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Executive Summary

This Remedial Action Work Plan (RAWP) Addendum describes the proposed follow-up in situ
bioremediation (ISB) actions at Operable Unit (OU) 7 at Defense Supply Center Richmond (DSCR). OU 7
consists of impacted groundwater beneath and downgradient of OU 4 (Fire Training Area Source Area)
along the central southern boundary of the installation. Contaminants from the OU 13 area (polycyclic
aromatic hydrocarbon area) near OU 4 have also potentially impacted OU 7 groundwater. Three
dissolved phase plumes of volatile organic compounds (VOC) are associated with former Fire Training Pit
Areas 1, 2, and 3. Primary constituents in groundwater are tetrachloroethene (PCE), trichloroethene
(TCE), cis-1,2-dichloroethene (cDCE), and vinyl chloride (VC) present at concentrations greater than
cleanup levels established in the 2012 Record of Decision (ROD) for OU 7. The primary zone of
groundwater impacted at OU 7 is the surficial aquifer, which is the target of follow-up ISB actions.

Follow-up ISB actions at OU 7 will target accelerated treatment of remaining hot spot areas in the surficial
aquifer. Addressing these hot spot areas will reduce contaminant mass and contaminant flux to
downgradient areas. ISB actions proposed in this work plan will target additional treatment of diffuse VOC
plumes farther downgradient of source zones with the objective of reducing overall plume areas.

Proposed ISB actions for the Pit 1 plume will target additional treatment of two hot spot areas with the
highest concentrations of PCE, TCE, cDCE, and VC in groundwater at OU 7. A third treatment area will
target additional treatment of the diffuse VC plume in the farthest downgradient plume area in the Pit 1
monitored area. Proposed ISB actions for the Pit 2 plume will target additional treatment of two hot spot
areas for degradation products cDCE and VC in previous 2021 treatment areas. A third area will target
additional treatment of a diffuse VC plume in the farthest downgradient plume area in the Pit 2 monitored
area. The proposed ISB action for the Pit 3 plume will address a remaining degradation product hot spot
in the mid-plume area as a follow-up to 2021 ISB actions.

The process option of the ISB design in this work plan follows the remedial design/remedial action work
plan for OU 7 (AECOM 2013) using metabolic anaerobic reductive dechlorination as the targeted
degradation process to treat the chlorinated solvents. In this reaction, microorganisms gain energy as one
or more chlorine atoms on a chlorinated ethene or ethane compound molecule are replaced with
hydrogen atoms in an anaerobic environment. The chlorinated compound serves as the electron acceptor
and molecular hydrogen usually serves as the electron donor (source of energy). Hydrogen used in this
reaction is supplied by fermentation of organic substrates or a direct electron donor. Biodegradation of an
organic substrate depletes the aquifer of dissolved oxygen, and sequentially reduces native electron
acceptors nitrate, manganese, iron, sulfate, and carbon dioxide. In general, metabolic anaerobic reductive
dechlorination occurs by sequential removal of chlorine atoms with the sequential reaction consisting of
PCE — TCE — ¢DCE — VC — ethene.

For hot spot and source area treatment, emulsified vegetable oil (EVO) is the selected ISB substrate
comprised of food-grade soybean oil, emulsifiers, and amendments with demonstrated effectiveness to
support enhanced reductive dechlorination (ERD). Evidence of complete ERD pathways to ethene and
methane is apparent for previous EVO injections at OU 7 and treatability studies. The low solubility of
EVO provides for a long-lasting carbon source due to its slow rate of chemical dissolution into
groundwater. EVO can also help sequester chlorinated VOC compounds, which will further reduce their
mobility in the aquifer.

The hot spot and source area treatment, the injection process option selected for enhanced ISB for the
surficial aquifer at OU 7 is direct push technology (DPT) using a pressure activated injection probe.
Previous investigations, pre-design investigations and testing performed at OU 7 indicate that the high
density of the mid-to-lower interval of the surficial aquifer will require injection pressures greater than 100
pounds per square inch to distribute reagents in this zone. The high density and variability of the surficial
aquifer has limited the effectiveness of previous ISB actions using injection wells in this zone. The
optimized reagent mixture will include EVO, sodium bicarbonate for pH buffering, and sodium ascorbate
to create anaerobic water for bioaugmentation cultures to enhance and accelerate biodegradation
processes. Designs for the treatment areas include 51 DPT injection points and five (5) injection wells.
The ISB design period is three (3) years for EVO injections and 1.5 years for sodium lactate.
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Sodium lactate is the selected ISB substrate for additional ISB treatment of diffuse vinyl chloride plumes
at Pits 1 and 2 in the farthest downgradient areas. This will involve gravity feed injections at one injection
well in the Pit 1 plume area and four injection wells in the Pit 2 plume area.

The proposed ISB actions will include remedy verification and performance monitoring. Injection process
monitoring will track injection progress relative to the design and include field measurements during the
injections to evaluate reagent distribution relative to the treatment design. Performance monitoring will
include a baseline monitoring event corresponding to the annual monitoring event scheduled for March
2025. ISB implementation is expected to occur late in the second quarter of 2025 after completion of the
annual sampling. The annual monitoring event at OU 7 includes sampling of 88 monitoring wells screened
in the surficial aquifer. For ISB performance monitoring, the post-injection monitoring program for 2025-
2026 includes two performance monitoring events and one annual event (March 2026). The performance
monitoring network includes 14 monitoring wells in the plume areas targeted for treatment. Analytical
parameters for each location will include field water quality parameters, volatile organic compounds, total
organic carbon, geochemical parameters and select locations for microbial parameters.

ISB performance evaluations will: 1) evaluate reagent distribution and persistence relative to the design,
2) evaluate parameter trends along groundwater flow path across treatment areas and at each
performance well, 3) evaluate reduction of contaminant mass using chemical and geochemical data, 4)
evaluate changes in contaminant flux across treatment areas using well transects by integrating
concentration and flow data, 4) evaluate changes in plume extent (area) by comparing pre-and post-1ISB
modeled plumes, and 5) evaluate changes in biodegradation rates.

A project technical memorandum will summarize completed remedial action installation activities. Annual
reports for OU 7 will report the results of remedy implementation, performance monitoring, monitored
natural attenuation, and long-term monitoring components and will include data evaluations and an
integrated analysis of remedy performance. Periodic updates of remedy performance and progress will
occur during regulatory planning team meetings and for semi-annual restoration advisory board meetings.
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Acronyms and Abbreviations

1,4-DCB 1,4-dichlorobenzene

1,1-DCE 1,1-dichloroethene

1,1,1-TCA 1,1,1-trichloroethene

3D three dimensional

AEHA United States Army Environmental Health Agency
BGS below ground surface

BTAG Biological Technical Assistance Group
BVvVC BAV1 Vinyl Chloride

CB chlorobenzene

cDCE cis-1,2-dichloroethene

CcocC constituent of concern

CSM conceptual site model

Ccv coefficient of variation

DEQ Virginia Department of Environmental Quality
DHC Dehalococcoides

DLA Defense Logistics Agency

DO dissolved oxygen

DPT direct push technology

DSCR Defense Supply Center Richmond
EPA United States Environmental Protection Agency
ERD enhanced reductive dechlorination
EVO emulsified vegetable oil

FFS focused feasibility study

FTA Fire Training Area

ft. feet

gal gallons

gpm gallons per minute

> greater than

> greater than or equal to

HHRA human health risk assessment
HPT hydraulic profile tooling

HRSC high resolution site characterization
HAS hollow-stem auger

IC institutional control

IDM investigative derived material

ISB in situ bioremediation

< less than

< less than or equal to

Law Law Engineering and Environmental Services
Ibs pounds

LOD limit of detection

LOQ limit of quantitation

LT™M long term monitoring

Meadows Meadows CMPG, Inc.

MCL maximum contaminant level

MIP membrane interface probe

MNA monitored natural attenuation

meq milliequivalents

pa/L micrograms per liter

pS/cm microsiemens per centimeter

mg/L milligrams per Liter

MIP membrane interface probe

M-K Mann Kendall

MNA monitored natural attenuation

Vi
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psi
p-value
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RA
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SC
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SPT
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SSA
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United States Army Corps of Engineers
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1. Introduction

This document is a Remedial Action Work Plan (RAWP) Addendum for Operable Unit 7 (OU 7) at
Defense Supply Center Richmond (DSCR) prepared under Contract W912DR22C0045 awarded by the
United States Army Corps of Engineers (USACE) Baltimore District on September 19, 2022, to Meadows
CMPG, Inc. (Meadows). Meadows and teaming partner AECOM have prepared this RAWP Addendum
following the contract Performance Work Statement and requirements of Contract Line-ltem Number
0025. This document describes the proposed follow-up in situ bioremediation (ISB) actions at OU 7 that
target the surficial aquifer. Proposed actions will occur in the three plume areas associated with the
former Fire Training Area (FTA) (OU 4).

DSCR is the headquarters of the Defense Logistics Agency (DLA) Aviation and is home to various other
DLA, Department of Defense, and other federal organizations. The installation is eight miles south of the
City of Richmond in Chesterfield County, Virginia. The United States Environmental Protection Agency
(EPA) placed DSCR on the National Priorities List (NPL) in 1987. Since 1990, DLA has implemented an
environmental restoration program at DSCR under a Federal Facility Agreement with the United States
Environmental Protection Agency (EPA) Region 3 and the Virginia Department of Environmental Quality
(DEQ). OU 7 designation is the impacted groundwater beneath and downgradient of the former FTA (OU
4) and the polycyclic aromatic hydrocarbon (PAH) Area (OU 13). Figure 1-1 has the layout of DSCR and
OU locations.

1-1
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2. Background

Section 2 has background information for OU 7 including a site description, site history, and
environmental setting.

2.1 OU 7 Description

OU 7 consists of impacted groundwater beneath and downgradient of OU 4 (FTA Source Area) along the
central southern boundary of the installation (Figure 1-1). Contaminants from the OU 13 area (PAH Area)
near OU 4 have also potentially impacted OU 7 groundwater. Figure 2-1 shows the layout and features of
OU 7 area. The northern and western portions of OU 7 consist of open areas with grass and gravel cover
with Building 72 located near G Road that borders the OU area to the west. A wooded area in the eastern
area of OU 7 slopes down to the floodplain area of Kingsland Creek and the installation boundary road
and fence line.

2.2 OU 7 Site History

The FTA had three separate, unlined pits used for firefighting training. Materials dumped into the pits,
ignited, and extinguished during firefighting training included flammable liquid chemicals and petroleum
products. Potential materials used for fuel included oils, solvents, pesticides, and herbicides (Law 1996a).

FTA Pit 1 in the eastern section of OU 4 consisted of a circular area with a diameter of 50 feet (ft.) and
depth of three ft. Pit use occurred from the mid-1970s to 1979 with former uses potentially including drum
storage or trash burning. Filling and grading of the pit area with soil occurred in 1983 (Dames & Moore
1989). FTA Pit 2 in the middle portion of OU 4 consisted of a 20 ft. x 40 ft. rectangular area with an
unknown depth. Pit 2 use occurred from the late 1960s until the 1970s when Pit 1 replaced Pit 2. Filling
and grading of the Pit 2 area with soil reportedly occurred between 1973 and 1975.

FTA Pit 3 in the western portion of OU 4 is a suspect fire training pit identified in 1969 aerial photographs.
Construction of a 300,000-gallon aboveground storage tank (fuel oil) occurred over a portion of the Pit 3
area in 1975 (Law 1996a). A No. 4 fuel oil release of approximately 10,000 gallons occurred in 1978 from
a cracked valve. Heavy rain at the time of the release caused the oil to overflow the tank containment
berm and flow across OUs 4 and 13 before discharging into Kingsland Creek. The area of impacted soil
southwest of the former FTA is designated OU 13. Removal of the tank occurred in 1997 and a separate
record of decision (ROD) addressed OU 13 soil.

2.2.1 1981 Installation Assessment

The U.S. Army Toxic and Hazardous Materials Agency completed the first environmental assessment at
DSCR, and their installation assessment report indicated possible groundwater impacts from the former
FTA (OU 4, Army Chemical Systems Laboratory 1981).

2.2.2 1982 Investigations

Remedial investigations began in the OU 7 area before DSCR final listing on the NPL in 1987. Initial
investigations completed by the United States Army Environmental Health Agency (AEHA) in March 1982
occurred in the FTA Pit 1 area. At the time of the investigation the pit had a 1-inch layer of petroleum
product apparently mixed with fire extinguishing material floating on water, with a bottom 1-4-inch layer of
petroleum-based sludge (Army Chemical Systems Laboratory 1981). Initial groundwater sampling of four
monitoring wells in the Pit 1 area indicated the presence of volatile organic compounds (VOCSs) in shallow
groundwater in the parts per million range for chlorinated ethenes and chlorinated benzenes.

AEHA conducted follow-up sampling in October and November 1982 that included sampling surface
water of Kingsland Creek at two stations. The results of the sampling did not indicate detection of VOCs
in samples at concentrations substantially higher than laboratory quantitation limits (LOQ).

2-1
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2.2.3 1989 Remedial Investigation

Dames & Moore completed a remedial investigation (RI) of the FTA from 1985 to 1988 that included
completion of soil borings, installation of monitoring wells, and sampling of soil, soil gas, groundwater,
sediment, and surface water. A 1989 RI Report (Dames & Moore 1989) summarized the results of these
investigations along with a benthic macroinvertebrate survey, and human health risk assessment (HHRA).
RI findings indicated impacts to groundwater within the FTA and downgradient to the area of Kingsland
Creek. Primary constituents detected in groundwater included VOCs. Soils in the area of Pit 1 contained
VOCs, semi-volatile organic compounds (SVOCS), pesticides, petroleum hydrocarbons, and cyanides at
concentrations higher than Pit 2. The highest contamination levels occurred at a depth of two (2) ft. in Pit
1 and at the surface at Pit 2. The Rl indicated a limited extent of soil contamination in the Pit 1 and 2
areas and minimal impacts at Pit 3 and a former drum storage area. Surface water sampling for the RI did
not indicate a significant impact to Kingsland Creek.

2.2.4 1992 Field Investigations

In 1992, Law Engineering and Environmental Services (Law) completed additional investigations in 1992
including installation and sampling of monitoring wells throughout OU 7 to further define the extent of
VOCs in groundwater. The 1996 Rl addendum reports the results of these investigations (Law 1996a).

2.2.5 1994 Field Investigation Report for Fire Training Area

Engineering-Science, Inc. conducted field investigations in August through October 1993 to provide
supplemental data for the Rl addendum and focused feasibility study (FFS) report for OU 7 (Engineering-
Science Inc. 1994). The scope of investigations included shallow soil borings, collection of hydro punch
samples, installation of monitoring wells and pumping test wells, performance of pumping tests,
geophysical logging of well borings, groundwater sampling, slug tests, and surveys. The investigation
report refined determinations of the extent of VOCs in shallower and deeper groundwater downgradient of
the pit areas into and beyond (south) of the Kingsland Creek area.

2.2.6 1996 Final Remedial Investigation Report Addendum

Law prepared a Rl addendum report that presented results of investigations and sampling conducted
after the 1989 RI. Soil samples showed higher concentrations of VOCs in the soils at Pits 1 and 3 with
minimal concentrations detected near Kingsland Creek. Groundwater sample result interpretations
identified three distinguishable plumes potentially corresponding to the FTA pits with chlorinated VOCs
identified as the primary constituents in deeper groundwater. Surface water sampling of Kingsland Creek
indicated low levels of VOCs.

The Rl addendum also included a human health baseline risk assessment for OU 4 and OU 7. This risk
assessment identified cancer risks higher than the EPA range of 1E-06 to 1E-04 for occupational
exposure to surface soil in the FTA and a hypothetical scenario involving future use of groundwater as a
potable water supply (Law 1996a).

2.2.7 1996 Focused Feasibility Study

An FFS issued in 1996 identified remedial action objectives (RAOs) for shallow groundwater that involved
engineered remedies for source control and contaminant reduction and natural attenuation processes for
deeper groundwater. Recommended alternatives included groundwater extraction/soil vapor extraction for
shallow groundwater and institutional controls (ICs) for deeper groundwater. The FFS recommended
performance of a pilot test for design of systems for shallow groundwater (Law 1996b).

2.2.8 1997 Pilot Study Report for Fire Training Area

A pilot test conducted in 1996 evaluated the feasibility of using dual phase extraction as a remedial
technology to address contaminated groundwater at OU 7. The pilot test report recommended
consideration of dual phase extraction as an element of an overall remediation plan addressing shallow
groundwater contamination. This report also recommended preliminary design parameters for design of a
full-scale system (Law 1997).
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2.2.9 1989 Letter Addendum to OU 7 Feasibility Study

A 1999 letter addendum to the OU 7 FFS evaluated data obtained from a density-driven convection pilot
test (completed from December 1998 to January 1999) as an additional alternative to the FFS. The pilot
test occurred within the shallow groundwater zone near Kingsland Creek. This letter addendum
recommended the inclusion and evaluation of the density-driven convection technology in the revised
FFS based on the pilot test results (Law 1999).

2.2.10 Removal Action

A time-critical removal action occurred at OU 4 in 2004. Excavation areas at FTA Pits 1 and 3 extended to
a depth of 6 ft. with removal quantities of approximately 484 and 498 cubic yards, respectively. A limited
excavation of five (5) cubic yards occurred at FTA Pit 2. Confirmatory sampling results at Pits 1 and 3
indicated that residual chlorinated VOCs remained below the excavation depth (MACTEC 2005).

2.2.11 2006 Supplemental Feasibility Study

MACTEC presented the results of supplemental natural attenuation evaluations (2001-2002) and
additional investigations conducted in 2004 in a supplemental feasibility study (MACTEC 2006a) and
evaluated the data in the 2006 installation-wide conceptual site model (MACTEC 2006b). The conceptual
site model (CSM) presented the nature and extent of contamination of groundwater, described
concentration trends, and evaluated natural attenuation processes in groundwater.

2.2.12 Creeks Monitoring Program

MACTEC implemented a three-year creek monitoring program (2001-2004) that included an assessment
of Kingsland Creek. This included performance of a HHRA in 2006 that concluded no further action
required for Kingsland Creek for human health-based risks. A screening level ecological risk assessment
completed in 2001 for Kingsland Creek and subsequent Kingsland Creek monitoring supported the
conclusion that detected VOCs did not pose unacceptable risk to potential ecological receptors.

2.2.13 2010 Treatability Study Report for OU 6 and OU 7

AECOM performed treatability studies for VOC plumes at OU 7 in 2007-2009 (AECOM 2010a). These
studies performed from April 2007 to February 2009 included completion of direct push technology (DPT)
borings and vertical aquifer profiling across the OU 7 study area. Follow-up monitoring well installation
included shallow aquifer wells. Six well clusters (CMT) and five monitoring wells installations
characterized conditions in the confined aquifer below the surficial aquifer depths characterized by the
DPT sampling.

A second phase of treatability studies included construction of two biowalls in the Pit 1 VOC plume area
and two biowalls in the Pit 2 VOC plume area. Biowalls had installation depths of 20 ft. in the Pit 1 area,
22 ft. for the northern biowall in the Pit 2 area, and 25 ft. for the southern biowall in the Pit 2 area. Pit 1
biowalls had uncomposted mulch as the substrate amended with dolomite gypsum. Pit 2 biowalls had
composted mulch/poultry as the substrate amended with dolomite.

A third phase of treatability study performed at Pit 3 in 2009 injected emulsified vegetable oil (EVO) with
amendments (6% emulsion) into the surficial aquifer. The injection emulsion totaling 2,125 gallons into
three injection wells included fluorescent dye to evaluate distribution of EVO into the subsurface.
Detection of emulsion occurred at monitoring well OU7-MW-94 (20 ft. from injection wells) after injection
of 200 gallons of EVO.

Treatability findings for the biowalls at OU 7 showed effective treatment of chlorinated VOCs in
groundwater as groundwater passed through the wall areas. Results of the EVO injections at Pit 3
indicated a radius of influence (ROI) greater than 20 ft. and significant reductions of chlorinated VOCs (at
residual dense non-aqueous phase liquid levels in groundwater) within five months of injections.
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2.2.14 2010 Revised Focused Feasibility Study

A revised HHRA completed as part of the Revised FFS in 2010 evaluated risks for the onsite OU 7 area,
Kingsland Creek, and offsite areas (AECOM 2010b). The revised FFS evaluated remedial alternatives in
the context of the revised HHRA and in-situ bioremediation treatability tests performed at Pits 1 and 2 in
2007 and at Pit 3 in 2009.

RAOs established based on the HHRA included preventing unacceptable risks to human health and the
environment from exposure to constituents of concern (COCSs) in groundwater and reduction of COC
concentrations to Federal maximum contaminant levels (MCLs). The FFS evaluated various remedial
alternatives and recommended enhanced ISB, monitored natural attenuation (MNA), long-term monitoring
(LTM), and ICs based on results of pilot testing and natural attenuation evaluations (AECOM 2010b).

2.2.15 Record of Decision

The ROD document for OU 7 finalized in May 2012 identifies OU 7 as groundwater underlying and
downgradient from the former FTA (OU 4). Separate remedial actions have addressed OU 4 identified as
source material that impacted OU 7 groundwater and also addressed OU 13 that potentially impacted
groundwater (DSCR 2012).

The selected remedy in the ROD consists of the following elements:

e ISB to treat COCs in groundwater source areas (Pits 1, 2, and 3) and downgradient portions of the
groundwater plumes.

e MNA that involves monitoring of COCs and geochemical conditions in groundwater to document that
MNA is reducing chemical mass and concentrations over time.

e  Annual LTM of the uppermost groundwater zone for a minimum of five years to monitor for potential
leaching of SVOCs, PAHSs, polychlorinated biphenyls (PCBs), pesticides, metals, and 2,3,7,8-
tetrachlorodibenzo-p-dioxin from OU 4 and OU 13 soils to groundwater, and also includes annual
monitoring of surface water of Kingsland Creek until COCs in shallow groundwater have reached
cleanup level established in the ROD.

e ICs described in the ROD including groundwater use restrictions, land use restrictions, control
exposure to contaminated groundwater and implementation of ICs for future buildings within
groundwater plume areas.

