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1. INTRODUCTION

EA Engineering, Science, and Technology, Inc., PBC (EA) under contract to the United States
Army Corps of Engineers (USACE) Baltimore District will perform the remediation of
chlorinated solvents in groundwater at the former Waldorf Nike W-44 Missile Battery (the Site)
located in Waldorf, Maryland. Work will be performed in accordance with the Performance
Work Statement dated 16 July 2020 to implement the selected remedy to remediate chlorinated
volatile organic compounds (CVOCs) impacts in groundwater at the site under Contract Number
W912DR-19-D-0005/Delivery Order W912DR21F0038. This Remedial Action Work Plan
(RAWP) was developed to govern work performed during the remedial action (RA) and to
define site-specific field investigation activities and analytical protocols for this work. Portions
of this RAWP are based on the previous Final Remedial Design Work Plan (RDWP) (Stell 2020)
which was approved by USACE and Maryland Department of the Environment (MDE).
Changes from the RDWP are summarized in Section 6.

1.1 WORK PLAN OBJECTIVES

The primary objective of this RA to implement the selected remedy in order to attain the site
remedial goals for carbon tetrachloride (CClas) and trichloroethene (TCE) as specified in the
decision document (DD) (ERT Inc. [ERT] 2015). The RA includes in-situ chemical reduction
(ISCR) and in-situ bioremediation (ISB). The following activities will be conducted to help
achieve the RA objective:

e Baseline groundwater sampling

ISCR/ISB groundwater injections (initial and supplemental as needed)
Performance groundwater sampling

Post-injection soil vapor evaluation

Data evaluation.

Field work will be done in accordance with the Accident Prevention Plan (EA 2021a).
Performance monitoring groundwater data will be evaluated using the evaluation protocol
included in this RAWP in order to evaluate the effectiveness of RA and to determine the need for
potential future additional RA activities including additional injections.

1.2 WORK PLAN ORGANIZATION

This RAWP describes the tasks proposed for collection and evaluation of data during the RA
activities. Sections are organized as follows:

Section 1 — Introduction

Section 2 — Technical Project Management
Section 3 — Conceptual site model (CSM)
Section 4 — Remedial Action Sequence
Section 5 — Site Preparation

Section 6 — Injection Design

Section 7 — Performance Monitoring

Former Waldorf Nike W-44 Missile Battery Draft Final Remedial Action Work Plan for
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e Section 8 — Performance Assessment
e Section 9 — Waste Management Plan
e Section 10 — References.

This RAWP includes appendices that detail the methods and procedures to be used in the
collection of data, as follows:

e Appendix A — Uniform Federal Policy (UFP) Quality Assurance Project Plan (QAPP)
e Appendix B — ISCR Product Information

e Appendix C - ISB Product Information

e Appendix D — Referenced Studies.
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2. TECHNICAL MANAGEMENT

Technical management elements for this project include the following: project purpose, project
organization and personnel, project communication and reporting, project deliverables, project
schedule, periodic reporting, subcontractor management, and management of field operations.
Detailed project organization, key stakeholders, and deliverables, are summarized in the Project
Management Plan (EA 2021b). The project schedule is included in Worksheets 14 and 16 of the
UFP-QAPP (Appendix A).

2.1 EAPROJECT PERSONNEL

EA personnel are responsible for management of the overall project and the project
subcontractors. EA, working in conjunction with its subcontractors, is responsible for the
preparation of planning documents, execution of field tasks, and report generation. Contact
information for the key project personnel is provided in Table 2-1.

2.1.1 EA Project Team

e Deputy Program Manager—Ms. Barbara Roeper will support resource allocation and
communicate with USACE at a program-wide level. Ms. Roeper will confer with
USACE on programmatic issues.

e Project Manager (PM)—Mr. Michael O’Neill will serve as PM for the execution of the
project. Mr. O’Neill will oversee and manage the general execution of this contract,
maintain close communication and coordination with project stakeholders, and serve as
the primary point-of contact (POC) with USACE. Mr. O’Neill will be responsible for
executing the project in accordance with the approved plan. Additionally, Mr. O’Neill
will have the ultimate responsibility for aspects of subcontractor performance.

e Deputy Project Manager/Site Geologist—Ms. Denise Wilt, P.G. will serve as alternate
POC for USACE and as the technical and project execution lead for the work. Ms. Wilt
will coordinate closely with the PM, and field personnel to ensure that activities are
consistent and on schedule. Additionally, Ms. Wilt will manage subcontractors and
oversee subcontractor performance.

e Senior Geologist/Hydrogeologist and Senior Technical Reviewer (STR)—Mr. Mike
Hertz, P.G. will serve as STR. Mr. Hertz will be responsible for providing peer review of
technical approach and project deliverables. Mr. Hertz will ensure technical approach
meets Performance Work Statement Performance Objectives and deliverables comply
with contract requirements. Mr. Hertz will also review/approve technical sections of
deliverables commensurate with area of expertise and recommend solutions to improve
quality.

e Site Supervisor—Mr. Mike Phillips will have responsibility for implementing the RAWP
during the injection events.
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Health and Safety—MTr. Peter Garger and Mr. Robert Marcase, Certified Industrial
Hygienists, will have responsibility for developing, implementing, and overseeing all
safety and health aspects of the project.

Quality Assurance (QA)/Quality Control (QC) Director—Dr. Frank Barranco will
ensure this RA is completed in accordance with EA QA/QC policies and programmatic
plans. Dr. Barranco will work closely with the project team to provide valuable reviews
and help assign other peer reviewers for this RA to ensure compliance.

Geographic Information Systems (GIS) Coordinator—Mr. Mark Dhruv is responsible
for all project GIS coordination and data management. Additionally, Mr. Dhruv will
provide day-to-day management and support of the GIS team.

Project Chemist—Dr. Samantha Saalfield will oversee coordination with the analytical
laboratory and data validation process to resolve any data issues. Dr. Saalfield will
oversee development of the UFP-QAPP, the electronic QAPP (eQAPP) and the data
collection process to ensure that data collected are defensible and established data quality
objectives are met.

Chemical Data Management—Ms. Tara Lamond will serve as the Project Data
Manager. She will coordinate with the Project Chemist, the laboratory, the data
validation subcontractor, and the data end users to ensure that all data generated in the
field are valid, reported, and applied appropriately. Chemical data will be managed in a
secure EA electronic database, such as EqulS, to ensure compatibility across platforms.
Chemical data will be uploaded to the Formerly Used Defense Site Chemical (FUDSChem)
database, a secure USACE electronic database for USACE QA review.

Subcontractors

The EA Team has assigned a mix of subcontractors to successfully execute this Delivery Order.
Contact information for the key project personnel will be provided in the planning documents.

Laboratory Analysis (Chemical)—Advanced Environmental Laboratories, Inc. (AEL)
has been identified as the primary analytical services provider. AEL is a Department of
Defense (DoD) Environmental Laboratory Accreditation Program-accredited laboratory.
They will work with EA’s Project Chemist to develop UFP-QAPP components related to
analytical services, including development of electronic data deliverables and
conformance with FUDSChem and eQAPP requirements related to Chemical analytical
services.

Laboratory Analysis (quantitative Polymerase Chain Reaction [qPCR])—Microbial
Insights has been identified as the primary provider for g°PCR Laboratory data. Microbial
Insights will work with EA’s Project Chemist to develop UFP-QAPP components
including conformance with FUDSChem and eQAPP requirements related to qPCR
analytical services.

Data Validation—Synectics will perform data validation on the analytical chemistry and
support the setup of the eQAPP and ensure use of the date in FUDSChem. Stage 2A/2B
validation of the Level IV data packages will be conducted.
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Drilling—GSI Mid-Atlantic, Inc. (GSI) will provide drilling services. GSl is a
Maryland-licensed firm. EA will ensure that drillers hold the applicable state/local
registrations and certifications, and applicable well registration/permitting requirements
are met.

Utility Locators—In addition to Miss Utility clearance, Blood Hound will be contracted
to provide utility locator services in accordance with state/local requirements. The work
plan will identify a utility locator for the site work.

Investigation-derived Waste (IDW) Disposal—It is anticipated that a limited volume of
waste will be generated during sampling and injection activities. EA will containerize,
characterize, and dispose of all IDW in coordination with USACE to obtain signature
authority for disposal, as needed. Vegetation removed for access will be left on site, and
soils moved from the existing soil mound for injection access will not be transported
offsite. The work plan will identify the IDW transportation services and the disposal
facility used for the site work.
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Table 2-1 Key Project Personnel Contact Information

Role

Project Personnel

Phone Number

Email Address

USACE Project Manager

Hamid Rafiee

Tel: 410-962-7546
Cell: 410-320-8790

hamid.rafiee@usace.army.mil

EA Deputy Program Manager

Barbara Roeper

Tel: 410-329-5150
Cell: 410-746-0147

broeper@eaest.com

EA Corporate Quality Manager

Frank Barranco (EA)

Tel: 410-329-5137
Cell: 443-286-8791

fbarranco@eaest.com

Reviewer/Technical Resource

EA Certified Industrial Peter Garger (EA) Tel: 410-329-2425 pgarger@eaest.com

Hygienist/Director of Health and Cell: 410-790-6338

Safety

EA Project Manager Michael O’Neill Tel: 410-329-5142 moneill@eaest.com
Cell: 410-207-1500

EA Task Manager/Geologist Denise Wilt Tel: 410-584-7000 dwilt@eaest.com
Cell: 717-781-5600

EA Site Supervisor Mike Phillips Tel: 410-671-6051 mphillips@eaest.com
Cell: 443-207-3716

EA Senior Technical Mike Hertz Cell: 410-370-1710 mhertz@eaest.com

EA Program Chemist

Samantha Saalfield

Tel: 410-329-5215

ssaalfield@eaest.com

EA Database Administrator

Tara Lamond

Tel: 410-329-5172

tlamond@eaest.com

EA GIS Specialist

Mark Dhruv

Tel: 410-329-5111

mdhruv@eaest.com

GSI Mid-Atlantic, Inc. Driller

Kevin Pumphrey

Tel: 410-303-6068

kpumphrey@gsimidatlantic.com
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3. CONCEPTUAL SITE MODEL

A robust CSM is key during the remedy implementation stage to ensure a successful outcome
and optimization of the remedial design. EA has evaluated previous investigations to refine the
CSM to provide an understanding of the depositional geometry and associated hydrogeological
properties, groundwater geochemistry, fate and transport of the contaminants, and risk associated
with receptors.

3.1 SITE BACKGROUND
3.1.1 Site Location

The site is a formerly used defense site (FUDS) (FUDS Property Number CO3MDO0241) located
at 16816 Country Lane, Waldorf, Charles County, Maryland (Figure 3-1). The FUDS site
boundary and features are shown on Figure 3-2. For purposes of the RA, the site is defined as all
federal, private, and municipal properties that require investigation or remedial activities relative
to addressing the release of CCls and TCE to groundwater, as described in the 2015 DD (ERT
2015). The site is currently used by the Maryland Indian Heritage Society (MIHS),
improvements in the vicinity of the injection area (Buildings 23 and 31) are vacant or used for
storage. Residential properties are located to the west and south of the FUDS along Cedar Tree
Lane.

3.1.2 Site History

Land for the NIKE W-44 FUDS was acquired by the United States Government between 1950
and 1960. The FUDS site was divided into three areas known as a Control Area, Launch Area,
and Housing Area, and it contained easements for access roads, utilities, buffer zones (for the
Launch Area) and an access road connecting the Control and Launch Areas. The Control Area
was located approximately 1 mile west of the Launch Area, along Country Lane. The RA is
associated with the Launch Area only.

Nike Battery W-44 was used by the DoD between 1955 and 1965 for the purpose of the
assembly, launch, and control of guided missiles for defense against hostile aircraft. The site
was used in conjunction with several other Nike missile batteries that were established to defend
the cities of Baltimore, Maryland and Washington, D.C. The Launch Area originally contained
AJAX missiles and it was subsequently upgraded to Hercules Missiles. Numerous
improvements were constructed at the Launch Area including the acid fueling building, barracks,
gate house, generator building, kennel, missile assembly and test building, oil shed, sand filter
building, one underground storage tank, two missile silos (including hydraulic equipment),
electrical utility system, transformers, and other miscellaneous site improvements.

Operations and maintenance at the site included the use of chlorinated solvents such as CCls and
TCE as cleaning agents for bare metals parts, missile bodies, steering fins, stabilizer fins,
ailerons, rocket motor fins, and system components including filters for the launching control
group, power simulator group, flight simulator group, and launcher interconnection box.
Additionally, CCls and TCE were used as degreasing agents and to remove corrosion-prevention
compounds from unpainted surfaces of missile stabilizer fins (USACE 2003).
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Between June 1965 and February 1986, the 15.1 acres that compose the property for the Launch
Area were declared as excess by DoD, and the site was formally transferred to Charles County,
Maryland. The property boundaries coincide with the FUDS boundary shown in Figure 3-2.
Charles County has leased the property to the MIHS for use as a cultural center since at least
2004. It is anticipated that Charles County will transfer the property to MIHS in 2021.

3.2 PREVIOUS INVESTIGATIONS

The Launch Area became eligible for funding under the FUDS program in 1987. Since then,
USACE has conducted several investigations at the site that included the sampling of
groundwater, surface water, surface and subsurface soil, silo sampling, and soil gas as
summarized in the following sections and on Table 3-1. Sampling locations from these previous
investigations are summarized on Figure 3-3. Figure 3-3 shows all the sampling locations from
previous investigations to demonstrate the large amount of investigation that has been completed
to date and not to summarize the timeline of the complete investigation history. A complete
listing and description of historical data collected is available in the referenced documents and
the project administrative record.

Over 30 years of investigations have been performed at the site. In summary, there is currently a
comingled CCls and TCE plumes located at the site that have the potential to cause vapor
intrusion. The remediation of the groundwater was initiated in 2017 with a pilot study to support
the remedial design of remedy implementation.

3.2.1 1986 Donohue Confirmation Study

During the Confirmation Study conducted by Donohue & Associates, five monitoring wells were
installed, groundwater samples collected, and additional water samples were collected from
missile silos and a water supply well. The groundwater samples were analyzed for metals, total
petroleum hydrocarbons (TPH), and volatile organic compounds (VOCs). Additionally, soil
samples were collected. The soil samples were analyzed for metals, TPH, and VOCs.

CCls and TCE, were detected in groundwater samples from monitoring wells MW-4 and MW-5
at concentrations exceeding United States Environmental Protection Agency (EPA) Maximum
Contaminant Levels (MCLs) (Donohue & Associates, Inc. 1987). Lead was also detected above
the MCL in a water sample collected from a missile silo.

3.2.2 1991 Haliburton NUS Site Screening Inspection

During the Site Screening Inspection conducted by Haliburton NUS in 1991, soil, surface water,
groundwater, and sediment samples from monitoring wells at the site (Figure 3-3) were analyzed
for VOCs, petroleum hydrocarbons, metals, semivolatile organic compounds, polychlorinated
biphenyls, and pesticides. Analytical data identified CCls and TCE in groundwater at
concentrations above MCLs (Halliburton NUS Environmental Corporation 1992).
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3.2.3 1993 to 2000 Various Limited Investigations

Between 1993 and 2000, various limited investigations were performed by ATEC Associates,
Inc. (ATEC) (19944, 1994b) and Weston Solutions Inc. (WESTON) (1995, 1996, 2000). The
investigations included monitoring well installation and sampling, soil sampling, a soil gas
survey along the western extent of the FUDS boundary and downgradient of the boundary, and
risk assessment. Data and results of these investigations and risk assessment were summarized
and can be reviewed in the 2005 Remedial Investigation (RI) Report (WESTON 2005). The
findings of the investigations relative to the objectives of the response action described in the
2011 Focused Feasibility Study (FFS) (WESTON 2011) are:

e CClsand TCE concentrations in groundwater samples from monitoring wells MW-4 and
MW-7, and in temporary monitoring wells MW-3A and MW-4A, exceeded federal
MCLs. CClswas also detected at a concentration exceeding the MCL in direct-push
technology (DPT) groundwater sample point GP-3, located immediately downgradient of
MW-4. All other CCls and TCE concentrations detected were either less than MCLs or
non-detect below the MCL (WESTON 2005).

e Soil gas survey results from 1996 indicated maximum CCls and TCE vapor
concentrations of 16 and 23 micrograms per cubic meter (ug/m?) in samples collected
from SG-1, SG-2, and SG-3 located along the western FUDS boundary (Figure 3-3).
Off-site and downgradient soil gas points indicated a maximum CCls vapor concentration
of 6 pg/m? at SG-4 located near the present location of monitoring well MW-18 on
unoccupied Lot 10, and a maximum TCE vapor concentration of 0.08 pug/m? at SG-11
located on unoccupied Lot 8.

e The risk assessment performed by WESTON identified the potential exposure pathways
for vapor intrusion and accumulation in basements and ingestion of groundwater obtained
from shallow private wells if installed in the future. Presently, the sole residence
downgradient of the FUDS boundary and the adjoining residences obtain drinking water
from municipal supply.

3.2.4 2001 Cone Penetrometer Testing

Cone penetrometer testing (CPT) was performed at nine locations (CPT-01 to CPT-09) during
July 2001 using a truck-mounted cone penetrometer rig and an integrated electrical resistivity
cone under the supervision of WESTON on-site personnel. At each CPT location, groundwater
samples were collected (WESTON 2005). CPT sample locations are shown on Figure 3-3 and
CPT hydraulic conductivities are summarized on Table 3-2.

