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EXECUTIVE SUMMARY

This 90% Design report, prepared by Geosyntec Consultants of NC, P.C. (Geosyntec) and
GEOServices, LLC (GEOServices) for The Chemours Company FC, LLC (Chemours), describes
the components of the remedial action being designed for implementation at the Fayetteville
Works Site (the Site) pursuant to the requirements of paragraphs 2(c) and 3(b) of the Consent
Order Addendum (COA) among Chemours, the North Carolina Department of Environmental
Quality (NCDEQ), and Cape Fear River Watch (CFRW).

The Site is an active manufacturing facility and is located approximately 20 miles southeast of the
City of Fayetteville along the Bladen-Cumberland County line in North Carolina. The Site is
bounded by NC Highway 87 to the west, the Cape Fear River to the east, and on the north and
south by forested areas, farmland and private residences. The Site’s manufacturing areas are
located on relatively flat ground and are separated from the Cape Fear River by a relatively steep
bluff face which descends over 100 feet down to the Cape Fear River with multiple aquifer units
intersecting along the bluff face (see Figure ES1). The Site is located within the North Carolina
Coastal Plain Hydrogeologic region. Site hydrogeology consists of four water bearing units:

e The Perched Zone: Uppermost unconfined hydrostratigraphic unit in the vicinity of the
Site. The Perched Zone is discontinuous and is spatially limited in its extents. Water from
the perched zone migrates radially to the bluff face at the Site where it is expressed as
groundwater fed seeps that migrate downwards to the surficial aquifer and also discharges
to the Cape Fear River.

e The Surficial Aquifer: Directly underlies the Perched Zone, where it exists, and constitutes
the surface water table. Surficial aquifer groundwater discharges both to the Black Creek
Aquifer and to the bluff face at the Site as groundwater fed seeps and then enters the Cape
Fear River.

e The Black Creek Aquifer: This zone is separated from the Surficial Aquifer by the Black
Creek confining unit. The Black Creek Aquifer is a delta plain deposit with lateral
variability in grain size and transmissivity with the northern areas at the Site having finer
grain sizes and lower transmissivity. Black Creek Aquifer groundwater discharges as both
groundwater fed seeps at the base or toe of the bluff face near the Cape Fear River and
directly into the Cape Fear River.

e The Upper Cape Fear Formation: This unit consists of an overlying confining unit (the
Upper Cape Fear Confining Unit, UCC) and the Upper Cape Fear Aquifer (UCFA) which
consist of interbedded clays and sand. The clay beds are typically pale to medium gray
which is consistent with clay beds identified in the base of most onsite borings
(Geosyntec2021a).
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The remedy design described in this report will intercept, capture and treat groundwater originating
in the Perched, Surficial, and Black Creek Aquifers as well as the water that discharges at the bluff
face as seeps.

The COA provides that Chemours shall proceed with the design and the installation of a barrier
wall and groundwater extraction and treatment system to reduce per- and polyfluoroalkyl
substances (PFAS) loading from groundwater flow from under the Facility to the Cape Fear River
and Willis Creek. Similarly, the COA also outlines the objectives for a long-term seep remedy.
The objective of the long-term seep remedy is to reduce the total annual mass loading of PFAS (as
measured by the indicator parameters hexafluoropropylene oxide dimer acid [HFPO-DA],
perfluoro-2-methoxypropanoic acid [PMPA] and perfluoro-1-methoxyacetic acid [PFMOAA]) to
the Cape Fear River from Seeps A through D.

The remedy objectives outlined in the COA results in a remedy design with three components:
e The groundwater interception remedy
e The ex-situ capture remedy
e The groundwater treatment plant

The groundwater interception remedy consists of three key elements: (i) a subsurface barrier wall
to create a vertical low permeability barrier to reduce the transmission of groundwater, (ii) a
groundwater extraction system consisting of extraction wells in the Surficial and Black Creek
aquifers, and (iii) a groundwater conveyance system to convey extracted groundwater to the
treatment system (see Figure ES1). The ex-situ capture remedy design consists of capture locations
where ex-situ flow intersects the barrier wall alignment at Seep A, Seep A-Tributary and Seep B
to accommodate dry weather flows and stormwater flows from rainfall events up to 0.5 inches
over 24 hours pursuant to COA paragraphs 2(c). In addition to seep capture, Chemours will also
capture the dry weather flow crossing the remedy at the Willis Creek Tributary and at weep?
locations to prevent groundwater migrating over the barrier wall / remedy pursuant to COA
paragraph 3(b). The ex-situ capture design includes impoundment and pumping systems along
with equalization basins, as needed, to control flows. The captured water is then conveyed to the
groundwater treatment plant (GWTP) which is being designed to treat continuous maximum flow
rates up to 1,500 gallons per minute (gpm) of water and to remove 99% of indicator PFAS
parameters. A Performance Monitoring Plan (PMP) has been prepared to address long-term
groundwater remedial action effectiveness.

The remedy design as described in this report will intercept, capture and treat groundwater
pursuant to the requirements of paragraphs 2(c) and 3(b) of the COA.

1 Weeps are low flow or ephemeral groundwater reaching surface at or upgradient of the planned barrier wall
alignment with anticipated flow rates of 10 gallons per minute or less.
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1. INTRODUCTION AND OBJECTIVES

Geosyntec Consultants of NC, P.C. (Geosyntec) and GEOServices, LLC (GEOServices) have
prepared this 90% Design Report for The Chemours Company, FC, LLC (Chemours) Fayetteville
Works facility in Bladen County, North Carolina (Figure 1, the Site). This report describes the
components of the remedial action that is being designed for implementation at the Site. This
report is submitted pursuant to the requirements of paragraph 3(b) of the Consent Order Addendum
(COA). The COA requires Chemours to proceed with the design and installation of a barrier wall
and groundwater extraction and treatment system to reduce per- and polyfluoroalkyl substances
(PFAS) loading from groundwater flow from under the Facility to the Cape Fear River and Willis
Creek. The objective of this report is to provide the 90% design of the remedy for North Carolina
Department of Environmental Quality (NCDEQ) review and subsequent approval.

The design concepts presented are expected to remain consistent between this report and the
constructed remedy. However, some elements may be refined in the final progression to 100% for
construction design. The designs are also subject to change based on conditions encountered
during installation.
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Report Organization

The remainder of this document is organized as follows:

Section 2 — Background, Remedy Obijectives and Overview describes the overarching
objectives of the remedy, a description of the Site, Site geology and an outline of the
remedy design.

Section 3 — Groundwater Interception Remedy Design describes the basis of design and
90% design for the groundwater interception remedy comprised of an underground barrier
wall, groundwater extraction wells and conveyance system.

Section 4 —Ex-Situ Capture Remedy Design describes the design of the seeps ex-situ
capture systems.

Section 5 — Groundwater Treatment Design describes the basis of design for the
groundwater treatment plant as well as the specific components of the treatment train.

Section 6 — Permits describes the permit submissions for National Pollutant Discharge
Elimination System (NPDES), United States Army Corps of Engineers (USACE)/NCDEQ
Clean Water Act Section 404 Permit and 401 Certification, well permits, extraction
permits, and Bladen County permits for land disturbance and electrical connection.

Section 7 — Construction Quality Assurance (CQA) provides a summary of the CQA
practices that will be implemented to identify and rectify design nonconformance related
to the Barrier Wall.

Section 8 — Operation and Maintenance provides a summary of the operations and
maintenance considerations for ongoing remedy operation.

Section 9 — Performance Monitoring provides a summary of a performance monitoring
plan which outlines the methods by which the remedy effectiveness will be monitored.

Section 10 — Adaptive Management describes the contingencies incorporated as part of
the design resiliency and flexibility.

Section 11 — Schedule describes the timelines for the remedy design, installation and
commissioning and COA milestone dates.

Section 12 — Summary and Closing provides a summary of this design report.
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This report contains a series of appendices that support the 90% designs for the remedy
components described in in Sections 2 through 5. These appendices are listed below in Table 1.

Table 1: Summary of Appendices

Attachment | Title Content/Purpose
. Groundwater Flow Model | Presents an update on the model development and
Appendix A
Report the remedy modeled to prevent groundwater
migration around, above or under the barrier wall.
Appendix B Barrier Wall Design Presents 90% design details on the barrier wall
PP Report including contours, location, and structure of the
wall.
. Groundwater Extraction Presents 90% design details on the groundwater
Appendix C .
and Conveyance System | extraction and conveyance system to prevent
Design Report groundwater migration around, above or under
the barrier wall.
Aopendix D Seep Flow at Barrier Wall | Presents the data and modeling relevant to the
PP Memo determination of seep dry weather flow and 0.5
rainfall stormwater volume estimates, in addition
to Willis Creek Tributary dry weather flow.
. Ex-Situ Capture Design Presents 90% design details on the seep capture
Appendix E . .
Report design for Seeps A, A-tributary and B flow
upgradient of barrier wall and rain events up to
0.5 inches of rainfall in 24 hours, in addition to
Willis Creek Tributary and ephemeral weep dry
weather flow.
Aopendix F Groundwater Treatment Presents 90% design details on the groundwater
PP Plant Process Narrative treatment system required to achieve 99%
removal efficiency.
. Performance Monitoring | Presents the performance monitoring plan for the
Appendix G i i
Plan groundwater interception remedy.

TRO795 - 90% Design Submittal
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Attachment | Title Content/Purpose

Barrier Wall Construction

Presents the details for planned Quality

Memo

Appendix H Quality Assurance (CQA) | Assurance during the construction of the Barrier
Plan Wall
Appendix | Passive Flux Meter (PFM) | Presents the relative differences in PFAS mass

flux along northern and southern/ central sections

of the remedy

In addition to the reports shown in Table above, there were additional basis of design documents
transmitted previously in the 60% design submittal, including the Pre-Design Investigation Report
(Geosyntec, 2021a) and the NPDES Engineering Report (Geosyntec, 2021b; Appendix G).

1.3 Design Progression from 90% to 100%

The objective of this 90% design report submittal and appendices (listed in Table 1) is to present
the design basis, remedial concepts, and remedial designs to meet the requirements pursuant to
COA paragraphs 2(c) and 3(b). This 90% design presents the remedy details and specifications for
each design component. In progression to the 100% “Issued for Construction” design, some
elements may be refined. The designs are also subject to change based conditions encountered
during installation.
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2. BACKGROUND, REMEDY OBJECTIVES AND OVERVIEW

This section provides a description of the Site location, remedy objectives and remedy overview
and how remedy objectives will be fulfilled. Additional Site background details as well as Site
and regional geography and geology are contained in the Corrective Action Plan (CAP; Geosyntec,
2019a), the On and Offsite Assessment Report (Geosyntec 2019b), and the Pre-Design
Investigation (PDI) report (Geosyntec 2021a).

2.1 Site Background

The Site is located within a 2,177-acre property at 22828 North Carolina (NC) Highway 87,
approximately 20 miles southeast of the city of Fayetteville along the Bladen-Cumberland County
line in North Carolina. Figure 1 shown above presents the location of the Site.

The Site property was originally purchased by E.I. du Pont de Nemours and Company (DuPont)
in 1970 for production of nylon strapping and elastomeric tape. DuPont sold its Butacite® and
SentryGlas® manufacturing units to Kuraray America Inc. (Kuraray) in June 2014 and
subsequently separated its specialty chemicals business, with Chemours becoming an independent
operator in July 2015. The manufacturing area is approximately 312 acres, and the remaining areas
are grassy areas, forests, and wetlands. Presently, the Site consists of five manufacturing areas
(Figure 1): Chemours Monomers lon Exchange Membranes (IXM); Chemours Polymer
Processing Aid (PPA); Kuraray Trosifol®; Kuraray SentryGlas®; and DuPont Company polyvinyl
fluoride (PVF) resin manufacturing unit. In addition to the manufacturing operations, Chemours
operates two natural gas-fired boilers, a wastewater treatment plant for the treatment of sanitary
wastewaters as well as process wastewaters from Kuraray and DuPont, and a thermal oxidizer for
treatment of air emissions.

The Site is bounded by NC Highway 87 to the west, Cape Fear River to the east, and on the north
and south by forested areas, farmland, and private residences. Cumberland and Bladen County
zoning maps indicate that the surrounding areas are zoned as residential, agricultural, conservation,
industrial or commercial.

2.1.1 Site Geology and Hydrogeology

The Site is located within the North Carolina Coastal Plain Hydrogeologic region. Site and
regional geology consist of four primary units in stratigraphic order from bottom to top; the
Cretaceous Cape Fear formation (the oldest formation), the Cretaceous Black Creek formation, the
Surficial Aquifer, and younger sediments along the Cape Fear River, designated as floodplain
deposits. This section summarizes the geology and hydrogeology of the Site. A more detailed
discussion of the site-specific geology and hydrogeology is presented in the PDI report (Geosyntec
2021a) as well as the CAP (Geosyntec, 2019a).

TRO795 - 90% Design Submittal 6 March 2022
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Geology

The four primary units listed in order of age (oldest to youngest; deepest to most shallow) are
described below.

The Upper Cape Fear formation consists of an overlying confining unit (the UCC), the Upper Cape
Fear Aquifer (UCFA), the Lower Cape Fear Confining Unit, and the Lower Cape Fear Aquifer.
The depositional environment is interpreted to have been either a marginal marine or deltaic
consisting of interbedded clays and sand. The clay beds are typically pale to medium gray which
is consistent with clay beds identified in the base of onsite borings along the groundwater remedy
alignment. Clay strata are up to 8 feet (ft) in thickness. The sands are either massive or poorly
cross-bedded and commonly contain clay clasts. Sands range from fine to very coarse grained
(Sohl & Owens, 1991).

The Tar Heel formation of the Black Creek Group overlies the Cape Fear unconformably and
consists of the Black Creek Aquifer and the Black Creek Confining Unit. In the area of the Site,
the Tar Heel formation is interpreted to be a delta plain depositional environment. Horizontal beds
of black carbonaceous clays are interbedded with sands. Wood is especially common in these
facies, with silicified logs present (petrified wood). The deltaic sequences generally have a mixture
of higher energy channel sands and lower energy mud flats typical of transgressive and regressive
sequences of sea water levels.

The Varina Grove unit of early Pleistocene age unconformably overlies the Black Creek group
and in previous Site reports was designated the Surficial Aquifer. The Varina Grove unit consists
of sands, very fine to fine grained, silty and clayey, grading downward through fine to medium to
medium to coarse to very coarse-grained sands. The sands and clay are generally dark grayish
orange and/or dark yellow brown. They are interpreted as terrace deposits. As the uppermost
unconfined unit, this will continue to be designated as the Surficial Aquifer. The overlying Perched
Zone is interpreted to be the result of a topographically isolated clay unit (Perched Zone Clay)
from this unit.

The flood plain deposits are observed in isolated areas at the site and are shown on the surficial
geological map to be older alluvium of the late Pleistocene age. Deposits are described as gravel,
with rounded to sub-rounded quartz clasts up to the 6 cm in diameter in a silty quartose. Color is
typically dark grayish orange.

Hydrogeology

The sediments at Site give rise to four water bearing units from shallowest to deepest

e The Perched Zone: Uppermost unconfined hydrostratigraphic unit in the vicinity of the Site
and is created by a topographically isolated clay bed associated with the Varina Grove unit.
The Perched Zone is discontinuous and is spatially limited in extent. Water from the
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perched zone migrates radially including towards to the bluff face at the Site where it is
expressed as groundwater fed seeps, and towards the western extent of the zone and then
migrate downwards to the surficial aquifer and also discharges to the Cape Fear River.

The Surficial Aquifer: directly underlies the Perched Zone, where it exists, and constitutes
the surface water table and follows the surface topography where the perched clay is not
laterally present. Surficial aquifer groundwater discharges both to the Black Creek Aquifer
and to the bluff face at the Site as groundwater fed seeps and then enters the Cape Fear
River.

The Black Creek Aquifer is separated from the Surficial Aquifer by the Black Creek
confining unit, which consists of dark gray to black organic-rich clay. The Black Creek
Aquifer is associated with the Black Creek Formation. The Black Creek Aquifer is
interpreted to have a delta plain depositional area. The lateral variability and changing
energy conditions expected of a delta plain is supported by the varying yield and thickness
observed during the PDI. Monitoring wells installed along Willis Creek showed a
significant thinning of Black Creek Aquifer material (Geosyntec 2021a; Appendix A).

The Upper Cape Fear formation of an overlying confining unit (the UCC) and the UCFA
which consist of interbedded clays and sand. The clay beds are typically pale to medium
gray which is consistent with clay beds identified in the base of most onsite borings
(Geosyntec 2021a).

Remedy Objectives

The COA states in Paragraph 3(b) that “Chemours shall proceed with the design and the
installation of a barrier wall and groundwater extraction and treatment system to reduce PFAS
loading from groundwater flow from under the Facility to the Cape Fear River and Willis Creek”.
The schedule associated with Paragraph 3(b) outlines a submission date of March 31, 2022 for the
90% design of the barrier wall and extraction system; and construction completion and
commencement of operations by March 15, 2023.

In Paragraph 3(b)(i) and (ii) of the COA, objectives for the groundwater interception remedy are
outlined:

“Reduce PFAS loading from groundwater flow from under the Facility to the Cape Fear
River and Willis Creek.”

“Chemours shall construct a barrier wall located between the facility and the Cape Fear
River and Willis Creek that is designed and constructed to intercept the groundwater flow
under the Facility... It is understood that the precise contours, locations, and structure of
the barrier wall will be determined as part of the design.”

TRO795 - 90% Design Submittal 8 March 2022
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e “Chemours shall construct an extraction system consisting of an adequate number of wells
and/or interceptor trenches to pump groundwater at a rate and depth sufficient to prevent
groundwater migration around, above, or under the barrier wall.”

e “The system shall be designed so that extracted groundwater shall be treated through a
treatment system that removes PFAS compounds (as measured by the three indicator
parameters [HFPO-DA?, PMPAS3, and PFMOAA®]) at a minimum removal efficiency of
99%.”

Similarly, in Paragraph 2(c) of the COA, objectives for the long-term seep remedy are outlined.
The primary objective of the long-term seep remedy is to reduce the total annual mass loading of
PFAS (as measured by the indicator parameters) to the Cape Fear River from Seeps A through D
as follows:

e During dry weather, reduce total mass loading by at least 99%.

e During dry weather and following rain events of 0.5 inches or less, reduce total mass
loading by at least 95%.

e For seep water that daylights from Seeps A, B, C or D upgradient of the Barrier Wall,
capture total dry weather flow plus rain events up to 0.5 inches in a 24-hour period
upgradient of the Barrier Wall.

In order to address the groundwater and seep objectives, pre-design investigation and assessment
activities were conducted as described in Section 3.1 and multiple design efforts are being
advanced as described in Section 2.3.

2.3 Remedy Overview

The remedy objectives result in a remedy design with three components:
e The groundwater interception remedy
e The ex-situ capture remedy
e The groundwater treatment plant

The groundwater interception remedy contains three key elements: an underground barrier wall to
create a vertical low permeability barrier to reduce the transmission of groundwater, a groundwater
extraction system consisting of extraction wells in the Surficial and Black Creek aquifers, and a
groundwater conveyance system to convey that groundwater to the treatment system. Figure 2
provides an overview of the groundwater interception remedy. The barrier wall design extends

2 HFPO-DA: hexafluoropropylene oxide dimer
3 PMPA: perfluoro-2-methoxypropanoic acid
4 PFMOAA: perfluoro-1-methoxyacetic acid
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from the facility water intake access road at the northern barrier wall extent to the old Outfall
Channel on the southern extent. The extraction system design consists of 69 wells: 54 in the black
creek aquifer and 15 in the surficial aquifer. This extraction well network and conveyance system
are designed to be installed upgradient of the barrier wall and extend from Willis Creek at the north
to the old Outfall Channel at the south. As described later in Section 3, modeling results indicate
this remedy will intercept groundwater migrating to both Willis Creek and the Cape Fear River
along the length of the remedy

Additionally, the northern portion of the remedy alignment, where groundwater extraction is used
to contain the PFAS mass flux without the barrier wall, has a much lower PFAS mass flux
percentage than the southern portion where groundwater will be controlled by a barrier wall and
extraction system. The northern sections mass flux is estimated to be only 3-5% of the mass flux
in the Black Creek Aquifer along the remedy alignment reaching the river compared to the 95-
97% from the southern section of the remedy.

The ex-situ capture remedy design consists of capture locations where the seep flow intersects the
barrier wall alignment at Seep A, Seep A-Tributary and Seep B to accommodate dry weather flows
and stormwater flows from rainfall events up to 0.5 inches over 24 hours pursuant to COA
paragraphs 2(c). In addition to seep capture Chemours will also capture the groundwater dry
weather flow crossing the remedy at the Willis Creek Tributary and at weep locations to prevent
groundwater migrating over the barrier wall / remedy pursuant to COA paragraph 3(b). Weeps are
low flow or ephemeral groundwater reaching surface at or upgradient of the planned remedy
alignment with anticipated flow rates of 10 gallons per minute or less. The ex-situ capture designs
include impoundment and pumping systems along with equalization basins, as needed, to control
flows. The Ex-situ capture locations are shown in Figure 2 below. Soil waste including excess
soils from site grading activities, preparation of ex-situ capture locations and ponds, drilling waste,
and solids that may build up into ex-situ basins/ponds during operation and must be removed will
be managed according to the Soils and Materials Management Plan (SMMP) submitted on
February 8, 2022 (Chemours, 2022).

Captured water is then conveyed to the groundwater treatment plant (GWTP). The GWTP is being
designed to treat maximum continuous flow rates up to 1,500 gallons per minute (gpm) of water
from the ex-situ capture remedy and the groundwater remedy. Groundwater treatment will include
pre-treatment followed by granular activated carbon (GAC) to remove a minimum of 99% of
indicator parameters®.

5 Indicator parameters are HFPO-DA, PMPA, and PFMOAA.
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Figure 2: Remedy Layout Overview
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3. GROUNDWATER INTERCEPTION REMEDY DESIGN

This section provides a summary of the basis of design elements which includes a summary of the
PDI findings and of the groundwater flow model results. This is followed by a summary of the
design elements of the groundwater interception remedy, including the groundwater extraction
wells, the groundwater conveyance system, and the barrier wall.