Table 2-1 presents the cleanup levels established in the ROD for the COCs in OU 7 groundwater. As
described in the ROD, the selected remedy satisfies the statutory requirements of the Comprehensive
Environmental Response, Compensation, and Liability Act. Since this remedy will result in hazardous
substances, pollutants, or contaminants remaining on site above levels that allow for unlimited use and
unrestricted exposure, a statutory review will be conducted within 5 years after initiation of the remedial
action (RA), and at a subsequent frequency of at least once every 5 years, to ensure that the remedy is,
or will be protective of human health and the environment. Protectiveness reviews will continue until site
conditions enable unlimited use and unrestricted exposure.

Table 2-1 OU 7 COCs and Cleanup Levels

Contaminants of Concern Maximum Contaminant Level (ug/L)
Carbon Tetrachloride 5

Chlorobenzene 100
1,4-Dichlorobenzene 75
1,1-Dichloroethene 7
cis-1,2-Dichloroethene 70
trans-1,2-Dichloroethene 100
Tetrachloroethene 5

Trichloroethene 5

Vinyl Chloride 2
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Contaminants of Concern Maximum Contaminant Level (ug/L)

Chloroform 80

Notes: Maximum Contaminant Level from 40 CFR § 141.61 Maximum contaminant levels for organic
contaminants and § 141.64 Maximum contaminant levels for disinfection byproducts including Total
trihalomethanes (includes chloroform), ug/L = micrograms per liter.

2.2.16 2013 Remedial Actions

AECOM prepared a Remedial Design (RD)/RAWP in 2013 to implement the remedy components
identified in the ROD (AECOM 2013). AECOM implemented remedial actions for the selected remedy at
OU 7 in 2013, as generally detailed in in the OU 7 Injection Technical Memorandum that documented
completed activities (AECOM 2015).

ISB treatment targeted eight (8) treatment areas in the Pit 1, 2, and 3 plumes at locations and in lithologic
units not previously treated by the biowalls (Pits 1 and 2) and previous EVO injections (Pit 3). The ISB
process options implemented included EVO as the carbon substrate pressure injected into injection wells
designed for the specific treatment areas. In general, injections performed did not achieve design
volumes in the treatment areas due to flow rates and pressures. An adaptive approach used increased
EVO solution concentrations to achieve design loading rates where possible.

Remedy verification performed as part of the remedial actions included groundwater sampling three
months after completion of injection activities followed by annual performance, MNA, and LTM
groundwater monitoring. Annual LTM of surface water has occurred at three sampling stations in
Kingsland Creek since remedy implementation in accordance with the ROD. Vapor monitoring of exterior
vapor monitoring points (VMPSs) at Building 72 began in October 2013 and at interior sub-slab VMP 116 in
2016. The EPA and DEQ approved discontinuation of monitoring of exterior VMPs in October 2016 due to
persistent infiltration of water into the VMPs. EPA and DEQ approved a change in monitoring frequency at
VMP-116 from quarterly to annual in September 2017. The vapor monitoring evaluates for potential
accumulation of VOCs and methane beneath Building 72 related to remedy implementation in the OU 7
area. ICs implemented at OU 7 comply with the site-wide, land use control remedial design.

2.2.17 2016 Remedial Action

AECOM developed a RAWP Addendum in December 2015 to perform additional ISB actions as a follow-
up to actions completed in 2013 (AECOM 2015). AECOM implemented ISB DPT injections (EVO) in
January 2016 at the distal end of the identified Pit 1 plume in the installation fence line area and offsite
area south of Kingsland Creek. High injection pressures and dense subsurface conditions required
adaptive approaches to achieve targeted injection volumes and EVO loading rates.

2.2.18 2017 Remedial Actions

In 2017, USACE Baltimore District implemented follow-up remedial actions to the ISB injections
performed in 2013, which included the installation of 12 additional injection wells (USACE 2017). These
efforts involved ISB injections of Lactoil® in high concentration source zone areas at Pits 1, 2, and 3 for
long-term treatment and injection of sodium lactate in lower concentration areas (mid plume at Pits 1 and
2). Post injection monitoring occurred three months after the completion of injections followed by annual
site-wide groundwater monitoring. ISB injections occurred in December 2017 and January 2018. Figure
2-2 shows the ISB injection wells/areas.

2.2.19 2019 Pre-Design Investigations

Pre-design data collection activities occurred at OU 7 in 2019 to update the CSM and obtain data to
support remedy optimization, as detailed in the 2019 Annual Report for OU 7 (AECOM-Meadows, 2021a).
The scope of these activities included:

e Expansion of the 2019 annual sampling event from 78 to 168 monitoring well locations.

e Completion of vertical profile sampling at 14 stations in Kingsland Creek to evaluate the groundwater
to surface water migration pathway including VOC sampling of surface water, sediment porewater,
and groundwater beneath the creek.
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e Completion of high-resolution site characterization (HRSC) investigations at OU 4, OU 13, and OU 7
areas including around and within VOC plume areas. HRSC investigations included integrated
assessment of contaminant profiling (membrane interface probe [MIP]) and vertical aquifer profiling
and hydraulic properties determination (hydraulic profiling tool [HPT]).

The 2019 Annual Report presents a detailed update of the CSM that includes a digital three-dimensional
(3D) model of the OU 7 site area.
2.2.20 2021 Remedial Actions

A RAWP Addendum prepared in 2021 described proposed remedy optimizations for OU 7 (AECOM-
Meadows, 2021b). The RAWP contained the following proposed actions:

e Targeted ISB injections with in-situ chemical reduction (ISCR) enhancement in 11 grid treatment
areas within FTAPit 1, 2, and 3 plume areas.

e Remedy performance monitoring and MNA actions with an optimized monitoring network.

Figure 2-2 on page 2-8 shows the ISB treatment areas for injections completed in December
2017/January 2018 and November/December 2021.
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2.3  Environmental Setting

Section 2.3 describes the environmental setting for OU 7.

2.3.1 Topography

Historical site activities and development have altered the land surface and topography of the OU 7 area
as part of the development of DSCR. Figure 2-3 (page 2-10) has a digital elevation model for OU 7
showing site topography. Overall topographic slope is toward the southeast with elevations ranging from a
maximum of approximately 102 ft. North American Vertical Datum of 1988 (NAVD88) in the former Pit 3
area to a minimum of approximately 83 ft. NAVD88 along the fence line area near Kingsland Creek.

A perimeter road encircles the OU 7 area with a gravel road extending east-west across the site within a
former railroad spur line area. The area south of this gravel road slopes to a low area in the alluvial flood
plain of Kingsland Creek, the eastern portion of this area remains forested.

2.3.2 Surface Water and Wetlands

Kingsland Creek borders OU 7 to the south along the installation boundary with the creek flowing in a
northeasterly direction in this area and then flows east approximately 2.2 miles to the James River (Figure
1-1). The creek has a cobbly sediment substrate in the site area. Two storm drains extend north to south
across the OU 7 with outfalls into the floodplain area of Kingsland Creek where ditches convey water to
the creek. A freshwater forested/shrub wetland area exists in the Kingsland Creek floodplain area near
and along the southern border of the installation according to the United States Fish and Wildlife Service’s
National Wetlands Inventory wetlands mapper accessed at
https://www.fws.gov/wetlands/data/mapper.html. A portion of the mapped area extends north across the
perimeter road in the eastern portion of OU 7.

2.3.3 Soils

The United States Department of Agriculture web survey accessed at
https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx identifies the soil mapping units at OU 7
as made land reflecting disturbance and development of the area and Fluvaguents (map unit 1A) in the
flood plain area of Kingsland Creek. The disturbed or reworked soil material varies in consistency, and
ranges from loamy sand to clay. Soils in Map Unit 1A consist of the following:

e 0to 8inches: silt loam.
e 81040 inches: silty clay loam.

. 40 to 50 inches: sand.

2.3.4 Site Geology

DSCR lies near the western edge of the Virginia Coastal Plain. General stratigraphy found beneath OU 7
from top down is the Eastover Formation, Aquia Formation, and Potomac Formation underlain by
Petersburg Granite bedrock. Alluvial sediments overlie the Aquia Formation in the Kingsland Creek flood
plain. Surficial fill material associated with site development overlies the majority of the OU 7 area. Table
2-2 (page 2-11) provides general stratigraphy information for the OU 7 area.

The digital 3D CSM developed for the OU 7 area includes a geologic model developed using multiple
lines of data and geostatistical methods (kriging). This involved review of original data sources collected
for the period 1982 to 2019 and selection of the highest resolution/data quality available for model
development. Data types reviewed for model inputs included geological and hydrogeological publications,
site and DSCR boring data, lithologic logs, geophysical logs and surveys, physical test data from soil
cores, cone penetrometer testing data, and HPT data collected in 2019.
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Figure 2-4 (page 2-12) has a north-south oriented geologic cross section for the southern half of DSCR
from the OU 6 area south across the western OU 7 area and Kingsland Creek. This cross section
illustrates changes in topography across the southern DSCR and OU 7 area where the ground surface
slopes to the valley of Kingsland Creek. It also illustrates lateral variations in geology where the Calvert
Formation pinches out in the OU 7 area and the Aquia Formation thickens and is unconformably overlain
by Eastover Formation and underlain by the Potomac Formation. In the Kingsland Creek area, flood plain
sediments (alluvium) overlie the Aquia Formation. Figure 2-5 (page 2-13) has an east-west oriented
geologic cross section across OU 7 and illustrates a topographic slope toward the east and the Kingsland
Creek flood plain. It also illustrates an increase in the thickness of the Aquia toward the east.

2.3.4.1 Alluvium

Alluvium occurs within the flood plain of Kingsland Creek in the southern lowland portion of OU 7. These
floodplain deposits have a loose consistency and consist of variable silty sand (SM), clayey sand (SC),
poorly sorted sand with gravel (SP), silty gravel with sand (GM), and clayey gravel with sand (GC). The
estimated thickness of alluvium is 0 to 8 ft.

2.3.4.2 Eastover Formation

Eastover Formation sediments have variable mottling and color (brown, yellowish red, and reddish
brown). Primary lithologies vary from silty sand (SM) to well graded sand (SW) with variable gravel and
silty gravel (GM). Reworked surficial material generally consists of Eastover sediments. The thickness of
Eastover Formation sediments below the fill material ranges from approximately 6 to 10 ft.

Table 2-2 OU 7 Stratigraphy

Geologic Approx.
Formation Age Origin THK (ft) Primary Lithology Types
Alluvium Holocene Alluvial Silty sand (SM), clayey sand (SC), poorly graded sand with
Floodplain gravel (SP), silty gravel with sand (GM), clayey gravel with
. 0-8
Kingsland sand (GC)
Creek
Eastover Pliocene Alluvial 6-10 Silty sand (SM), well graded sand (SW) with variable gravel,
silty gravel (GM), fine grained interbeds of clay and silt
Aquia Paleocene Marine Silty sand (SM) with basal silty gravel (GM), fine grained
15-22 .
Early Eocene interbeds of clay and silt
Potomac Cretaceous Alluvial 36-52 Silty sand (SM), poorly graded sand with silt (SP), silty gravel
(GM), clay interbeds, clayey sand with gravel (SC)
(P;eter.sburg Mississippian Bedrock -- Granite to Granodiorite Bedrock
ranite

Notes: THK=thickness

2.3.4.3 Aquia Formation
The Aquia Formation consists of a fining-upward, well graded, gray to dark green, glauconitic silty sand
(SM) with a dense basal gravel stratum (GM). The Aquia Formation also contains finer grained clayey
strata. Thickness of the Aquia Formation generally ranges from 15 to 22 ft.

2.3.44 Potomac Formation
Potomac Formation sediments consist of interbeds of light gray to greenish gray well graded sand (SW)
with silt or clay, silty sand (SM), poorly graded sand (SP) with silt, clayey sand (SC), and clay (CL-CH).
Standard penetration test sampling indicates dense to very dense consistency for coarse grained
sediments and hard consistency for fine-grained sediments. The approximate thickness of the Potomac
Formation ranges from 36 to 52 ft.
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2.3.45 Petersburg Granite

Bedrock in the study area is the Petersburg Granite described by the United States Geological Survey
(USGS) as chlorite rich granodiorite. Dames & Moore performed rock coring at boring DMW-23A of the
uppermost 15 ft. of bedrock (55 to 70 ft. below ground surface, BGS) and described bedrock as a granite
with phaneritic, subhedral to euhedral texture primarily consisting of quartz and chlorite, some potassium
feldspar, little muscovite and biotite, and trace garnet. Rock coring results indicated a vertical fractured
zone at 58-59 ft., a highly fractured zone at 60-65 ft., and highly fractured zone at 68-70 ft. partially filled
by green clay. Rock-quality designation values determined included 95 for core run 1, 40 for core run 2,
and 90 for core run 3.

2.3.5 Hydrostratigraphy

The digital 3D CSM developed for the OU 7 area includes a refined hydrostratigraphy model developed
by integrating the geologic model with existing hydrogeologic data and HRSC data obtained in 2019. A
key aspect of the refined hydrostratigraphy is the semi-continuous measurement of hydraulic properties of
the four unconsolidated geologic formations and integrated this data with other lines of data such as
laboratory testing for physical properties. Table 2-3 summarizes the refined hydrostratigraphy for OU 6
and associated hydraulic properties defined in the 3D model.

Table 2-3 OU 7 Hydrostratigraphy

Hydrostratigraphic Relative Estimated K
Unit Type Description Permeability  (cm/sec)
Eastover Aquifer Unconfined, discrete zones, Low-Hiah <1.0E-04 to 3.5E-022
q highly variable, perched water 9 1.52E03 to 9.12E-03*
Calvert Confining Zone  Leaky unit Very Low 4.8E-08 to 1.8E-06*
Aquia Aquifer Semi-confined, bulk matrix of Low-Hiah <1.0E-04 to 3.5E-022
q q formation g 1.76E-06 to 1.55E-05¢
Potomac Aquifer Confined, bulk matrix of Very Low- 4.9E-03%
q formation Moderate 2.3E-07 to 3.5E-05°
Bedrock Aquifer Confined in fractures Not determined

Notes ! Laboratory core testing (vertical), 2 Field testing with HPT, 2 Laboratory core testing (horizontal), K= hydraulic conductivity,
cm/sec = centimeters per second, * Field slug tests at wells at OU 7.,5USGS pumping test at OU 8 (USGS 1987)

2.3.5.1 Alluvium

Alluvium in the flood plain potentially contains a seasonally high-water table adjacent to Kingsland Creek.
Primary flow and discharge into Kingsland Creek occur from the unconfined surficial aquifer within the
uppermost portion of the Potomac.

2.3.5.2 Eastover-Aquia

This hydrostratigraphic unit corresponds to the unconfined surficial aquifer. Depth to groundwater is
typically 10 ft. BGS) or less. The saturated thickness of this zone ranges from approximately 20 to 25 ft.
The lithology of this zone varies between the upper portion (Eastover Formation) and lower portion (Aquia
Formation) of this unit as described in Section 2.3.4.

2.3.5.3 Potomac
This hydrostratigraphic unit corresponds to the confined aquifer with dense strata. The lithology of this
zone is heterogeneous as described in Section 2.3.4.

2.3.5.4 Bedrock

This hydrostratigraphic unit corresponds to the Petersburg Granite with an expected confined or semi-
confined condition based on the overlying stratigraphy. Groundwater within unweathered bedrock will
occur primarily in fractures.

2.3.6 Groundwater Flow

Lateral groundwater flow patterns and direction in the surficial aquifer reflect surface topography and
surface water drainage in the Kingsland Creek area. The direction of groundwater flow is generally toward
the southeast and Kingsland Creek (see Section 2.4.1). Shallow groundwater from the surficial aquifer
discharges into Kingsland Creek with an upward component of flow apparent in the area. Lateral
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groundwater flow in the confined aquifer is toward the east and at depth beneath Kingsland Creek (see
Section 2.4.1).

2.4  Current Conditions for Groundwater in Surficial Aquifer

Section 2.4 describes the current conditions for groundwater in the surficial aquifer from the March 2024
annual sampling event as described in the Fiscal Year 2024 Annual Report for OU 7 (AECOM-Meadows
2024b). The focus of the current conditions summary is the surficial aquifer that is targeted for ISB. Figure
2-6 (page 2-16) shows the current groundwater and surface water monitoring locations at OU 7.

2.4.1 Surficial Aquifer Potentiometric Surface and Groundwater Flow

Figure 2-7 (page 2-17) has a potentiometric surface elevation contour map (March 2024) for the surficial
aquifer developed by geostatistical analysis (kriging) in Earth VVolumetric Studio using site-wide
groundwater elevation data for wells screened in the surficial aquifer. Groundwater flow direction in the Pit
1 and Pit 2 area is toward the southeast and Kingsland Creek with a southwest flow direction in the Pit 3
area. The average hydraulic gradients across the OU 7 ranged from 1.90E-02 ft./ft. (Pit 3 area) to 3.00E-
02 ft./ft. (Pit 1 area). Shallow groundwater discharge with an upward component of flow occurs at
Kingsland Creek.

Equation 1 calculates the approximate horizontal velocity range of groundwater flow within the surficial
aquifer using a form of Darcy’s velocity equation:

Where:

= groundwater flow velocity (ft./yr.)

= hydraulic conductivity (feet per day [ft/day])
i= hydraulic gradient (ft/ft)
Ne = effective porosity (unitless)

Input values for Equation 1 for the surficial aquifer include:

e Average K of 3.60E+00 ft./day (Table 2-3).

o Estimated effective porosity of 0.27 based on average physical test data for total porosity, air filled
porosity, and clay content.

e Average hydraulic gradient ranging from 1.90E-02 ft./ft. to 3.00E-02 ft./ft. for the March 2024
sampling event (Figure 2-7).

The estimated horizontal groundwater flow velocity calculated for the surficial aquifer using the above
input values ranges from 2.53E-01 ft./day (91.3 ft./yr.) to 4.0E-01 ft./day (146.0 ft./yr.).

2.4.2 Water Quality Parameters for Surficial Aquifer (2024)

Section 2.4.2 and Exhibit 2-1 (page 2-18) have a summary of data distributions for water quality
parameter results for the surficial aquifer for the Pit 1, Pit 2, and Pit 3 monitoring areas. The summaries
use the OU 7 annual monitoring data from March 2024.

2.4.21 pHResults

The data distributions for pH vary by pit area with progressively higher pH levels moving across the site
from Pit 1 to Pit 3 (see Exhibit 2-1). For Pit 1, the distribution range for pH is 3.58 with a mean of 5.81 and
median of 5.69. The distribution 25" and 75™ percentiles are 5.06 and 6.29, respectively. Seven of 36
data observations have a pH less than 5.

For Pit 2, the distribution range is 3.55 with a mean of 5.89 and a median of 5.84. The distribution 25t
and 75% percentiles are 5.33 and 6.57, respectively. Four of 33 data observations have a pH less than 5.
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Exhibit 2-1 Water Quality Parameter Data Distribution for Surficial Aquifer: March 2024

pH (pH units)

o __PH(pH units) e Diszulvm Oxygen (mg/L) Area | N D | Min | Max |Range| Mean |Median| Std | Var |Skewness|Kurtosis|Outliers|PCTL25|PCTL75| pH<5
Pit1l 36 36| 4.38| 7.96| 3.58| 5.81 569| 093] 0.87| 0.6713| 2.7056 0| 5.06| 6.29 7
71 —‘7 T | By 1 Pit 2 31 31| 4.17| 7.72| 3.55| 5.92 585| 0.83] 0.69| 0.0895| 2.6678 0| 533 6.61 4
) - Pit3 20 20| 4.36| 7.60| 3.24| 6.18 6.37| 0.90| 0.81| -0.5816| 2.6834 0| 564 6.75 3
o1 - —‘7 Dissolved Oxygen (milligrams per liter)
s | J | ol J% T | Area N D Min | Max |Range | Mean | Median| Std Var |Skewness |Kurtosis|Outliers|PCTL25|PCTL75|DO<=1
i J Pit1l 36 36| 0.06| 7.45| 7.39| 145 1.05| 1.46| 213 2.186| 9.162 1/ 041 2.05 18
4 : : : 0t == iT‘ == 1 Pit2 31 31| 0.04] 4104 4.06| 0.94 0.70| 0.81| 0.66 2.082 8.38 3| 052 1.09 22
Fitt Rtz RS ALt Rtz RS Pit 3 20/ 20| 006 211 205/ 083] 061 069 047 0664 1.949 o| 028 145/ 13
Oxidation Reduction Potential (mV) Specific Conductance (mS/cm)
600 " " " 2 " " " Oxidation Reduction Potential (millivolts)
o Area N D Min | Max |Range | Mean | Median| Std Var |Skewness|Kurtosis|Outliers|PCTL25|PCTL75| ORP<-50
400 ¢ T 1 197 O ] Pitl 36 36| -106.2| 477.9| 584.1| 146.5| 115.4| 194.8| 37935 0.242| 1.600 0| -45.0| 307.3 9
Pit2 31 31| -189| 420.6| 609.6| 21.4| -33.1| 149.3| 22297 0.838| 3.009 0| -94.0| 1295 12
el T - ' —‘7 - Pit 3 20 20| -111.9| 224.6| 336.5| 16.2 0.1/ 93.3| 8696 0.664| 2.589 0| -53.2| 701 6
Of 1 0.5¢ T : Specific Conductance (milliSiemens per centimeter)
1 L T T T Area N D Min | Max |Range | Mean |Median| Std Var |Skewness|Kurtosis|Outliers | PCTL25 | PCTL75
=200 k : = : . 0 : : : Pit 1 36 36| 0.075| 1.78| 1.705| 0.526| 0.446| 0.390| 0.152 1.338 4.614 2| 0.261| 0.702
Pt Fit2 Fits Pt Fit2 Fits Pit 2 31 31| 0.067| 0.790| 0.731| 0.397| 0.378| 0.198| 0.039 0.363 2.442 0| 0.252| 0.526
Pit 3 20 20| 0.108| 0.564| 0.456| 0.349| 0.364| 0.118| 0.014 -0.201 2.676 0| 0.272| 0.415

Notes: N = number of normal samples, D = number of detected results, Min = minimum detected result, max = maximum detected result,
Std. Dev. = standard deviation, Var = variance, PCTL25 = 25th percentile, PCTL75. = 75th percentile, pH <5 = number of results with pH
less than 5, DO <=1 = number of results with dissolved oxygen level less than or equal to 1 milligram per liter, ORP<-50 = number of
results with oxidation reduction potential less than -50 millivolts.
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For Pit 3, the distribution range is 3.24 with a mean of 6.18 and median of 6.37. The distribution 25 and
75 percentiles are 5.64 and 6.75, respectively. Three of 20 data observations have a pH less than 5.