3.2.5 2003 Silo Investigation

In 2003, samples of standing water were collected from defunct on-site missile silos, Silo A and
Silo B, and analyzed for VOCs, perchlorate, and total metals. Perchlorate and VOCs were not
detected in samples collected from either silo (WESTON 2005). The locations of the silos are
shown on Figures 3-2 and 3-3.
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Three downgradient monitoring wells (MW-14, MW-15, and MW-17) were installed to assess
potential leaching of constituents from the silos. Groundwater samples collected from the wells
downgradient of the silos did not exhibit detectable levels of any chemicals of potential concern.
A dye tracer test was performed to determine if standing water in the silos was potentially
leaching from the silos to groundwater. The dye tracer test confirmed that the silos were not
leaking and, therefore, not considered to be a hazard to human health or the environment and not
a source area contributing to the groundwater contaminant plume at the site (WESTON 2005).

3.2.6 2005 Remedial Investigation Report

Additional RI investigation activities were conducted by WESTON including groundwater,
surface water, and soil sampling along with aquifer testing. The following conclusions were
presented in the 2005 RI report:

e The two former missile silos at the site are not leaking standing water;

e CClsand TCE concentrations in groundwater were detected above their respective
MCLs;

e The unnamed intermittent stream west of the site was not contaminated and could be
considered as unthreatened by contamination from the site.

e Potential future groundwater use and the inhalation of vapors associated with
contaminant of concern (COC) concentrations are potential exposure pathways
(WESTON 2005).

e Risks associated with concentrations of COCs in groundwater are within the acceptable
carcinogenic risk range as defined by EPA (1x10** and 1x10°%).

e Non-carcinogenic risks to future child receptors exceeds the EPA hazard index threshold
of 1.0 for groundwater.

3.2.7 2009 Remedial Investigation Addendum

In 2009, an Rl Addendum was conducted by ERT to evaluate the potential risk of soil gas
intrusion with COCs into future on-site and off-site buildings (ERT 2009). The Rl Addendum
concluded that:

e Concentrations of CCls and TCE in shallow soil gas were below EPA risk-based
screening levels for residential air.

e Concentrations of CCls and TCE in groundwater decreased radially and downgradient of
the potential source area at Building 31.

e Concentrations of CCls and TCE in groundwater continued to exceed the EPA MCL.

The passive soil gas survey reported in the 2009 Rl Addendum included 15 soil gas points, 5 of
which were located along the western FUDS boundary. CCls and TCE were detected at
maximum concentrations of 0.17 pg/L and 0.04 pg/L, respectively, at soil gas points SG-1 and
SG-2. The concentrations detected were below the site-specific preliminary Remedial Goal of
0.33 pg/L calculated in the 2005 RI Report (WESTON 2005).
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3.2.8 2011 Focused Feasibility Study

The 2011 FFS established remedial action objectives (RAQOs) for the site-related COCs and
evaluated potential remedial alternatives. The FFS evaluated remedies to address two potential
exposure pathways for the COCs: (1) vapors present in the unsaturated zone entering basements
on adjacent residential Cedar Tree Properties, and (2) potential future groundwater use
(WESTON 2011). Results of the FFS were used to develop the proposed remedial response
identified in the Proposed Remedial Action Plan that was eventually chosen as the selected
remedy in the DD.

3.2.9 2012 Remedial Investigation Addendum

In 2012, a second RI Addendum was completed to address data gaps related to the location of a
potential source area and to refine the extent of the groundwater plume (ERT 2012). A
groundwater sample collocated with boring SB-3 (Figure 3-3) reported a CCls concentration of
29.7 pg/L and a TCE concentration of 32.4 pg/L.

In addition, indoor air samples were collected in 2010 from the basement and first floor of the
residential structure situated on Lot 9 (Figure 3-3), west of Cedar Tree Lane, to address the
potential for a vapor intrusion pathway in residential structures west of Cedar Tree Lane (ERT
2012). Based on the results of the indoor air sampling, no COC concentrations were detected.
Therefore, the RI Addendum determined that no vapor intrusion pathway exists for residential
structures west of Cedar Tree Lane (ERT 2012).

3.2.10 2015 Decision Document

The Final DD presents and describes the selected remedy for the site as ISCR with the
implementation of land use controls (LUCs) (ERT 2015). The Final DD notes that LUCs will be
implemented to prevent the use of groundwater for drinking purposes at the site and the impacted
area downgradient of the site and prevent indoor activities at Buildings 23 and 31 (Figure 3-3),
unless the area is ventilated until groundwater COCs achieve the RAOs for the site. The DD
indicates that it is expected that within five years of implementation of the remedial action, no
hazardous substances, pollutants, or contaminants will remain at concentrations above regulatory
levels preventing unlimited use or unrestricted exposure. The project boundaries are shown on
Figure 3-3. The RAOs for the site stated in the DD are as follows:

e Prevent human exposure via inhalation of CCls and TCE concentrations above risk-based
concentrations; and

e Prevent the use of groundwater until the CCls and TCE concentrations in groundwater are
below the EPA MCLs of 5 pg/L.

The main components of the selected remedy include:
e Baseline groundwater sampling event.

e Injecting environmentally-safe chemicals (e.g., zero valent iron [ZV1] or similar) into the
groundwater plume where physical and chemical processes will combine to create
conditions conducive to destroying CCls and TCE in groundwater.
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e Post-treatment performance monitoring groundwater sampling events.

e Quarterly performance monitoring of groundwater the first year after the injection event
and semi-annual monitoring until achievement of the RAOs are achieved. Installing of
additional groundwater monitoring wells downgradient of the groundwater plume as
necessary to support quarterly monitoring.

e Implementing LUCs to prevent the use of groundwater for drinking purposes at the site
and the impacted area downgradient of the site, if necessary, until CCls and TCE
concentrations achieve the RAOs.

e [f atany point in the future the groundwater plume has migrated under any current
structures or if any future structures are to be constructed within the footprint of the
plume (e.g., residential homes), indoor air samples and/or soil vapor samples may be
required in order to determine if a vapor intrusion pathway is present.

3.2.11 February 2019 Pre-Remedial Design Investigation Final Technical Memorandum

Stell and WESTON conducted a Pre-Remedial Design Investigation (PRDI) during 2017 and
2018 to determine the current site conditions with respect to groundwater contamination and
collect additional information necessary to support the RDWP (Stell 2020). PRDI activities
consisted of baseline groundwater sampling, the installation and sampling of eight new
monitoring wells (MW-19 through MW-26), assessment of the site’s hydraulic conductivity, a
bench scale buffer test, and an injection pilot test to assess site injectability in the vicinity of
MW-4 and MW-19, radius of influence (ROI), and optimal site-specific injection protocol. The
PRDI also included post-injection groundwater monitoring at MW-4 and MW-19 at 2, 4, and 6-
month intervals. A summary of pre-and post-pilot study groundwater sampling parameters and
CCls and TCE concentrations is provided on Table 3-3.

The injection pilot test consisted of eight injection points over two injection events in two key
areas of the site as well as pre- and post-injection sampling events. During the two injection
events, PeroxyChem, LLC EHC® (EHC®) (ZVI and carbon substrate amendments) and
potassium bicarbonate were injected to support abiotic and biotic COC degradation mechanisms
and bring the groundwater pH into an ideal range for biotic COC degradation, respectively. The
amendment was injected upgradient of monitoring wells MW-4 and -19 allowing these wells to
serve as down-gradient performance monitoring points.

Current site conditions were determined during the PRDI (including delineation activities for the
CClas and TCE groundwater plumes) and aquifer tests were performed to determine hydraulic
conductivity. A dense gravel layer above the water-bearing zone prevented the implementation
of membrane interface probe technology during the PRDI to evaluate EHC® distribution in the
subsurface. The PRDI recommended the use of magnetic susceptibility field screening methods
and visual color contrast for future ROI investigations at the site (Stell 2019).

The PRDI produced results indicating the site would be amenable to a large-scale ZVI injection.
Using a top-down injection method coupled with water pre-fracturing, ZV1 was detected in
multiple directions from the injection point at distances of between 3 feet and 6 feet from the
injection point. An injection boring spacing interval of 8 feet was recommended for full-scale
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implementation based on a 4-foot ROI. Additionally, the aquifer geochemistry responded
favorably to amendment injections during the PRDI. Oxidation-reduction potential (ORP) was
substantially reduced as a result of the injections. At the conclusion of the pilot study ORP and
pH were not in the ideal ranges for full scale remedy effectiveness. It was concluded that full
scale implementation would likely further reduce ORP to desirable levels, further promoting the
biodegradation of TCE. The groundwater pH increased to ranges within or nearly within a range
ideal for biodegradation following the addition of a buffer solution.

CCla concentrations were significantly reduced at MW-4. ISCR appears to be the mechanism
behind observed CCls reductions. TCE concentrations were not significantly reduced at either
monitoring well sampled (MW-4 and -19). Some microbial activity appears to be occurring at
the site post-pilot study as indicated by the slight increases in TCE daughter products and slight
increases in CVOC degrading microbial populations. Although TCE concentration reduction
was limited during the relatively small-scale pilot test implementation, the pilot test
demonstrated effective reagent distribution and geochemical influence (Stell 2019).

3.3 CONTAMINANT SOURCES

Historical NIKE operations included the use of chlorinated solvents including CCls and TCE as
cleaning and degreasing agents. Previous environmental investigations have identified CCls and
TCE in groundwater at concentrations exceeding MCLs at wells located adjacent to and
downgradient of the Missile Assembly Building (Building 31). No specific point source has
been identified previously for the groundwater impacts by these previous investigations. The
April 2020 RDWP (Stell 2020) indicates that the source is likely the result of surficial spills of
solvents used to clean missile parts west of the Missile Assembly Building (Building 31). Other
potential source areas include the former Acid Building and associated concrete pad with sump.

One soil boring (SB-3) sample located to south of MW-4 and southwest of the former Acid
Building and Building 31, collected during the 2012 RI addendum investigation was found to
have elevated photoionization detector (PID) readings, and analytical results reported TCE at a
concentration of 287 milligrams per kilogram (ug/kg) at 9 feet below ground surface (bgs),
which exceeds the EPA MCL-based Protection of Groundwater Soil Screen criterion of

1.8 ug/kg. The grab water sample associated with this boring was reported to have
concentrations of CCls (29.7 pg/L) and TCE (32.4 ug/L), both above their respective MCLs.
This sample was located approximately 15 feet north-northwest of an empty, deteriorating steel
55-gallon drum southwest of Building 31. The 55-gallon drum was corroded, broken, and tipped
on its side in a ditch. Because of the drum’s apparent age and condition, its location upgradient
of the groundwater plume, and the presence of TCE in soil samples adjacent to the drum, the
deteriorated drum was determined to be a potential source of the groundwater plume (ERT
2012).

Grab water samples from two downgradient borings (SB-1 and SB-2) also had reported
concentrations of CCls and TCE above the MCL. MW-19 was installed in the vicinity of SB-3
in 2017, and August 2017 analytical results indicate a CCls4 concentration of 18 pg/L and a TCE
concentration of 22 pg/L. Depth to water in MW-19 is approximately 17 feet bgs, which is
below the TCE detected in SB-3 at 9 feet bgs.

Former Waldorf Nike W-44 Missile Battery Final Remedial Action Work Plan for
Waldorf, Charles County, Maryland Remediation of Chlorinated Solvents in Groundwater



EA Project No.: 634250038
Page 3-8
EA Engineering, Science, and Technology, Inc., PBC September 2021

Lines of evidence indicate that the release is currently representative of a late stage release
including the following:

e No visual or chemical evidence of dense non-aqueous phase liquid (NAPL) has been
reported since investigations started at the site in the late 1980s

e Historical CClsand TCE groundwater concentrations are not indicative of the presence of
dense NAPL

e Releases that contributed to the current groundwater impacts likely occurred during
active DoD use of the site prior to when DoD operations ceased at the site in 1971

e The site has low-hydraulic conductivity zones including the lower confining silt that is in
contact with the plume that potentially allow for matrix storage of dissolved and sorbed
phases in these lower flow zones.

3.4 PHYSICAL SETTING

The FUDS is located in the Waldorf Upland Plain District of the Atlantic Coastal Plain
physiographic province. It is relatively flat upland surface composed of alluvial plains and
fluvial-estuarine terraces (Reger and Cleves 2008).

3.4.1 Topography

The FUDS is located on approximately 15.14 acres of relatively flat terrain that is approximately
205 to 210 feet above mean sea level (amsl). A blast berm, which consists of a mound of soil, is
located to the west of Building 31. The berm is approximately 8 feet in elevation. There is a
drainage feature to the west of the blast berm and Building 31, the drainage feature varies from 2
to 3 feet in depth, mostly in a gentle depression. The surface gradient dips to the west/southwest
towards the stormwater detention basin and the unnamed intermittent tributary to Mattawoman
Creek on the west side of Cedar Tree Lane.

3.4.2 Climate

The site has a temperate climate with an average annual precipitation is 44 inches per year with
an average snowfall of 16 inches per year. Temperatures range from an average annual high
temperature of 87 degrees Fahrenheit in the summer months and average low of 28 degrees
Fahrenheit in the winter months.

3.4.3 Geology

A thorough understanding of site geology is important with respect to understanding the
sequence stratigraphy at the site in relation to preferential pathways and for contaminant
transport and sources of matrix diffusion. A review of the Geologic Map of Charles County
(McCartan 1989) indicates that the site is underlain by Pliocene-aged Upland Gravel fluvial
(river) deposits which are underlain by the Miocene-aged Calvert Formation. The channel
deposits of the Upland Gravel, which were deposited by the migration of the ancestral Potomac
River, are thin and wide with fairly horizontal bedding. The Upland Gravel, in general, consists
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of poorly sorted fine to medium-grained sand with lenses of muddy sand and clay, grading
downward to gravelly mud or medium to coarse-grained sand. Borings associated with previous
investigations indicated that sediments overlying the basal silt are consistent with this
description. In general these upland depots are present to depths of 20 to 25 ft bgs. Clay with
fine silt and sandy silt to silt and sand have been observed overlying silt and poorly sorted gravel.
Poorly sorted fine to coarse sand and fine to coarse sub-rounded gravel and very fine silt overly
the basal silt.

The Calvert Formation consists of sand and silt with variable clay content that were deposited in
a shallow shelf environment during a marine transgression. A review of boring logs indicates
that the lower silt descriptions have varied from sandy silt to gray silt to elastic silt; this
previously identified confining unit is likely the upper portion of the Calvert Formation. The
Calvert Formation is reported to reach a maximum elevation of approximately 180 feet beneath
Upland Deposits with a maximum thickness of 100 feet near Waldorf (McCartan 1989). Borings
have been advanced to 35 ft bgs, indicating that the Calvert Formation thickness is greater than
15 ft at the site. The 2005 RI indicates that the top surface of the Calvert Formation varies from
190 feet amsl at MW-12 to 184 feet amsl at MW-17 to 180 feet amsl at MW-11. A generalized
cross-section from west to east is provided as Figure 3-4 and from north to south as Figure 3-5.

3.4.4 Hydrogeology

The depth to groundwater (shallow unconfined aquifer) at the site is on the order of 5 to 17 feet
bgs. The shallow unconfined aquifer thickness is approximately 5 feet at MW-4 and MW-19 and
shallows to 2 feet at MW-7 and 3 feet at MW-12. Flow occurs within an unconfined aquifer
within the Upland Gravel fluvial deposits bound by the less conductive sediments of the Calvert
Formation. Groundwater flow at the site is generally west and northwest at an average gradient
of approximately 0.012 (WESTON 2005). Figure 3-6 is a representative map of the groundwater
potentiometric surface of the shallow aquifer at the site from August 2018.

It should be noted that hydraulic conductivities vary across the site, likely a function of varying
fine content within the fluvial deposits. Hydraulic conductivity varies from 2.8 feet per day
(feet/day) at MW-22 to 19 feet/day at MW-4. Table 3-2 presents a comparison of k values
compared to sediment type. The hydraulic conductivity of the underlying confining layer (silts
of the Calvert Formation) is 1.4x10-3 feet/day based on cone penetrometer dynamic pore
pressure data. Linear groundwater velocities range from 0.09 to 1.04 feet/day, average of

0.75 feet/day (274 feet/year) based on 2017 hydraulic conductivity results of 1.8 to 30.3 feet/day,
typical groundwater gradient of 0.012, and assumed effective porosities of 0.25 to 0.35 for a silty
gravel and sand mixture (Fetter 2001).

3.5 NATURE AND EXTENT OF CONTAMINATION
3.5.1 Saoil

Soil samples have been collected from numerous borings from investigations conducted from
1995 to 2011. One soil boring (SB-3) sample located to south of MW-4 and southwest of the
former Acid Building and Building 31, collected during the 2011 RI Addendum investigation
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had TCE reported at a concentration of 287 nug/kg in a sample collected at 9 feet bgs, which
exceeds the EPA MCL-based Protection of Groundwater Soil Screening criterion of 1.8 ug/kg
but does not exceed direct contact criteria (ERT 2012). No other soil historical samples have
exceeded screening criteria, indicating there no evidence of a large-scale source in soil.

3.5.2 Groundwater

Groundwater sampling has been conducted at the site since 1987, and CCls and TCE were
identified as the primary COCs. CCls and TCE have been detected in monitoring wells located
to the east and southwest of Building 31 since 1986.