3.1 Groundwater Interception Basis of Design

3.1.1 Summary of Pre-Design Investigation Report

PDI activities were conducted between the third quarter of 2020 through the second quarter of
2021. The objective of the PDI was to collect additional subsurface geological and hydrogeological
data relevant to the design of the proposed barrier wall and groundwater extraction system, such
that the remedies would be able to achieve the remedial objectives outlined in the COA and
described above in Section 2.2. Version 1 of the PDI Report was submitted to NCDEQ on March
24, 2021 based on pre-design data collected in the third and fourth quarters of 2020. Version 2 of
the PDI Report was submitted to NCDEQ on June 29, 2021 following additional investigations
conducted in the first and second quarters of 2021 (Geosyntec, 2021a). The PDI report was also
included as part of the 60% Design report submitted to DEQ and the CFRW on August 13, 2021.
The main findings from the PDI that inform the design of the groundwater remedy are described
below.

Site geology is highly variable along the groundwater remedy alignment. Consistent with the
interpretation of a deltaic depositional environment, the Black Creek aquifer along the alignment
is a mixture of high energy channel sands and lower energy mud flats. Geosyntec prepared a high-
resolution cross section along the groundwater remedy alignment using a combination of data
collected during the PDI and previous investigations (Figure 3). Three distinct sections of the
groundwater remedy alignment are described as follows:

e The southern portion (0 to 3,000 ft on cross section) of the alignment where Black Creek
aquifer soils have higher-energy channel sands but are also hydraulically influenced by the
Old Outfall.

e The central portion (3,000 to 7,500 ft on cross section) of the alignment where Black Creek
aquifer soils are dominated by higher-energy channel sands and correlates to the locations
of a majority of the seeps.

e The northern portion (7,500 to 8,500 ft on cross section) of the alignment, adjacent to Willis
Creek, where Black Creek aquifer soils are dominated by more fine-grained materials
indicative of a transition to a low-energy depositional environment.
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Figure 3: High Resolution Cross Section with Interpreted Geology
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Analytical results from surface water samples in Willis Creek, adjacent groundwater samples from
monitoring wells MW-11 through MW-15, and the Passive Flux Meter (PFM) results provide
multiple lines of evidence that Table 3+ PFAS flux is considerably lower along Willis Creek than
those locations along the Cape Fear River.

Aquifer properties are variable across the site. The northern portion of the proposed groundwater
remedy alignment near Willis Creek is characterized by lower extraction yields compared to
extraction wells further south. Extraction well EW-1, which is located adjacent to the road down
to the river intake station, yields approximately 5 gpm during step testing relative to a range of
25-30 gpm at EW-5 near seep B. The variability in extraction rates is a function of finer aquifer
materials and thinner transmissive units in the northern portion of the alignment.

The depth of the top of the UCC varies horizontally, present at shallower depths at the northern
extent of the proposed barrier wall alignment as compared to the south. Seepage modeling
indicates that a key-in depth of 5 ft is suitable to control groundwater migration beneath the wall.

The data collected as part of the PDI informed remedy design in several ways. The PDI increased
resolution on Table 3+ PFAS concentrations and flux to inform loading in groundwater along the
proposed alignment. It allowed for improved estimation of aquifer transmissivity and storativity,
and zones of influence to inform extraction well design. The investigation also improved the
characterization of soil properties to inform soil bearing capacity, design permeability performance
criteria, and roadway stability. The investigations provided an assessment of the depth of the top
of the UCC to establish barrier wall depths along the proposed alignment.

3.1.2 Groundwater Flow Model

A three-dimensional (3D) transient-state finite element numerical groundwater flow model was
developed to simulate groundwater flow at the site and allow for testing the effectiveness of
different remedial scenarios. The model has been refined from the original model developed
during preparation of the CAP (Geosyntec, 2019a) to evaluate the groundwater flow pathways at
the Site under current conditions. Refinements in the model incorporate modification of the layer
characteristics to match field observations and the results of the step-drawdown and constant-rate
tests from the PDI.

The model was constructed in FEFLOW® version 7.2 (DHI-WASY), which incorporates the
Richards’ equation, the conservation of mass, and nonlinear relationships between capillary
pressure (Pc) and wetting phase saturation (Sw) and between Sw and K to solve for hydraulic heads.
The model was constructed using field-observed parameters, which were interpolated to
approximate aquifer conditions across the model domain and assumed to be representative in
between measured locations.
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The model domain covers an area approximately 72,690,473 square ft (2.61 square miles). The
model uses 7 hydrostratigraphic units to represent, from surface downward, the Floodplain
deposits, Perched Zone, Perched Clay, Surficial Aquifer, Black Creek Confining unit, Black Creek
Aquifer, and Upper Cape Fear Confining (UCC) unit. The model varies in thickness from about
170 ft near the plant to 55 ft at the base of the bluff adjacent to the Cape Fear River.

Updates were applied to the 3D groundwater flow model to incorporate the PDI data collected at
the Site in 2020. The new data including soil borings, hydraulic conductivity (i.e. from the aquifer
tests), and groundwater velocities were incorporated into the groundwater flow model. The 3D
groundwater model was calibrated to groundwater conditions and measurements observed from
2018 to 2020.

The 3D flow model was calibrated to 139 Site wells in the Perched zone, Surficial Aquifer, and
the Black Creek Aquifer. The calibration results and statistics show the flow model is well
calibrated, based on a reasonable agreement between the observed and calculated heads and flows.
A model is considered to be well calibrated when the normalized root mean square (NRMS) is
below 10%. The RMS for the Surficial aquifer was 5.65 ft; the NRMS was 6.4% and the RMS for
the Black Creek Aquifer was 4.58 ft; the NRMS was 5.2%. At the conclusion of the PDI, the flow
model was considered adequately calibrated and field verified to properly evaluate different
remedial simulations. Detailed information regarding the model construction, and calibration
(including detailed sensitivity analysis) is presented in Appendix A.

3.1.3 Groundwater Model — Remedy Development

In order to aid in designing the remedy as described in Paragraph 3 of the COA, the 3D numerical
groundwater model developed in FEFLOW® was used to evaluate the hydraulic response to a
barrier and changes to hydraulic gradients after the remedy is constructed. The groundwater model
scenarios evaluated included:

e Scenario #1: Baseline condition calibration
e Scenario #2: Vertical Barrier Only

e Scenario #3: Hydraulic Barrier Only

e Scenario #4: Optimized Scenario

These model scenarios allowed for an evaluation of ambient conditions versus the groundwater
interception remedy components in individual assessments then combined the remedy components
in an optimized scenario. Two approaches were utilized to assess remedial alternatives. Particle
tracking was used to assess the strengths and weaknesses along the remedy alignment. Particle
tracking was incorporated to display flow direction between the Site and Cape Fear River under
ambient conditions and after the addition of the vertical barrier and the groundwater extraction
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system. After assessing performance of each of the remedial components (detailed sensitivity
analysis provided in Appendix A), an optimized remedial scenario was developed that supports
the strengths of each approach. Figure 4 on the next page illustrates particle tracking without the
remedy in place. A second illustration shows how the combination of a 30-inch-thick barrier wall
from the river intake structure south to the Old Outfall along with a total of 69 extraction wells
controls particle transport from reaching Willis Creek and the Cape Fear River. The independent
use of groundwater extraction in the northern portion of the alignment controls particle transport
while the central and southern portions, where aquifer transmissivity is higher, a barrier wall is
needed in addition to groundwater extraction to control particle transport.
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Based on the groundwater model results, Scenario 4 was selected as the best option for controlling
groundwater discharge to the Cape Fear River. Scenario 4 includes 69 extraction wells (15 wells
located in the surficial aquifer and 54 wells located in the Black Creek aquifer) installed in
conjunction with a vertical barrier wall. The scenario modeled the wells operating continuously
and extracting between 5 to 35 gpm over a period of 5 years. The simulated cumulative annualized
flow rates for the extraction well network is approximately 1023 gpm. The basis of design for the
extraction wells systems is based on results of this three-dimensional groundwater modeling
analysis (see Appendix A).

3.2  Groundwater Interception Design Elements

The groundwater interception design is comprised of the following key components (Figure 2):
e Groundwater Extraction System
e Groundwater Conveyance System
e Barrier Wall

This section provides a brief description of each of these components and then discusses
constructability considerations.

3.2.1 Groundwater Extraction System Design

The groundwater extraction system design consists of 69 extraction wells (i.e., EW-01 through
EW-69) installed along the barrier wall. Associated appurtenances include well vaults, well head
fixtures, submersible pumps, and instrumentation.

Extraction wells will be installed to extract groundwater from the Surficial and Black Creek
aquifers upgradient of the barrier wall, the extraction wells are intended to be installed using sonic
drilling techniques and the well construction design includes six-inch diameter stainless steel wire-
wrapped well screens. Grain size sample data (Stations 5+00, 15+00, 20+00, 33+50, and 67+50)
near the proposed extraction wells were evaluated to select an appropriately sized filter pack and
well screen slot size. Based on the analysis using methods presented by Driscoll (2008),
approximately 60% of the material in the Black Creek Aquifer at each location is coarser than
0.020 in, and 90% retention is achieved when using 20-40 sand and a 0.020 slot screen or
equivalent. Approximately 60% of the material in the Surficial at each location is coarser than
0.010 in in the southern half of the barrier wall alignment, and 90% retention is achieved when
using 20-40 sand and a 0.010 slot screen or equivalent. Fifteen (15) of the extraction wells in the
current design are screened in the Surficial Aquifer and fifty-four (54) wells are screened in the
Black Creek Aquifer. A 20-40 graded silica sand will be used for the filter pack material. The filter
pack material will extend 2-3 feet above the screen.
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The wells will be enclosed in order to protect the wellhead fixtures. The extraction wells are
designed to consist of 6-inch diameter Schedule 40 Polyvinyl Chloride (PVC) riser pipe set above
ground surface. To accommaodate installation of a submersible well pump discharge pipe, a 1-inch
Schedule 40 PVC stilling tube to house a pressure transducer, a pump power cable, a steel pump
support cable, and air release valve discharge tubing. The discharge from the pump is then
connected to a sequence of valving and instrumentation in order to monitor system parameters.

Refer to Appendix C for more details on well construction, well installation and development
processes, as well as the design details on the well heads, pumps, and instrumentation.

3.2.2 Groundwater Conveyance System Design

The groundwater conveyance system design consists of two conveyance pipes, the North and
South Forcemains, that connect the extraction wells to the GWTP.

The North Forcemain consists of a forcemain transitioning from 3-in to 10-in and conveys
groundwater from EW-01 through EW-54 to the GWTP (Figure 2). The South Forcemain consists
of a forcemain transitioning from 3-in to 8-in and conveys groundwater from EW-55 through EW-
69 to the GWTP (Figure 2). Both forcemains will tie-in to each other prior to reaching an
equalization tank located at the GWTP. The key designcriteria used for
the groundwater conveyance piping includes: (a) pipe flow velocity generally targeted in the range
of 2 — 8 feet per second; (b) the design flow rate for the North Forcemain is 875 gpm; and (c) the
design flow rate for the South Forcemain is 370 gpm. These design flow rates are the modeled
maximum yield from the aquifer for the extraction system based on the results of the numerical
groundwater model. The operating flow rates are expected to be lower than the design flow rates.

Material compatibility for components of the conveyance design in contact with the groundwater
matrix at the Site has been incorporated into the design of the groundwater conveyance system.
The design also includes details on pipe cleanouts, air release/vacuum breaker valves, associated
fittings for the conveyance system, and the operations and control methodology. For relevant
details on this design, refer to Appendix C.

3.2.3 Barrier Wall Design

The barrier wall will provide a low permeability hydraulic barrier, impeding the flow of
groundwater towards the Cape Fear River. The barrier wall design extends for approximately 6050
linear feet to an average depth of 70-90 ft below ground surface with a minimum embedment of 5
ft into the Upper Cape Fear confining unit. The barrier wall extends from Outfall 003 in the
southern portion of the alignment to the facility intake access road at the northern barrier wall
extent. The designed alignment of the barrier wall roughly follows the contour for a 72-ft elevation
between the facility and the Cape Fear River to allow construction and access above the 100-year
flood level for the site.
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The barrier wall will be installed using one-pass trencher installation method, specifically the
DeWind One Pass MT3500 Trencher. This method continually mixes soil with binder along the
entire wall depth to minimize joints in the wall. The barrier wall physical design includes a
maximum hydraulic conductivity and minimum wall thickness of 1 x 10 centimeters per second
(cm/s) and 30 inches thick, respectively. The vertical barrier will be constructed out of a low
hydraulic conductivity mix which will include in-situ soils mixed with bentonite and cement in
order to achieve a minimum compressive strength of 50 pounds per square inch (psi) for wall
depths of less then 75 ft and 100 psi for wall depths of greater then 75ft. DeWind is performing a
bench testing mix design study to determine the binder composition necessary to provide the
minimum hydraulic conductivity (1x10® cm/s) and compressive strength (50-100 psi).

Steady-state seepage modeling indicates that a minimum embedment depth of 5 ft into the UCC is
sufficient to control gradients below the toe of the barrier wall. The PDI results (Geosyntec, 2021a)
presented the depths of the upper cape fear confining unit at 31 borings, and additional drilling
will be performed on approximately 100 ft centers before wall construction to refine the UCC
depth contour for installation.

Slope stability modeling of the barrier wall alignment indicates that graded slopes of 3H:1V with
some 2H:1V sections and retaining walls, in areas with space and permitting constraints, satisfy
long term stability requirements but will require surface water management and maintenance to
reduce the effects of erosion on access to the hydraulic barrier system once operational. Refer to
Appendix B for details on the barrier wall design.

3.2.4 Constructability Considerations

The design of the remedy considers resiliency needs related to severe weather/storm events. The
100-year flood plain described by the Federal Emergency Management Agency (FEMA) in this
area for the Cape Fear River is at an elevation of approximately 68 ft above sea level (FEMA,
2007). The barrier wall and groundwater extraction and treatment components of the remedy will
be situated above the 100-year flood plain to provide additional protection to the remedy
components.

The barrier wall is planned to optimize remedy groundwater extraction rates and prevent Cape
Fear River water extraction. The barrier wall is approximately following the 72-ft elevation line.
This elevation features areas with relatively flat sections between the Old Outfall 002 and the water
intake plant road and provide a natural layout location to construct a barrier wall (Figure 2).
However, in the northern portion of the alignment adjacent to Willis Creek the topography has
much steeper natural grades. These steep grades along with the sandy soils at surface have already
resulted in observed stability maintenance issues with the preliminary clearing for roadway access.
Consequently, this section of the alignment poses significant challenges for the constructability
and maintenance of installing a suitable roadway.
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Additionally, in this northern portion of the alignment adjacent to Willis Creek, confining layers
thicken, and fine content increases in the Black Creek aquifer resulting in the lower transmissivity
observed in the aquifer tests. Consequently, the modeling results indicate that the groundwater in
this northern alignment portion can be intercepted using extraction wells alone and that a barrier
wall, whose constructability would be significantly challenged, is not required. Groundwater
extraction alone has shown through modeling to successfully address COA objectives (refer to
Appendix A). Furthermore, results of PFAS mass flux deployments show that the PFAS mass flux
from the northern section is only approximately 3-5% of the mass flux in the Black Creek Aquifer
along the remedy alignment while the southern portion where groundwater will be controlled by a
barrier wall and extraction system accounts for approximately 95-97% (refer to Appendix I).
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4, EX-SITU CAPTURE REMEDY DESIGN

Groundwater Seeps A, B, C, and D (Figure 3) originate on the bluff at the facility and discharge
into the Cape Fear River. Seeps C and D occur wholly down gradient of the proposed barrier wall
location. Pursuant to COA paragraph 2(c) Chemours will capture and treat dry weather base flow
plus rain events up to 0.5 inches in a 24-hours period for Seep A, Seep A-Tributary and Seep B
which daylight upgradient of the Barrier Wall.

Chemours will also capture the groundwater dry weather flow crossing the remedy at the Willis
Creek Tributary and at weep locations to prevent groundwater migrating over the barrier wall /
remedy pursuant to COA paragraph 3(b). Weeps are low flow or ephemeral groundwater reaching
surface at or upgradient of the planned barrier wall alignment with anticipated flow rates of
12 gallons per minute or less. The remainder of this section describes the basis of design and the
design for the ex-situ capture remedies.

4.1  Seep Capture Basis of Design

Seep A and Seep B dry weather flow rates estimated by analysis of historical onsite flume data
and the Stormwater flows and volumes from the drainage areas to Seep A and Seep B (upgradient
of the barrier wall) were assessed based on North Carolina stormwater design guidance (NCDEQ,
2017), in addition to the development and execution of a long-term continuous hydrologic model.

Chemours had previously installed several flumes at Seeps A and B including locations at the end
of each seep, as close as practicable to the Cape Fear River, to estimate total Seep flow rates.
Additionally, several other flumes were installed at various tributaries that feed the main seep
channels. For the purposes of characterizing the seep flows at the barrier wall, only a subset of the
flume installations were applicable. The flume locations that were used for this estimation provide
a conservative estimate as they are slightly downgradient from the barrier wall intersection
resulting in a larger catchment.

The results of the flume data collection and analysis indicated dry period flow from Seeps A and
B upgradient of the barrier wall that will require capture and treatment is about 161 gpm. Dry
weather flow rates were measured at Seep A-Tributary and Willis Creek Tributary using steam
gauging methods and volumetric collection of flow. The measured dry weather summer flowrates
were 8 and 17 gpm for Seep A-Tributary and Willis Creek Tributary, respectively. An analysis
was conducted to scale up these summer dry weather flow rates to be representative of a higher
flow rate regime which can occur during the higher rainfall winter season. This results in an
estimated dry weather flowrate during the winter season of 19 and 39 gpm for Seep A-Tributary
and Willis Creek Tributary, respectively.

Stormwater runoff volumes were assessed for Seep A, A-Tributary and Seep B drainage areas
upgradient of the barrier wall, for rain events up to 0.5 inches over a 24-hour period. Stormwater
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is defined as wet weather-driven flows that exclude dry weather flows (such as groundwater
exfiltration or seeps).

Sizing a stormwater control measure involves calculating the volume and/or flowrate of runoff
resulting from the specified design storm. Guidance from the NCDEQ Stormwater Design Manual
(NCDEQ, 2017; Manual) was followed to estimate stormwater volumes using the Simple Method
for Runoff Volume based on guidance from the Manual (NCDEQ 2017; Part B, Calculation
Guidance, Simple Method for Runoff Volume). The Simple Method is a conservative estimation,
and an uncalibrated hydrologic model was run to serve as a check on the static calculation. Model
stormwater volume results were lower than the Simple Method results suggesting that the Simple
Method results did provide a conservative design basis.

The Simple Method estimated volume of stormwater resulting from 0.5 inches of rainfall over
24 hours was 110,000 gallons for Seep A, 26,000 gallons for A-Tributary, and 46,000 gallons for
Seep B. Since treatment of the captured seep flows incorporates temporary storage of captured
stormwater for 24 hours (i.e., equalization), the volume is converted to a design flowrate is 126gpm
metered to the GWTP.

Therefore, the total design flow rate for the seeps ex-situ capture design is a dry flowrate of
219 gpm and an additional 126 gpm of flow with equalization and storage for rainfall events. Refer
to Appendix D of this report for the entire Seep Flow at Barrier Wall memo and relevant details
of the flume data, volumetric measurements, and hydrologic calculations and modeling.

4.2  Ex-Situ Capture Design

Once the barrier wall and groundwater extraction and conveyance system are installed the ex-situ
capture systems will be constructed. Ex-situ capture systems installed at Seep A, A-tributary, and
Seep B will collect the dry weather flow and up to 0.5 inches of rainfall over 24 hours utilizing a
gravity system flowing into a collection basin that will then enter a pump station and be pumped
into a lined surge pond. The lined surge pond is included to provide flow equalization and some
solids settling prior to the water being conveyed into the GWTP for treatment. The collection
basins for Seep A, A-tributary, and Seep B are designed such that the dry weather flow will
continuously be collected and the flow from the 0.5” rainfall events over 24 hours will be collected
during rainfall events through an actuated sluice gate. The collection basins will then gravity drain
through orifices into pump stations. The collection basins are designed to provide steady flow into
the pump stations removing large variability in the flow from the 0.5 rainfall while still capturing
the rainfall event volume. Willis Creek tributary and weeps capture designs collect baseflow
through gravity drainage directly into a pump station that will be pumped to the lined surge pond.
All captured flows from Seep A, A-tributary, Seep B, Willis Creek tributary, and the weeps will
be conveyed from the respective collection points to the surge pond through a forcemain with
pump stations.
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General maintenance of the collection systems and forcemain is anticipated. Periodic inspections
will be conducted to assess system components. These reoccurring inspections will include:

e Inspect trash rack system at Seep A
e Remove all material from pipe guard grates (debris, leaves, limbs, sticks, etc.)

e Inspect base flow collection structures at Willis Creek Tributary and weeps including inlet
grates and remove any debris blocking the inlet grate

e Measure sediment in each pond and record depths. Remove sediment, as necessary and
manage per the SMMP.

e Inspect pump stations, remove any collected solids, and test each pump

Refer to Appendix E of this report for details on the ex-situ capture design.
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S. GROUNDWATER TREATMENT DESIGN

The groundwater and seep flow associated with the proposed groundwater remedy will be
collected and treated to 99% removal efficiency (as measured by the three PFAS indicator
parameters) by physical/chemical precipitation, filtration and carbon adsorption.

5.1 Groundwater Treatment Basis of Design

The source water to the GWTP will be the extracted groundwater and ex situ captured flows from
the seeps, Willis Creek Tributary and weep water. The estimated hydraulic loading in gpm from
the two aquifers and four seeps, post remedy construction, is shown in Table 2. The total flow
value here of 1,368 gpm is higher than the 1,249 gpm flow listed in the 60% design report due to
the addition of flows from Seep A-Tributary, Willis Creek Tributary and utilization of a barrier
wall with a 30 inch thickness. This additional flow will be treated by the GWTP which has a design
flow rate of 1,500 gpm and capability for expansion of flow rate if additional flows other than
these predicted should be encountered.

Table 2: Hydraulic Loading of Representative Groundwater and Ex-Situ Sources

Water Source Approximate Flow Rate
Ex Situ Captured Baseflowo 219 gpm
Ex Situ Captured Stormflow 126 gpm
Groundwater from Surficial Aquifer<> 142 gpm
Groundwater from Black Creek Aquifer 881 gpm

Total Flow 1,368 gpm

* Stormflow represents maximum increase over baseflow averaged over 24-hour period.
¢ Baseflow and Shallow Groundwater may include some double counting.