2.4.2.2 Dissolved Oxygen (DO) Results

For Pit 1, the distribution range for dissolved oxygen (DO) is 7.39 milligrams per liter (mg/L) with a mean
of 1.45 mg/L and median of 1.05 mg/L. The distribution 25" and 75 percentiles are 0.41 mg/L and 2.05
mg/L, respectively. Eighteen of 36 data observations have a DO level less than or equal to 1 mg/L.

For Pit 2, the distribution range for DO is 6.96 mg/L with a mean of 1.12 mg/L and median of 0.70 mg/L.
The distribution 25" and 75™ percentiles are 0.53 mg/L and 1.20 mg/L, respectively. Twenty three of 35
data observations have a DO level less than or equal to 1 mg/L.

For Pit 3, the distribution range for DO is 2.05 mg/L with a mean of 0.83 mg/L and median of 0.61 mg/L.
The distribution 25" and 75™ percentiles are 0.28 mg/L and 1.45 mg/L, respectively. Thirteen of 20 data
observations have a DO level less than or equal to 1 mg/L.

2.4.2.3 ORP Results

For Pit 1, the distribution range for oxidation reduction potential (ORP) is 584.1 millivolts (mV) with a
mean of 146.5 mV and median of 115.4 mV. The distribution 25" and 75" percentiles are -45.0 mV and
307.3 mV, respectively. Nine of 36 data observations have an ORP level less than -50 mV.

For Pit 2, the distribution range for ORP is 609.6 mV with a mean of 26.5 mV and median of -33.1 mV.
The distribution 25" and 75t percentiles are -84.7 mV and 141.2 mV, respectively. Thirteen of 33 data
observations have an ORP level less than -50 mV.

For Pit 3, the distribution range for ORP is 336.5 mV with a mean of 16.2 mV and median of 0.1 mV. The
distribution 25" and 75™ percentiles are -53.2 mV and 70.1 mV, respectively. Six of 20 data observations
have an ORP level less than -50 mV.

2.4.2.4 SC Results
For Pit 1, the distribution range for SC is 1.705 mS/cm with a mean of 0.526 mS/cm and median of 0.446
mS/cm. The distribution 25t and 75" percentiles are 0.261 mS/cm and 0.702 mS/cm, respectively.

For Pit 2, the distribution range for SC is 0.963 mS/cm with a mean of 0.424 mS/cm and a median of
0.320 mS/cm. The distribution 25" and 75™ percentiles are 0.261 mS/cm and 0.552 mS/cm, respectively.

For Pit 3, the distribution range for SC is 0.456 mS/cm with a mean of 0.349 mS/cm and median of 0.364
mS/cm. The distribution 25th and 75th percentiles are 0.272 mS/cm and 0.415 mS/cm, respectively.

2.4.3 VOC Results for Surficial Aquifer (2024)

Section 2.4.3 and Exhibit 2-2 (page 2-20) have a summary of data distributions for VOC results (primary
COCs) for the surficial aquifer. The summaries use the OU 7 annual monitoring data from March 2024.

2.4.3.1 Constituents of Concern

Table 2-4 on page 2-21 has a statistical summary of VOC constituents detected in one or more samples
collected for annual groundwater monitoring. This table has descriptive statistics, identifies the location of
the maximum detected concentrations, and presents screening comparisons to remedy cleanup levels
(MCLs), EPA regional screening levels (RSLs), and ecological screening benchmarks as defined in the
table notes.

VOCs detected in groundwater for this sampling event at levels greater than MCLs include:
tetrachloroethene (PCE), trichloroethene (TCE), cis-1,2-dichloroethene (cDCE), vinyl chloride (VC),
carbon tetrachloride, 1,1-dichloroethene (1,1-DCE), 1,1,1-trichloroethane (1,1,1-TCA), 1,4-
dichlorobenzene (1,4-DCB), chlorobenzene (CB), and benzene. For constituents without MCLs, VOCs
detected at concentrations greater than RSLs include: 1,1-dichloroethane, 1,2,3-trichlorobenzene, 1,3,5-
trichlorobenzene, 2-butanone, 2-hexanone, acetone, hexachlorobutadiene, naphthalene, and o-xylene.
Ketone constituents such as 2-butanone, 2-hexanone, and acetone typically form as a temporary by-
product of engineered bioremediation actions.
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Exhibit 2-2 VOC Data Distribution Surficial Aquifer: Annual Monitoring March 2024
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Area N D Min | Max | Range | Mean |Median| Std Var |Skewness|Kurtosis|Outliers |PCTL25 |PCTL75| >MCL
Pitl 36 19| 0.52| 1300 1299.48| 143.1 7| 331.3|109739 2.640| 9.121 3 2.6 45 11
Pit 2 30 13| 0.55 41| 40.45| 8.84 2.2| 12.83 164 1.619| 4.228 2 1.2\ 10.2 6
Pit 3 21 0 - - - - - - - - - - - - 0
Trichloroethene (micrograms per liter

Area N D Min | Max | Range | Mean |Median| Std Var | Skewness |Kurtosis | Outliers|PCTL25 | PCTL75 | >MCL
Pitl 36 27| 0.22| 780| 779.78| 79.2 3.6| 191.6| 36706 2.701| 9.063 5/ 082 242 12
Pit 2 30 20| 0.24| 170| 169.76| 15.6 20| 39.9| 1590 3.267| 12.71 3] 0.80 7.4
Pit3 21 13| 0.31| 350| 349.69| 34.3 15| 95.6| 9138 3.090| 10.746 1| 096 275 4
Cis-1,2-dichloroethene (micrograms per liter)

Area N D Min | Max | Range | Mean |Median| Std Var |Skewness|Kurtosis|Outliers|PCTL25|PCTL75| >MCL
Pitl 36 32| 0.43] 14000(13999.57| 706.6 37| 2528|6391301 4.809| 25.535 6 3.5 135 12
Pit 2 30 27| 0.61| 9200| 9199.39| 710.1 53| 1832|3356600 3.936| 18.496 4 6.9 445 13
Pit 3 21 19| 0.27| 2500| 2499.73| 379.5 12| 791| 625272 2.042| 5.639 4 2.2 128 7
Vinyl Chloride (micrograms per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness |Kurtosis|Outliers |PCTL25 |PCTL75| >MCL
Pit1 36 24| 0.88]| 270(269.12| 46.3 95| 70.4| 4951 1.861| 5.740 3 1.6 52 17
Pit 2 30 24| 0.49| 920]919.51| 118.4 52| 208.6| 43496 2.907| 10.936 2 7.4 120 21
Pit3 21 15| 0.59| 600|599.41| 126.5 36| 198.9| 39559 1.684| 4.294 3 7.7 118 13
1,1-Dichloroethene (micrograms per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness |Kurtosis|Outliers|PCTL25|PCTL75| >MCL
Pitl 36 17| 0.39| 490|489.61| 66.8 2.1| 159.2| 25332| 2.2843| 6.359 3| 162 145 6
Pit 2 30 13| 0.58 18| 17.42 5.6 41| 5.74| 329 1.398| 3.525 2| 1.78| 564 3
Pit 3 21 6| 0.56 14| 13.44 3.7 16| 5.18| 26.9| 15795 3.781 1 0.7 4.0 1
1,1,1-Trichloroethane (micrograms per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness |Kurtosis|Outliers |PCTL25 |PCTL75| >MCL
Pitl 36 9 54| 1200/1194.6| 283.3 33| 470(221200 1.312| 2.869 1 14 415 3
Pit2 30 2 3 22 19| 125 12.5| 13.4| 180.5 0 1 0 3 22 0
Pit3 21 0 -- -- - - - - - - -- -- - - 0
1,4-Dichlorobenzene (micrograms per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness|Kurtosis|Outliers|PCTL25|PCTL75| >MCL
Pit1 36 8| 0.88 24| 23.12 6.8 2.5 9.2 85 1.196| 2.582 0| 125 112 0
Pit 2 30 1| 0.85| 0.85 0 0.9 0.9 0.0 0 -- -- 0| 0.85| 0.85 0
Pit3 21 13 1.1| 150| 148.9| 34.2 15| 46.6| 2169 1.553| 4.198 1| 255| 472 2
Chlorobenzene (micrograms per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness|Kurtosis|Outliers|PCTL25|PCTL75| >MCL
Pitl 36 2| 0.72 3.1] 238 191 191 1.68| 2.83| -2.6E-16] 1.000 0| 0.72 3.1 0
Pit2 32 0 -- -- -- -- -- -- - -- - 0 -- -- 0
Pit3 21 13 1.1| 220| 218.9| 61.9 19.0/ 74.4| 5529 1.004| 2.657 0 5.8 112 4

Notes: N = number of normal samples, D = number of detected results, Min = minimum detected result, max = maximum detected
result, Std. Dev. = standard deviation, Var = variance, PCTL25 = 25th percentile, PCTL75. = 75th percentile, >MCL = number of results
with concentrations greater than Maximum Contaminant Level. Maximum contaminant level contained in Subpart G—National Primary
Drinking Water Regulations: Maximum Contaminant Levels and Maximum Residual Disinfectant Levels, § 141.61 Maximum
contaminant levels for organic contaminants
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Table 2-4 Statistical Summary for VOCs: March 2024 GW Monitoring Surficial Aquifer (Detects)
NoO. Federal MCL? EPA RSL2 (Nov 2024) BTAG FWSB?3 (2006)
No. of 95th > % > |Location of No. > No. > | No. > EPA No.>| %> | BTAG
Chemical Matrix | Results | Unit Min Max | Mean [Median |Percentile| LOD | LOD |Max MCL | %> MCL MCL! | RSL | RSL RSL? |BTAG|BTAG| FWSB?
1,1,1-Trichloroethane WG 91| ug/L <0.21 1200 n.d. n.d. 1100 11 12.1| AEHADG-11 3 3| 2.00E+02 2 2| 8.01E+02 8 9(1.10E+01
1,1-Dichloroethane WG 91| ug/L <0.33 450 14.5 n.d. 127 43 47.3| OU7-MW-68 - - - 25 27| 2.75E+00 5 5|4.70E+01
1,1-Dichloroethene WG 91| ug/L <0.33 490 13.9 n.d. 195 38 41.8| CMT-21-2 11 12| 7.00E+00 3 3| 2.85E+01 3 3|2.50E+01
1,2,3-Trichlorobenzene WG 91| ug/L <0.81 1.5 n.d. n.d. n.d. 1 1.1|CMT-18-1 - - - 1 1| 7.04E-01 0 0| 8.00E+00
1,2,4-Trichlorobenzene WG 91| ug/L <0.53 3.8 n.d. n.d. 3 7 7.7|0U7-MW-125 0 0| 7.00E+01 7 8| 3.99E-01 1 1|2.40E+01
1,2-Dichlorobenzene WG 91| ug/L <0.31 220 11.6 n.d. 170 37| 40.7|OU7-MW-68 0 0| 6.00E+02 6 7| 3.04E+01 35 38| 7.00E-01
1,2-Dichloroethene, Total WG 91| ug/L <0.37| 14000 546.1 23 2510 79 86.8 | CMT-21-2 - - - - - - 15 16 | 5.90E+02
1,3,5-Trimethylbenzene WG 91| ug/L <0.28 7.1 n.d. n.d. n.d. 3 3.3| OU7-MW-68 - - - 1 1| 6.03E+00 0 0|7.10E+01
1,3-Dichlorobenzene WG 91| ug/L <0.31 14 1.6 n.d. 11 15 16.5|OU7-MW-125 - - - - - - 0 0 [1.50E+02
1,4-Dichlorobenzene WG 91| ug/L <0.31 150 6.5 n.d. 107 22 24.2|OU7-MW-125 2 2| 7.50E+01 22 24| 4.82E-01 6 7|2.60E+01
2-Butanone (MEK) WG 91| ug/L <6.4 120 n.d. n.d. 109 13 14.3| DMW-21A - - - 1 1| 5.57E+02 0 0|1.40E+04
2-Hexanone WG 91| ug/L <3.2 57 n.d. n.d. 51 5 5.5| 0OU7-MW-109 - - - 1 1| 3.80E+00 1 1|9.90E+01
4-Chlorotoluene WG 91| ug/L <0.41 0.53 n.d. n.d. n.d. 1 1.1{CMT-18-1 - - - 0 0| 2.50E+01 - - -
4-Isopropyltoluene WG 91| ug/L <0.44 3.1 n.d. n.d. n.d. 3 3.3|OU7-MW-68 - - - - - - 0 0|8.50E+01
4-Methyl-2-pentanone (MIBK) WG 91| ug/L <2.7 20 n.d. n.d. n.d. 2.2| OU7-MW-57 - - - 0 0| 6.26E+02 0 0|1.70E+02
Acetone WG 91| ug/L <3.7| 19000 403.8 n.d. 2975 36| 39.6/CMT-21-2 - - - 5 5| 1.80E+03 6 7 | 1.50E+03
Benzene WG 91| ug/L <0.27 5.2 n.d. n.d. 4 11 12.1| OU7-MW-109 1 1| 5.00E+00 9 10| 4.55E-01 0 0|3.70E+02
Bromobenzene WG 91| ug/L <0.24 0.33 n.d. n.d. n.d. 1 1.1{CMT-18-1 - - - 0 6.22E+00 - - -
Carbon disulfide WG 91| ug/L <0.43 7.9 n.d. n.d. 6 6 6.6 | AEHADG-11 - - - 0 8.11E+01 3 3| 9.20E-01
Carbon tetrachloride WG 91| ug/L <0.3 40 n.d. n.d. n.d. 1 1.1|AEHADG-11 1 1| 5.00E+00 1 1| 4.55E-01 1 1|1.33E+01
Chlorobenzene WG 91| ug/L <0.15 220 9.4 n.d. 192 15 16.5| OU7-MW-125 4 4| 1.00E+02 9 10| 7.77E+00 13 14| 1.30E+00
Chloroethane WG 91| ug/L <4.6 460 n.d. n.d. 256 13 14.3|CMT-21-1 - - - 0 8.34E+02 - - -
Chloroform WG 91| ug/L <0.27 42 n.d. n.d. 37 7 7.7|CMT-21-2 0 0| 8.00E+01 7 2.21E-01 6 7 | 1.80E+00
Chloromethane (Methyl chloride) WG 91| ug/L <0.54 1.1 n.d. n.d. n.d. 1 1.1|CMT-21-4 - - - 0 0| 1.88E+01 - - -
cis-1,2-Dichloroethene WG 91| ug/L <0.25| 14000 544.3 23 2500 81 89.0| CMT-21-2 34 37| 7.00E+01 65 71| 2.52E+00 - - =
Ethylbenzene WG 91| ug/L <0.2 130 2.5 n.d. 37 19 20.9|CMT-21-2 0 0| 7.00E+02 14 15| 1.50E+00 1 1|9.00E+01
Hexachlorobutadiene WG 97| ug/L <0.22 1.5 n.d. n.d. 1 5 5.2|CMT-18-1 - - - 4 4| 1.39E-01 1 1|1.30E+00
Isopropylbenzene (Cumene) WG 91| ug/L <0.26 15 n.d. n.d. n.d. 3 3.3|0U7-MW-68 - - - 0 0| 451E+01 0 0|2.60E+00
m+p-Xylenes WG 91| ug/L <0.49 460 9.5 n.d. 235 17 18.7 | CMT-21-2 - - - - - - - - -
Naphthalene WG 97| ug/L | <0.021 290 n.d. n.d. 241 8 8.2|CMT-21-2 - - - 6 7| 1.17E-01 6 7 | 1.10E+00
n-Butylbenzene WG 91| ug/L <0.52 1.2 n.d. n.d. n.d. 2 2.2|CMT-18-1 - - - 0 0| 1.00E+02 - - -
n-Propylbenzene WG 91| ug/L <0.41 1.1 n.d. n.d. n.d. 2 2.2 | OU7-MW-69 - - - 0 0| 6.56E+01 0 0|1.28E+02
o-Xylene WG 91| ug/L <0.26 36 1.6 n.d. 23 17| 18.7|CMT-21-2 - - - 1 1| 1.93E+01 - - =
sec-Butylbenzene WG 91| ug/L <0.53 0.82 n.d. n.d. n.d. 2 2.2| OU7-MW-69 - - - 0 0| 2.01E+02 - - -
Styrene WG 91| ug/L <0.27 0.28 n.d. n.d. n.d. 1 1.1|CMT-18-1 0 0| 1.00E+02 0 0| 1.21E+02 0|7.20E+01
tert-Butyl methyl ether (MTBE) WG 91| ug/L <0.81 1.9 n.d. n.d. n.d. 1 1.1|0U7-MW-116 - - - 0 5| 1.43E+01 0|1.11E+04
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No. Federal MCL? EPA RSL? (Nov 2024) | BTAG FWSB? (2006)

No. of 95th > % > |Location of No. > No. > | No. > EPA No.>| %> | BTAG

Chemical Matrix | Results | Unit Min Max | Mean |Median |Percentile| LOD | LOD |Max MCL | %> MCL MCL! | RSL | RSL RSL? |BTAG|BTAG| FWSB?
tert-Butylbenzene WG 91| ug/L <0.43 0.55 n.d. n.d. n.d. 2 2.2|CMT-18-1 - - - 0 0| 6.91E+01 - - -
Tetrachloroethene (PCE) WG 91| ug/L <0.35 1300 31.9 n.d. 556 33 36.3| AEHADG-11 20 21| 5.00E+00 21 23| 4.06E+00 3 3|1.11E+02
Toluene WG 91| ug/L <0.25 17 2.0 n.d. 10 34 37.4|OU7-MW-48 0 0| 1.00E+03 0 0| 1.10E+02 22 24 |2.00E+00
trans-1,2-Dichloroethene WG 91| ug/L <0.34 34 2.0 n.d. 11 31 34.1 | OU7-MW-85 0 0| 1.00E+02 7 8| 6.78E+00 0 0|9.70E+02
Trichloroethene (TCE) WG 91| ug/L <0.2 780 32.3 1.1 341 62 68.1| OU7-MW-36 24 26| 5.00E+00 65 71| 2.83E-01 15 16 | 2.10E+01
Trichlorofluoromethane WG 91| ug/L <0.33 8.6 n.d. n.d. n.d. 1 1.1|AEHADG-11 - - - 0 0| 5.16E+02 - - -
Vinyl chloride WG 91| ug/L <0.4 920 67.0 6.9 492 66 72.5|CMT-18-5 54 59| 2.00E+00 91 100| 1.88E-02 0 0 [9.30E+02
Xylene (Total) WG 91| ug/L <0.49 500 10.5 n.d. 220 18 19.8 | CMT-21-2 0 0| 1.00E+04 5 5| 1.93E+01 5 5(1.30E+01

Notes: WG = groundwater, ug/L = micrograms per liter, Min = minimum, Max = maximum, No. > = number greater, LOD = limit of detection, % = percent, , *Subpart G—National Primary Drinking Water Regulations: Maximum Contaminant Levels and
Maximum Residual Disinfectant Levels, § 141.61 Maximum contaminant levels for organic contaminants.> LOD = percent of detected results greater than laboratory limit of detection, 2 EPA Regional Screening Level for Resident Tap Water with a target
cancer risk (TR) of 1E-06 and target hazard quotient (THQ) of 0.1, November 2004 at https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables. 3EPA Region |l BTAG Freshwater Screening Benchmarks, 7/2006.
https://www.epa.gov/risk/freshwater-screening-benchmarks, Number of results with concentrations greater than the MCL, Number of results with concentration greater than the RSL, Number of results with concentrations
greater than the BTAG FWSB
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For the ecological screening, groundwater constituents detected in surface water samples in 2024
included cDCE, total dichloroethene, and TCE in one sample (KGC-1) at concentrations less than the
laboratory LOQ. Sample KGC-1 is located upstream of the monitoring areas for FTA Pits 1 and 2 (Figure
2-6).

2.4.3.2 Data Distribution for Annual Monitoring

Exhibit 2-2 (2-20) has box plots and tabular information displaying data distributions for primary VOC
constituents for annual monitoring for the plume areas associated with FTA Pits 1, 2, and 3. Figure 3-1
shows the locations of monitoring wells referenced in this section.

PCE

PCE occurs in the plume areas associated with FTA Pits 1 and 2 with the data distribution for Pit 1 plotting
at a higher concentration range than Pit 2 (see Exhibit 2-2). Samples collected from the Pit 3 area did not
have detections of PCE.

Pit 1 has 19 of 36 samples with detections of PCE and a detected concentration range of 0.52
micrograms per liter (ug/L) to 1,300 pg/L. Mean and median concentrations for PCE at Pit 1 are 143.1
Mg/l and 7 pg/L, respectively, with 11 samples having concentrations greater than the MCL of 5 pg/L.
Distribution 25t and 75" percentiles for PCE at Pit 1 are 2.6 ug/L and 45 pg/L, respectively.

Pit 2 has 13 of 30 samples with detections of PCE and a detected concentration range of 0.55 pg/L to 41
pg/L. Mean and median concentrations for PCE at Pit 2 are 8.84 pg/L and 2.2 pg/L, respectively, with five
(5) samples having concentrations greater than the MCL of 5 pg/L. Distribution 25" and 75™ percentiles
for PCE at Pit 2 are 1.2 pg/L and 10 pg/L, respectively.

