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SECTION 1

INTRODUCTION

This report was prepared by T.H. Wiedemeier & Associates, lnc. (THWA) for the Twigg
Corporation (Twigg). It presents an assessment of the ability of natural attenuation to reduce the
concentrations and mass of chlorinated aliphatic hydrocarbons (CAHs) detected in soil and
groundwater beneath, and downgradient from, the Twigg manufacturing facility (the Site)
located at 659 East York Street in Martinsville, Indiana (Figures | through 4; 39°25°03'N, 86 °
25°14’W) and to facilitate Site remediation. For the purposes of this report, the “Site” refers to
the entirety of the area impacted by operations at the manufacturing facility located at 659 East
York Street, including those areas not owned by Twigg. The term “facility™ is used to specify
the area owned by Twigg whereupon and wherein manufacturing occurs. The term “study area™
1s used to indicate the entirety of the area over which data has been collected to assess conditions
at the facility and the Site.

This report and the evaluation presented herein are based on historical data made available to
THWA and the results of mission-specific groundwater sampling events conducted in April
2010, September 2010, and January/February 2011. These sampling events are described in
Section2. They involved the collection of groundwater elevation, groundwater quality,
geochemical, microbiological, and compound-specific isotope data necessary to assess the
efficacy of natural attenuation and bioremediation at the Site.

As used throughout this report, monitored natural attenuation (MNA) refers to a management
strategy that relies on naturally-occurring mechanisms to reduce contaminant concentrations in
soil and groundwater to levels that do not threaten human health or the environment (United
States Environmental Protection Agency [USEPA], 1999). Mechanisms of natural attenuation
include degradation by indigenous microorganisms and abiotic chemical transformations, as well
as physical processes such as dispersion, dilution from recharge, sorption, and volatilization.
Because biodegradation (intrinsic bioremediation} and abiotic degradation are the principle
mechanisms that remove contaminant mass from the terrestrial subsurface under ambient
conditions, much of this report focuses on the evaluation of these processes. 1n addition, because
biodegradation is such an important component of natural attenuation and can be an effective
remediation approach on its own, THW A was originally tasked to help evaluate the efficacy of
enhanced bioremediation at the Site. Because of the factors discussed in this report, specifically
the likely generation of vinyl chloride (VC) as a degradation product of cis-1,2-dichloroethene
(cis-1,1-DCE), it is concluded that enhanced bioremediation would potentially increase the risk
posed by constituents found in groundwater at the Site.

W
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1.1 SITE LOCATION

The Site is located near the southeastern edge of Martinsville in the southeast and northeast
quarter of the southeast quarter of Section 4, Township 11 North, Range 1 East (Washington
Township), Morgan County, Indiana (Figure 1}). The Twigg facility and the neighboring
Harmon-Motive facility are the only industrial sites in a primarily residential neighborhood.

The Twigg facility includes an approximately 75,000 square foot main building and two small
storage buildings to the east of the main building (Figures 2 and 4). The site includes a lawn area
to the west, two unoccupied residences and the former waste storage area (FWSA) to the south.
The area east of the main building is a paved parking lot.

1.2 PURPOSE AND SCOPE

The primary objective of this report is to evaluate the efficacy of MNA as a remedial option
for groundwater impacted by volatile organic compounds (VOCs) at the Site. This objective was
accomplished by:

e Reviewing previously reported hydrogeologic and soil and groundwater quality data
for the site, including data collected to evaluate the efficacy of the upgradient
enhanced bioremediation pilot-testing system;

e Conducting groundwater sampling events to collect specialized data useful for
evaluating natural attenuation and enhanced bioremediation. Personnel from Bruce
Carter Associates, Inc. (BCA) collected these data;

e Developing an understanding of the shallow saturated zone, including the current
distribution of contaminants and degradation products and the distribution of
geochemical and molecular biological parameters, and;

e Evaluating site-specific data to aid in the quantification of natural contaminant
attenuation processes that are occurring in groundwater at the site.

The work presented herein was completed to determine the relative importance of
mechanisms of natural attenuation and to determine if these processes are sufficient to minimize
VOC plume expansion and ultimately remediate the solute plume. This work does not include
an analysis of the risk associated the use of MNA (or any remedial alternative) to remediate Site
contaminants. Instead, it presents a determination of whether or not natural contaminant
de gradation is occurring to determine if natural attenuation is working to reduce the amount of
contaminant mass in the subsurface. It is THWA’s understanding that BCA has completed work
to evaluate the risk associated with the Site. The results of the work presented in this report, in
conjunction with the risk analysis completed by BCA should be used to develop the best
remediation approach for this Site. Factors including risk, cost, short and long term
effectiveness, and public and State acceptance should be considered when selecting the final
remedy for this Site.

W
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1.3 REPORT ORGANIZATION

This report contains ten (10} sections including this introduction (Section 1). Figures, and
tables are included at the end of the report. Section 2 presents the site background and history.
Section 3 summarizes the physical characteristics of the study area including site geology and
hydrogeology. Section 4 describes the nature and extent of soil and groundwater contamination
at the site. Section 5 presents an overview of natural attenuation. Section 6 presents an analysis
of contaminant and degradation product and compound-specific isotope data. Sections 7 and 8
present analyses of geochemical and molecular biological data, respectively. A summary of
significant observations and conclusions and recommendations are provided in Section 9 and
references are provided in Sectionl0.

1.4 LIMITATIONS

This document was prepared by Mr. Todd Wiedemeier, a registered Professional Geologist.
The work described herein was conducted in accordance with generally accepted professional
engineering and geologic practice. No other warranty exists, either expressed or implied.

In addition to observations made by THWA personnel, this document incorporates Site
conditions observed and described by others as reported in records available to THWA as of the
date of document preparation. THWA relied, in part, on such data collected by others in the
development of interpretations about environmental conditions at the Site. The accuracy,
precision, or representative nature of data originally generated by others could not be
independently verified by THWA, and such verification would be beyond the scope of this
project.

The passage of time may result in changes to Site conditions, technology, or economic
conditions that could alter the findings and/or recommendations of the document.

1-3 WIEDEMEIER
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SECTION 2
SITE BACKGROUND AND HISTORY

This section presents a discussion of the history of the Site. This discussion includes a brief
discussion of the operational history of the Twigg manufacturing facility property, a history of
the environmental site characterization activities at the Site, and a discussion of remediation
operations completed to date.

2.1 OPERATIONAL HISTORY OF THE TWIGG MANUFACTURING
FACILITY PROPERTY

Sanbom fire insurance maps, city directories and historical aerial photographs were reviewed
to help determine site history (BCA, 1999). The southeast quarter of the main Twigg building
was first constructed and operated prior to 1916 as the CG Chase Foundry and Machine Shop.
The two small buildings to the east of the main building (Figure 2) were constructed between
1916 and 1942. The three buildings were variously operated as wood fumiture factories, a wire
gate factory, an aluminum fabricator (storm doors and windows), a vehicle repair shop, a
warchouse and a heating and cooling contractor. Twigg Corporation (under a previous owner)
first occupied the main building in the 1960's and took over the two small eastern buildings after
1978.

2.2 PREVIOUS SITE INVESTIGATION AND REMEDIATION
ACTIVITIES

Numerous investigations have been conducted to trace the history of waste disposal activities
at the site and to delineate areas of soil and groundwater contamination. In addition, actions
have been taken to remove the source of continuing groundwater contamination. These activities
are summarized in the following sections.

2.2.1 Site Investigation at the Twigg Manufacturing Facility

Twigg fabricates metal alloy parts for the aerospace industry. Its process formerly included
vapor degreasing of metal parts with chlorinated solvents. The Indiana Department of
Environmental Management Office of Solid and Hazardous Waste Management
(IDEM/OSHWM) inspected the (then current) hazardous waste accumulation storage area
(Figures 2, 3, and 4) in 1991 and issued a letter of violation requiring that soil and groundwater
sampling be conducted. Since that time, the following has occurred:

W
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Natural Attenuation Evaluation Section 2
Twigg Manufacturing Facility Site Description and History

1991 — 1992: Soil sampling was conducted by Twigg in 991 and 1992. This
sampling confirmed the presence of tetrachloroethene (PCE) in the soil in the former
waste storage area (FWSA).

Two reports dated January 8 and June 8, 1992 were prepared for Twigg by Alt & Witzig
Engineering, Inc. of Indianapolis (Alt and Witzig Engineering, Inc, 1992a and 1992b)
and were submitted to IDEM/OSHWM. The reports discuss investigations in [991-1992
that included I5 borings to depths of 16 to 20 feet in and around the FWSA. Soil samples
were collected continuously and field screened for VOCs, with eleven being analyzed for
VOCs. The investigations confirmed the presence of PCE in shallow soils in the FWSA
and in soil near the water table (approximately 8 to 20 feet, BGS) beyond the FWSA.

1993: Farlow Environmental Engineers, Inc. (now Bruce Carter Associates, LL.C. -
BCA) was requested to prepare a work plan for an investigation of the extent and
magnitude of contaminants associated with the former waste storage area (FWSA).
The Work Plan was approved by IDEM in 1994, and the investigation was conducted
from 1994 to 1998.

1997: Twigg filed an application with the IDEM/Office of Environmental
Response/Voluntary Remediation Program (VRP) in 1997, and the Voluntary
Remediation Agreement (VRA) was signed in September, 1997.

1998: The Phase 1l Investigation Report was submitted to IDEM for review October
30, 1998, and comments on the report were received from Radian Corp (contract
reviewer for VRP) in February, 1999.

A report dated October 31, 1998 was prepared by BCA for Twigg and was submitted to
IDEM (BCA, 1998). The investigation confirmed the presence of CAHs and metals-lead
(Pb), chromium (Cr) and cadmium (Cd) in the FWSA. The metals were limited to the
shallow soil in the FWSA and are below Tier Il clean-up goals. The CAHs were found
primarily in soil near the water table and in the groundwater. The CAH plume in the
groundwater extends around the Twigg site and downgradient (west) about one-half mile.
The CAHs include tetrachloroethene (PCE), 1,1,1-Trichloroethane {1,1,I-TCA) and their
degradation products including trichloroethene (TCE), cis-1,2-dichloroethene (cis-1,2-
DCE), 1,1-dichloroethene (I,1-DCE), 1,1 -dichloroethane (1,1-DCA), and chloroethane
(CA). BCA, (1998) details the results of this investigation.

Radian Comments and BC A Response

Dames and Moore/Radian Corp submitted comments on the 1998 Phase 11 Investigation
Report. BCA responded to these comments in a letter dated March 11, 1999 and provided
several clarifications (BCA, 1999c).

1999: Additional investigation was performed in 1999, and an Addendum to the Phase
II Report was submitted in August, 1999. The initia]l portions of a remediation system
began operation in the FWSA on November 3, 1999.

W
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Natural Attenuation Evaluation Section 2
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BCA performed investigations in 1999 in response to Radian comments regarding the
1998 Phase 11 Report. The results were summarized in an addendum report dated August
4, 1999 (BCA, 1999a). The investigation confirmed the presence of secondary sources of
CAHs beneath the Twigg main building. The investigation also defined the vertical and
horizontal limits of the plume at several locations.

Private Wells Survev: A door-to-door survey of residences located in the neighborhood
within and near the groundwater plume was conducted by IDEM and BCA staff to
identify any residences with private wells. The results of the survey are summarized in a
letter to D. Ridley in December, 1999 (BCA, 1999d).

e 2000 - 2009: Numerous groundwater and soil sampling events have occurred over the
period from 2000 to the present. During this time VOC and geochemical data were
collected. In addition, several remediation systems and remediation pilot testing
systems have been installed and operated, as described in Section 2.2.2.

e 2010 — Molecular biological data were collected for groundwater to help assess the
efficacy of enhanced bioremediation. The results of this work showed that if
sufficient carbon were added, then the toxic byproduct VC would likely be produced.

e 2011 — A round of data collection occurred for all Twigg monitoring wells (i.e., MW-1
- MW-19, the PBW series wells, and the PMW series wells) to provide a baseline data
set for the amalysis of MNA. Data collected included (VOCs; Tables 9 and 10),
compound-specific isotope analyses (CSIA; Table 12) geochemical data (Table 13),
and microbiological laboratory data (Table 14).

2.2.2 Remediation Activities at the Twigg Manufacturing Facility

Since November 1999, several remediation systems and remediation pilot testing systems
have been installed and operated. Figure 4 shows the layout of the remediation systems installed
on Twigg property. The following is a summary timeline of remediation activities at the Twigg
facility:

e 1999 — Soil vapor extraction (SVE) system installation and start-up (November)
e 2000 — Expansion of SVE to current configuration

e 2004 — Installation and start-up of ozone-sparging system

e 2004 - Installation and start-up of On-site Bioremediation Pilot

e 2006 — Installation and start-up of Leading Edge Bioremediation Pilot

e 2008 - Termination of bioremediation pilot tests & ozone-sparging,

e 2008-2009 — Vapor intrusion studies

e 2009 - Installation of two vapor intrusion mitigation systems

e 2010 - Post- vapor intrusion mitigation sampling

e 2010 — Compound-specific isotope and microbiological evaluations
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The Remediation Work Plan (RWP) was submitted to IDEM for review on December 17,
1999. The remediation system outlined in the RWP includes a soil vapor extraction system
(SVE) and ozone sparging system for the on-site source areas and bioremediation in the off-site
down gradient areas. The on-site SVE system was installed and began operation in 1999 per the
RWP, though the system was expanded beyond the original proposed design. The initial on-site
ozone sparging system was installed and began operation in 2004. The off-site bioremediation
components involved more input and coordination with 1DEM, local govermnment (for right-of-
way access), and the local community. A pilot test for the bioremediation system was installed
on Twigg property, and began operation in 2004. The bioremediation system operated until late
September, 2005 and then was monitored through the spring of 2006. The system was restarted
in June 2006 with a change in nutrient feed. This system ran until May 2008. A second,
separate, bioremediation pilot test was started in August, 2006 near the leading edge of the
plume at MW-8.

2.2.2.1 Soil Vapor Extraction System Operation

A single soil vapor extraction (SVE) well (VEW-1) and a SVE equipment shed were installed
in the Former Waste Storage Area (FWSA). This system began operation on November 3, 1999.
The system was expanded to three vapor extraction wells in December, 1999. A pilot test was
conducted in January, 2000 to determine the radius-of-influence (ROI) of the SVE system under
various operating conditions. A soil gas survey was conducted in February, 2000 to evaluate the
extent of CAHs, principally PCE, in the capillary fringe downgradient of the FWSA which might
be removed by SVE.

The RWP proposed the expansion (Phase I} of the SVE system to include secondary CAH
source areas located under the Twigg facility. Based on the results of the February, 2000 soil gas
survey, Phase 1l of the SVE system was expanded to include the area up to 200 feet
downgradient of the FWSA (Figure 4). Based on the established ROI, Phase 1l was designed to
maximize coverage of the SVE system in the affected areas on the Twigg site outside the FWSA.
Six additional vapor extraction wells (VEW-4 through VEW-9)} were installed and began
operating in May, 2000, ahead of the schedule proposed in the RWP (Figure 4). The expanded
SVE system has operated with only minor changes since May, 2000.

The SVE system operated continuously from 1999 through the present with the exception of
periods of shut-down due to maintenance, high groundwater levels and/or to protect the system
from winter freeze damage. The system was shut down for 2 months in 2000, 2 months in 2001,
¥ month in 2002, 8 months in 2003 1'% months in 2004, 8 months in 2005, and 4% months in
2006. The extended shut-down periods in 2003 and 2005 were due in part to high water levels
and the resultant low PCE removal rate and increased stress on the equipment (BCA, 2007).

Based on the monitoring of SVE stack emissions, the cumulative mass of PCE and 1,1,1-TCA
removed by the SVE system became asymptotic by the end of 2002 at about 1,450 pounds of
PCE and just over 110 or so pounds of 1,1,1-TCA (Figure 5; BCA, 2007). The stack gas
concentrations fell from an initial measured level (from the FWSA only) of 507 ppm CAHs on
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November 3, 1999 to a measured level (from the entire area) of 4.8 ppm on September 7, 2000.
Stack gas concentrations have declined slowly since then with concentrations estimated at 2.7
ppm PCE in September, 2002 (for the entire area), 0.4 to 0.7 ppm in 2003 (prior to mixing with
bleed air), 0.24 ppm in 2004, and estimated at 0.0 to 0.24 ppm in 2005-2006. Total CAH
removal decreased from an initial rate of approximately 80 pounds per day in November, 1999 to
0.6 pounds per day in September, 2000. From 2000 to 2002 rates varied from 0.34 pounds per
day to 0.71 pounds per day (10 to 20 pounds per month}), except in Spring 2002 when rates fell to
zero due to high water levels. In 2003 the CAH removal rates varied from 0.06 lbs/day to 0.09
Ib/day (1.8 to 2.7 Ibs/month) and in 2004 the rates varied from 0.03 to 0.05 lbs/day (0.9 to 1.5
Ibs/month). For the time period 2005 through 2006 CAH removal rates were estimated at 0.00 to
0.05 lbs/day (0.0 to 1.5 1bs/month) (BCA, 2007).

2.2.2.2 Ozone Sparging

The ozone-sparging system was designed and installed in early 2004. The compressor/ozone
generator/controls were placed in the existing remediation shed. Six sparge points were drilled
in the upgradient side of the primary source areas (Figure 4} to depths of 45 feet (SP-1, SP-2 and
SP-3) and 30 feet (SP-4, SP-5 and SP-6). The system was designed to inject a mixture of ozone
and air into the groundwater at each sparge point for about 10 minutes every 80 minutes. The
principal mechanism of CAH removal is direct oxidation (Criegee oxidation) of the organic
compounds. The operation is reported to be more effective (relative to the operating time) when
pulsed (operation rotated across several wells) than when used continuously (BCA, 2007).

The system was started up on April 15, 2004 and operated about 20% of the time during the
start-up phase through September 15, 2004. The system was monitored in the shed and at the
sparge point well heads for leaks and pressure in the system. Various adjustments were made,
including repairing one leak and disconnecting one of the sparge wells (due to a break in the
line) and operation improved to about 50% from September 15 to the end of 2004. The system
remained at about 50% capacity for most of 2005.

In early 2006, leaks were detected in lines 1, 3, 5, and 6. In mid-2006, attempts were made to
pull one of the sparge lines (SP-3) out of the protective outer tube to try to replace the leaking
line. A leak in line 2 was detected late 2006. Lines 1, 2, and 6 were repaired and returned to
operation. As of the end of 2006, total operating hours of the ozone generator & compressor
were approximately 7000 hours.

In 2006 a new sparge line, connected to circuit 3, was run to a holding tank outside the SVE
shed. This tank was added to store and treat groundwater purged from monitoring wells around
the site. Samples of the stored purge water have been analyzed prior to discharging to the
sanitary sewer. Lab results showed no detection of any analytes in the treated purge water. The
ozone sparging system was shut down in May 2008.

The impact of the ozone sparging system for remediation of CAHs was likely minimal and
only effective for the area immediately surrounding the injection wells. This is because the
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ozone sparging points were located some 350 feet upgradient from the center of mass of the
ethene solute plume (near MW-4) and some 1,600 feet upgradient from the center of mass of the
main ethane solute plume (near MW-6). Ozone is only stable in groundwater for minutes to
hours after injection (USEPA, 2006) so the area of influence would be measured in units of
several to tens of feet at best.

2.2.2.3 Bioremediation Pilot Testing

Bioremediation pilot testing was conducted in two discrete locations at the Site to determine if
biodegradation could be stimulated through the addition of carbon and other substrates.

2.2.2.3.1 Upgradient Bioremediation Pilot Testing

This pilot test was installed in 2004 on the Twigg property downgradient of the FWSA
(Figure 4). One injection, one extraction and four monitoring wells were installed in the pilot
test area (Figure 4). Afer start-up and equipment adjustments, nutrient feed injection began on
October 7, 2004. The nutrient feed target concentrations were 3 millimolar (mM}) butyric acid
(264 mg/), 20 mg/l yeast extract and 0.05 mg/l vitamin B12 (cyanocobalamine). The butyric
acid based feed was discontinued in September 2005 to evaluate results and to prepare for a
nutrient feed stock change.

In }une 2006, the recirculating bioremediation cell was restarted with modified nutrient feeds:
molasses, yeast extract, and magnesium sulfate (Epsom salts). The target range was an initial
concentration of 3,000 to 4,000 mg/L of sulfate, 3,000 to 4,000 mg/L of molasses and 2-5 mg/L
of yeast extract in the cell.

The system ran continuously from June, 2006 through the end of the year, except December
19-22, 2006, when the system was shut down to replace the injection well. Based on the results
of the monthly groundwater sampling at wells PMW-1, PMW-18S, and PBW-2, the nutrient feed
rate was adjusted several times to maintain the target concentrations in the cell. PBW-1 (the
injection well} became clogged due to biofouling or precipitation of iron sulfide in the formation
immediately adjacent to the well screen. The well was replaced in December (PBW- 1R} after
several attempts to clear the well screen failed. This pilot test was discontinued in May 2008.

2.2.2.3.2 Downgradient Bioremediation Pilot Testing

Monitoring well MW-8 is located approximately 2,000 feet west of the FWSA and is the
primary well for monitoring if migration of the chlorinated ethane plume is occurring at the
leading edge. CAH concentrations in MW -8 showed indications of an increasing trend through
2007. Since July 2007, concentrations of 1,1,1-TCA have remained fairly constant. In addition
to the 1,1,1-TCA observed in MW-8, 1,1-DCE concentrations as high as 31 pg/L were detected
in this well in October 2007, a sampling event which gave unusually high concentrations in wells
across the Site. Since that time, the 1,1-DCE concentration has fallen to 18.7 pg/L, which is
consistent with concentrations of 1,1-DCE observed in this well over time (Table 9; Section 4) .
Therefore, Twigg requested that BCA begin implementation of methods to remediate or control
migration at the leading edge of the plume.
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Prior to installing a pilot system at the leading edge, four groundwater probes were installed
(May, 2006) nearby to evaluate whether the geometry of the plume had changed. Two probes
(FP-46 and FP-47) were placed near the projected limit of the plume (1 pg/L) based on probes
installed nearby in 1999. No CAHs were detected in the probes, indicating that no lateral cross-
gradient expansion of the plume had taken place. Probes FP-12A and FP-12B were placed at
MW-8 to evaluate whether the vertical shape of the plume had changed. The laboratory results
for FP-12A (28-32") confirmed that no CAHs are present at the top of the aquifer and the results
for FP-12B (60-64") confirmed that concentrations remain unchanged at depth (Table 10).

While the pilot system at the Twigg property is evaluating remediation of a plume consisting
primarily of PCE, the leading edge consists primarily of 1,1,1-TCA and degradation products
1LI-DCA, LLI-DCE and CA. Therefore, a separate pilot test was initiated to evaluate
bioremediation method at the leading edge. Two wells (PBW-3 and PBW-4)} were installed 10
feet apart and about 15 feet upgradient of MW-8 with 20-foot well screens set to bracket the 10-
foot well screen in MW-8. Groundwater was pumped directly from PBW-4 to PBW-3 through a
closed system and nutrients were injected directly into the circulation line. The purpose was to
create a large well-mixed roughly cylinder-shaped volume of amended groundwater that would
pass through MW-8. In addition to a carbon source (molasses} and trace nutrients (yeast
extract), emulsified vegetable oil was added to provide an extended carbon (electron donor)
source. The groundwater was circulated between the wells (PBW-3 and PBW-4) for 12 hours.
The feed rates and amounts were calculated to create a volume of amended groundwater
approximately 12 feet in diameter and 20 feet thick with 2,400 mg/L molasses, 280 mg/L edible
oil (emulsified), 4 mg/L yeast extract, and 2,000 mg/L sodium bromide. Injection occurred three
times; in August 2006, March 2007, and August 2007.

2.23 Activities at Former Harmon-Motive Property

A report dated September 6, 1996 prepared by Heritage Environmental Services, Inc. was
provided to Twigg by Harman-Motive (Harman) and was reportedly submitted to IDEM (HES,
1996). The report summarizes groundwater investigation results and delineates the extent and
magnitude of chlorinated and non-chlorinated VOCs on and near the Harman facility. The
CAHs in the Harman plume include PCE, 1,1,1-TCA, and their degradation products. The
Harman data indicate that a groundwater plume of CAHs is present on its site. This plume may
adjoin the Twigg plume, but it does not significantly overlap it. Harman began remediation of
the plume in 1996, utilizing soil vapor extraction, air sparging and nutrient enhancement.
Further information on the plume is included in Section 3.5 of BCA (1999).
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SECTION 3
SITE GEOLOGY AND HYDROGEOLOGY

The following sections describe the physical characteristics of the Site as detenmined from
historical reports. Data and information from BCA (1998, 1999a, 1999b, and 2007) groundwater
sampling that occurred during 2010 and 2011, and data supplied by BCA were used to determine
the physical characteristics of the site.

3.1 SITE TOPOGRAPHY AND SURFACE WATER HYDROLOGY

As estimated from the U.S. Geologic Survey Martinsville Quadrangle Map, the elevation of
the site and the neighboring areas is approximately 60545 feet above mean sea level (R msl). A
survey of the monitoring wells on and west of the Twigg site indicates ground elevation varies
from approximately 602.9 R msl at MW-5 to 606.6 R msl at MW-7 (Figure 3 and Table 1). The
topography of the neighborhood is essentially level. Surface drainage from the site is to the
southeast approximately 1,500 feet via stonn sewers to Sartor Ditch, which flows 1.5 miles
southwest to Indian Creek and then to the White River.

Two small lakes and Nutter Ditch (Figure 1) are approximately one mile downgradient (west)
of the site. The lakes are former gravel pits, which (based on interviews with long-time
residents) have been inactive for 20-30 years. They have little or no drainage basins and likely
have little impact on groundwater flow. Nutter ditch is continuous and likely drains groundwater
during high water table periods or possibly all of the time. Active gravel pits are located on the
east bank of the White River and may be downgradient of the site.

3.2 REGIONAL GEOLOGY AND HYDROGEOLOGY

Soil near the site consists of Martinsville loam which is characterized as nearly level, deep,
well-drained soil on outwash plains (USDA,1981). The soil is typically a brown loam underlain
by a clay loam and a sandy loam to a depth of approximately five feet.

Underlying soils near the site are Holocene age alluvial deposits of sand, gravel and silt, and
Wisconsinan age outwash deposits, chiefly of sand and gravel (IDNR, 1989). Unconsolidated
deposits near the site are reported to a depth of approximately 100 feet (INDR, 1983) below
ground surface and are underlain by Mississippian Age Borden Group siltstone and shale (INDR,
1987 and USGS, 1994). Well logs obtained from the IDNR for Martinsville show primarily sand
and gravel deposits to depths of approximately 100 feet underlain by shale bedrock. Several logs
also identify isolated layers of fine grained material within the sand and gravel. This stratigraphy
is consistent with what has been observed at the site as shown by Figures 6 and 7.
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3.3 SITE GEOLOGY

Figures 6 and 7 show hydrogeologic cross-sections for the Site. The locations of these cross-
sections are shown on Figure 3. Figure 6 is located along the centerline of the plume, parallel to
the direction of groundwater flow. Figure 7 is oriented perpendicular to the direction of
groundwater flow. Investigations conducted by BCA found that a layer of finer-grained soil
(typically silty sand, but also clayey sand and some sandy lean clay or silt) occurs near the
surface. The ground surface in the area is covered with pavement (roads and parking lots),
buildings, topsoil/grass and gravel (FWSA). The surficial silty sand/sandy silt layer varies in
thickness from zero to approximately 12 feet and is generally 6-10 feet thick.

During the Phase 1l Investigation one boring (MW-6) west of Twigg was extended to 101.5
feet and encountered clay at 100 feet and shale at approximately 101 feet BGS. Soils overlying
the bedrock were found to be predominantly well graded to poorly graded fine to medium sand
with trace to litdle fines and gravel. Sand and gravel layers were identified at MW-6 and MW-8
at approximately 45-50 feet and at MW -6 at approximately 70-96 feet BGS. At MW-1 a layer of
silt with little clay and little to some fine sand was found at 75 feet to termination of the boring at
81 feet BGS. A layer of silty sand was also identified at MW-1 at approximately 55 to 60 feet
BGS.

The aquifer beneath the site is part of a surficial sand and gravel aquifer which extends
throughout the White River Valley. These sand and gravel deposits extend approximately one
mile north, south and east of the site. The aquifer is hydraulically connected to (and fed by)
buried aquifers to the east and drains to the White River located 2.4 miles west of the site.
Typical hydraulic conductivities for the regional aquifer are 8x107 to 5x10" cm/sec (USGS,
1994). The water table is commonly within ten feet of the surface in the valley.

3.4 SITE HYDROGEOLOGY

The following sections present an overview of the hydrogeology of the site.

3.4.1 Groundwater Flow Direction and Gradient

Table 1 presents well completion details for the Site including northing and easting
coordinates and elevations for ground surface, top of casing (measurement datumy}, top of well
screen and base of well screen. Table 2 presents historical groundwater level measurements and
vertical gradient calculations. Table 3 presents horizontal gradient calculations. Table 4
presents historic precipitation data for weather station Martinsville 2 SW (COOP 1D = 125307;
39°24°N, 86 ° 27°W) which is located near McDaniel’s Field airport, about 2 miles southwest of
the Site. Groundwater at the Site has fluctuated a maximum of 5.2 feet over the period of
measurement (1994-2011) in MW-1S (Table 2). This is consistent with other wells at the Site,
the majority of which exhibited fluctuations on the order of 4.5 to 5 feet over the period of
observation (Table 2). Figure 8 presents precipitation data versus time for Martinsville 28W.
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Figure 9 presents plots of groundwater table elevation versus time for selected wells along the
groundwater flowpath. The highest water table elevations over the period of measurement
occurred in June 1998 and June 2008. Both of these dates corresponded to months with large
amounts of precipitation, with June 2008 having the largest amount of precipitation over the
period of observation (Figure 8). The lowest water table elevation over the period of
measurement occurred in January 2011.

3.4.1.1 Water Table Elevation and Horizontal Gradient Calculations

Figures 10, 11, and 12 present water table elevation maps for May 2008, November 2008, and
January/February 2011, respectively. These figures show that the groundwater flow direction is
primarily to the west, with a slight southerly component at times. Tables 2 and 4 and Figure 9
show that these figures represent periods of both near-maximum (May 2008) and minimum
(January/February 2011} observed water table elevation. Table 3 presents horizontal hydraulic
gradient calculations roughly parallel to the groundwater flow direction for various times.
Presented in this table are the maximum (0.0027), minimum (0.0020), and average (0.0025})
gradients along the groundwater flowpath from well MS-1S to MW-8. As shown by Table 3, the
observed horizontal component of the gradient shows little variation.

3.4.1.2 Vertical Gradient Calculations

Several pairs of nested wells are present at the Site including MW-1S/MW-1D, MW-6/MW-
6D, and MWI10S/MW-10M. Vertical gradients for each well pair were calculated and the results
of these calculations are presented in Table 2. Wells MW-1S/MW-1D are located in the FWSA
and are screened at 7-17 feet and 50-60 feet bgs, respectively. Where water level measurements
were made on the same day, a slight upward gradient was observed to be present at this location,
varying from 0.0056 to 0.0005. The vertical gradient at well pair MW-10S/MW-10M, located
just north of the FWSA, was observed to be both upward and downward over the period of
measurement, with a slightly downward gradient predominating (Table 2). The vertical gradient
at well pair MW-6/MW-6D is consistently slightly downward with a vertical gradient varying
between 0.0003 and 0.001. The disposition of the solute plume (Section 4) suggests that the
overall vertical gradient at the Site is slighdy downward.

3.4.2 Hydraulic Conductivity (K)

Constant head permeability tests were performed on eight of the nine monitoring wells during
the investigation conducted by BCA (BCA, 1998). The data were evaluated by the method of
Bower and Rice (1976} and by the method of Hvorslev (1951). The results are summarized in
Table 5, are typical of the sandy material at the Site, and exhibit a fairly narrow range of values.
Using the method of Bouwer and Rice (1976), the hydraulic conductivity across the site varies
from 2.6x10” cmv/sec and 1.34x10™" em/sec with a geometric mean of 1.89x107 ecm/sec. Using
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the method of Hvorslev (1951), the hydraulic conductivity across the site varies from 1.01x10
* em/sec and 7.3x107 cmvsec with a geometric mean of 2.88x107 cm/sec. These values for
hydraulic conductivity are in line with those presented in USGS (1994) for this aquifer which
vary between 5x10"' cm/sec and 8x10° cm/sec. Based on the work of Brown et al. (1995), the
method of Bouwer and Rice gives better results than the method of Hvorslev. For the cases
studied, the Bouwer and Rice analysis was found to give good estimates of hydraulic
conductivity (K), with errors ranging from 10% to 100%. Brown et al. (1995) found that the
estimates of hydraulic conductivity using the method of Bouwer and Rice were consistently
superior to those obtained with Hvorslev's (1951) basic time lag method. In general, the Bouwer
and Rice method tends to underestimate the hydraulic conductivity, the greatest errors occurring
in the presence of a damaged zone around the well or when the top of the screen is close to the
water table. Thus, the Site-specific values of hydraulic conductivity as determined by BCA
(1999b) will be used for this evaluation.