Historically CCls has been detected above the MCL of 5 ug/L at MW-4, MW-7, and MW-12
with the highest concentrations occurring at MW-4. Concentrations have fluctuated over time
with a maximum concentration of 450 ug/L reported at MW-4 in 1987. Figure 3-7 depicts the
plume extent as of July 2018 (post-pilot test injections) and Figure 3-8 illustrate CCl4
concentrations over time in wells with historical detections above the MCL. TCE has been
detected above the MCL of 5 ug/L at MW-4, MW-19, and MW-20. TCE concentrations are
highest to the south of MW-4 centered in the area of MW-19 and historical grab samples from
SB-1, SB-2, and SB-3 (2012 RI Addendum). Figure 3-9, depicts the plume extent as of July
2018 (post-pilot test injections) and Figure 3-10, illustrates TCE concentrations over time in
wells with historical detections above the MCL. In general, the concentrations in the plume are
historically recalcitrant likely due to the potential residual source mass or matrix diffusion from
adjacent fine-grained sediments.

Based on available groundwater elevation data, there appears to be seasonal fluctuations,
presumably correlating to recharge received from precipitation. The 2017 Pre-Remedial Design
Work Plan CSM provides data that demonstrate that the 2003 decrease in contaminant
concentrations correlates to an increase in the water table level (Stell 2017). Depth to water at
MW-4 from top of casing (TOC) was reported to be 17.85 feet TOC (192.36 feet amsl) in June
2003 when a CCla concertation of 34 pg/L was reported. The limited historical water level data
indicate that higher concentrations appear to be associated with shallower water table
concentrations; for example, in April 2008, MW-4 depth to water was 18.80 feet TOC (191.41
feet amsl) when a CCla concertation of 340 ug/L was reported. This could point to a line of
evidence for matrix diffusion from the underlying silt, with concentrations concentrated during
low water table conditions.

3.5.3 Vapor Intrusion

The passive soil gas survey reported in the 2009 Rl Addendum reported that soil vapor samples
collected to the west at offsite residential properties were below the site-specific preliminary
Remedial Goal of 0.33 pg/L calculated in the 2005 RI Report (WESTON 2005).

3.5.4 Surface Water
The 2005 RI indicates that no VOCs, lead, perchlorate, or polychlorinated biphenyls have been

detected in surface water samples collected from the unnamed tributary to Mattawoman Creek.
It was concluded that the Site has not impacted surface water quality.
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3.6 LAND USE AND POTENTIAL RECEPTORS

The site has been used by the MIHS since at least 2004 for educational purposes and public
outreach. Land use around the site is primarily low-density residential. MIHS uses the former
personnel barracks, vehicle maintenance building, warhead maintenance building, and generator
building remaining at the site as part of their indigenous heritage education mission. Future use
IS expected to be the same; however, USACE has indicated that the owner may renovate or
remove buildings from the site.

The nearest residences are adjacent to the west (including the Cedar Tree Property) and to the
south property boundaries of the site. Three lots designated for proposed residential housing are
located approximately 50 to 100 feet to the west of the Nike Launch Area. Figure 3-2 presents
an aerial view of land use around the site. It is anticipated that residential use of the surrounding
area will continue for the foreseeable future.

3.7 PATHWAY EVALUATION
3.7.1 Soil

Concentrations of COCs in soil do not exceed direct contact screening criteria, therefore the
pathway to human receptors is not complete. The soil to groundwater pathway is complete, TCE
concentrations exceed soil to groundwater criteria at a sample collected from above the water
table at SB-3.

3.7.2 Groundwater

There are currently no potable wells onsite or immediately downgradient of the site, however no
use restrictions are currently in place to prevent the installation and consumption of impacted
groundwater. The selected remedy will prevent the use of shallow unconfined groundwater until
the groundwater concentrations for CCls and TCE achieve the RAOs.

The main supply aquifer in the site vicinity is the Magothy Formation, which is roughly 500 feet
bgs. Four wells that supply residents in the area are drawing from the Magothy Formation.
These wells are located within a 4-mile radius of the site (WESTON 2005). The Magothy
aquifer’s recharge area is located in Virginia and is overlain by three main confining units.
These aquitards consist of the Calvert, Nanjemoy, and Marlboro Formations, and together are
roughly 300 feet thick. Based on site and regional stratigraphy, there is no reasonable potential
for contaminants present in the shallow aquifer to migrate laterally or vertically into a drinking
water aquifer.

3.7.3 Vapor Intrusion

The vapor intrusion pathway was most recently evaluated in 2009, results indicate no complete
pathway to residences to the east. There are currently no occupied buildings within the footprint
of the onsite CCls and TCE groundwater plumes.
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3.8 CONCLUSIONS

The following can be concluded based on information presented in this CSM:

e The 2012 RI Addendum indicates that there is a potential residual TCE source in soil in
the vicinity of SB-3/MW-19 at 9 feet bgs. The potential of this soil source should be
confirmed during the injection event to determine the potential for the flushing of TCE
via recharge (precipitation infiltration).

e Contaminant concentrations have reduced marginally since 1986; biodegradation is not
evident in the core of the CCls and TCE plumes. Matrix diffusion from either sediments
above (as evident at SB-3) or from the underlying silt is likely occurring given
contaminant persistence and concentration fluctuations.

e The concentrations in the plume are historically recalcitrant likely due to the residual
source mass noted above, there are slight indications of biodegradation on the plume
fringes. These areas will require less injectate mass to facilitate remediation once the
residual source area is treated.

e The hydraulic conductivity and sediment types indicate that injectate will be readily
accepted by the formation in the transmissive portion of the aquifer. The residual source
area will require denser injection.
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Figure 3-4 — Conceptual Site Model West To East Cross-Sectional View
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Figure 3-5 — Conceptual Site Model North to South Cross-Sectional View
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Figure 3-10 - Trichlorethene Concentrations Over Time
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Table 3-1 — Chronology of Investigations and Remediation Actions
Investigation/Remedial Action Year
Donohue & Associates Confirmation Study 1986
Initial Inventory Project Report 1990
Haliburton NUS Site Screening Inspection 1991
One UST removed adjacent to Generator Building December 1994
Three Transformers removed adjacent to Generator Building March-May 1995
ATEC Limited Investigations 1994
WESTON Limited Investigations 1995, 1996, 2000
WESTON Cone Penetrometer Testing 2001
WESTON Silo Investigation 2003
EA Inventory Project Report Addendum 2004
WESTON Remedial Investigation 2005
ERT Remedial Investigation Addendum 2009
WESTON Focused Feasibility Study 2011
ERT Remedial Investigation Addendum 2012
ERT Final Decision Document 2015
Stell and WESTON Pre-Remedial Design Investigation 2017-2018
Table 3-2 — Comparison of Hydraulic Conductivities
Location Depth (ft bgs) k (ft/day) Sediment Type
CPT-03 17-18 171 Gravelly-sand
CPT-03 18-19 131 Lower sand
CPT-06 16.2-17 2711 Gravelly-sand
CPT-06 17.2-18 691 Lower sand
MW-4 Screen 14-24 24.3°2 Silt and fine sand grading to
gravel, sand, and silt
MW-7 Screen 20-30 0.331t0 0.56 * | Sand with silt and gravel
MW-12 Screen 13.5-20.5 | 13.9° Gravely sand
MW-16 Screen 9-19 22.1° Sandy gravel
MW-19 Screen 15-25 1.82 Sand and gravel to sand
Notes:
1 — Weston 2005, Remedial Investigation, Nike Battery Launch Area (W-44).
2 — Stell 2019, Final Technical Memorandum, Pre-Remedial Design Investigation.
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Table 3-3: Pre- and Post-Pilot Study Groundwater Sampling Parameters and Contaminant of Concern Summary

Monitoring Depth Purge Conductivity | Turbidity DO Temp | ORP | Total Maximum Type of Purge
Well Date Time to Rate_ oH (uS/cm) (NTU) (mg/L) (C9) (mV) | Purge | Drawdown Purge Pump CT TCE
Water | (mL/min) Volume (feet) Pump Placement® | (pg/L) (no/L)
(feet) (gal) (feet)
Preliminary Sampling
MW-4 4/5/2017 1740 20.57 250 4.96 69 57 8.22 11.96 218.6 2.6 0.49 Submersible 255 150 8
MW-7 4/5/2017 1450 224 300 4.83 67 80.1 4.46 12.01 282.6 3.5 0.4 Submersible 315 11 0.2J
MW-11 4/7/2017 0915 5.97 200 55 205 234 0.19 7.5 20.8 29 0.1 Submersible 15 0.47J <0.1
MW-13 4/7/12017 1050 6.4 400 5.56 208 38.4 241 6.31 42.2 211 Submersible 11 <0.1 <0.1
MW-17 4/5/2017 1250 18.6 200 5.39 81 227 1.12 13.39 87.1 3 0.9 Submersible 25.5 <01 <0.1
MW-18(1) 41712017 1240 12.52 300 4.99 117 54.8 2.06 9.6 193.6 3.5 0.03 Submersible 21 1 <0.1
MW-18(2) 4/7/2017 1605 12.64 400 4.89 117 30.6 NR 8.99 252.7 4.75 0.26 Submersible 21 NA NA
Secondary Sampling
MW-12 8/30/2017 1549 21.32 1000 5.04 66 14.05 7.07 17.61 253 5 1.8 Submersible 23 150 9.2
MW-16 9/1/2017 0925 17.49 700 441 92 9.4 1.89 16.08 181.1 0.95 Submersible 16 <0.1 <0.1
MW-19 8/30/2017 1710 17.97 700 4.62 79 68 3.81 16.23 236.5 1.74 Submersible 24 17 22
MW-20 8/30/2017 1410 12.5 700 4.53 86 16.6 6.35 18.06 249.5 10 0.21 Submersible 24 23 10
MW-22 8/30/2017 1245 10.48 900 5.33 92 20.5 2.78 20.42 186.6 0.28 Submersible 225 0.11J <0.1
MW-23 8/30/2017 1000 16.48 500 5.09 109 0.0 6.79 21.25 107.6 0.78 Submersible 19 1.9 <0.1
MW-24 8/30/2017 1120 13.71 600 4.56 55 23.1 5.72 19.35 2315 6.5 0.23 Submersible 225 26 1
2 Month Post-Injection Sampling
MW-4 3/06/2018 1150 20.1 200 5.69 168 1.7 251 12.59 -4.5 2.11 14 Submersible 23 140 8.6
MW-19 3/06/2018 1400 17.7 200 5.86 1192 194 0.23 11.9 -137.3 3.7 0.85 Submersible 24 31 23
4 Month Post-Injection Sampling
MW-4 5/7/2018 1103 19.75 200 5.62 176 7.2 2.15 14.01 22.1 2.7 0.1 Submersible 23 72 8.1
MW-5 5/8/2018 1020 17.65 200 4.76 65 7.4 7.43 12.3 234.2 1.8 0.25 Submersible 18.5 <01 <0.1
MW-19 5/7/2018 1430 16.9 200 6.1 2282 272.5 -04 11.12 -59.7 2.6 0.15 Submersible 24 16 18
6 Month Post-Injection Sampling
MW-4 7/10/2018 1310 19.97 500 5.86 211 0.0 2.13 18.93 25.9 5.6 1.67 Submersible 23 36 75
MW-19 7/10/2018 1030 18.3 500 6.0 2.546 0.0 0.51 15.32 -66 14 1.53 Submersible 24 1 23
MW-21 7/11/2018 1310 11.7 600 4.65 93 4.3 2.33 19.23 274.3 1.2 0.4 Submersible 18 <0.1 <0.1
MW-25 7/11/2018 0940 19.21 500 4.85 60 0.0 5.77 16.49 317 1.2 0.02 Submersible 27 041 0.11J
MW-26 7/11/2018 1120 9.55 600 5.58 148 19.2 0.39 20.52 212.1 12 0.03 Submersible 19 3.3 19
Note:

mL/min: milliliters per minute (uS/cm): microSiemens per centimeter NTU: Nephelometric Turbidity Unit mg/L: milligram per liter
C: Degrees Celsius mV: millivolt

gal: gallon

NR=no

reading

NA - Not anlayzed

J - Estimated value greater than or equal to the method detection limit and less than or equal to the limit of quantation

1 —Pump placement feet below top of casing
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4. REMEDIAL ACTION SEQUENCE

The planned sequence of tasks necessary to implement the RA include the following:

Baseline groundwater sampling

Offsite site preparation

0}
0}

Obtain fire hydrant permit
Miss Utility request submitted (boundaries of injection areas will be marked)

Mobilization onsite and site preparation

0}

o O O O

0]

Staging area preparation

Vegetation clearance

Injection location marking

Soil movement for access to injection areas
Makeup water supply

Utility clearance

Soil sampling in vicinity of SB-3

ISCR Injection at 194 injection points

0}
0}
0}
0}

Injection conditioning

Injection material handling

Process monitoring and documentation of individual injection points
ISCR distribution monitoring

Management of IDW and demobilization

3-Month Post-Injection Performance Sampling and Assessment (including soil vapor
sampling)

ISB Injection at 64 injection points (exact timing to be determined, see below for rationale)

6-Month Post-Injection Performance Sampling and Assessment (soil vapor and
groundwater)

9-Month Post-Injection Performance Sampling and Assessment (groundwater)

12-Month Post-Injection Performance Sampling and Assessment

18-Month Post-Injection Performance Sampling and Assessment

24-Month Post-Injection Performance Sampling and Assessment

30-Month Post-Injection Performance Sampling and Assessment

39-Month Post-Injection Performance Sampling and Assessment

RA completion reporting.
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e LUC implementation support, as necessary if it is determined that monitored natural
attenuation is required to obtain unrestricted use/unrestricted exposure (UU/UE).

Details regarding mobilization activities and injections activities are discussed below in Sections 5
and 6, respectively.  MDE will be notified two weeks prior to any invasive field work including
the ISCR and ISB injections and monitoring well installation.
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5. SITE PREPARATION

In order to ensure successful injection events, planning and site preparation will be conducted
prior to injection events.

5.1 SITE CONTROLS

The site is fenced, and the gate is locked. No additional security is planned for the injection
equipment. Access to the site will be coordinated through staff at the American Indian Cultural
Center located on-site.

5.2 VEGETATION CLEARING

The site will require some vegetation removal to allow for access of the DPT equipment.
Vegetation in the injection area consists of scrub undergrowth among scattered mature trees.
After marking the general injection areas, a skid steer with a brush hog attachment will be used
to perform vegetation clearing. A chain saw will be used to remove vegetation stumps, as
necessary, to allow sufficient clearance for the track-mounted DTP equipment. No trees with a
diameter greater than 6 inches will be removed. Locations will be offset as necessary to avoid
trees with a diameter greater than 6 inches. Cleared vegetation will remain onsite.

5.3 MONITORING WELL INSTALLATION

Two additional monitoring wells will be installed, developed, and sampled prior to the first
injection event. The locations of the proposed monitoring wells are shown on Figure 6-1. The
rationale for installation is as follows:
e Injection Area C — MW-27 to be placed based on 2012 soil boring CCls exceedence, no
monitoring well in the immediate vicinity or downgradient
e Injection Area D — MW-28 placed based on 2012 soil boring exceedances, no monitoring
well in the immediate vicinity or downgradient

Wells will be installed via the DPT equipment and developed in accordance with EA Standard
Operating Procedure (SOP) 19 (included in Appendix C of the UPF-QAPP). Monitoring wells
will be constructed of 2-in.-diameter, Schedule 40 PVC well casing and 0.010-in., machine-
slotted PVC well screen. If boring hole stability is an issue, pre-pack well screens may be
utilized for well installation.

Soil cores (associated with wells) will be collected using a track-mounted DPT unit (e.g.,
Geoprobe®). Each boring will be advanced by a hydraulically driven, 5-foot-long, stainless-steel
barrel sampler (2-inch interior-diameter) lined with a new, dedicated clean plastic liner for each
5-foot interval. Soil cores will be collected continuously from grade to provide site lithology and
characterization information. The barrel sampler will be advanced through an auger rod
advanced following the barrel core sampler run.

Clean medium sand will be used to construct the filter pack from 1 ft below the bottom of the
well to 2-3 ft above the top of the screened interval. The sand will be tremied into the well, and
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the depth to the top of the filter pack will be measured frequently with a weighted measuring
tape. If bridging of the material occurs, a small amount of clean, potable water may be used to
remove the bridge and allow the filter pack to settle correctly. A 2-ft-thick bentonite seal will be
installed after the filter pack. Bentonite seals will be composed of commercially available 100
percent sodium bentonite chips or powder. The chips will be mixed with water into a slurry and
tremied into the annular space between the borehole wall and well casing.

The annular grout seal will be placed above the bentonite seal, after the bentonite seal has had
2 hours to hydrate. The annular seal will consist of cement-bentonite grout, composed by weight
of 10 parts cement (Portland cement, any of Types I to V) to one-half part bentonite with a
maximum of 6 gallons of approved potable water per 94-pound bag of cement (equating to
approximately 5 pounds of bentonite clay to one 94-pound bag of cement). Bentonite will be
added after the required amount of cement is mixed with water. Additives or borehole cuttings
will not be mixed with the grout. The grout will be pressure-tremied into the annular space to
within 3 ft of the surface (below the frost line). The grout will be allowed to cure for a
minimum of 8 hours. The grout will be checked for settlement after 24 hours and more grout
will be tremied to within 3 ft of the surface if settlement has occurred (SOP 19, provided in
Appendix C of the UPF-QAPP).