The projected concentrations in the combined influent to the GWTP were estimated from the flow-
weighted concentrations groundwater and surface water groupings presented in the NPDES permit
application. The design of the GWTP is based on the contaminant profile presented in Table 3.
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Table 3: Influent Design Basis for the Groundwater Treatment System

Constituent Units Projected Cpncentrations Inflyent Design Basis
Avg. Min. Max. Min. Max.
HFPO Dimer Acid ug/L 12.2 8.22 18.9 411 28.3
PFMOAA ug/L 64.3 17.5 192 8.73 288
PMPA ug/L 13.2 8.38 22.5 4.19 33.8
Ig’;?:)éitr’]'gs?“L (20 ug/L 139 54.9 352 27.4 528
Aluminum, total mg/L 1.52 1.16 2.20 0.58 3.30
Bromide mg/L ND ND ND ND ND
Calcium, total mg/L 4.07 3.74 4.55 1.87 6.82
i?ligﬁg?tt; mg/L ND ND ND ND ND
Chloride, total* mg/L 8.30 4.85 11.6 2.42 17.4
Fluoride, total mg/L 0.11 0.11 0.11 0.06 0.17
Hardness mg/L ND ND ND ND ND
Iron, total mg/L 4.86 2.28 8.56 1.14 12.8
Magnesium, total mg/L 2.37 2.27 2.53 1.13 3.80
Manganese, total mg/L 0.08 0.06 0.15 0.03 0.23
pH Std units 6.61 6.50 6.80 6.5 8.5
Phosphate mg/L ND ND ND ND ND
Sulfate (as SO4) mg/L 24.7 13.3 33.9 6.66 50.9
gglti:SD'sso"’ed mg/L 785 66.8 93.3 33.4 140
Lol Organic mg/L 111 057 201 0.29 3.01
TSS? mg/L 59.2 38.4 120 19.2 180

! SEEP-A-WALL and SEEP-B-WALL each had one observation above 30,000 milligrams per liter (mg/L)
chloride. Data has been excluded and can be considered an outlier for the basis of design.

2 Potentially 250 mg/L during peak storm events (see below). This also does not include the total suspended
solids (TSS) contribution from solids generated during pretreatment.

Pilot studies have been completed by vendors to verify the effectiveness of their proposed pre-
treatment methods and confirm performance of their selected carbon media to remove the required
constituents and loadings from representative feed water.

5.2 Groundwater Treatment Design

The water characteristics (flow rates and parameters) of the influent and required effluent quality
have been presented as the basis of design (Section 5.1).

e The design basis values and underlying design data, as summarized in Table 3, were shared
with prequalified water treatment vendors. Suez (www.suezwatertechnologies.com) was
selected to furnish a complete water treatment system on a turnkey basis, subject to the
design criteria listed above. The turnkey, or “build own operate maintain” model selected
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means the system will be fully engineered, constructed, commissioned, and operated by
Suez subject to Chemours oversight.

As specified in this 90% design, the GWTP is to be comprised of the following series of treatment
unit operations:

e Metals oxidation

o Two 18,000 gallon influent oxidation retention tanks have been selected to allow
for a hydraulic retention time of 30 minutes at the maximum design flow rate of
1,500 gpm. The two frac tanks are currently configured to both operate online
concurrently, with the capability of adding up to 4 more oxidation tanks if the
process flow increases beyond the capacity offered by the original 2 tanks.

e Filtration

o0 Containerized UF membrane banks will be used to remove fine solids and turbidity
which should prevent fouling and extend runtimes between GAC backwashes or
reduce GAC replacement frequency. The UF system are designed as a series of five
parallel containerized membrane systems, each comprised of a 500-gallon
membrane tank containing a series of parallel banks of submerged membranes. The
system will be configured such that up to three additional UF containers could be
added in the future if capacity limits are reached with the original five containers.
The filtered effluent from the UF process will be directed to a 21,000-gallon frac
tank from which a portion the water will be sent to the GAC system and the
remainder will be used as centrifuge wash water.

e Granular Activated Carbon (GAC) adsorption

0 PFAS removal will be accomplished using GAC adsorption. Filtered effluent will
be pumped from the pH adjustment tank to the GAC system and will enter three
GAC adsorption trains in parallel configuration, each designed to treat one third of
the design flow (three trains of 500 gpm to treat up to 1,500 gpm). Each vessel will
be configured as a down-flow process where water enters the top of the adsorber
and exits through the bottom. A three-column, lead/middle/lag, configuration per
train is proposed for the GWTP. This arrangement of 12-foot diameter vessels that
can each hold 20,000 pounds of carbon will provide for the required hydraulic
loading rate and Empty Bed Contact Time (EBCT) for PFAS removal. The system
will be configured such that two additional 3-pass GAC skids could be added if
additional treatment capacity is required.

e Solids Handling & Dewatering
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o The UF reject, GAC waste and clean-in-place (CIP) neutralized waste will be
transferred to two, 17,500-gallon cone bottomed tanks in the solids handling
system. The flow rate of this combined solids handling system influent will be
monitored via a flow meter upstream of the cone-bottomed tanks. The system is
configured for the potential future addition of 4 more cone bottomed tanks, if the
capacity of the current system becomes insufficient. The thickened sludge from the
cone bottomed tanks is then transferred via gravity to an 18,000-gallon sludge
holding tank and the centrate is transferred to the influent oxidation tanks. The
system will be configured to allow for the future addition of 5 additional sludge
holding tanks if the capacity of the system requires expansion. The sludge from the
sludge holding tank is then transferred to the centrifuge. The dewatered solids from
the centrifuge will then be transferred via a distribution conveyor to a roll-off bin
and the liquid centrate from the centrifuge will be transferred to a centrate tank.

e Ancillary processes for backwashing and residuals handling.

A design drawing package and process narrative is included in Appendix F. The design package
attached in Appendix F includes details such as equipment layouts, process flow diagrams, single
line diagrams, component specifications, and material schedules for each of these treatment units.

Treated water will be discharged to the same pipe which transmits the discharges from Chemours
Fayetteville Site Outfall 002 to the Cape Fear River. This discharge will occur downgradient of
the Outfall 002 discharge monitoring point (see Figure 5 below). Treated water from the GWTP
will be discharged under a NPDES Permit. The NPDES and other relevant permits are described
in the following section.
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Notes:
1)  gpm = gallons per minute
2)  All flow rates are estimated peak discharges Outfall 002

Figure 5: GWTP Water Balance®

& The 345 gpm from the ex-situ capture shown in this figure is the total of baseflow and stormflow from up to 0.5-
inch rainfall over 24 hours. This flow will be less in periods without rainfall or when rain of less than 0.5 inches
over 24 hours occurs. Refer to Table 2 of this report or Appendix E for information on flowrates.
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6. PERMITS

There are a range of permits necessary to construct and operate the groundwater remedy. The
following subsections provide a summary of anticipated permits.

6.1 NPDES Permit

Chemours submitted a NPDES permit application on June 14, 2021 for discharges from a GWTP
at Fayetteville Works. If approved, this NPDES would be Outfall 004. The GWTP is required
under the COA between Chemours and the NCDEQ. The GWTP will discharge into the pipe that
currently conveys effluent from Outfall 002 from the Site to the Cape Fear River. A Draft Permit
and Draft Fact Sheet was issued to Chemours on November 3, 2021. Chemours responded to the
issuance with comments on November 5, 2021. A new Draft Permit was issued to Chemours on
February 11, 2022. Chemours responded to the issuance with comments on February 18, 2022.
NCDEQ plans to post a draft Outfall 004 NPDES permit for public comment On March 27, 2022.

6.2 401/404 Permit

Chemours met with NCDEQ Water Resources Division and USACE on May 30, 2021, to perform
a pre application walkdown of the Barrier Wall project. The site visit reviewed the current design
and permit requirements. Based on conversations with NCDEQ and the USACE the proposed
project will be a modification to the existing 401/404 permit (SAW-2019-00206) related to the
interim seep remediation project. The USACE and NCDEQ requested additional information
related to the groundwater and surface water drawdown/impacts.

On August 5, 2021, Chemours transmitted the groundwater and surface water drawdown/impact
data to USACE along with our interpretation of the impacts related to the proposed project.
Chemours submitted a permit modification application on August 13, 2021.

As design progressed and the ex-situ design changed based on the inclusion of the Willis Creek
tributary and revised drawdown maps, the USACE was contacted and agreement was made that
the modification application submitted on August 13, 2021 would be updated to account for these
differences in design. The revised 404 permit modification application was submitted on
February 9, 2022. Chemours is currently waiting on a review by USACE and NCDEQ.

6.3 Other Permits

Other permits will also be required to operate and construct the remedy. These include land
disturbance permits, Erosion and sediment control (E&SC) plans, electrical permits, well permits,
extraction permits, and building permits for any permanent structures. A Land Disturbance Permit
under NCDEQ will be required to permit construction. Work will also be conducted in accordance
with the Soil and Material Waste Management Plan prepared by Chemours on July 3, 2020 and
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updated and submitted on February 8, 2022 for work conducted in non-manufacturing areas of the
Site. E&SC plans will be prepared in compliance with the latest 2013 updates to the Erosion and
Sediment Control Planning and Design Manual and submitted to Bladen County representatives
for review. A permit from Bladen County will be required for new electrical connections, which
will also be subject to inspection by the electrical utility. A well permit for the installation of the
system extraction wells will be obtained from the DEQ, as well as a permit for the extraction of

water through these wells.
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7. CONSTRUCTION QUALITY ASSURANCE (CQA)

The CQA plan includes general roles, responsibilities, and qualifications of parties involved; the
preconstruction meeting; and general inspection and documentation procedures. Specific CQA
requirements address construction procedures and observation, field and laboratory testing
frequency and methods, and acceptance criteria for each component during the construction of the

barrier wall.

The CQA plan consists of sampling and testing methods designed to evaluate specific performance
criteria described in the barrier wall design submittals.

e Geometry

(0]

Alignment of the proposed barrier wall will be maintained in the field by surveying
and physical staking. GPS monitoring of installation equipment will be required to
further establish wall location.

Depth measurements will be collected by direct read of the excavation device mast
or head above the ground surface. This measurement may be accomplished by
establishing an elevation mark with a laser instrument or by using a machine
mounted sensor. Penetration depth will be determined by observation of the barrier
wall soil mixture returning to the surface and correlation with the estimated depth
from pre-construction subsurface geotechnical information.

To verify barrier wall width, the width of the excavation tools will be checked at
the beginning of each shift or as maintenance occurs on the equipment which effects
the excavation tools.

Wall verticality will be evaluated with level indicators or sensors attached to the
vertical sections of the excavation tools to monitor the verticality of the excavation
mast. On-board monitors shall be calibrated and checked at the start of each shift.

e Wall Homogeneity

(0]

Integrated electronic seismic piezocone test (CPT) soundings will be advanced in
the barrier wall mixture after a minimum of 7 days after each section of wall
installation. Tip resistance, sleeve friction, and dynamic pore pressure will be
recorded. Pore pressure dissipation testing will also be used to evaluate the
homogeneity of the in-place barrier wall mixture.

o Wall Continuity

(0]

Continuity of the barrier wall will be evaluated by visual observation of the
locations where wall construction has been temporarily terminated by any means
such as end/beginning of shifts, maintenance, admixture supply interruption,
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construction around utility corridors, or other unforeseen work stoppage such as
hazardous weather.
e Strength

o0 Grab samples of the barrier wall mixture will be collected from shallow and deep
locations. The grab samples will be sent to an independent laboratory to verify
strength requirements using Unconfined Compressive Strength (UCS) tests.

e Wall Permeability

o0 Grab samples of the barrier wall mixture will be collected from shallow and deep
locations and undergo permeability testing.

Final Acceptance of the Barrier Wall System will be made by the Quality Consultant after review
of the final construction data. If deficiencies in the construction of the Barrier Wall system are
noted; repairs will be completed as requested prior to final acceptance documents.

The implementation of CQA monitoring during the construction is described in Appendix H of
this report.
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8. OPERATIONS AND MAINTENANCE

The remedy components will require routine operation and maintenance (O&M) to ensure
operation as designed. Draft O&M Plans will be prepared for the remedy components prior to their
startup and then refined based initial commissioning and operating conditions. The O&M Plans
will describe routine preventative maintenance activities where appropriate, as well as conditions
that may result in additional non-routine action. The O&M Plan will also include operating
manuals and specifications of installed components for operator reference, checklists to support
the routine inspection and logging remedy components, and checklists to track maintenance
activities and instrument calibrations as needed.

The O&M Plans will include considerations for:
e System integration, functional checkouts and system startup
e System operating parameters, process control, and general operation guidance
e Routine inspection and maintenance

e Non- routine maintenance and alarm response
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9. PERFORMANCE MONITORING

A Performance Monitoring Plan (PMP) for the Barrier Wall and Groundwater Extraction System
has been prepared and is attached in Appendix G. Seep performance monitoring will be conducted
pursuant to the Onsite Seeps Long-Term Loading Calculation Plan (Geosyntec, 2020) as required
by COA paragraph 2(c)(ii).

The PMP provides a plan to evaluate the effectiveness of the System at reducing PFAS loading
from groundwater to the Cape Fear River and Willis Creek. The PMP takes into account the
numerous existing monitoring programs already performed at the site, including but not limited to
annual groundwater monitoring; monthly groundwater sampling of a subset of wells; treatment
efficiency as required by the NPDES permit; surface water monitoring; seeps long-term loading;
and performance monitoring of the four seep flow-through cells.

As further detailed in Appendix G the effectiveness of the long-term groundwater remedial action
will primarily be assessed through four main lines of evidence:

1. Hydraulic head both along the barrier wall alignment and downgradient of the barrier wall
between the wall and the Cape Fear River, to assess groundwater capture and the reduction
in hydraulic gradient downgradient of the remedy.

2. PFMs, to evaluate downgradient groundwater quality and reduction in PFAS flux.

3. Surface water samples at Willis Creek, to evaluate reduction in PFAS loading to Willis
Creek.

4. Surface water samples at Tar Heel Ferry Road, to evaluate PFAS concentrations and mass
loads in the well-mixed Cape Fear River downstream of the facility.

The following table summarizes the complementary programs that together with the PMP
presented in Appendix G will satisfy the requirements of the COA:

Table 4: Performance Monitoring Lines of Evidence

Line of Evidence Assesses Sampling and
Evaluation Program
Hydraulic head along the barrier wall | Groundwater capture zones and Appendix G
and downgradient of the barrier wall. evaluation of the prevention of

groundwater migrating around,
above or under the barrier wall.

PFMs in wells downgradient of barrier | Downgradient groundwater and Appendix G
wall. reduction in PFAS flux (i.e., reduced
River PFAS loading)
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Line of Evidence

ASSesses

Sampling and
Evaluation Program

Advective Groundwater Flux from

Downgradient groundwater and

Mass Loading

upstream of remedy and at Willis Creek
mouth.

Willis Creek.

gradients and concentrations measured | PFAS fluxes and flux reductions. Program
in wells downgradient of barrier wall. (i.e., reduced River PFAS loading)
Willis Creek Surface Water samples Reductions in PFAS loading to Appendix G

Cape Fear River Surface Water
samples at Tar Heel Ferry Road.

Reductions in PFAS loading to the
Cape Fear River.

Mass Loading
Program

GWTP Influent and Effluent samples.

Removal efficiency of indicator
PFAS by GWTP.

Future 004 NPDES
permit requirements
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10.

ADAPTIVE MANAGEMENT

Given the scale of this remedy, implementation will likely encounter conditions not anticipated.
In addition, considering the physical location of the Site, potential challenges, uncertainties,
changed conditions may be encountered during remedial construction, operation, and maintenance.
Accordingly, as best practice in any engineering design and to the extent reasonable and
practicable, contingency elements have been factored into the design. These factors include
elements such as;

The GWTP unit operations have the capacity to treat additional groundwater or seeps water
if needed.

Groundwater extraction and conveyance components, including pumps with variable
frequency drives and controls capacity, have built-in capacity to accommodate additional
extraction wells if needed.

Extra capacity in groundwater conveyance forcemain sizing.
Assumption of minimum permeability and width criteria across the entire barrier wall.
Conservative design basis for Ex-situ capture designs.

Contingent capacity included in collection basins and surge ponds of ex-situ capture
design.

Extra capacity in the ex-situ capture piping and forcemains.

Temporary backup power for the remedy design components to allow for capacity to
operate in the event of power supply disruptions.
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11. SCHEDULE

GEQServices, LLC, Geotechnical and Materiaks Engineers

The present schedule of remedy elements; design, installation, and completion is shown in
Figure 6. This schedule is subject to being updated as appropriate as the design progresses towards
completion. The milestones provided by the COA requires a 90% design report to be submitted by
March 31%, 2022, and for construction of the groundwater interception remedy pursuant to COA

paragraph 3 be complete and commencing operations by March 15, 2023.

2023
Activity 2Q 3Q 4Q 1Q
M M A N F | M
NPDES Permitting
90% Submittal| *
Extraction System and Conveyance Installation
Treatment Plant Design and Installation
Barrier Wall Installation
Ex-Situ Capture Installation
Commissioning and Startup *
Notes:
* - COA paragraph 3 Required 90% Design Submittal: March 31, 2022
T - COA paragraph 3 required groundwater interception remedy Startup: March 15, 2023
Figure 6: Proposed Project Schedule
38 March 2022
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12.  SUMMARY AND CLOSING

Chemours is designing and implementing a remedy which will meet objectives set forth in COA
paragraphs 3(b) and 2(c). This report summarizes the 90% design for the remedy which is further
detailed in reports attached as appendices A through | to this report. The remedy for the site
includes three important components: the groundwater interception remedy, the ex-situ capture
remedy, and the water treatment system. Modeling informed by predesign investigations show that
these three remedy components are expected to achieve remedial objectives outlined in the COA.

The objective of the groundwater interception remedy is to reduce PFAS mass loading to Willis
Creek and the Cape Fear River by intercepting groundwater flowing to these water bodies. The
interception remedy involves constructing an underground barrier wall to create a low permeability
barrier to reduce groundwater transmission and installing a groundwater extraction system to
intercept groundwater and control groundwater migration around, above, or under the barrier wall.
The objective of the ex-situ seep capture remedy is to capture seeps A, A-tributary and B
upgradient of the barrier wall dry weather seep flows as well as stormwater flows from rain events
up to 0.5 inches in a 24-hour period. In addition, the ex-situ system will capture the groundwater
dry weather flow crossing the remedy at the Willis Creek Tributary and at weep locations. Both
the ex-situ capture remedy and the groundwater interception remedy convey PFAS containing
water to a GWTP where the indicated parameter PFAS will be removed to a 99% efficiency.
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Groundwater Flow Modeling Report
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1. INTRODUCTION AND OBJECTIVES

This groundwater modeling report was prepared by Geosyntec Consultants of NC, P.C.
(Geosyntec) for The Chemours Company FC, LLC (Chemours) to describe the numerical
groundwater model used to develop the basis of design for the groundwater remedy to be
implemented pursuant to Paragraph 3 of the Addendum to Consent Order Paragraph 12 (COA)
among Chemours, the North Carolina Department of Environmental Quality, and Cape Fear River
Watch. Geosyntec initially developed a three-dimensional (3D) numerical groundwater transient
flow model in the Corrective Action Plan (Geosyntec, 2019). The model has been further refined
to incorporate the results of the Pre-Design Investigation (PDI) efforts (Geosyntec, 2021) and the
60% Design Modeling Report (Geosyntec, 2021). The updated model incorporates refinements of
the hydrostratigraphic units and aquifer properties that were completed in 2020. Modeling
objectives included:

e Simulate capacity of a groundwater extraction system, upgradient of the vertical barrier to
minimize mounding behind the barrier and control discharge of per- and polyfluoroalkyl
substances (PFAS) containing groundwater to the River.

e Simulate a vertical physical barrier parallel to the Cape Fear River and evaluate its capacity
to control/limit discharge of PFAS containing groundwater to the River.

e Utilize the model to evaluate various combinations of groundwater extraction and physical
barrier scenarios that would sufficiently control discharge of groundwater to Cape Fear
River.

o Select a preferred scenario which would inform the basis of design for the overall remedy,
including estimates of extraction rates that will require treatment.

1.1 Scope of Work

The scope of work to achieve the above objectives included modifications to the 2019 Corrective
Action Plan model and the incorporation of data acquired during the PDI. The majority of the
changes to the model focused on the area surrounding the proposed vertical barrier and extraction
well network. The scope of work to update and re-calibrate the model (current conditions model)
included:

e Refining the grid cell spacing near the vertical barrier.
e Modifying the recharge zonation to better simulate site conditions.
e Modifying the hydraulic conductivity zonation based on data collected during the PDI.

e Examining and modifying the river stages in the various simulated surface water bodies in
the model.
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e Re-calibrating the modified model to October 2019 and March 2021 measured

groundwater elevations.

The current conditions base model was calibrated using statistical analysis and used as the basis
for several predictive scenarios. Remedial scenarios simulations included: 1) a barrier wall without
pumping; 2) a pumping system without a barrier wall; and 3) a barrier wall combined with a
pumping system. Each scenario was sequentially constructed to be able to assess the performance
of the hydraulic containment required in accordance with the objectives set forth in COA
Paragraph 3 (NCDEQ, 2020).

1.2 Report Organization

The remainder of this report includes the following subsections:

Section 2 — General Setting - describes the Site and surrounding areas, and
geomorphological Site setting

Section 3 — Conceptual Model - describes the geology and hydrogeology of the Site and
Site-specific hydrologic and hydraulic boundaries

Section 4 — Groundwater model software selection - describes the model selection process
and the capabilities of the selected model

Section 5 — Groundwater model setup - describes the model mesh development, hydraulic
parameters of hydrostratigraphic units, groundwater model boundary conditions based on
available Site-specific data, and selected model calibration targets

Section 6 — Groundwater model calibration - presents the residual and sensitivity analysis
results of the model calibration process

Section 7 — Remedial design simulations - presents the results of the predictive simulation
suite performed to assess different groundwater barrier remedial strategies

Section 8 — Summary

Section 9 — References

2. GENERAL SETTING

2.1

Site Description and Surroundings

The Site is located within a 2,177 acre property at 22828 NC Highway 87, approximately 20 miles
southeast of the city of Fayetteville along the Bladen-Cumberland county line in North Carolina.
Figure A.01 presents an overview of the Site location. Figure A.02 presents a regional topographic
map, and Figure A.03 presents a higher resolution, smaller scale topographic map of the Site.
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The Site is bounded by NC Highway 87 to the west, Cape Fear River to the east, and on the north
and south by forested areas, farmland, and private residences. Zoning maps indicate that the
surrounding areas are zoned as residential, agricultural, conservation, industrial or commercial.

The manufacturing area of the Site covers approximately 312 acres (Figure A.03). The remaining
areas are grassy areas, forests and wetlands. Chemours also operates a wastewater treatment plant
(WWTP) at the Site.