TCE

TCE has data distributions in Pit 1, 2, and 3 areas that extend 1 to 2 orders of magnitude higher than the
MCL level of 5 pg/L (see Exhibit 2-2).

Pit 1 has 27 of 36 samples with detections of TCE and a detected concentration range of 0.22 ug/L to 780
pg/L. Mean and median concentrations for TCE at Pit 1 are 79.2 pg/L and 3.6 pg/L, respectively, with 12
samples having concentrations greater than the MCL of 5 pg/L. Distribution 25" and 75" percentiles for
TCE at Pit 1 are 0.82 ug/L and 24.2 ug/L, respectively.

Pit 2 has 20 of 30 samples with detections of TCE and a detected concentration range of 0.24 ug/L to 170
pg/L. Mean and median concentrations for TCE at Pit 2 are 15.6 pg/L and 2.1 ug/L, respectively, with
seven (7) samples having concentrations greater than the MCL of 5 pg/L. Distribution 25" and 75t
percentiles for TCE at Pit 2 are 0.80 pg/L and 7.4 ug/L, respectively.

Pit 3 has 13 of 21 samples with detections of TCE and a detected concentration range of 0.31 ug/L to 350
pg/L. Mean and median concentrations for TCE at Pit 3 are 34.3 pg/L and 1.5 pg/L, respectively, with four
(4) samples having concentrations greater than the MCL of 5 pg/L. Distribution 25" and 75™ percentiles
for TCE at Pit 3 are 0.96 pg/L and 27.5 pg/L, respectively.

cDCE

cDCE has data distributions in the Pit 1, 2, and 3 areas that extend 1 to 2 magnitudes higher than the
MCL level of 70 pg/L (see Exhibit 2-2).

Pit 1 has 32 of 36 samples with detections of cDCE and a detected concentration range of 0.43 pg/L to
14,000 pg/L. Mean and median concentrations for cDCE at Pit 1 are 706.5 pg/L and 73 pg/L, respectively,
with 12 samples having concentrations greater than the MCL of 70 pg/L. Distribution 25" and 75"
percentiles for cDCE at Pit 1 are 3.5 pg/L and 135 pg/L, respectively.

Pit 2 has 27 of 30 samples with detections of cDCE and a detected concentration range of 0.61 ug/L to
9,200 ug/L. Mean and median concentrations for cDCE at Pit 2 are 710.1 pg/L and 53 pg/L, respectively,
with 13 samples having concentrations greater than the MCL of 70 pg/L. Distribution 25t and 75t
percentiles for cDCE at Pit 2 are 6.9 ug/L and 445 ug/L, respectively.
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Pit 3 has 19 of 21 samples with detections of cDCE and a detected concentration range of 0.27 ug/L to
2,500 ug/L. Mean and median concentrations for cDCE at Pit 3 are 379.5 pg/L and 12 pg/L, respectively,
with seven (7) samples having concentrations greater than the MCL of 70 pg/L. Distribution 25" and 75t
percentiles for cDCE at Pit 3 are 2.2 ug/L and 128 ug/L, respectively.

VC

VC has data distributions in the Pit 1, 2, and 3 areas that extend two (2) magnitudes higher than the MCL
level of 2 pg/L (see Exhibit 2-2).

Pit 1 has 17 of 36 samples with detections of VC and a detected concentration range of 0.88 ug/L to 270
ug/L. Mean and median concentrations for VC at Pit 1 are 46.3 pg/L and 9.5 pg/L, respectively, with 17
samples having concentrations greater than the MCL of 2 pg/L. Distribution 25t and 75" percentiles for
VC at Pit 1 are 1.6 pg/L and 52 ug/L, respectively.

Pit 2 has 24 of 30 samples with detections of VC and a detected concentration range of 0.49 pg/L to 920
pg/L. Mean and median concentrations for VC at Pit 2 are 118.4 pg/L and 52 pug/L, respectively, with 21
samples having concentrations greater than the MCL of 2 pg/L. Distribution 25" and 75" percentiles for
VC at Pit 2 are 7.5 pg/L and 120 pg/L, respectively.

Pit 3 has 6 of 21 samples with detections of VC and a detected concentration range of 0.59 ug/L to 600
ug/L. Mean and median concentrations for VC at Pit 3 are 126.5 pg/L and 35 pg/L, respectively, with 13
samples having concentrations greater than the MCL of 2 pg/L. Distribution 25t and 75" percentiles for
VC at Pit 3 are 7.7 pg/L and 118 pg/L, respectively.

1,1-DCE

Pit 1 has 17 of 36 samples with detections of 1,1-DCE and a detected concentration range of 0.39 pg/L to
49 pg/L. Mean and median concentrations for 1,1-DCE at Pit 1 are 66.8 pg/L and 2.1 pg/L, respectively,
with six (6) samples having concentrations greater than the MCL of 7 pg/L. Distribution 25" and 75t
percentiles for 1,1-DCE at Pit 1 are 1.62 pg/L and 14.5 pg/L, respectively.

Pit 2 has 13 of 30 samples with detections of 1,1-DCE and a detected concentration range of 0.58 ug/L to
18 ug/L. Mean and median concentrations for 1,1-DCE at Pit 2 are 5.6 ug/L and 4.1 pg/L, respectively,
with three (3) samples having concentrations greater than the MCL of 7 pg/L. Distribution 25" and 75t
percentiles for 1,1-DCE at Pit 2 are 1.77 pg/L and 4.0 ug/L, respectively.

Pit 3 has 6 of 21 samples with detections of 1,1-DCE and a detected concentration range of 0.56 pg/L to
14 pg/L. Mean and median concentrations for 1,1-DCE at Pit 3 are 3.7 pg/L and 1.6 pg/L, respectively,
with one (1) sample having a concentration greater than the MCL of 7 pg/L. Distribution 25" and 75t
percentiles for 1,1-DCE at Pit 3 are 0.7 pg/L and 4.0 pg/L, respectively.

1,1,1-TCA

Pit 1 has 9 of 36 samples with detections of 1,1,1-TCA and a detected concentration range of 5.4 ug/L to
1,200 pg/L. Mean and median concentrations for 1,1,1-TCA at Pit 1 are 283.3 pg/L and 33 ug/L,
respectively, with three (3) samples having concentrations greater than the MCL of 200 ug/L. Distribution
25" and 75™ percentiles for 1,1,1-TCA at Pit 1 are 14 pg/L and 415 ug/L, respectively.

Pit 2 has 2 of 30 samples with detections of 1,1,1-TCA and a detected concentration range of 3 pg/L to 22
pg/L. Mean and median concentrations for 1,1,1-TCA at Pit 2 are 12.5 pg/L and 12.5 pg/L, respectively,
with no samples having concentrations greater than the MCL of 200 pg/L. Distribution 25" and 75t
percentiles for 1,1,1-TCA at Pit 2 are 3 pug/L and 22 pg/L, respectively.

Samples collected from the Pit 3 area did not have detections of 1,1,1-TCA.

1,4-DCB

Pit 1 has 8 of 36 samples with detections of 1,4-DCB and a detected concentration range of 0.88 pg/L to
24 pg/L. Mean and median concentrations for 1,4-DCB at Pit 1 are 6.8 pg/L and 2.5 pg/L, respectively,
with no samples having concentrations greater than the MCL of 75 pg/L. Distribution 25" and 75"
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percentiles for 1,4-DCB at Pit 1 are 1.25 pg/L and 11.2 ug/L, respectively. Pit 2 has 1 of 30 samples with a
detection of 1,4-DCB at an estimated concentration of 0.85 pg/L.

Pit 3 has 13 of 21 samples with detections of 1,4-DCB and a detected concentration range of 1.1 pg/L to
150 pg/L. Mean and median concentrations for 1,4-DCB at Pit 3 are 34.2 pg/L and 15 pg/L, respectively,
with two (2) samples having a concentration greater than the MCL of 75 pg/L. Distribution 25" and 75t
percentiles for 1,4-DCB at Pit 3 are 2.55 ug/L and 47.2 pg/L, respectively.

CB

Pit 1 has 2 of 36 samples with detections of CB at concentrations of 0.72 pg/L to 3.1 pg/L. The detected
concentrations of CB did not exceed the MCL of 100 ug/L. Samples collected from the Pit 2 area did not
have detections of CB.

Pit 3 has 13 of 21 samples with detections of CB and a detected concentration range of 1.1 pg/L to 220
pg/L. Mean and median concentrations for CB at Pit 3 are 61.9 pg/L and 19.0 pg/L, respectively, with four
(4) samples having a concentration greater than the MCL of 100 pg/L. Distribution 25" and 75t
percentiles for CB at Pit 3 are 5.8 pug/L and 112 pg/L, respectively.

Carbon Tetrachloride

Carbon tetrachloride had a detection in 1 of 89 samples with reported concentration of 40 ug/L at well
AEHADG-11 in the Pit 2 area. The detected concentration is greater than the MCL of 5 pg/L.

Benzene

Benzene had reported detections in 4 of 87 samples with one sample in Pit 3 (well MW-109, 5.2 ug/L)
with a reported concentration greater than the MCL of 5 pg/L.

2.4.4 Geochemical Results for Surficial Aquifer (2024)

Section 2.4.4 and Exhibit 2-3 (page 2-26) have a summary of data distributions for geochemical results
for the surficial aquifer targeted for ISB actions. The summaries use the OU 7 annual monitoring data
from March 2024.

2.4.41 Chloride

Pit 1 has chloride concentrations ranging from 0.88 to 160 mg/L with a mean concentration of 54.3 mg/L
and median concentration of 29 mg/L. Pit 2 has chloride concentrations ranging from 1.8 mg/L to 260
mg/L with a mean concentration of 96.1 mg/L and median concentration of 85.0 mg/L. Pit 3 has chloride
concentrations ranging from 8 mg/L to 130 mg/L with a mean concentration of 58.7 mg/L and median
concentration of 53.0 mg/L.

2.4.4.2 Nitrate
Minimal nitrate occurs in groundwater within the monitored areas at Pits 1, 2, and 3 with single detections
in each monitoring area at levels less than 1 mg/L.

2.4.4.3 Sulfate

At Pit 1, 21 of 31 samples have detectable levels of sulfate ranging from 0.57 mg/L to 46 mg/L with mean
and median concentrations of 12.5 mg/L and 6.5 mg/L, respectively. Pit 2 has 20 of 25 samples with
detectable levels of sulfate ranging from 0.6 mg/L to 46 mg/L with mean and median concentrations of
13.3 mg/L and 6.0 mg/L, respectively. Pit 3 has 12 of 14 samples with detectable levels of sulfate ranging
from 1 mg/L to 32 mg/L with mean and median concentrations of 6.7 mg/L and 2.8 mg/L, respectively.

2.4.4.4 Sulfide

At Pit 1, 7 of 31 samples have detectable levels of sulfide ranging from 0.91 mg/L to 3.2 mg/L. Eight of 25
samples at Pit 2 have detectable levels of sulfide ranging from 0.83 mg/L to 2.9 mg/L. At Pit 3, four of 15
samples have detectable levels of sulfide ranging from 2.4 mg/L to 3.1 mg/L.



Defense Supply Center Richmond

Exhibit 2-3 Geochemical Data Distribution for Surficial Aquifer: March 2024
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Chloride (milligrams per liter)

Notes: N = number of normal samples, D = number of detected results, Min = minimum detected result, max
= maximum detected result, Std. Dev. = standard deviation, Var = variance, PCTL25 = 25th percentile,
PCTL75. = 75th percentile, > greater than

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness|Kurtosis|Outliers | PCTL25 |PCTL75
Pitl 31 31| 0.88| 160(159.12| 54.3 29| 53.7| 2886| 0.7388| 2.0009 0| 113 105
Pit 2 25 25 18| 260| 258.2| 96.2 85.0] 74.0| 5482 0.4794| 2.2672 0| 218 145
Pit 3 15 15 8| 130(122.00| 58.7 53.0 39.9| 1595| 0.2725| 1.7346 0| 253| 933
Nitrate (milligrams per liter)

Area N D Min | Max | Range | Mean |Median| Std Var |Skewness |Kurtosis |Outliers |PCTL25 |[PCTL75| <1
Pitl 31 1/ 0.95| 0.95 0| 0.95 0.95 -- - 0| 0.95| 0.95 1
Pit 2 25 1| 0.16| 0.16 0| 0.16 0.16 -- -- 0| 0.16| 0.16 1
Pit3 15 1| 0.66| 0.66 0| 0.66 0.66 -- -- 0| 0.66| 0.66 1

Sulfate (milligrams per liter)

Area N D Min | Max |Range | Mean |Median| Std Var  |Skewness|Kurtosis|Outliers |PCTL25|PCTL75| =<50
Pitl 31 23| 0.57 46| 454| 125 6.5| 13.6 186 1.072| 2.802 0 22| 2438 23
Pit 2 25 20 0.6 46| 454| 133 6.0/ 155 240 1.102| 2.590 0 28| 215 20
Pit3 14 12 1 32| 310 6.7 2.8 9.2 84 2.019| 5.959 2 1.6 6.9 12

Sulfide (milligrams per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness |Kurtosis |Outliers |PCTL25 [PCTL75| >1
Pitl 31 7] 091 32| 229| 166 1.30| 0.84| 0.71 0.986| 2.518 0| 110 220
Pit2 25 8| 0.83 29| 207 1.38 1.14| 0.70| 0.49 1.338| 3.744 1| 0.88| 1.65
Pit3 15 4 2.4 3.1 0.7 278 2.80| 0.33] 0.11 -0.132| 1.284 0| 250 3.05
Ferrous Iron (milligrams per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness |Kurtosis |Outliers|PCTL25|PCTL75| >1
Pitl 31 31| 0.01 48| 47.99 6.9 3.6 10| 101 2.724| 10.720 4, 1.01, 7.20 23
Pit 2 27 27| 0.26| 18.72| 18.46 4.5 3.8 3.7 135 2.289| 9.424 2| 225 5.28 24
Pit 3 19 19| 0.31| 22.8| 22.49 4.9 3.6 54| 28.7 2.304| 7.949 2| 2.05| 4098 16
Manganese (micrograms per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness|Kurtosis|Outliers|PCTL25 |PCTL75
Pitl 33 33 34| 3200| 3166| 856 310/ 900{809687 1.292| 3.591 2 228 1325
Pit 2 26 26 35| 1900| 1865| 566 435| 426|181350 1.493| 5.078 1 310 760
Pit3 15 15 22| 720| 698 243 210| 203| 41157 1.256| 3.746 1 96 308

Alkalinity (milligrams per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness|Kurtosis|Outliers | PCTL25 | PCTL75
Pit1 31 30 3.8| 610| 606.2| 142 111} 131.4| 17253 1.546| 6.372 1 41 200
Pit 2 25 24 4| 260| 256.0/ 111 89| 82.8| 6864 0.496| 1.834 0 44 195
Pit3 15 13 25| 150| 1475 67 72| 46.8| 2188 0.015| 2.077 0 29 98

Carbon Dioxide (milligram per liter)

Area N D Min | Max |Range | Mean |Median| Std Var | Skewness|Kurtosis|Outliers | PCTL25|PCTL75
Pitl 31 31 9.7| 5500(5490.3| 378 115| 1018| 103550 4.5305| 23.012 3 49 230
Pit2 25 24 40| 470| 430| 151 125| 112 12518 1.644| 5.2638 2 76 205
Pit 3 15 13 37| 150 113 86 92 37 1387 0.249| 1.963 0 54 105

Ethene (micrograms per liter)

Area N D Min | Max |Range | Mean |Median| Std Var | Skewness|Kurtosis|Outliers |PCTL25|PCTL75| >10
Pitl 31 19 1| 1200| 1199 182 9| 359| 129072 2.188| 6.328 3 3.1 148 9
Pit2 25 19 1.2| 700| 698.8 74 17| 162| 26209 3.290| 13.145 4| 745 378 13
Pit3 15 9 3| 210, 207 62 45 67 4486 1.200, 3.628 1| 4.175 86 6

Ethane (micrograms per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness |Kurtosis|Outliers|PCTL25 |PCTL75| >10
Pitl 31 24| 0.49| 130|129.51| 264 9.35| 333 1111 1.604| 4.979 1 3.5 39 12
Pit 2 25 20 6.7 210| 203.3| 45.9 23.5| 59.6| 3552 1.897| 5.023 3 14 36 17
Pit 3 15 11 1.2 86| 84.8| 26.1 9.00f 30.2 912 1.105| 2.772 1 4.2 37 5
Methane (micrograms per liter

Area N D Min | Max | Range | Mean |Median| Std Var Skewness | Kurtosis | Outliers | PCTL25|PCTL75| >500
Pitl 31 31 8.2] 18000(17991.8| 7557 9900 6035| 363670 -0.0596| 1.5034 0| 1325| 13000 24
Pit 2 25 25 51| 20000| 19949| 7352| 8000| 5521|30488000| 0.4503| 2.2864 0| 2675| 10750 23
Pit 3 15 15 64| 11000| 10936| 5398| 6500| 4192(17574101| -0.1898| 1.3567 0| 802.5| 9225 12

Total Organic Carbon (milligram per liter)

Area N D Min | Max |Range | Mean |Median| Std Var |Skewness |Kurtosis |Outliers|PCTL25 |PCTL75| >20
Pitl 31 31| 0.77] 760|759.23| 74.1 7.2| 161| 25835 2.981| 12.132 5 23| 635 10
Pit 2 25 24 0.8] 130| 129.2| 25.2 9.1 339| 1154 1.836| 5.500 4 4.2 29
Pit3 17 16| 0.72| 490|489.28| 70.8 9.8| 162| 26274 2.247| 6.090 3 6.3 18 3
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2.4.45 Ferrous Iron

At Pit 1, 31 of 31 samples have detectable levels of ferrous iron ranging from 0.01 mg/L to 48 mg/L with
mean and median concentrations of 6.9 mg/L and 3.6 mg/L, respectively. Pit 2 has 27 of 27 samples with
detectable levels of ferrous iron ranging from 0.26 mg/L to 18.72 mg/L with mean and median
concentrations of 4.52 mg/L and 3.78 mg/L, respectively. Pit 3 has 19 of 19 samples with detectable
levels of ferrous iron ranging from 0.31 mg/L to 22.80 mg/L with mean and median concentrations of 4.88
mg/L to 3.60 mg/L, respectively.

2.4.46 Manganese

Pit 1 has manganese concentrations ranging from 34 ug/L to 3,200 ug/L with mean and median
concentrations of 856 pg/L and 310 pg/L. Pit 2 has manganese concentrations ranging from 35 ug/L to
1,900 ug/L with mean and median concentrations of 566 ug/L and 435 pg/L, respectively. Pit 3 has
manganese concentrations ranging from 2 ug/L to 720 pg/L with mean and median concentrations of 242
pg/L and 210 pg/L, respectively.

2.4.4.7 Alkalinity

At Pit 1, 30 of 31 samples have detectable levels of alkalinity ranging from 3.8 mg/L to 610 mg/L with
mean and median concentrations of 142 mg/L and 111 mg/L, respectively. Pit 2 has 24 of 25 samples with
detectable levels of alkalinity ranging from 4 mg/L to 260 mg/L with mean and median concentrations of
111 mg/L and 88 mg/L, respectively. Pit 3 has 13 of 15 samples with detectable levels of alkalinity ranging
from 2.5 mg/L to 150 mg/L with mean and median concentrations of 67 mg/L and 72 mg/L, respectively.

2.4.4.8 Carbon Dioxide

At Pit 1, 30 of 31 samples have detectable levels of carbon dioxide ranging from 9.7 mg/L to 5,500 mg/L
with mean and median concentrations of 378 mg/L and 115 mg/L, respectively. Pit 2 has 24 of 25 samples
with detectable levels of carbon dioxide ranging from 40 mg/L to 470 mg/L with mean and median
concentrations of 151 mg/L and 125 mg/L, respectively. Pit 3 has 13 of 15 samples with detectable levels
of carbon dioxide ranging from 37 mg/L to 150 mg/L with mean and median concentrations of 85 mg/L
and 92 mg/L, respectively.

2449 Ethene

At Pit 1, 19 of 31 samples have detectable levels of ethene ranging from 1 pg/L to 1,200 pg/L with mean
and median concentrations of 182 pg/L and 9 pg/L, respectively. Pit 2 has 19 of 25 samples with
detectable levels of ethene ranging from 1.2 pg/L to 700 pg/L with mean and median concentrations of 74
pg/L and 17 pg/L, respectively. Pit 3 has 9 of 15 samples with detectable levels of ethene ranging from 3
pg/L to 210 pg/L with mean and median concentrations of 62 pg/L and 45 pg/L, respectively.

2.4.4.10 Ethane

At Pit 1, 24 of 31 samples have detectable levels of ethane ranging from 0.49 ug/L to 130 pg/L with mean
and median concentrations of 26.4 ug/L and 9.35 ug/L, respectively. Pit 2 has 20 of 25 samples with
detectable levels of ethane ranging from 6.7 pg/L to 210 pg/L with mean and median concentrations of
45.9 pg/L and 23.5 pg/L, respectively. Pit 3 has 11 of 15 samples with detectable levels of ethane ranging
from 1.2 pg/L to 86 pg/L with mean and median concentrations of 26.1 pug/L and 9.00 ug/L, respectively.

2.4.4.11 Methane

At Pit 1, 31 of 31 samples have detectable levels of methane ranging from 8.2 pg/L to 18,000 ug/L with
mean and median concentrations of 7,557 pg/L and 9,900 ug/L, respectively. Pit 2 has 25 of 25 samples
with detectable levels of methane ranging from 51 pg/L to 20,000 pg/ with mean and median
concentrations of 7,352 ug/L and 8,000 ug/L, respectively. Pit 3 has 15 of 15 samples with detectable
levels of methane ranging from 64 pg/L to 11,000 pg/L with mean and median concentrations of 5,398
pg/L and 6,500 ug/L, respectively.