Monitoring wells will be finished with a flush mount well pad.

A survey of the newly installed wells will be conducted to determine State Plane coordinates and
elevations of sampling locations. Coordinates will be referenced to Maryland State Plane North
America Datum 1983. Elevations will be referenced to North America Vertical Datum 1988
mean sea level. Elevations will be measured to the top of the stick up casing and to the ground
surface. The survey will be performed to an accuracy of +/-0.01 ft for vertical data and +/-3 ft
for horizontal data.

5.3.1 Well Development

Proper well development to remove fine material surrounding the well screen is crucial to
obtaining accurate results during aquifer testing. Development of wells will begin no sooner
than 48 hours and no later than 7 days following well completion. Development will proceed in
accordance with “SOP No. 19 Monitoring Well Installation” (Appendix C of the UPF-QAPP).

Development will be completed through the use of a surge block and a submersible pump.
Initially, a pump will be used in order to ensure that water flows into the well and to remove
some of the fine materials. A surge block will then be used to allow any material blocking the
screen to break up, go into suspension, and move into the well. After 5-10 minutes of surging,
the well will then be pumped to remove mobilized particles and stabilize the well. Cycles of
surging and pumping will be performed until little or no sediment can be pulled into the well and
the following water quality conditions are met. At a minimum, three to five well volumes of
water will be removed from each well during development activities.

Purge water will be monitored with a YSI 3800 water quality meter using an in-line flow-
through cell or similar equipment, and parameters will be recorded at 5-minute intervals for
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parameters such as pH, conductivity, temperature and turbidity. When the parameters have
stabilized over three consecutive readings, the well will be considered developed. Target values
for the indicator parameters listed above are as follows: pH — stabilize, conductivity — stabilize,
ORP - stabilize, dissolved oxygen —- stabilize, temperature — stabilize, turbidity — 5
nephelometric turbidity units (NTUs) or stabilize. A value is considered to have stabilized when
three consecutive readings are within 10 percent of each other. If parameters have not stabilized
after removing five well volumes of water, field personnel will inform the EA project manager
and commence sampling. Information will be recorded on the Field Record of Well
Development for each well (a sample form is provided in Appendix D of the UPF-QAPP).

5.4 INJECTION POINT MARKING

Before the start of the injection program, the injection locations will be marked in the field based
on existing permanent landmarks (i.e., permanent groundwater monitoring wells) using
measuring tape supplemented with global positioning system (GPS) equipment as needed. The
first and terminal borings in each row will be located via GPS, borings within the row will be
marked using measureing tape or GPS. The location of each of the 194 injection points will be
marked with either wooden stakes or flags to support necessary vegetation clearing.

Injection point locations coordinates are included on Tables 6-1 to 6-4. Given the mature tree
overgrowth, there is the potential for poor GPS reception in certain areas. In the event of poor
GPS reception, the injection points will be measured using wells as points as reference or
buildings (Injection Area C), with points spaced in 8 ft intervals, using a compass to maintain
consistent headings.

5.5 SOIL MOVING

Minor earth moving will be performed as part of the site preparation for the ISCR application in
the area of the soil blast berm. This will allow access for the DPT injection equipment. Site
reconnaissance conducted on 22 January 2021 indicated that soil movement will be necessary to
allow access to the top of the soil berm with the DPT equipment. The blast berm is
approximately 10 feet high and 20 to 25 feet wide. It is anticipated the soil will need to be
redistributed to allow for safe access for the track-mounted DPT injection equipment to reach the
flat top of the mound and along the side of the mound to allow for injections in these areas. The
potential area of soil disturbance is less than the approximately 1,800 square feet estimated in the
RDWP (Stell 2020).

According to Charles County regulations, the area of disturbance that triggers an Erosion and
Sediment Control Plan is 5,000 square feet or 100 cubic yards of soil. Although an Erosion and
Sediment Control Plan will not be required, the site clearing and earth moving work will be
conducted in accordance with Maryland best management practices for erosion and sediment
control including stabilization of disturbed soils. No other environmental controls are
anticipated during implementation of the RA.
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5.6 STAGING AREA PREPARATION

The staging area will serve as the equipment and remedial amendment storage area for the
implementation of the RA. The proposed staging area is secure inside a locked gate and a chain-
link fence surrounding the perimeter of the site. The proposed staging area will be a paved area
to the south of Building 22 and west of Building 23. Paved surfaces are also present on-site and
will facilitate heavy vehicle traffic (i.e., frac tank mobilization or equipment and amendment
deliveries). The injection DPT rig and support trucks will be stored at the staging area overnight,
as necessary.

Before beginning the injection program, the following equipment will be staged at the site’s
staging area and discussed in further detail below:

e Two frac tanks with a volume capacity of approximately 20,000 gallons.

e Hose of sufficient length and capacity to connect the frac tanks with the fire hydrant
located west of the site.

e ISCR application material.
e Portable toilet and wash station.
e Conex box to store equipment and supplies.

e SDC-9 Inoculum must remain chilled to maintain efficacy. Coolers will be staged in the
Conex box, so inoculum can be maintained on ice. This will only be staged onsite prior
to the ISB injection event.

5.7 MAKEUP WATER SUPPLY

The makeup water needed for the injection will come from a potable water source. The fire
hydrant located outside the site’s perimeter fence (Figure 3-2). This hydrant is located west of
the site beyond the site’s perimeter fence along Cedar Tree Lane.

As a result of the location of the proposed water source, two frac tanks with a volume capacity of
approximately 20,000 gallons will be brought on-site. These frac tanks will be positioned near
the injection area and will mix water from the hydrant and ISCR amendment (which will also
reduce chlorine/trihalomethanes in the potable water prior to injection). Water will be added to
the frac tanks by running hose from the fire hydrant to the frac tanks. The perimeter fence may
have to be temporarily opened to facilitate placement of the hose.

5.7.1 INJECTIONCONDITIONING

Prior to mixing, the initial water quality of the potable water from the hydrant will need to be
assessed (i.e., pH, ORP, and dissolved oxygen [DQ]). This will determine the proper treatment
dosage to generate makeup water with anaerobic, reducing conditions. ORP, pH, and DO will be
measured using a calibrated multi-parameter water quality meter (YSI Pro Plus, or equivalent).

The makeup water must be anaerobic before injection to prevent conditions that would be
detrimental to dehalogenating bacteria that would support biotic COC degradation. Potable
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water quality data will also be obtained from the Charles County Public Works Utilities Division
to confirm that the water is usable with or without pretreatment.

In order to allow sufficient time to create the necessary anaerobic conditions in the frac tanks, the
process of filling these tanks will begin several days before the injections begin. Sodium
ascorbate will be added to the makeup water to turn the water anaerobic and neutralize chlorine
and dichlorination by-products that could inhibit or kill microbial communities at an initial rate
of 2.5 pounds per 1,000 gallons of water. Additional sodium ascorbate will be added if DO is
detected at 1 milligrams per liter (mg/L) or greater in the makeup water.

5.7.2 DISCHARGE TO SURFACE WATER BODIES

Based on the depth of injection and dense nature of subsurface materials, surface discharge of
injected materials to surface water bodies is unlikely. However, if surface discharge were to
occur, the most likely location would be the on-site ditch adjacent to the injection area. The
ditch and completed injection points will be visually monitored for surface discharge. If
injection amendment discharge is detected visually in the ditch, the injection boring experiencing
active injection at the time of the detection will be terminated and abandoned.

If makeup water (i.e. potable water) remains in the frac tanks at the completion of injection
events, water will be slowly discharged into onsite drainage ditch.

5.8 PERMITTING AND ACCESS REQUIREMENTS

The following permits and waivers must be completed and approved before the ISCR injections
can take place.

5.8.1 Utilities Clearance

Maryland Miss Utility will be notified before intrusive work begins. A private utility locator
(discussed in Section 5.8) will also be contracted to screen the planned injection area for utilities
and subsurface anomalies.

5.8.2 Fire Hydrant Permit

A fire hydrant permit will be obtained before withdrawing water from the hydrant. A fire
hydrant permit, will require the following:

e Reduced pressure principal backflow preventer assembly, tested annually.
e County-issued water volume meter.
e Compliance with meter reading schedule set forth by Charles County.

5.8.3 Injection Permit

The Code of Maryland Regulation 26.08.07.01 establishes Maryland’s primacy of the
Underground Injection Control Program, which is managed by the MDE, and prohibits any
underground injection except as authorized by rule or permit. No permits are required for RAs
performed at Comprehensive Environmental Response, Compensation, and Liability Act sites.
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An injection permit is not required from MDE because the injection work would be conducted in
accordance with an approved RAWP. However, MDE will be notified prior to beginning
injections and MDE will be provided with a copy of this RAWP.

5.8.4 Materials Management

Portions of the I1SB applications require additional management. The microbial inoculum must
be maintained at a temperature between 2 to 4 degrees Celsius. SDC-9 Inoculum must remain
chilled to maintain efficacy, and it can be stored for up to three weeks if this temperature is
maintained. When the inoculum is received it will initially be stored in a laboratory refrigerator
at the EA facility in Hunt Valley, Maryland. Onsite the inoculum will be stored within a Conex
box on ice to ensure the material is kept at the correct temperature before application. The
inoculum will be ordered and delivered prior to the injection event.

The ISCR application material (ZV1 and pH buffer admendments) must be kept dry prior to use.
It will be stored onsite in a dry location or under tarps.

5.9 THIRD-PARTY UTILITY CLEARANCE

As discussed in Section 5.7.1, a Miss Utility public utility locate request will be submitted and
verified for completion before intrusive work begins. The locate request will also be renewed as
needed for the duration of intrusive work. Additionally, a private utility locator will be
subcontracted to screen the proposed injection area using radiofrequency and ground-penetrating
radar utility-locating techniques. Markings emplaced by the private utility locator will be
maintained by injection implementation personnel for the duration of intrusive work. These
markings will also be documented in photographs taken prior to the start of injections.

5.10 SB-3POTENTIAL SOURCE EVALUATION

As previously noted in the CSM, one soil boring (SB-3) collected during the 2011 RI addendum
investigation was found to have elevated PID readings, and analytical results reported TCE at a
concentration of 287 ug/kg at 9 feet bgs, which exceeds the EPA MCL-based Protection of
Groundwater Soil Screen criterion of 1.8 ug/kg. In order to determine if there is a recalcitrant
TCE source in this area, three soil borings will be advanced in the general area of this former soil
boring.

Soil cores (associated with soil borings) will be collected using a track-mounted DPT unit (e.g.,
Geoprobe®). Each boring will be advanced by a hydraulically driven, 5-foot-long, stainless-steel
barrel sampler (2-inch interior-diameter) lined with a new, dedicated acetate liner for each 5-foot
interval. Soil cores will be collected continuously from grade to provide site lithology and
characterization information to maximum depths of 15 to 20 feet bgs. Borings will not be
advanced past the water table to avoid dragging any impacts downward. Continuous VOC
monitoring will be conducted with a PID. The PID will be calibrated according to
manufacturer’s specifications daily. The results of the field screening will be recorded on boring
logs along with soil lithology characterization using the Unified Soil Classification System in
accordance with SOP-64.
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Soil samples will be collected per boring location where impact was observed (visually, odor,
PID response). Soil samples from borings will be collected using the following rationale:

e If no obvious impact was observed, a sample will be collected above the groundwater
interface;

e |If obvious impact is observed, a sample will be collected from the most impacted
interval; and

e An additional sample may be collected at the discretion of the field geologist from the
borings with obvious impact at the interval from below the impacted interval, but above
the groundwater interface.

Upon retrieval from the sampler, the acetate liner will be cut to expose the entire length of the
core. Aliquots for VOC analysis will collected using a Terracore sampler via EPA Method SW-
846 8260C. Samples will be placed in the appropriate bottle ware and placed in an iced cooler.
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6. INJECTION DESIGN

6.1 REMEDIAL ACTION BASIS OF DESIGN

The 2015 Final DD is the current and guiding document for the selected remedy. The DD identifies
the selected remedy as ISCR using ZVI, combined with LUCs, to prevent exposure to CVOCs until
concentrations in groundwater have declined to below EPA groundwater standards that meet the
RAOs (ERT 2015). The DD describes the ISCR amendments as “typically consisting of fibrous
organic carbon and microscale ZV1”. The DD further states: “Toxicity, mobility and volume of
contaminants will be reduced quickly through abiotic chemical reduction reactions that occur
between the VOCs and the reactive iron amendments” and “Additional reductions in toxicity,
mobility, or volume of contaminants will occur more gradually via biological transformation
processes stimulated by the carbon portion of the in-situ amendments.” Specifically, the selected
remedy will address concentrations of CClaand TCE in groundwater. Specific elements of the RA
include the following:

e Implementing LUCs to prevent the use of groundwater for drinking purposes at the site
and the impacted area downgradient of the site, if it is determined that monitored natural
attenuation is required to obtain unrestricted use/unrestricted exposure (UU/UE), until
CClsand TCE concentrations achieve the RAOs.

e Baseline groundwater sampling to establish pre-RA COC concentrations
e ISCR groundwater injection (e.g., ZVI or similar)
e ISB groundwater injections

e Performance groundwater sampling post-injection to systematically evaluate effectiveness.
Quarterly performance monitoring of groundwater the first year after the injection event
and semi-annual monitoring until achievement of the RAOs is verified.

e Post-injection soil vapor evaluation to determine current vapor intrusion risk to
downgradient residential properties

Elements of the remedial design include materials to be injected into the groundwater, locations of
injections, spacing of injections, ISCR injection design, and ISB injection design. The amendments
and microbes will be injected into the ground during two separate events. Initially, the ISCR
injection event consisting of Provect-IR™ and a sodium bicarbonate buffer will be injected
followed by a ISB injection event of SDC-9, an inoculum containing a consortium of naturally
occurring microbes capable of degrading CClsand TCE. The injection events will require site
preparation as detailed in Section 5. Baseline and periodic performance groundwater monitoring
will be conducted as detailed in Section 6.

6.2 INJECTION MATERIALS

The following provides the rational for the use of each injection material to be used in the RA. It
should be noted that the intended ZVI and pH buffer materials deviate from the 2020 RDWP,
however the 2015 DD document specifies environmentally safe chemicals (e.g. ZVI or similar),
therefore the proposed changes are not deviations from the DD.
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6.2.1 ZVI

The 2015 DD indicates ISCR using ZVI, described as “typically consisting of fibrous organic
carbon and microscale ZVI1.” In general, the ZVI particles provide a large reactive surface area that
simulates direct chemical dechlorination of CVOCs as contact occurs. Ferrous iron (Fe+2) is
released into the groundwater, as it transports to areas with higher redox potential ferrous and ferric
compounds (i.e., iron oxide and sulfide) precipitate. These ferrous compounds additionally
stimulate abiotic (chemical) dechlorination reactions downgradient of the injection area.
Additionally, biotic (biological) dechlorination can occur when reducing conditions are achieved
allowing for Dehalococcoides sp. (DHC) to flourish.

The 2017-2018 pilot test utilized EHC® and the 2020 RDWP proposes the use of EHC® Plus.
EHC® is an amendment composed of ZV1 nanoparticles, controlled-release substrate, and nutrients.
EHC® Plus contains additional 15 percent (%) powdered activated carbon (PAC). The rationale for
the use of EHC® Plus in the RDWP (Stell 2020) is not explicitly indicated:; it is presumed to be
based on the addition of the PAC. Based on our review, we have identified a bench-scale study that
suggests that treatment including PAC and activated carbon results in lower dechlorination activity
(McGee 2018, provided in Appendix D), an undesirable result.

EA intends to use Provect-IR™ as the ZVI material. Provect-IR™ is a mixture of 40% ZVI
powder; the remaining 60% of the Provect-IR includes refined plants, kelp, and seaweed along with
other components such as sodium sulfite and calcium propionate. By reviewing the data to date, we
believe that the injection should focus on ZVI and not rely on PAC to treat the COCs, Provect-IR™
does not include PAC.

The ZV1 itself in Provect-IR™ is more than 99% purity by weight with more than 99% of the ZVI
particle size less than 70 microns and at least a three times greater surface area than similar fine ZVI
options. The sodium sulfite typically eliminates the need to create anaerobic conditions and the
calcium propionate is a carbon primer for DHC and other naturally occurring microbial population
growth. Additionally, it includes antimethanogenic reagents (AMRSs). Methanogens are ubiquitous
and double in population in hours versus days during carbon substrate use during injections as
proposed in the RDWP, thereby creating another potential vapor intrusion risk. Considering that
vapor intrusion is a potential concern at the site, the AMRs in the Provect-IR™ will mitigate
potential incidental vapor intrusion risk caused by the groundwater remediation.

Based on an application rate of 0.5% by soil mass, as recommended by the manufacturer, it is
estimated that approximately 46,350 pounds of Provect-IR™ is required. This equates to

250 pounds per injection point at 194 injection points. A product fact sheet is provided in Appendix
B, and additional injection details are presented below.

6.2.2 pH Buffer

Acceptable pH for microbial contaminant degradation is between 5 to 9, with an optimal pH range
from 6 to 8. Existing pH values typical of the contaminated aquifer are generally below the ideal
range. Additionally, the contaminant degradation process can further lower the pH of the aquifer by
generating volatile fatty acids and liberating chloride ions from chlorinated contaminant molecules.
Therefore, the pH of the aquifer will be adjusted to the appropriate pH range by injecting sodium
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bicarbonate buffer concurrently with the ZVI amendment. A bench scale buffer test was performed
prior to implementation of the pilot scale injection test and buffer dosing results from the buffer
tests were used to establish buffer dosing rates for the pilot test and full-scale implementation (Stell
2019). The bench test indicated that an application rate of 0.5% by soil mass was sufficient to raise
pH.