3.43 Effective Porosity

As discussed in Section 3.3, the subsurface materials in which the solutes of interest reside are
predominantly well graded to poorly graded fine to medium sand with trace to little fines and
gravel. Because of the difficulty involved in accurately determining effective porosity, accepted
literature values for the type of sediment comprising the shallow saturated zone were used.
Walton (1988) and Domenico and Schwartz (1990) as summarized by USEPA (1998) give a
range of effective porosity for fine to medium sand of 10 to 30 percent. A low effective porosity
comresponds with a higher computed groundwater seepage velocity. The aquifer matrix, as
determined from previous investigations, consists predominantly of poorly- to well-sorted fine-
to medium-grained sands with minirnal fines and gravel. As a representative value, an effective
porosity of 20 percent was assumed for the site.

3.44 Groundwater Seepage Velocity

The advective velocity of groundwater (seepage velocity) in the direction parallel to
groundwater flow is given by the relationship:

= K dH

V; = ———
n, dL
Where: Vi = Average groundwater seepage velocity (interstitial seepage velocity) [L/T]
K = Hydraulic conductivity [L/T]

dH
= = Gradient[L/L]
dL

n. = Effective porosity [dimensionless]
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Using this relationship in conjunction with the site-specific geometric mean hydraulic
conductivity of 53.61 ft/day and average hydraulic gradient (0.0021 f/ft), and an assumed
effective porosity of 20 percent, the average groundwater seepage wvelocity for the site is
calculated to be about 205 feet per year (ft/yr). Sensitivity analyses were conducted by varying
the value of hydraulic conductivity which is the parameter that tends to exhibit the most
variability and is the hardest to quantify. Table 6 contains groundwater seepage velocity
calculations. Using the maximum hydraulic conductivity value for well MW-8 of 193 ft/day and
the same hydraulic gradient and effective porosity, the maximum groundwater seepage velocity
was estimated to be about 740 ftYyr. Using the minimum hydraulic conductivity value for well
MW-9 of 7.37 fYday and the same hydraulic gradient and effective porosity, the maximum
groundwater seepage velocity was estimated to be about 28 ft/yr. Additional sensitivity analyses
were completed by varying the effective porosity. These calculations are presented in Table 6.

3.45 Retarded Solute Transport Velocity

Because of their hydrophobic nature, organic compounds tend to adsorb onto sediment
particles during transport in groundwater, causing their migration to be slowed or “retarded”
relative to groundwater flow. The difference between the velocity of the groundwater and that of
the contaminant is described by the coefficient of retardation, R, which is defined as:

"l

123

Where: R =coeflicient of retardation (dimensionless)
v. = average linear groundwater velocity parallel to groundwater flow [L/T]
v. = average velocity of contaminant parallel to groundwater flow [L/T]

The ratio w/v. describes the relative velocity between the groundwater and the solute.
Assuming that sorption is linear, and therefore is adequately described by the distribution
coefficient, the coefficient of retardation for an organic solute (for saturated flow) is given by:

R=1+2%
n

Where: R =coeflicient of retardation
o = bulk density
K. = dismbution coefficient
n = total porosity

This relationship expresses the coefficient of retardation in terms of the bulk density and
porosity of the aquifer matrix and the distribution coefficient for the contaminant. The
distribution coefficient is given by:

Ki=K.[L
Where: K. = distribution coefficient [LJIM]
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K. = soil sorption coefficient normalized for total organic carbon content [L*/M]
fe = fraction soil organic carbon (mg organic carbon/mg soil) [M/M]
g 2 Org; 2
Representative K. values for the major compounds present at the Site are given in Table 7

Combining the above equations gives:

V. pK
—_——] =
v i

Solving for the contaminant velocity, v, gives:

Vi

vf=

i+
i

No site-specific data for total organic carbon (TOC) concentrations in the aquifer matrix are
available. Based on the fluvio-glacial origin of the fairly homogeneous sands comprising the
shallow saturated zone and the observation that groundwater in areas that are not impacted by
VOCs generally contains dissolved oxygen, some at concentrations that are near saturation for
the temperature and barometric pressure at the Site, it is likely that ambient TOC concentrations
in the aquifer are low. Karickhoff (1981) present TOC concentration information for fluvio-
glacial deposits comprised of fine sand that range from 0.023 to 0.12 percent (fraction organic
carbon = 0.00023 to 0.0012, respectively). The same authors present TOC concentration
information for fluvio-glacial deposits comprised of medium sand to gravel that range from
0.017 to 0.065 percent (fraction organic carbon = 0.00017 to 0.00065, respectively). Based on
these numbers, the median value for fine sand (0.0715 percent) is considered the most

appropriate for use at this site.

Sediments such as those found at the site tend to exhibit a fairly narrow range of bulk density.
Walton (1988) presents bulk densities for sand ranging from 1.37 to 1.81 grams per cubic
centimeter (g/cm’). This is consistent with THWA’s experience for the types of sediments
present at the Site which, based on hundreds of laboratory analyses, have a bulk density on the
order of 1.65 g/cm’. Based on this, a bulk density of 1.65 glcm3 is used for the solute transport
velocities calculated herein. Walton (1988) presents total porosities ranging from 26 to 53
percent. A total porosity of 30 percent was assumed for the calculations presented in this report.
Although assumed values introduce uncertainty into the results of any calculation, they can give
a general picture against which actual plume behavior may be compared. Table 7 presents
estimated retarded solute transport velocities for the constituents found at the Site and potential
degradation products using the groundwater seepage velocity calculated using the selected
representative hydraulic parameters for the site (Table 6). The results indicate that retarded
solute transport velocities range from 102 f/yr for PCE to 203 ftyr for VC if a TOC
concentration of 0.007 percent is assumed.
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SECTION 4
NATURE AND EXTENT OF CONTAMINATION

This section describes the magnitude and extent of CAHs at the Site. Included in this
discussion are the eight (8) CAHs that have been detected in soil and/or groundwater in the study
area. These compounds include the chlorinated ethenes PCE, TCE, cis-1,2-DCE, VC, and 1,1-
DCE and the chlorinated ethanes 1,1,1-TCA, 1,1-DCA, and CA. Throughout this report, 1,1-
DCE, although a chlorinated ethene, is often discussed in conjunction with the chlorinated
ethanes because it is a degradation product associated with the abiotic dehydrohalogenation of
1,1,1-TCA and is not associated with the degradation pathways for chlorinated ethenes, wherein
the cis-1,2-DCE isomer is the predominant degradation product (Section 5). Tables 8, 9, and 10
summarize soil and groundwater data for CAHS.

4.1 SOIL CONTAMINATION

This section discusses the distribution of CAHS identified in soil in the vicinity of the Twigg
manufacturing facility over the period from 1994 through 1999. Table § presents available data
for chlorinated compounds in soil. In addition to the soil data collected from 1994 through 1999,
shallow soil data were collected in 2008. Based on the relative amounts of PCE and 1,1,1-TCA
found in soil, it appears that these were the primary constituents that entered the subsurface.
Low concentrations of TCE, cis-1,2-DCE, 1,1-DCE and 1,1-DCA were also found in soil but
based on their low concentrations and distribution (i.e., always associated with parent
compounds), these likely resulted from the degradation of PCE and 1,1,1-TCA (Sections 5
through 9). Based on available data, three general areas of soil contamination have been
identified (Figures 16 through 19). These areas include the area immediately below and
downgradient from the FWSA, the area just to the west of the main Twigg building, and an area
beneath Victory Park. Soil contamination associated with operations at the former Harmon-
Motive manufacturing facility is not considered in this report. There is no record of releases of
chlorinated solvents, therefore, it is probable that the soil and groundwater contamination
identified at and immediately downgradient from the Twigg property resulted from small
incidental spills and leaks in the FWSA and process losses in the building. The source of the soil
contamination found in the vicinity of Victory Park is not known.

No pooled nonaqueous-phase liquid (NAPL) was observed during site characterization
activities. The lack of pooled NAPL is further supported by the relatively low concentrations of
CAHs found in soil (highest concentration of PCE = 42 mg/kg and highest concentration of
1L1,1-TCA — 3.0 mg/kg Table 8). The data presented in Table 8 do however show that there was
some residual NAPL present in the shallow surface at the Site in the late 1990°s. Based on
steadily decreasing concentrations of chlorinated ethenes and ethanes in groundwater, it is likely
that concentrations of NAPL present in subsurface soils and sediments at the Site have also
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decreased over time through a combination of active remediation (Section 3) and natural
attenuation (Sections 5 through 9).

4.1.1 Former Waste Storage Area

The former waste storage area (FWSA) is an uncovered gravel area measuring approximately
65 feet x 70 feet and bounded by a 6-foot chain link fence on three sides (Figures 2, 3 and 4).
The fourth side is bounded by a concrete storage area for a hydrogen gas AST and an Argon gas
AST.

The FWSA was used to store hazardous wastes (PCE and TCA waste solvents and aqueous
acidic metal cleaning wastes) from at least the early 1980s (and possibly from the late 1960s)
until 1991 (BCA, 1999b). The wastes were stored in 55-gallon drums, which were transferred to
the area manually on drum carts or by forkliRt. The average and maximum number of hazardous
waste drumns stored in the FWSA is not known. Since the facility was (and is) a small quantity
generator of hazardous waste, it was restricted to a maximum of 6,000 kg (approximately 25
drums) of accumulation storage. However, hazardous waste manifests from the early to mid-
1990s typically show shipments of 5 to 12 drums including 1 to 3 drums of waste solvent. Since
the waste generating operations were unchanged from the 1980s to the early 1990s, accumulation
of hazardous waste drums was likely unchanged as well (BCA, 1999b). Thus, itis likely that on
average one or two drums of waste solvents were stored in the FWSA at any given time. 1tis not
known whether unused solvent drums were ever stored in the FWSA.

The FWSA was moved to the south storage building (small building east of the main
building) in 1991 wherein the waste drums were stored on spill containment pallets on a concrete
floor. Use of chlorinated solvents for degreasing at Twigg was phased out in the early to mid-
1990s and is believed to have been terminated in 1996 when the last waste solvent was shipped
off-site.

Figures 13, 14, and 15, prepared by BCA, show the extent of total aliphatic hydrocarbons
(chlorinated ethenes and ethanes) in soil at various depths in the vicinity of the FWSA.
Figure 16 shows the extent of chlorinated ethenes in soil at the depth of highest concentration
Figure 17 shows the extent of chlorinated ethenes in soil along the line of highest concentration,
which coincides with the centerline of the chlorinated ethene solute plume, parallel to the
direction of groundwater flow. Figure 18 shows the extent of chlorinated ethanes in soil at the
depth of highest concentration. Figure 19 shows the extent of chlorinated ethanes in soil along
the line of highest concentration, which coincides with the centerline of two of the three
chlorinated ethane solute plumes, parallel to the direction of groundwater flow.

As shown by Figures 16 through 19, and discussed in the next sections, the majority of
contamination found immediately below and downgradient from the FWSA consists
predominantly of PCE, with only a small amount of 1,1,I1-TCA. It is likely that the
contamination found in this area resulted from the storage of spent solvents, and process losses
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occurring in the former degreasing area (Figure 13} an area 50 feet north in which vapor
degreasing is believed to have been performed in the 1960s.

The majority of chlorinated ethenes found in soil north of East South Street likely originated
in the FWSA and are predominantly limited to the area beneath and downgradient from the
FWSA (Figures 16 and 17). Concentrations of chlorinated ethenes in soil found near the Twigg
facility are more than an order of magnitude higher than those of chlorinated ethanes. The
highest concentration of VOCs found in soil was 42 mg/kg of PCE in FB-I/MW-1S in 1994.
This soil sample was collected in the FWSA on the Twigg property and several soil samples in
this area exhibit PCE concentrations greater than 20 mg/kg (30 mg/kg in FB-4/MW-4, 25 mg/kg
in FP-21, 31 mg/kg in FP-22, and 24 mg/kg in FP-24; Table 8 and Figures 16 and 17). In
contrast, the highest 1,1,1-TCA concentration observed in the vicinity of the FWSA was
1.73 mg/kg in FB-4/MW-4 with the next highest concentration being 0.58 mg/kg (Table 8 and
Figures 18 and 19). The highest concentration of 1,1,1-TCA found in soil in the study area was
not found near the Twigg facility; it was found in the vicinity of Victory Park, as discussed
below (Figures 18 and 19).

4.1.2 Area West of the Main Twigg Manufacturing Building

Based on available data, the area just to the west of the main Twigg manufacturing building
contains minor chlorinated ethane constituents and a lesser amount of chlorinated ethenes. The
origin of soil contamination found in this area is not clear but it may have resulted from process
losses occurring in the western part of the Twigg building. Soil contamination in this area is
characterized by low concentrations of chlorinated ethanes and even lower concentrations of
chlorinated ethenes (Table 8 and Figures 16 and 18). The highest concentration of 1,1,1-TCA in
this area is 2.5 mg/kg at a depth of 19-20.5 feet bgs (Table 8 and Figure 18) . The vertical extent
of contamination was defined in FB-7 by two samples that returned ND values for the sampling
intervals from 29.0-30.5 R bgs and 34-35.5 ft bgs. 1,1-DCE is associated with the 1,1,1-TCA
found in FB-7. Soil sample collected in the boring for MW-3 contains low concentrations of
both chlorinated ethenes and chlorinated ethanes with the lower limit of contamination occurring
at a depth of about 21 & bgs (Table 8).

4.13 Area Near Victory Park

The highest concentrations of 1,1,1-TCA observed in the vicinity of the Twigg property and
the former Harmon-Motive site occur in the vicinity of Victory Park at a concentration of
3mg/kg at 45 ft bgs in the soil boring drilled for installation of MW-6. Based on the
concentrations of 1,1,1-TCA observed in MW-6, it is likely that concentrations of 1,1,1-TCA in
this area are greater than 3 mg/kg. Unfortunately, soil samples were not collected from
shallower depths in this boring. The contamination found in this area is limited to 1,1,1-TCA
and its degradation product 1,1-DCA. No PCE, TCE, or cis-1,2-DCE were identified in soils in
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this area (Table 8 and Figures 16 through 19). In addition to the 1,1,1-TCA and 1,1-DCA found
in this area, 1,1-DCE is likely present in soils in the vicinity of Victory Park as shown by the
presence of this compound in groundwater in MW-6 and the fact that 1,1-DCE is a common
degradation product of 1,1,1-TCA. However, testing for 1,1-DCE was not conducted for soil
samples collected during drilling of MW-6.

The source of soil contamination present in this area is not known. However, based on the
distribution of chlorinated ethenes and ethanes in s01] and groundwater at the Site, it does not
appear that the source of the contamination found in the vicinity of Victory Park is the FWSA
but is instead associated with a separate release that did not originate on Twigg property.

4.2 DISTRIBUTION OF VOCS IN GROUNDWATER

The following sections provide a discussion of CAHs found dissolved in groundwater at the
Site. Tables 9 and 10 present historic groundwater sampling results. Figures 20 through 37
present figures showing the three-dimensional distribution of groundwater contamination over
time from the late 1990s to 2011. Data from groundwater monitoring wells were given the most
weight when preparing these figures but where appropriate, soil and discrete-interval
groundwater grab samples collected using a Geoprobe™ were considered. Monitoring well data
are considered the most reliable because they are replicable and represent fixed locations in
space within which representative time-series data can be collected.

Based on available data and the distribution of solutes, it appears that there are commingled
plumes of chlorinated ethenes and ethanes. It is likely that the chlorinated ethene plume
originates on the Twigg property in the vicinity of the FWSA. The origins of the dissolved
chlorinated ethane plumes are somewhat more problematic. Based on the distribution of
chlorinated ethanes found in soil and groundwater, it appears that there are three areas from
which aqueous-phase ethane plumes originate; one beneath and downgradient from the FWSA,
one just to the west of the main Twigg manufacturing building, and one in the vicinity of Victory
park. The chlorinated, aqueous-phase ethane plume originating in the vicinity of Victory park
contains the highest concentrations of chlorinated ethanes observed in the study area.

4.2.1 Distribution of Chlorinated Ethenes In Groundwater

Tables 9 and 10 present historic groundwater sampling results. Figures 20 through 27 show
the distribution of total ethenes in groundwater over the period of observation in plan- and cross-
sectional views along the centerline of the plume parallel to the direction of groundwater flow
(i.e., along section line A to A’ on Figure 3). Figure 28 was prepared by BCA and represents the
concentration of total chlorinated ethenes over the period from 1996 through 2009 along a
transect oriented perpendicular to groundwater flow along cross section B-B’ on Figure 3. The
total chlorinated ethene concentrations presented on Figures 20 through 27 represent the sum of
the concentrations of PCE, TCE, cis-1,2-DCE, and VC. To facilitate summation of total
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chlorinated ethene concentrations, non-detect values were assumed to be zero (0) and estimated
(J-flagged) values were assumed to be accurate. 1,1-dichloroethene is not included in the
summation for total chlorinated ethenes because: a) it is not known to have been spilled, and b)
because it is not a byproduct associated with the degradation of PCE and TCE. Instead, 1,1-DCE
is included in the total chlorinated ethane concentrations displayed on the figures discussed in the
next section (Figures 29-36) because it is a byproduct of 1,1,1-TCA degradation.

Figures 20 through 23 present plan view maps showing the disposition of the total chlorinated
ethene plume at the depth of maximum observed concentration in 1998/1999, 2004, 2007, and
2011, respectively. As can be seen by these figures, the extent of the ethene plume as defined by
the “ND” isopleth has not significantly changed over the period of observation but the total mass
dissolved in groundwater has decreased appreciably. The highest concentration of total
chlorinated ethenes observed in groundwater in monitoring wells in 1998/1999 was 13,180 pg/L
in MW-4. The highest concentration observed in 2011 was 1,201 pg/L. in MW-18 which is
located near MW-4, but was not installed until 2006. The concentration of total chlorinated
ethenes in MW-4 in 2011 was 840 pg/L.

Figures 24 through 27 present cross-sectional views down the centerline of the total
chlorinated ethene plume parallel to the direction of groundwater flow. These figures show that
the vertical extent of the solute plume has decreased over the period of observation. This
coupled with the steady-state plan view configuration of the plume indicates that the total
volume of contaminated groundwater has decreased over the period of observation. This
coupled with the significantly lower concentrations observed in 2011 versus 1998/1999 indicates
that there is a significantly smaller amount of total ethene mass present in groundwater now than
there was when the plume was first delineated.

Figures 20 through 27 show the distribution of total chlorinated ethenes dissolved in
groundwater and do not differentiate between the individual chlorinated ethenes PCE, TCE, cis-
1,2-DCE, and VC, all of which have been detected to greater or lesser degrees in groundwater.
The individual chlorinated ethenes are considered in more detail in Sections 6, 7, 8, and 9. It
should be noted here however that VC was only detected sporadically. This observation,
coupled with conclusive proof that cis-1,2-DCE that is produced from the degradation of PCE
and TCE is degrading, suggests that the degradation pathway for this compound is oxidative
rather than reductive. This is discussed further in Sections 6 through 9.

4.2.2 Distribution of Chlorinated Ethanes in Groundwater

Tables 9 and 10 present historic groundwater sampling results. Figures 29 through 37 show
the distribution of total ethanes in groundwater over the period of observation in plan- and cross-
sectional views along the centerline of the plume parallel to the direction of groundwater flow
(i.e., along section line A to A’ on Figure 3). Figure 37 was prepared by BCA and represents the
concentration of total chlorinated ethanes over the period from 1996 through 2009 along a
transect oriented perpendicular to groundwater flow along cross section B-B’ on Figure 3. The
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total chlorinated ethane concentrations presented on figures 29 through 36 represent the sum of
the concentrations of 1,1,1-TCA, 1,1-DCA, CA, and 1,1-DCE. To facilitate summation of total
chlorinated ethane concentrations, non-detect values were assumed to be zero (0) and estimated
(}-flagged) values were assumed to be accurate. |,1-dichloroethene is included in the summation
of total chlorinated ethanes because it is a byproduct associated with the degradation of 1,1,1-
TCA.

Figures 20 through 23 present plan view maps showing the disposition of the total chlorinated
ethane plume(s) at the depth of maximum observed concentration in 1998/1999, 2004, 2007, and
2011, respectively. As can be seen by these figures, the extent of the ethane plume(s) as
delineated by the “ND” isopleth has not significantly changed over the period of observation but
the total mass dissolved in groundwater has decreased appreciably. Also apparent from these
figures, especially Figures 31 and 32, which represent later times (i.e., 2007 and 2011,
respectively), is that there appear to be three separate points of origin for the chlorinated ethane
plumes observed in the study area. This is consistent with the concentrations of total chlorinated
ethanes observed in soil (Figures 18 and 19). One of the plumes appears to originate just west of
the main Twigg manufacturing building (the “northemn plume”), one of the ethane plumes
appears to originate in the vicinity of the FWSA (the “FWSA plume™), and one appears to
originate in the vicinity of Victory Park (the “Victory Park” plume). The highest concentrations
of total chlorinated ethanes observed in groundwater monitoring wells in the study area are
associated with the “Victory Park” plume. In 1998/1999 the highest concentration observed in
groundwater was 9,513 pg/L in MW-6. The highest concentration observed in groundwater in
2011 was 2,513 pg/L, again in MW-6.

Figures 33 through 26 present cross-sectional views down the centerline of two of the
commingled total chlorinated ethane plumes (the “FWSA plume” and the “Victory Park”
plume}, parallel to the direction of groundwater flow. These figures show that the vertical extent
of the solute plume has decreased over the period of observation. This coupled with the plan
view configuration of the plume over time indicates that the total volume of contaminated
groundwater has decreased over the period of observation. This coupled with the significantly
lower concentrations observed in 2011 versus 1998/1999 indicates that there is a significantly
smaller amount of total ethane mass present in groundwater now than there was when the plume
was first delineated.

Figures 29 through 37 show the distribution of total chlorinated ethanes dissolved in
groundwater and do not differentiate between the individual chlorinated ethanes 1,1,1-TCA, 1,1-
DCA, and CA or 1,1-DCE, all of which have been detected to greater or lesser degrees in
groundwater. The individual chlorinated ethanes are considered in more detail in Sections 6, 7,
8 and9.
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SECTION 5
OVERVIEW OF NATURAL ATTENUATION

This section presents an introduction to the migration and fate of CAHs in the environment
with an emphasis on those processes which result in the attenuation and degradation of these
materials. Contained in this section is an overview of physical, chemical, and biological
processes that work to bring about natural attenuation and how various types of data are used to
evaluate the efficacy of this remedial alternative. Various types of data are available to assess
the migration, fate, and ultimate degradation of organic compounds in the terrestrial subsurface
including time-series contaminant and degradation product data, geochemical data, data derived
using molecular biological tools (MBT), and compound-specific isotope analyses (CSIA). The
overall approach for evaluating natural attenuation used in this document was first publish by the
USEPA in 1998 (USEPA, 1998}. Since that time the understanding of the environmental fate of
CAHs has increased considerably, as have the techniques used to evaluate the efficacy of natural
attenuation. The evaluation of natural attenuation presented in the document represents a
combination of the approach presented in USEPA (1998) state-of-the-art data analysis
techniques that have been developed since that time including MBTs and CSIA.

5.1 OVERVIEW OF NATURAL ATTENUATION

Monitored natural attenuation involves the use of naturally occurring contaminant degrading
and dispersing processes combined with environmental monitoring to remediate contaminated
groundwater. This remedial approach has emerged in recent years as a plausible remedial
strategy for groundwater impacted by VOCs including chlorinated solvents (chlorinated ethenes,
ethanes, and methanes) and petroleum hydrocarbons.

Natural attenuation processes such as biodegradation, hydrolysis, dispersion, dilution,
sorption, and volatilization affect the fate and transport of dissolved organic contaminants in all
hydrologic systems. When these processes are shown to be protective of human health and the
environment, and when an adequate monitoring program is in place to document the
effectiveness of these processes, they can be used as an exclusive remedy or as a component of
an engineered remedy for contaminated groundwater. Monitored natural attenuation is a term
that refers specifically to the use of natural attenuation processes as part of overall site
remediation. USEPA (1999} defines MNA as follows:

The term "monitored natural attenuation,” as used in this Directive, refers to the
reliance on natural attenuation processes (within the context of a carefully
controlled and monitored site clean-up approach) to achieve site-specific
remedial objectives within a time frame that is reasonable compared to that
offered by other more active methods. The "natural attenuation processes” that
are at work in such a remediation approach include a variety of physical,
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chemical, or biological processes that, under favorable conditions, act without
human intervention to reduce the mass, toxicity, mobility, volume, or
concentration of contaminants in soil or groundwater. These in-situ processes
include biodegradation, dispersion, dilution, sorption, volatilization, and
chemical or biological stabilization, transformation, or destruction of
contaminants.

The goal of any site characterization effort is to understand the fate and transport of the
contaminants of concern over time in order to assess any current or potential threat to human
health or the environment. Natural attenuation processes are dominant factors in the fate and
transport of many contaminants, including chlorinated solvents and petroleum hydrocarbons.
Useful guidance documents for evaluating natural attenuation include Wiedemeier ef al. (1996,
1999, and 2005), USEPA (1998 and 1999), and Wiedemeier and Chapelle (2000).

MNA has the following advantages over other remedial technologies (USEPA, 1998 and
Wiedemeier et al., 1999):

Contaminants are ultimately transformed to innocuous byproducts (e.g., carbon
dioxide, organic acids, ethene, and water), not simply transferred to another phase or
location within the environment;

MNA is less energy-intensive than current pump-and-treat technologies and generally
more effective in reducing residual contamination;

The process is nonintrusive and allows continuing use of infrastructure during
remediation;

With the exception of dig and haul, engineered remediation involves attempting to
remediate a three-dimensional solute plume with what are effectively one-dimensional
treatment points;

MNA may pose a smaller threat to potential receptors than engineered remedial
technologies (which may transfer contaminants to other media during remediation
activities); and,

MNA is less costly than most conventional, engineered remedial technologies.

Potential Disadvantages include (USEPA, 1998 and Wiedemeier et al., 1999):

Natural attenuation is subject to natural and institutionally induced changes in local
hydrogeologic conditions, including changes in groundwater gradients or velocity,
hydrogen potential (pH), electron acceptor concentrations, electron donor
concentrations, and potential future contaminant releases;

Aquifer heterogeneity may complicate site characterization, evaluation, and
implementation of natural attenuation (as with any remedial strategy for groundwater);
Time frames for completion of site remediation may be relatively long; and,

Intermediate products of biodegradation (e.g., VC) may be more toxic than the
original contaminant.
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The following subsections provide an overview of natural attenuation mechanisms and
strategies used to evaluate the importance of natural mechanisms of contaminant degradation.

Biodegradation processes are of special importance to natural attenuation because they
ultimately transform toxic contaminants into nontoxic byproducts. Intrinsic bioremediation
occurs when indigenous microorganisms work to bring about a reduction in the total mass of
contamination in the subsurface without artificial intervention (e.g., the addition of nutrients).
Because of the importance of biodegradation, and in order to provide a foundation for
interpreting site data, the following subsections review the major natural biodegradation
mechanisms that act upon petroleum hydrocarbons and chlorinated solvents in groundwater.

5.1.1 Review of Biodegradation Processes

Microorganisms obtain energy for cell production and maintenance by facilitation of
thermodynamically advantageous reduction/oxidation (redox) reactions involving the transfer of
electrons from electron donors to available electron acceptors. This results in the oxidation of
the electron donor and the reduction of the electron acceptor. The type of reaction affecting a
given organic compound depends upon whether the compound is used as an electron acceptor or
an electron donor. Electron donors include natural organic carbon, petroleum hydrocarbons,
lightly-chlorinated solvents (e.g., VC, DCE, or DCA), and many of the compounds commonly
found in landfill leachate. Electron acceptors are elements or compounds that occur in relatively

oxidized states, and may include dissolved oxygen, nitrate, Fe(lll), sulfate, carbon dioxide, and
highly chlorinated solvents (e.g, PCE, TCE, TCA, carbon tetrachloride [CT] and
polychlorinated benzenes).

In addition to being controlled by the energy yield of the reaction, the expected sequence of
redox processes also is a function of the oxidizing potential of the groundwater. This potential is
a measure of the relative tendency of a solution or chemical reaction to accept or transfer
electrons. As each subsequent electron acceptor is utilized by microbes, the groundwater
becomes more reducing, and the oxidation-reduction potential (ORP) of the water decreases.
The main force driving this change in ORP is microbially-mediated redox reactions. ORP can be
used as an indicator of which redox reactions may be operating at a site. Environmental
conditions and microbial competition ultimately determine which processes will dominate.

5.1.1.1 Mechanisms of Biodegradation for Reduced Organic Carbon

Reduced organic carbon is used as an electron donor during microbial metabolism. Organic
compounds that can be utilized include, among many other things, natural organic carbon
(leaves, trees, grass, etc.), petroleum hydrocarbons (e.g., gasoline, diesel fuel, crude oil, etc.),
vegetable oil, fatty acids, sugars, ethanol, etc. These materials ultimately are completely
degraded to carbon dioxide and water. Electron acceptors for these reactions are elements or
compounds that occur in relatively oxidized states, and include naturally-occurring materials
such as dissolved oxygen, nitrate, iron(11l}, sulfate, and carbon dioxide (during fermentation) and
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anthropogenic compounds such as highly chlorinated compounds including PCE, TCE, TCA,
and CT. Dissolved oxygen is utilized first as the preferred electron acceptor. After the dissolved
oxygen is consumed, anaerobic microorganisms will oxidize reduced organic carbon using
electron acceptors (as available) in the following order of preference: nitrate, ferric iron
hydroxide, sulfate, and finally carbon (methanogenesis). If chlorinated compounds are present
they will be used as electron acceptors under the same geochemical conditions in which sulfate
reduction and methanogenesis occur. Measurable changes in electron acceptor concentrations
occur during biodegradation of oxidizable organic carbon such as petroleum hydrocarbons. This
results in the formation of the highly reducing conditions that are required for efficient reductive
dechlorination.

5.1.1.2 Mechanisms of Chlorinated Solvent Biodegradation

Whereas reduced organic carbon is biodegraded exclusively through use as a primary
substrate (electron donor), chlorinated compounds may undergo biodegradation via three
different pathways including;

e Electron Acceptor Reactions. Use of the chlorinated compound as an electron

acceptor during reductive dehalogenation.  Occurs under anoxic conditions.
Compounds degraded include PCE, TCE, DCE, vinyl chloride, TCA, and CT;

e Electron Donor Reactions. Use of the chlorinated compound as an electron donor
during oxidative reactions. Occurs under hypoxic or aerobic conditions. Compounds
degraded include DCE and VC; PCE, TCE, TCA and CT will not be degraded via this
pathway; and,

e Comectabolism. This involves degradation resulting from exposure to a catalytic
enzyme fortuitously produced during an unrelated process. Compounds degraded
include TCE and DCA

At a given site, one or all of these processes may be operating, although at many sites the
reductive dehalogenation pathway appears to be the most important degradation mechanism
under natural conditions and is the only biological mechanism that degrades the common
chlorinated solvents which include PCE, TCE, TCA, and CT. In such cases, biodegradation of
chlorinated solvents is an electron-donor-limited process that will occur only under anoxic
conditions. Where anthropogenic carbon (e.g., petroleum hydrocarbons, landfill leachate, etc.) is
present, it will be used as an electron donor in the reductive dehalogenation pathway.

5.1.1.2.1 Electron Acceptor Reactions (Reductive Dehalogenation)

Under anoxic conditions, biodegradation of highly chlorinated solvents such as PCE, TCE,
and TCA  usually proceeds through a process called reductive dechlorination or
dehalorespiration. In this process, the halogenated hydrocarbon serves as an electron acceptor
rather than as a source of carbon, and loses a halogen atom in exchange for a hydrogen atom. If
sufficient carbon is present and the reaction sequence is not interrupted by a competing reaction,
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biological reductive dechlorination of chlorinated ethenes proceeds in sequential steps from PCE
to TCE to cis-1,2-DCE to VC to ethene (Figure 38). Dehalogenation of chlorinated ethanes
proceeds in sequential steps, from TCA to DCA to CA, and, in some cases, CA to ethane
(Figure 39). The reductive dechlorination of CA to ethane has been reported in the peer-review
literature but has not been confirmed by repeated, reproducible studies (Scheutz er al., 2011).
This is likely because the rapid hydrolysis of CA to ethanol outcompetes the reductive
dechlorination reaction of CA to ethane and the majority of CA produced from reductive
dechlorination of DCA is hydrolyzed before it can be further reductively dechlorinated. As
reductive dechlorination proceeds from PCE or TCA through the sequence to ethene or
chloroethane, respectively, the biodegradation rate decreases (Figure 40). Chlorinated methanes
also undergo reductive dechlorination. Depending upon environmental conditions, the sequence
of reductive dechlorination may be interrupted, with other processes such as aerobic or anaerobic
biodegradation or abiotic degradation (e.g., hydrolysis) then acting upon the degradation
products including DCE, VC, DCA, and CA (Figures 38 and 39). Also of interest in this study is
that the presence of chlorinated ethanes has an inhibitory effect on the reductive dechlorination
of chlorinated ethenes and, to a lesser extent, vice versa (Grostern et al., 2009; Sherwood Lollar,
2010). However, the presence of 1,1,1-TCA does not appear to be precluding the occurrence of
PCE reductive dechlorination and once the TCA is gone, as it is over much of the area with
chlorinated ethene contamination, the reaction will likely no longer be inhibited and degradation
rates will likely increase.