2.2 Geomorphologic Site Setting

The Site is located in the Coastal Plain. In North Carolina, the Coastal Plain Physiographic
Province extends from the present Atlantic Ocean inland to the Fall Line, an erosional contact
boundary with the Piedmont Province. The Fall Line is approximately 40 miles northwest of the
Site.

The manufacturing area sits on a flat-lying area at typical elevations ranging from 125 feet above
mean sea level (ft MSL) to 150 ft above MSL (Figure A.03). The topography mildly slopes from
the western boundary towards the north, east, and south. The slope then steepens abruptly in these
directions as a result of incisions carved by surface watercourses. As shown on Figure A.03 these
surface water features include:

e Towards the north, coinciding with the course of Willis Creek where the topography
decreases to elevations ranging between 35 ft above MSL and 70 ft above MSL.

e Towards the east, coinciding with the course of the Cape Fear River where the elevation
drops sharply to approximately 35 ft above MSL, forming a bluff face between the Site
and the River.

e Towards the south and west, it coincides with the course of Georgia Branch Creek, where
the topography decreases to elevations ranging between 35 ft above MSL and 110 ft above
MSL.

A topographic incision also coincides with the Old Outfall 002, sloping more mildly in the
southern central portion of the Site.

Willis Creek and Georgia Branch Creek are tributaries to the Cape Fear River. Willis Creek flows
in an easterly direction and was observed to have flow rates around 2,900 gallons per minute
(GPM) in dry weather and around 6,500 GPM following rainfall. Georgia Branch Creek, which is
offsite for its entire course, is flowing in a southeasterly direction and was observed to have flow
rates between 2,400 and 2,600 GPM in both wet and dry weather. Georgia Branch Creek runs
northwest-southeast beside Highway 87 before turning east towards the Cape Fear River to the
south of the Site. The median flow rate in the Cape Fear River is on the order of 750,000 GPM.
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3. CONCEPTUAL MODEL

3.1 Aquifer System Framework
3.1.1 General

Multiple aquifer units occur underneath the Site, which are summarized in Table A.01 (from
youngest to oldest) while their typical positions in the vertical profile are illustrated in Figure A.04.

Table A.01: Site Aquifer System

Description Classification Typical K-
values*

Floodplain Predominantly  fine-grained  deposits. | Aquitard (where | 0.1 ft/day to 1

Deposits Closely associated with the Cape Fear River | fine-grained), ft/day
course, typically 10 to 15 ft in thickness. local aquifer

(where more
sandy)

Perched Zone Predominantly loose silty sand, brown to | Unconfined 2 ft/day to 5
reddish brown. Relatively thin in the eastern | perched ft/day
portion of the Site to a depth of about 20 ft | groundwater
below ground surface (bgs). In the western | body of local
portion, an inferred erosional feature has | extent, porous
likely resulted in the unit being thicker. medium

Perched Clay Predominantly stiff clay with minor silts, | Aquitard of local | < 1ft/day
dark grey. Also spatially limited. Pinching | extent,  porous
out to the north. To the east and south, | medium
outcrops along the bluff face. To the west,
terminates and becomes absent, presumably
eroded by the erosional feature.

Surficial Aquifer | Predominantly fine to medium-grained | Unconfined, 2 ft/day to 5
sand, white to light brown. Mostly | porous medium | ft/day
continuous layer across Site area, typically
20 ft to 40 ft thick with a mild dip to the
south. In the western portion, the absence of
Perched Clay does not enable to
differentiate the contact with the lithology
representing the Perched Zone.
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Classification

Typical K-
values*

Black Creek
Confining Unit

Predominantly organic-rich clay, hard, dark
grey to black. Regionally extensive layer,
20 ft to 40 ft thick with a mild dip to the
south.

Aquitard of
regional extent,
porous medium

<1 ft/day

Black Creek | Predominantly dense medium-grained sand, | Confined aquifer | 5 ft/day to 80
Aquifer dark grey. Regionally extensive layer, | of regional | ft/day
typically 20 ft to 40 ft thick. Thins out in the | extent,  porous
Cape Fear River vicinity (up to less than 5 | medium
ft), likely due to erosion and emplacement
of recent Floodplain Deposits.
Cape Fear | Predominantly clay, hard. Regionally | Aquitard of | <1 ft/day

regional extent,
porous medium

Confining Unit extensive layer.

Notes to Table: *Sourced from the On and Offsite Assessment Report (Geosyntec, 2019) and the
Additional Site Investigation Report (Parsons, 2018). Aquifer values derived from aquifer testing (i.e. slug
test and pumping test), aquitard values derived from grain-sized analysis.

In the western portion of the Site (Figure A.04), an erosional feature (i.e. paleochannel) is
indicated. The erosional feature is interpreted to have completely eroded the Perched Clay,
enabling direct hydraulic connection between the Perched Zone and the Surficial Aquifer. In parts
(northwest), the erosional feature is also interpreted to have incised into the top of the Black Creek
Aquifer.

3.1.2 EVS Model

A three-dimensional (3D) hydrostratigraphic model of the Site was constructed using CTech’s
Earth Volumetric Studio (EVS) software (https://www.ctech.com/products /earth-volumetric-
studio/). The EVS model was developed to interpolate the hydrostratigraphic model, along the
horizontal and vertical directions, and develop the model mesh for the numerical groundwater
model.

A review of the available borehole logs, hydraulic profiling tool (HPT) logs and geological
mapping observations indicated that the horizontal and vertical distribution of available data varied
throughout the Site; with a dense distribution in some areas (e.g., onsite observations of the
Perched Zone) and sparse in others (e.g., western portion of the Site, south of Old Outfall 002, and
onsite observations below the Perched Clay). The EVS model was therefore constructed using an
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iterative process, by generating and incorporating control points which were guided by the cross-
sections from the On and Offsite Assessment Report (Geosyntec, 2019), field observations and
professional judgement.

A review of the available borehole logs also suggested that the hydrostratigraphic units within the
Site vicinity are not continuous and not hierarchically layered (i.e., not “pancake” layered),
especially in units above the Black Creek Aquifer. The “indicator kriging” method was therefore
utilized to develop the EVS model. This approach involved computing the probability for each
hydrostratigraphic unit at every cell within the model domain, and then assigning the unit with the
highest probability to the cell.

Using this approach, the EVS model was constructed using the kriging interpolation method.
Model input parameters were selected based on a review of the overall data distribution, visual
comparisons of results with various input parameters, overall interpolating computing time and
software limitations. A total of 98 boring locations, 28 HPT locations, 42 geological mapping
observations, and 36 control points were incorporated to the EVS model.

The top of the model (i.e., ground surface) was determined based on the Light Detection and
Ranging (LiDAR) data from NC Dept. of Public Safety published on 18 October 2015. The
streambeds of Willis Creek and Old Outfall 002 were further refined based on surveyed data. The
bottom of the model was set to -20 ft MSL, which is below the Black Creek Aquifer and intersects
the Cape Fear Confining Unit. However, the bottom of the model does not represent the bottom of
the Cape Fear Confining Unit.

The new data collected from 2018 to 2020 during the PDI was incorporated into the Conceptual
Site Model (CSM) in 2020. The new data includes soil borings, hydraulic conductivity (i.e. from
pump tests) and groundwater velocities. Additional data for seep flow rates was collected in 2021
and was incorporated into the CSM in 2021.

3.2 Groundwater Flow System

The groundwater flow system in the Perched Zone, Surficial Aquifer and Black Creek Aquifer and
their relative interactions are briefly described in the following sections. Further description is
available in the On and Offsite Assessment Report (Geosyntec, 2019).

3.2.1 Perched Zone

Groundwater levels in the Perched Zone are distributed according to a mound-like shape. Higher
groundwater levels are indicated in the northeast of the manufacturing area, typically over 140 ft
above MSL. Lower groundwater levels, at the edge of the mound, are less than 120 ft above MSL,
coinciding with the edge of the Perched Clay or the bluff.

Groundwater from the Perched Zone is anticipated to be a manifestation of surface infiltration due
to its localized nature, i.e., not in connection with regional flow.
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Groundwater flow in the Perched Zone is radial i.e. outward from the top of the mound.
Groundwater from the Perched Zone discharges along the bluff, above the contact between the
Perched Zone and the Perched Clay. Groundwater from the Perched Zone is also anticipated to
recharge the Surficial Aquifer, either via leakage through the Perched Clay or else via the erosional
feature i.e. where the Perched Zone is directly connected to the Surficial Aquifer.

3.2.2 Surficial Aquifer

Groundwater levels in the Surficial Aquifer range from above 115 ft above MSL in the western
area of the Site to about 90 ft above MSL in the northern and eastern areas. Groundwater in this
aquifer unit is indicated to predominantly flow in a northeasterly and easterly direction, towards
Willis Creek and the Cape Fear River, respectively. Groundwater from the Surficial Aquifer also
discharges near the toe of the bluff, above the contact with the Black Creek confining unit.
Discharge from the Surficial Aquifer into the Old Outfall 002 is also likely where it cuts across
this unit.

Groundwater in the Surficial Aquifer is recharged by the regional flow and leakage from the above
units.

3.2.3 Black Creek Aquifer

In the eastern part of the Site, groundwater levels in the Black Creek Aquifer range from 90 ft
above MSL near the top of the bluff to about 35 ft above MSL near the Cape Fear River. There is
limited information in the western part of the Site. Groundwater flow in the Black Creek Aquifer
is predominantly in an easterly direction, towards the River although localized flow towards Willis
Creek is anticipated where the creek is incised into this aquifer. While the Cape Fear River acts as
a groundwater discharge zone for the Black Creek Aquifer, the steep gradient along the bluff (0.03
to 0.04 ft/ft) combined with the thin section of the aquifer (up to less than 5 ft) likely indicates
resistance to flow.

3.3 Boundaries, Sources and Sinks

The dominant hydrologic boundary is the Cape Fear River, which acts as the regional groundwater
discharge zone for the Black Creek Aquifer. The tributaries to the Cape Fear River are also
indicated to act as more localized hydrologic boundaries, with groundwater from the Site variably
interacting with these surface water bodies.

The bluff above the Cape Fear River acts as a seepage face. The steep slope results in groundwater
discharge above the interface between the two shallow aquifer units (i.e. Perched Zone and
Surficial Aquifer) and their underlying aquitard. The Cape Fear Confining Unit is considered to
form the base of the Site aquifer system, providing a hydraulic barrier to the deeper
hydrostratigraphic units (not included in the geologic or numerical models).
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The main source of water in the Perched Zone is indicated to be derived from Site infiltration (both
rainfall, stormwater recharge and infiltration from previously unlined sediment ponds and ditches).
The source of water in the Surficial Aquifer and the Black Creek Aquifer are leakage from the
shallower units and throughflow from the regional aquifer system.

Responses from rainfall were assessed by comparing rainfall events against changes in
groundwater levels. Initial results from selected wells across the three aquifer units indicated an
increase in groundwater level following a 0.08-inch rain event after a lag time typically ranging
between 1.5 and 2 days.

3.4 Water Budget

Over the long term, the rate of water inflow to the Site is equal to the rate of water outflow from
the Site. Water enters the groundwater system from regional flow, Site rainfall, stormwater
recharge and infiltration from previously unlined sediment ponds and ditches. Water leaves the
system through discharge primarily to the Cape Fear River via direct discharge and onsite
groundwater seeps, and to a lesser extent discharge to Willis Creek, Georgia Branch Creek, and
Old Outfall 002.

4. GROUNDWATER MODEL SOFTWARE SELECTION

The model is required to simulate variably saturated flow behaviors at the Site. The steep
topography surrounding the Site is challenging to simulate, and therefore a finite element model
was deemed to be more appropriate than a finite difference model (e.g. MODFLOW). Various
commercially available finite element models were assessed based on their ability to meet the
study objectives and their maturity and acceptance in the scientific and regulatory communities.
FEFLOW (DHI-WASY) was the most suitable numerical model based on those criteria.

The model was constructed using field-measured data and parameters estimated from field
measured data, which were interpolated to approximate aquifer conditions across the model
domain and assumed to be representative in between measured locations.

4.1  Model Description

FEFLOW is a 3D finite element groundwater model widely recognized in industry, research, and
government and considered to be an industry standard for finite element groundwater modeling.
The code uses the Richards’ equation, the conservation of mass, and nonlinear relationships
between capillary pressure (Pc) and wetting phase saturation (Sw) and between Sw and hydraulic
conductivity (K) to solve for hydraulic heads. FEFLOW simulates 3D transient groundwater flow
in unsaturated and variably saturated, confined, and unconfined heterogeneous systems, and
models the dynamic interaction with injection/extraction wells, recharge and surface water
systems. This study used FEFLOW version 7.2 for the numerical groundwater flow model
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simulations. All groundwater models were simulated and post-processed within the built-in
FEFLOW graphical user interface.

4.2 Model Limitations

Simulation of groundwater flow involves using specific measured data (e.g., groundwater
elevation, hydraulic conductivity) and regional data (e.g., recharge) that are used to develop site-
wide fields of hydraulic heads and aquifer parameters. By nature, the groundwater model is an
approximation based on a limited number of data points, and thus in a complex environment, there
are unavoidable uncertainties. Numerical groundwater flow models, therefore, are approximations
of real-world hydrogeological systems. However, groundwater models are considered industry
practice tools to integrate site data to represent groundwater systems and evaluate groundwater
remedial design alternatives.

The model calibration was conducted for the purpose of simulating potential groundwater
remedies pursuant to COA Paragraph 3. Therefore, the primary importance of calibration results
was placed on the flow features salient to the simulation of groundwater flow within the vicinity
between the bluff and the Cape Fear River and the groundwater discharge rates to the surface water
features (Cape Fear River, Willis Creek, and Seeps), where the vertical barrier and extraction well
network is proposed.

The validity and applicability of the model for purposes other than the stated objectives must be
independently evaluated based on the professional judgment of the model user.

5. GROUNDWATER MODEL SETUP

The original groundwater flow model developed in 2019 as part of the Corrective Action Plan
(CAP) was designed to represent the major physical and hydraulic features of the flow system in
the Site Aquifers (Perched, Surficial, and Black Creek) in and around the Chemours Fayetteville
Site discussed above in section 3.0. Construction and calibration of the original CAP groundwater
model are described in Appendix H of the CAP report (Geosyntec, 2019).

Portions of the PDI focused on collecting data for further refining the groundwater model,
including aquifer testing at five locations, additional borings/wells for geologic information to
produce a high-resolution cross-section (shown in Figure A.04), and assessment of per- and
polyfluoroalkyl substances (PFAS) chemistry in groundwater along the remedy alignment. This
section describes the current version of the model developed for vertical barrier depth design and
extraction well network evaluation, and where appropriate, how the model has been modified since
inception.
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5.1 Model Domain and Grid

The model domain covers an area of 72,690,473 feet square (ft?) (2.61 square miles). The revised
grid consists of 2,099,240 nodes and 4,154,656 elements, and 7 model hydrostratigraphic units.
The number of nodes and elements were increased to refine the model domain from the edge of
the bluff to Cape Fear River and Willis Creek. The model domain and grid location are presented
in Figure A.05.

The model uses 7 hydrostratigraphic units to represent, from the surface downward, the Floodplain
deposits, Perched Zone, Perched Clay, Surficial Aquifer, Black Creek Confining unit, Black Creek
Aquifer, and Cape Fear Confining unit. The model varies in thickness from about 170 feet (ft) near
the plant to 55 ft at the base of the bluff adjacent to the Cape Fear River.

The Light Detection and Ranging (LIDAR) elevation model prepared by the North Carolina
Department of Public Safety was imported to represent ground surface topography (NC DPS,
2015), which was corrected with ground survey data, where available, in areas that could impact
the performance of the model. The topography of the underlying model layers is based on
lithostratigraphic data obtained from Site monitoring wells, soil borings, hydraulic profiling tool
(HPT), and piezoCone Penetration Tests (CPT) which were integrated into the three-dimensional
visualization model, EVS™,

5.2 Flow Boundary Conditions

Boundary conditions are used to simulate flow of water into and out of a model domain.
Upgradient regional conditions, river and recharge boundaries are used in the updated model to
simulate Site conditions. Figure A.06 presents the locations of the boundary conditions within the
model domain. In evaluating the appropriateness of the groundwater flow model, the boundary
conditions are essential because they determine where the water enters and leaves the system. If
the boundary conditions are inappropriate, the model will poorly represent the actual groundwater
flow system. The numerical model extent was closely tied to the boundary conditions chosen for
the model:

Top Boundary: Established as the ground surface, taken from a combination of LiDAR data and
topographic surveys performed along Willis Creek and the Outfall. Boundary conditions on the
top boundary were either constant flux (to simulate rainfall recharge) or constant head equal to
elevation (with a no inward flow constraint) to simulate seepage faces on the bluffs. Rainfall
recharge values were selected with reference to the monthly precipitation from 2018 to 2020 and
evapotranspiration estimates for the Mid-Atlantic Coastal Plain (United States Geological Survey
[USGS], 2005). The two-year data cycle is repeated for the duration of the modeled simulation
time to account for variations due to seasonality. The two-year cycle is considered more
conservative than long-term historic conditions due to potential effects of climate change.
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Bottom Boundary: Chosen as flat at an elevation of -20 ft above MSL, which is located within the
Upper Cape Fear confining unit. This elevation is approximately 165 ft below the most upgradient
(west) side of the model and 40 ft below the Cape Fear River at the downgradient end of the model.
A no-flow hydraulic condition was applied to the entire bottom boundary of the model.

Northern Boundary: Willis Creek forms a hydraulic boundary north of the model domain. The
creek is treated as a spatially-varying constant hydraulic head boundary from the northwest model
corner to the outflow to the Cape Fear River located at the northeast model corner. The uppermost
active nodes in the mesh along the Willis Creek boundary were linearly interpolated, from west to
east along the creek, from a hydraulic head equal to the ground surface elevation at the
westernmost part of Willis Creek to a hydraulic head equal to the constant hydraulic head boundary
value of the Cape Fear River. Application of this constant head condition to only the upper nodes
in the mesh forces all groundwater flowing towards the boundary to discharge into the creek (as
all nodes below the upper nodes were assigned a no-flow condition). Sensitivity analysis discussed
in Section 6.1 and Section 7.5 were conducted on the boundary condition and the extraction wells
along Willis Creek.

Eastern Boundary: The Cape Fear River forms a hydraulic boundary east of the model domain.
The River is treated as a constant hydraulic head boundary in the uppermost active nodes with an
elevation representative of a daily median water elevation in the River, as measured at the W.O.
Huske Dam (USGS, 2105500). The river stage elevations range from 32.05 ft to 36.78 ft over the
simulation time period. The River wraps partially around the northeast and southeast corners of
the model. Application of this constant head condition to only the uppermost nodes in the mesh
forces groundwater flowing towards the boundary to discharge into the River.

Southern Boundary: The model domain southern extent was chosen to represent a flow line from
the western boundary to the eastern boundary. A no-flow condition was applied to the southern
boundary (that is, flow is from west to east along the boundary toward the Cape Fear River. The
south side of the Old Outfall 002 catchment area has limited boring and monitoring well data to
establish and verify data so the no flow boundary condition was approximated. This selection
was based on the available measured hydraulic head data and professional judgment (Geosyntec,
2019).

Western Boundary: The western model boundary is not bounded by any clearly defined hydraulic
features and its location was selected as an approximate flow divide beneath a topographic high.
This boundary was chosen as parallel to the Cape Fear River as limited hydraulic information was
available to make a more refined choice. This boundary is located more than a quarter mile from
the manufacturing area of the Site. Spatially-varying constant hydraulic head boundary conditions
were applied linearly ranging from 125 ft (in the shallower portion of the domain) or 122 ft (in the
deeper portion of the domain) at the southern end of the boundary to the elevation of Willis Creek
at the northern end of the boundary.
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5.3 Hydraulic Parameters

The model parameters were chosen based on the available field data, such as CPT, HPT, and
Aquifer test data collected from 2018 to 2020. Where ranges in data existed, geomean of the ranges
were chosen as the initial set of parameters.

Hydraulic conductivity, specific storage (Ss), unsaturated-flow porosity (8), residual wetting phase
saturation (Sr), and Brooks-Corey-Burdine Pc.Sw-K constitutive parameters (alpha (o), lambda (1),
delta (8)) are the main hydraulic parameters in the model. The distribution and assignment of these
parameters are based on the conceptual model hydrostratigraphy. Hydraulic parameter distribution
in the model was across individual hydrostratigraphic units. The parameter values for each
hydrostratigraphic unit were determined during the flow model calibration process (Section 3) and
presented in Table A.02.

Table A.02: Calibrated Model Hydraulic Parameters For Each Hydrostratigraphic Unit

Hydrostratigraphic Unit

Floodplain Deposits 1.4 1.0x10®|032| 0.2 | 05 [ 0.15]| 25
Perched Zone 2.6 1.0x10%| 03 | 0.1 | 115 [ 056 | 7.3
Perched Clay 0.0014 1.0x10®%| 05 | 02 | 05 |0.15| 25
Surficial Aquifer 25t0 72 1.0x10°%|033| 0.1 | 115 | 056 | 7.3
Black Creek Confining Unit 0.43 1.0x10® | 055| 02 | 05 |0.15| 25
Black Creek Aquifer 3.81t0102 51x10°|0.34| 0.1 | 115|056 7.3
Cape Fear Confining Unit 1.1 1.0x10®| 028 | 0.2 | 05 | 0.15]| 25

Srand the Brooks-Corey-Burdine (a, A, 8) constitutive parameters for each hydrostratigraphic unit
were selected based on the soil textural class and the estimated model parameters reviewed from
Madi et al. (2018), Matlan et al. (2014), and Shao and Irannejad (1999). These parameter
assignments were simplified for the model by separating the hydrostratigraphic units as either
Aquifers or aquitards after performing the first set of flow model calibration runs where each
hydrostratigraphic unit was assigned distinct parameter sets. Aquifer units were assigned Sy and
Brooks-Corey-Burdine constitutive parameters representative of sands; aquitard units were
assigned Sy and Brooks-Corey-Burdine constitutive parameters representative of sandy clay, silty
clay, and clay soil types.

6. GROUNDWATER MODEL CALIBRATION

Model calibration is an iterative process where the initial parameters values (e.g., hydraulic
conductivities, boundary conditions, recharge) are adjusted incrementally to produce a better
match between simulated and observed water level elevations.
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The site-wide synoptic water level rounds collected in July and March 2021 incorporated newly
installed wells during the PDI.