EA plans the use of sodium bicarbonate in lieu of potassium bicarbonate to buffer groundwater pH.
The alkalinity titration performed during the bench-scale pilot study utilized potassium bicarbonate;
however, the bicarbonate ion is the driver in the buffering process. The substitution of sodium for
potassium is not expected to substantially impact the effectiveness of the bicarbonate to buffer. EA
has successfully utilized sodium bicarbonate to buffer pH on multiple groundwater injections at
several sites at Aberdeen Proving Ground (Tower Road, Defense Reutilization and Marketing
Office, Building 525, Building M600, and New O-Field). Other reagents used to raise and buffer
pH include magnesium hydroxide and silicate minerals, and phosphate. In the event that
bicarbonate is not found to be a sustainable buffer, an alternate will be considered in combination
with the analysis of post-injection groundwater data.

Based on the results of the bench-scale testing completed as part of the pilot test using an
application rate of 0.5% by soil mass, 250 pounds of sodium bicarbonate will be applied per
injection point at 194 injection points.

6.2.3 Bioaugmentation

It should be noted that although bioaugmentation of microbial populations is not indicated in the
2015 DD, the 2019 pilot study found that groundwater analytical results indicated CVOC-degrading
microbial populations are not naturally present at the site. Therefore, the inclusion of
bioaugmentation CVOC-degrading microbial populations was included in the 2020 RDWP.

Groundwater sampling of MW-4, MW-12, and MW-19 will be conducted 3 months following
completion of the ISCR injection event (first post-injection monitoring event) as discussed in
Section 7 to evaluate the aquifer to determine if anaerobic conditions are suitable for the ISB
injection event. Samples will be collected via low flow sampling methodology and submitted for
laboratory analysis of the baseline suite of analytes in accordance with the UFP-QAPP. Results will
be evaluated to determine aquifer geochemistry is suitable for the survival of DHC. The target
range for microbial contaminant degradation is a pH between 5 and 9* (target greater than 6), DO
less than 0.5 mg/L, and ORP less than -100 millivolts. If conditions are found to not be in the
required range, wells will be re-sampled and re-assessed in 3 months and a path forward will be
discussed with USACE. It is anticipated that based on the injection volumes that anaerobic
conditions will be obtained within 3 to 6 months.

Following confirmation of target range conditions, as summarized above, the site will be inoculated
with SDC-9 at areas with higher contaminant concentrations. Areas where recalcitrant TCE will be
primarily targeted, areas that appear to be on track to achieving remedial goals will not be targeted.

Ihttps:/www.enviro.wiki/index.php?title=Low_pH_Inhibition_of Reductive_Dechlorination#:~:text=Zhuang%20and%
20Pavlostathis%20(1995)%20found,SDC%2D9%E2%84%A2%20bioaugmentation%20culture
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SDC-9 is a consortium of microorganisms used to completely biodegrade TCE to ethene. It
contains multiple strains of DHC as well as other bacteria that support the growth of DHC
populations. SDC-9 is effective where DHC is absent and can increase the dechlorination rates. As
demonstrated in the 2019 Technical Memorandum, DHC populations are not found at this site (Stell
2019). The addition of an inoculum, such as SDC-9, will help ensure that the organic component of
the injected ZVI is used for biotic contaminant degradation. A product fact sheet for SDC-9 is
included in Appendix C.

The buffer solution used to adjust the groundwater pH for the application of the ZV1 will also be
beneficial for the application of SDC-9; SDC-9 is also most effective in the pH range of 6 to 8. One
liter per inoculum boring of SDC-9 will be applied to the 64 borings.

6.3 TARGET INJECTION AREAS
Injections will be applied in Injection Areas A, B, C and D, as shown on Figures 6-1 through 6-4.

Injection areas are as follows:

e Injection Area A — selected to degrade CCls and TCE mass in the area surrounding MW-19
(Figure 6-2), approximately 1,960 square feet.

e Injection Area B — selected to degrade CCls and TCE mass in the area surrounding MW-4
and MW-12 plus the mound area extending east to Injection Area C (Figure 6-3) ,
approximately 9,530 square feet.

e Injection Area C — selected to degrade suspected CCls and TCE mass near Building 31
(a suspected source of CClsimpacts) (Figure 6-4) , approximately 1,140 square feet.

e Injection Area D - selected to degrade CCls and TCE mass in the area between MW-4 and
MW-19 (Figure 6-2), approximately 1,220 square feet.

In the event that a TCE source is identified in the vicinity of former boring SB-3, EA will discuss
options with USACE to include the redistribute injection points within Injection Area B or other
options based on the nature and extent of the findings. If redistribution is the desired path forward
for Injection Area B based on newly acquired data, EA will be summarize information in an
updated injection location map and injection depths and volumes which will be provided to
USACE for approval.

6.4 INJECTION SPACING

Injection amendments will be applied to the most heavily impacted portions of the contaminant
plume in four injection areas (Injection Areas A, B, C, and D, as shown on Figures 6-1 through
6-4).

A treatment area of approximately 14,100 square feet is proposed based on the most recent
treatment area-wide groundwater sampling results. This area was selected to eliminate contaminant
source mass identified near Building 31 and along the ditch near monitoring well MW-4. Injection
points will be horizontally spaced at 8-foot intervals on average. This interval assumes an injection
ROI of 4 feet. This ROI was determined to be ideal for the site as a result of the PRDI injection test
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observations (Stell 2019). The DD calls for an injection area approximately 100 feet by 100 feet
(10,000 square feet). However, the increased injection area (approximately 14,100 square feet) was
selected to address apparent contaminant mass source areas observed in 2019 groundwater
monitoring results. Assuming an injection spacing of 8 feet, approximately 194 injection points of
ZV1 would be required to apply amendment to the proposed treatment area.

Injection locations will be placed in an offset grid pattern to maximize the distribution
effectiveness. Some injection points may have to be omitted or relocated due to site conditions

(i.e., topography inaccessible to the injection equipment, subsurface utilities, buried debris, etc.).
The area between Building 31 and MW-4 is characterized by a large topographic mound (blast
berm associated with Building 31). It is anticipated that brush clearing and limited earth moving
will be required for the DPT equipment to access the mound area to conduct injection operations.
Slight offsets of injection points may be required to allow for safe access of the DPT equipment.
Additionally, there is a ditch shown on Figures 6-1 through 6-3 to indicate that this area may require
slight offsets (2-3 feet) to access with DPT equipment when injecting the amendments.

6.5 ISCR INJECTION DESIGN
6.5.1 ISCR Injection Volumes

The approximate total quantities of amendments and makeup water are as follows, assuming 194
ISCR injection points:

e 48,500 pounds of Provect-IR™ - 250 pounds per injection point
e 48,500 pounds of potassium bicarbonate - 250 pounds per injection point
e 23,280 gallons of anaerobic water — 120 gallons per injection point.

The prepared slurry will be injected at three discrete depth intervals and will be preceded by
pre-fracturing using anaerobic water, as described below. The initial injections will include
Provect-IR™ mixed at a 30 percent solids slurry mixture. If performance monitoring borings
indicate that the ROI is not being achieved or if injection material surfacing occurs, the slurry ratio
may be adjusted up or down as needed.

6.5.2 ISCR Injection Methodology

Injections of the Provect-IR™ will be implemented using a pressure-activated injection tooling tip
and hollow drive rods. These rods will be advanced into the subsurface by a DPT machine.
Injections will be completed using a top-down approach with pre-water fracturing. It should be
noted that the 2020 RDWP (Stell 2020) suggested a top-down approach based on favorable results
during the injection pilot test using this method. Other injection methods were evaluated during the
injection pilot test, including bottom-up (low-pressure) and top-down (medium to high pressure)
without pre-water fracturing; those methods did not result in the vertical and lateral distribution
observed using the top-down with pre-water fracturing method. A bottom-up medium to high
pressure with water pre-fracturing was not conducted during the pilot study. A top-down injection
approach will be utilized, where the amendment slurry will be injected at the shallowest target
interval first, subsequently followed by injections into deeper target intervals. If injectate daylights
(surfaces) or distribution monitoring observations indicate poor distribution, the injection order may
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be changed to a bottom-up approach. USACE and MDE will be notified if changes in injection
order are required.

Three injection target intervals have been selected for the application of Provect-IR™. These
intervals were established in order to distribute amendments across the CVOC-impacted stratum in
the aquifer. The intervals are shown in Tables 6-1 through 6-4. It should be noted that blast berm
elevation data will be collected during mobilization activities, and the height of the blast berm will
be added to the injection depth intervals for points that will be located on the berm.

It is critical that injection depths not exceed 25 feet bgs under any circumstance, so as to prevent
penetration of the base of the silt layer, which could result in contaminant migration to the clean units
below the silt layer. This is also noted in Tables 6-1 through 6-4. Introducing some remedial
amendment within or immediately above the silt layer may help facilitate remediation as some
contaminant mass may have infiltrated the silt layer over time, despite its relatively low hydraulic
conductivity.

At each injection location, the DPT machine will advance injection tooling to the deepest target
interval and apply approximately 15 gallons of anaerobic water at approximately 100 to 150 pounds
per square inch of pressure to pre-fracture the aquifer formation. The preparation of the anaerobic
water is discussed in Section 5.1.3. During injection, ORP, pH, and DO of the amendment will be
monitored on a daily basis or as needed.

Following pre-fracturing, one-third of the prepared slurry will be injected into the deepest target
interval at an approximate pressure of 200 to 300 pounds per square inch. The DPT tooling will
then be advanced to the next shallowest tip opening depth. The pre-fracturing and injection process
will be repeated. Once the intermediate depth has been injected, the shallowest target interval will
be injected. DPT rods will then be retracted and the borehole will be filled with bentonite chips and
hydrated with anaerobic water.

6.6 ISBINJECTION

SDC-9 is packaged by the manufacturer in 19-liter stainless steel kegs as a greenish liquid. The
SDC-9 inoculum must be maintained on ice until injected. As indicated in Section 5.7.4, coolers
containing ice will be staged in the Conex box for the purpose of maintaining the ideal temperature
of the SDC-9 inoculum. Although SDC-9 has a shelf life of approximately three weeks if properly
stored, weekly shipments of SDC-9 will be arranged to ensure microbe viability.

6.6.1 SDC-9 Injection Methodology

The SDC-9 inoculum will be injected at select injection borings shown on Figures 6-1 through 6-4.
The injections will occur pH and ORP have reached the target range indicate in Section 6.2.3, at
least three months following the ISCR injection event. Pressure-activated injection tooling tip and
hollow drive rods, advanced by a DPT machine, will be used to inject the SDC-9 inoculum.

Care must be taken not to introduce air or aerobic water during the SDC-9 inoculation process.
Prior to injecting the SDC-9 inoculum, one system volume of anaerobic water will be pumped
through the hoses and DPT rods to ensure that air and aerobic water have been purged. Pressurized
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nitrogen will be used to deliver the SDC-9. If water is used during the inoculation process,
anaerobic water will be used.

SDC-9 borings will be as close as possible to corresponding Provect-IR™ injection borings without
causing daylighting of either material. One liter per boring of SDC-9 will be introduced in
accordance with user instructions provided in Appendix B. SDC-9 injections will occur at one
depth per boring, at the intermediate tip opening depths summarized in Tables 6-1 through 6-4.

The injection tool tip will be vertically centered within the Provect-IR™ injection depth intervals
surrounding the SDC-9 injection points.

After applying the SDC-9 inoculum, two system volumes of anaerobic water will be pumped
through the hoses and DPT rods to ensure that the inoculum is delivered into the subsurface. DPT
rods will then be retracted and the borehole will be filled with bentonite chips and hydrated with
anaerobic water.

6.7 CHANGES FROM THE RDWP

This RAWP incorporates the elements presented in the 2020 Stell RDWP (Stell 2020), changes
from this plan are detailed in the following design rationale and include:

e Use of Provect-IR™ as the ZVI injection material with modified volumes based on
product specifications

e Use of sodium bicarbonate as the pH buffer with modified volumes based on ZVI
modifications

e Soil sampling in the vicinity of former boring SB-3 to determine if potential TCE source is
present.

These proposed changes will still achieve RAOs and are in line with the DD. Explanation of these
changes is presented in the relevant sections. Per the DD, it is anticipated that the RAOs will be
achieved upon the completion of three years of monitoring and four years total following the
implementation of the RA (ERT 2015).
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Table 6-1: Injection Area A Depths and Amendment Amounts

- . . Up_per Tip Intermediate Tip Loyver Tip Provect-IR™ _Sodium Anaerobi SDC-9
Injection 1D Easting Northing Opening Depths Opening Depths Opening Depjhs (Pounds) Bicarbonate ¢ Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs) (Pounds) (Gallons)
A-Al 338436.583 4280098.444 18 215 25 250 250 120 N/A
A-A2 338436.321 4280095.755 18 215 25 250 250 120 N/A
A-A3 338436.169 4280093.315 18 215 25 250 250 120 N/A
A-A3 (SDC-9) 338436.261 4280093.567 N/A 21.5 N/A N/A N/A Varies 1
A-Ad 338435.945 4280090.878 18 215 25 250 250 120 N/A
A-A5 338435.659 4280088.456 18 215 25 250 250 120 N/A
A-A5 (SDC-9) 338435.814 4280089.043 N/A 215 N/A N/A N/A Varies 1
A-Bl 338438.814 4280099.464 18 215 25 250 250 120 N/A
A-B2 338438.5011 4280096.914 18 215 25 250 250 120 N/A
A-B2 (SDC-9) 338438.301 4280097.012 N/A 21.5 N/A N/A N/A Varies 1
A-B3 338438.439 4280094.477 18 215 25 250 250 120 N/A
A-B4 338438.209 4280092.079 18 215 25 250 250 120 N/A
A-B5 338437.922 4280089.678 18 215 25 250 250 120 N/A
A-B6 338437.791 4280087.085 18 215 25 250 250 120 N/A
A-C1 338440.504 4280095.639 18 215 25 250 250 120 N/A
A-C1(SDC-9) 338440.628 4280095.291 N/A 215 N/A N/A N/A Varies 1
A-C2 338440.493 4280093.092 18 21.5 25 250 250 120 N/A
A-C3 338440.153 4280090.826 18 215 25 250 250 120 N/A
A-C3(SDC-9) 338439.767 4280090.669 N/A 21.5 N/A N/A N/A Varies 1
A-C4 338439.866 4280088.308 18 215 25 250 250 120 N/A
A-C5 338439.611 4280085.853 18 215 25 250 250 120 N/A
A-C5 (SDC-9) 338439.611 4280085.853 N/A 215 N/A N/A N/A Varies 1
A-D1 338442.416 4280091.846 18 215 25 250 250 120 N/A
A-D1 (SDC-9) 338442.285 4280092.135 N/A 215 N/A N/A N/A Varies 1
A-D2 338442.129 4280089.391 18 215 25 250 250 120 N/A
A-D2 (SDC-9) 338441.903 4280089.107 N/A 215 N/A N/A N/A Varies 1
A-D3 338442.038 4280086.812 18 215 25 250 250 120 N/A
A-D4 338441.651 4280084.461 18 215 25 250 250 120 N/A
A-D5 338441.381 4280082.024 18 215 25 250 250 120 N/A
A-D5 (SDC-9) 338441.297 4280082.477 N/A 21.5 N/A N/A N/A Varies 1
A-El 338443.843 4280085.474 18 21.5 25 250 250 120 N/A
A-E1(SDC-9) 338443.815 4280086.047 N/A 215 N/A N/A N/A Varies 1
A-E2 338443.659 4280083.303 18 21.5 25 250 250 120 N/A
A-E3 338443.468 4280080.849 18 215 25 250 250 120 N/A
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Table 6-1: Injection Area A Depths and Amendment Amounts

Upper Tip Intermediate Tip Lower Tip Provect-IR™ Sodium Anaerobic SDC-9
Injection 1D Easting Northing Opening Depths Opening Depths Opening Depths (Pounds) Bicarbonat Water Lit )
(Feet bgs) (Feet bgs) (Feet bgs) * e (Pounds) (Gallons) (Liters)
A-F1 338445.890 4280084.291 18 21.5 25 250 250 120 N/A
A-F2 338445.767 4280081.610 18 215 25 250 250 120 N/A
A-F2 (SDC-9) 338445.377 4280082.190 N/A 215 N/A N/A N/A Varies 1
Notes:

* Injection depths shall not exceed 25 feet bgs under any circumstance, so as to prevent penetration of the base of the silt layer, which could result in contaminant migration to the clean units below the silt layer.

bgs = below ground surface

N/A = not applicable

Anaerobic water to be prepared using sodium ascorbate prior to injection.
Field adjustment of locations will be necessary due to topography and/or subsurface obstructions.
Note actual individual boring injection volumes may vary based on site conditions.