2.4.4.12 Total Organic Carbon (TOC)

At Pit 1, 31 of 31 samples have detectable levels of total organic carbon (TOC) ranging from 0.77 mg/L to
760 mg/L with mean and median concentrations of 74.1 mg/L and 7.2 mg/L, respectively. Pit 2 has 24 of
25 samples with detectable levels of TOC ranging from 0.8 mg/L to 130 mg/L with mean and median
concentrations of 25.2 mg/L and 9.0 mg/L, respectively. Pit 3 has 16 of 17 samples with detectable levels
of TOC ranging from 0.72 mg/L to 490 mg/L with mean and median concentrations of 70.8 mg/L and 9.8
mg/L, respectively.
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2.4.4.13 Plume Geochemical Environment

Table 2-5 has summary information for geochemical parameters at each monitored plume area used to
characterize geochemical environments.

Table 2-5 Plume Geochemical Environments

Median Concentrations (mg/L) ) ) )
Degradation |Geochemical Environment
Area DO NO3 Fe2 SO4 CH4 Products in Plume Area > MCLs
Pit 1 1.05 0.95 3.6 6.5 9.90 Yes Anaerobic
Pit 2 0.94 0.16 3.8 6.0 8.00 Yes Anaerobic
Pit 3 0.61 0.66 3.6 2.8 6.50 Yes Anaerobic

Notes: DO = dissolved oxygen, SO4 = sulfate, NO3 = nitrate, CH4 = methane, mg/L = milligrams per liter.

2.4.5 Microbial Results

Section 2.4.5 has a summary of microbial sample results for annual monitoring completed in March 2024.
Appendix B.4 in the Fiscal Year 2024 OU 7 Annual Report has complete tables with microbial sample
results.

2451 Pitl
Microbial sampling in the Pit 1 ISB treatment areas indicated the following results for sampled wells
AEHADG-11, MW-36, and MW-124:

e Presence of Dehalococcoides (DHC) at a level of 3.60E+02 cells cells/mL at AEHADG-11, a level of
3.40E+03 cells/mL at MW-36, and a level of 3.20E+01 at MW-124.

e Presence of tceA Reductase (tceA) at an estimated level of 4.50E-01 cells/mL at MW-36, a level of
2.10E-00 at MW-124, with no detection reported for AEHADG-11.

¢ No detections of BAV1 Vinyl Chloride (BVC).

e Presence of Vinyl Chloride Reductase (VCR) at a level of 2.10E+02 cells/mL at AEHADG-11, a level
of 4.80E+03 cells/mL at well MW-36, and a level of 1.40E+00 cells/mL for MW-124.

2452 Pit2
Microbial sampling in the Pit 2 ISB treatment areas indicated the following results for sampled wells CMT-
18-3 and MW-48:

e Presence of DHC at a level of 9.50E+03 cell/mL at well CMT-18-4 and a level of 9.40E-04 cells/mL at
MW-48.

e Presence of tceA at a level of 4.80E+01 cells/mL at well MW-48 with no detection reported for CMT-
18-4.

e Presence of BVYC at an estimated level of 7.40E+01 cells/mL at well CMT-18-4 and a level of
1.40E+02 cells/mL at well MW-48.

e Presence of VCR at a level of 2.81E+03 cells/mL at well CMT-18-4 and a level of 1.1E+04 cells/mL.

2453 Pit3
Microbial sampling in the Pit 3 ISB treatment areas indicated the following results for sampled well
MWFOS-3:

e Presence of DHC at a level of 2.90E+00 cells/mL.

e tceA, BVC, and VCR not detected.

2.4.6 Primary VOC Plume Areas for Surficial Aquifer (2024)

VOC plumes principally occur in the surficial aquifer at OU 7 with separate plume areas associated with
the FTAPIt 1, 2, and 3 areas.
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Figure 2-8 (page 2-30) depicts the lateral extent of PCE, TCE, cDCE, and VC plume areas within the
surficial aquifer at concentrations equal to and greater than MCLs. VC generally defines the plume extent
for Pits 1, 2, and 3. The Pit 1 VOC plume extends from the former pit area more than 600 ft. downgradient
to the Kingsland Creek area beyond the installation fence line. At Pit 2, the VOC plume extends from the
near the former pit area more than 600 ft. downgradient to the installation fence line at well MW-148. The
VOC plume associated with Pit 3 extends approximately 500 ft. downgradient and southeast of the former
pit area with the limits more than 300 ft. upgradient of installation fence line and Kingsland Creek.

2.4.6.1 PCE

Figure 2-9 (page 2-31) depicts the PCE plume areas associated with Pits 1 and 2. At Pit 1, a PCE plume
area in the upper area has a limited source zone with concentrations greater than or equal to 500 pg/L
remaining in the area of AEHADG-11, MW-36, and CMT-21-2. A single detection of PCE at a
concentration greater than the MCL (5 pg/L) occurs downgradient of this plume area at well PZ-6 near the
installation fence line.

Two isolated and degraded PCE plume areas with concentrations less than 50 pg/L remain in the Pit 2
area. The isolated plumes are in the upper area and around well MW-148 in the fence line area.

24.6.2 TCE

Figure 2-10 (page 2-32) depicts the TCE plume areas associated with Pits 1, 2, and 3. At Pit 1, a TCE
plume in the upper area has a limited source zone with concentrations greater than 500 ug/L collocated
with the TCE plume. A single detection of TCE at a concentration greater than MCL is collocated with
PCE at PZ-6 with a second isolated plume area in the flood plain area of Kingsland Creek.

Two isolated TCE plume areas remain in the upper Pit 2 area with another isolated area encompassing
wells MWFTA-3 and MW-148 in the lower area near the installation fence line. TCE concentrations are
less than 50 pg/L in these plume areas except at well CMT-24-4 (170 pg/L) in the upper area.

At Pit 3, a TCE plume extends 120 ft. downgradient of the former pit with a limited area having
concentrations greater than 50 pg/L. A second plume area is located near Building 72 around well MW-
117 (29 pgl/L).

2.4.6.3 cDCE

Figure 2-11 (page 2-33) depicts the cDCE plume areas associated with Pits 1, 2, and 3. At Pit 1, a cDCE
plume extends 250 ft. downgradient of the former pit area with two limited areas within the plume having
concentrations greater than 700 pg/L. This plume area does not extend into the lower flood plain area at
Kingsland Creek.

At Pit 2, a cDCE plume with an approximate length of 400 ft. is located in the upper area. This plume has
limited areas with concentrations greater than 700 pg/L. A isolated cDCE plume area is located around
well MWFTA-3 in the lower area upgradient of the fence line.

At Pit 3, a cDCE plume extends approximately 100 ft. downgradient of the former pit area with a limited
area at MWFOS-3 having a concentration greater than 700 pg/L. A second isolated cDCE plume area is
located between this plume area and Building 72 with a single detection of cDCE at well MW-117 near
Building 72.

24.6.4 VC

Figure 2-12 (page 2-34) depicts the VC plume areas associated with Pits 1, 2, and 3. Core plume areas
generally have VC concentrations less than 20 pg/L with isolated areas greater than 200 pg/L. At Pit 1, a
VC plume extends 300 ft. downgradient of the former pit area. A second isolated plume area with VC
concentrations less than 20 pg/L is located within the flood plain area of Kingsland Creek. At Pit 2, a VC
plume extends more than 600 ft. from the former pit area to well MW-148 in the installation fence line
area. In the upper area, the VC plume has two limited areas with concentrations greater than 200 ug/L
around wells MW-85 and CMT-18-5.
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2.4.7 Distribution of Dissolved Gases in Surficial Aquifer (2024)

Section 2.4.7 describes the distribution of dissolved gases in the surficial aquifer for site-wide annual
sampling performed in March 2024.

2.4.7.1 Carbon Dioxide

For the surficial aquifer at OU 7, background levels of carbon dioxide generally fall in the range of less
than or equal to 15 mg/L outside of VOC plume areas and the influence of bioremediation processes.
Carbon dioxide levels within the plume areas generally are 2 to 40 times higher than background with the
highest concentrations in recent ISB injection areas.

2.4.7.2 Methane

For the 2024 annual sampling event, the number of samples having methane concentrations greater than
500 pg/L is 24 of 31 samples for Pit 1, 25 of 27 samples for Pit 2, and 12 of 15 samples for Pit 3. Samples
collected from the most recent bioremediation areas generally have methane concentrations greater than
1,000 pg/L. Methane concentrations < 500 pg/L generally occur at monitoring locations outside of VOC
plumes and in the flood plain area of Kingsland Creek where oxidation is frequently a preferred reaction
pathway.

2.4.7.3 Ethene

Figure 2-13 (page 2-36) shows contiguous plume areas of dissolved ethene at concentrations greater
than or equal to 10 pg/L, which generally occur in the core VOC plume areas in Pits 1, 2, and 3.
Maximum ethene concentrations in these pit areas are 1,200 ug/L for Pit 1 (MW-68), 700 ug/L for Pit 2
(CMT-18-5), and 200 ug/L for Pit 3 (MW-108).

2.4.7.4 Ethane

Figure 2-14 (page 2-37) shows contiguous plume areas of dissolved ethane at concentrations greater
than or equal to 10 pg/L, which generally occur in the core VOC plume areas in Pits 1, 2, and 3.
Maximum ethane concentrations in these pit areas are 130 pg/L for Pit 1 (MW-69), 210 ug/L for Pit 2
(MW-48), and 86 pg/L for Pit 3 (MW-108).

2.4.8 Distribution of Total Organic Carbon

Figure 2-15 (page 2-38) shows areas of TOC in groundwater within the surficial aquifer at concentrations
greater than or equal to 20 mg/L. At Pit 1, the area of TOC greater than or equal to 20 mg/L in
groundwater extends from the former pit area approximately 300 ft. to the most downgradient ISB
treatment area (TA-06). Ten of 31 wells monitored in the Pit 1 area have TOC concentrations greater than
or equal to 20 mg/L with these wells having one or more COCs at concentrations greater than or equal to
10 times higher than cleanup levels (MCLSs). At Pit 2, the primary area of TOC greater than or equal to 20
mg/L n groundwater extends from the most upgradient ISB treatment area (TA-07) approximately 200 ft.
to the mid-plume ISB treatment area (TA-08). Single wells downgradient of this area have TOC
concentrations greater than or equal to 20 mg/L including wells MW-75 (mid-plume), CMT-24-2
(downgradient), and well MW-148 (fence line area). Nine of 24 locations sampled including a well cluster
with four samples had TOC concentrations greater than or equal to 20 mg/L. Pit 3 had two areas of
groundwater with TOC concentrations greater than or equal to 20 mg/L corresponding to treatment areas
at the former pit area (TA-10) and in the mid plume area (TA-11). Three of 17 samples had TOC
concentrations greater than or equal to 20 mg/L.

2.4.9 Bulk Plume Trends

Section 2.4.9 summarizes bulk plume trends for the surficial aquifer at OU 7. Figures 2-16, 2-17, 2-18,
and 2-19 (pages 2-39 through 2-42) have tiled layouts for PCE, TCE, cDCE, and VC plumes
characterized for annual sampling events performed in 2021, 2022, 2023, and 2024, respectively. Exhibit
2-4 (page 2-43) has tiled stem plots for plume area data (acres) from 2009, 2012, 2015, and 2018
through 2024. Plots in Exhibit 2-4 use singular spectrum analysis (SSA?!) to find and plot long-term trends
in the time series data. SAA calculates long-term trend as tabular and plotted data allowing for further

! Singular spectrum analysis performed using MATLAB 2024a
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analysis of rates of change and degree of trend. Each plot has a percent change representing the change
from the maximum plume area (pre-2024) to 2024.
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Exhibit 2-4 Plume Area Changes
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Tiled Plume Visualizations (2021-2024)

Figure 2-16 shows a contiguous PCE plume in the Pit 1 area with plume areas ranging from 0.26 acres in
2021 to 0.31 acres in 2023. The PCE plume is disaggregated into separate areas at Pit 2 with a decrease
in area from 2.42 acres in 2021 to 0.83 acres in 2024. Figure 2-17 shows reductions and disaggregation
of TCE plume areas over time within the three pit areas.

At Pit 1, the TCE plume area decreased from 0.63 acres in 2021 to 0.36 acres in 2024. At Pit 2, the TCE
plume area decreased from 2.42 acres in 2021 to 0.83 acres in 2024. Pit 3 had a TCE plume reduction
from 0.80 acres in 2021 to 0.63 acres in 2024.

Figure 2-18 shows degradation of cDCE plume areas over time. At Pit 1, the cDCE plume area decreased
from 0.83 acres in 2021 to 0.30 acres in 2024. At Pit 2, the cDCE plume area decreased from 1.34 acres
in 2021 to 0.72 acres in 2024. At Pit 3, the cDCE plume area decreased from 0.86 acres in 2021 to 0.22
acres in 2024.

VC plumes in the Pit 1, 2, and 3 areas had overall reductions in area over time. At Pit 1, the VC plume
area decreased from 2.46 acres in 2021 to 1.07 acres in 2024. At Pit 2, the VC plume area decreased
from 2.87 acres in 2021 to 2.34 acres in 2024. At Pit 3, the VC plume area decreased from 1.32 acres in
2021 to 1.22 acres in 2024.

Tiled Stem Plots and Trends

Tiled plots for Pit 1 in Exhibit 2-4 show decreasing trends for PCE, TCE, and cDCE plume areas with
percent changes from plume area local maxima of -83 percent (%) for PCE and cDCE, and -75 % for
TCE. The slope of the trend line increased for PCE, TCE, and cDCE after completion of ISB actions in
late 2017 and early 2018 indicating an increasing rate of plume degradation. VC shows an increasing
trend with a local maxima area observed in 2022 with an apparent change to a decreasing trend
corresponding to a 57% decrease in plume area from 2022 to 2024.

Tiled plots for Pit 2 show a decreasing trend for the PCE plume area. The slope of the trend line
increased for PCE after completion of ISB actions in late 2017 and early 2018 indicating an increasing
rate of plume degradation. TCE trend analysis for Pit 2 showed a leveling trend and change to a
decreasing trend in 2023 after ISB injections. Plume areas for TCE, cDCE, and VC had reached local
maxima in 2021 and by 2024 had decreased by 66% for TCE, 46% for cDCE, and 18 percent for VC.
Plume areas for cDCE and VC showed an increasing trend for Pit 2.

Tiled plots for Pit 3 show decreasing trends for TCE and cDCE plume areas with percent changes from
plume area local maxima of -45% for TCE and -80% for cDCE. The VC plume reached a local maxima for
area in 2012 with a slight upward trend beginning in 2019.

Summary of Plume Areas Changes (2021 to 2024)

Table 2-6 has as summary of plume area changes from 2021 (September) to 2024 (March) illustrating
overall decreases in plume areas from baseline sampling performed for the ISB injections in 2021 and the
post-ISB sampling event performed in March 2024. The 2024 sampling occurred 27 months after
completion of the 2021 ISB injections corresponding to 75% of design treatment period. The post 2021
ISB injection monitoring data indicates a trend change point where post injection monitoring for the first
time indicates overall reductions of cDCE and VC plumes at a point more than 2 years after completion of
the injections.

Table 2-6 Plume Area Changes (2021 to 2024)

Plume Area PCE TCE cDCE VC

(Acres) 2021 | 2024 @ %A | 2021 2024 @ %A | 2021 | 2024 | %A | 2021 | 2024 | %A
Pit 1 0.26 028 7.7% 063 036 -429 083 030 -639 246 107 -56.5
Pit 2 045 020 -565 242 083 -657 134 0.72 -463 287 234 -185
Pit 3 0.00 = 0.00 - 080 063 -21.2 086 022 -744 132 122 -7.8

Notes: %A percent change from 2021 to 2024, increase in plume area, decrease in plume area.
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2.4.10 Bulk Plume Distribution Trends

This assessment evaluates changes in data distributions for bulk plume areas associated with Pits 1, 2,
and 3. Exhibit 2-5 (page 2-46) has time series, line data plots for PCE, TCE, cDCE, and VC at each pit
area for the period 2019-2024 that include number of detections, maximum concentration, mean of
detected results, and number of results greater than the MCLs.

2.4.10.1 Number of Detections

Table 2-7 has summary data from the tiled plots in Exhibit 2-5 for each plume area for number of
detections of PCE, TCE, cDCE, and VC in 2019 and 2024 with the percent change from 2019 to 2024.
Reductions in detection frequency along the reaction pathway in the Pit 1 and 2 areas provides evidence
of complete reductive processes. At Pit 3, the detection frequency for TCE increased with the detections
decreasing for cDCE and VC. cDCE had the most frequent detections in each monitored area for 2019
and 2024.

Table 2-7 Number of PCE, TCE, cDCE, and VC Detections and Percent Change

PCE TCE cDCE VC
Plume Area 2019 | 2024 %A | 2019 | 2024 %A | 2019 2024 | %A | 2019 | 2024 | %A
Pit 1 28 18 -35.7 45 27 -40.0 46 32 | -30.4 36 24  -33.3
Pit 2 24 14  -42.7 36 22  -38.9 46 29 -37.0 36 24  -33.3
Pit 3 0 0 -- 11 23 109 23 19 -174 21 15 -28.6

Notes: %A percent change from 2021 to 2024, increase in frequency of detection, decrease in frequency of detection.

2.4.10.2 Maximum Concentrations

Local maxima concentrations for PCE, TCE, cDCE, and VC occurred before ISB injections completed in
November-December 2021, with the exception of cDCE at Pit 2 where the local maxima occurred in 2022
after ISB injections. Table 2-8 has summary data from the tiled plots in Exhibit 2-5 for each plume area
including local maxima concentrations for 2019-2024, the detected maximum concentrations for 2024,
and the percent change from the local maxima to the 2024 maximum. Pit 1 had percent changes in
concentrations greater than 91% except for cDCE (-47.1%). Pit 2 had percent changes in PCE and TCE
greater than -96% with a percent change of -88.6% for cDCE and a percent change of -42.5% for VC. Pit
3 had percent changes in concentrations greater than -90% for TCE, cDCE, and VC.

Table 2-8 Maximum Concentrations and Percent Change

PCE TCE cDCE VC

Z'r“e[:e L,\‘/I’;f' 2024 | %A LI\‘A’;)"Z" 2024 | %A L,\‘/I’;f' 2024 | %A L,\C/I)gj' 2024 | %A
Pitl 15000 1,300 -91.3 21,100 780 -96.3 24,000 14,000 -41.7 5200 270 -94.8
Pit 2 1,300 41 -96.8 20,000 170 -99.1 81,000 9,200 -88.6 1,600 920 -425
Pit 3 - - - 15000 350 -97.7 43,000 2,500 -941 5300 600 -90.6

Notes: local max = local maxima concentration for 2019-2024, %A percent change from 2021 to 2024, decrease in local
maxima concentration.

2.4.10.3 Mean of Detected Concentrations
For time series data, mean concentrations of PCE, TCE, cDCE, and VC had similar changes in timeseries
data as local maxima concentrations for 2019-2024.

2.4.10.4 Maximum Contaminant Levels (MCLS)

Local maxima for the number of detected results for PCE and TCE greater than MCLs occurred in 2019
except at Pit 3 (2020). For cDCE, the local maxima for the number of detected results greater than MCLs
occurred in 2019 at Pits 1 and 2 and in 2022 at Pit 3 (after ISB injections). For VC, the local maxima for
the number of detected results greater than MCLs occurred in 2019 in Pit 3 and in 2020 at Pits 1 and 2.
Table 2-9 (page 2-47) has summary data from the tiled plots in Exhibit 2-5 for each plume area including
the local maxima for number of results greater than MCLs, the number of results greater than MCLs for
2024, and the percent change from the local maxima for results greater than the MCL to the 2024 results.
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Exhibit 2-5 Bulk Plume Distribution Trends (2019-2024)
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PCE had percent changes in the number of results greater than MCLs from the local maxima to 2024 of -
47.6% and -60.0% for Pits 1 and 2, respectively. TCE had the highest percent changes ranging from -
63.3% at Pit 1 to -69.2% at Pit 2. cDCE had percent changes ranging from -30.0% at Pit 2 to -58.8% at
Pit 3. VC had percent changes in the number of results greater than MCLs from the local maxima to 2024
at levels ranging from -27.8% at Pit 3 to -35.5% at Pit 2.

Table 2-9 Number of Samples with Concentrations > MCLs and Percent Change

PCE TCE cDCE VC

i'r“e[:e L,\‘/I’;i' 2024 | %A LI\‘/I’;"Z" 2024 | %A L,\‘/I’;i' 2024 | %A L,\c/l)gi" 2024 | %A
Pit1 21 11 -47.6 30 11 -63.3 28 12 -57.1 31 21 -322
Pit 2 15 6 -60.0 26 8 -69.2 20 14 -30.0 31 20 -355
Pit 3 0 0 - 11 4 -63.6 17 7 588 18 13 -27.8

Notes: Max = local maxima for number of results detected at concentrations greater than maximum contaminant levels
(MCLs), %A percent change from 2021 to 2024, decrease in number of results reported at concentrations > MCL.

2.4.11 Plume Concentration vs. Distance Plots

This assessment uses monitoring well transects in each pit plume area to evaluate changes in plume
molar mass, plume attenuation with distance from former pit areas, and changes in plume center of mass
over time.

2.4.11.1 Plume Center of Molar Mass

Exhibit 2-6 plots the calculated plume center of mass for the Pit 1, 2, and 3 areas using well transect data
for 2008, 2010, 2012, 2015, and 2019 through 2024. Center of molar mass for this calculation represents
the distance along the well transect from the identified well located in or near the former pit areas for each
plume. Calculations use micromolar concentrations for PCE, TCE, cDCE, 1,2-trans-dichloroethene
(tDCE), and VC at each well along the transect. The stem plots have vertical reference lines for ISB
injection events completed at OU 7.

Exhibit 2-6 Plume area Center of Molar Mass for Pits 1, 2, and 3
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The Pit 1 well transect covers a distance of 605 ft. from well MW-57 in the former pit area to PZ-4 in the
Kingsland Creek flood plain across Kingsland Creek in the off-installation area. Exhibit 2-7 (page 2-49)
has the well locations for this flow path above the tiled plots. For Pit 1, the plotted plume center of mass
reached its farthest downgradient point in 2021 (pre-ISB injection monitoring event) at a distance of 126
ft. from well MW-57. After injections, the calculated center of mass has moved upgradient to a distance of
83 ft. from well MW-57 as of the 2024 annual monitoring event.