A total of 139 monitoring well locations (60- Perched Zone, 32 — Surficial, and 47 — Black Creek
Aquifer) were used as hydraulic head calibration targets. Table A.03 provides the wells,
coordinates, hydrostratigraphic unit, observed and predicted hydraulic heads, and the residual
heads. The residual head for each monitoring point is the calculated (model simulated) hydraulic
head minus the observed hydraulic head (Xcal— Xobs). Monitoring well locations (hydraulic head
targets) in the Perched Zone, Surficial Aquifer and Black Creek Aquifer are spatially illustrated
on Figure A.07.

Figure A.08 presents the calibration statistics and a graph of the calculated heads versus observed
heads. Calibration statistics presented include the range of residuals, residual mean, absolute
residual mean, the standard error of the estimate, the root mean squared error, the normalized root
mean squared error, and the flow mass balance.

The maximum residual (calculated minus observed head) occurs in the Perched zone at MW-27
(8.52 ft), Surficial Aquifer at SMW-09 (13.5 ft), and in the Black Creek at PW-10R (10.27 ft).
Because the residual mean is a measure of the average residual head, it is possible that over-
calculated and under-calculated values will negate each other thus producing a residual mean value
closer to zero. This can be misleading as to the quality of the calibration and therefore it is more
meaningful and preferable to use the absolute residual mean as an indicator of model calibration.
The residual mean was -0.66 ft; the absolute residual mean was 2.94 ft.

The root mean square (RMS) is a statistical measure of the magnitude of the residual and is useful
as an indicator of error where values are both positive and negative. The normalized root mean
square (NRMS) is the RMS divided by the maximum difference in observed head values,
expressed in percent (%). A model is considered to be well calibrated when the NRMS is below
10% (Spitz 1996) . The RMS for the Perched zone was 4.34 ft; the NRMS was 23.9%, the RMS
for the Surficial Aquifer was 5.65 ft; the NRMS was 6.4% and the RMS for the Black Creek
Aquifer was 4.58 ft; the NRMS was 5.2%. The Perched zone NRMS value exceeds 10%, but is
unconfined and thin, and the perched zone can be significantly influenced by small scale local
recharge patterns making calibration more difficult. The perched zone does not directly discharge
to the Cape Fear River and the main transport pathways is either through an identified seep location
or infiltration to the Black Creek Aquifer. The primary targets of the remedy are the Surficial and
Black Creek Aquifers, not the perched, so calibration does not need to be as refined for this
hydrostratigraphic unit.

The flow mass balance is a measure of the volume and rates of water entering and leaving the
system through the flow boundaries and from aquifer storage at the end of each stress period (in
the case of transient simulations). Ideally, the flow balance should be as close as practicable to a
discrepancy of 0%. The flow mass balance in this model has a discrepancy of 0.78%.
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Figure A.09 presents the simulated equipotential head contours for the Surficial Aquifer and Black
Creek Aquifer layers in the calibrated base model. Field-measured (observed) groundwater
elevation contours are also included for comparison. Although the focus during model calibration
was the area where the vertical barrier and extraction wells will be installed, the model is
adequately simulating the groundwater within the plant area.

6.1 Sensitivity Analysis for Model Calibration

Following model calibration, a sensitivity analysis was performed to key variables modified during
the calibration process or selected based on literature values:

e Recharge due to rainfall;

e Hydraulic Conductivities for the Perched Zone, Perched Clay, Surficial Aquifer, and Black
Creek Aquifer;

e Western boundary condition hydraulic head distribution; and
e Willis Creek boundary condition

The sensitivity of the model calibration to each variable is assessed qualitatively and quantitatively
(where possible) in Table A.04 and more detailed results and a description of the sensitivity
analysis is presented in Table A.05.

Table A.04: Calibrated Model Sensitivity Analysis

Sensitivity Variable Sensitivity NRMS Error
Calibrated Model N/A N/A 12.2%

Rainfall Recharge +/- 20% Low 12.4% | 13.7%
Perched Zone K +/- 50% Low 11.3% | 13.2%
Surficial K +/- 20% Low 12.3% | 12.8%
Black Creek K +/- 20% Low 12.6% | 12.9%
Perched Clay K Across three orders High 30.2% at reference

of magnitude hydraulic conductivity.

Sensitivity limited to
Perched Zone.

Western Boundary | Change in spatial Moderate Wide range depending

Condition distribution of on changes. Sensitivity
hydraulic heads and limited to Surficial and
absolute values of Black Creek, limited
hydraulic heads sensitivity in Perched

Zone.

Willis Creek Change the nodes no Low No significant

Boundary flow nodes to flux difference for the rate

Condition nodes of discharge from the

aquifers to Willis creek.
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The higher calibration assessment statistics (poorer fit) of the model in the Perched Zone are
primarily due to the small range of observed hydraulic heads in the system (as compared to the
Surficial and Black Creek Aquifers).

The results of the sensitivity runs indicate the horizontal conductivity zones with the highest
sensitivity are the perched clay unit. The parameter sensitivities indicated that the calibration could
be improved mildly by decreasing the conductivity in the perched aquifer. However, the selected
conductivity is based on the computed values from slug test collected at the Site.

The western type | (i.e. constant head) boundary condition has was based on empirical head
measurements and shows comparatively moderate sensitivity with the most sensitivity observed
in the surficial and to a lesser extent, the Black Creek aquifer. By contrast, the boundary condition
representing Willis Creek is less sensitive to changes in the construction from a type | to a type Il
boundary condition (i.e. constant head to fluid flux).

Recharge rate is low sensitivity parameter, with increases in rates showing a little higher sensitivity
compared to a decrease in the recharge rate.

7. REMEDIAL DESIGN SIMULATIONS

The remedial design for Site groundwater includes the installation of a vertical barrier and a
groundwater extraction and treatment system to control discharge of PFAS containing
groundwater to the Cape Fear River.

The following describes a summary of the conclusions from the PDI and the model results for
consideration into the vertical barrier design and groundwater extraction system remedy. The Site
geology is highly variable along the groundwater remedy alignment. Consistent with the
interpretation of a deltaic depositional environment, the Black Creek Aquifer along the alignment
is a mixture of high-energy channel sands and lower-energy mud flats. Geosyntec prepared a high-
resolution cross section along the groundwater remedy alignment using a combination of data
collected during the PDI and previous investigations (Figure A.04). Three distinct sections of the
groundwater remedy alignment are described as follows. Black Creek Aquifer soils in the northern
portion of the groundwater remedy alignment are dominated by more fine-grained materials
indicative of a transition to a low-energy deposition environment. The central portion of the
alignment is characterized by higher-energy channel sands and correlates to the locations of a
majority of the seeps. The southern portion is similar to the central portion of the alignment but is
hydraulically influenced by the Old Outfall 002.

Particle tracking was incorporated to display flow direction between the Site and the Cape Fear
River under baseline conditions and after the addition of the vertical barrier and the groundwater
extraction network. Particle tracking starting locations were released from the Plant Area
upgradient of the proposed remedy area.
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Particle track and water budget analyses have been completed for various scenarios to quantify
groundwater discharge between the Site and the Cape Fear River. This was accomplished using
particle tracking and the rate budget analyzer within FEFLOW to assess the groundwater discharge
to the Cape Fear River. Groundwater discharge was first estimated under baseline conditions (i.e.,
Scenario 1, the base case model). As the subsequent scenarios were developed, the particles
discharged to Cape Fear River were compared to baseline conditions to evaluate the scenario’s
control of groundwater flow.

7.1 Scenario 1: Baseline Conditions

The base case model is equivalent to the model calibration conducted during the 60% design report
where the model was adjusted to simulate current conditions prior to remedy implementation.

Figure A.10 presents particle-tracking results for Scenario 1 which uses a 5-year model run time
and releases particles from the Plant Area. Under these conditions, particles released from the
perimeter of the plant migrate horizontally, then eventually discharge to Cape Fear River.

7.2 Scenario 2: Vertical Barrier Alone

In this scenario, a five-year model simulation, the vertical barrier parallel to the Cape Fear River
(shown by the green line in Figure A.11) is simulated from Surficial Aquifer to the top of the
Upper Cape Fear Confining unit by creating a zone to represent the vertical boundary. The length
of the barrier is approximately 9,000 ft, and the depth embeds five feet into the Upper Cape Fear
Confining unit. Approximate depth of the barrier ranges from approximately 60 to 80 ft. The
barrier is assigned a thickness of 30 inches and a hydraulic conductivity of 3.28 x 10~ feet per day
(ft/d) (1.0 x 10 centimeter per second [cm/s]). Figure A.12 presents the particle-tracking results
for Scenario 2. In this five-year simulation, many of the particles released from the Site pass over,
around, and through the vertical barrier, and eventually discharge to the Cape Fear River.
Specifically, in the area near Seep A and B where there is high transmissivity, particles migrate
over, around and through the barrier and discharge to Cape Fear River at a relatively high rate.

Results from the particle tracking and flow analysis indicated that the physical barrier wrap-around
flow occurred at the barrier edges after 7 days, breakthrough occurs in multiple locations along the
barrier, and groundwater discharges to surface. Specifically, in the areas near Seeps A and B,
particles migrate over, around, and through the barrier and discharge to Cape Fear River.

7.3 Scenario 3: Hydraulic Barrier Alone

In Scenario 3, a hydraulic barrier alone was simulated using a groundwater extraction network
between the bluff and the Cape Fear River (shown by the wells in Figure A.13). This simulation
used 64 extraction wells (10 wells located in the Surficial Aquifer and 54 wells located in the Black
Creek Aquifer) to mitigate groundwater discharge to the Cape Fear River.
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The simulated extraction well flow rates ranged from 5 to 35 gallons per minute (gpm) depending
on location, and the total cumulative flow rate for the extraction well network simulated was 1,023
gpm. Well spacing is generally 200 ft apart; well spacings are closer where there is higher
groundwater flux, particularly in the vicinity of Seeps A and B, and along the southern end near
the Old Outfall 002. Figure A.14 presents the particle-tracking results for Scenario 3. In this
simulation, the particles are released from the Site in the plant area and many are contained by the
extraction system. However, some particles are ultimately discharged to the Cape Fear River.
Specifically, in the areas near Seeps A and B, particles migrate between some of the extraction
wells and discharge to Cape Fear River. An evaluation of the extraction well network indicated
insufficient overlap of the radii of influence (ROI) for the extraction wells in many areas of the
hydraulic barrier remedy. This results in incomplete capture in the areas where there is increased
groundwater flow due to the presence of highly transmissive material.

Additional extraction wells and increased pumping would allow for sufficient overlapping ROI,
however, the resulting cone of depression is of sufficient size to begin drawing in Cape Fear River
water with limited additional capture of groundwater, reducing overall efficiency. Sensitivity
analysis was performed to optimize the well placement and well density along the proposed
remedy route. In addition to the spacing specified in the above figures, simulations with a well
spacing of 100 ft apart with tighter spacing of 25 feet apart (total of 135 wells) near Seep A, Seep
B and near Outfall 003 (higher transmissible areas) were assessed. In the highly transmissive areas,
particles from the plant area were still not fully captured by the groundwater extraction well
network. Site conditions are such that groundwater from under the plant facility cannot maintain
hydraulic control without also capturing some portion of Cape Fear River water. It was determined
pumping alone could not match the performance of a combination pumping with a physical barrier,
Scenario 4 below, with respect to capture.

Notably, in the northern area of the Site, where the overall hydraulic conductivity is lower, the
ROI of the extraction wells in this area sufficiently overlap and allows for capture of groundwater
over the area. Evaluation of the two stand-alone approaches demonstrate that the barrier wall only
or pumping only is not sufficient to meet overall Consent Order (CO) objectives. However, the
simulation also demonstrated that pumping alone near Willis Creek controls the discharge to
surface water in the northern portion.

7.4 Scenario 4: Optimized Scenario

In scenario 4, the vertical barrier and a hydraulic barrier containing 69 extraction wells (15 wells
located in the Surficial Aquifer and 54 wells located in the Black Creek Aquifer) were combined
and simulated to assess the performance of the remedy (shown by the wells in Figure A.15).

Attachment 5 to the COA identified that the groundwater remedy would extend along Willis Creek
in the northern alignment. Based on the favorable simulated performance of pumping only (see
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section 7.3 above) remedy along the northern Willis Creek section and the identified
constructability considerations along the northern section (section 3.2.4 of the 90% Design
Report), the northern section of the remedy could be successfully implemented with pumping only
and the remainder of the remedy include the barrier wall of 6,000 ft long from near the intake road
to near the Old Outfall. The depth of the barrier extends into the upper five ft of the Upper Cape
Fear Confining unit, for a total depth of approximately 60 to 80 ft. The barrier is assigned a
thickness of 30 inches and a hydraulic conductivity of 2.8 x 10 ft/d (1.0 x 10 cm/s).

The simulated extraction well flow rates range from 5 to 35 gpm depending on location, and the
total cumulative flow rate for the extraction well network simulated was 1,023 gpm. The presence
of the vertical barrier effectively reduces overall hydraulic conductivity over the alignment where
the barrier wall is present. As a result, the effective ROI of the wells in a north-south direction is
generally extended to allow sufficient overlap to capture groundwater flow. In those areas where
a 200-ft spacing is not sufficient to capture released particles, spacing was tightened to provide
adequate overlap of the ROI. Spacing is tighter at the northern and southern ends of the barrier
wall and in the vicinity of the Seeps A and B where overall flow rates are higher as a result of
increased transmissivity and to reduce the potential for wrap around.

Figure A.16 presents the particle-tracking results for Scenario 4. In this simulation, the particles
released from the Site in the plant area are controlled by the combined vertical and hydraulic
barrier. The effectiveness of the simulated remedy was largely equal for both the Surficial Aquifer
above the barrier wall and the Black Creek Aquifer. Groundwater that is present downgradient of
the remedy after startup becomes largely stagnant; over time, continuing rainwater recharge and
fluctuation of the Cape Fear river slowly drives remaining water present downgradient of the wall
toward the Cape Fear River.

7.5 Sensitivity Analysis for Remedial Design Scenarios

Following remedial design scenarios sensitivity analyses were performed to evaluate the
sensitivity associated with the remedial design compared to the optimized remedial scenario (i.e.
variations well locations, extraction rates and wall construction). Key assumptions that were
evaluated include barrier wall thickness (30 inches), barrier wall hydraulic conductivity (1.0 x 10°
®cm/s), location of barrier wall relative to plant and river, and locations of extraction wells. Overall
remedy performance, e.g., mitigating groundwater flow to surface water, is the combined function
of the location of extraction wells and extraction rates paired with the hydraulic properties of the
barrier wall — the presence of a barrier wall reduces the required rate of groundwater extraction.

The sensitivity analysis for the remedial design scenarios is assessed qualitatively and
quantitatively (where possible) in Table A.06 and more detailed results and a description of the
sensitivity analysis is presented in Table A.07
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Result

An increase in barrier wall thickness from 30
inches to 39.4 inches (1.0 m) likely requires a 5%
or more increase in pumping rate as greater

Scenario 2: volumes of water will be retained by the wall. A
Barrier wall 05t01.0m Moderate | decrease in barrier wall thickness from 30 inches
thickness to 19.7 inches (0.5 m) likely requires an increase
in pumping rate of 20% or more as some of the
burden of capture will shift from the wall to
extraction wells.
A reduction in hydraulic conductivity of the wall
o to 1.0 x 10-7 has minimal effect on the overall
Scenario 2: .
S r— 7 performance of the optimized remedy. However,
Barrier 1.0x10"to . . : . -
hydraulic 1.0 x 10° cm/s High an increase in hydraulic c_onduct|V|t)_/ of the wall
L ' to 1.0 x 10-5 has a potentially material effect on
conductivity -
the performance of the optimized remedy.
The barrier wall location had a modest
correlation in the effectiveness of maintaining
control over the discharge to the Cape Fear
River. The barrier location along the bluff has
. On the Bluff,and higher wrap-around flow relative to the
Scenario 2: L .
r— In the Flood Moderate | optimized location.
Barrier Location . . Lo
Plain In the flood plain, performance is similar to
optimized location; however, the treatment area
is more prone to floods (impacts to extraction
and treatment system) and there are additional
impacts to wetland areas.
The extraction well locations had a strong
correlation in the effectiveness of maintaining
Scenario 3: control over the discharge to the Cape Fear River
Hydraulic On the Bluff,and and the hydraulic gradient of the Site. Extraction
Control In the Flood High wells along the bluff requires an increase in
Extration Well Plain pumping to maintain hydraulic control.
Locations Extraction wells in the flood plain require
increase pumping due to intake of water from the
Cape Fear River.
w Up to 1,000 ft The model is relatively insensitive to the
Hydraulic i . . .
Control from Willis dls_ta_nce of the I|ne_ of extraction wells fr_om
. Creek and, up to Low Willis Creek. Moving the line of extraction wells
Extration Well .
: 500 ft from the closer to the plant does not improve
Locations at
L creek performance.
Willis Creek

TRO0795

19

Mar-2022



Geosyntec®

consultants

Geosyntec Consultants of NC, B.C,
NC License No.: C-3500 and C-295

The sensitivity analysis conducted for the remedial designs demonstrated which aspects of the
remedy are most sensitive to change. The results of the sensitivity analysis were incorporated into
developing contingency in the remedy.

8. SUMMARY

The original groundwater model developed during the CAP in 2019 was updated to include water
level, hydraulic conductivity values, and hydrostratigraphic unit elevation data collected during
the PDI in 2020/2021. The model was also further discretized vertically and horizontally to allow
amore complex simulation of site conditions, simulate potential remedies, and help provide a basis
for remedy design.

The model was calibrated to synoptic groundwater data collected from 2018 to 2020 by adjusting
the hydraulic conductivity distribution, boundary conditions, and recharge. Model calibration
statistics indicate a root mean square result of 5.65 ft and a normalized root mean square of 6.4%
for the Surficial Aquifer and a root mean square result of 4.58 ft and a normalized root mean square
of 5.2% for the Black Creek Aquifer, indicating a well calibrated model.

Several model scenarios were completed to assess basis of design for the remedy:
Scenario 1 simulates the current conditions base model updated with PDI data.
Scenario 2 simulates a vertical barrier only.

Scenario 3 simulates a hydraulic barrier via an extraction system only.

Scenario 4 simulates an optimized remedy that takes advantages of the strengths of both
the vertical barrier and hydraulic barrier via an extraction system.

The modeling results indicate that the groundwater in the northern alignment portion can be
intercepted using extraction wells alone and that a barrier wall is not required. Particle tracking
results from Scenario 4 simulations indicate that discharge of the Surficial Aquifer to the seeps
east of the barrier wall and the Black Creek Aquifer to the Cape Fear River controls groundwater
and meets CO objectives.

Based on these model results, Scenario 4 was selected as a suitable option for limiting the
groundwater discharge to the Cape Fear River and forms the basis of design for the groundwater
remedy. Scenario 4 demonstrates that to provide adequate hydraulic containment, 69 extraction
wells (15 wells located in the Surficial Aquifer, and 54 wells located in the Black Creek Aquifer)
and a vertical barrier wall installed through the central and southern sections of the alignment
successfully control groundwater discharging to the Cape Fear River. The estimated annualized
cumulative flow rates for the extraction well network is about 1,023 gpm.
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Table A.03: Calibration Results: Observed vs
Model Predicted Hydraulic Head Data
Chemours Fayetteville Works, North Carolina

Geosyntec Consultants of NC, P.C.

Observed  Calculated Residual
Location Name Aquifer Observation Date Head Head (Obs. - Calc.)
(ft) (ft) (ft)
BCA-01 Black Creek Aquifer Oct-19 87.38 83.58 -3.80
BCA-02 Black Creek Aquifer Oct-19 74.55 81.52 6.97
BCA-04 Black Creek Aquifer Oct-19 121.55 114.41 -7.14
BCA-03R Black Creek Aquifer Oct-19 101.27 101.05 -0.22
PW-10R Black Creek Aquifer Oct-19 48.15 54.43 6.28
PW-12 Black Creek Aquifer Oct-19 92.65 100.70 8.05
LTW-02 Black Creek Aquifer Oct-19 42.19 39.36 -2.83
LTW-05 Black Creek Aquifer Oct-19 42.35 42.42 0.07
PIW-2D Black Creek Aquifer Oct-19 64.55 64.30 -0.25
PIW-3D Black Creek Aquifer Oct-19 35.8 39.02 3.22
PIW-4D Black Creek Aquifer Oct-19 41.68 50.02 8.34
PIW-7D Black Creek Aquifer Oct-19 42.69 45.68 2.99
PIW-8D Black Creek Aquifer Oct-19 41.11 43.33 2.22
PIW-9D Black Creek Aquifer Oct-19 42.08 49.40 7.32
PW-09 Black Creek Aquifer Oct-19 52.24 47.48 -4.76
PW-11 Black Creek Aquifer Oct-19 39.6 40.57 0.97
PW-13 Black Creek Aquifer Oct-19 119.79 117.30 -2.49
PW-14 Black Creek Aquifer Oct-19 86.86 84.49 -2.37
PW-15R Black Creek Aquifer Oct-19 76.96 77.63 0.67
PZ-22 Black Creek Aquifer Oct-19 44.06 43.02 -1.04
SMW-12 Black Creek Aquifer Oct-19 33.44 38.88 5.44
LTW-01 Floodplain Deposits Oct-19 37.3 40.33 3.03
LTW-03 Floodplain Deposits Oct-19 39.71 39.06 -0.65
LTW-04 Floodplain Deposits Oct-19 42.55 43.63 1.08
PIW-1S Floodplain Deposits Oct-19 32.59 35.56 2.97
PIW-6S Floodplain Deposits Oct-19 38.6 41.90 3.30
PIW-7S Floodplain Deposits Oct-19 42.51 50.33 7.82
PIW-7S Floodplain Deposits Oct-19 42.51 43.21 0.70
MW-13D Surficial Aquifer Oct-19 104.33 99.89 -4.44
MW-14D Surficial Aquifer Oct-19 109.67 107.09 -2.58
MW-16D Surficial Aquifer Oct-19 113.02 106.38 -6.64
MW-17D Surficial Aquifer Oct-19 117.09 114.11 -2.98
MW-18D Surficial Aquifer Oct-19 87.28 87.89 0.61
MW-19D Surficial Aquifer Oct-19 88.24 86.19 -2.05
MW-20D Surficial Aquifer Oct-19 89.51 85.37 -4.14
MW-21D Surficial Aquifer Oct-19 105.71 102.86 -2.85
MW-22D Surficial Aquifer Oct-19 113.82 110.93 -2.89
PIW-1D Surficial Aquifer Oct-19 32.81 32.17 -0.64
PIW-5S Surficial Aquifer Oct-19 60.46 48.36 -12.10
PW-02 Surficial Aquifer Oct-19 90.05 82.82 -7.23
PW-05 Surficial Aquifer Oct-19 121.25 121.37 0.12
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Table A.03: Calibration Results: Observed vs
Model Predicted Hydraulic Head Data
Chemours Fayetteville Works, North Carolina

Geosyntec Consultants of NC, P.C.