During dechlorination of PCE and TCE, all three isomers of DCE theoretically can be
produced; however, Bouwer (1994) reports that cis-1,2-DCE is a more common intermediate
than trans-1,2-DCE, and 1,1-DCE is the least prevalent of the three isomers when they are
present as degradation products of PCE and TCE degradation. Based on this, and the fact that
cis-1,2-DCE is produced in trivial quantities, USEPA (1998) came up with a rule of thumb that if
cis-1,2-DCE comprises more than 80 percent of the DCE isomers, then the DCE is of biological
origin. Care must be taken when using this rule of thumb when TCA is found commingled with
PCE and TCE because 1,1-DCE is produced during the abiotic degradation of TCA via the
coupled hydrolysis/dehydrohalogenation reaction wherein TCA is degraded to acetic acid and
1,1-DCE at a predictable rate based on groundwater temperature and pH.

The effectiveness of reductive dehalogenation depends on the oxidation state of the
chlorinated compound. The highly chlorinated (saturated) ethenes PCE and TCE are also the
most oxidized, and therefore the most susceptible to reductive dechlorination. Conversely, VC is
the least susceptible to reductive dechlorination because it is the least oxidized of the chlorinated
ethenes. In general, the rate of reductive dechlorination of chlorinated solvents has been
observed to decrease as the degree of chlorination decreases (Figure 39; Vogel and McCarty,
1985; Bouwer, 1994).

In addition to being affected by the degree of chlorination of the compound, reductive
dechlorination also can be controlled by the ORP of the groundwater system. For example,
dechlorination of PCE and TCE to DCE can proceed under mildly reducing conditions such as
denitrification or iron(111) reduction (Vogel et al., 1987; Wei and Finneran, 2011; this is likely
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the predominant reaction degrading PCE and TCE at the Site), while the transformation of DCE
to VC or the transformation from VC to ethene requires more strongly reducing conditions such
as those that were present during the bioremediation pilot testing that took place at the Site
(Freedman and Gossett, 1989; DeStefano er al., 1991; De Bruin et al., 1992). Recently, Wei and
Finneran (2011), found that the reductive dechlorination of TCE was not inhibited under Fe{11])-
reducing conditions and that Fe(llI)-reduction may actually aid dechlorination by maintaining
hydrogen concentrations at a level most amenable for dechlorination.

5.1.1.2.2 Electron Donor Reactions

Under aerobic or weakly to moderately reducing conditions, some chlorinated compounds can
be utilized as an electron donor in biologically mediated redox reactions (McCarty and Semprini,
1994; Bradley and Chapelle [1996, 1997, 1998, and 2011], and Bradley, 2011). In contrast to
reactions in which the chlorinated compound is used as an electron acceptor, only the least
oxidized chlorinated compounds such as cis-1,2-DCE and vinyl chloride may be utilized as
electron donors in biologically mediated redox reactions. For example, Davis and Carpenter
(1990) describe the aerobic oxidation of vinyl chloride in groundwater. The aerobic oxidation of
VC is significantly faster than the reductive dechlorination of VC to ethene under anoxic
conditions. McCarty and Semprini (1994} describe investigations in which vinyl chloride and
1,2-DCA were shown to serve as electron donors. In addition, Bradley and Chapelle (1996 and
1997) show evidence of oxidation of VC and DCE under iron-reducing conditions so long as
there is sufficient biologically available Fe (I11I). Bradley and Chapelle (1998) show evidence
that DCE can be oxidized under aerobic conditions. The recent work of Bradley and Chapelle
(2011) and Bradley (2011} suggests that the cis-1,2-DCE that is produced from the reductive
dechlorination of PCE and TCE at sites with characteristics similar to this Site, is being degraded
via biological oxidation under hypoxic geochemical conditions. In the past, the degradation of
PCE or TCE to cis-1,2-DCE with no production of VC was thought to indicate that the reaction
had “stalled” at cis-1,2-DCE; hence the origin of the colloquial term “cis-stall.” However, plume
stability amalyses, including time-series plots of contaminants and daughter products in
individual wells and along the flow path, suggested that the cis-1,2-DCE was degrading, but via
a heretofore unknown reaction. Recent advancements in the use of CSIA have allowed
conclusive confirmation that cis-1,2-DCE at these sites was degrading and the work of Bradley
and Chapelle (2011} and Bradley (2011) suggests that this degradation is the result of biological
oxidation to carbon dioxide and water.

5.1.1.2.3 Cometabolism

When a chlorinated solvent is degraded via cometabolism, it serves as neither an electron
acceptor or donor in a biologically mediated redox reaction. Instead, the degradation is catalyzed
by an enzyme or cofactor that is fortuitously produced by the microorganism for other purposes.
The microorganism derives no known benefit from the degradation of the chlorinated solvent,
and may in fact be harmed by it (McCarty and Semprini, 1994).
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5.1.2 Lines of Evidence Used to Evaluate Natural Attenuation

Multiple distinct but converging lines of evidence have been used in recent years to
demonstrate natural attenuation {National Research Council, 1993; Wiedemeier et al., 1996,
1999, and 2005; USEPA, 1998 and 1999; and Wiedemeier and Chapelle, 2000). The most
common lines of evidence used to demonstrate natural attenuation of organic compounds
dissolved in groundwater include:

1} Historical trends in contaminant data showing plume stabilization and/or loss of
contaminant mass over time. Involves the use of contaminant and degradation product
data.

2} Analytical data showing that geochemical conditions are suitable for biodegradation
and that active biodegradation has occurred as indicated by the consumption of
electron acceptors and/or the production of metabolic byproducts. These chemical and
analytical data can include evidence of:

a. Depletion of electron acceptors and donors,

b. Increasing metabolic byproduct concentrations,

c. Decreasing parent compound concentrations, and/or
d. Increasing daughter compound concentrations.

3} Microbiological data that support the occurrence of biodegradation.

The first line of evidence involves the use of contaminant concentration and degradation
product data to evaluate plume behavior and the occurrence of degradation. In addition, CSIA
can be useful for determining if degradation is occurring. Plume stability is analyzed using
isopleth maps and plots of contaminant concentration or mass fraction versus time and distance
downgradient. Contaminant and degradation product data (i.e., the first line of evidence} is
evaluated in Section 6. Data from Tables 8, 9, 10, 11, and 12 were used for these analyses. This
line of evidence is critical for determining the temporal and spatial behavior of the solute
plume(s) and to determine if any exposure pathways exist for current or potential future
receptors. It is THWA s understanding that potential ex posure pathways have been evaluated by
BCA including the groundwater and vapor pathways.

The second line of evidence utilizes chemical and physical data to evaluate the geochemical
conditions in the shallow saturated zone to determine if the conditions conducive to contaminant
degradation are present.  Table 13 presents geochemical data collected at the Site.
Unfortunately, historical geochemical data are often contradictory and not physically/chemically
possible. For this reason, THWA recommends that a complete set of geochemical data be
collected during the next groundwater sampling event. Care be taken to ensure that accurate and
plausible data are collected to begin building a statistically significant and defensible database so
that an accurate assessment of geochemical conditions at the Site can be made.

Microbiological laboratory data such as some of the relatively new quantitative real-time
polymerase chain reaction (QPCR) techniques can be very useful for determining degradation
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pathways. These analyses allow assessment of the microbial population present at a site to
evaluate the expressed and potential biodegradation mechanisms. Several microbial analyses
were performed using subsurface media collected from the Site. The results of these analyses are
presented in Table 14 and discussed in Section 8.
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SECTION 6
ANALYSIS OF CONTAMINANT AND DEGRADATION PRODUCT DATA

This section presents an evaluation of available contaminant and degradation product
concentration data and CSIA for the chlorinated ethenes and ethanes found at the Site. The
purpose of this analysis is to determine the behavior of these compounds in time and space and
to determine if degradation is occurring.

A statistically significant historical database of contaminant concentration data showing
plume stabilization and/or loss of contaminant mass over time is used to evaluate plume behavior
over time and to evaluate the efficacy of natural attenuation. This is the fundamental line of
evidence for evaluating MNA as a remedial approach. In fact, historical data are important for
evaluating any remediation technique. It is important to note that plume stabilization can occur
with or without destructive attenuation mechanisms. In some cases, nondestructive mechanisms
of natural attenuation such as dispersion, sorption, and volatilization may be sufficient to cause
the solute plume to reach steady-state equilibrium, or even recede if the strength of the NAPL
source is decreasing due to natural weathering or engineered remediation.

An analysis of solute concentrations in groundwater is of paramount importance when
evaluating natural attenuation. This analysis includes the preparation of isopleth maps that show
the distribution of solutes over time. In addition, plots of contaminant concentration versus time
and concentration versus distance were prepared and evaluated. When solutes degrade via
reductive dechlorination they generate degradation products. For example, the presence of cis-
1,2-DCE in groundwater is conclusive evidence that degradation is occurring.

6.1 EVALUATION OF PLUME BEHAVIOR AND STABILITY USING
ISOPLETH MAPS

This section presents an analysis of the behavior of the total chlorinated solvents in soil and
groundwater at the Site over time.

6.1.1 Total Chlorinated Ethenes and Ethanes in Soil

Figures 13 through 19 present isopleth maps showing the distribution of total CAHs (Figures
13, 14, and 15), total chlorinated ethenes (Figures 16 and 17), and total chlorinated ethanes
(Figures 18 and 19) in soil in plan- and cross-sectional views. Although limited, shallow, soil
data were collected in 2008, no time-series data are available that allow determination of the
three-dimensional distribution of chlorinated ethenes and ethanes in soil over time. However,
based on steadily decreasing aqueous-phase total chlorinated ethene and ethane concentrations at
the Site, the concentrations of chlorinated ethenes and ethanes in soil have very likely decreased
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over the period of observation. Although SVE has been ongoing at the site since 1999, it is
likely that natural processes of contaminant attenuation have removed the most VOC mass from
the soil. This is because the majority of the VOC contamination found in soils at the Site is
found below the water table (Figures 17 and 19) and inaccessible to SVE. In addition, as shown
by Figure 5, the amount of contaminant mass removed by the SVE system largely occurred prior
to 2003 as shown by offgas measurements (BCA, 2007). Bioremediation pilot testing and ozone
sparging also likely contributed some to reductions in soil VOC concentrations but these systems
only impacted a very small area at the site.

6.1.2 Total Chlorinated Ethenes in Groundwater

Figures 20 through 28 present isopleth maps showing the distribution of total chlorinated
ethenes in groundwater for the period from 1998/1999 until early 2011. Figures 20 through 27
were prepared by summing the concentrations of PCE, TCE, cis-1,2-DCE, trans-1,2-DCE, and
VC for a given sampling event. For this analysis, non-detect concentrations were assumed to be
zero (0) and estimated concentrations that were “F’ flagged were assumed to be accurate. If
multiple samples were collected for a given time period (e.g., 1998/1999), then the highest total
ethene concentration observed during that time was plotted. The isopleths presented on these
figures rely predominantly upon monitoring well data. Where appropriate, soil and/or discrete-
interval groundwater probe data were given consideration when preparing solute isopleths, but
because they do not represent verifiable or reproducible data points, they are not given as much
weight as data collected from monitoring wells. Figures 20 through 23 present plan view time-
series maps showing the distribution of chlorinated ethenes at the depth of maximum
concentration. Figures 24 through 27 present time-series isopleths of total chlorinated ethenes
down the centerline of the solute plume, paralle] to the direction of groundwater flow, along
section line A to A’ (Figure 3). Figure 28 was prepared by BCA and shows the distribution of
total chlorinated ethenes along a cross-section oriented perpendicular to the direction of
groundwater flow along line of section B to B’ (Figure 3) for the period roughly from 1998
through 2009.

As can be seen from figures 20 through 27, the footprint (i.e., extent) of the total chlorinated
ethene plume has not changed significantly over the period of observation but the highest
concentrations observed have decreased significantly since about 1998. This indicates that the
footprint of the plume is stable, that the plume is not migrating downgradient, and that the total
mass of chlorinated ethenes dissolved in groundwater has decreased significanty over the period
of observation. By inference, it can be concluded that the total mass of chlorinated ethenes in
soil also has decreased over this period of time since the contaminated soil represents the only
known source of continuing groundwater contamination. Based on the discussions presented
throughout the remainder of this report, this loss of contaminant mass and plume stabilization is
due largely to natural attenuation, although significant contaminant mass was removed via SVE
prior to 2003 (Figure 5; BCA, 2007), ozone sparging (likely minimal mass removal), and
bioremediation pilot testing. These systems are discussed in more detail in Section 2.2.2.
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Based on the estimates presented in Section 3 and summarized in Tables 6 and 7, the
estimated groundwater seepage velocity at the Site is on the order of 205 feet per year and solute
transport velocities for PCE, TCE, cis-1,2-DCE, and VC are on the order of 102 fi/yr, 145 ft/yr,
157 fYyr, and 203 ft/yr respectively. It should be noted that VC has been detected only
sporadically at the Site, and only after bioremediation pilot testing was initiated. As will be
shown in later discussions, reductive dechlorination is proceeding to cis-1,2-DCE and this DCE
is then likely being oxidized before VC is produced. This is fairly commonplace in groundwater
systems that are hypoxic (Bradley, 2011; Bradley and Chapelle, 2011), as is the case at this Site.
This is discussed further throughout the remainder of this document. Using the groundwater
seepage velocity, the center of mass and the leading edge of the solute plume should have
migrated about 2,500 feet over the period from January 1999 through January 2011. That is, the
plume should have effectively doubled in size since 1999, yet the extent of the plume has
remained stable and maximum observed concentrations have decreased markedly. Using the
solute transport velocities summarized in Table 7, the center of mass and the leading edge of the
plume should have migrated between about 1,200 feet (PCE) and 1,900 feet (cis-1,2-DCE)
downgradient between January 1999 and January 2011. The fact that the extent of the plume has
remained stable and the leading edge of the plume has not migrated downgradient provides
strong evidence that natural attenuation processes are working to degrade contaminants and
control plume migration. This is further supported by the fact that the total amount of
contaminant mass in the system is significantly less now than it was in 1999, even though the
bulk of so0il contamination was trapped below the water table and could not be reached by SVE
(Figures 16 and 17).

6.1.3 Total Chlorinated Ethanes in Groundwater

Figures 29 through 37 present isopleth maps showing the distribution of total chlorinated
ethanes in groundwater for the period from 1998/1999 until early 2011. Figures 29 through 36
were prepared by summing the concentrations of 1,1,1-TCA, 1,1-DCA, CA, and 1,1-DCE for a
given sampling event. For this analysis, non-detect concentrations were assumed to be zero (0)
and estimated concentrations that were “J” flagged were assumed to be accurate. Measured
concentrations of 1,1-DCE are included in the total ethane concentration summation because it is
a known degradation product of abiotic 1,1,1-TCA hydrolysis/dehydrohalogenation and is not
known to have been used as a solvent at the Site. If multiple samples were collected for a given
time period (e.g., 1998/1999), then the highest total ethane concentration observed during that
time was plotted. The isopleths presented on these figures rely predominantly upon monitoring
well data. Where appropriate, soil and/or discrete-interval groundwater probe data were given
consideration when preparing solute isopleths, but because they do not represent verifiable or
reproducible data points, they are not given as much weight as data collected from monitoring
wells. Figures 29 through 32 present plan view time-series maps showing the distribution of
chlorinated ethanes at the depth of maximum concentration. Figures 33 through 36 present time-
series isopleths of total chlorinated ethanes down the centerline of the solute plume, parallel to
the direction of groundwater flow along section line A to A’ (Figure 3). Figure 37 was prepared
by BCA and shows the distribution of total chlorinated ethanes along a cross-section oriented
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perpendicular to the direction of groundwater flow along line of section B to B’ (Figure 3) for
the period roughly from 1998 through 2009.

As can be seen from figures 29 through 36, the footprint (i.e., extent) of the total chlorinated
ethane plume has significantly decreased over the period of observation and the highest observed
concentrations have decreased significantly since about 1998. This indicates that the footprint of
the plume is becoming smaller, that the plume is not migrating downgradient, and that the total
mass of chlorinated ethanes dissolved in groundwater has decreased significantly over the period
of observation. By inference, it can be concluded that the total mass of chlorinated ethanes in
soil also has decreased over this period of time since the contaminated soil represents the only
known source of continuing groundwater contamination. Based on the discussions presented
throughout the remainder of this report, , this loss of contaminant mass and plume stabilization is
due largely to natural attenuation, although some contaminant mass has been removed via SVE,
ozone sparging (mass removal likely minimal), and bioremediation pilot testing (Section 2.2.2).
This is further supported by the fact that the total amount of contaminant mass in the system is
significantly less now than it was in 1999, even though the bulk of soil contamination was
trapped below the water table and could not be reached by SVE (Figures 18 and 19) and the fact
that the concentrations of CAHs in the SVE system’s offgas became asymptotic near non-
detectable concentrations in 2000 (BCA, 2007). In addition, the cumulative mass of PCE and
TCA removed by the SVE system became asymptotic at about 1,450 pounds at the end of 2002
and just over 100 pounds, respectively (Figure 5; BCA, 2007).

Based on the estimates presented in Section 3 and summarized in Tables 6 and 7, the
estimated groundwater seepage velocity at the Site is on the order of 205 feet per year and solute
transport velocities for 1,1,1-TCA, 1,1-DCA, 1,1-DCE, and CA are on the order of 120 ft/yr,
178 fYyr, 164 R/yr, and 153 fi/yr respectively. Using the groundwater seepage velocity, the
center of mass and the leading edge of the solute plume should have migrated about 2,500 feet
over the period from January 1999 through January 2011. That is, the plume should have
effectively doubled in size since 1999, yet the extent of the plume has remained stable and
maximum observed concentrations have decreased markedly. Using the solute transport
velocities summarized in Table 7, the center of mass and the leading edge of the plume should
have migrated between about 1,400 feet (1,1,1-TCA) and 2,100 feet (1,1-DCA) downgradient
between January 1999 and January 2011. The fact that the extent of the plume has remained
stable and the leading edge of the plume has not migrated downgradient provides strong
evidence that natural attenuation processes are working to degrade contaminants and control
plume migration. Furthermore, the fact that the total amount of contaminant mass in the system
is significantly less now than it was in 1999, even though the bulk of soil contamination was
trapped below the water table and could not be reached by SVE (Figures 18 and 19). That
natural attenuation is the dominant processes working to reduce the mass of chlorinated ethanes
in groundwater is further supported by the fact that the SVE systemm and upgradient
bioremediation pilot testing systems are located on Twigg property, at least 1,500 feet upgradient
of the highest concentrations of 1,1,1-TCA observed in soil and groundwater in the study area.
This being the case, the remediation efforts completed to date have had minimal, if any, impact
on the disposition of the main portion of the chlorinated ethane plume which appears to originate
in the vicinity of Victory Park.
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6.2 EVALUATION OF PLUME STABILITY AND BEHAVIOR USING
PLOTS OF CONCENTRATION VERSUS DISTANCE

This section presents a graphical evaluation of plume behavior using plots of total chlorinated
ethenes and total chlorinated ethanes along the flowpath at different times. Figure 3 shows the
line of section along which these plots were made. The wells along this flowpath used in this
analysis were chosen because they are situated along the centerline of the plume based on
available data. This analysis includes an analysis for total chlorinated ethenes and ethanes and
also an analysis for each of the individual chlorinated ethenes and ethanes found in the Site
vicinity. This analysis shows that both the mass and concentrations of CAH constituents in soil
and groundwater have been significantly reduced since groundwater monitoring began in 1998.
These reductions in contaminant mass and concentration are brought about by a combination of
natural attenuation and targeted remediation activities, as discussed further below.

6.2.1 Plots of Total Chlorinated Ethene and Ethane Concentrations Along the
Flowpath over Time

Figures 41 and 42 present plots of total chlorinated ethenes and total chlorinated ethanes
along the flowpath down the centerline of the plume, respectively. Figure 3 shows the line of
section along which these plots were made.

6.2.2 Plots of Concentration versus Distance Downgradient over Time for
Total Chlorinated Ethenes

Figure 41 is a plot of total chlorinated ethene concentrations along the flowpath (line of
section A-A’ on Figure 3} for those time periods from 1998 through 2011 where sufficient data
are available. This figure was prepared by summing the concentrations of PCE, TCE, cis-1,2-
DCE, trans-1,2-DCE, and VC for a given sampling event. For this analysis, non-detect
concentrations were assumed to be zero (0} and estimated concentrations that were “J” flagged
were assumed to be accurate.

Figure 41 shows the following:

1} Total chlorinated ethene solute concentrations have decreased fairly steadily over the
period of observation;

2) The chlorinated ethene plume is anchored at and just downgradient from the FWSA,
near MW -4. This is consistent with the soil data shown on Figures 16 and 17, and;

3} Total chlorinated ethene concentrations decrease fairly rapidly along the groundwater
flow path and by the time groundwater reaches MW-6, the total chlorinated ethene
plume has been almost completely degraded. This decrease occurs both with and
without remediation activities which were not initiated until November 1999. Thus,
the plots for 1998 (June)} and 1999 (July) show the behavior of the total ethene plume
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along the flowpath prior to initiation of any remediation activities (Section 2.2.2). In
addition, the soil contamination observed in the 1990’s shown on Figures 16 and 17 in
the vicinity of MW-4, the area where the highest chlorinated ethene concentrations in
groundwater have originated over the period of observation, has been only minimally
impacted by remediation activities that have been performed on the Twigg property.
This is because: 1) the SVE system only removes contaminant mass above the water
table; 2) the ozone introduced into the aquifer was only stable for a period of minutes
to hours and was injected some 350 feet upgradient from MW-4, and; 3} the
bioremediation pilot testing system was a recirculation system so that the only organic
carbon that would have migrated to the vicinity of MW-4 would have been organic
carbon that “escaped’ the recirculation cell during periods of system shutdown. Thus,
the vast majority of contaminant mass being removed from the system is likely being
removed through the mechanisms of natural attenuation.

6.2.2.1 Plots of Concentration versus Distance Downgradient over Time for
Total Chlorinated Ethanes

Figure 42 is a plot of total chlorinated ethane concentrations along the flowpath (line of
section A-A’ on Figure 3} for those time periods from 1998 through 2011 where sufficient data
are available. This figure was prepared by summing the concentrations of 1,1,1-TCA, 1,1-DCA,
CA, and 1,1-DCE for a given sampling event. For this analysis, non-detect concentrations were
assumed to be zero (0) and estimated concentrations that were “F’ flagged were assumed to be
accurate. Measured concentrations of 1,1-DCE are included in the total ethane concentration
summation because it is a known degradation product of abiotic 1,1,1-TCA
hydrolysis/dehydrohalogenation and is not known to have been used as a solvent at the Site.

Figure 42 shows the following:

1} Total chlorinated ethane solute concentrations have decreased fairly steadily over the
period of observation;

2) That portion of the chlorinated ethane plume with the highest concentrations appears
to be anchored near Victory Park, near MW -6, and not beneath the Twigg property or
near the FWSA. This is consistent with the soil data shown on Figures 18 and 19 and
suggests that spills on the Twigg property are not the main source of total chlorinated
ethanes found in soil and groundwater in the study area, and;

3) Total chlorinated ethane concentrations decrease fairly rapidly along the groundwater
flow path and by the time the groundwater migrates from MW-6 to MW-8, the total
chlorinated ethane plume is almost completely degraded. Of note is that the
concentrations of chlorinated ethanes in well MW-8 increased over the period from
about 1998 through 2007 (total ethane concentration 1,085 pg/L in 2007) but appears
to have stabilized and may be decreasing (total ethane concentration 346 pg/L in
2011). Because the origin of the ethane plume is a significant distance downgradient
from the Twigg facility where the majority of remediation activities have occurred, it
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is not likely that remediation activities occurring on the Twigg property are having a
significant effect on the migration and fate of the total chlorinated ethanes that
originate near Victory park and migrate downgradient from there. Thus, the vast
majority of chlorinated ethane mass is being removed by natural processes of
contaminant attenuation. The exception to this is contaminant mass being removed by
the bioremediation pilot testing which occurred in the vicinity of MW-8 starting in
August 2006 (Section 2.2.2.3). However, the bulk of chlorinated ethane mass that
originates in the vicinity of Victory Park (near MW-6), is completely degraded by the
time the groundwater flows from MW-6 to MW-8, so the bioremediation pilot testing
activities that occurred in the vicinity of MW-8 likely removed only a trivial amount
of contaminant mass compared to that being removed through natural attenuation. In
addition, bioremediation pilot testing in the vicinity of MW-8 was only conducted
from August 2006 through August 2007 and the hydrogeologic system was anoxic and
reductive dechlorination of 1,1,1-TCA was occurring prior to this pilot testing as
shown by the molar fraction analysis for the chlorinated ethanes presented in the next
section and the geochemistry at the Site (Section 7).

6.2.3 Plots of Individual Chlorinated Ethene and Chlorinated Ethane
Concentrations Along the Flowpath over Time

Plots of the individual chlorinated ethenes and chlorinated ethanes along the flowpath for
different periods of time are presented in this section. Included in these figures are plots of
concentration versus distance and plots of molar fraction versus distance along the flowpath.
The plots of concentration versus distance give an indication of the behavior of the various
solutes as they move downgradient along the flowpath. The plots of molar fraction versus
distance allow an assessment of the occurrence of degradation and in the case of the chlorinated
ethanes, degradation mechanisms. These aid in the assessment of the efficacy of natural
attenuation over time and space.

6.23.1 Plots of Concentration versus Distance Downgradient over Time for
Individual Chlorinated Ethenes

Figures 43 through 46 present plots of the concentrations (A) and molar fractions (B} of
individual chlorinated ethenes along the flowpath presented on Figure 3 for July 1999, December
2003/}anuary 2004, October 2007, and January/February 2011, respectively. These figures were
prepared using the concentrations of PCE, TCE, cis-1,2-DCE, frans-1,2-DCE, and VC for a
given sampling event. For this analysis, non-detect concentrations were assumed to be zero (0)
and estimated concentrations that were “J’ flagged were assumed to be accurate. Figure 43
extends from MW-1S to MW-8 because the highest concentrations of chlorinated ethenes
observed at the Site were seen in July 1999. In order to focus on the area with the highest
concentrations of chlorinated ethenes, Figures 44 through 46 run from MW-1S to MW-6.
THWA believes that this is appropriate because the vast majority of chlorinated ethene mass
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dissolved in groundwater is present upgradient from Victory Park (i.e., MW-6/MW-6D;
Figures 20 through 27 and Figure 41).

Figures 43 through 46 show the following:

1)

2)

3)

4)

The aqueous concentrations of individual chlorinated ethenes have decreased over the
period of observation both along the flowpath and in individual wells. For example,
the maximum concentration of PCE observed in MW-4 was 13,000 pg/L in July 1999,
5,500 pg/L in January 2004, 3,070 pg/L in October 2007, and 805 pg/L in February
2011;

The chlorinated ethene plume is anchored at and just downgradient from the FWSA,
near MW-4. This is consistent with the soil data from the 1990’s shown on Figures 16
and 17, and;

Chlorinated ethene concentrations decrease fairly rapidly along the groundwater flow
path. In the time it takes for groundwater to migrate from MW-4 to MW-6, the
chlorinated ethene plume has been almost completely degraded. This decrease occurs
both with and without remediation activities which were not initiated until November
1999. Thus, the plots for July 1999 show the behavior of the chlorinated ethenes
along the flowpath prior to initiation of any remediation activities (Section 2.2.2). In
addition, the soil contamination observed in the 1990’s shown on Figures 16 and 17 in
the vicinity of MW-4, has been only minimally impacted by remediation activities that
have been performed on the Twigg property. This is because: 1) the SVE system only
removes contaminant mass above the water table; 2) the ozone introduced into the
aquifer during ozone sparging was only stable for a period of minutes to hours and
was injected some 350 feet upgradient from MW-4, and; 3) the bioremediation pilot
testing system was a recirculation system so that the only injected organic carbon that
would have migrated to the vicinity of MW-4 would have been that carbon that
“escaped” the recirculation cell, either because of system design inefficiencies or
during periods of system shutdown. Thus, the vast majority of contaminant mass
being removed from the system is likely being removed through the mechanisms of
natural attenuation.

The changes in the molar fractions of PCE (parent compound} and its degradation
products TCE and cis-1,2-DCE, coupled with decreasing solute concentrations along
the flowpath confirm intrinsic bioremediation (i.e., natural biodegradation) of the
chlorinated ethenes. Specifically, the decrease in the molar fraction of PCE
accompanied by an increase in the molar fraction of the degradation product cis-1,2-
DCE along the flowpath confirns degradation via reductive dechlorination. The
molar fraction of TCE also likely increases and then decreases along the flowpath
between wells MW-4 and MW-6 but the reaction is too fast and the well spacing too
great to see this increase. The lack of VC and the lack of cis-1,2-DCE accumulation
confirms that the cis-1,2-DCE also is degrading, likely through oxidative biological
degradation mechanisms (McCarty and Semprini, 1994; Bradley and Chapelle [1996,
1997, 1998, and 2011], and Bradley, 2011). These observations are confirmed by
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CSIA (Section 6.4) and the molecular biological analyses conducted at the Site
(Section 8). In addition, the geochemistry at the site is generally anoxic, conditions
that are conducive to the degradation pathways observed at the Site (Section 7).

6.23.2 Plots of Concentration versus Distance Downgradient over Time for
Individual Chlorinated Ethanes

Figures 47 through 50 present plots of the concentrations (A) and molar fractions (B} of
individual chlorinated ethanes along the flowpath presented on Figure 3 for July 1999, December
2003/January 2004, October 2007, and January/February 2011. These figures were prepared
using the concentrations of 1,1,1-TCA, 1,1-DCA, CA, and 1,1-DCE for a given sampling event.
For this analysis, non-detect concentrations were assumed to be zero (0) and estimated)
concentrations that were “J” flagged were assumed to be accurate. Measured concentrations of
LLI-DCE are included in the total ethane concentration summation because it is a known
degradation product of abiotic 1,1,1-TCA hydrolysis/dehydrohalogenation and is not known to
have been used as a solvent at the Site. In order to focus on the area with the highest
concentrations of chlorinated ethanes, Figures 47 through 50 run from MW-6 to MW-8. THWA
believes that this is appropriate because the highest concentrations of chlorinated ethanes
originate in the vicinity of Victory Park (i.e., MW-6/MW-6D; Figures 29 through 36 and
Figure 42).

Figures 47 through 50 show the following:

1} The aqueous concentrations of individual chlorinated ethanes have decreased over the
period of observation both along the flowpath and in individual wells. For example,
the maximum concentration of 1,1,1-TCA observed in MW-6 was 9,100 ug/L in July
1999, 6,800 pg/L in January 2004, 6,160 ng/L in October 2007, and 2,360 pg/L in
February 2011. Note that there appear to be three distinct sources (i.e., flowpath
“starting points”) for chlorinated ethanes in groundwater;

2} That portion of the chlorinated ethane plume with the highest concentrations appears
to be anchored near Victory Park, near MW-6, and not on the Twigg property of near
the FWSA. This is consistent with the soil data shown on Figures 18 and 19 and
suggests that spills on the Twigg property are not the main source of total chlorinated
ethanes found in soil and groundwater in the study area, and;

3} Chlorinated ethane concentrations decrease fairly rapidly along the groundwater flow
path. In the time it takes for groundwater to migrate from MW-6 to MW-8, the
chlorinated ethane plume has been almost completely degraded. Because the origin of
the ethane plume is a significant distance downgradient from the Twigg facility where
the majority of remediation activities have occurred, it is not likely that remediation
activities occurring on the Twigg property are having a significant effect on the
migration and fate of the total chlorinated ethanes that originate near Victory park and
migrate downgradient. The exception to this is the bioremediation pilot testing which
occurred in the vicinity of MW-8 from August 2006 until August 2007 (Section
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2.2.2.3). However, as discussed in Section 6.2.2.1, the amount of ethane mass

removed by pilot testing activities is likely small compared to that removed via natural
attenuation.

