-02 Fall - 45.0-55.0 2.0 39.49 15.99 5.64E-03 119.6 0.27 0.005 108.1
|Average for PES-MW3S - 15.88 5.61E-03 118.8 0.27. 0.005 107.3
PES-MWS5S I 31-Jan-02 | Fall 45.4-55.4 20, -39.39 8.67 . 3.06E-03 64.9 0.27 0.005 58.6
GEOMETRIC MEAN FOR UPPER SATURATED ZONE (POST-INJECTION)' 1692 | S5.97E-03 126.5 0.27 0.005 114.4
Lower Fluvial Zone - Monitoring Wells Post-Injection Slug Tests ’
PES-MW2D 31-Jan-02 Rise 55.0-65.0 2.0 . 39.51 525 1.85E-03 393 0.27 0.005 35.5
31-Jan-02 Fall 55.0-65.0 2.0 39.51 5.76 2.03E-03 43.1 0.27 0.005 38.9
Average for PES-MW2S : - -] . 551 1.94E-03 41.2 0.27 0.005 37.2
PES-MW3D - 31-Jan-02 Rise 45.0-550 | 2.0 39.49 21.38 7.55E-03 159.9 027 1 0.005 144.5
31-Jan-02 |  Fall 45.0-55.0 2.0 39.49 22.17 - 7.83E-03 165.8 0.27 0.005 149.9
Average for PES-MW3S 21.78 7.69E-03 1629 0.27 .0.005 147.2
PES-MWS5D l 31-Jan-02 I Falt 45.4-55.4 2.0 39.39 12.42 4.38E-03 92.9 0.27 0.005 84.0
GEOMETRIC MEAN FOR LOWER SATURATED ZONE (POST-INJEC'I'ION 6.15 2.17E-03 46.0 0.28 0.005 77.2
Y bgs = feet below ground surface. -9 gpd/ﬁ2 = gallons per day per square foot.
¥ fi/day = feet per day. ¢ f/ft = foot per foot.
' cm/sec = centimeters per second. v ft/yr = feet per year.

s:\es\remed\737490\05000\ables\7.xls _ ‘ 4-11



The average hydraulic gradient in July/August 2001 was approximately 0.005 fi/ft, as
measured from well PES-MWIS to well 007G25MF. Given an estimated effective
porosity of 27 percent, the average groundwater seepage velocity in July/August 2001
was approximately 48 f/yr in the upper fluvial zone and approximately 61 ft/yr in the
lower fluvial zone. Therefore, the maximum distance that the effects of the oil injection
in the upper and lower fluvial deposits are likely to be observed for the period of August
2000 to January 2002 is approximately 70 feet, or approximately in the vicinity of
observation wells PES-MW7S/D. ' :

4.2 SOIL SAMPLING RESULTS

_ Soil analytical results collected during well installation activities are summarized on
Table 4.4. The complete soil analytical data package is included in Appendix A.

4.2.1  Total Organic Carbon in Seil

Partitioning of a chemical between the dissolved phase and solid phase is commonly
referred to as soil adsorption, and is quantified by the soil partition coefficient or
distribution coefficient (Kd), which is the proportionality constant relating the amount of
chemical sorbed to soil and the concentration at equilibrium in soil. This description of
the process  assumes that partitioning between the sorbed and dissolved phases is
completely reversible, and that the equilibrium isotherm relating the relative
concentrations in the two phases is linear (Neff ef al., 1994; Lyman et al., 1990).
Organic matter in soil controls sorption where there is sufficient organic matter present
(more than 0.1 percent organic carbon). This observation has been used as the basis for
normalizing the linear partition coefficient to the concentration of total organic carbon in
the soil (Karickhoff ef al., 1979; Karickhoff, 1981). If the organic carbon content of the
soils at Site N-6 can be characterized or estimated, these data can be used to evaluate
chemical partitioning to the soil matrix. Specifically, the fraction of sorbed CAHs
increases as the concentration of organic carbon in the soil increases.

A total of six soil samples were collected from two locations (PES-MW1 and PES-
MWS8) during the course of drilling and well installation activities at Site N-6 and sent to
Microseeps, Inc. for TOC analysis via the Walkley Black Method. At each location soil
samples were collected from the vertical interval where the monitoring well screens were
to be placed in order to quantify concentrations of naturally-occurring organic carbon
within the soil matrix. -

TOC concentrations detected in soils at Site N-6 were all below the method detection
limit (MDL) of 25 milligrams per liter (mg/kg). These results indicate that the
subsurface soils beneath Site N-6 are relatively poor in naturally-occurring organic
carbon. Therefore, significant contaminant adsorption to the soil matrix would not be
expected at Site N-6. '

4.2.2  Pre-Injection Extent of Chlorinated Aliphatic Hydrocarbons in Soil

Soil samples were collected at various intervals from bore holes PES-MW?2, PES-
MW3, PES-MW?7, PES-MWS8, and PES-INJ2 and sent to Microseeps, Inc. for VOC
analysis via USEPA Method 8260B. VOC analytical results collected during this study
- indicate that there were a total of 16 contaminants detected at concentrations above the

4-12
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SUMMARY OF ANALYTICAL RESULTS FOR SOIL

TABLE 4.4

NAA MID-SOUTH SITE N-6

s:\es\wp\projects\737490\7.xls

MILLINGTON, TENNESSEE
) Sample Carbon Methylene n-Butyl- | n-Propyl- . Total Organic
Sample Sample Depth TCE" 1, 1-DCEY 1,1-DCA® | Tetrachloride | Chloroform | Chloride Benzene | Ethylbenzene ! Toluene | o-Xylene | m&p-Xylene 1,2,3-TMBb/ 1 ,2,4-TMBb/ benzene benzene | Naphthalene | Moisture Carbon
Location Date (feetbgs)’ | (ugke)” [ (ng/ke) (ng/kg) (ng/kg) (ng/kg) (ng/kg) (ng/kg) (ng/kg) (ngkg) | (ughkg) (ng/kg) (ng/kg) (ng/kg) (ng/kg) | (ugkg) (ng/kg) (percent) | (mg/kg)”
PES-MWIS,D | 18-Jul-00 45 - 46' NAY NA NA NA NA NA NA NA NA NA NA NA NA ' NA NA NA 21 <25
PES-MWIS,D | 18-Jul-00 55-56' NA NA NA NA NA NA NA NA NA NA NA NA NA i NA NA NA 18 <25
PES-MWIS.D | 18-Jul-00 65 - 66' NA NA NA NA NA NA NA NA NA NA NA NA NA 'NA NA NA 16 <25
PES-MWIS,D | 18-Jul-00 75-76' NA NA NA NA NA NA NA NA NA NA NA NA NA ‘NA NA NA 17 <25
PES-MW2S D | 1-Aug-00 20 -22 0.931¢ <4.6 <4.6 <4.6 <4.6 <4.6 2.5) 2.9] 7.4 1.5F 3.2] <4.6 2.8] 1<4.6 <4.6 <4.6 22 NA
PES-MW2SD | 1-Aug-00 40 - 42' 1.1J <4.8 <4.8 <4.8 <4.8 1.0J <4.8 '<4.8 <4.8 <4.8 <9.7 <4.8 2.9] <48 <4.8 <4.8 18 NA
PES-MW2S.D | 1-Aug-00 55-57 37 7.0 2.0J 1.4] 7.0 0.93] <4.4 <4.4 <4.4 <4.4 1.3J <44 2.1] <4.4 <4.4 <4.4 14 NA
PES-MW2S,D | 1-Aug-00 | 55-57' (dup) 41 8.8 2.1J 1.7] 7.5 1.0J <4.8 <48 <4.8 <48 <9.6 <4.8 <4.8 <48 <4.8 <4.8 16 NA
PES-MW3S,D | 24-Jul-00 5-7 46] <430 <430 <430 <430 59] - <430 <430 38J <430 37) <430 <430 45] <430 <430 18 NA
PES-MW3S.D | 24-Jul-00 30-32 40J <470 <470 <470 <470 37 <470 <470 <470 <470 <940 <470 <470 <470 <470 <470 18 NA
PES-MW3S,D | 24-Jul-00 55-57 23 1.9 <4.4 2.0] 8.6 3.6] <4.4 3.8] 3.8 4.4} 14 1.9] 8.2 1.1] 2.1J 0.94) 12 NA
PES-MW7S,D | 21-Jul-00 . 5-7 1.6J <5.0 <5.0 <5.0 <5.0 2.0J <5.0 <5.0 <5.0 <5.0 2.7) <5.0 <5.0 <5.0 <35.0 <5.0 13 NA
PES-MW7S D | 21-Jul-00 55-57 8.9 1.8] 5.2 <5.0 3.0J 3.0J <5.0 <5.0 - <5.0 <5.0 3.0J <5.0 1.8 <5.0 <5.0 <5.0 16 NA
PES-MW8S.D | 22-Jul-00 57-57 NA NA NA NA NA NA NA NA NA NA NA NA NA "NA NA NA NA <25
PES-MWS8S.,D | 22-Jul-00 75-77 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA <25
PES-INJ2S,D 20-Jul-00 12 - 14' 4.9] <5.0 <5.0 <5.0 1.2] 2.3] <35.0 - <5.0 <5.0 <5.0 <10 <5.0 <5.0 <5.0 <5.0 <3.0 NA NA
PES-INJ2S.D 20-Jul-00 34 -36' 3.9] <5.0 <5.0 <5.0 1.6J 2.4 <5.0 <5.0 <5.0 <5.0 <10 <5.0 <5.0 <5.0 <3.0 <5.0. NA NA
PES-INJ2S,D 20-Jul-00 40 -42 4.4] 2.4] '3.9] <5.0 1.8J 2.6] <35.0 .<5.0 <5.0 <5.0 <10 <3.0 '<5.0 . <5.0 <5.0 <5.0 NA NA
¥ feet bgs = feet below ground surface,
¥TCE = trichloroethene; DCE = dichloroethene; DCA = dichloroethane, TMB = trimethylbenzene.
¢ peg/kg = micrograms per kilogram.
¥ mg/kg = milligrams per kilogram.
) ¢ NA = not sampled.
¥ <25 indicates that the analyte was not detected above the indicated method detection limit.
¥ J indicates that the analyte was detected at a concentration above the method detection limit but below the reporting limit resulting in an estimated value.
‘.
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associated MDL (Table 4.1). All of the contaminants detected in soil were detected at
relatively low concentrations (<100 micrograms per kilogram [ng/kg]). The maximum
VOC concentration detected was 59 pg/kg of methylene chloride, which was detected in
a soil sample collected from PES-MW3. The relatively low concentrations of VOCs
detected in soil with respect to VOC concentrations detected in groundwater confirms
that VOCs are not adsorbing to the soil matrix in significant quantity.

43 PRE-INJECTION EXTENT OF CHLORINATED ALIPHATIC
HYDROCARBONS IN GROUNDWATER

Groundwater from the 24 newly-installed injection and monitoring wells as well as 2
existing monitoring wells were sampled prior to injection and analyzed for VOCs by
Microseeps Inc., via USEPA Method 8260B. Analytical results for chlorinated
compounds in groundwater collected prior to injection are summarized in Table 4.5.
Laboratory analytical results for groundwater samples are included in Appendix A. In
addition, Table 4.6 presents a summary of VOCs detected in groundwater samples
collected by Ensafe, Inc. from 1998 to 2001 as part of the base-wide long-term
monitoring program.

Baseline (pre-injection) groundwater sampling results indicate that TCE was detected
at concentrations above its MDL at 25 of the 26 locations sampled, with a maximum
concentration of 1,800 pg/L at location PES-MW6S. Other VOCs detected during the
baseline sampling include cis-1,2-DCE at a maximum concentration of 34 pg/L; 1,1-DCE
at a maximum concentration of 370 pg/L; 1,1-DCA at a maximum concentration of 81
ng/L; CT at a maximum concentration of 270 pg/L; and chloroform at a maximum
concentration of 180 pg/L. The detection of the common CAH degradation byproducts
cis-1,2-DCE and chloroform indicate that some reductive dechlorination is or has been
active at Site N-6. Benzene also was detected sporadically during baseline sampling at
low estimated concentrations (above the MDL but below the laboratory reporting limit
[RL]), indicating that fuel hydrocarbons may have been released at this site in the past.

In all but two cases (cis-1,2-DCE and 1,1-DCE), maximum contaminant
concentrations were detected in either injection wells or monitoring wells installed
directly downgradient from the injection area. This area coincides with a former grassy
area located at the east end of former Hanger N-6 where solvents were reportedly spread
on the ground to kill weeds, and where a storm water drain runs beneath the site.
Contaminant concentrations were generally higher in groundwater samples collected
from shallow wells with respect to contaminant concentrations detected in associated
deep wells. Concentrations of VOCs detected in wells 007G15UF and 007G15LF were
consistent with historical results (Table 4.5).

The distribution of TCE (maximum concentration plotted for each well pair) prior to
oil injection in July/August 2000 is shown on Figure 43. The highest TCE
concentrations were detected in samples collected from wells downgradient from the
injection area (PES-MW3S, PES-MW4S, and PES-MW6S).

4-14
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SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN GROUNDWATER

TABLE 4.5

SITE N-6 PROCESS MONITORING PROGRAM
NSA MID-SOUTH SITE N-6

s\es\wp\projects\737490\7 xIs

MILLINGTON, TENNESSEE
. cis- trans- Vinyl Carbon Methylene n-Butyl 1.2.3-Trichloro- qu-Butyl 1.2.3-Trichloro- 1,2, 4-Trichloro- Chloro-
Sample PCEY TCEY 1,2-DCEY  1,2-DCE” 1,1-DCEY  Chloride 1,1-DCAY 1,2-DCA  Tetrachloride Chloroform  Chloride =~ Benzene Toluene benzene benzene $cnzene_ propane benzene m&p Xylenes ethane
Location Date (ug/L)” (ng/L) (ng/L) (ng/L) (ng/L) {ng/L) (ng/L) (ng/L) (ng/L) (ng/l) (ng/L) (ng/L) (ng/L) (ug/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)

MONITORING WELLS - ' :

PES-MWI1S 25-Jul-00 <5.0¢ 150 34 1.0¢ 15 <5.0 8.5 <5.0 <5.0 3.6] <5.0 <5.0 <5.0 <5.0 <5.0 .'<5.0 <5.0 <5.0 <10 <5.0
7-Nov-00 <5.0 22 9.1 <5.0 23 <5.0 17 <5.0 <5.0 2.1 <5.0 <5.0 1.8J <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
6-Feb-01 <5.0 53 17 <5.0 26 <5.0 27 <5.0 <5.0 4.3] <5.0 1.1J 2.1) <5.0 <5.0 1<5.0 <5.0 <5.0 <10 <5.0
6-Aug-01 <5.0 14 34 44 13 <5.0 24 <5.0 <5.0 1) <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 35]J

. 29-Jan-02 <5.0 100 40 44 27 <5.0 42 <5.0 23] 10 <5.0 <5.0 <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0

PES-MWID 6-Aug-00 <3.0 26 2.8) <5.0 22 <5.0 <5.0 <5.0 <5.0 1.0J <5.0 <5.0 <5.0 <5.0 <5.0 [ <5.0 <5.0 <5.0 <10 <5.0
8-Nov-00 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 1.6J <5.0 <5.0 . <50 <5.0 <5.0 <10 <3.0
6-Feb-01 <5.0 1.2) <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 2.6 <5.0 <5.0 1 <5.0 <5.0 <5.0 <10 <5.0
6-Aug-01 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 - <5.0 <5.0 <10 <5.0

: 29-Jan-02 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

PES-MW2S 5-Aug-00 <5.0 680 4.5) <5.0 40 <5.0 5.8 <5.0 66 110 <5.0 1.5) <5.0 <5.0 <5.0 - <50 <5.0 <5.0 <10 <5.0
10-Nov-00 “1.0J 1,000 14 <5.0 140 <5.0 24 <5.0 100 140 1.1) 5.0J <5.0 <5.0 <5.0 .<5.0 <5.0 <5.0 <10 <5.0
8-Feb-01 1.3J 1,200 18 <5.0 180 <5.0 34 <5.0 140 150 1.2J 6.6 1.31 <5.0 21 <5.0 <5.0 <5.0 <10 <35.0
9-Aug-01 <5.0 1,300 12 <5.0 140 <5.0 25 <5.0 62 100 <5.0 391 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
30-Jan-02 1.0 1,200 250 12 310 <5.0 43 <5.0 93 130 2.6] 7.2 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <i0 <3.0

PES-MW2D 4-Aug-00 <5.0 180 3.6J <5.0 110 <50 . 13 <5.0 1.5 15 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
10-Nov-00 <5.0 260 8.8 <5.0 150 <5.0 17 <5.0 8.3 29 <5.0 1.7J 1.1 <5.0 <5.0 <5.0 <50 . <5.0 <10 <5.0
8-Feb-01 <5.0 220 7.7 <5.0 98 <5.0 17 <5.0 3.71 22 <3.0 1.4) <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
9-Aug-01 <5.0 40 7.4 <5.0 23 <5.0 4.5] <5.0. 245 4.5] <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
30-Jan-02 <5.0 42 12 <5.0 44 <5.0 8.3 <5.0 1.4) <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <3.0 <10 <5.0

PES-MW3S 4-Aug-00 1.2J 1,600 12 <5.0 200 <5.0 32 <5.0 42 96 <5.0 4.5]) <5.0 <5.0 <5.0 T <5.0 <5.0 <5.0 <10 <5.0
10-Nov-00 <3.0 350 12 <5.0 150 <5.0 50 47 4.6 47 1.8) 32J 1.3J 1.1y 1.0] -<5.0 <5.0 <5.0 <10 <5.0
9-Feb-01 <5.0 290 14 <5.0 220 <5.0 97 1.4] 4.8) 4] 1.1 2.81 1.0 <5.0 <5.0 .<5.0 20 <5.0 <10 <5.0
9-Aug-01 <5.0 740 15 <5.0 380 <5.0 54 <5.0 5.7 21 <5.0 3.5) <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0
30-Jan-02 1.3] 1,000 19 <5.0 420 <5.0 66 <5.0 24 47 <5.0 5.6 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <3.0°

PES-MW3D 4-Aug-00 <35.0 4.5]) <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 - 1.3] <5.0 <5.0 <10 1.3
10-Nov-00 <50 - 420 99 <5.0 64 - <5.0 13 <5.0 60 68 <5.0 1.53 1.1J - <5.0 <5.0 <5.0 <50, <5.0 <10 <5.0
8-Feb-01 <5.0 560 12 <5.0 74 <5.0 12 <5.0 100 87 - <5.0 1.8J <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
9-Aug-01 <5.0 230 7.6 <5.0 56 <5.0 9.4 <5.0 21 - 48 3.0) 1.2J <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 4.0J
30-Jan-02 <5.0 160 35 <5.0 31 <5.0 4.1] <5.0 3.3 18 3.2]) <5.0 . <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

PES-MW4S 3-Aug-00 <5.0 1,600 6.4 <5.0 69 <5.0 9.7 <5.0 50 120 <5.0 2.9] <3.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
9-Nov-00 1.0 1,000 13 <5.0 120 <5.0 21 <5.0 57 160 1.3] 5.1 2.0J <5.0 <5.0 <35.0 <5.0 <5.0 <10 <3.0
8-Feb-01 1.0) 990 16 <5.0 170 <5.0 30 <5.0 63 120 1.2) 5.4 1.8J <5.0 <5.0 <5.0 <5.0 <5.0 <10 <3.0
8-Aug-01 <3.0 370 13 <5.0 160 <5.0 32 <5.0 21 68 <5.0 3.2 <5.0 <5.0 <5.0 +<5.0 <5.0 <5.0 <10 <5.0
30-Jan-02 1.1J 1,000 21 <5.0 310 <5.0 51 <5.0 57 89 <5.0 4.9] <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

PES-MW4D 3-Aug-00 <5.0 120 1.7 <5.0 32 <5.0 6.5 <5.0 5.8 13 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
10-Nov-00 <5.0 140 3.0J <5.0 39 <35.0 5.8 <5.0 9.1 18 <5.0 <5.0 1.5] <5.0 <5.0 <5.0 <5.0 <3.0 <10 <5.0
8-Feb-01 <5.0 95 2.9J) <5.0 34 <5.0 6.0 <5.0 7.0 16 <5.0 <5.0 1.73 <5.0 '<5.0 <5.0 <5.0 <5.0 <10 <5.0
8-Aug-01 <5.0 110 22]) <5.0 27 <5.0 5.4 <5.0 7.4 15 <5.0 <5.0 <5.0 <5.0 <5.0 . <50 <35.0 <5.0 <10 <3.0
30-Jan-02 <5.0 67 1.5) <5.0 22 <5.0 4.1) <5.0 9.1 11 <5.0 <5.0 <5.0 <5.0 - <5.0 <5.0 <5.0 <5.0 <10 <3.0

PES-MW3S 3-Aug-00 <35.0 690 5.9 <5.0 70 <5.0 37 <3.0 20 110 <3.0 2.6] <5.0 <5.0 <5.0 +<5.0 <5.0 <5.0 <10 <5.0
9-Nov-00 <5.0 220 6.9 <5.0 88 <5.0 62 <5.0 8.2 38 <5.0 1.4) 1.3} <5.0 <5.0 <5.0 <5.0 <5.0 <10 <3.0
8-Feb-01 <5.0 250 8.8 <3.0 120 <5.0 78 <5.0 11 40 <3.0 1.8J 1.2J <5.0 <5.0 .<5.0 21 <5.0 <10 <5.0
8-Aug-01 <3.0 180 6.3 <5.0 92 <5.0 64 <35.0 33J 18 <5.0 1.1J <3.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <35.0
30-Jan-02 <3.0 540 13 <3.0 190 <5.0 92 <5.0 24 33 <5.0 2.6) <5.0 <5.0 <5.0 <5.0 <5.0 <35.0 <10 <3.0
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SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN GROUNDWATER

TABLE 4.5 (Continued)

SITE N-6 PROCESS MONITORING PROGRAM
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE

cis- trans- Vinyl Carbon Methylene n-Butyl 1.2.3-Trichloro- sec-Butyl 1,2,3-Trichloro- 1,2,4-Trichloro- Chloro-

Sample PCEY TCEY 1,2-DCEY  1,2-DCE¥ 1,1-DCEY¥  Chloride 1,1-DCAY 1,2-DCA  Tetrachloride Chloroform  Chloride Benzene Toluene benzene benzene benzene propane benzene mé&p Xylenes ethane

Location Date (ng/L)” (ng/L) (ug/l) (ng/L) (1g/L) (ng/L) (ng/L) (ng/l) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (nug/L) (ng/L) (ng/L) (ng/L) (ng/L) {(ng/L)
PES-MW5D 3-Aug-00 <5.0 450 4.3] <5.0 30 <5.0 4.4) <5.0 85 99 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
9-Nov-00 <5.0 690 6.9 <5.0 40 <5.0 6.4 <5.0 160 130 <5.0 1.4]) 2.1) <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

8-Feb-01 <5.0 700 8.1 <5.0 58 <5.0 9.2 <5.0 140 130 <5.0 1.9J 1.2 <5.0 20 <5.0 <5.0 <5.0 <10 <3.0

8-Aug-01 <5.0 680 8.7 <5.0 77 <5.0 13 <5.0 110 120 <5.0 1.8 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

30-Jan-02 <5.0 1,000 12 <5.0 160 <5.0 20 <5.0 160 140 <5.0 2.7} <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

PES-MWé6S 4-Aug-00 1.0J 1,800 9.9 <5.0 120 <5.0 17 <5.0 - 270 180 1.2 3.4) <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0
9-Nov-00 1.4] 1,100 17 <5.0 160 <5.0 - 28 '<5.0 57 140 1.2 <5.0 1.4) <5.0 <5.0 '<5.0 <5.0 <5.0 <10 <5.0

7-Feb-01 2.1) 920 22 36 190 <5.0 36 <5.0 <5.0 130 1.2 6.3 <5.0 <5.0 <5.0 ©<5.0 19 <5.0 <10 <5.0

8-Aug-01 1.4] 860 17 <5.0 190 <5.0 39 <5.0 49 94 <5.0 5.1 <5.0 <5.0 <5.0 " <5.0 <5.0 <5.0 <10 <5.0

29-Jan-02 1.5) 1,200 25 <5.0 300 <5.0 62 . <50 68 120 1.4] 6.6 <5.0 <5.0 <5.0 ©<5.0 <5.0 <5.0 <10 <5.0

PES-MW6D 3-Aug-00 <5.0 220 4.0J <5.0 120 <5.0 16 <5.0 6.4 17 <350 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <3.0
9-Nov-00 <5.0 200 4.6] <5.0 51 <5.0 5.8 <5.0 17 28 <5.0 <5.0 1.9 <5.0 <5.0 ©<5.0 <5.0 <5.0 <10 <5.0

7-Feb-01 <50 150 <5.0 <5.0 36 <5.0 5.2 <5.0 12 22 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10’ <5.0

8-Aug-01 <5.0 88 24] <5.0 32 <5.0 5.1 <5.0 6.3 12 <5.0 <5.0 <5.0 <5.0 <5.0 - <5.0 <5.0 <5.0 <10 <5.0

29-Jan-02 <5.0 74 26 <5.0 58 <5.0 8.2 <5.0 4.8] <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0

PES-MW7S 2-Aug-00 1.2] 660 72 <5.0 16 <5.0 2.5) <5.0 74 72 <5.0 <5.0 <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0
9-Nov-00 <5.0 150 28 <5.0 100 <5.0 82 <5.0 6.4 23 <5.0 1.1J 1.7] <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

7-Feb-01 <5.0 95 61 <5.0 95 <5.0 84 <5.0 5.1 8.8 <5.0 . <5.0 <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0

7-Aug-01 <5.0 140 28 <5.0 110 <5.0 83 <5.0 4.0 5.0) <5.0 <5.0 <5.0 <5.0 <5.0 $<5.0 <5.0 <5.0 <10 <5.0

29-Jan-02 <5.0 220 22 <5.0 170 <5.0 110 <5.0 13 16 <5.0 1.2) <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <35.0

PES-MW7D 2-Aug-00 2.0J 570 16 <5.0 120 <5.0 81 <5.0 20 29 <5.0 1.3J <5.0 <5.0 - <5.0 <5.0 <5.0 <50 <10 <5.0
9-Nov-00 <5.0 980 4.5] <5.0 20 <3.0 44) <5.0 260 150 <5.0 1.6 1.5J <5.0 <5.0 T <50 <5.0 <5.0 <10 <5.0