The easting and northing coordinates are World Geodetic System 1984 UTM Zone 18N — Meters. Coordinates provided are approximate, actual coordinates will be documented during the field effort.
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Table 6-2: Injection Area B Depths and Amendment Amounts

- - . Up_per Tip Intermediate Tip Loyver Tip Provect-IR™ _Sodium Anaerobic SDC-9
Injection 1D Easting Northing Opening Depths Opening Depths Opening Dep’fhs (Pounds) Bicarbonat Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs) e (Pounds) (Gallons)
B-Al 338424.492 4280140.185 18 20.5 23 250 250 120 N/A
B-Al(SDC-9) 338424.068 4280140.036 N/A 20.5 N/A N/A N/A Varies 1
B-A2 338424.144 4280137.744 18 20.5 23 250 250 120 N/A
B-A3 338423.795 4280135.304 18 20.5 23 250 250 120 N/A
B-A3(SDC-9) 338423.371 4280135.105 N/A 20.5 N/A N/A N/A Varies 1
B-A4 338423.397 4280133.013 18 20.5 23 250 250 120 N/A
B-A5 338422.948 4280130.572 18 20.5 23 250 250 120 N/A
B-A5 (SDC-9) 338422.674 4280130.175 N/A 20.5 N/A N/A N/A Varies 1
B-A6 338422.510 4280128.082 18 20.5 23 250 250 120 N/A
B-A7 338422.152 4280125.741 18 20.5 23 250 250 120 N/A
B-A7 (SDC-9) 338421.827 4280125.543 N/A 20.5 N/A N/A N/A Varies 1
B-A8 338421.803 4280123.400 18 20.5 23 250 250 120 N/A
B-A9 338421.355 4280120.910 18 20.5 23 250 250 120 N/A
B-A9 (SDC-9) 338421.030 4280120.612 N/A 20.5 N/A N/A N/A Varies 1
B-A10 338421.056 4280118.669 18 20.5 23 250 250 120 N/A
B-All 338420.707 4280116.228 18 20.5 23 250 250 120 N/A
B-Al1 (SDC-9) 338420.382 4280115.980 N/A 20.5 N/A N/A N/A Varies 1
B-A12 338420.259 4280113.887 18 20.5 23 250 250 120 N/A
B-B1 338426.584 4280138.790 18 20.5 23 250 250 120 N/A
B-B1 (SDC-9) 338426.658 4280139.140 N/A 20.5 N/A N/A N/A Varies 1
B-B2 338426.136 4280136.300 18 20.5 23 250 250 120 N/A
B-B2 (SDC-9) 338425.861 4280136.002 N/A 20.5 N/A N/A N/A Varies 1
B-B3 338425.788 4280133.959 18 20.5 23 250 250 120 N/A
B-B4 338425.3892 4280131.668 18 20.5 23 250 250 120 N/A
B-B4 (SDC-9) 338425.064 4280131.370 N/A 20.5 N/A N/A N/A Varies 1
B-B5 338424.941 4280129.128 18 20.5 23 250 250 120 N/A
B-B6 338424.642 4280126.638 18 20.5 23 250 250 120 N/A
B-B6 (SDC-9) 338424.267 4280126.589 N/A 20.5 N/A N/A N/A Varies 1
B-B7 338424.144 4280124.347 18 20.5 23 250 250 120 N/A
B-B8 338423.796 4280121.906 18 20.5 23 250 250 120 N/A
B-B8 (SDC-9) 338423.470 4280121.758 N/A 20.5 N/A N/A N/A Varies 1
B-B9 338423.3473 4280119.615 18 20.5 23 250 250 120 N/A
B-B10 338423.049 4280117.175 18 20.5 23 250 250 120 N/A
B-B10 (SDC-9) 338422.723 4280116.927 N/A 20.5 N/A N/A N/A Varies 1
B-B11 338422.650 4280114.834 18 20.5 23 250 250 120 N/A
B-B12 338422.202 4280112.493 18 20.5 23 250 250 120 N/A
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Table 6-2: Injection Area B Depths and Amendment Amounts

- - . Up_per Tip Intermediate Tip Loyver Tip Provect-IR™ _Sodium Anaerobic SDC-9
Injection 1D Easting Northing Opening Depths Opening Depths Opening Dep’fhs (Pounds) Bicarbonate Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs) (Pounds) (Gallons)
B-C1 338428.7264 4280139.537 18 20.5 23 250 250 120 N/A
B-C2 338428.328 4280137.246 18 20.5 23 250 250 120 N/A
B-C3 338427.930 4280134.706 18 20.5 23 250 250 120 N/A
B-C4 338427.631 4280132.315 18 20.5 23 250 250 120 N/A
B-C5 338427.183 4280130.024 18 20.5 23 250 250 120 N/A
B-C6 338426.834 4280127.484 18 20.5 23 250 250 120 N/A
B-C7 338426.485 4280125.143 18 20.5 23 250 250 120 N/A
B-C8 338425.987 4280122.802 18 20.5 23 250 250 120 N/A
B-C9 338425.589 4280120.312 18 20.5 23 250 250 120 N/A
B-C10 338425.290 4280117.971 18 20.5 23 250 250 120 N/A
B-C11 338424.942 4280115.581 18 20.5 23 250 250 120 N/A
B-C12 338424.5431 4280113.19 18 20.5 23 250 250 120 N/A
B-D1 338430.420 4280137.246 18 20.5 23 250 250 120 N/A
B-D1 (SDC-9) 338430.642 4280136.948 N/A 20.5 N/A N/A N/A Varies 1
B-D2 338430.072 4280134.556 18 20.5 23 250 250 120 N/A
B-D3 338429.723 4280132.016 18 20.5 23 250 250 120 N/A
B-D3 (SDC-9) 338429.895 4280132.018 N/A 20.5 N/A N/A N/A Varies 1
B-D4 338429.275 4280129.476 18 20.5 23 250 250 120 N/A
B-D5 338428.777 4280127.036 18 20.5 23 250 250 120 N/A
B-D5 (SDC-9) 338429.098 4280126.838 N/A 20.5 N/A N/A N/A Varies 1
B-D6 338428.378 4280124.595 18 20.5 23 250 250 120 N/A
B-D7 338428.129 4280121.906 14 16.5 19 250 250 120 N/A
B-D7 (SDC-9) 338428.301 4280121.808 N/A 20.5 N/A N/A N/A Varies 1
B-D8 338427.731 4280119.366 14 16.5 19 250 250 120 N/A
B-D9 338427.382 4280116.925 14 16.5 19 250 250 120 N/A
B-D9 (SDC-9) 338427.654 4280116.927 N/A 20.5 N/A N/A N/A Varies 1
B-D10 338426.934 4280114.584 14 16.5 19 250 250 120 N/A
B-D11 338426.735 4280112.044 14 16.5 19 250 250 120 N/A
B-D11 (SDC-9) 338426.957 4280111.896 N/A 20.5 N/A N/A N/A Varies 1
B-E1 338432.313 4280135.602 18 20.5 23 250 250 120 N/A
B-E2 338431.865 4280132.913 18 20.5 23 250 250 120 N/A
B-E3 338431.417 4280130.173 18 20.5 23 250 250 120 N/A
B-E4 338431.018 4280127.633 14 16.5 19 250 250 120 N/A
B-E5 338430.570 4280124.944 14 16.5 19 250 250 120 N/A
B-E6 338430.172 4280122.254 14 16.5 19 250 250 120 N/A
B-E7 338429.773 4280119.714 18 20.5 23 250 250 120 N/A

Former Waldorf Nike W-44 Missile Battery

Waldorf, Charles County, Maryland

Final Remedial Action Work Plan for
Remediation of Chlorinated Solvents in Groundwater



EA Engineering, Science, and Technology, Inc., PBC

EA Project No.: 634250038
Page 6-21
September 2021

Table 6-2: Injection Area B Depths and Amendment Amounts

- - . Up_per Tip Intern_1ediate Tip Loyver Tip Provect-IR™ _Sodium Anaerobic SDC-9
Injection ID Easting Northing Opening Depths | Opening Depths | Opening Depths (Pounds) Bicarbonate Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs) * (Pounds) (Gallons)
B-E8 338429.325 4280117.074 18 20.5 23 250 250 120 N/A
B-E9 338428.976 4280114.435 14 16.5 19 250 250 120 N/A
B-E10 338428.976 4280111.646 14 16.5 19 250 250 120 N/A
B-F1 338434.355 4280134.307 18 20.5 23 250 250 120 N/A
B-F2 338433.857 4280131.867 14 16.5 19 250 250 120 N/A
B-F2 (SDC-9) 338434.178 4280132.068 N/A 20.5 N/A N/A N/A Varies 1
B-F3 338433.608 4280129.426 14 16.5 19 250 250 120 N/A
B-F3 (SDC-9) 338433.780 4280129.378 N/A 20.5 N/A N/A N/A Varies 1
B-F4 338433.201 4280126.986 14 16.5 19 250 250 120 N/A
B-F5 338432.961 4280124.545 18 20.5 23 250 250 120 N/A
B-F5 (SDC-9) 338433.083 4280124.398 N/A 20.5 N/A N/A N/A Varies 1
B-F6 338432.513 4280122.055 18 20.5 23 250 250 120 N/A
B-F7 338432.114 4280119.614 18 20.5 23 250 250 120 N/A
B-F7 (SDC-9) 338432.336 4280119.517 N/A 20.5 N/A N/A N/A Varies 1
B-F8 338431.666 4280117.124 18 20.5 23 250 250 120 N/A
B-F9 338431.318 4280114.783 18 20.5 23 250 250 120 N/A
B-F9 (SDC-9) 338431.589 4280114.686 N/A 20.5 N/A N/A N/A Varies 1
B-F10 338431.118 4280112.392 18 20.5 23 250 250 120 N/A
B-G1 338436.298 4280132.315 14 16.5 19 250 250 120 N/A
B-G2 338435.891 4280129.824 14 16.5 19 250 250 120 N/A
B-G3 338435.551 4280127.384 18 20.5 23 250 250 120 N/A
B-G4 338435.153 4280124.993 18 20.5 23 250 250 120 N/A
B-G5 338434.804 4280122.602 18 20.5 23 250 250 120 N/A
B-G6 338434.406 4280120.112 18 20.5 23 250 250 120 N/A
B-G7 338433.908 4280117.721 18 20.5 23 250 250 120 N/A
B-G8 338433.609 4280115.380 18 20.5 23 250 250 120 N/A
B-G9 338433.260 4280112.99 18 20.5 23 250 250 120 N/A
B-G10 338432.862 4280110.749 18 20.5 23 250 250 120 N/A
B-H1 338438.290 4280129.525 18 20.5 23 250 250 120 N/A
B-H1 (SDC-9) 338438.0134 4280129.926 N/A 20.5 N/A N/A N/A Varies 1
B-H2 338437.842 4280127.085 18 20.5 23 250 250 120 N/A
B-H3 338437.543 4280124.694 18 20.5 23 250 250 120 N/A
B-H3 (SDC-9) 338437.842 4280127.085 N/A 20.5 N/A N/A N/A Varies 1
B-H4 338437.145 4280122.403 18 20.5 23 250 250 120 N/A
B-H5 338436.747 4280119.863 18 20.5 23 250 250 120 N/A
B-H5 (SDC-9) 338436.669 4280120.363 N/A 20.5 N/A N/A N/A Varies 1
B-H6 338436.348 4280117.572 18 20.5 23 250 250 120 N/A
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Table 6-2: Injection Area B Depths and Amendment Amounts

- - . Up_per Tip Intern_1ediate Tip Loyver Tip Provect-IR™ _Sodium Anaerobic SDC-9
Injection ID Easting Northing Opening Depths | Opening Depths Opening Depths (Pounds) Bicarbonate Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs) * (Pounds) (Gallons)
B-H7 338436.348 4280117.572 18 20.5 23 250 250 120 N/A
B-H7 (SDC-9) 338435.772 4280115.532 N/A 20.5 N/A N/A N/A Varies 1
B-H8 338435.601 4280112.841 18 20.5 23 250 250 120 N/A
B-H9 338435.253 4280110.400 18 20.5 23 250 250 120 N/A
B-H9 (SDC-9) 338435.025 4280110.701 N/A 20.5 N/A N/A N/A Varies 1
B-11 338440.133 4280128.081 18 20.5 23 250 250 120 N/A
B-12 338439.735 4280125.64 18 20.5 23 250 250 120 N/A
B-13 338439.386 4280123.25 18 20.5 23 250 250 120 N/A
B-14 338439.038 4280120.809 18 20.5 23 250 250 120 N/A
B-15 338438.639 4280118.369 18 20.5 23 250 250 120 N/A
B-16 338438.241 4280116.078 18 20.5 23 250 250 120 N/A
B-17 338437.843 4280113.637 18 20.5 23 250 250 120 N/A
B-18 338437.394 4280111.296 18 20.5 23 250 250 120 N/A
B-J1 338442.147 4280126.191 18 20.5 23 250 250 120 N/A
B-J1 (SDC-9) 338442.147 4280126.191 N/A 20.5 N/A N/A N/A Varies 1
B-J2 338441.628 4280124.196 18 20.5 23 250 250 120 N/A
B-J3 338441.279 4280121.805 18 20.5 23 250 250 120 N/A
B-J3 (SDC-9) 338441.449 4280121.459 N/A 20.5 N/A N/A N/A Varies 1
B-J4 338440.881 4280119.365 18 20.5 23 250 250 120 N/A
B-J5 338440.532 4280116.974 18 20.5 23 250 250 120 N/A
B-J5 (SDC-9) 338440.802 4280116.578 N/A 20.5 N/A N/A N/A Varies 1
B-J6 338440.034 4280114.534 18 20.5 23 250 250 120 N/A
B-J7 338439.686 4280112.193 18 20.5 23 250 250 120 N/A
B-J7 (SDC-9) 338439.806 4280111.797 N/A 20.5 N/A N/A N/A Varies 1
B-J8 338439.287 4280109.702 18 20.5 23 250 250 120 N/A
B-K1 338444.118 4280124.295 18 20.5 23 250 250 120 N/A
B-K2 338443.711 4280121.755 18 20.5 23 250 250 120 N/A
B-K3 338443.322 4280119.365 18 20.5 23 250 250 120 N/A
B-K4 338442.9231 4280117.024 18 20.5 23 250 250 120 N/A
B-K5 338442 5745 4280114.633 18 20.5 23 250 250 120 N/A
B-K6 338442.1761 4280112.292 18 20.5 23 250 250 120 N/A
B-K7 338441.7777 4280109.901 18 20.5 23 250 250 120 N/A
B-L1 338446.5092 4280123.299 18 20.5 23 250 250 120 N/A
B-L1(SDC-9) 338445.9822 4280123.551 N/A 20.5 N/A N/A N/A Varies 1
B-L2 338446.1606 4280120.709 18 20.5 23 250 250 120 N/A
B-L3 338445.7622 4280118.368 18 20.5 23 250 250 120 N/A
B-L3(SDC-9) 338445.5838 4280118.820 N/A 20.5 N/A N/A N/A Varies 1
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Table 6-2: Injection Area B Depths and Amendment Amounts

- - . Up_per Tip Intern_1ediate Tip Loyver Tip Provect-IR™ _Sodium Anaerobic SDC-9
Injection ID Easting Northing Opening Depths | Opening Depths Opening Depths (Pounds) Bicarbonate Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs) * (Pounds) (Gallons)
B-L4 338445.314 4280115.978 18 20.5 23 250 250 120 N/A
B-L5 338445.015 4280113.587 18 20.5 23 250 250 120 N/A
B-L5 (SDC-9) 338444.737 4280113.889 N/A 20.5 N/A N/A N/A Varies 1
B-L6 338444567 4280111.196 18 20.5 23 250 250 120 N/A
B-L7 338444.218 4280108.905 18 20.5 23 250 250 120 N/A
B-L7 (SDC-9) 338443.940 4280109.008 N/A 20.5 N/A N/A N/A Varies 1
B-M1 338448.701 4280121.307 18 20.5 23 250 250 120 N/A
B-M2 338448.303 4280118.767 18 20.5 23 250 250 120 N/A
B-M3 338447.954 4280116.476 18 20.5 23 250 250 120 N/A
B-M4 338447.456 4280113.985 18 20.5 23 250 250 120 N/A
B-M5 338447.107 4280111.644 18 20.5 23 250 250 120 N/A
B-M6 338446.759 4280109.254 18 20.5 23 250 250 120 N/A
B-N1 338451.142 4280119.215 18 20.5 23 250 250 120 N/A
B-N1 (SDC-9) 338450.8133 4280119.666 N/A 20.5 N/A N/A N/A Varies 1
B-N2 338450.444 4280116.824 18 20.5 23 250 250 120 N/A
B-N3 338449.996 4280114.135 18 20.5 23 250 250 120 N/A
B-N3 (SDC-9) 338449.767 4280114.487 N/A 20.5 N/A N/A N/A Varies 1
B-N4 338449.548 4280111.794 18 20.5 23 250 250 120 N/A
B-N5 338449.249 4280109.104 18 20.5 23 250 250 120 N/A
B-N5 (SDC-9) 338449.070 4280109.406 N/A 20.5 N/A N/A N/A Varies 1
B-O1 338453.084 4280118.468 18 20.5 23 250 250 120 N/A
B-02 338452.636 4280115.878 18 20.5 23 250 250 120 N/A
B-03 338452.237 4280113.387 18 20.5 23 250 250 120 N/A
B-O4 338451.939 4280110.947 18 20.5 23 250 250 120 N/A
B-0O5 338451.540 4280108.457 18 20.5 23 250 250 120 N/A
B-P1 338455.076 4280116.376 18 20.5 23 250 250 120 N/A
B-P1 (SDC-9) 338454.848 4280116.130 N/A 20.5 N/A N/A N/A Varies 1
B-P2 338454.628 4280113.686 18 20.5 23 250 250 120 N/A
B-P3 338454.329 4280111.096 18 20.5 23 250 250 120 N/A
B-P3 (SDC-9) 338454.150 4280110.701 N/A 20.5 N/A N/A N/A Varies 1
B-P4 338454.180 4280108.506 18 20.5 23 250 250 120 N/A
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Table 6-2: Injection Area B Depths and Amendment Amounts

Upper Tip Opening | Intermediate Tip [Lower Tip Opening Provect-IR™ Sodium Anaerobic SDC-9

Injection ID Easting Northing Depths (Feet bgs) |Opening Depths (FeetDepths (Feet bgs) * (Pounds) Bicarbonate Water Liter
bgs) (Pounds) (Gallons) (Liters)

B-Q1 338457.268 4280115.579 18 20.5 23 250 250 120 N/A

B-Q2 338456.919 4280112.840 18 20.5 23 250 250 120 N/A

B-Q3 338457.019 4280110.449 18 20.5 23 250 250 120 N/A

B-Q4 338457.119 4280108.008 18 20.5 23 250 250 120 N/A

Notes:

* Injection depths shall not exceed 25 feet bgs under any circumstance, so as to prevent penetration of the base of the silt layer, which could result in contaminant migration to the clean units below the silt layer.

bgs = below ground surface

N/A = not applicable

Anaerobic water to be prepared using sodium ascorbate prior to injection.