4) The changes in the molar fractions of 1,1,I-TCA (parent compound) and its
degradation products 1,1-DCA, CA, and 1,1-DCE, coupled with decreasing solute
concentrations along the flowpath confirm intrinsic bioremediation (i.e., natural
biodegradation) and a relatively minor amount of hydrolysis/dehydrohalogenation of
the chlorinated ethanes. Specifically, the decrease in the molar fraction of 1,1,1-TCA
accompanied by an increase in the molar fraction of the degradation product 1,1-DCA
along the flowpath confirms degradation. The relative proportion of the molar
fractions of 1,1-DCA and 1,1-DCE strongly suggest that the majority of 1,1,1-TCA
mass is being removed via reductive dechlorination and not by hydrolysis. The
general lack of CA until initiation of bioremediation pilot testing activities in the
vicinity of MW-8 suggests that the majority of 1,1-DCA removal along the flowpath is
being accomplished via an oxidative pathway. These observations are confirmed by
CSIA (Section 6.4) and the molecular biological analyses conducted at the Site
(Section 8). In addition, the geochemistry at the site is generally anoxic, conditions
that are conducive to the degradation pathways observed at the Site (Section 7).

6.3 EVALUATION OF PLUME STABILITY AND BEHAVIOR USING
PLOTS OF CONCENTRATION VERSUS TIME IN INDIVIDUAL
WELLS

Plots of solute concentrations versus time are useful for assessing the behavior of a solute
plume over time. Figures 51 through 61 present plots of PCE, TCE, cis-1,2-DCE, VC (rarely
detected), 1,1,1-TCA, 1,1-DCA, CA, and 1,1-DCE over time for wells with significant detectable
concentrations of one or more of these compounds. Figures 51 and 52 present plots of solute
concentration versus time for wells along the flowpath identified on Figure 3. Figures 53
through 61 present plots of concentration versus time for monitoring wells MW-3, MW-108S,
MW-11, MW-12, MW-15, MW-16, MW-17, MW-18, and MW-19, respectively. Because the
purpose of this document is to evaluate natural processes of contaminant attenuation and
degradation, and because of their proximity to wells that were included in this analysis, those
wells installed for the express purpose of facilitating bioremediation pilot testing (i.e., the PMW
and PBW series wells) were not included in this analysis of solute concentration trends over
time. Table 11 summarizes the concentration trends over time for chlorinated ethenes and
ethanes in individual wells.

As shown by Figures 51 through 61 and as summarized in Table 11, the majority of the
monitoring wells at the site exhibit decreasing concentration trends. The exceptions to this are
the stable concentrations observed in MW-6, MW-8, MW-I11, and MW-16, and the stable to
potentially slightly increasing trends in chlorinated ethene concentrations in MW-12.
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Of note in the concentration versus time analysis for individual wells are the temporal
variations in solute concentrations in MW-12 (ethenes) and MW -8 (ethanes).

For MW-12 the concentration of PCE increased about 60% over the period from 10/13/06
(37.7 ug/L) to 10/25/2007 (63.6 pg/L). However, the concentration of this compound has been
stable over the past two sampling events (10/25/07 and 2/8/11) with a PCE concentration of
60.1 pg/L in 2011. Future groundwater sampling should be used to ascertain what is happening
in this well.

The concentration of 1,1,1-TCA started a steady increase in MW-8 in June 2006 (45 png/L)
and stabilized in October 2007 at a concentration of 209 pg/L. The concentration of 1,1,1-TCA
was 220 ng/L on January 31, 2011. The observed increases in 1,1,1-TCA concentration in this
well roughly coincide with the onset of bioremediation pilot testing in this area. It is not clear if
this pilot testing resulted in the solubilization of additional 1,1,1-TCA since 1,1,1-TCA was
detected in soil in the boring for this well in 1997. Future groundwater sampling should be used
to ascertain what is happening in this well.

6.4 EVALUATION OF COMPOUND-SPECIFIC ISOTOPE ANALYSES

Compound-specific isotope analysis (CSIA) is an analytical technique used to generate
isotopic characterization of individual compounds via gas chromatography-isotope ratio mass
spectrometry (GC/IRMS). Isotopic measurements of carbon, hydrogen, oxygen, sulfur, and
chlorine can be useful for environmental engineering applications.

During the last decade, quantification of the amount of isotopic fractionation as an indicator
of microbiological and chemical transformations (i.e., degradation) of contaminants in
groundwater has gained widespread acceptance (USEPA, 2008). Because of the lower bond
energy, bacteria preferentially attack chemical bonds containing '>C, thus the remaining material
becomes preferentially enriched in '*C. This enrichment in "*C over time or along the flowpath
can be detected by modern analytical equipment. In these isotope applications, it has been
generally presumed that physical transport processes in groundwater have a negligible effect on
isotopic enrichment because isotopic enrichment in the subsurface environment requires the
breaking of a chemical bond (Aelion et al., 2010).

The isotopic composition of a sample is generally reported as a deviation of the isotope ratio
of a sample from that of the isotope ratio of a reference standard. This deviation is described
mathematically as a "del"” value (8) which is defined as:

(Rsample - Rstd)

54X = x1000

Rstd

Where: X = Isotope ratio relative to standard ("/m, parts per thousand or “per mil”")

Rample = the absolute isotope ratio of the sample = (concentration
of heavier isotope)/(concentration of lighter isotope) in the sample
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Raq = the absolute isotope ratio of the standard = (concentration of heavier

isotope)(concentration of lighter isotope) in the standard

For the commonly measured carbon isotopes,
[ 13 C]
Rsampte = m

13
Rey = ([12—6]) = 0.011180
[ C] VPDE

sample

Multiplying by 1,000 allows the values to be expressed in parts per thousand or parts per "mil"
which is expressed as “/y,

A 8"°C value of 0%, corresponds to a sample with an isotope ratio that is equal to that of the
standard. 1f 3"°C is a positive number, then the sample has a greater amount of the heavier
isotope than does the standard. For example, a 8"3C value of +10%, corresponds to a sample
with an isotope ratio that is 10 parts per thousand or 1% higher than that of the standard. Most
8"*C values measured from subsurface spills are negative; thus, the less negative the 3"C value
becomes, the more enriched the material is in C. For example, a change in the 3"C value from
28%.,to -18 °!oo is indicative of an enrichment in *C compared to '’C (i.e., an increase in the
concentration of ' C) and in typical subsurface environments is conclusive proof' that chernical
bonds have been broken and that degradation has occurred.

6.4.1 Analysis of Chlorinated Ethene Degradation Using CSIA

Table 12 presents CSIA data for chlorinated ethenes. Flgures 62 and 63 present plots of the
concentration and 3'*C value (A) and molar fraction and 3'°C value (B} of chlorinated ethenes
versus distance along the groundwater flow path for April 2010 and January/February 2011,
respectively. The data presented in Table 12 and Figures 62 and 63 provide conclusive evidence
for degradation of chlorinated ethenes along the groundwater flowpath. Figures 62 and 63 show
that the area impacted by bioremediation pilot testing in the vicinity of PMW-1 is limited to the
immediate vicinity of the pilot test location. The impact of the bioremediation pilot testing is
shown by the decrease in PCE concentration and increase in cis-1,2-DCE concentration coupled
with the increases in 3'*C values for PCE, TCE, and cis-1,2-DCE from MW-1S/MW-13 to
PMW-1 to MW-14 . The impact of bioremediation pilot testing operations is absent by the time
groundwaler reaches MW-4 as shown by the decrease in cis-1,2-DCE concentrations, and
decrease in 8'°C values for PCE, TCE, and cis-1,2-DCE between MW-14 and MW-4. The
limited influence of the bioremediation pilot testing 1s also evidenced by the fact that the 8"*c
values are essentially “reset” at MW-4. That is, the 3'°C values decrease to a value that is close
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to the value observed upgradient from the bioremediation pilot testing system (MW-1S5/MW-13).
Downgradient from MW-4, where the center of mass of the chlorinated ethene plume is
anchored and the highest chlorinated ethene concentrations are observed, the vast majority, if not
all, of the PCE, TCE, and cis-1,2-DCE degradation is likely the result of natural biodegradation.
Based on the flow path analyses presented in this report, PCE is entirely degraded between MW-
19 and MW-6, as is the majority of any TCE and cis-1,2-DCE produced from the degradation of
PCE.

6.4.2 Analysis of Chlorinated Ethane Degradation Using CSIA

Table 12 presents CSIA data for chlorinated ethanes. Fi%ures 64 and 65 present plots of the
concentration and 3'°C value (A) and molar fraction and 3'°C value (B} of chlorinated ethanes
versus distance along the groundwater flow path for April 2010 and January/February 2011,
respectively. The data presented in Table 12 and Figures 64 and 65 provide strong evidence for
degradation of chlorinated ethanes along the groundwater flowpath from MW-6 to PBW-3.

The molar fraction plots for 1,1-DCE and CA in the upgradient portions of the plume are
somewhat confusing and misleading because 1) The chlorinated ethanes present in groundwater
upgradient from MW-19 and those in the vicinity of MW-6 are likely from two distinct areas of
soil contamination, and 2) no 1,1,1-TCA is present in concentrations above the detection limit in
MW-13, PMW-1, or MW-14. For this reason, Figures 64 and 65 present the data as thought
there were two starting points.

As shown by Figures 64 and 65, significant concentrations of 1,1,1-TCA, 1,1-DCA, and 1,1-
DCE are not present along the flowpath until MW-6. Based on discussions presented in Section
4, this is where the main source of chlorinated ethane contamination appears to be present (i.e.,
beneath Victory Park). Downgradient from MW-6, the increase in the molar fraction of 1,1-
DCA compared to the molar fraction of 1,1-DCE, suggests that the majority of 1,1,1-TCA
degradation between MW-6 and MW -8 is the result of biodegradation.

The majority of the 1,1,1-TCA degradation occurring between MW -6 and PBW-3 is the result
of natural degradation mechanisms including intrinsic biodegradation and abiotic hydrolysis
coupled with dehydrohalogenation. This is supported by the lack of active remediation systems
between MW-6 and PBW-3 and the historic change in 1,1,1-TCA concentrations along the
flowpath. The impact of the bioremediation pilot testing system on the removal of contaminant
mass between MW-6 and PBW-3/MW-8 is considered trivial compared to natural attenuation
because the concentration/mass of 1,1,1-TCA in groundwater is already significantly reduced by
natural processes by the time 1,1,1-TCA-laiden groundwater travels from MW-6 to PBW-
3/MW-8. The shift in 3" C value for 1,1,1-TCA between PBW-3 and MW-8 observed in 2011,
and to a lesser extent, 2010, is somewhat perplexing and additional monitoring should be
conducted in the vicinity of MW-8 to ascertain the cause of this shift. This shift may be a relic
from bioremediation pilot testing and long-term monitoring will help determine what is
occurring in this portion of the Site.
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SECTION 7
ANALYSIS OF GEOCHEMICAL DATA

An evaluation of geochemical conditions is important when evaluating the degradation of
CAHs because the degradation of these compounds is dependent upon the prevailing
biogeochemistry of the groundwater in which the solute plume resides.

Table 13 presents available geochemical data for the Site. Unfortunately, the geochemical
data available for the Site often are contradictory and in some cases, not possible. Available
geochemical data do not correlate with operant degradation mechanisms that are confirmed by
concentration trends along the flowpath and in individual wells, by molar fraction plots of
individual compounds along the flowpath, by CSIA which clearly show that degradation is
occurring and by microbiological data (Section 8). The reasons for these contradictions are not
clear but are likely related to sampling technique or meter malfunction. Care should be taken
during the collection of future geochemical data.

The obvious discrepancies in the geochemical data makes a detailed analysis of geochemical
conditions difficult at best. For example, the geochemistry in PBW-1 measured on 10/20/2005
indicates a dissolved oxygen concentration of 3.4 mg/L, a ferrous iron [Fe(II)] concentration of
29.8 mg/L, a methane concentration of 3.98 mg/L, and an ORP of -260 millivolts (mV). This
groundwater geochemistry is not possible, nor is the dissolved oxygen concentration of 0.2 mg/L
coupled with the presence of methane and an ORP of 310.8 mV observed in MW -6 in February
2011 or the dissolved oxygen concentration of 1.5 mg/L coupled with the methane concentration
of 5.8 mg/L observed in MW-14 on 10/20/2005. Similar examples of incorrect geochemical data
exist throughout Table 13.

In spite of the problems with the geochemical data presented in Table 13, the area impacted
by CAHs appears to be generally anoxic (Figure 66). Furthermore, the detections of methane in
groundwater both in areas that were and were not subjected to bioremediation pilot testing and
the distribution of contaminants and degradation products, CSIA confirming degradation that is
known to occur only under anoxic conditions, and available molecular biological data, suggest
that the majority of the Site impacted by CAHs is anoxic and capable of facilitating natural
attenuation via contaminant degradation.

As discussed in Section 5, the degradation of chlorinated ethenes and ethanes can occur
through a myriad of mechanisms including complete biological reductive dechlorination
(dehalorespiration; applies to chlorinated ethenes and ethanes), partial biological reductive
dechlorination with biological oxidation or hydrolysis of degradation products, and for 1,1,1-
TCA, abiotic hydrolysis coupled with dehydrohalogenation. All of these reactions, to a greater
or lesser extent, are dependent upon the prevailing geochemistry at a site and appear to be
occurring at this site.
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The complete biological reductive dechlorination of PCE, TCE, and cis-1,2-DCE, to VC and
then ethene occurs when the prevailing geochemistry of the aquifer is sulfate reducing or
methanogenic. When this is the case, VC tends to accumulate in groundwater because the
degradation rate decreases as the reaction proceeds from PCE — TCE — cis-1,2-DCE — VC
— ethene. Limited complete reductive dechlorination to VC and ethene was accomplished
during the bioremediation pilot testing that was conducted in the vicinity of the FWSA.
Conversely, reductive dechlorination of PCE to TCE to cis-1,2-DCE followed by biological
oxidation of the cis-1,2-DCE to carbon dioxide and water with no production of VC occurs under
anoxic conditions (Bradley and Chapelle, 1997; Bradley, 2011; Bradley and Chapelle, 2011).
Furthermore, it is now known that iron reduction does not compete with reductive dechlorination
to the extent it was once thought; if at all (Wei and Finneran, 2011). This suggests that efficient
reductive dechlorination of PCE and TCE to cis-1,2-DCE can occur under only mildly reducing
(hypoxic) conditions. Based on the geochemical data available for the Site, concentration and
molar fraction trends, and CSIA, it appears that under ambient aquifer conditions, PCE is
degrading to TCE and then to cis-1,2-DCE via reductive dechlorination. The produced cis-1,2-
DCE is then likely being biologically oxidized to carbon dioxide and water. This degradation
pathway has several advantages over the complete reductive dechlorination pathway under
which VC tends to accumulate under strongly anoxic conditions because the oxidation of cis-1,2-
DCE precludes the production of VC. Production of VC appears to be limited to those areas
where pilot testing of chlorinated ethene biostimulation was conducted and methanogenic
conditions were generated. One drawback to enhanced bioremediation at this Site would be the
likely accumulation of VC. The accumulation of VC would occur because the strongly reducing
conditions created by enhanced bioremediation would preclude the oxidation of cis-1,2-DCE and
encourage reductive dechlorination of cis-1,2-DCE to VC through reductive dechlorination.
That this would happen if sufficient carbon is added to the system is evidenced by the production
of limited quantities of VC during pilot testing and the presence of bacteria capable of complete
reductive dechlorination of PCE to VC and ethene (i.e., Dehalococcoides sp.; Section 8).

The biological reductive dechlorination of 1,1,1-TCA to 1,1-DCA and then to chloroethane
occurs under anoxic conditions. Unlike the complete biological reductive dechlorination of
chlorinated ethenes, there are abiotic degradation reactions that compete with biological
reductive dechlorination of chlorinated ethanes. For example, at least some of the 1,1,1-TCA
present in groundwater will be degraded by the coupled abiotic hydrolysis/dehydrohalogenation
to acetic acid (80%) and 1,1-DCE (20%). Chloroethane produced by reductive dechlorination is
rapidly hydrolyzed to ethanol and hydrochloric acid (HCl) which is likely why reductive
dechlorination of CA to ethane is rarely observed. The ethanol produced from the hydrolysis of
CA is then further hydrolyzed to acetic acid. Based on the geochemical data available for the
Site, concentration and molar fraction trends, and CSIA, it appears that 1,1,1-TCA is degrading
via a combination of biological reductive dechlorination and abiotic hydrolysis/
dehydrohalogenation.
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SECTION 8
ANALYSIS OF MICROBIOLOGICAL DATA

This section presents available microbiological data for the Site, which are presented in
Table 14. These data were collected to help evaluate the potential for enhanced bioremediation,
and to help elucidate degradation pathways. Based on the previous data presented in this report
including the distribution of contaminants and degradation products over time and space, CSIA
data confirming degradation, and groundwater geochemical data, it is clear that chlorinated
ethenes and ethanes at, and downgradient from, the Twigg manufacturing facility are being
attenuated by naturally occurring degradation mechanisms. To help assess the efficacy of
enhanced bioremediation at the Site, in September 2010, the identification of the presence or
absence of the genes of the following bacterium was undertaken: Dehalococcoides,
Dehalococcoides functional genes (tced, bcvA, and verd), Dehalobacter, methane oxidizing
bacteria, and soluble methane monooxygenase. These data were collected using gquantitative
real-time polymerase chain reaction (QPCR) analyses. These reactions are used in molecular
biology to amplify and simultaneously quantify a targeted DNA molecule. This technique
allows both detection and quantification as an absolute number of gene copies or relative
amounts of specific DNA compared to normalized DNA input. Quantitative real-time
polymerase chain reaction assays can be developed to quantify specific organisms capable of
degrading contaminants.

8.1 DECHLORINATING BACTERIA

As shown by Table 15, there are several genera of bacteria that will reductively dechlorinate
chlorinated ethenes including Dehalobacter, Dehalospiritlum (Sulfospiritium), Dehalococcoides,
Desulfitobacterium, and Clostridium. Many of these bacteria will also degrade chlorinated
ethanes. Of the genera listed in Table 15, only Dehalococcoides spp. will completely
dechlorinate tetrachloroethene (PCE) to ethene and not all species of this genus will completely
dechlorinate PCE via a metabolic (energy yielding) pathway. However, based on the
geochemical conditions present at the Site, complete reductive dechlorination to VC and ethene
is not required to facilitate Site remediation.

8.1.1 Dehalococcoides

Dehalococcoides is a genus of bacteria within class Dehalococcoidetes, that obtain energy via
the oxidation of hydrogen gas (H:)} and subsequent reductive dehalogenation of halogenated
organic compounds including chlorinated solvents such as those present at the Site. Several
members of the genus Dehalococcoides that grow at the expense of a broad variety of
organohalides, including halogenated alkanes (e.g., chlorinated ethanes) and alkenes (e.g.,
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chlorinated ethenes), and chlorinated benzenes, biphenyls, and dioxins are found in the
environment (Schmidt and de Vos, 2004). While PCE-dehalogenating bacteria from genera
other than Dehalococcoides generally dechlorinate this solvent to cis-1,2-dichloroethene,
Dehalococcoides ethenogenes strain 195 was the first bacteria observed that completely
dehalogenates and thus detoxifies PCE in a four-step series of reductive dechlorinations to
ethene (Maymo-Gatell, et al., 1997). However, only the first three steps are metabolic, and the
dechlorination of VC appears to be a slow, cometabolic reaction that results in the transient
accumulation of this highly toxic intermediate unless polychlorinated ethenes are present
(Maymo-Gatell et al,, 1999; Schmidt and de Vos, 2004). Since this time, several strains of
Dehalococcoides sp. have been identified that reductively dechlorinate PCE and/or
trichloroethene (TCE) to ethene with some of the reactions from vinyl chloride to ethene being
cometabolic and some being metabolic (Table 15). Where the degradation of vinyl chloride to
ethene caused by Dehalococcoides sp. is metabolic, the VC tends to degrade rapidly; where the
reaction of vinyl chloride to ethene is cometabolic, vinyl chloride can accumulate. The
functional genes fced, vcrA, and bvcA are used to determine if the reductive dechlorination
reaction will fully degrade PCE to ethene via a metabolic pathway or if the reactions will rely on
cometabolism during some stage of the degradation pathway, as discussed below. As will be
discussed below, the degradation pathways observed at this Site do not rely on the presence of
the functional genes fced, vcrd, and bvcA because the cis-1,2-DCE is produced from the
degradation of PCE and TCE is likely being biologically oxidized as shown by the lack of VC
and ethene under natural conditions and CSIA data confirming degradation.

Available Site-specific 16S rRNA gene data for identification of Dehalococcoides species are
presented in Table 14. As shown by these data, Dehalococcoides spp. is present in the aquifer at
the site with the highest observed cell counts (which are still low) being collected in those
wells/points situated closest to the bioremediation pilot tests that were previously conducted at
the Site. This implies that previous bioremediation pilot testing increased the concentration of
Dehalococcoides spp. in the aquifer in those areas closest to substrate injection. However, the
presence of Dehalococcoides in other portions of the aquifer not influenced by bioremediation
pilot testing can be inferred by the distribution of contaminants and degradation products
(particularly cis-1,2-DCE) over time and space, CSIA data confirming degradation, and
groundwater geochemical data. The lack of VC in areas other than the area that underwent
bioremediation pilot testing, in conjunction with other Site-specific data, suggests that the
predominant degradation pathway for chlorinated ethenes at the Site is reductive dechlorination
to cis-1,2-DCE followed by biological oxidation of the biogenically produced cis-1,2-DCE. This
combination of degradation pathways (i.e. reductive dechlorination followed by biological
oxidation of cis-1,2-DCE} is consistent with the Author’s experience at similar sites and the
work recently published by Bradley and Chapelle (2011) and Bradley (2011). In the past, the
degradation of PCE or TCE to cis-1,2-DCE with no production of VC was thought to indicate
that the reaction had “stalled” at cis-1,2-DCE; hence the origin of the colloguial term “cis-stall.”
However, plume stability analyses, including time-series plots of contaminants and daughter
products in individual wells and along the flow path such as those completed for this site,
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suggested that the cis-1,2-DCE was degrading, as they do for this Site, but via a heretofore
unknown reaction. Recent advancements in the use of CSIA have allowed conclusive
confirmation that cis-1,2-DCE at these sites was degrading, even if the reaction mechanism was
not understood. This is the case at this Site. The recent work of Bradley and Chapelle (2011)
and Bradley (2011) suggests that the degradation of the cis-1,2-DCE that is produced from the
reductive dechlorination of PCE and TCE at sites with characteristics similar to this Site, is via
biological oxidation.

The functional genes tced, verA, and bveA that are typically used to determine if species of
Dehalococcoides capable of complete reductive dechlorination of PCE to VC and ethene are
present in the aquifer, are below detection limits (Table 14). The lack of these genes at the Site
is not surprising since these genes are known to be expressed when TCE or cis-1,2-DCE are
degraded to VC and/or ethene and are not required for degradation from PCE to TCE to cis-1,2-
DCE (Figure 67). As suggested by the generation of small quantities of VC dunng
bioremediation pilot testing, addition of an organic carbon substrate would likely result in
increases in the concentration of Dehalococcoides and the associated functional genes. Of
particular importance for this Site is that without knowing which species of Dehalococcoides
isfare present, it cannot be known conclusively whether vinyl chloride will or will not
accurnulate but based on the Author’s (Todd Wiedemeier) experience with enhanced
bioremediation of chlorinated ethenes, and the fact that VC was produced during small-scale
bioremediation pilot testing, it is likely that if sufficient organic carbon is added to the subsurface
at this Site, significant quantities of VC will be generated. It is especially important to note that
the production and accumulation of VC could result in an increase in the risk posed by Site
contaminants. Furthermore, available data suggests that natural attenuation is removing
significant quantities of CAHs without producing any detectable VC (Sections 4, 6, and 7).

8.1.2 Dehalobacter

Dehalobacter is a genus of bacteria that has been shown to reductively dechlorinate
chlorinated ethenes and ethanes (Holliger er al, 1993; Grostern and Edwards, 2006).
Dehalobacter restrictus is an obligate anaerobe, genetically close to the clostridia. 1t has been
isolated from soil contaminated with chlorinated industrial products. These bacteria respire
using PCE or TCE as a terminal electron acceptor and dihydrogen (H:) as an electron donor
(Holliger et al., 1993). In addition, Dehalobacter restrictus, strain TCAl, a low G+C, gram
positive, obligate H;-oxidizing bacteria has been shown to reductively dechlorinate chlorinated
ethanes. Available 16S rRNA gene data for identification of Dehalobacter species are presented
in Table 14. As shown by these data, Dehalobacter are present in the aquifer at the site with the
highest cell counts being collected in those wells/points situated closest to the bioremediation
pilot tests that were previously conducted at the Site. This implies that previous bioremediation
pilot testing increased the concentration of Dehalobacter spp. in the aquifer. However, based on
the temporal and spatial behavior of the chlorinated ethanes, it is likely that Dehalobacter spp. is
ubiquitous at the Site.
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METHANE OXIDIZING BACTERIA (METHANOTROPHS) AND SOLUBLE
METHANE MONOOXYGENASE

The methanotrophs typically are aerobic bacteria (although some anaerobic methanotrophs
are known to exist, typically in marine sediments) that oxidize methane as their only source of
energy and carbon through the enzyme methane monooxygenase (MMO). This MMO can
cometabolize or transform nongrowth substrates such as chlorinated solvents, by either growing
or resting cells (Brigmon, 2001). Cometabolism is a result of nonspecific MMO activity towards
organic compounds that do not serve as carbon or energy sources. While many cometabolizing
bacterial species have been identified, the best studied are the methanotrophs (Brigmon, 2001).
The reason for this is that methanotrophs are ubiquitous and can cometabolize many aliphatic
compounds, alkanes, and aromatic compounds (Brigmon, 2001). Methanotrophs have been
intensely studied for use in degrading chlorinated solvents, most notably trichloroethylene, to
environmentally acceptable concentrations in soils, sediment, and groundwater. Stimulation of
methanotrophic bacteria can be accomplished through the addition of organic carbon to the
system, some of which will be converted to methane through biodegradation and
biotransformation. In addition to their potential importance in cometabolic reactions,
methanotrophs are also important because they help reduce the amount of methane resulting
from biodegradation of organic compounds being released to the atmosphere (Brigmon, 2001).

Available 16S rRNA gene data for identification of methanotrophs (methane-oxidizing
bacteria) are presented in Table 14. As shown by these data, methanotrophs are present in the
aquifer at the site with the highest cell counts being collected in those wells/points situated
closest to the bioremediation pilot tests that were previously conducted at the Site. This implies
that previous bioremediation pilot testing increased the concentration of methanotrophs in the
aquifer, likely in response to the increase in methane being produced from the biodegradation of
organic carbon. The presence of methanotrophs is of importance at this site because they are
known to facilitate the cometabolism of chlorinated ethenes, most notably TCE.

Several observations can be made, and conclusions drawn, from the molecular biological data
presented in this section. These are:

e The dechlorinating bacteria Dehalococcoides spp. and Dehalobacter spp. are present
in the aquifer system at the Site. These bacteria are known to reductively dechlorinate
chlorinated ethenes and ethanes;

e The concentrations of Dehalococcoides spp. and Dehalobacter spp. are highest in
those areas closest to bioremediation pilot testing injection points, suggesting that
these bacteria will grow if additional organic carbon is added to the aquifer system at
the Site. However, they are also present in portions of the aquifer that were not
impacted by bioremediation pilot testing (e.g., MW-19, Table 14) as shown by the
presence the presence of degradation products and the behavior of the solute plumes
over time;
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Methane oxidizing bacteria and soluble methane monocoxygenase are present at the
Site and, again, the concentrations of these are highest in those areas closest to
bioremediation pilot testing injection points. The presence of methanotrophs and
soluble methane monooxygenase could cause the cometabolism of at least some of the
chlorinated compounds present at the Site;

The addition of organic carbon to the system will very likely increase the population
of dechlorinating bacteria at the Site, and thus the rate of biodegradation of chlorinated
compounds through biostimulation of the indigenous microbial population, and;

The functional genes tceA, verA, and bvcA, are not present in detectable concentrations
at the Site. However, based on the generation of small quantities of VC during
bioremediation pilot testing, it is likely that the addition of large quantities of organic
carbon will result in the generation of VC which could increase the risk posed by Site
contaminants.
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SECTION 9
CONCLUSIONS AND RECOMMENDATIONS

This report presents an assessment of the ability of natural attenuation to reduce the
concentrations and mass of CAHs detected in soil and groundwater beneath, and downgradient
from, the Twigg manufacturing facility. Various types of data were used for this analysis
including groundwater elevation, groundwater quality, geochemical, microbiological, and CSIA
data.

All three of the “lines of evidence” discussed in the Technical Protocol for Evaluating the
Natural Attenuation of Chlorinated Solvents in Groundwater (USEPA, 1998) were used to
evaluate the efficacy of natural attenuation for organic contaminants dissolved in groundwater.
In addition, several types of data not available at the time (USEPA, 1998} was published were
used for this analysis. The evaluation of natural attenuation presented in this document includes:

1} A review of Site history including facility usage and historic site characterization and
remediation efforts;
2} An evaluation of hydrogeologic conditions at the site;
3) An evaluation of the nature and extent of contamination;
4} Analysis of contaminant and degradation product data including;
- evaluation of plume behavior and stability using isopleth maps,
- evaluation of plume behavior and stability using concentration versus time and
distance plots, and
- evaluation of degradation products including molar plots of parent compound
and degradation products versus distance plots.
5} Analysis of compound-specific isotopic analytical data;
6) Analysis of geochemical data, and;
7} Analysis of microbiological laboratory data.

The remainder of this section presents the significant observations made as a result of the data
evaluation and presents recommendations for further action at the Site.

9.1 OVERARCHING CONCLUSIONS

The overarching conclusion resulting from the evaluation of natural attenuation presented in
this document is that natural processes of contaminant attenuation are removing significant
amounts of contaminant mass from the shallow subsurface at the Site without the aid of
engineered remediation systems. This natural attenuation is limiting solute plume migration and
will ultimately bring about complete site remediation. The remainder of this section presents
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major points in the form of a bullet list. Each bullet lists significant conclusions reached in the
various sections and subsections of this report.

THWA believes that any attempt to facilitate bioremediation via carbon addition on a large
scale might actually increase the risk posed by Site contaminants because of the likelihood that
VC would be generated.

9.2 SOURCE AREA(S)

o Industrial activities have occurred on the property currently owned by Twigg since about
1916. Many of these industrial activities likely used industrial solvents including PCE
and 1,1,1-TCA.

e There is no evidence of mobile (*free-phase”) DNAPL at the Site;

9.2.1 Chlorinated Ethenes

e The soil contamination that is contributing chlorinated ethenes (i.e., PCE} to groundwater
appears to be associated with the Twigg property and is predominantly found in the
vicinity of, and downgradient from, the FWSA (Figures 16 and 17).

9.2.2 Chlorinated Ethanes

e In contrast to chlorinated ethenes, the soil contamination contributing chlorinated ethanes
(i.e., 1,1,1-TCA) to groundwater is found in what appear to be three fairly distinct areas.
Two are on/beneath the Twigg property and one appears to be located in the vicinity of
Victory Park (Figures 18 and 19).

e Based on available data, the main source of soil contamination that is contributing
chlorinated ethanes to groundwater appears to be located somewhere in the vicinity of
Victory Park and not on the Twigg property. The exact location of this source is not
known. This is supported by the following:

- The relative lack of TCA in groundwater in the immediate vicinity of the Twigg
facility compared to the amount of 1,1,1-TCA found in groundwater in the vicinity
of, and downgradient from, Victory Park, as shown by the distnbution of
chlorinated ethanes in soil and groundwater,

- the fact that the highest 1,1,1-TCA concentrations observed in soil were found in the
vicinity of MW-6, and that the highest concentrations of 1,1,1-TCA in soil in this
area may have been missed,

- The amount of PCE mass (1,450 pounds) versus 1,1,1-TCA mass (110 pounds)
removed by the SVE system present on the Twigg property. If the main source of
the 1,1,1-TCA found in groundwater in the vicinity of Victory Park had onginated
on the Twigg property, it is likely that significantly more 1,1,1-TCA would have
been removed via SVE, and;

- 1f the main source of 1,1,1-TCA contamination found in groundwater had originated
on the Twigg property, then the 1,1,1-TCA plume would more closely mimic the
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chlorinated ethene plume, with the highest chlorinated ethane concentrations being
found on, or just downgradient from, the Twigg facility. That is, the areas with the
highest 1,1,1-TCA concentrations would be more closely associated with the highest
PCE concentrations.

9.3 REMEDIATION ACTIVITIES

Several remediation systems have been installed at the Site, including SVE, ozone sparging,
and bioremediation pilot testing,

9.3.1 Seil Vapor Extraction

e Soil Vapor Extraction was initiated in November 1999.

e About 1,450 pounds of PCE and over 110 or so pounds of 1,1,1-TCA have been removed
via SVE.

e The majority of this mass was removed between November 1999 and the end of 2001.
Since that time, the SVE system has removed only a small amount of VOC mass.

9.3.2 Ozone Sparging

e An ozone-sparging system was designed and installed in early 2004.

e The ozone sparging points were located some 350 feet upgradient from the center of mass
of the ethene solute plume (near MW-4) and some 1,600 feet upgradient from the center
of mass of the main ethane solute plume (near MW-6).

e Ozone is only stable in groundwater for minutes to hours after injection (USEPA, 2006)
so the area of influence would be measured in units of several to tens of feet at best.