7-Feb-01 <5.0 800 6.0 <5.0 23 <5.0 5.5 <5.0 210 130 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <3.0

7-Aug-01 <5.0 670 4.5] <5.0 27 <5.0 6.0 <5.0 200 100 <5.0 1.0J <5.0 <5.0 . <5.0 <5.0 <5.0 <5.0 <10 <3.0

29-Jan-02 <5.0 1,300 5.0J <5.0 53 <5.0 6.9 <5.0 270 150 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

PES-MW8S 2-Aug-00 <5.0 150 <5.0 <5.0 6.7 <5.0 2.2]) <5.0 8.0 27 <35.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
8-Nov-00 <5.0 98 1.0J <5.0 38 <5.0 16 <5.0 83 17 <5.0 <5.0 1.9 <5.0 <5.0 1 <5.0 <5.0 <5.0 <10 <5.0

7-Feb-01 <5.0 100 <5.0 <5.0 40 <5.0 16 <5.0 8.1 13 <5.0 <5.0 <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0

7-Aug-01 <5.0 61 <5.0. <5.0 33 <5.0 11 <5.0 4.8] 52 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

29-Jan-02 <5.0 220 1.2) <5.0 72 <5.0 26 <5.0 14 15 <50 <5.0 <5.0 . <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

PES-MWS8D 2-Aug-00 <5.0 380 1.4) <5.0 7.4 <5.0 1.6] <5.0 52 73 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
8-Nov-00 <5.0 720 2.6J <5.0 16 <5.0 3.6) <5.0 97 86 <5.0 <5.0 1.9J <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

7-Feb-01 <5.0 580 <5.0 <5.0 22 <5.0 <5.0 94 96 <5.0 <5.0 <5.0. <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <35.0

7-Aug-01 <5.0 540 3.4 <5.0 26 <5.0 49] <5.0 72 82. <5.0 <5.0 <5.0 <5.0 <5.0 "1 <5.0 <5.0 <5.0 <10 <5.0

29-Jan-02 <5.0 980 4.0] <5.0 37 <5.0 6.1 <5.0 30 120 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

007G15UF 24-Jul-00 <5.0 290 14 <5.0 370 <5.0 65 <5.0 2.7) 10 <5.0 2.7) <5.0 <5.0 <5.0 . <50 <5.0 <5.0 <10 <5.0
8-Nov-00 <5.0 . 380 12 <5.0 340 <5.0 51 <5.0 3.7 <5.0 <5.0 2.6] 2.6] <5.0 <5.0 <5.0 <5.0 <5.0 <10 <3.0

6-Feb-01 <5.0 370 14 <5.0 330 <5.0 41 <5.0 5.8 16 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

7-Aug-01 <5.0 310 13 <5.0 340 <5.0 50 <5.0 5.2 17 <5.0 2.8] <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0

29-Jan-02 <5.0 780 23 <5.0 900 <5.0 100 <5.0 15 30 <5.0 5.1 <5.0 <5.0 <5.0 .<5.0 <5.0 <5.0 <10 <5.0

007GI15LF 235-Jul-00 <5.0 58 6.2 <5.0 3.4) <5.0 1.0J <5.0 19 438 <5.0 <5.0 <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0
8-Nov-00 <5.0 14 <5.0 <5.0 10 <5.0 2.6] <5.0 25 6.9 <5.0 <5.0 22) <5.0 <5.0 <5.0 . <5.0 <5.0 <10 <3.0

6-Feb-01 <5.0 8.7 <5.0 <5.0 6.2 <5.0 29] <5.0 18 6.3 <5.0 <5.0 2.6] <5.0 <5.0 .<5.0 <5.0 <5.0 <10 <5.0

7-Aug-01 <5.0 3.5 <5.0 <5.0 39 <5.0 1.2J) <5.0 17 5.1 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

29-Jan-02 <5.0 36 <5.0 <5.0 6.0 <5.0 1.5] <5.0 27 8.5 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
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TABLE 4.5 (Continued)
SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN GROUNDWATER
SITE N-6 PROCESS MONITORING PROGRAM
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

cis- trans- Viny! Carbon Methylene n-Butyl 1.2.3-Trichloro- sec-Butyl 1,2,3-Trichloro- 1,2,4-Trichloro- Chloro-
Sample PCE¥ " TCEY 1,2-DCEY  1,2-DCEY 1,1-DCEY  Chloride 1,1-DCAY 1,2-DCA  Tetrachloride Chloroform  Chloride Benzene Toluene benzene benzene bénzene propane benzene mé&p Xylenes ethane
Location Date (ue/L)” (ng/L) (ng/L) (ng/L) (ng/L) (ug/L) (ng/L): (ng/L) (ng/l) . (pgll) (ng/L) (ng/L) (vg/l) - (ug/l) (ng/L) {ng/L) (ng/L) (ng/L) (ng/l) - (ng/L)
INJECTION WELLS ’ : '

PES-INJIS 5-Aug-00 <5.0 640 11 <5.0 150 <50 14 <5.0 20 175 1.4] 3.0) <5.0 <5.0 <5.0 <5.0 <5.0 <35.0 <10 <5.0
PES-INJID 5-Aug-00 <5.0 55 1.7 <5.0 9.3 <5.0 2.8 <5.0 2.9) : 5.7 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
PES-INJ2S 5-Aug-00 <5.0 600 14 <5.0 210 <35.0 50 <5.0 13 58 <5.0 2.9J) <5.0 <5.0 <5.0 <5.0 <5.0 <35.0 <10 <5.0
31-Jan-02 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0

0il 11-Nov-00 <250 170J <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <500 <250
Qil  9-Feb-01 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 © <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5.,000 <5,000 <5,000 <9,900 <5,000
Oil 9-Aug-01 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <9,800 <4,900
Qil 31-Jan-02 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <35,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <10,000 <5,000

PES-INJ2D 5-Aug-00 <5.0 140 4.0J <5.0 40 <5.0 73 <5.0 2.7) 12 <5.0 <5.0 <5.0 <5.0 <5.0 '<5.0 <5.0 <5.0 <10 <5.0
11-Nov-00 <5.0 2.1 <5.0 <35.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 21 <5.0 <3.0 <5.0 <10 <5.0

9-Aug-01 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 2.0J

31-Jan-02 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <3.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 - <35.0 <5.0 <5.0 <5.0 <10 <5.0

Oil 11-Nov-00 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <500 <250
Oil  9-Feb-01 <5,000 <5,000 <5,000 ' <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <10,000 <5,000
Oil  9-Aug-01 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <9,800 - <4,900
: Oil  31-Jan-02 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 .<10,000 <5,000
PES-INJ3S 5-Aug-00 <5.0 450 5.1 <5.0 52 <5.0 6.9 <5.0 18 42 <5.0 1.7J <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 ’ <100 = <50
Oil 11-Nov-00 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 -<250 <250 <250 <10 <250
Oil  8-Feb-01 <4,900 <4900 <4,900 <4,900 <4,900 <4.900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 <4,900 1,100J <4,900 <4,900 <4,900 1,400) 1,400] <4,900
Oil  9-Aug-01 <4.800 <4,800 <4,800 <4,800 <4,800 <4.800 <4,800 <4,800 <4,800 <4,800 <4,800 <4,800 <4,800 2,200J) 1,800J 1,200J <4800 2,000J <9.600 <4,800

PES-INJ3D 5-Aug-00 <5.0 80 2.4]) <5.0 43 <5.0 7.0 <5.0 1.1J 4.7] <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
9-Feb-01 <5.0 11 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <3.0 <5.0 <5.0 <5.0 <5.0 <5.0 '<5.0 <5.0 <10 24

9-Aug-01 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 12

0Oil 11-Nov-00 <250 <250 <250 <250 <250 - <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <500 <250

PES-INJ3D(DUP4) Qil  11-Nov-00 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <250 <500 <250
Oil  9-Feb-01 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 : <10,000 <5,000
Oil  9-Aug-01 <5,000 . <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 - <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <10,000 <5,000

PES-INJ4S 6-Aug-00 <35.0 - 190 18 <5.0 170 <5.0 63 <5.0 4.8] 25 <5.0 1.8J <5.0 - <50 <3.0 '<5.0 <5.0 . <5.0 <10 <5.0
31-Jan-02 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <50 <100 <50
Qil  31-Jan-02 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <5,000 <10,000 <5,000

PES-INJ4D 6-Aug-00 <5.0 560 - 17 <5.0 240 <5.0 75 <5.0 5.3 29 <5.0 1.8J <5.0 <5.0 <5.0 <5.0 <3.0 <5.0 <10 <5.0

]
.'
l‘
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SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN GROUNDWATER

TABLE 4.5 (Continued)

SITE N-6 PROCESS MONITORING PROGRAM
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
cis- trans- Vinyl Carbon Methylene n-Butyl 1.2.3-Trichloro- sec-Butyl 1,2,3-Trichloro- 1,2,4-Trichloro- Chloro-

Sample PCE¥ TCEY 12-DCEY  12-DCEY 1,I-DCEY Chloride 1,1-DCAY 1,2-DCA  Tetrachloride Chloroform  Chloride Benzene Toluene benzene benzene benzene propane benzene mé&p Xylenes ethane

Location Date (ng/L)” (rg/L) (ng/L) (ng/L) (ng/L) (rg/l) (ng/L) {(ng/L) " (ng/l) (ng/L) (rg/L) {ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/l) (ng/L) (ug/L) (rg/l)
QUALITY ASSURANCE/QUALITY CONTROL »
Field Blank 25-jul-00 <5.0 1.2) <5.0 <5.0 <5.0 <5.0 <5.0 <50 <3.0 1.8J <5.0 <5.0 <5.0 <5.0 <35.0 <50 <5.0 <5.0 <10 <5.0
Rinsate Blank 4-Aug-00 <5.0 180 1.0 <5.0 15 <5.0 1.8J <5.0 7.1 16 <5.0 <5.0 <5.0 <5.0 <5.0 i<5.0 <5.0 <5.0 - <10 <5.0
Rinsate Blank 6-Feb-01 <5.0 22 <5.0 <3.0 <5.0 <5.0 1.9J <5.0 3.8] 1.7] <5.0 <5.0 1.7) <5.0 <5.0 /' <5.0 <35.0 <5.0 <10 <3.0
Rinsate Biank 7-Aug-01 <5.0 1.1 <3.0 <3.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
Rinsate Blank . 30-Jan-02 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
Trip Blank 2-Aug-00 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <3.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <50
Trip Blank 3-Aug-00 <5.0 1.5} <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 1.4) <5.0 <5.0 <5.0 <5.0 1 <5.0 <5.0 <5.0 <10 <5.0
Trip Blank 4-Aug-00 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <35.0 . <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
Trip Blank 6-Feb-01 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 1 <5.0 <5.0 <5.0 <10 <5.0
Trip Blank 6-Aug-01 <5.0 <5.0 <5.0 <3.0 <35.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <35.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
Trip Blank 8-Aug-01 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
Trip Blank 29-Jan-02 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 T <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
Trip Blank 30-Jan-02 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
Trip Blank 31-Jan-02 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
Tank Water 30-Jan-02 <5.0 180 8.8 5.5 59 <5.0 20 <5.0 27 26 <5.0 <5.0 <5.0 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0
PES-MW4D MS 3-Aug-00 <5.0 180 1.5) <5.0 95 <5.0 6.0 <5.0 5.8 12 <5.0 54 61 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <3.0
PES-MW4D MSD 3-Aug-00 <5.0 190 1.7) <3.0 98 <5.0 6.2 <5.0 5.8 12 <5.0 56 63 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0
PES-MWI1S MS 6-Feb-01 <5.0 100 18 <5.0 74 <5.0 28 <5.0 <5.0 4.8] <5.0 49 55 <5.0 <5.0 <35.0 <5.0 <5.0 <10 2.8]
PES-MWI1S MSD 6-Feb-01 <5.0 99 18. <5.0 73 <5.0 27 <5.0 <5.0 43] <5.0 49 53 <3.0 <5.0 <5.0 © <50 <5.0 <10 2.8]
PES-MW1S MS 29-Jan-02 <5.0 190 43 51 130 <5.0 45 <5.0 2.2] 12 <5.0 69 64 <5.0 <5.0 . <5.0 <5.0 <5.0 <10 <5.0
PES-MWI1S MSD 29-Jan-02 <5.0 180 42 48 120 <5.0 43 <5.0 22 11 <5.0 65 63 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
PES-INJ3S MS 8-Feb-01 <10 99 <10 <10 100 <10 <10 <10 <10 <10 <10 98 100 <10 <10 <10 <10 2.4) 23] <10
PES-INJ3S MSD 8-Feb-01 <10 97 <10 <10 98 <10 <10 <10 <10 <10 <10 97 100 <10 <10 . <10 <10 <10 <20 <10
PES-MW3D MS 30-Jan-02 <5.0 250 50 <5.0 130 <5.0 5.4 <5.0 8.0 23 4.2] 66 63 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
PES-MW3D MSD 30-Jan-02 <5.0 230 46 <5.0 120 <5.0 4.9] <5.0 7.1 21 3.8J 61 59 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
PES-MW6D MS 7-Feb-01 <5.0 210 <3.0 <5.0 85 <35.0 5.2 <5.0 13 23 <5.0 48 51 <5.0 <5.0 <5.0 <3.0 <5.0 <10 <5.0
PES-MW6D MSD 7-Feb-01 <3.0 220 <5.0 <5.0 88 - <5.0 5.4 <5.0 14 25 <5.0 49 52 -<5.0 <5.0 <5.0 <3.0 <5.0 <10 <5.0
PES-MWI1D MS 8-Aug-01 <5.0 40 <5.0 <5.0 34 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 40 45 <5.0 <5.0 <5.0 <3.0 <5.0 <10 <5.0
PES-MWI1D MSD 8-Aug-01 <5.0 <5.0 <5.0 <5.0 38 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 44 49 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
PES-MW7D MS 7-Aug-01 <5.0 1,000 4.8 <5.0 70 <5.0 6.1 <5.0 220 110 <5.0 47 50 <5.0 <5.0 <5.0 <35.0 <5.0 <10 <5.0
PES-MW7D MSD 7-Aug-01 <5.0 920 4.4J <5.0 67 <5.0 5.5 <5.0 200 100 <5.0 44 46 <5.0 <5.0 <5.0 <5.0 <5.0 <10 <5.0
PES-INJ2S MS Oil 9-Aug-01 <4,800 <4,800 <4,800 <4,800 <4,800 <4,800 <4,800 <4,800 <4,800 <4,800 <4,800 <4,800 5,600 1,200J <4,800 <4,800 <4,800 <4,800 <9,600 <4,800
PES-INJ2S MSD Oil 9-Aug-01 <3,000 <5,000 <5,000 <5.,000 <5,000 <5,000 <5,000 <5,000. <5,000 <5,000 <5,000 53,000 60,000 <5,000 <5,000 <5,000 <35,000 <5,000 <10,000 <5,000
¥ PCE = tetrachloroethene; TCE = trichlo_roelhene; DCE = dichloroethene; TCA = trichloroethane; DCA = dichloroethane.
¥ L1g/L = micrograms per liter.
¢ <5 indicates that the analyte was not detected above the method detection limit indicated.
¥ indicates that the analyte was detected at a concentration above the method detection limit but below the reporting limit resulting in an estimated value.
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TABLE 4.6

SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN GROUNDWATER
NSA MID-SOUTH LONGTERM MONITORING PROGRAM
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

Vinyl 1,1,1- Carbon Bromochloro  Dichlorofuoro Semi-Volatiles -
Sample Stratigraphic PCEY TCEY 1,2-DCEY  1,1-DCE  Chloride - TCAY 1,1-DCAY 1,2-DCA  Tetrachloride  Chloroform  -methane -methane Acetone  Benzene BEHPY  TPH-DROY

Location Interval” Date (ug/L)” (ug/L) (ug/L) (ug/L) (ugl)  (ug/L) (ng/L) (ug/L) (ng/L) (ug/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)
PERMANENT MONITORING WELLS _

007GI2LF LF Mar-96 NDY ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Aug-96 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA® NA

May-97 . ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Nov-97 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Aug-98 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Nov-98 " ND ND - ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Jul-00 ' ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Aug-01 ' ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND .ND

007GI3LF LF Mar-96 ND ND ND- ND ND ND ND ND ND ND ND ND ND ND 2J7 ND

Apr-97 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA-

Nov-97 ND ND ND ND ND ND " ND ND ND ND ND ND ND ND NA NA

Jul-00 " ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Aug-01 " ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

007G14LF LF Mar-96 ND ND ND ND ND ND ND ND ND ND ND ND ND ND 8] ND

Aug-96 . ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Nov-97 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Jul-00 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND

Aug-01 ND 0.28] 0.32J%% ND ND ND ND ND ND ‘ND ND ND ND 0.15] ND ND

007G15UF UF Mar-96 ND 840 20J* 280 ND ND 48] ND 2071 70 ND ND "ND 7] 1 160

Aug-96 ND 300 22J* 290 ND ND 43] ND 19] 63 ND ND ND 6 NA NA

Apr-97 ND 600D" 20+ 380D ND ND 67 ND 14 44 ND ND ND 6.6 NA NA

Nov-97 0.8] 580D 18+ 320 ND ND 51 ND 9.8 30 ND ND 93 461 NA NA

Aug-98 0.58] 580D 19* 320D ND ND 64 ND 431 17 ND ND ND 4.6 NA NA

Jul-00 ND 400D ND 310D ND ND .51 ND 4 10 ND ND ND 3J _ND ND

Aug-01 ND 580 15+ 430 ND ND 70 ND 8.9 22 ND ND ND 44 ND ND

007G15LF LF Mar-96 ND ND ND ND ND ND ND ND 20 5] ND ND "ND ND 14 110

Aug-96 ND 13 ND 6 ND ND 2] ND 26 10 ND ND ND ND NA NA

Apr-97 ND 12 ND 6.3 ND ND ND ND 27 74 ND ND ND ND NA NA

Nov-97 1.1J 12 ND ND ND ND- ND ND 2.8 2.71 ND ND ND ND NA NA

Aug-98 ND 6.5 ND 3.97 ND ND ND ND 15 5.6 ND ND ND ND NA NA

Jul-00 ND 11 ND . 7 ND ND ND ND 24) 7 ND ND ND ND NA NA

Aug-01 ND 3.2 ND 3.1 ND ND 1.2 ND 22 5.1 ND ND ND ND NA NA

007G24MF MF Aug-98 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Nov-98 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Jul-00 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Aug-01 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

007G25MF MF Aug-98 ND 18 ND 29] ND ND ND ND ND 2.0J ND ND ND ND NA NA

Nov-98 ND 13] ND 2] ND ND ND ND ND ND - ND ND ND ND NA NA

Jul-00 ND 27 ND ND ND ND ND ND ND 2] ND ND ND " ND NA NA

Aug-01 ND 25 0.65] 34 ND ND ND ND 1.5 2.9 ND ND ND ND NA NA

007G26MF ME Aug-98 ND 1.8] ND ND ND ND ND ND ND ND" ND ND ND ND NA NA

Nov-98 ND 4] ND ND ND ND. ND ND ND ND ND ND ND ND NA NA

Jul-00 ND 7 ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Aug-01 ND 2.8 ND 0.73] ND ND ND ND ND ND ND ND ND ND NA NA
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TABLE 4.6 (Continued)
SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN GROUNDWATER
NSA MID-SOUTH LONGTERM MONITORING PROGRAM
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

. Vinyl 1,1,1- Carbon . Bromochloro  Dichlorofuoro ; Semi-Volatiles
Sample  Stratigraphic PCEY TCEY 12-DCE¥  1,1-DCE  Chloride ~ TCAY 1,1-DCAY 1,2-DCA  Tetrachloride ~ Chloroform  -methane -methane Acdione  Benzene  BEHP®  TPH-DRO”
Location Interval®  Date (ng/L)’ (ng/L) (ng/L) (ng/L) (ng/L) (ug/L) (ug/L) (ng/L) (ng/L) (ng/L) (ug/L) (ng/L) (pg/L) (ng/L) (ng/L) (ng/L)
007G49LF UF (58") Jun-99 * ND 2) ND ND ND ND ND ND ND ND ND ND ND ND NA NA
MF (63') Jun-99 ND 2] ND ND ND ND ND ND ND ND ND ND 8J ND NA NA
MF (68") Jun-99 ND 2] ND ND ND ND ND ND ND ND ND ND ND ND NA NA
MF (73 - Jun-99 * ND ND - ND ND ND ND ND ND ND ND ND ND 6J ND NA NA
LF (78) Jun-99 ND ND ND ND ND ND - ND ND ND ND ND ND ND ND NA NA
LF (83" Jun-99 - ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA
LF (88" Jun-99 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA . NA
LF (93" Jun-99 * ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA - NA
LF Jul-00 - ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA -
LF Aug-01 . * ND 0.82] ND ND ND ND ND ND 0.44) ND ND -ND ND ND NA NA
TEMPORARY MONITORING POINTS A _
7-34 UF (45') Nov-95 ND ND ND ND ND ND ND . ND ND ND ND ND ND ND NA NA
7-35 UF (49') Nov-95 ND 117 9.92 80 ND ND ND - 442 10.3 ND 31.9 ND ND ND NA NA
7-36 MF (58" Nov-95 ND ND . 28 ND ND ND ND ND ND ND ND 6.1 ND ND NA NA
7-37 MF (60" Nov-95 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA
7-49 LF (34) Nov-95 ND 8.1 _ ND ND ND ND ND - ND ND ND ND ND ND ND NA NA
7-50 MF (61") Nov-95 ND ND ND ND ND ND ND ND ND - ND ND ND ND ND NA NA
7-51 UF (54') Nov-95 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA
7-52 UF (52") Nov-95 " ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA
7-53 MF (64") Feb-96 ND ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA
7-54 . MF (58" Feb-96 ND ND ND ND ND ND ‘ND ND ND ND ND ND ND ND NA NA
7-68 UF (48") Feb-97 ND 26 ND 32 ND ND 1.9 ND ND ND ND ND 200 ND NA NA
UF (53" Feb-97 ND 37 ND 5.1 ND ND 2.7 ND ND ND ND ND 5095 ND NA NA
MF (58 Feb-97 ND 1.6] ND 43 ND ND 24 ND ND ND ND ND 1380 ND NA NA
MF (64") Feb-97 ND ND ND 2.0J ND ND ND ND 17.4 277 ND ND 562 ND NA . NA
MF (69") Feb-97 ND C1.2) ND 2.3J ND ND ND ND 232 224 ND ND ND ND NA NA~
. LF(73) Feb-97 . ND 82 5.6 ND ND ND ND ND 15.2 233 ND ND ND ND NA NA
LF (78) . Feb-97 * ND 64 5.12 -ND ND ND ND. ND 6.5 8.1 ND ND ND ND NA NA
LF (83" Feb-97 ND 1.3] ND ND ND ND ND ND 1.3) 4.1) ND ND 594 ND NA NA
LF (88) Feb-97 ND ) ND ND ND ND ND ND ND 1.4) 3.9] ND ND ND ND NA NA
7-69 MF (607 Feb-97 ND 1160 292 183 ND ND 36.5 ND 199 180 ND ND ND 5.1 NA NA
LF (90) Feb-97 " ND 1.6] ND ND ND ND ND ND ND ND ND - " ND ND ND NA NA
7-70 UF (46)) Feb-97 ND 16.9 ND 10.7 ND ND 3.2] ND ND 1.97 ND ND ND ND NA NA
MF (68" Feb-97 ND 190 ND 4.3 ND ND ND ND ND 474 ND ND ND ND NA NA
LF (88" Feb-97 - ND 389 ND 1.0J ND ND ND ND 3.5] 11.3 ND ND ND ND NA - NA
7-71 UF (46") Feb-97 " ND ND ND ND ND ND 1.7 ND ND ND ND ND 1020 ND NA NA
MF (68" Feb-97 ND - 422 ND 2.7 ND ND ND ND 121 60.8 ND ND ND ND NA NA
LF (88) Feb-97 ND 14 ND 2.6 ND ND ND ND 343 15.9 ND ND ND ND NA NA
7-72 UF (46)) Feb-97 ND 16.1 ND 8.7 ND ND 4.1 ND ND ND ND ND ND " ND NA NA
MF (68" Feb-97 ND 122 ND 1.6 ND ND ND ND 103 30.6 ND ND ND ND NA NA
LF (90) Feb-97 ND 8.7 ND 2.1J ND ND ND ND 28.5 21.1 ND ND 197 ND NA NA
7-73 MF (68) Feb-97 ND 153 ND ND ND ND ND ND ND 2.1 ND ND 164 ND NA NA
LF (909 Feb-97 " ND ND ND ND ND ND ND ND ND ND ND ND 44] ND NA NA
7-74 MF (68") Feb-97 "~ ND 474 ND 1.4] ND ND ND ND ND 4.3J ND ND ND ND NA NA
LF (91) Feb-97 - ND 1.2) ND ND ND ND ND ND ND ND ND ND 33J ND NA NA
7-79 MF (67" Feb-97 ND 612 ND 10.2 ND ND 3.5) ND ND 7.2 ND ND ND ND NA NA
7-80 MF (66" Feb-97 ND 262 ND 14.2 ND ND ND ND ND 3.3 ND ND ND ND NA NA
LF (87) Feb-97 . ND ND ND ND " ND ND ND. ND ND ND ND ND ND ND NA NA
¥ PCE = tetrachloroethene; TCE = trichloroethene; DCE = dichloroethene; TCA = trichloroethane; DCA = dichloroethane; BEHP = bis(2-ethylhexyl)phthalate; TPH-DRO = total petroleum hydrocarbons - diesel range organics. )
Y UF = upper fluvial deposits; MF = middle fluvial deposits; LF = lower fluvial deposits. ?J indicates that the analyte was detected at a concentration above the method detection limit but below the reporting limit resulting in an estimated value.
¢ ng/L = micrograms per liter. ¥+ = total cis- and trans-1,2-DCE.
' ND = not detected. YD =data qualifier indicates analysis of diluted sample.