Shallower depths are indicated to compensate for lower surface elevations in the ditch west of monitoring well MW-4. Field adjustment of locations will be necessary due to topography and/or subsurface obstructions.

Note actual individual boring injection volumes may vary based on site conditions.
The easting and northing coordinates are World Geodetic System 1984 UTM Zone 18N — Meters. Coordinates provided are approximate, actual coordinates will be documented during the field effort.
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Table 6-3: Injection Area C Depths and Amendment Amounts

- - - Up_per Tip Interrr_1ediate Tip Loyver Tip Provect-IR™ _Sodium Anaerobic SDC-9
Injection ID Easting Northing Opening Depths | Opening Depths | Opening Depths (Pounds) Bicarbonate Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs) * (Pounds) (Gallons)
C-Al 338460.982 4280114.273 18 20.5 23 250 250 120 N/A
C-A2 338460.503 4280112.169 18 20.5 23 250 250 120 N/A
C-A3 338460.206 4280109.887 18 20.5 23 250 250 120 N/A
C-B1 338463.116 4280112.996 18 20.5 23 250 250 120 N/A
C-B1(SDC-9) 338463.282 4280112.963 N/A 20.5 N/A N/A N/A Varies 1
C-B2 338462.521 4280110.648 18 20.5 23 250 250 120 N/A
C-B3 338462.025 4280108.300 18 20.5 23 250 250 120 N/A
C-B3(SDC-9) 338461.859 4280108.366 N/A 20.5 N/A N/A N/A Varies 1
C-C1 338465.497 4280113.294 18 20.5 23 250 250 120 N/A
C-C1(SDC-9) 338465.696 4280113.261 N/A 20.5 N/A N/A N/A Varies 1
Cc-C2 338464.902 4280110.979 18 20.5 23 250 250 120 N/A
C-C3 338464.505 4280108.631 18 20.5 23 250 250 120 N/A
C-C3(SDC-9) 338464.671 4280108.498 N/A 20.5 N/A N/A N/A Varies 1
C-C4 338463.645 4280106.349 18 20.5 23 250 250 120 N/A
C-D1 338467.746 4280112.335 18 20.5 23 250 250 120 N/A
C-D2 338467.217 4280110.020 18 20.5 23 250 250 120 N/A
C-D2 (SDC-9) 338467.449 4280109.954 N/A 20.5 N/A N/A N/A Varies 1
C-D3 338466.754 4280107.605 18 20.5 23 250 250 120 N/A
C-D4 338465.960 4280105.356 18 20.5 23 250 250 120 N/A
C-D4 (SDC-9) 338466.093 4280105.158 N/A 20.5 N/A N/A N/A Varies 1
Notes:

* Injection depths shall not exceed 25 feet bgs under any circumstance, so as to prevent penetration of the base of the silt layer, which could result in contaminant migration to the clean units below the silt layer.

bgs = below ground surface

N/A = not applicable

Anaerobic water to be prepared using sodium ascorbate prior to injection.
Field adjustment of locations will be necessary due to topography and/or subsurface obstructions.
Note actual individual boring injection volumes may vary based on site conditions.

The easting and northing coordinates are World Geodetic System 1984 UTM Zone 18N — Meters. Coordinates provided are approximate, actual coordinates will be documented during the field effort.
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Table 6-4: Injection Area D Depths and Amendment Amounts

o _ _ Up_per Tip Interrr_\ediate Tip Loyver Tip Provect-IR™ _Sodium Anaerobic SDC-9
Injection ID Easting Northing Opening Depths | Opening Depths | Opening Depths (Pounds) Bicarbonate Water (Liters)
(Feet bgs) (Feet bgs) (Feet bgs) * (Pounds) (Gallons)
D-Al 338427.052 4280108.134 18 21.5 25 250 250 120 N/A
D-A2 338428.008 4280105.871 18 215 25 250 250 120 N/A
D-A3 338428.837 4280103.672 18 215 25 250 250 120 N/A
D-B1 338429.198 4280107.513 18 215 25 250 250 120 N/A
D-B1(SDC-9) 338429.198 4280107.513 N/A 215 N/A N/A N/A Varies 1
D-B2 338430.399 4280105.744 18 215 25 250 250 120 N/A
D-B3 338431.292 4280103.512 18 215 25 250 250 120 N/A
D-B3(SDC-9) 338430.969 4280103.642 N/A 215 N/A N/A N/A Varies 1
D-C1 338431.929 4280107.879 18 215 25 250 250 120 N/A
D-C2 338432.885 4280105.648 18 21.5 25 250 250 120 N/A
D-C2 (SDC-9) 338432.659 4280105.937 N/A 215 N/A N/A N/A Varies 1
D-C3 338433.778 4280103.480 18 215 25 250 250 120 N/A
D-C3(SDC-9) 338433.487 4280103.579 N/A 215 N/A N/A N/A Varies 1
D-D1 338434.288 4280107.624 18 215 25 250 250 120 N/A
D-D1 (SDC-9) 338434.826 4280107.563 18 215 25 250 250 120 N/A
D-D2 338435.276 4280105.329 18 21.5 25 250 250 120 N/A
D-D3 338436.200 4280103.002 18 215 25 250 250 120 N/A
D-E1 338437.667 4280104.915 18 21.5 25 250 250 120 N/A
D-E2 338438.623 4280102.620 18 215 25 250 250 120 N/A
D-E2 (SDC-9) 338438.492 4280103.069 N/A 21.5 N/A N/A N/A Varies 1
Notes:

* Injection depths shall not exceed 25 feet bgs under any circumstance, so as to prevent penetration of the base of the silt layer, which could result in contaminant migration to the clean units below the silt layer.

bgs = below ground surface

N/A = not applicable

Anaerobic water to be prepared using sodium ascorbate prior to injection.

Field adjustment of locations will be necessary due to topography and/or subsurface obstructions.

Note actual individual boring injection volumes may vary based on site conditions.

The easting and northing coordinates are World Geodetic System 1984 UTM Zone 18N — Meters. Coordinates provided are approximate, actual coordinates will be documented during the field effort.

Final Remedial Action Work Plan for
Remediation of Chlorinated Solvents in Groundwater

Former Waldorf Nike W-44 Missile Battery
Waldorf, Charles County, Maryland



EA Project No.: 634250038
Page 7-1
EA Engineering, Science, and Technology, Inc., PBC September 2021

7. PERFORMANCE MONITORING

Performance monitoring to assess the effectiveness of the RA will be conducted before, during,
and after implementation and will include baseline groundwater monitoring, ISCR amendment
distribution monitoring, soil vapor monitoring, and post-injection groundwater monitoring.

7.1 ISCR AMENDMENT DISTRIBUTION MONITORING

A visual observation of amendment distribution in the subsurface via the advancement of direct-
push technology borings will be performed during the ISCR injection event. Borings will be
advanced at a rate of 10% of the total injection points and distributed proportionally between the
four injection areas. Borings will be screened via magnetic susceptibility and visual screening.
A portion of the borings will be biased towards areas where offsets were necessary due the
presence of trees or other obstructions. The findings of this evaluation will be documented in the
post-injection technical memorandum.

Soil cores (associated with soil borings) will be collected using a track-mounted DPT unit (e.g.,
Geoprobe®). Each boring will be advanced by a hydraulically driven, 5-foot-long, stainless-steel
barrel sampler (2-inch interior-diameter) lined with a new, dedicated clean plastic liner for each
5-foot interval. Soil cores will be collected continuously from grade to provide site lithology and
to the maximum depth of the adjacent injection points. Continuous monitoring will be
conducted with a magnetic susceptibility meter (TerraPlus KT-10 or equivalent). The meter will
be calibrated according to manufacturer’s specifications. The results of the field screening will
be recorded on boring logs along with soil lithology characterization using the Unified Soil
Classification System. Each core will be photographed to document the distribution of ISCR
amendment, photographic documentation will be provided in the associated technical
memorandum. Proposed monitoring locations are shown on Figures 6-2 to 6-4, however these
locations may be adjusted based on field conditions and any required offsets.

7.2 GROUNDWATER MONITORING

Prior to the commencement of injections, one round of baseline groundwater monitoring will be
conducted. Once the RA is complete, groundwater sampling will be conducted to determine the
effectiveness of the RA and to ensure that the injection program has not resulted in the
mobilization of COCs and expansion of the contaminant plumes toward the adjacent private
residences. Groundwater samples are scheduled to be collected from eight groundwater
monitoring wells at 3, 6, 9, 12, 18, 24, 30, and 36 months following injection completion.
However, quarterly sampling may be continued after the first year based on the results of
technical reviews and discussions with USACE and MDE.

The following eight wells selected for post-injection site monitoring are shown on Figure 7-1 and
are located within the outline of the CCls and TCE plumes, as well as up, cross, and
downgradient of the plume:

e MW-17 (upgradient of the CClaand TCE plumes, unimpacted background well)
e MW-4 (within CClsand TCE plumes; location of the highest CCla concentration)
e  MW-7 (within CCls and TCE plumes)
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e  MW-12 (within CCls and TCE plumes; location of the historically high CCls
concentrations)

e MW-18 (within the CCla plume; downgradient sentinel well)

e  MW-19 (within the CCls and TCE plumes; location of the historically high TCE
concentrations)

e  MW-20 (within the CCls and TCE plumes)

e  MW-24 (within the CCls and TCE plumes).

Groundwater sampling at these monitoring wells is expected to provide adequate information to
evaluate changes in COC concentrations, including potential increases in COC concentrations
near the downgradient residences that may occur if COCs mobilize. Of particular concern near
the downgradient residences is the vinyl chloride byproduct generated from the biotic
degradation process, which may present an inhalation hazard if present in sufficient
concentrations. Efforts to reduce the vinyl chloride risk include the use of ISCR to reduce
contaminants, which has no associated vinyl chloride production, and ensuring redox and pH
conditions are conductive to reductive dechlorination and associated degradation to ethane.

It is noted that groundwater sampling at MW-24 is critical to verifying CVOC concentrations in
groundwater upgradient of the private residence located immediately northwest of MW-24.

Of note, during 2019 pre-design gauging activities, static water levels observed at wells MW-20
and MW-22 were noted to be above the well screen following installation. Existing well caps at
MW-20 and MW-22 should be replaced with vented well caps should the screened intervals at
these wells remain fully saturated during subsequent gauging and/or sampling events.

7.2.1 Groundwater Level Measurements

Prior to purging or sampling, the static water level of each groundwater monitoring well will be
determined. Groundwater level measurements will be taken using an interface probe designed to
differentiate between two liquid phases, if present. Groundwater elevations will be measured to
the nearest 0.01 feet.

Measurements will be collected at the location of a permanent mark on the casing that is oriented
to north. The probe will be lowered gently into the well casing until it signals contact with the
fluid surface in the well, and a level reading will be recorded. The probe will then be lowered to
verify the total depth of the monitoring well. The differences between the measured total well
depths and constructed well depths will be compared to determine if significant siltation of the
well screen has occurred.

Although NAPL has never been detected at the site, if NAPL is indicated, the probe will be
lowered until the NAPL/water interface is detected. This procedure will be continued during
total depth measurement to determine if dense NAPL is present in the bottom of the well.
Measurements will be referenced to the top of the well casing at a point based on a visual
examination of the high-point of the cut casing surface, previously marked reference point, or to
magnetic north if the previous points are not discernable. All depth measurements will be
interpolated and recorded to one hundredth of a foot.
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7.2.2 Groundwater Sampling

Eight existing groundwater monitoring wells will be purged and sampled for VOCs using a
submersible pump with dedicated, single-use tubing using low stress (low flow) protocols in
accordance with EPA SOP EQASOP-GW4 (2017). Care must be taken to ensure the sample
pump intake is installed within the screened interval at each monitoring well location. Field
measurement equipment used during groundwater sampling will consist of a YSI Pro Plus (or
equivalent) water quality meter, or similar instrument, with a flow-through cell and a water level
indicator. The YSI Pro Plus water quality meter will be calibrated each morning prior to usage
in the field. Purge water will pass through the YSI Pro Plus flow-through cell where pH,
conductivity, turbidity, DO, temperature, and ORP values will be monitored and recorded on
each well’s groundwater purge log every 3 to 5 minutes; dependent upon the flow rate to ensure
that a minimum of one flow-through cell volume is purged between each consecutive reading.
Each well will be purged until the groundwater quality parameters have stabilized, as indicated
below, to ensure that formation water is being sampled. Wells will be considered stabilized
when the following criteria are observed over three consecutive measurements obtained
approximately 3 to 5 minutes apart:

pH: +/-0.1 standard pH unit

Specific conductance: +/-3%

Turbidity: +/-10% nephelometric turbidity units
DO within 10%

Temperature: +/-3%

ORP: +/-10%.

If the well does not stabilize to the above parameters after three well volumes have been purged,
the well will be sampled. Dedicated tubing will be disconnected from the flow-through cell once
the water quality has stabilized. Using the same pump and dedicated tubing from the well
purging, the groundwater will be transferred directly into laboratory-supplied sample containers.
The samples will be shipped to a certified laboratory and analyzed for the following parameters:

e VOCs by EPA SW-846 Method 8260B

0 VOCs will be monitored to track concentrations of COCs and their degradation
products.

e Total iron by EPA SW-846 Method 6010C

o Total iron will be monitored to track the presence of iron-based ZVI amendment.
Total iron concentrations elevated above background concentrations indicate the
likely presence of Provect-IR™,

e Performance monitoring parameters:

o Performance monitoring parameters will be monitored to track geochemical
conditions and their appropriateness for reductive COC degradation. These
parameters supplement information provided by measuring field parameters such as
pH, DO, and ORP.

o0 Total organic carbon by EPA SW-846 Method 9060A
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> Total organic carbon at concentrations above approximately 20 mg/L are
generally needed to support biotic dechlorination.

Alkalinity by Standard Method 2320B

> Alkalinity can be an indicator of carbon dioxide generated by microbial
activity. Generally, an alkalinity twice that of background is interpreted as
evidence of microbial activity.

Chloride, nitrate, and sulfate anions by EPA SW-846 Method 9056A

> Chloride can be a daughter product of organic chlorine. A chlorine
concentration of twice background concentration is generally indicative of
chlorinated organic compound degradation. Nitrate and sulfate can compete
with CVOC degradation and indicate that geochemical conditions are not
adequately reducing. Concentrations are ideally less than 1 mg/L and 20 mg/L,
respectively.

Dissolved gases (methane, ethene, ethane) by Method AM20GAX

> Methane, ethene, and ethane are CVOC breakdown chain end products and can
indicate that complete CVOC breakdown has occurred.

Total sulfide by EPA SW-846 Method 9034

> Sulfide is an indicator of sulfate-reducing conditions. Sulfide concentrations
greater than 1 mg/L are ideal, but this depends on pre-existing sulfur in the
system.

Total manganese by EPA SW-846 Method 6020A

> Manganese can act as a competing electron acceptor to the reductive
dehalogenation process.

e Microbial analyses (MW-4, MW-12, and MW-19 only):

o

Census-DNA (DHC). The cell count of the only bacterial group isolated to date that
is capable of complete reductive dechlorination of tetrachloroethylene and TCE to
ethene.

Census-DNA (bvcA Reductase — BVC). The bvcA gene encodes the vinyl chloride
reductase (VCR) enzyme responsible for reductive dechlorination of vinyl chloride
to ethene by DHC.

Census-DNA (tceA Reductase — TCE). The tceA gene encodes the enzyme
responsible for reductive dechlorination of TCE to dichloroethene in some strains of
DHC.

Census-DNA (VCR). The vcrA gene encodes the VCR enzyme responsible for
reductive dechlorination of dichloroethene and vinyl chloride by DHC.

Groundwater samples will be collected in laboratory-provided containers that hold an
appropriate preservative for the proposed test method. The samples will be labeled, placed in an
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ice-cooled chest, and transported by an overnight courier service to a predetermined laboratory
for analysis.