9.33 Bioremediation Pilot Testing

e A closed-cell bioremediation pilot testing system located in the vicinity of the FWSA was
operated from October 2004 until September 2005 and then from June 2006 until May
2008.

e A bioremediation pilot testing system was operated in the immediate vicinity of MW-8
from October 2004 until September 2005 and then from June 2006 until May 2008.
Injection of substrate into this area occurred in August 2006, March 2007, and August
2007.

e The purpose of these pilot tests was to determine the effectiveness of biostimulation
through carbon substrate addition.

9.4 IMPACT OF ENGINEERED REMEDIATION ACTIVITIES ON
NATURAL ATTENUATION

Although the targeted remediation activities completed at the Site to date have aided natural
attenuation, the majority of contaminant mass reduction observed at the Site is most likely the
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result

of natural processes of contaminant degradation. This conclusion is based on the

following observations:

9.5
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Significant reductions in solute concentrations (and thus mass) were observed before
initiation of any remediation activities.

Most of the VOC mass in soil that is continuing to contribute to groundwater
contamination has remained below the water table and generally out of reach of the SVE
efforts that have been completed to date. This is confirmed by the lack of a correlation
between precipitation/groundwater elevation and solute concentrations.

The impact of the ozone sparging system for remediation of CAHs was likely minimal
and only effective for the area immediately surrounding the injection wells because ozone
is only stable in groundwater for minutes to hours after injection so the area of influence
would be measured in units of several to tens of feet at best.

Bioremediation pilot testing was conducted in closed recirculation cells with only a
relatively small amount of organic carbon being released into the aquifer in areas outside
of the immediate vicinity of the pilot testing locations.

The wells with the highest historic concentration of chlorinated ethenes (MW-4) and
chlorinated ethanes (MW-6) are located outside those areas impacted by engineered
remediation activities. The possible exception to this is any residual organic carbon
remaining from upgradient bioremediation pilot testing that may have migrated
downgradient after cessation of recirculation pumping. Based on the nature of the
bioremediation pilot testing (i.e., closed cell and soluble substrate at relatively low
concentrations), it is unlikely that significant amounts of organic carbon migrated outside
the immediate vicinity of the bioremediation pilot testing cell.

ISOPLETH MAPS AND CROSS SECTIONS

Based on isopleth maps prepared over the period from 1998/1999 through 2011, the
“footprint” of the chlorinated ethene solute plume has remained fairly stable over the
period of observation and the footprint of the chlorinated ethane plume has become
smaller. In addition, chlorinated ethene and ethane solute concentrations have
significantly declined, and the total mass of CAHs in the system has decreased markedly.
Estimates of groundwater seepage velocity suggest that the solute plume should be
migrating downgradient at a rate of about 200 feet per year if sorption or degradation
were occurring.

For the chlorinated ethenes, using only the estimated groundwater seepage velocity for
the Site, the center of mass and the leading edge of the solute plume should have
migrated about 2,500 feet over the period from January 1999 through January 2011. That
is, the plume should have effectively doubled in size since 1999, yet the extent of the
plume has remained stable and maximum observed concentrations have decreased
markedly. Using estimated solute transport velocities for the Site, the center of mass and
the leading edge of the plume should have migrated between about 1,200 feet (PCE) and
1,900 feet (cis-1,2-DCE) downgradient between January 1999 and January 2011. The

W

0
9.4 WIEDEMEIER

& ASBOCIATES



Natural Attenuation Evaluation Section 9
Twigg Manufacturing Facility Conclusions and Recommendations

fact that the extent of the plume has remained stable and the leading edge of the total
chlorinated ethane plume has not migrated downgradient provides strong evidence that
natural attenuation processes are working to degrade contaminants and control plume
migration.

e For the chlorinated ethanes, using only the estimated groundwater seepage velocity for
the Site, the center of mass and the leading edge of the solute plume should have
migrated about 2,500 feet over the period from January 1999 through January 2011. That
is, the plume should have effectively doubled in size since 1999, yet the extent of the
plume has remained fairly stable and maximum observed concentrations have decreased
markedly. Using estimated solute transport velocities for the Site, the center of mass and
the leading edge of the plume should have migrated between about 1,400 feet (1,1,1-
TCA) and 2,100 feet (1,1-DCA} downgradient between January 1999 and January 201 1.
The fact that the extent of the plume has remained stable and the leading edge of the total
chlorinated ethane plume has not migrated downgradient provides strong evidence that
mechanisms of natural attenuation are working to degrade contaminants and control
plume migration.

9.6 PLOTS OF CONCENTRATION VERSUS TIME

e Plots of concentration versus time for the individual chlorinated ethenes and ethanes
shows that the concentrations of these compounds are decreasing or stable across much
of the Site. There are one or two exceptions to this as described in bullets three and four
of this Section (Section 9.6).

e Invariably, those wells exhibiting the highest concentrations of CAHs exhibited
decreasing concentrations.

e The concentration of PCE in MW-12 increased about 60% over the period from 10/13/06
(37.7 ug/L}) to 10/25/2007 (63.6 pg/L). However, the concentration of this compound
was stable over the past two sampling events (10/25/07 and 2/8/11) with a PCE
concentration of 60.1 pg/L in 2011. Future groundwater sampling should be used to
ascertain what is happening in this well.

e The concentration of 1,1,1-TCA started a steady increase in MW-8 in June 2006
(45 pg/L) and stabilized in October 2007 at a concentration of 209 ng/L. The
concentration of 1,1,1-TCA was 220 pg/L on January 31, 2011. The observed increases
in 1,1,1-TCA concentration in this well roughly coincide with the onset of bioremediation
pilot testing in this area. 1t is not clear if this pilot testing resulted in the solubilization of
additional 1,1,1-TCA since 1,1,1-TCA was detected in soil in the boring for this well in
1997. Future groundwater sampling should be used to ascertain what is happening in this
well.
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9.7 PLOTS OF CONCENTRATION VERSUS DISTANCE

9.7.1

9.7.2

Chlorinated Ethenes

The chlorinated ethene plume is anchored at and just downgradient from the FWSA, near
MW-4. Chlorinated ethene concentrations decrease fairly rapidly along the groundwater
flow path. In the time it takes for groundwater to migrate from MW-4 to MW-6, the
chlorinated ethene plume has been almost completely degraded.

The aqueous concentrations of individual chlorinated ethenes have decreased over the
period of observation both along the flowpath and in individual wells. For example, the
maximum concentration of PCE observed in MW-4 was 13,000 pg/L, 5,500 pgfL,
3,070 pg/L, and 805 pg/L in July 1999, January 2004, October 2007, and February 2011,
respectively.

The changes in the molar fractions of PCE (parent compound) and its degradation
products TCE and cis-1,2-DCE, coupled with decreasing solute concentrations along the
flowpath confirm intrinsic bioremediation (i.e., natural biodegradation) of the chlorinated
ethenes.

Chlorinated Ethanes

That portion of the chlorinated ethane plume with the highest concentrations appears to
be anchored near Victory Park, in the vicinity of MW-6, and not on the Twigg property
or near the FWSA. This is consistent with the soil data for the site and suggests that
spills on the Twigg property are not the main source of total chlorinated ethanes found in
soil and groundwater in the study area.

The aqueous concentrations of individual chlorinated ethanes have decreased over the
period of observation both along the flowpath and in individual wells. For example, the
maximum concentration of 1,1,1-TCA observed in MW-6 was 9,100 pg/L, 6,800 ng/L,
6,160 ng/L, and 2,360 pg/L in July 1999, lanuary 2004, October 2007, and February
2011, respectively.

Chlorinated ethane concentrations decrease fairly rapidly along the groundwater flow
path. In the time it takes for groundwater to migrate from MW-6 to MW-§, the
chlorinated ethane plume has been almost completely degraded.

The changes in the molar fractions of 1,1,1-TCA (parent compound)} and its degradation
products 1,1-DCA, CA, and 1,1-DCE, coupled with decreasing solute concentrations
along the flowpath confirm intrinsic bioremediation (i.e., natural biodegradation) and a
relatively minor amount of hydrolysis/dehydrohalogenation of the chlorinated ethanes.

9.8 DEGRADATION PRODUCTS

I Twaggc RepomiTeu S TRIGE Report - 8253088 docx

The presence of cis-1,2-DCE and the lack of trans-1,2-DCE is conclusive evidence for
de gradation of chlorinated ethenes. This degradation is occurring in areas with, and those
without, bioremediation pilot testing,
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e The presence of 1,1-DCA, CA, and 1,1-DCE provides evidence for degradation of 1,1,1-
TCA via both biodegradation (produces 1,1-DCA and CA) and hydrolysis coupled with
dehydrohalogenation (produces roughly 80% acetic acid and 20% 1,1-DCE). This
degradation is occurring in areas with, and those without, bioremediation pilot testing

9.9 COMPOUND SPECIFIC ISOTOPE ANALYSES

o Compound-specific isotope analyses provide conclusive evidence of degradation of PCE,
TCE, cis-1,2-DCE, 1,1,1-TCA, 1,1-DCA, and CA at the Site.

9.10 GROUNDWATER GEOCHEMISTRY

e The hydrogeologic system is capable of supporting the biologic degradation of all of the
contaminants found dissolved in groundwater at the site.

e The groundwater system is hypoxic with areas that are strongly anoxic (negative ORP
and methane and Fe[ll]} are present), both in areas that have, and have not undergone
bioremediation testing.

9.11 MOLECULAR BIOLOGICAL DATA

e Dehalococcoides spp. and Dehalobacter sp., bacteria that are known to degrade
chlorinated solvents, are present at the site.

9.12 PREDOMINANT DEGRADATION MECHANISMS
9.12.1Chlorinated Ethenes

» Based on the geochemical data available for the Site, concentration and molar fraction
trends over time and space, and CSIA, it appears that under ambient aquifer conditions,
PCE is degrading to TCE and then to cis-1,2-DCE via reductive dechlorination. The
produced cis-1,2-DCE is then likely being biologically oxidized to carbon dioxide and
water. This degradation pathway has several advantages over the complete reductive
dechlorination pathway under which VC tends to accumulate under strongly anoxic
conditions because the oxidation of cis-1,2-DCE precludes the production of VC.
Production of VC appears to be limited to those areas where pilot testing of chlorinated
ethene biostimulation was conducted and methanogenic conditions were generated. One
drawback to enhanced bioremediation at this Site would be the likely accumulation of
VC. The accumulation of VC would occur because the strongly reducing conditions
created by enhanced bioremediation would preclude the oxidation of cis-1,2-DCE and
encourage reductive dechlorination of c¢is-1,2-DCE to VC through reductive
dechlorination. That this would happen if sufficient carbon is added to the system is
evidenced by the production of limited quantities of VC during pilot testing and the
presence of bacteria capable of complete reductive dechlorination of PCE to VC and
ethene (i.e., Dehalococcoides sp.).
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9.12.2 Chlorinated Ethanes

e Based on the geochemical data available for the Site, concentration and molar fraction
trends over time and space, and CSIA, it appears that the predominant degradation
mechanisms for 1,1,1-TCA is a combination of:

- Biological reductive dechlorination where the degradation products are 1,1-DCA
and CA. The CA produced by reductive dechlorination is ultimately hydrolyzed to
ethanol and the ethanol is then hydrolyzed to acetic acid. The ethanol and acetic
acid produced from this reaction can then be used by bacteria for the generation of
H; to facilitate further biological reductive dechlorination, and;

- Abiotic hydrolysis/dehydrohalogenation to acetic acid (80%) and 1,1-DCE (20%).
Again, this acetic acid can be fermented to H; to facilitate biological reductive
dechlornation.

9.12.3 Effect of Commingled Ethenes and Ethanes

e Of interest in the study area is that the presence of chlorinated ethanes has an inhibitory
effect on the reductive dechlorination of chlorinated ethenes and, to a lesser extent, vice
versa (Grostern et al, 2009; Sherwood Lollar, 2010). Thus, it is fortunate that there
appear to be two somewhat distinct solute plumes; one is the chlorinated ethene plume
originating beneath the Twigg facility, the other being the chlorinated ethane plume,
which appears to originate near Victory Park. However, the presence of 1,1,1-TCA does
not appear to be precluding the occurrence of PCE reductive dechlorination and once the
TCA is gone, as it is over much of the area with chlorinated ethene contamination, the
reaction will likely no longer be inhibited, and the degradation rate for chlorinated
ethenes with therefore likely increase.

9.13 RECOMMENDATIONS

Based on the information presented in this report it is apparent that natural attenuation and
specifically biodegradation are acting very efficiently to remove CAH mass (both chlorinated
ethene and chlorinated ethane), from the saturated zone at the Site.

e Risk-based cleanup goals should be evaluated in conjunction with MNA to determine if
MNA alone will meet remediation goals.

e Should MNA be selected as part of the overall remediation approach for this Site,
groundwater monitoring should be conducted on an annual basis for a period of five years
to evaluate trends in CAH concentrations and to ensure that MNA is working as
anticipated. ARer five years, this monitoring frequency should be reevaluated to
determine if a two-year sampling frequency is adequate.

e Monitoring should be continued in MW-8 to see if concentrations remain stable or start to
increase. If concentrations are seen to increase, then a targeted remediation system
should be considered.
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e Because historical geochemical data are often contradictory and not
physically/chemically possible, THW A recommends that a complete set of geochemical
data be collected. Care be taken to ensure that accurate and plausible data are collected
to begin building a statistically significant and defensible database so that an accurate
assessment of geochemical conditions at the Site can be made.

e An assessment of the efficacy of the SVE system should be made. Based on available
data, it appears that the current network of SVE points is no longer effective at removing
VOCs from soil gas. 1n addition, the installation of additional SVE points in the vicinity
of MW-3, MWI12, and MW-16 should be given consideration to remove any CAH
constituents residing above the water table.
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SVE Effluent CAH Concentration and
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Figure 8
Precipitation versus Time for Martinsville 2 S\W (McDanicl’s Field Airport)
Twigg Manufacthuring Facitity
Martinsvilte. Indiona
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Figure 9
Plots of Groundwater Table Elevation versus Time for Selected Wells Along Flowpath

Twigg Manufacturing Facility

Mantinsville, Indimna
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PCE

Rapid under sulfate reducing and methanogenic conditions,
can occur under all anoxic conditions

TCE

Rapid under sulfate reducing and methanogenic conditions,
can occur under all anoxic conditions

cis-1,2-DCE

Aerobic and Anaerobic

Oxidation

Slower; occurs under sulfate reducing
and methanogenic conditions

Reductive Dechlorination

» CO,+H,0 +HCI

Ve Aerobic and Anaerobic CO. +H.O0+HCl
- + +
Oxidation 2 2
Slower; occurs under sulfate reducing
and methanogenic conditions
Eth Aeroble CO, + H.0
ene — » +
Oxidation 22
L |
Figure 38
Degradation Reactions for
Chlorinated Ethenes
Twigg Manufacturing Facility
Martinswville, Indiana
TUWIGG
AAF- Date: 719711
(") Client:Twigg Corporation
Revision Number:0
Source: Wiedemeier ef af. (1999) WIEDEMEIER | v=ontum

di\twagguepantiiiguesifigure 1223




Hydrolysis/Dehydrohalogenation  ~ 20% 1,1-DCE/
(1.1 to 3.8 year half life @ 20°C¥) 80% Acetate

1,1,1-TCA

@ Rapid under sulfate reducing and methanogenic conditions,
can occur under all anoxic conditions

o Y

O

< | 1,1-DCA

c

=

o

£

O

8 ﬂ Slower; occurs under sulfate reducing

Py and methanogenic conditions

2

‘g’ Y

Hydrolysis
B CA Yooy ———  (Ethanol and HCI)
(4 (Very rapid; 0.1 to 1.9 year half life)
Reported in the Literature but not confirmed by
repeated, reproducible studies®
Aerobic Oxidation
Ethane » CO,+H,0
\J
Figure 39
Degradation Reactions for
Chlorinated Ethanes
Twigg Manufacturing Facility
Martinswville, Indiana
TWIGG
ANF Date: 71971
a Scheutz et al., 2011 ® St e
Vision Num =
Modified from Wiedemeier et /. (1999) st e

diwwggvepartihgumes figere 388



Sequential Reductive Dechlorination of Chlorinated Ethenes and Ethanes

Cl Cl 2H HCI CI H 2H HCI H2H HCI H H 2H HCI H H
=¢ A, c_ N A, l-{ (N A, v A b=(
[\ C\C I\ /A

Cl Cl 1 CI H Cl H H

PCE cis-DCE VC Ethene
cl 2H HCl H 2H HCl H H 2H HCl H H
cl—o—C—H Ao b oy = ppn H—E —C(—H

S A
Cl cl cl H H H
1,1,1-TCA 1,1-DCA CA Ethane

Relative Biological Dechlorination Rates®

PCE > TCE > DCE > VC

TCA>DCA>CA Figure 40

Sequential Reductive Dechlorination

Twigg Manufacturing Faciity

Martinswlle, Indiana

a/ Rates of Hydrolysis May Be Faster than Rates of
Biodegradation, Particularly for TCA and CA (Figure 39) Wwico
b/ Reported in the Literature but not confirmed by ‘W’ Date 715/1), )
repeated, reproducible studies (Scheutz et. al. 2011) WIEDEMEICE | Revision Nambero
& ARBOCIATESR

dinarth sland igures\igure 40



Figure 41
Concentratlon of Total Chlorinated Ethenes Along Flowpath -
1998 Through February 2011
Twigg Manu acnuring Facility
Martinsville, Indima
MW-15  pMw-1

14.000MW-13_MW-14 Mw-4 MW-19 MW-6 PEW-3  Mw-8
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r S\ -

-
*

s 2010
- 2011

Concentration (ug/l.)
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Distance Downgradleat From MOW-1S (feet)

WIEDEMEIER
DATwigg\Repori\Tables\Table 12 - CS4A and Rowpath fnadysis-7-24-11 xkxFig 41 Ehene Conc Over Tme & ASSOCIATES
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Figure 42
Concentratlon of Total Chlorinated Ethanes Along Flowpath -
1998 Through February 2011
Twigg Manufachring Facility
Martinsville, Indimna
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Figare 43

Concentration (A) and Molar Fraction (B) of Individual Chlorinated Ethenes along Flowpath - July 1999

Twigg Manulacturing Facility
Martinsville, Indisna

Figure 43A
Concentsation ol Chlarimtsd Etienes Akmg Flowpath - July 1999
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Figure 44
Concentration {A) and Mdar Fraction (B)of tndividual Chlorinated Ethenes along Flowpath - December 203/ January WM
Twigg Mamufacaring Facility
Wartinsville, Indiam

Concentration of Chiosinted Gthenes iﬂ: ‘:-'I‘:npatl + December 2003 Janary 2004
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Figax 448
Makis Fraction of Tom) Chlorimited Edienes Along Flowpad «  Decanber 2000/ fanmry 2004
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Figure 45

Concentration {A) and Molar Fraction (B)of Endlvidual Chlorinated Ethenes along Flowpath - October 2007

Twigg Manufacaring Facility
Wartinsville, Indiam

Figam 454
Concenration of Chlorimited Ethenes Along Flowpath . Ocwbe 2007
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Figar 458
Mahr Fraction af Total Chiorimied Ebenes Along Flowmad - Octaber 2007
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Figure 46
Concentration {A) and Mdar Fraction (B) of Individual Chlorinated Ethenes along Flowpath - January/February 2011
Twigg Mamfacaring Facility
Wartinsville, Indiam

Figure $6A
Cancentration ol Chlarinated Chenes Along Flowpath « JanwaryTebnasy 2011
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Figare 47

Concentration (A) and Molar Fraction (B) of Individual Chlorinated Ethanes along Flowpath - July 1999

Twigg Manulacturing Facility
Martinville, Indisna

Figure 474
Comoentsation of Chlarimisd Ethanes Akmg Flowpath - July 199
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Concentratlon {A) and Molar Fraction {B) of Individual Chlorinated Ethanes along Flowpath - December 2M3/January 2HH

Figure 48

Twigg Mamfacaring Facilky
Martineville, Indiam

Figue 48A
Concenmation of Chiorimited Ethanes Along Flowpath . Decembers 2000 amury 2004
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Figure 49
Concentration {A) and Molar Fraction {B)of Indlvidual Chlorinated Ethanes along Flowpath - October 2007
Twigg Mamufacaring Facility
Wartinsville, Indiam

Figam 494
Concenration of Chlorimited Ethanes Along Flowpath « Ocwbe 2007
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Cancentration {A) and Molar Fracion {(B)of Individus] Chiorinated Ethanes along Flowpath- January/February 2011

Figure 50

Twigg Mamufacaring Facility
Wartinsville, Indiam

Figar 50A
Concenmation of Chiorimited Ethanes Along Flowpath - JamaryTébnuasy 2011
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Figure 52

Plots of Concentration Versus Time Along the Flowpath for (hlorinated Ethanes
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Fignre 53
Concentration Versus Time for Chlorinated Ethenes (A) and Ethanes (B)- MW-3(17")
Twigg Mamilfactusing Facility
Mastinsville, Indina

Frgune 53A
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Fignre 54
Concentration Versus Time for Chlorinated Ethenes{A) and Ethanes (B) - MW-108 (20")
Twigg Mamlciuwing Facility
Mastimsville, Inliana

Figure S4A
Cancentration versus Time foe Chlwimted Ehenss « MW 108200
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Fignre 55

Concentration Versus Time for Chlorinated Ethenes (A) and Ethanes (B) - MW-11 (209

Twigg Marmlsetwiog Facility
Mastinsville, Indiana
Figure S5A
Conoemtration versus Time For Chlormated Ethenes - MW-11{200
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Fignre 56
Concentration Versus Time for Chlorinated Ethenes (A) and Ethanes (B) - MW-12 (20
Twigg Marmlsetwiog Facility
_Malimvillc. Insl'm_a

Figure SGA
Concemration versus Time Far Chkirinated Ethenes - MW-12{207
Tw igg Copomtos.
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Caoncemration (pg/t)

Figure 57

Concentration Versus Time for Chlorinated Ethenes (A) and Ethanes (B) - MW-15 (25
Twigg Marmlsetwiog Facility
Mastimsville, Indliana

Figwe 57A
Concemration versus Time for Chkirmated Ethenes « MW.15¢257)
Tw igg Copomtos.
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Caoncemration (pg/t.)

Figure 58
Concentration Versus Time for Cholrinated Ethenes and Ethanes - MW-16 (25")
Twigg Marmlsetwiog Facility
i Mastimsville, Indliana

Figure S8A
Concenration versus Time for Chirinated Ethenes « MW -16( 257
Tw igg Copomtos.
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Caoncemration (pg/t.)

Figure 59
Concentration Versus Time for Chlorinated Ethenes (A) and Ethanes (B) - MW-17 (25
Twigg Marmlsetwiog Facility
Mastimsville, Inxliana

Figure S9A

Concemration versus Time for Chikirmated Ethenes « MW.17(257)
Tw igg Copomtos.
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Fignre 60
Concentration Versus Time for Chlorinated Ethenes (A) and Ethanes (B) - MW-18 (25
Twigg Marmlsetwiog Facility
Mastinsville, Indiana

Figure 60A
Concemration versus Time for Chiirmated Ethenes « MW - 18257
Tw igg Copomtos.
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Figuare 61
Concentration Versus Time for Chlorinated Ethenes (A) and Ethanes (B) - MW-19 (24.5")
Twigg Manulacturing Facility
Martinsville, Indiam

Figioe G1A
Cancentration versus Time Yar Chlrinsted Ethenes - MW, 19 (24.5)
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Flgure 62
Concentration and SL'C{A) and Molar Fraction and '°C {B) of Individual Chlorinated Ethenes along Flow path - April 2010
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Figure 63

Concentration and 5°C {A) and Molar Fraction and 5"C (B) of Individual Chlorinated Ethenes along Flowpath - Ja nuary/February 2011
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Figure 64

Concentration and $°C {A)and Meolar Fractlon and #°C (B)of Individual Chlerinated Ethanes along Flowpath - April 2018
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Figure 65

Concentration and 6“(‘(.\) and Melar Fraction and 3'°C (B) of Individual Chlerinated Ethanes along Flowpath - January/February 2411
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Table 1

Monitoring Well Completion Information

Twige Corporation
Martinsville, Indiana
2 Total Depth to Depth to
= Boring Top of Bottom Of Ground
& |Stick-| Depth ~ Screen Screem  (Cggipg  Surface
Well Installation Z| up | (feer (feet (feet (feet (feet Elevation Elevation®”
ldentification Date Easting | Northing s (feet) | bgs) bgs) msl) bgs) msh) (feetmsl) (feet mslh)
MW-15 8/9/1994 | 549891.7 | 4363197.7 | T| 00 310 7.0 |597.01 17.0 |587.0| 603.78 604.0
MwW-1D 2/24/1998 | 549891.7 | 43632004 |E| 0.0 810 50.0 |554.0| 60.0 |544.0| 603.78 604.0 al
MW-2 8/10/1994 | 549942.1 | 4363250.7 |E| 0.0 255 7.0 |596.9] 17.0 |586.9| 603.74 6039 a
MW-3 8/9/1994 | 549826.0 | 43632434 |T| 00 310 7.0 |598.0]1 17.0 |588.0| 604.75 605.0
MW-4 12/14/1994 | 549815.9 | 43631835 |T| 0.0 50.5 15.0 |589.6] 25.0 |579.6| 60435 604.6
MW-5 9/29/1997 | 549412.4 | 43631033 |T| 0.0 400 | 30.0 |572.9| 40.0 |5629| 602.M1 6029
MW -6 9/30/1997 | 549415.9 | 43631505 |T| 0.0 65.0 | 30.0 |573.5| 400 |563.5| 603.30 603.5
MW-6D 223/1998 | 549413.9 | 43631505 |E| 00 | 101.5 | 90.0 |513.4| 100.0 |503.4]| 603.22 6034
MW-7 10/1/1997 | 549425.2 | 43632486 |T| 0.0 400 | 26.0 |580.6| 36.0 |570.6| 606.38 606.6
MW-8 10/1/1997 | 549213.0 | 43631418 | T| 00 600 | 40.0 |[564.3]| 500 |554.3| 604.05 604.3
MW-9 223/1998 | 549976.0 | 4363259.7 |T| 0.0 200 | 10.0 |594.3] 200 |584.3| 604.12 604.3
MW-108 4/113/1999 | 549895.8 | 43632292 |E| 0.0 200 | 10.0 |594.5] 20.0 |584.5| 60432 6045 af
MW-10M 4/6/1999 | 549892.7 | 4363229.1 |E| 00 400 | 30.0 [574.5| 40.0 |564.5| 604.32 6045 af
MW-11 532000 | 5349860.8 | 43632616 |[E| 0.0 200 | 10.0 |595.3]| 20.0 |585.3| 605.08 6053 b/
MW-12 5212000 | 549826.1 | 43632744 |T| 00 200 | 10.0 |[594.9]| 20.0 |584.9| 604.73 604.9
MW-13 4212004 | 549875.9 | 43631951 | T| 0.0 19.0 9.0 |595.5| 19.0 |585.5| 604.28 604.5
MW-14 4212004 | 549861.0 | 43631935 |T| 0.0 210 | 11.0 |593.1] 21.0 |583.1| 603.88 604.1
MW-15 3712006 | 349773.3 | 43632755 |T| 00 250 | 15.0 |589.6] 25.0 |579.6| 604.36 604.6
MW-16 3712006 | 5349787.3 | 43632428 |T| 00 250 | 15.0 |589.9| 25.0 |5799| 60472 604.9
MW-17 3712006 | 549799.4 | 43632173 |T| 0.0 250 | 15.0 |589.9]| 25.0 |5799| 604.68 604.9
MW-18 37172006 | 349811.1 | 43631925 |T| 0.0 250 | 15.0 |589.7] 25.0 |579.7| 604.52 604.7
MW-19 37172006 | 349754.8 | 43631930 |T| 0.0 250 | 14.5 |590.6] 245 |580.6| 604.91 605.1
HMW.-25 1995 549752.2 | 43631289 |E| 00 18.0 80 |5959| 18.0 |585.9| 603.60 6038 ¢of
HMW.-31 1995 549822.0 | 43631544 |E| 00 18.0 79 |597.1]1 179 |587.1 605.0 d
PBW-1 67772004 | 5349873.0 | 43631945 |E| 0.0 170 | 12.0 |592.5] 17.0 |5875 6045 ef
PBW- IR 1/1/2006 | 549874.0 | 43631948 |E| 0.0 170 | 12.0 |592.5] 17.0 |5875 6045 ef
PBW-2 6772004 | 5349866.3 | 43631946 |E| 0.0 170 | 12.0 |592.5] 17.0 |5875 6045 1/
PBW-3 12006 | 549217.5| 43631424 |E| 00 550 | 35.0 |569.3] 55.0 |549.3 6043 gf
PBW-4 12006 | 549217.5 | 43631394 |E| 00 550 | 35.0 |569.3] 55.0 |549.3 6043 gf
PMW-1 67772004 549870.2 | 43631945 |E| 0.1 18.0 13.0 |591.5] 18.0 |586.5 604.5 ef
PMW-1S 6712004 549870.1 | 4363193.0 |[E| 0.1 18.0 13.0 |591.5] 18.0 |586.5 604.5 ef
Notes:
bgs= Bellow Ground Surface
msl = Feet Above Mean Sea Level
T= Well Easting and Northing located using Trimble {icoXH GPS mnit
E = Easting and Northing Coordinates estimatod from triangulation calevlation from nearest GPS fixed well
NS = Top of casing clevation not surveyed.
{}) Ground surface elevation estimated from Casing elevation.
Giround elevations for "PB" series estimated from nearby wells as Indicated.
a/ Ground Surface Elevation Based on MW-1 S Ground Surface Elevation
b/ Ground Surface Elevation Based on MW-3 Coondinates
¢f Ground Surface Elevation Based on MW-19 Coonlinates
& Groond Surface Elevation Based on MW-4 Coordinates
ef GGround Surface Elevation Based on MW-13 Coonlinates
 Ground Surface Elevation Based on MW-14 Coordinaks
g Ground Surface Elevation Basod on MW-8 Coorlinates
()
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Table 2
Monitering Well Gaoging lo formation and Vertical Hydraulic Gradient Calcolations
Twigg Comontion
Maninsvilte. Indiana

Depth to Depthto
Total Topof Bottom of Water
Boring Screen Screen Casing |Depthto| Table Vertical Gradient Calculation
Depth |feet | (feet | (feet | (feet |Elevation | Water | Elevation | dH | dL |Gradient
Well 1D Date Easting | Northing |tfectbus) [bus) | msl) | bus) | msh) {ifeet D) | theety | tfoctmsl) 100 1C) ] (AN) | Direction
MW-1S KL/1994 5498917 | 4363197.7 | 310 7.0 |597.0] 17.0 |587.0] 603.78 9.52 594,26
_ 32619 60378 10.17 593.61
5221 60378 8.92 594 %6
625/ 19K 603,78 6.95 596.83
6261998 603,78 6.45 596,91
21999 603.78 8.64 505.14
131999 60378 S 593 37
LIAYT999 603,78 91 591.87
J13 2000 60378 06 59172
W7 X0 603.78 H0 59218
W 16/2000) 603.78 00 S92.78
QT F00 60378 974 S04
1272000 603,78 9.11 594.67
11072001 603.78 S 593,37
2482000 603,78 9 91,87
47202001 60378 06 59172
67372001 60378 64 59213
Ri14:2001 603,78 D0 592 7%
1241 342001 603.78 9.86 593,92
1172002 603,78 9.36 594,43
4.9:2002 60378 8.0l 505,
5.12002 603.78 6.88 596.90
822002 60378 838 595.50
__ RIS B03.78 242 595.36
82002 503.78 3.59 595.19
97672002 503.78 9.58 S94.20
11:14/2002 603.78 9.80 S93.98
112772002 60378 1000 593.78
2721/2003 B3 78 1024 593.54
242003 503.78 9.63 S4.15
424 2003 503.78 9.52 594.26
5/23/2003 60378 B.54 595.24
6262003 60378 895 594.83
2172003 B03. 78 243 595.35
9°26/2003 503.78 8.26 595.52
127102003 503.78 .74 5954
120 6/2003 60378 292 S94.8%6
3092004 60378 3.57 595.21
41152004 B3 78 9.05 594.73
4272004 B503.78 9.19 S94.59
57572004 37X | 9.9 S4.49
6/3° 2004 60378 9.01 ST
614, 2004 60378 9.08 594.70
9212004 B03. 78 9.75 594.03
102 1: 2004 B503.78 1020 593.58
1132004 503.78 9.92 593.8%6
12 2:2004 603.78 9.%9 593.89
4721.2005 60378 295 594.83
/1005 HO3. 78 9.65 59413
B29/X005 B503.78 1035 393.43
10202005 503.78 1025 593.53
12 2/2005 60378 9.31 S94.47
15,2006 60378 2.10 594.6%
411172006 B03.78 1.71 59607
6/62006 6503.78 822 595.56
1041 272006 503.78 10.13 593.65
124192006 60378 264 595.14
1/572007 60378 8.23 595.55
1 /92007 B3 78 .23 595.56
32652007 B503.78 7.60 396.18
572372007 503.78 %91 SO94.87
6/1:2007 60378 9.10 S94.68
THE20DT 60378 9.63 59415
__B1372007 60378 1022 593.5%
QL007 503.78 10.94 S92.84
__9125:2007 503.78 9.63 S9415
1026/2007 60378 .11 592.67