“NA = not analyzed.
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44 POST-INJECTION PROFILE OF CHLORINATED ALIPHATIC
HYDROCARBONS

4.4.1 Chlorinated Ethenes Over Time

Reductions in contaminant concentrations and changing molar fractions f{i.e.,

declining mass fraction of TCE and increasing mass fraction of daughter products such as .
- cis-1,2-DCE] of dissolved constituents over time can be indicative of biodegradation.
Figures 4.3 and 4.4 show the distribution of TCE (maximum concentration plotted for
each well pair) for pre-injection conditions (July/August .2000) and for post-injection
“conditions at 12 months following injection (July/August 2001), respectively. The
overall plume appears to be stable, with slightly lower concentrations of TCE in
July/August 2002.

Figures 4.5 and 4.6 plot concentrations of TCE and cis-1,2-DCE, respectively, over
time in both upper and lower fluvial deposits monitoring wells. The maximum pre-
injection concentration of TCE was 1,800 pg/L at location PES-MW6S, while the
maximum TCE concentration measured in January 2002 was 1,200 pg/L at locations
PES-MW2S and PES-MW6S. The maximum pre-injection concentration of cis-1,2-DCE

~was 34 pg/L at location PES-MWI1S, while the maximum cis-1,2-DCE concentration
measured in January 2002 was 250 pg/L at location PES-MW2S. VC was not detected at
concentrations above the MDL at any of the monitoring locations during baseline
sampling or process monitoring sampling events. The lack of measurable concentrations
of VC in the monitoring wells indicates that either VC is not being generated, or that VC. .
is being degraded as fast as it is generated. :

Contaminant concentrations measured in the injection wells show a dramatic decline
over time. The maximum concentrations of TCE measured for the injection wells was
640 pg/L at PES-INJ1S and 600 pg/L at PES-INJ2S. By January 2002, TCE was below
detection limits for all samples collected from the injection wells (PES-INJ2S, PES-
INJ2D, and PES-INJ4S). Concentrations of TCE and other CAHs likely attenuated more
quickly than inferred by the January 2002 data. For example, concentrations of TCE and
1,1-DCE at injection well location PES-INJ2D decreased from 140 pg/L and 40 pg/L in
August 2002 (pre-injection) to an estimated concentration of 2.1J pg/L and to less than 5
ng/L in November 2000, respectively. Without a measurable increase in concentrations
cis-1,2-DCE, VC, or ethene at the injection well locations, it cannot be determined
whether the decrease in contaminant concentration was due to biodegradation or due to
partitioning into the vegetable oil.

While there is an overall reduction in the maximum concentration of TCE detected
over time, a decreasing trend in TCE concentration is not uniform for all wells. For
example, an overall increase in TCE concentration from July 2000 (pre-injection) to
January 2002 was observed for wells PES-MW2S, PES-MW3D, PES-MWS5D, PES-
MW6S, PES-MW7D, PES-MW38S, PES-MW8D, and 007G15UF.

For locations that do show a reduction in TCE concentration, it is not readily apparent
whether the observed decreases are a result of biodegradation, natural variations in
contaminant concentrations, or partitioning of contaminant mass into the vegetable oil
NAPL.  However; an increase in cis-1,2-DCE concentrations detected in the many of the
monitoring wells indicates that the reduction on TCE concentrations may be a result of
enhanced biodegradation.
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FIGURE 4.5A

CONCENTRATIONS OF TCE IN UPPER FLUVIAL DEPOSITS OVER TIME
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FIGURE 4.6A
CONCENTRATIONS OF cis-1,2-DCE IN UPPER FLUVIAL DEPOSITS OVER TIME
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The change in concentrations of VOCs in the injection wells is substantial.
Difficulties were encountered sampling the injection wells due to the continual presence
of vegetable oil. Therefore, not all the proposed injection sampling locations were
sampled during every event. VOCs were not detected in injection wells PES-INJ2S,
PES-INJ2D, and PES-INJ4 for samples collected in January 2002. In August 2001, the
only VOC detected in injection wells sampled (PES-INJ2D and PES-INJ3D) was
chloroethane at a concentration of 12 ug/L at well PES-INJ3D. A lack of daughter
products and a lack of ethene or ethane end products suggests that the attenuation in
VOCs in the injection wells is due to partitioning within the vegetable oil. Detection
limits for oil samples collected from the injection wells are elevated due to matrix
interferences (Table 4.4), and the extent of VOCs in oil cannot be determined with
current analytical procedures.

4.4.2  Presence of Daughter Products and CAH Ratios

The presence of daughter products that were not used in Base operations, particularly
cis-1,2-DCE, ethene, and ethane provides strong evidence that PCE and TCE have been
and/or are being reductively dechlorinated at this site. Progressive transformation of
PCE and TCE to ethene can be indicated by computing the molar ratio of parent
compounds to daughter products at a specific location. For example, because reductive
dechlorination proceeds in only one direction (i.e., TCE to cis-1,2-DCE and not vice
versa), the molar ratio of TCE to cis-1,2-DCE would decrease where reductive
dechlorination of TCE dominates the contaminant attenuation process. Similarly, the
sequential reduction of 1,1-DCA to chloroethane to ethane, and the sequential reduction
of CT to chloroform to methylene chloride to chloromethane, also would indicate
progressive transformation by reductive dechlorination.

Chlorinated ethene concentration plots and molar fraction plots over time for all
monitoring well locations sampled in January 2002 are included in Appendix C. The
following discussion includes an evaluation of chlorinated ethene data for select
monitoring locations at the site.

Changes in contaminant concentrations and molar fractions over the first 18 months of
the vegetable oil injection field test exhibit highly variable trends and are not uniformly
indicative of enhanced biodegradation. In fact, contaminant concentrations in some wells
increased from pre-injection concentrations, likely as a result of displacement from the
injection event or due to natural temporal variations in contaminant concentrations.

The initial response to the vegetable injection was pronounced at several monitoring
locations. Figures 4.7 and 4.8 present plots of concentration over time and of molar
fractions over time for wells PES-MW1S and PES-MW3S, respectively. For these two
locations, the concentration of TCE decreased substantially after injection as measured in
November 2000. However, concentrations of TCE at location PES-MW3S increased
over the past three monitoring events. Concentrations of TCE at location PES-MWIS
~ are variable, but also have increased for the last monitoring event. An initial increase in
cis-1,2-DCE and ethene suggest that reductive dechlorination was initially stimulated, but
that the process was not sustained. A similar trend in contaminant concentrations was
also observed at monitoring location PES-MW7S (Appendix C).
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FIGURE 4.7A
CONCENTRATIONS OF SELECT CHLORINATED ETHENES OVER TIME
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FIGURE 4.8A
CONCENTRATIONS OF SELECT CHLORINATED ETHENES OVER TIME
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Based on the ratio of the molar fraction of the parent compound TCE to the daughter
products, cis-1,2-DCE, VC, and ethene in these wells, biodegradation may have been
stimulated by vegetable oil injection. Although concentrations of VC were not detected,
concentration and molar fraction of both cis-1,2-DCE and ethene increased at PES-
MWI1S, PES-MW3S, and PES-MW7S between the baseline sampling event in August
2000 and the first monitoring event in November 2000. These trends were not expected
at monitoring locations PES-MWI1S and PES-MW?7S because they are located 100 and
50 feet from the injection locations, respectively. It is possible that these locations were
impacted when the injection caused radial groundwater flow due to displacement and a
temporary mounding of the groundwater potentiometric surface. Thus, the injection
caused a temporary reversal in groundwater ﬂow direction between the injection area and
upgradient location PES-MW1S.

It is difficult to distinguish whether the initial changes in contaminant concentrations
at these locations are due to stimulation of reductive dechlorination, or whether the initial
changes were simply caused by displacement with groundwater of differing contaminant
concentrations. In either event, as the groundwater system re-equilibrated and the
regional groundwater flow direction was .resumed, the effects of the injection at PES-
MWIS and PES-MW7S are apparently rebounding toward pre-injection (i.e., baseline)
conditions. While well PES-MW3S is much closer to the injection wells, it also shows
the same initial changes indicative of reductive dechlorination, followed by a subsequent
trend towards baseline conditions. '

Figures 4.9 through 4.12 present plots of concentration over time and of molar
fractions over time for wells PES-MW2S, PES-MW2D, PES-MW3D, and PES-MW6D,
respectively. Concentrations of TCE at locations PES-MW2S, PES-MW2D, and PES-
MW?3D all initially increased after the vegetable oil injection, but by the last monitoring
event in January 2002 the trends in TCE concentrations reversed and began to decrease.
The concentration of TCE at location PES-MW6D decreased consistently for each
monitoring event after the injection event. What is more notable is a measurable increase
in concentration and molar fraction of cis-1,2-DCE between the last two monitoring
events from August 2001 to January 2002. Molar fractions of cis-1,2-DCE for locations
PES-MW2S, PES-MW3D, and PES-MWG6D increased from less than 5 percent to greater
than 20 percent between these two sampling events. The molar fraction of cis-1,2-DCE
at location PES-MW2D similarly increased over the period from February 2001 to
January 2002.

These data suggest that reductive dechlorination of TCE to cis-1,2-DCE has been
stimulated sporadically across the site, although a mgmﬁcant lag period (12 to 18
months) was required for this to be observed. Furthermore, it is not known whether
subsequent degradation of cis-1,2-DCE is occurring. A significant increase in VC or
ethene has not been observed at these locations, suggesting that reduction of cis-1,2-DCE
is not occurring. However, cis-1,2-DCE or VC can potentially be oxidized under nitrate-
or iron-reducing conditions with no generation of ethene, but this is difficult to ascertain.

In summary, while trends in chlorinated ethene concentrations tended to vary from
sampling event to sampling event, chlorinated ethene data indicate an overall reduction
of maximum contaminant concentrations. Based on contaminant trend analysis alone, it
is difficult to determine whether this reduction is due to biodegradation, partitioning of
dissolved contaminants into the vegetable oil NAPL, lateral spreading of contaminants

4-29
022/737490/6.doc




FIGURE 4.9A
CONCENTRATIONS OF SELECT CHLORINATED ETHENES OVER TIME
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FIGURE 4.10A ‘
CONCENTRATIONS OF SELECT CHLORINATED ETHENES OVER TIME
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FIGURE 4.11A
CONCENTRATIONS OF SELECT CHLORINATED ETHENES OVER TIME
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FIGURE 4.12A
CONCENTRATIONS OF SELECT CHLORINATED ETHENES OVER TIME
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due to injection, or natural temporal variations in contaminant concentrations. Injection
of vegetable oil induced a mounding of the groundwater potentiometric surface, which
may have caused some lateral spreading of contaminants in groundwater and caused
upgradient location PES-MWI1S/D to be impacted by the vegetable oil injection.
Historical concentration data from cross gradient wells 007G15UF and 007G15LF show
natural fluctuation in chlorinated ethene concentrations, suggesting that some changes in
contaminant concentration within the study area may be due to natural or seasonal
variation in groundwater conditions. Changes in concentration and molar fraction of
TCE and cis-1,2-DCE between August 2001 and January 2002 indicate that reductive
dechlorination has occurred at several locations, but only after a lag period of 12 to 18
months. Other supporting evidence. of enhanced biodegradation, including geochemical
changes, are discussed later in this section.

4.43  Chlorinated Aliphatic Hydrocarbons In Oil

In addition to CAHs in groundwater, CAH concentrations in oil also were analyzed
for in samples collected from locations PES-INJ2S and PES-INJ2D (November 2000
through January 2002), PES-INJ3S and PES-INJ3D (November 2000 through August
2001), and PES-INJ4S (January 2002) (Table 4.5). Unfortunately, the analyte specific
MDLs for VOCs in vegetable oil (250 to 5,000 pg/L) are elevated due to interference of
the vegetable oil sample matrix and the dilutions required for calibration. The only
chlorinated ethene detected in oil was TCE at an estimated concentration of 170J pg/L in
the November 2000 sample from injection well PES-INJ2S.

Therefore, it is not possible to determine to what extent CAHs are partitioning out of
groundwater and into the vegetable oil. .However, a significant decrease in CAH
concentrations in groundwater has been observed over time in samples collected from
injection wells PES-INJ2S, PES-INJ2D, PES-INJ3S, PES-INJ3D, and PES-INJ4S. This
decreasing trend in CAH concentrations in groundwater in the injection wells suggests
that CAHs are partitioning out of groundwater and into the vegetable oil and/or that
VOCs in groundwater are being biodegraded.

45  SUBSTRATE ADDITION

Addition of vegetable oil as an organic substrate provides a source of carbon for
microbial *growth. Analytical evaluation of TOC, VFAs, and- PLFAs provides an
indication of the extent to which groundwater has been impacted by addition of the
vegetable oil, and data relevant to determining whether microbial growth has been
stimulated.

4.5.1 Total Organic Carbon as an Indicator of Substrate Addition and Zone of
Influence ' :

Groundwater samples were collected from select wells during baseline sampling and
process monitoring to determine the migration of dissolved vegetable oil (by measuring
TOC), and to track migration of the water push that followed the oil injection (bromide).
These parameters are used to determine the approximate zone of influence of the
vegetable oil injection in the fluvial deposits aquifer. Analytical results for TOC and
bromide in groundwater are presented in Table 4.7.
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Baseline concentrations of TOC were below the method detection limit of 5 mg/L, and
baseline concentrations of bromide were below the method detection limit of 2 mg/L.
Following injection, elevated concentrations of TOC (i.e., greater than 5 mg/L) were
observed at monitoring well locations PES-MW2S, PES-MW2D, PES-MW3D, PES-
MW6D, PES-MW7S, PES-MWS8S (Table 4.7).  The highest levels of TOC were
measured in January 2002 with 600 mg/L at PES-MW2D and 260 mg/L at PES-MW3D.
Prior to January 2002 the highest concentration of TOC measured for monitoring well
locations was 24 mg/L at PES-MW2S in November 2000 and 62 mg/L at PES-MW3D in
August 2001. These values are relatively low compared to TOC measured in
groundwater samples collected from the injection wells, which ranged from 1,200 mg/L
to 2,400 mg/L (Table 4.7). '

TOC data indicate that the zone of influence of the vegetable oil injection is limited
primarily to the area of wells PES-MW2S, PES-MW2D, and PES-MW3D, which are
located only 10 feet from the injection wells. However, the slightly elevated levels of
TOC at wells PES-MW6D (9.9 mg/L), PES-MW?7S (9.2 mg/L), and PES-MWSS (7.6
mg/L) suggest the presence of preferential flow paths within the fluvial deposits between
the injection area and these monitoring wells located 30 to 100 feet downgradient. It also
is possible that the levels of TOC at these three wells are a result of natural variation.

Elevated concentrations of bromide (greater than a detection limit of 2 mg/L) have not
been detected at any downgradient monitoring well location during process monitoring
sample analysis. Bromide was detected in only one injection well at a concentration of
18 mg/L at PES-INJ3D in February 2001. Only 100 gallons of water push with a
bromide concentration of approximately 100 mg/L was injected into each injection well.
Because bromide has not been detected downgradient from the injection wells, it does not
appear the water push has migrated a measurable distance downgradient.

4.5.2  Biomass and Volatile Fatty Acids

A total of 13 samples (including one duplicate) were collected from 12 locations
during the January 2002 process monitoring event and sent to Microbial Insights, Inc. for
analyses of biomass (by PLFA analysis) and VFAs. The results of these analyses are
summarized on Table 4.8, and the analytical report is included in Appendix A.

Biomass is estimated as the total-amount of PLFA content and provides a quantitative
measure of the viable microbial biomass present. Elevated concentrations of biomass are
an indicator of enhanced microbial activity. Biomass estimates were elevated in injection
 wells PES-INJ2S, PES-INJ2D, and PES-INJ4S, and in monitoring wells PES-MW2S,
PES-MW2D, and PES-MW3D. The magnitude of the biomass estimates in these wells
were 1 to 2 orders of magnitude greater than background wells 007G15UF and
007GI15LF, indicating that microbial activity has been stimulated in the immediate
vicinity of the vegetable oil injection locations.

VFAs (or metabolic acids) are microbial degradation byproducts and are also a
quantitative indicator of microbial activity. Furthermore, these primary degradation
products are further utilized as fermentation products, which can produce hydrogen for
potential reductive dechlorination. VFA analyses indicate that the primary metabolic
byproducts of the degradation of soybean oil in injection wells PES-INJ2S, PES-INJ2D,.
and PES-INJ4S is acetic, propionic, and butyric acids. Lower levels of these acids were
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SUMMARY OF GROUNDWATER GEOCHEMICAL DATA
NSA MID-SOUTH SITE N-6

TABLE 4.7

MILLINGTON, TENNESSEE
Total Dissolved Nitrate + Ferrous Hydrogen Total Carbon Redox Specific
Sample Sample Methane Ethane Ethene ToCY Inorganic Carbon Oxygen Nitrite Iron Manganese | Sulfate Sulfide Alkalinity Dioxide Chloride Bromide Potential pH Temperature | Conductivity
Location Date wgL)” | e wgl) | (mgn) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) mgL) | (mgn) (mv)* (Suy” N (ps/cm) ¥
MONITORING WELLS ' I w
PES-MW1S 25-Jul-00 0.2 0.007 ° 0.016 NAM NA 34. 0.029J7 <0.01Y 33 4 0.16 112 49 5.0 NA 148 6.83 - 30.1 251
7-Nov-00 430 55.0 20.0 NA NA 0.3 0.011J 2.5 3.1 <1 0.03 84 32 2.1 NA -163 7.33 22.7 210
6-Feb-01 990 19.0 8.90 NA NA 0.2 0.003J 4.8 438 <1 0.02° 167 76 6.7 NA -100 6.88 23.3 315
6-Aug-01 770 6.00 2.40 NA NA 0.5 0.086 16 7.7 <1 <0.01 179 92 26 NA -141 6.48 28.0 350
29-Jan-02 460 1.90 1.20 2.71 NA 2.3 0.050J 12.15 7.7 27 0.07 136 124 87 - <2.0 -47 6.40 21.2 215
PES-MWI1D 6-Aug-00 19 8.06 3.43 NA NA 0.3 0.079 33 0.6 <1 0.02 84 67 3.0 NA - =260 6.72 242 179
8-Nov-00 56 0.720 0.420 NA NA 0.3 0.047) 6.1 0.3 <1 0.06 87 82 NA NA -41 6.34 21.9 140
6-Feb-01 82 0.085 0.150 NA "'NA 0.3 0.300 2.8 <0.1 <1 0.09 76 76 2.0 NA 56 5.77 21.5 143
6-Aug-01 30 0.054 0.420 NA NA 1.0 0.120 0.58 <0.1 <1 -.<0.01 52 54 2.0 NA 63 5.80 27.6 114
29-Jan-02 2.2 0.015 <0.005 1.8 NA 2.1 0.130 0.36 <0.1 <1 0.07 63 82 3 <2.0 71 5.92 . 20.7 88
PES-MW2S 5-Aug-00 37 5.35 4.14 <5.0 NA 04 1.00 0.82 1.6 <1 0.01 122 87 15 <2.0 -322 6.71 252 319
) 10-Nov-00 35 0.750 1.70 24 NA 0.3 0.200 0.57 0.2 <1 0.20 158 109 4.6 <2.0 -126 6.47 19.8 279
8-Feb-01 40 0.210 0.530 <2.0 NA 04 0.039J 0.60 0.1 1 0.15 172 225 14 <2.0 -48 6.80 235 335
9-Aug-01 58 0.260 1.20 6.3 NA 1.0 0.360 1.3 0.5 2 0.05 163 84 5.6 <2.0 -32 6.25 294 216
30-Jan-02 570 0.160 0.360 13 710 04 0.160 4.5 . 1.2 <1 0.02 152 242 6 <2.0 -67 6.57 21.1 342
PES-MW2D 4-Aug-00 35 0.994 0.436 <5.0 NA 0.3 0.600 0.76 1.0 <] 0.02 81 121 6.2 <2.0 -15 6.26 23.5 201
10-Nov-00 17 2.70 2.00 <2.0 NA 0.3 0.077 0.62 <0.1 <1 0.39 105 51 3.9 .0 46 6.42 16.7 223
8-Feb-01 62 0.560 0.750 15 NA 0.2 0.061 8.8 2.3 26 0.42 158 180 NA <2.0 -216 6.79 234 343
9-Aug-01 640 0.220 0.550 8 NA 0.1 0.180 35 1.1 <] 0.06 131 86 4 <2.0 -90 6.21 249 175
- 30-Jan-02 2,500 0.046 0.150 600 500 04 0.130 6.9 1.9 <l 0.21 147 200 6 <2.0 91 6.57 20.8 245
PES-MW3S 4-Aug-00 37 4.55 2.90 <5.0 NA 1.4 0.087 0.71 24 5 0.13 130 130 8.4 <2.0 194 6.54 24.0 313
10-Nov-00 130 17.0 17.0 <2.0 NA 0.3 <0.050 9.7 9.9 <1 0.07 187 77 2.0 <2.0 -134 6.90 21.3 380
9-Feb-01 110 2.60 6.80 <2.0 NA 0.3 0.002J 16 7.6 <1 0.01 293 315 6.0 <2.0 -80 6.77 20.4 534
9-Aug-01 910 0.450 2.10 <5.0 NA 0.7 0.060 11 3.7 <1 <0.01 202 190 5.5 . <20 -96 6.27 29.6 278
30-Jan-02 1,900 0.140 0.770 2.8] 850 0.9 0.050J 9.20 34 <1 0.01 148 384 11 . <20 -59 6.38 21.8 321
PES-MW3D 4-Aug-00 8.6 3.54 2.08 <5.0 NA 1.3 0.330 0.79 0.9 <1 0.05 95 62 5.0 <2.0 3 6.67 23.5 224
10-Nov-00 12 1.30 28.0 <2.0 NA 12 1.80 0.30 0.9 5 0.34 110 82 12 <2.0 89 6.69 16.6 200
8-Feb-01 2.0 0.340 0.270 <2.0 NA 1.6 1.20 0.33 <0.1 1 0.08 106 90 20 <2.0 13 7.00 .22.9 318
. 9-Aug-01 650 0.540 0.830 62 NA 0.8 0.23 8.45 7.0 <1 0.04 177 168 4 <2.0 -124 6.53 28.9 328
30-Jan-02 13,000 0.120 0.860 260 NA 0.7 0.050J 16.50 29.2 <l 0.02 178 458 9 <2.0 -110 6.53 21.2 702
PES-MW4S 3-Aug-00 30 7.63 4.82 <5.0 NA 1.2 0.470 1.06 24 <1 0.03 135 77 17 NA -270 6.66 25.0 340
9-Nov-00 52 1.80 4.00 <2.0 NA 0.3 0.066 2.13 0.7 <1 0.14 169 115 8 <2.0 -19 6.37 21.6 306
8-Feb-01 70 0.370 1.10 <2.0 NA 02 0.057 3.00 0.3 <1 NA 160 112 10 <2.0 2 6.51 242 348
8-Aug-01 55 0.170 0.590 <5.0 NA 1.0 <0.050 1.07 NA <1 <0.01 159 125 9 <2.0 -13 6.04 31.0 282
30-Jan-02 74 0.170 0.220 2.6] NA 0.7 0.080 0.15. 0.2 <1 0.06 129 223 18 <2.0 4 6.39 21.2 272
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TABLE 4.7 (Continued)

SUMMARY OF GROUNDWATER GEOCHEMICAL DATA
NSA MID-SOUTH SITE N-6.