The Pit 2 well transect covers a distance of 588 ft. from well MW-41 near the former pit area to MWFTA-3
in the lower area approximately 30 ft. upgradient of the installation fence line. Exhibit 2-9 (page 2-50) has
the well locations for this flow path above the tiled plots. For Pit 2, the plotted plume center of mass
reached its farthest downgradient point (209 ft. from well MW-41) in 2012 before the ISB remedial action
in 2013. After this remedial action, the calculated plume center of mass has varied between 37 and 181 ft.
from well MW-41.

The Pit 3 well transect covers a distance of 348 ft. from well MWFOS-3 near the former pit area to MW-
118 south of the Building 72 area. Exhibit 2-11 (page 2-51) has the well locations for this flow path above
the tiled pilots. For Pit 3, the plotted plume center of mass reached its farthest downgradient point (111 ft.
from well MWFOS-3) in 2012 before the ISB remedial action in 2013. As of 2024, the calculated plume
center of mass is 54 ft. downgradient of MWFOS-3.

2.4.11.2 Plume Molar Percentage Plots

Exhibits 2-7, 2-9, and 2-11 (pages 2-49, 50, 51) have relative molar percentage of constituents vs.
distance plots that illustrate the relative degree of plume transformation along the groundwater flow path
and changes over time. Molar percentages derive from constituent concentrations expressed as
micromolar concentrations. Thus, the molar percentages for PCE, TCE, cDCE, tDCE, and VC sum to 100
percent for each stacked stem plot location.

Molar plots for Pit 1 show transformation from predominantly a TCE and cDCE plume in 2008 to
predominantly a cDCE and VC plume in the main plume area. For 2024, cDCE predominates in the upper
200 ft. of the transect with VC becoming predominate downgradient to the fence line area. Molar plots for
Pit 2 show transformation from predominately a PCE plume in 2008 to predominantly a cDCE and VC
plume in 2024. Molar plots for Pit 3 show transformation from predominantly a TCE and cDCE plume in
2008 to predominately a cDCE and VC plume in 2024. For 2024, cDCE predominates over VC closer to
the former pit area with the ISB injections in late 2021 reducing TCE in this area. VC is more predominant
in downgradient areas.

2.4.11.3 Concentration vs. Distance Plots (2024)

Exhibits 2-8, 2-10, and 2-12 (pages 2-49, 50, 51) have concentration vs. distance plots (2024) that display
changes in PCE and degradation by-products along plume centerlines for Pits 1, 2, and 3 (surficial
aquifer). Each tile plot has stem plots for PCE, TCE, cDCE, tDCE, and VC with the sixth tile containing a
stem plot displaying molar percentages for these constituents along the plume transect.

Pit 1

Concentration peaks for PCE, and TCE occur 60 ft. downgradient of MW-57 with the peak concentrations
for cDCE and VC occurring at MW-57. Constituent concentrations in the main plume decrease to levels
less than MCLs when reaching the installation fence line at 468 ft. (MW-88). Isolated plume areas with
PCE and VC/or TCE concentrations greater than MCL occur in the Kingsland Creek at distances of 579 ft.
(PZ-3) and 605 ft. (PZ-4). The molar plot for the Pit 1 plume shows that cDCE predominates on a
percentage basis except where location concentrations fall below the LOQ or limit of detection (LOD) at
the fence line and at PZ-3.
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Exhibit 2-7 Pit 1 Plume Molar Percent vs. Distance Plots vs. Time
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Exhibit 2-8 Pit 1 Concentration vs. Distance (2024)

Pit 1 PCE Conc. vs. Distance

60 114 155 208 486 569 579 605
Faat from Well MW-57

0 60 114 155 208 486 569 579 605
Feat from Well MW-57

Pit 1 TCE Conc. vs. Distance

10® Y 10°
102 } {10
T MEL] B 10! Erorrrrrn M s
ol 1 gl H Ly |
107! e @ [ ] 10! .
0 80 114 155 208 4B 569 579 BO5 0 60 114 155 208 4868 569 579 BO5
Feel from Well MW-57 al Former Pit 1 Feel from Well MW-5T al Former Pit 1
Pit 1 cDCE Conc. vs. Distance _ Pit1 tDCE Conc. vs. Distance
- - - - 102
103 b g & MCL
) MCL il
o mi-_-_._.._._._._.__. ______ =% o 10
3 10"} 3 135
. : 10° 1
* P =oas
1‘}_-:' | | | | | i | | | s *
0 60 114 155 208 488 569 570 BO5 0 60 114 155 208 486 569 570 BO5
Feet from Well MW-5T al Former Pit 1 Feeat from Well MW-5T al Former Pit 1
Pit 1 VC Conc. vs. Distance 100 Pit 1 Molar % for CVOCs
2 r 1 T
10 75| -
107 = .

‘“}I:‘r_ ______ SN [NV [NOSERG T ------- ]
: 0 2

0 60 114 155 208 486 569 579 605
Feet from Well MW-57 at Former Pit 1

0 60
Feet from Well MW-57 at Former Fit 1

114 155 208 486 569 579 605

2-50




Defense Supply Center Richmond FINAL OU 7 Remedial Action Work Plan Addendum

Exhibit 2-9 Pit 2 Plume Molar Percent vs. Distance Plots vs. Time
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Exhibit 2-10 Pit 2 Concentrations vs. Distance (2024)
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Exhibit 2-11 Pit 3 Plume Molar Percent vs. Distance Plots vs. Time
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Exhibit 2-12 Pit 3 Concentration vs. Distance (2024)
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Pit 2

Along the transect, PCE has concentrations less than the MCL except at 278 ft. downgradient of MW-41
at CMT-18-6 with the peak TCE concentration occurring at well MW-FTA-3 near the installation fence line.
TCE concentrations are less than the MCL along the transect except at wells CMT-18-6 and MW-FTA-3.
cDCE has concentrations greater than MCLs at 5 of 8 well locations along the transect with
concentrations less than MCLs at well 41 (0 ft.), 44 ft., and 388 ft. within the upper area. VC
concentrations at 8 of 8 locations along the profile exceed the MCL. The molar plot for the Pit 2 plume
shows that cDCE or VC predominate on a percentage basis along the transect.

Pit 3

PCE data plotted reflect left-censored data (non-detects). TCE concentrations peak at MWFOS-3 (0 ft.)
with concentrations at downgradient profile locations less than the MCL. cDCE concentrations peak at
MWFQOS-3 (0 ft.) and with only the downgradient profile location at 132 ft. (71 pg/L) greater than MCL. VC
concentrations peaked at 132 ft. downgradient of MWFOS-3 with concentrations decreasing to a level
below MCLs at 348 ft. The molar plot for the Pit 3 plume shows that VC predominates on a percentage
basis along the transect except at 0 ft. (MWFOS-3) closest to the former pit area.

2.4.12 Well Trends

Section 2.4.12 has monitoring well trend analyses for wells in the Pit 1, 2, and 3 areas at select locations
from the former pit areas to downgradient monitored areas. Several lines of evaluation used include
coefficient of variation (CV), linear correlation (Pearson’s linear correlation), Mann-Kendall (M-K) test for
trend, sequential M-K test for trend change points, and SAA.

2.4.12.1 Pit 1 Well Trends

Table 2-10 (page 2-53) has a descriptive statistical summary and trend analysis for wells in the Pit 1
plume area at locations from the former pit area downgradient to Kingsland Creek. Exhibit 2-13 (page 2-
54) has plots for these wells showing timeseries data and SSA trends as applicable. SSA trend analysis
for the Pit 1 monitored area indicated decreasing trends for primary COCs for evaluated locations except
for VC at well MW-57 (former pit area) and at well AEHADG-11 located 60 ft. downgradient of MW-57. M-
K trend tests indicated statistical evidence of increasing trends for VC at wells MW-57 and AEHAG-11
with no other increasing trends detected. M-K trend tests indicated decreasing trends for one or more
COCs at 6 of 8 well locations along the transect.

2.4.12.2 Pit 2 Well Trends

Table 2-11 (page 2-55) has a descriptive statistical summary and trend analysis for wells in the Pit 2
plume area at locations from the former pit area downgradient to the installation fence line at well MW-
148. Exhibit 2-14 (page 2-56) has plots for these wells showing timeseries data and SSA trends as
applicable. SSA trend tests for the Pit 2 monitored area indicated decreasing trends at 19 of 26 evaluated
location/COC combinations with two (2) locations having no trend, and five (5) locations having an
increasing trend. M-K trend analysis indicated decreasing concentrations at 8 of 28 evaluated
location/COC combinations with 15 locations having no trend, and five (5) locations having an increasing
trend. SSA showed decreasing trends at the most downgradient location closest the installation fence
line.

2.4.12.3 Pit 3 Well Trends

Table 2-12 (page 2-57) has a descriptive statistical summary and trend analysis for wells in the Pit 3
plume area at locations from the former pit area to well MW-118 downgradient of Building 72. Exhibit 2-15
(page 2-58) has plots for these wells showing timeseries data and SSA trends as applicable. SSA trend
analysis for the Pit 3 monitored area indicated decreasing trends at 18 of 20 evaluated location/COC
combinations with cDCE and VC at well MW-96 having increasing trends. M-K trend tests indicated
decreasing trends at 13 of 20 evaluated location/COC combination with no detected increasing trends.
The most downgradient well in the transect (MW-118) had decreasing trends for COCs.
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Table 2-10 Statistical Summary and Trend Analysis for Pit 1 Surficial Aquifer Wells (2015-2024)
M-K Trend
Distance D'\ft”.b““o” near C_%r(r): ation (O”_%\g’gy) 2024
Date from Primary ariance (0=0.05) (0=0.05) Result | MCL M-K Sequential for Trend M-K Trend — One Way
Well ID Area Range MW-57 | COC CcVv Variance rt p-value H p-value (ug/L) | (ug/L) | >MCL | SSA Trend Change (Increasing or Decreasing)
PCE 1.0492 High -0.9032 | 5.69E-05 1 -1.60E-03 3.8 5 No SSA|, No trend change M-K SS Decreasing at a = 0.05
) TCE 1.3115 High -0.8875 | 1.17E-04 1 -3.70E-03 2.5 5 No SSA| No trend change M-K SS Decreasing at a = 0.05
MW-57 Pit 1 2015-2024 0 ft.
cDCE 0.9041 Moderate 0.5773 | 4.93E-02 0 1.08E-01 1100 70 Yes | SSA | No trend change No M-K SS trend at a = 0.05
VC 1.4024 High 0.6888 | 1.32E-02 1 7.84E-04 270 Yes | SSA1 No trend change M-K SS Increasing at a = 0.05
PCE 0.3464 Low -0.4448 | 1.27E-01 0 -2.14E-01 1300 Yes | SSA | No trend change No M-K SS trend at a = 0.05
TCE 0.9120 Moderate -0.3971 | 1.79E-01 0 -7.12E-02 540 Yes | SSA | No trend change No M-K SS trend at a = 0.05
AEHADG-11 | Source Zone 2015-2024 60 ft.
cDCE 0.8063 Moderate 0.6325 | 2.03E-02 1 1.39E-01 870 70 Yes | SSA | No trend change No M-K SS trend at a = 0.05
VC 1.0770 High 0.7726 | 2.00E-03 1 4.20E-03 53 Yes | SSA 1 No trend change M-K SS Increasing at a = 0.05
PCE NaN - NaN - 1 -3.01E-02 ND No SSA | No trend change M-K SS Decreasing at a = 0.05
) TCE NaN - NaN - 1 -6.30E-03 4.4 No SSA | No trend change M-K SS Decreasing at a = 0.05
CMT21-1 Mid-Plume 2019-2024 114 ft.
cDCE 0.1995 Low 0.5162 0.1548 1 5.589E-02 1000 70 Yes | SSA 1t No trend change No M-K SS trend at a = 0.05
VC 0.4601 Low 0.2168 0.5753 0 4.58E-01 51 Yes | SSA | Mar. 2024 No trend change No M-K SS trend at a = 0.05
PCE 1.2095 High -0.9112 | 1.47E-05 1 -6.11E-04 4.6 No SSA | No trend change M-K SS Decreasing at a = 0.05
) TCE 1.1940 High -0.8658 | 1.30E-04 1 -1.40E-03 29 No SSA | No trend change M-K SS Decreasing at a = 0.05
MW-69 Mid-Plume 2015-2023 155 ft.
cDCE 0.7713 Moderate 0.1222 | 6.91E-01 0 4.76E-01 130 70 Yes | SSA | Mar. 2024 No trend change No M-K SS trend at a = 0.05
VC 0.8131 Moderate 0.3933 | 1.84E-01 0 1.50E-01 27 Yes | SSA | Mar. 2024 No trend change No M-K SS trend at a = 0.05
PCE 2.0641 High -0.4070 | 1.68E-01 1 -4.98E-02 6 Yes SSA | Nov 2022 Decreasing trend (Sept 2021) | M-K SS Decreasing at a = 0.05
i TCE 1.4107 High -0.8486 | 2.44E-04 0 -8.03E-02 110 Yes | SSA | Nov 2022 No trend change No M-K SS trend at a = 0.05
DMw-20a | Downgradient | 5415 5054 | 196 . 9 ! 9
Upper Area cDCE 1.2828 | High -0.2917 | 3.33E-01 1 -1.40E-03 10| 70 Yes | SSA| No trend change M-K SS trend at a = 0.05
VC 2.5515 High 0.0928 | 7.63E-01 0 1.23E-01 6.9 Yes | SSA | Mar. 2023 Decreasing trend (Oct 2023) No M-K SS trend at a = 0.05
PCE NaN - NaN - -- -- ND No Insufficient data Insufficient data Insufficient detected observations
i TCE 1.8454 High -0.4150 0.1798 0 -3.40E-01 0.56 No SSA No trend change No M-K SS trend at a = 0.05
EBF-05S Downgradient | »415 5024 | 206 ft. 9 ! 9
Upper Area cDCE 1.7754 High --0.3791 0.2243 0 -1.51E-01 89 70 Yes | SSA | No trend change No M-K SS trend at a = 0.05
VC 1.3168 High -0.4248 0.1686 0 -1.51E-01 30 Yes | SSA | No trend change No M-K SS trend at a = 0.05
_ TCE 1.7469 High NaN - 1 -9.40E-03 ND No SSA | No trend change M-K SS Decreasing at a = 0.05
MW-150 Bg‘ggﬂ;@gf”t 2015-2024 | 253ft. | cDCE 1.1864 | High -0.7834 | 1.50E-03 1 -9.90E-05 2.9 No | SSA| No trend change M-K SS Decreasing at a = 0.05
VC 1.4053 High -0.3944 | 1.82E-01 1 -3.96e-04 0.4 70 No SSA | No trend change M-K SS Decreasing at a = 0.05
. PCE 1.8057 High -0.4081 | 1.66E-01 0 4.27E-01 3.4 5 No SSA | No trend change No M-K SS trend at a = 0.05
DMW-33A Sifrf]'érs‘f;ﬁgagfgek 2015-2024 | 569ft. | TCE 0.7530 | Moderate | -0.0362 | 9.07E-01 | 0 -2.51E-01 2| s Yes | SSA| No trend change M-K SS Decreasing at a = 0.05
VC 1.0476 High --0.5622 | 4.59E-02 1 -2.20E-02 2.2 2 Yes | SSA| No trend change No M-K SS trend at a = 0.05

Notes: NaN = not a number, not calculated because of left-censored data, ‘Pearson's linear correlation coefficient, r = correlation coefficient, p-value = probability value, a=0.05 = alpha significance of 0.05 or 5%, SS = statistically significant at a level of 5% (0.05). PCE =
tetrachloroethene, cDCE = cis-dichloroethene, TCE = trichloroethene, VC = vinyl chloride, MCL = maximum contaminant level, LOD = laboratory limit of detection, *Singular Spectrum Analysis of trend (SSA). SSA | = Singular Spectrum Analysis of trend showed a change to
decreasing trend for month shown. SSA 1 = Singular Spectrum Analysis of trend showed a change to decreasing trend for month shown, SSA — = Singular Spectrum Analysis of trend showed a change to no trend for month shown, 2Sequential Mann-Kendall Test for detecting
potential trend change points. Decreasing trend, Increasing trend, Concentration lower than the MCL.
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Defense Supply Center Richmond FINAL
Exhibit 2-13 Pit 1 Well Trend Plots
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Table 2-11 Statistical Summary and Trend Analysis for Pit 2 Surficial Aquifer Wells
M-K Trend
istributi Li Correlation®
Distance D'\f”'.b”t'on near _%r(r)za on (O”_%Vgg‘y) 2024 M-K Trend (One-Way for
Date from Primary ariance (0=0.05) (0=0.05) Result | MCL Increasing or Decreasing
Well ID Area Range MW-57 | COC CVv Variance rt p-value H p-value (ug/L) | (ug/L) | >MCL | SSA Trend? Sequential M-K? Trend)
PCE 2.0734 High -0.7798 | 1.70E-03 1 -7.81E-04 0.18 5 No SSA|(, No trend change detected M-K SS Decreasing at a = 0.05
MW-41 Pit 2 015-2024 0t TCE 2.1775 High -0.5202 | 6.84E-02 1 -8.70E-03 2.7 5 No SSA| No trend change detected M-K SS Decreasing at a = 0.05
Source Zone ' cDCE 1.7176 High -0.1521 | 6.20E-01 0 -2.24E-01 6.8 70 Yes SSA| No trend change detected No M-K SS trend at a = 0.05
VC 1.3056 High 0.2414 | 4.27E-01 0 2.14E-01 31 Yes SSA?T No trend change detected No M-K SS trend at a = 0.05
PCE NaN - NaN -- 0 -1.49E-01 ND No Insufficient data No trend change detected No M-K SS trend at a = 0.05
TCE 2.1685 High -0.7083 | 2.19E-02 0 -1.48E-01 0.1 No SSA| No trend change detected No M-K SS trend at a = 0.05
MW-51 Source Zone 2015-2024 44 ft. - -
cDCE 2.0210 High -0.5709 | 8.48E-02 1 -2.45E-02 53 70 No SSA| No trend change detected M-K SS Decreasing at a = 0.05
VC 1.5490 High -0.3315 | 3.49E-01 0 -4.29E-01 50 Yes SSA| No trend change detected No M-K SS trend at a = 0.05
PCE 2.1825 High -0.4797 | 9.71E-02 1 -4.35E-02 4.4 No SSA| No trend change detected M-K SS Decreasing at a = 0.05
i TCE 2.5077 High -0.6200 | 2.38E-02 1 -3.10E-04 25 No SSA No trend change detected M-K SS Decreasing at a = 0.05
cMT1g-5 | Downgradient | 50,5 5004 | 1151t g ! 9 i
Source Zone cDCE 0.6955 Moderate | -0.6434 | 1.77E-02 1 -3.60E-03 2600 70 Yes | SSA| No trend change detected M-K SS Decreasing at a = 0.05
VC 0.6790 Moderate | 0.7109 | 6.50E-03 1 2.52E-02 920 Yes SSA— March 2024 No trend change detected M-K SS Increasing at a = 0.05
PCE 1.3422 High -0.5417 | 1.65E-01 0 5.00E-01 19 Yes SSA| No trend change detected No M-K SS trend at a = 0.05
. TCE 0.4070 Low 0.4692 | 2.41E-01 0 1.33E-01 12 Yes SSA?T No trend change detected No M-K SS trend at a = 0.05
MW-79 Mid-Plume 2015-2024 286 ft. - -
cDCE 1.1070 High 0.8386 | 9.30E-03 1 4.70E-03 1900 70 Yes SSA?T No trend change detected M-K SS Increasing at a = 0.05
VC 0.8379 Moderate | 0.8232 | 1.21E-02 1 2.30E-02 190 Yes SSA?T No trend change detected M-K SS Increasing at a = 0.05
PCE NaN - NaN -- 1 -4.47E-02 ND No Insufficient data Insufficient data M-K SS Decreasing at a = 0.05
Edge Upper TCE NaN -- NaN - 0 -3.94E-01 0.24 No SSA| Mar 2024 Insufficient data No M-K SS trend at a = 0.05
MW-83 2015-2024 388 ft. -
Area cDCE 1.3178 Low 0.5673 | 4.32E-02 1 8.70E-03 37 70 No SSA| Mar 2024 No trend change detected M-K SS Increasing at a = 0.05
VC 1.0290 Low 0.6813 | 1.04E-02 1 6.20E-03 56 Yes SSA| Mar 2024 No trend change detected M-K SS Increasing at a = 0.05
PCE NaN - NaN -- 1 -1.21E-02 3.6 No SSA| No trend change detected M-K SS Decreasing at a = 0.05
Flood Plain TCE 0.8164 | Moderate | -0.0297 09234 | 0 -1.79E-01 74 Yes | SSA| No trend change detected No M-K SS trend at o = 0.05
MWEFTA-3 Near Perimeter | 2015-2024 588 ft.
Road cDCE 0.7659 Moderate | 0.3912 | 1.86E-01 0 1.50E-01 290 70 Yes | SSA— No trend change detected No M-K SS trend at a = 0.05
VC 0.5862 Moderate | 0.5110 | 7.43E-02 0 5.60E-02 16 Yes SSA?T No trend change detected No M-K SS trend at a = 0.05
PCE 1.7942 High -0.3091 | 2.27E-01 0 -7.28E-02 29 Yes SSA| Decreasing trend (Jan 2021) No M-K SS trend at a = 0.05
Installation TCE 1.5792 High -0.2590 | 3.15E-01 0 -2.42E-01 5.6 Yes | SSA| Decreasing trend (Jan 2021) No M-K SS trend at a = 0.05
MW-148 - 2015-2024 253 ft. - -
Fence Line cDCE 1.0504 High 0.1996 | 4.42E-01 0 4.51E-01 16 70 Yes | SSA| Mar 2022 Decreasing trend (Oct 2023) No M-K SS trend at a = 0.05
VC 1.0822 High 0.3341 | 1.90E+01 0 1.94E-01 2 2 No SSA| Mar 2024 No trend change detected No M-K SS trend at a = 0.05