Observed  Calculated Residual
Location Name Aquifer Observation Date Head Head (Obs. - Calc.)
(ft) (ft) (ft)
MW-15DRR Surficial Aquifer Oct-19 103.37 101.34 -2.03
PW-03 Surficial Aquifer Oct-19 105.57 95.39 -10.18
SMW-03B Surficial Aquifer Oct-19 93.4 100.72 7.32
SMW-05P Surficial Aquifer Oct-19 105.31 106.23 0.92
SMW-06B Surficial Aquifer Oct-19 103.15 102.07 -1.08
SMW-08B Surficial Aquifer Oct-19 108.29 106.71 -1.58
SMW-09 Surficial Aquifer Oct-19 85.2 71.65 -13.55
SMW-10 Surficial Aquifer Oct-19 46.69 53.70 7.01
SMW-11 Surficial Aquifer Oct-19 57.87 54.34 -3.53
SMW-04B Surficial Aquifer Oct-19 102.94 100.42 -2.52
FTA-02 Perched Zone Oct-19 133.61 131.69 -1.92
MW-1S Perched Zone Oct-19 132.9 130.81 -2.09
MW-2S Perched Zone Oct-19 130.69 129.30 -1.39
MW-9S Perched Zone Oct-19 130.36 124.57 -5.79
MW-11 Perched Zone Oct-19 132.81 132.54 -0.27
MW-23 Perched Zone Oct-19 131.61 128.04 -3.57
MW-24 Perched Zone Oct-19 133.93 140.50 6.57
MW-26 Perched Zone Oct-19 133.29 133.17 -0.12
MW-28 Perched Zone Oct-19 131.99 123.47 -8.52
MW-31 Perched Zone Oct-19 130.2 124.77 -5.43
MW-33 Perched Zone Oct-19 132.36 128.58 -3.78
NAF-03 Perched Zone Oct-19 139.43 139.36 -0.07
NAF-06 Perched Zone Oct-19 139.99 139.05 -0.94
NAF-08A Perched Zone Oct-19 138.92 136.52 -2.40
NAF-09 Perched Zone Oct-19 138.54 142.64 4.10
NAF-10 Perched Zone Oct-19 136.38 141.43 5.05
NAF-11A Perched Zone Oct-19 135.76 132.42 -3.34
PZ-11 Perched Zone Oct-19 133.55 126.63 -6.92
PZ-12 Perched Zone Oct-19 137.02 130.84 -6.18
PZ-13 Perched Zone Oct-19 130.74 131.00 0.26
PZ-20R Perched Zone Oct-19 135.54 131.57 -3.97
PZ-21R Perched Zone Oct-19 135.47 131.66 -3.81
PZ-24 Perched Zone Oct-19 136.22 132.30 -3.92
PZ-25 Perched Zone Oct-19 133.36 130.49 -2.87
Pz-27 Perched Zone Oct-19 134.8 132.63 -2.17
PZ-28 Perched Zone Oct-19 133.97 130.07 -3.90
PZ-29 Perched Zone Oct-19 135.14 127.78 -7.36
PZ-32 Perched Zone Oct-19 130.7 130.14 -0.56
PZ-34 Perched Zone Oct-19 132.72 126.76 -5.96
SMW-03 Perched Zone Oct-19 136.32 132.76 -3.56
NAF-13 Perched Zone Oct-19 133.01 139.18 6.17
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Geosyntec Consultants of NC, P.C.
Table A.03: Calibration Results: Observed vs
Model Predicted Hydraulic Head Data
Chemours Fayetteville Works, North Carolina

Observed Calculated Residual

Location Name Aquifer Observation Date Head Head (Obs. - Calc.)
(ft) (ft) (ft)
PZ-17 Perched Zone Oct-19 135.12 141.51 6.39
SMW-02 Perched Zone Oct-19 121.81 119.60 -2.21
PZ-12 Perched Zone Dec-20 132 131.00 1.00
PZ-15 Perched Zone Dec-20 135.85 141.51 -5.66
PZ-17 Perched Zone Dec-20 121.85 119.60 2.25
PZ-19R Perched Zone Dec-20 137.14 131.57 5.57
PZ-20R Perched Zone Dec-20 137.07 131.66 5.41
PZ-21R Perched Zone Dec-20 138.62 132.30 6.32
PZ-35 Perched Zone Dec-20 138.07 132.76 5.31
BCA-01 Black Creek Aquifer Dec-20 84.43 83.58 0.85
BCA-02 Black Creek Aquifer Dec-20 75.07 81.52 -6.45
BCA-03R Black Creek Aquifer Dec-20 101.29 101.05 0.24
BCA-04 Black Creek Aquifer Dec-20 122.38 114.41 7.97
EW-1 Perched Zone Dec-20 60.15 65.66 -5.51
EW-2 Perched Zone Dec-20 43.35 44.10 -0.75
EW-3 Perched Zone Dec-20 61.55 57.17 4.38
EWwW-4 Perched Zone Dec-20 50.57 48.39 2.18
EW-5 Perched Zone Dec-20 45.38 43.41 1.97
FTA-01 Perched Zone Dec-20 134.14 131.69 2.45
FTA-02 Perched Zone Dec-20 132.88 136.39 -3.51
FTA-03 Perched Zone Dec-20 133.68 130.81 2.87
LTW-01 Floodplain Deposits Dec-20 38.88 40.33 -1.45
LTW-02 Black Creek Aquifer Dec-20 43.2 39.36 3.84
LTW-03 Floodplain Deposits Dec-20 41.24 39.06 2.18
LTW-04 Floodplain Deposits Dec-20 44.19 43.63 0.56
LTW-05 Black Creek Aquifer Dec-20 42.78 42.42 0.36
MW-11 Perched Zone Dec-20 125.15 125.90 -0.75
MW-128 Perched Zone Dec-20 132.56 128.04 4.52
MW-13D Surficial Aquifer Dec-20 104.75 99.89 4.86
MW-14D Surficial Aquifer Dec-20 110.29 107.09 3.20
MW-15DRR Surficial Aquifer Dec-20 103.21 101.34 1.87
MW-16D Surficial Aquifer Dec-20 112.89 106.38 6.51
MW-17D Surficial Aquifer Dec-20 117.74 114.11 3.63
MW-18D Surficial Aquifer Dec-20 88.79 87.89 0.90
MW-19D Surficial Aquifer Dec-20 90.03 86.19 3.84
MW-1S Perched Zone Dec-20 131.34 129.30 2.04
MW-20D Surficial Aquifer Dec-20 90.88 85.37 5.51
MW-21D Surficial Aquifer Dec-20 106.77 102.86 3.91
MW-22D Surficial Aquifer Dec-20 113.64 110.93 2.71
MW-23 Perched Zone Dec-20 134.33 140.50 -6.17
MW-24 Perched Zone Dec-20 128.92 134.53 -5.61
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Geosyntec Consultants of NC, P.C.
Table A.03: Calibration Results: Observed vs
Model Predicted Hydraulic Head Data
Chemours Fayetteville Works, North Carolina

Observed Calculated Residual

Location Name Aquifer Observation Date Head Head (Obs. - Calc.)
(ft) (ft) (ft)
MW-25 Perched Zone Dec-20 134.11 133.17 0.94
MW-26 Perched Zone Dec-20 136.5 137.05 -0.55
MW-27 Perched Zone Dec-20 132.44 123.47 8.97
MW-28 Perched Zone Dec-20 131.29 124.77 6.52
MW-30 Perched Zone Dec-20 135.1 139.18 -4.08
MW-31 Perched Zone Dec-20 131.82 135.53 -3.71
MW-32 Perched Zone Dec-20 132.24 128.58 3.66
MW-33 Perched Zone Dec-20 132.47 129.72 2.75
MW-34 Perched Zone Dec-20 132.13 136.43 -4.30
MW-35 Perched Zone Dec-20 132.21 129.61 2.60
MW-36 Perched Zone Dec-20 132.29 135.91 -3.62
MW-7S Perched Zone Dec-20 137.49 135.52 1.97
MW-8S Perched Zone Dec-20 141.94 147.54 -5.60
MW-9S Perched Zone Dec-20 133.39 132.54 0.85
NAF-01 Perched Zone Dec-20 140.95 140.28 0.67
NAF-02 Perched Zone Dec-20 141.05 139.36 1.69
NAF-03 Perched Zone Dec-20 140.92 144.15 -3.23
NAF-06 Perched Zone Dec-20 134.87 131.08 3.79
NAF-07 Perched Zone Dec-20 140.6 136.52 4.08
NAF-08A Perched Zone Dec-20 140.73 142.64 -1.91
NAF-08B Perched Zone Dec-20 95.44 100.44 -5.00
NAF-09 Perched Zone Dec-20 137.93 141.43 -3.50
NAF-10 Perched Zone Dec-20 138.54 132.42 6.12
NAF-11A Perched Zone Dec-20 136.82 139.97 -3.15
NAF-11B Perched Zone Dec-20 94.13 99.26 -5.13
NAF-12 Perched Zone Dec-20 140.15 136.79 3.36
OW-1 Perched Zone Dec-20 59.78 62.67 -2.89
OW-1 Perched Zone Dec-20 59.78 65.69 -591
OW-10 Perched Zone Dec-20 59.82 60.49 -0.67
OwW-2 Perched Zone Dec-20 50.34 53.62 -3.28
OW-3 Perched Zone Dec-20 50.14 48.81 1.33
OwW-4 Perched Zone Dec-20 61.57 62.16 -0.59
OW-5 Perched Zone Dec-20 61.78 65.79 -4.01
OW-6 Perched Zone Dec-20 42.8 42.55 0.25
OW-7 Perched Zone Dec-20 45.35 44.40 0.95
OW-8 Perched Zone Dec-20 44.6 45.95 -1.35
OW-9 Perched Zone Dec-20 61.71 57.79 3.92
PIW-10DR Perched Zone Dec-20 61.16 60.94 0.22
PIW-10S Perched Zone Dec-20 57.93 53.29 4.64
PIW-11 Perched Zone Dec-20 45.11 40.55 4.56
PIW-12 Perched Zone Dec-20 35.53 34.75 0.78
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Geosyntec Consultants of NC, P.C.
Table A.03: Calibration Results: Observed vs
Model Predicted Hydraulic Head Data
Chemours Fayetteville Works, North Carolina

Observed Calculated Residual

Location Name Aquifer Observation Date Head Head (Obs. - Calc.)
(ft) (ft) (ft)
PIW-13 Perched Zone Dec-20 36.2 31.75 4.45
PIW-14 Perched Zone Dec-20 37.01 38.24 -1.23
PIW-15 Perched Zone Dec-20 35.58 33.96 1.62
PIW-16D Perched Zone Dec-20 131.11 135.13 -4.02
PIW-16S Perched Zone Dec-20 134.79 136.41 -1.62
PIW-1D Surficial Aquifer Dec-20 36.37 32.17 4.20
PIW-1S Floodplain Deposits Dec-20 35.35 35.56 -0.21
PIW-2D Black Creek Aquifer Dec-20 64.4 64.30 0.10
PIW-3D Black Creek Aquifer Dec-20 37.56 39.48 -1.92
PIW-4D Black Creek Aquifer Dec-20 42.67 47.23 -4.56
PIW-5S Surficial Aquifer Dec-20 61.17 48.36 12.81
PIW-6S Floodplain Deposits Dec-20 40.19 41.90 -1.71
PIW-7D Black Creek Aquifer Dec-20 43.35 45.96 -2.61
PIW-7S Floodplain Deposits Dec-20 43.42 50.33 -6.91
PIW-8D Black Creek Aquifer Dec-20 41.55 43.33 -1.78
PIW-9D Black Creek Aquifer Dec-20 42.49 49.40 -6.91
PIW-9S Perched Zone Dec-20 50.81 47.88 2.93
PW-01 Perched Zone Dec-20 135.72 126.63 9.09
PW-02 Surficial Aquifer Dec-20 89.99 82.82 7.17
PW-03 Surficial Aquifer Dec-20 106.2 95.39 10.81
PW-04 Perched Zone Dec-20 74.81 78.81 -4.00
PW-05 Surficial Aquifer Dec-20 123.57 121.37 2.20
PW-06 Perched Zone Dec-20 128.17 131.47 -3.30
PW-07 Perched Zone Dec-20 118.6 123.45 -4.85
PW-09 Black Creek Aquifer Dec-20 53.04 47.48 5.56
PW-10R Black Creek Aquifer Dec-20 47.18 54.43 -7.25
PW-11 Black Creek Aquifer Dec-20 38.66 40.57 -1.91
PW-12 Black Creek Aquifer Dec-20 93.77 100.70 -6.93
PW-13 Black Creek Aquifer Dec-20 117.22 117.30 -0.08
PW-14 Black Creek Aquifer Dec-20 86.49 84.49 2.00
PW-15R Black Creek Aquifer Dec-20 67.05 77.63 -10.58
PZ-11 Perched Zone Dec-20 141.57 130.84 10.73
PZ-13 Perched Zone Dec-20 138.5 134.75 3.75
PZ-14 Perched Zone Dec-20 136.36 138.10 -1.74
PZ-22 Black Creek Aquifer Dec-20 44.7 43.02 1.68
PZ-24 Perched Zone Dec-20 134.15 130.49 3.66
PZ-26 Perched Zone Dec-20 136.97 132.63 4.34
PZ-27 Perched Zone Dec-20 133.16 130.07 3.09
PZ-28 Perched Zone Dec-20 135.47 127.78 7.69
PZ-29 Perched Zone Dec-20 133.18 133.94 -0.76
PZ-31 Perched Zone Dec-20 130.16 130.14 0.02

TRO795 Page 5 of 6 March 2022



Table A.03: Calibration Results: Observed vs
Model Predicted Hydraulic Head Data
Chemours Fayetteville Works, North Carolina

Geosyntec Consultants of NC, P.C.

Observed  Calculated Residual
Location Name Aquifer Observation Date Head Head (Obs. - Calc.)
(ft) (ft) (ft)
PZ-32 Perched Zone Dec-20 132.92 138.25 -5.33
PZ-33 Perched Zone Dec-20 132.67 126.76 591
PZ-34 Perched Zone Dec-20 131.89 127.62 4.27
PZ-36 Perched Zone Dec-20 132.64 130.52 2.12
PZ-37 Perched Zone Dec-20 132.8 136.02 -3.22
PZ-38 Perched Zone Dec-20 131.01 130.93 0.08
PZ-39 Perched Zone Dec-20 134.26 135.43 -1.17
PZ-40 Perched Zone Dec-20 134.5 137.68 -3.18
PZ-41 Perched Zone Dec-20 134.86 132.79 2.07
PZ-42 Perched Zone Dec-20 134.77 140.74 -5.97
PZ-43 Perched Zone Dec-20 132.73 134.40 -1.67
PZ-44 Perched Zone Dec-20 133.27 129.63 3.64
PZ-45 Perched Zone Dec-20 133.19 135.67 -2.48
PZ-L Perched Zone Dec-20 117.82 115.81 2.01
SMW-01 Perched Zone Dec-20 124.9 127.26 -2.36
SMW-02 Perched Zone Dec-20 136.55 140.08 -3.53
SMW-02B Perched Zone Dec-20 89.2 89.69 -0.49
SMW-03B Surficial Aquifer Dec-20 93.84 100.72 -6.88
SMW-04B Surficial Aquifer Dec-20 103.26 100.42 2.84
SMW-05 Perched Zone Dec-20 125.2 121.64 3.56
SMW-05P Surficial Aquifer Dec-20 105.5 106.23 -0.73
SMW-06 Perched Zone Dec-20 125.92 126.41 -0.49
SMW-06B Surficial Aquifer Dec-20 103.22 102.07 1.15
SMW-07 Perched Zone Dec-20 128.15 127.29 0.86
SMW-08 Perched Zone Dec-20 116.82 119.40 -2.58
SMW-08B Surficial Aquifer Dec-20 108.26 106.71 1.55
SMW-09 Surficial Aquifer Dec-20 85.91 71.65 14.26
SMW-10 Surficial Aquifer Dec-20 47.37 53.70 -6.33
SMW-11 Surficial Aquifer Dec-20 59.58 54.34 5.24
SMW-12 Black Creek Aquifer Dec-20 36.01 38.88 -2.87
Notes:
ft - feet
Obs. - Observed
Calc. - Calculated
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Table A05: Detialed Summary of Model Calibration

Sensitivity Variable

Sensitivity

NRMS Error (%)

Geosyntec®

consultants

Geosyntec Consultants of NC, P.C.
NC License No.: C-3500 and C-295

% Change in
Discharge
from the Site
to Cape Fear
River

Calibrated Model N/A N/A 12.2 --
Rainfall Recharge - increase +20% Low 12.4 +1.3%
Rainfall Recharge - decrease - 20% Low 13.7 -1.3%

Perched Zone K - increase + 50% Low 11.3 +0.1%
Perched Zone K - decrease - 50% Low 13.2 -2.1%
Surficial K - increase +20% Low 12.3 +0.2%
Surficial K - decrease - 20% Low 12.8 -1.7%
Black Creek K - increase +20% Low 12.6 +0.1%
Black Creek K - decrease - 20% Low 12.9 -1.1%
r Across one orders of . 30.2% at reference hydraulic conductivity. 50 20,
Perched Clay K - increase magnitude High Sensitivity limited to Perched Zone. 20.3%
r Across two orders of . 36.4% at reference hydraulic conductivity. 52 70,
Perched Clay K - increase magnitude High Sensitivity limited to Perched Zone. 23.7%
Change in spatial distribution . L
. - 14.2% at reference hydraulic conductivity.
Western Boundary Condition - of hydraulic headsand =14 40rat0 | sensitivity limited to Surficial and Black Creek 13.1%
increased absolute values of hydraulic AQui
quifer.
heads
Change in spatial distribution . -
. - 14.4% at reference hydraulic conductivity.
Western Boundary Condition - of hydraulic headsand =14 40rat0 | sensitivity limited to Surficial and Black Creek -24.4%
decrease absolute values of hydraulic AQui
quifer.
heads
0 N .
Willis Creek Boundary Condition Change the nodes no flow Low 12._3/0 No significant dlf_ference fo_r t_he rate of 0.1%
nodes to flux nodes discharge from the aquifers to Willis creek.
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Table A.07: Detailed Summary of Remedial Design Sensitivity Analysis

Percent

Sensitivity Analysis Sensitivity Result Change from

Optimal
Scenario

Optimal Scenario
(Barrier and hydraulic control)
- 30 inch barrier thickness and 1.0 N/A N/A N/A --
x10% cm/s barrier permeability
- 69 Extractions wells

An increase in barrier wall thickness from

30 inches to 1.0 m (39.4") likely requires a

Barrier thickness - increase 1.0m Moderate minimum of 5% increase in pumping rate as +4.6%

greater volumes of water will be retained by
the wall.

A decrease in barrier wall thickness from 30
inches to 0.5 m (19.7") likely requires a
Barrier thickness - decrease 05m Moderate pumping rate increase of 20% or more as -18.4%
some of the burden of capture will shift
from the wall to extraction wells.

A reduction in hydraulic conductivity of the
wall to 1.0 x 107 has minimal effect on the

Barrier hydraulic conductivity -

-7 - o
increase 1.0x 107 cm/s High overall performance of the optimized +1.2%
remedy
Barrier hvdraulic conductivity - An increase in hydraulic conductivity of the
y y 1.0 x 10 cm/s High wall to 1.0 x 10-5 has significant effect on -58.1%

decrease the performance of the optimized remedy.

Relocating the remedy closer to the plant on
Barrier Location - On the Bluff On the BIuff Moderate the top of the bluff reduces performance of -30.9%
the remedy by over 30%.
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Percent
e . o Change from
Sensitivity Analysis Sensitivity Optimal
Scenario
Moving the remedy into the flood plain
Barrier Locatloq - In the Flood In the Flood Plain Low clqser to the C;ape Fear Rlver_ only modestly +1.9%
Plain increases discharge reduction. Wetland
impact would be far more significant.
The extraction well locations had a strong
correlation in the effectiveness of
. . maintaining hydraulic control over the total
HydraulchC; c::r;ttli’g:lf;(:;actlon well On the Bluff High discharge to the Cape Fear River and the -80.1%
y hydraulic gradient of the Site. Pumping
along the bluff does not adequately capture
groundwater.
In order to match performance of the
optimal scenario with wells located in the
Hydraulic Contt_’ol Extraction Well In the Flood Plain High floqd plain, hlgher pumping rates are -30.8%
Locations only required. A portion of the groundwater
flow comes in to the treatment system from
the Cape Fear River.
Hydraulic C?_r:)'cg::itl)z:;cractlon Well | Upto 1,00((:)r1;tef(rom willis Low The model is relatively insensitive to the +0.9%
distance of the line of extraction wells from
Willis Creek. Moving the line of extraction
Hydraulic Control Extraction Well Up to 500 ft from Willis Low wells close_r to the plan; does not materially +1.9%
Locations creek improve performance. .9%
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1 INTRODUCTION AND OBJECTIVES

GEOServices, LLC (GEOS) has prepared for The Chemours Company, FC, LLC
(Chemours) this 90% Engineering Design Report for the Barrier Wall System planned to
be installed at the Chemours Fayetteville Works facility in Bladen County, North
Carolina. This report has been prepared pursuant to the Consent Order Paragraph
12 Addendum (COA) Paragraph 3 (North Carolina Department of Environmental
Quality [NCDEQ], 2019) which requires a which requires a 90% design report for the
Barrier Wall and Groundwater Extraction and Treatment System be submitted by March
31, 2022 to NCDEQ for approval. This report describes the basis of design for
the Barrier Wall and presents a 90% level of design for the Barrier Wall System and its
constituent components.

The Consent Order Paragraph 12 Addendum (COA) outlines that Chemours shall proceed
with the design and the installation of a barrier wall and groundwater extraction and
treatment system to reduce per- and polyfluoroalkyl substances (PFAS) loading from
groundwater flow from under the Facility to the Cape Fear River and Willis Creek.
Similarly, the COA also outlines the objectives for a long-term seep remedy. The primary
objective of the long-term seep remedy is to reduce the total annual mass loading of PFAS
(as measured by the indicator parameters HFPO-DA, PMPA and PFMOAA) to the Cape
Fear River from Seeps A through D.