MILLINGTON, TENNESSEE
Total Dissolved Nitrate + Ferrous Hydrogen Total Carbon Redox Specific
Sample Sample Methane Ethane . | Ethene TOCY Inorganic Carbon Oxygen Nitrite Iron Manganese Sulfate Sulfide Alkalinity Dioxide Chloride Bromide Potential pH Temperature | Conductivity

Location Date (rg/L)” (ug/L) (ng/L) (mg/L) ¢ (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mv)© su)” oM (us/em) ¥
PES-MW4D 3-Aug-00 8.0 2.44 1.25 <5.0 NA 0.7 0.410 0.39 44 <1 0.02 90 80 5 NA -203 6.41 25.0 224
10-Nov-00 1.6 0.420 0.200 <2.0 NA 0.5 0.470 0.59 0.6 <1 0.17 95 71 9 <2.0 90 6.41 204 205
8-Feb-01 20 0.190 0.210 <2.0 NA 0.3 1.10 0.97 <0.1 <1 <0.01 90 91 9 <2.0 26 6.70 22..1 217
8-Aug-01 49 0.170 0.700 <5.0 NA 1.1 1.50 1.38 "NA <1 0.02 98 64 10 <2.0 36 6.01 30.1 176
30-Jan-02 46 0.068 0.150 3.1 NA 0.9 0.690 2.05 0.9 <1 0.19 93 132 6 <2.0 -20 6.40 21.0 178
PES-MWS5S 3-Aug-00 50 5.18 3.75 <5.0 NA 1.3~ 0.110 1.68 1.5 <1 0.02 183 111 8 NA -250 6.71 254 415
9-Nov-00 58 5.10 7.80 <2.0 NA 0.3 0.004J) 11.20 34 <1 0.01 203 86 3 <2.0 --149 6.68 20.8 367
8-Feb-01 65 0.980 0.980 32 NA 0.4 0.008J 836 23 2 0.04 280 182 10 <2.0 =75 6.60 19.9 494

8-Aug-01 79 . 0.220 1.50 <5.0 NA 0.8 0.084 4.50 NA <1 0.30 268 124 7 <2.0 -106 6.41 26.5 464 -
30-Jan-02 100 0.110 0.780 2.0 NA 0.7 0.060 3.85 1.2 <1 0.02 239 252 8 <2.0 -87 6.73 21.0 417
PES-MW5D 3-Aug-00 83 2.60 1.63 273 NA -0.8 1.70 0.23 3.5 <1 0.10 123 16 70 NA -92 6.86 225 338
9-Nov-00 13 3.60 2.70 <2.0 NA 0.2 0.810 0.01 04 <1 0.02 159 57 15 <2.0 91 6.64 20.3 281
8-Feb-01 17 1.10 2.20 <2.0 NA 0.3 1.20 0.12 0.6 <1 0.06 145 76 18 <2.0 106 6.49 21.5 378
>8-Aug-01 19 0.470 1.10 <5.0 NA 04 1.70 <0.01 NA <1 <0.01 140 68 20 <2.0 45 6.37 24.8 319
30-Jan-02 25 0.250 0.290 2.1] NA 1.2 1.70 <0.01 0.2 <1 0.01 137 128 20 <2.0 124 6.56 20.6 304
PES-MW6S 4-Aug-00 29 492 3.44 <5.0 NA 0.8 0.830 0.36 24 <1 0.03 156 88 13 NA 253 6.66 225 364
: 9-Nov-00 58 1.00 2.70 <2.0 NA 0.3 0.180 1.47 0.3 <1 0.13 136 118 6 <2.0 87 6.26 19.3 230
7-Feb-01 66 0.320 0.810 <2.0 NA 04 0.100 0.65- 0.3 <1 0.01 141 153 9 <2.0 8 6.75 23.0 304
8-Aug-01 75 0.140 0.210 <5.0 NA 0.8 0.150 0.10 NA <1 0.03 158 104 12 <2.0 62 6.08 274 265
29-Jan-02 98 0.140 0.075 2.5) NA 0.8 0.100 <0.01 0.1 <1 0.04 183 334 9 <2.0 78 6.33 21.0 256
PES-MW6D 3-Aug-00 9.0 2.58 1.20 <5.0 NA 1.2 0.470 1.56 34 <1 0.10 103 94 7 NA -158 6.45 23.6 235
9-Nov-00 1.6 0.680 0.210 <2.0 NA 1.2 0.700 0.09 1.5 22 0.00 97 71 NA <2.0 89 6.53 16.4 168
7-Feb-01 2.2 0.640 0.180 <2.0 NA 1.7 0.710 0.66 04 2 0.31 94 149 17 <2.0 | 6.67 22.8 240
8-Aug-01 49 0.330 0.280 <5.0 NA 0.9 0.460 0.38 NA <1 <0.01 143 68 7 <2.0 10 6.25 284 216
29-Jan-02 730 0.180 0.320 9.9 NA 0.7 0.070 7.55 3.1 <1 <0.01 143 268 6 <2.0 -130 .6.82 20.7 269
PES-MW7S 2-Aug-00 72 3.16 2.02 <5.0 NA 1.0 0.064 0.43 1.8 <1 0.10 255 170 3 <2.0 -299 6.67 254 508
9-Nov-00 67 5.60 5.90 <2.0 NA 0.3 <0.050 12.24 42 <1 0.04 121 136 NA <2.0 -116 6.77 242 568
7-Feb-01 68 1.30 3.10 <2.0 NA 03 ~ <0.050 9.72 33 <1 0.05 334 280 2 <2.0 -59 6.86 21.3 563
7-Aug-01 80 0.170 1.10 9.2 NA 0.8 0.061 5.85. NA <1 0.02 338 102 5 -<2.0 -112 6.52 26.8 524
29-Jan-02 71 0.120 0.720 3.1J 950 1.1 0.060 3.45 1.9 <1 0.16 307 365 4 <2.0 91 6.75 213 482
PES-MW7D 2-Aug-00 8.3 3.02 1.97 <5.0 NA 1.1 2.50 1.65 3.5 <1 <0.01 118 54 16 <2.0 -275 6.86 249 334
9-Nov-00 18 0.640 1.50 <2.0 NA 0.3 3.00 0.16 1.1 <] 0.02 151 60 29 <2.0 32 6.70 21.1 345
7-Feb-01 20 0.360 0.920 <2.0 NA 03 2.50 0.13 04 <1 0.08 141 67 32 <2.0 -10 7.01 233 - 429
7-Aug-01 7.0 0.210 0.960 <5.0 NA 1.1 2.30 0.04 NA <1 <0.01 173 58 26 <2.0 60 6.59 25.7 385
29-Jan-02 7.9 0.270 0.130 1.9] NA 1.0 2.40 0.01 0.0 <1 0.02 190 185 23 <2.0 74 6.80 20.8 330
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TABLE 4.7 (Continued)

SUMMARY OF GROUNDWATER GEOCHEMICAL DATA
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Total Dissolved Nitrate + Ferrous Hydrogen Total Carbon I Redox Specific
Sample Sample Methane Ethane Ethene ToCY Inorganic Carbon Oxygen Nitrite Iron Manganese Sulfate Sulfide Alkalinity Dioxide Chloride Bromide Potential pH Temperature | Conductivity
Location Date (ngLy” W) | el (mg/L)® (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mV)* suy”’ N (us/em) ¥
PES-MW38S 2-Aug-00 14 2.29 1.47 <5.0 NA 0.5 2.00 2.01 0.2 21 0.10 202 73 21 NA -323 6.96 244 505
8-Nov-00 67 1.00 2.40 34 NA 0.2 0.210 4.52 0.7 <] 0.06 204 74 6 <2.0 -69 6.77 21.6 411
7-Feb-01 100 0.320 0.790 7.9 NA 04 <0.050 3.72 0.0 <1 0.10 317 114 2 <2.0 -52 6.86 21.1 549
7-Aug-01 110 0.140 0.540 <5.0 NA 0.7 0.064 2.40 . NA 29 0.03 151 112 5 <2.0 -112 6.71 27.8 493
29-Jan-02 84 0.080 0.260 2.3] NA 1.1 0.150 1.60 0.1 26 0.16 293 129 3 <2.0 -83 7.02 21.0 479
PES-MWS8D 2-Aug-00 3.1 1.00 0.402 <5.0 NA 2.2 3.00 1.53 1.9 <1 0.15 127 58 20 NA -178 6.87 255 333
8-Nov-00 82 1.10 1.40 <2.0 NA 0.7 0.320 2.38 0.7 23 0.20 150 142 34 <2.0 -44 6.66 21.9 375
7-Feb-01 11 0.350 0.860 <2.0 NA 0.3 1.80 0.20 0.2 4 0.03 141 62 27 <2.0 67 6.95 215 400
7-Aug-01 12 0.130 1.10 <5.0 NA 0.8 2.40 0.03 NA <1 <0.01 156 72 23 <2.0 -1 6.54 259 360
. 29-Jan-02 7.6 0.038 0.083 2.4) NA 1.1 5.60 0.26 0.0 2 0.16 131 117 25 . <2.0 65 6.72 20.6 315
007G15UF 25-Jul-00 40 0.028 - 0.097 NA NA 04 0.047J) <0.01 0.1 <1 - 0.04 171 140 9 NA 40 6.25 28.7 412
8-Nov-00 32 0.340 0.400 NA NA 0.3 0.018J 0.09 0.2 1 <0.01 183 162 8 NA 123 6.11 21.1 304
6-Feb-01 41 0.220 0.094 NA NA 0.6 0.069 0.13 <0.1 <1 0.09 200 250 NA NA 96 5.79 22.0 340
7-Aug-01 18 0.130 0.079 NA NA 1.4 0.810 <0.01 NA <1 <0.01 197 118 10 NA 102 6.11 27.0 327
29-Jan-02 14 0.042 0.039 NA 730 0.9 0.39 <0.01 0.1 <1 0.03 160 290 6 - NA 122 6.34 213 292
007GISLF 25-Jul-00 13 572 5.62 NA NA 0.7 1.20 <0.01 <0.1 <1 <0.01 122 74 5 NA 186 6.48 21.0 279
8-Nov-00 0.7 0.150 0.220 NA NA 0.8 0.120 0.13 0.0 1 0.06 140 57 41 NA 157 7.37 21.8 234
6-Feb-01 32 0.940 0.240 NA NA 0.8 1.90 0.85 <0.1 <1 <0.01 116 66 6 NA 80 6.58 19.5 254
7-Aug-01 4.1 0.094 0.040 NA NA 1.1 0.85 <0.01 <0.1 <1 <0.01 126 70 3 NA 93 6.27 234 228
29-Jan-02 6.9 0.034 0.029 NA NA 1.6 1.30 0.75 <0.1 6 0.15 153 171 4 . NA 102 6.59 20.3 216
INJECTION WELLS ‘
PES-INJIS 5-Aug-00 46 “ 181 - 10.0 <5.0 NA 0.2 0.260 3.34 8.0 <1 0.02 129 89 13 - NA -359 6.99 26.0 314
PES-INJID 5-Aug-00 30 5.78 2.35 <5.0 NA 0.4 0.180 2.96 44 <1 0.04 101 90 4 NA -268 6.49 243 227
PES-INJ2S 5-Aug-00 85 521~ 291 <5.0 NA 0.3 0.051 2.94 1.3 <1 0.02 150 154 7 <2.0 =272 6.38 23.6 358
31-Jan-02 2,800 0.320 1.100 1,600 770 5.1 0.060 >99 3.7 <] 0.03 246 700 18 - NA 47 5.43 23.6 1,570
PES-INJ2D 5-Aug-00 - 19 3.70 2.13 <5.0 NA . 0.6 0.800 3.50 14 1 0.04 101 97 10 <2.0 -144 6.55 23.0 252
11-Nov-00 NA NA NA NA NA 1.0 -NA NA NA. NA NA NA NA NA NA 55 5.17 17.1 1,268
31-Jan-02 4,000 0.540 1.90 1,200 780 6.1 0.060 60.9 6.9 <1 0.03 63 317 24 <2.0 66 5.30 14.9 1,240
PES-INJ3S 5-Aug-00 18 5.06 3.02 <5.0 NA 0.6 0.360 1.41 43 " <1 0.09 110 70 NR <2.0 -265 6.75 220 263
PES-INJ3D 5-Aug-00 11 2.46 1.41 <5.0 NA 1.1 0.180 2.83 23 <1 0.06 88 110 6 <2.0 -167 6.37 242 205
9-Feb-01 6,200 1.60 1.70 1,200 NA 1.5 0.250 - >3 NA NA NA NA NA NA 18.0 129 NA 19.3 3
PES-INJ4S 6-Aug-00 108 2.64 1.54 <5.0 NA 0.3 0.090 1.36 2.1 19 0.07 237 126 3 NA -186 6.61 240 481
31-Jan-02 2,500 0.470 2.80 2,400 NA 4.6 0.050J >99 3.8 <1 0.29 314 500 15 . NA 6 5.58 19.0 2,650
PES-INJ4D 6-Aug-00 7.6 2.09 1.09 <5.0 NA 0.9 - 0.087 0.47 24 1 0.02 110 50 5 - NA -195 6.95 23.2 248
¥ pg/L = micrograms per liter. ¥ °C = degrees Centigrade.
¥ TOC = total organic carbon. ¥ ys/em = microsiemens per centimeter.
¥ mg/L = milligrams per liter. ¥ NA = Not analyzed.
¢ mV = millivolts. V' J indicates that the analyte was detected at a concentration above the method detection limit but below the reporting limit resulting in an estimated value.
¢ su= pH standard units. ¥ <20 indicates that the analyte was not detected above the referenced method detection limit.
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TABLE 4.8

BIOMASS AND VOLATILE FATTY ACIDS IN GROUNDWATER
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Total Bacterial Eukaryotic Metabolic Acids

Sample Sample Biomass Biomass Biomass Pyruvic Lactic _ Formic Acetic | -Proprionic { Butyric

Location Date | (pmoles PLFA/mI)* | (pmoles PLFA/m!) | (pmoles PLFA/ml) | (mg/L)* | (mg/L) | (mgL) | (mgL) | (mgL) | (mgl)
MONITORING WELLS
PES-MW1S 29-Jan-02 9 8 1 <4¢ <1 <1 <1 <1 <1
PES-MW2S 30-Jan-02 161 154 7* <4 <1 <1 10 17 <1
PES-MW2D 30-Jan-02 51 51 0 <4 <l <1 10 10 <1
PES-MW3S 30-Jan-02 2 0 <4 <1 <1 <1 <1 <1
PES-MW3S (Dup) 30-Jan-02 3 2 1 <4 2 <1 1 <1 <1
PES-MW3D 30-Jan-02 65 64 1 <4 <1 <1 140 290 20
PES-MW4S 30-Jan-02 7 7 0 <4 <1 <1 <1 <1 <1
PES-MW7S 29-Jan-02 2 2 0 <4 <1 <l <1 <1 <1
007G15UF 29-Jan-02 2 2 0 <4 <] <1 <1 <1 <1
007G1SLF 29-Jan-02 3 3 0 <4 <1 <1 <l <1 <1
INJECTION WELLS
PES-INJ2S 31-Jan-02 199 94 105* <4 <1 <1 163 586 305
PES-INJ2D 31-Jan-02 101 41 60* <40 <10 <10 157 523 200
PES-INJ4S 31-Jan-02 163 67 96* <40 <10 <10 239 845 713

* indicates that the results are effected by residual fatty acids found in vegetable oil.

af

* mg/L = milligrams per liter.
“n<n indicates that the analyte was below the limit of quantitation.
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measured in monitoring wells PES-MW?2S, PES-MW2D, and PES-MW3D. These wells
correspond to those locations exhibiting elevated biomass estimates.

Based on biomass estimates and VFA measurements, the influence of the vegetable oll
injection appears to be limited to the injection wells and monitoring wells PES-MW2S,
PES-MW2D, and PES-MW3D. The remainder of the wells sampled for VFA analysis do
not contain significant quantities of metabolic acids or biomass. Therefore, these other
location may not exhibit reductive dechlorination of CAHs due to the relative absence of
microbial activity.

4.5.3  Microbial Community Characterization Results

The microbial communities in groundwater from three injection wells (PES-INJ2S,
PES-INJ2D, and PES-INJ4S) and nine monitoring wells (PES-MW1S, PES-MW?2S,
PES-MW2D, PES-MW3S, PES-MW3D, PES-MW4S, PES-MW7S, 007GLI5UF, and
007GL15LF) were characterized by PLFA analysis. In addition, bacterial profiles were
obtained for wells PES-INJ2D, PES-MW3S, and PES-MW2D using DGGE analysis.
The following discussion is paraphrased in part from a laboratory report prepared by
Microbial Insights, Inc. for samples collected from Site N-6. This laboratory report is
included in Appendix A.

All samples analyzed for PLFA content contained viable microbial biomass ranging
from 10,000 to 1,000,000 cells per milliliter (cells/mL) of water (Appendix A). As
discussed in Section 4.5.2, PLFA results indicate that viable biomass concentrations in all
three injection wells, as well as monitoring wells PES-MW2S, PES-MW2D, and PES-
MW3D, were one to two orders of magnitude higher than biomass concentrations
measured in the remaining six monitoring wells. This indicates that microbial
populations have been enhanced by the addition of vegetable oil only as far from the
injection area as PES-MW?2S in the upper fluvial deposits and PES-MW3D in the lower
fluvial deposits.

Bacterial profiles provided by the DGGE analysis indicate moderate to highly diverse
bacterial communities in wells PES-INJ2D, PES-MW3S, and PES-MW2D. This
indicates that microbial population development has been stimulated at these locations by -
addition of vegetable oil. The bacterial profiles in each of the three wells showed little
similarity in deoxyribonucleic acid (DNA) banding patterns suggesting that bacterial
populations are widely divergent between monitoring locations.

DGGE analysis of one sample collected from PES-MW3S indicates that the microbial
population in groundwater at this location is dominated by five bacterial strains. The
first, and most prominent microorganism, is loosely associated with the genus

“ Desulfurella. Members of the genus Desulfurella are sulfate-reducing bacteria, which
are moderately anaerobic bacteria and that use acetate as their primary electron donor.
The second most prominent microorganism is loosely associated with the genus
Bacteriodes, which have recently been identified as organic pollutant degraders
(Microbial Insights, Appendix A).

A microorganism loosely related to genus Geobacter represents the third most
prominent microorganism at PES-MW3S. Members of the genus Geobacter are
anaerobic, iron-reducing, gram-negative bacteria. Various studies have shown that
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bacteria in this genus can remove aromatic hydrocarbons, oxidize organic contaminants,
and reduce metals (Microbial Insights, Appendix A). Members of the genus Geobacter
use a variety of electron donors including hydrogen, formate, acetate, pyruvate,
succinate, fumarate, and ethanol.

The fourth most promment microorganism is loosely associated with the genus
Azoarcus. Some members of genus Azoarcus are capable of denitrification and are
particularly well known for being able to degrade aromatic compounds (Microbial
Insights, Appendix A). Microorganisms loosely associated with genus Clostridium make
up the fifth most prevalent bacterial strain detected at PES-MW3S. Members of the
genus Clostridium can be found in anaerobic environments and are commonly found in
soils, sewage, marine sediments, and decaying vegetation. There have been some recent
publications suggesting the involvement of Clostridium bifermentans in the
dechlorination of PCE. However, Middeldorp ef al. (1999) listed several members of -
Clostridium that were unable to dechlorinate PCE.

The two most prominent microorganisms in PES-MW2D are closely related to sulfate-
reducing bacteria Desulfobulbus and ammonia-oxidizing bacteria Nitrosomonas. The
only prominent microorganism present in groundwater at PES-INJ2D are bacteria
associated with the genus Clostridium discussed above.

DNA-based analysis techniques were used to analyze groundwater samples collected
from wells PES-MW3S, PES-MW2D, and PES-INJ2D to detect the presence of the
microorganism Dehalococcozdes Ethenogenes which is known to degrade PCE.
Dehalococcoides Ethenogenes was detected in PES-MW3S at a concentration above the
MDL of 1,000 cells/mL of water.

In summary, bacterial populations at locations PES-MW3S, PES-MW2D, and PES-
INJ2D are highly variable. The primary microorganisms present are typlcally iron- or
sulfate-reducing bacteria. Note that the presence of methanogens are not measured in
PLFA analyses. As discussed previously, monitoring location PES-MW3S initially
exhibited some evidence of reductive dechlorination, but recent data suggest that this
location has been relatively unaffected by the vegetable oil injection (relatively low TOC,
biomass, and VFA levels). However, samples from PES-MW?3S do indicate the presence
of .Dehalococcoides Ethenogenes, which is known to degrade chlorinated ethenes to
completion. :

Locations PES-MW2D and PES-INJ2D have been impacted by vegetable oil injection
and a substantial decrease in TCE concentrations. has occurred at these two locations.
While it is not readily apparent whether the reduction in concentration at location PES-
INJ2D is due to partitioning or to reductive dechlorination, concentration and molar
concentration trends at location PES-MW2D indicate that reductive dechlorination has
been stimulated. Thus, the addition of vegetable oil appears to be stimulating the growth
of microorganisms (possibly Clostridium or Dehalococcoides Ethenogenes) that are
capable of reductive dechlorination of CAHs at the site.

46 GEOCHEMICAL RESULTS

Biodegradation causes measurable changes in groundwater geochemistry that can be
used to evaluate the effectiveness of vegetable oil in stimulating microbial activity. For
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reductive dechlorination to be an efficient process, the groundwater typically must be
sulfate-reducing or methanogenic. Thus, groundwater in which reductive dechlorination
is occurring should have the following geochemical signature:

« Depleted concentrations of DO, nitrate, and sulfate;

« Elevated concentrations of Fe(Il), Mn(ll), methane, ethene, ethane, hydrogen,
chloride, and alkalinity; and

« Reduced ORP.

The geochemistry of groundwater in the vicinity of the field test (Table 4.7) has
changed significantly following injection of the vegetable oil. The following sections
describe these changes and how the site geochemical conditions relate to potential
biodegradation of CAHs. :

4.6.1  Alternate Electron Acceptors and Metabolic Byproducts

Biodegradation of organic compounds, whether natural or anthropogenic, brings about
measurable changes in the chemistry of groundwater in the affected area. Concentrations
of compounds used as electron acceptors (e.g., DO, nitrate, and sulfate) are depleted, and
byproducts of electron acceptor reduction (e.g., ferrous iron and methane) are enhanced.
By measuring these changes, it is possible to evaluate through secondary lines of
evidence what biological processes have been induced or enhanced by substrate addition.
Results of alternate electron acceptor and metabolic byproduct analyses for Site N-6 are
presented in Table 4.7. The following paragraphs discuss those parameters most useful
in evaluating site biodegradation processes.

4.6.1.1 Dissolved Oxygen

Figure 4.13 shows concentrations of DO for the upper and lower fluvial deposits over
time. DO concentrations decreased substantially within the upper fluvial deposits after
injection. Decreases in DO within the vicinity of the injection wells were anticipated due
to the electron acceptor demand imposed by the addition of vegetable oil. Decreases in
the concentration of DO at locations more distant from the injection wells (e.g., PES-
MW 1S and PES-MW8S) may be due in part to displacement by groundwater with lower
initial DO concentrations. Overall, DO concentrations in the upper fluvial deposits have
increased slightly over the past three sampling events. With the exception of PES-
MW!1S, concentrations of DO in the upper fluvial deposits have remained less than 1.5
mg/L.

DO concentrations in the lower fluvial deposits aquifer were generally less than 2.0
mg/L prior to injection, and have remained relatively stable (Table 4.7 and Figure 4.13).
Monitoring locations exhibiting some indications of reductive dechlorination, PES-
MW2D, PES-MW3D, and PES-MW6D, had concentrations of DO less than 0.7 mg/L in
January 2002.

Concentrations of DO have generally remained above 0.4 mg/L to 0.5 mg/L
throughout the test area. While these conditions may be sufficient to support reductive
dechlorination, it was anticipated that the vegetable oil injection would exert an electron
acceptor demand sufficient to lower concentrations of DO in the treatment zone to less
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FIGURE 4.13A
CONCENTRATIONS OF DISSOLVED OXYGEN IN

UPPER FLUVIAL DEPOSITS OVER TIME
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than 0.5 mg/L. These DO measurements suggest that an influx of relatively oxygenated
groundwater may be occurring in the treatment zone. Sources of recharge may include
groundwater from upgradient flow, or recharge through leakage of surface water from the
storm water drain that runs through the site (Figure 1.2).

4.6.1.2 Nitrate and Nitrite

After DO has been depleted in the microbiological treatment zone, nitrate may be used
as an electron acceptor for anaerobic biodegradation via denitrification.  Nitrate
concentrations below background in areas with high organic carbon concentrations and
low DO are indicative of denitrification. The oxidation of organic carbon via the process
of denitrification (using nitrate as an electron acceptor) yields a relatively large amount
of free energy to microbial populations. Because nitrate may compete with CAHs as an
alternate electron acceptor, nitrate concentrations less than 1.0 mg/L are desired for

“significant reductive dechlorination to occur (USEPA, 1998).

Groundwater samples were collected from all of the newly installed monitoring wells
and from existing monitoring wells 007GL15UF and 007GLI5LF during all sampling
events, and analyzed by Microseeps, Inc. for nitrate plus nitrite (as nitrogen [N]) via

. USEPA Method E300.1. Because concentrations of nitrate are usually much greater than
concentrations of nitrite in groundwater systems, the measure of nitrogen is a good
approximation of the measure of nitrate present. Baseline concentrations using this
method were less than or equal to 1.0 mg/L with the exception of samples collected from
monitoring locations PES-MWS5D, PES-MW7D, PES-MWSS, PES-MWS8D, and
007GLI15LF. The maximum baseline concentration of nitrate + nitrite was 3.0 mg/L at
location PES-MW8D.

With one exception, nitrate + nitrite concentrations decreased slightly or remained
relatively constant during process monitoring, with concentrations remaining less than
3.0 mg/L. The only exception was at monitoring location PES-MW8D, where the
concentration of nitrate + nitrite was 5.6 mg/L in January 2002, relative to a baseline
concentration of 3.0 mg/L in August 2000. However, within the treatment zone nitrate +
nitrite concentrations are generally less than 1.0 mg/L, indicating that nitrate reduction is
a-relatively minor oxidation-reduction process at the site and should not exert an
excessive electron acceptor demand.

4.6.1.3 Ferrous Iron

The reduction of ferric iron [Fe(111)] has been shown to be a major metabolic pathway
for some micro-organisms (Lovley and Phillips, 1988; Chapelle, 1993). Reduction of
ferric iron produces ferrous iron [Fe(11)], which is soluble in natural groundwater systems
and can be readily measured in the field. Concentrations of Fe(ll) measured in
groundwater samples are summarized in Table 4.7.

Concentrations of Fe(Il) over time for the upper and lower fluvial aquifer zone
monitoring locations are shown on Figure 4.14. In the upper fluvial deposits, Fe(ll)
concentrations increased sharply immediately after injection at locations PES-MW3S,
PES-MWA4S, and PES-MW5S. Lesser increases were observed at most of the other
monitoring locations. Subsequent to the first process monitoring event, concentrations of
Fe(ll) began to decrease, except for locations PES-MWI1S and PES-MW3S, which
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FIGURE 4.14A
CONCENTRATIONS OF FERROUS IRON IN
UPPER FLUVIAL DEPOSITS OVER TIME
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continued to increase. After February 2001, concentrations of Fe(ll) began to decrease at
PES-MW3S as well. The increase in Fe(1l) concentrations immediately after oil injection
indicates that iron-reduction was stimulated in the upper fluvial aquifer zone by the
vegetable oil injection. The relatively gradual decline in Fe(l1I) concentrations during the
past three performance monitoring events indicates that Fe(Ill) reduction is becoming a
less prevalent oxidation-reduction reaction, either due to depletion of bioavailable iron or
due to changes in groundwater reducing conditions that inhibit iron-reduction.

In the lower fluvial aquifer zone, a more gradual increase in Fe(ll) concentrations was
observed during performance monitoring sampling events for well locations PES-MW2D
and PES-MW3D, PES-MW4D, and PES-MW6D. Concentrations of Fe(ll) did increase
for the first monitoring event at PES-MWI1D, but have subsequently declined to less than
baseline levels. Monitoring locations PES-MW2D, PES-MW3D, and PES-MW6D show
recent evidence of reductive dechlorination.  Therefore, the increase in Fe(ll)
concentrations at these locations suggests a possible correlation to stimulation of
reductive dechlorination in the lower fluvial aquifer zone.

4.6.1.4 Sulfate

Sulfate also may be used as an electron acceptor (sulfate reduction) during microbial
degradation of an organic substrate under anaerobic conditions (Grbic-Galic, 1990).
Sulfate concentrations were measured in groundwater samples collected during baseline
sampling and during each of the performance monitoring sampling events (Table 4.7).
Sulfate concentrations measured during baseline sampling were generally less than 5
mg/L with the exception of samples collected from monitoring locations PES-MWSS (21
mg/L), and PES -INJ4S (19 mg/L).