Notes: NaN = not a number, not calculated because of left-censored data, ‘Pearson's linear correlation coefficient, r = correlation coefficient, p-value = probability value, a=0.05 = alpha significance of 0.05 or 5%, SS = statistically significant at a level of 5% (0.05). PCE =
tetrachloroethene, cDCE = cis-dichloroethene, TCE = trichloroethene, VC = vinyl chloride, MCL = maximum contaminant level, LOD = laboratory limit of detection, *Singular Spectrum Analysis of trend (SSA). SSA | = Singular Spectrum Analysis of trend showed a change to
decreasing trend for month shown. SSA 1 = Singular Spectrum Analysis of trend showed a change to decreasing trend for month shown, SSA — = Singular Spectrum Analysis of trend showed a change to no trend for month shown, 2Sequential Mann-Kendall Test for detecting

potential trend change points. Decreasing trend, Increasing trend, and Concentration lower than the MCL.
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Table 2-12 Statistical Summary and Trend Analysis for Pit 3 Surficial Aquifer Wells
M-K Trend
Distance _ Di\j;rriigﬁtcig” LlneaEuC:%r(r)esl)atlonl ((an:%\/(;lg)y) 2024 M-K Tre_nd (One-Way f_or
Date from Primary - : Result MCL Increasing or Decreasing
Well ID Area Range MW-41 | COC CcVv Variance rt p-value H p-value (ng/L) (ng/L) >MCL | SSA Trend? Sequential M-K? Trend)
) TCE 1.2890 High 0.0220 | 9.43E-01 0 -1.11E-01 350 5 Yes SSA| Mar 2019 Decreasing Trend (Mar 2023) | No M-K SS trend at a = 0.05
MW-125 Zlct)jrce Zone 2015-2024 0 ft. cDCE 1.8191 High 0.0349 | 9.10E-01 0 3.80E-01 710 70 Yes SSA| Mar 2019 Decreasing Trend (Oct 2023) | No M-K SS trend at a = 0.05
VC 0.4254 Low 0.3782 | 2.03E-01 0 2.32E-01 36 Yes SSA| Mar 2024 Decreasing Trend (Oct 2023) | No M-K SS trend at a = 0.05
_ TCE 1.0616 High -0.1627 | 5.94E-01 1 -3.84E-02 30 Yes SSA| Apr 2017 No trend change detected M-K SS Decreasing at a = 0.05
MWFOS-3 gi‘t""’”grad'e”t Of | 20152024 | 44 | cDCE 0.7220 | Moderate | -0.7021 | 7.50E-03 1 -1.64E-02 | 1200 | 70 Yes | SSA| No trend change detected M-K SS Decreasing at a = 0.05
VC 0.5194 Moderate -0.5569 | 4.80E-02 0 -1.34E-01 110 Yes SSA| Decreasing Trend (Oct 2023) | No M-K SS trend at a = 0.05
. TCE 2.4789 High -0.6740 | 1.62E-02 1 -2.94E-04 0.1 No SSA| Insufficient data M-K SS Decreasing at a = 0.05
MW-97 ?X_"X'Iggf‘s;em 2015-2024 | 114ft. | cDCE 1.3071 | High -0.8948 | 8.50E-05 | 1 -4.69E-05 21| 70 No | SSA| No trend change detected M-K SS Decreasing at a = 0.05
VC 1.1369 High --0.9064 | 4.82E-05 1 3.20E-03 38 Yes SSA| No trend change detected M-K SS Decreasing at a = 0.05
_ TCE NaN - NaN -- -- -- ND No Insufficient data Insufficient data Insufficient detected observations
MW-96 ?X_"fl‘ggfeda'lem 2019-2024 | 155f. | cDCE 1.6591 | High 0.4415 | 3.81E-01 | O 1.30E-01 13| 70 Yes | SSA? No trend change detected No M-K SS trend at a = 0.05
VvC 0.5952 Moderate 0.2046 | 6.97E-01 0 2.25E-01 120 Yes SSA?T No trend change detected No M-K SS trend at a = 0.05
TCE NaN - NaN -- -- -- ND No Insufficient data Insufficient data Insufficient detected observations
MW-95 Downgradient 2015-2024 196 ft. cDCE 0.2110 Low -0.7697 1.1E-04 1 -4.40E-02 71 70 Yes SSA| No trend change detected M-K SS Decreasing at a = 0.05
VvC 1.2614 High -0.7217 4.9E-04 0 -3.60E-01 290 2 Yes SSA| No trend change detected No M-K SS trend at a = 0.05
. cDCE 0.7717 Moderate -0.8213 | 6.60E-03 1 -2.38E-02 8.3 70 No SSA| No trend change detected M-K SS Decreasing at a = 0.05
MW-93 Downgradient 2015-2024 206 ft. -
VC 0.5408 Moderate --0.7364 | 2.36E-02 1 -3.82E-02 6.9 2 Yes SSA| No trend change detected M-K SS Decreasing at a = 0.05
MW-90 Downgradient 20152024 253 ft. cDCE 2.4730 H?gh -0.6164 | 5.77E-02 1 -1.50E-03 12 70 No SSA| No trend change detected M-K SS Decreas?ng at a = 0.05
near Building 72 vC 1.6520 | High -0.6885 | 2.77E-02 1 -6.10E-03 22 Yes | SSA| No trend change detected M-K SS Decreasing at o = 0.05
TCE 1.1002 High -0.6289 | 5.14E-02 1 -4.60E-03 0.1 No SSA| No trend change detected M-K SS Decreasing at a = 0.05
MW-118 Downgradient 2015-2024 569 ft. cDCE 1.0864 High 0.3961 | 9.51E-04 1 -6.41E-04 5.4 70 No SSA| No trend change detected M-K SS Decreasing at a = 0.05
VC 1.6326 High -0.3487 | 1.30E-02 1 -3.38E-04 9.1 2 Yes SSA| No trend change detected M-K SS Decreasing at a = 0.05

Notes: NaN = not a number, not calculated because of left-censored data, ‘Pearson's linear correlation coefficient, r = correlation coefficient, p-value = probability value, a=0.05 = alpha significance of 0.05 or 5%, SS = statistically significant at a level of 5% (0.05). PCE =

tetrachloroethene, cDCE = cis-dichloroethene, TCE = trichloroethene, VC = vinyl chloride, MCL = maximum contaminant level, LOD = laboratory limit of detection, *Singular Spectrum Analysis of trend (SSA). SSA | = Singular Spectrum Analysis of trend showed a change to

decreasing trend for month shown. SSA 1 = Singular Spectrum Analysis of trend showed a change to decreasing trend for month shown, SSA — = Singular Spectrum Analysis of trend showed a change to no trend for month shown, 2Sequential Mann-Kendall Test for detecting
potential trend change points. Decreasing trend, Increasing trend, and Concentration lower than the MCL.
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Exhibit 2-15 Pit 3 Well Trend Plots
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2.5 Current Conditions for Surface Water

Table 2-13 on page 2-60 has summary results for detected VOCs in surface water samples collected from
Kingsland Creek for the monitoring period 2021-2024. This table compares these results to MCLs, EPA
RSLs, and ecological benchmarks. VOCs detected for the four (4) annual LTM events included 1,4-
dichlorobenzene, cDCE, chlorobenzene, and TCE. Detected concentrations are less than MCLs and
ecological benchmarks. At stations KCG-1, single detections of chlorobenzene and TCE at levels less
than the laboratory LOD had reported results greater than their RSL. The RSLs for chlorobenzene and
TCE are less than the laboratory LOQ. KGC-1 is located in the stream segment between the monitoring
areas of Pit 3 and Pit 2 (see Figure 2-6).

2.6  Building 72 Subsurface Vapor

Annual sampling of sub-slab vapor at Building 72 at VMP-116 began in 2016 after converting over from
monitoring external soil gas monitoring points that frequently accumulated perched water. None of the
sub-slab sampling results for 2016-2024 at VMP-116 had concentrations greater than the EPA vapor
intrusion screening levels (VISLs)?2. Field monitoring of VMP-116 has not indicated accumulation of
methane beneath the building slab.

Sampling for the full list of TO-15 compounds began in 2017. The first full-list sampling had 37 VOC
analytes detected, 20 analytes detected in 2018 and 2020-2022, 32 analytes detected in 2019, and six (6)
analytes detected in December 2023. The reduced number of VOC detections reflects VOC plume
conditions that have degraded over time in the Building 72 area from ISB remedial actions and intrinsic
processes. The monitoring has indicated continued remedy protectiveness for workers that occasionally
occupy Building 72.

2 United States Environmental Protection Agency Vapor Intrusion Screening Level, November 2024 Updated Calculator, target
cancer risk (TR) of 1E-06 and target hazard quotient (THQ) of 0.1, commercial exposure scenario, site-specific groundwater
temperature of 15.2 Celsius at well OU7-MW-117, adjacent to Building 72, receptor, VISL calculator at Vapor Intrusion Screening
Level Home (ornl.gov)
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Table 2-13 OU 7 VOC Summary Statistics for Kingsland Creek Surface Water (Detects 2021-2024)

Federal MCL* EPA RSL? (November 2024) BTAG FWSB?3 (2006)

No. of No.>| %> | Location of | No.> % > No. > % > EPA Location| Yr. No. > % > BTAG
Chemical Matrix |Results |Unit Min Max | LOD | LOD Max MCL MCL MCL? RSL RSL RSL? >RSL >RSL | BTAG | BTAG | FWSB?
1,2-Dichloroethene, Total WS 12 ug/L <0.25 1.5 7 58.3 KGC-3 - - -- - - - - -- 0 0 5.90E+02
cis-1,2-Dichloroethene WS 12 ug/L <0.37 15 5 41.7 KGC-3 0 0 7.00E+01 0 0 2.52E+00 -- -- 0 0 --
Chlorobenzene WS 12 ug/L <0.15 1.1 3 25.0 KGC-1 0 0 1.00E+02 0 0 7.77E+00 - - 0 0 1.30E+00
1,4-Dichlorobenzene WS 12 ug/L <0.31| 0873 1 8.3 KGC-1 0 0 7.50E+01 1 8 4.82E-01| KGC-1 2021 0 0 2.60E+01
Trichloroethene (TCE) WS 12 ug/L <0.2| 0.84J| 1 8.3 KGC-1 0 0 5.00E+00 1 8 2.83E-01| KGC-1 2024 0 0 2.10E+01

Notes: WS = surface water ug/L = micrograms per liter, Min = minimum, Max = maximum, No. > = number greater, LOD = limit of detection, % = percent, J = Estimated: the analyte is positively identified; the quantitation is an estimation, *Subpart G—
National Primary Drinking Water Regulations: Maximum Contaminant Levels and Maximum Residual Disinfectant Levels, § 141.61 Maximum contaminant levels for organic contaminants.> LOD = percent of detected results greater than laboratory limit
of detection, 2 EPA Regional Screening Level for Resident Tap Water with a target cancer risk (TR) of 1E-06 and target hazard quotient (THQ) of 0.1, November 2004 at https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables. SEPA
Region Ill BTAG Freshwater Screening Benchmarks, 7/2006. https://www.epa.gov/risk/freshwater-screening-benchmarks, Number of results with concentrations greater than the MCL, Number of results with concentration greater
than the RSL, Number of results with concentrations greater than the BTAG FWSB
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3. Remedial Design

Section 3 presents the remedial design for follow-up enhanced ISB actions at OU 7. Follow-up ISB
actions at OU 7 will target accelerated treatment of remaining hot spot areas in the surficial aquifer.
Addressing these hot spot areas will reduce contaminant mass and contaminant flux to downgradient
areas. ISB actions proposed in this work plan will target additional treatment of diffuse VOC plumes
farther downgradient of source zones with the objective of reducing overall plume areas.

3.1 Remedial Design Basis

The process option of the ISB design in this work plan follows the remedial design/remedial action work
plan for OU 7 (AECOM 2013) using metabolic anaerobic reductive dechlorination as the targeted
degradation process to treat the chlorinated solvents. In this reaction, microorganisms gain energy as one
or more chlorine atoms on a chlorinated ethene or ethane compound molecule are replaced with
hydrogen atoms in an anaerobic environment. The chlorinated compound serves as the electron acceptor
and molecular hydrogen usually serves as the electron donor (source of energy). Hydrogen used in this
reaction is supplied by fermentation of organic substrates or a direct electron donor. Biodegradation of an
organic substrate depletes the aquifer of DO and sequentially reduces native electron acceptors nitrate,
manganese, iron, sulfate, and carbon dioxide. In general, metabolic anaerobic reductive dechlorination
occurs by sequential removal of chlorine atoms. Exhibit 3-1 illustrates the reductive dechlorination
pathway for PCE the parent compound. Primary COCs for the targeted constituent plume for ISB
treatment include TCE, cDCE, and VC.

Exhibit 3-1 Reductive Dechlorination Treatment Pathway

PCE TCE cDCE VvC Ethene
. Cl c cl cl. Cl cl. H H H
p=d — ©=¢_ —= o=¢_ —» L€ —= oG
c’ cl H Cl H H H H H H

The specific ISB design in this work plan considers the results from previous treatability studies (AECOM,
2010) and remedial implementation for the confined aquifer at OU 7 (AECOM 2013, USACE 2017,
AECOM 2021b) and the current conditions presented in Section 2.4.

3.2 Enhanced ISB Treatment Areas

Eight enhanced ISB treatment areas are proposed for the surficial aquifer VOC plumes in the Pit 1, 2, and
3 areas as shown in Figure 3-1 (page 3-2). Figure 3-2 (page 3-3) has a tile layout showing the ISB
treatment areas with plume overlays for PCE, TCE, cDCE, and VC. Treatment area nomenclature follows
designations established for the 2021 RAWP Addendum (AECOM-Meadows 2021b).

3.2.1 Treatment Area TA-02 (Pit 1)

Treatment area TA-02 targets a hot spot area near the Pit 1 area that includes wells AEHADG-11 and
OU7-MW-36, which have the highest PCE concentrations (1,300 pg/L, March 2024) and TCE
concentrations (780 ug/L, March 2024) in the Pit 1 plume area. The design dimensions for TA-2 are 45 ft.
x 50 ft. The 45 ft. width is oriented perpendicular to the direction of groundwater flow with a 50 ft. length
parallel to the direction of groundwater flow. The target depth interval for treatment is 10 to 26 ft. (85 to 69
ft. NAVDA88) following the treatment area approach implemented in 2021, which is based on well data and
high resolution PDI completed in the area for contaminant profiling by MIP and hydraulic properties
profiling by HPT3,

3 Design based on PDI location OU7-PDI-10-MHP and well data from AEHADG-11 and MW-36.
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3.2.2 Treatment Area TA-03 (Pit 1)

Treatment area TA-03 targets well cluster CMT-21 a hot spot in the Pit 1 plume and nearby well OU7-
MW-68. CMT-21 has the highest cDCE concentration (14,000 ug/L, March 2024) in the Pit 1 plume area.
The design dimensions for TA-3 are 45 ft. x 40 ft. The 45 ft. width is oriented perpendicular to the direction
of groundwater flow with a 40 ft. length parallel to the direction of groundwater flow. The target depth
interval for treatment is 9 to 24 ft. (85 to 70 ft. NAVD88) following the treatment area approach
implemented in 2021, which is based on high resolution PDI completed in the area for contaminant
profiling by MIP and hydraulic properties profiling by HPT4.

3.2.3 Treatment Area TA-05 (Pit 1)

Treatment area TA-05 targets well DMW-29A in the Pit 1 plume area, with reported TCE concentrations of
110 pg/L for March 2024. This well is located 180 ft. downgradient of the former FTA Pit 1 area. The
design dimensions for TA-3 are 40 ft. x 30 ft. The 50 ft. width is oriented perpendicular to the direction of
groundwater flow with a 20 ft. length parallel to the direction of groundwater flow. The target depth interval
for treatment is 10 to 28 ft. (85.5 to 66.5 ft. NAVD88) following the treatment area approach implemented
in 2021, which is based on high resolution PDI completed in the area for contaminant profiling by MIP and
hydraulic properties profiling by HPTS.

3.2.4 Treatment Area TA-06 (Pit 1)

Treatment area TA-06 targets well cluster CMT-20 in the Pit 1 plume area, with reported cDCE and VC
concentrations of 220 ug/L and 120 pg/L, respectively, for March 2024. This well cluster is located 228 ft.
downgradient of the former FTA Pit 1 area. The design dimensions for TA-6 are 25 ft. x 50 ft. The 25 ft.
width is oriented perpendicular to the direction of groundwater flow with a 50 ft. length parallel to the
direction of groundwater flow. The target depth interval for treatment is 10 to 30 ft. (84 to 64 ft. NAVD88)
following the treatment area approach implemented in 2021 modified to extend the treatment from 26 ft.
to 30 ft., which corresponds to the construction of injection well OU7-INJ-211 proposed for implementing
the targeted treatment.

3.2.5 Treatment Area TA-07 (Pit 2)

Treatment area TA-7 targets a hot spot area in the Pit 2 area (near former FTA Pit 2) that includes wells
MW-85 and MW-48, which has the highest cDCE concentration (9,200 pg/L, March 2024) in the Pit 2
plume area. The design dimensions for TA-07 are 40 ft. x 34 ft. The 40 ft. width is oriented perpendicular
to the direction of groundwater flow with a 34 ft. length parallel to the direction of groundwater flow. The
target depth interval for treatment is 20 to 32 ft. (80 to 68 ft. NAVD88) following the treatment area
approach implemented in 2021, which is based on well data and high resolution PDI completed in the
area for contaminant profiling by MIP and hydraulic properties profiling by HPTS.

3.2.6 Treatment Area TA-08 (Pit 2)

Treatment area TA-08 targets well cluster CMT-18 in the Pit 2 plume area, with the highest VC
concentration (920 ug/L) in the Pit 2 plume area and the second highest cDCE concentration (2,600 pg/L)
in the Pit 2 plume area. This well cluster is located 136 ft. downgradient of the former FTA Pit 2 area. The
design dimensions for TA-8 are 45 ft. x 34 ft. The 45 ft. width is oriented perpendicular to the direction of
groundwater flow with a 34 ft. length parallel to the direction of groundwater flow. The target depth interval
for treatment is 17 to 28 ft. (84 to 64 ft. NAVD88) following the treatment area approach implemented in
2021, which is based on well data and high resolution PDI completed in the area for contaminant profiling
by MIP and hydraulic properties profiling by HPT?.

4 Design based on PDI location OU7-PDI-11-MHP and well data from CMT-21 and MW-68.
5 Design based on PDI location OU7-PDI-15-MHP and well data from DMW-29A.
6 Design based on PDI location OU7-PDI-06-MHP and well data from MW-85 and MW-48.
" Design based on PDI location OU7-PDI-07A-MHP and well data from CMT-18.
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3.2.7 Treatment Area TA-09 (Pit 2)

Treatment area TA-09 targets the VC plume (greater than cleanup levels) that extends into lower Pit 2
monitored area near the installation fence line. The application area is 365 ft. to 400 ft. downgradient of
the former Pit 2 area. The design dimensions for TA-9 are 40 ft. x 30 ft. The 40 ft. width is oriented
perpendicular to the direction of groundwater flow with a 30 ft. length parallel to the direction of
groundwater flow. The target depth interval for treatment is 16 to 26 ft. (78.5 to 68.5 ft. NAVD88) following
the treatment area approach implemented in 2021 slightly modified for the construction of the injection
wells proposed for implementation.

3.2.8 Treatment Area TA-11 (Pit 3)

Treatment area TA-11 targets wells OU7-MW-97, OU7-MW-108, and OU7-MW-109 in the Pit 3 plume
area, with the highest cDCE concentration (2,500 pg/L) and highest VC concentration (600 pg/L) in the Pit
3 plume area. This group of wells is closely spaced and approximately 170 ft. downgradient of the former
FTA Pit 3 area. The design dimensions for TA-11 are 40 ft. x 34 ft. The 40 ft. width is oriented
perpendicular to the direction of groundwater flow with a 30 ft. length parallel to the direction of
groundwater flow. The target depth interval for treatment is 11 to 25 ft. (88 to 74 ft. NAVD88) following the
treatment area approach implemented in 2021, which is based on well data and high resolution PDI
completed in the area for contaminant profiling by MIP and hydraulic properties profiling by HPT)8.

3.3 Substrate Selection

Section 3.3 describes the selection of substrates for enhanced ISB treatment at OU 7.

3.3.1 Source Zone and Hot Spot Treatment

For source zone and hot sport treatment, primary criteria to select a substrate for the ISB design is
sustaining treatment for up to three (3) years, compatibility with a DPT treatment approach, and cost
effectiveness. The substrate used for the ISB design must support reductive dechlorination; this includes
implementable amendments for aquifer buffering and bioaugmentation to support complete reduction of
COCs.

EVO is the selected ISB substrate comprised of food-grade soybean oil, emulsifiers, and amendments
(e.g., mono and diglycerides, lactate, whey, etc.); it is widely available with demonstrated effectiveness to
support enhanced reductive dechlorination (ERD). Evidence of complete ERD pathways to ethene and
methane is apparent for previous EVO injections at OU 7 and treatability studies. The low solubility of
EVO provides for a long-lasting carbon source due to its slow rate of chemical dissolution into
groundwater. EVO can also help sequester chlorinated VOC compounds, which will further reduce their
mobility in the aquifer (Borden 2006,5).

Terra Systems, Wilmington Delaware, will provide slow-release, emulsified vegetable oil substrate (small
droplet identified as SRS®-SD EVO (60% soybean oil). Table 3-1 provides data on this EVO product.
Bioaugmentation of the solution will use Terra Systems TSI DC (dehalococcoides mccartyi) to support
consistent dechlorination across the treatment area and address existing cDCE and degradation products
in the treatment area. This enriched culture contains greater than1E+11 Dehalococcoides cells per liter.
The culture degrades PCE and TCE to ethene. The injection process will include sodium ascorbate (L-
ascorbic acid, Vitamin C) as an additive to drive the injection water anaerobic for bioaugmentation
injections.