The remedy requirements outlined in the COA results in a remedy design with three
components:

e The groundwater interception remedy
e Ex-situ capture remedy
e The groundwater treatment plant

The groundwater interception remedy contains three key elements: (i) an underground
barrier wall to create a vertical low permeability barrier to reduce the transmission of
groundwater, (ii) a groundwater extraction system consisting of extraction wells in the
Surficial and Black Creek aquifers, and (iii) a groundwater conveyance system to convey
that groundwater to the treatment system.

The design of the barrier wall is consistent with goals and remedies described in the
Corrective Action Plan (CAP) (Geosyntec, 2019a). The COA requires Chemours to
proceed with the design and installation of a barrier wall and groundwater extraction and
treatment system to reduce PFAS loading from groundwater flow from under the Facility
to the Cape Fear River and Willis Creek. The details and discussion of the groundwater

1 March 2022
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extraction and conveyance design are presented in Appendix B of the 90% design
document.

2 BARRIER WALL LOCATION AND ALIGNMENT

The design presented in this report has been developed based on the current understanding
of Site conditions and is expected to generally remain consistent between this design stage
and construction. Details of specific elements may be adjusted as the design of the other
related components such as the barrier wall, the seeps and the GWTP are advanced
towards remedy construction. The designs are also subject to change based on permitting
input provided by the appropriate regulatory agencies or conditions encountered during
installation. Barrier Wall Location and alignment

The barrier wall will extend from the intake structure access road north of the Fayetteville
Works to the location of Old Outfall 002 on the south side of the property. Locations of
these described features are shown on the site map in Figure 1. The wall will be west of
the Cape Fear River and approximately parallel to the river course. The alignment of the
proposed barrier wall is determined based on topographic constraints and iterative design
with the groundwater model (Appendix B) that considers the physical barrier and
extraction system in combination. A preliminary alignment roughly following the EL 72ft
contour between the plant and the Cape Fear River was cleared for geotechnical
investigation due to ease of access as the area is a natural bench. This elevation was also
chosen as it is located above the 100-year flood elevation.

After preliminary investigation (discussed in subsequent sections) and consultation with
the selected barrier wall installation contractor, the alignment has been revised to the
current alignment (see attached plans). The alignment has been analyzed in the
groundwater model to optimize the number of extraction wells.

2 March 2022
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3 GEOTECHNICAL INFORMATION

The geotechnical basis of the barrier wall system was developed using information
collected at the site and observations during interim seep capture construction.
Geotechnical information has been collected and analyzed to characterize the expected
soil conditions in the location of the proposed groundwater interception system.

3.1 Exploratory Borings and Soundings

The subsurface conditions along the proposed barrier wall alignment were explored with
a series of integrated electronic seismic piezocone penetration tests (SCPTU), traditional
mud rotary borings (standard penetration test [SPT] borings), and rotary sonic soil
borings. The mud rotary borings and cone soundings were alternated and spaced at
increments of 250 ft along the proposed alignment to generate adequate coverage. This
resulted in a total of nineteen cone soundings and nineteen traditional mud rotary borings
completed in 2020. To resolve several identified data gaps, seven additional mud rotary
borings, and five rotary sonic soil borings were advanced in March 2021 and logged by
GEOS personnel in the field. Individual logs for the SPT borings, the SCPTU soundings,
and the rotary sonic soil borings are presented in the GEOS Geotechnical report and
addendum included as attachments to this report. All current exploration locations are
shown on the 90% barrier wall design plans attached to this Appendix.

Additional drilling is planned along the barrier wall alignment to refine the soil profile
for barrier wall installation. Sonic borings will be performed on approximately 100 ft
centers along the barrier wall alignment to supplement the existing geotechnical
information.

3.1.1 Standard Penetration Testing

Two phases of geotechnical borings were advanced, the first phase occurred from October
to November 2020, and the second phase occurred in March 2021. A total of 26 (19 in
2020, 7 in 2021) geotechnical borings advanced using open hole methods with NW1J (2-
5/8 inch diameter) drill rods. The drill crew worked in general accordance with ASTM D
6151 (HSA Dirilling) and ASTM D783 (Direct Rotary with Water-Based Drilling Fluid).
The soil cuttings and drilling fluid were collected and placed in drums. The borings were
then backfilled with grout. Detailed test boring records are presented in the full
GEOServices geotechnical report and addendum previously submitted (Geosyntec,
2021a and 2021b).
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SPT blow counts were measured using the split-spoon standard penetration test procedure
(ASTM D 1586). In split—spoon sampling, a standard 2-inch O.D. split-spoon sampler is
driven into the bottom of the boring with a 140-pound hammer falling a distance of 30
inches. The number of blows required to advance the sampler the last 12 inches of the
standard 18 inches of total penetration is recorded as the Standard Penetration Resistance
(N-value). These N-values are indicated on the boring logs at the testing depth and
provide an indication of the relative density of granular materials and strength of cohesive
materials. Soil collected by the sampler during the SPT are used for material property
tests. Less disturbed samples for hydraulic conductivity and strength testing were
collected using thin-walled tube sampling test procedure (ASTM D 1587).

3.1.2 Cone Penetration Testing

An additional nineteen locations were explored using an integrated electronic seismic
cone penetration test probe (piezocone) during the first phase of exploration between
October and November 2020. The piezocone dimensions and the operating procedure
were in accordance with ASTM D 5778. Since the SCPTU is a direct push technology, it
allows data to be obtained continuously (approximately every 2 inches). A computer
connected to the cone records tip resistance, sleeve friction, and dynamic pore pressure
via instruments in the cone. Additionally, when the cone penetration is stopped, the
piezocone essentially becomes a piezometer. While stopped, water is injected into a
saturated porous material to generate excess pore pressures, then without advancing the
cone, the pressure is then allowed to dissipate and pore water pressures are automatically
recorded at five-second intervals and the readings are stored in a dissipation file. Pore
pressure dissipation testing was performed in each of the nineteen SCPTU sounding
locations. The pore pressure dissipation results are presented in the PDI report
(Geosyntec, 2021a).

3.1.3 Rotary Sonic Soil Borings

In April 2021, a total of five geotechnical borings were advanced using sonic drilling
methods along the preliminary barrier wall alignment. The drill crew worked in general
accordance with ASTM D 6914 (Sonic Drilling for Site Characterization). Sonic drilling
is a method in which the drill string is advanced, and the borehole is simultaneously cased
by rotation and oscillation of the drill bit to collect a relatively continuous and undisturbed
sample of the subsurface material. The sonic drilling method was selected for the
supplementary excavation because a continuous sample of the layered strata is valuable
for barrier wall mix design and identification of the presence of gravels and other non-
soil materials identified in isolated borings during the preliminary exploration. The
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borings were backfilled with grout upon completion of each location. Detailed test boring
records are presented in the addendum to the GEOS geotechnical report.

The PDI and subsequent 2021 soil investigation were primarily focused on soil layers
that will be encountered by barrier wall construction, varying between 70 feet to 80 feet
mean sea level (MSL). The investigations were performed from a cleared temporary
roadway that approximately followed the EL 72ft (MSL) contour. For geotechnical
purposes, this information is sufficient for geotechnical modeling of the barrier wall.
However, none of the PDI geotechnical borings were performed above the proposed
roadway elevation due to site constraints and the preliminary nature of the cleared
alignment. An additional sonic drilling, in addition to those listed above, was performed
during the Addendum investigation with the specific intention of characterizing layers
above the roadway elevation and acquiring samples for laboratory testing for geotechnical
parameters for use in slope stability calculations. The upslope boring encountered alluvial
deposits (similar to all other collected borings) for the full penetration/boring depth. The
sonic boring was extended to 60 feet below existing grade (ft bgs) near the top of the
existing slope. Layers to be used for preliminary slope stability analyses were determined
based on manual and visual classification (ASTM D2487) and laboratory tests. Slope
stability analyses will be updated as additional exploration becomes available.

3.2 Geotechnical Laboratory Testing

Laboratory tests were performed as part of both the PDI Geotechnical Report and
Addendum investigations (Geosyntec, 2021b). Results of laboratory testing are included
in the PDI report (Geosyntec, 2021a). Moisture content determinations (ASTM D2216),
Atterberg Limits (ASTM D4318) and particle size analyses (ASTM D6913 and ASTM
D1140) were performed on bulk samples to assist in the USCS classification of the
sampled soils in accordance with ASTM D2487.

Additional geotechnical laboratory testing was performed on trimmed intact samples to
identify relevant design parameters for the barrier wall system. Hydraulic conductivity
testing of various layers was determined using falling head permeability methods (ASTM
D5084). Results of this testing can be found in Geosyntec (2021a). Consolidated
undrained (CU) triaxial testing (ASTM D4767) was performed on specimens trimmed
from 4-inch diameter intact sonic drilling sleeves. Triaxial strength testing is used in this
context to evaluate the shear strength conditions of the underlying clayey soil. The
strength of sandy soil layers in the slope above the roadway elevation was determined
using the Direct Shear Test method (ASMD3080).
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Results of all laboratory testing can be found in the PDI Geotechnical Report attached to
Geosyntec (2021Db).

3.3 Development of Barrier Wall Design Cross Sections

Borings and SCPTU soundings collected by GEOS and well log information collected by
Geosyntec were used to develop a cross-section of the expected soil conditions along the
preliminary barrier wall alignment. The developed cross section (Figure 3), plotted by
Geosyntec, represents a view perpendicular to the centerline alignment of the barrier wall.
The soil layers shown in Figure 3 were classified using overall site hydraulic modeling
nomenclature and definitions of local geologic units including Perched Clay, Surficial
Aquifer, Black Creek Confining Unit, Black Creek Aquifer and Upper Cape Fear
Confining Unit.

It is important to note that the soil identification nomenclature of the geotechnical boring
logs prepared by GEOS in the PDI Geotechnical Report (attached to Geosyntec, 2021b)
do not directly match the geologic nomenclature of the Geosyntec well logs because the
explorations were performed for distinct reasons. Geotechnical boring log soil
classification follows standard geotechnical engineering practice (ASTM D2487) of
identifying soils with United Soil Classification System (USCS) nomenclature to assist
in assessing the geotechnical engineering properties of the soils. This is an important
distinction because the groundwater interception design requires both styles of
classifications to describe and evaluate various aspects of the overall remedy system.

All soils sampled in the PDI investigation were deposited by water and are therefore
classified as alluvial deposits in typical geotechnical engineering nomenclature. At the
subject site, the alluvial deposits can then be divided into two sub-classifications: fine and
coarse grained. Fine-grained deposits consist of silts and clays while coarse-grained
deposits consist primarily of sands. Transition zones between fine- and coarse-grained
soil layers are typical in alluvial deposits and exist at this site.

Design 2-D cross-sections perpendicular to the barrier wall alignment are required for
seepage and slope stability analyses Seepage modeling cross sections are most impacted
by the hydraulic engineering properties of soil layers existing from the top of the barrier
wall to the confining unit at depth. Slope stability cross-sections require layering and soil
property information above and below the roadway bench that will be graded for the
installation of the barrier wall. At the subject site the soils nearest the slope surface will
tend to control slope stability due to the sandy soil profiles.
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The geologic unit nomenclature and, where appropriate, layer elevations presented in
Figure 3 were used when assigning soil layer names in cross-sections below the roadway
elevation to remain consistent with the layering used in the hydraulic model in Appendix
B. USCS nomenclature was used for elevations above the roadway based on the
additional slope boring and engineering judgement. The geotechnical engineering
properties (unit weights, shear strength, and seepage parameters) assigned to all layers
for geotechnical modeling were primarily based on laboratory tests results presented in
the PDI Geotechnical Report (attached to Geosyntec, 2021b) but also include some
engineering judgement and correlation to field measurements collected during
exploration. The layers and their geotechnical properties for both seepage and slope
stability analyses are discussed in subsequent sections.
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4 90% BARRIER WALL DESIGN

The proposed barrier wall will enable more efficient control of groundwater flow from
under the Chemours facility by the extraction wells. Therefore, groundwater analysis is
required to determine the properties of the wall required to achieve the intended system
performance. Characteristic properties of the barrier wall (discussed in detail in
subsequent sections) are summarized as:

e  Minimum wall thickness of 30-inches
e Maximum hydraulic conductivity of 1x10°® cm/s for the barrier wall post-mixing

e Minimum compressive strength of 50psi for wall depths less than 75 feet and
100psi for wall depths exceeding 75 feet (based on soil and water pressures
expected based on to-date exploration and modeling)

e Minimum embedment of 5 feet into the Upper Cape Fear Confining layer

Beyond determining the wall properties, the barrier wall system design process also
considers necessary modifications of existing site conditions to accommodate barrier wall
installation infrastructure. Site modification considerations are especially impactful at
this site as the proposed barrier wall and the roadway are located on a large soil slope
between the active plant and the river. The size and condition of the slope requires
consideration of existing and planned topography in the design of the barrier wall system.
In some areas, regrading of the natural slopes is possible while other areas will require
retaining walls to achieve maintainable slopes above and below the roadway. Thus, in
addition to the evaluation of the effectiveness of the barrier wall as part of the
groundwater interception system, additional slope stability and retaining wall analyses
are required to evaluate grading changes resulting from the new construction.

4.1 Barrier Wall Material, Width, and Material Properties

The PDI geotechnical report (attached to Geosyntec, 2021a) presents analysis and
comparison of potential barrier wall installation methods. Based on the recommendations
of the PDI Geotechnical Report, and interviews with potential contractors, Chemours
selected DeWind One Pass (DeWind) as the barrier wall installation contractor. DeWind
manufactures and uses proprietary one-pass trenching equipment to continually mix soil
with binder along the entire wall height to minimize joints in the barrier wall. DeWind
will provide the MT3500 trencher (Figure 4) to install a barrier wall with a minimum
thickness of 30-inches. The trencher has a continuous width mast that extends full length
during mixing which maintains trench width until the soil is mixed with the admixtures.
The minimum width of the barrier wall is maintained because the trench is never open
without either soil, mast, or soil mix support. The barrier wall extends into the Upper
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Cape Fear Clay that underlies the Black Creek Aquifer in the subsurface model shown in
Figure 3. The wall will consist of in-situ soil mixed with bentonite and cement.

Figure 4 - DeWind MT3500 Trencher

Seepage analyses in the current design package utilize a hydraulic conductivity value of
1.0x10° centimeters per second (cm/s). The hydraulic conductivity of the barrier wall is
dependent on the proprietary contractor method of mixing and mix design parameters
(percentage of bentonite and cement binders) applied to the in-situ soils. DeWind is
currently performing a pre-installation bench testing mix design study to determine the
binder composition necessary to provide the required design compressive strength (50psi
for wall depths less than/equal to 75 feet and 100psi for wall depths exceeding 75 feet)
and a hydraulic conductivity value of 1.0x10 cm/s. Seepage and groundwater modeling
revisions will be performed if the values measured in bench mixing trials is significantly
different from 1.0x10¢ cm/s. The hydraulic conductivity value used in modeling
scenarios is considered a maximum allowable value and will be evaluated during
construction as part of a quality monitoring program which has been submitted separately
to DEQ

4.2 Barrier Wall Embedment (Seepage Modeling)

The PDI results (Geosyntec, 2021a) demonstrate that the Black Creek Aquifer is
underlain by the Upper Cape Fear Confining Unit, a stiff clay layer of low permeability.
Stiff clay is an ideal key-in layer to impede water flow under the wall. The elevation of
the Upper Cape Fear Confining unit varies across the site. Elevations observed in each of
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the currently available borings along the alignment are presented in Table 1. Additional
drilling performed on approximately 100ft centers before construction will be used to
refine the Upper Cape Fear depth contour on the final construction plans.

The wall will extend into the stiff clays of the Upper Cape Fear Confining Unit. Key-in
(or embedment) depth into a low permeability layer is determined considering the
targeted performance criteria of the system and consideration of existing soil conditions.
The subject site contains defined aquifers (Surficial and Black Creek) transporting PFAS
containing water that is specifically targeted for interception, collection, and treatment.
Therefore, that water needs to be contained in the aquifer long enough for the extraction
system to collect the required volume.

The depth of barrier wall embedment required for this system is dependent on hydraulic
interaction between the soil layers and the barrier wall. Primarily, the depth of embedment
is determined based on the depth required to limit the hydraulic gradient (change in
hydraulic head over a distance) at the bottom of the wall to drive the primary flow of the
system into the wall instead of providing a preferential flow path under the wall. Soil-
borne water interaction with the barrier wall requires a seepage analysis to determine the
parameters used to evaluate embedment depth.
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Table 1 - Elevation of Confining Layer At Each Boring

Elevation at Top of

Boring Number

Northing

Easting

Confining Layer

(ft)

B-1

394058.1353

2052259.3690

4.3

B-2

394257.1810

2052239.7265

-2.0

B-3

394356.6976

2052229.9053

4.3

B-4

394456.2141

2052220.0840

6.3

B-5

394804.5095

2052185.7098

3.3

B-6

395145.3787

2052374.4750

-5.1

B-7

395310.8989

2052361.5701

4.8

B-8

398085.9123

2052065.4609

-4.1

B-9

398155.3424

2051934.6273

8.2

B-10

399039.3653

2051907.7781

9.7

B-11

399231.4305

2051829.8464

10.4

B-12

399610.2113

2051709.9043

22.3

S-1A

394555.7181

2052210.2628

4.5

S-2A

395017.6623

2052276.9758

-3.0

S-3

395476.2209

2052340.4083

-0.5

S-4A

395962.0230

2052349.9385

S-5

396446.5351

2052343.2112

6.0

S-6

396900.2816

2052172.1302

4.0

S-7

397343.2830

2051993.1524

9.0

397474.6952

2051762.8147

4.0

S-9

397670.4359

2052074.8044

6.5

398126.6934

2052003.8872

-5.5

398453.1470

2051931.4787

398914.4355

2051914.6132

399382.5730

2051759.5980

399785.1325

2051587.1342

400089.4998

2051687.6356

400546.3983

2051554.8299

400792.9535

2051160.3674

401160.4833

2051194.3123

401637.1153

14

2051085.5536
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4.2.1 Barrier Wall Seepage Modeling Scenarios

Two types of seepage analysis are considered in the design of geotechnical structures:
transient and steady state. Transient systems do not have constant boundary conditions
and the seepage conditions are therefore time dependent. Steady state systems develop
long-term boundary conditions that are independent of time. The hydraulic barrier system
is analyzed as both types of system to evaluate different performance parameters and time
increments are of interest. Transient conditions are critical for particle migration analysis
of the groundwater model system, but the transient conditions are dependent on hydraulic
variables that are outside the geotechnical scope and can only be analyzed in the hydraulic
model of the site that includes sources and well modeling (details in Appendix A). The
steady state case considered in the geotechnical analysis of the barrier wall is based on
long term normal operating conditions determined from the full-site transient hydraulic
modeling. From a geotechnical design perspective, the critical performance case for the
barrier wall occurs when the largest head difference between upslope (west) and
downslope (east) develops in a steady state. The largest total head difference develops
the maximum hydraulic gradients at interface layers, which dictates the embedment depth
required for the barrier wall to minimize underflow and allow the groundwater extraction
system to perform as intended. Hydraulic control and particle migration are considered
in the hydraulic model in Appendix A.

Geotechnical seepage for the barrier wall design was computed using the finite element
method in the commercially available two dimensional (2D) geotechnical finite element
software RS2 from Rocscience. Preliminary seepage modeling designed to evaluate
embedment depth of the wall into the Upper Cape Fear Confining unit is described in
subsequent sections with modeling inputs and results attached to this Appendix.

Five seepage models were created and evaluated for the 90% design submittal. One cross-
section (topography, soil layering, and hydraulic condition) is considered in each model.
Four models represent seep locations (Seeps A through D), and one model represents an
area south of Seep D. The locations of these models were chosen as points of interest in
the overall hydraulic model for the site.

4.2.2 Seepage Model Input Properties

For steady state seepage analysis, identification of soil layering, water elevation and
subsequent pressure (total head), and layer hydraulic conductivity is required at each
location. Soil hydraulic conductivity testing was performed on clay and sand specimens
collected and documented in the PDI Geotechnical Report. Hydraulic conductivities for
each major geologic unit (Table 2) were utilized in the analyses.
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Table 2 - Hydraulic Conductivity for Geologic Units Used in Seepage Models

Hydraulic conductivity
(cm/s)

Surficial Aquifer 0.40 1x10°2

Material Name Porosity

Black Creek Confining Unit 0.40 2x10°°

Black Creek Aquifer 0.38 1x10°
Black Creek Silty Sand 0.52 1x10°
Upper Cape Fear Clay 0.35 3x107

The 2-D seepage models consider an anisotropy ratio of the horizontal to vertical
hydraulic conductivities (k2/k1) in each layer. The anisotropy ratio values assigned to
each layer are shown in Table 2.

Layer boundary elevations were selected at each modeled cross section based on the site
cross section presented in Figure 3. Layer boundaries are modeled as constant elevation
perpendicular to the site cross section. This is a simplification as the layer boundaries
vary in elevation; however, the purpose of this modeling is to evaluate the embedment
depth of the barrier wall at discrete locations. Layer heterogeneity is best considered as
part of the three-dimensional site hydraulic study.

In addition to the hydraulic conductivities of the material layers, external hydraulic
boundary conditions are required to create a seepage flow condition for analysis. The
boundary conditions in the model were applied as total heads based on output information
from the hydraulic modeling (Appendix A). The total heads presented in Table 3 include
baseline water level and the effects of the barrier wall and extraction wells on total head
for the west side and east side of the wall (upstream and downstream). Baseline and
differential total heads were modeled for cross-sections at each of the four Seep locations
(Seeps A through D) and an additional location south of Seep D. Upstream total head in
the models was computed by adding the average upstream water level increase in Table
3 to the baseline water level. The downstream total head was computed by subtracting
the largest decrease in the water level from the baseline water level. The maximum
difference between upstream (west) and downstream (east) is considered the worst-case
seepage scenario as it creates the maximum head difference across the wall section
resulting in maximum hydraulic gradients which are used to determine wall embedment.
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Table 3 — Baseline Total Heads and 90% Pumping Scenario Water Level Change

Average Maximum Head
Baseline Upstream Range Downstream Difference
Water (West-Side) (East-Side) Wall Considered In
Elevation Wall Water Water Level Model (FT)
(ft MSL) Level Increase Decrease (ft)

(fo)

46.78ft-

Seep A 1.78 3.12-5.32 39.68f=7 10ft

52.22ft-

Seep B 2.22 3.05-5.18 44 86— 40ft

52.93ft-

Seep C 2.93 3.73 -4.92 45 08F1=7 85ft

63.43ft-
55.291t=8.14ft

Seep D 3.43 3.20-4.71

South of 64 .38ft-
Seep D ' 2.34=397 56.03ft=8.35ft

4.2.3 Seepage Modeling Results

Two primary outputs of the seepage models are of interest: the flow net conditions to
confirm hydraulic behavior; and hydraulic gradient contours to determine if the barrier
wall embedment is sufficient to limit gradients below the barrier wall below a critical
hydraulic gradient. The critical gradient represents the hydraulic gradient condition at
which soil particles can become unstable and begin to move.