With a few exceptions, sulfate concentrations detected in samples collected during
performance monitoring sampling events remained less than 5 mg/L. The highest sulfate
concentration detected during post-injection monitoring was 29 mg/L at upgradient
location PES-MWI1S in August 2001 (Table 4.7). '

The overall low concentrations of sulfate detected during baseline and performance
monitoring indicates that sulfate reduction is a relatively minor oxidation-reduction
process at the site and should not exert an excessive electron acceptor demand with
respect to CAHs. '

4.6.1.5 Methane, Ethane, and Ethene in Groundwater

Although anaerobic degradation of CAHs may occur under nitrate-, iron- and sulfate-
reducing conditions (Vogel et al.,, 1987; Chapelle, 1993), the most rapid reductive
dechlorination rates occur under methanogenic conditions (Bouwer, 1994). However,
methanogenic organisms are known to compete with dechlorinating organisms for
hydrogen (electron donor) produced by fermentation of organic substrate. Strongly
elevated methane concentrations may be an indication that the majority of the organic
substrate is being used to support methanogenesis, at the expense of dechlorination
reactions.

Methane concentrations over time for upper and lower fluvial aquifer zone monitoring .
well locations are shown on Figure 4.15. Methane concentrations have increased
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FIGURE 4.15A

CONCENTRATIONS OF METHANE IN
UPPER FLUVIAL DEPOSITS OVER TIME
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significantly at well locations PES-MW2S, PES-MW2D, PES-MW3S, PES-MW3D, and
PES-MW6D. Methane concentrations have increased from less than 100 pg/L prior to
injection to a maximum of 1,900 pg/L at PES-MW3S and 13,000 at PES-MW3D in
January 2002.

Methane concentrations in monitoring well PES-MW 1S also increased substantially
shortly after injection, but have been decreasing since the February 2001 process
monitoring event. This temporary increase in methane concentrations at PES-MWI1S is
likely related to groundwater displacement due to a temporary reversal in groundwater
gradient observed shortly after injection (Section 4.2). With the exception 'of monitoring
wells PES-MW 1S and PES-MW6D, the increase in methane concentrations observed at
the locations listed above are limited to an area in the immediate vicinity of the injection
area. The increase at location PES-MW6D is less pronounced and only occurred during
the last monitoring event, indicating that the area of methanogenic activity is spreading in
a downgradient direction.

" Ethene and ethane are end products of reductive dechlorination. An increase in ethene
and ethane concentration is a strong indication that complete degradation of chlorinated
ethenes has occurred. Ethene concentrations over time for upper and lower fluvial
aquifer zone monitoring well locations are shown on Figure 4.16. Initially, ethene
concentrations increased from August 2000 to November 2000 at monitoring wells PES-
MWIS, PES-MW2D, PES-MW3S, PES-MW3D, PES-MWS3S, and PES-MW7S.
However, ethene concentrations decreased in all monitoring wells and injection wells
from November 2000 to January 2002. Because VC has not been detected at the site, it is
not readily apparent that the initial increase in ethene concentration was a result of
reductive  dechlorination. Since the November 2000 sampling event, ethene
concentrations have generally declined to below pre-injection concentrations. This
indicates that complete dechlorination of CAHs to ethene is not occurring.

The observed long-term decreasing trends in ethene concentration coupled with the
observed increasing trends in methane concentration further indicate that the injection of
vegetable oil may have preferentially stimulated methanogenic biodegradation processes
rather than reductive dechlorination processes at Site N-6.

4.6.2 ORP as an Indicator of Redox Processes

Redox potential, or ORP, is a fairly quantitative measure of the relative tendency of a
solution to accept or transfer electrons. The redox potential of a groundwater system
depends on which eléctron acceptors are being reduced by microbes during oxidation of
organic compounds. In general, reactions yielding more energy tend to take precedence
over processes that yield less energy (Stumm and Morgan, 1981; Godsey, 1994; Reinhard
et al., 1984). Oxygen reduction would be expected in an aerobic environment with
microorganisms capable of aerobic respiration, because oxygen reduction yields
significant energy (Bouwer, 1992; Chapelle, 1993). However, once the available DO is
depleted and anaerobic conditions dominate the interior regions of a contaminant plume,
anaerobic microorganisms can utilize other electron acceptors in the following order of
preference: nitrate (denitrification), manganese (manganese reduction), ferric iron (iron
reduction), sulfate (sulfate reduction), and finally carbon dioxide (methanogenesis).
Each successive redox reaction provides less energy to the system, and each step down in
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FIGURE 4.16A
CONCENTRATIONS OF ETHENE IN
UPPER FLUVIAL DEPOSITS OVER TIME
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redox energy yield is paralleled by an ecological succession of microorganisms capable
of facilitating the pertinent redox reactions.

ORP values measured during baseline and performance monitoring sampling are
presented in Table 4.7, and ORP values over time for upper and lower fluvial aquifer
zone monitoring well locations are presented on Figure 4.17. Baseline ORP values
exhibited a wide range of reducing conditions with baseline values ranging from a high
of +253 millivolts (mV) to a low of -359 mV. In general, these values indicate baseline
environmental conditions suitable for both aerobic and anaerobic processes (USEPA,
1998). ORP values varied substantially even within the treatment zone. For example,
the ORP value at PES-MW3S was +194 mV, while ORP at PES-MW2S was -322 mV.
This suggests a high degree of heterogeneity in the natural reducing conditions present at
the site prior to injection.

After injection, ORP values tended to stabilize within a range from +150 to -150 mV,
indicating reducing conditions typically are within the nitrate-reduction to sulfate-
reduction range. Methane data indicate that, even at locations with ORP values ranging
down to only -150 mV, methanogenesis is occurring at select locations. It is notable that
the three locations in the lower fluvial deposits with the lowest ORP values (PES-
MW?2D, PES-MW3D, and PES-MWé6D) exhibit some evidence of dechlorination of TCE
to cis-1,2-DCE.

However, the continued variation in the ORP values for both the upper and lower
fluvial zones suggests that the impact of the vegetable oil injection is not uniform or -
widespread, and that the degree of heterogeneity in the reducing conditions present at the
site remains relatively high.

4.6.3  Additional Geochemical Indicators

Other geochemical data collected for this evaluation can be used to further interpret
and support the contaminant, electron donor, electron acceptor, and byproduct data
previously discussed. These parameters provide additional qualitative indications of
what processes may be operating at the site.

4.6.3.1 Chloride as an Indicator of Reductive Dechlorination-

Chloride ions are removed from chlorinated solvents and enter solution during
biodegradation, whether via reductive dechlorination or aerobic oxidation. Therefore,
chloride concentrations in groundwater should increase above baseline levels in areas -
where reductive dechlorination is being stimulated.

Chloride concentrations are presented in Table 4.7 and Figure 4.18 presents the
concentration of chloride over time in shallow and deep monitoring wells. With the
exception of PES-MW1S, chloride concentrations in the upper fluvial deposits remained
relatively stable over time, with chloride concentrations remaining below 20 mg/L. The
chloride concentration at PES-MW18S increased from a baseline concentration of 5 mg/L
to a maximum of 87 mg/L in January 2002. The cause of this increase is not readily
apparent, as changes in contaminant and geochemical concentrations indicative of
biodegradation have become less pronounced at this location over time.
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FIGURE 4.17A
OXIDATION/REDUCTION POTENTIAL IN

UPPER FLUVIAL DEPOSITS OVER TIME
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FIGURE 4.18A
CONCENTRATIONS OF CHLORIDE IN
UPPER FLUVIAL DEPOSITS OVER TIME
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FIGURE 4.18B
CONCENTRATIONS OF CHLORIDE IN
LOWER FLUVIAL DEPOSITS OVER TIME
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With few exceptions, chloride concentrations in the lower fluvial deposits (Figure
4.18) also remained relatively stable at concentrations less than 30 mg/L. Initially, the
baseline chloride concentration at location PES-5SMWD was elevated at a concentration
of 70 mg/L, but decreased to less than 20 mg/L during process monitoring. Overall,
chloride concentrations do not suggest that reductive dechlorination of CAHs is
occurring to a significant degree at the site. ' :

Carbon Dioxide and Alkalinity

Carbon dioxide is produced during the biodegradation of organic carbon compounds.
In aquifers that have carbonate minerals as part of the matrix, carbon dioxide forms
© carbonic acid, which dissolves these minerals, increasing the alkalinity of the
groundwater. An increase in carbon dioxide and alkalinity (measured as calcium
carbonate [CaCO,]) in the treatment zone can be used to infer that organic carbon (i.e.,
vegetable oil), and possibly less-chlorinated solvents, have been destroyed through
aerobic and anaerobic microbial respiration. Alkalinity also is a measure of the ability of
groundwater to buffer changes in pH. Because microbial degradation produces metabolic
acids, the ability of the groundwater system to buffer these acids is beneficial to
maintaining pH within the optimal range for halorespirating organisms.

Total alkalinity and carbon dioxide concentrations over time for upper and lower
fluvial aquifer zone monitoring well locations are shown on Figures 4.19 and 4.20,
respectively. In general, an increase in alkalinity was observed for the time period from
July/August 2000 (pre-injection) until February 2001. In the upper fluvial deposits,
alkalinity remained variable, ranging from 129 mg/L at PES-MW4S to 307 mg/L at PES-
MW?7S in January 2002. A slight increase was also observed from February 2001 to
January 2002 for a few of the lower fluvial deposit wells (PES-MW3D and PES-MW4D).
These data suggest that some biodegradation of organic compounds has occurred, but that
it ts not uniform or widespread.

Carbon dioxide measurements also showed an overall increase from baseline
measurements, ranging from 82 mg/L at PES-MWID to 458 mg/L at PES-MW3D in
January 2002. The overall increase suggest that microbial activity has been stimulated in
certain portions of the treatment area.

4.7 SUMMARY OF ENHANCED BIODEGRADATION

Changes in groundwater parameters indicate that the groundwater reducing
environment has been changed by the addition of vegetable oil. However, consistent and
long-term reductive dechlorination of chlorinated ethenes has not been demonstrated
during the 18-month process monitoring period. Rather, it appears that only within the
past two process monitoring events (August 2001 and January 2002) that reductive -
dechlorination of TCE to cis-1,2-DCE is occurring at well locations PES-MW2S, PES-
MW2D, PES-MW3D, and PES-MW6D. There is currently no evidence of further
reductive dechlorination to VC and ethene.

To evaluate what conditions may stimulate reductive dechlorination of CAHs at Site
N-6, Table 4.9 presents select analytical, microbial, and geochemical parameters for
monitoring locations where these three types of data were collected or where evidence of
reductive dechlorination has occurred. Well locations where recent evidence of reductive
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FIGURE 4.19A
CONCENTRATIONS OF TOTAL ALKALINITY IN
UPPER FLUVIAL DEPOSITS OVER TIME
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FIGURE 4.19B -
CONCENTRATIONS OF TOTAL ALKALINITY IN
LOWER FLUVIAL DEPOSITS OVER TIME
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FIGURE 4.20A
CONCENTRATIONS OF CARBON DIOXIDE IN

UPPER FLUVIAL DEPOSITS OVER TIME
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FIGURE 4.20B
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TABLE 4.9

SUMMARY OF ENHANCED BIOREMEDIATION POTENTIAL
NSA MID-SOUTH SITE N-6
- MILLINGTON, TENNESSEE

Organic Carbon Metabolic Fatty Acids Geochemical Parameters Dissolved Gases Microbial Characterization
Total Fermrous ) Total Indication of | Presence

Sample Sample TOC VFAs Acetic | Proprionic | Butyric ORP Iron Sulfate | Methane | Ethane | Ethene Biomass Dehalocoides of Evidence of

Location Date (mg/Ly” _(mg/L) (mg/L) (mg/L) (mg/L) (mV) (mg/L)l (mg/L) | (mg/l) wg/L)” | (ug/l) | (pmoles PLFA/mi)* Ethenogenes | Clostrium | Dechlorination
MONITORING WELLS
PES-MWIS | 29-Jan-02 | 2.71Y  NDY <1” <1 <1 47 12 27 0.46 1.9 1.2 9 NA NA inconsistent
PES-MW2S | 30-Jan-02 13 27 10 17 <1 -67 4.5 <l 0.57 0.16 0.36 161 NA NA TCE to DCE
PES-MW2D | 30-Jan-02 600 20 10 10 <1 -91 6.9 <1 2.5 0.046 0.15 51 negative (-) no TCE to DCE
PES-MW3S | 30-Jan-02 2.8) ND <1 <1 <1 -59 9.2 <1 1.9 0.14 0.77 2 positive (++) yes yes, than no
PES-MW3D | 30-Jan-02 260 450 140 290 20 -110 17 <} 13 0.12 0.86 65 NA NA TCE to DCE
PES-MW4S | 30-Jan-02 | 2.6J ND <1 <1 <1 4 0.15 <l 0.07 0.17 0.22 7 NA NA none
PES-MW6D | 29-Jan-02 9.9 NA NA NA NA -130 7.6 <1 0.73 0.18 0.32 NA NA NA TCE to DCE
PES-MW7S | 29-Jan-02 [ 3.1J ND’ <1 <1 <1 -91 3.5 <i 0.07 0.12 0.7 NA NA inconsistent
007G15UF 29-Jan-02 NA ND <1 <1 L <1 122 <0.01 <1 0.01 0.042  0.039 NA NA none
007G15LF 29-Jan-02 NA ND <1 <1 <1 102 0.75 6.0 0.01 0.043 0.029 NA NA none
INJECTION WELLS )
PES-INJ2S 31-Jan-02 | 1,600 1,054 163 586 305 - > 99 <1 2.8 0.32 1.1 199 NA NA unknown
PES-INJ2D { 31-Jan-02 [ 1,200 880 157 523 200 - 61 <1 4.0 0.54 1.9 101 negative (-) yes unknown
PES-INJ4S 31-Jan-02 | 2,400 1,797 239 845 713 - > 99 <1 25 0.47 2.8 163 NA NA unknown
¥ mg/L = milligrams per liter.
¥ ng/L = micrograms per liter.
¢ pmoles PLFA/mI = picomoles of phospholopid fatty acid per milliliter of sample.
Yy flag indicates that the concentration is estimated.
“ND indicates the analyte was not detected.
Uner indicates that anayte was below the limit of quantitation.
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dechlorination of TCE to cis-1,2-DCE has occurred (PES-MW2S, PES-MW2D, PES-
MW3D, and PES-MW6D) exhibit the following characteristics:

« TOC equal to or greater than approximately 10 mg/L.

« Measurable quantities of VFAs equal to or greater than 20 mg/L (VFAs were not
analyzed for PES-MW6D).

« ORP less than -60 mV.

. Ferrous iron concentration greater than 4 mg/L, sulfate concentration less than 1
mg/L, and methane concentration greater than 0.5 mg/L.

« Total biomass greater than approximately 50 pmoles PLF A/mL.

In order for reductive dechlorination to be stimulated at the site it is apparent that
sufficient substrate is required to create environmental conditions sufficiently reducing
for methanogenesis to occur, while stimulating microbial growth and creating elevated
levels of biomass. Injection wells PES-INJ2S, PES-INJ2D, and PES-INJ4S also exhibit
these characteristics, but because contaminant concentrations have been reduced to below
detection it cannot be determined whether reductive dechlorination has occurred, or
whether the contaminant reduction is due to partitioning. Because all the wells with TOC
greater than 10 mg/L demonstrated some evidence of reductive dechlorination (while
those with lesser concentrations of TOC did not), it could be inferred that the
contaminant reduction in the injection wells is likely a result of both reductive
dechlorination and partitioning. :

These data suggest that the lack of reductive dechlorination at Site N-6 is primarily a
function of substrate distribution. Some changes in contaminant and geochemical
concentrations suggest that reductive dechlorination was initially stimulated at locations
PES-MW1S, PES-MW7S, and PES-MW3S. Locations PES-MW1S and PES-MW?7S are
relatively distant from the injection area relative to the other monitoring locations.
Therefore, the lack of consistent evidence of reductive dechlorination at these locations
suggests that those changes may have been a result of groundwater displacement
immediately following injection.

it should be noted that prior to injection, ORP values indicated a very high level of
aquifer environmental heterogeneity, with many localized pockets of highly reducing
conditions. The historical presence of fuel hydrocarbons and ¢is-1,2-DCE suggests that
some reductive dechlorination has occurred previously, likely within very localized
zones. Disruption and displacement of these local groundwater zones due to injection
may be the cause of some of the initial changes in contaminant and geochemical
concentrations that were observed. However, this cannot be determined with confidence
and therefore it may be more appropriate to look at more recent changes in contaminant
and geochemical profiles (i.e., PES-MW2S, PES-MW2D, PES-MW3D, and PES-
MW6D) to determine the future potential for enhanced bioremediation by reductive
dechlorination.
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SECTION 5
CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

This section presents conclusions and recommendations for the field feasibility test for
enhanced in-situ bioremediation of chlorinated solvents via vegetable oil injection at Site
N-6, Former NSA Mid-South, Tennessee.

S5.1.1  Observed Changes in Site Geochemistry

‘Changes in geochemical conditions during process monitoring indicates that the
addition of vegetable oil at Site N-6 has induced environmental conditions conducive to
reductive dechlorination in the upper and lower fluvial deposits, but that these changes
are not uniform nor widespread across the study area. DO concentrations decreased at
many locations after injection, indicating that DO was being consumed by increased
microbial activity due to substrate addition. However, concentrations of DO have
generally remained above 0.4 mg/L to 0.5 mg/L throughout the test area. While these
conditions may be sufficient to support reductive dechlorination, it was anticipated that
the substrate addition would exert an electron acceptor demand sufficient to lower
concentrations of DO in the treatment zone to less than 0.5 mg/L. The DO data suggest
that an influx of relatively oxygenated groundwater may be occurring in the treatment
zone.

Baseline ORP values exhibited a wide range of reducing conditions with values
ranging from a high of +253 mV to a low of -359 mV. ORP values varied substantially
even within the treatment zone, which is suggestive of a high degree of heterogeneity in
the natural reducing conditions at the site prior to injection. Both aerobic and anaerobic
conditions are locally present. After injection, ORP values tended to stabilize within a
range from +150 mV to —150 mV, indicating reducing conditions typically are within the
nitrate-reduction to sulfate-reduction range. Although ORP values are not within the
typical range for methanogenesis, increases in methane concentration at several locations
indicate this oxidation-reduction process has been stimulated by substrate addition.

Iron and methane concentration data suggest that iron-reduction and methanogenesis
are the dominant terminal electron accepting processes (TEAP) that have been stimulated
at the site, and that bioavailable ferric iron and carbon dioxide are competing with CAHs
as electron acceptors in site groundwater. Low initial concentrations of nitrate and
sulfate along with concentration data collected during process monitoring indicate that
nitrate-reduction and sulfate-reduction are not occurring at competitive levels.
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5.1.2  Actual/Significant Changes in Contaminant Concentrations

After vegetable oil 1n3ect10n there was an overall decrease in the maximum TCE
concentration detected in groundwater. However, a decreasing trend is not uniform for
all of the wells at Site N-6. Increasing TCE concentration trends have been observed for
a few monitoring locations between baseline sampling and the latest process monitoring
event. The greatest decrease in contaminant concentrations occurred at the injection
locations, where contaminant concentrations have attenuated to less than method
detection limits. It is not readily apparent whether observed decreases in TCE
concentrations are a result of biodegradation, natural variations in contaminant
concentrations, or partitioning of contaminant mass into the vegetable oil NAPL.
However, an increase in cis-1,2-DCE concentrations detected in several monitoring
locations (PES-MW2S, PES-MW2D, PES-MW3D, and PES-MW6D) suggests that
reduction of TCE to cis-1,2-DCE has occurred due to substrate addition.

5.1.3  Daughter Product Formation and Persistence

The presence of the daughter product cis-1,2-DCE that was not used in Base
operations provides evidence that TCE is being reductively dechlorinated by
halorespiration. ~ However, consistent or long-term reductive dechlorination of
chlorinated ethenes has not been demonstrated by monitoring completed through January
2002. Only within the past two process monitoring events has reductive dechlorination
of TCE to cis-1,2-DCE been observed at well locations PES-MW2S, PES-MW2D, PES-
MW3D, and PES-MW6D. There is currently no ev1dence of further . reductive
~ dechlorination to VC and ethene.

Initial changes in contaminant profiles at locations PES-MWIS and PES-MW7S
suggest that reductive dechlorination was stimulated at these locations. However;
locations PES-MW1S and PES-MW7S are distant from the injection area relative to the
other monitoring locations. A lack of consistent evidence of reductive dechlorination at
these locations suggests that the initial changes in contaminant profiles may have been a
result of groundwater displacement immediately following injection.

5.1.4  Degree of Electron Donor Utilization for Reductive Dechlorination

It appears that a significant percentage of the substrate mass may be utilized for
microbially mediated oxidation-reduction processes other than reductive dechlorination
of chlorinated compounds. In particular, geochemical data indicate that iron-reduction
and methanogenesis may utilize a significant percentage of substrate (i.e., this mass is not
being used to enhance reductive dechlorination of CAHs). However, reduction of TCE to
cis-1,2-DCE observed at monitoring locations PES-MW2S, PES-MW2D, PES-MW3D,
and PES-MW6D suggest that some reductive dechlorination is occurring in groundwater
- at the site.

5.1.5  Substrate Distribution and Potential for Future Reductive Dechlorination

Well locations where evidence of reductive dechlorination of TCE to cis-1,2-DCE has
occurred exhibit the following characteristics:

» TOC equal to or greater than approximately 10 mg/L.
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» Measurable quantities of VFAs equal to or greater than 20 mg/L (VFAs were not
analyzed for PES-MW6D).

e ORP less than -60 mV.

» Ferrous iron concentration greater than 4 mg/L, sulfate concentration less than 1
mg/L, and methane concentration greater than 0.5 mg/L.

» Total biomass greater than approximately 50 pmoles PLFA/mL.

These conditions have not been induced uniformly across the treatment area, but have
been limited mostly to the immediate injection area. In order to stimulate reductive
dechlorination, sufficient organic substrate is required to create environmental conditions
sufficiently reducmg for methanogene51s to occur while stimulating microbial growth of
dechlorinating microorganisms. Therefore, the lack of reductive dechlorination at Site
N-6 is primarily a function of substrate distribution.

The potential for future reductive dechlorination and mass reduction will be a function
of substrate distribution. It was assumed that dissolution of the vegetable oil would
create a reaction zone extending tens of feet downgradient from the. injection zone. The
reasons this has not occurred may be the result of a lack of groundwater flow due to the
very low hydraulic gradient; a reduction in hydraulic conductmty caused by the
saturation of the vegetable oil; and/or that the dissolved vegetable oil is rapidly degraded
before mlgratmg any substannal distance.

Finally, complete dechlorination to ethene has not been demonstrated. However, the
presence of Dehalococcoides Ethenogenes, a bacteria which is known to degrade
chlorinated ethenes to completion, has been established at the site. The potential for
complete dechlorination to occur will likely depend on the growth and development of
substantial populations of appropriate dechlorinating microorganisms in the presence of
competing microbial processes.

5.2 RECOMMENDATIONS

. Contaminant, daughter product, geochemical, and microbial data strongly suggest that
the lack of reductive dechlorination at Site N-6 is primarily a function of substrate
distribution. Complete dechlorination of PCE and TCE to ethene also has not been
documented, although the presence of Dehalococcoides Ethenogenes, a bacteria known
to completely dechlorinate PCE to ethene, has been detected at the site. Until it can be
demonstrated that adequate distribution of vegetable oil substrate will enhance complete
biodegradation of CAHs to innocuous byproducts, further substrate addition or system
expansion is not warranted. Rather, Parsons recommends redistribution of the vegetable
oil substrate, additional monitoring well installation, further process monitoring, and
modifications to the analytical protocol.

The continued presence of vegetable oil in the injection wells indicates that the oil is
present as a free phase within the aquifer. It is possible that this oil will migrate naturally
over time and/or has reduced the relative permeability of the aquifer to the degree that
there is effectively little flow through the treatment zone. Therefore, Parsons
recommends that a second injection event be conducted to redistribute the oil more
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uniformly and to increase the radius of influence of the vegetable oil. To accomplish

_ this, Parsons recommends a “pull-push” combination of 1) extracting free phase oil and

groundwater from the injection wells, 2) re-injecting the extracted oil as a dilute oil-in-
water emulston, and 3) a final water push of sufficient volume to distribute the total
volume of oil at a residual saturation of less than 25 percent. This effort'would be most
effective using site groundwater extracted from the injection wells along with the free
phase oil, or from a downgradient well (e.g., well PES-MW7S/D), in order to maintain
native geochemical conditions within the treatment zone.

Alternatively, a pair of downgradient wells such as PES-MW2S/D and PES-MW3S/D,;
or PES-MWS5S/D and PES-MW6S/D, could be used as extraction wells to create a
hydraulic gradient and induce flow between the injection wells and downgradient
monitoring wells. Groundwater would be extracted and then re-injected into the injection
wells to create a recirculation cell between the injection and extraction locations. This
scenario would attempt to pull the oil and emulsion through the treatment area.
Circulation of at least two pore volumes is recommended to redistribute the vegetable oil
within the recirculation zone of influence. It is still recommended to first extract as much
free oil from the injection wells as possible to mix an initial slug of dilute oil-in-water
emulsion.

Although no additional fluids (other than those already in the treatment zone) would-
be used under this scenario, amendment of the State of Tennessee and the Memphis and
Shelby County Water Quality Control Board m_]ectxon permits may be necessary. Based
on microbial characterization, bioaugmentation using an established microbial population
from a site known to dechlorinate TCE to completion (e.g., the Former NSA Mid-South
bioremediation project conducted by Ensafe, Inc.) also should be considered.

Because of the degree of aquifer heterogeneity, low hydraulic gradient at the site, and
elevated contaminant concentrations observed at upgradient well pair PES-MW1S/D,

_ additional momtormg wells should be considered for the site. Parsons recommends two

additional well pairs between the injection wells and upgradient well pair PES-MW1S/D.
These well pairs may be distributed at approximate]y one-third distances between the
injection wells and PES-MW1S/D, but it also is advisable to place them proximate to the
storm water drain that runs through the injection area towards PES-MW1S/D. This storm
water drain is a potential source of leakage and recharge. Depending on selection of a
substrate re-distribution design, additional well pairs located within the treatment zone
may be warranted to evaluate reductive dechlorination within the redistribution zone.
Due to the potential for preferential flow paths and because the impact of the initial
injection is being observed as far downgradient as PES-MW6D, two additional well pairs
are recommended at approximately 50 feet downgradient from well pair PES-MW8S/D,
but placed at a sufficient distance apart (cross-gradient) to account for variations in
groundwater flow direction.