W
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Table 2
Monitering Well Gaoging lo formation and Vertical Hydraulic Gradient Calcolations
Twigg Comontion
Maninsvilte. Indiana

Depthto Depthto
Total Topof Bottom of Water
Boring Screen Screen Casing [Depthto| “Table Vertical Gradient Calculation
Depth |(fcet | (feet | (feet | (foet |Elevation | Water | Elevation | dH | dL |Gradient
wWell 1D Date Easting | Northing | (fectbgs) gsl msl) | bgs) | msl) | (feet mshy | tiecy) | (foet msl) () | oy | () | Direction
1242007 63,78 .72 595,06
5722/ 2008 603,78 22 506.56
T R730:7008 w378 | 7.7 59606
L &272008 603.78 7.83 305,95
9 22008 603,78 9.32 394.46
1L 772008 603.78 149 593,29
123072008 603,78 10.04 593,74
210/2009 603.78 9.81 593.97
3132009 603.78 9.94 393,84
326/ 209 603,78 1005 393.73
TINE2010 60378 | 980 | 593.98
Y21/2010 603.78 9.69 S504.09
_&22/2010 603,78 8.%5 594.93
720:201 6 )3.78 Q.00 304.78
R24:2010 603.78 9.88 593.90
1LA&ZO10 603.78 1144 592.34
2/3 2011 603.7% 11358 593.20
MW- D 326/1998 [ S49891.7 | 43632004 810 S00554.0] 600 |5H.0)| 60378 10.17 593.61 D.00 | 43 0
50221998 603.78 %.92 S94.86 D00 ] 43 0
625/1998 )3.78 6.95 596.83 000 | 43 0
6 26/1998 603.78 6.85 S96.93 0.00] 43 [i]
7.21999 603.78 X.64 59514 0.00 ] 43 i)
972010 603.78 9.4 S94.04 000 ] 43 i)
®14/2001 603.78 10.76 $93.02 1-0.241 43 | -0.0056 Up
110452002 )3.78 9.80 593.98 000 | 43 0
12062003 603.78 %.92 59486 0.00 ] 43 1]
1042152004 603.78 1020 593.58 000 | 43 i)
1DA 972005 603.78 1031 S93.47
100 372006 603.78 10.13 $93.65
10262007 )3.78 1.1 592.67 0.00] 43 i)
1A 72008 603.78 1045 $93.33  [-0.04] 43 | -0.0009 Lip
23201 603,78 1156 592,22 J-0.02] 43 | -D.0005 Lip
RIVW-2 S/LA1994 (54921 | 4363250.7 255 70 (5969 17.0 [586.9] 603.74 .91 S594.83
RN 603.74 11.04 592,70
hIVW-3 BILL/1994 | 5498260 | 4363243 4 31D 70 |S98.0] 17.0 | S8A.0] 604.75 10.84 $93.91
3260 1998 H04.75 11.77 S92.98
5:23/1998 H04.75 1034 So4.41
62571998 604.75 8.36 596.39
6/26/1998 604.75 8.32 596.43
1221999 604,75 997 S594.78
97772000 604,75 1123 593,52
871452001 604,75 12.20 593.55
1171472002 604.75 1134 $93.41
127162003 604.75 1032 S94.43
12 172004 604,75 NM NM
11,4: 2005 604,75 1250 592,25
132006 604,75 1140 593.35
10:26/2007 604.75 1241 592.34
S/ I20D8 604.75 8.37 596.38
1171 772008 604,75 11.76 592.99
2811 604.75 13.04 59171
hl\\’--l 31261998 [S49815.9][4363183.5 s 15.0]589.6] 25.0 |579.6] 604.35 1167 592.68
5731998 604.35 1024 S94.11
6251998 504.35 8.29 596.06
6:26: 1998 604.35 R.27 596.08
2199 604,35 9.87 S94.48
972000 604.35 1107 593.28
K4:2001 604.35 1208 592.27
1141 442002 504.35 11.20 593.15
12/1 62003 &604.35 948 S594.87
12 142004 604,35 1154 592.81
107192005 604.35 1120 593.15
1011 32006 604.35 1120 593.15
12652007 504.35 1248 591.87
572/ X008 &604.35 8.37 59598
1141 772008 504.35 11.72 592.63
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Table 2
Monitering Well Gaoging lo formation and Vertical Hydraulic Gradient Calcolations
Twigg Comontion
Maninsvilte. Indiana

Depthto Depthto
Total Topof Bottom of Water
Boring Sereen Screen Casing [Depthto| “Table Viertical Gradient Calculation
Depth |(fcet | (feet | (feet | (foot |Elevation | Water | Elevation | dH | dL |Gradient
well 1D Date Easting | Northing | (fectbgs) gsl msl) | bgs) | msl) | (feet msl) tfeet) | (Foet msl) i || (KA | Direction
27102011 = 604,33 1289 20145
pav.s 32671908 TS24 14363103.3 1 400 [300]157291 400 [S620l 6027 1340 S%9.31
57231199 6027 1140 591,31
&25/1W 2.7 9.45 593.26
6267 19 602.7 9.36 593,35
TIVI9% 2.7 11.00 9171
972000 H02.7 251 $90.20
__RI4/2001 602.7 3136 X938
A1472002 602.7 271 S441.00
2 62003 2.7 34 591.37
17200 2.7 ™M
1A 92005 502.7 1285 SHU.R6
_ 5232008 602.7 9.50 593.21
_LA 72008 627 1345 589.26
17317201 ) ) ) ) 2.7 1429 | 58842
ﬁt\\‘.o 13671998 [ S4i2.9 | 4363150.5 | 650 (3003735 .0 [5615) 60330 | 1396 | S89.34
5337199 603.30 1193 391.37
625 199 603,30 9.9% 593,13
67267199 603,30 9.8% 593,42
29 603,30 .54 SO1.76
9,77, 2000 03,30 305 90,25
£14.2009 603,30 392 589.38
111472002 603,30 3.6 500.04
12/16: 2003 60330 [ 119D S9L4D
102 1204 60330 | 348 SX9.82
10/ 92003 60330 | 1252 S90.78
1041 32006 60330 | 1133 591.97
102672007 603.30 | 1464 58866
S N008 60330 | 1nog 593.22
11/ 222008 60330 | 13.79 8951
2107201 1 60330 | 485 R4S
MW-6D 721999 3494139 [4363150.5 | 1015 [900(si341100.0]503.4] 603.23 .52 39L70  J006 [ 60 | DO0ID [Down
9772000 603.22 13.02 39020 Joos| 60 | 00008 [Down
R14/200] 603.22 13.87 s89.35 [0.03 [ 60 | 00005 |Down
/1472002 603.22 1323 589.99 |0.05 | 60 | 00008 |Down
1271652003 603.22 1.8 391,38 JO.02 [ 60 | 00003 [Down
102172004 603.22 NM NM
1041 972005 603.22 12.61 39060 [0.17 [ 60 | 00028 [Down
14312201 | 60322 14 80 58842
1W-7 336/1995 [SAMIST[43632486 1 400  [26D|58D.6| 36.0 (570.6| 60638 1705 589.33
52211998 60638 | 1498 59140
625’1998 0638 | 1297 593.41
__&626/1998 60638 | 1286 593.52
771999 606.38 | 1458 S91.50
9772000 606.38 | 16.12 590.26
871472001 60638 | 1696 8942
LLA 42002 60638 | 16335 S41L103
121 62003 60638 [ 1492 59146
192 172004 606.38 NM NM
OA9200S 606.38 | 1652 S89.86
572272008 60638 [ 1320 59318
1171 /2008 60638 | 1672 589.66
1731201 ) 0638 | 1791 58%.47
Hr‘uw-x I26/1998 | H9213.0 [ 43631418 | 60D [40.0]564.3 ] 50.0 | 554.3 | 604.05 1585 58800
S22/ 1998 604.05 13.65 590,40
6251998 60403 1156 59249
626/1998 604.05 1146 592.59
721999 604.05 1335 S590.70
97772000 &04.05 1489 S89.16
147001 604.05 15.73 58%.32
L1/ 42002 60403 1526 S88.79
127162003 604.05 1298 591.07
102172004 604.05 1532 588.73
DA 972003 04,05 1520 SRE.85
1071 272006 604.05 1501 S89.04
_ 10262007 60403 1625 S87.80
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Table 2
Monitoring Well Gauging Information and Vertical Hydraulic Gradient Calculations
Twigg Corpomtion
Maninsville, Indiana

Depthto Depth to
Total Topof Bottom of Water
Boring Screen Screen Casing |Depthto| Table Vertical Gradient Calculation
Depth [{foct | {fet | {feet | (foct |Elevation | Water | Elevation | dH | dL |Gradient
WellID___ Date | Essting | Northing {{fect bgs) Ibs) | msl) | bes) | msl) |fectmsl) | dfeen) | tfeetms | (A) L() | (W0) |Direction
e —— o — =
SITE008 0105 | 1202 | 59008
T/ 72008 0405 | 1547 588.58
17317201 1 0405 | 1666 | 587.39
we 126/ 1998 | 5499760 | 43632%9.7 | 200 [10.01594.31 200 [5843| e04.12 | 060 504,57
SI1998 504.12 R46 595.66
62571998 w0412 | 652 597.60
572671998 0412 | 649 597.63
711999 80412 (%3] 595.90
91772000 0412 | 033 594.79
R142001 504.12 | 1032 | 593.80
/472002 12 0.38 594,54
12/16/2003 80412 §.52 595.60
102 172004 50412 NM NM
10202005 0412 £42 595.70
10/1 372006 50412 | 931 594.81
57232008 4,12 6.89 597.53
LA 7008 0412 | 997 594.15
2783011 s04.12 | 1115 | 59297
MW-105 7721 [549895.5 | 4363209.2 | 200 | 10.0]594.5| 20.0 |584.5] 604.32 | O.11 595.21
SFIF2000 0432 | 1026 S.06
§714/2001 432 | 127 593.05
114142002 60432 | 1036 | 593.96
12/162003 0432 | 91 504.8%
102 172004 0432 | 1076 | 593.56
10972005 §04.32_| 1081 593.51
0/1372006 @432 | 1041 593.91
10262007 o0432 | s+ | 359278
512008 504,32 7460 596.63
1141 772008 0432 | 1083 | 5938
132011 60437 | 1208 | 59224
INW-l0M 7721990 [549892.7 | 4363209.1 | W0 | 300 |574.5 | 400 |564.5]| e04.32 | 9.12 59520 |0.01 | 20 | 00005 |Down
91772000 60432 | 1029 | 50403 1003|2320 | 00015 [Down
RILH200 | 80432 | 1129 | 593.03 [002] 20 | 00010 |Down
1142002 60432 | 1036 | 59396 Jo.00]| 20 | 00000
262003 04.32 9.H 594.88 _[0.00 | 20 | 0.0000
102172008 §04.32 | 1076 | 593.56|0.00 | 20 | 00000
1041 92005 0432 | 1072 | 59360 1-0.09] 20 | -0.0045 |Up
L1/1 7/2008 60432 | 1083 | 359349 [0.00] 20 | ooom
2732011 0432 | 1208 | 59224 [0.00] 20 | 0060
Wil 9772000 | 549860.8 | 43632616 | 200 | 10.0]595.3 | 200 |585.3 | &05.08 | 1041 504.67
RALH2001 0508 | 1238 | 59270
11/14:2002 0508 | 1148 | 3593.60
12/1 62003 0508 | 1052 T 5%4.56
102172004 0508 | 1186 | 593.12
117472005 05.08 | 1175 593.33
121 172006 0508 | 1227 | 592.8
102672007 50508 | 1264 | 5924
S 008 050K R.76 506,32
1141 772008 0508 | 1195 | 3593.13
2733011 6508 | 13.20 59188
Paw-12 9/72000 [549826.1 [3632744 | 200 |1ool5049] 200 [5649] e04.73 | 1118 | 59335
R/1H200 | 60473 | 1213 | 59260
1142002 o0+73 [ 1129 | 5934
12/ 62003 0473 | 1023 | 5149
102 172004 0173 | 1164 593.09
104 Y005 0473 | 1165 | 359308
1041 372006 60473 | 1141 593.32
102672007 04173 | 1241 592.32
T 5IOFN08 @173 843 596.30
A 72008 0173 | 11732 | 593.01
2787011 04.73 | 1301 591.72
IPW-I3 _ 0217000 5998759 | 43631951 | 190 | 00 | 50551 190 |585.5] 60+, 105+ | 5934
10202005 60438 | 1115 | 59313
1971 272006 438 | 1082 59346
10253007 0428 | 1192 | 35923
SITR008 0478 7.80 506,48
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Table 2
Monitoring Well Gauging Information and Vertical Hydraulic Gradient Calculations

Twigg Corpomtion
Mantinsville, Indiana
Depth to Depth to

Total Topof Bottom of Water

Boring Screen Screen Casing |Depthto| Table Vertical Gradient Calculation

Depth |{fect | {feet | {fect | {fect |Elevation | Water | Elevation | dH | dL |Gradient

Well ID Date Easting | Northing |{fect bes) bgs) | msl) | bgs) | msl) [{feet msh | ffeen) | dfeetmsh L4R) | (M) | (A1) |Direction
D —— A e
TTIT 772008 SOTI8 | 1030 | 50308
3011 0428 | 1220 | 59208
-4 102 2004 | 54986 1.0 | 4363193.5 210 11L0]593.1] 210 [583.1] 6O3.88 1062 593.26
102072005 388 | 1070 | 593.18
1071 22006 603, 1040 593.48
1042572007 603.88 1163 592,25
52370008 60388 1.51 596.37
1L/ 72008 388 | (078 | 593.10
220101 3. 1197 59191
MW-15 0/ 372006 | 549773.3 | 4363275.5 250 15.0 | 589.6| 25.0 |579.6] G04.36 1141 59295
102652007 0436 | 13351 | 59184
5227008 604.36 £.52 595.84
LA 72008 0436 | 1186 | 592.50
20902011 604.36 13.19 59117
| A 1071 372006 | 5497573 | 13632408 250 150]589.9] 250 [5799] &04.72 11.70 593.02
10262007 604,72 1290 591.82
5IR00% 0172 | R84 | 59588
1171 7/2008 Hh4.72 1215 59257
2: 011 604.72 1348 59124
W17 1071 72006 | 5497994 | 43632173 | 250 | 15.0]589.9] 250 |579.9] 604.68 | 11.70 | 593.98
102672007 H04.68 12.80 SOLRR
5/22/2008 604.68 879 59589
114 72008 468 | 1215 | 592,53
2/10/201 | H04. 1337 59131
Pw-i18 10/13/2006 | 54981 1.1 4363192.5 250 15.0]589.7] 25.0 [59.7] &04.52 1130 593.22
10262007 604.52 12.50 59240
52370008 H04.52 R55 59597
1171 772008 4.52 1185 59267
2/10:201 1 604.52 1307 59145
W19 1032006 | 5497548 | 4363193.0 | 350 | 14.5590.6] 24.5 [5806] 60491 | 1230 | 5927
10262007 604.91 1340 59151
572212008 H04.91 9.38 595.53
TI/1 772008 H4.91 1367 591.24
2972011 604,91 1404 59087
IHMW-25  6/26/1998 |549752.2 | 43631289 180 R0 |595.9] 180 [585.9] &nl.sn ®17 59543

Notes:
bgs = Bellow Ground Surface

msl = Feet Above Mean Seca Level
dH = Difference in Elevation Head Between Well Pairs on Same Date.
dlL. = Vertical Distance Between Measurement Points { Assumed 1o be center of Scroen).

Gradiem =dH/dl.  Calculated only for dates when measurementis were made in both wells of the well pair.
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Table 3
Horizontal Hydraulic Gradient Calculations
Twige Corporation
Martinsville, Indiana

-
Distance Gradient
Down-  Distance Gradient  Between Most
gradient From Watcr Table Between Upgradient and
from MW- Previous Elevation dH dL Wells®  Downgradient
WellID S (ft)  Point (ft)  Eastin Northi feet ausf)  (feet)  (feet) fi/ft Wells” (w1t
Februarv 2011
AW.15 1) [1] 3498917 43631977 392.20
.13 53 53 3498739 4363193, 392.08 0.12 33 0.0023
AW-14 110 37 549861.0 43631935 391.9 0.17 37 0.0030
1WA 250 14) 3498159 4363183 .5 9146 045 145 0.0032
4W-19 452 207 3407548 43631930 59087 0.59 207 00029
HW-6 1553 1.101 3494159 4363130.3 S88.435 242 1101 0.6022
W-3 2219 667 5392130 4363141 % 387.39 1.06 667 0.00)6 0.0022
Average 0.0025 0.0022
November 2008
1W-18 0 o 349891.7 43631977 393.29
4W-13 53 33 3498759 4363193, 393.98 0.69 33 -0.0130
1\W-14 11 57 3498610 4363193.5 593.10 0.88 57 00154
1w-4 250 141 3498159 43631835 392.63 0.47 141 0.0033
4W-19 452 207 3497548 4363193.0 391.24 39 207 0.0067
1W-6 1553 1.101 5494159 43631305 389.57 23 1101 00016
AW-8 2219 667 3492130 4363141 8 S8B.58 0.93 667 00014 0.002 §
Average 0.0026 0.0021
May 2008
AW-1S (1] (1] 3498017 13631977 396.36
Ww-13 33 33 SAURTSY 1363193 ) 39648 0.08 3300015
| NivHE 110 57 549861.0  1363193.5 396.37 0.11 37 0.0019
Biwg 250 141 3498159 4363183 .5 39598 0.39 141 0.0028
| TS 432 207 3497548 4363193.0 39353 045 207 0.0022
AW-6 1533 Lo 3494159 43631505 393.22 231 1101 00021
W-3 2219 667 3492130 4363141 .8 39203 119 667  0ODES 0.0020
Average 0.0020 0.0020
October 2007
AW-I5 ki [i] 3408917 43631977 392.67
MW-13 33 33 3498739 1363195.1 392.36 0.31 33 0.0038
4W-14 110 57 549861.0 43631935 39225 0.11 37 o009
1W-4 250 141 3498159 4363183 5 391.87 0.38 141 0.0027
AW-19 452 207 S49754 8  4363193.0 34151 0.36 207 00017
1W-6 1533 1.5t 3494559 43631303 388.66 285 1103 0.0026
T‘tw.s 2219 667 3492130 43631418 587.80 086 667  0.0013 0.0022
Average 0.0027 0.0022
Maximum Average Gradicot Over Measurement Period  0.0027
Minimum Average Gradicot Over Measurement Period  0.0020
Average Gradient Over Measurement Period  0.0025 0.0021
Notes:
af Gradient calculated using the measored difference in groundw ater elevation betwee:
upgradient and downgradient manitoring wells.
b Gradient calcukated using the measured differenee in groundwater elevation between MW-15 and MW=
AN
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Table §
Summary of Hydraulic Conductivity Values From Aquifer Testing

Twigg Corporation
Martinsville. Indiana

Hvydraulic Conductivity - Hvdraulic Conductivity -
Bouwer and Rice (1976) Hvorslev (1951)

{cmisec) (ft'min) (fi/day) | (cmsfsec) (ft/min) (ft/day)

Constant Head | 1.80E-02 3.54E-02 51.01 2.30E-02 4.53E-02 6518
Constant Head | 9.90E-03 1.95E-02 28.06 1.01E02 199E-02 2862
Constant Head | 5.10E-02 1.00E-01 14453 | 630E-02 124E-01 178.54
Constant Head | 1.80E-02 3.54E-02 51.01 2.00E-02 3.94E-02 56.68
Constant Head | 2.10E-02 4.13E-02 59.51 240E-02 4.72E-02  68.01

Constant Head | 2.70E-02 531E-02 76.52 | 3.20E-02 6.30E-02 9069
Constant Head | 6.80E-02 1.34E-01 19271 | 7.30E-02 144E-01 20688
Constant Head | 2.60E-03 5.12E-03 7.37 290E-02 S5.71E-02 8218

1.89E-02 3.72E-02 53.61 |288E-02 5.67E-02  81.67

Harmonic Mean | 1.12E-02 2.20E-02 3.17E+01 | 2.43E-02 4.78E-02 6.88E+0]
Geometric Mean| 1.89E-02 3.72E-02 536E+01 | 2.88E-02 5.67E-02 8.17E+01
Arithmetic Mean| 2.69E-02 530E-02 7.63E+01 | 343E-02 6.74E-02 9.71E+0]

[ (=N

af Data from Bruce Carter and Associates, 199%b, Remediation Work Plan

W

L J
- WIEDEMEIER

D $Twayd Repodt: Tubloo Tablce § - By drisbe: Cohictry ity 1 b Tobe $-Hy driatte: Condanten oy & ASSDCIATES



Table 6
Groundwater Seepage Velocity Calculations

Twigg Manuéicturing Facility

Martinsville, Indiana

Calculated Groundwater
K n, dH/dL Seepage Velocity
Basis for Calculation (f'day) | (percent) | (fvit) (fllda_\')- I(ﬂNear}_
Representative Hydraulic Parameters® 54 20 0.002 0.56 205
Sensitivity Analyses
Varving Hydraulic Conductivity
Lowest K observed in MW-9 7 20 0.002 0.08 28
Highest K observed in MW-8 193 20 0.002 2.02 739
Varying Effective Porosity
Effective Porosity of 10 percent 54 10 0.002 1.13 411
Effective Porosily of 30 percent 54 30 0.002 038 137

* Representative hydraulic parameters are those deemed most representative of the Site.

These parameters are used for other calculations presented throughout the report
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Retarded Solute Transport Velocity Caltculations.

Tahle 7

Twige Manufaciuring Facility
Martinswlle Indiana

Calculated
Groundwater
Seepage Total Bulk Calculated Solute
vVelocity”  |Porosity™ it Density” | K¢ | Transport Velocity
gCompound (ft/day) (percent) | (dimensionless) | (Kg/L) | L/Kg | (ft/day) (ft/year)
Assuming Fraction TOC = 0.00017
l'etrachloroethene 056 30% 0.00017 1.65 263 0.45 165
I'richforoethene 0.56 30 000017 1.65 107 0.51 186
cis -1, 2-Dichloroethene 0.56 30% 0.00017 1.65 80.2 0.52 191
Vrans -1, 2-Dichloroethene 0.56 30% 0.00017 1.65 58.9 0.53 194
1, 1-Dichloroethene 056 30% 0.00017 1.65 64.6 0.53 193
Vinyl chloride 0.56 I 000017 1.65 2.45 0.56 205
1.1, 1-Trichtoroethane 0.56 30% 0.00017 1.65 183 0.48 175
1.1-Dichlorocthane 0.56 30% 0.00017 1.65 40 (.54 198
}C hloroethane 056 30% 0.00017 1.65 88 0.52 190
Assuming Fraction TOC =0.0012
Tetrachloroethene 0.56 30% 0.00120 1.65 263 0.21 5
I'richloroethene 056 30% 0 ) 1.65 107 0.33 120
iy - 1.2-Dichloroethene 0.56 30% 0.00120 1.65 302 0.37 134
Vrans -1,2-Dichloroethene 0.56 30% 0.00120 1.65 38.9 0.40 148
1. 1-Dichloroethene 0.56 30% 0.00120 1.65 4.6 0.39 144
Vinyl chloride 0.56 30% 0.00120 1.65 2.43 0.55 202
1.1.1-Trichloroethane 0.56 30% 0.00120 1.65 183 0.25 93
|.1-Dichloroethane 0.56 30% 0.00120 1.65 40 0.44 162
IChloroethane 0.56 30% $.00120 1.65 88 0.36 130
Assuming Fraction TOC =0.0007
I'etrachloroethene 0.56 30-% 0.00070 1.65 263 0.28 102
I'richloroethene 0.56 310% 0.00070 1.65 107 0.40 145
iy - 1.2-Dichloroethene 0.56 30% 0.00070 1.65 80.2 0.43 157
trans -1,2-Dichlorethene 0.56 30% 0.00070 1.65 58.9 0.46 167
i, |-Dichloroethene 0.56 30% 0.06070 1.65 64.6 0.45 164
Vinyl chloride 0.56 30% 0.00070 1.65 245 0.56 203
1,1.1-Trichlorocthane 056 310% 0.00070 1.65 183 0.33 120
1.1-Dhchloreethane 0.56 10% 0.00070 .65 40 0.49 178
§Chloroethane 0.56 30% 0.00070 1.63 88 0.42 153 i

a/ See Seciion 3 for groundwater seepage velocity caleulation
b Total porosity taken from literatire values
¢ Fraction erganic carbon and balk density from literature values
d’ Soil sorption coefficients from USEPA (1998)
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Table 9
Groundwater Laboratory Analytical Results for Monitoring Wells

Twigg Manufacturing Facility
Mantinsville, Indiana

{og/L)

na
na

na

na
na

na
na

na
na

na
na

Ethene | Ethane

na
na

pa
na

na

na
na

na
na

na
na

na
na

pa
na

na

pa
na

na

CA (ug/L) | (ng/L)

U

190

U
U
U
U
U
U
U
U
U
U
U
U
U
U

5

5

5

U
U
U
U
U

5

5

U

190

U
U
U
U
U
U
U

5
5

5

U

U

190

U
U

uj< s

DCA

(pug/L)

<

5 Ul< 5

5 Ul< 5§

5 Ul< 5

5 Ul=

5 U=

5 U]=
5 U|<

5 U]=

U<

5 Ul 5

Uj<

5 Ul 5

5 U]l=

< 5 U< 5

TCA

(ng/L)

U« 5 U|=

5

5 Ul 5 U=

<

U<

5
5

Uj< 5 Ul< 5

5 Ul< 5 Ul< §

U< 5 U]« 5
Uj< 5 U]« 5
5 U=

5
5

U<

5
5
5
s
5
5
5

Ul< 5 U|=

Ul< 5 U]« 5

Uj< 5 U|]< 5

Ul< 5 U]« 5
Ul< 5 U]«

Ul< s U|]< 5

Uj< s U]=< 5
U< 5 U|]< 5

U<

5
5
5
5
5
na

Ul< 5 U]« 5
Ul« 5§ U=

9

U<

U<

5
5
s
5
5
5
5

Uj<

Uj< 5 Uj< 5
Ul< 5 Uj< 5
Ul< s U]« 5

11.7

&4

27

Vinyl

(ng/L)

< 2 U<

U

2

[T1ES

U<

Ujl<

Uj<

Ujl<

Uj<

Ujl<

Uj<

2

Uj<

[T1ES

LI-DCE |Chloride

(nglL)

Uj< 2 U

5
3

Uj<

5 Ul< 2 U

Ujl< 2 U|=

5
5

Uj< 2 U|<
5 Ul= 2 Uj=<

U<

5
5

Uj< 2 Uj|<
5 Ul 2 Uj=<

U< 2 U|=<

5
5

Ujl< 2 Ul=
5 Ul 2 Uj=<

Uj< 2 Uj|<

3
5
5
5
5
5

<
<

Ujl< 2 Uj|<

U< 2 Uj|=<

U<

U<

Ul<

5 U=

U<

5
5

U<

5 Ul= 2 Uj<

Ul«< 2 U

5

U<

Uj< 2 U|=

5
5
s
5
5

Ujl< 2 Ul|=

U<

<

Ul<

5 U=

Ujl< 2 Ul=<

U< 2 U

5

Ul< 2 U

5

5

Uj< 2 U

trans-1,24
DCE

ngl)

5 Uj<

5 Ul=<

5 Ul<
5 Uj<

<

Uj<

5 Uj<

5 Uj<

< § Uj<

5 Uj<

5 Ul<

Uj<

na
< §5 U<

< §5 Ul<

Ul<

cis-1L,2-DCE

{pg/L)

U

5
21

v

U

5
5
5

Ujl< 5 U=«
Ujl< 5 Uj<
Uj< 5 Ul=<
Uj< 5 U|=<
Ujl< 5 Uj<
Ujl< 5 U|=<

U=
U

5
5
5
5
5
5

Ul< 35 U|<
Uj< 5 U

Ul< 5 Uj|<

v

Ujl< 5 Ul=<
Ujl< 5 Ul=<

U

5
5
s
5
5
5
5

Uj< 5 Ul
Uj< 5 U|=<
Ujl< 5 Ujlx

U

Uj< 5 Uj<
U |-

5

Uj< 5 U

s
5
5
5

Uj< 5 U|=
Ujl< 5§ Ujl=«

[TRE

U< 5§ Ul

5

19
10
100
22

13

TCE
(pg/L)

< 5 U=«

< 5 U=

5 Ul=
< 5 Ul<«

14
< 5 Ul=<
< 5 Uj=<

5 U|<
< 5 U=«
< 5 Uj=<
< 5 Uj<

<

U<

v

< 5 Uj=

< 2 U=«
< 2 U=
< 2 U=

2 Ul=
< 2 Ul
< 5 U<

33

< 5 U=
< 2 U=«
< 5 Ul=<

5 U

PCE {pgf/L)

2800

7,000

470
530
1.900
1.900
220
1.100
1,100
170
650
600
470
140
190

150
180
99

203

118
138
150

126

13.7

30

28

Bl< 5 U|=

15
3
4
[
9

J|< 5 Uj=<
JBj< 5 U=

8

Ul« 5 U=

<

Date

|installed 8//1994

672641998

912000

87162001

1171572002

12/18/2003

&1 52004
772912004

10/21/2004

420:2005
87152005

141 172006
61612006

10/13/2006

1/%/2007
57232007
9442007

1072672007

42472008
2732011

2/32011
[installed 272471998

32711998 | <

21998 | <

6730:1999
94672000
94672000
&1472001

117142002
127172003
107222004
107192005
10/13:2006

10;25/2007

Ul« 5 U=

|instalied 811071994
| 282011 <

Well 11

2

AW

MW-2

|instalied 8//1 994

210

180
290

180
150
170

4/8/1998
672641998

7121999
91672000
87152001

11£14:2002

MW -3

MW-3

MW-3

MW-3

pW-3
W -3

pMW-3

Page 1 of 11

i deln

Dsedfig T oo
>




Table 9

Groundwater Laboratory Analytical Results for Monitoring Wells
Twigg Manufacturing Facility