An example seepage model cross section located at Seep A is shown in Figure 4. At this
location, the Black Creek Aquifer (shown in yellow) is thickest (from EL 40FT to about
EL 10FT) of the locations modeled in this document. The layout of the model is viewed
from south to north on the plan, so the upstream (west) side of the wall is on the left of
the model. The total head boundary conditions shown are directly from Table 3 and the
layer elevations are from Figure 3.

The layout in Figure 4 represents the inputs for the seepage model with the finite element
mesh shown over the barrier wall. All material inputs are included in the results attached

17 March 2022



Geotechnical, Environmental and Materials Engineers

to the Appendix. The post-processed outputs of the example model are the flow net
(equipotential and flow lines) in Figure 5, and the hydraulic gradient contours in Figure
6. The scale on the total head contours in Figure 5 is relative to the original boundary
conditions to illustrate the effect of the barrier wall on total head and flow.

The equipotential lines in Figure 5 confirm that the barrier wall is concentrating the flow
through the aquifer zone. The water in the Black Creek Aquifer layer with a hydraulic
conductivity of 1x102 cm/s prefers to continue the flow path into the barrier wall
(hydraulic conductivity of 1x10° cm/s) than into the confining unit clay (hydraulic
conductivity of 1x1077 cm/s or lower). The gradient results confirm this behavior with the
contour of hydraulic gradients showing maximum values at the interface between the
aquifer and the Upper Cape Fear Confining Unit nearest the barrier wall.

The important takeaway from the hydraulic gradient results in Figure 6 is that the zone
around the bottom of the wall (embedded five feet into the Upper Cape Fear Confining
Unit) is nearly zero. This indicates the wall is sufficiently embedded to maintain material
stability and minimize flow under the barrier wall, as intended. The scale on hydraulic
gradient in Figure 6 is from 0 to 1.0 as the critical hydraulic gradient is around 1.0 for
most soils. There are zones of hydraulic gradient exceeding 1.0 located at the interface
between the sands and clays illustrating the sharp contrast in hydraulic conductivity.
However, as long as the barrier wall is properly embedded to limit the hydraulic gradient
at the toe area, these interface soils are confined by the system. Thus, Figure 6 indicates
that 5 feet of embedment into the Upper Cape Fear Confining Unit is sufficient to limit
the hydraulic gradients of the system.

Preliminary seepage modeling results for the remaining four cases are attached to this
Appendix. An embedment of five feet into the Upper Cape Fear Confining Unit was
confirmed to meet performance expectations using the layering listed in Table 3;
however, real layer boundaries are not typically as abrupt as those used in the numerical
models. Alluvial soils typically transition from one soil type to another over a few feet
such as when a sand becomes clayey as it transitions to a clay layer. Therefore, a
parametric study was required to evaluate the effect of transitioning hydraulic
conductivity in soils in the top two feet of the Upper Cape Fear Confining Unit. This is
important because the wall embedment is designed to limit exit gradients which are
heavily influenced by head loss across soil boundaries.

A preliminary parametric study was conducted by assigning varied hydraulic

conductivities, two orders of magnitude larger (9.84x107 ft/s in model input represents
3x107 cm/s) and four orders of magnitude higher (9.84x10° ft/s in model input represents
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3x107 cm/s), to the soil over the top 2 feet of the Upper Cape Fear Confining Unit. These
conditions represent a potential transition zone where the clay may have a higher sand
content which would increase the hydraulic conductivity essentially lowering the
interface between the aquifer and the confining layer. Parametric studies were conducted
for the soil profile at Seep A because the overlying sand layer, Black Creek Aquifer, was
thickest at this section, hence any adverse effects would be accentuated at this location.
The results of the parametric study, shown in Figure 7 and Figure 8 preliminarily confirm
an embedment depth of five feet (including 2 feet of transition material in the parametric
study) is sufficient to manage exit gradients below critical levels providing resistance to
material movement from fine grained layers at the bottom of the barrier wall.
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Figure 5 - Example Seepage Model Geometry for Seep A Cross-section
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Figure 6 - Total Head Contours (equipotential lines) with Flow Lines for Seep A Cross Section
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Figure 8 — Hydraulic Gradient for Parametric Study Case Seep A with 2ft Transition Zone of Higher Hydraulic Conductivity (2 orders of magnitude) in Upper Cape Fear Unit

23 March 2022



Geotechnical, Environmental and Materials Engineers

Total
Hydraulic Gradient
0.00e+00

L00e-01

L00e-01

L00e-01

L00e-01

L00e-01

L00e-01

L00e-01

L00e-01

L00e-01

. 00e+00

L rter e et
-50 -20 ]

Figure 9 — Hydraulic Gradient for Parametric Study Seep A 2ft Layer of Higher Hydraulic Conductivity (4 orders of magnitude) in Upper Cape Fear Unit
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4.3 Barrier Wall Roadway Analysis

The construction of the barrier wall will require access roadway to facilitate the
movement of equipment and materials necessary for construction and for long-term
maintenance of the extraction well system. Stability analyses for potential access road
cross-sections before barrier wall construction was performed in the PDI Geotechnical
Report (attached to Geosyntec, 2021a). One of the recommendations of the PDI analysis
was grading of all slopes to 3H:1V. Design of the roadway alignment has proceeded with
this recommendation in areas where space/permit constraints allow for slope grading.
However, some sections along the alignment shown cannot be graded to 3H:1V within
the topographic and permitted constraints of the property. Subsequent design calculations
indicate that some sections with 2H:1V slopes are stable with erosion control measures
while other steep sections of the alignment will require retaining walls to intercept natural
grades and prevent additional permitting and clearing. Retaining wall systems and slope
grading have been evaluated for stability during installation of the barrier wall through
consideration of surcharge loading provided by DeWind.

4.3.1 Surcharge for Retaining Wall Design and Slope Stability Analysis

Objects that are on the top of the wall or slope apply additional (surcharge) loads that are
added to the existing soil driving forces. To account for heavy construction and
maintenance traffic, a typical surcharge of 250 pounds per square foot (psf) over the
length of 20 feet was applied to roadway sections when evaluating the safety of slopes,
and the retaining walls below (east side of) the roadway elevation. In addition to the
normal construction traffic loading, the stability of the proposed grading and retaining
walls were also checked for DeWind’s trencher equipment surcharge of 3200 psf of
dynamic pressure and 1600 psf of static pressure. The trencher, Dewind MT3500 is track
mounted, so surcharge stresses are the result of the total equipment load being transferred
to the ground through the two tracks. Thus, both the dynamic and static stresses from the
trencher were modelled as two strip loadings corresponding to the dimensions and
expected locations of the two tracks. Per DeWind, the track width is 6.5 feet and the clear
distance between the tracks is 8.5 feet. Thus, the above stresses are applied to appropriate
models as two strip loads of 6.5 feet width, 8.5 feet apart.

The equipment stress of 3200 psf and 1600 psf correspond to the stresses applied to the
ground when the trencher is in operation, and when the trencher is parked, respectively.
Based on the current construction schedule, trencher stresses are considered temporary
because the trencher will not be stationary at given location for an extended period of
time. In geotechnical engineering, a lower FOS may be considered for transient dynamic
loading and short-term temporary loading such as the loading anticipated for this project.
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4.3.2 Retaining Wall Design Considerations

The grading of the barrier wall road alignment shown in the attached plans is based on
existing topography and maintaining serviceability of the roadway during hydraulic
barrier system installation and operation. Some existing soil slopes are inclined at nearly
3H:1V making new grading difficult to match up with existing grade within the limits of
the roadway construction area. To counteract this, mechanically stabilized earth walls
(MSEW) will be installed above and/or below the road to assist in grading and reduce on-
slope grading operations. In addition to the MSE walls, a soil nail wall is proposed to
retain the hillslope starting approximately at station 83+60 to the end of the access road
at 90+00 where approximately 20 ft of cut is required. Soil nail walls can be built with
near vertical face, and the nails are installed into the cut face to support the excavation to
minimize the volume of earthwork required for a large cut. Preliminary plans and
calculations for retaining walls along the proposed alignment are attached to this
Appendix.

4.3.3 Redi-Rock Retaining Wall Design

Retaining walls less than 15 feet tall were designed using Redi-Rock blocks. Redi-Rock
walls are modular walls constructed of prefabricated block which are easy to construct
and reduce backfill excavation. The use of Redi-Rock also offers the flexibility of
designing the walls as gravity walls or MSE by adding reinforcement layers in the
backfill. Due to their smaller height, and the limited backfill width, walls on the eastern
(downslope) side of the roadway were designed as gravity walls with no reinforcement
to reduce potential interference with barrier wall construction. Upslope walls as tall as 12
feet in height were designed as MSE walls (retained soil reinforced with geogrid) to
reduce the excavation zone required. The design includes the use of on-site soils as
backfill. Native soils along the alignment of retaining walls will be sampled and tested
for grain-size distribution to determine applicability as fill per industry standards both for
gravity walls and MSE walls.

There are 13 different retaining walls along the alignment of the barrier wall road. Wall
section properties and loading conditions are summarized and shown in the attachments.
Elevations for the retaining walls were determined using the existing survey and the
grading plan. Multiple cross section were analyzed for each retaining wall. These sections
were then analyzed using computer analysis software Redi-Rock Wall+ by Redi-Rock
International and Fine Software. The software was used to evaluate internal, external, and
global stability of all MSEW using calculations based on design concepts from Federal
Highway Administration (FHWA) guidance (Berg, et al., 2009). Global stability analysis
within the retaining wall calculations evaluates surfaces through the geogrid (if used) and
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surfaces immediately behind the retained sections. Global analysis of the slopes above
and below the retaining walls was performed separately using Slide2 once the design
criteria of the retaining walls were satisfied. Retaining wall minimum factors of safety
used for appropriate limit states are summarized in Table 4.

Table 4 — Factors of Safety for Retaining Wall Design

Limit States

Minimum Factor of
External Sliding Safety

External Overturning 2.0

External Bearing

Capacity 30

Internal Sliding Along

Geogrid =

Geogrid Tensile

Strength 13

Geogrid Pullout 1.5

Geogrid/Block
Connection Strength

1.5

4.3.4 Global Stability Factors of Safety for Redi-Rock Walls

Target factor of safety for each wall was determined based on location and surcharge
conditions. Walls #1, #2, #4, and #8 were designed using a factor of safety of 1.50 for
global stability as they are used to support the proposed roadway. Walls #4 and #8 were
designed using a factor of safety of 1.30 to resist a transient surcharge condition and 1.10
for the dynamic surcharge condition. The transient condition factor of safety was utilized
to account for a temporary loading condition above the wall which is not indicative of the
permanent design loading after the completion of construction. The dynamic condition
factor of safety was utilized for an extremely short-term loading condition (barrier wall
installation) above the wall. Walls #3, #5 through #7, and #9 through #13 were designed
using a factor of safety of 1.35 for global stability because they have no surcharges above
the walls and are primarily used to facilitate grading of the barrier wall and roadways.
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The minimum global factor of safety satisfied in the design of the individual retaining
walls are shown in Table 7. Design plans and calculations for all retaining walls are
attached to this Appendix.

Table 5 - Minimum Global Factor of Safety Satisfied in the Desi

n of the Retaining Walls

Wall Minimum
Number FOS

Design
Condition

Comments

1.50

Permanent

Final Design Condition

1.50

Permanent

Final Design Condition

1.35

Permanent

Final Design Condition

1.50

Permanent

Final Design Condition

1.30

Transient

Static Trencher Condition

1.10

Dynamic

Dynamic Trencher Condition

1.50

Permanent

Final Design Condition

1.35

Permanent

Final Design Condition

1.35

Permanent

Final Design Condition

1.50

Permanent

Final Design Condition

1.30

Transient

Static Trencher Condition

1.10

Dynamic

Dynamic Trencher Condition

1.35

Permanent

Final Design Condition

1.35

Permanent

Final Design Condition

1.35

Permanent

Final Design Condition

1.35

Permanent

Final Design Condition

1.35

4.3.5 Soil Nail Wall

Permanent

Final Design Condition

Soil nails are increasingly preferred in highway and road construction because they can
be constructed with a relatively steep face without the need for backfill, thus reducing the
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volume of earthwork. Soil nail walls are constructed using the top-down construction
method where 4 ft to 5 ft of excavation occurs in lifts. After each lift is exposed, soil nails
and facing are installed before proceeding with the next lift. This is repeated until the
excavation reaches the bottom of the wall. Thus, soil nail walls require a soil profile that
can stand without support for approximately 5 feet of height. The facing consists of metal
reinforcements and shotcrete and typically ranges between 4 inches to 14 inch in
thickness.

Soil nails are commonly referred to as “passive” elements as they require some interaction
with the surrounding soil, relative movement between the soil nails and the reinforced
soil to develop strength. The reinforced zone (soil with soil nails) is strengthened by the
tension resistance provided by the soil nails. The tensile strength developed in the rebars
is transferred to the surrounding soil via the bond between the soil nails (grout) and the
soil.

The cross-sections for the design of the soil nail wall were based on the grading plans.
The design was performed using a commercial code SNAIL v 2.2.2 developed by
California Department of Transportation in accordance with Soil Nail Wall Reference
Manual published by the Federal Highway Administration (FHWA GEC 007, 2015). The
Allowable Stress Design method was used for the design and the minimum factors of
safety satisfied in the design are shown in Table 8. In addition, SLIDE2 v.9.020, a 2D
slope stability analysis program from Rocscience Inc was used to check the global
stability of the soil nail walls including the hillslope. The design calculations along with
global stability analysis is attached in the Appendix.
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Table 6 — Factors of Safety for Soil Nail Wall Design

Minimum Factor of
Limit States Safety

External Sliding

Overall Global Stability

Basal Heave

Pullout Resistance

Lateral Sliding

Tendon Tensile Strength

Facing - Flexural

Facing — Punching

4.3.6 Slope Stability Analysis

Once the retaining walls were inserted into the grading, ten representative cross-sections
for preliminary slope stability analysis were identified by visual analysis of elevation
contours along the alignment. The following slope conditions were considered:

section supported by tallest retaining walls;
section with large cut and fill with no retaining walls;
section with largest quantity of fill below the roadway;

section with retaining wall supported upslope with large fill on downslope side of
road; and,

section with steepest natural slope.

Slope analysis was performed using Slide2 (Rocscience version 9.020) limit equilibrium
slope modeling software for efficient evaluation of potential failure surfaces. Spencer’s
complete equilibrium method (Spencer, 1967) was used to evaluate global stability Factor
of Safety (FOS). When appropriate, the groundwater table is included based on the
hydraulic conditions reported by the site groundwater modeling (Table 3). When the
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section of interest is located at considerable distance from the seeps, the water levels
shown in Figure 3 were used.

It is common engineering practice to evaluate slopes for both short term and long-term
stability. Short term, or undrained, analysis evaluates the slope immediately after
construction when excess pore pressures have been generated but have not yet dissipated.
Long term, or drained, analysis attempts to evaluate the slope over a considerably longer
time frame (especially in clay layers) when pore pressure changes from construction
activity have dissipated (positive for fill slopes and negative for cut slopes). The
alignment currently has cuts and fills planned with and without retaining walls. All
sections consider both long-term and short-term analyses.

Where the Dewind trencher dynamic loading of 3200 psf was applied, clayey soils were
considered using an undrained analysis, as these high stresses occur and remove faster
than generated pore pressure changes can dissipate. A drained analysis was performed to
check the stability of these structures under the static 1600 psf stress. As the trencher will
not be stationary at a location for more than a few days an undrained analysis is also
appropriate for this loading; however, for completeness, a drained analysis was also
performed in the unlikely event of the trencher being stationary at a location for extended
period of time due to unforeseen reasons. All considered models satisfy factors of safety
used in standard engineering practice. Models and results for all analyzed sections are
included in the attachments.

4.3.6.1 Slope Stability Parameter Selection

Eight different soil materials are considered in the soil profile for slope stability analyses.
These materials consist of the following: 1) Light Brown Sand, 2) Dark Gray Clay, 3)
Light Gray Sand, 4) Perched Clay, 5) Surficial Aquifer, 6) Black Creek Confining Unit,
7) Black Creek Aquifer, and 8) Upper Cape Fear Confining Unit. Geologic unit analysis
was not available on the upper soil layers collected in the sonic boring above the roadway
so these upper soil layers are denominated by geotechnical classification (ASTM D2488)
while the layers at and below the roadway are denominated using geologic classification
to be consistent with the cross-section profile in Figure 3. In addition to these native soil
layers, roadways and compacted fills were represented by Roadway Material and
Compacted Fill layers with properties based on experience in materials testing. For the
purposes of these analyses, the retaining wall block units are assigned infinite strength to
analyze the stability of the slopes above and below the roadway without surfaces exiting
the face of the retaining wall. Such a failure mechanism would be considered internal to
the retaining wall and internal and external stability of the wall sections are considered
explicitly in the retaining wall design.
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For clayey layers, total stress (undrained) strength parameters were used for short term
stability analysis and effective stress (drained) strength parameters were used for long
term stability analysis. Sandy layers were assumed to be freely draining which
significantly decreases excess pore pressure generation during construction activities.
Therefore, the analyses consider effective stress strength parameters in sands for both
short term and long-term stability analyses.

Unit weights and shear strength parameters utilized in the analyses were based primarily
on existing soil borings and laboratory testing detailed in the PDI Geotechnical Report.
These parameters were then adjusted to account for changes in soil consistency identified
by SPT N-values as well as available SCPTU data. In some instances, adjustments
considered published soil strength parameter standards. The material parameters used for
stability analysis of the proposed roadway are summarized in Table 9.

Table 7 — Slope Stability Modeling Parameters

Total Stress
(Short-term)
Strength
Parameters

Undrained Friction
Shear Strength | Cohesion Angle

(psf) (psf) (degrees)
Light Brown Sand - 75 32

Effective Stress
(Long-term)
Strength Parameters

Layer Name

Dark Gray Clay 1300 25
Light Gray Sand - 50 32
Perched Clay 1100 24

Surficial Aquifer

32

Black Creek Confining Unit

900 - 2000

26

Black Creek Aquifer

33

Upper Cape Fear Confining
Unit

2500

26

Compacted Fill

2000

35

Roadway Material

30

Upper soil layers were assigned constant strength over the entire thickness of the layers.
However, due to the variation in the depth of the Black Creek Confining Unit at different
sections, depth dependent shear strength is assigned with a minimum strength of 900 psf,

32 March 2022



Geotechnical, Environmental and Materials Engineers

increasing at 30 psf per foot of the layer, and a maximum strength of 2000 psf. Soil
parameters assigned to slope stability analyses were also used for retaining wall design.

4.3.6.2 Slope Stability Analysis Results

The output of interest from slope stability analysis is the factor of safety (FOS) observed
on the critical surface. Critical surface is defined as the slope search surface reporting the
lowest FOS using a comprehensive search methodology. For permanent slopes, the
critical surface FOS is compared to the target FOS of 1.5. For trencher loading, lower
FOS of 1.1 and 1.3 are considered for temporary dynamic stress and temporary static
stress respectively, as discussed in the retaining wall design methodology.

An example slope stability analysis is shown in Figures 10 - 12. Model geometry and
material inputs are shown in Figure 10. The result of a short-term analysis with undrained
soil strength parameters for clays and drained soil strength parameters for sands is shown
as Figure 11. Long term analysis with drained soil strength parameters for all soils in the
same model is shown as Figure 12. Also shown in Figure 11 and Figure 12 are the critical
circular slip surfaces for the respective short term and long term analysis.

Results of all slope stability analyses are attached to this Appendix and the critical FOS
are shown Table 10. The FOS in Table 7 are the smallest FOS for short term and long-
term stability analysis. When there are multiple components, e.g., retaining walls, then
the relevant component corresponding to the value reported is also noted. The analyses
indicate that the proposed grading and the retaining walls provide adequate safety against
global stability during and after construction.

The sandy nature of the surficial soils observed in interim seep capture construction will
require careful compaction during construction, erosion control protocols, and
maintenance of slopes post-construction to control surficial sloughing. Erosion from
surface water during significant rain events is also a concern and has been addressed in
slope construction and maintenance recommendations.
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Table 8 Critical Global Stability FOS for the Slope Stability Analysis

Approx.
Station

Short Term
FOS

Long Term
FOS

Critical Component

3+00

2.49

2.36

10+00

2.66

2.47

15+30

1.82

1.55

22+60

1.67

1.50

Short Term: Overall slope
Long Term: 12 ft High Upper Wall

Short Term: Upper Wall
Long Term: Upper Wall

41+40

Short Term: Overall slope

Long Term: Upper Wall

Wastewater
Pond /
70+00

77+10

82+70

85+10
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Figure 10 - Example Slope Stability Model with Parameters
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Figure 11 - Short-Term Slope Analysis of Example Case
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Figure 12 - Long-Term Slope Analysis of Example Case
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S SUMMARY AND CLOSING

The barrier wall system is part of the overall groundwater interception system design to
accomplish the requirements of Paragraph 3(b)(i) and (ii) in the COA. Geotechnical and
well drilling exploration of the site was utilized to develop a geologic cross-section of the
area used in site groundwater and seepage models. Geotechnical laboratory testing
(summarized in the PDI Geotechnical Report) is utilized in design parameters for both
seepage modeling of the barrier wall and stability analyses of the roadway slopes and
retaining walls.

Since the 60% design submittal, Chemours has selected DeWind One Pass Trenching as
the barrier wall installation contractor. DeWind manufactures and operates trenching
equipment (including the proposed MT3500 trencher) that continually mixes soil and
binder along the full depth of the soil profile. DeWind is in the process of determining
the binder quantities necessary to meet the design requirements.

Seepage modeling indicates that a 30-inch-wide barrier wall with a hydraulic conductivity
of 1x10°% cm/s requires a minimum embedment of 5 feet into the Upper Caper Fear
Confining Unit to reduce seepage and facilitate well collection of PFAS loaded water on
the upslope side of the barrier wall. Inputs, cross sections, and outputs of seepage models
are attached.

Slope stability modeling of the barrier wall alignment indicates that slopes on the attached
grading plans satisfy long term stability requirements but will require careful
construction, surface water management, and maintenance to reduce the effects of erosion
and maintain access to the groundwater interception system once operational.
Additionally, some areas will require MSE retaining walls to achieve recommended
grading within the project site limits.
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