Further process monitoring is necessary to determine the long-term potential for
enhanced bioremediation to accelerate attenuation of the contaminant plume at Site N-6.
Process monitoring is recommended prior to substrate redistribution to extend the Phase I
monitoring period and provide additional evaluation of the initial test. Because
redistribution would cause changes in geochemical and contaminant concentrations
simply by displacement, monitoring to establish a new baseline is recommended within
30 days of substrate redistribution.  Semi-annual process monitoring is then
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recommended for at least 12 to 18 months to determine whether substrate redistribution
was effective.

Additions to the sampling protocol also are recommended. The addition of dissolved
hydrogen is recommended to further evaluate the TEAPs that are occurring across the
site. Select samples for VFA and PLFA analysis are recommended to determine the
change and development of microbial communities and degradation processes that
contribute to reductive dechlorination. Analyses of additional nutrient parameters (total
nitrogen and phosphorus) also may be warranted. Finally, aquifer testing may be
beneficial to establish preferential flow paths within the treatment zone. The use of in
situ flow meters is likely to provide more definitive data over the entire screened interval
of the fluvial deposits than slug tests, which measure average hydraulic conductivities.
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Please find enclosed 2 copies of the Draft Field Application to Enhance In-Situ
Bioremediation of Chlorinated Solvents via Vegetable Oil Injection at Site N-6,
Former Naval Support Activity (NSA) Mid-South, Millington, Tennessee. The draft
report was prepared by the Parsons Corporation (Parsons) for the Naval Facilities
Engineering Command (NAVFAC) and NSA Mid-South. Please provide one of the
enclosed copies to Mr. Cliff Casey. Parsons will provide additional copies as
necessary.

Parsons would appreciate receiving any comments you or the staff at NSA Mid-
South may have by 07 June 2002 (30 day review period). Parsons is also under
contract to present the results of this study to Navy personnel and BRAC Cleanup
Team members, at your convenience. If you have any questions or require additional
information, please contact me at (303) 831-8100.

Sincerely,

PARSONS ENGINEERING SCIENCE, INC.

Bruce M. Henry, P.G.
Project Manager

cc: Scott Wight, NAVFAC (letter only)
Rob Williamson, NSA Mid-South (4 copies)
Jack Carmichael, USGS (1 copy)
John Stedman, EnSafe (1 copy)
Jim Morrison, TDEC (1 copy)
Clayton Billington, TDEC (1 copy)
Brian Donaldson, USEPA (1 copy

Attachment (2 copies)
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EXECUTIVE SUMMARY

This report documents the results of a field feasibility test to evaluate the application
of vegetable oil as an organic substrate to enhance the in situ anaerobic reductive
dechlorination of chlorinated aliphatic hydrocarbons (CAHs, or chlorinated solvents) in
groundwater at Site N-6, Former Naval Support Activity (NSA) Mid-South Northside,
Millington, Tennessee. Prior to the feasibility test, the distribution of parent compounds
tetrachloroethene (PCE) and trichloroethene (TCE) and the degradation daughter product
cis-1,2-dié}110roethene (cis-1,2-DCE) in groundwater indicated that limited reductive
dechlorination of chlorinated ethenes was occurring at the site, but that the process was
electron donor (substrate) limited. Vegetable oil was selected as a slowly soluble organic
substrate to overcome the electron donor deficiency and enhance anaerobic reductive

dechlorination of chlorinated solvents in groundwater.

A field test consisting of injection and monitoring well installations, baseline
sampling, and vegetable oil injection was conducted during July and August 2000. A
‘total of 6,115 gallons of refined soybean oil and 790 gallons of native water were injected
into eight injection wells in August 2000. Process monitoring was conducted in

November 2000, February 2001, August 2001, and January 2002.

- FIELD TEST RESULTS

Changes in geochemical conditions during process monitoring indicates that the
addition of vegetable oil at Site N-6 has induced environmentél conditions conducive to
reductive dechlorination in the upper and lower fluvial deposits, but that these changes
are not uniform nor widespread across the study area. Dissolved oxygen (DO)
concentrations decreased at many locations after injection. However, concentrations of
DO have generally remained above 0.4 milligrams per liter (mg/L) throughout the test
area and this suggests that an influx of relatively oxygenated groundwater may be

occurring in the treatment zone.
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Baseline oxidation-reduction potential (ORP) values exhibited a wide range of
reducing conditions with values ranging from a high of +253 millivolts (mV) to a low of -
359 mV. ORP values varied .substantially even within the treatment zone, which is
suggestive of a high degree of heterogeneity in the natural reducing conditions at the site
prior to injection. After injection, ORP values tended to stabilize within a range from
+150 mV to ~150 mV, indicating reducing conditions typically are within the nitrate-
reduction to sulfate-reduction range. Increases in methane concentration at several
locations indicate this oxidation-reduction process also has been stimulated by substrate
- addition. Iron and methane concentration data further suggest that iron-reduction and
methanogenesis are the dominant terminal electron accepting processes (TEAPs) that

have been sﬁmulated at the site.

After vegetable oil injection there was an overall decrease in TCE concentrations
detected in groundwater. However, this decreasing trend is not uniform for all of the
wells at Site N-6. The greatest decrease in contaminant concentrations occurred at-the
injection locations, where contaminant concentrations have attenuated from greater than
- 600 micrograms per liter (pg/L) to less than method detection limits. It is not readily
apparent whether observed decreases in TCE concentrations are a result of
biodegradation, natural variations in contaminant concentrations, or partitioning of

contaminant mass into the vegetable oil.

Consistent or long-term reductive dechlorination of chlorinated ethenes has not been
demonstrated by monitoring completed through January 2002. Only within the past two
process monitoring events has reductive dechlorinafion of TCE to cis-1,2-DCE been
observed. There is currently no evidence of further reductive dechlorination to VC and
ethene. Initial changes in contaminant profiles suggested that reductive dechlorinatibn
was initially stimulated at two locations (PES-MW7S and PES-MW1S). However, these
locations are distant from the injection area relative to the other monitoring locations. A
lack of consistent evidence of reductive dechlorination at these 1ocations suggests that the
initial changes in contaminant profiles may have been a result of groundwater

displacement immediately following injection.
ES-2
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Well locations where evidence of reductive dechlorination of TCE to cis-1,2-DCE has

occurred exhibit the following characteristics:
« TOC equal to or greater than approximately 10 mg/L.

» Measurable quantities of volatile fatty acids (VFAs) equal to or greater than 20
mg/L.

« ORP less than -60 mV.

« Ferrous iron concentration greater than 4 mg/L, sulfate concentration less than 1

mg/L, and methane concentration greater than 0.5 mg/L.

» Total biomass greater than approximately 50 picomoles of phospholipid fatty acids

per milliliter (pmoles PLFA/mL).

These conditions have not been induced uniformly or widespread across the treatment
area, but have been limited mostly to the immediate injection area. In order to stimulate
reductive dechlorination, sufficient organic substrate is required to create environmental
conditions sufficiently reducing for methanogenesis to occur while stimulating microbial
growth of dechlorinating microorganisms. Therefore, the lack of reductive dechlorination

at Site N-6 is primarily a function of substrate distribution.

Finally, complete dechlorination to ethene has not been demonstrated. However, the
presence of Dehalococcoides Ethenogenes, a bacteria which is known to degrade
chlorinated ethenes to completion, has been established at the site. The potential for
complete dechlorination to occur will likely depend .on the growth and development of
substantial populations of appropriate dechlorinating microorganisms in the presence of

competing microbial processes.

RECOMMENDATIONS

Contaminant, daughter product, geochemical, and microbial data strongly suggest that

the lack of reductive dechlorination at Site N-6 is primarily a function of substrate
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distribution. Until it can be demonstrated that adequate distribution of vegetable oil
substrate will enhance compIete_ biodegradation of CAHs to innocuous byproducts,’
further substrate addition or systém expansion is not warranted. Rather, redistribution of
the vegetable oil substrate, additional monitoring well installation, further process

monitoring, and modifications to the analytical protocol are recommended.

The presence of some vegetable oil in the injection wells indicates that the oil is
present as a free phase within the aquifer. It is possible that this oil has reduced the
relative permeability of the aquifer to the degree that there is effectively little flow
“through the treétment zone. Therefore, a second injection event is recommended to
redistributé the oil more uniformly throughout the treatment zone. To accomplish this,
Parsons recommends a “pull-push” combination of 1) extracting free phase oil from the
_injection wells, 2) re-injecting the extracted oil as a dilute oil-in-water emulsion, and 3)a
final water push of sufficient volume to distribute the total volume of oil at a residual
saturation of less than 25 percent. This éffort would be most effective using- site
groundwater extracted from the injection wells along with the free phase oil, or from a
Adowngradiént well (e.g., well PES-MW7S/D), in order to maintain native geochemical

conditions within the treatment zone.

Alternatively, a pair of downgradient wells could be used for extraction to induce flow
between the injection wells and downgradient monitoring wells within the treatment
zone. Groundwater could be extracted and then re-injected into the injection wells to
create a recirculation cell between the injection and extraction locations. This scenario
would attempt to pull the oil through the treatment area. Circulation of at least two pore
volumes is recommended to redistribute the vegetable oil within the recirculation zone of
influence. It is still recommended to first extract as much free oil from the injection wells

as possible to mix an initial slug of dilute oil-in-water emulsion.

Although no additional fluids (other than those already in the treatment zone) would
be used under this scenario, amendment of the State of Tennessee and the Shelby and
Memphis County Water Quality Control Board injection permits may be necessary.

ES-4

S:\es\remed\737490\05000\text\draft report.doc




Based on microbial characterization, bioaugmentation using an established microbial
population from a site known to dechlorinate TCE to completion also should be

considered.

Because of the degree of aquifer heterogeneity, low hydraulic gradient, and elevated
contaminant concentrations observed at upgradient well pair PES-MW1S/D, additional
monitoring wells should be considered for the site. Parsons recommends additional well
pairs between the injection wells and upgradient well pair PES-MW1S/D. Depending on
selection of a substrate redistribution design, additional well pairs may be warranted to
evaluate reductive dechlorination within the redistribution zone. Due to the potential for
preferential flow paths and because the impact of the initial injection is being observed as
far as 30 feet downgradient of thé injection wells, additional well pairs are recommended

at distances up to 150 feet downgradient from the injection wells.

Process monitoring is recommended ﬁriot to any substrate redistribution to provide
additional evaluation of the initial test. Because redistribution would cause chang;:; iﬁ
geochemical and contaminant concentrations simply by displacement, mdnitoring to
establish a new baseline is recommended within 30 days of substrate redistribution.
Semi-annual performance monitoring is recomrﬁended for at least 12 to 18 months to

“determine whether substrate redistribution was effective in stimulating reductive

dechlorination.

Additions to the sampling protocol also are recommended. The addition of dissolved
hydrogen is recommended to further evaluate the TEAPs that are occurring across the
site. Select éamples for VFA and PLFA analysis are recommended to determine the
change and development of microbial communities and degradation processes that
contribute to reductive dechlorination. Finally, additional aquifer testing may be

beneficial to establish preferential flow paths within the treatment zone.
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SECTION 1
INTRODUCTION

This report provides results of a field-scale application for enhanced in-situ
bioremediation of chlorinated solvents via vegetable oil injection at Site N-6, Former
Naval Support Activity (NSA) Mid-South Northside, Millington, Tennessee. This report
was prepared for the Naval Facilities Engineering Command (NAVFAC) and NSA Mid-

South by the Parsons Corporation (Parsons).

1.1 OBJECTIVES

This project is being conducted by NAVFAC in conjunction with Parsons and NSA.
Mid-South to document the enhanced bioremediation of chlorinated solvents dissolved in
groundwater by injecting an organic substrate (vegetable oil) into the subsurface below
the water table. Specifically, the objective of this field application is to determine if
vegetable oil injection is a viable treatment option for remediation of volatile organic-

compounds (VOCs) in groundwater at Site N-6.

1.2 SCOPE OF WORK

Site-specific activities conducted at NSA Mid-South in support of the field feasibility

test included:

« Installation of 8 vegetable oil injection wells and 16 groundwater monitoring wells

using Rotasonic drilling technology;

» Baseline (i.e.,, pre-injection) sampling of groundwater at the newly-installed
injection and monitoring wells, and existing monitoring wells 007G15UF (shallow)

and 007G15LF (deep), in accordance with the Final Work Plan for Field

1-1
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Application to Enhance In-Situ Bioremediation of Chlorinated Solvents via
Vegetable Oil Injection at Site N-6, Former Naval Support Activity Mid-South,
Millington, Tennessee (Parsons, 2000) and the Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Groundwater (United States

Environmental Protection Agency [USEPA], 1998);

« Pre-injection aquifer testing (hydraulic conductivity) of four injection wells and

eight monitoring wells;
« Injection of a total of 6,115 gallons of refined soybean oil;

« Post-injection aquifer testing (hydraulic conductivity) of the previously tested-four

injection wells;
« Surveying of the newly installed injection and monitoring wells; and

« Post-injection sampling of groundwater and vegetable oil at the system monitoring
and injection wells and existing monitoring wells 007G15UF and 007G15LE. in
November 2000, February 2001, August 2001, and January 2002.

This report describes the activities 'performed for the field test and results of process

monitoring.

1.3 REPORT ORGANIZATION

This report consists of six sections, includihg this introduction, and three appendices. -
Section 2 summarizes historical site characterization. Section 3 describes the field
system installation, substrate addition, and the procedures followed for data collection.
Section 4 discusses and evaluates the results of the vegetable oil injection. Section 5
providés conclusions and recommendations, and Section 6 contains the references used in
preparing this document. Appendix A contains analytical results and Appendix B
contains field sampling data and forms. Appendix C contains plots of contaminant

concentrations and molar fractions over time for the system monitoring wells.

1-2
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1.4 SITE HISTORY

NSA Mid-South is located in Millington, Tennessee (Figure 1.1). Navy airfield
operations ceased in 1995, at which time the mission of this Navy facility changed from
Naval Air Station (NAS) Memphis to NSA Memphis. In 1998, the facility officially
became NSA Mid-South. As a result of the Base Closure and Realignment Act (BRAC)
of 1990, a portion of NSA Mid-South (the Northside) has been closed and was transferred
to the City of Millington in December 1999. The City of Millington now owns and

operates the Northside as a municipal airport.

To expedite the transfer of the Northside to the City of Millington, the BRAC Cleanup
Team (BCT) designated the NSA Northside fluvial deposits groundwater as Area of
Concern A (AOC A). A Resource Conservation and Recovery Act (RCRA) Facility
Investigation (RFI) for Solid Waste Management Unit (SWMU) 7, the Building N-126 |
Plating Shop Dry Well, iden-tiﬁed multiple areas in which groundwater was contaminated
with chlorinated solvents. One particular site near former Hanger N-6 is the focus of this
field application. The RFI was performed pursuant to th¢ Navy’s Installation Restoration
Program (IRP) and the Hazardous and Solid Waste Amendments (HSWA) section of the
RCRA Permit (TNHW-094), issued to NSA Memphis in 1996 by the Tennessee

Department of Environment and Conservation (TDEC).

Site N-6 is located in the Northside portion of NSA Mid-South, now City of
Millington Property. Figure 1.2 shows the site features and potential sources of solvents.
The N-6 Site is centered around a former aircraft hanger (former Building N-6), and
includes the surrounding ﬂightlihe apron. The Building N-6 area was previouély used for
maintenance of militaryv aircraft. Suspected releases of solvents at the site include the
reported use of unspecified solvents as weed killer east of former Building N-6. Other
suspected sources of solvents include a small aircraft parts stripping and painting area
west of former Building N-6 and an underground waste tank present within former
Building N-6 (EnSafe, 2000a). Actual dates or quantities of contaminant releases are

unknown.

S:\es\remed\737490\05000Mext\draft report.doc
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Solvents reportedly used at NSA Mid-South include 1,1,1-tetrachlorethane (TCA) and
trichlorpethene (TCE). Chemicals of concern (COCs) identified for Site N-6 include
TCE,; the dichloroethene (DCE) isomers 1,1-DCE, cis-1,2-DCE, and frans-1,2-DCE; 1,1-
dichloroethane (DCA); 1,2-DCA; and carbon tetrachloride (CT). The work under this

project focuses on the bioremediation of these chlorinated compounds.

1-6
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SECTION 2
SUMMARY OF HISTORICAL SITE CHARACTERIZATION

This section summarizes the results of site characterization conducted by NSA Mid-

South.

2.1  HISTORICAL SITE CHARACTERIZATION

Site-specific data were reviewed to evaluate groundwater flow and contaminant
transport and to determine locations for installation of 'injection and groundwater
monitoring wells. Section 2.1 presents a synopsis of site characterization data made
available to Parsons. Section 2.2 presents an interpretation of the data from the
standpoint of biodegradation of chlorinated ethenes, ethanes, and methanes present at the
site. Because chlorinated ethenes comprise the bulk of dissolved chlorinated solvents at

Site N-6, they are the focus of this discussion.

The following sections are based upon review and summary of data from the following

sources:
o RCRA Facility Investigation Report, Naval Support Activity Memphis, AOC A4,
Northside Fluvial Groundwater (EnSafe, 2000a);

o Aquifer Characterization Test -Report, Area of Concern A, Naval Support Activity
- Mid-South, Millington, Tennessee (EnSafe, 2000b);

e RCRA Facility Investigation Report Addendum, Naval Support Activity Memphis,
AOC A, Northside Fluvial Groundwater (EnSafe, 2000c);

 Hydrogeology and Groundwater Quality of Naval Support Activity Memphis,
Millington, Tennessee (Carmichael et al., 1997).

2-1
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The reader is referred to these documents for a more detailed review of site-specific data.

Additional sources of site data are referenced within the text.

2.1.1 Geology

The stratigraphic units beneath Site N-6 identified for this and previous studies in
descending order are: Pleistocene age loess; Pleistocene to possibly Pliocene age fluvial
deposits; and upper units of the Claiborne Group, specifically the Cockfield and Cook
Mountain Formations of Eocene age.  The Cockfield and Cook Mountain Formations
are overlying confining units to the Memphis Sand, which comprises the regional
Memphis aquifer. Alluvium is locally presént beneath the alluvial plain of North Fork
Creek and its tributaries (Figure 1.1), but is generally absent in the apron area (i.e., Site
N-6). Figure 2.1 shows the locations of hydrogeologic Cross Sections A-A’ (Figure 2.2)
and B-B’ (Figure 2.3) across Site N-6. The following lithologic descriptions and

stratigraphic relationships are summarized from the AOC A RFI (EnSafe, 2000a and
2000c). o

Loess deposits underlying the Northside consist of silt, silty clay, and minor amounts
of sand and clay. Loess deposits range in thickness from 25 to 45 feet across the apron
area, and average approximately 35 feet thick at Site N-6. The color of the loess varies
from differing shades of brown, yellow, orange, red, and olive-gray. It is often mottled in
color and may contain trace amounts of organic matter. The loess typically becomes
stiffer, less moist, and_contains a greater clay content with depth. In areas not covered by

the concrete apron, the loess yields water and is the shallowest water-bearing zone at

NSA Mid-South.

A relatively thin layer of reworked fluvial deposits is locally present between the loess
and underlying fluvial deposits. Where present, this transition zone consists of sandy silt

and silty and clayey fine- to medium-grained sand.

Fluvial deposits lie unconformably beneath the loess/fluvial deposits transition zone

and may be recognized by the uppermost presence of very fine grained sand. Previous

2-2
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investigations at the site have divided the fluvial deposits into an upper sand-dominated
zone and a lower gravel-dominated zone (Cross Sections A-A’ and B-B’). The upper
sand-dominated fluvial sediménts consist of very-fine- to coarse-grained sand,
coarsening downward in the sequence. These sands locally contain lenses of silt and/or
clay and the sand may be finely micaceous. Scattered gravel also is present inter-fingered
or interbedded with the fluvial sands. Sand-dominated fluvial deposits are commonly

light brown to reddish-brown, and are locally mottled yellowish-gray to orange.

The lower gravel-dominated fluvial deposits are characterized by mixtures of poorly to
moderately sorted gravels (up to 3-inch diameter) and fine- to very coarse-grained sand,
in a generally coarsening downward sequence. The gravel and sémd mixtures contain
inter-fingering fine- to coarse-grained sand stringers with some silt and clay. The gravel-
dominated fluvial deposits are generally dusky yellow to dark yellowish-orange and
yellowish-gray.

The fluvial deposits beneath Site N-6 range from 35 feet to 64 feet thick, with the
thickest deposits directly beneath the former N-6 hanger (source area identified on Cross

Sections A-A’ and B-B’).

The Cockﬁeld Formation lies unconformably below the fluvial deposits at depths of
| 80-100 feet below Site N-6 (Cross Sections A-A’ and B-B’). The upper contact of the
" Cockfield Formation is typically distinguished by a marked change from the overlying
gravel-dominated fluvial deposits to a heterogeneous mixture of sand, silt, clayey sand,
* clay, and lignite. The uppermost part of the Cockfield Formation is generally comprised
of very fine- to fine-grained sand with interlaminations of silt and/or clay, and is

generally dusky brown to brownish-gray.

2.1.2 Hydrogeology

The water table beneath Site N-6 is generally located approximately 40 feet l;elow
ground surface (bgs). The Northside fluvial groundwater flow pattern can be seen in
Figure 2.4, which illustrates upper and lower fluvial deposits groundwater flow across

2-6
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the Northside AOC A for April 1996 (EnSafe, 2000a). The groundwater surface is
generally located at the top of the fluvial deposits, b'ut also may be locally present within
the loess deposits at Site N-6. As shown, the local flow direction near Site N-6 is toward
the northwest with a horizontal gradient of approximately 0.004 foot per foot (ft/ft), based
on elevations from wells OO7GIZLF and 007G13LF. The fluvial deposits potentiometric
surface occurs within the loess deposits (Cross Sections A-A’ and B-B’), indicating
confined or semi-confined conditions. Groundwater elevations for wells screened in the
upper and lower fluvial deposits indicate that groundwater flow for these horizons are
similar across the apron area. Groundwater elevation data from well pair 007G15UF/LF

indicate a vertical gradient of -0.013 ft/ft in a downward direction.

Aquifer characterization during the RFI (EnSafe, 2000a) indicated horizontal
hydraulic conductivity of the fluvial deposits across the Northside of 5.3 feet per day
(ft/day) from an aquifer test; horizontal hydraulic conductivity ranging from 10 to 38
ft/day by monitoring well specific capacity testing; and horizontal hydraulic conduct-i;/_ity
ranging from 0.004 to 1.98 fi/day using Hydrocone testing within the upper fluvial
deposits/loess transitional interval. Further aquifer characterization by EnSafe (2000b)
using a short-term, specific-capacity test, a step-drawdown test, and a longer-term

constant-rate aquifer test yielded a hydraulic conductivity for the fluvial deposits ranging

from 44.6 ft/day to 68.3 ft/day, with a geometric mean of 59.1 ft/day.

Given an estimated effective porosity of 27 percent, a hydraulic gradient of 0.004 ft/ft,
‘and a hydratjlic~conductivity of 5.3 ft/day, EnSafe (2000a) calculated an advective
groundwater velocity of 30 feet per year (ft/yr) for an area incorporating Site N-6.
Similarly, a hydraulic conductivity of 59.1 ft/day can be used to calculate an advective
groundwater velocity of 320 ft/yr. Based on the observed variation in lithology and
hydraulic conductivity within the ﬂuvial deposits, groundwater velocities may range over

an order of magnitude or greater. This suggests the potential for preferential flowpaths.

2-8
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2.2  NATURE AND EXTENT OF CONTAMINATION

Historical delineation of contaminants in soil and groundwater at Site N-6 has
occurred over a number of sampling events involving both permanent monitoring wells
and single-point sampling with direct-push techniques (DPT). The nature and extent of
soil and groundwater contamination based on historical analytical results are discussed in

the following sections.

2.2.1 Soil Analytical Results

Soil samples were collected near the Site N-6 source area from a single borehole
(007SMW15) drilled for monitoring well location 007G15LF/UF (Figure 2.1). No
constituent in any-soil sample from this location exceeded soil screening levels (SSLs) for
contaminant transport from soil to groundwater, or residential soil risk-based
concentrations (RBCs) established for AOC A (EnSafe, 2000a). This soil bbrehole
location is within the footprint of former Hanger N-6, and may not be optimally located
to characterize source-area soils. Suspected s-ource areas at Site N-6 include a former
grassy area to the east of former Hanger N-6 and a former subsurface waste tank located

below grade and within the footprint of the former hanger (Figure 1.2).

2.2.2 Groundwater Quality

Eight permanent monitoring wells (007G12LF, 007G13LF, OO7GI4LF, 007G15LF,
007G15UF, 007G24MF, 007G25MF, and 007G26MF), and 37 single-point samplés from
19 temporary DPT borehole locations have been sampled from 1994 to 1998 as part of
. the RFI and long-term monitoring (LTM) at Site N-6. Historical analytical results for

VOC:s in groundwater are summarized in Table 2.1.