Low alkalinity in groundwater and pH levels less than 6 in soil/groundwater will require buffering to
maintain a near-neutral pH for enhanced ISB treatment. Previous buffering studies for treatability studies
and injections recommended and have used of sodium bicarbonate for pH buffering. Buffering studies
performed in 2021 recommended buffering dosage of 0.16 pounds of sodium bicarbonate per cubic foot
of aquifer (Terra Systems 2021).

8 Design based on PDI location OU7-PDI-03-MHP and well data from MW-97, MW-108, MW-109.
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Table 3-1 Terra Systems Inc. 60% Small Droplet Slow Release EVO Substrate (SRS® SD EVO)

Ingredient Synonyms CAS No. Percent

Soybean oll Soya ail 8001-22-7 60%

Emulsifiers and proprietary Nutri Plus nutrient

package containing nitrogen, phosphorus, and Mixture 5-15%

vitamin B2

Sodium lactate 2-hydroxropionnic 72017-3 <5%
acid sodium salt

Sodium bicarbonate?! Baking soda 144-5-8 0-1%

Calcium carbonate?! Lime 471-34-1 0-1%

Sodium carbonate?! Soda Ash 497-19-8 0-1%

Magnesium oxide?! Magnesia 1309-48-4 0-1%

Water 7732-18-5 20-26%

Notes: Source: Terra Systems, Inc. Safety Data Sheet for SRS®B) in Appendix C.1 * Depending on the pH of the aquifer one or
more of the above buffers (sodium bicarbonate, calcium carbonate, sodium carbonate or magnesium oxide) will be selected to
adjust the pH of acidic aquifers to optimal levels for biodegradation.

Appendix A.1 has technical data sheets and safety data sheets for the selected EVO substrate,
bioaugmentation, sodium ascorbate, and pH buffering components.

3.3.2 Diffuse Plume Treatment

For diffuse plume treatment, primary criteria to select a substrate for the ISB design is sustaining
treatment for 1 or more years, substrate mobility with advective groundwater flow, compatibility with
gravity feed injection in fixed-based injection wells, and cost effectiveness. The substrate used for the ISB
design must support reductive dechlorination.

Sodium lactate is the selected ISB substrate comprised of sodium lactate, proprietary nutrients, and
Vitamin B12; it is widely available with demonstrated effectiveness to support ERD). Evidence of
complete ERD pathways to ethene and methane is apparent for previous sodium lactate injections at OU
7. The low viscosity and high solubility of sodium lactate in water allow for rapid transport with
groundwater, which enhances distribution in the aquifer and minimizes the number of injection points.

Terra Systems, Wilmington Delaware, will provide sodium lactate (identified as 60% QRS™-Plus SL).
Table 3-2 provides data on this sodium lactate product.

Table 3-2 Terra Systems Inc. 60% Sodium Lactate with Nutrients (60% QRS™-Plus SL)

Ingredient Percent Description. Benefit

Fast release source of carbon and
Rapidly biodegradable soluble hydrogen. Rapidly generates reducing

i 0,
Sodium lactate 60% substrate; miscible in water conditions. Provides 60% fermentable
carbon.
Proprietary Nutrients <5% - -
pH 6.5-7 6.5-7 Optimum microbial activity

Notes: Source: Terra Systems, Inc. Technical Data Sheet for 60%-QRS™ Plus Sodium Lactate in Appendix C.1-

Appendix A.2 has the technical data sheet and safety data sheet for the selected sodium lactate
substrate.

3.4 Injection Process Option Selection

Section 3.4 describes the selection of injection process options for source zone/hot spot treatment and
diffuse plume treatment.
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3.4.1 Source Zone/Hot Spot Treatment

The injection process option selected for enhanced ISB for source zone/hot spot treatment at OU 7 is
DPT injection using a pressure activated injection probe. The specified equipment is a Geoprobe®
7822DT Drill Rig with 1.5 inch probe rods. Pre-design investigations and testing performed at OU 7
indicate that the high density of the mid-to-lower intervals of surficial aquifer will require injection
pressures greater than 100 pounds per square inch (psi) to distribute reagents in this zone. This 2021 ISB
actions effectively used this process option to EVO with ZVI reagents in the surficial aquifer at OU 7.

3.4.2 Diffuse Plume Treatment

The injection process option selected for enhanced ISB for diffuse plume areas downgradient of the
source zone/hot spot areas at OU 7 is existing injection wells used most recently for the 2017-2018
injections of sodium lactate.

3.5 Substrate Loading Rates and Injection Volume Estimates

Section 3.5 has design information for substrate loading rates and injection volume estimates.

3.5.1 Substrate Loading Rates

Enhanced ISB substrate mass and loading rates will need to satisfy native and contaminant electron
acceptor demand in the reactive treatment zone to stimulate anaerobic reductive dechlorination
processes. Too low of a substrate loading rate may result in reducing conditions that are insufficient to
support anaerobic dechlorination of COCs. Too high of a substrate loading rate can lead to inefficiencies
and uncontrolled reactions that lower pH and result in excessive methanogenesis, degradation of
groundwater quality and/or accumulation of methane in the vadose zone. Determining appropriate
substrate loading rates is therefore a primary objective of the enhanced ISB design.

Substrate demand for enhanced ISB of chlorinated VOCs is a function of: (1) contaminant electron
acceptor supply, (2) native electron receptor supply, and (3) non-specific demands (microbial cell growth,
etc.). Following previous pilot tests and remedial designs for OU 7, the theoretical demand for substrate is
determined in this work plan through stoichiometric calculations using site data; these calculations
guantify the amount of electron donor (hydrogen) required to completely reduce contaminant and native
electron receptors based on the substrate used and levels of acceptors present.

The pore water of the aquifer and the solid aquifer matrix contain native electron receptors (such as DO
and iron hydroxide materials) that the electron donor may use preferentially over chlorinated VOCs.
Substrate loading rates in the enhanced ISB design account for the stoichiometric demand to completely
reduce these native electron receptors before complete reductive dechlorination of COCs can occur.

Calculation of Substrate Demand and Loading Rates

The enhanced ISB design for this work plan addendum uses the Substrate Estimating Tool for Enhanced
Anaerobic Bioremediation of Chlorinated Solvents Version 1.2 (ESTCP, 2010) to calculate substrate
requirements, demand, and loading rates. Each source zone/hot spot treatment area has a design
specific to the conditions found in the respective target treatment zones. The DPT injection treatment
areas using EVO have a 3 year design period of performance assuming a single application event. The
injection well treatment areas using sodium lactate to treat diffuse plume areas have a 1.5 year design
period of performance assuming a single application event. Appendices B.1 through B.8 have the
treatment design workbooks for TA-02, TA-03, TA-05, TA-06, TA-07, TA-08, TA-09, and TA-11. Table 3-2
(pages 3-7 through 3-10) has a summary of the enhanced ISB design parameter for each treatment area.
Table 3-3 (page 3-11) has a summary of design workbook outputs including electron receptor demand
and substrate requirements in hydrogen equivalents.
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Table 3-3 Enhanced In Situ Bioremediation Design Parameter Summary

Treatment Zone TA-02 TA-02 Notes TA-03 TA-03 Notes

Area Description: -- Hot spot area, wells AEHADG-11, MW-36, 35 ft. downgradient of Former Pit 1 -- CMT-21 Hot spot and MW-68, 100 ft. downgradient of Former Pit 1
Width (ft) L to GW flow x Length (ft) I to GW flow x TZ Thickness (ft) 45’ x 50’ x 16’ Vertical treatment interval based on PDI MIP, HPT 45’ x 40' x 15’ Vertical treatment interval based on PDI MIP, HPT
Design Period (yrs.) 3 Design period for enhanced in situ bioremediation 3 Design period for enhanced in situ bioremediation
Design Factor (times the electron acceptor hydrogen demand) 10 Electron acceptor (4X), microbial efficiency (4X), loss of substrate leaving reaction zone (2X) 10 Electron acceptor (4X), microbial efficiency (4X), loss of substrate leaving reaction zone (2X)
Aquifer Total Porosity (%) / Aquifer Effective Porosity (%) 0.36/0.27 PDI Eastover Formation OU 7/ average based on TP, AP, clay content 0.36/0.27 PDI Eastover Formation OU 7/ average based on TP, AP, clay content
Average Hydraulic Conductivity (ft/day) 5 OuU7 PDI 5 Ou7 PDI

Average Hydraulic Gradient (ft/ft) 1.61E-02 2024 Annual Report 1.61E-02 2024 Annual Report

Soil Bulk Density (gm/cm?) 1.63 Average OU- PDI for Eastover and Aquia Formations 1.663 Average OU- PDI for Eastover and Aquia

Soil Fraction of Organic Carbon (%) 0.28 PDI-38 Eastover Formation Saturated Zone OU-7 x 2 0.28 PDI-38 Eastover Formation Saturated Zone OU-7 x 2
Substrate EVO Terra Systems SRS®-SD EVO (small droplet, 60% soybean oil) EVO Terra Systems SRS®-SD EVO (small droplet, 60% soybean oil)
Native Electron Acceptors TA-02 TA-03 Notes

Dissolved Oxygen (mg/L) 4.3 Data from 11/2020 (Average AEHADG-11, MW-36) 0.2 CMT-21-2, MW-68 (average) 03/2024

Nitrate (mg/L) 0.03 AEHADG-11 03/2024 0.02 CMT-21-2, MW-68 (average) 03/2024

Manganese (IV) (mg/L) 0.22 AEHADG-11 03/2024 1.3 CMT-21-2, MW-68 (average) 03/2024

Iron (I11) (mg/L) (estimated as the amount of Fe Il produced) 3 AEHADG-11 03/2024 3.43 Average MW-157 and MW-291 (May 2024)

Sulfate (mg/L) 16 AEHADG-11 03/2024 5 MW-68 03/2024

Carbon Dioxide (mg/L) 8 Estimate based on previous EISB injections 10 Estimated based on previous EISB injections
Contaminant Electron Acceptors TA-02 TA-03 Notes

Tetrachloroethene (mg/L) 1.250 AEHADG-11 03/2024 0.500 Average MW-157 and MW-291 (May 2024)
Trichloroethene (mg/L) 0.520 AEHADG-11 03/2024 0.450 MW-157 (May 2024)

Dichloroethenes (mg/L) 1.300 AEHADG-11 03/2024 14.490 MW-291 (May 2024)

Vinyl Chloride (mg/L) 0.050 AEHADG-11 03/2024 0.140 MW-291 (May 2024)

Carbon Tetrachloride (mg/L) 0.040 AEHADG-11 03/2024 0.000 Not detected (2024)

Chloroform (mg/L) 1.250 AEHADG-11 03/2024 0.042 Not detected (2024)

Methylene chloride (mg/L) 0.000 AEHADG-11 03/2024 0.000 Not detected (2024)

Tetrachloroethanes (mg/L) 0.001 AEHADG-11 03/2024 0.000 Not detected (2024)

Trichloroethanes (mg/L) 1.100 AEHADG-11 03/2024 0.000 Not detected (2024)

Dichloroethanes (mg/L) 0.040 AEHADG-11 03/2024 0.003 MW-291 (May 2024)

Chloroethane (mg/L) 0.120 AEHADG-11 03/2024 0.000 Not detected (2024)

Aquifer Geochemistry TA-02 TA-03 Notes

Oxidation Reduction Potential (mV) 234 AEHADG-11 03/2024 23 MW-283 (May 2024)

Temperature (°C) 12 AEHADG-11 03/2024 19 MW-283 (May 2024)

pH (standard units) 51 AEHADG-11 03/2024 5.4 Average MW-157 and MW-291 (May 2024)

Alkalinity (mg/L) 55 AEHADG-11 03/2024 64 Average MW-157 and MW-291 (May 2024)

Total Dissolved Solids (mg/L) 100 No data 100 No data

Specific Conductance (us/cm) 158 AEHADG-11 03/2024 441 Average MW-157 and MW-291 (May 2024)

Chloride (mg/L) 6 AEHADG-11 03/2024 104 Average MW-157 and MW-291 (May 2024)

Sulfide — Pre Injection (mg/L) 0.1 Estimate Not Detected 0.1 Estimated

Sulfide — Post Injection (mg/L) 1.7 AEHADG-11 03/2024 2.6 MW-291 (May 2024)

Aquifer Matrix TA-02 TA-03 Notes

Total Iron (mg/kg) 18000 CSM 2006 Soil Eastover Formation 18000 CSM 2006 Soil Eastover Formation

Cation Exchange Capacity meg/100 g 1 CSM 2006 Soil Eastover Formation 1 CSM 2006 Soil Eastover Formation

Neutralization Potential (percent as CaCO3) 1.0% CSM 2006 Soil Eastover Formation 1.0% CSM 2006 Soil Eastover Formation

Notes: yrs. = years, mg/L = milligrams per liter, meq/100 g = milliequivalents per 100 grams, ps/cm = microsiemens per centimeter, CaCO3 = calcium carbonate, ft./ft. = feet per foot, ft./day = feet per day, % = percent, PDI = pre-design investigation, MIP = membrane interface probe, HPT = hydraulic profiling tool. #X = #-times
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Table 3-2 (Cont’d)

Treatment Zone TA-05 TA-05 Notes TA-06 TA-06 Notes

Area Description: -- Targets well DMW-29A area, 180 ft. downgradient of Former Pit 1 -- Targets well cluster CMT-20, Uses existing injection well INJ-211, 230 ft. downgradient of Former Pit 1
Width (ft) L to GW flow x Length (ft) || to GW flow x TZ Thickness (ft) 40’ x 30’ x 16’ Vertical treatment interval based on PDI MIP, HPT 25’ x 50’ x 20 Vertical treatment interval based on PDI MIP, HPT
Design Period (yrs.) 3 Design period for enhanced in situ bioremediation 15 Design period for enhanced in situ bioremediation
Design Factor (times the electron acceptor hydrogen demand) 10 Electron acceptor (4X), microbial efficiency (4X), loss of substrate leaving reaction zone (2X) 10 Electron acceptor (4X), microbial efficiency (4X), loss of substrate leaving reaction zone (2X)
Aquifer Total Porosity (%) / Aquifer Effective Porosity (%) 0.36/0.27 PDI Eastover Formation OU 7/ average based on TP, AP, clay content 0.36/0.27 PDI Eastover Formation OU 7/ average based on TP, AP, clay content
Average Hydraulic Conductivity (ft/day) 5 OuU7 PDI 5 Ou7 PDI

Average Hydraulic Gradient (ft/ft) 1.61E-02 2024 Annual Report 1.61E-02 2024 Annual Report

Soil Bulk Density (gm/cm?3) 1.63 Average OU- PDI for Eastover and Aquia Formations 1.663 Average OU- PDI for Eastover and Aquia Formations
Soil Fraction of Organic Carbon (%) 0.28 PDI-38 Eastover Formation Saturated Zone OU-7 x 2 0.28 PDI-38 Eastover Saturated Zone OU-7 x 2
Substrate EVO Terra Systems SRS®-SD EVO (small droplet, 60% soybean oil) Sodium Lactate Terra Systems 60% QRS-SL™ Plus Sodium Lactate
Native Electron Acceptors TA-05 TA-06 Notes

Dissolved Oxygen (mg/L) 1.1 DMW-29A 03/2024 0.1 CMT-20-3 03/2024

Nitrate (mg/L) 0.05 DMW-29A 03/2024 0.03 CMT-20-3 03/2024

Manganese (IV) (mg/L) 0.46 DMW-29A 03/2024 1.3 CMT-20-3 03/2024

Iron (111) (mg/L) (estimated as the amount of Fe Il produced) 9 DMW-29A 03/2024 10 Estimated

Sulfate (mg/L) 1 DMW-29A 03/2024 2 CMT-20-3 03/2024

Carbon Dioxide (mg/L) 10 Estimate based on previous EISB injections 10 Estimated based on previous EISB injections
Contaminant Electron Acceptors TA-05 TA-06 Notes

Tetrachloroethene (mg/L) 0.006 DMW-29A 03/2024 0.000 CMT-20-3 03/2024

Trichloroethene (mg/L) 0.100 DMW-29A 03/2024 0.001 CMT-20-3 03/2024

Dichloroethenes (mg/L) 0.126 DMW-29A 03/2024 0.221 CMT-20-3 03/2024

Vinyl Chloride (mg/L) 0.007 DMW-29A 03/2024 0.120 CMT-20-3 03/2024

Carbon Tetrachloride (mg/L) 0.000 Not detected 0.000 Not detected (2024)

Chloroform (mg/L) 0.000 Not detected 0.000 Not detected (2024)

Methylene chloride (mg/L) 0.000 Not detected 0.000 Not detected (2024)

Tetrachloroethanes (mg/L) 0.000 Not detected 0.000 Not detected (2024)

Trichloroethanes (mg/L) 0.000 Not detected 0.000 Not detected (2024)

Dichloroethanes (mg/L) 0.000 Not detected 0.024 CMT-20-3 03/2024

Chloroethane (mg/L) 0.010 DMW-29A 03/2024 0.000 Not detected (2024)

Aquifer Geochemistry TA-05 TA-06 Notes

Oxidation Reduction Potential (mV) 310 DMW-29A 03/2024 -64 CMT-20-3 03/2024

Temperature (°C) 14 DMW-29A 03/2024 16 CMT-20-3 03/2024

pH (standard units) 5.5 DMW-29A 03/2024 6.4 CMT-20 03/2024

Alkalinity (mg/L) 78 DMW-29A 03/2024 153 CMT-20 03/2024

Total Dissolved Solids (mg/L) 100 No data 100 No data

Specific Conductance (us/cm) 750 DMW-29A 03/2024 479 CMT-20-3 03/2024

Chloride (mg/L) 19 DMW-29A 03/2024 125 CMT-20 03/2024

Sulfide — Pre Injection (mg/L) 0.1 Estimate Not Detected 0.1 Estimate

Sulfide — Post Injection (mg/L) 1.2 DMW-29A 03/2024 0.2 Estimate

Aquifer Matrix TA-02 TA-06 Notes

Total Iron (mg/kg) 18000 CSM 2006 Soil Eastover Formation 11145 CSM 2006 Soil Eastover Formation

Cation Exchange Capacity meg/100 g 1 CSM 2006 Soil Eastover Formation 1 CSM 2006 Soil Eastover Formation

Neutralization Potential (percent as CaCO3) 1.0% CSM 2006 Soil Eastover Formation 1.0% CSM 2006 Soil Eastover Formation
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Table 3-2 (Cont’d)

Treatment Zone TA-07 TA-07 Notes TA-08 TA-08 Notes

Area Description: -- Targets hot spot at well MW-85 and MW-48, 35 ft. downgradient of Former Pit 2 -- Targets well cluster CMT-20, Uses existing injection well INJ-211, 145 ft. downgradient of Former Pit 2
Width (ft) L to GW flow x Length (ft) || to GW flow x TZ Thickness (ft) 40’ x 34’ x 12’ Vertical treatment interval based on PDI MIP, HPT 55'x 34’ x 11’ Vertical treatment interval based on PDI MIP, HPT
Design Period (yrs.) 3 Design period for enhanced in situ bioremediation 15 Design period for enhanced in situ bioremediation
Design Factor (times the electron acceptor hydrogen demand) 10 Electron acceptor (4X), microbial efficiency (4X), loss of substrate leaving reaction zone (2X) 10 Electron acceptor (4X), microbial efficiency (4X), loss of substrate leaving reaction zone (2X)
Aquifer Total Porosity (%) / Aquifer Effective Porosity (%) 0.36/0.27 PDI Eastover Formation OU 7/ average based on TP, AP, clay content 0.36/0.27 PDI Eastover OU 7/ average based on TP, AP, clay content
Average Hydraulic Conductivity (ft/day) 5 OuU7 PDI 5 Ou7 PDI

Average Hydraulic Gradient (ft/ft) 1.20E-02 2024 Annual Report for Pit 2 1.61E-02 2024 Annual Report

Soil Bulk Density (gm/cm?3) 1.63 Average OU- PDI for Eastover and Aquia Formations 1.663 Average OU- PDI for Eastover and Aquia Formations
Soil Fraction of Organic Carbon (%) 0.28 PDI-38 Eastover Saturated Zone OU-7 x 2 0.28 PDI-38 Eastover Formation Saturated Zone OU-7 x 2
Substrate EVO Terra Systems SRS®-SD EVO (small droplet, 60% soybean oil) Sodium Lactate Terra Systems 60% QRS-SL™ Plus Sodium Lactate
Native Electron Acceptors TA-07 TA-08 Notes

Dissolved Oxygen (mg/L) 3.1 MW-85, MW-48 (average), 3/2024 0.1 CMT-18 03/2024

Nitrate (mg/L) 0.05 MW-85, MW-48 (average), 3/2024 0.03 CMT-18 03/2024

Manganese (1V) (mg/L) 0.44 MW-85, MW-48 (average), 3/2024 1.3 CMT-18 03/2024

Iron (111) (mg/L) (estimated as the amount of Fe Il produced) 4 MW-85, MW-48 (average), 3/2024 10 CMT-18 03/2024

Sulfate (mg/L) 3.95 MW-85, MW-48 (average), 3/2024 0.5 CMT-18 03/2024

Carbon Dioxide (mg/L) 10 Estimate based on previous EISB injections 10 Estimate based on previous EISB injections
Contaminant Electron Acceptors TA-07 TA-08 Notes

Tetrachloroethene (mg/L) 0.007 MW-85 3/2024 0.007 CMT-18 03/2024

Trichloroethene (mg/L) 0.007 MW-85 3/2024 0.006 CMT-18 03/2024

Dichloroethenes (mg/L) 9.318 MW-85 3/2024 2.609 CMT-18 03/2024

Vinyl Chloride (mg/L) 0.570 MW-85 3/2024 0.920 CMT-18 03/2024

Carbon Tetrachloride (mg/L) 0.000 Not detected 0.000 Not detected

Chloroform (mg/L) 0.000 Not detected 0.010 CMT-18 03/2024

Methylene chloride (mg/L) 0.000 Not detected 0.000 Not detected

Tetrachloroethanes (mg/L) 0.000 Not detected 0.000 No<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>