Martinsville, Indiana

trans-1,24 Vinyl

TCE |cis-1L,2-DCE| DCE 11-DCE |Chloride| TCA DCA Ethene | Ethane
WellID Date PCE {(ng/L) (ng/l) (ng/l) (L) L) (ng/l.) (ng/l.) (ng/l) | CA (ng/L) | (ng/L) | {ug/l)
MW-1 1217/ 2003 140 < 5 U 4 Jl= 5 U« 35 Ul« 2 0 26 < 5 Ul= 5 U na na
MW-3 11442005 180 < 5 U 10 < 5 Ul 5 Ul< 2 U 17 < 5 Ul= 5 U na na
MW-3 10/13: 006 149 4 8 < 5 Ul 5 U< 1 U 27 < 5 Ul< 5 U na na
MW-3 10:25: 2007 205 3 14 < 5 Ul 5 U= 1 U 1 < 5 Ul« 5 U na na
MW-3 22011 21.2 < 5 Ul 5 Ujl< 5 Ul § Ulx 2 U 5.83 < 5 U< 5§ U na na
MW-4 Iinstalled 1 2/14/1994
M- WIH1995 10,000 160 13 < 50 0 14 < 10U 1,200 |« 50 Ul< 50 U na na
MW 41 &1 V199 6,100 < 50 Ul 50 Ul 50 U< 30 Ul 50 U 280 < 5 Ul< 50 U na na
MW 117111996 5900 < 190 < 100 < 190 Ulj< 100 < 20 Ul kX < 190 < 100 Ul na na
MW S2R1997 9400 |< 5 < 5 < 5 U< 5 <2 s |< s < 5 Ul na na
MW—l‘m’ 9241997 10,000 55 55 < 5 Ul 18 < 2 WU 460 s < 5 Ul na na
MW -1 Y2798 7.600 61 29 < 1 J]l< 1 1 na 440 [ na na na
MW 4 H26/1998 8200 110 El] < 5 U 5 < 2 U 630 < 5 Ul<= 10 U na na
MW 4 62671998 8200 130 73 < 5 Ul« 1 Ul< 2 U 880 12 < 10 U na na
MW 4 TI1999 13,000 150 30 < W Jl< 10 1]|< 5 ) 30 < 10 J]< 10 1 na na
MW 4 QIHI00 8,600 24 < 10 JI= 10 1< 10 Jl=< 10 ) 56 < 10 J]< 10 1 na na
MW -4 &16°2001 5900 12) 1 < 1 U< 1 U< 1 U 74 < 1 Ul< § U na na
MW -4 11215/ 2002 31600 16 < 5 Ul 5 Ul 5 Ul 2 U 3 < 5 Ul= 5 U na na
MW -4 1/5:2004 5500 19 < 2 Ul 5 Ul 5 U« 2 U » < 5 Ul= 5 U na na
MW -4 10722/ X004 1400 2 J|= 5 Ul 5 U« 5§ Ul 2 U [ < 5 Ul= 5§ U na na
MW 4 101942005 5400 7 32 < 5 Ul« 5 U}« 2 U 15 < 5 Ul= 5 U na na
MW 4 171 172006 1,700 6 110 < 5 U< 5 U< 2 U 8 < 5 Ul< 5 U na na
MW 4 ¥152006 1900 < 5 U 270 < 5 Ul § U< 2 U 9 < 5 U= 5§ U na na
MW 4 41 172006 2 600 4 1 330 4 J|< 10 U« 4 U g8 Jl= 10 U= 10 U na na
MW 4 6/6°2006 2200 6 I 2,100 4 < 20 U< 8 U 9 Jjl< XN U< 20 U na na
MW 4 10713/2006 1,590 15 1,750 s < 5 U= 1 U 19 < % Ul § U na na
MW -4 10713/ 2006 1670 14 1.840 32 < 5 U= 1 U 19 < 5 Ul= § U na na
MW -4 192007 1250 9 21 11 < 5 U= 1 U 8 < 5 Ul= 5 U na na
MW -4 52 N2007 2480 25 752 18 < 5 U= 1 U 7 < 5 Ul= 5 U na na
MW -4 942007 1540 E 130 M6 E 20 < 5 U= 1 Ul 35 Ul 5 U< 5 U na na
MW 4 10:26/2007 10% 153 411 18 5 < 1 U 8 < 5 Ul« 5 U na na
MW 4 4/24: 2008 2230 68 88 [ < 5 U= 1 U [ < 5 Ul< 5 U na na
MW 4™ 42272010 4000 90 60 na 6 Bl m 4+ J< 1w ul< s na na
MW -4 2102011 805 17.5 17.2 < 5 Ul § Ul 2 Ul 5 U« 5 Ul 5§ U< 10oj< 100
MW 4 2102011 797 17.8 17.8 < 5 Ul 5 U< 2 Ul 5 Ul 5 Ul 5 U< 100]< 100
Mw 4 21072011 1.200 17 13 na na na 19 1| na na
MW -5 [installed 972971997
MW -5 32998 | < 1 Jj< 1 1= 1 JI< 1 Jl< 1 J na < 1 Ji< 1 1 na na na
MW -5 H25/1998 | < 1 Uj< 1 U= 1 Uj< 1 U< 1 U= 1| Uj< 1 U= 1 U= 2 U na na
MW -5 HINN99 | < 1 Ujl< 1 U= 1 Ujl< 1 Ul 1| U= 1 U< 1 U= 1 U= 1 U na na
MW -5 962000 | < 1 Jj< 1 1= 1 Ji< 1 1< 1 JiI< 1 Jl< 1 Ji< 1 J|< 1 J na na
MW -5 1472001 | < ] Ul< 1 U= 1 Ul< 1 Ul 1| U= 1 U< 1 U= 1 U< 5 U na na
MW -5 12162003 < 5 Ul< 5 Ul 5 Ul< 5 Ul 5 U= 2 Uj< 5 Ul 5 U« 5 U na na
MW -5 1041942005 < 3 Uj< 5 Ul 5 Ujl< 5 U< § U= 2 Uj< 5 Ul 5 U= 5 U na na
MW -5 123122011 |< 1 U< 5 Ul 5 Ujl< 5 Ul 5 U= 2 U« 5 Ul 5 Ul 5 U na na
MW -6 linstalled 973041997
MW -6 32998 | < 1 Jl< 1 ) 32 < 1 ) kY] na 7100 » na na na
MW -6 6251998 | < 5 Uj< 5 U 38 < 5 U 380 < 2 U 7.900 46 < 10 U na na
MW -6 TN < 50 Ul< 10 ) 20 < 10 ) 390 < 10 ) 9,100 k] < 10 ) na na
MW -6 OHION0 < 10 Jl< 10 ) 16 < 10 Jl< 10 1< 10 ) & 100 30 < 10 ) na na
MW -6 81672001 8 3 39 | 440 < 2 U 7,100 o0 < 5 U na na
MW -6 12/18:2003 | < 5 Uj< 5 U 10 < 5 U 82 < 2 U 6,800 8 < 5 U na na
MW -6 1042212004 9 B It 52 < 5 U 340 < 2 U] 4900 » < 5 U na na
MW -6 1019705 |< 20 U 20 67 < 2 U 460 < 8 U 7000 |« X Ul< 20 U na na

[ ]
Borcip Urtes SRS o Page 2 of 11 “"mm




Table 9

Groundwater Laboratory Analytical Results for Monitoring Wells
Twigg Manufacturing Facility

Martinsville, Indiana

trans - 1,24 Vinyl

TCE |cis-1L,2-DCE| DCE 11-DCE |Chloride| TCA DCA Ethene | Ethane
VWell 1D Date PCE {(pg/L) | (ne/L) {pge/l) (ng/l) (ngl) (ng/L) (ng/L) (ng/l) | CA (pgl) | (ug/l) | (og/l)
MW -6 10/13/2006 17 28 62 5 U 256 < | U] 6410 20 < 5 U na na
PAW-6 107252007 12 30 46 < 5 U EXE] < | U] 6160 E k1| < 5 U na na
MW-6" 212010 < 5 80 < 100 U na 1000 na 4000 |< 100 Uj< 5 na na
MW -6 H102011 j< | Ul 10 |« s Ul< 5 U 147 < 2 U] 2isd [ < 5 Ul< 100]< 100
MW -6 102011 < 1 Ul 283 < 5 Ul« 5 U 138 < 2 U| 229 6 < 5 Ul< 100]< 100
AW 6" X10:2011 9 30 12 na 3150 na 2000 3 ) na
MW 5D Iinstalled 272341998
MW -HD 4161999 | < 1 Ji< 1 1 |= 1 JiI= 1 Jl= 1 Ji< 1 1 7 10 < 1 J na na
MW 60 THHI9 | < 1 Jj< 1 1|= 1 JI=< 1 J=< 1 Ji=< 1 1 2 4 < J na na
MW 60 TH199 | < 1 Jj< 1 1= 1 Ji< 1 J]< 1 Ji< 1 J 2 4 < 1 J na na
MW -6 62000 | < 1 Jjl< 1 1= 1 JI< 1 Jl= 1 Jl= 1 J|= 1 J= 1 J|= 1 J na na
MW 60 8142001 | < 1 Ul< 1 U= 1 Ujl< I U< | U= 1 U< 1 U= 1 U= 5 U na na
MW 60 1171472002 9 Bl< 5 Ul 5 Uj< 5 Ul 5 Ul= 2 Ul« 5 Ul 5 Ul= 5 U na na
MW-60) 12/16/2003 < 5 Ul< 5 Ul= 5 Ujl< 5 Ul 5 Ul= 2 Ul< 5 Ul 5 Ul= 5 U na na
MW-60) 101920051 < 5 Uj< 5 U< 5 Uj< 5 Ul 5 Ul= 2 Uj< 5 Ul 5 U= 5 U na na
MW -60) 11312011 |< 1 U< 5 U= 5 U< 5 Ul 5 Ul< 2 U« 5 Ul 5 Ul 5 U na na
MW -7 Iinstalled 10¢1/1997
AW -7 2698 | < 1 Jil< 1 1= 1 Jl< 1 Jl= 1 1 na < 1 J< 1 ) na na na
AW -7 H2H1998 | < 1 Ul< 1 U= 1 Ul< 1 Ul 1 U= 1 U< I U= 1 U< 5 U na na
AW -7 HINL999 | < ] Ul< 1 U= 1 Ul< 1 U< 1| U= 1 U< 1 U< 1 U< 1 U na na
AW -7 2000 | < 1 Jl< 1 1= 1 Jl< 1 Jl= 1 1= 1 Jl= 1 JI= 1 J|=< 1 J na na
AW -7 142001 | < 1 Uj< 1 U< 1 Uj< I Ul 1 U= 1 Uj<= 1 U= 1 U=« 5 U na na
AW -7 12/16/2003 | < 5 Ul< 5 Ul= 5 Ul< 5 Ul 5 U= 2 Ul< 5 Ul 5 U< 5 U na na
AW -7 10192005 < 5 Ul< 5 U= 5 Ujl< 5 Ul 5 U< 2 Ujl= 5 Ul 5 U= 5 U na na
AW -7 11312011 |< ] U< 5 U= 35 Uj< 5 Ul 5 U< 2 Ul 5 Ul 5 Ul 5 U na na
MW -8 Iinstalled 100141997
MW -8 2B | < 1 Jl< 1 1= 1 Jl= 1 1< 1 ) na < 1 ) b na na na
MW -8 S2UIME < S Ul< 5 Uj< 5 U na < 5 U na < 5 U 26 na na na
MW -8 H2HIWE < 5 Uj< 5 U]« 5 Uj< 5 Ul 5 Ul= 2 Ul 5 U 32 < 5 U na na
MW-8 THI99 | < 1 Jl< 1 J]= 1 Jj< 1 ) 3 < 1 Jl= 1 1) 74 5 na na
MW-8 Y2000 | < 1 Jl< 1 1= 1 Jl< b Jl= 1 Jl= 1 )= 1 ) 54 < |1 J na na
MW -8 8152001 | < ] Ul< 1 U= 1 1] 2 < 1 U< 1 U= 1 U 56 < 5 U na na
MW -8 A0 | < 5 Ul< 5 Uj=< 5 Ujl< 5 U 11 < 2 U 15 20 < 5 U na na
MW -8 152004 J< 5 U< 2 U 2 < 5 U 10 < 2 U 42 168 < 5 U na na
MW -8 102172004 | < 5 Ul< 5 U]= 5 U< 5 U 14 < 2 U 16 120 < 5 U na na
W -8 10192005 < 5 Ul< 5 Ul< 5 U 14 < 5 U< 2 U 41 220 130 na na
MW -8 w2 |« 2 Ul< 5 U« 3 U 13 < 5 U= 2 U 37 150 220 na na
MW -8 6602006 < 5 Ul< 5 Ul< 5 Uj< 5 U 14 < 2 U 45 200 290 na na
W -8 112006 < 5 Ul 5 U [ < 5 U 16 < 2 U 61 220 300 na na
PW-8 o206 [« 5 Ul< 5 U 6 < 5 U 12 < 2 U 65 180 260 na na
MW -8 10/6:2006 | < 2 Ul< 2 U I < 5 U 16 < 1 U 87 181 154 na na
AW -8 10122206« 2 Ul< 2 Ul 3 Ul< 5 U 17 < 1 U 59 167 100 na na
MW -8 1211:2006 | < 2 Ul< 2 U 9 < 5 U 16 < | U 78 167 156 na na
MW -8 L2007 < 2 Ul< 2 Ul 5 Ul< 5 U 17 < 1 U €»n 18RS 169 na na
MW -8 122007 7 < 2 Ul« 5 Ul< 5 U 19 < | U 109 240 < 5 U 009 0.+
PMW-8 wenr < 2 Ul< 2 U 4 Jl= 5 U 25 < 1 U 151 260 E|l< 5 U na na
MW -8 2300071 < 2 Ul< 2 U 2 Jl< 5 U 18 < 1 U 146 277 644 na na
MW -8 H262007 4 < 2 Ul«< 5 Ul< 5 U 20 < 1 U 158 260 E|< 5 U na na
AW -8 22007 |< 5 Jj< 5 J|« 5 Jl< 5 J 20 Jl= 2 U 200 296 155 na na
MW -8 O 22007 7 J|< 20 U 9 J|< 50 U 17 Jj< 10 U 129 282 179 na na
W -8 1072642007 8 < 2 Ul 5 Ul 5 U 3 < 1 U 214 E| 168 E X9 na na
AW -8 12442007 E} < 2 U]« 5 Ul< 5 U 13 < 1 U 102 178 182 na na
AW -8 21512008 1 < 2 Ul« 5 Ul< 5 U 14 < | U 101 163 3 E na na
MW -8 202008 [ < 2 Ul 5 Ul< 5 U 12 < 1 U 76 138 32 E na na
MW -8 LIS2008 |< 2 Ul< 2 Ul 3 Ul< 5 U 16 < 1 U 14+ 211 168 na na
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Table 9
Martinsville, Indiana

Twigg Manufacturing Facility

Groundwater Laboratory Analytical Results for Monitoring Wells
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Table 9

Groundwater Laboratory Analytical Results for Monitoring Wells
Twigg Manufacturing Facility

Martinsville, Indiana

trans -1,24 Vinyl

TCE |cis-L2Z-DCE| DCE LI-DCE |Chloride| TCA DCA Ethene | Ethane
Well 1D Date PCE {(pg/L) | (ne/L) {pgil) (ng/L) (ng/L) (ng/L) (ng'L) (ng/l) | CA (pgl) | (ug/l) | (og/L)
DAW-1 1 87152001 62 29 79 3 ] < | U (53] < | U< 35 U na na
MW-1 1 111472002 41 27 44 < 5 U [}] < 2 U 35 < 5 Ul< 5 U na na
W11 12/17/2003 29 7 28 < 5 U 4 Jl< 2 U 72 < 5 U< 5 U na na
W1 | 10721 722004 58 56 87 < 5 Ul« 5 Ul 2 U 57 < 5 U< 5 U na na
MW-1 1 117472005 58 67 1] < 5 Ul« 5 Ul< 2 U 7l < 5 Ul< 5 U na na
W11 12/11/2006 19 77 72 < 5 Ul 5 U= 1 U 5] < 5 U< 35 U na na
W= 1 | 10:25: 007 141 207 88 < 5 U« 5 Ul< 1 U 97 < 5 U< 5 U na na
DAW-1 I 292008 68 100 64 < 5 Ul 5 U< 1L U 3 < 5 U< 5 U na na
MW-1 | 2732011 120 103 1.9 < 5 Ul 5 Ul< 2 U 1313 < 5 U< 5 Ul< 109|< 109
MW-12 |instatled 572:2000
MW-12 962000 19 10 3 < I Jj< 5 Jl< 1 1] 260 14 < 5 J na na
W12 81 52001 16 13 8 < 1 U 16 < 2 U 450 pad < 5 U na na
AW -1 2 1171472002 19 Il < 5 Ul< 5 U 13 < 2 U 230 T} < 5 U na na
AW-12 1271712003 25 ) 6 2 Jl< 5 U 9 < 2 U 130 27 < 5 U na na
MAW-1 2 10/21/2004 24 13 5 J|< 5 U 18 < 2 U 230 30 < 5 U na na
AW -1 2 1071922005 22 14 < 5 Ul< s U 12 < 2 U 240 Ex ) < 5 U na na
AW -1 2 104132006 I8 12 < 5 Ul< 5 U 10 < 1 U 208 n < 5 U na na
MW -1 2 10/25/2007 64 16 < 5 Ul< 5 U 21 < 1 U 212 68 < 5 U na na
Mw 12 218201 | &0 99 < 3 Ul< 5 U 6.0 < 2 U 104 183 [« 5 U na na
Mw 13 linstalled 47272004
MW-13 4272004 730 < 5 U= 35 Ujl< 5 Ul 5 Ul= 2 Uj< 5 Ul 5 Ul= 5 U na na
W13 71292004 340 < 5 Ul< 5 Ul< 3 Ul 5 Uj< 2 Ul< 5 Ul< 35 Ul< 3 U na na
MW-13 1042172004 880 2 Jl= 5 Ul< 5 Ul 5 Ul= 2 Ul< 5 Ul 5 U= 5 U na na
MW-13 171 4/2005 450 < 5 U= 5 Uj< 5 Ul 5 Ul= 2 Uj< 5 Ul 5 U= 5 U na na
MW-13 42002005 400 < 5 U 12 < 5 U« 5 Ul 2 Ul< 5 U« 5 U< 5 U na na
pMW-13 8/1/2005 690 < 5 U 9 < 5 U« 5 U= 2 Ul< 5 U« 5 U= 5 U na na
MW-13 10/20/2005 790 2 ) 20 < 5 Ul« 5 Ul< 2 Uj< 3 Ul 5 Ul 5 U na na
pW-13 1AL 172006 52 < 5 U« 35 Uj< 5 Ul 5 Ul=< 2 Ul< 35 Ul 5 U< 5 U na na
MW-13 10/12:2006 768 < 2 U= 5 Ujl< 5 Ul 5 Ul= | Uj< 5 Ul 35 U« 5 U na na
W11 1072512007 547 < 2 U 28 < 5 U 6 < 1 Ul< 5 U< 35 Ul<x 5 U na na
MW-13 2/5:2008 418 E|< 2 Ul 5 Ujl< 5 Ul 5 U= I U« 5 Ul 5 U< 5 U na na
MW-13 32072008 #1 E|]= 2 U] 5 Uj< 5 U 5 Ul 1l Ul< 5 U« 5 U< 5 U na na
MW-1 3 42112010 200 < 5 Ul« 5 U na < 20 U]l m < 5 U< 5 U 8 na na
MW -1 3 212011 217 < 5 Ul 35 Ul< 5 Ul 5 Ul< 2 Ul 5 Ul 5 Ul 5 Ul|< HO|< 190
MW 3 21472011 250 na na na na na na na na na na
MW-14 |instatled 47272004
MW-14 277204 650 6 |« 5 Ul s U< 5 U<z U 9 | 5 U< 5 U] na na
MW -1 4 2972004 1200 24 < 5 Uj< 5 Ul 5 U= 2 U 2R < 5 U< 5 U na na
MW -14 10/21r X004 1300 13 < 5 Ujl< 5 Ul 5 Ul< 2 U 15 < 5 Ul< 5 U na na
MW-14 171462005 980 50 250 < 5 Ul 5 Ujl« 2 U 11 < 5 Ul« 5 U na na
MW -14 42002005 620 77 170 < 5 Ul« 5 Ul 2 U 6 < 5 U< 5 U na na
MW -1 4 1072072005 270 59 3,400 50 < 5 U]« 2 Ul« 5 Ul 5 Ul< 5 Ul< 20]< 20
MW -14 11716: 2005 220 43 1,70 42 < 25 Ul< 10 Uj< 25 Ul< 35 U|< 25 U na na
MW -14 H1216/2005 230 44 3.100 47 < 25 Ul< 0 Uj< 35 Ul< 35 Ul< 25 U na na
MW -14 11 172006 140 37 1,600 37 < 35 U< 2 Uj< 5 Ul 5 Uj< 5 U na na
MW -14 R1LO2006 120 37 1,000 25 < 5 U« 2 Ul 5 Ul 5 Uj< 5 U na na
MW-14 662006 110 a5 10 9 < 5 Ul= 2 U]« 5 Ul 5 Ul 5 U na na
MW- 14 212006 90 45 360 12 < 35 U]« 2 Ul< 5 U« 5 Uj< 5 U na na
MW-14 112006 72 35 210 9 < 35 Ul 2 Ul 5 Ul 5 U< 5 U na na
MW -14 104122006 94 88 90 < 5 U« 5 U<l Ul< 5 U= 35 Ul< 5 U na na
MW- 14 12007 44 16 2420 44 < 5 U< 1 Ul< 5 U< 5 U 5 U na na
MW-14 522007 24 6l 337 7 < 5 Ul=1 Uj« 35 Ul 5 U< 5 U na na
MW- 14 42007 4 E 103 730 < 5 Ul 5 U< 1l Ul« 5 Ul 5 Ul< 5 U na na
MW -1 4 10/25/2007 44 120 1.130 W < 5 U= I Ulj< 5 Ul 5 U< 5 U na na
MW-14 21572008 15 10 542 E 34 < 5 U 1 < 5 U« 5 U< 5 U na na
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Table 9

Groundwater Laboratory Analytical Results for Monitoring Wetls
Twigg Manufacturing Facility

Martinsville, Indiana

trans-1,24 Vinyl

TCE |cis-L2-DCE| DCE 11-DCE |Chloride| TCA DCA Ethene | Ethane
Well 1D Date PCE (pg/L) | (pe/L) {pg/L) (ng/L) (ngL) (ng/L) (ng/L) (pg/l) | CA (pgl) | (ug/L) | (ng/L)
MW-14 3202008 18 [3 435 24 < 5 Ul< 1 Ul 5 U« 5 Ul«< 5 U na na
MW- 14 42272010 60 10 1o na 4 J| m |« 5 ul« s U« s U na na
‘MW-H 247201 1 104 < 5 U 91.3 < 5 Ul § Ul< 2 Ul 5 Ul 5 Ul 5 U< 100]< 10O
MW -1 4* 2142011 13 15 J 8 na na na na na na na na
IMW-15 Iinstalicd 32006
PMW-15 152006 8 < 5 Ul 3§ Ul< 5 Ul 5 Ul< 2 U 71 < 5 Ul< 5 U na na
MW-15 10413/ 2006 29 < } Ul< 5§ Ul< 5 U« 5 Ul=< 1 U 2] < 5 Ul< 5 U na na
MW-15 102572007 I8 < 2 U= 5 Uj< 5 Ul 5 U= 1 U 84 < 5 U< 5 U na na
PMW-1 5 2902011 < I U« 5 Ul 5 Ul< 5 Ul 5 Ul= 2 U 244 < 5 U< 5 U na na
MW -1 6 [installed 32006
MW-16 W1 52006 95 56 27 < 5 Ul« 5 Ul< 2 U 15 < 5 Ul=< 5 U na na
PMW-16 1904132006 LIO 71 20 < 5 Ul« § Ul 1 U 27 < 5 Ul< 5 U na na
MW-16 107252007 242 94 10 < 5 U« 5 U< 1 U 1 < 5 Ul< 5 U na na
MW-16 5292008 181 66 14 - 5 Ul« 5 Ul 1 U 12 < 5 U< 5 U na na
MW -L6 20201 1 124 26.1 11.9 < 5 Ul 5 U< 2 Ul 5 Ul 5 Ul<x 5 U< 1HWO|< 10O
MW - 7 Installed 32006
MW-17 1 5/2006 13 < 5 U= 5 Ul< 5 Ul 5 Ul= 2 U Ex] < 5 U< 5 U na na
MW - 7 10/13/2006 66 < 2 U« 5 Uj< 5 Ul 5 U= 1 U 55 < 5 U< 5 U na na
MW -1 7 19:25:2007 52 < } Ul< s Ul< 5 Ul 5 U< 1 U 55 < 5 Uj< 5 U na na
MW-17 XI02011 6.4 < 5 U= 5 Ul 53 Ul 5 Ul 2 U 174 < 5 Ul 5 U na na
MW-1 8 Instailed 37206
PMW-1 8 ¥I152006 2500 22 19 < 5 U 5 < ¥ U 640 < 5 Ul< 5 U na na
PMW-1 8 41 112006 2000 12 15 < W0 U 4 Jl« 4+ U 420 < W Ul< 190 U na na
MW-1 8 6206 2500 14 ) 21 < 5 Ul< 8§ U]< 2 U 1% < 5 Ul< 5 U na na
PMW-1 8 104132006 2170 L6 30 < 5 U« 5 Ul< 1 U I8 < 5 U« 5 U na na
PMW-1 8 1A/2007 1580 7 62 < 5 U« 5 U< 1 U W9 < 5 U= 5 U na na
PMW-1 8 S232007 1470 10 11 < 5 Ul 5 U< 1 U 148 < 5 Ul< 5 U na na
PMW-1 8 Q2007 1550 E 13 12 < 5 U« 5 Ul< 1 U X El< 5 Uj< 5 U na na
PMW-1 8 10/26:2007 764 E 16 I8 < 5 U 7 < 1 U 48 E|l«< 5 Ul< 5 U na na
PMW-1 8 1242008 1 820 10 13 < 5 U« 5 U< 1 U 294 < 5 U= 5 U na na
PMW-1 8 2102011 1,100 8.9 91 < 85 Ul«< 5 U]« 2 U 195 74 < 5 U na na
IMW-19 Iinsialied 32006
MW-19 152006 2000 < 5 U 60 < 5 Ul« 5 U]« 2 U 35 < 5 Ul< 5 U na na
PMW-19 104122006 1,120 5 15 < 5 U« 5 Ul< 1 U 42 < 5 U« 5 U na na
MW-19 1042652007 1230 [ 21 < 5 U< 5 Ul=< 1 U kL] < 5 U= 5 U na na
MW-19" 4222010 2000 20 48 na 5 na 10 < 5 Ul«< 5 U na na
MW -19 209201 1 806 7.3 89 < 5 Ul § Ujl< 2 U 14 < 5 U< 5 Ul< 100]< 100
MW -1 9 292011 1,300 110 80 na na na 9 na na na na
PBW-1 Iinstalled 6772004
PBW-1 61 5/ 2004 610 < 5 Ul 5 U< 5 Ul 5 Ul 2 U< 5 U 5 U= 5 Ul il A
PBW-[ RIIO2004 480 51 na na na 50 na na na na na
PBW-1 19072212004 1300 8 < 5 Ul 5 U« 5 Ul«x 2 Ul 5 U« 5 U= 5 U na na
PBW-1 107202005 24 3 290 24 < 5 U]« 2 Ul« 5 Ul 5 Ul< 5 Ul< 20]< 2
PBW-| 1121672005 9 < 5 U 270 6 < 5 U= 2 Ul< 5 U« 5 U< 5 U na na
PBW-1 171 122006 29 5 140 < 5 Ul« 5 Ul< 2 Ul< 5 U= 5 Ul< 5 Ul Y|« 2
PBW-1 102006 11 < 5 U 120 < 5 Ul 5 Ul 2 Ul< 5 U< 5 U< 5 U na na
PBW- | 41 172006 21 < 5 U 120 < 5 Ul 5 Ul 2 Ul< 5 U« 5 U 5 U na na
PBW-1 662006 40 14 300 13 < 5 U= 2 Uj< 5 U« 5 Ul< 5 U na na
PBW -1 &2 112006 65 22 240 9 < 5 Ul= 2 Uj< 5 Ul 5 U< 5 U na na
PEW-1 1 LIX06 68 26 180 8 < 5 Ul= 2 Ulj< 5 Ul 5 U< 5 U na na
PBW-[ &1 112006 41 13 260 < 5 U« 5 Uj< 2 Ul< 5 Ul 5 Ul< 5 U na na
PBW-1 62006 53 23 470 8 < 5 Ul= 2 Ulj< 5 Ul 5 Ul< 5 U na na
PEW-1 107122006 152 34 749 12 < 5 Ul 1 Ulj< 5 Ul 5 Ul 5 U na na
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Table 9

Groundwater Laboratory Analytical Results for Monitoring Wetls
Twigg Manufacturing Facility

Martinsville, Indiana

trans-1,24 Vinyl

TCE |cis-L2-DCE| DCE 11-DCE |Chloride| TCA DCA Ethene | Ethane
Well 1D Date PCE (ng/L) (ng/l) (ng/l) gLy L) (ngfl) (ng/l.) (ng/l) | CA (ug/L) | (ng/L) | {ug/l)
PBW-1 112072006 9 < 2 U 97 14 |< 5 U 12 < 5 U< 5 U< 5 U na na
PBW-IR Iinstalled 1272 3:3006
PBW- IR 192007 85 12 2,140 < 5 Ul 5 U< 1l Ul 5 U= 5 Ul< 5 U na na
PBW-IR HIX00 | < 2 Ul< 2 U 2,220 27 < § Ul< 1 Ul 5 Ul 5 U< § U 017 0.2
PBW-IR 522007 11 Jl< 2 ) 566 < 5 Jj< 5 J|< 1 Jj< 5 J|< 5 J|< § J na na
PBW-IR 626:2007 10 J|< 20 U 636 < 50 Ul 50 Ul< 10 Ul]< 8 Ulx 0 Ul< 50 U na na
PBW-IR 2007 | < 5 Jj< 5 J 1.100 I Jj< 5 Jl< 2 Jj< 35 Jl« 5 J|< 5 J na na
PBW-IR 942007 | < 2 Jl< 2 ) 1,280 E 16 J|j< 5 Jl= 1 J|< 5 J|< 5 1J|< 5 J na na
PBW-IR W122007 42 < 20 U 734 7 1]« 50 Ul< 10 U|l< 0 Ul< 50 Ul< 50 U na na
PBW- IR 10:25: 2007 3 2 807 12 < 5 U= I Ulj< 5 Ul 5 U< 5 U na na
PBW-IR 124452007 2 3 548 17 < § U= 1 Uj«< 5 Ul 5 U< 5 U na na
PBW-IR I/R2008 |« 2 U 124 542 14 < 5 U k < 5 U= 5 U= 5 U na na
PBW-IR 2i52008 | < 2 Ul< 2 U 501 E 15 < 5 U 5 < 5 Ul 5 Ul< 5 U na na
PBW-IR 3202008 5 6 261 Ll < § U= 1 Uj< 5 Ul 5 U< 5 U na na
PBW-IR 5/872008 11 10 236 E 13 < 5 Ul< 1 Uj< 5 Ulx 5 U< 5 U na na
PBW- IR 2472011 |< I U« 5 U 349 < 5 Ul 5 Ul 2 U« 5 U« 5 U< 5 U na na
PHW-2 Iinstalled 677/2004
PBW-2 6152004 940 < 5 U= 5 Ul< 5 Ul 5 Ul= 2 Ul= 5 Ul 5 Ul 5 U 4 |< 20
PBW-2 A1 52004 | 200 < 5 U= 5 U na na < 2 U na na na na na
PBW-2 107772004 L300 8 < 5 Ul< 5 Ul 5 Ul< 2 U 6 < 5 Ul< 5 U na na
PBW-2 1072272004 1 400 7 < 5 Ujl< 5 Ul 5 Ul= 2 Ul=« 5 Ul 5 Ul= 5 U na na
PBW-2 117172004 1 600 7 < 5 Ul« 5 Ul 353 Ul« 2 U]« 5 U« 53 Ul« 5 U na na
PBW-2 171472005 1,100 450 3900 7 < § U= 2 U 6 < 5 U< 5 U na na
PHW-2 2172008 250 26b 11.000 <M U< 1% U 3 Jl< 12 Ul< 12 Ul< 120 U na na
PBW-2 292005 160 79 6,500 54 8 2 < 5 Ul« 5 U< 5 Ulj< 20]|< 2
PBW-2 472002005 150 88 5,750 45 1 3 < 5 Ul 5 Ul< 5 U< 20]< 2
PHW-2 232005 180 12 4,200 < 50 Ul« 530 U]« 20 Uj< 50 Uj< 50 Ul< 530 U< 20|< 2
PBW-2 282005 < S0 Ul< 50 U 6,000 53 < 50 U]« 2 Ul< 30 U« s0 Uj< 50 Ul< 20]< 2
PBW-2 81112005 20 12 4.500 71 [ < 2 Ul= 5 U= 5 Ul 5 Ull< X< X
PBW-2 R2U2005 |« 25 Ul< 25 U 4,400 53 < 25 Ul< 25 Ul< 25 Ul< 25 Ul< 25 Ul< 20]|< 20
PHW-2 WIVHS |« 20 Ul< 20 U 3,500 52 < 20 Ul< 8 U< 2 U< 2 Ul< 20 U na na
PBW-2 10:20:2005]< 5 1] [ 4,100 64 4 < 2 U]« 5 Ul 5 Ul 5 U< X< X
PBW-2 11716/2005 3 J LI 4,000 64 < 25 Ul 10 U< 25 Ul« 25 U< 25 U na na
PBW-2 L2006 < 5 Uj< 5 U 1.200 25 < 5 Ul< 2 U= 5 Ul 5 U< 5 U na na
PBW -2 ¥102006 11 < 5 U 40 16 < 5 U= 2 Uj< 5 Ul 5 U= 5 U na na
PBW-2 4112006 | < 5 Uj< 5 U 280 B < 5 Ul= 2 Uj< 5 Ul 5 U< 5 U na na
PHW-2 H/6°2006 27 12 480 21 < 5 U= 2 Ul]< 5 Ul 5 Ul< 5 U na na
PHW-2 &2 112006 18 30 350 14 < 5 U= 2 Ul< 5 U« 5 Ul< 5 U na na
PBW-2 112006 45 35 180 8 < 5 Ul= 2 Ulj< 5 Ulx 5 U< 5 U na na
PBW-2 &1 112006 67 3 260 L3 < 5§ Ul= 2 Uj< 5 Ul 5 U< 5 U na na
PBW-2 62006 110 42 510 L < 5 U= 2 Ul< 5 Ul 5 U= 5 U na na
PBW-2 10/12: 2006 177 51 872 18 < 5 U1 Uj= 35 Ul 5 Ul 5 U na na
PBW-2 H2/20061< 2 Ujl< 2 U 1,960 30 < 5 Ul< 1 Ul= 5 Ul 5 U< 5 U na na
PHW-2 12/11/2006 11 13 1.940 15 < 5 U< 1 U]l= 5 Ul 5 U< 5 U na na
PBW-2 129/2007 34 3z 1.810 22 < 5 U= 1 Ulj< 5 U« 5 U< 5 U na na
PBW-2 X007 |« 2 U 26 2 460 1 < 5 U= 1 Ulj< 5 Ul 5 U< 5 U 0.16 .10
PHW-2 3262007 190 J 17 ) 2,330 27 1]< 50 Ul= 10 Ul< 50 U]=< 50 U|l< 50 U na na
PBW-2 S2VI0T7 | < 2 Jl< 2 ) 1,910 21 J|l= 5 Jl< 1 Jl= 5 1|« 5 J|« 5 J na na
PBW-2 6262007 5 5 1,120 15 < 5 U 2 < 5 U= 5 Ul< 5 U na na
PBW-2 252001 | < 5 Jl< 5 1 1.650 I« 5 I« 2 Jl= 5 1|« 5 J|< 5 J na na
PHW-2 9242007 |« 2 U 3 1050 E 25 < 5 U= 1 Ul« 5 U« 5 U< 5 U na na
PBW-2 W1 22007 1 Jl< 20 U 1,380 36 J|< 50 Ul< 10 Ul< s0 Uj< 30 Ul< 50 U na na
PBW-2 107252007 | < 2 Uj< 2 U 1,490 55 < 5 Ul< 1 Ul= 5 Ul 5 U< 5 U na na
PHW-2 12472007 < 2 U< 2 U 1.220 47 < 5 U 2 < 5 Ul 5 U= 5 U na na
PBW-2 IR2008 J< 2 Ul< 2 U 1.050 16 < 5 U 2 < 5 Ul 5 U= 5 U na na
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Table 9