Table 2.1 indicates that TCE, l,l-DCE, i,2-DCA, and CT have been detected
consistently over time in samples from wells 007G15UF and 007GI1SLF. The
degradation products 1,2-DCE and chloroform also have been detected in site
groundwater, although at lower concentrations that the potential source or parent

chlorinated compounds. Historically maximum concentrations of TCE ranged up to
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| TABLE 2.1
SUMMARY OF HISTORIC VOLATILE ORGANIC COMPOUND DETECTIONS IN GROUNDWATER
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

1,1,1- Carbon Bromochloro  Dichlorofuoro Semi-Volatiles
Sample  Stratigraphic PCEY TCEY 1,2-DCE¥  1,1-DCE  TCAY 1LI-DCAY  12-DCA  Tetrachloride Chloroform  -methane -methane Acetone  Benzene BEHPY  TPH-DROY

Location Interval®” Date (ng/L)” (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (rg/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L)
PERMANENT MONITORING WELLS , :
007G12LF LF Mar-96 NDY ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Aug-96 ND ND ND ND ND ND ND ND ND ND ND ND ~ ND NAY NA

May-97 ND ND ND ND ND ND ND ND ND ND ND "ND ND NA NA

Nov-97 ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Aug-98 ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

Nov-98 ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

007G13LF LF Mar-96 ND ND ND ND ND ND ND ND ND ND ND ND ND 2.0J7 ND
Apr-97 ND ND ND ND ' ND ND ND ND ND ND ND ND ND NA NA

Nov-97 ND ND ND ND ND ND ND ND ND ND ND ' ND ND NA NA

007G14LF LF Mar-96 ND ND ND ND ND ND ND ND ND ND ND ND ND 8.0J ND
Aug-96 ND ND ND ND ND _ ND ND ND ~ ND ND ND ND ND NA NA

Nov-97 ND ND ND ND ND ND ND ND ND ND ND _ND ND NA NA -

007G15UF UF Mar-96 ND . 840 201*¥ 280 ND 483 ND 20] 70 ND ND " ND 7.0J 1.0 160
Aug-96 ND 800 22J* 290 ND 43] ND 19 63 ND ND ND 6.0 NA NA

Apr-97 ND 600D 20* 380D ND 67 ND 14 44 ND ND ND 6.6 NA NA

Nov-97 0.80J 580D 18* 320 ND 51 ND 9.8 30 ND ND 93 4.6] NA NA

Aug-98 0.58] 580D 19* 320D ND 64 ND - 4.3] 17 ND ND ND 4.6} NA NA

007G15LF LF Mar-96 ND ND ND ND ND ND ND 20 5] ND ND ND ND 14 110
Aug-96 ND 13 ND 6.0 ND 2] ND 26 10 ND ND . ND ND NA NA

Apr-97 ND 12 ND 6.3 ND ND ND 27 .74 ND ND ND ND NA NA

Nov-97 1.1] 12 ND ND ND ND ND 2.8] 2.73 ND ND ND ND NA NA

o Aug-98 ND 6.5 ND  39] ND ND ND 15 5.6 ND ND . ND ND NA NA
007G24MF MF Aug-98 ND ND ND ND ND ND " ND ND ND ND ND “ND ND NA NA
Nov-98 ND ND ND ND ND ND ND ND ND ND ND . ND ND NA NA

007G25MF MF Aug-98 ND 18 ND 2.9] ND ND ND ND 2.0] ND ND ND ND NA NA
Nov-98 ND -~ 13) ND 2.0] ND ND ND ND - ND _ ND ND ND ND NA NA

007G26MF MF Aug-98 ND 1.8 ND - ND ND ND ND ND ND ND ND ND ND NA NA
' Nov-98 ND 4.0 ND " ND ND ND ND ND ND ND ND ND ND NA NA

007G49LF ~ UF (58" Jun-99 ND 2.0] ND ND ND ND ND ND ND ND ND 'ND  ND NA NA
MF (63') Jun-99 ND 2.0 ND ND ND ND ND ND ND ND ND .8.0J ND NA NA

MF (68") Jun-99 ND 2.0J - ND ND ND ND ND ND " ND ND ND ND . ND NA NA

MF (73') Jun-99 ND  ND ND ND ND ND ND ND ND ND ND 6.0J ND NA "~ NA

LF (78" Jun-99 ND ND ND ND ND ND ND ND ND ND ND ' ND ND NA NA

LF (83" Jun-99 ND ND ND ND ND . ND ND ND ND ND ND ND ND NA NA

LF (88" Jun-99 ND ND ND ND ND ND ND ND ND ND ND ' ND ND NA NA

LF (93) Jun-99 ND ND ND - ND ND ND ND ND ND ND ND ND ND NA NA

SAES\REMED\737490\05000\TABLES\NSA-RPT2 xIs\Table 2.1



TABLE 2.1 (Continued)
SUMMARY OF HISTORIC VOLATILE ORGANIC COMPOUND DETECTIONS IN GROUNDWATER
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
1,1,1- Carbon ' Bromochloro  Dichlorofuoro Semi-Volatiles
Sample Stratigraphic PCE” TCEY 1,2-DCEY  1,1-DCE TCAY 1,i-DCAY  1,2-DCA  Tetrachloride Chloroform  -methane -methane _Acctone  Benzene BEHPY  TPH-DROY

Location Interval” Date  (ug/L)’ (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ng/L) (ug/l) (ng/L) (ng/L) (ng/L)
TEMPORARY MONITORING POINTS . .

7-34 UF (45" Nov-95 ND, ND ND ND ND ND ND ND ND ND ND " ND ND NA NA

7-35 UF (49" Nov-95 ND 117 9.9 80 ND ND 44 10 ND 32 ND [ ND ND NA NA

7-36 MF (58") Nov-95 ND ND 28 ND ND ND ND ND - ND ND 6.1 . ND ND NA NA

7-37 MF (60') Nov-95 ND ND ND ND ND ND ND ND ND ND ND " ND ND NA NA

7-49 LF (34) Nov-95 ND 8.1 ND ND ND ND ND ND ND ND ND + ND’ ND NA NA

7-50 MF (61") Nov-95 ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

7-51 UF (54) Nov-95 ND ND ND ND ND ND ND ND ND ND ND . ND ND NA NA

7-52 UF (52) Nov-95 ND ND ND ND ND ND ND ND ND ND ND " ND ND NA NA

7-53 MF (64') Feb-96 ND ND ND ND ND ND ND ND ND ND ND . ND ND NA NA

7-54 MF (58" Feb-96 ND ND ND ND ND ND ND ND ND ND ND -~ ND ND NA NA

7-68 UF (48)) Feb-97 ND 2.6 ND 3.2 ND 1.9 ND ND ND ND ND 200 ND NA NA

UF (53) Feb-97 ND 3.7 ND 5.1 ND 2.7 ND ND ND ND ND 51 ND NA NA

MF (58") Feb-97 ND 1.6 ND 4.3 ND 2.4 ND ND ND ND ND 1380 ND NA NA

MF (64') Feb-97 ND ND ND 2.0J ND - ND ND 17 28 ND ND 562 ND NA NA

MF (69") Feb-97 ND 1.2] ND 23] ND ND ND 23 22 ND ND , ND ND NA NA

LF (73" Feb-97 ND 8.2 5.6 ND ND ND ND 15 23 ND ND ND ND NA NA

LF (78" Feb-97 ND 6.4 5.1 ND ND ND ND 6.5 8.1 ND ND ND ND NA NA

LF (83" Feb-97 ND 1.3J ND ND ND ND ND 1.3] 4.1] ND . ND 594 ND NA NA

LF (88 Feb-97 ND ND ND ND ND ND ND . 1.4) 3.9 ND ND . ND ND NA NA

7-69 MF (60") Feb-97 ND 1160 29 183 ND 37 ND 199 180 ND ND ND 5.1 NA NA

LF (90" Feb-97 ND 1.6] ND ND ND ND  ND ND ND ND ND ~ ND ND NA NA

7-70 UF (46" Feb-97 ND 17 ND 11 ND 3.2] ND ND 1.9] ND ND ND ND NA NA

MF (68") Feb-97 ND 190 ND 43] ND ND “ND ND 47 ND ND " ND ND NA NA.

LF (88" Feb-97 ND 39 ND 1.0] ND ND ND 3.5] 11 ND : ND ND ND NA NA

7-71 UF (46 Feb-97 ND ND ND ND - ND 1.7J ND ND ND ND ND 1020 ND NA NA

MF (68") Feb-97 ND 422 ND 2.7 ND ND ND 121 61 ND ND . ND ND NA NA

LF (88) Feb-97 ND 14 ND 2.6 ND ND ND 34 16 ND ND . ND ND NA NA

7-72 UF (46" Feb-97 ND 16 ND 8.7 ND 4.1 ND ND ND ND ND " ND ND NA NA

MF (68") Feb-97 ND 122 ND 1.6J ND ND ND 10 31 ND ND " ND ND NA NA

, LF (90" Feb-97 ND 8.7 ND 2.1 ND ND ND . 29 21 ND ND , 197 ND NA . NA

7-73 MF (68') Feb-97 ND 15 - ND ND ND ND ND ND 2.1] ND ND 164 ND NA NA

LF (90") Feb-97 ND ND ND ND ND ND ND ND ND ND . ND . 44 ND NA NA

7-74 MF (68" Feb-97 ND 47 ND 1.4] ND ND ND ND 4.3] ND ND ND ND NA NA

LF (91 Feb-97 ND 1.2] ND ND ND - ND ND ND ND ND ND 33] ND NA "~ NA

7-79 MF (67') Feb-97 ND 61 ND 10 ND 3.5) ND ND 7.2 ND ND - ND ND NA NA

7-80 MF (66") Feb-97 ND 26 ND 14.2 ND ND ND ND 3.3) ND ND ND ND NA NA

LF (87) Feb-97 ND ND ND ND ND ND ND ND ND ND ND ND ND NA NA

¥ PCE = tetrachloroethene; TCE = trichloroethene; DCE = dichloroethene; TCA = trichloroethane; DCA = dichloroethane; BEHP = bis(2-ethylhexyl)phthalate; TPH-DRO = total petroleum hydrocarbons - diesel range organics.
¥ UF = upper fluvial deposits; MF = middle fluvial deposits; LF = lower fluvial deposits.

o pg/L = micrograms per liter. 7} = estimated concantration.

¥ ND = not detected. ¥* = total cis- and trans-1,2-DCE.

“NA = not analyzed. ¥D = indicates analysis of diluted sample.
y p
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1,160 micrograms per liter (ng/L) at a depth of 60 feet at DPT location 7-69, located just

to the east of the former hanger.

The maximum concentrations of 12-DCE  (29.2 pg/L), CT (199 pg/L), and
chloroform (180 pg/L) also were detected at the same depth interval at DPT location 7-
69. The maximum concentrations of 1,1-DCE (380D [diluted] pg/L), 1,1-DCA (67
ng/L), and benzene (6.6 pg/L) were detected in well 007G15UF in April 1997. Other
VOC compounds detected at Site N-6 include tetrachloroethene (PCE), 1,2-DCA,
bromochloromethane, dichlorofluoromethane, and ~acetone.  Semi-volatile organic
compounds (SVOCs) detected were bis(2-ethylhexyl)phthalate (BEHP) and total
petroleum hydrocarbons - diesel range organics (TPH-DRO). The limited presence of
benzene and TPH-DRO indicates some release of fuel hydrocarbons in addition to

chlorinated solvents.

Maximum historical concentrations of TCE from 1994 to 1998 at each sampling
location for fluvial deposits groundwater are contoured on Figure 2.5. The maximum
identified concentrations of TCE are in groundwater at the eastern end of former Hanger
N-6, coinciding with a former grassy area where solvents reportedly were spread to kill
weeds (Figures 1.2 and 2.5). Based on these data, the TCE plume extended
approximately 900 feet downgradient towards the north-northwest in the general direction

of groundwater flow (Figures 2.4 and 2.5).

Figures 2.6 and 2.7 show the vertical profiles of TCE in groundwater aldng Cross
Sections A-A’ and B-B’ (see Figure 2.1 for cross section locations). While TCE is
present from the potentiometric surface to the base of the fluvial deposits, the maximum
TCE concentrations are inferred to occur within the middle to lower portions of the
aquifer. However, the vertical contaminant profile cannot be demonstrated conclusively
because of a lack of groundwater sampling points in the upper fluvial deposits

downgradient from the source area (Figure 2.6).

2-12
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23 GROUNDWATER USE AND POTENTIAL RECEPTORS

Fluvial deposits groundwater’is not used for beneficial use at former NSA Mid-South
Northside. The nearest potential receptor on the Northside is public supply well PW-N1,
located approximately 450 feet southwest of the Building N-126 dry well (approximately
1,500 feet cross gradient from Site N-6). PW-N1 is screened in the Memphis Aquifer and
hydraulically separated from the shallower ﬂuvial’ aquifer by the upper Claiborne
confining unit (EnSafe, 2000a). This well has been placed on emergency standby as a

precautionary measure since 1994,

Points of potential exposure within the fluvial deposits groundwater consist of shallow
private domestic wells outside the Northside (City of Millington) property. The nearest
domestic supply well screened in the fluvial deposits is approximately 6,000 feet north-

northwest of the apron area and is inactive (EnSafe, 2000a).

Because contaminated groundwater at Site N-6 has the potential to migrate off the
Northside property, the objective of this field application is to determine if vegetable oil
injection is a viable treatment option for chlorinated solvents in groundwater at Site N-6.
The downgradient property boundary is located approximately 4,000 feet northv.vest from
the Site N-6 source area (Figure 1.1).

2-16
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| SECTION 3
FIELD TEST IMPLEMENTATION

Site-specific activities conducted at Site N-6 in support of the enhanced

bioremediation field application included:

« Installation of 8 vegetable oil injection wells and 16 groundwater monitoring wells

using Rotasonic drilling technology;

» Baseline (i.e., pre-injection) sampling of groundwater at the newly-installed
injection and monitoring wells, and existing monitoring wells 007G15UF (shallow)
and 007G15LF (deep), in accordance with the Final Work Plan for Field
Application to Enhance In-Situ Bioremediation of Chlorinated Solvents via
Vegetable Oil Injection at Site N-6, Former Naval Support Activity Mid-South,
Millington, Tennessee (Parsons, 2000) and the Technical Protocol for Evaluating
Natural Attenuation of Chlorinated Solvents in Groundwater (USEPA, 1998);

« Pre-injection aquifer testing (hydraulic conductivity) of four injection wells and

eight monitoring wells;

« Plumbing of the pilot-scale system and injection of a total of 6,115 gallons of

refined soybean oil;
« Injection of bromide (aqueous phase) in order to determine zones of influence;

. Post—injeétion aquifer testing (hydraulic conductivity) of the previously tested four

injection wells;

» Surveying of the newly-installed injectioh and monitoring wells; and

3-1
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« Post-injection sampling of groundwater and vegetable oil at the system monitoring
and injection wells and existing monitoring wells 007G15UF and 007G15LF in
November 2000, February 2001, August 2001, and January 2002.

3.1 SYSTEM INSTALLATION

Initial field activities performed during July and August 2000 are summarized in Table
3.1. The following sections provide a description of these activities as well as

performance monitoring activities completed through January 2002.

3.1.1 Injection Point and Groundwater Sampling Locations

Locations for the 8 injection wells and 16 groundwater monitoring wells are shown on
Figure 3.1. These locations were determined from a review of available site data, with
the injection wells located to provide optimal vegetable oil distribution in the portion of
the plume with the highest contaminant concentrations (i.e., greater than 1,000 pg/L

TCE). o .

The four injection well pairs were installed approximately 15 feet apart, across the area :
with the highest groundwater TCE concentration (1,160 pg/L at DPT location'7-69). The
vertical layout of the injection wells is shown in Figure 3.2. It was ahticipatéd during
system design that the radius of influence of the injected vegetable oil would be up to
approximately 10 to 12 feet (horizontally) based upon historic hydraulic data and

proposed oil injection volumes.

Monitoring well pairs were installed at distances of 10, 20, 30, 50 and 100 feet
downgradient from the injection wells. Monitoring well locations were spaced to monitor
the grqundwater system downgradient from the injection zone over a period of 18
months, bésed on groundwater advective velocities ranging from 30 to 320 ft/yr (Section
2.2). One upgradient well pair (PES-MW1S and D) was installed to monitor background

groundwater geochemistry and aqueous phase contaminant concentrations.
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S:\es\remed\737490\05000\text\draft report.doc



TABLE 3.1

NSA MID-SOUTH SITE N-6
-MILLINGTON, TENNESSEE

SUMMARY OF INITIAL SITE ACTIVITIES

Location

Monitoring
Well

Installation

Slug
Test
Analysis

Water
Level

Measurement

Soil Analyses

Qil Analyses

Groundwater Analyses

vocs?
SW8260B

Total
Organic Carbon
(SW9060)

VOCs
SW8260B

VOCs
SW8260B

Methane,
Ethane,
Ethene

Nitrate +
Nitrite
(E300.1)

Bromide
(E320.1)

Total Organic
Carbon
(SW9060M)

Well Head
Analyses®

Mobile Lab
Analysesd

Monitoring Wells

PES-MW-1D

PES-MW-1S

PES-MW-2D

PES-MW-2S

PES-MW-3D

PES-MW-3S

—]l—~1=1{-

PES-MW-4D

PES-MW-4S

PES-MW-5D

PES-MW-5S

PES-MW-6D

PES-MW-68

PES-MW-7D

PES-MW-78

PES-MW-8D

PES-MW-8S

el Ll e Ll e e L B R E A B R R R R B

007GL1SUF

007GL1SLF

A b B B R A L R R B A A R R

—_— ==l = === === ]=]=]=]—=

—_—lmlm === === ===~ =]=]=]=]|~

—fm el e = ==~ =|=]=]=]=l={={—=]=

—fm == === =] === ===l =] =

Injection Wells

PES-INJ-1D

PES-INJ-1S

PES-INJ-2D

PES-INJ-2S

PES-INJ-3D

PES-INJ-3§

E R B B

—— ==

PES-INJ-4D

PES-INJ4S

L A L A R R

A A L L A R

—l—l= ===~

—_l=] === =]=|~

—_lm === ==

—_— ==~ ]=]=

SUBTOTALS

26

22

26

26

QA/QC

Duplicates

MS/MSD

Trip Blanks

Rinseates

TASK TOTAL:

10

4

29

29

25

26

29

¥ VOCs to include aromatic and chlorinated aliphatic hydrocarbons.
¥ Well head analyses include dissolved oxygen, oxidation-reduction potential, pH, temperature, and conductivity.
¢ Mobile lab analyses include chloride, carbon dioxide, alkalinity, ammonia, sulfate, ferrous iron, sulfate, hydrogen sulfide, and manganese.
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3.1.2 Injection and Groundwater Monitoring Well Installation

Newly installed monitoring ‘and injection Wells were installed with a Rotosonic
drilling rig subcontracted from Alliance Environmental Incorporated. Injection and
montitoring wells were installed in July 2000. Construction details are included in
Appendix B.1, and are summarized in Table 3.2. Injection and monitoring well screens
were constructed of 10 feet of flush-threaded, Schedule 40, 2-inch inside-diameter (ID),
polyvinyl chloride (PVC) with 0.02-inch fa’ctory-slofted openings. Injection screens
installed in the upper fluvial deposits were placed at least 2 to 3 feet below the water table
to avoid short circuiting of i‘njected vegetable oil to the vadose zone. Monitoring well
screens were placed at similar depths as the injection screens. All injection and
monitoring wells were sealed with bentonite and -grouted to the surface with a
cement/bentonite grout. Each injection and groundwater monitoring well was complleted
slightly below grade to protect each well from .potential damage. Flush-mounted

protective casings were used to protect the monitoring and injection wells.

+3.1.3 Soil Sampling

During drilling activities, continuous soil cores were collected from ground surface to
total depth in order to identify the depths of significant stratigraphic contacts or other soil
properties. Boring logs prepared during drilling by the field geologist are presented in
Appendix B.2. A portion of soil sample was used to measure the total concentration of
ionizable VOCs in the soil headspace using a photo-ionization detector (PID). If
headspaée readings significantly above background readings were obtained, indicating
the presence of contamination, then the associ.ated soil sample was submitted to a
laboratory for analysis of VOCs using the method specified in Table 3.3. Soil samples
for total organic carbon (TOC) analysis also were collected from select fluvial deposits
intervals from locations PES-MW1 and PES-MWS8 in order to quantify concentrations of

organic carbon in the subsurface soil at Site N-6 prior to vegetable o1l injection.

3-6
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TABLE 3.2
WELL CONSTRUCTION SUMMARY

‘NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Top of Casing Screened Well
Well Installation Northing Easting Elevation Interval Diameter Stratigraphic
Identification Date (State Plane) | (State Plane) | (feetamsl)” | (feet bgs)” (inches) Interval®
Injection Wells
PES-INJ-1S 19-Jul-00 392214.45 815028.46 293.44 55.0-65.0 2.0 Upper-Fluvial
PES-INJ-1D 19-Jul-00 392214.45 815028.46 293.44 75.0 - 85.0 2.0 Lower-Fluvial
PES-INJ-2S 20-Jul-00 392219.89 815042.45 293.20 44.8 - 54.8 2.0 Upper-Fluvial
PES-INJ-2D 20-Jul-00 392219.89 815042.45 293.21 65.0 - 75.0 2.0 Lower-Fluvial
PES-INJ-3S 23-Jul-00 392224.65 815056.27 293.09 55.0-65.0 2.0 Upper-Fluvial
PES-INJ-3D 23-Jul-00 392224.65 815056.27 293.12 75.0 - 85.0 2.0 Lower-Fluvial
PES-INJ-4S 23-Jul-00 392230.14 815070.41 293.44 45.4 - 554 2.0 Upper-Fluvial
PES-INJ-4D 23-Jul-00 392230.14 815070.41 293.40 65.0-75.0 2.0 Lower-Fluvial
l Monitoring Wells

PES-MW-1S 18-Jul-00 392115.58 815062.15 1293.37 453 -553 2.0 Upper-Fluvial
PES-MW-1D 18-Jul-00 392115.58 815062.15 293.33 70.0 - 80.0 2.0 Lower—F‘luvial
PES-MW-2S 1-Aug-00 392229.39 815038.32 293.38 55.0-65.0 2.0 Upper-Fluvial
PES-MW-2D 1-Aug-00 392229.39 815038.32 293.32 75.0 - 85.0 2.0 Lower-Fluvial
PES-MW-3S 24-Jul-00 392235.18 815052.39 293.39 45.0-55.0 2.0 Upper-Fluvial
PES-MW-3D 24-Jul-00 392235.18 815052.39 293.40 65.0-75.0 2:0 Lower-Fluvial
PES-MW-4S 21-Jul-00 392241.32 815036.00 293.34 55.0-65.0 2.0 Upper-Fluvial
PES-MW-4D 21-Jul-00 392241.32 815036.00 293.34 .75.0 - 85.0 2.0 Lower-Fluvial
PES-MW-5S 20-Jul-00 392250.05 815029.07 293.27 45.4-554 2.0 Upper-Fluvial
PES-MW-5D 20-Jul-00 392250.05 815029.07 293.27 65.0-75.0 2.0 Lower-Fluvial
PES-MW-6S 22-Jul-00 392251.69 815045.97 293.28 55.0 - 65.0 2.0 Upper-Fluvial
PES-MW-6D 22-Jul-00 392251.69 815045.97 293.31 75.0 - 85.0 . 2.0 Lower-Fluvial
PES-MW-7S 21-Jul-00 392273.12 815033.08 293.10 45.0-55.0 2.0 Upper-Fluvial
PES-MW-7D 21-Jul-00 392273.12 815033.08 293.08 65.0-75.0 2.0 Lower-Fluvial
PES-MW-8S 22-Jul-00 392321.46 815011.22 292.94 55.0-65.0 2.0 Upper-Fluvial
PES-MW-8D 22-Jul-00 392321.46 815011.22 292.94 75.3-85.3 2.0 Lower-Fluvial
007G15UF 19-Mar-96 392229.59 814956.53 292.91 40.0 - 50.0 2.0 Upper-Fluvial
007G15LF 19-Mar-96 392221.04 814961.17 293.36 90.0 - 100.0 2.0 Lower-Fluvial

“ feet amsl indicates elevation in feet above mean sea level.

¥ feet bgs indicates depth in feet below ground surface.

o Upper fluvial interval is defined as 40 to 65 feet bgs, and lower fluvial interval is defined as 65 to 90 feet bgs.

SAES\REMED\737490\05000\TABLES\NSA-RPT2.xls
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_ TABLE33
ANALYTICAL PROTOCOLS FOR SOIL, VEGETABLE OIL,

AND GROUNDWATER SAMPLES
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
FIELD (F) OR
MATRIX METHOD ANALYTICAL
Analyte A LABORATORY (L)

WATER

Redox Potential Direct-reading meter F

Dissolved Oxygen Direct-reading meter F

pH = Direct-reading meter F

Specific Conductance Direct-reading meter F

Temperature Direct-reading meter F

Ferrous Iron _ Colorimetric, Hach Method 8146 (or similar) F

Manganese Colorimetric, Hach Method 8034 (or similar) F

Hydrogen Sulfide Colorimetric, Hach Method 8131 (or similar) F

Sulfate Colorimetric, Hach Method 8051 (or similar) F~ 7

Alkalinity (Carbonate [CO3'2] Titrimetric, Hach Method 8221 (or similar) F

and Bicarbonate [HCO,™'])

Chloride Titrimetric, Hach Kit 8P (or similar) F

Carbon Dioxide Titrimetric, CHEMetrics Method 4500 (or similar) F

Nitrate + Nitrite E300.1 L

[as Nitrogen (N)]

Bromide E320.1 L

Methane, Ethane, Ethene . AM-18Y L

Total Organic Carbon Walkley-Black” L

vOCs” : SW8260B L
SOIL . : .

Total Organic Carbon Walkley-Black"/ L

~ VOCs SW8260B L

VEGETABLE OIL '

VOCs SW8260B L

"’/Microseeps Inc., standard operating procedure.

¥ VOCs = volatile organic compounds.
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3.2 MEASUREMENT OF BASELINE GEOCHEMICAL CONDITIONS AND
CONTAMINANT PROF ILES

After installation and development of the injection wells and groundwater monitoring
wells, groundwater samples were collected to characterize initial site-specific
geochemical and contaminant conditions in accordance with the Technical Protocol Jor
Evaluating Natural Attenuation of Chlorinated Solvents in Groundwater (USEPA, 1998).
Groundwater samples were analyzed for chlorinated solvents and their degradation
products, dissolved oxygen (DO), nitrate, ferrous iron [Fe(I)], manganese [Mn(II)],
sulfate, hydrogen sulfide, carbon dioxide, methane, ethane, ethane, oxidation-reduction
- potential (ORP), alkalinity, pH, temperature, specific conductance, TOC, bromide, and
chloride. Pre-injection baseline groundwater samples were collected in July and August
2000 and shipped to Microseeps, Inc., of Pittsburgh, Pennsylvania for analysis. Baseline
groundwater samples were analyzed in the field and by Microseeps, Inc. following

analytical protocols summarized in Table 3.3.

3.3  AQUIFER TESTING

- Aquifer testing (rising head slug tests) were conducted before oil injection and after oil
injection on selected injection and monitoring wells to estimate the hydraulic -
conductivity of uncbnsolidated deposits at Site N-6, and to estimate the impact of oil
injection on the hydraulic conductivity of aquifer materials in close proximity to the

injection wells. Aquifer test calculations are included in Appendix B.3.