7.3 POST INJECTION CONFIRMATION SOIL GAS SAMPLING

Following the first round of groundwater sampling, soil gas sampling will be performed to
determine if the CCls and TCE plumes are migrating and to monitor for inhalation exposure and
vapor intrusion potential at the adjacent residential properties. Pursuant to the DD, soil gas
sampling will be performed in Lots 8, 9, and 10 of the Cedar Tree Properties (Figure 7-1). These
properties are located immediately downgradient of the site and will be used to verify that there
IS no remaining vapor intrusion risk. In addition to the DD-specified lots, soil gas sampling will
also be performed in Lots 11 and 51 located southwest of the site. In accordance with the
RDWP, all soil gas samples will be collected in accordance with the EPA Region 4 Operating
Procedure for Soil Gas Sampling (EPA 2014).

7.3.1 Soil Gas Sampling Locations

Ten total soil gas samples will be collected from Lots 8, 9, 10, 11, and 51. Two soil gas samples
will be collected at the property boundary of each of the residential properties from shallow
depths (surface to 1 foot bgs). Sampling at the property boundary will aid in developing a line of
evidence that the CCls and TCE plumes have not expanded post-injection. In addition, quality
control samples will be collected including a field blank, and a field split sample (duplicate
sample).

7.3.2 Soil Gas Sample Collection

Soil gas samples will be collected through the use of a Post-Run Tubing (PRT) system following
the below steps:

1. Place O-ring on PRT expendable point holder and attach to initial section of probe rod.
2. Place O-ring on expendable point and press into expendable point holder.

3. Add drive cap to probe rod and push PRT system into ground the distance of the
intended open-interval. Take special care to assure that the rods are in line with the
push axis of the probe machine. Dig a small depression around the rod string. Fill the
depression with bentonite crumbles (not pellets) and hydrate with tap water.

4. At the desired sampling depth, attach a point popper to an extension rod and insert
extension rod string into rods so that the point popper rests on the expendable point.
Using the rod puller and taking special care to maintain probe alignment with the rods,
begin pulling the rods while maintaining pressure on the extension rods. The extension
rods should drop when the pull is started, indicating that the expendable point has been
ejected. The rods can then be pulled to expose the desired open sampling interval.

5. Using a properly decontaminated water level sounder, check, if conditions warrant, to
make sure groundwater is not present prior to proceeding with Step 6.

6. Secure the PRT adapter to a length of tubing sufficient to reach from the sampling
interval to the surface, with several feet of excess tubing extending beyond the top of
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the probe rod to facilitate sampling. The adapter is secured tightly to the tubing using
electrical tape. This will not compromise the integrity of the sample to be collected, as
the sample is pulled directly through the adapter and is never exposed to the tape.

7. Run the tubing and adapter into the probe rod and, using steady downward pressure,
turn the tubing counter-clockwise to dock the adapter into the top of the expendable
point holder. Tug gently on the tubing to ensure that the adapter engaged with the
expendable point holder. Continue rotating tubing until the adapter is firmly seated.
Failure to dock could indicate that soil intruded during the push or that the expendable
point was lost during the push.

8. At this point, the PRT system has been installed and is ready for sampling. If the
sample cannot be collected immediately, the end of the tubing should be capped with a
stainless- steel Swagelok® cap.

9. Soil gas samples will be collected by directly filling laboratory prepared stainless steel
canisters over the time associated with the calibrated regulator (typically 24 hours) and
delivering the samples to a qualified laboratory.

To ensure high-quality soil gas samples are collected, the PRT system will be checked for
ambient air leakage using a helium housing and detector to confirm that the collected samples
have not been exposed to ambient air. This will be conducted using the following procedure:

1. The sampling system will be leak checked by inserting a 1/8” diameter Teflon® tubing into
the drive rod next to the 1/4-inch diameter Teflon® sampling tubing, until it bottoms out a
few inches above PRT adaptor. The 1/8” diameter tubing will be connected to a helium
source.

2. A second length of 1/4” Teflon® tubing will be inserted into the drive rod to a point
approximately one foot below the top of the rod. The free end of this tubing will be
connected to a helium meter that will monitor the helium content of the drive rod during
the leak test

3. The top of the drive rod and tubing will be sealed with Parafilm® to retain the helium for
the leak test. The drive rod will be filled with helium to a concentration of greater than
90%, while a soil gas sample is collected into a Tedlar® bag through the 1/4” Teflon®
sample tube for on-site sample analysis of helium content. When the Tedlar® bag is
disconnected from the sample tubing the sample tubing is crimped and held with a rubber
band or cable tie, to prevent ambient air from entering the sample tube. The helium
concentration in the Tedlar® bag must be less than 10% of the helium concentration in the
drive rod to insure integrity of the soil gas sampling well. When the leak test is complete,
the Parafilm®, helium supply, and monitoring tubes will be removed, leaving the sample
tube.

7.3.3 Soil Gas Sample Location Decommissioning

The 10 soil gas sampling locations will be decommissioned following sampling through filling
the points with bentonite chips and hydrating.
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8. PERFORMANCE ASSESSMENT

8.1 REPORTING

A technical memorandum will be prepared once the RA activities are complete. The
technical memorandum will summarize the work completed to date, including any deviations
from this RAWP. The technical memorandum will be submitted approximately one month after
completing the ISCR injections. The ISB injections will be summarized including any relevant
findings. An additional technical memorandum will summarize the first post-injection
groundwater sampling event conducted 3-months after the ISCR injection. The intent of this
memorandum will be to assess if target pH and ORP conditions have been obtained so that the
ISB injection can be conducted.

During the 36-month post-injection performance monitoring period, RA progress reports will be
prepared every 6 months for the first year, followed by annual reporting thereafter. However,
6-month progress reporting may be continued after the first year based on the results of technical
reviews and discussions with USACE and MDE. Initial evidence of post-injection geochemical
changes are expected to occur within the first 6 months. Data evaluation rationale for
groundwater and soil vapor is provided below.

Following the 36-month post-injection performance monitoring sampling event, a RA outcome
report will be prepared. That report will discuss remedial effectiveness and recommendations for
further RA, if warranted.

Per the RDWP, once three consecutive groundwater sampling results confirm contaminant
concentrations consistently achieve the RAOs for CCls and TCE, groundwater monitoring will
be halted. Following the halting of the groundwater monitoring, an application to enter the site
into MDE’s Voluntary Cleanup Program on behalf of USACE (if requested by USACE).
Following successful application and approval from MDE, either a No Further Requirements
Determination or a Certificate of Completion will be issued.

If it is determined that monitored natural attenuation is required to obtain UU/UE, LUCs will be
implemented to prevent the use of groundwater for drinking purposes at the site and the
downgradient impacted area, if necessary, EA will provide support to USACE Office of Council
and USACE Real Estate by providing chemical values/location data and property information to
support USACE generation of any associated deed restrictions or environmental covenants, if
USACE determines they are necessary.

8.2 GROUNDWATER DATA EVALUATION
8.2.1 Statistical Analysis

In accordance with the 2020 RDWP results will be evaluated using Mann-Kendall trend analysis
to determine if concentrations of CCls and TCE are declining in comparison to the MCLs of

5 ug/L. EA will use the analysis to identify wells with decreasing monotonic trend, and then
evaluate and characterize all significant trends. There are two types of anticipated general
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trends: (1) wells undergoing exponential decline due to natural attenuation (pre-injection
timeline), and (2) wells where COC degradation is a result of ISCR/ISB (post-injection timeline).
For wells exhibiting natural attenuation, linear regression will be used on the natural logarithm of
the concentration time series to determine the first order attenuation rate and half-life. For wells
under the ISCR/ISB or potential matrix diffusion, a non-uniform trend is anticipated as
contaminant concentrations decrease or increase based on other factors. For these cases, we
propose Locally Weighted Scatterplot Smoothing to define the relationship between variables
and to see the trends. Additionally, trends will include a projection (if appropriate) of the
concentration required to achieve the remedial goal with in a 5-year time frame (to assess
concentrations through a 5-year review period) using a site-specific half-life.

In addition to statistical analysis, groundwater elevations may be plotted with contaminant
concentrations to determine if changes in the water table elevation has an influence on
contaminant concentrations.

8.2.2 Performance Model Development and Tracking

Post-injection groundwater monitoring data will be systematically evaluated to assess the
effectiveness of remediation. The following parameters will be monitored and evaluated using a
systematic framework.

Mass Reduction: The contaminant mass in each well including COCs and detected degradation
products will be tracked for each sampling event to determine if there are increases or decreases
in molar concentration and prevalence of degradation products.

Plume Extent: The extent of the plume for CClzsand TCE will be evaluated each field event
using contouring software such as Surfer to maintain objective consistency between sampling
events. The plume volume, mass, and center of mass will be determined and compared to
previous sampling events.

Degradation Parameter Evaluation: Degradation parameters including iron, total organic
carbon, alkalinity, chloride/nitrate/sulfate anions, dissolved gases, total sulfide, and total
manganese results will be evaluated in respect to the ideal values/ranges for biodegradation.
Target values for these parameters are summarized on Table 17-2 of the UPF-QAPP (Appendix
A). The target range for microbial contaminant degradation is a pH between 5 and 9, DO less
than 0.5 mg/L, and ORP less than -100 millivolts. Additionally, COC degradation products will
be evaluated to determine to what extent biodegradation is occurring. DHC polymerase chain
reaction (PCR) results (MW-4, MW-12, MW-19 only) will be evaluated to monitor the counts of
DHC and associated functional genes before and after any bioaugmentation ; the target count for
DHC is between 1 x 10* to 1x108 cells per millileter. Results for each sampling event will be
tracked in a tabular format.

Framework: The statistical analysis, mass reduction and plume geometry evaluation, and
degradation parameter evaluation results will be evaluated to determine the effectiveness of the
remedy. The results of each evaluation will be graphically represented as depicted in the
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performance monitoring evaluation framework (Figure 8-1 and Table 8-1). Endpoint(s) will be
evaluated after each sampling event.

Potential response scenarios include:
e Reduction of COCs to below 5 ug/L without additional action

e Reduction of COCs to levels above 5 pg/L with degradation stalling (asymptotic plateau
level)

e Increase of COCs, indicating potential matrix diffusion or inadequate conditions for
biodegradation.

8.2.2.1 Evaluation of Endpoints

The post-injection performance monitoring evaluation depicted on Table 8-1, will be completed
following each sampling event. Based on this evaluation, the following endpoints will be
evaluated, and recommendations made. Additional endpoints may also be reached including
discontinuation of treatment for longer monitored natural attenuation timeframes, contaminant
concentrations decreased low enough where additional treatment may no longer be cost
effective, or the unlikely event that shallow groundwater is used as a potable source. It should
also be noted that long-term continued rebound may denote significant residual mass that
remains untreated that may warrant additional characterization to better target additional
injections or the need to implement contingency measures.

Continue monitoring: All wells green. Wells are on track to meet remedial goal within 5
years, plume reductions are indicated, degradation parameters are within range, and COC
degradation products are detected.

Discontinue monitoring: All wells green and COCs have been reported to be below 5 pg/L for
three consecutive groundwater sampling events.

Transition to Monitored Natural Attenuation: All wells green and projected to be below

5 ug/L within a reasonable timeframe (per discussion with the stakeholders). The transition will
be based on multiple lines of evidence such as contaminant trend analyses, geochemical
conditions analysis and potentially remedial timeframe analysis using the Matrix Diffusion Took
Kit or REMCHLOR-MD. No further remedial actions will be required when COC
concentrations are projected to be below the remedial goal within a reasonable timeframe and the
degradation parameter evaluation indicates conditions are within the ideal values/ranges for
degradation to occur.

Additional monitoring well installation: Indicated if plume geometry changes to the extent
that plume boundaries below the remedial goals are no longer delineated and no existing
monitoring wells are in a suitable location for delineation. The number and location of
additional (new) wells will be based on data to be generated during the investigation. Wells will
be placed in locations and screened at depths to optimize plume delineation downgradient of
wells in consultation with USACE and MDE.

Additional remedial actions needed if monitored natural attenuation transition criteria not
met include the following:
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Additional buffer augmentation to maintain anaerobic conditions: If degradation parameters
indicate that ideal values/ranges for biodegradation are declining, COC values have stalled
(asymptotic plateau level), and iron levels indicate a viable level for continued remediation, then
additional buffer augmentation of the aquifer using sodium bicarbonate to induce anaerobic
conditions will be required to re-activate the ZV1 in order to promote ISCR. Areas to be targeted
for augmentation will be areas in the vicinity of wells that are red for general chemistry
parameters. Wells that are yellow will also be evaluated for augmentation with USACE and
MDE. Injections will be completed on an 8-foot spacing, offset from the grid of original
injection points. The number of injection points will be determined by the area requiring
additional treatment.

Additional bioaugmentation: If biodegradation parameters indicate sustainable conditions for
DHC and TCE concentrations are still elevated above the RGs for more than two sampling
events, but PCR results indicate low DHC counts, then one additional bioaugmentation of the
aquifer to COC degradation will be required to enhance TCE degradation. Areas to be targeted
for augmentation will be areas in the vicinity of wells that are red for DHC PCR. Wells that are
yellow will also be evaluated for augmentation with USACE and MDE. Injections will be
completed using 8-foot spacing, offset from the grid of original injection points.

Additional ZVI augmentation: Indicated if iron concentrations are declining, DHC PCR
concentrations are decreasing or stable, and COC values have stalled (asymptotic plateau level).
Assumed to be due to matrix diffusion demand exceeding the capacity of the initial injection
volume of ZVI; an additional injection event will be required to continue degradation of COCs.
Conversely, if it is found that iron concentrations are adequate, the injection of an amendment
(sodium dithionate) to re-activate the ZVI will be considered in discussions with USACE and
MDE. If injections are recommended, they will be completed using 8-foot spacing, offset from
the grid of original injection points. The number of injection points will be determined by the
area requiring additional treatment.

8.3 SOIL GAS DATA EVALUATION

Following the receipt of the soil gas analytical results, the data will be evaluated to determine if
the plumes of CClsand TCE are migrating. These results will be tabulated and compared to the
EPA and MDE Residential Ambient Air Standards for CCls and TCE which are 4.1 pg/m® and
420 pg/m?, respectively.

Former Waldorf Nike W-44 Missile Battery Final Remedial Action Work Plan for
Waldorf, Charles County, Maryland Remediation of Chlorinated Solvents in Groundwater



EA Engineering, Science, and Technology, Inc., PBC

EA Project No.: 634250038
Page 8-5
September 2021

Figure 8-1. Evaluation Framework
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Table 8-1 — Post-Injection Performance Monitoring Evaluation Framework
Individual Well Evaluation CCla Plume evaluation TCE Plume evaluation
Degradation Parameters
Statistical Ma Ma Mass
A I? ¢ Red sts General cocC Plume Extent Red sts Plume Extent Reducti
nalysis eduction : DHC PCR | Degradation eduction eduction
Chemistry
Products
COCs Decreasing
or COC below 5 . L Increasin . . . . .
Decreasing Within range g Increasing Decreasing Decreasing | Decreasing Decreasing
ug/L for 3 counts
consecutive events
COCs stable at
concentration
Within range, Stable
above 5 pg/L Stable g Stable Stable Stable Stable Stable
; but decreasing Counts
(asymptotic
plateau)
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9. WASTE MANAGEMENT PLAN

IDW is expected to be limited to decontamination water, disposable personal protection
equipment, and purge water produced during groundwater sampling. The contractor
implementing this Work Plan will be responsible for IDW containerization, characterization,
and disposal.

9.1 WASTE STREAMS

The following waste streams are anticipated:

e Municipal waste — spent personal protective equipment, acetate DPT liners, and empty
bags from ZVI and buffer materials.

e Soil cutting generated during direct push soil borings

e Purged groundwater from sampling and development.

9.2 WASTE STORAGE
Municipal waste will be stored in garbage bags in a centralized location.

Unless otherwise directed, contaminated but non-hazardous purge water will be treated through
the granular activated carbon unit prior to discharge to the surface as detailed in the RAWP (EA
2020a). Any water determined to be hazardous will be shipped in bulk for offsite disposal at a
permitted hazardous waste treatment facility. A subcontractor will be procured to handle and
dispose of hazardous purge water IDW in accordance with the Federal Acquisition Regulation
and EA SOP No. 042 (EA 2021c) as included in Appendix C of the UPF-QAPP.

Purge water IDW will be collected in 5-gallon buckets for temporary storage and moved to
55-gallon drums. Soil will be stored in 55-gallon drums. All drums will be clearly labeled.
Drums will be stored in the work area on pallets until offsite disposal.

9.3 WASTE DISPOSAL

Soil samples will be collected for analysis by an offsite subcontracted laboratory as required by
the subcontracted disposal facility. Following receipt and review of analytical results, soil
cuttings will be field screened with a PID and any soil with levels below 5 parts per million will
be returned to the boring. Cuttings above 5 parts per million total VOCs will be drummed and
characterized for offsite disposal. Any soil determined to be hazardous will be shipped in bulk
for offsite disposal at a permitted hazardous waste treatment facility. A subcontractor will be
procured to handle and dispose of hazardous purge water IDW. Disposal waste manifests and
disposal certificates will be furnished by USACE for offsite disposal. Based on historical soil
data it is not expected soils will be characterized as hazardous waste.

In lieu of sampling, analytical results from groundwater monitoring will be used to characterize
purged groundwater. Purged groundwater will be containerized in properly labeled 55-gallon
drums staged onsite. Drums will be periodically disposed of offsite.
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