Groundwater Laboratory Analytical Results for Monitoring Wells
Twigg Manufacturing Facility
Mantinsville, Indiana

trans-1,24 Vinyl
TCE |cis-1L,2-DCE| DCE 11-DCE |Chloride| TCA DCA Ethene | Ethane
WellID Date PCE (ng/L) (ng/L) (ng/L) (/L) L) (ng/l) (ng/L.) (ng/L) | CA (ng/L) | (ng/L) | {ug/l)
PBW-2 252008 |« 2 Ul 2 U 8 E 37 < 5 U 2 < 5 U« 5 U= 5 U na na
PBW-2 V202008 3 5 419 18 < 5 U= 1 Ul< 5 Ul 5 U< 5 U na na
PBW-2 152008 < 2 U 6 4318 8 < 5 U« 1 Ul= 5 Ul 5 U<« 5 U na na
PBW-2 S/RI2008 9 10 128 12 < 5 U= 1 Uj« 5 U« 5 U< 5 U na na
PEBW-2 2411 < 1 U< 5 U 853 < 5 U« 5§ Ul< 2 Ul 5 Ulx 5 U 5 U na na
PBW-1 linstalled 7/7/2006
PBW-3 BLI2006 < 5 U< 5 Ul< 5 Ul< 5 U 13 < 2 U 9% ElLi] 480 na na
PHW-1 V62006 5 < 5 U 9 < 5 U 14 < 2 U 9l 2790 470 na na
PHW-1 1062006 < 2 U< 2 U 12 < 5 U 13 < 1 U L4 2% 199 na na
PBW-3 10/12: 2006 3 < 2 U 7 < 5 U 14 < 1L U 117 184 155 na na
PBW-1 120120 l< 2 Ul< 2 U 8 < 5 U 6 < 1 U 47 116 kx| na na
PHBW-1 1200 < 2 U< 2 Ul 35 Ul< 5 U 14 < 1 U 125 200 245 na na
PBW-3 2122007 13 < 2 U 5 < 5 U 19 < 1 U 14+ 215 07 na na
PBW-1 262007 J< 20 Ul< 20 Uj< 50 U< 30U 25 Jl= 1w u 230 342 1080 na na
PHW-1 S2W007 < 2 U< 2 Ul 5 Ul< 5 U 12 < 1 U 134 < 5 Ul 99 na na
PBW-3 62672007 2 < 2 Ul= 5 Ul< 5 U 16 < 1 U 146 271 < 5 U na na
PBW-3 22007 | < 5 Jj< 5 1|« 5 JJ|< 5 1 17 1< 2 ) 213 266 687 na na
PHW-1 10/26/2007 5 < 2 Ul 5 Ul< 5 U 18 < 1 U 147 24t E| 451 E na na
PHBW-1 124452007 4 < 2 Ul 5 Ul< 5 U 16 < 1 U 162 148 155 na na
PBW-1 21572008 12 < 2 Ul s Ul< 5 U 15 < 1 U 134 150 509 E na na
PBW-1 V202008 6 < 2 Ul« 35 Ul< 5 U 11 < 1 U 87 137 254 na na
frw-2 152008 < 2 Ul< 2 Ul 3 Ul< 5 < 5 < 1 U 186 139 X9 na na
jpBW-1 S/R2008 5 < 2 U« 5 U]« s 17 < 1 U] 266 158 179 na na
PBW-1 10/06/2009]< 2 Ul< 2 Ul 3 Ul< 5 U 17 < 1 U 107 12 < 5 U na na
PEW-3"" 202001« 5 U< 5 U 2 J na 200 B| ma 200 100 < 20 U na na
PHW-1 173122011 |< | Ul< 5 U< 5 Ul< 5 U 17.6 < 2 U 204 929 0.5 < 10.0]< 109
PBW-3"" 113172011 26 Jl< s U 1) na| 38 na| 1M 65 65 na na
PBW-4 [installed 7/7/2006
PBW-4 gI2006 < 5 Ul< 5 Ulc 5 Ul< 5 U 13 < 2 U 65 210 380 na na
PBW-4 262006 [« 5 Ul< 5 U 8 < 5 U 18 < 2 U 57 120 140 na na
PBW-4 10/62006 [« 2 U< 2 U 19 < 5 U 21 < 1 U 120 135 92 na na
PBW-4 10/12/2006 )< 2 Uj< 2 Ul 5 Uj< 5 U 14 < 1 U 62 93 53 na na
PBW -4 1211006 ] < 2 Ul< 2 U 9 < 5 U 11 < 1 U 51 36 74 na na
PBW-4 192000 |< 2 U< 2 Ul 5 Ul< 5 U 14 < 1 U 88 o6 60 na na
PBW-4 2122007 8 < 2 U 7 < 5 U 18 < | U 90 100 163 na na
PBW-4 3262007 |« 2 Ul 2 U 9 < 5 U 8 < 1 U 30 53 X7 na na
PBW-4 5232007 < 2 U< 2 Ul 5 Ul< 5 U 17 < 1 U L1l 151 382 na na
PBW-4 6262007 3 < 2 Ul 5 Ul< 5 U 10 < 1 U 47 102 < 5 U na na
PBW-4 252007 | < 5 Jj< 5 1 |= 5 JIl< 5 ) I8 J|< 2 ) 100 198 155 na na
PHBW-4 107262007 5 < 2 Ul« 35 Ul< 5 U 13 < 1 U [ [] 195 na na
PBW-4 124472007 4 < 2 U 5 < 5 U 11 < 1 U 86 53 104 na na
PBW-4 2452008 15 < 2 Ulx 35 Ul 5 U 9 < 1 U 71 48 131 na na
PBW-4 Y22008 8 < 2 Ul« 5 Ul< 5 U 11 < 1 U .34 56 81 na na
PBW -4 4152008 | < 2 Ul« 2 U= 5 Ul 5 U« 35 Ul 1 U 8 H8 52 na na
PBW-4 5/82008 [ < 2 Ul= 5 Ul< 5 U 16 < 1 U 116 RS 58 na na
10620 l< 2 Ul< 2 Ul 3 Ul< 5 U 22 < 1 U 150 54 < 5 U na na
173172011 |< 1 Ul< 5 U 527 < 5 U 12.4 < 2 U 026 247 10.1 na na
Iinstalled 677/2004
671 572004 910 6 < 5 U< 5 Ul 3 Ul 2 U< 5 U= 5 U= 3 Ul 1wl A
10222004 1,200 6 < 5 < 5 Ul 5 Ul 2 U 3 Il 5 Ul= 5 U na na
124272004 930 78 1600 < 5 Ul 5 U]« 2 U 7 < 5 Ul< 5 U na na
17142005 15 8 4600 < 5 U]« 5 Ul« 2 U]= <5 U]« 5 U]« 5 U na na
212005 < 5 Ul< 5 U] 6900 < |2 U< 120 U 5 J|< 12 U< 12X U< 120 U na na
292005 < 5 Ul< 5 U 8.100 38 8 5 < 5 Ul 5 Ull< 5 U< 2|« X
202005 |« 5 Ul< 5 U 7.000 46 8 6 < 5 Ul 5 U« 5 Ul 2|« 2
[J
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Table 9
Groundwater Laboratory Analytical Results for Monitoring Wells
Twigg Manufacturing Facility
Mantinsville, Indiana

trans-1,24 Vinyl

TCE |cis-L,2-DCE| DCE 11-DCE |Chloride| TCA DCA Ethene | Ethane
Well1D Date PCE {(ng/L) (ng/L) (ng/l) (/L) L) (ng/l) (ng/LL) (pg/l) | CA (pg/L) | (ng/L) | {ug/l)
PMW-1 522005 < 50 Ul< 30 U 5,200 < 30 Ul< $0 Uf< 20 Ul< 30 Ul= 30 Ul< S0 U< 20][< 2
PM W-1 282005 |« S0 Ul< S0 U 5,700 < 50 Ul< 50 U< 2 U< 30 Ul< 30 U|< 50 U< 20 |< X
PM W-1 82005 |< 5 Uj< 5 U 3,200 40 < 5 U]« 2 Ul« 5 U« 5 U< 5 Ul< 2]« 20
PMW-1 8202005 |< 25 Ul< 25 U 3,500 44 < 25 Ul< 25 Ul< 25 Ul 25 Ul< 25 U< 20]< 2
PMW-1 WIS |« 20 Ul< 20 U 1,100 40 < 20 Ul< 8 Ujl< 2 Ul 2 Ul= 20 U na na
PMW-1 107202005 < 5 Ul< s U 1,300 24 k] < 2 U]« 5 Ul 5 Ul< 5 Ul 2] 2
PMW-1 1HA6:2005]< 5 Ujl< 5 U 970 23 < 5 Ul< 2 Ul= 5 Ul 5 U< 5 U na na
PMW-1 171 1£2006 7 < 5 U 0 E 6 < 5 U]« 2 Ul« 5 Ul 5§ Ul 5 Ul«< 2]« 2
PMW-1 Y2006 6 17 170 < 5 U« 5 Ul< 2 Ulj< 5 U= 5 Ul< 5 U na na
PMW-1 41 172006 79 28 19 < 5 Ul 5 U= 2 Ul«< 5 U« 5 U< 5 U na na
PMW-1 662006 280 11 56 < 5 Ul< 5 U]« 2 U]« 5 Ul 5 U|< 5 U na na
PMW-1 &2 112006 380 13 89 < 5 Ul 5 Ul 2 Ul< 5 U« 5 U< 5 U na na
PMW-1 71 172006 5% 13 250 11 < 5 Ul=< 2 Ul< 5 Ul 5 U< 5 U na na
PMW-1 &1 1712006 180 120 680 9 < 5 Ul= 2 Ul< § Ul 5 U= 5 U na na
PMW-1 2006 97 140 920 9 < 5 U= 2 Uj< 5 Ul 5 U= 5 U na na
PMW-1 10712/ X006 10 [ 1,150 14 < 5 Ul 1 Uj<« 5 Ul 5 U< 5 U na na
PMW-1 11:20: 2006 5 < 2 U 1,430 44 5 U 9 < 5 Ul 5 Ul< 5 U na na
PMW-1 121172006 ] < 2 Ul< 2 U 1.980 12 < 5 U< I Ulj< 5 Ul 5 U< 5 U na na
PMW-1 19/2007 26 < 2 U 2,140 20 < 5 Ul 1 Uj< 5 Ul 5 U< 5 U na na
PMW-1 MY1H2007 |« 2 Uj< 2 U 1,860 H < 5 Ul< 1 Ul= 5 Ul 5 U< 5 U d.16 012
PMW-1 a7 |« 2 Ul< 20 U 1,760 21 J]< 50 Ul< 10 Ul< 50 Ul]= 50 U|< 50 U na na
PMW-1 S232007 | < 2 Ul< 2 U 1,110 20 < 5 U= 1 Ul< 5 Ul 5 U< 5 U na na
PMW-1 62672007 | < 2 Ul< 2 U 1.500 16 < 5 U 1 < 5 Ul 5 Ul< 5 U na na
PMW-1 2007 | < 5 Jj< 5 1 1,750 26 J|«< 5 J|< 2 Jl= 5 1|« 5 J|< 5 J na na
PAMW-1 U207 < 2 Ul< 2 U 1,160 E 25 < 5 Ul 1 Ul< 5 Ul 5 U= 5 U na na
PM W-1 o1 272007 11 Jl< 20 U 759 16 1]< 50 Ul< 10 Ul< 0 Ul< 5 U|l< 50 U na na
PMW-1 10:25: 2007 | < 2 Uj< 2 U 1,600 16 < 5 Ul< 1 Ul= 5 Ul 5 U< 5 U na na
PMW-1 12472007 | < 2 Ul< 2 U 1.080 26 < 5 U 2 < 5 U= 5 Ul< 5 U na na
PMW-1 1/82008 |< 2 Uj< 2 U 963 29 < 5 U< 1 U= 5 Ul 5 U< 5 U na na
PMW-1 252008 |« 2 Uj< 2 U 469 E 20 < 5 Ul< 1 Ul= 5 Ul 5 U<« 5 U na na
PMW-1 202008 | < 2 Ul< 2 U 591 27 < 5 U= 1 U<« 5 U= 5 U< 5 U na na
PMW-1 HI52008 | < 2 Uj< 2 U 457 < 5 Ul 5 Ul 1l U« 5 U« 5 U< 5 U na na
PMW-1" sie2008 < 2 ul< 2 u|l a4 15 s ul< 1 ul< s ul< s ul< s u| oo2l< om
P WAl 4222010 20 < 5 U 160 na 4 ) na < 5 Ul 5 Ul< 5 U na na
PM W-1 211 < 1 Ul<= 5 U 142 < 5 U< 5 Ul<= 2 Ul 5 Ul 5 Ul 35 Ul< 10o|< 100
PMW-1" 2242011 1.8 J 1.2 J 110 na na na na na na na
PMW-1S linstalled 6/7/2004
PMW-18 &1 572004 1,100 14 < 5 Ul 5 Ul 5 Ul 2 Ul= 5 U« 5 Ul 5 U 2l |« X
PMW-15 171472005 120 250 5.600 14 5 < 2 Ul« § U< 5 Ul< § U na na
PMW-15 3292005 < 5 Ul< 5 U 7.100 43 8 4 < 5 Ul 5 Ull< 5 Ull« 20|« 2
PMW-15 282005 |« S0 Ul< S0 U 4,700 46 J|< S0 Ul< 2 Ul< 30 Ul< 50 Uj< S0 U< H|< XN
PMW-15 8172005 190 < 5 Ul< 35 Ul< 5 U« 5 Ul< 2 Ul< 5 Ul« 5 Ul< 5 UI na na
PMW-1§ 202005 |< 25 Ul< 25 U 1300 < 25 Ul< 25 U< 25 Ul< 25 Ul 25 Ul< 25 U< X< 2
PMW-1S W2I2005 13 < 5 U 590 10 < 20 Ul< 2 Ujl< X Ul 2 U= 20 U na na
PMW-1S 19202005 27 3 230 < 5 Ul 5§ Ul 2 Ul« 5 U<« § Ul 5 Ul<x 20|< 2
PMW-18 11 172006 140 17 52 < 5 Ul« 5 U]« 2 Uj< 5 Ul 5 U< 5 U na na
PMW-18 ¥I102006 460 12 41 < 5 Ul< 5 Ul 2 Ul< 5 Ul 5 U< 5 U na na
PMW-18 6167206 540 6 27 < 5 Ul« 5 Ul< 2 Ul< 5 U= 5 U< 5 U na na
PMW-1S &2 172006 63 9 3l < 5 Ul 5 Ul< 2 Ul= 5 Ul 5 Ul 5 U na na
PMW-18 62006 140 78 740 8 < 5 U= 2 Uj< 5 Ul 5 Ul 5 U na na
PMW-18 10712/ 2006 44 27 1,160 13 < 5 Ul 1 Ul< 5 Ul 5 Ul 5 U na na
PMW-18 1 1/20/2006 [ < 2 U 4,110 28 [ 3 < 5 Ul 5 Ul< 5 U na na
PMW-15 1I2/11:2006 < 2 Jl< 2 ) 1.9 8 < 5 Jl< 1t J]= 5§ Jl= 5 1|« 5 1 na na
PMW-1S 1 02007 29 < 2 U 1.430 15 < 5 Ul 1 Uj< 5 Ulx 5 U< 5 U na na
PMW-18 HIYX007 | < 2 Ul< 2 U 2,650 25 < 5 Ul 1l Ul 5 Ul 5 U< 5 U na na
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Table 9

Groundwater Laboratory Analytical Results for Monitoring Wetls
Twigg Manufacturing Facility

Martinsville, Indiana

trans-1,24 Vinyl

TCE |cis-L2-DCE | DCE LI-DCE |Chloride| TCA DCA Ethene | Ethane
Well 1D Date PCE (pg/L) | (ne/L) {pg/L) (ngfl) (ngfl) (ng/L) (ng/L) (ng/l) | CA (pgl) | (ug/l) | (ng/L)
PMW-1§ 1262007 [< 100 Ul< 100 U 3,050 <250 U< 250 U< 30 U]< 250 U]< 250 U]|< 250 U na na
PMW-15 SI232007 13 < 2 ) 1,530 21 Jjl= 5 Jl«1 Jl= 5 1|« 5 J|<= 5 J na na
PMW-18 62672007 | < 2 Ul< 2 U 1.500 IS < 5 U 1 < 5 Ul 5 Ul< 5 U na na
PMW-18 22007 | < 5 Jj< 5 1,160 < 5 Jl« 5 1< 2 J|< 5 J|= 5 |« 5 J na na
PAMW-1S w2007 |« 2 Ul< 2 U 8§72 E 13 < § U= 1 Uj< 5 Ul 5 U< 5 U na na
PMW-1§ W1 32007 18 J|< 20 U 1,130 I8 J|= 50 U< 10 U]= 50 Ul 50 U]l= 50 U na na
PMW-18 10:25: 2007 5 < 2 U 1,710 37 < 5 Ul 1 Ul= 5 Ul 5 U= 5 U na na
PMW-15 1224/2007 3 < 2 U 314 7 < 5 U« 1 U]l 5 Ul 5 U<« 5 U na na
PMW-18 1/8/2008 3 < 2 U I < 5 U« § U< I Ulj< 5 U= 5 Ul< 5 U na na
PMW-15 2452008 3 < 2 U 17 < 5 U= 5 U= 1 U« 5 U= 5 U= 5 U na na
PMW-15 200008 [« 2 Uj< 2 U 570 20 < 5 Ul< 1 Ul= 5 Ul 5 U< 5 U na na
PMW-15 HI52008 | < 2 uUj< 2 U M5 < 5 Ul 5 U< 1 U« 5 U< 5 U< 5 U na na
PMW-15 SR2008 |< 2 Uj< 2 U 530 17 < 5 U« 1 U= 5 U= 5 U< 5 U na na
PMW-15 2/4:201 1 23 < 5 U= 5 Ul< 5 Ul 5 Ul< 2 Ul 5 Ul 5 U< 5 U na na
HMW-25 Iinstalled 1995 by HM
HMW- 25" W9IH195 | < 5 < 5 < 5 Ull< 5 Ulj< 5 Ull< 2 Ul 10 < 5 Ulj< 10 W na na
HMW-’J"m &LY1996 | < 1 U< 1 U=« I Ul 1 U< | U1 U 1.8 < 1 Ul< 1 U na na
HMwW-25™ 11781996 | < 1 < | < | Uljl< 1 Ulj= 1 Uljl= 1 W 5 < 1 Ulj< 5 W na na
HMwW-25" 11781996 | < 1 < | < | Uljl< 1 UIj< 1 Uljl= 1 W 31 < 1 Ulj< 5 W na na
HMW.-25™ HITPT | < 1 < 1 < I Ull< 1 ulj< 1 U< 1 WL 54 < 1 Ulj= 5 W na na
HMW-25" | 51997 [< 5 < 5 < 5 Ul s U< 5 U< 2 W 9 < 5 Ulj< 10 W na na
HMW-25™ | gnyi997 < | < 1 < 1 Uljl< 1L uj< I U< 1 W 18 < 1 U< s Ul na na
HMW-25™ 241998 | < I < 1 < 1 Ull< 1 Ulj< I U< 1 W 14 < 1 Uljl<= 5 Ul na n
HMW-?_S’““ WEHIWE | < 5 < 5 < 5 Ull< s Ulj< 5 Ull< 2 Wl 26 < 5 Ulj< 10 UI na n
HMW-?_S’““ VIEI9 | < I < 1 < 1 Ull< 1 ulj< 1 U< 1 W 9.5 < 1 Ulj<= 5 UI na na
HMW.- 251 RI0200 | < I < 1 < 1 Ull< 1 Ulj< I U< 1 W 4.1 < 1 Ulj<= 5 UI na na
HMW.- 251 4972003 1.5 < 1 < 1 U< 1 Ulj< I Ull< 1 Uj=< 1 < 1 Ulj<= 5 UI na n
HMW- 25" 127172004 | < I < | < 1 Ull< 1t U< I U< 1 Ul 2 < 1 Ulj< 5 UI na na
HMW-25 1142005 | < 5 Ul< 5 Ul]= 5 Ul< 5 Ul 5 Ul= 2 Ul< 5 Ul 5 U< 19 U na na
HMW.- 2518 102007 | < 1 < | < 1 Ulj< 1 U< | U< 1 U 23 < 1 Ulj<= 5 Ul na na
HMW-25" YIW008 | < 1 1.5 < 1 Ull< 1 U< | U< 1 Ul 2.6 < 1 Ulj< 5 W na na
HMW-25"" | 9nomoos 1.6 23 |« 1 wil= 1 wf< 1 uvl< 1wl 27 < | U< 5 W na na
HMW-31 [Installed 1995 by HM
hlrs.{‘lk‘-iil‘ml WIHINW5 | < 5 ] 15 < 5 U< 5 < 2 Ul 240 5 < 19 Ul na na
HAW-3 ™ &LE196 | < 1 U 37 44 < 1 U 27 < 1 U L2 < 1 Ul< 1 U na na
HMW-31 ™ 11996 | < I 19 317 < 1 Ul 5 < 1 Ul 190 < | < 5 Ul na na
HMwW-31 ™ | a7 |« 5 5.3 20 < 5 U< 5 < 2 Ul 140 < 5 < 19 Ul na na
HMW-SI‘““ A2RNWT | < 5 7 21 < 5 U« 5 < 2 Ul I16 < 5 < 10 Ul na na
HMW-SI‘““ WRHIWT | < 1 13 27 < 1 WU 4.7 < 1 Ul 210 < 1 < 5 Ul na na
HMW-SI‘““ 32401998 14 < 5 23 < 5 U« 5 < 2 Ul 210 < 5 < 10 Ul na na
HMW-3 ™ 9221998 100 7.2 12 < 5 U< 5 < 2 Ul 190 < 5 < 10 Ul na na
HMW-3 ™ VIR 16 < 5 16 < 5 U< 5 < 2 Ul 200 < 5 < 10 Ul na na
HMW-31"™ | grar000 68 < 5 < 5 < 5 U< 5 < 2 U 150 < 5 < 10 Ul na na
HMW-31 "™ 4102003 120 10 1.6 < 1 Ulj< 1 < 1 W 100 < 1 < 5 UI na na
hl!#f[W-i!I‘le 11730/ 2004 60 16 16 < 1 W 2 < 1 U 150 1.2 < 5 Ul na na
hl!#f[W-i!I‘le 11730/ 2004 340 17 59 < 1 WU 1.8 < 1 WU 12 1.2 < 5 Ul na na
HMW-31 117472005 760 31 120 < 5 Ul« 5 Ul< 2 U 89 5 U< 5 U na na
hlrs.{‘lk‘-iil‘ml 102007 580 26 7 < 1 U< 1 < 1 Ul 50 < 1 < 5 Ul na na
HMw-31""" | onan008 730 34 1.2 < 1 ul< 1 <1t ul 2 |< 1 < 5 uUl] na na
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Table 9
Groundwater Laboratory Analytical Results for Monitoring Wells
Twigg Manufacturing Facility
Mantinsville, Indiana

trans-1,24 Vinyl
TCE |cis-L2-DCE| DCE 11-DCE |Chloride| TCA DCA Ethene | Ethane
Well 1D Date PCE (pg/L) | (pg/L) {ng/L) {ng/L) (L) (ng/L) (ng/L) (ng/L) | CA (ugl) | (ug/L) | (ng/L)
Noles

Test Methad - SW £260 anxlar EPA 602 tundilTerentiated )

PCE = tettachlonoe the ne
TCE = richlaroethene

¢-DCE = cis- | 2-Dichlorocthene
1-DCE = trans-1.2-Dichloroe the ne

1,1-DCE = 1,1-Dichlorocihene
TCA = L1, 1-Trichlotoethane
DCA = |,1-Dichlorocthane

CAHs = Chlorinated Aliphatic H ydrocarbons

VC = Yinyl hloride
CA = Chlorocthane

U = not deecied a1 the indicsied reporting limit
Ul = resuh migrated 1o daabese a5 ND: reponing limit sot confirmed.
J = resuh or reponied devection limii below reporting limit, value estimated
na = rol analyzed for the indicated oompound
E = resuli exores calibestion range, vahie esimated
/HM = samples collected by H amuan-Motive
S1 =0xygen probe measured value as above samration limit, recorded as ssuraged, 10.5 mg/L
82 = Oxygen probe malfunctiosn, value deleted as unrelisble.
) Samples filiered in 1he lield and analyzed for 1ol iron - resuls assumed 10 be fervous due 10 3olubility.
al Yolaile organic compound data from Microseeps, only used for CSIA dsia analisis because it is nol a State certified laboratory sand duplicate samples
that were sent 1 both MicroSeeps and the St Cortilied Laboraiony were genesally not in agreemont.
bf Ethene and ethane data oollected $/292008
¢/ Ethene and ethane dam collecied 5:28¢2008
d! Data collecicd from PBW-3 and MW-8 on 4:2 110 not used because contamimantion found in blank and dat are from non-siste-centifiod borawry
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Table 11

Chiorinated Ethene and Ethane Concentration Trends in Individual Wells*

Twigg Manufacturing Facility
Martinsville, Indiana

Concentration
Well Installation Concentration Trend for
Identification Date Trend for Ethenes Ethanes Source
Wells with 10 or More Years of Data
[MW-1§ 8/9/1994 Decreasing ND# Figures 51 and 52
IMw-1D 2/24/1998 Decreasing NDt Table 9
Mw.-2 8/10/1994 iD 1D Table 9
IMW-3 8/9/1994 Decreasing Decreasing Figure 53
IMW-4 12/14/1994 Decreasing Decreasing Figures 51 and 52
IMW-S 9/29/1997 ND ND Table 9
IMw -6 9/30/1997 Stable Decreasing Figures 51 and 52
IMW-GD 2/23/1998 Decreasing/ND1 | Decreasimg/NDT Figures 51 and 52
IMw.-7 10/1/1997 ND ND Table 9
IMW-8 10/1/1997 NDSuable® Stabie’ Figures 51 and 52
| 2/23/1998 Decreasing/ND ND Table 9
IMW-I 0s 4/13/1999 Decreasing Decreasmg/ND Figure 54
IMw-10M 4/6/1999 DecrcasingND+ ND Table 9
IMW-I ] 5£3/2000 Stable Decreasing, Figure 55
RE) 5/2/2000 StabledAncreasing” Decreasing Figure 56
Wells with 7 Years of Data
[Mw-13 47272004 Decreasing ND? Figures 51 and 52
w14 41272004 Decreasing Decreasing/ND Figures 51 and 52
Wells with 5 Years of Monitoring Data

IMW-15 3/1/2006 Decreasing Dccre;sing Figure 57
IMwW-16 3/172006 Stable Decreasipg, Figure 58
IMW-I 7 31112006 Decreasing Decreasing Figure 59
IMW-I 8 37172006 Decreasing Decreasing Figure 60
fMw-19 3/1/2006 Decreasing Decreasing Figure 61
Notes:

* Based on visual inspection of available data.
Docs notinclude wells installed expressly for Bioremediation Pilot Testing Extraction or Injection
ID - Insufficient data
ND - Chlorinated aliphatic hydrocarans not detected in this well
t Not Detected Since 1999
 Not Detected Since 2002
a' Biaremediation pilot testing appears to have released minar amounts of PCE from soil which were then degraded.
One anomously high {153 pg/l) detection of TCE in 1091649,
Concentrations of PCE, TCE. and cis-1.2-DCE were all ND in 201 1
b Peak tolal ethane concentrations under "natural” conditions appear to have peaked just before
bioremediation pilot testing in this arca (6/2006). h is not clear i f pilot testing released cthanes from soil
in the vicinity of MW-8. TCA concentration appears stable since about July 2007
Additional monitoring will be required to confirm trends in this well.
o Concentrations may have stabilized since October 2007 when anomously high concentrations were seen Site-wide.
d' Ome datection of 1, 1-DCE (6 pg/L) and one detection of CA {8 pg/l.). TCA not detected in this well.
« Chlorninated cthanes have not been detectod in this well since 442005,
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Table 12

Compound-Specific Isotope Analvtical Results
Twigg Manufacwring Faciliy
Martinsville, Indiana

Distance
Down- | Distance 8°Cror | 8°C | 8Cfor |8"C for |6C for
gradient | From [8°Crlor| 8”C |8°Cilor | mams- [lor 10| vievl | L11- | 1,1- | 8"C
from MW-| Previous PCE |for TCE|] cis-1.2- | L.2-DCE | DCE |Chioride|] TCA DCA |for CA
Date 1S (M) | Polnt (ft) | (%) (%) |DCE (%e)] (%) (%e) (%e) (%e) (%e) (%)
IMW-15 21372011 0 0 -36.22 na na na na na na na na
IMW-I3 4212010 53 53 -31.97 U U na U na U U U
W13 2/4:2011 53 53 -33.75 na na na na na na na na
PMW-1 | 472272010 72 19 -32.45 U -33.83 na U na U U U
IPM w-1 | 242011 72 19 U U -35.46 m na na na na na
Imv-u 472212010 110 38 2867 -2785 -33.60 na U na U U U
aw-14 [ 21472011 110 38 2851 2812 -33.56 na na na na na na
MW-4 [42272000] 250 140 3126 -3645 2 -34.88 na U na 27 .85 U U
I!\-rw-:s 21002011 250 140 3266 -3602 -38.32 na na na -3.55  na na
Imv-w 4220010 452 207 205 3301 -27.05 na U na 2024 U U
aw-19 [ 2072011 452 207 2085 -315  -334 na na na 3435 ma na
MW-6 | 4212000] 1.553 1101 U -1854  -33.65 na -26.82 na 2876 -3652 U
Imv-e 20072001 1.553 Lol -39.73° 2337 3275 na 28 na 23086 -37.11 na
IPBw-s" 4an12080| 2204 667 U U 227 na -14.76 na -15.84 -2874 -i7.00
pw-3  [153122011] 2204 667 U U -21.9% m -14.73 na 2561 -30.71 -14.73
leew-3* |inizon| 2204 667 U U U na -15.2 na 26.06  -3096 -14.84
how-s [4n12000] 2219 15 U U 227 m -16.58 na -18.83  -31.59 -l4.64
Paw-g 1zon | 2219 15 U U 2313 na -17.2 na 23001 -31.01 -15.38
Notes:

For non-deteat values the following rules were applied unless otherwise indicated:
- If the compound was detected within 2 years of the current sampling event. then 172 the detection limit was usod for data analysis
- If the compound was nos detected within 2 years of the current sampling event, then a value of zero (0) was used for data analysis
na = Analyte notanalyzed because of historical non-detectable concentrations
%o = per mil
U= not detected at the indicated reporting limit
af [ata ot used becanse compound present in non-detectable conoentrtions in State-oertifiod analytical laboratory sample and because value is anamol
b Data not used because isotope data for cis-1,.2-DCE not available.
cf A value of 17 was used for | 1-DCE because this compound was found in the blank and because
asimilar concentration has been historically observed in this well.
&' acis-1 2-DCE conoentation of 2.5 was used for CSI1A data analysis bocause of histarical trends and the high datection limit and a
1,1-DCE concentration of 18 was used based on historical trends because this compound was found in the blank.
PCE = tetrachlorocthene
TCE = trichlarocthenc
¢-DCE = cis-1 2-Dichlorocthene
t-DCE = tans- 1,2- Dichloroethene
1,1-DCE = 1,1 -Dichloroethene
TCA=1,1,l-Trichlarocthane
DCA =1 1-Dichloroethanc
CAHs = Chlorinated Aliphatic Hydrocarbons

VC = Vinyl Chlonide

CA = Chlarocthane
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