3.4  SUBSTRATE ADDITION

After baseline geochemical and contaminant sampling and pre-injection aquifer testing
were completed, approximately 6,100 gallons of edible (i.e., food-grade) soybean oil was
injected into eight injection wells. A summary of the injection event, including volumes
of oil and water, injection pressures, and injection flow rates is presented in Table 3.4.
The soybean oil was injected under pressure directly into each injection well using an
ARO air diaphragm pump. As soybean oil was injected into each injection well, the total

volume of oil injected was monitored using a Teflon®-coated inline flow meter.

39
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TABLE 3.4

VEGETABLE OIL INJECTION SUMMARY
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Screened Water Total ) Screened Radius of | Oil Injection | Oil Injection | Water Push | Water Push
‘ Interval Qil Push Volume Percent Length Influence” Pressure Flow Rate Pressure Flow Rate
Well (feet bgs)“/ (gallons) (gallons) (gallons) Qil (feet) (feet) (psi)d (gpm)d’ (psi) (gpm)
INJECTION WELLS
PES-INJIS 55.0-65.0 1000 100 1100 90.9 10 4.2 35 3.7-39 30-35 5.1
PES-INJ1D 75.0 - 85.0 665 100 765 86.9 10 3.5 35 39-49 30-38 5.5
PES-INJ2S 44.8 - 54.8 500 100 600 83.3 10 3.1 28 - 40+ 42-6.1 28-30 8.5
PES-INJ2D 65.0-75.0 450 90 540 83.3 10 2.9 40+ 1.6-2.5 40+ 2.1
PES-INJ3S 55.0-65.0 1000 100 1100 90.9 10 4.2 32-35 43-4.8 38-40 5.3
PES-INJ3D 75.0 - 85.0 1000 100 1100 90.9 10 4.2 25-35 56-6.5 18 - 35 8.8
PES-INJ4S 454 -554 500 100 600 83.3 10 3.1 38-40 23-3.2 15-30 6.5
PES-INJ4D 65.0-75.0 1000 100 1100 90.9 10 4.2 35-38 3.1-34 40 4.3
AVERAGES: 764 99 863 87.6 3.6
TOTALS: 6115 790 6905
¥ feet bgs = feet bélow ground surface.
* Assumes an effective porosity of 27 percent.
¢ psi = pounds per square inch, ‘
d gpm = gallons per minute.
i
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Injection pressures at wells PES-INJ2S, PES-INJ-2D, and PES-INJ4S exceeded the
capacity of the injection system, {esulting in lower volumes of oil injected for these wells.
After the soybean oil was iﬁjected into each well, a water push consisting of
approximately 100 gallons of water was injected in order to increase the horizontal
distribution of oil into the aquifer matrix in the vicinity of each injection well screen.
Sodium bromide was added as an aqueous phase tracer to the water push at a
concentration of approximately 500 milligrams per liter (mg/L). The tracer was added in
.order to track movement of water that was injected during the injection event, which is

anticipated to be an approximate indicator of the area of influence of the treatment zone.

3.5 PROCESS MONITORING

In order to monitor system performance over time, Parsons sampled newly-installed
monitoring wells, select injection wells, and existing monitoring wells 007G15LF and
007GSUF at 3, 6, 12, and 18 months after injection. During the 18-month process
monitoring event (January 2002), additional groundwater sample aliquots were collécted
at select wells and sent to Microbial Insights Inc. for volatile fatty acid (VFA),
phospholipid fatty acid (PLFA), and denaturing gradient gel electrophoresis (DGGE)
analyses. These analyses were perférmed to provide a quantitative way to assess viable
biomass, microbial community structure, metabolic activity, and provide .qualitative
information about the prominent microorganisms present in the subsurface at Site N-6.

A summary of the Phase II process monitoring activities is shown in Table 3.5.
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TABLE 3.5
SUMMARY OF PERFORMANCE MONITORING ACTIVITIES
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

Oil Analyses Groundwater Analyses

Water Methane, Nitrate + Total Organic
Level vocs¥ - VOCs Ethane, Nitrite Bromide Carbon Well Head Mobile Lab

Location Measurement SW8260B SW8260B Ethene (E300.1) (E320.1) (SW9060M) Analyses” Analyses®
Monitoring Wells ’

PES-MW-1D

PES-MW-1S

PES-MW-2D

PES-MW-2S

PES-MW-3D

PES-MW-3S

PES-MW-4D

PES-MW-4S

PES-MW-5D

PES-MW-5S

PES-MW-6D

PES-MW-6S

PES-MW-7D

PES-MW-7S

PES-MW-8D

—_f— === ]=l=]=l= =]~ =] =
=== === =] === =]= ]|~

PES-MW-8S

007GL1SUF

NSRRI I R I A R I A R I B BT B

007GL15LF

Injection Wells

PES-INJ-1D

PES-INJ-18

PES-INJ-2D

PES-INJ-28

PES-INJ-3D

NININ N

PES-INJ-3S

PES-INJ-4D

A R R L B e B ke

PES-INJ-4S

SUBTOTALS 8 26 26 26 22 22 26 26

QA/QC

Duplicates 1

Trip Blanks

3
MS/MSD 1 2
2
1

Rinseates

SUBTOTAL PER EVENT: 10 34 29 29 25 25 26 29

¥ VOCs to include aromatic and chlorinated aliphatic hydmcarbons .
Y Well head analyses include dissolved oxygen, oxidati ial, pH, temp e, and conductivity.
¢ Mobile lab analyses include chloride, carbon dioxide, alkalinity, sulfatc, ferrous iron, hydrogen sulfide, and manganese.
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SECTION 4
RESULTS

Because chlorinated aliphatic hydrocarbons (CAHs, or chlorinated solvents) can be
used as electron acceptors under reductive dechlorination, there must be an appropriate
source of carbon for microbial growth in order for this processto occur. Potential carbon
sources include vegetable oil, fuel hydrocarbons, low-molecular-weight compounds (e.g.,
lactate, acetate, or methanol) present in natural organic matter, or less-chlorinated
compounds such as vinyl chloride (VC) or DCE. Addition of vegetable oil to the
groundwater at Site N-6 will serve to promote remediation of the CAH plume by
providing a large quantity of substrate for microbial growth and as a means of lowefing

the reduction-oxidation (redox) conditions within the aquifer.

The separate-phase-nature and low solubility of vegetable oil allows for slow
dissolution into groundwater, thus making it a slow-release carbon source. Vegetable oil
is an inexpensive, innocuous, edible (i.e., food-grade) carbon soﬁrce that is not regulated .
as an environmental groundwater contaminant by the USEPA. Because vegetable oil is a
non-aqueous phase liquid (NAPL), the potential exists that a single, low-cost injection

could provide sufficient carbon to drive reductive dechlorination for many years.

Therefore, the objective of adding vegetable oil to the subsurface at Site N-6 is to
either promote or reduce those fate and transport processes that are key to maintaining
contaminant mass control (i.e., plume stability) and increasing contaminant mass
reduction (i.e., plume treatment). Given an understanding of the fate and transport
processes likely to be involved at this site during treatment, a sampling program was
designed and implemented to characterize the impact of vegetable oil addition on changes

in contaminant mass and concentration.
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Vegetable oil was injected at Site N-6 in August 2000 to create the redox and electron
donor conditions necessary to promote the microbial reductive dechlorination of the
chlorinated solvents present in groundwater at the site. A secondary benefit of vegetable
oil injection is that dissolved contaminants will preferentially partition out of the
groundwater and into the vegetable oil NAPL. This is beneficial because aqueous-phase
chlorinated solvent concentrations are lowered until steady-state conditions are reached.
This results in an initial attenuation of the dissolved phase plume. Contaminants are then
released from the oil to groundwater at a rate dependent upon dissolution and/or
degradation of the vegetable oil, and degradation of contaminants in the dissolved phase.
In any event, contaminants are released back to groundwater within a zone of adequate

substrate and optimal conditions for reductive dechlorination.

4.1 GROUNDWATER FLOW

Table 4.1 presents groundwater elevation measurements collected during baseline
sampling, process monitoring events, and from annual monitoring by EnSafe. Figures
4.1 and 4.2 present groundwater elevations for the upper-fluvial deposits in July/August
2000 and ‘July/August 2001, respectively. The monitoring network for the pilot test was
designed assuming that groundwater flow was toward the north-northwest. However,
groundwater elevation data collected since system installation within the treatment zolxlle
suggest a very flat groundwater potentiometric surface for both the upper and lower
fluvial aquifer zones. In fact, in November 2000, there was at least some component of
groundwater flow toward the south, from the injection wells toward monitoring well
PES-MWI1S (Table 4.2). This wéll wés installed to monitor upgradient groundwater
chemistry. Based on hydraulic data, and the geochemical data presented below, it
appears that well PES-MW1S wés impacted chemically by vegetable oil injection

activities shortly after injection, but that the impact has decreased over time.

Groundwater ﬂoW in July/August 2001 (Figure 4.2) was toward the north-northwest,
but the gradient within the treatment zone remains relatively flat compared to the overall
gradient from well 007G14LF to well 007G12LF. Groundwater elevations for January
2002 (Table 4.2) are similar to pre-injection conditions, and indicate the gradient in the
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SUMMARY OF GROUNDWATER ELEVATIONS
NSA MID-SOUTH SITE N-6
MILLINGTON, TENNESSEE

TABLE 4.1

Top of Casing Screened Depth to Groundwater Depth to Oil Corrected Water
Elevation Interval Stratigraphic Water Elevation Oil Thickness Elevation”
Identification Date (feet amsl)” (feet Bgs)d Interval (feet) (feet amsl) (feet) (feet) (feet amsl)
Injection Wells
PES-INJ-1S August-00 293.44 55.0-65.0 Upper-Fluvial 39.92 253.52 - - -
November-00 293.44 55.0 - 65.0 Upper-Fluvial 65.45 227.99 39.04 26.41 252.29
February-01 293.44 55.0-65.0 Upper-Fluvial 65.37 228.07 38.89 26.48 252.43
August-01 293.44 55.0-65.0 Upper-Fluvial 65.50 227.94 38.07 27.43 253.18
January-02 294.44 55.0 - 65.1 Upper-Fluvial 65.80 228.64 37.46 28.34 254.71
PES-INJ-1D August-00 293.44 75.0 - 85.0 Lower-Fluvial 40.16 253.28 - - -
November-00 293.44 75.0-85.0 Lower-Fluvial 82.85 210.59 38.08 44.77 251.78
February-01 293.44 75.0 - 85.0 Lower-Fluvial 81.11 212.33 37.95 43.16 252.04
August-01 293.44 75.0-850  Lower-Fluvial 80.17 213.27 37.16 43.01 252.84
__January-02 1 293.44 75.0 - 85.0 Lower-Fluvial 79.12 214.32 36.47 42.65 253.56
PES-INJ-2S August-00 293.20 44.8-54.8 Upper-Fluvial 39.55 253.65 - - -
November-00 293.20 44.8-54.8 Upper-Fluvial 52.20 241.00 40.04 12.16 252.19
February-01 293.20 44.8-54.8 ' Upper-Fluvial 51.55 241.65 39.93 11.62 252.34
August-01 293.20 44.8 - 54.8 Upper-Fluvial 49.80 243.40 39.10 10.70 253.24
January-02 293.20 44.8 -54.8 Upper-Fluvial 48.46 244.74 38.48 9.98 - 253.92
PES-INJ-2D August-00 29321 65.0 - 75.0 Lower-Fluvial 39.74 253.47 - - -
November-00 293.21 65.0-75.0 Lower-Fluvial 67.80 225.41 36.95 30.85 253.79
February-01 293.21 65.0-75.0  Lower-Fluvial 67.50 225.71 38.50 29.00 252.39
August-01 293.21 65.0-75.0 Lower-Fluvial 66.30 226.91 37.82 28.48 253.11
January-02 293.21 65.0-75.0  Lower-Fluvial 62.20 231.01 37.47 24.73 253.76
PES-INJ-3§ August-00 293.09 55.0-65.0 Upper-Fluvial . 39.52 253.57 - - -
November-00 293.09 55.0 - 65.0 Upper-Fluvial 64.93 ° 228.16 38.75 26.18 252.25
February-01 293.09 55.0-65.0 Upper-Fluvial 65.00 228.09 38.65 26.35 252.33
. August-01 293.09 55.0 - 65.0 Upper-Fluvial 64.95 228.14 37.80 27.15 253.12
January-02 293.09 55.0 - 65.0 Upper-Fluvial 64.38 228.71 37.14 27.24 253.77
PES-INJ-3D August-00 293.12 75.0 - 85.0 Lower-Fluvial 39.84 © 253.28 - - -
November-00 293.12 75.0-850  Lower-Fluvial 80.30 212.82 38.00 42.30 251.74
February-01 293.12 75.0 - 85.0 Lower-Fluvial 79.50 213.62 37.90 41.60 251.89
August-01 293.12 75.0 - 85.0 Lower-Fluvial 78.02 215.10 37.03 40.99 252.81
January-02 293.12 75.0 - 85.0 Lower-Fluvial 77.17 215.95 36.37 40.80 253.49
PES-INJ-4S August-00 293.44 45.4-55.4 Upper-Fluvial 39.73 253.71 - - -
November-00 293.44 45.4-554 Upper-Fluvial 74.91 218.53 36.00 38.91 254.33
February-01 293.44 45.4-554  Upper-Fluvial 50.10 243.34 40.25 9.85 252.40
August-01 293.44 45.4-55.4 Upper-Fluvial 4832 245.12 39.45 8.87 253.28
January-02 293.44 45.4-55.4  Upper-Fluvial 47.54 245.90 39.56 7.98 253.24
PES-INJ-4D Augusi—OO 293.40 65.0-75.0  Lower-Fluvial 40.04 253.36 - - -
November-00 293.40 65.0-75.0 Lower-Fluvial 74.71 218.69 40.40 3431 250.26
February-01 293.40 65.0-75.0 Lower-Fluvial 74.65 218.75 38.59 36.06 251.93
August-01 293.40 65.0-75.0  Lower-Fluvial 71.18 222.22 37.81 3337 252.92
January-02 293.40 65.0-75.0  Lower-Fluvial 70.26 223.14 37.21 33.05 253.55
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TABLE 4.1 (Continued) . h
SUMMARY OF GROUNDWATER ELEVATIONS
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Top of Casing Screened Depth to Groundwater Depth to Oil Corrected Water
Elevation Interval Stratigraphic Water Elevation Oil Thickness Elevation”
Identification Date (feet ams]) (feet bgs)” Interval (feet) (feet amsl) (feet) (feet) (feet amsl)

Monitoring Wells

PES-MW-18 August-00 293.37 45.3-553 Upper-Fluvial 39.59 253.78 - - -

November-00 293.37 453 -553 Upper-Fluvial 40.88 252.49 - - -

February-01 293.37 453 -553 Upper-Fluvial 40.86 252,51 - - -

August-01 293.37 453-553 Upper-Fluvial 39.97 253.40 - - -

January-02 293.37 45.3-553 Upper-Fluvial 39.35 254.02 - - -

PES-MW-1D August-00 293.33 70.0 - 80.0 Lower-Fluvial 39.74 253.59 - - -

November-00 293.33 70.0 - 80.0 Lower-Fluvial 41.02 25231 - - -

February-01 293.33 70.0 - 80.0 Lower-Fluvial 41.06 252.27 - - -

August-01 293.33 70.0-80.0  Lower-Fluvial 40.15 253.18 - - --

January-02 293.33 70.0 - 80.0  Lower-Fluvial 39.48 253.85 - — - -

PES-MW-2S Augpsl—OO 293.38 55.0 - 65.0 Upper-Fluvial 39.79 253.59 - - -

November-00 293.38 55.0-65.0 Upper-Fluvial 40.25 253.13 - - -

February-01 29338 55.0-650  Upper-Fluvial 41.10 252.28 - - -

August-01 293.38 55.0 - 65.0 Upper-Fluvial 40.12 .. 253.26 - - -

January-02 293.38 55.0 - 65.0 Upper-Fluvial 39.51 253.87 - - T -

PES-MW-2D August-00 293.32 75.0-850  Lower-Fluvial 40.05 253.27 - - -

November-00 293.32 75.0 - 85.0 Lower-Fluvial 41.56 251.76 - - -

February-01 293.32 75.0 - 85.0 Lower-Fluvial 41.40 251.92 - - -

August-01 293.32 75.0-850  Lower-Fluvial 40.45 252.87 - - -

January-02 293.32 l 75.0-85.0 Lower-Fluvial 39.89 253.43 - - -

PES-MW-38 August-00 ' 29339 - 45.0-55.0 Upper-Fluvial 39.67 253.72 - - -

November-00 293.39 45.0 - 55.0 Upper-Fluvial 41.21 252.18 - - -

February-01 293.39 45.0 - 55.0 Upper-Fluvial 40.90 252.49 - - ) -

August-01 293.39 45.0-55.0 Upper-Fluvial .40.08 253.31 - - -

January-02 293.39 45.0 - 55.0 Upper-Fluvial 39.49 253.90 - - -

- PES-MW-3D August-00 293.40 65.0-75.0  Lower-Fluvial 39.95 253.45 - - -

November-00 293.40 65.0-75.0  Lower-Fluvial 41.46 251.94 -- - .-

February-01 293.40 65.0-75.0 Lower-Fluvial 41.10 252.30 - - -

August-01 293.40 65.0-75.0 Lower-Fluvial 40.32 253.08 - - -

January-02 293.40 65.0-75.0  Lower-Fluvial 39.71 253.69 - - -

PES-MW-48 August-00 293.34 55.0-65.0 Upper-Fluvial 39.69 253.65 - - -

November-00 293.34 55.0-65.0 Upper-Fluvial 40.84 252.50 - Lo- -

February-01 293.34 55.0-65.0 Upper-Fluvial 41.02 252.32 - - -

August-01 293.34 55.0-65.0  Upper-Fluvial 40.08 253.26 - - -

January-02 293.34 55.0- 65.0 Upper-Fluvial 39.48 253.86 - - -

PES-MW-4D August-00 293.34 75.0-85.0 Lower-Fluvial 40.09 253.25 - - -

November-00 293.34 75.0-85.0  Lower-Fluvial 41.25 252.09 - - -

February-01 293.34 75.0 - 85.0 Lower-Fluvial 41.43 251.91 - - -

August-01 293.34 75.0 - 85.0 Lower-Fluvial 40.58 252.76 - - -

January-02 293.34 75.0-85.0 Lower-Fluvial 39.95 253.39 - - -
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TABLE 4.1 (Continued)
SUMMARY OF GROUNDWATER ELEVATIONS
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Top of Casing Screened Depth to Groundwater Depth to Qil Corrected Water
Elevation Interval Stratigraphic Water Elevation Oil Thickness Elevation”
Identification Date (feet amsl)b/ {feet bgs)d Interval (feet) (feet amsl) (feet) (feet) (feet amsl)
PES-MW-58 August-00 293.27 \45.4 -554 Upper-Fluvial 39.56 253.71 - - -
November-00 293.27 45.4-554 Upper-Fluvial 40.55 252.72 - - -
February-01 293.27 454-554 Upper-Fluvial 40.89 252.38 - - --
August-01 293.27 45.4-554 Upp'cr-F]uvial 39.97 253.30 - - -
January-02 293.27 45.4-554 Upper-Fluvial 39.93 253.34 - - -
PES-MW-5D August-00 293.27 65.0-75.0 Lower-Fluvial 3991 253.36 = - ~
November-00 293.27 65.0-75.0 Lower-Fluvial 40.79 252.48 - - -
February-01 293.27 65.0 - 75.0 Lower-Fluvial 41.22 252.05 - - -
August-01 293.27 65.0-75.0 Lower-Fluvial 40.36 252.91 - - -
January-02 293.27 65.0-75.0  Lower-Fluvial 39.81 233.46 - - -
PES-MW-6S August-00 293.28 55.0-65.0 Upper-Fluvial 39.66 253.62 - - -
November-00 293.28 55.0-65.0 Upper-Fluvial 40.72 252.56 - - -
February-01 293.28 55.0-65.0 Upper-Fluvial 40.93 252.35 - - -
August-01 293.28 55.0 - 65.0 Upper-Fluvial 40.07 253.21 - - -
January-02 293.28 55.0 - 65.0 Upper-Fluvial 39.48 253.80 - - -
PES-MW-6D August-00 293.31 75.0 - 85.0 Lower-Fluvial 40.08 253.23 - - 7" -
November-00 29331 75.0-850  LowerFhwial 4113 252.18 - - -
February-01 293.31 75.0-85.0  Lower-Fluvial 41.36 251.95 - - -
August-01 293.31 75.0 - 85.0 Lower-Fluvial 40.57 25274 - - -
January-02 293.31 75.0 - 85.0 Lower-Fluvial 39.94 253.37 - - -
PES-MW-78 August-00 293.10 45.0 - 55.0 Upper-Fluvial 39.40 253.70 - - -
November-00 293.10 45.0-55.0 Upper-Fluvial 40.30 252.80 - - -
February-01 293.10 45.0-55.0 Upper-Fluvial 40.73 252.37 - - -
August-01 293.10 45.0 - 55.0 Upper-Fluvial 39.94 253.16 - - -
. January-02 293.10 45.0 - 55.0 Upper-Fluvial 39.24 253.86 - - -
PES-MW-7D August-00 293.08 65.0-75.0 Lower-Fluvial 39.85 253.23 - - -
November-00 293.08 65.0 - 75.0 Lower-Fluvial 40.70 252.38 - - -
February-01 293.08 65.0-75.0 Lower-Fluvial 41.14 251.94 - - -
August-01 293.08 65.0-75.0 Lower-Fluvial 40.30 252.78 - - -
January-02 293.08 65.0 - 75.0 Lower-Fluvial 39.75 253.33 - - -
PES-MW-8S August-00 292.94 55.0-65.0 Upper-Fluvial 39.79 253.15 - - -
' . November-00 292.94 55.0-65.0 Upper-Fluvial 40.75 252.19 — - -
February-01 292.94 55.0-65.0 Upper-Fluvial' 40.43 252.51 - - -
August-0 l. 292.94 55.0-65.0 Upper-Fluvial 41.15 251.79 - - -
January-02 292.94 55.0-65.0 Upper-Fluvial 39.68 253.26 -~ - -
PES-MW-8D August-00 292.94 753-853 Lower-Fluvial 39.90 253.04 - - -
November-00 292.94 753-853 Lower-Fluvial 40.95 251.99 - - -
February-01 292.94 753-853 Lower-Fluvial 41.13 251.81 - - -
August-01 292.94 753-853 Lower-Fluvial 40.36 252.58 - - -
January-02 292.94 753-853 Lower-Fluvial 39.83 253.11 - - -
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TABLE 4.1 (Continued)
SUMMARY OF GROUNDWATER ELEVATIONS
NSA MID-SOUTH SITE N-6

MILLINGTON, TENNESSEE
Top of Casing Screened Depth to Groundwater Depth to Oil Comrected Water
Elevation Interval Straligraphic Water Elevation Oil Thickness Elevation”
Identification Date (feet ams)” (feet bgs)” Interval (feet) (feet amsl) (feet) (feet) (feet amsl)

007G15UF August-00 029291 40.0 - 50.0 Upper-Fluvial 39.18 253.73 - - -

November-00 292.91 40.0 - 50.0 Upper-Fluvial 40.44 252.47 - - -

February-01 292.91 40.0 - 50.0 Upper-Fluvial NM NM - -- -

August-01 292.91 40.0 - 50.0 Upper-Fluvial 39.58 253.33 - - -

January-02 292.91 . 40.0-50.0 Upper-Fluvial 39.05 253.86 -~ - --

007G1SLF August-00 293.36 90.0-100.0  Lower-Fluvial 40.24 253.12 - - -

November-00 293.36 90.0-100.0  Lower-Fluvial 41.45 251.91 - - -

February-01 293.36 90.0-100.0  Lower-Fluvial 41.42 251.94 - - -

August-01 293.36 90.0-100.0  Lower-Fluvial 40.61 252.75 - - -

January-02 293.36 90.0 - 100.0  Lower-Fluvial 40.09 253.27 - - -

007G12LF July-00 288.78 79.10-89.10  Lower-Fluvial 38.38 250.40 - - -

July-01 288.78 79.10-89.10  Lower-Fluvial 40.13 248.65 - - -

007GI13LF July-00 292.96 65.20-75.20  Lower-Fluvial 38.50 254.46 - - -

July-01 292.96 65.20-75.20  Lower-Fluvial 39.81 253.15 - - -

007G14LF July-00 296.43 85.30-95.30 Lower-Fluvial 41.75 254.68 - - -

July-01 296.43 85.30-95.30  Lower-Fluvial 43.05 253.38 -- - T -

007G24MF July-00 289.06 60.00-70.00 Middle-Fluvial 3117 251.29 - - -
. July-01 .289.06 60.00-70.00  Middle-Fluvial 39.37 249.69 - - - '
007G25MF July-00 289.97 71.50-81.50  Middle-Fluvial 38.91 251.06 - - - . :

July-01 289.97 71.50-81.50  Middle-Fluvial 40.58 249.39 - — -

007G26MF July-00 290.13 60.00-70.00  Middle-Fluvial 39.20 250.93 - - -

July-01 290.13 60.00-70.60 Middle-Flavial 40.87 249.26 - - -

007G49LF July-00 . 289.68 56.5-96.50 Lower-Fluvial 38.80 250.88 - - -

July-01 289.68 56.5-96.50  Lower-Fluvial 40.49 249.19 - - -

¥ Groundwater potentiometric elevation corrected for the presence of oil using an oil specific gravity of 0.92.

¥ feet amsl indicates elevation in feet above mean sca level.

 feet bgs indicates depth in feet below ground surface.
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treatment zone also is toward the north-northwest. This suggests that the apparent
mounding of the potentiometric surface observed in November 2000 near injection wells
may be due to seasonal effects, and that the hydraulic gradient in the treatment zone still
remained relatively flat in spite of any changes (i.e., decrease) in hydraulic conductivity

as a result of the vegetable oil injection.

Table 4.2 presents the results of pre-injection aquifer testing and estimates of
groundwater seepage velocity. The geometric mean for hydraulic conductivity values
measured in the upper fluvial zone was 7.1 ft/day (2.5E-03 cm/sec), while the geometric
‘mean for the hydraulic conductivity values measured in the lower fluvial zone was 9.0

ft/day (3.2E-03 cm/sec).

Aquifer test data collected during the January 2002 process monitoring event 